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ABSTRACT:

Tamoxifen is currently a first-line endocrine therapy for the adjuvant treatment o f Estrogen 

Receptor (ER) positive breast cancer. The antiestrogenic properties o f  this compound are 

related to its ability to compete for estrogen binding sites in target tissues such as the breast 

and bone. In this research project carried in the Pharmaceutical Chemistry research laboratory 

in the School o f Pharmacy and Pharmaceutical Sciences, a novel series o f estrogen receptor 

modulators was developed. Some o f these compounds prevent estrogen binding to its receptor 

with a higher potency than Tamoxifen, while also inhibiting the proliferation o f a human MCF- 

7 breast carcinoma cell line.

In this study the physiochemical properties and specific structural requirements o f drug-like 

molecules for optimum estrogen receptor binding are examined. The stability o f these ligands 

which are active at the estrogen receptor are specifically investigated.The study o f novel potent 

drug candidates coupled with the elucidation o f the mode o f action will advance our 

understanding o f and ability to combat hormone dependent breast cancer. The design, 

synthesis, biochemistry and stability o f dual acting estrogen receptor conjugates are now 

investigated.

The research strategy is to synthesise and biologically evaluate a library o f  structurally related 

linked triarylethylene and stilbene compounds containing the modified Tamoxifen-type 

triarylethylene pharmacophore with potential application as selective estrogen receptor 

modulators (SERMs). These SERMs or antiestrogens are designed to occupy the unknown 

steroid-binding site. Estrogen receptor antagonists will thus act as carrier prodrugs o f cytotoxic 

tubulin targeting drugs such as combretastatins to ER expressing cancer cells. The synthesis of 

a library o f structurally related triarylethylenes has been achieved in this laboratory together 

with the preparation o f prototype Tamoxifen-linked-Combretastatin compounds for 

biochemical evaluation.

This research consists o f the following components:

o Introduction to ER ligands and review o f the stability and hydrolysis characteristics of

typical ester and amide type prodrugs, (Chapter 1). 

o HPLC method development and validation for analysis o f  the various Tamoxifen type

compounds, which are used as the ER anchors molecules in the design of the 

conjugates, (Chapter 2). 

o HPLC Method development and validation o f  the various combretastatins which are

to be released by hydrolysis from conjugates, (Chapter 2). 

o Hydrolysis / stability studies o f  the conjugates over a range o f  pH values to determine

the pH/release/stability profile o f the various conjugates prepared, (Chapter 3).



o The pH profile of the hydrolysis reactions will demonstrate the stability and optimum

pH for the coupled products and will also determine the release profiles for the 

conjugate in vivo, (Chapter 3). 

o Determination of the pH/release profiles of the conjugates at physiological

conditions, (Chapter 3). 

o Study of the conjugates behaviour in microsomal liver solution, (Chapter 3).

This study has identified the specific ER antagonist -  cytotoxic drug conjugates which are 

suitable for development as potential lead compounds for oncology drug development,

(Chapter 4).

IV



ACKNOWLEDGEMENTS

I would like to thank: Mr. Michael Burke (M anager Director, Chanelle Pharmaceutical) and 

Dr. Catherine Cleary (R&D Manager, Chanelle Pharmaceutical) who allowed me to carry out 

the stability work in Chanelle laboratory.

I wish to express my sincere gratitude to Prof. Mary Meegan for her endless guidance, support, 

encouragement and patience throughout this research.

Grateful thanks to all the staff in the School o f Pharmacy and Pharmaceutical Sciences, 

particularly in Pharmaceutical Chemistry. Thanks to Dr. Niall Keely and Mr. Patrick Kelly for 

synthesis o f the compounds and for all their help in finding those necessary and elusive items.

A huge thank to all the past and present Postgrads and Postdocs in the School o f Pharmacy and 

Pharmaceutical Sciences.

I would like to thank Mr. Paul O ’Byme and Mr. Brian Talbot who helped me to carry out 

LCMS/MS

I would like to thank Mr. Joe Reilly for his help on the GC analysis and Mr. Ray Keaveny for 

his help in arranging the HPLCs for this project study.

Thanks also to all Abbott Vascular team, Clonmel, who support me on this PhD project. A 

special thanks to Emer Earls, Cathy Wallace, Ciara Whitty, Julieann O ’Donoghue, Declan 

Meany, Sean Larkin, Gearoidin Morgan, Sarah Flanagan and Alan Maloney.

Finally, I would like to express my innermost gratitude to my brothers. Father, Mother, my 

wife for all their love and support throughout the years. This work is dedicated to my Mother 

and Father.

V



TABLE OF CONTENT

Table of figures.............................................................................................................. VIII

Table of tables................................................................................................................ XIII

Table of schemes............................................................................................................XVI

1) Introduction And Background........................................................................- 2 -

1.1 Breast Cancer developm ent................................................................................................................. - 5 -

1.2 Cell Cycle................................................................................................................................................... - 6 -

1.3 Cancer........................................................................................................................................................ - 7 -

1.4 Treatment of Breast Cancer................................................................................................................. - 9 -

1.5 Pharmaceutical T reatm ent................................................................................................................. -1 2 -

1.6 Comparison Study on Tamoxifen and Fulvestrant.......................................................................-18 -

1.7 Comparison study on Tamoxifen and Anastrozole....................................................................... -19 -

1.8 Endoxifen................................................................................................................................................. -2 1 -

1.9 Estrogen Receptors............................................................................................................................... -2 3 -

1.10 Estrogen receptor STRUCTURAL overview......................................................................................-28 -

1.11 Tamoxifen metabolism....................................................................................................................... - 33 -

1.12 Aromatase inhibitors........................................................................................................................... -3 4 -

1.13 Combretastatin ......................................................................................................................................-3 6 -

1.14 Prodrugs.................................................................................................................................................. -3 8 -

1.15 Objectives of research......................................................................................................................... -4 2 -

2) Analj^ical Method Development and Validation.......................................- 47 -

3) Hydrolysis and Stability Studies Of novel Conjugate Compounds......- 111 -

4) Discussion and conclusion.......................................................................... - 253-

5) Experimental Details for method development, validation and the stability
study........................................................................................................................... - 285 -

6) References.......................................................................................................- 312 -

7) Appendix...................................................................................................................ii
VI
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The following abbreviations may be used in this document;

GLP Good Laboratory Practice
GMP Good Manufacturing Practice
N/A Not Applicable
N/K Not Known
Ref. Reference
Rev. Revision
STD Standard
DI Deionised
TM Test Method
ppm Parts per Million
RSD Relative Standard Deviation
% %
g Gram
RT Retention Time
HPLC High Performance Liquid Chromatography
fim Micro Meter
mm Millimetre
UV Ultraviolet
Vis Visible
SD Standard Deviation
mg Milligram
mL millilitre

micro liter 
min minute
LC Liquid Chromatography
MS Mass spectrometer detector
MS/MS Mass/Mass spectrometer detector
ERs Estrogen receptors
ERE Estrogen response element
LBD Lig and-binding domain
TIF2 Transcription intermediumry factor 2
E2 l?P-estradiol
SERM Selective estrogen receptor modulator
AF Activation function
AP-1 Activator protein-1
DBD DNA binding domain
N-CoR Nuclear receptor corepressor
REA Repressor o f  estrogen receptor activity
SMRT Silencing mediator o f retinoic acid and thyroid hormone receptors
SRC Steroid receptor coactivator
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Chapter 1
Introduction and background



1) INTRODUCTION AND BACKGROUND

Breast cancer is the second leading cause of deaths from cancer in women today after 

lung cancer and is the most common cancer among women, (excluding non-melanoma skin 

cancers). According to the World Health Organization, more than 1.2 million people 

worldwide will be diagnosed with breast cancer each year. The American Cancer Society 

estimates that 178,480 new cases of invasive breast cancer will be diagnosed in 2007 (US). 

Thankfully deaths due to breast cancer have decreased steadily since 1990, because o f earlier 

detection and better treatments, according to the Society; however o f the 178,480 new cases 

approximately 40,910 women will still die from breast cancer in 2007.' Almost all breast 

cancer occurrences in women usually begin as a small lump (known as a malignant tumour) 

and then grows and invades other parts o f the body (metastasis). Most lumps in the breast are 

not cancers. They are described as benign and do not spread to other parts of the body'.

According to the American Cancer Society, death rate from cancer in the general 

female adult populations is about 1 in 33 (3%). The rate of breast cancer occurrence (number 

of new breast cancers per 100,000 women) increased by approximately 4% during the 1980s 

but levelled off in the 1990s to 100.6 (10%) cases per 100,000 women. The number o f deaths 

in women from breast cancer also declined significantly between 1992 and 1996, with the 

largest decreases among younger women. Medical experts attribute the decline in breast cancer 

deaths to earlier detection and more effective treatments^, (Table 1.1).

Table 1. 1 Estimated Breast Cancer Cases/Deaths Worldwide in 2000

Region New Cases Deaths

Eastern Africa 13,615 6,119

Middle Africa 3 ,9 0 2 1,775

Northern Africa 18,724 8.388

Southern Africa 5,537 2,504

Western Africa 17,3809 7,830

Caribbean 6.210 2,310

Central America 18,663 5,888

South America 69,924 22,735

Northern America 202.044 51,184

Eastern Asia 142,656 38,826

South-Eastern Asia 55,907 24,961

South Central Asia 129,620 62,212

Western Asia 20,155 8,459

Eastern Europe 110,975 43,058

Northern Europe 54,551 20,992

Southern Europe 65.284 25,205

Western Europe 115.308 40.443



Table 1.2 shows the statistics which are based on population averages. The chance o f  a women 

developing breast cancer depends upon a several factors, including family history, genetics, 

age o f menstruation and other factors that have not yet been identified^.

Table 1, 2 A Woman’s Chances of Breast Cancer Increases with Age

A Woman’s Chances of Breast Cancer Increases With Age

By age 30 1 out o f  2,212

By age 40 1 out o f 235

By age 50 1 out o f  54

By age 60 1 out o f 23

By age 70 1 out o f  14

By age 80 1 out o f  10

Ever 1 out o f  8

While there is a reduced occurrence o f  breast cancer for women o f  a younger age {i.e., in their 

thirties), younger women are inclined to have more aggressive breast cancers than older 

women, which may explain why survival rates are lower among younger women (Table 1.3). 

Breast cancer is also categorised by its stage (Table 1.4).

Table 1. 3 Five Year Survival Rate by Age

Five Year Survival Rate By Age^

Younger than 45 81%

Ages 45-64 85%

Ages 65 and older 86%

Table 1. 4 Five Year Survival Rate By Stage

Stage 5-year Relative Survival Rate

0 100%

I 100%

IIA 92%

IIB 81%

IIIA 67%

IIIB 54%

IV 20%

- 3  -



The size and location o f a patient’s cancer is assessed and then the optimal form o f treatment is 

chosen. Breast cancer stages range from Stage 0 (very early form o f cancer) to Stage IV 

(advanced, metastatic breast cancer). The survival rate for breast cancer after five years 

depends on each patient’s individual tumor characteristics, state o f health, genetic background, 

etc. Other influencing factors include: levels o f stress, immune function, will to live and other 

immeasurable factors which also play a significant role in a patient’s survival"*.

Breast cancer survival also continues to decline after five years due to various factors. Survival 

after ten years depends on the stage; early stage breast cancers are associated with higher 

survival rates than late stages cancers^ (Table 1.5). The key to surviving breast cancer is early 

detection and treatment. When breast cancer is confined to the breast, the number o f  women 

surviving after five years is close to 100% according to the American Cancer Society. The 

early detection o f  breast cancer helps reduce the need for therapeutic treatment and minimizes 

pain and suffering, allowing women to continue leading happy, productive lives^.

Table 1. 5 Overall Survival Rate

Overall Survival Rate

After 5 years 85%

After 10 years 71%

After 15 years 57%

After 20 years 52%

Although the exact causes o f breast cancer have yet to be identified, the risk increases 

gradually with age and for certain people there may be a family hereditary (genetic) 

component.^’̂ ’̂

The major recognised causes for breast cancer are:

• The chance o f a woman getting breast cancer at some point in her life is 1 in 10.

• Three-quarters o f women who develop breast cancer will do so after menopause.

• Factors known to increase the risk include early puberty/late m enopause, not having 

children or having a first child after the age o f 30 years.

•  The risk can actually be lower if you have a short menstrual life, large family or first 

child before age 18 years.

Breast cancer is potentially a very serious condition and can be life-threatening. Early detection 

o f breast cancer is therefore vital as it increases the chances o f successful treatment.



Community screening programmes and mammograms are the key to early detection and are 

integral tools in the fight against breast cancer. Self-examination is also important and women 

should check their breasts regularly. I f  there are any changes in size or shape, lumps, 

tenderness or nipple discharge then a healthcare professional should be consulted.^

Figure 1.1 shows the growth and metastasis o f a malignant breast tumor stating from a single 

cancer cell, then spreading o f the cancer cells through lymph and blood vessels to other parts 

o f the body*•"^
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Figure 1. 1 The growth and metastasis of a malignant breast tumor

1.1 BREAST C A N C E R  D E V E L O P M E N T

Breast cancer develops from early to advanced stages (when it has spread to other organs). The 

earliest stage o f the cancer may have taken only a few weeks to develop. Detection and 

treatment in the first stages o f the breast cancer can dramatically increase life expectancy. 

Aggressively treating the cancer with a two or three pronged approach (e.g. surgery and 

radiation combined with drug treatment), is favourable and treatment can take several months 

to complete. Hormone therapy may then be continued for a longer period as necessary^ '^ .̂ I f  a 

tumour is malignant (growing) this can form new tumours that are referred to as recurrence, 

secondaries or metastases. The common places for breast cancer to spread are the bones (back 

or hips), the lungs, the liver and sometimes the brain. Recurrences do not occur in every 

woman who has had breast cancer and they do not occur in all o f the places mentioned, usually 

only one location is affected.



Many cancer drugs act by blocking one or more stages o f the cell cycle. We will examine the 

cancer cell cycle in more detail in order to better understand the defects found in cancer cells 

and the mechanisms o f anti-cancer drugs designed to block cancer cell division.

1.2 C E L L  C Y C L E

The cell cycle is composed o f  an ordered set o f stages, resulting in the production o f two 

daughter cells. The stages o f  the cell cycle are shown in Figure 1.2
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Figure L  2 Cell cycle division

All cells proceed through the stages o f  the cell cycle at the same rate. Embryonic cells divide 

very rapidly, while mature cells might divide rarely, or in response to signals such as 

wounding, or not at all. This regulation required a number o f control mechanisms '®.

Transitions out o f  gap phases (G l, G2) are regulated by cyclins and cyclin dependent kinases 

(CDK). During the cell cycle, cyclins are only present at certain stages. MPF (Maturation 

Promoting Factor) includes the CDK and cyclins that trigger progression through the cell cycle 

(Figure 1.3)"

Control o f cell cycle mechanisms is needed to exert their influences at specific times during 

each transit through a cell cycle. The heart o f this timing control is the responsibility o f  the 

CDK family o f  protein. The kinase activity o f  these enzymes rises and falls as the cell 

progresses through a cell cycle. Different CD K’s operate at different points in the cell cycle. 

As would be expected, the oscillating changes in the activity o f  CD K’s leads to oscillating 

changes in the phosphorylation o f various intracellular proteins. These phosphorylations alter 

the activity o f  the modified proteins which then effect changes in events o f the cell cycle. The 

cyclical activity o f each CDK is controlled by a complex series o f proteins, the most important 

o f  which are the cyclins, hence the name o f  the enzymes as cyclin-dependent kinases. The 

CD K’s are absolutely dependent upon their interaction with the cyclins for activity. (Unless 

they are tightly bound, CD K’s have no kinase activity). The cyclins were originally identified



because they undergo a cycle o f synthesis and degradation at specific points in each cell cycle. 

Thus, whereas the levels o f the various CD K’s remain fairly constant throughout the cell cycle, 

their activities changes in concert with the fluctuations o f the cyclins
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Figure 1. 3 Control of cell cycle

Cell division can also be stimulated by growth factors which serve as signals that communicate 

to the cell to move through the cell cycle and allow it to divide'^’ Severe defects in 

chromosomes block progression through the cell cycle and can lead to cell suicide, or 

apoptosis. In addition, cells have a restricted lifespan and at some point are no longer able to 

divide.

1.3 C A N C E R

Cancers are diseases in which there is a defect in the regulation o f the cell cycle. Cancer cells 

are rapidly dividing cells that are no longer controlled by the above listed mechanisms. Cancer 

cells can form tumors due to this unchecked growth'^’ Cancers are caused by genetic

mutations which can sometimes be found in the germline and result in inherited cancers or a 

susceptibility to cancer. Most often these mutations are found in somatic cells which can 

accumulate over our lifetime. Cancers are caused by multiple genetic mutations’ *. Except in 

rare cases, cancer cells have accumulated a number o f mutations (Figure 1.4).



Three classes o f genes are involved in cancer: oncogenes, tumor suppressor genes and DNA 

repair genes.

• Proto-oncogenes (unmutated oncogenes) stimulate cell division in a regulated and 

percent controlled manner. Proto-oncogenes include growth factors, growth factor 

receptors and cyclins. Oncogenes are mutated forms o f these genes that result in 

unregulated stimulation o f cell division.

• Tumor suppressor genes prevent cell division. Mutations in tumor suppressor genes 

result in the loss o f this prevention o f cell division.

• DNA repair genes promote repair o f mutations that occur during the cell cycle. Loss o f 

DNA repair genes results in the accumulation o f many mutations within a cell.

The effect o f proto-oncogenes, oncogenes and tumor suppressor genes on cell division is 

shown in Figure 1.4. An illustration o f a breast cancer cell is shown in Figure 1.5.
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Figure 1. 4 Effect of proto-oncogenes, oncogenes and tumor suppressor genes on cell 

division



Figure 1. 5 Electron microscope image of breast cancer cell

1.4 TREATMENT OF BREAST CANCER

Commonly, the treatments associated with breast cancer will involve surgery followed by a 

combination o f chemotherapy, hormonal therapy and radiation. However, treatment can range 

greatly from patient to patient depending on the stage o f the cancer and whether recurrence has 

occurred.^*’ These treatments are summarised below.

Surgery: A lumpectomy which is the removal o f the lump is the preferred technique. Removal 

of lymph nodes in the armpit may be undertaken as well. A mastectomy which is the removal 

of the breast is only performed if absolutely necessary.

Chemotherapy: Doxorubicin and paclitaxel are commom chemotherapy drugs used to treat 

breast cancer, 22 ,23,143

Hormonal therapy: Hormones are chemical signals, which are released by different parts of 

the body and can be carried in the blood to some other area to have an effect. Estrogen is a sex 

hormone that promotes the growth o f some breast cancers. Hormonal treatments, such as anti

estrogens and LHRH (luteinizing hormone-releasing hormone) analogues, are designed to 

block the effects o f estrogen or its production, which stops or slows the growth of cancer cells. 

Radiation therapy: X-rays or other high-energy rays are applied to the tumour and 

surrounding areas to destroy cancer cells. Also known as radiotherapy, it is a highly targeted, 

highly effective way to destroy cancer cells in the breast that may remain after surgery. 

Radiation can reduce the risk o f breast cancer recurrence by about 70%.

There is a wide range of chemotherapy drugs in chemical use; Doxorubicin is one of these 

chemotherapy drug (Figure 1.6). Doxorubicin is an anthracycline antibiotic is obtained from 

the bacterium Streptomycespeucetius. Doxorubicin can be used to treat early-stage or node

positive breast cancer, HER2-positive breast cancer and metastatic disease. Doxorubicin is 

sometimes combined with cytoxan and/or 5-flouracil for treatment o f breast-cancer. 

Doxorubicin works by intercalating the DNA bases of cancer cells and prevents cell replication
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by inhibiting protein synthesis. Doxorubicin also forms oxygen free radicals, which can result 

in heart and circulatory damage.
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Figure 1. 6 Doxorubicin

Another chemotherapy drug is Xeloda (capecitabine) (Figure 1.7). It is an oral chemotherapy 

drug, approved by the U.S. Food and Drug Administration in 1998 for the treatment o f 

metastatic colorectal cancer^^, Dukes’ C colon cancer (with complete removal o f the tumor) 

and metastatic breast cancer that has not responded to Taxol (paclitaxel) and anthracycline- 

containing chemotherapy such as Adriamycin. Xeloda can be given alone or with other drugs 

to treat metastatic breast cancer.
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Figure 1. 7 Capecitabine (Xeloda)

If the patients have already been treated with paclitaxel, anthracyclines and Adriamycin and 

had no response, they may be treated then by Xeloda itself or with Taxotere. Xeloda works as 

a prodrug o f 5-fluorouracil. It is enzymatically converted to 5-fluorouraciI in cancer cells 

where it prevents DNA synthesis. Fluorouracil (Adrucil) (Figure 1.8), works as an
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antimetabolite anti-cancer chemotherapy drug. It inhibits the normal metabolic process o f cells 

by preventing the biosynthesis o f  DNA heterocyclic bases. Fluorouracil can be used in 

combination with other chemotherapy drugs like Adriamycin and Cytoxan to treat any stage o f 

breast cancer.

NH

Figure 1. 8 Adrucil

A commonly used chemotherapy drug is Cytoxan (Figure 1.9). The mechanism o f action is by 

alkylation o f  heterocyclic bases in DNA. These drugs also affect normal cells, but will have 

less affect on those cells, since they divide more slowly and are better able to repair DNA 

breaks than cancer cells. Some o f the normal cells that will be affected include blood, mouth 

tissue, digestive tract and hair follicles. Cytoxan can be used in combination with other drugs 

like Adriamycin, Taxotere and 5-Fluorouracil to treat cancer.

HN

Figure 1. 9 Cytoxan (Cyclophosphamide)

Paclitaxel (Taxol) is a chemotherapy drug also for breast cancer (Figure 1.10). Taxol is a 

taxane drug and mitotic inhibitor that is used to treat many cancers. Taxol works by targeting 

tubulin in the growing cancer cells attacking the cancer cells while they are trying to divide and 

preventing them from completing the division process (mitosis). Taxol is given for early stage 

and metastatic breast cancer and is also given as neoadjuvant treatment (to shrink a tumor

-  11  -



before surgery). In addition to breast cancer, Taxol is used to treat ovarian cancer, lung cancer, 

head and neck cancer and bladder cancers.

0

Figure 1. 10 Paclitaxel

Further chemotherapy drugs are used to treat breast cancer when there is poor response to 

initial therapy. Ixempra is member o f the epothilones, a new family o f anticancer drugs (Figure 

1.11). This drug slows or prevents the growth o f a neoplasm, or tumor, by preventing mitosis. 

This drug is used to treat metastatic or locally advanced breast cancer.

HN

Figure 1. 11 Ixempra 

1.5 PHARMACEUTICAL TREATMENT

Two approaches come to the forefront when choosing the most appropriate treatment choice 

for hormone-based therapy for breast cancer. One o f the approaches focuses on preventing 

estrogen from binding to its receptor and activating cell-signalling pathways^^ '^ '. These 

pathways are linked to the acceleration o f tum or growth. Studies based on this approach have 

led to the development o f the drug Tamoxifen (Nolvadex®), which belongs to a class o f drug 

called selective estrogen-receptor modulators (SERMs).

Since its approval by the U.S. Food and Drug Administration (FDA) for the treatment o f 

hormone-receptor-positive breast cancer in 1977, Tamoxifen has become the drug o f  choice for
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hormonal breast cancer treatment^^’̂ ’̂'̂  ̂ (Figure 1.12). However it does not come without 

drawbacks. For instance many women develop resistance to the drug over time, leading to 

cancer recurrence. In addition to this, because Tamoxifen binds directly to the estrogen 

receptor, it has the potential to activate the signalling pathways it was originally designed to 

block.

Estrogen is a steroid hormone secreted by granulose cells o f a maturing follicle within the 

female ovary. Depending on the target tissue, estrogen can stimulate the growth o f female 

reproductive organs and breast tissue, play a role in the female menstrual cycle and protect 

against bone loss by binding to estrogen receptors on the outside of cells within the target 

tissue. Antiestrogens act selectively against the effects of estrogen on target cells in a variety of 

ways, thus they are called selective estrogen receptor modulators (SERMs).

1.5.1 TAM OXIFEN

Figure 1. 12 Tamoxifen.

Tamoxifen falls into the category o f selective estrogen receptor modulators (SERMs). Detailed 

pharmacological studies of the compound have indicated that it has multiple actions and 

interactions in vivo. For example Tamoxifen may be used as an antiestrogen in breast tissue but 

in contrast in bone studies it has been seen to act as estrogen (Figure 1-13). It also plays a role 

in the reduction of cholesterol in the blood. The dual estrogen / antiestrogen function of 

Tamoxifen have also been seen in the uterus^^ '̂ '*. Despite the complex actions and interactions 

of the compound, Tamoxifen has come to the forefront as the treatment of choice in ER- 

positive breast cancer cases over the last three decades.^^’'^  ̂Few side effects of Tamoxifen 

have been reported to date and cases have been mild. However there has been an increase in 

the risk of endometrial cancer reported due to known agonistic effects o f the drug. High doses 

of Tamoxifen have been shown to be directly linked to tumour delay in rat mammary models 

due to the cytotoxicity of the drug at these levels. However tumour growth was only delayed in 

these models and the drug was not successful in completely preventing tumour 

development'^ ’̂'*̂ .
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Figure 1. 13 Tamoxifen’s positive and negative SERM effects 

1.5.2 FULVESTRANT AND ANASTROZOLE

Tamoxifen was the first o f  its tcind in the general treatment o f breast cancers but several new 

compounds have come to light following extensive research in the area. All are thought to act 

by blocking estrogen action^^, some o f them through the obstruction o f  the ER (i.e.

Fulvestrant), whereas others function by inhibition o f endogenous estrogen synthesis (i.e. 

LHRH agonists for premenopausal women and aromatase inhibitors for postmenopausal 

women). Fulvestrant (Faslodex) has shown promising results especially when used in cases 

where Tamoxifen was initially successful but then tumour development continued (Figure 

1.14). The drug acts by intercepting the ER complex before it enters the nucleus and promoting 

degradation o f the tumour cell by post translation modification o f  the ER, labelling it for 

subsequent degradation^^. Faslodex has been approved for the treatment o f hormone receptor 

positive metastatic breast cancer. It is indicated for use in postmenopausal women whose 

disease has progressed after receiving anti-estrogen therapy (such as Tamoxifen).

Normally, after breast cancer diagnosis, hormone receptor tests can be conducted to determine 

whether a patient's cancer is responsive to estrogen. If the cancer is found to be estrogen 

receptor positive, treatment options include an anti-estrogen therapy such as Tamoxifen, which 

blocks the estrogen receptor. Faslodex may be an effective alternative for patients who are not 

successfully treated with Tamoxifen. Instead o f  blocking the estrogen receptor, Faslodex
33targets and degrades the estrogen receptors present in breast cancer cells. According to two
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studies published in 2002, the drug Fulvestrant marketed as Faslodex is as effective as the 

aromatase inhibiter Anastrozole (Arimidex®),

OH
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Figure 1, 14 Fulvestrant.

An alternative drug used for breast cancer treatment is Anastrozole (Arimidex) which is 

effective as an aromatase inhibitor (Figure 1.15). Generally, post menopausal women do not 

produce estrogen from their ovaries, but estrogen is biosynthesised in the fatty tissues o f the 

body^*. This process uses an enzyme called aromatase. The mechanism o f action o f 

Anastrozole is to block aromatase and so stops oestrogen production in post menopausal 

women.

= N

Figure 1. 15 Anastrozole.
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Arimidex can be used as adjuvant therapy to treat post-menopausal women with breast cancer 

after surgery to remove the cancer Arimidex can also be used to treat women who have 

breast cancer that has spread to other parts o f the body or breast cancer that has reoccurred 

after initial treatment. Tamoxifen acts in a different way to Anastrozole and both pre and post 

menopausal women. It stops estrogen from interacting in breast cancer cells and is described as 

a selective estrogen receptor moderator (SERM). Tamoxifen has been used as a breast cancer 

treatment for more than 25 years. It has been shown to reduce significantly the risk o f breast
39 42cancer reoccurrence. ’

1.5.3 RALOXIFENE

Raloxifene also belongs to the antiestrogen group o f drugs. Antiestrogen compounds are used 

in cancer therapy to inhibit the effects o f estrogen on target tissues. Raloxifene binds to 

estrogen receptors (ER) as a mixed estrogen agonist/antagonist; it displays both an ER-alpha- 

selective partial agonist/antagonist effect and a pure ER-beta-selective antagonist effect (Figure 

1.16).
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Figure 1. 16 Raloxifene

Raloxifene functions as an estrogen agonist in some tissues (bones, lipid metabolism) and as an 

estrogen antagonist in others (endometrium and breast), with the potential for producing some 

o f estrogen's beneficial effects without producing its adverse effects. Raloxifene was 

approved by FDA in 1997 for use against bone loss (osteoporosis) in postmenopausal women. 

In 2001, Raloxifene was tested as a hormone therapy drug to reduce the risk o f breast cancer in 

postmenopausal women. In 2003 Raloxifene was approved for use only in postmenopausal 

women. However, further studies investigated Raloxifene effects in preventing cancer in all 

women and in lowering risk o f fractures in women with osteopenia.
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Raloxifene selectively inhibits the effects o f estrogen on breast tissue and uterine tissue, while 

selectively mimicking the effects o f estrogen on bone (by increasing bone mineral density). Its 

effects on breast and uterine tissue are thought to make Raloxifene an excellent therapeutic 

agent against breast cancer and uterine cancer"". It is not clear exactly how Raloxifene kills 

cancer cells. It is known to compete with estrogen by binding to estrogen receptors, therefore 

limiting the effects o f estrogen on breast and uterine tissue. Raloxifene also may be involved in 

other anti-tumor activities affecting oncogene expression, promotion o f apoptosis and growth 

factor secretion.

A double bind study was designed to evaluate the use o f Tamoxifen and Raloxifene in 2000 

called STAR study (Study o f  Tamoxifen and Raloxifene) over a five year period in 22,000 

postmenopausal women 35 years or older, who are at high risk for developing breast cancer"^'. 

The study evaluated both the effectiveness and degree o f  side effects to determine which drug 

is most beneficial. Based on this STAR study, in 2006, the National Cancer Institute 

announced that Raloxifene was as effective as Tamoxifen in reducing the incidence o f breast 

cancer in postmenopausal women at increased risk. A major adverse effect o f Tamoxifen is 

uterine cancer. Raloxifene had fewer uterine cancers. Tamoxifen increased the risk o f 

cataracts, but Raloxifene did not. Both groups had more blood clots in veins and the lungs, but 

that side effect was more common with Tamoxifen than Raloxifene. On September 14, 2007, 

the U.S. Food and Drug Administration announced approval o f Raloxifene for reducing the 

risk o f invasive breast cancer in postmenopausal women with osteoporosis and in 

postmenopausal women at high risk for invasive breast cancer'*® '” .

1.5.4 GOSERELIN

Goserelin (Figure 1.17) is a synthetic hormone marketed as Zoladex and it is used in treatment 

o f advanced and re-occurring breast cancer. Goserelin is a member o f  the general group o f 

drugs known as hormone antagonists. It is a synthetic nanopeptide version o f  the body's 

luteinizing-hormone-releasing hormone (LHRH). It blocks the release o f testosterone in men 

and estrogen in women and stops the growth o f cancer cells that depend on these hormones. 

However it has been noted that when the medication is stopped, hormone levels return to 

normal

LHRH agonists such as Goserelin reduce the ovarian secretion o f  estradiol and progesterone in 

women, leading to inhibition o f  estrogen-dependent cancers. Similarly, serum estradiol level is 

suppressed in women around 4 weeks after initiation o f  treatment. LHRH agonists such as 

Goserelin are 50-100 times more potent than LHRH. In addition, they have a longer duration 

o f action due to increased receptor affinity and greater biological stability"*^.
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Figure 1.17 Goserelin

1.6 COMPARISON STUDY ON TAMOXIFEN AND FULVESTRANT

The National Cancer Institute Cancer Therapy Evaluation Program announced a clinical study 

o f  Fulvestrant in patients with advanced breast cancer. The first o f  the two studies 

involved 400 patients in the United States and Canada who were randomly assigned to receive 

either Fulvestrant or Anastrozole Fulvestrant was given as a monthly injection, while 

Anastrozole was administered daily. After an average o f  17 months o f follow-up, Fulvestrant 

delayed disease progression by 5.4 months on average, compared with 3.4 months for 

Anastrozole. This difference, however, was not statistically significant. In patients who 

responded to treatment, the average duration o f response was 19 months for those treated with 

Fulvestrant and 11 months for those who received Anastrozole. The number o f patients 

experiencing adverse effects o f treatment, as well as the severity o f  those adverse effects, was 

similar in both groups

In the second study, 451 patients in Europe, South Africa and Australia were randomly 

assigned to receive either Fulvestrant by monthly injection or Anastrozole in a daily pill. 

Unlike the U.S.-Canadian study, this study was not designed in a double-blinded fashion. 

Response rates and delays in disease progression were about the same in both groups o f 

patients. After an extended follow-up, combined data from the two studies were subsequently



published in 2005^'^’̂ '’̂ .̂ These results showed that "Fulvestrant was similar to Anastrozole 

with respect to overall survival in the second-line treatment o f postmenopausal women" with 

advanced breast cancer.

The efficacies o f Fulvestrant and Anastrozole have been demonstrated to be comparable in the 

treatment o f breast tumors. With this in mind, other factors should be considered when making 

treatment decisions. Fulvestrant is effective on tumors o f  patients whose treatment progressed 

after treatment with Tamoxifen. There is no data available at present to show if Tamoxifen 

helps patients whose tumors have recurred after treatment with Fulvestrant

Hormone treatment o f breast cancer differs with the different drugs used. Tamoxifen, 

Aromatase inhibitors (Als) and Fulvestrant are all effective breast cancer treatments but all 

only work on tumors that are sensitive to the hormones estrogen and progesterone. Each o f 

these drugs has a different pharmacological mechanism o f action. Tamoxifen binds to the 

estrogen receptor in the tumor and blocks the effect that estrogen has on the tumor. It may 

mimic the effect o f estrogen elsewhere such as in the uterus or in bone. Fulvestrant also binds 

to the estrogen receptor in the tumor but unlike Tamoxifen it blocks any estrogen activity on 

the tumor. Als reduce the level o f estrogen in the body by inhibiting its production hence 

limiting the amount available to affect the tumor. As these compounds have different 

mechanisms o f  action, the side effects observed in patients also differ. Tamoxifen has the 

effect o f reducing osteoporosis as it stimulates the estrogen receptor in bone. It also stimulates 

the estrogen receptor in the uterus which increases the risk o f endometrial cancer^^. Als and 

Fulvestrant do not have the protective effect on bone as they do not stimulate the estrogen 

receptor and are also unlikely to have the effect o f  stimulating estrogen production in the 

uterus. Tamoxifen is effective in premenopausal women with breast cancer whereas Als are 

not. Clinical studies have not yet shown whether Fulvestrant is effective in premenopausal 

women.

1.7 COMPARISON STUDY ON TAMOXIFEN AND ANASTROZOLE

In a European trial study o f postmenopausal women with estrogen-receptor positive, early 

stage breast cancer, Anastrozole (Arimidex®) did no better overall than Tamoxifen 

(Nolvadex®) or a combination o f  both drugs at shrinking tumors prior to surgery. However, a 

subgroup o f  women did do better with Anastrozole, i.e. those whose tumors were initially too 

large to allow for breast-conserving surgery. More study is required, however^"*’̂ ’̂̂ ,̂ before 

Anastrozole can be considered a new standard in the neoadjuvant (before surgery) treatment o f 

this group o f  patients.
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The anti-estrogen drug Tamoxifen has been the standard adjuvant hormone treatment 

(following local surgery or radiation) since the 1980s for advanced breast cancer in both 

premenopausal and postmenopausal ER-positive women. ‘̂'In  earlier clinical trials Anastrozole 

proved to be more effective than Tamoxifen as an adjuvant therapy for ER-positive, 

postmenopausal women. This was the case with either advanced or early breast cancer. 

(“Arimidex, Tamoxifen Alone or Combination” (ATAC) trial

The Immediate Preoperative Anastrozole Tamoxifen or Combined with Tamoxifen (IMPACT) 

clinical trial (2005) was designed to make the same comparisons as the ATAC trial but in 

neoadjuvant patients in a smaller group o f patients. The trials aim was to investigate if 

Anastrozole was better than Tamoxifen at helping to shrink breast tumors and hence allowing 

breast conservation surgery rather than a mastectomy 38% o f  those taking Anastrozole had 

significant reduction in tumor size or a complete response. This compared to 36% % o f those 

taking Tamoxifen and to 40% o f those taking the combination therapy.

The findings o f the IMPACT trial was that Anastrozole did not prove superior to Tamoxifen as 

a neoadjuvant therapy in the overall group o f ER-positive, early breast cancer patients, but it 

did prove significantly better among those patients whose tumors were large enough that a 

mastectomy was the most likely outcome. The IMPACT trial also provided data that third- 

generation AIs were more effective than Tamoxifen in the reduction o f large breast cancer 

tumors. It is however a step in identification o f  patients who will benefit most from each 

hormone treatment^'' ” .

The IMPACT trial did not mirror the results obtained in the larger ATAC trial. In a study 

measuring the effectiveness o f  Letrozole (AI) versus Tamoxifen in early-stage hormone- 

responsive breast cancer Letrozole proved more effective in preventing a reoccurrence o f 

disease especially distant metastases. When further therapy o f Letrozole was followed by 

Tamoxifen or the reverse Tamoxifen was followed by Letrozole, the outcome was not 

improved versus Letrozole alone

Women who have ER- positive breast cancer are usually prescribed hormone or endocrine 

therapy with an antiestrogen after their surgery to reduce the incidence or the disease recurring. 

Approximately 70% o f breast cancer patients have ER-positive tumors and avail o f  this 

treatment. The standard o f care for ER-positive patients has been the use o f  Tamoxifen for five 

years post surgery. The most common side effects o f  this therapy are an increase in the 

incidence o f endometrial cancer and blood clot disorders. An alternative to the use o f 

Tamoxifen is the use o f the AI, Letrozole. Studies have shown Letrozole to be as effective as 

Tamoxifen. The Breast International Group study was a phase III clinical trial designed to 

compare Letrozole and Tamoxifen^''•^^ There was a 12% reduction in the likelihood o f  a
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disease event and a 15% reduction in the likelihood o f a distant recurrence in the Letrozole
98group.

Tamoxifen was still an effective drug over the five year period with more than 80 % were free 

o f recurrence. Also it was emphasized that five years o f mixed Tamoxifen / Letrozole 

endocrine therapy was not superior to five years o f Letrozole alone” .

1.8 ENDO XIFEN

NH

OH

Figure 1. 18 Endoxifen

Tamoxifen is metabolized in vitro and in vivo to a number o f  metabolites o f  varying potency 

and antiestrogenicity. Subtle differences in metabolism possibly contribute to the clinical 

interindividual variability in the actual Tamoxifen response Tamoxifen metabolites

such as N-desmethyltamoxifen, 4-hydroxytamoxifen (4-OH-Tam), Tamoxifen N-oxide and a- 

hydroxytamoxifen have all been formerly characterized. 4-OH-Tam has therefore been used in 

a large number o f  in vitro studies to characterize and study the effects o f the drug in a number 

o f model systems Recent studies have also implicated another metabolite 4-hydroxy-N-

desmethyltamoxifen (Endoxifen), as potentially important in mediating the effects o f 

Tamoxifen^^’^*. Endoxifen (Figure 1.18) has been shown to have IC50 o f2 9 .0 ±  3.1nM in 

MCF-7 breast cancer cells. A recent series o f in vitro studies has demonstrated the binding 

affinity to estrogen receptors (ERs), antiproliferative activity and inhibitory effects on the 

expression o f  typical estrogen-regulated genes in ER-positive breast cancer cells comparable 

with that o f 4-OH-Tam. Endoxifen potency was found to be equivalent to that o f 4-OH-Tam 

in suppressing progesterone receptor expression in MCF-7 cells Both in vitro and in vivo 

studies have recently demonstrated that Endoxifen is a secondary metabolite o f Tamoxifen that 

is primarily formed from N-desmethyl-Tamoxifen by the cytochrome P450 2D6 (CYP2D6)

P450 2D6 (CYP2D6) is a genetically polymorphic enzyme. The plasma concentrations o f 

Endoxifen in patients taking a typical prescribed dose o f Tamoxifen (20 mg per d a y )" ' is on 

the average over 6 -times greater than that o f  4-OH-Tam. This data has prompted the working 

hypothesis that Endoxifen could be a more important contributor to Tamoxifen activity than 4-
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OH-Tam. The pharmacological effects o f Endoxifen are important in understanding the overall 

activity o f Tamoxifen and the inter-individual variability in its responses®*. Endoxifen is a 

potent selective estrogen receptor modulator and it can also suppress two E2-sensitive genes 

(progesterone receptor) in breast cancer cells

Endoxifen and 4-hydroxytamoxifen bind with high affinity to the ER, with binding constants 

roughly equal to that o f estradiol. Some women have defects in the activating enzymes o f 

Tamoxifen metabolism, especially the cytochrome p450 enzyme Cyp2D6, resulting in lowered 

levels o f active Tamoxifen metabolites in their circulation. Women with such defects have a 

poorer response to Tamoxifen therapy and reduced tumor- free survival. In contrast, women 

with super-fast metabolism o f Tamoxifen and increased Endoxifen levels have a superior 

clinical response to Tamoxifen. In addition to these genetic factors^*^, it is also known that 

certain drugs, especially selective serotonin reuptake inhibitors (SSRIs) such as PAXIL®, also 

interfere with CYP2D6 activity including the conversion o f Tamoxifen to active metabolites.

The activity o f  Tamoxifen, 4-hydroxytamoxifen and Endoxifen is affected by their rates o f 

processing in the body. Endoxifen and 4-hydroxytamoxifen have a hydroxy group and were 

shown to be substrates for 0-glucuronidation by two UGTs (UDPglucuronosyltransferase):

1A8 and lAlO. These enzymes are present in both the gut and liver as well as other extra 

hepatic tissues and may possibly inactivate Endoxifen by 0-linked  glucuronidation at the 

hydroxyl group. For example, it has been reported that glucuronated Endoxifen can no longer 

bind to the ER. Thus, the current treatment o f  breast cancer with Tamoxifen has an uneven 

effect on different patients due in part to variations in the m anner in which patients metabolize 

Tamoxifen or its metabolite Endoxifen.

New products have been designed that are prodrugs o f Endoxifen or that do not require 

activation by Cyp2D6 or other oxidative metabolism. Compounds may result in improved 

Endoxifen serum levels for patients non-responsive to Tamoxifen therapy due to the 

cytochrome p450 enzyme Cyp2D6. These compounds may have improved bioavailability in 

that they are no longer substrates for UGTs in the gut, or may be more readily absorbed than 

Endoxifen. Endoxifen phosphate in which the hydroxyl moiety is modified to a phosphate 

ester, may lead to more efficient absorption as it is converted to Endoxifen at high 

concentration at the apical cell surface.
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1.9 ESTROGEN RECEPTORS

Most estrogen-mediated effects on ceil proliferation are achieved through specific estrogen 

receptors, of which two subtypes have been identified, ER a and ER p .These are coded by two 

different genes that are among the super-family of nuclear hormone receptors, e.g. the various 

receptors for steroid and thyroid hormones, retinoids and other small, hydrophobic molecules. 

ER a and p are similar in size (600 and 530 amino acids) and structure'^'*. In particular, they 

share 53% amino acid identity in the ligand-binding domain (LBD), which is found within the 

carboxyl-terminal half of the molecule and enables it to bind physiological and synthetic 

estrogens and SERMs. Although ER a and ER p have similar binding affinities to many 

hormones and antiestrogens studied to date, several new SERMs have shown preference for 

ER subtypes. Estradiol and Tamoxifen has been discovered to induce very quickly (within 5 

min) nongenomic effects^^’̂ .̂

The mechanism by which the ER regulates the transcription of target genes is well 

documented. In the classic pathway, estradiol binding to the LBD enhances ER interaction 

with specific DNA sequences, called estrogen response elements (EREs). The DNA binding 

domain (DBD) of the ER, through which receptors interact with EREs, consists of 70% amino 

acids which are centrally located in the protein (Fig. 1.19). ERa and ERp share 96% amino 

acid identity in their DBDs and exhibit similar DNA binding characteristics. Hormone-bound 

ER interacts with EREs as homo- or heterodimers of ERa and ERp

After DNA-binding, the activation of transcription consists o f two areas of the ER, called 

activation function AF-1 and AF-2. AF-2 domain (Figure 1.19) is located in the relatively 

well-preserved, carboxyl-terminal half o f the ER a  and ER p and overlaps with the LBD (53%) 

(Figure 1.19). Estradiol binding experiments support its activity. On the other hand, the AF-1 

domain is located in the amino-terminal region of the ER, which is poorly conserved between 

ER a and ER p both structurally ( 30% amino acid identity; Figure. 1.19) and functionally'’’̂ .̂ 

Both AFs act, at least in part, by recruiting co-activators, which are molecules that enhance the 

transcription of target genes without themselves binding DNA (96%). The best-characterized 

ER co-activators include the p i60 SRC (Steroid Receptor Co-activator) family members. 

Although most studies have focused on the induction of AF-2/coactivator interactions by 

estradiol and their inhibition by antiestrogens, several studies have shown that the AF-1 can 

physically and functionally interact with co-activators in a hormone-independent manner.

The importance o f ERB in the development o f breast cancer remains elusive, but several 

studies have found that there was a relative increase of ER-a expression and a decline of ERB 

expression in breast cancer compared to normal breast.
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Figure 1. 19 Domain structure of human ERa and ERp

1.9.1 M ECHANISM S OF ESTROGEN ACTION IN THE BREAST

The m ajor biological functions o f the estrogens are transcriptional activation by estrogen 

receptors (ERs). In general, estrogen enters the cell through the plasma membrane, where it 

binds to ERs in the cell nucleus and promotes conformational change. This conformational 

activation in the two domains, AFl and AF2, in turn promotes recruitment o f  co activator/co 

repressor proteins. The estrogen ER complex then binds to estrogen-responsive elements in the 

promoter region o f  estrogen response genes that are activated transcription factors*^'*'' (Figure 

1.2 0 )

r ®  B af2

AFl and ArZcscpoeod

AF1

Binding lo HRE and 
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,̂ coactivator&

%
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Figure 1. 20 Mechanism of action of ER by estrogen.
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ERa is the predominant mediator of the mitogenic effects of estrogen on the mammary gland. 

Activated ER can also regulate transcription indirectly through protein-protein interactions 

with other transcription factors (i.e. API and Spl)*^. However, little is known about the 

process in the normal mammary epithelium in humans since most o f the studies of estrogen 

effects have been performed on breast cancer cells in culture. Numerous studies have 

confirmed that in breast cancer cells the ER estrogen complex primarily mediates its increased 

effects through an increase in c-Myc expression. The effect of C-Myc on cell cycle progression 

seems to be via the induction of cyclin E/Cdk2 through the loss o f the cyclin dependent kinase 

inhibitor The effects of estrogen on cell cycle progression are also linked to the up

regulation o f cyclin D l.

In breast tumours o f laboratory mice, estrogen has been shown to promote angiogenesis and 

increase extracellular vascular endothelial growth factor (VEGF) In recent times studies 

have shown that similar events also occurred in ex-vivo cultured normal human breast tissue*'*. 

Emerging data suggest that the action o f estrogen when bound to ERa and ER6 may vary and 

differ regarding the formation and/or progression o f breast cancer. It has been reported that 

estrogen stimulated cell proliferation and increased tumour formation in the presence of ERa in 

breast cancer cell lines (MCF-7 & T47D cells). ERB on the other hand, was related to 

inhibition of cell proliferation and prevented tumour formation in a mouse model^''. Other 

researchers have found by in vitro studies that ERa was associated with breast cancer cell 

proliferation whereas ERB was related to decrease proliferation*^*’. Figure 1.21 shows the 

crystal structure o f the ligand binding domain of type P estrogen receptor (ERP) in the presence 

of an agonist (genistein) and an antagonist (Raloxifene). The image depicts the two distinct 

positions of helix 12 which are adopted with the two ligands
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Figure 1.21 The structure o f the ER ligand binding

1.9.2 E STR O G EN  A N D BR EA ST C A N C ER

Estrogen has been shown to be a key contributor in the formation and development o f breast 

cancer. Exposure levels extending from the stages o f early menarche to late menopause and 

during hormone replacement therapy (HRT) have been shown to create a stimulant effect on 

cell proliferation thus increasing the risks o f  developing breast cancer via spontaneous DNA 

replication errors. Another risk associated with prolonged estrogen exposure is the formation 

o f genetic compounds such as DNA adducts and mutations which can develop during the 

oxidative metabolism o f estrogens leading to the development o f breast cancer'^’*^

A high incidence o f breast cancer cases have been linked to hormone dependence with 

evidence suggesting that estrogen plays an important role in the tum or growth due to the 

presence o f  estrogen receptors. However it has also been noted that two thirds o f cases o f 

breast cancer occur during the stage o f post menopause when the circulating concentration o f 

estrogen is low due to low or non production o f the hormone from the ovaries. Although low 

levels o f  estrogen have been noted, the concentration o f  estradiol E l, estradiol E2 and their 

sulfates in tissue samples have been shown to be higher than normally seen in plasma samples, 

indicating that there is a local biosynthesis and build up o f these hormones'^’*̂  .

The primary follicles signal the pituitary that it is m aturing and secretes estrogens via the 

following mechanism;

I) Thecal cells develop receptors for luteinizing hormone (LH) (stimulated by estrogens or



2) LH stimulates theca cells to produce androstenedione (and to a lesser extent, 

testosterone), which are both androgens.

3) Androstenedione and testosterone move to granulose cells where they are converte<d to 

estrogens (estradiol or estrone) by the enzyme aromatase. (Figure 1.22)

Theca Cell G ranulosa Cell

Androetenedione
Cholesterol

Progesterone Estradiol

FSH

Figure 1. 22 Brief summary on Biosynthesis of Estrogen

The functions o f Luteinizing Hormone (LH) are to stimulate cell secretion o f androstenedlione- 

follicular phase and to stimulate progesterone secretion by the corpus luteum-luteal phase;. The 

functions o f  Follicle Stimulating Hormone (FSH) are to stimulates antral follicle growth- 

follicular phase and to stimulate granulose cell secretion o f  estradiol-luteal phase.^'

Figure 1.22 and 1.23 show the pathway o f estrogen biosynthesis. The enzymes for the patthway 

leading up to androstenedione or testosterone steroids are produced by the thecal cells. 

Granulose cells contain the aromatase that produces the final product (estradiol or estrone;)-
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Figure 1. 23 Biosynthesis of Estrogen

Currently several standard markers are used clinically to estimate the most appropriate 

treatment path o f any individual breast cancer diagnosis. These standards or factors to be 

considered include age, tumor size, nodal status, histological grade, nuclear grade, estrogen 

and progesterone (ER and PgR) receptor status cellular proliferation and oncogene 

activation (c-ErbB2/HER2). The presence o f ER, PgR and c-ErbB2/HER2 are significant and 

can be useful as markers for the prediction o f treatment outcomes as patients presenting with 

tumors expressing ER and/or PgR are candidates for adjuvant treatment with antiestrogens 

such as Tamoxifen.

1.10 ESTROGEN RECEPTOR STRUCTURAL OVERVIEW

Nuclear receptors belong to a large family related via structural similarities caused by ligand- 

inducible transcription factors. These include steroid receptors (SRs), thyroid/retinoid receptors 

(TR, RARs and RXRs), vitamin D receptors (VDR), LXR, PPARs, estrogen receptors (ERa 

and ERP) and/orphan receptors for which no ligand has been yet identified (Figure 1.24). 

Members o f this family share a common modular structure. However the way in which they 

are activated differs. Each nuclear receptor is activated uniquely by a corresponding lipophilic 

small molecule such as glucocorticoids, progesterone, estrogens, retinoid and fatty acid 

derivatives^*'**. The area where the specific ligand binds in a nuclear receptor is hydrophobic 

with helix 12 (HI 2) playing a key role in the response o f the nuclear receptor (NR). When an
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antagonist is bound to nuclear receptors, H 12 is displaced via an extended side chain. 

Specifically H12 moves out o f position, rotates and positions itself into the hydrophobic 

groove between helices 3, 4 and 5. This change o f orientation results in the binding pocket 

becoming unavailable for co-activators to bind thus transcription cannot take place. The 

following two images show ERa with an agonist (estradiol) (left) and antagonist (Raloxifene) 

(right) bound to it.*  ̂H12 is shown as a magenta coil in the "green subunits". The other subunit 

in each structure is displayed as "Cartoons" with "Structure" colouring. The ligands are space 

filled.*^

E R o -R A L

Figure 1. 24 Image of E R a-E ST  Estrogen receptor ligand-binding domain complexed to 

estradiol and ERa -RAL estrogen receptor ligand -  binding domain complexed to 

Raloxifene.
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Figure 1. 25 Distribution of ERa and ERp in the human body

Two o f the most interesting sites on the ER molecule are its ligand binding domain (LBD), 

otherwise known as AF-2 and its growth factor binding domain, otherwise known as AF-1. In 

addition, the DNA-binding domain (DBD) is responsible for binding at estrogen response 

elements (ERE) on the chromosome. A subtle difference between ERa and ERp in their ligand- 

binding pockets is the substitution o f Leu 338 in ER a with Met 384 in ERp.*^ Interestingly, 

ERa and ERp, when complexed with estrogen, were shown to signal in opposite ways from an 

API site, with estrogen activating transcription in the presence o f  ERa and inhibiting 

transcription in the presence o f  ERp. The ER ligands Tamoxifen, Raloxifene and ICI-164384 

were activators with ERa as well as ERp, although the degree o f agonism differed between cell 

types. These molecules are examples o f SERM ’s, selective estrogen receptor modulators. 

Thus, the role o f estrogen complexed to ERa appears to be to turn off transcription o f these 

genes, whereas the SERMs may override this blockade and activate gene transcription The 

distribution o f ERa and ERp in the human body is illustrated in Figure 1.25.

Recent drugs targeted to the ER, such as Tamoxifen and Raloxifene act as either ER 

antagonists or agonists depending on the species, tissue and the dose administered. For 

instance. Raloxifene has been reported to act as an antiestrogen in breast tumor tissue and the 

brain, while it has potentially beneficial estrogen-like effects in bone and in modulating factors 

associated with cardio-vascular diseases. Another example is Tamoxifen, which was initially 

developed as an antiestrogen for the treatment o f breast cancer and was subsequently shown to 

have estrogen-like effects on bone and the cardiovascular system'''^. However, the potentially 

beneficial effects o f  Tamoxifen in reducing the risk o f osteoporotic fractures and coronary 

heart disease in postmenopausal women are at least partially offset by its estrogenic effects on 

the uterus, increasing risk o f  endometrial cancer development
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SERMs can be conveniently divided into three major categories: triphenylethylene derivatives 

such as Tamoxifen, other nonsteroidal compounds and steroidal compounds that have more 

complete antiestrogenic activity. The chemical structure of several different SERMs as 

compared with estradiol is shown in Figure 1.26̂ '*.

to rem ifen e
(triphenylethylene)

X O jH

GW 5638  
(triphenylethylene)

OH
tam oxifen

(triphenylethylene)

OH OHHO

estradio l

HOHO'

ra loxifene
(benzothlophene)

ICI 182780  
(steroid)

HO

EIVI-652
(benzopyran)

Figure 1. 26 The chemical structure of several different SERMs as compared with 

estradiol.

The discovery of the antiestrogen MER-25 and the knowledge that a strategically placed 

alkylaminoethoxy side chain confers antiestrogenic properties in triphenylethylene was 

important to develop the antiestrogens Tamoxifen and Raloxifene from the known nonsteroidal 

estrogens, triphenylethylene and diethylstilbestrol (Figure 111)?̂
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Figure 1. 27 Development of antiestrogens Tamoxifen and Raloxifene from nonsteroidal 

estrogen.

Tamoxifen is used for the endocrine treatment o f  all stages o f breast cancer and is available for 

the reduction o f breast cancer incidence in high-risk women. Raloxifene is used for the 

prevention o f osteoporosis in postmenopausal women, but because a preliminary evaluation 

shows a reduction in the risk o f breast cancer. Raloxifene is to be evaluated for the prevention 

o f breast cancer in high-risk postmenopausal women “̂̂ ''^T he  relative binding constants o f 

some well-studied ligands for ERa and ERp are shown in Table 1.6.

Table 1. 6 The relative binding constant for ERa and ERp

Ligand ERa

(RBA%)

ERP

(RBA%)

17-Estradiol ("E2" or "EST") 100 100

Diethylstilbestrol 468 295

Tamoxifen 6 7
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1.11 TAMOXIFEN METABOLISM

Metabolic detoxification in the human body takes place sequentially through the Phase I and II 

metabolism^^. Detoxification may be described as the excretion o f alien chemicals from the 

body through excretion in the urine or bile. This system includes two processes known as 

Phase 1 and II metabolism which mostly (but not always) occur sequentially. Phase I consists 

o f oxidation, hydrolysis and reduction processes. These processes produce a more reactive 

chemical containing a functional group, which then serves as a starting point for the 

conjugation reactions o f Phase II metabolism. Phase II reactions consist o f conjugation by 

groups such as glucuronyl, sulfate, methyl, acetyl and glutathione. The end product is almost 

always less pharmacologically active and less lipid-soluble than the parent compound. Phase 1 

and II reactions are catalyzed by enzymes, some o f which have wide substrate specificity and 

others have narrow specificity Tamoxifen is largely metabolized in the liver .Tamoxifen 

metabolites have been shown to be biologically active and the biotransformation is mediated 

by cytochrome P450 enzymes through de-methylation and hydroxylation and the production o f 

numerous primary metabolites including 4-OH-Tamoxifen, a-OH-Tamoxifen, N- 

desmethyltamoxifen and 4-OH-7V-desmethyl-tamoxifen (Endoxifen), (Figure 1-28).^^'^^ '''*

CYP2D6 \  SULT1A1
(CYP2B6, CYP2C9,

Tamoxifen (TAM) CYP2C19, CYP3A) OH

4-hydroxyTAM

CYP3A4/5 I
(CYP2C9 + other
CYP isoforms) CYP3A4/5

CYP2D6

N>desmethylTAM

SULT1A1

OH

Endoxifen

Figurel. 28 Metabolism of Tamoxifen

Initially Tamoxifen was shown to have very low affinity for the ER in vitro  compared to 

estrogen. However was later considered a prodrug that may be converted to the more potent 4-
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OH-Tamoxifen and it is this metabolite that is thought responsible for the anti-tumour effects 

of Tamoxifen in vivo?^'^^ 2003 heralded the discovery o f a second high potent metabolite, 

Endoxifen. Experimental studies have gleaned that cytochrome P450 3A4 and 3A5 (CYP3A4 

and CYP3A5) are the main catalysts o f the N-demethylation, while 4 - hydroxylation is 

primarily produced by the cytochrome P450 2D6 (CYP2D6) enzyme?’’ '̂*

Sulfate conjugation is an important step in the metabolism process. Sulfotransferase (Suit) 

catalyses the sulfate conjugation by increasing the solubility, therein facilitating the elimination 

of the drug. An adult human liver contains the active form of the phenol Suit, known as 

SULTl A1. SULTl A1 is the primary sulfotransferase is responsible for the sulfation of 4-OH- 

Tamoxifen^^. Recently it was shown that SULTIEI is capable o f sulfation of 4-OH- 

Tamoxifen. The 4-OH-Tamoxifen is in equilibrium between a trans- and c/s-isoform, leading 

to a planned shift in property by a potent antiestrogen on the way to a much less potent anti

estrogen suggested'®'*. This geometric selectivity in both sulfation of trans - 4-OH-Tamoxifen 

and glucuronidation of c/5-4-OH-Tamoxifen and that those reactions were catalysed by 

sulfotransferase lA l (SULTl A l) and UDP-glucuronosyltransferase 2B15 (UGT2B15). 

Although most patients respond to Tamoxifen therapy, many patients experience resistance to 

endocrine therapy either at the beginning of treatment or after prolonged use^^’^̂ ’"^. The 

mechanisms for this resistance are not fully understood, but several proposals have been 

reported.^^ Tamoxifen effects are primarily communicated through the ER and one of the 

proposals is that the loss of ER expression by mutations could be the cause of resistance. In 

2002, a mutation was reported leading to a substitution of ERa amino acid 303 (K303R) in 

34% of premalignant breast lesions. This mutation creates a hypersensitivity to the estrogen 

receptor, with improved activities o f co-activators in the presence o f low estrogen levels.

1.12 AROMATASE INHIBITORS

Aromatase inhibitors are used is hormone therapy for breast cancer in postmenopausal women 

Aromatase inhibitors prevent the formation o f estradiol by interfering with a corresponding 

aromatase enzyme, (Figure 1.29) and are rapidly changing the standard of treatment for breast 

cancer. Development work has focused on gaining a better understanding on how and when to 

best use these drugs to combat breast cancer in patients with hormone-receptor-positive breast 

cancer. AIs are effective by interacting with the enzyme aromatase^^’ which catalyzes the 

final step in the synthesis of estrogen from its steroid precursors. AIs that are commonly used 

fall into two different categories, steroidal and nonsteroidal. Steroidal AIs, such as 

Exemestane, bind permanently to aromatase. On the other hand nonsteroidal AIs, such as 

Anastrozole, bind reversibly to aromatase and compete with the precursors of estrogen for the
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enzyme. Both steroidal and nonsteroidal Als have been shown in large-scale clinical trials to 

be superior to Tamoxifen in extending survival in women with metastatic disease and in 

preventing recurrence when used as primary adjuvant therapy^^ "^. In addition, treatment with 

an A I after a full course o f Tamoxifen has been shown to continue to improve recurrence-free 

survival, compared with cessation o f hormone therapy.

Second-^neration

CH,
ExemeslaneFormestane

CH,

NH.

ONNC'
Aminoglutelhlmide LetrozoteCN

Fadrozole

H.C, CH,

NC CN
CH, CH,

Anastrozole

Figure 1. 29 Chemical structure for aromatase inhibitors

Exemestane (Aromasin) is a steroidal aromatase inhibitor used in the treatment o f a breast 

cancer stimulated by the body’s estrogen levels. Exemestane effectively blocks the production 

o f estrogen. Letrozole is also a drug that is known as an aromatase inhibitor. However A ls 

have been seen to have adverse effects o f their own, most importantly loss o f bone density, 

which can be especially hazardous for women already at risk for osteoporosis. Therefore, 

Tamoxifen may still provide a more favourable risk/benefit ratio for some subgroups o f 

women. An interest has been established in using A ls as chemo preventive agents due to 

the fact that Als have been shown to reduce the occurrence o f contra lateral breast cancer in 

several studies. Currently, two large scale studies are conducted to determine the outcomes o f 

using Exemestane and Anastrozole as treatments in the preventative maintenance in women at
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high risk for developing breast cancer. Although Tamoxifen was approved in 1998 for the 

prevention o f  breast cancer in high-risk women, fewer wom en than expected have chosen to 

use it’ Concerns regarding the adverse side effects have a direct link to the poor uptake o f  

the drug in recent years. AIs have a clear advantage if they can meet the expectation o f  being 

both effective in preventing the occurrence o f  breast cancer and cause little or no side effects 

due to taking the drug. AIs along with the newer generation o f  SERMs such as Raloxifene may 

provide patients identified as high risk cases with more treatment options in preventative 

maintenance o f  the disease.

1.13 COMBRETASTATIN

Combretastatins are a group o f  drugs which have shown high anticancer activity by inducing 

irreversible vascular shutdown in solid tumors (Figure 1.30). Combretastatin A4 is a novel 

antivascular agent. The source o f  the combretastatins {Combretum caffrum) is the African bush 

w illow . These compounds act as inhibitors o f  tumor blood flow  and have been investigated as 

possible anticancer agents because o f  this activity. In vitro, C M  is a strong tubulin-binding 

agent that prevents tubulin polymerization and is toxic to actively proliferating vascular 

endothelial cells at concentrations in the low nanomolar range. CA4 is also cytotoxic to a 

variety o f  human cancer cell l i n e s . C o m b r e t a s t a t i n s  are sometimes referred to as "vascular 

targeting agents (VTAs)". They are also classed as "anti-angiogenic drugs" However this is 

not entirely accurate. Angionesis is the term used for the growth o f  new blood vessels so the 

anti angiogenic drugs actually stop the growth o f  new blood cells instead o f  blocking the 

existing blood supply to the cancer. The sw elling o f  capillaries (smallest blood vessels) is 

caused by Combretastatins. This means the blood flow  to the cancer is blocked. Cancer cells 

will not survive without the oxygen from the blood supply. So potentially by blocking the 

blood flow  to the cancer, the cancer may stop growing. Combretastatin will only affect blood 

vessels that supply cancer cells. Cells lining normal blood vessels contain a protein called 

actin; this protects the blood vessels from Combretastatin. Despite its anticancer potential, the 

drug has several undesirable side effects in many normal tissues. These problems can be 

alleviated by targeting the drug specifically to the solid tumor vasculature. It has been shown 

that certain cell adhesion m olecules such as avP3 integrin receptors are over expressed on 

actively proliferating endothelium o f  the tumor vasculature. These surface markers 

discriminate tumor endothelial cells from the normal endothelial cells and can be used as a 

target for antivascular drug delivery. Peptides with Arg-G ly-Asp (RGD) amino acid sequence 

constrained in a cyclic framework were shown to bind to these OvPs integrin receptors.

Targeted liposome delivery system s for Combretastatin A 4 with cyclic RGD peptides as 

targeting ligands have been designed. Study on combretastatins have already shown that
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targeting o f Combretastatin A4 to irradiated tumors using this delivery system results in 

significant tumor growth delay'®*’’.

Combretastatin A-4 phosphate (CA4P) is a synthetic, phosphorylated prodrug o f the natural 

product Combretastatin A-4 (CA4). Researchers in Trinity Collage are currently working on 

developing synthesis o f rigid endogens o f Com bretastatins (Figure 1.30).
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R=H Combretastatin A4 Combretastatin D1
R=POjNaj Combretastatin A4 

jhosptiate

OH OMe

/oXo
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L  o .  U
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o

Combretastatin D2 Combretastatin 03
2/3=alkane Con^retastatin D4

Figure 1. 30 Chemical structures of some Combretastatins

CA4 was found to compete with colchicine as a potent inhibitor o f  tubulin-binding activity. 

This suggested an anti-tumor mechanism o f  action whereby CA4 bound to tubulin polymers 

and interfered with cell division'®'’'^ '. However, the solubility o f  CA4 in water was very 

limited and as a part o f its continued development certain prodrug compositions were 

investigated to increase the solubility and thus the efficacy o f CA4. In particular, CA4 

phosphate disodium salt (CA4P) was shown to be readily soluble in water and selectively toxic 

to tumors. This latter property was subsequently found to have important implications in 

vascular targeting as the highly selective tumor toxicity effects o f  CA4P were further identified 

to be due to a targeted toxicity towards tumor-associated vasculature and a consequential 

shutdown o f tumor blood flow'*’̂ ’'*’*’'®̂ .

Because CA4 is not nearly as effective a vascular targeting agent as CA4P, mode o f action 

studies have focused on CA4P. In fact, retraction and blebbing o f  the endothelial cells
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(HUVEC) in the small blood vessels which is a manifestation of toxicity associated with 

apoptosis has been shown to be induced by CA4P Furthermore, cytoskeletal alterations

affecting the dynamics of actin also support this cytotoxic mechanism. Consequently, there is 

already established a good rationale for why small blood vessels can be killed by CA4P 

thereby acting as an antitumor agent, but there does not exist any compelling hypothesis as to 

why tumor endothelia are killed with preference to other cell types. Currently, there are two 

theories, firstly the expression o f alkaline phosphatase is upregulated in these tissues, thus 

selectively converting more non-cytotoxic, non-tubulin binding prodrug to its cognate 

cytotoxic, tubulin-binding CA4 form and/or secondly, endothelial cells in small blood vessels 

tumours are selectively different from normal vessels, permitting greater uptake and toxicity of 

CA4P.

1.14 PRODRUGS

The term prodrug refers to a pharmacologically inactive compound that is converted to an 

active drug by a metabolic biotransformation. The biotransformation or activation of a prodrug 

may occur prior to, during and after absorption, or at specific target sites within the body. 

Prodrug design may be useful in circumventing problems associated with solubility, absorption 

and distribution, site specificity, instability, prolonged release, toxicity, poor patient 

acceptability and formulation problems''’̂  ' ”̂  '^ .̂ The prodrug may refer to the entire 

compound, or it may refer to the chemical modification, in the context o f a prodrug moiety 

being the chemical modification. In some examples, the functional group of the drug is a 

handle for the introduction of a moiety that confers on the new entity some desirable 

characteristic. In other examples, the prodrug moiety is intimately connected with the 

pharmaceutical deficiency of the parent drug and the presence of the prodrug moiety directly 

addresses the deficiency'®^ '°*. In some cases, prodrugs rely on in vivo enzymatic activation for 

conversion to active form o f the drug for example by cleavage o f the prodrug moiety by an 

enzyme. In other cases, prodrugs rely on physiological chemical conditions for release of the 

drug, for example through a change in pH. The benefits o f a prodrug are not limited to 

improved in vivo benefits compared to the parent drug, but may also include improved 

processing or storage characteristics or economic considerations prior to administration to the 

patient.

CLASSIFICATION OF PRODRUGS 

A. Carrier-linked prodrugs

A prodrugs many contain a group that can be easily hydrolysed enzymatically (such as an 

ester) to reveal the true drug. Ideally, the group removed is pharmacologically inactive and
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nontoxic wliile the connecting bond must be labile for efficient activation in Carrier-

linked prodrugs can be further subdivided into:

• Bipartate: composed of one carrier (group) attached to the drug.

• Tripartate: carrier group is attached via linker to drug

• Mutual prodrugs: two drugs linked together

Examples o f Carrier-Linkages can be summarised as follows;

Alcohols -Containing Drugs (Linked as Esters)

Esters are readily synthesized from an alcohol-containing parent drug and a carboxylic acid (or 

acid halide or anhydride). Esters are easily hydrolyzed by various and ubiquitous esterases. 

There is great range o f hydrophobicity, hydrophilicity and stabilities available through the 

carrier group (carboxylic acid).

As a result, it is relatively easy to alter the water solubility and consequently, absorption and 

distribution may also be affected. Sulfates and phosphates are also included in this category 

and can be cleaved by sulfatases and phosphatases, r e s p e c t i v e l y . T h e  prodrug may not be 

an ideal substrate for the activating enzymes. It may be necessary to consider modifying the 

carrier with an electron withdrawing or donating groups to facilitate the hydrolysis.

Carboxylic acid-Containing Drugs (Linked as Esters)

The required ester is readily synthesized from the carboxylic acid-containing parent drug and 

an alcohol-containing carrier. Esters are easily hydrolyzed by various and ubiquitous esterases 

as described above. Large library selections of alcohols allow great variety o f properties for the 

prodrug (e.g., pKa and water solubility).

Amine-Containing Drugs (Linked as Amides)

Amides are readily synthesized from an amine-containing parent drug and a suitable carboxylic 

acid (or acid halide or anhydride). Simple amides are more stable than esters toward 

hydrolysis. However, activated amides or amides o f amino acids are more susceptible to

O

O
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enzyme-mediated cleavage. Phenyl carbamates are rapidly cleaved by plasma enzymes 

although simple carbamates are generally too stable to hydrolysis.

O

Drug- -N'
H

' R

Amine-Containing Drugs (Linked as Imines)

Amines may be converted to imines. Some imine compounds are more lipophilic (allowing 

access across blood brain barrier) although they may be labile to aqueous solutions.

Drug- ■N R

Carbonyl Compounds (Linked as Hydrolysable Derivatives)

The most common prodrugs of aldehydes and ketones are imines, oximes, acetals (ketals), enol 

esters, oxazolidines and thiazolidines.

Drug^

\
/

R

:0

B. Bioprecursors:

This is the case when the prodrug is metabolized into a new compound that may itself be active 

or further metabolized to an active metabolite'®^ (e.g. amine to aldehydes to carboxylic acid). 

Bioprecursors do not contain a carrier or promoiety. They contain latent functionality, which is 

metabolically or chemically transformed into an active drug. Predictable types of activation are 

oxidative (most common method), reductive and phosphorylation (antiviral agents)'®* '̂ .̂ 

Example o f activation by oxidation is Nabumetone which it shown in Scheme 1.

CH.O

Series of oxidative

decarboxylation

Active form of the drug 
that inhibits Prostaglandin 
biosynthesis by 
cyclooxygenase

Scheme 1 Oxidation reaction of Nabumetone

Mitomycin is an example of activation by a reduction reaction. It is used in the treatment of 

adenocarcinoma of the stomach and pancreas. (Scheme 2)
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Scheme 2 Reduction reaction of Mitomycin

An exam ple o f  activation by phosphorylation is show n for lodoxuridine, a lipid soluble 

ophthalm ic product used for herpes sim plex keratitis. It shows higher affinity  for viral kinases 

than m am m alian kinases but show ing som e t o x i c i t y ' ( S c h e m e  3)

Viral Thymidine

HN

HO

OH

lodoxuridine

Kinase

HN

O - P - O

Not lipid soluble

OH

ATP

HN

- O - P - O - P - O - P - O

OH

Scheme 3 Phosporylation reaction of lodoxuridine
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1.15 OBJECTIVES OF RESEARCH

The objectives o f this thesis are the investigations o f the stability o f  a series o f  novel conjugate 

compounds that may be acting as dual-acting estrogen receptor antagonists and tubulin 

targeting agents, (NKB4, NKB5, NKB7, NKB8, N K B 11, N K B 15 also N K B 16), Figure 1.31. 

An example o f such a novel conjugate product NKB4 is shown in Scheme 4 and is composed 

o f the Combretastatin cytotoxic drug CA4 molecule linked to the antiestrogen drug Tamoxifen 

metabolite (Endoxifen) (Scheme 4). The use o f drug conjugate may result in a larger molecule 

than the component drugs alone, which may be less able to cross cell membranes, less likely to 

reach site o f activity and more likely to be removed from the body . However, interest in the 

development o f dual-activity conjugate drugs for oncology drug delivery has resulted in a 

number o f potential drug candidates with kinase, ER, aromatase, sulfatase and folate targeted

activities 1 1 2 , 114 , 1 2 8

—  Combretastatin

,0 ,

OH

Endoxifen

N K B4

Scheme 4 Chemical structure of NKB4 compound.

OH

NKB5 OH

OH

OH

NKB4 OH
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Figure 1. 31 Chemical structures of project conjugate compounds

Recently, researchers at Trinity College Dublin have synthesized new conjugates compounds, 

(Figure 1.31) that contain Endoxifen as an anticancer agent, together with Combretastatin (or 

related component), which are designed to function as possible dual action drugs with anti

proliferative activity and cytotoxicity in human breast cancer cells and also as anti-mitotic 

agent or vascular-targeting effects.

It is anticipated that the Combretastatin part o f the conjugate may either be
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(i) cleaved away from the Endoxifen fragment by hydrolysis and act like CA4 in the tumour 

cell or

(ii) remain covalently attached to the Endoxifen analogue and still exert some anti-mitotic 

action.

The 'dual-action' investigated in these conjugates refers to the compounds having activity 

against cancer through both the ER antagonist mechanism and through the anti-mitotic route. 

The dual-action novel series of estrogen receptor modulators demonstrated estrogen 

antagonism at the ER receptor with a higher potency than Tamoxifen, while also inhibiting the 

proliferation of a human MCF-7 breast carcinoma cell line in vitro.

In this study the physiochemical properties and specific structural requirements of these drug

like molecules for optimum estrogen receptor binding will be investigated. The stability o f 

ligands, which are active at the estrogen receptor, will be specifically investigated. The study 

of novel potent drug candidates coupled with the elucidation of the mode of action will 

advance the understanding o f the ability to combat hormone dependent breast cancer. The 

design, synthesis and biochemistry o f dual acting estrogen receptor conjugates have been 

previously investigated by researchers (Niall Keely) in the Pharmaceutical Chemistry research 

laboratory supervised by Mary Meegan.*'*^

The research strategy is to synthesise and biologically evaluate a library o f structurally related 

linked triarylethylene and heterocyclic compounds containing the modified Tamoxifen-type 

triarylethylene pharmacophore with potential application as selective estrogen receptor 

modulators (SERMs). These SERMs or antiestrogens are designed to occupy the steroid- 

binding site. Estrogen receptor antagonists will thus act as carriers for prodrugs of cytotoxic 

drugs such as combretastatins. The synthesis o f a library o f structurally related triarylethylenes 

has been achieved with the preparation of prototype Tamoxifen-linked-Combretastatin 

compounds for biochemical evaluation, Figure 1.31.

This research will consist o f the following components:

(i) Review of the various antiestrogen and related molecules, which are used as the ER 

anchor molecules in the design of the novel conjugates, (Chapter 1).

(ii) Development and validation of the HPLC analytical test methods to detect low 

concentration of antiestrogen molecules, (Chapter 2).
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(iii) Development and validation of the HPLC analytical test method to detect low 

concentration of the various Combretastatins, which are released by hydrolysis from 

conjugates studied, (Chapter 2).

(iv) Review of stability and hydrolysis characteristics of typical ester and amide type pro

drugs, (Chapter 3).

(v) Hydrolysis / stability studies of the conjugates over a range o f pH values to determine 

the pH/release/stability profile o f the various conjugates prepared, (Chapter 3).

(vi) The pH profile of the hydrolysis reaction products to demonstrate the stability and 

optimum pH for the coupled products and to also determine the release profiles for the 

conjugate in vivo, (Chapter 3).

(vii) Determination o f the pH/release profiles of the conjugates at physiological conditions, 

(Chapter 3).

(viii) Study of the conjugates behaviour in microsomal liver solutions, (Chapter 3).

(ix) Selection o f the optimised conjugate prodrug compound as lead molecule for further 

optimisation as potential oncology development drug, (Chapter 4).

Full experimental details for this research are presented in Chapter 5, while the structural

information for the conjugate compounds investigated is listed in the Appendix section.

- 4 5  -



Chapter 2
Analytical method development and validation
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2) ANALYTICAL METHOD DEVELOPMENT AND VALIDATION

2.1 BACKGROUND

The research strategy for this project is to synthesise and biologically evaluate a library o f  

novel structurally related linked triarylethylene and heterocyclic compounds containing the 

modified Tamoxifen-type triarylethylene pharmacophore with potential application as selective 

estrogen receptor modulators (SERMs). These SERMs or antiestrogens are designed to occupy 

the known steroid binding site. Estrogen receptor antagonists will thus act as carriers, for 

prodrugs o f  cytotoxic drugs such as combretastatins. The synthesis o f  a library o f  structurally 

related triarylethylene has been achieved together with the preparation o f  prototype 

Tamoxifen-linker-Combretastatin compounds for biochemical evaluation. The synthesis o f  

these compounds is reported (Niall Keely, Ph.D. thesis).

This project will concentrate on a review o f various antiestrogens and related molecules, which 

are used as the ER anchor molecules in the design o f the novel conjugates, together with the 

development and validation o f  HPLC analytical test methods to detect low concentration of  

these antiestrogen molecules and various combretastatins which are to be released by 

hydrolysis. These conjugate products may be effective either as the intact conjugate or as the 

component drugs where they may be released by hydrol>^ /̂5 in vivo.

To ensure compliance with quality and safety standards, the United States, Europe, Japan and 

other countries have published compendia, orpharmacopoeiae *30,155,159,160  ̂ describe official 

test methods for many marketed drug products. For example, compendial analytical methods 

found in United States Pharmacopoeia 25 (USP 25) '^ âre legally recognized analytical 

procedures under section 501 (b) o f the Federal Food, Drug and Cosmetic Act. For these 

compendial methods, USP provides regulatory guidance for method validation. In addition, 

validation o f  analytical methods is covered by the United States Code o f  Federal Regulations 

(CFR), (refer to references are 21 CFR 211.165 (e) and 21 CFR 2 1 1.194 (a))

Method validation is defined as the process o f proving (through scientific studies) that an 

analytical method is acceptable for its intended use. Recent guidelines for methods 

development and validation for new noncompendial test methods are provided by the FDA 

draft document, “Analytical Procedures and Methods Validation; Chemistry, Manufacturing 

and Control Documentation”'̂ '̂ . This recent document applies to the method development and 

validation process for products included as investigational new drug (IND), new drug 

application (NDA) and abbreviated new drug application (ANDA) submissions. Therefore, 

expectations from regulatory agencies for method development and validation are clear.
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2.2 ABSTRACT

The project compounds consist o f two component parts; the first part is the antiestrogen and 

the second part is the vascular targeting agent which is classified as a cytotoxic drug. For the 

method development and validation, N K Bl compound was selected as a representative o f the 

Endoxifen antiestrogen, NKB3 to represent cinnamic acid type vascular targeting agent and 

NKB4 conjugate to represent the compound with dual novel action (Scheme 5).

\  ascular Tarsetins Asent 
(VTA)

Estrogen Receptor 
*\ntas[onist

HN

OH

Scheme 5 Dual acting conjugate product, NKB4-Z isomer.

A new precise, accurate, linear, simple HPLC method has been developed for quantification o f 

Endoxifen (N K B l), cinnamic acid type (NKB3) and the conjugate product (NKB4). The 

Endoxifen and its E isomer were separated at room ambient temperature by using a 250 mm x 

4.6 mm, 5|jm  particle size, silica stationary normal phase column, with mobile phase 

containing 940 mL o f acetonitrile, 25mL o f  water, 25mL o f  acetic acid and 10 mL o f diethyl
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amine at 1,5mL min ' flow rate. The detection was at 283 nm. The linearity, accuracy and 

precision o f this method were good, the peak areas, shape and resolution also were good and 

the method was successfully applied to quantify and separate the Endoxifen (N K BI), its 

isomer, cinnamic acid type (NKB3) and conjugate (NKB4).

A second precise, accurate, linear, simple HPLC method has been developed for quantification 

o f Endoxifen (N K B I), cinnamic acid type (NKB3) and the conjugate product (NKB4) in 

plasma solution. The N K B I, NKB3 and NKB4 compounds was extracted from plasma solution 

using a solid phase extraction method. The chromatographic conditions were set up to separate 

at ambient temperature by using a 250 mm x 4.6 mm, 5^m  particle size, silica stationary 

normal phase column, with mobile phase containing 940 mL o f  acetonitrile, 25mL o f  water, 

25mL o f  acetic acid and 10 mL o f  diethyl amine at flow rate 1.5mL min ' . The detection was 

at 283 nm. The linearity, accuracy and precision o f this method were good, the peak areas, 

shape and resolution also were good and the method was successfully applied to quantify and 

separate the Endoxifen (N K BI), its isomer, cinnamic acid (NKB3) and conjugate (NKB4) in 

plasma.

A third identification method has been developed for determination o f  the project compounds 

in microsomal liver solution. The project compound N K B I 6 was extracted from plasma 

solution using a solid phase extraction. The chromatographic conditions were set up to separate 

at room ambient temperature by using a 250 mm x 4.6 mm, 5^m  particle size, silica stationary 

normal phase column, with mobile phase containing 940 mL o f  acetonitrile, 25mL o f water, 

25mL o f  acetic acid and 10 mL o f  diethyl amine at flow rate 1.5mL min ' . Mass spectrometry 

detection was used to detect the samples and identify them.

2.3 LIQUID CHROMTOGRAPHY

Liquid chromatography is a fundamental separation technique in the life sciences and related 

fields o f chemistry. Unlike gas chromatography, which is unsuitable for non-volatile and 

thermally fragile molecules, liquid chromatography can safely separate a very wide range o f 

organic compounds from small-molecule drug metabolites to peptides and proteins. Traditional 

detectors for liquid chromatography include refractive index, electrochemical, fluorescence 

and ultraviolet-visible (UV-Vis) detectors. Some o f these generate two dimensional data; that 

is, data representing signal strength as a function o f time. Others, including fluorescence and 

diode array UV-Vis detectors, generate three-dimensional data. Three-dimensional data 

include not only signal strength but spectral data for each point in time.

Mass spectrometers also generate three dimensional data. In addition to signal strength, they 

generate mass spectral data that can provide valuable information about the molecular weight.
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structure, identity, quantity and purity o f  a sample. Mass spectral data add specificity that 

increases confidence in the results o f  both qualitative and quantitative analyses.

For most compounds, a mass spectrometer is more sensitive and far more specific than all 

other LC detectors. It can analyze compounds that lack suitable chromophores. It can also 

identify components in unresolved chromatographic peaks, reducing the need for perfect 

chromatography. Mass spectral data complements data from other LC detectors. While two 

compounds may have similar UV spectra or similar mass spectra, it is uncommon for them to 

have both. The two orthogonal sets o f data can be used to confidently identify, confirm and 

quantify compounds. Some mass spectrometers have the ability to perform multiple steps of 

mass spectrometry on a single sample. They can generate a mass spectrum, select a specific ion 

from that spectrum, fragment the ion and generate another mass spectrum; repeating the entire 

cycle many times. Such mass spectrometers can literally deconstruct a complex molecule piece 

by piece until its structure is determined.

Mass spectrometers operate by ionizing molecules and then sorting and identifying the ions 

according to their mass-to-charge (m/z) ratios. Two key components in this process are the ion 

source, which generates the ions and the mass analyzer, which sorts the ions. Several different 

types o f  ion sources are commonly used for LC/MS. Each is suitable for different classes o f 

compounds. Several different types o f mass analyzers are also used. Each has advantages and 

disadvantages depending on the type o f information needed. Electrospray relies in part on 

chemistry to generate analyte ions in solution before the analyte reaches the mass spectrometer. 

The LC eluent is sprayed (nebulised) into a chamber at atmospheric pressure in the presence o f 

a strong electrostatic field and heated drying gas. Some gas-phase reactions, mostly proton 

transfer and charge exchange, can also occur between the time ions are ejected from the 

droplets and the time they reach the mass analyzer. Electrospray is especially useful for 

analyzing large bio-molecules such as proteins, peptides and oligonucleotides, but can also 

analyze smaller molecules like benzodiazepines and sulfated conjugates and is the method o f 

analysis used in this thesis.

2.4 INTRODUCTION TO THE ANALYTICAL METHOD

Most o f  the drugs in multi-component dosage forms can be analysed by a HPLC method 

because o f  the several advantages like rapidity, specificity, accuracy, precision and ease o f 

automation in this method. A HPLC method eliminates tedious extraction and isolation 

procedures. Some o f the advantages are:

• Speed (analysis can be accomplished in 20 minutes or less).
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• Greater sensitivity (various detectors can be employed),

•  Improved resolution (wide variety o f stationary phases),

• Reusable columns (expensive columns but can be used for many analysis),

• Ideal for the substances o f low volatility,

• Easy sample recovery, handling and maintenance,

• Instrumentation tends itself to automation and quantitation (less time and less labour),

• Precise and reproducible,

• Calculations are done by integrator itself,

• Suitable for preparative liquid chromatography on a much larger scale.

There are different modes o f separation in HPLC. They are normal phase mode, reversed phase 

mode, reverse phase ion pair chromatography, affinity chromatography and size exclusion 

chromatography.

In the normal phase mode, the stationary phase containing a polar chain and the mobile phase 

is non-polar in nature. In this technique, non-polar compounds travel faster and are eluted first. 

This is because o f the lower affinity between the non-polar compounds and the stationary 

phase. Polar compounds are retained for longer times because o f their higher affinity with the 

stationary phase. These compounds, therefore take more time to elute. Normal phase mode o f 

separation is therefore, not generally used for pharmaceutical applications because most o f the 

drug molecules are polar in nature and hence take longer time to elute. Refer to Scheme 6 for 

method life cycle, which shows the relationship o f the method development, validation and 

optimization.

Validation

Development

Scheme 6 Analytical method life cycle

Reversed phase mode is the most popular mode for analytical and preparative separations o f 

compounds o f interest in chemical, biological, pharmaceutical, food and biomedical sciences. 

In this mode, the stationary phase is non-polar hydrophobic packing with octyl or octadecyl

Optimization
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functional group bonded to silica gel and the mobile phase is a polar solvent. An aqueous 

mobile phase allows the use o f secondary solute chemical equilibrium (such as ionization 

control, ion suppression, ion pairing and complexation) to control retention and selectivity. The 

polar compound is eluted first in this mode and nonpolar compounds are retained for longer 

time. As most o f the drugs and pharmaceuticals are polar in nature, they are not retained for 

longer times and hence elute faster. The different columns used are octa decyl silane (ODS) or 

Ci8, Cg C4, etc., (in the order o f  increasing polarity o f the stationary phase).

2.5 ANALYTICAL METHODOLOGY

The analytical methodology is a process to document the identity, strength, quality, purity and 

potency o f  drug substances and drug products. Analytical methods for identification are 

qualitative in nature, such as IR, wet chemistry (colorimetry), etc. Methods for determining the 

amount o f drug in a given sample are called assay methods

2.5.1 CHOICE OF ANALYTICAL METHODS

The choice o f analytical method is based on the following criteria; accuracy needed (for 

example in dissolution studies, one can use direct UV) and presence o f  interfering substances 

(if no significant interference is present and the drug is stable, one can once again use direct 

UV or fluorometric methods).

2.5.2 FDA PERSPECTIVE ON METHODOLOGY

The FDA requires that each NDA and ANDA must include the analytical procedures necessary 

to ensure the identity, strength, quality, purity and potency o f  the drug substance and drug 

product. Data must be available to establish that the analytical procedures used in testing meet 

proper standards o f  accuracy and reliability. All analytical procedures are o f equal importance 

from a validation perspective.

Validated analytical procedures should be used, irrespective o f whether they are for in-process, 

release, a c c e p t a n c e ' o r  stability testing. Each quantitative analytical procedure is designed to 

minimize assay variation.

2.5.3 TYPES OF ANALYTICAL PROCEDURES

There are three kinds o f analytical procedures acceptable by FDA.
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A. Regulatory Analytical Procedure

A regulatory analytical procedure is the analytical procedure used to evaluate a defined 

characteristic o f the drug substance or drug product'^^’''*̂ ’’ ®̂. For purposes o f  determining 

compliance, the regulatory analytical procedure is used. The regulatory analytical method does 

not have to be validated in most cases. An alternative analytical procedure is an analytical 

procedure proposed for use instead o f the regulatory analytical procedure. A validated 

alternative analytical procedure should be submitted only if  it is shown to perform equal to or 

better than the regulatory analytical procedure. If  an alternative analytical procedure is 

submitted for approval, a rationale for its inclusion should be provided and its use (e.g., 

release, stability testing) and validation should be identified.

B. Alternative Analytical Procedure

For new drugs, usually the applicant has to develop a new analytical procedure because the 

drug is not listed in the USP/NF'^^. For such new methods, the rules for alternative analytical 

method development apply and the method must be validated.

C. Stability Indicating Analytical Procedure

A stability-indicating assay is a validated quantitative analytical procedure that can detect the 

changes with time in the pertinent properties o f the drug substance and drug product. A 

stability-indicating assay accurately measures the active ingredients, without interference from 

degradation products, process impurities, excipients and other potential impurities. If a non

stability-indicating analytical procedure for release testing is submitted, then an analytical 

procedure capable o f qualitatively and quantitatively monitoring the impurities, including 

degradation products, should complement it. Assay analytical procedures for stability studies 

should be stability-indicating, unless scientifically justified.

2.5.4 METHOD VALIDATION

Method validation is a document that contains enough experimental data to show that the 

analytical method being used for assay o f  the drug and/or its impurities and degradation 

products is reliable, reproducible and works for the range o f concentrations and sample 

matrices expected.
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2.5.5 METHOD VALIDATION-PARAM ETERS

In order to validate an analytical method, it is necessary to address a number o f elements o f 

analysis'"^^ (Table 2.1). The detection limit is the lowest concentration o f analyte in a sample 

that can be detected, but not necessarily quantified, under the stated experimental conditions. 

The quantitation limit is the lowest concentration o f analyte in a sample that can be determined 

with acceptable precision and accuracy under the stated experimental conditions'^^ '"̂ ''. The 

detection and quantitation limits depend on variables such as type o f  the instrument used, type 

o f the detection system and mechanism and the amount o f  drug or volume o f  drug injected.

Method validation is a dynamic process because there may be a need to revalidate a method 

due to many reasons such as changes in the dosage from excipients, changes in raw material 

vendors- different impurity profile, changes in instrumentation and different reference 

standards.

Table 2. 1 Method validation parameters

Experimental Parameters

1 Specificity/selectivity

2 Linearity

3 Range

4 Detection Limit and Quantitation Limit

5 Accuracy

6 Precision (Repeatability o f Injections and Repeatability o f

A nalysis)

7 Robustness

8 Sample Solution Stability

9 System Suitability Specifications and Tests Capacity factor 

( Precision/Injection repeatability, Relative retention. 

Resolution, Tailing factor and Theoretical plate number)

Bio-assays are analytical methods that are used to determine drug levels in biological matrices. 

Biological matrices consist o f  fluids such as the urine, plasma, blood and other tissue fluids. 

Generally, all the validation parameters that apply to chromatographic methods carry over in 

bio-assays as well. Parameters that are additionally important in bio-assays include limit o f 

quantitation and detection for the drug, stability o f biological samples and linearity range'''*. 

Biological methods o f  analysis, differ from traditional physico-chemical methods in that they
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use a biological system to assay a drug. The biological system may consist o f a molecule such 

as an antibody, or an entire organism such as tissue culture or whole animals. In general, 

biological methods o f analysis such as radio-immunoassay, cell culture assays, etc., show 

higher variability than physico-chemical methods o f analysis. Relative standard deviation 

values o f up to 20% may be acceptable as long as reproducibility is shown. A biological 

method is approved only if it can be established that a suitable physico-chemical method is not 

practical.

This chapter describes the experimental design to be used in validating the quantitative 

methodology for the chosen project prototype conjugate N K B l, NKB3 and NK.B4 compounds. 

This study has been carried out according to the parameters described in ICH guidelines for 

CDER “Bio analytical Method Validation for Human Studies” (1999) The experiments 

described in this document are intended to demonstrate the fitness o f purpose o f  the assay 

methodology, (according to current ICH guidelines) for use in the in process, final release and 

stability testing o f the novel compounds N K B l, NKB3 and NKB4.

2.6 METHOD DEVELOPMENT

The method development and establishment phase defines the analytical assay. The 

fundamental parameters for an analytical method validation are accuracy, precision, selectivity, 

sensitivity, reproducibility and stability. Measurements for each analyte in the matrix should be 

validated. In addition, the stability o f  the analyte in spiked samples should be determined. 

Typical method development and establishment for an analytical method include determination 

o f ( I)  selectivity, (2) accuracy, precision, recovery, (3) calibration curve and (4) stability o f 

analyte in spiked samples.

2.7 PRINCIPLES OF ANALYTICAL METHOD VALIDATION AND 

ESTABLISHMENT

The fundamental parameters to ensure the acceptability o f the performance o f  an analytical 

method validation are accuracy, precision, selectivity, sensitivity, reproducibility and stability. 

A specific, detailed description o f the analytical method is documented. This can be in the 

form o f a protocol, study plan, report and/or SOP. Each step in the method is investigated to 

determine the extent to which environmental, matrix, material, or procedural variables can
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affect the estimation of analyte in the matrix from the time of collection of the material up to 

and including the time of analysis. It may be important to consider the variability o f the matrix 

due to the physiological nature of the sample.

The analytical method is validated for the intended use or application. All experiments used to 

make claims or draw conclusions about the validity of the method are presented in a report 

(method validation report) Whenever possible, the same biological matrix as the matrix in 

the intended samples should be used for validation purposes. (For tissues of limited 

availability, such as bone marrow, physiologically appropriate proxy matrices can be 

substituted.)

The stability o f the analyte (drug and/or metabolite) in the matrix during the collection process 

and the sample storage period is assessed, preferably prior to sample analysis. For compounds 

with potentially labile metabolites, the stability of analyte in matrix from dosed subjects (or 

species) should be confirmed.

The accuracy, precision, reproducibility, response functions and selectivity o f the method for 

endogenous substances, metabolites and known degradation products is established for the 

biological matrix. For selectivity, there should be evidence that the substance being quantified 

is the intended analyte.

The concentration range over which the analyte will be determined is defined in the analytical 

method, based on evaluation of actual standard samples over the range, including their 

statistical variation. This defines the standard curve. A sufficient number o f standards are used 

to adequately define the relationship between concentration and response. The relationship 

between response and concentration should be demonstrated to be continuous and 

reproducible. The number of standards used should be a function of the dynamic range and 

nature o f the concentration-response relationship. In many cases, six to eight concentrations 

(excluding blank values) can define the standard curve. More standard concentrations may be 

recommended for nonlinear than for linear relationships. The ability to dilute samples 

originally above the upper limit of the standard curve should be demonstrated by accuracy and 

precision parameters in the validation. In consideration of high throughput analyses, including 

but not limited to multiplexing, multicolumn and parallel systems, sufficient QC samples 

should be used to ensure control o f the assay. The number of QC samples to ensure proper 

control of the assay should be determined based on the run size'"* .̂ The placement o f QC 

samples should be judiciously considered in the run. For a analytical method to be considered 

valid, specific acceptance criteria should be set in advance and achieved for accuracy and 

precision for the validation of QC samples over the range o f the standards.
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As the stability study to be investigated in this thesis required testing o f  7 major compounds 

(Conjugate or Pro-drugs (NKB4, NKB5, NKB7, NKB8, N K Bl 1, NKB15 and NKB16)), an 

HPLC analytical test method required to be developed and the experiment was commenced by 

using N K B l, NKB3 and NKB4 as starting materials for our development. The structure o f 

those compounds and the polarity will be similar to the other compounds in the series to be 

studied.

2.8 PROJECT ANALYTICAL METHODS

The main objective o f this study is to develop a simple, sensitive, accurate and precise HPLC 

test method, which can detect very low concentration o f all o f  our research compounds 

(Concentration range O.l-lOppm). As is the normal procedure o f  each test method 

development, the solubility for the compounds is first determined, which was observed for 

these compounds to be soluble (>50mg in 200 mL volume) in organic solvents such as 

acetonitrile and methanol. The compounds are generally polar compounds (refer to cLogP 

results in appendix 2, chapter 7). From these initial results and after trial testing, the final test 

method was chosen to be a normal phase, silica stationary column with suitable mobile phase 

that can produce a good detection and good resolution, (refer to chapter 5 for experimental 

details).

2.8.1 METHOD I : OPTIMIZATION OF TAMOXIFEN/ENDOXIFEN 

COMPOUNDS STABILITY ASSAY USING HPLC 

2.8.1.1 DESCRIPTION OF ANALYTICAL METHOD

The assay analytical method is an isocratic normal phase HPLC method. The extracted sample 

and the prepared standards are injected onto the HPLC and detected at >,=283 nm. The active is 

quantified by comparing the peak areas o f  the prepared sample with that o f  the standard, (refer 

to chapter 5 for chromatographic conditions). Figure 2.1 is typical chromatogram for a mixture 

o fN K B l, NKB3 and NKB4 compounds; showing good resolution between the three 

compounds and the good resolution o f N K Bl Z and E isomer.

- 5 7 -



Auto-Scaled Chromatogram
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Figure 2. 1 Typical chromatogram for the three compounds with a concentration of 5.0 

ppm, NKB4 at 2.4min with isomer, NKB4 at 2.3 min, NKB3 at 3.6min, NKBl-Z isomer at 

7.8min and NKBl-E isomer at 8.3 min.

2.8.1.2 METHOD VALIDATION

The acceptance criteria are shown in Table 2.2 which were applied for the analytical 

determination o f  these compounds. These acceptance criteria are the standard validation 

parameter which was described in the ICH guidelines, USP and Europe Pharmacopeia.'^^ ’^̂  '̂ '̂
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Table 2. 2 Summary of acceptance criteria & limits for determination of N K Bl, NKB3 

and NKB4

Validation

P aram eter

M easured Response Acceptance C riteria

Linearity R^ >0.99

System suitability

% Peak Area (Initial injections)

% Peak Area Deviation 

(Bracketing standards)

USP Tailing Factor

Resolution

USP Plate Count

%RSD < 5% 

%RSD < 5%

< 2 %

> 2 %

> 2500

A ccuracy
Mean Recovery o f  analyte 80% - 120%

Precision

Injection

Repeatability

Peak Area and Retention Time (RT) 

Samples

Area RT

% RSD < 5 % RSD < 2

Precision

Reproducibility

Peak Area and Retention Time (RT) 

Samples

Area RT

% RSD < 5 % R S D < 2

Range 0.1 -  10 ppm

Satisfied if linearity, 

accuracy and LOQ 

passes

LOQ
Limit o f  quantitation Cone. < 0.2 ppm

Specificity Interference at same RT Interference < 5%
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2.8.1.2.1 SPECIFICITY

The specificity or selectivity o f  an assay is its ability to measure accurately and specifically the 

analyte being assayed for, in the presence o f  components that are to be expected in the sample 

matrix. The evaluation o f these criteria can be measured by the degree o f bias introduced by 

the impurities, degradation products, or other related analytes that may be in the sample matrix. 

The bias or degree o f  interference can be expressed as the difference in assay results found in 

samples with impurities, degradation products, or other related analytes compared to samples 

without them.

Solutions o f potentially interfering compounds (known impurities, solvent and diluent, mobile 

phase) were prepared and evaluated using the analytical methodology outlined in method 

description section. Samples were analysed using the instrumental parameters in method 

description section. The acceptance criteria can be summarised as no interference at the same 

retention time o f  the project compound o f  more than 5.0% should be observed. All system 

suitability criteria must be met for the run to be considered valid. The results showed that for 

the mobile phase there was no interference at the same retention time o f the compounds. With 

the diluent, acetonitrile injection resulted in no interference noticed at same retention time of 

the compounds. It was concluded that the HPLC method is specific for NKB1-NKB16 project 

compounds. The mobile phase blank and sample diluent solutions were evaluated to verify that 

no interferences were present at the retention times for the project compounds and each 

compound was analysed separately to confirm no interference between the compounds. There 

was no observable interference from the mobile phase and sample diluent.

2.8.1.2.2 LINEARITY:

The linearity o f  an assay is the degree to which the experimental technique will produce values 

proportional to the concentration o f the material within a given range. Linearity is determined 

by mathematical treatment o f  test results obtained by analysis o f  samples with analyte 

concentrations across the claimed range o f the method. The treatment is a calculation o f the 

regression line by method o f least squares o f test results versus analyte concentrations. 

Linearity is expressed in terms o f  variance (correlation coefficient R^) about the slope o f a 

regression line. The y-intercept is a measure o f the potential assay bias. In the present work, 

linearity was established for N K B l, NKB3 and NKB4 compounds over the range o f 0.1- 

lO.Oppm. Linearity solutions in the drug concentration o f  0.1, 0.5, 1.0, 2.0, 5.0 and lOppm
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were prepared. Each solution was prepared in triplicate then placed in HPLC vial and injected 

onto HPLC column in triplicate. A scatter plot (linearity curve) o f  the response versus analyte 

concentration with total 6 date points was constructed.

Table 2. 3 Linearity solution preparation

% Nominal 

Concentration

1

Concentration

ppm

Concentration

(mg/lOOmL)

mL Stock 

Standard

Final volume 

(with 

acetonitrile) 

(mL)

2 0.1 0.1 0.1 100

10 0.5 0.5 0.5 100

20 1.0 1.0 1.0 100

40 2.0 2.0 2.0 100

100 5.0 5.0 5.0 100

200 10.0 10.0 10.0 100

Analysis o f linearity standards: Each o f  the solutions was injected 3 times using the 

conditions described in method description. (Total o f  9 injections at each linearity level). Each 

set o f 9 injections was bracketed with duplicate injections o f working standard at 100% of 

nominal concentration. For the data analysis a linear regression method was required. Using 

Microsoft Excel, a plot o f concentration versus mean weight was constructed with the 

corrected peak area for each set o f standards and the mean o f each level. The intercept, slope 

and value was reported. The acceptance criteria were chosen as follows: The correlation 

coefficient R^-value for each o f  the curves from the linear regression should be 0.99 or greater. 

Figure 2.2 illustrates the overlay chromatogram for N K B l, NKB3 and NKB4 linearity 

concentration o f 0.1, 0.5, 1.0, 2.0, 5.0 and lO.Oppm.
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Figure 2. 2 Overlay chromatogram for NK Bl, NKB3 and NKB4; linearity concentration 

of 0.1, 0.5, 1.0, 2.0, 5.0 and lO.Oppm.

Linearity study for NKB4:

Scheme 7 NKB4-Z isomer compound

Three stocks o f standard and working standard o f NKB4 were prepared and analysed (Scheme 

7). Figure 2.2 shows the overlay chromatogram on different range o f concentration.

The calibration curve was generated for each stock and each range o f  working standards for 

each compound separately. Figure 2.3 shows the calibration curve o f NKB4 from stock A. 

From the peak area results o f the HPLC analysis for stock A working standards, a linear 

calibration curve was produced with correlation coefficients o f  1.000 (Figure 2.3).

A second calibration curve was produced from stock B working standards peak area results for 

NKB4 with correlation coefficients o f 0.999 (Figure 2.4). A third calibration curve was 

produced from stock C working standards peak area results for NKB4 with correlation 

coefficients o f 0.998 (Figure 2.5). A mean calibration curve was produced from stock A,B and

NKB4 OH
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C working standards peak area results for NK.B4 with correlation coefficients o f  0.999 (Figure 

2 .6).

NKB4 
Linearity Curve A

_____ v =  41654.593x + 16065.830
450000  • 

400000  ■ 

^  350000  ■ 

®  300000  ■ 

® 250000  ■ 

5  200000  ■ 

0- 150000 - 

100000  ■ 

50000  - 

n .

= 1.000

♦ PMk ArM

.00 0 2.0 4.0  6.0  8.0 10.0 12
ppm

Figure 2. 3 NKB4 Calibration curve A

NKB4
Linearity Curve B V “  45874.011X + 17413.927

R* = 0.999
560000

460000

360000
•  Peak Area

260000

160000

60000

-40000  0^ TU

Figure 2. 4 NKB4 Calibration curve B
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NKB4
Linearity Curve C y = 4 5 ^7 -,  ̂6489.342

R* = 0.998
500000
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a  100000

10.0 i : . o2.0 4.0 6.0 8.0
-100000
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Figure 2. 5 NKB4 Calibration curve C

NKB4
Linearity Mean Curve y _ 44233 .463X + 16656.366

R* = 0.999
560000.000

460000.000

360000.000

♦ Peak Area260000.000

160000.000

60000.000

-40000.000 TOTO- -6TT"
ppm

12.0

Figure 2. 6 NKB4 Mean Calibration Curve

Finally, a summary Table for each calibration curve concentration versus the peak area results 

is shown in Table 2.4 together with the correlation coefficient for each curve. The results in 

Table 2.4 shows the linear response o f NKB4 for different levels o f concentration, with 

correlation coefficient higher than 0.98 for each curve.
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Table 2. 4 Summary Result for Calibration Curve of NKB4

%  Nominal 

C oncentration

Theoretical 

concentration ppm

Calibration 

Curve A Peak 

Area*

Calibration 

Curve B Peak 

Area*

Calibration 

Curve C Peak 

Area*

Mean Calibration 

Curve Peak Area

2 0.1 19558.630 19957.900 19892.850 19803.127

10 0.5 37740.070 38131.400 38481.040 38117.503

20 1 55890.120 56499,880 55813.070 56067.690

40 2 102234.480 119050.820 105149.910 108811.737

100 5 222780.870 251443.390 258901.600 244375.287

200 10 432966.240 472656.770 460892.770 455505.260

C orrelation Coefficient: 1.000 0.999 0.998 0.999

* Mean Peak area o f  3 injections corrected for actual weight taicen 

Linearity study for NKB3;

rY
L II

Scheme 8 NKB3 compound

Following the method outlined above for NKB4 compound, three stocks o f standard and 

working standard for NKB3 were prepared and analysed (Scheme 8) (Figure 2. 7).

0.3CT

0 25-

Scl'jtion cS 0.1 ppc: cotx. e m  tioti 
Sohxico of 0.5 ppcn cooc io m tb c  
SohMioQ of 1.0 ppm coActfittitjD& 
SohxiOfi of 2.0 pptn coac entn tioe 
Sotutioft of 5.0 ppc. oonc e n d  tier. 
Solwioc of ID.D pptn ;oo:3Qtntioo

0  20-

B 0 .15-

0 . 10-

0 .0 5 -

2 .60 2 80 3.00 3 20 3 40 3.60 3 80 4 20 4 60 4 804 00 4 .40
M inutes

Figure 2. 7 Overlay chromatogram for NKB3 linearity concentration from 0.1, 0.5,1.0, 

2.0, 5.0 and lO.Oppm.
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The calibration curve was generated for each stock solution and each range o f working 

standard for each compound separately. From the peak area results o f the HPLC analysis for 

stock A working standards, a linear calibration curve was produced with correlation 

coefficients o f 0.999. A second calibration curve was produced from stock B working 

standards peak area results for NKB3 with correlation coefficients o f  0.999. A third calibration 

curve was produced from stock C working standards peak area results for NKB3 with 

correlation coefficients o f 0.999. A mean calibration curve was produced from stock A,B and 

C working standards peak area results for NKB3 with correlation coefficients o f  0.999 (Figure 

2 .8).

NKB3
Linearity Mean Curve y = 119423.961 X -10370.178

R" = 0.999
1360000.000

1160000.000

960000.000
at
9 760000.000 
n

n 560000.000 
9a.

360000.000

♦ Peak Area

160000.000

-40000.000
0.0 4.0 6.0

ppm
8.0 10.0 12.02.0

Figure 2. 8 NKB3 Mean calibration curve

A summary Table for each calibration curve concentration versus the peak area results is 

shown in Table 2.5 together with the correlation coefficient for each curve. The results in 

Table 2.5 shows the linear response o f NKB3 for different level o f concentration, with 

correlation coefficient higher than 0.98 for each curve.
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Table 2. 5 Summary calibration curve result for NKB3

%  Nominal 

Concentration

Theoretical

concentration

ppm

Calibration 

Curve A 

Peak Area*

Calibration 

Curve B Peak 

Area*

Calibration 

Curve C Peak 

Area*

Mean Calibration Cur\e 

Peak Area

2 0.1 9927.550 10139.150 10589.440 10218.713

10 0.5 58548.450 58881.960 59062.480 58830.963

20 1 84688.070 81226.110 79942.070 81952.083

40 2 225152.140 228952.230 226390.800 226831.723

100 5 582453.020 598897.940 599575.000 603016.860

200 10 1176952.860 1182045.070 1175644.890 1178214.273

C orrelation  Coefficient: 0.999 0.999 0.999 0.999

* Mean Peak area o f 3 injections corrected for actual weight 

taken

Linearity study for NKBl-Z;

HN

OH

Scheme 9 NKBl(Z) compound

Three stocks o f  standard and working standard for NKB 1 (E and Z isomer) (Scheme 9 and 10) 

were prepared and analysed. Refer to Figure 2.9 for the overlay chromatograms for range o f 

concentrations.
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Figure 2. 9 Overlay chromatogram for NKBl Z at 7.5min and NKBl-E isomer linearity 

concentration from 0.1, 0.5, 1.0, 2.0, 5.0 and lO.Oppm.

A calibration curve was generated for each stock solution and each range o f working standard 

for each compound separately. From the peak area results o f the HPLC analysis for stock A 

working standards o f N K B l, a linear calibration curve was produced with correlation 

coefficients o f 1.000. A second calibration curve was produced from stock B working 

standards peak area results for N K B l-Z  with correlation coefficients o f  1.000. A third 

calibration curve was produced from stock C working standards peak area results for N K B l-Z  

with correlation coeflTicient o f 1.000. A mean calibration curve was produced from stock A,B 

and C working standards peak area results for N K B l-Z  with correlation coefficient o f 1.000 

(Figure 2.10).

Finally, a summary Table for each calibration curve concentration versus the peak area results 

is shown in Table 2.6 with the correlation coefficient for each curve (Table 2.6).



NKB1 (Z)
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Figure 2. 10 NKBl(Z) Mean calibration curve

Table 2. 6 Summary calibration curve result for NKBl-Z

%  Nominal 

C oncentration

Theoretical 

concentration ppm

Calibration 

Curve A Peak 

Area*

Calibration 

Curve B Peak 

Area*

Calibration 

Curve C Peak 

Area*

Mean Calibration 

Curve 

Peak Area

2 0.1 4960.970 6502.470 5029.960 5497.800

10 0.5 31394.160 31666.720 31660.480 31573.787

20 1 59210.350 57904.400 56516.010 57876.920

40 2 121773.560 122162.820 122218.650 122051.677

100 5 307665.390 316381.730 316241.620 313429.580

200 10 633137.820 634650.030 633327.010 633704.953

C orrelation  Coefficient; 1.000 1.000 1.000 1.000

* Mean Peak area o f  3 injections corrected for actual weight taken
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Linearity study for NKBl-E isomer;

HN

OH

Scheme 10 NKBl (E) isomer compound

As described in the previous section, three stocks o f standard and working standard for N K B l- 

E (Scheme 10) were prepared and analysed. A calibration curve was generated for each stock 

and each range o f working standard for N K Bl separately. From the peak area results o f  the 

HPLC analysis for stock A working standards, a linear calibration curve was produced with 

correlation coefficient o f 1.000. Keeping this method, a second calibration curve was produced 

from stock B working standards peak area results for N K B l-E  with correlation coefficient o f 

1.000. A third calibration curve was produced from stock C working standards peak area 

results for N K B l-E  with correlation coefficient o f 1.000. A mean calibration curve was 

produced from stock A,B and C working standards peak area results for N K B 1 -E with 

correlation coefficients o f 1.000 (Figure 2.11). A summary Table for each calibration curve 

concentration versus the peak area results is shown in Table 2.7 with the correlation coefficient 

for each curve (Table 2.7).
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Figure 2. 11 NKBl E isomer Mean calibration curve

Table 2. 7 Summary calibration curve result for NKBl-E isomer

%  Nominal 

C oncentration

Theoretical 

concentration ppm

Calibration 

Curve A Peak 

Area*

Calibration 

Curve B Peak 

Area*

Calibration 

Curve C Peak 

Area*

Mean Cailibration 

Cuirve 

Peak Area

2 0.1 4588.210 4953.940 4601.560 4714k570

10 0.5 32912.020 33069.330 33033.610 3300^4.987

20 1 60871.200 60771.270 59312.780 6031f8.417

40 2 127611.160 129327.540 128997.410 12864i5.370

100 5 330824.100 334242.070 333940.430 33300)2.200

200 10 666938.070 668956.000 667988.940 66796)1.003

C orrela tion  Coefficient: 1.000 1.000 1.000 1.0100

* Mean Peak area o f  3 injections corrected for actual weight taicen 

Conclusion

The linearity o f the analytical response was demonstrated by analyzing injections o f the 

standard concentrations specified in the method. A plot o f peak area as a function o f eachi
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analyte concentration was generated and a linear equation was used to fit the data using an 

ordinary least-squares regression. The square o f  the correlation coefficient was compared to 

the acceptance criteria specified. The linearity curve has a correlation coefficient o f 1.000. The 

results o f  linearity meet the acceptance criteria set. Correlation coefficient values > 0.999 were 

determined for the selected compounds (N K B l-Z  and Z, NKB3, and NKB4) plotted, thereby 

exceeding the method linearity acceptance criteria and demonstrating excellent method 

linearity.

2.8.1.2.3 ACCURACY:

Accuracy is defined as the degree o f closeness o f the determined value to the nominal or 

known true value under prescribed conditions. This is sometimes termed trueness. The 

accuracy o f a method is the extent to which the average o f  a series o f repeat measurements 

made on a product approximates the true value. For the drug product, this is typically carried 

out by the addition o f  known amounts o f drug substance to the placebo formulation within the 

linear range o f detection o f the analyte. Method accuracy is the ability o f  a method to 

determine the true concentration value o f the analyte in solution. Accuracy is determined by 

assessing analyte recovery from a spiked sample. 18 Replicate-spiked samples are prepared for 

each compound N K B 1, NKB3 and NKB4 at each o f 3 levels 10%, 100% and 200% o f the 

nominal value observed. The spiked samples are analysed according to the analytical method 

and the percent o f  analyte recovered from each solution calculated. The method displayed 

accuracy in the range o f 0.1-10.0 ppm. Three replicate samples were prepared at each o f the 

concentration level 0.5, 1.0 and 10.0 ppm. Samples were analysed and compared with 

theoretical values.

Solutions o f NKB 1, NKB3 and NKB4 were prepared as shown in Table 2.8. The samples were 

analysed using the instrumental parameters in the method description section (chapter 5). For 

analysis o f accuracy standards, each o f the solutions was injected 6 times using the conditions 

described in method description section (chapter 5). (A total o f  18 injections at each accuracy 

level was analysed).
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Table 2. 8 Accuracy solution preparation for NKBl, NKB3 and NKB4 compounds

% Nominal 

concentration

Concentration

ppm

Stock

Standard

(mL)

Final volume (mL) 

(with acetonitrile)

10 0.5 0.5 100

100 5.0 5.0 100

200 10.0 10.0 100

Data analysis required calculation of the % recovery for each spiking solution. The % RSD for 

each set of 6 injections was determined. For acceptance criteria, the recovery at each level 

should be 80-120% of the theoretical (gravimetric) value. The %RSD of the peak areas for 

each level should be no more than 5.0%. For discussion of a(jcuracy results refer to precision 

results displayed in the following section.

2.8.1.2.4 PRECISION

Precision is defined as the closeness of agreement (degree of scatter) between a series of 

measurements obtained from multiple sampling of the same homogenous sample under the 

prescribed conditions. Precision is the measure of how close the data values are to each other 

for a number of measurements under the same analytical conditions. It consists of three 

components; repeatability (injection repeatability and analysis repeatability), intermediate 

precision and reproducibility. Injection repeatability is defined as the relative standard 

deviation of multiple injections of a prepared sample under specified conditions by a single 

analyst on a single day. Analysis repeatability is defined as the relative standard deviation of 

multiple measurements (preparations) of a sample under specified conditions by a single 

analyst on a single day. Intermediate precision (formerly known as ruggedness) is the degree of 

variation in results obtained by the analysis of the same material under a variety of normal test 

conditions. This includes variability on multiple days, between analysts, between instruments 

or any routine change in environmental conditions or component changes. It is expressed as a 

lack of influence on assay results over a variety of variability.

Reproducibility expresses the assay precision between laboratories. Precision is the assessment 

of the closeness of agreement between replicate measurements with an analytical method. It is 

determined by analyzing 3 prepared samples once (reproducibility) and one prepared sample 

analysed 6 times (Repeatability). The RSD of the peak areas are compared.

For the analysis of samples, the instrument conditions were as per method description in 

method description section (chapter 5). For the method precision, each of the 3 sample
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solutions was injected once. For the system precision, one of the sample solutions was injected 

6 times. For data analysis, the mean and %RSD of the peak areas of the replicate injections is 

also calculated. The mean and %RSD of the peak areas of the replicate preparations is 

calculated. The acceptance criteria are chosen so that the %RSD of the peak areas for the 

replicate injections must be no more than 5% and the %RSD of the peak area for the replicate 

preparations must be no more than 5%.

NKB4 RESULTS FOR RECOVERY AND PRECISION;
4

A total of six stocks of standard and working standard for NKB4 (0.5 ppm concentration=low 

concentration) were prepared and analysed. The % recovery was calculated for each working 

standard accuracy level for each compound separately. From the peak area results of the HPLC 

analysis of the stock A working standards for accuracy level, the % recovery was calculated. 

Table 2.9 shows the results of the accuracy and precision for O.Sppm concentration. The 

average accuracy 1 result is 100.12%, accuracy 2 is 101.13% and accuracy 3 is 104.35%. The 

%RSD precision result range between 0.56-1.42%.

A similar study was performed for normal concentration 5 ppm and high concentration 10 ppm 

solution of NKB4. From the peak area results of the HPLC analysis for stock A working 

standards accuracy level, for 5 ppm concentration solution of NKB4 the % recovery was 

calculated. Table 2.10 shows the results of the accuracy and precision for S.Oppm 

concentration. The average accuracy 1 result is 101.32%, accuracy 2 is 101.34% and accuracy 

3 is 101.74%. The %RSD precision result ranges between 0.62-1.43%.

From the peak area results of the HPLC analysis for stock A working standards accuracy level, 

for 10 ppm concentration solution of NKB4 the % recovery was calculated. Table 2.11 shows 

the results of the accuracy and precision for lO.Oppm concentration. The average accuracy 1 

result is 97.61%, Accuracy 2 is 101.29% and accuracy 3 is 102.43%. The %RSD precision 

result ranges between 1.98-4.17%.



Table 2. 9 NKB4 recovery & precision summary results for O.Sppm concentration standard

Low Concentration=0.5ppm

Injection

No.

% Nominal 

Concentration

Theoretical

concentration

ppm

RT (min)

Preparation 

Accuracy 1 

(%)

RT

(min)

Preparation 

Accuracy 2 

(%)

RT

(min)

Preparation 

Accuracy 3

(%)

Mean (%)

1 10% O.Sppm 2.485 9.870 2.487 9.830 2.467 10.420 10.04

2 10% 0.5ppm 2.491 10.080 2.490 10.150 2.468 10.450 10.23

3 10% O.Sppm 2.491 10.060 2.491 10.180 2.477 10.440 10.23

4 10% O.Sppm 2.491 10.080 2.492 10.110 2.479 10.470 10.22

5 10% O.Sppm 2.492 9.930 2.492 10.200 2.482 10.500 10.21

6 10% O.Sppm 2.492 lO.OSO 2.492 10.210 2.48S 10.330 10.20

Mean 2.49 10.01 2.49 10.11 2.48 10.44

RSD% 0.11 0.89 0.08 1.42 0.30 0.56

% Accuracy 100.12 101.13 104.35
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Table 2. 10 NKB4 recovery & precision summary results for S.Oppm concentration standard

Norm al concentration=5.0 ppm

Injection No.
Vo Nominal 

Concentration

Theoretical

concentration

ppm

RT (min)

Preparation 

Accuracy 1 

(% )

RT

(min)

Preparation 

Accuracy 2 

(% )

RT

(min)

Preparation 

Accuracy 3 

(% )

Mean (%)

1 100% S.Oppm 2.377 101.080 2.371 100. ISO 2.372 101.930 lOl.OS

2 100% S.Oppm 2.377 100.280 2.371 99.S20 2.373 103.220 101.01

3 100% S.Oppm 2.377 102.170 2.372 101.920 2.373 100.000 101.36

4 100% S.Oppm 2.377 101.640 2.377 101.870 2.373 101.780 101.76

5 100% S.Oppm 2.378 101.260 2.378 103.180 2.378 103.300 102.S8

6 100% S.Oppm 2.382 101.490 2.381 101.390 2.385 lOO.OSO 100.98

Mean 2.38 101.32 2.38 101.34 2.38 101.71

RSD% 0.08 0.62 0.18 1.30 0.21 1.43

% Accuracy 101.32 101.34 101.71
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Table 2. 11 NKB4 recovery «& precision summary results for lO.Oppm concentration standard 

High concentration=10.0 ppm

Injection No.
% Nomina! 

Concentration

Theoretical

concentration

ppm

RT (min)

Preparation 

Accuracy 1 

(% )

RT

(min)

Preparation 

Accuracy 2 

(% )

RT

(min)

Preparation 

Accuracy 3 

(% )

Mean (%)

1 200% lO.Oppm 2.349 187.560 2.347 197.630 2.352 204.370 196.52

2 200% lO.Oppm 2.35 198.080 2.349 200.280 2.352 201.660 200.01

3 200% lO.Oppm 2.351 183.980 2.350 195.400 2.352 201.690 193.69

4 200% 10.Oppm 2.355 198.270 2.351 210.000 2.352 202.740 203.67

5 200% lO.Oppm 2.355 197.070 2.353 205.680 2.353 212.250 205.00

6 200% lO.Oppm 2.356 206.410 2.355 206.500 2.353 206.450 206.45

Mean 2.35 195.23 2.35 202.58 202.58 204.86

RSD% 0.13 4.17 0.12 2.80 0.00 1.98

% Accuracy 97.61 101.29 102.43



NKB3 RESULTS FOR RECOVERY AND PRECISION:

A total o f six stocks o f standard and woricing standard for NKB3 were prepared and analysed 

(at low concentration o f O.Sppm, normal concentration 5 ppm and high concentration 10 ppm 

solution o f NKB3 as discussed in the previous section). The % recovery was calculated for 

each working standard accuracy level for each compound separately.

From the peak area results o f the HPLC analysis for stock A working standards accuracy level, 

%  recovery was calculated. The results o f  the accuracy and precision for O.Sppm concentration 

show that the average accuracy 1 results is 101.05%, accuracy 2 is 100.92% and accuracy 3 is 

101.80%. The %RSD precision result range between 0 .08-0 .15%.The accuracy and precision 

test results for S.Oppm concentration show that the average accuracy 1 result is 103.03%, 

accuracy 2 is 99.86% and accuracy 3 is 101.28%. The %RSD precision result ranges between 

0.15-0.44%.The results o f the accuracy and precision for lO.Oppm concentration show that the 

average accuracy 1 results is 98.95%, accuracy 2 is 98.93% and accuracy 3 is 101.28%. The 

%RSD precision result ranges between 0.09-0.15%.

NKBl-Z ISOMER RESULTS FOR RECOVERY AND PRECISION:

Following the method described above, a total o f six stocks o f standard and working standard 

for NKBl  were prepared and analysed analysed (at low concentration o f  0.5ppm, normal 

concentration 5 ppm and high concentration 10 ppm solution o f NKB l ) .  The % recovery was 

calculated for each working standard accuracy level for each compound separately. From the 

peak area results o f the HPLC analysis for stock A working standards accuracy level, the % 

recovery was calculated. The results o f the accuracy and precision for 0.5ppm concentration 

show that the average accuracy 1 result are 109.82%, accuracy 2 is 109.57% and accuracy 3 is 

109.47%. The %RSD precision result range between 0.49-0.85%.

The results o f  the accuracy and precision for 5.0ppm concentration show that the average 

accuracy 1 result is 103.26%, accuracy 2 is 102.44% and accuracy 3 is 101.60%. The %RSD 

precision result ranges between 1.03-1.70%.

The results o f the accuracy and precision for lO.Oppm concentration show that the average 

accuracy 1 result is 101.83%, accuracy 2 is 103.04% and accuracy 3 is 102.11%. The %RSD 

precision result ranges between 0.86-2.57%.
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N K B l-E  ISO M E R  R ESU LTS F O R  R E C O V ER Y  AND PR E C ISIO N ;

A total o f six stocks o f standard and woriting standard for NKBl were prepared and analysed 

(at low concentration o f 0.5ppm, normal concentration 5 ppm and high concentration 10 ppm 

solution o fN K B l following the method described above for the previous compounds). The % 

recovery was calculated for each working standard accuracy level for each compound 

separately.

From the peak area results o f the HPLC analysis for stock A working standards accuracy level, 

the %  recovery was calculated. The accuracy and precision for O.Sppm concentration show that 

the average accuracy 1 result is 108.97%, accuracy 2 is 107.75% and accuracy 3 is 108.03%. 

The %RSD precision result range between 0.22-0.79%.

The results o f  the accuracy and precision for 0.5ppm concentration show that the average 

accuracy 1 result is 102.57%, accuracy 2 is 102.31% and accuracy 3 is 103.24%. The %RSD 

precision result ranges between 1.83-1.99%.

The accuracy and precision obtained for lO.Oppm concentration show that the average 

accuracy 1 result is 101.11%, accuracy 2 is 101.11 % and accuracy 3 is 100.21 %. The %RSD 

precision result ranges between 1.47-2.14%.

C onclusion The method accuracy for N K B 1, NKB3 and NKB4 compounds was assessed 

using a selection o f known concentrations (0.5ppm, 5ppm and lOppm). The assessment was 

accomplished by analyzing injections o f  3 individual sample preparations spiked with each 

compound individually at a middle concentration, concentrations near the reporting limit o f the 

method and at a concentration near the high end o f the method range. The mean recovery was 

evaluated for compliance with the accuracy criteria specified. Quantitative recoveries ranging 

from 100 -  109% (note: the high recovery and high %RSD were obtained from NKBl which 

has the lowest detection than other compounds) were determined for each compound. The 

recovery data met the accuracy acceptance requirement and demonstrated excellent method 

accuracy.

The injector repeatability was evaluated by performing 6 sequential injections o f each 

compound spiked solution at concentrations near the reporting limit (approximately 0.5ppm) o f 

the method. The relative standard deviations (% RSD) o f  the resulting compounds peak areas 

were compared to the injection repeatability criteria specified. As can be seen in the injection 

repeatability results values corresponding to < 3% RSD were determined for each compound 

sample for injection repeatability. These results fully met RSD acceptance values o f < 5% 

specified respectively for sample repeatability injections.

The reproducibility was evaluated by analyzing injections o f 3 individual sample preparations 

o f the three different concentrations. Spiked samples prepared (as per the Accuracy section)
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were used for the evaluation. The pooled precision should be comparable to the reproducibility 

criteria specified.

The data generated showed excellent reproducibility. Overall, the reproducibility results fully 

met the < 5% acceptance criteria established in the method reproducibility parameter.

2.8.1.2.5 RANGE

The range o f  the HPLC analysed method was demonstrated by measuring the mean recovery o f 

samples spiked near the reporting limit and at the high end o f  the method range. The range 

requirements o f the method were deemed satisfactory by the successful fulfilment o f  the 

linearity and accuracy portions o f  the validation.

As discussed in previous sections, the acceptance criteria for method Linearity and Accuracy 

were fully satisfied. Therefore, the method range o f O.l-lO.Oppm for each compounds are 

considered validated.

2.8.1.2.6 LIMIT OF QUANTITATION/LIMIT OF DETECTION

The limit o f  quantitation (LOQ) is defined as the minimum concentration o f analyte that can be 

quantified with a reasonable degree o f accuracy. The limit o f quantitation (LOQ) may be 

expressed as:

LOQ= lOo/S

Where

a  = the standard deviation o f the response (intercept)

S= the slop o f  the mean calibration curve

The limit o f  detection (LOD) is the lowest concentration o f an analyte that the analytical 

procedure can reliably differentiate from background noise. These values refer to the statistical 

limits below which results o f detection or accurate quantitative measurements (determination) 

should not be reported. The levels o f both are dependent upon the variability o f the signal 

when a blank containing none o f the analyte is being measured. The signal generated under 

these conditions is mostly signal noise and is assumed to exhibit a normal distribution pattern. 

Both the blank signal and the standard deviation o f  the blank signal need to be measured. From 

this data we can calculate both limits.

LOD= 3<t/S

Where:
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a  = the standard deviation o f the response (intercept)

S= the slop o f the mean calibration curve

For analysis o f  samples, the LOQ was calculated from the 3-calibration curve in the linearity 

section 2.8.1.2.2. The acceptance criteria for LOQ concentration was < 0.2 ppm

The results for limit o f quantitation and limit o f  detection study were determined from the three 

linearity calibration curves for each compound. Table 2.12 shows the calculation o f the 

LOQ/LOD for NKB4 compound. The slope and the intercept for each calibration curve in a 

total o f three curves were used to calculate the theoretical concentration o f LOD/LOQ. The 

limit o f quantitation obtained is 0.127 ppm, which indicated that the lowest concentration 

which can be quantified by this method is 0.127ppm and the lowest concentration that the 

method can detect is 0.038ppm forN K B 4 compound (Table 2.12).

Table 2. 12 NKB4 LOQ/LOD Summary Calculation

T H EO R ETIC A L LOD/ LOQ

NKB4 Intercept Slope

C urve A 16065.830 41654.593

C urve B 17413.927 45874.011

C urve C 16489.342 45171.784

Mean 16656.366 44233.463

SD 562.888 1845.934

R eporting level 

(ppm )

LOD 0.038

LOQ 0.127

Following the method above, the limit o f quantitation o f 0.037 ppm was obtained for NKB3 

compound, which indicates the lowest concentration which can be quantified by this method is 

0.037ppm and the lowest concentration that the method can detect is 0.01 Ippm  for this 

compound.

The LOQ and LOD for N K Bl (Z) compound were determined to be 0.056ppm and O.OlTppm 

respectively, while for compound N K Bl (E) the LOQ and LOD were 0.035ppm and O.OlOppm 

respectively.

Conclusion: The LOQ for each compound for the method was determined by analyzing the 

concentration recovery o f LOD and LOQ. This value meets the LOD, LOQ result acceptance
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requirement o f < 0.2ppm. The success of this method to meet these criteria was shown in the 

LOD/LOQ section in supporting the validation data o f this method.

2.8.1.2.7 STABILITY:

Drug stability study is investigated in detail in chapter 3.

2.8.1.2 OVERALL CONCLUSION:

The results o f method validation efforts undertaken in this study fully met all results 

acceptance criteria and demonstrated satisfactory method performance. Therefore, this test 

method is considered validated and fit for its application to research compounds. The method 

validation results is summarised in Table 2.13 for each test such as the linearity, accuracy, 

precision, LOD/LOQ and specificity. The method validation was carried out on three 

compounds only, N K B 1, NKB3 and NKB4. However the structure o f these compounds is 

similar to the group of project compounds and the degradation compounds to be studied in the 

following chapter. Therefore, we can conclude that this method is suitable and validated to use 

for compounds similar to the NKB 1, NKB3 and NKB4 compounds. This method will be used 

for the novel conjugate compounds (NKB4, NKB5, NKB7, NKB8, NKBl I, NKBl 5 and 

NKB 16), which will be studied in chapter 3.
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Table 2. 13 Summary of Acceptance Criteria, Limits and Results

Validation

Param eter

Measured Response Acceptance Criteria Results

Linearity

>0.99

NKB1=1.000 

NKBl Isomer= 1.000 

NKB3=0.999 

NKB4=0.999

System suitability

% Peak Area (at beginning the run 5 

injections)

% Peak Area Deviation 

(Bracketing standards)

US? Tailing Factor

Resolution

USP Plate Count

%RSD Area< 5% 

%RSD < 5%

<3 

> 1.2 

>2500

NKB1=0 15%

NKB lsomcr=I.69%

NKB3=0.26%

NKB4=0.95%

NKB1=0.72%

NKB Isomer=0.92% 

NKB3=0.43% 

NKB4=1 63%

NKB1=0.92 

NKB Isomer=0.95 

NKB3=1 0 

NKB4=2.54

NKBI=16.5 

?'JKB Isomcr=l-6 

NKB3=10.2 

NKB4=N/A

NKB1=8035 

NKB Isomer=8007 

NKB3=9J88 

NKB4= 10908

Accuracy
Mean Recovery of analyte 80% - 120%

NKB1=101.60-109.82% 

NKBl Isomer=100.28-108.97% 

NKB3=98.93-103.03% 

NKB4=97.61-102.43%

Precision

Injection

Repeatability

Peak Area and Retention Time (RT) 

Samples

Area RT Area RT

% RSD < 5 % R S D < 2 NKB1=0.85%

NKBl

Isomep=0.22%

NKB3=0.08%

NKB4=0.89%

NKB 1=0.09% 

NKBl 

Isomep=0.09% 

NKB3=0.17% 

NKB4=0.11%
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Table 2.13 continued

Precision

Reproducibility

Peak Area and Retention Time (RT) 

Samples

Area RT Area RT

% RSD < 5 % R S D < 2

NKB1=0.14%

NKBl

Isomer=0.78%

NKB3=0.49%

NKB4=3.28%

NKBl =0.12% 

NKBl 

Isomer=0.12% 

NKB3=0.2% 

NKB4=0.44%

Range 0.1 - 1 0  ppm

Satisfied if linearity, 

accuracy and LOQ 

passes

O.l-lO.Oppm

LOQ
Limit o f quantitation Cone. < 0.2 ppm

NKBl=0.058ppm 

NKBl Isomep0.0315ppm 

NKB3=0.037ppm 

NKB4=0.127ppm

Specificity Interference at same RT Interference <5% No Interference

2.8.2 METHOD II: QUANTIFICATION OF TAMOXIFEN/ENDOXIFEN 

COMPOUNDS IN HUMAN PLASMA BY HPLC/UV DETECTION 

USING A SOLID PHASE EXTRACTION METHOD.

An alternative analytical method was developed to analyse the project compounds in a plasma 

solution. The plasma was obtained from a male volunteer in the School of Pharmacy. The 

study o f the project compounds in plasma solution will indicate the behaviour o f project 

compounds in this type o f biological matrix and should show similar behaviour o f these 

compounds in in vivo analysis. Compound NKBl was chosen as a representative example of 

the research conjugate compounds for this study.

The chromatographic conditions are similar to the precise HPLC method, as discussed in 

section 2.8.1, but the sample preparation is different from the previous method. The sample 

preparation from plasma is specific to the difficulty o f extraction o f these compounds from 

plasma and is described in detail in chapter 5. Many method o f extraction and analysis o f drugs 

from plasma have been documented in literature.^*’’' ’

2.8.2.I DESCRIPTION OF ANALYTICAL METHOD

The prototype HPLC/UV assay detection analytical method developed for this method 

consisted o f a solid phase extraction method for NKBl in plasma. The sample is extracted 

through Oasis CIS Waters solid phase cartridge and injected onto the HPLC and detected at
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>.=283 nm. The active is quantified by comparing the peak areas o f the prepared sample with 

the peak area and the concentration o f the standard sample. Refer to chapter 5 for the details of 

experimental procedure on sample preparation. The sample preparation which was carried out 

by using a solid phase extraction is more difficult than the normal preparation, but is required 

as it will give more accurate results than other methods.

2.S.2.2 METHOD VALIDATION:

Establishment of all validation parameters is applied to the plasma sample analysis for the 

analytical method for each analyte. The HPLC chromatogram below (Figure 2.12) shows the 

two peaks for NKBl (NKBI-E at 17.6min and N KBl-Z at 18.9min) and the internal standard 

4-hydroxybenzophenone at 5.3min which was used as a control in the preparation method.

0 .08-

o.oe-

to  Oi
03

3  0 .04-

0 .02-

0.00 5.00 10.00 15.00 25.00 35.0030.00 40.00

Figure 2. 12 Typical chromatogram for NKBl and 4-hydroxybenzophenone with the

method parameters described for 5,0 ppm concentration: NKBl-E at 17.6 min, NKBl-Z 

at 18,9 min and internal standard 4-hydroxybenzophenone at 5,3 min.

The acceptance criteria and limit for the plasma extraction method are different from the 

normal HPLC assay method, as the ICH guideline allows more error in the method of 

extraction. In this study, the method criteria we adapted were the worst case scenario to allow 

the accuracy of the method to be assured. These criteria are summarised below in Table 

2. 14.*^^
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Table 2.14 Summary of acceptance criteria & limits for SPE method

Validation

Param eter

Measured Response Acceptance Criteria

Linearity R^ >0.99

System suitability

% Peak Area (Initial injections)

% Peak Area Deviation 

(Bracketing standards)

USP Tailing Factor

Resolution

USP Plate Count

%RSD < 5% 

%RSD < 5%

<2%

>2%

>2500

Accuracy
Mean Recovery of analyte 80% - 120%

Precision

Injection

Repeatability

Peak Area and Retention Time (RT) 

Samples

Area RT

% RSD < 5 % R S D < 2

Precision

Reproducibility

Peak Area and Retention Time (RT) 

Samples

Area RT

%  RSD < 5 % R S D < 2

Range 0.1 -  10 ppm

Satisfied if linearity, 

accuracy and LOQ 

passes

LOQ
Limit o f quantitation Cone. <0.2 ppm

Specificity Interference at same RT Interference <5%
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2.8.2.2.1 SPECIFICITY

Solutions o f potentially interfering compounds (solvent, diluent and mobile phase) are 

prepared and evaluated using the analytical methodology as outlined in method description 

section in chapter 5. Samples are analysed using the instrumental parameters in the method 

description section. The sample o f each solvent used in the method o f the analysis such as the 

mobile phase preparation and the diluents used in the sample preparation and the specific 

mobile phase solvents are evaluated. The acceptance criteria were defined as no interference at 

the same retention time of the three compounds o f more than 5.0%. All system suitability 

criteria must be met for the run to be considered valid.

The result from the mobile phase showed that no interference was observed on same retention 

time o f the compounds. The acetonitrile diluent injection was made and no interference was 

observed at the same retention time o f the compounds. Plasma solution was injected after 

extraction using a SPE and no interference was observed at the same retention time o f the 

compounds.

2.8.2.2.2 LINEARITY

For the plasma study, linearity is measured by preparing a series o f solutions o f  known analyte 

concentration 2% -  200% and plotting the instrument response versus the analyte 

concentration. The linear regression and correlation coefficients are used as indicators o f the 

method’s linearity. For analysis o f linearity standards, each o f the solutions is injected 3 times 

using the conditions described in the method description section (chapter 5). (A total o f  9 

injections was used at each linearity level). Each set o f  9 injections are bracketed with 

duplicate injections o f working standard at 100% of nominal concentration. The data analysis 

required a calculation o f the linear regression factor using Microsoft Excel. A plot of 

concentration versus mean weight was constructed with corrected peak area for each set of 

standards and the mean of each level. The intercept, slope and value were reported. The 

acceptance criteria were chosen so that the R^-value for each o f  the curves from the linear 

regression should be 0.998 or greater.

NKBl Linearity Results:

Three stocks o f  standard and working standard for N K Bl compound were prepared and 

analysed (curve A, B and C). The calibration curve was generated for each stock and each 

range o f working standard for each compound separately. From the peak area results o f the 

HPLC analysis for stock A working standards, a linear calibration curve was produced with 

correlation coefficients o f 1.000. A second calibration curve was produced from stock B 

working standards peak area results for N K Bl (E) with correlation coefficients o f  0.999. A 

third calibration curve was produced from stock C working standards peak area results for
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NK.B1 (E) with correlation coefficients o f 0.998. A mean calibration curve was produced from 

stock A,B and C working standards peak area results for N K Bl (E) with correlation 

coefficients o f  0.999 (Figure 2.13). The regression coefficient o f  1.000 for the mean linear 

curve shows the ability o f the method to detect the concentration o f  the samples over the range 

specified.

NKB1-E 
L inearity  IMean C u rv e y  = 12.965X - 0 .1 2 2  

R* “ 1.000

140.000

120.000

100.000

80.000

60.000 •  NKB1-E 

 Linear (NKB1-E)

a:
40.000

20.000

2.0 4.0 6.0 10.0 i:  .0- 2.0 8.0

p p m

Figure 2. 13 NKBl-E Mean calibration curve

A summary Table for each calibration curve concentration versus the peak area results is 

shown in Table 2.15 together with the correlation coefficient for each curve .

Table 2. 15 Summary calibration curve result for NKBl-E

% Nominal 

Concentration

Theoretical

concentration

ppm

Calibratio 

n Curve A 

Peak Area 

Ratio *

Calibration 

Curve B 

Peak Area 

Ratio *

Calibration 

Curve C 

Peak Area 

Ratio *

Mean 

Calibration 

Curve Peak 

Area Ratio*

2 0.1 1.136 1.215 1.250 1.200

4 0.2 2.331 2.368 2.459 2.386

10 0.5 5.978 6.176 6.180 6.111

20 1 12.871 13.236 13.169 13.092

40 2 24.763 25.683 25.859 25.435

100 5 64.212 66.035 66.051 65.433

200 10 126.239 130.930 130.492 129.220

Correlation Coefficient; 1.00 1.00 1.00 1.00

♦ Mean Peak area o f  3 injections corrected for actual weight taken
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NKBl-Z Linearity Results:

Following the method detailed above, a calibration curve was generated for each stock (A, B 

and C) and each range o f working standard for each concentration o f  N K B l-Z  separately.

From the peak area results o f the HPLC analysis for stock A working standard, a linear 

calibration curve was produced with correlation coefficients o f  1.000. A second calibration 

curve was produced from stock B working standards peak area results for N K B 1 -Z with 

correlation coefficients o f 1.000. A third calibration curve was produced from stock C working 

standards peak area results for NKB 1 -Z with correlation coefficient o f  1.000. A mean 

calibration curve was produced from stock A,B and C working standards peak area results for 

N K B l-Z  with correlation coefficient o f 1.000 (Figure 2.14). The regression coefficient o f 

1.000 for the mean linear curve o f N K B l-Z  compound shows the ability o f  the method to 

detect the concentration o f  the samples over the range specified. Finally, a summary Table for 

each calibration curve concentration versus the peak area results for N K B l-Z  is shown in 

Table 2.16 with the correlation coefficient for each curve .

IQoc
(0«
k -ta
(0«Q.

NKB1  ̂
Linearity Mean Curve y = 14.659x-0.459 

R» = 1.000
--------t60:eee 1

140.000 ■
120.000 ■ 
100.000 ■
80.000 • 
60.000
40.000 ■
20.000 ■ 

n nnfi
.0
---------■40.000 ■

0 2.0 4.0 6.0 8.0 10.0 12

♦ NKBl-Z 
 Linear (NKB1-Z)

ppm

Figure 2. 14 NKBl-Z Mean calibration curve
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T ab le  2 .1 6  Sum m ary  ca lib ra tion  curve  resu lt fo r N K B l-Z

% Nom inal 

Concentration

Theoretical

concentration

ppm

Calibration  

Curve A 

Peak Area 

Ratio*

Calibration  

Curve B 

Peak Area 

Ratio*

Calibration  

Curve C 

Peak Area 

Ratio*

Mean 

Calibration  

Curve 

Peak Area 

Ratio*

2 0.1 1.090 1.448 1.195 1.244

4 0.2 2.589 2.613 2.669 2.624

10 0.5 6.531 6.688 6.749 6.656

20 1 13.871 14.508 14.518 14.299

40 2 27.333 28.987 29.193 28.504

100 5 70.217 74.026 74.362 72.868

200 10 141.527 148.176 148.850 146.184

C orrelation Coefficient: 1.00 1.00 1.00 1.00

* Mean Peak area o f  3 injections corrected for actual weight tal<en

Conclusion For the study o f  N K B I , the linearity o f  the analytical response was demonstrated 

by analyzing injections o f  the standard concentrations specified in the method. A plot o f peak 

area as a function o f each analyte concentration was generated and a linear equation was used 

to fit the data using an ordinary least-squares regression. The square o f  the correlation 

coefficient was compared to the acceptance criteria specified. Correlation coefficient values > 

0.999 were determined for the compounds, thereby exceeding the method linearity acceptance 

criteria and demonstrating excellent method linearity.

2.S.2.2.3 D E TER M IN A TIO N  O F A C CU RA C Y  F O R  PLA SM A  SA M PLES 

O F  N K B l

Accuracy for the plasma experiments is determined by assessing analyte recovery from a 

spiked sample. 18 replicate spiked samples o f NKBl  were prepared at each o f 3 concentration 

levels: 10%, 100% and 200% o f nominal value. The spiked samples were analysed according 

to the analytical method described above and the % o f analyte recovered from each solution 

calculated. Samples were analysed using the instrumental parameters in method description 

section (chapter 5). For the analysis o f accuracy standards, each o f  the solutions was injected 6 

times using the conditions described in method description (chapter 5). (A total o f 18 injections 

at each accuracy level were used). The data analysis required the % recovery to be calculated 

for each spiking solution. The %  RSD was calculated for each set o f 6 injections. The 

acceptance criteria chosen were that the recovery at each level should be 80-120% of the
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theoretical (gravimetric) value and the %RSD of the peak areas for each level should be no 

more than 5.0%

Results for accuracy determination

A total o f three stocks o f standard and working standard for NKBl were prepared and analysed 

(A, B, and C). The % recovery was calculated for each working standard accuracy level for 

each compound separately. From the peak area results of the HPLC analysis for stock A, B 

and C working standards accuracy 1, 2 and 3 levels, the % recovery was calculated. The 

accuracy 1 forN K B l-Z  at Ippm concentration is 101.6%, 5ppm concentration accuracy 1 is 

101.8% and the accuracy 1 for lOppm concentration is 101.8%. The average recovery is 

101.7% for NKBl-Z and the method is therefore which is shown to be an accurate analytical 

method developed for N K B 1 -Z (Table 2.17).

The accuracy 2 for NKBl -Z at Ippm concentration is 101.7%, 5ppm concentration accuracy 2 

is 101.7% and the accuracy 2 for lOppm concentration is 101.4%. The average recovery is 

101.64% forN K B l-Z  which is shown to be an accurate analytical method. The accuracy 2 for 

N KBl-E at Ippm concentration is 103.6%, 5ppm concentration accuracy 2 is 101.9% and the 

accuracy 2 for lOppm concentration is 100.5 %. The average recovery is 102.0% for NKBl-E 

(Table 2.18).

The accuracy 3 for NKBl-Z at Ippm concentration is 101.6%; 5ppm concentration accuracy 3 

is 100.8% and the accuracy 3 for lOppm concentration is 100.5%. The average recovery is 

101.0% for NKBl-Z. The accuracy 3 for NKBl-E at Ippm concentration is 103.0%, 5ppm 

concentration accuracy 3 is 101.3% and the accuracy 3 for lOppm concentration is 99.8 %. The 

average recovery is 101.4% for NKB 1 -E. Therefore the method developed is shown to be an 

accurate analytical method for those compounds (Table 2.19).

Conclusion for accuracy of compound NKBl Method accuracy was assessed for the novel 

compound NKBl in plasma using known concentration samples. The assessment was 

accomplished by analyzing injections o f 3 individual sample preparations spiked with each 

compound individually at a middle concentration (5ppm), concentrations near the reporting 

limit (O.Sppm) o f the method and at a concentration near the high end of the method range 

(lOppm). The mean recovery was evaluated for compliance with the accuracy criteria 

specified. Quantitative recoveries ranging from 100 -  109% were determined for each 

compound. The study was carried out on NKBl compound which is the most similar in 

structure to all project compounds and is representative of all o f the compounds in the study. 

The recovery data met the accuracy acceptance requirement and demonstrated excellent 

method accuracy.
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T ab le!. 17 NKBl Accuracy 1 summary results

Sample

No.

% Nominal 

Concentration

Theoretical

concentration

ppm
RT (min) 

4-Hydroxybenzophenone

4-Hydroxybenzophenone 

peak area

RT (min) 

NKBl-E

NKBl-E 

peak area
RT (min) 

NKBl-Z

NKBI-Z 

peak area

NKBI-E

“/oRecovery

NKBI-Z

%Recovery

1 20% 1 .Oppm 5.298 1068324.000 17.612

14042.0

00 18.922 15415 102.32 101.56

2 100% 5.0ppm 5.292 1017224.000 17.604

67199.0

00 18.926 75415 102.10 101.78

3 200% lO.Oppm 5.288 1072262.000 17.599

139903.

000 18.918 159495 100.73 101.78

M e a n 5.29 17.61 18.92 101.72 101.71

RSD% 0.10 0.04 0.02 0.85 0.12
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Table 2. 18 NK Bl Accuracy 2 summary results

Sample

No.

% Nominal 

Concentration

Theoretical

concentration

ppm
RT (min) 

4-Hydroxybenzophenone

4<Hydroxybenzophenone 

peak area

RT (min) 

NKBl-E

NKBl-E 

peak area

RT (min) 

NKBl-Z

NKBl-Z 

peak area

NKBl-E

%Recovery

NKBl-Z

%Recovery

1 20% 1 .Oppm 5.297 1077114 17.603 14337 18.921 15578 103.61 101.79

2 100% 5.0ppm 5.294 1017843 17.604 67140 18.923 75427 101.94 101.73

3 200% 10.Oppm 5.288 1086545 17.601 141488 18.918 160957 100.53 101.37

Mean 5.29 17.60 18.92 102.03 101.63

RSD% 0.09 0.01 0.01 1.51 0.23



Table 2 .19  NKBl Accuracy 3 summary results

Sample

No.

% Nominal 

Concentration

Theoretical

concentration

ppm
RT (min) 

4>Hydroxybenzophenone

4-Hydroxybenzophenone 

peak area

RT (min) 

NKBl-E

NKBl-E 

peak area

RT (min) 

NKBl-Z

NKBl-Z 

peak area

NKBl-E

“/oRecovery

NKBl-Z

%Recovery

1 20% 1 .Oppm 5.295 1087388 17.599 14394 18.914 15700 103.04 101.63

2 100% 5.0ppm 5.289 1019096 17.579 66779 18.892 74791 101.27 100.76

3 200% lO.Oppm 5.667 1100066 17.588 142252 18.901 161590 99.83 100.52

Mean 5.42 17.59 18.90 101.38 100.97

RSD% 4.00 0.06 0.06 1.58 0.58
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2.8.2.2.4 DETERMINATION OF PRECISION FOR PLASMA SAMPLES 

OF NKBl

For the determination o f  precision for plasma samples o f  N K B l, 3 prepared samples were 

analysed once (reproducibility) and one prepared sample analysed 6 times (Repeatability), (all 

at 5ppm concentration) as discussed before. The RSD o f the peak areas are then compared. For 

analysis o f samples, instrument conditions are as per method described in method description 

section (chapter 5). For data analysis, the mean and %RSD o f  the peak areas o f the replicate 

injections were calculated and the mean and %RSD o f  the peak areas o f the replicate 

preparations was calculated. The acceptance criteria chosen were that the %RSD o f the peak 

areas for the replicate injections must be no more than 5% and the %RSD o f the peak area for 

the replicate preparations must be no more than 5%.

Results for precision study for compound NKBl:

A total o f  six stocks o f standard and working standard for N K Bl were prepared and analysed. 

% RSD was calculated for six injections o f working standard A 100% level. For repeatability, 

the peak area results o f the HPLC analysis for stock A working standard, the %  RSD was 

calculated. The % RSD for N K B 1 -E is 0.7% and the RSD% for retention time is 0.03%. The 

N K B l-Z  repeatability result is 1.31% and the retention time RSD% is 0.03%, which shows 

good repeatability between injections for the analytical method (Table 2.20).

For reproducibility, the peak area results o f the HPLC analysis for stock A, B, C, D, E and F 

working standards, % RSD was calculated. The % RSD for N K B l-E  is 0.7% and the RSD% 

for retention time is 0.03%. The N K B l-Z  repeatability result is 1.31% and the retention time 

RSD% is 0.03%. This shows good reproducibility between injections for the analytical method 

(Table 2.21).

For intermediate precision (repeatability), the peak area results o f the HPLC analysis for stock 

A working standards, % RSD was calculated. The % RSD for N K B l-E  is 0.3% and the RSD% 

for retention time is 0.1%. The N K B l-Z  repeatability result is 0.4% and the retention time 

RSD% is 0.1%. This shows to good intermediate repeatability between injections for the 

analytical method (Table 2.22).

For intermediate precision (reproducibility) the peak area results o f the HPLC analysis for 

stock A, B, C, D, E and F working standards, % RSD was calculated. The % RSD for N K B 1 -E 

is 0.7% and the RSD% for retention time is 0.03%. The N K B l-Z  repeatability result is 0.41% 

and the retention time RSD% is 0.02%, showing to good intermediate reproducibility between 

injections for the analytical method (Table 2.23).
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Conclusion of precision study for compound NKBl

For plasma study o f N K B l ,  the injector repeatability was evaluated by performing 6 sequential 

injections o f each spiked solution o f NKBl  at concentration (approximately 5ppm) o f  the 

method. The relative standard deviations (% RSD) o f the resulting compound peak areas were 

compared to the injection repeatability criteria specified. From the injection repeatability 

results, values corresponding to < 3% RSD were determined for each compound sample 

injection repeatability. These results fully met %RSD acceptance values o f < 5% specified for 

sample repeatability injections.

The reproducibility was evaluated by analyzing injections o f 3 individual sample preparations 

at concentration o f 5ppm. Spiked samples were prepared (as per the accuracy section above) 

and were used for the evaluation. The pooled precision was compared to the reproducibility 

criteria specified. The data generated showed excellent reproducibly as discussed before. 

Overall, the reproducibility results fully met the < 5% acceptance criteria established in the 

method reproducibility parameter. This type o f plasma extraction has more possibility for loss 

o f some product in the extraction process. For these conditions, to control and monitor the loss 

o f  the drug, an internal standard is used in the process (4-hydroxybenzophenone), which shows 

repeatability and reproducibly for the analytical method.
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Table 2. 20 NK BIZ and E isomer precision (repeatability) summary results

Precision 1 Repeatability

Inject! 

on No.

% Nominal 

Concentration

Theoretical

concentration

ppm
RT <min) 

4-Hydroxybenzophenone

4-Hydroxybenzophenone 

peak area

RT (min) 

N K B l-E

N K B l-E  

peak area

RT (min) 

N K B l-Z

N K B l-Z  

peak area

N K B l-E

%Recovery

N K B l-Z

%Recovery

1 100% S.Oppm 5.29 1000740 17.581 65462 18.893 73348 5.05 5.03

2 100% S.Oppm S.291 1000991 17.582 65156 18.893 72786 5.03 4.99

3 100% 5.0ppm S.288 1000302 17.572 64616 18.881 72085 4.99 4.95

4 100% S.Oppm S.288 999941 17.569 64246 18.878 71069 4.97 4.88

5 100% S.Oppm S.29 998732 17.581 64263 18.891 70711 4.97 4.86

6 100% S.Oppm 5.29 1000094 17.581 64510 18.891 71943 4.98 4.94

M ean 5.29 17.58 18.89 5.00 4.94

RSD % 0.02 0.03 0.03 0.70 1.31



Table 2. 21 NK BIZ and E isomer precision (reproducibility) summary results

S am ple

No.

%  N om inal 

C o n c en tra tio n

T h eo re tica l

c o n cen tra tio n

ppm
RT (min) 

4>Hydroxybenzophenone

4-Hydroxybenzophenone 

peak area

RT (min) 

NKBl-E

N K B l-E  

peak area

RT (min) 

N K B l-Z

N K B l-Z  

peak area

NKBl-E

%Recovery

NKBl-Z

%Recovery

1 100% 5.0ppm 5.290 1000740 17.581 65462 18.893 73348 5.05 5.03

2 100% 5.0ppm 5.292 1031073 17.584 66871 18.894 74272 5.01 4.95

3 100% S.Oppm 5.292 998119 17.592 65147 18.905 72863 5.04 5.01

4 100% S.Oppm 5.296 999847 17.592 65315 18.904 72654 5.05 4.99

5 100% 5-Oppm 5.293 998845 17.594 65523 18.906 73537 5.07 5.05

6 100% S.Oppm 5.296 1041357 17.594 68459 18.907 76511 5.08 5.04

Mean 5.29 17.59 18.90 5.05 5.01

RSD% 0.05 0.03 0.03 0.47 0.80
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Table 2. 22 NK BIZ and E isomer intermediate precision (repeatability) summary results

In jection

No.

%  N om inal 

C o n cen tra tio n

T h eo re tica l

co n ce n tra tio n

ppm
RT (min) 

4>Hydroxybenzophenon<

4-Hydroxy benzophenone 

peak area

RT (min) 

NKBl-E

NKBl-E 

peak area

RT (min) 

NKBl-Z

NKBl-Z 

peak area

NKBI-E

%
Recovery

NKBi-Z

%Recovery

1 100% S.Oppm S.298 1008102 17.608 66217 18.923 73640 5.08 5.01

2 100% S.Oppm 5.298 1009854 17.607 66346 18.922 73580 5.08 5.00

3 100% S.Oppm 5.296 1009351 17.597 66247 18.912 74211 5.07 5.05

4 100% S.Oppm 5.296 1010912 17.599 66496 18.915 73743 5.08 5.01

5 100% S.Oppm 5.299 1013267 17.609 66876 18.926 74345 5.10 5.04

6 100% S.Oppm 5.344 401595 17.644 26288 18.959 29269 5.06 5.00

Mean 5.31 17.61 18.93 5.08 5.02

RSD% 0.36 0.10 0.09 0.27 0.38



Table 2. 23 NK BIZ and E isomer intermediate precision (reproducibility) summary results

Precision Intermediate Reproducibility

Sam ple No.

% Nom inal 

C oncentration

Theoretical

concentration

ppm
RT (min) 

4-Hydroxybenzophenone

4>Hydroxybenzophenone 

peak area

RT (m in) 

NKBl-E

NKBI-E 

peak area

R T  (min) 

NKBl-Z

NKBl-Z  

peak area

NKBl-E

%Recovery

NKBl-Z

%Recovery

1 100% S.Oppm 5.298 1008102 17.608 66217 18.923 73640 5.08 5.01

2 100% 5.0ppm S.296 1063761 17.599 70139 18.915 78707 5.10 5.08

3 100% S.Oppm S.297 1006819 17.602 66396 18.918 74734 5.10 5.09

4 100% S.Oppm S.297 1001362 17.600 66270 18.918 73759 5.11 5.06

5 100% S.Oppm S.298 1002461 17.608 66505 18.928 73891 5.13 5.06

6 100% S.Oppm 5.299 1079500 17.607 71667 18.928 80539 5.13 5.12

Mean 5.30 17.60 18.92 5.11 5.07

RSD% 0.02 0.02 0.03 0.41 0.72

- 100-



2.8.2.2.S DETERMINATION OF RANGE FOR PLASMA SAMPLES OF 

NKBl

As discussed in previous sections, tiie acceptance criteria for method linearity and accuracy 

were fully satisfied. Therefore, the method range o f  O.l-lO.Oppm for each compound N K B I-E  

and N K Bl isomer are considered validated.

2.8.2.2.6 DETERMINATION OF LIMIT OF QUANTITAION/ LIMIT OF 

DETECTION FOR NKBl IN PLASMA SAMPLES

For analysis o f samples o f N K B l, the LOQ was calculated from the 3-calibration curve in the 

linearity section above. In this study, the acceptance criteria were chosen as LOQ 

Concentration < 0.2 ppm

Results for LOO/LOD study for NKBl

Calculations o f the concentration o f LOD/LOQ for N K B l (E) isomer and NK Bl (Z) isomer 

were determined from the three linearity calibration curves for the compound. Table 2.24 

shows the calculation o f the LOQ/LOD o f  N K B l-E  compound. The slope and the intercept for 

each o f calibration curves in the total o f  three curves are used to calculate the theoretical 

concentration o f LOD/LOQ. Table 2.25 shows the calculation o f the LOQ/LOD o fN K B l-Z  

compound.

Table 2. 24 NKBl-E LOQ/LOD Summary Calculation

THEORETICAL 

LOD/ LOQ

N K B l-E Intercept Slope

Curve A -0.105 12.67

Curve B -0.177 13.13

Curve C -0.085 13.09

Mean -0.122 12.96

SD 0.039 0.206

Reporting level

(ppm)

LOD 0.00913

LOQ 0.03044
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Table 2. 25 NKB 1-Z LOQ/LOD Summary Calculation

THEORETICAL 

LOD/ LOQ

NKBl-Z Intercept Slope

Curve A -0.501 14.18

Curve B -0.416 14.86

Curve C -0.460 14.93

Mean -0.459 14.66

SD 0.034 0.337

Reporting level

(ppm)

LOD 0.00705

LOQ 0.02348

Conclusion for LOO/LOD study The LOQ for the method was determined by analyzing the 

recovery concentration obtained for NKBl in the studies above o f the LOD, LOQ 

concentration. The values obtained for both NKBl (E) and N K Bl (Z) met the LOD, LOQ 

result acceptance requirement o f  < 0.2ppm.

2.S.2.3 OVERALL CONCLUSION

Table 2.26 presents a summary o f  the overall results o f  the method validation for plasma 

solution o f N K B l. The system suitability parameter meets the acceptance criteria for the 

analytical method for each sample set over all days o f  the validation. The major parameters for 

any analytical method validation such as linearity, accuracy and precision were met within the 

specifications. This analytical method was validated for NKBl compound, which was selected 

as a representative o f  all project compounds, as the N K B l is structurally similar to all 

compounds o f the study.

The results o f method validation efforts undertaken in this study fully met all results 

acceptance criteria and demonstrated satisfactory method performance. Therefore, this test 

method is considered validated and fit for its application to research compounds.
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Table 2. 26 Summary of acceptance criteria, limits and results for NKBl

Validation Measured Response Acceptance Criteria Results

Parameter

Linearity
R^ >0.99 NKB1==1.000

% Peak Area (at beginning the run 5 

injections)

%RSD Area< 5 %
NKBl =0.22%

% Peak Area Deviation %RSD < 5% NKB 1=0.38%

(Bracketing standards)

System suitability
US? Tailing Factor <3 NKBl =0.96

Resolution > 1.2 NKB1=12.2

USP Plate Count >2500
NKB 1=7986.2

Accuracy
Mean Recovery o f analyte 80% - 120% NKB1=100.50-101.8%

Peak Area and Retention Time (RT)
Area RT Area RT

Precision

Injection

Repeatability Samples % R S D < 5 % RSD < 2 NKB1=1.3% NKB1=0,3%

Area RT Area RT

Precision
Peak Area and Retention Time (RT)

Reproducibility
Samples

% RSD < 5 % RSD < 2 NKB1=0.8% NKB 1=0.05%

Satisfied if linearity,

Range 0.1 - 1 0  ppm accuracy and LOQ O.l-lO.Oppm

passes

LOQ Limit o f quantitation
Cone. < 0.2 ppm NICBl=0.03ppm

Specificity Interference at same RT Interference <5% No Interference
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2.8.3 METHOD III: QUALITATIVE HPLC/UV AND LC/MS/MS 

METHOD TO DETECT ENDOXIEEN AND CONJUGATE 

COMPOUNDS IN MICROSOMAL LIVER PREPARATION.

2.8.3.1 INTRODUCTION

As part o f the stability study on the novel endoxifen conjugates, the compounds were tested 

under different pH values, and in plasma solution. To enable a full understanding of the 

behaviour of these compounds in vivo, it was decided to investigate the reaction of the project 

compounds in microsomal liver solution. Microsomes are vesicle-like structures formed from 

the endoplasmic reticulum (ER) when eukaryotic cells are divided. Microsomes contain 

soluble enzymes and fragmented ER which contains the cytochrome P450 enzyme system. 

Many drugs are metabolised by oxidation which is carried out by the cytochrome P450 system 

111, 118,119 wished to investigate the possible metabolism of the novel endoxifen conjugate 

such as NKBI6 by cytochrome P450 enzyme system present in liver microsomes. Therefore a 

validation study on compound NKB16 was required for the analytical method to be used in the 

stability analysis.

The cytochrome P450 redox cycle can be summarised as shown in Figure 2.15. The substrate 

binds to the active site of the enzyme, in close proximity to the heme group, on the side 

opposite to the peptide chain. The bound substrate induces a change in the conformation o f the 

active site, displacing a water molecule from the distal axial coordination position of the heme 

iron changing the state of the heme iron from low-spin to high-spin'” . This gives rise to a 

change in the spectral properties of the enzyme. If no reducing equivalents are available, this 

complex remains stable, allowing the degree o f binding to be determined from absorbance
118 119measurements in vitro ' .
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Figure 2, 15 Summary of P450 cycle

The change in the electronic state of the iron at the active site favours the transfer of an 

electron from NAD (P) H (Figure 2.15). This takes place via the electron transfer chain, as 

described above, reducing the ferric heme iron to the ferrous state. Molecular oxygen binds 

covalently to the distal axial coordination position o f the heme iron. The cysteine ligand is a 

better electron donor than histidine, with the oxygen consequently being activated to a greater 

extent than in other heme proteins. However, this sometimes allows the bond to dissociate, the 

so-called "decoupling reaction", releasing a reactive superoxide radical and interrupting the 

catalytic c y c l e ' A  second electron is transferred via the electron-transport system, reducing 

the dioxygen adduct to a negatively charged proxy group. This is a short-lived intermediate 

state. The peroxy group formed in step 4 is rapidly protonated twice by local transfer from 

surrounding amino-acid side chains, releasing one mole o f water, and forming a highly reactive 

iron (V)-oxo species Depending on the substrate and enzyme involved, P450 enzymes can 

catalyse any o f a wide variety of reactions. A hypothetical hydroxylation is shown in Figure 

2.15. After the product has been released from the active site, the enzyme returns to its original 

state, with a water molecule returning to occupy the distal coordination position of the iron 

nucleus.
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2.S.3.2 METHOD DEVELOPMENT STRATEGY

The microsomal preparation which was isolated from rat liver for these experiments was 

obtained from Sigma-Aldrich. Microsomes can be concentrated and separated from other 

cellular debris by differential centrifugation. Unbroken cells, nuclei and mitochondria sediment 

out, whereas soluble enzyme and fragmented ER. which contains cytochrome P450, remain in 

solution. Following centrifugation, ER sediments out of solution as a pellet but the soluble 

enzymes remain in the supernatant. In this way, cytochrome P450 in microsomes is 

concentrated and isolated. Microsomes have a reddish brown colour, due to the presence o f the 

iron-containing co-factor, heme (haem), in the P450s. P450s are highly abundant in the liver of 

rats, mice and humans. The rat liver microsomal preparation was selected to this study as is 

mostly similar to the human microsomal content. Furthermore, to make this study similar to in 

vivo study, additives (Table 2.20) were added to the sample preparation to make it likely to 

mimic human body reactions as detailed below.

Rat liver microsomes (microsomal fractions) catalyse the oxidation of straight-chain aliphatic 

alcohols and of hydroxyl-radical-scavenging agents during NADPH-dependent electron 

transfer. NADP is used in anabolic reactions, such as lipid and nucleic acid synthesis'^^, which 

require NADPH as a reducing agent. NADPH is the reduced form o f NADP^, and NADP^ is 

the oxidized form o f NADPH. NADP^ differs from NAD^ by the presence in NADP^ of an 

additional phosphate group on the second position of the ribose ring that carries the adenine 

moiety. NADPH is an organic molecule, similar to NADH in animals, that is reduced in plants 

during photosynthesis. The reduction adds 2 electrons and a hydrogen ion (proton) to NADP^ 

to produce NADPH. The NADPH molecule is then used to reduce other molecules in 

reactions^'’’

Glucose-6-phosphate dehydrogenase (G6PD or G6PDH) is a cytosolic enzyme in the pentose 

phosphate pathway, a metabolic pathway that supplies reducing energy to cells (such as 

erythrocytes) by maintaining the level of the co-enzyme nicotinamide adenine dinucleotide 

phosphate (NADPH). The NADPH in turn maintains the level of glutathione in these cells that 

helps protect the red blood cells against oxidative damage. In the human body, magnesium 

chloride activates the enzymes, thereby promoting these biochemical pathways in the body; 

hence magnesium chloride is added in the sample preparation reaction. It is proposed that the 

primary amide, ester and alcohol functional groups in the project conjugate compounds may 

be metabolised by two pathways in microsomes, one dependent on the interaction o f the 

alcohols, amide and ester with hydroxyl radicals (dimethyl sulfoxide will help in this 

oxidation), the other which appears to be independent o f these radicals

-  1 0 6 -



The products o f  microsomal P450 metabolism o f the conjugate compounds NKB4, NKB5, 

NKB7, NKB8, N K B 11, N K B 15 and N K B 16 will be determined in chapter 3. The 

concentration o f  the reagents and conjugate concentration was determined after some 

experimental trials to select the most effective concentrations (Table 2.20).

Table 2. 27 Reagent final concentrations in microsomal liver solution experiment

Reagent Final Concentration

NADP l.3mM

Glucose-6-phosphate dehydrogenase 0.4mM

D-Glucose-6- phosphate dipotassium 3.3mM

Magnesium Chloride 3.3mM

potassium dihydrogen phosphate lOOmM

DMSO: Dimethyl sulfoxide 0.04%

acetonitrile 0.96%

microsomal liver lOmg

Test solution (NKB 16) Ippm

The test sample (NKB 16) was dissolved initially in acetonitrile and this solution was used as 

stock solution (Ippm ). The samples were incubated with microsomal liver solution for 2 hours, 

then extracted and concentrated as outlined in the experimental chapter 5.

2.5.3.3 DESCRIPTION OF ANALYTICAL METHOD FOR 

MICROSOMAL PREPARATION

Due the difficulty o f extracting a small quantity o f project conjugate compounds from the 

microsomal preparation, and the difficulty o f  identification o f  the products by using a UV 

detector only, an LCMS method was developed to use specially advanced techniques o f 

extraction and detection for the low analyte concentrations required for these experiments. A 

qualitative LC/MS detection analytical method using liquid-liquid extraction for NKB 16 from 

a liver microsomal matrix was initially developed. The sample extract and prepared standards 

were injected onto the HPLC with UV detection at X,=283 nm and subsequently analysed by 

LC/MS.

2.5.3.4 METHOD RESULTS

NKB 16 was chosen as the example o f the conjugate compounds to be analysed using this 

microsomal specific method. Analysis o f  NKB 16 conjugate using LC-UV detector at X,=285nm
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showed the peak for NK.B16 detected at approximately 5 min (Figure 2.16). Figure 2.16 shows 

the HPLC chromatogram for extracted NKB 16 from microsomal liver sample. The NKB 16 is 

detected at 4.9min. A microsomal residue peak at retention time o f  14.8min was detected and a 

degradation compound product ofN K B 16 was detected at 8.2min (identified as NKB 18).The 

identification o f degradation NKB 16 will be discussed in detail in the stability study for 

NKB 16.Microsomal peak was always noticed at 15.8min for all the project compounds and 

which also observed in the microsomal blank.

In the LC-ESI-MS analysis, the peak o f  NKB 16 was characterized by the m olecular mass (m/z 

772) and the MS-MS fragmentation pattern. The LC-MS in full scan negative ion mode 

analysis ofN K B 16 in the presence o f microsomal liver showed the NKB 18 [M^+ H] ion 

characteristic for fragmentation o f NKB 16 conjugate with mass spectrum fragment o f 456m/z 

(Figure 2.17).
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3 0  40-
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000 -

30.00 40.001500 20.00 25.00 35 00500 10.000.00

Microsomal
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NKB16
Degredation
compound

N K B I 6
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Figure 2. 16 HPLC Chromatogram for NKB16 sample extracted from liver microsomal 

preparation
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Figure 2.17 Mass spectrum for NKB16 sample extracted from liver microsomal 

preparation
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2.8.3.S METHOD DEVELOPMENT AND VALIDATION 

CONCLUSION

The conjugate compound N K B 16 chosen for this method development study was analysed by 

qualitative LCMS method to identify the analytes and for the stability study in liver 

microsomal solution. The results o f  method development efforts undertaken in this study fully 

met all results acceptance criteria and demonstrated satisfactory method performance. 

Therefore, this identification method is considered valid and fit for its subsequent application 

to series o f research compounds (refer to chapter 3).

2.9 OVERALL SUMMARY CONCLUSION

Three analytical methods were developed and validated to meet the objectives the project. 

Method I (HPLC) was developed to quantify the project compounds in various pH solutions. 

Method II (HPLC) was developed and validated to test the stability o f the project compounds 

in plasma solution and method III (LCMS) was developed to test and identify the project 

compounds in liver microsomal solution. Combination o f the three methods will meet the 

objective o f this project study which is the investigation o f  novel conjugate compounds in 

conditions such as buffer solution pH=4, 7 and 9, IN HCl solution, IN NaOH solution, plasma 

solution, and microsomal liver solution. The results o f method validation undertaken in this 

study fully met all results acceptance criteria and demonstrated satisfactory method 

performance. Therefore, these test methods are considered validated and fit for application to 

study the novel conjugate compounds for stability characterisation.
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Chapter 3
Hydrolysis and Stability studies of novel conjugate compounds
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3) HYDROLYSIS AND STABILITY STUDIES OF NOVEL 

CONJUGATE COMPOUNDS 

3.1 ABSTRACT;

A stability study on the following seven conjugate compounds (NKB4, NKB5, NKB7, NKB8, 

NKBl 1, NKB15, NKB16) at different values pH (pH=4.0, 7.0, 9.0), in strong acidic solution 

and in strong basic solution is performed at different time points using HPLC chromatography. 

Using spiked plasma solution the behaviour o f the compounds in human plasma was also 

investigated. A study o f the compounds’ stability in rat liver microsomes is also described. The 

purpose o f stability testing is to provide evidence on how the quality o f a chemical compounds 

drug substance or drug product varies with time under the influence o f a variety o f 

environmental factors such as temperature, humidity and light. This study will establish a re

test period for the drug substance or a shelf life for the drug product and recommended storage 

conditions. From this study, useful information in relation to the stability o f these conjugate 

compounds in a range o f  typical processing and physiological conditions is obtained. This data 

will be required in the selection o f the most suitable conjugate for further drug development 

studies''^^.

3.2INTRODUCTION;
The following chapter defines the stability data for active substances and pharmaceutical 

products that is sufficient for a registration application within countries belonging to the World 

Health Organization.

The purpose o f stability testing is to provide evidence on how the quality o f an active 

substance or pharmaceutical product varies with time under the influence o f a variety o f 

environmental factors. In addition, product-related factors influence the stability, e.g. the 

chemical and physical properties o f the active substance. Information on the stability o f  the 

active substance is an integral part o f the systematic approach to stability evaluation. For active 

substances not described in an official pharmacopoeia monograph, stability studies are 

required. Stress testing o f the active substance can help identify the likely degradation 

products, which can in turn help establish the degradation pathways and the intrinsic stability 

o f the molecule and validate the stability indicating power o f the analytical procedures used. 

The nature o f the stress testing will depend on the individual active substance and the type o f  

pharmaceutical product involved.

Recently, researchers in Trinity College synthesized conjugate compounds (NK.B4, NK.B5, 

NKB7, NKB8, N K B ll, NKBl 5 and NK Bl 6) containing SERM components and 

Combretastatin (VTA) type components. This work will describe a study o f  the behaviour o f 

those conjugate compounds at different pH values (stability). These compounds are o f interest
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because of their potential as dual acting in vivo anticancer drugs. In vitro antiproliferative 

activity has been demonstrated for these conjugates in the low nanomolar range.

In this chapter the stability of these conjugates (NKB4, NKB5, NKB7, NKB8, NKBl 1,

NKB15 and N K B l6) will be determined at three pH values 4, 7 and 9 and also in HCl aqueous 

solution, NaOH aqueous solution, in plasma solution and in liver microsomal solution.

There are various routes of drug degradation. Chemical degradation refers to the loss o f an 

entity, usually an active substance over a period of time. Other components prone to chemical 

degradation include preservatives, anti-oxidants and additives. The loss o f activity is due to a 

chemical reaction in solution or solid phase resulting in inactive, toxic or active products. The 

process of degradation is usually described by a kinetic phenomenon. Physical degradation 

refers to factors that include the following: colour change, loss o f active or preservatives due to 

adsorption, complexation, change in appearance such as precipitation, crystallization. Physical 

changes do not always follow well defined k ine tics .M icro b ia l contaminations include the 

failure of preservative action. Unlike many chemical and physical changes, microbial 

contamination or preservative failure may not be a kinetic process, but a quantum process, 

where an undesirable change occurs at a certain time.

The term solution kinetics pertains to the rate of a process in the liquid phase of matter. 

In the present context, it pertains to rate o f degradation of drugs in the solution phase. There 

are several modes o f degradation o f drugs. Simple transformation: the drug transforms into a 

different chemical entity or isomeric form as follows, (D=drug, A=reactant and P=product). 

The direction o f equilibrium depends on the change in energy of the system. A bimolecular 

reaction is a reaction where the drug molecule reacts with another entity such as water, oxygen, 

etc. The reaction can be simply written as:

D + P

In the previous reaction, the rate of reaction is directly proportional to the 

concentrations of the reactants and can be equated with the concentration terms using a 

proportionality constant k.

- dl Dl  = k[Dl[A] 
dt

If the concentration of the reactant A is very high as compared to the drug (as in a 

solution, water concentration is very high and essentially stays constant), then it can be 

combined with the constant to give the observed rate constant.

- ^  = (k [A]) [D] = k,bs [D] 
dt

In reactions such as hydrolysis, multiple rate constants may be involved due to 

diflerent species of water acting as reactants.
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- ^  = (Rh+ [H"1 [D] + k [H2O] [D|)
A 4 ^  H,0

The reaction process proceeds only if  it results in a net reduction in the total energy (Of 

the system. During the process o f a reaction, usually an energy input is required to start the 

reaction. All chemical reactions are thought to proceed through a process o f  activation o f the  

reactant. Once in the activated state, the reactant can either proceed to the product, or revert 

back to its original state. These steps involve changes in energy o f  the species involved in thie 

reaction. The overall equation o f  reaction can be written as follows;

- ^ = k ( D r
dt

The value o f n can be 0, 1, 2... depending on the order o f the reaction

In the previous equation, if n is equal to zero, the reaction is said to be zero order or 

pseudo-zero order. If the value o f  n is 1, then the reaction is first-order or pseudo-first order 

and so on. If the concentration o f the reactant other than the drug is not constant, then the or der 

o f reaction is n+1. In solutions, usually the concentration o f the solvent (water) or oxygen 

remains constant, therefore the reaction rate depends only on the concentration o f the drug. 

Hence it is a pseudo-first order reaction. In suspensions, the drug concentration in the soIuti(on 

is constant; therefore, the reaction is pseudo-zero order. In solid dosage form, both the drug 

and the reactant (water or oxygen) are in limited supply, therefore, the order o f  reaction is 

pseudo-second order. In solution kinetics, relevant for the drugs in this thesis drugs, whetheir 

we are dealing with simple solutions or suspension/emulsions, the order o f  the reaction is 

rarely second or higher order.

Drugs can degrade by any o f  the known chemical reactions. These include; hydrolysis, 

dehydration, isomerisation, racemisation, elimination, oxidation, photo degradation, and 

complexation.

Hydrolysis in the most likely cause o f degradation in the conjugate structures in this thesis ais 

these compounds contain ester and/or amide functional groups. Hydrolysis is the most 

common mode o f  degradation o f  drugs in drug substances as well as in drug products. It 

involves a reaction between active parts o f  the drug with one or more water molecules. The 

reaction can occur rather rapidly in the solution phase, but can also proceed in solid dosage 

forms due to presence o f moisture. The functional groups most prone to hydrolysis are the e;ster 

and amide groups. The reaction can be catalyzed by the acid or base conditions, often by bo)th 

to some degree. pH often plays an important part in the rate o f  hydrolysis.
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Factors affecting  rate o f  hydrolysis o f  ester and am ides include the pH o f  the solution, 

steric factors (e .g . bulky groups reduce the rate o f  hydrolysis o f  ester) and charge on the 

adjacent groups (e.g . negative charges reduce the rate o f  reaction). Som e o f  the com pounds  

studied in this thesis contain the ester group w hich is easily  hydrolysed as show n in Schem e 11 

below .

Scheme 11 Hydrolysis of ester

The general form o f  the kinetic equations to express acid- or base-catalyzed hydrolysis can be 

written as fo llow s:

d [ester]
------------ =  - ki [ester] [H^] A cid  catalyzed

dt

d [ester]
--------------=  - k2 [ester] [OH ] B ase catalyzed

dt

T hese equations denote second-order reactions, but in studying degradations reactions 

o f  this type, it is possib le to treat them  as pseudo-first order reactions. This is done by keeping  

the (H^) or (OH ) concentrations at a considerably higher concentration than the ester or by 

keeping the (H^) or (O H ‘) concentrations essentia lly  constant through the use o f  buffers.

d [ester]
--------------=  - k [ester]

dt

M any o f  the conjugate com pounds contain the am ide functional group; therefore hydrolysis 

reaction m ay occur and can affect the stability o f  these com pounds. The general hydrolysis o f  

an am ide is illustrated in Schem e 12.
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o

^ R 2  + H2O
R f  N

/OH-
Ri

O

'OH + HN

Scheme 12 Hydrolysis o f amide

The hydrolysis o f the ester drug (aspirin) and the amide (acetaminophen) are illustrated in 

Scheme 13.

,0H

H,N

Acetaminophen Hydrolysis

Hydrolysis

p-Am inophenol

0 ^ 0 0 ^ 0
Aspirin 2-Hydroxybenzoic acid

Scheme 13 Hydrolysis o f acetaminophen

Oxidative degradation is probably second only to hydrolysis as a mode o f decomposition for 

drugs. In contrast to hydrolysis, oxidative mechanisms are complex, involving removal o f an 

electropositive atom, radical or electron or, conversely, addition o f an electronegative moiety. 

Oxidation reactions can be catalysed by oxygen, heavy metal ions and light, leading to free 

radical formation. The reaction involves the drug and an oxygen molecule and is usually 

catalyzed by the presence o f metal ions. Among categories susceptible to oxidation are 

catechols (epinephrine), ethanolamines (procaterol), thiols (captopril) and amino acid residues 

such as cysteine. An example o f oxidative degradation is the oxidation o f 5-aminosalicylic acid 

illustrated in Scheme 14

Scheme 14 Oxidation o f 5-aminosalicylic acid
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Isomerisation involves conversion o f a chemical into its optical or geometric isomer. Isomers 

may have different pharmacological or toxicological properties. The isomerisation o f 

Pilocarpine is illustrated in Scheme 15.

Pilocarpine Isopilocarpine

Scheme 15 Isomerisation reaction for Pilocarpine

Degradation reaction o f drugs such as oxidation, reduction, ring alteration and polymerization 

can be catalysed or accelerated by exposure to sunlight. Energy absorption is greater at lower 

wavelengths and as many drugs absorb ultraviolet light, degradation by low wavelength 

radiation is common. The photo-degradation reaction mechanism is often very complex 

leading to multiple degradation products. Oxidation is usually involved as one o f the reactions 

and the process may be mediated via free radicals. The photo-degradation o f Nifedipine is 

illustrated in Scheme 16

Photodcgradation

N ifedipine

Scheme 16 Photodegradation of Nifedipine

For drug-excipient interactions, the excipients may be inorganic or organic in composition, 

synthetic or semi-synthetic, derived from biological and natural sources. Many possess 

functional groups that can interact with other materials. It may be possible on occasion to 

exploit such attributes to stabilize unstable materials, but more usually interactions lead to loss 

o f  quality. Common reactions o f drugs with excipients involve one or more o f the following 

interactions: (i) acid-base interactions, (ii) moisture related hydrolysis, (iii) surface adsorption 

which may not involve covalent bonds and (iv) complexation. Poly(vinylpyrrolidone) (PVP) is 

a type o f hydrogen donating excipient. Incompatibilities o f  PVP with lansoprazol, famotidine 

and atenolol all indicate that its carbonyl group is pivotal to degradation reactions
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3.3 STABILITY STUDY FOR CONJUGATE COMPOUNDS
In this section o f the thesis the specific conjugate compounds (NKB4, NKB5, NKB7, NK B8, 

NKBl 1, NKB15 and NKB16), will be evaluated over a range o f  pH values at predetermiined 

time points (0, 3, 6, 9, 12, 24 and 48 hours), at time points ( 0, 0.25, 1, 2, 4, 6 and 12 hours)) for 

plasma solution testing and at 2hours for microsomal liver solution testing.

The results are presented as the follows:

• Structure and synthesis o f the conjugate compounds;(Page - 118 - ) .

• Identification chromatograms for conjugate compounds:(Page - 126 - ) .

• Stability study o f  conjugate compounds in acetonitrile solution:(Page - 130 - ) .

•  Stability study o f  conjugate compounds in buffer solution pH=4.0;(Page - 136 - ) .

• Identification o f degradation products study for the conjugate compounds in pH=7.0: 

(Page -143-).

•  Stability and recovery study in buffer pH=7.0:(Page - 156 - ) .

•  Identification o f degradation products study for the conjugate compounds in 

pH=7.0:(Page - 163 -).

• Stability and recovery study in buffer pH=9.0:(Page - 171 - ) .

• Identification o f degradation products study for conjugate compounds in buffer 

pH=9.0:(Page - 178 -).

•  Stability and recovery study for conjugate compounds in IN methanolic sodium 

hydroxide:(Page - 186 - ) .

• Identification o f degradation products study for conjugate compounds in IN 

methanolic sodium hydroxide:(Page - 192 - ) .

• Stability and recovery study for conjugate compounds in IN methanolic hydrochlor ic 

acid:(Page - 205 - ) .

•  Identification o f degradation products study for conjugate compounds in IN 

methanolic hydrochloric acid:(Page - 212 - ) .

• Stability and recovery study for conjugate compounds in human plasma:(Page - 221 -).

•  Identification o f degradation products study for conjugate compounds in human pla;sma

:(Page - 228 -).

•  Identification for degradation products study o f  conjugate compounds in microsomial 

liver solution:(Page - 236 - ) .

• B rief summary o f the results from stability studies :(Page - 245 -).
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3.3.1 Structure and synthesis of the conjugate compounds:

The first conjugate compound to be studied is NKB4 illustrated in Figure 3.1 and Figure 3.2. It 

was initially proposed that the product NKB4 could be prepared by a direct coupling reaction 

o f  the secondary amine NK Bl and the carboxylic acid (NKB3) as shown below in Scheme 17. 

However, protection o f  the amine N K Bl was required for successful formation o f the product.

OH

OH

Figure 3. 1 NKB4-Z isomer

OH

OH

Figure 3. 2 NKB4-E isomer

0

®  I

OH

NKB4 OHNKB1 OH

OH\
0

- 0  OH

Scheme 17 Synthesis Scheme proposed for NKB4 compound

For the synthesis o f NKB4, NKB3 was used as the E isomer only. It was reacted with a 

mixture o f  N K B l-E  and Z isomers (protected as the TBDMS ethers). NKB4 is obtained as an
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isomeric product with 73 % Z isomer and 26% o f E isomer following deprotection, (Scheme

18).

The successful synthesis o f NKB4 can be summarized in two steps. Firstly, a mixture o f 

0.154mmol o f cinnamic acid type compound (NKB3), 0.154mmol o f DCC and 0.154mmol o f 

HOBT was suspended in 3mL dry DCM and stirred for 10 min. 0.154mmol o f protected amine 

was dissolved in 3mL dry DCM and added slowly drop wise to the mixture and stirred for 24 h 

under a nitrogen environment. The reaction mixture was filtered to remove the 

dicyclohexylurea byproduct. The mixture was evaporated to dryness in vacuo and the material 

was purified via flash chromatography on silica gel (DCM: MeOH =20:1) to afford the product 

as a TBDMS-protected conjugate (0.112 g, 88 % yield) as a light brown oil (Scheme 18).

DCC
HOBX

HN

+

O(TBDMS)

DCM

NKB3 NKBl-TBDM S ether

o

OH

O(TBDMS)

NKB4-TBDMS ether
Scheme 18 Synthesis o f NKB4-TBDMS ether

For the second step, 0.11 mmol o f TBDMS-protected conjugate NKB4-TBDMS ether was 

dissolved in 5mL dry THF with stirring. 0.22mmol o f TBAF was added dropwise to the 

mixture. Reaction was allowed stir for 2 h at room temperature under a nitrogen environment. 

The mixture was evaporated to dryness in vacuo. The residue was dissolved by adding o f 

25mL o f ethyl acetate. 25mL o f water was added and the organic layer separated. The aqueous 

phase was extracted with 2 x 25mL ethyl acetate. The combined organic layers were dried over 

sodium sulfate then evaporated to dryness in vacuo. The material was purified via flash 

chromatography on silica gel (DCM; MeOH = 20:1) to yield product (0.042 g, 53%), (Scheme

19).

OH

O(TBDMS)

THF
TBAF.

OH

OH
NKB4-TBDMS ether 

Scheme 19 Synthesis o f NKB4 conjugates
NKB4 conjugate

The FTIR spectrum is used for identification/confirmation o f the functional groups in the 

synthesised compounds used for this study. For example the band at 3400cm ’ is due to the OH
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in N K B 4 com pound. The band at 3000cm '' is assigned to C-H bond , the band at 1600cm  ' is 

due a C =C  in N K B 4 com pound. In the 'H N M R  spectrum  o f  N K B 4, the m ethyl group o f  the 

E ndoxifen  w as identified as a triplet at 50 .93 , w h ile  the m ethylene group protons occurred as 

m ultiplet at 52 .49 . The m ethylene protons adjacent to the nitrogen w ere identified at 52 .75  as a 

m ultiplet, w h ile  the N -m ethyl group protons appeared as a singlet at 53 .13 . The m ethoxy  

groups (x 4 ) together w ith O CH 2 group protons appeared at 53 .75  as a m ultiplet. The signal at 

55 .68  w as assigned  to the phenolic OH w hile the aromatic protons and alkene protons w ere 

observed as a m ultiplet at 5 6 .5 0 -7 .3 2  (Z:E ratio 73:26). The '^C N M R  spectrum and high  

resolution m ass spectrum  confirm ed the structural assignm ent. The m ass spectra o f  the 

conjugate com pounds N K B 4, N K B 5 , N K B 7, N K B 8 , N K B 11, N K B 15 and N K B 16 are 

displayed in appendix 3 together with other relevant standard com pounds m ass spectra.

The second  com pound studied (N K B 5) is illustrated in Figure 3.3 and Figure 3 .4 . It is sim ilar  

to N K B 4  but contains an additional phenolic group in the E ndoxifen  section  o f  the drug.

Figure 3. 3 NKB5-Z isomer

OH

OH

OH

OH

OH

OH

Figure 3. 4 NKB5 (E) isomer
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NKB5 is prepared by a coupling reaction o f  NKB2 Z with NK.B3 and subsequent deprotection 

as with NKB4. A mixture E/Z o f  NKB2 is used, therefore the product NKB5 is obtained as an 

E/Z mixture, (Scheme 20).

OH

HN
DCC

OH

HOBT
CHoCl.

OHOH
OH

NK B2NKB3 OHN K B5

Scheme 20 Summary reaction of NKB5 synthesis

The third compound studied (NKB7) is illustrated in Figure 3.5 and 3.6. It is similar to NKB4 

but differs in the Combretastatin section o f  the drug, as it contains only one methoxy group in 

ring B instead o f the methoxy and phenolic hydroxy groups.

OH

Figure 3. 5 NKB7-Z isomer

OH

Figure 3. 6 NKB7 (E) isomer
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NKB7 is prepared by a coupling reaction o f  Combretastatin NKB6 (E) isomer with a mixture 

of the protected NKBl (Z) and (E) isomers as described previously for NKB4 compound, 

followed by deprotection, (Scheme 21).

DCC
HOBT

.0

OH

,0

OH

OH +

NK B6 N K B l NKB7

Scheme 21 Summary of NKB7 synthesis

The fourth compound to be studied is NKB8 (Figure 3.7 and 3.8). It is sim ilar to NKB7 but 

contain an additional hydroxy group in the Endoxifen section o f  the drug.

OH

OH

Figure 3. 7 NKB8-Z isomer

‘OH

OH

Figure 3. 8 NKB8 (E) isomer

NKB8 is prepared by combining NKB6 (E) isomer and a mixture o f NKB2 (Z) and (E) isomers 

as shown in Scheme 22, (using the usual protection and deprotection protocols).
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OH OH

HOBT
DCC
DCM

OHOH

OH

NKB6 NKB2 NKB8

Scheme 22 Synthesis of NKB8 compound

N K Bl 1 compound is a novel conjugate prodrug type compound containing icey ester and 

amide linking groups. The structure is illustrated in Figure 3.9 and Figure 3.10. These 

ester and amide groups are expected to allow the N K B l 1 compound to be easily 

hydrolysed. This compound differs from the previous NKB4, NKB5, NKB7 and NKB8, as 

there is a new linkage with a succinic acid group separating the Combretastatin portion 

and the Tamoxifen drug.

Figure 3. 9 N K B ll-Z  isomer

Figure 3. 10 N K B ll (E) isomer

NKBl 1 was prepared by combining the Combretastatin derivative N K B l7 (Z) and a mixture 

of NKBl 2 (Z) and (E) isomers, (Scheme 23).
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NKB17 NKB12 N K B l l

Scheme 23 Summary of N K B ll synthesis

The synthesis of NKBl 1 can be summarised as follows: A mixture of 0.24 mmol of succinic 

acid derivative N K B l2, 0.24mmol of dimethylaminopyridine (DMAP) and 0.24mmol of DCC 

were added to 3mL dry DCM with stirring. CA4 (N K Bl7) was dissolved in 3mL dry DCM 

and added drop wise to the mixture. The reaction was left stirring at room temperature under a 

nitrogen atmosphere for 24 h. The mixture was diluted with 25mL of DCM and was filtered to 

remove the dicyclohexylurea by-product. The mixture was evaporated to dryness in vacuo and 

the material was purified via flash chromatography (DCM: MeOH = 20:1) to afford the 

product is 82% yield. The synthesis of NKBl 1 is illustrated in Scheme 23.

The sixth compound studied in this thesis is N K B 15. N K B 15 structure is similar to that of 

NKBl  1 compound, the difference between the two compounds is that NKB 15 contains an 

additional methyl ester group in the Combretastatin section o f  the molecule. The structure 

of NKB 15 Z and E isomers are illustrated in Figure 3.1 1 and 3.12.

Figure 3. 11 NKB15-Z isomer

O O

Figure 3. 12 NKB15 (E) isomer
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NKB 15 was prepared by reaction ofN K B 12 (Z and E isomer) with NKB 13 (E isomer) as 

illustrated in Scheme 24, (Z isomer illustrated).

,0H HO.

NKB13 NKB12
NKB15

Scheme 24 Summary of NKB15 synthesis

The structure o f the final compound studied (NKB 16) is illustrated in Figure 3.13 and Figure 

3.14. It is similar to N K Bl 1 compound containing both an ester and amide functional group, 

but contains an additional phenolic group in the Tamoxifen section o f the drug.

HO

Figure 3 .13  NKB16-Z isomer

HO
Figure 3 .14  NKB16-E isomer

NKB 16 was prepared by a coupling reaction o f NKB 17 (Z) with a mixture o f  NKB 18 (Z) and 

(E) isomers, (Scheme 25) following the used protection and deprotection reaction sequence.
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J2C£.
DCM
DMAP

HO

0
N - ^ 0 .HO.

HO
NKB18

,0H

Scheme 25 Summary of NKB16 synthesis

3.3.2 Identification chromatograms for conjugate compounds:

A: NKB4 compound:

The HPLC chromatogram (Figure 3.15) shows the peak o f NKB4-Z isomer at 4.7min and 

NKB4-E isomer at 5.2min. Product was detected by using a silica stationary phase column o f 

250 mm x 4.6 mm dimensions, with 5fim particle size. The mobile phase contains 940 mL o f 

acetonitrile, 25mL o f water, 25 mL o f acetic acid and 10 mL o f diethylamine with flow speed 

at 1.5mL min ' speed. The UV detection was at >.=283 nm. The assignment is made from the 

isomeric integrated values obtained from ‘HNMR spectral assignment as reported above 

(73:26, Z:E ratio).

NKB4-Z

0.30-
NKB4-E

0 .20-

<

0 . 10-

0.00-

35.00 40.0030.0020.00
Minutes

25.0015.005.00 10.000.00

Figure 3. 15 HPLC chromatogram for NKB4 in acetonitrile solution

B: NKB5 compound:

The HPLC chromatogram is shown in Figure 3.16 and the isomeric mixture is clearly 

illustrated for NKB5 with a recovery o f  38% for NKB5-Z isomer and 26% for NKB5-E. Total 

recovery o f 64% may due to difficulty in purification o f the sample o f NKB5 available for the 

study.
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NKB5-Z

OH

NKB5-E

0.04-
(E1

3
< OH

0.02^

OH

0.00-

0.00 5.00 10.00 25.00 3000

Minutes

Figure 3. 16 HPLC chromatogram for NKB5 in acetonitrile solution 

C: NKB7 compound:

The initial HPLC chromatogram (Figure 3.17) in acetonitrile solution shows the peak o f 

NKB7-Z isomer at 4.9min with a recovery o f 77% and NKB7-E isomer at 4.5min with 

recovery o f  17.5%.

N K B 7  (Z )

N K B 7  (Z )

0.04-

0.02-
10 r- 
(0 oo
N  00

0.00- TSar

0.00 5.00 1000 15.00 25.00 40.0030.00 35.00

Minutes

Figure 3. 17 HPLC chromatogram for NKB7 in acetonitrile solution
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D: NKB8 compound:

The HPLC chromatogram for NKB8 is illustrated in Figure 3.18 and shows the peak for 

NKB8-Z isomer at 5.5min and NKB8 E isomer at 4.7min with a recovery o f  31 % for NKB8-Z 

isomer and 35% for NKB8-E.

N K B 8 ( E )  k)
N K B 8  (Z)

0 . 10-

O O N

0 .04-

0 .02-

OOO-

35.00 40.0020.00

Minutes

2500 30 00150010005000.00

Figure 3. 18 HPLC chromatogram for NKB8 in acetonitrile solution 

E: N K B ll compound:

Figure 3.19 shows the FIPLC chromatography for N K B 11; N K B 11 -Z isomer was observed at 

4.6min with 44% recovery and NKB 11-E isomer at S.Omin with 25%  recovery.

0 . 10-1

N K B l l  (Z)

0 08-

N K B l l  (E)

0 06-

3
0 04-

002

0 .00-

35 00 40.0030 0020 00 
Minutes

25 0015.00500 10 00000

Figure 3. 19 HPLC chromatogram for N K B ll in acetonitrile solution
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F: NKB15 compound:

The HPLC chromatogram for NKB15 shows the main peak for NKB15-Z isomer at 4.5min 

with 90% recovery and NKB15 (E) isomer at 4.9min with 8% recovery as shown in Figure 

3.20 below.

0.25J
NKB15-Z

0,3

0.15-
NKB15 (E)

0 . 10-

0.05-

0 .00-

0.00 5.00 1000 15.00 20.00
Minutes

25.00 35.0030.00

Figure 3. 20 HPLC chromatogram for NKB15 in acetonitrile solution

G: NKB16 compound:

In the HPLC identification chromatogram for NKB16, the main peak for NKB16-Z isomer was 

detected at 4.9min and the E isomer at 5.7min as shown in Figure 3.21. The purity is 100% 

(with 99.8% content ofN K B 16-Z  isomer and 0.2% for NKB16-E isomer). Due this huge 

different in the percentages o f isomers, the stability study is carried out for NKB16-Z isomer 

only.

1.20-

1.00-

0.80^

0.60̂

0.40^

0.2(h

OOÔ

$  N K B1 6( Z)

« I N K B1 6( E)  
o

0.00 500 1000 1500 mod
Minutes

25 00 30 00 35 00 4000

Figure 3. 21 HPLC chromatogram for NKB16 standard solution
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3.3.3 Stability study of conjugate compounds in acetonitrile solution:

The discussion o f the stability study results will be presented separately for each solution 

(condition) to enable a clear understanding o f the behaviour o f the NKB4, NKB5, NKB7, 

NKB8, N K Bl 1, NKB15 and NKB16 compounds under the various conditions o f pH described 

above.

A: NKB4 compound:

The results obtained for NKB4 in acetonitrile chromatographic conditions (acetonitrile 

solution) indicate that the compound is stable over this range o f time in this solution (Figure 

3.22 and Table 3.1). Table 3.1 shows the percentage remaining o f NKB4 to be approximately 

73 % (Z) isomer and its (E) isomer is 26%, over 48 hours. The recovery o f the compound 

drops only by approx 1% over this time period and this method shows good stability for NKB4 

and is an accurate/precise analytical test method with good detection and high peak area at low 

concentration. This result will support the validation o f  the test method.

Acetonitrile solution
100.00

   -
>

>
S 95.00
01oe
5? - # - S T D

90.00
0 10 20 30 40 50 60

Hours

Figure 3. 22 Stability results for NKB4 in acetonitrile solution 

Table 3. 1 NKB4 recovery results in acetonitrile solution

Time

(Hours)

% recovery 

NKB4-Z isomer

% recovery 

NKB4-E isomer

Total 

% recovery

0 72.92 25.96 98.88

3 72.29 26.64 98.93

6 71.53 27.37 98.90

9 71.63 27.36 98.99

12 71.12 27.00 98.12

24 71.01 27.34 98.35

48 71.30 26.66 97.96
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B: NKB5 compound:

From the results displayed on Table 3.2 and Figure 3.23, the compound is shown to be stable 

over this range o f time in this solution. The NKB5 total recovery is in itially determined to be 

64%, which that due to the difficulty encountered in the purification steps for NKB5. Table 

3.2, shows the percentage o f NKB5-Z isomer recovered approximately is 38 % and the (E) 

isomer is 26% at time 0. Over 48 hour, the recovery o f the compound drops down by 

approximately 1% and this result shows good stability for NKB5 under these conditions.

Acetonitrile solution
80

70

STD

40 60
Hours

Figure 3. 23 Stability results for NKB5 in acetonitrile solution over time 

Table 3. 2 NKB5 recovery results over time in acetonitrile solution.

Time

(hour)

%  N KB 5-Z isomer 

recovery

% N K B 5-E  isomer 

recovery

Total 

% recovery

0 38.44 25.87 64.31

3 40.88 27.41 68.29

6 40.61 27.54 68.15

9 37.82 25.93 63.75

12 37.20 36.21 73.41

24 39.96 28.03 67.99

48 39.31 28.31 67.62

C; NKB7 compound;

From the result in Table 3.3 and Figure 3.24, it is shown that the NKB7 compound is stable 

over this range o f time for this solution. Table 3.3 and Figure 3.24, shows the % recovery o f 

NKB7 approximately is 77 % and its (E) isomer is 18% at Oh time point. The recovery o f the
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compound over 48 time period shows (95% total recoveries) good stability for NKB7 under

these conditions.

Acetonitrile solution
100

90

STD

20 40 50 6030
Hours

Figure 3. 24 Stability results for NKB7 in acetonitrile solution over time

Table 3. 3 NKB7 recovery results over time in acetonitrile solution.

Time

(hours)

®/o NKB7-Z isomer 

recovery

% NKB7-E isomer 

recovery

Total 

%recovery

0 77.44 17.5 94.94

3 76.63 16.84 93.47

6 79.16 16.84 96.00

9 78.13 17.52 95.65

12 80.04 17.83 97.87

24 78.8 17.69 96.49

48 78.09 17.32 95.41

D; NKB8 compound;

Compound NKB8 was first studied over a period o f time under the validated chromatographic 

conditions in acetonitrile solution. From the result in Table 3.4 and Figure 3.25, it is shown that 

the compound is stable over this range o f time in this solution. The recovery remains constant 

over 48 hours, at 0 hour beginning with 67% recovery and at 48 hours achieving 67% recovery 

as shown in Figure 3.25. The purity o f NKB8 compounds is low (< 70%) due to the difficulty 

encountered in the purification steps for NKB8. Table 3.4, shows the percentage o f NK.B8-Z 

isomer recovered approximately is 31 % and its (E) isomer is 36%, over 48 hour period. The 

recovery o f the compound remains constant and this shows good stability for the compound in 

these conditions.
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Figure 3. 25 Stability results for NKB8 in acetonitrile solution over time

Table 3. 4 NKB8 recovery results over time in acetonitrile solution.

Time

(hours)

Vo NKB8-Z isomer 

recovery

% NKB8-E isomer 

recovery

Total 

% recovery

0 31.41 35.29 66.7

3 31.74 35.71 67.45

6 31.69 35.5 67.19

9 31.48 35.52 67.00

12 31.03 35.57 66.6

24 31.15 35.42 66.57

48 31.16 35.58 66.74

E: N K B ll compound;

From the result on Table 3.5 and Figure 3.26, it is shown that the compound is stable over this 

range o f  time for this solution. The percentage o f N K B l 1-Z isomer recovered approximately is 

44 % and its (E) isomer is 25%, over 48 hours time period. The recovery o f the N K B l l  

compound remains constant over the 48 hour period time, which is showing good stability.
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Figure 3. 26 Stability results for N K B ll in acetonitrile solution over time 

Table 3. 5 N K B ll recovery results over time in acetonitrile solution.

Time

(Hours)

% N K B ll-Z  isomer 

recovery

% N K B ll-E  isomer 

recovery

Total 

%recovery

0 44.32 24.85 69.17

3 43.86 24.42 68.28

6 43.80 24.48 68.28

9 43.64 24.91 68.55

12 43.98 24.70 68.68

24 43.92 25.02 68.94

48 44.38 24.97 69.35

F; NKB15 compound:

From the result illustrated in Figure 3.27 and Table 3.6, is appears that NKB15 compound is 

stable over this range o f time in these chromatographic conditions. Table 3.6, shows the 

percentage o f NK.B15-Z isomer recovered approximately is 90 % and its (E) isomer is 8%, 

over 48 hours time point.
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Figure 3. 27 Stability results for NKB15 in acetonitrile solution over time

Table 3. 6 NKB15 recovery results over time in acetonitrile solution.

Time

(hours)

% NKB15-Z isomer 

recovery

% NKB15-E isomer 

recovery

Total 

%recovery

0 89.94 7.60 97.54

3 90.13 7.64 97.77

6 90.35 7.70 98.05

9 90.45 7.72 98.17

12 90.65 7.73 98.38

24 90.62 7.88 98.50

48 90.98 7.67 98.65

G; NKB16 compound:

From the result on Figure 3.28 and Table 3.7, it is shown that NKB16 compound is stable over 

this range o f time in this solution. Table 3.7 shows the percentage recovery o f  NKB16 

approximately is 100 %, over 48 hour. The recovery o f the compound remains constant 

showing good stability for these conditions.
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Figure 3. 28 Stability results for NKB16 in acetonitrile solution over time 

Table 3. 7 NKB16 recovery results over time in acetonitrile solution.

Time

(Hours)

% NKB16 

recovery

0 100

3 100

6 100

9 100

12 100

24 100

48 100

3.3.4 Stability study of conjugate compounds in buffer solution pH=4.0:

1- Stability and recovery study in buffer pH=4.0:

A : NKB4 compound:

Analysis o f NKB4 shows that is unstable in phosphate buffer solution pH=4.0 (Table 3.8 and 

Figure 3.29), NKB4 compound contains a functional group e.g. amide which is easily 

hydrolysed in acidic condition and therefore possible degradation to the initial compounds 

(NKBl and NKB3) may occur.

The recovery o f NKB4 compound in phosphate buffer solution pH=4 at initial time analysis 

(0.5 hour) is 90% compared to the recovery o f  99% in acetonitrile solution. The recovery 

reduces over 48 hours to 10%. This suggests that NKB4 is not stable in buffer solution pH=4.0
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as shown in Figure 3.29. The graph (Figure 3.29) shows the % recovery o f  NKB4 in solution 

buffer pH=4 over 48 hours. It shows that the % recovery approximately o f  100% at start time 

period, but it gradually decreases to 10 % recovery at 48 hours (Table 3.8). The buffer solution 

pH=4.0 is not a suitable solvent for NKB4, as this compound will degrade very quickly to 

further degradation and hydrolysis compounds (NKB3, N K Bl and NKB9) .(See suction 2 for 

identification o f degradation products in buffer pH=4 for conjugate compounds).

pH=4.0

0 10 20 30 40 50 60
Hours

Figure 3. 29 Stability results for NKB4 in buffer solution pH=4.0 over time

Table 3. 8 NKB4 recovery results over time in buffer solution pH=4.0

Time

(Hours)

% recovery 

NKB4-Z isomer

% recovery 

NKB4-E isomer

Total 

% recovery

0 72.92 25.96 98.88

0.5 66.32 24.05 90.37

3 77.33 12.59 89.92

6 82.40 6.78 89.18

9 80.89 3.17 84.06

12 65.78 2.52 68.30

24 36.23 4.03 40.26

48 7.03 3.31 10.34

B : NKB5 compound;

The analysis o f NKB5 shows that the NKB5 (E) isomer is stable in phosphate buffer solution 

pH=4.0 and NKB5-Z isomer is not stable as shown in Table 3.9. The NKB5 compound 

contains the amide functional group that can be hydrolyzed in acidic conditions and therefore it
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is possible for hydrolysis to the initial compounds (NKB2 and NKB3) to occur. The total 

recovery o f NKB5 compound in phosphate buffer solution at the first time point (0.5 hour) is 

27%  compared to the recovery from acetonitrile solution o f 64% (Figure 3.30 and Table 3.9). 

Buffer solution pH=4.0 is not a suitable solvent for NKB5-Z isomer compound, as this 

compound will degrade quickly in these acidic conditions.

pH=4.0

70

60 

8 50
Q)cc

> •
k_

30

20
40 60200
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Figure 3. 30 Stability results for NKB5 in buffer solution pH=4.0 over time

Table 3. 9 NKB5 recovery results over time in buffer solution pH=4.0.

Time

(hour) ®/o NKB5-Z isomer recovery

®/oNKB5-E isomer 

recovery

Total

recovery

0 38.44 25.87 64.31

0.5 26.82 0 26.82

3 25.29 0 25.29

6 28.29 0 28.29

9 26.4 0 26.4

12 28.71 0 28.71

24 31.61 0 31.61

48 26.26 0 26.26

C: NKB7 compound:

Analysis o f  NKB7 at pH=4 has shown that it is unstable in phosphate buffer solution pH=4.0 

(Table 3.10 and Figure 3.31). The recovery ofN K B 7 compound in phosphate buffer solution at 

initial time analysis (0.5 hour) is 71% compared to the recovery at 0 hour time point o f 95%. 

The recovery reduced over 48 hours by 10%, with the implication that NKB7 is not stable in

-  1 3 8 -



buffer solution, pH=4.0. The graph (Figure 3.31) shows the % recovery o f NKB7 in soluition 

buffer pH=4 over the time o f  48 hours. It shows that the % recovery o f  approximately 95%  at 

the start time point, but it gradually decreases to 64% recovery at 48 hours as shown in T able 

3.10.

pH=4.0
100

>ou
□£

90

80

70

60

>pH=4.0

20 40 60
Hours

Figure 3. 31 Stability results for NKB7 in buffer solution pH=4.0 over time 

Table 3. 10 NKB7 recovery results over time in buffer solution pH=4.0.

Time(hours)

% NKB7-Z isomer 

recovery

% NKB7-E isomer 

recovery

Total 

%recovery

0 77.44 17.5 94.94

0.5 58.96 12.26 71.22

3 61.69 12.04 73.73

6 64.09 10.64 74.73

9 59.62 11.47 71.09

12 67.50 6.12 73.62

24 70.68 3.32 74.00

48 63.54 0 63.54

D : NKB8 compound;

The graph (Figure 3.32) and Table 3.11 show the % recovery o f  NKB8 in solution buffer p»H=4 

through the time o f  48 hours. The results show the % recovery approximately o f  67% alt the 

start o f the time period, but recovery gradually decreased to 60 % at 48 hours (Table 3.11).
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Figure 3. 32 Stability results for NKB8 in buffer solution pH=4.0 over time 

Table 3. 11 NKB8 recovery results over time in buffer solution pH=4,0.

Time

(hours)

% NKB8-Z isomer 

recovery

% NKB8-E isomer 

recovery

Total

"/orecovery

0 31.41 35.29 66.7

0.5 22.82 26.86 49.68

3 25.11 31.7 56.81

6 30.83 34.93 65.76

9 32.31 36.25 68.56

12 36.2 40.83 77.03

24 36.5 39.52 76.02

48 29.64 31.11 60.75

E : N K B ll compound;

Analysis o f  N K Bl 1 shows that it is unstable in phosphate buffer solution pH=4.0 (Table 3.12 

and Figure 3.33). This result is expected as N K Bl 1 compound contains functional groups, e.g. 

ester and amide, which are easily hydrolysed in acidic condition and therefore easy to degrade 

to the initial compounds (N K B l7, NKB3). (See section 2 for identification o f degradation 

products in buffer pH=4 for conjugate compounds). These degradation compounds were 

investigated to identify the products that N K B l l  may form on hydrolysis. The recovery o f 

N K B l l  compound in phosphate buffer solution at initial time analysis (0.5 hour) is 56% 

compared to the recovery at initial time Oh o f 69%. The recovery reduces over 48 hours to 

35%, with the implication that NKBl  1 is not stable in buffer solution pH=4.0 (Figure 3.33 and 

Table 3.12).
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Figure 3. 33 Stability results for N K B ll in buffer solution pH=4.0 over time

Table 3. 12 N K B ll recovery results over time in buffer solution pH=4.0.

Time

(Hours)

% N K B ll-Z  isomer 

recovery

% N K B ll-E  isomer 

recovery

Total 

%recovery

0 44.32 24.85 69.17

0.5 34.72 20.86 55.58

3 34.00 22.02 56.02

6 27.99 23.58 51.57

9 27.27 21.31 48.58

12 11.86 27.89 39.75

24 6.35 29.96 36.31

48 3.30 31.89 35.19

F : NKB15 compound:

Analysis o fN K B lS  in buffer solution pH=4 demonstrates that it is unstable in these conditions 

(Table 3.13 and Figure 3.34). The recovery o f  NKB15 compound in phosphate buffer solution 

at initial time analysis (0.5 hour) is 82% compared to the recovery at time 0 o f 98%. The 

recovery reduces over 48 hours to 39%,with the implication that NKB15 is not very stable in 

buffer solution at pH=4.0 as shown in Figure 3.34 and Table 3.13. The graph (Figure 3.34) 

shows the % recovery o f NKB15 in solution buffer pH=4 through the time period o f 48 hours. 

It appears that the % recovery for NKB15 E is approximately 7.6% at start time period (t=0), 

but it gradually increases to 25 % recovery at 48 hours as shown in Table 3.13 due the 

isomerisation o f NKB15-Z isomer in this acidic condition, where it may be converted to 

NKB15-E isomer.
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Figure 3. 34 Stability results for NKB15 in buffer solution pH=4.0 over time

Table 3. 13 NKB15 recovery results over time in buffer solution pH=4.0.

Time

(hours)

% NKB15-Z isomer 

recovery

% NKB15-E isomer 

recovery

Total

“/©recovery

0 89.94 7.60 97.54

0.5 74.22 7.47 81.69

3 69.80 8.80 78.60

6 61.46 11.71 73.17

9 49.94 16.25 66.19

12 36.05 22.32 58.37

24 23.01 26.02 49.03

48 14.51 24.91 39.42

G : NKB16 compound:

Analysis o f NKB16 shows good stability in phosphate buffer solution at pH=4.0 (Table 3.14 

and Figure 3.35). The recovery o f  NKB16 compound in phosphate buffer solution at initial 

time analysis (0.5 hour) is 96% compared to the recovery at t=0 o f 100% as shown in Figure 

3.35 and Table 3.14. The graph (Figure 3.35) shows the % recovery o f NKB16 in solution 

buffer pH=4 through 48 hours. It shows that the % recovery is approximately o f 100% at the 

initial time period, but it gradually decreases to 95 %  recovery at 48 hours as shown in Table 

3.14. The buffer solution pH=4.0 is therefore suitable solvent for N K BI6.
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Figure 3. 35 Stability results for NKB16 in buffer solution pH=4.0 over time

Table 3. 14 NKB16 recovery results over time in buffer solution pH=4.0.

Time

(Hours)

% NKB16 

recovery

0 100.00

0.5 96.29

3 96.18

6 95.88

9 96.33

12 95.69

24 94.99

48 94.81

2- Identification of degradation products study in buffer pH=4 for conjugate 

compounds:

A; NKB4 compound:

Figure 3.36 shows the NKB4 chromatogram in buffer solution pH=4.0 which was used ini the 

identification study.
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Figure 3. 36 HPLC chromatogram for NKB4 in buffer solution pH=4.0 at 48 hours

Further investigation by using LCMS/MS analytical technique to confirm the molecular 

structure o f the degradation compound peaks eluting at various retention times are described in 

the following section. For each compounds and analysis condition, the degradation products 

were identified by comparison with reference standard.

The hydrolysis o f  a secondary amide to form a carboxylic acid and primary amine is well 

documented in acidic pH solution.

RCONHR' + HjO » RCOOH + R’NHj

Hydrolysis o f  the amide group gave the products detected in the HPLC chromatogram at 10.2 

and 6.7 min and were first detected by LCMS, at 373m/z and 360m/z, from the reference mass 

spectra for N K Bl and NKB3 respectively (synthesised in the Trinity College laboratory for 

this investigation purpose). These were found to match the mass spectra o f these unknown 

peaks at 10.8 and 6.7min respectively (Figures 3.37, 3.38 and Scheme 26).

0

OH

NKB4 OH

HN

+

NKB1 OH

OH\
0

- O  OH
NKB3

Scheme 26 Hydrolysis of NKB4 in buffer solution pH=4
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Figure 3. 37 Mass spectrum for the peak at 6.7min, (NKB4 in buffer solution p H =4.0).
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Figure 3. 38 Mass spectrum for the peak at lO.Smin (NKB4 in buffer solution pH=4.0) .

Furthermore, the mass spectrum o f the peak detected at 5.2min in the NKB4 chromatogram in 

buffer solution pH=4.0 at 48 hours time was determined to be 316m/z. Fragmentation o f 

N K B l can be predicted to possibly produce a compound o f 316m/z which was confirmed by 

comparison to NKB9 reference compound by LCMS. The spectrum o f this unknown peak at 

S.Omin matched the mass spectrum o f NKB9 reference compound (Figure 3.39 and Scheme 

27). Dealkylation o f alkyl ether is known to occur in acidic conditions'^*.

Note: mass spectra for products isolated in these LC M S  stability studies are shown when 

first encountered in the study.
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F igure  3. 39 M ass spectrum  fo r the peak  a t  S.Omin (NKB4 in bu ffer solution pH=4).

B; NKB5 com pound:

Figure 3.40 shows the HPLC chromatogram for NKB5 in buffer solution pH=4.0 which used 

in the LCMS identification study using LCMS technique. Hydrolysis o f  the secondary amide in 

NKB5 was discussed previously for NKB4.The peaks were observed in the HPLC 

chromatogram o f NKB5 at 11 and 6.7 min were firstly detected by LCMS technique, with 

mass o f  389m/z and 360m/z respectively were identified as NKB2 and NKB3 respectively.

The reference mass spectra for NKB2 and NKB3, which were synthesised in our Trinity 

laboratory for this investigation purpose, were found to match the mass spectra o f these 

unknown compound peaks at 11 and 6.7 min (Figure 3 .4 land Scheme 28).
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Figure 3. 40 HPLC chromatogram for NKB5 in buffer solution pH=4 after 48 hours
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Figure 3. 41 Mass spectrum for the peak at llm in  NKB5 in buffer solution pH=4
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The fragment o f mass o f 332m/z was detected for the component peak eluted at 5.1 min in 

NKB5 chromatography in buffer solution pH=4.0 at 48 hours time point. This was identified as 

the hydrolysis o f compound NKB2 which can be predicated to produce a compound of 

332m/z. This was confirmed by analysis o f the NKBIO reference standard which matched the 

mass spectrum of this unknown peak at 5.1 min (Figure 3.42 and Scheme 29)

OH

H N '
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Buffer solution pH=4

OH

NKB2 NKBIO

Scheme 29 Degradation of NKB2 in buffer solution pH=4
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Figure 3. 42 Mass spectrum for the peak at S.lmin NKB5 in buffer solution pH=4 

C: NKB7 compound:

Figure 3.43 shows the NKB7 chromatogram in buffer solution pH=4.0. Hydrolysis o f  the 

amide group in buffer solution pH=4 was detected in the HPLC chromatogram o f NKB7 at 4.1 

and 11.3 min by LCMS to afford ions o f 344m/z and 373m/z assigned to NKB6 and NK Bl 

respectively. For the reference mass spectra for N K B l and NK.B6 these compounds were 

synthesised in Trinity laboratory for this investigation purpose. These mass spectra matched 

the mass spectra o f these unknown peaks at 4.1 and 11.3 min respectively. A fragment o f 

316m/z was detected for the peak at 5.6min in NKB7 chromatography in buffer solution 

pH=4.0 at 48 hours time and was confirmed as NKB9 as was discussed before (Figure 3.44
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and Scheme 30). Figure 3.44 clearly shows the m olecular ion at 344m/z as the base peak in the 

mass spectrum o f NKB6.
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Figure 3. 43 HPLC chromatogram for NKB7 in buffer solution pH=4.0 after 48 hours
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Scheme 30 Hydrolysis of NKB7 in buffer solution pH=4
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Figure 3. 44 Mass spectrum for the peak at 4.1 min NKB7 in buffer solution pH=4 

D: NKB8 compound;

The Figure 3.45 shows the NKB8 chromatogram in buffer solution pH=4.0 which was used in 

the identification study. Investigation was carried out to identify the molecular structure o f the 

degradation compound peaks at 4.1 min and 11.2min as NKB6 and NKB2 respectively 

(Scheme 31).
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Figure 3. 45 HPLC chromatogram for NKB8 in buffer solution pH=4.0 after 48 hours
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Scheme 31 Hydrolysis of NKB8 in buffer solution pH=4

E: N K B ll compound;

Figure 3.46 shows the N K Bl 1 chromatogram in buffer solution pH=4.0, which was used ini the 

identification study. Hydrolysis o f the ester group in compound N K B ll was observed. The 

peaks were shown in HPLC chromatogram at 5.1 and 13 min were detected by LCMS, \with 

mass spectrum fragments o f 316m/z and 457m/z respectively. By comparing the mass spextra 

for the reference mass spectra o f compounds N K B l7 and N K B l2, which were synthesise.d in 

Trinity laboratory for this investigation purpose, they were found to be identical to the nnass 

spectra o f these unknown peaks at 5.1 and 13 min respectively (Figure 3.47, Figure 3.48 and 

Scheme 32). These spectra indicate clearly that hydrolysis o f  N K B l l  occurs at the ejster 

position as shown.
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Figure 3. 46 HPLC ctiromatogram for N K B ll in buffer solution pH=4 after 48 hours
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Figure 3. 47 Mass spectrum for the peak at S.lmin N K B ll in buffer solution pH=4
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Figure 3. 48 Mass spectrum for the peak at 13.0min N K B ll in buffer solution pH=4

The hydrolysis o f  the amide group is further observed for NKB 12 to produce a compound with 

mass spectrum fragment o f  357m/z. This mass spectrum was found to be identical to the mass 

spectrum o f a synthetic sample o f NKB14. The succinic acid peak was not detected due the 

low UV activity or due to further degradation o f succinic acid (Figure 3.49 and Scheme 33).
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Figure 3. 49 Mass spectrum for the peak at ll .lm in  observed for N K B ll in buffer

solution pH=4.

F: NKB15 compound:

Figure 3.50 illustrates the NKB15 chromatogram in buffer solution pH=4.0 which was used for 

the LCMS product identification study. The hydrolysis compounds identified are NKB13 and 

NKB14. Hydrolysis o f  the ester group in NKB15 gives a peak in HPLC chromatogram at 5.2 

min with mass spectrum o f 374m/z. From the mass spectrum for reference material NKB13, 

which was synthesised in Trinity Collage laboratory for this investigation purpose, it was 

found to match the mass spectrum o f this unknown peak at 5.2min in the HPLC chromatogram 

obtained. Hydrolysis o f the amide group in NKB12 was detected by LCMS at 10.9min 

retention time in the HPLC chromatogram with a fragment mass o f 357m/z, which was 

identified as NKB14 compound (Scheme 34 and Figure 3.51). NKB12 was not detected in this 

solution due the low concentration o f this compound in this solution and probably NKB12 is

0
HO.

0 Buffer solution 
pH=4
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totally hydrolysed to N KBI4. This is not unexpected due to labile nature o f succinic amide 

reactive functional group.
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Figure 3. 50 H PLC  chromatogram for NKB15 in buffer solution pH=4.0 after 48 hours
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Figure 3. 51 Mass spectrum for the peak at 5.2min observed for NKB15 in buffer solution 

pH=4.

G; NKB16 compound;

Figure 3.52 shows the NKB16 chromatogram in buffer solution pH=4.0 which was used for 

the identification study. The compounds were identified as NKB17 and N K B l. NKB18 was 

not detected in the HPLC chromatography due the low concentration (Scheme 35). The 

succinic acid derivative N K B l8 is very labile in these conditions and hydrolysed rapidly to 

give N K B l.
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Figure 3. 52 HPLC chromatogram for NKB16 in buffer solution pH=4.0 after 48 hours
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3.3.5 Stability study of conjugate compounds in buffer solution pH=7.0:

1. Stability and recovery study in buffer pH=7.0:

A : NKB4 compound:

Phosphate buffer pH=7.0 was shown to be a stable medium for NKB4 up to 12 hours. The 

initial recovery o f 92% was observed (t=0.5 hour) and over the 48-hour period o f time the 

recovery reduced by 42%. For the initial 12-hour period the recovery remained over 80% as 

shown in Figure 3.53 and Table 3.15 below. This result shows the slow degradation or 

conversion o f NKB4 to hydrolysis or degradation compounds, which were identified on further 

investigation. (Refer to section for NKB4 study in buffer solution pH=4). NKB4 compound is 

stable for 12 hours in phosphate buffer solution pH=7.0, but this is not a very suitable medium 

to store this compound for a long period.
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Figure 3. 53 Stability results for NKB4 in buffer solution pH=7.0 over time

Table 3. 15 NKB4 recovery results over time in buffer solution pH=7.0

Time

(Hours)

% recovery 

NKB4-Z isomer

% recovery 

NKB4-E isomer

Total 

% recovery

0 72.92 25.96 98.88

0.5 66.75 24.78 91.53

3 76.24 12.45 88.69

6 79.25 8.12 87.37

9 78.05 5.93 83.98

12 76.65 5.76 82.41

24 56.80 5.02 61.82

48 46.05 3.98 50.03

B : NKB5 compound:

The results o f  the stability study for NKB5 in phosphate buffer pH=7.0 are shown in Table 

3.16. The initial recovery o f NKB5 is 64% and over the 48-hour period o f  time this is reduced 

to 15% which is shown in Figure 3.54 and Table 3.16. This study shows the recovery o f 

NKB5-Z isomer, as NKB 5 (E) isomer has completely disappeared and only a trace was 

detected in the chromatogram. NKB5 compound shows poor stability over 0.5h in phosphate 

buffer solution at pH=7.0.
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Figure 3. 54 Stability results for NKB5 in buffer solution pH=7.0 over time

Table 3. 16 NKB5 recovery results over time in buffer solution pH=7.0.

Time

(hour)

% NKB5-Z isomer 

recovery

%NKB5-E isomer 

recovery

Total 

%recovery

0 38.44 25.87 64.31

0.5 24.56 0 24.56

3 25.15 0 25.15

6 23.48 0 23.48

9 22.91 0 22.91

12 20.01 0 20.01

24 19.81 0 19.81

48 15.39 0 15.39

C : NKB7 compound:

Analysis o f the stability o f NKB7 in phosphate buffer pH=7.0 is presented in Table 3.17 and 

shows the initial recovery o f  NK.B7 is 95% observed. Over the 48-hour period o f  time, 

recovery decreases to 37% as shown in Figure 3.55. For the initial 12-hour period the recovery 

remained over 60% as shown in Figure 3.55 and Table 3.17 below.
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Figure 3. 55 Stability results for NKB7 in buffer solution pH=7.0 over time

Table 3, 17 NKB7 recovery results over time in buffer solution pH=7.0.

Time

(hours)

“/o NKB7-Z isomer 

recovery

% NKB7-E isomer 

recovery

Total

“/orecovery

0 77.44 17.5 94.94

0.5 59.54 12.04 71.58

3 60.43 9.9 70.33

6 61.79 7.23 69.02

9 59.65 4.14 63.79

12 61.77 1.79 63.56

24 55.75 0 55.75

48 36.84 0 36.84

D : NKB8 compound:

The study o f  NKB8 in phosphate buffer pH=7.0 shows it to be a stable medium for NKB8 for 

up to 24 hours only. The initial recovery o f  67% was observed and over the 48-hour period o f 

time this recovery drops to 52%. For the initial 12-hours period, the recovery remained over 

48% as shown in Figure 3.56 and Table 3.18 below. NKB8 compound is stable for 48 hours in 

phosphate buffer solution pH=7.0.
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Figure 3. 56 Stability results for NKB8 in buffer solution pH=7.0 over time 

Table 3. 18 NKB8 recovery results over time in buffer solution pH=7.0.

Time

(hours)

"/o NKB8-Z isomer 

recovery

% NKB8-E isomer 

recovery

Total 

%recovery

0 31.41 35.29 66.7

0.5 20.37 28.32 48.69

3 22.11 31.45 53.56

6 22.9 31.11 54.01

9 22.56 31.29 53.85

12 21.96 31.82 53.78

24 21.45 31.39 52.84

48 20.92 30.85 51.77

E : N K B ll compound;

N K Bl 1 compound was found to be unstable in pliosphate buffer at pH=7.0 in a study carried 

out over 48 hours. The initial recovery o f  69% was observed and over the 48-hour period o f 

time, it drops to 37%. For the initial 12-hour period the recovery remained over 45%  as shown 

in Figure 3.57 and Table 3.19 below. This result shows the slow degradation o f  N K Bl 1 to the 

predicted degradation compounds and/or other unknown compounds. These results indicate 

that NKBl  1 compound is unstable in phosphate buffer solution at pH=7.0, over time.
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Figure 3. 57 Stability results for N K B ll in buffer solution pH=7.0 over time

Table 3. 19 N K B ll recovery results over time in buffer solution pH=7.0.

Time

(Hours)

% N K B ll-Z  isomer 

recovery

% N K B ll-E  isomer 

recovery

Total

recovery

0 44.32 24.85 69.17

0.5 34.18 22.31 56.49

3 31.25 21.58 52.83

6 31.13 21.82 52.95

9 25.32 23.88 49.2

12 18.44 26.59 45.03

24 12.09 28.72 40.81

48 7.18 29.39 36.57

F : NKB15 compound:

The stability o f NKB15 was next studied in phosphate buffer pH=7.0. The initial recovery o f 

98% was observed and over the 48-hour period o f time is drops to 74%. For the initial 12- 

hours period the recovery was 77% as shown in Figure 3.58 and Table 3.20 below.
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Figure 3. 58 Stability results for NKB15 in buffer solution pH=7.0 over time

Table 3. 20 NKB15 recovery results over time in buffer solution pH=7.0.

Time

(hours)

% NKB15-Z isomer 

recovery

% NKB15-E isomer 

recovery

Total 

%recovery

0 89.94 7.60 97.54

0.5 69.54 7.89 77.43

3 66.02 7.85 73.87

6 66.91 7.99 74.9

9 67.40 7.96 75.36

12 68.06 7.90 75.96

24 67.36 8.21 75.57

48 65.90 8.54 74.44

G : NKB16 compound:

From the study o f NKB16 in phosphate buffer pH=7.0 it was shown to be stable in this 

medium for up to 12 hours only. The initial recovery o f  100% was observed and over the 48- 

hour period o f time this drops to 98%. For the initial 12-hour period the recovery remained 

over 95% as shown in Figure 3.58 and Table 3.20 below. NKB16 compound is stable for 48 

hours in phosphate buffer solution pH=7.0.
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Figure 3. 59 Stability results for NKB16 in buffer solution pH=7.0 over time

Table 3. 21 NKB16 recovery results in buffer solution pH=7.0.

Time

(Hours)

% NKB16 

recovery

0 100.00

0.5 95.33

3 95.28

6 95.15

9 94.77

12 94.52

24 94.46

48 97.77

2. Identification of degradation products study for the conjugate compounds in 

pH=7.0:

A : NKB4 compound;

The molecular structure o f the degradation compounds from NKB4 in buffer pH=7.0 eluting at 

various retention times which are shown in HPLC chromatogram (Figure 3.60), were identified 

by LCMS/MS.
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Figure 3. 60 HPLC chromatogram for NKB4 in buffer solution pH=7.0 after 48 hours

The hydrolysis o f  a secondary amide at pH=7 forms a carboxylic acid and primary amine.

RCONHR' + HzO RCOOH + R'NHj

Hydrolysis o f  the amide group in NKB4 was first detected by LCMS, with fragments in the 

mass spectrum o f 373m/z and 360m/z corresponding to N K Bl and NKB3 detected at 10.9 min 

and 6.7min respectively. The mass spectrum of the peak at 5.2min was observed in the NKB4 

chromatogram with a fragment o f 316m/z corresponding to NKB9. Scheme 36 shows 

hydrolysis reaction o f NKB4 in buffer solution pH=7.

OH

NKB4 OH

Buffer solution pH=7

H N ^ ° -
I

NKBl OH

NKB9

Scheme 36 Hydrolysis of NKB4 in buffer solution pH=7
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B : NKB5 compound;

Further investigation o f NKB5 was carried out to identify the molecular structure o f the 

degradation compound peaks eluting at various retention time as shown in HPLC 

chromatogram Figure 3.61. Hydrolysis o f  the amide group in NKB5 was detected by LCM S, 

with ions in the mass spectrum o f 389m/z and 360m/z observed and assigned to NKB2 and 

NKB3 respectively at retention time 11.3 min (NKB2) and 6.7min (NKB3). Furthermore, the 

mass ion o f 332m/z is detected in the mass spectrum ofN K B 5 due the dealkylation o fN K B 2  

compound to produce NKBIO compound with ion mass at 332m/z (Scheme 37).
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Figure 3. 61 HPLC chromatogram for NKB5 in buffer solution pH=7 after 48 hours
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N K B 3N K B 5

HN'

+

HO,

NK.B10

Scheme 37 Proposed hydrolysis of NKB5 in buffer solution pH=7 

C : NKB7 compound:

LCMS/MS analysis results for this study show formation o f  hydrolysis products NKB6, N K Bl 

and NKB9. Figure 3.62 and Scheme 37 for proposed hydrolysis reaction o f NKB7 in buffer 

solution pH=7).
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Figure 3. 62 HPLC chromatogram for NKB7 in buffer solution pH=7.0 after 48 hours
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Scheme 38 Hydrolysis of NKB7 in buffer solution pH=7 

D : NKB8 compound:

The molecular structure o f the degradation compound peai<s eluting at various retention times 

shown in HPLC chromatogram (Figure 3.63), were identified as NKB6, NKB2, NKBIO and 

NKB25 by comparing the mass spectrum o f  each compound obtained with the mass spectrum 

for the reference standard materials (Scheme 39).
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Figure 3. 63 HPLC chromatogram for NKB8 in buffer solution pH=7.0 after 48 hours
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OH

OH

NKB6

NKB25

.0

OH
NKB2

OH

HO.
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A cetic Acid

OH

NKBIO

Scheme 39 Hydrolysis of NKB8 in buffer solution pH=7 

E : N K B ll compound:

Hydrolysis o f  the ester and amide group in NKBl 1 was detected by LCMS , with fragments in 

the mass spectrum o f 316m/z, 457m/z and 357m/z for the peatcs observed at retention times of 

4.6, 13.1 min and 11.1 min in the HPLC chromatogram (Figure 3.64) for compounds identified 

as N K B l7, N K B l2 and NKB14 respectively (Scheme 40).
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Figure 3. 64 HPLC chromatogram for N K B ll in buffer solution pH=7 after 48 hours
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NKB12

NKB14

Scheme 40 Hydrolysis of N K B ll in buffer solution pH=7 

F : NKB15 compound;

LCMS/MS analysis o f  NKB15 identified the molecular structure o f  the degradation compound 

peaks eluting at various retention time which are shown in HPLC chromatogram (Figure 3.65). 

The following compounds NKB13, NKB14 and NKB22 are identified by comparing the mass 

spectra o f the compounds with the mass spectra o f reference standard materials, (Scheme 41).
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Figure 3. 65 HPLC chromatogram for NKB15 in buffer solution pH=7.0 after 48 hours
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Scheme 41 Proposed hydrolysis of NKB15 in buffer solution pH=7 

G : NKB16 compound:

The HPLC chromatogram for NKB 16 in buffer solution pH=7 is shown in Figure 3.66. The 

products were identified as NKB 17 and NK Bl as before (Scheme 42).
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Figure 3. 66 HPLC chromatogram for NKB16 in buffer solution pH=7.0 after 48 hours
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Scheme 42 Hydrolysis of NKB16 in buffer solution pH=7

3.3.6 Stability study of conjugate compounds in buffer solution pH=9.0:

1. Stability and recovery study in buffer pH=9.0:

A : NKB4 compound:

From Table 3.22 and Figure 3.67, the recovery o f  the NKB4 isomer (E) reduces rapidly to 

88% at t=0.5hours as it may be converted to N KB4-Z isomer and/or degraded to other

compounds.

pH=9.0
100.00

£■ 90.00

70.00

60
Hours

Figure 3. 67 Stability results for NKB4 in buffer solution pH=9.0 over time
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Table 3. 22 NKB4 recovery results over time in buffer solution pH=9.0

Time

(Hours)

% Recovery 

NKB4-Z isomer

% Recovery 

NKB4-E isomer

Total 

% recovery

0 72.92 25.96 98.88

0.5 83.83 4.50 88.33

3 74.29 15.87 90.16

6 77.15 12.82 89.97

9 77.89 11.00 88.89

12 80.23 10.69 90.92

24 81.74 4.09 85.83

48 77.28 3.50 80.78

B : NKB5 compound:

Table 3.22 shows the behaviour o f  NKB5 compound in phosphate buffer pH=9. The recovery 

o f  NKB5 at initial time (t=0) in phosphate buffer solution pH=9.0 was 64% and decreased 

sharply to 25% over 30 min. The buffer solution pH=9 is not a suitable medium for NKB5 

compound as shown in Figure 3.36 and Table 3.23.

pH=9.0
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8 40 
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Figure 3. 68 Stability results for NKB5 in buffer solution pH=9.0 over time
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Table 3. 23 NKB5 recovery results over time in buffer solution pH=9.0.

Time (hours) % NKB5-Z isomer recovery % NKB5-E isomer recovery

Total 

%recovery

0 38.44 25.87 64.31

0.5 25.38 0 25.38

3 24.02 0 24.02

6 23.35 0 23.35

9 22.17 0 22.17

12 20.07 0 20.07

24 15.29 0 15.29

48 6.69 0 6.69

From Table 3.23 the recovery o f  the NKB5 isomer (E) drops rapidly as it may be converted to 

NKB5-Z isomer and/or degraded to other compounds. The recovery o f this NKB5 started at 

O.Shour time point in phosphate buffer solution pH=9.0 at 25%  and decreased slowly to 6% 

over 48 hour period o f time, indicating the stability o f  NKB5 compound in phosphate buffer 

pH=9 (Table 3.23).

C : NKB7 compound:

The recovery o f  NKB7 in phosphate buffer pH=9 at initial time (0 hour) in phosphate buffer 

solution pFI=9.0 was determined to be 95% and decrease to 20% over 48 hour period o f  time. 

The stability o f  NKB7 compound in phosphate buffer pH=9 is shown in Figure 3.69 and Table 

3.24. From Table 3.24 the recovery o f  the NKB7 isomer (E) drops rapidly from 18% to 0% 

over 48 hours time period. It may be converted to NKB7-Z isomer and/or degraded to other 

compounds and this will be studied in the subsequent investigation.
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Figure 3. 69 Stability results for NKB7 in buffer solution pH=9.0 over time

Table 3. 24 NKB7 recovery results over time in buffer solution pH=9.0.

Time

(hours)

%NKB7-Z isomer 

recovery

% NKB7-E Isomer 

recovery

Total 

%recovery

0 77.44 17.5 94.94

0.5 60.29 12.43 72.72

3 61.24 9.81 71.05

6 64.84 6.72 71.56

9 65.11 2.95 68.06

12 68.11 0 68.11

24 57.58 0 57.58

48 19.47 0 19.47

D : NKB8 compound;

Phosphate buffer pH=9 was also found to be a stable medium for NKB8. The recovery o f 

NKB8 was observed at initial time (0 hour) in phosphate buffer solution pH=9.0 at 67% and 

decreased slowly to 55% over 48 hour period o f time. The stability o f  NKB8 compound in 

phosphate buffer pH=9 is shown in Figure 3.70 and Table 3.25. Since the initial value o f 67% 

recovery would represent total recovery in this sample, degradation over 48 hours to 55% 

would indicate 18% degradation. From Table 3.25, the total recovery o f  the NKB8 drops over 

the first 0.5 hour from 67% to 48 % recovery, then the recovery increased to 73% after 12 

hours period o f time. This fluctuation possibly happens due the presence o f  a trace o f NKB6

20 40

•pH=9.0

60
Hours

-  1 7 4 -



and NKB2 compounds in the original solution, then NKB6 and NKB2 react in the presence o f 

basic medium to produce a trace amount o f  NKB8.

pH=9.0

40

Hours

Figure 3. 70 Stability results for NKB8 in buffer solution pH=9.0 over time

Table 3. 25 NKB8 recovery results over time in buffer solution pH=9.0.

Time

(hours) % NKB8-Z isomer recovery % NKB8-E isomer recovery Total recovery

0 31.41 35.29 66.70

0.5 20.92 27.16 48.08

3 23.59 30.85 54.44

6 25.89 35.25 61.14

9 26.12 37.67 63.79

12 30.73 42.41 73.14

24 25.58 40.82 66.40

48 22.66 32.52 55.18

E : N K B ll compound;

Phosphate buffer pH=9 is also an unstable medium for NKBl 1. The total peak area drops by 

approximately 40% over the 48 hours time period as shown in Table 3.26. The recovery of 

N K B l l  was determined at initial time (0 hour) in phosphate buffer solution pH=9.0 at 69% 

and decreased slowly to 35% over the 48 hour period o f time. The stability results for NKBl  1 

compound in phosphate buffer pH=9 are shown in Figure 3.71 and Table 3.26.
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Figure 3. 71 Stability results for N K B ll in buffer solution pH=9.0 over time

Table 3. 26 N K B ll recovery results over time in buffer solution pH=9.0.

Time (Hours)

% N K B ll-Z  isomer 

recovery

% N K B ll-E  isomer 

recovery

Total 

%recovery

0 44.32 24.85 69.17

0.5 34.64 21.08 55.72

3 32.15 23.07 55.22

6 26.61 24.1 50.71

9 19.74 25.43 45.17

12 13.66 27.58 41.24

24 8.28 28.02 36.3

48 5.3 29.31 34.61

F : NKB15 compound:

The stability profile o f NKB15 in phosphate buffer at pH=9 indicates that this is a stable 

medium for NKB15 over the 12 hours time period. The recovery o f NKB15 is observed at 

initial time period (0 hour) in phosphate buffer solution pH=9.0 to be 98% and decreases 

slowly to 71%  over 48 hour period o f time. The stability profile o f  NKB15 compound in 

phosphate buffer pH=9 is illustrated in Figure 3.72 and Table 3.27. From Table 3.27 the 

recovery o f  the NKBI5 isomer (E) increased up from 7.6% to 9% due the conversion o f  

N K B 15-Z isomer to N K B 15-E isomer in these conditions.
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Figure 3, 72 Stability results for NKB15 in buffer solution pH=9,0 over time

Table 3. 27 NKB15 recovery results over time in buffer solution pH=9.0.

Time

(hours)

Vo NKB15-Z isomer 

recovery

% NKB15-E isomer 

recovery

Total 

%recovery

0 89.94 7.60 97.54

0.5 74.54 7.53 82.07

3 73.92 7.72 81.64

6 70.48 7.54 78.02

9 74.08 7.96 82.04

12 72.16 8.03 80.19

24 68.93 8.66 77.59

48 62.35 8.99 71.34

G : NKB16 compound;

The study o f  N K B 16 compound in phosphate buffer pH=9 demonstrates it to be a stable 

medium for the compound. The recovery o f NKB 16 at the initial time point (0 hour) in 

phosphate buffer solution pH=9.0 was recorded at 100% and decrease slowly to 89% over a 48 

hours period o f time. The stability o f  NKB 16 compound in phosphate buffer pH=9 is 

illustrated in Figure 3.73 and Table 3.28.
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Figure 3. 73 Stability results for NKB16 in buffer solution pH=9.0 over time 

Table 3. 28 NKB16 recovery results over time in buffer solution pH=9.0.

Time

(Hours)

% NKB16 

recovery

0 100.00

0.5 96.50

3 96.18

6 94.76

9 94.74

12 92.81

24 90.23

48 88.81

2. Identification of degradation products study for conjugate compounds in 

buffer pH=9.0:

In this section the results o f the various studies carried out to identify the degradation products 

formed by the conjugate compounds at pH=9 are presented.

A : NKB4 compound:

The molecular structure o f the degradation compounds for NKB4 in buffer pH=9 eluting at 

various retention times in the HPLC chromatogram shown in Figure 3.74 was investigated.
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Figure 3. 74 HPLC chromatogram for NKB4 buffer solution pH=9 after 48 hours

Hydrolysis o f the amide functional group in NKB4 resulted in detection o f  ions 373 m/z and 

360 m/z in the LCMS, which were assigned to the products NKB3 and N K Bl observed at 

6.7min and 10.9min respectively. A fragment o f 316m/z was also detected for the peak at 4.9 

min for NKB9 (Scheme 43).

Buffer solution pH=9

0

N ^ °
I( E )

OH

NKB4 OH

OH-

NKB3

HN

+

NKBl O H

HO,

OH

NKB9

Scheme 43 Hydrolysis of NKB4 in buffer solution pH=9

B : NKB5 comoound;

The molecular structure o f the degradation compounds in buffer solution pH=9 eluting at 

various retention times in the HPLC chromatogram in Figure 3.75 for NKB5 compound was 

determined by LCMS.
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Figure 3. 75 HPLC chromatogram for NKB5 in buffer solution pH=9 after 48 hours

Hydrolysis o f  the amide group in NKB5 was first detected by LCMS as fragments in the mass 

spectrum o f 389m/z and 360m/z are observed, corresponding to compounds NKB2 and NKB3 

with retention times o f 11.0 and 6.7min respectively. Fragment at 332m/z is detected in the 

mass spectrum o f NKB5 due the possible degradation o f NKB2 compound to produce a 

fragment at 332m/z assigned to NKBIO (Scheme 44).

HN'

Buffer solution pH=9

NKB2NKB3NKB5

HO.

NK.B10

Scheme 44 Hydrolysis of NKB5 in buffer solution pH=9
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C : NKB7 compound:

Products N K B l, NKB9 and NKB6 were identified as the major degradation products for 

NKB7 in buffer solution pH=9.0, as shown in Scheme 45. These are the expected products o f 

basic degradation o f  the NKB7 compound (Figure 3.76).
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Figure 3. 76 HPLC chromatogram for NKB7 in buffer solution pH=9.0 after 48 hours

.0

o.
NKB7

OH

Buffer
solution pH=6 OHOH +

NKB6

HN

OHNKB1

HO.

OH

NKB9

Scheme 45 Hydrolysis of NKB7 in buffer solution pH=9

D : NKB8 compound:

A similar investigation shows the expected degradation products NKB6 and NKB2 indentified 

for NKB8 in buffer solution pH=9.0 in the chromatogram (Figure 3.77) and in Scheme 46.
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Figure 3. 77 HPLC chromatogram for NKB8 in buffer solution pH=9.0 after 48 hours
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Scheme 46 Hydrolysis of NKB8 in buffer solution pH=9

E : N K B ll compound:

Tiie degradation compound peaks eluting at various retention times in the HPLC 

chromatogram o f N K B l l  in buffer solution pH=9 after 48 hours are shown in Figure 3.78. 

Hydrolysis o f the ester group was detected for the peak at retention time o f 4.1 and 11.3 min in 

the HPLC chromatogram, and fragment ions o f  316m/z and 457m/z were identified as NKB17 

and NKB12 as expected (Scheme 47).
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Figure 3. 78 HPLC chromatogram for N K B ll in buffer solution pH=9 after 48 hours

.OH
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pH=9

NKB11 NKB17

Scheme 47 Hydrolysis of N K B ll in buffer solution pH=9

0
HO.

N ^ ° -

NKB12

F : NKB15 compound;

Identification o f  the molecular structure o f  the degradation compound peaks eluting at various 

retention time in the HPLC chromatogram o f NKB 15 in buffer solution pH=9 after 48 hours is 

illustrated in Figure 3.79.
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Figure 3. 79 HPLC chromatogram for NKB15 in buffer solution pH=9.0 after 48 hours

Hydrolysis o f the ester group in NKB15 was detected by LCMS with the appearance o f pealc at 

5.2 min in the HPLC chromatogram, with mass spectrum o f 374m/z identified as NKB13. A 

fragment ion o f 357m/z was detected in the HPLC chromatogram at 10.9min for NKB14 

produced by hydrolysis o f NKB12 (Scheme 48).

OH HO

Buffer solution 
pH=9

NKB12NKB13NKB15

NKB14

Scheme 48 Hydrolysis of NKB15 in buffer solution pH=9 

G : NKB16 compound:

The degradation compounds observed for NKB16 in buffer solution pH=9 after 48 hours 

(Figure 3.80) were identified by LCMS as the following; NKBl ,  NKB17 and NKB9, by 

comparison o f the compounds mass spectra o f the compounds with the mass spectra o f  the 

reference standard materials (Scheme 49).
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Figure 3. 80 HPLC chromatogram for NKB16 in buffer solution pH=9.0 after 48 hours
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Scheme 49 Hydrolysis of NKB16 in buffer solution pH=9
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3.3.7 Stability study of conjugate compounds in IN methanolic sodium

hydroxide;

1. Stability and recovery study for conjugate compounds in IN methanolic 

sodium hydroxide:

A : NKB4 compound:

Analysis o f NKB4 in strong basic conditions (1 N methanolic sodium hydroxide solution is 

used for forced degradation to test the stability)'''^, demonstrated that NKB4 is quickly 

degraded. From Table 3.29 and Figure 3.81, the recovery o f  NKB4 is shown at initial time 

(0.5 hour) with 21% for the stability study in IN methanolic sodium hydroxide. This result 

implies that a rapid degradation reaction is occurring for NKB4 compound; the degradation 

products are identified in further investigations. Over a 48 hour period o f  time, the recovery 

o f NKB4 drops to 13%. Can be concluded that this strong basic solvent is not a suitable 

medium for NKB4.

IN NaOH/MeOH
100.00 ♦

90.00

—♦ — I N  N a O H / M e O H

60

Figure 3. 81 Stability results for NKB4 in NaOH/MeOH solution over time

Table 3. 29 NKB4 recovery results over time in IN methanolic sodium hydroxide

Time

(Hours)

% recovery 

NKB4-Z isomer

% recovery 

NKB4-E isomer

Total 

% recovery

0 72.92 25.96 98.88
0.5 15.30 5.59 20.89
3 11.20 4.65 15.85
6 9.92 4.37 14.29
9 9.14 4.36 13.50
12 8.80 4.33 13.13
24 8.62 4.29 12.91
48 8.43 4.34 12.77
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01 oc

80.00
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B : NKB5 compound:

In a similar study, 1 N methanoiic sodium hydroxide is not a suitable medium for NKB5, as it 

is quickly degraded to other compounds which are identified on further investigation. From 

Table 3.30 and Figure 3.82, the recovery o f NKB5 is shown at initial time (0.5 hour) at 21% in 

IN methanoiic sodium hydroxide. This results means that a rapid degradation reaction is 

occurring to NKB5 compound. Over a 48 hour period o f  time the recovery o f  NKB4 drops to 

36%.The fluctuation o f the recovery which is shown in Figure 3.82 may be due to the 

conversion o f NKB5-E isomer to NKB5-Z isomer in strong base conditions and possibly to the 

sensitivity o f detection method for E isomer.

IN NaOH/MeOH

40

IM  NaOH/MoOH

40 60
Hours

Figure 3. 82 Stability results for NKB5 in NaOH/MeOH solution over time 

Table 3. 30 NKB5 recovery results over time in IN methanoiic sodium hydroxide.

Time (hours)

% NKB5-Z isomer 

recovery

% NKB5-E 

isomer recovery

Total 

%recovery

0 38.44 25.87 64.31

0.5 17.48 3.99 21.47

3 19.77 3.65 23.42

6 16.34 5.55 21.89

9 17.92 10.66 28.58

12 14.03 13.87 27.90

24 17.05 21.58 38.63

48 14.53 22.08 36.61
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C : NKB7 compound:

NKB7 is quickly degraded to other compounds in IN methanolic sodium hydroxide. From 

Table 3.31 and Figure 3.83, the recovery o f  NKB7 at initial time (0.5 hour) for this stability 

study is shown to be 5%. This result shows a quick decomposition, (degradation or conversion 

to other products) is occurring for the NKB7 compound. Over a 48 hour period o f  time the 

recovery o f NKB7 drops to 12%. Table 3.31 shows the recovery o f  NKB7 at 0.5 hour time 

period for the stability study in IN methanolic sodium hydroxide with 5% recovery, indicating 

that rapid degradation reaction was occurring for NKB7 compound.

IN NaOH/MeOH

>o
a;ae

100
90
80
70
60
50
40
30
20
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0 20 40

■IN NaOH/MeOH

60

Hours

Figure 3. 83 Stability results for NKB7 in NaOH/MeOH solution over time

Table 3. 31 NKB7 recovery results over time in IN methanolic sodium hydroxide 

solution.

Time

(hours)

%NKB7-Z isomer 

recovery

% NKB7-E isomer 

recovery

Total

%recovery

0 77.44 17.50 94.94

0.5 5.49 0 5.49

3 4.20 4,33 8.53

6 6.60 5.20 11.80

9 19.03 0 19.03

12 4.17 0 4.17

24 10.10 0 10.10

48 11.95 0 11.95
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D : NKB8 compound;

From Table 3.32 and Figure 3.84, the recovery o f NKB8 is observed at initial time (0.5 houx) 

for the stability study in IN methanolic sodium hydroxide to be 7%. Over a 48 hour period lof 

time the recovery o f NKB8 drops to 3%.

80

IN NaOH/MeOH

70
60

S 50 
8 40

0 20 40

• IM NaOH/McOH

60
Hours

Figure 3. 84 Stability results for NKB8 in NaOH/MeOH solution over time

Table 3. 32 NKB8 recovery results over time in IN methanolic sodium hydroxide 

solution.

Time

(hours)

% NKB8-Z isomer 

recovery

% NKB8-E isomer 

recovery

Total 

% recovery

0 31.41 35.29 66.7

0.5 7.41 0 7.41

3 6.01 0 6.01

6 5.63 0 5.63

9 5.03 0 5.03

12 4.86 0 4.86

24 4.36 0 4.36

48 3.2 0 3.2

E : N K B ll compound;

N K B l l  is quickly degraded in strong basic conditions (IN  methanolic sodium 

hydroxide) as expected. From Table 3.33 and Figure 3.85, the recovery o f  N K B l l  is 

determined at initial time (0.5 hour) for the stability study to be 0% at 0.5hours. These 

results indicate that a quick reaction, with total degradation occurring to NK B l l
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compound in strongly basic conditions. It can be concluded that this strong basic solvent 

is not suitable medium for NKBl 1 as substantial degradation is observed.

0 )
>ou
V
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80
70
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• I M  N a O H / M o O H

♦ ♦
20 40 60

H o u rs

Figure 3. 85 Stability results for N K B ll in NaOH/MeOH solution over time

Table 3. 33 N K B ll recovery results over time in IN methanolic Sodium, 

Hydroxide solution.

Time

(Hours)

% N K B ll-Z  isomer 

recovery

% N K B ll-E  isomer 

recovery

Total 

%recovery

0 44.32 24.85 69,17

0.5 0 0 0

3 0 0 0

6 0 0 0

9 0 0 0

12 0 0 0

24 0 0 0

48 0 0 0

F : NKB15 compound;

N K B l5 is quickly degraded in IN methanolic sodium hydroxide. From Table 3.34 and 

Figure 3.86, it is observed that none o f the N K B l5 compound remains after 30min. This 

results means that a rapid degradation reaction is occurring for N K B l5 compound under 

these conditions.
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Figure 3. 86 Stability results for NKB15 in NaOH/MeOH solution over time

Table 3. 34 NKB15 recovery results over time in IN methanolic sodium hydroxide 

solution

Time

(Hours) % NKB15-Z isomer recovery
% NKB15-Z isomer recovery

Total

%recovery

0 89.94 7.60 97.54

0.5 0 0 0

3 0 0 0

6 0 0 0

9 0 0 0

12 0 0 0

24 0 0 0

48 0 0 0

G : NKB16 compound;

From the study o f  NKB16 in strong basic solvent (IN  methanolic sodium hydroxide), it was 

shown to be a most unsuitable solvent for this product. From Table 3.35 and Figure 3.87, the 

recovery o f  NKB16 is observed at initial time (0.5 hour) to be 13%. Over a 48 hour period o f 

time the recovery o f NKB16 drops to 5% as expected in this very basic solution.
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Figure 3. 87 Stability results for NKB16 in NaOH/MeOH solution over time

Table 3. 35 NKB16 recovery results over time in IN methanolic sodium hydroxide solution.

Time

(Hours)

% N K Bl6 

recovery

0 100.00

0.5 13.00

3 6.92

6 6.49

9 5.43

12 6.84

24 5.56

48 5.23

2. Identification of degradation products study for conjugate compounds in IN 

methanolic sodium hydroxide:

A : NKB4 compound:

An investigation was carried out to identify the m olecular structure o f the degradation 

compound peaks from NKB4 in IN methanolic sodium hydroxide eluting at various retention 

times in the HPLC chromatogram shown in Figure 3.88 for NKB4 compound in IN 

methanolic sodium hydroxide. Compounds NKB9, NKB3, NKB19, N K B l and NKB20 were 

identified in the LCMS study. Hydrolysis o f  the amide group in NKB4 was first detected by 

LCMS, with identification o f mass spectrum fragment at 373m/z and 360m/z at retention time
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of 6.7 and 10.1 min for compounds NKB3 and N K Bl respectively. Also, the LCMS analysis 

o f NKB4 showed an ion at 316m/z forN K B 9 with retention time o f 5.1 min (Scheme 50).

0 .08-

0 .06-

3  0.04 <

0.02

0 .00-

NKB19

T

Retention 
time (min)

Degradation
Com pounds

%
recovery

5.1 NKB9 10.4
6.7 NKB3 6.2
10.1 NKBl 6.5
9.2 NKB19 9.3
12.1 NKB20 6.6

0.00
I  I I I I  I  I  I  I I I I I  I 1 I  I  I I I  I I  I I I I I I  (  1 I  I  I I  I I I

5,00 10.00 15.00 20.00 25.00 30.00 35.00 40,00

Minutes

Figure 3. 88 HPLC chromatogram for NKB4 in NaOH/MeOH solution after 48 hours

OH

NKB4 OH

1M NaOH/MeOH

NKB3 NKB1 OH

NKB9

Scheme 50 Hydrolysis of NKB4 in NaOH/MeOH solution

Further degradation products were identified in the LCMS for NKB4 analysis in NaOH/MeOH 

medium. Esterification o f the phenolic hydrogen is possible by reaction with acetic acid. The 

phenol reacts easily with acetic acid (from the mobile phase o f the chromatography in LCMS) 

to give the phenyl acetate products N K B l9 and NKB20. The phenolate anion is an effective 

nucleophile in the Sn2 reactions. It is possible to produce ester compounds N K B l9 and 

NKB20 at 358m/z and 400m/z which are identified at retention time o f  9.2 and 12.1 min 

respectively in the HPLC chromatogram. The mass spectra o f  reference standard samples of 

NKBl 9 and NKB20 were compared with the mass spectra o f these two peaks at retention time 

o f 9.2 and 12.1 min respectively and were found to be identical. The standard reference

-  193  -



samples NKB19 and NKB20 were synthesized and characterised in our research laboratory 

(Figure 3.89, Figure 3.90 and Scheme 51).

NKB9

1N NaOH/MeOH

NKB19 OH

+

.0

NKB20

Scheme 51 Reaction of NKB9 in NaOH/MeOH/acetic acid solution
NKB4_NAOH_090604171034^1188  RT 9 22 AV: 1 NL 7.66E5  
T IT M S ^C  ESI Ful ms 1100.00-2000 00)

100—1 358.35

NKB19

2000

Figure 3. 89 Mass spectrum for the peak at 9.2min NKB4 in N aO H /M eO H  solution

NKB4_NAOH_090604171034#1693 RT 12 41 AV 1 NL: 2 97E6 
T: FTMS + p ESI Fufl ms [100 00-2000 00]
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Figure 3. 90 Mass spectrum for the peak at 12.1 min NKB4 in N aO H /M eO H  solution
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B : NKB5 compound;

The identity o f  the degradation compounds observed in IN methanoiic sodium hydroxide for 

NKB5 in the HPLC chromatogram (Figure 3.91) was verified by comparison with reference 

standard samples synthesized in our laboratory. Hydrolysis o f the amide group in compound 

NKB5 was first detected by LCMS mass spectrum, where ions at 389m/z and 360m/z 

corresponding to the retention time o f 11.2 and 6.7 min were identified and assigned as NKB2 

and NKB3 respectively. Degradation o f NKB2 compound is possible and results in the 

formation o f  a compound o f mass fragment o f 332m/z, which is identical to the mass spectrum 

o f NKBIO reference standard (Scheme 52).

3
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NKB25
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%
recovery

4.7 NKBIO 8.2
6.7 NKB3 7.9
11.2 NKB2 16.4
8.7 NKB25 4.9
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Figure 3. 91 HPLC chromatogram for NKB5 in NaOH/MeOH solution after 48 hours
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1N NaOH/MeOH

N K B 2NK.B3

HO.

N K B IO

Scheme 52 Hydrolysis of NKB5 in NaOH/MeOH solution

Tw o fu rther degradation products w ere also identified in LCM S analysis o f  N K B 5. 

Esterification o f  the phenol hydroxyl hydrogen is possible as it reacts w ith acids such as acetic 

acid present in the m obile phase used in the chrom atographic conditions. For exam ple, phenol 

reacts easily  w ith acetic acid (from  the m obile phase) and a trace o f  strong base N aO H  to give 

phenyl acetate. Reaction o f  NKBI O w ith acetic acid under these conditions produces ester 

com pound o f  374m /z w hich is identified at retention tim e o f  8.7m in in the HPLC 

chrom atogram  as N KB25. The m ass spectrum  o f  a reference standard o f  N K B 25 m atches the 

m ass spectrum  o f  this peak at retention tim e o f  8.7m in (Figure 3.92 and Schem e 53). From  the 

investigation conducted as part o f  this stability  study, LCMS software matches the MS/MS 

spectrum for the peak mass spectrum 374m/z with the MS/MS spectrum for a compound with an 

empirical chemical formula C24H2 2O4 . By comparing the mass spectrum o f  reference standard for 

NKB25, it is a match for the mass spectrum o f  the degradation peak for NKB5 in the chromatogram o f  

the unknown peak at retention time 8.7 min. Figure 3.92 shows the N/T peak obtained for the ester 

NKB25.

OH OH

HO

OH

O 1N NaOH/MeOH
OH

V
0

OH

NKB10

Scheme 53 Reaction of NKBIO in IN NaOH/MeOH solution

NKB25
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Figure 3. 92 Mass spectrum for the peak at 8.7min NKB5 in NaOH/MeOH solution 

C : NKB7 compound:

Identification for tiie molecular structure o f  the degradation compound peaks eluting at vanious 

retention time in the HPLC chromatogram (Figure 3.93) for NK B 7 in IN methanoiic sod'ium 

hydroxide. Products identified by LCM S analysis are N KB6, NKB9, N K B l ,  N K B l 9 and 

NKB20.

NKB7 NKB9
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Figure 3. 93 HPLC chromatogram for NKB7 in NaOH/MeOH solution after 48 hours>
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Mass spectrum fragment ions o f 344m/z and 373m/z at retention time o f 4.1 and 11 min were 

observed for NKB6 and N K B l respectively. A  fragment o f 316m/z is detected in NKB7 

chromatography at retention time o f 6.3min is identified for NKB9. It is possible for NKB9 to 

react with acetic acid to produce ester fragments o f 358m/z &  400m/z which are identified at 

retention time o f 8.6 and 12.2min in the HPLC chromatogram for N K B l9 and NKB20 

respectively (Scheme 54). Formation o f acetate esters has been discussed previously.

NKB7

OH

1M NaOH/MeOH
OH

NKB6

OH +
HN

OHNKB1

O .

O
NKB20 NKB19

HO.

1M NaOH/MeOH 
* Acetic Acid

OH OH

NKB9

Scheme 54 Hydrolysis of NKB7 in NaOH/MeOH solution

D : NKB8 compound;

The HPLC chromatogram for NKB8 in NaOH/MeOH (Figure 3.94) shows the following 

degradation compounds product NKB6, NKB2, NKBIO and NKB25 (Scheme 55).
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Figure 3. 94 HPLC chromatogram for NKB8 in NaOH/MeOH solution after 48 hours
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Scheme 55 Hydrolysis of NKB8 in NaOH/MeOH solution 

E : N K B ll compound;

The conjugate compound N K B ll degrades to NKB12, NKB14, NKB17 and NKB22 in IN 

NaOH/MeOH solution as shown in the HPLC chromatogram in Figure 3.95.
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Figure 3. 95 HPLC chromatogram for N K B ll in NaOH/MeOH solution after 48 hours

Hydrolysis o f  the ester and amide groups in compound N K Bl 1 was detected by LCMS with a 

mass fragment o f 360m/z, 457m/z and 357m/z at retention times o f 4.1, 13.0 and lO.Smin for 

NKB 17, NKB 12 and NKB 14 respectively (Scheme 56).
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1NNaO H/M§OH

NKB11 NKB17 NKB12

NKB14

Scheme 56 Hydrolysis of N K B ll in NaOH/MeOH solution

Furthermore, the mass spectrum detected for the fraction isolated o f  300m/z for the peak at 

6.7min in HPLC chromatogram is detected in N K Bl 1 chromatography. Hydrolysis o f  NKB14 

compound can be predicted to produce a compound with fragment o f  300m/z. On comparing 

this mass spectrum with the mass spectrum o f NKB22 reference standard material, it was 

found to be identical (Figure 3.96 and Scheme 57).

1N NaOH/MeOH

HO

NKB14 NKB22

Scheme 57 Hydrolysis of NKB14 in NaOH/MeOH solution
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Figure 3. 96 Mass spectrum for the peak at 6.7min N K B ll in NaOH/MeOH solution 

F : NKB15 compound;

The LCMS/MS study o f  NKB15 identified the molecular structure o f  the degradation 

compound peaks eluting at various retention times in the HPLC chromatogram (Figure 3.97). 

The degradation compounds were identified as NKB14, NKB13 and NKB22 by comparing the 

mass spectra o f  these compounds to the mass spectrum o f  the each o f  the reference standard 

materials (Scheme 58).
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Figure 3. 97 HPLC chromatogram for NKB15 in IN NaOH/MeOH solution after 48 

hours
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The mass spectrum o f the peak at retention time 6.7min showing a fragment ion o f 300m/z is 

detected in NKB15 chromatography. Hydrolysis o fN K B M  compound results in formation o f a 

compound o f 300m/z which was found to be identical to the mass spectrum o f the NKB22 

reference standard (Figure 3.98). The molecular ion forN KB22 is clearly illustrated in Figure 

3.98.

NKB12NKB13NKB15

HO,

NKB22 NKB14

Scheme 58 Hydrolysis of NKB15 in IN NaOH/MeOH solution
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Figure 3. 98 Mass spectrum for the peak at 6.7min NKB15 in NaOH/MeOH solution 

G : NKB16 compound:

The degradation compounds formed from NKB16 in NaOH/MeOH solution are displayed in 

the HPLC chromatogram (Figure 3.99). These compounds were identified as NKB17, NKB9, 

NKB19, NKB24 and NKB18 by comparing the mass spectra o f these compounds to the mass 

spectra o f reference standards materials.
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Figure 3. 99 HPLC chromatogram for NKB16 in NaOH/MeOH solution after 48 hours

Hydrolysis o f the ester group in compound NKBl 6 was first detected by LCMS technique and 

produced products with mass spectrum o f  316m/z and 473m/z at retention times o f  5.0 and 

24.8 min for compounds NKBl 7 and NKBl 8 respectively. Hydrolysis o f  the amide group in 

N K B l 6 can produce a compound with mass spectrum o f 416m /z which can be related to 

NKB24, observed at 20.1 min in the HPLC chromatogram (Figure 3.100 , Figure 3.101 and 

Scheme 59).
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Scheme 59 Hydrolysis of NKB16 in NaOH/MeOH solution
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Figure 3. 100 Mass spectrum for the peak at 24.8min in NKB16 in NaOH/MeOH solution
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Figure 3. 101 Mass spectrum for the peak at 20.1min in NKB16 in NaOH/MeOH solution
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3.3.8 Stability study of conjugate compounds in IN  hydrochloric acid solution;

1. Stability and recovery study for conjugate compounds in IN  

methanolic hydrochloric acid:

A : NKB4 compound:

In the ICH guidelines IN  methanolic hydrochloric acid was described as one of 

the solutions which are used for stress conditions (forced degradation) to test the 

stability and the degradation products for an active pharmaceutical compound. NKB4 

is moderately stable in IN  methanolic hydrochloric acid over a period o f 9 hours. 

Table 3.36 and Figure 3.102 show the recovery o f NKB4 dropping from the first time 

point (0 hour) to the last time point (48 hour) by 44% and that NKB4 is reasonable 

stable in this solution for 12 hours giving recovery over 80%. This result 

demonstrates that a strong acid solvent w ill slowly affect NKB4 compound by 

degradation, or hydrolysis to further products. Those compounds w ill be identified on 

further investigation. Table 3.36 showing the a strong acid solution w ill affect NKB4- 

E isomer to a much greater degree than the NKB4-Z isomer, as all NKB4-E isomer 

has disappeared after 6 hours by degradation or conversion to a subsequent product

possibly the Z isomer.
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Figure 3. 102 Stability results for NKB4 in HCI/M eOH solution over time
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Table 3. 36 NKB4 recovery results over time in IN methanolic hydrochloric acid

Time % Recovery % Recovery Total

(Hours) NKB4-Z isomer NKB4-E isomer % recovery

0 72.92 25.96 98.88
0.5 65.89 23.53 89.42
3 78.15 10.51 88.66
6 81.01 7.43 88.44
9 84.62 0.00 84.62
12 81.51 0.00 81.51
24 67.36 0.00 67.36
48 45.02 0.00 45.02

B : NKB5 compound:

IN methanolic hydrochloric acid is found to be a stable solution for NKB5-Z isomer 

compound over a period o f 48 hour, as shown in Table 3.37. This result is in contrast to the IN 

m ethanolic NaOH used for stress condition in the previous section. Table 3.37 and Figure 

3.103 show the recovery o f NKB5 dropping from the first time point (0 hour) to the last point 

(48 hour) by 49%. This result demonstrates that a strong acid solvent will quickly affect NKB5 

compound by degradation, or conversion to other compounds. Those compounds are identified 

in subsequent investigation. Table 3.37 and Figure 3.103 shows that the strong acid solution 

will affect NKB5 (E) isomer more than the NKB5(Z) isomer, as all NKB5 (E) isomer has 

disappeared after 30min by degradation to a subsequent product or possibly by conversion o f 

NKB5 (E) isomer to NKB5 (Z) isomer in these acidic conditions.
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Figure 3. 103 Stability results for NKB5 in HCl/MeOH solution over time
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Table 3. 37 NKB5 recovery results over time in IN methanolie Hydrochloric 

acid.

Time (Hours)

% NKB5-Z isomer 

recovery

"/o NKB5-E isomer 

recovery

Total

%recovery

0 38.44 25.87 64.31

0.5 16.07 0 16.07

3 17.12 0 17.12

6 16.58 0 16.58

9 16.69 0 16.69

12 17.31 0 17.31

24 18.82 0 18.82

48 15.55 0 15.55

Table 3.37 shows the total recovery o f  NKB5 from initial point (0.5 hour) with 16 %  recovery 

and this reflects the recovery o f NKB5-Z isomer. The NKB5 (E) isomer is totally degraded or 

converted to other compounds; those compounds were identified on a further investigation.

C : NKB7 compound:

NKB7 was found to be reactive in methanolie hydrochloric acid over a period o f 48 hour. 

Table 3.38 and Figure 3.104 shows the recovery o f  NKB7 dropping from the first time point (0 

hour) o f 95% recovery to the last point (48 hour) with 45% recovery. Table 3.38 shows that a 

strong acid solution will affect NKB7 (E) isomer more than the NKB7-Z isomer, as all NKB7 

(E) isomer has disappeared after 6 hour possibility by conversion to Z isomer.

100

01
>o
U
0)oc

IN  HCI/MeOH

90

80

70

60

50

40

■ IM  HCI/M eOH

20 40 60
Hours

Figure 3. 104 Stability results for NKB7 in HCl/MeOH solution over time
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Table 3. 38 NKB7 recovery results over time in IN methanolic hydrochloric acid 

solution.

Time

(hours)

%NKB7-Z isomer 

recovery

% NKB7-E isomer 

recovery

Total 

%recovery

0 77.44 17.5 94.94

0.5 57.29 11.49 68.78

3 58.44 11.07 69.51

6 61.18 6.32 67.50

9 63.83 4.14 67.97

12 59.1 3.06 62.16

24 58.78 1.39 60.17

48 50.02 0 50.02

D : NKB8 compound:

A study o f  NKB8 compound in IN methanolic hydrochloric acid indicated that it was not 

stable over a period o f 48 hours as expected. Table 3.39 and Figure 3.105 show the recovery 

o f  NKB8 dropping from first point (0 hour) with 67% to the last point (48 hours) at 7% 

recovery. This result demonstrates that a strong acid solution will slowly affect NKB8 

compound by degradation, or conversion to other compounds and the compound will not be 

stable when stored in these conditions.
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Figure 3. 105 Stability results for NKB8 in HCl/MeOH solution over time
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Table 3. 39 NKB8 recovery results over time in IN methanolic Hydrochloric Acid 

solution.

Time

(hours)

% NKB8-Z isomer 

recovery

% NKB8-E isomer 

recovery

Total 

%recovery

0 31.41 35.29 66.7

0.5 20.96 21.85 42.81

3 23.31 23.35 46.66

6 25.57 26.23 51.8

9 28.25 28.99 57.24

12 32.25 25.95 58.2

24 33.27 27.46 60.73

48 31.36 29.47 60.83

E : N K B ll compound:

The results for the degradation of NKBl 1 in methanolic hydrochloric acid are shown Table 

3.40 and Figure 3.106. Recovery o f NKBl 1 as seen to decrease from 69% at the first time 

point (0 hour) to the last time point (48 hour) giving 35% recovery.
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Figure 3. 106 Stability results for NKBl 1 in HCl/MeOH solution over time
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Table 3. 40 N K B ll recovery results over time in IN methanolic Hydrochioric acid

Time

(Hours)

"/o N K B ll-Z  isomer 

recovery

% N K B ll-E  isomer 

recovery

Total

"/©recovery

0 44.32 24.85 69.17

0.5 29.18 19.37 48.55

3 24.46 21.30 45.76

6 19.12 23.41 42.53

9 13.84 26.46 40.30

12 7.38 29.62 37.00

24 2.61 30.99 33.60

48 0 35.37 35.37

F : NKB15 compound:

Table 3.41 and Figure 3.107 shows the results o f the recovery o f  NKB15 from IM methanolic 

hydrochloric acid solution. The recovery drops from 98% at first time point (0 hour) to 40% in the 

last time point (48 hour). These results demonstrate that a strong acid solvent solution environment 

will affect NKB15 compound by degradation. The data in Table 3.41 indicates that all almost 

NKB15-Z isomer has disappeared after 48 hour by degradation or conversion to a subsequent 

product. On the other hand, NKB15-E isomer increases from 7.6% recovery at first time point to 

34.7% after 48 hours, probably due to E-Z isomerisation.
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Figure 3. 107 Stability results for NKB15 in HCI/MeOH solution over time
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Table 3.41 NKB15 recovery results over time in IN methanolic sodium hydroxide solution

Time

(Hours)

%

NKB15-Z

isomer

recovery

% NKB15-Z isomer 

recovery Total 

%recovery

0 89.94 7.06 97.54

0.5 66.52 9.76 76.28

3 60.18 12.73 72.91

6 49.57 17.55 67.12

9 35.42 21.25 56.67

12 20.16 27.44 47.60

24 10.91 31.19 42.10

48 4.95 34.67 39.62

G : NKB16 compound;

A study ofN K B 16 compound demonstrated that it is stable in IN methanolic hydrochloric acid 

over a period o f 6 hours. Table 3.42 and Figure 3.108 show the recovery o f  NKB16 which 

decreased from 100% at first time point (0 hour) to 27% at the last point (48 hour); N K B 16 is 

stable in this solution for up to 9 hour giving recovery o f  over 86%, which is very surprising as 

the ester functional group would be expected to be very labile under these conditions.
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Figure 3. 108 Stability results for NKB16 in HCl/MeOH solution over time
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Table 3. 42 NKB16 recovery results over time in IN inethanolic hydrochloric acid 

solution.

Time

(Hour)

% NKB16 

recovery

0 100.00

0.5 91.65

3 88.34

6 86.40

9 77.39

12 81.55

24 78.98

48 72.69

2. Identification of degradation products study for conjugate compounds in IN 

methanolic hydrochloric acid:

A : NKB4 compound:

A further investigation was carried out to identify the molecular structure o f the degradation 

compounds for NKB4 compound in HCl/MeOH solution eluting at various retention times in 

the HPLC chromatogram shown in Figure 3.109.
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0 

0

Figure 3. 109 HPLC chromatogram for NKB4 in IN HCI/MeOH solution

Hydrolysis o f the amide group o f  NKB4 was detected by LCMS. The mass spectrum shows an 

ion o f  360m/z for the peak at retention time o f 5.7min which compared with the mass spectrum
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o f NKB3 reference standard. Total degradation o f NKBl to produce NKB9 is the probable 

reason that NKBl is not detected in the LCMS analysis. NKB9 was not detected possibly due 

to the subsequent reaction o f  NKB9 with the acetic acid to produce N K B l9 and NKB20, 

(Scheme 60).

OH

1M HCl/MeOH

- 0  OH 
NKB3

NKB4 OH NKB1 OH

HO.

1M HCl/MeOH
Acetic add

OH

NKB9
OH

NKBl 9NKB20

Scheme 60 Hydrolysis/degradation/reaction of NKB4 in IN HCl/MeOH solution

B : NKB5 compound:

Hydrolysis o f  tiie amide group o f  NKB5 in HCl/MeOH solution was detected by LCMS. The 

fragments o f  389m/z and 360m/z for the peaks at retention time o f  9.8 and 6.7 min were 

identified in the HPLC chromatogram corresponding to compounds NKB2 and NKB3 

respectively. Figure 3.110.

NKB5

040 -

Retentlon 
time (min)

Degradation
Compounds recovery

5.0 NKB10 6.30 .30-

6.7 NKB3 2.6
9.9 NKB2 5.4

<  0 .20- 7.6 NKB25 3.3
NKB2

NKB2111.9 9.3NKBIO

NKB3

010 -
NKB25 NKB21

0 .00-

0.00 5.00 1000 40,0015.00 20,00

Minutes

25,00 3000 35,00

Figure 3. 110 HPLC chromatogram for NKB5 in HCl/MeOH solution after 48 hours
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The mass spectrum o f  the compound eluting at 11.1 min was determined to be 332m/z detected 

in NKB5 chromatography. Degradation o f NKB2 compound results in a fragment o f  332m/z 

which is assigned to NKBIO compound. Acetylation o f  NKBIO in the presence o f  acetic acid 

results in formation o f compounds with mass 374 & 416. These compounds were identified by 

comparison to the mass spectra o f  NKB25 and NKB21 reference standard materials (Figure 

3.111, Scheme 61 and Scheme 62). The m olecular ion at 416m/z is clearly identified in the 

mass spectrum o f the acetate ester NKB21 (Figure 3.111).

OH

IN HCI/MeOH

OH

NKB5 OHOH
NKB3 NKB2

NKBIO

Scheme 61 Hydrolysis o f NKB5 in HCl/M eOH solution

NKBIO

OH
OH

O

• A
IN  HCI/MeOH

OH

OH

NKB25

Scheme 62 Reaction o f NKBIO in HCI/MeOH solution

o
NKB21
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Figure 3. I l l  Mass spectrum for the peak at 11.9min NKB5 in HCl/MeOH solution 

C : NKB7 compound;

The following degradation products (N K B l, NKB6, NKB9, N K B l9 and NKB20) obtained for 

NKB7 were identified by comparison o f LCMS results with their reference standard materials. 

The acetate esters N K B l9 and NKB20 were formed by esterification o f  the relevant phenol 

NKB9 with acetic acid in the chromatographic conditions as previously discussed (Figure 

3.112 and Scheme 63).
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time (min) 
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Com pounds recovery

NKB6 3.4NKB7
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12.611.1 NKBl
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0.05- NKB19

NKB20

0.00 5.00 10.00 15.00 25.00 30.00 40.0035,00

Figure 3. 112 HPLC chromatogram for NKB7 in HCl/MeOH solution after 48 hours
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HO.

OH

NKB20 NKB19 NKB9

Scheme 63 Proposal hydrolysis of NKB7 in HCI/M eOH solution 

D : NKB8 compound:

The HPLC chromatogram in Figure 3.113 shows the detection fo llow ing compounds, NKB6, 

NKB2, NKBIO  and NKB25 which were formed in degradation o fN K B S  in HCl/MeOH 

solution (Figure 3.113 and Scheme 64).

0.25-
NKB8

NK B2
0 .20-

Degradation
Compounds
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time (min) recovery

0.15- NKB21
6.9NKB104.1

NKBIO
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4.6NKB259.9
0.05-

0 .00-

40.0035.0030.0020.00

Minutes
25.0015.0010.000.00 5.00

Figure 3. 113 HPLC chromatogram for NKB8 in HCI/M eOH solution after 48 hours

Hydrolysis o f the amide group in compound NKB8 is first detected by LCMS. An ion in the 

mass 344m/z is detected for the peak at retention time o f 4.1 min which matches the mass 

spectrum o f NKB2 reference standard. A  fragment ion o f 316m/z is detected in NKB8
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chromatography for the peak at retention time o f  7.7 min, which is identified as NKBIO. 

Fragmentation o f NKBIO possibly produces compounds o f 374m/z & 416m/z which were 

found to be identical to the mass spectra o f  NKB21 and NKB25 reference standard materials 

respectively (Scheme 64).
OHOH

OH HN
IN  HCl/M eOH

OH OH
NKB6NKB8 NK B 2

OHOHOH

HO,

IN  HCl/M eOH

Acetic Acid

OH

NKBIO
OH

NKB25NKB2

Scheme 64 Hydrolysis of NKB8 in HCi/MeOH solution 

E : N K B ll compound;

The following compounds were detected compounds by LCMS analysis for N K B l l  in 

HCl/MeOH solution: NKB12, NKB17, NKB14, NKB22 and NKB23, and were identified by 

comparison matching o f  the mass spectra with their reference standard material (Scheme 65). 

The ester NKB23 was obtained as discussed previously by esterification o f the phenol NKB22 

in acidic solution with acetic acid from the chromatography mobile phase (Figure 3.114).
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Figure 3. 114 HPLC chromatogram for N K B ll in HCl/MeOH solution after 48 hours
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Scheme 65 Hydrolysis of N K B ll in NaOH/MeOH solution

F : NKB15 compound:

Examination o f  the LCMS/MS identified the molecular structure o f  the degradation compound 

peaks eluting at various retention time in the HPLC chromatogram for NKB 15 in IN 

HCl/MeOH solution as NKB 14, NKB 13, NKB22 and NKB23 (Figure 3.115).
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Figure 3. 115 HPLC chromatogram for NKB15 in HCl/MeOH solution after 48 hours

Hydrolysis o f the ester group in NKB15 was detected by observation in the LCMS mass 

spectrum o f  an ion at 374m/z for the peak at retention time o f  5.1 min which was found to 

match the mass spectrum o f  the NKB13 reference standard. Hydrolysis o f  the amide group for 

NKB12 compound to NKB14 compound is again detected by LCMS for the peak at 11,7min in 

the HPLC chromatogram, with mass o f  357m/z identified as NKB14. NKB23 is possibly 

produced with mass 342m/z in the presence o f acetic acid from the chromatography medium 

and strong acid solution, which matches the mass spectrum o f  NKB23 reference standard 

(Figure 3.116 and Scheme 66).

NKB15
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1NHCI/M ^0H

HO

NKB13

HO,

1NHCI/MeOH 
Acetic Add
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NKB23 NKB22

Scheme 66 Hydrolysis of NKB15 in HCl/MeOH solution
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Figure 3. 116 Spectrum for the peak at 9.6min NKB15 in HCl/M eOH solution 

G : NKB16 compound:

The NKB 16 degradation compounds formed in HCl/MeOH solution are illustrated in Figure 

3.1 IT.These compounds were identified as follows: NKB 17, NKB9, NKB 19, NKB20, NKB24 

and NKB 18 as discussed above (Scheme 67).
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Figure 3. 117 HPLC chromatogram for NKB16 in HCl/MeOH solution after 48 hours
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Scheme 67 Hydrolysis of NKB16 in HCl/MeOH solution

3.3.9 Stability study of conjugate compounds in human plasma solution;

1. Stability and recoyery study for conjugate compounds in human plasma:

A : NKB4 compound;

Plasma solution is a mixture of soluble enzyme proteins, glucose, clotting factor, mineral ions, 

hormones and carbon dioxide. A study of the behaviour of NKB4 in plasma for 12 hours will 

give an indication of the behaviour of the NKB4 compound in human body under 

physiological conditions and is commonly used to predict the fate of a drug in vivo. The main 

function of the drug (NKB4) is to show dual activity as an ER antiestrogen and tubulin active 

compound. The hydrolysis of the amide functional group could be expected by amidase 

enzymes in the plasma. Table 3.43 and Figure 3.118 shows the recovery of NKB4 compound 

starting with 100% at time 0 hour and decreases sharply to 58% after 15min. Due the 

hydrolysis and other possible reactions of NKB4 with the enzymes in the plasma solution, 

some additional unknown component peaks are observed in the HPLC chromatogram. It can be 

concluded that the compound may be unstable in the plasma solution. Also the extraction 

method may not give a good recovery, or NKB4 may be converted to further degradation 

products.
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Figure 3. 118 Stability results for NKB4 in plasma solution over time 

Table 3. 43 NKB4 recovery results over time in plasma solution.

Time

(Hours)

% recovery 

NKB4-Z isomer

% recovery 

NKB4-E isomer

Total 

% recovery

0 72.92 25.96 98.88

0.25 54.55 3.86 58.41

0.5 47.74 3.30 51.04

1 40.76 2.43 43.19

2 42.30 3.00 45.30

4 55.27 3.12 58.39

6 51.87 2.85 54.72

12 49.49 2.9 52.39

Note; At time point 2 hours and 4 hours shows decrease and increase in the percent total 

recovery may probably due to isomerisation reaction and the sensitivity o f detection method 

for NKB4 (Z) isomer. This analysis was repeated and the results confirm the original results.

B : NKB5 compound:

The results o f the plasma stability study for compound NKB5 (Table 3.44 and Figure 3.119), 

show the recovery o f NKB5 compound starting with 64% at 0 hour and decreasing sharply to 

10% after 30min. Some additional unknown peaks are observed in the HPLC chromatogram 

due the hydrolysis and other reaction o f NKB5 by the enzymes in the plasma solution.
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Figure 3. 119 Stability results for NKB5 in plasma solution over time 

Table 3. 44 NKB5 recovery results over time in plasma solution.

Time

(Hours)

% NKB5-Z isomer 

recovery

% NKB5-E isomer 

recovery

Total % 

recovery

0 38.44 25.87 64.31

0.25 10.47 0 10.47

0.5 9.15 0 9.15

1 8.09 0 8.09

2 8.91 0 8.91

4 8.42 0 8.42

6 9.25 0 9.25

12 10.31 0 10.31

C : NKB7 compound:

The stability study o f  the behaviour o f NKB7 in plasma was carried out to indicate the 

potential reactivity o f  the prototype NKB7 drug compound in the human body under 

physiological conditions. Table 3.45 and Figure 3.120 show the recovery observed o f NKB7 

compound from human plasma initial with 95% recovery at t=0 hour recovery decreased 

sharply to 17% after 15min. This result indicated that the compound was very labile when 

exposed to the various hydrolysis enzymes present in plasma.
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Figure 3. 120 Stability results for NKB7 in plasma solution over time

Table 3. 45 NKB7 recovery results over time in plasma solution.

Time (Hours)

"/o NKB7-Z isomer 

recovery

% NKB-E isomer 

recovery

Total 

%recovery

0 77.44 17.5 94.94

0.25 16.98 0 16.98

0.5 16.95 0 16.95

1 17.08 0 17.08

2 18.3 0 18.3

4 18.62 0 18.62

6 17.95 0 17.95

12 18.08 0 18.08

D : NKB8 compound:

The behaviour o f NKB8 in plasma study was carried out to determine the reactivity o f  the NKB8 

compound in human plasma under physiological conditions. Table 3.46 and Figure 3.121 show 

the recovery o f NKB8 compound starting with 67% at 0 hour and decreasing sharply to recovery 

o f 20% after 15min. Due the possible hydrolysis, oxidation and reduction o f NKB8 by the 

enzymes in the plasma solution, additional unknown peaks are observed in the HPLC 

chromatogram for NKB8.
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Figure 3. 121 Stability results for NKB8 in plasma solution over time

Table 3. 46 NKB8 recovery results over time in plasma solution.

Time

(hours)

% NKB8-Z isomer 

recovery

% NKB8-E isomer 

recovery

Total 

%recovery

0 31.41 35.29 66.7

0.25 20.27 0 20.27

0.5 13.87 0 13.87

1 13.92 0 13.92

2 17.74 0 17.74

4 18.27 0 18.27

6 15.45 0 15.45

12 19.55 0 19.55

E : N K B ll compound;

The results o f the N K Bl 1 stability study in plasma solution indicate that compound is 

unstable in this medium. Table 3.47 and Figure 3.122 show the recovery o f  N K B l 1 

compound initially with 69% recovery at 0 hour and decreasing sharply to 18% after 15min. 

This result can be explained due the presence o f the amide and ester functional groups in 

N K B l l .
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Figure 3. 122 Stability results for N K B ll in plasma solution over time

Table 3. 47 N K B ll recovery results over time in plasma solution.

Time

(Hours)

% N K B ll-Z  isomer 

recovery

% N K B ll-E  

isomer recovery Total %recovery

0 44.32 24.85 69.17

0.25 10.05 7.67 17.72

0.5 7.73 5.78 13.51

1 5.76 8.11 13.87

2 6.49 8.49 14.98

4 0 12.04 12.04

6 0 12.09 12.09

12 0 11.99 11.99

F : NKB15 compound:

The stability profile o f NKB15 in plasma will give an indication o f the behaviour o f this drug 

NKB15 compound in human body under physiological conditions. Table 3.48 and Figure 3.123 

show the recovery o f NKB15 compound from plasma solution, initially with 98% recovery at 

t=0 hour observed and decreasing sharply to 28% recovery after 15min. These results offers 

some interesting consequences and opportunities for the use o f this cytotoxic drug conjugate and 

are discussed in chapter 4 o f this thesis.
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Figure 3.123 Stability results for NKB15 in plasma solution over time 

Table 3. 48 NKB15 recovery results over time in plasma solution.

Time

(Hours)

% NKB15-Z isomer 

recovery

% NKB15-Z isomer 

recovery

Total 

%recovery

0 89.94 7.60 97.54

0.25 22.44 5.97 28.41

0.5 16.68 4.71 21.39

1 16.72 4.22 20.94

2 17.36 4.87 22.23

4 16.24 5.21 21.45

6 14.7 5.82 20.52

12 14.76 6.36 21.12

G : NKB16 compound:

The study of the stability of NKB16 in plasma solution will indicate the behaviour of the 

NKB16 in human body under physiological conditions and will be useful in determining the 

selectivity of the drug for in vivo use. The main function of the drug (NKB16) is to 

demonstrate dual activity as an ER antiestrogen and tubulin active compound. The hydrolysis 

of the ester in NKB16 in plasma solution may be expected by the esterase enzymes in the 

plasma and will release the active drug. The decrease and increase in the percent total recovery 

may probably due the sensitivity of detection method for NKB16. Table 3.48 and Figure 3.124 

shows the recovery of NKB16 compound starting with 100% at 0 hour and decreasing sharply 

to 75% after 15min.
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Figure 3 .124 Stability results for NKB16 in plasma solution over time

Table 3. 49 NKB16 recovery results over time in plasma solution.

Time

(Hours)

% NKB16 

recovery

0 100.00

0.5 75.27

3 69.16

6 69.00

9 76.67

12 80.86

24 77.70

48 76.78

2. Identification of degradation products study for conjugate compounds in 

human plasma :

A : NKB4 compound:

Further investigation o f the stability profile o f NKB4 in plasma was carried out by using 

LCMS/MS to identify the molecular structure o f the degradation product peaks detected at 

various retention times in the HPLC chromatogram. Figure 3.125.

•PLASMA
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Figure 3.125 HPLC chromatogram for NKB4 in plasma solution

Hydrolysis o f the amide group in NKB4 was detected by LCMS technique. Ions o f mass 

373m/z (NKBl) and 360m/z (NKB3) were detected corresponding in the HPLC chromatogram 

to the peaks o f retention time of 6.4 and 10.9 min for NKB3 and NKBl respectively. An ion 

316m/z is detected in the LCMS spectrum of NKB4 for the peak at retention time of 4.9 min 

and this is identified as NKB9. Dealkylation o f the initially formed NKBl compound is 

possible in the plasma to produce a phenol product of 316m/z (NKB9), (Scheme 68).

OH

NKB4 OH

Plasm a solution

NKB3 NKBl OH

NKB9

Scheme 68 Proposed hydrolysis of NKB4 in plasma solution

B : NKB5 compound;

The HPLC chromatogram showing the degradation peaks obtained for NKB5 in plasma 

solution (Figure 3.126).
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0.00 5.00 10.00 15.00 20.00
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Figure 3.126 HPLC chromatogram for NKB5 in plasma solution over 48 hours

Hydrolysis o f  the amide group in NKB5 was detected by LCMS. In the mass spectrum ions o f 

389m/z and 360m/z were observed in the HPLC chromatogram with retention time o f  U  .0 and 

6.7 min for NKB2 and NKB3 respectively. In the mass spectrum, a fragment ion o f  3I6m /z 

was detected following NKB5 chrom atography for a peak at retention time o f  5.4 min. 

Dealkylation o f NKB2 may produce phenolic compound 332m/z. The mass spectrum o f  the 

peak at 4.9m in was found to m atch the mass o f NKBIO. LCMS software matches the MS/MS 

spectrum o f the peak mass o f 374m/z with the MS/MS spectrum for compound with an empirical 

chemical formula C2 4H2 2O4 . Comparing the mass spectrum o f the reference standard for NKB25 it 

matches the mass spectrum of the unknown peak at retention time 9.6 min in NKB5 chromatogram. 

The LCMS software also matches the MS/MS spectrum for the peak o f mass 416m/z with the MS/MS 

spectrum for compound with an empirical chemical formula C2 6H2 4O5 . Comparing the mass spectrum 

of reference standard for NKB21 it is found to match the mass spectrum o f the unknown peak at 

retention time 12 min in the NKB5 chromatogram (Scheme 69). The acetate esters NKB21 and 

NKB25 are formed in the chromatographic conditions as previously discussed.
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OH
OH

NKB2
NKB5 OH

NKB3
OH

OH
OHOH

HO.

P lasm a solution 
Acetic acid

OH
OH

NKB21 NKB10

Scheme 69 Hydrolysis/reaction of NKB5 in plasma solution 

C : NKB7 compound;

Investigation o f the stability profile o f NKB7 in plasma was carried out by LCMS/MS to 

identify the molecular structure o f the degradation peaks eluting various retention times in the 

HPLC chromatogram (Figure 3.66) was carried out. The following compounds (NKBl, NKB6, 

NKB9 and NKB19) were identified in the HPLC chromatogram of NKB7 (Figure 3.127) by 

comparison o f LCMS with their reference standard materials, (Scheme 70). Mass spectrum 

fragment ions o f 344m/z and 373m/z at retention time o f 4.0 and 11 min were observed for 

NKB6 and NKBl respectively (hydrolysis ofNKB7). A fragment o f 316m/z is detected in the 

NKB7 chromatogram at retention time o f 5.5min is identified for NKB9 (dealkylation of 

NKBl). It is possible for NKB9 to react with acetic acid to produce ester fragments of 358m/z 

which is identified at retention time of 7.7min in the HPLC chromatogram for N K B l9 as 

previously.
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Figure 3.127 HPLC chromatogram for NKB7 in plasma solution after 48 hours

NKB7

Plasm a solution

OH

OH

NKB6

HN
+

OHNKBl

HO.

Plasm a solution 
* Acetic Acid

OH OH

NKB19 NKB9

Scheme 70 Hydrolysis of NKB7 in plasma solution 

D : NKB8 compound;

In the study o f the stability o f NKB8 in plasma, hydrolysis o f the amide group in compound 

NKB8 was detected by LCMS. Ions o f m/z 389 and m/z 344 in the HPLC chromatogram at 

retention times o f 11.0 and 4.8 min (Figure 3.128) were identified as NKB2 and NKB6
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respectively. A fragment ion o f 332m/z is detected in the NKB8 chromatogram for peak at 

retention time o f 7.7 min., which is identified as NKBIO compound (Scheme 71).

NKBIONKB8
0 .015-

Degradation
Compounds

Retention 
time (min) recoveryNKB6

NKB20 .010- NKB6 7.54.8
NKB2 1.811.0

12.6NKB107.70 .005-

o.ooa

40.0030.00 35,0020.00
Minutes

25.001000 15.000.00 5.00

Figure 3.128 HPLC chromatogram for NKB8 in plasma solution after 48 hours

OH

NKB8

.0 ,

Plasma sotuti(X)

OH

OH

OH

NKB6

.0 ,
HN

OH
NKB2

OH

HO.

OH

NKBIO

Scheme 71 Hydrolysis of NKB8 in plasma solution 

E : N K Bll compound;

The degradation/hydrolysis products observed for NKBl 1 in plasma solution were identified 

(Figure 3.129) as N K B l2, N K B l7 and N K B l4 by comparing the mass spectra for these 

compounds with the mass spectra o f the reference standard materials as discussed before 

(Scheme 72).
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Figure 3.129 HPLC chromatogram for N K B ll in plasma solution

•OH

P lasm a solutjon

0
HO.

NKB12

NKBU

Scheme 72 Hydrolysis of N K B ll in plasma solution 

F : NKB15 compound:

Investigation of the stability profile of NKB15 in plasma solution with LCMS/MS allowed 

identification of the molecular structure of the degradation products observed in the HPLC 

chromatogram displayed in Figure 3.130. The degradation compounds are identified as 

NKB14, NKB13 and NKB22 (Scheme 73).
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Figure 3. 130 HPLC chromatogram for NKB15 in plasma solution after 48 hours

•OH HQ

Plasma sqlulion

NKB15 NKB13 NKB12

HO.

NKB22 NKB14

Scheme 73 Hydrolysis of NKB15 in plasma solution

G : NKB16 compound;

LCMS/MS analysis o f the molecular structure o f the degradation products eluting at varioius 

retention times in the HPLC chromatogram (Figure 3.131) for NKB16 was carried out. Tlhe 

degradation peaks were identified as NKB17 and NK.B9 from the examination o f the tnaiss 

spectra as discussed before. NKB18 and N K Bl were not detected possibly due to the lc)w 

concentration o f  these degradation compounds due the lability o f  the succinic acid conjugaite 

N K B l8 in these conditions (Scheme 74).
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Figure 3. 131 HPLC chromatogram for NKB16 in plasma solution after 48 hours
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NKB16 NKB17
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NKB18

HO.
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OHOH

NKB9
NKB1

Scheme 74 Hydrolysis of NKB16 in plasma solution

3.3,10 Identification for degradation products study of conjugate compounds in 

microsomal liver solution;

A : NKB4 compound:

A study o f the behaviour o f drugs in microsomal liver preparation gives useful information on 

the in vivo mechanism o f metabolism o f the drugs. NKB4 was found to be reactive in 

microsomal liver solution. The study was carried out as per described in the experimental

-  236  -



chapter 4 at one tim e point o f  2 hours based on previous m ethod developm ent studies which 

w ere carried out on m icrosom al liver solution for 2 hours only (C hapter 2). N K B 4 contains 

som e functional groups that m ay be reactive in these m etabolism  condition and also eas> to 

degrade to the initial com ponents o f  the conjugate (N K B l and NKB3 at 11.0 m in and 6.7 min 

respectively). A dditional unknow n product peaks w ere observed in the chrom atogram  Figure 

3.132 and w ere investigated to identity the various m etabolite products o f  N K B 4.

NKB4

N K B l 9

NKB9

NKB3
N K Bl

m icrosom al peaks

!
Retention 
time (min)

Degradation
Com pounds % Area

5.4 NKB4 28.3
5.1 NKB9 7.2
6.7 NKB3 6.5
11.0 NKBl 6.8
7.9 NKB19 10.3

I  I  I  I  I  I  I  I  I  I  I  I I I  I  I

0.00 5.00 10.00 15.00
I  I  I  I  t  I  I  I  I  I I  I I  I  I  I  I  I  I  I

20.00 25.00 30.00 35.00
Minutes

40.00

Figure 3. 132 HPLC chromatogram for NKB4 in microsomal liver solution after 2 hours

Hydrolysis o f  the am ide group in N K B 4 was detected by LCM S, w ith ions at 373m /z and 

360m /z assigned to the peaks at 1 1 and 6.7m in (Figure 3.132) for com pounds N K B l and 

NKB3 respectively in the HPLC chrom atogram . The ion at 316m /z w as detected in the N K B 4 

chrom atogram  for the product peak at S .lm in  due to dealkylation o f  N K B l to  produce a 

phenolic com pound N K B9. LCMS software matches the MS/MS spectrum for the peak with mass 

spectrum 358m/z with the MS/MS spectrum for compound with an empirical chemical formula 

C2 4H2 2O 3 . Comparing the mass spectruin o f reference standard for N K B 19 with the mass spectrum for 

the degradation peak obtained for NKB4 in the chromatogram, the unknown peak at retention time 7.9 

min was identified as NKB 19. The acetic ester N KB 19 is presum ably form ed by reaction o f  

N K B l w ith acetic acid under the chrom atographic conditions, (Schem e 75).
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Scheme 75 Hydrolysis/degradation/reaction of NKB4 in microsomal liver solution 

B : NKB5 compound:

NKB5 was found to be unstable and reactive in microsomal liver solution and degraded easily 

to afford compounds NKB2 and NKB3 at retention time 11.0 and 6.7 min respectively. The 

additional unknown peaks in chromatogram (Figure 3.133) were investigated to identity the 

other metabolite products o f NKB5 obtained in the microsomal liver preparation.

M icrosom al peaks

0 20-

Retention 
time (min)

Degradation
Compounds

015 -

% AreaNKB3

NK B5 5.6 NKB5 22.1
5  010 - NKB3 2.66.7NK B2

11.0 NKB2 5.4
0 .05-

lA ,0 00-

35,00 40.000,00 5.00 10.00 15.00 20.00

Minutes

25.00 30.00

Figure 3. 133 HPLC chromatogram for NKB5 in microsomal liver solution after 2 hours

Hydrolysis o f  the amide group in NKB5 by the liver microsomal preparation was detected by 

LCMS. Fragment ions o f 389m/z and 360m/z corresponding to the peaks at 11 and 6.7min in 

the HPLC chromatogram (Figure 3.133) were observed and assigned to compounds NKB2 and 

NKB3 respectively (Scheme 76).
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Scheme 76 Hydrolysis of NKB5 in microsomal liver solution

C : NKB7 compound:

NKB7 was found to be transformed into various products/metabolites in microsomal liver 

solution. The HPLC chromatogram obtained for NKB7 in microsomal liver solution is shown 

in Figure 3.134.

Microsomal peaks

NKB7 NKB9

NKBl

NKB6

NKBl 9

Retention 
time (min)

Degradation
Compounds % Area

5.0 NKB7 36.8
4.1 NKB6 8.9
6.2 NKB9 5.2
11.8 NKB1 3.6
9.2 NKB19 9.3

5.00' ' ' 1000 15.00 20.00

Minutes

25.00 30.00
I . I I

35.00 40.00

Figure 3. 134 HPLC chromatogram for NKB7 in microsomal liver solution after 2 hours

LCMS/MS analysis was used to identify the molecular structure o f the degradation peaks 

shown in the HPLC chromatogram (Figure 3.134). The following compounds were identified 

(NKB6, N K B l, NKB9 and N K B l9) which are shown in Scheme 77 to be obtained for 

proposed hydrolysis and dealkylation reactions o f NKB7 in microsomal liver solution and 

identified as previously outlined, by comparison with reference standard samples.
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Scheme 77 Hydrolysis of NKB7 in microsomal liver solution

D : NKB8 compound:

NKB8 was found to be unstable in microsomal liver solution. NKB8 contains an amide 

functional group that is easily hydrolysed in these conditions. The compounds can also degrade 

to the initial component compounds NKB2 and N KB6.

0  12- 

0  10-  

0 08  ̂

0 0 6 -  

0  04^ 

00 2  

0 00-

o.oo'

Microsomal peaks

NKB6 1 NKB8
NKB2

NKBIO

Retention 
time (min)

Degradation
Com pounds % Area

5.7 NKB8 18.2
4.1 NKB6 7.5
12.0 NKB2 1.8
7.6 NKBIO 12.6

10.00 20 00 
Minutes

3 5  00

Figure 3. 135 HPLC chromatogram for NKB8 in microsomal liver solution after 2 hours

The HPLC chromatogram shows the degradation compounds obtained for NKB8 (Figure 

3.135) which were identified as NKB6 (at 4.1 min with fragment ion o f 389m/z), NKB2 (at 12 

min with fragment ion o f 344m/z) and NKBIO (at 7.6 min with fragment ion o f  332m/z), 

(Scheme78).
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Scheme 78 Hydrolysis of NKB8 in microsomal liver solution

E : N K B ll compound:

The behaviour profile o f N K B l l in m icrosom al liver solution was next investigated.
M icrosom al peaks

NKB22

NKB 17 NKB 2

N K B ll

NKB 4

Retention 
time (min)

Degradation
C om pounds % Area

4.6 NKBll 4.2
12.7 NKB12 2.9
11.6 NKB14 1.9
5.0 NKB17 3.6
7.6 NKB22 9.8

' 20.00'

Minutes
25.00 30.00 35.00 4000

Figure 3. 136 HPLC chromatogram for N K B ll in microsomal liver solution after 2 

hours

The molecular structure o f  the degradation peaks eluting in the HPLC chromatogram for 

NKBl  1 shown in Figure 3.136. The following products were identified as, NKB 12, NKB 14, 

NKB 17 and NKB22 by comparison o f the mass spectra o f these compounds to the reference 

standard materials, (Scheme 79).
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Scheme 79 Hydrolysis of N K B ll in microsomal liver solution 

F : NKB15 compound:

The reactivity profile o f compound NKB 15 in microsomal liver solution was carried out as 

described in the experimental chapter 5, on one time point o f 2 hours. The degradation 

compounds observed in the HPLC chromatogram shown in Figure 3.137 were identified as 

NKB 14, NKB 13 and NKB22 (Scheme 80).

M icrosom al peaks

0 . 10-

N K B 1 3

0 .08- Retention 
time (min)

Degradation
Compounds % Area

NKB15 NKB15 6.34.9
NKB14 2.111.1NKB22

5.1 NKB13 13.2D
< 0 04-

N K B 14
6.7 NKB22 10.1

0 .02-

o.oa

25.00 30.00 35.00 40.005.00 10.00 15.00 20.000.00

Minutes

Figure 3. 137 HPLC chromatogram for NKB15 microsomal solution after 2 hours
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Scheme 80 Hydrolysis of NKB15 in microsomal liver solution

G : NKB16 compound:

Following the standard investigation procedure, the conjugate N K B  16 was found to be 

unstable in microsomal liver solution. The study identified the molecular structure o f the 

degradation peaks eluting at various retention times in the HPLC chromatogram (Figure 3.138) 

as follows, N KB  17, NKB9, N K B  19, NKB20 and N KB  18 (Scheme 81).
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Figure 3. 138 HPLC chromatogram for NKB16 in microsomal solution after 48 hours
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Scheme 81 Hydrolysis of NKB16 in microsomal liver solution

-244  -



3.4 B r ie f sum m ary o f  the results from  stability  studies ;

The results o f  the stability study carried on conjugate compounds NKB4, NKB5, NKB7, 

NKB8, N K Bl 1, NKB15 and NKB16 in pH 4, 7, 9 NaOH/MeOH, HCl/MeOH, plasma solution 

and microsomal liver solution are displayed in Figure 3.139 -  Figure 3.145 (the top graph 

shows the stability for Ihour and the bottom graph show the stability study over 48 hours 

except the graph for conjugate compounds in plasma solution presented for 1 hour and 12 

hours) and data is also presented in previous section separately for each solution condition. A 

detailed discussion o f  these results is presented in chapter 4, together with the assessment o f  

potential for these conjugates to be progressed as useful drugs.
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N K B4 Stability  up to 48 hours
■ pH=4.0 

-̂ pH=7.0 
pH=9.0

90.W- ------------------------------------------------------------------
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hî 1M
HCI/MeOH 
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u<u \y
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----------——----------------------------------------------------------------------------------------------
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4 9 U  19 24 29 34 39 U  49
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Figure 3. 139 Summary of NKB4 stability study in different solutions.
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Figure 3. 140 NKB5 stability study in different solutions.
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Figure 3. 141 NKB7 stability study in different solutions.
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Figure 3.142 NKB8 stability study in different solutions.
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N K B ll Stability up to 1 hour

Time(Hours)
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pH=9.0 
1M NaOH/MeOlH 

1M HCI/MeOH 

PLASMA 

STD

N K B ll Stability up to 48 hours
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Figure 3. 143 N K B ll stability study in different solutions.

-249  -



NKB15 Stability up to 1 hour
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Figure 3. 144 NKB15 stability study in different solutions.
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Figure 3. 145 NKB16 stability study in different solutions.
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4) DISCUSSION AND CONCLUSION

4.1 Nuclear receptor targeting conjugate drugs

Nuclear receptors play a key role in many cellular functions through specific gene expression 

regulation and are targeted by a large number of both endogenous and exogenous ligands . The 

majority o f early stage breast cancers, in both pre- and postmenopausal women, are hormone- 

dependent'^^. Estradiol, the endogenous hormonal ligand, has a key role in the development 

and progression of the tumour and the estrogen receptor is regarded as an attractive target for 

hormone-dependent breast cancers” .̂ However, many cancer chemotherapies lack specificity 

which can lead to toxicity and undesirable side effects.

Selective chemotherapeutic approaches have been investigated to target tumours. For example, 

agents targeting nuclear receptors over-expressed in tumours can be directed to malignant 

tissue and result in improved chemotherapeutic treatments. In hormone-dependent cancers, 

such as certain breast cancers, a number of structurally varied estrogen receptor ligand 

conjugates have previously been investigated attempting to take advantage of the presence of 

over-expressed estrogen receptor'"'^. Conjugate compounds containing multiple pharmacophore 

elements or ligands, individually separated by a linker group, to be cleaved in vivo, can exert a 

synergistic and improved selective action on the target disease.

Many examples of the coupling of cytotoxic agents to the steroid estradiol and related 

scaffolds such as hexestrol, diethylstilbestrol and tamoxifen have been reported. Conjugates of 

estradiol with geldanamycin'^', the indole alkaloid ellipticine'“ , mitomycin C ’̂ ^, and 5- 

fluorouracil have been found to show lower ER binding affinities and variable cytotoxicity 

effects in ER positive breast tumour cells.(see Figure 4.1 below, conjugates A-D). 17P- 

estradiol platinum (II) complexes have demonstrated antiproliferative enhanced activity (when 

compared to cisplatinum) in ER positive and ER negative breast cancer cell lines, (Conjugate E 

Figure 4.1)

Daunorubicin and Doxorubicin conjugates linked to the antiestrogen 4-hydroxytamoxifen 

(such as conjugate F, Figure 4.2), have also been investigated** some o f which incorporate a 

base labile N-Mannich linking group. Burke and Koch have reported the synthesis and 

evaluation o f a doxorubicin-formaldehyde-tamoxifen conjugate, DOX-TEG-TAM (Figure 

4.2), bearing a triethylene glycol tether. It binds the estrogen receptor with a binding affinity of 

2.5% relative to E/Z-4-hydroxyramoxifen and inhibits the growth of four breast cancer lines 

with 4-fold up to 140-fold enhanced activity relative to doxorubicin** '^ .̂
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Figure 4. 1 Conjugates of estradiol with mitomycin C (A), the indole alkaloid ellipticine 

(B), geldanamycin (C), 5-fIuorouracil (D) and a Platinum containing ligand (E).
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Figure 4. 2 Conjugates o f tamoxifen with daunorubicin (F) and doxorubicin (DOX-TEG- 

TAM).
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4.2 Biochemical activity of conjugate compounds in NKB series

The relevant novel estrogen-receptor targeting conjugates NK B4, N K B 5, N K B7, N K B 8 , 

N K B ll,  N K B15, and NK.B16 were first reported in this research group The structures, 

antiproliferative activity (IC50 in MCF-7 human breast cancer cells, determined in an MTT cell 

viability assay) together with selected ERa and ERp binding values for these compounds 

(determined by a fluorescence polarisation assay method) are shown in Table 4.1.

The results shown in Table 4.1, clearly demonstrate that conjugates such as compounds NKB4, 

NK B5, N K B7, N K B 8 , N K B l 1, NKB 15 and NK B 16 are potent HR antagonists with nanomolar 

IC50 values for binding to ERa and ERp, and also have significant antiproliferative activity 

when evaluated in MCF-7 human breast cancer cells. Compounds NK B5 and NKB 16 are the 

most potent compounds in the series for antiproliferative activity with IC50 value o f  5.1nM and 

5.77nM respectively in MCF-7 breast cancer cell line. The in vitro  antiproliferative and ER 

binding activities o f  these compounds are significant when compared to clinically relevant 

drugs such as tamoxifen amd raloxifene, and would be o f  interest to progress to further in vitro 

and in vivo  studies. Therefore it was o f  particular interest to determine the chem ical stability o f  

the conjugates at physiologically relevant pH values, and also in plasma and in the presence o f  

a liver microsomal preparation.
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Table 4. 1 Antiproliferative (MCF-7) and the binding ERa and ERp data for some of the project compounds

Compound Structure
ICso

(MCF-?)-

ERa

ICso”

ERp

ICso”
Log

NKB4

1 0"
0

1 1 

OH
OH

33.4±7.1nM 19.23 nM 1.69 nM 7.8

NKB5

0" OH

u f S

OH 0  
OH

5.1±0.3nM 0.9±0.7nM 4.7±1.0nM 7.4

NKB7

0  f S

°  0 .  Cp
OH

2080±795nM 97.9 nM 36.1 nM 8.2

“ IC50 in M C F - 7  hum an  b reast cancer cells, d e term ined  in an M T T  cell v iability  a s s a y , IC50 determ ined  by  a  fluo rescence  po larisa tion  assay  method;'^ C alcu la ted  using 
C hem D raw  ‘‘ N D : no t determ ined
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Table 4.1 continued

Compound Structure
ICso

(MCF-7)“

ERa

ICso”

ERp

ICso”
Log P'

NKB8

1 OH

°  0 .  cp
OH

40.8±31.9nM 23.7 nM ND" 7.8

NKBH

0X U . „ s  '

. 0  1 U

90.8±2.6nM 79.9 nM 22.7 nM 8.7

NKB15

0 0 f j^

-o 'V vv°r^ N ^ °Y ^  VA ^ 0 ° '

0
ND** 70.9 nM 90.1 nM 7.8

NKB16 j X U . „ 5  '

^ 0  1
HO

5.7± O.OSnM 52.1±7nM 115.1±8.0nM 8.7

“ IC50 in MCF-7 human breast cancer cells, determined in an MTT cell viability assay, IC50 determined by a fluorescence polarisation assay 
method;"^ Calculated using ChemDraw ND: not determined
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4.3 Comparison of stability of compounds in various conditions

The objective o f  the project was to  develop an analytical test m ethod for the stability study o f  

the various T am oxifen type com pounds, C om bretastatin  type com pounds and the related 

conjugate products over a range o f  pH values and also in hum an plasm a and in m icrosom al rat 

liver preparations. The project com pounds contain the typical ester and am ide type functional 

group present in m any prodrugs. Those functional groups m ay be easily  hydrolysed depending 

on the com pound structure. In the project study, d ifferent hydrolysis reaction rates for the 

com pounds in solutions o f  various pH over tim e, and d ifferent reaction profiles w ere observed 

for each com pound. F igure 4.3 show s the sum m ary chart o f  the project com pounds stability at 

T12 hour and for the percentage recovery o f  each com pound at pH =4, 7 and 9, HCI/M eOH , 

N aO H /M eO H  and from  plasm a. Table 4.2 also illustrates at T12 hour the percentage recovery 

o f  each com pound at pH=4, 7 and 9, H C l/M eO H , N aO H /M eO H  and plasm a solution. The t 'A 

values also are show n in Table 4.3. The results obtained for each o f  these conditions studied 

w ill now  be discussed.
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Figure 4. 3 Summary Chart for research compounds stability under each condition at T12 hour
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Table 4. 2 Comparison of the research compounds stability at T12 hour

Confwund
Name

STD* f» m.o pH=7.0 p»=9.0 Hd/lVtCM Plasma

Recosery
%

Recowry
%

% Relati^ 
recosery

Recovery
%

% Relative 
recovery

Recovery
%

% Relative 
recover)’

Recovery
%

% Relative 
recovery

Recosery
%

% Relative 
recovery

Recovery
%

Vo Relative 
recovery

NKB4 98J5 40.26 40.94 61.82 62.86 85.83 8727 12.91 13.13 6736 68.49 5239 53.27
NKB5 67.99 31.61 46.49 19.81 29.14 1529 22.49 38.63 56.82 18.82 27.68 1031 15.16
NKB7 96.49 74.00 76.69 55.75 57.78 57.58 59.67 10.10 10.47 60.17 6236 18.08 18.74
NKB8 66.57 76.02 114 JO 52.84 7938 66.40 99.74 1729 25.97 60.73 9123 19.55 2937

INKBll 68.94 3631 52.67 40.81 59.20 3630 52.65 0.00 0.00 33.60 48.74 11.99 1739
NKB15 98.50 49.03 49.78 75.57 76.72 7739 78.77 0.00 0.00 39.62 4022 21.12 21.44
NKB16 100.00 94.99 94.99 94.46 94.46 9023 9023 536 536 78.98 78.98 76.78 76.78

* STD=acetonitrile solution

% Relative recovery=% Recovery in solution condition / % recovery in the STD condition 

Table 4. 3 Com parison of the research compounds stability a t half life (t Vi) values

Compounds

STD
t

i/2(hours)

pH=4.0
t

i/2(hours)

pH=7.0
t

i/2(hours)

pH=9.0
t

i/2(hours)
NaOH/IMeOH 

t i/2(hours)

HCI/ 
MeOH 

t r/2(hours)
Plasma 

t i/2(hours)

NKB4 >48.00 19.00 48.00 >48 0.20 44.00 0.50

NKB5 >48.00 0.32 0.29 0.30 0.26 021 0.12

NKB7 >48.00 >48.00 36.00 32.00 0.18 >48.00 0.14

NKB8 >48.00 >48.00 >48.00 >48.00 0.19 >48.00 0.17

N K B ll >48.00 48.00 48.00 23.00 0.18 12.00 0.17

NKB15 >48.00 21.00 >48.00 >48.00 0.17 10.00 0.17

NKB16 >48.00 >48.00 >48.00 >48.00 0.18 >48.00 >48.00
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(i) Normal standard chromatographic conditions (acetonitrile)

From Figure 4.3 and the Table 4.2 results, under normal chromatographic conditions, the 

purity o f  the standard NKB16 drug gives 100% recovery, followed by NKB15 with 98.5% 

recovery and NKB4 with 98.35%. The compound with lowest purity is NKB8 with 66.57% 

recovery. The most likely explanation relates to the specific process o f synthesis and the 

purification process for this compound (Figure 4.4).

120

100 :------

80

60

40

20

■ NKB4

■ NKB5

■ NKB7

■ NKB8

■ NKBll 

R NKB15

■ NKB16

STD % Rccovcry

Figure 4. 4 Summary Chart for research compounds stability under standard 

(acetonitrile) condition at T12 hour

(ii) Buffer solution pH=4

NKB16 is more stable in buffer solution pH=4.0 than all other compounds, with the recovery 

for NKB16 obtained as 94.99%. The next most stable compound at pH=4.0 is NKB8; the 

recovery for NKB8 observed as 76.02%. This solution (buffer pH=4.0) gives lowest stability 

results for NKB5 with recovery at 31.61% which is lower than for the other compounds. The 

result may be related to the chemical structure and the chemical reactivity o f this specific 

amide compound (Figure 4.5).
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NKB5

■ NKB7

N K B l l

■  NKB16

Figure 4. 5 Summary Chart for research compounds stability under buffer pH=4 

condition at T12 hour

(iii)Buffer solution pH=7

Buffer solution pH=7.0 is found to be a stable solution medium for NKB16 with the recovery 

o f NKB16 at 94.46%, followed by NKB15 with recovery 75.57%. The lowest recovery at this 

pH is observed for NKB5 with recovery 19.81% (Figure 4.6).

NKB5

■ NKB7

■  NKB8

■  N K B l l

■  NKB15

■  NKB16

p H = 7 .0  % R eco v e ry

Figure 4. 6 Summary Chart for research compounds stability under buffer pH=7 

condition at T12 hour

(iv) Buffer solution pH=9

Buffer solution pH=9.0 is a stable solution medium for NKB16, as the recovery obtained is 

90.23%. The next most stable compound is NKB4 at this pH with recovery 85.83%. Extensive 

degradation for NKB5 with recovery o f only 15.25% was observed at pH=9 (Figure 4.7).
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■ NKB4

■ NKB5

■ NKB7

■ NKB8

■ N K B ll

■ NKB15

■ NKB16

pH=9.0% Recovery

Figure 4. 7 Summary Chart for research compounds stability under buffer pH=9 

condition at T12 hour

(v) Strong basic solution IN NaOH/MeOH

Strong basic solution IN NaOH/MeOH shows dramatic effect on compounds N K B l l  and 

NKB15, as these two compounds are totally degraded in this basic solution. The highest 

recovery for the research compounds in this basic solution is for NKB5 with 38.63% recovery 

(Figure 4.8).

■ NKB4

■ NKBS

■ NKB7

■ NKBS

■ N KBll

■  NKBIS

■ NKB16

NaOH/M cOH % Recovery

Figure 4. 8 Summary Chart for research compounds stability under IN NaOH/MeOH 

condition at T12 hour

(vi)Strong acid solution (IN HCI/MeOH)

The highest recovery in strong acid solution (IN  HCl/MeOH) is 78.98% determined for 

NKB16 and the lowest recovery is 18.82% obtained for NKBS. This result shows the 

unexpected stability o f  the compounds in strong acid, as each o f  those compounds have a
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amide functional group in their structure which could be hydrolysed in these acidic conditions 

(Figure 4.9).

NKB5

■  NKB7

N KB 8

N K B l l

■  N K B 15

■  N K B 1 6

HCI/ MeOH % R ecovery

Figure 4. 9 Summary Chart for research compounds stability under IN HCl/MeOH 

condition at T12 hour

(vii) Plasma solution

The highest recovery from plasma solution is 76.78% determined for NKB16 and the lowest 

recovery is 10.31% obtained for NKB5. This result again shows the moderate stability o f the 

compounds NKB16 and NKB4 in plasma. This result is encouraging for potential in vivo 

stability compound NKBI6 as it is the most potent compound and contains both the amide and 

ester functional groups in the structure, each of which might be hydrolysed in these plasma 

conditions (Figure 4.10).

NKB4

■  NKB5

NKB7

NKB8

■  N K B 15

« N K B 1 6

P l a s m a  %  R c c o v c r y

Figure 4. 10 Summary Chart for research compounds stability under human plasma 

condition at T12 hour

(viii) Metabolic stability of the compounds

The metabolic profile o f the conjugate compounds (on treatment with microsomal liver 

solution for 2 hours) was investigated and the results are summarized below in Table 4.3. The 

highest recovery was observed for compound NKB16 as the recovery obtained is 78.6%,
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indicating tliat this compound was the most stable in the presence o f  microsomal liver 

preparation for 2 hours. Extensive degradation for NKB5 with recovery o f  only 22.1% was 

observed at microsomal liver solution (Figure 4.11). These results from the liver microsomal 

study are important in the choice o f the conjugate for pharmaceutical development.

Table 4. 4: Stability of conjugate compounds in liver microsomal preparation

Conjusate compound % Recovery (% Area) i': .

NKB4 28.3

NKB5 22.1

NKB7 36.8

NKB8 18.2

N K B ll 4.2

NKB15 6.3

NKB16 78.6

9 0  • 

8 0

■ NKB4

■ NK83

■ NKB7

■ NKB8

■ N K B ll

■ NKBIS

■ NKB16

Figure 4. 11 Summary Chart for research compounds stability in microsomal liver 

solution for 2 hour

4.4 Analysis of the stability results (T12 hour) for each compound

Figure 4.12 shows the summary chart for stability o f  each project compound at T12 hour and 

for the percentage recovery o f  each compound at pH=4, 7 and 9, HCl/MeOH, NaOH/MeOFI 

and from plasma. The stability profile for each compound will now be discussed in detail.

% Rccovory (% Area) in M icrosom al liver so lu tion
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Figure 4. 12 Summary Chart for research compounds stability at T12 hour
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A. NKB4

The rate o f  hydrolysis reaction for NKB4 (Figure 4.13 and Figure 4.14) varies depending on in 

the pH o f  solution. NKB4 hydrolysis reaction in pH=4 solution produced N K B l, NKB3 and 

NKB9 with recoveries o f 5.9%, 6.4% and 8.6% respectively after 48hours. At pH=7, the 

compounds N K B l, NKB3 and NKB9 will be produced by hydrolysis o f  NKB4 as discussed in 

chapter 3 with recoveries o f 3.6%, 3.4% and 4.6%  respectively. The same hydrolysis reaction 

is observed at pH 9 for NKB4. In human plasma solution, NKB4 is hydrolysed to N K B l, 

NKB3 and NKB9. From the initial study o f NKB4 in microsomal rat liver it shows hydrolysis 

o f  NKB4 and results in formation o fN K B l, NKB3, NKB9 and NKB19.

These overall results support the proposed selection o f  NKB4 as a suitable dual novel action

anticancer product based on the T I2  hours recovery o f  NKB4 o f 61% at pH=7, and 52% from 

plasma, together with the impressive biochemical profile o f the compound ( IC50  = 33.4nM in

M C F - 7  cells; ER binding values, IC50  E R a = 19.23nM and ERP = 1.69nM).

NKB3 - o '

NKB20 (

NKB19 OH

NKB4 OH

HO.

OH

NKB9

NKBl OH

Figure 4. 13 Summary of the stability for NKB4 in buffer solutions, HCI/MeOH, 

NaOH/MeOH, plasma solution and microsomal liver solution.
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■ STD % Recovery

■ pH=4.0% Recovery

■  pH=7.0% Recovery

■  pH=9.0% Recovery

■  NaOH/McOH % Recovery

■  HCI/ MeOH % Recovery

■  Plasma % Recovery

Figure 4. 14 Summary Chart for NKB4 compound stability at T12 hour 

B. NKB5

In the hydrolysis reaction for NKB5 (Figure 4.16) the outcome depends on the pH o f  the 

solution as expected. Hydrolysis reaction o f  NKB5 in pH 4 solution will produce NKB2, 

NKB3 and NKBIO, (Figure 4.15). In pH7 solution NKB2, NKB3 and NKBIO will be also 

produced by hydrolysis o f NKB5. A similar hydrolysis reaction occurs at pH 9 for NKB5. In 

human plasma solution, NKB5 is hydrolysed to NKB2, NKB3, NKB25, NKBIO and N K B2I. 

From the initial study o f NKB5 in microsomal rat liver, it appears that metabolism o f NKB5 

results in formation o f the products NKB2 and NKB3. Because o f poor recovery o f  NKB5 at 

pH=7, (20%  recovery and 29% relative recovery, even though the biochemical properties are 

very promising ( I C 5 0  = 5.1nM in MCF-7 cells; ER binding values, I C 5 0  E R a = 0.9nM and ER|3 

= 4.7nM ), this compound does not have the optimum stability properties to be progressed for 

the further drug development.

■7.  "■!---------------- ^

I  -  '  • ^  •4'

I

NKB4
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Figure 4. 15 Summary of the stability for NKBS in buffer solutions, HCl/MeOH, 

NaOH/MeOH , plasma solution and microsomal liver solution.

■ STD % Recovery

■ pH=4.0% Recovery

■ pH=7.0% Recovery

■ pH=9.0% Recovery

■ NaOH/MeOH % Recovery

■ HCi/MeOH % Recovery \
■ Plasma % Recovery

NKBS

Figure 4 .16  Summary Chart for NKBS compound stability at T12 hour 

C. NKB7

The rate of hydrolysis reaction for NKB7 (Figure 4.17 and Figure 4.18), depends on the pH of 

the solution as expected. Hydrolysis reaction of NKB7 in pH 4 solution will produce NKBl,



N K B 6  and N K B 9. In pH =7 solution products N K B l, N K B 6  and N K B 9 will be also produced 

by hydrolysis o f  N K B 7.

A sim ilar hydrolysis reaction in pH 9 is observed for N K B 7. In hum an plasm a solution, N K B7 

is hydrolysed to N K B l, N K B 6  and N K B 9. From  the initial study o fN K B 7  in m icrosom al rat 

liver it appears that hydrolysis o fN K B 7  results in form ation o fN K B l,  N K B 6 , N K B 9 and 

N K B l9. G ood recoveries o fN K B 7  at pH =4, (74% ), pH =7 (56%  recovery) and pH =9 (58%  

recoveries) indicate that this com pound could be selected for progression. Rapid degradation o f  

the conjugate in physiological conditions has now  been dem onstrated. The intrinsic 

an tiproliferative activity o f  N K B 7 is poor w ith IC 50 =2080nM  in M CF-7 breast cancer cells, 

together w ith m oderate ER binding effects (ER  binding values, IC50 E R a  =  97.9nM  and ER p = 

36.1nM . C om pound N K B 7 is not an attractive target for future developm ent as an intact 

conjugate com pound.

NKB6

.oW'

NKB20

NKB19

NKB7
OH

HO.

NKB9HN
OH

NKBl

OH

Figure 4. 17 Summary of the stability for NKB7 in buffer solutions, HCI/MeOH, 

NaOH/MeOH , plasma solution and microsomal liver solution.
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■ STD % Recovery

■  pH=4.0% Recovery

■  pH=7.0% Recovery

■ pH=9.0% Recovery

■ NaOH/MeOH % Recovery

■  HCI/ MeOH % Recovery

■ Plasma % Recovery

Figure 4. 18 Summary Chart for NKB7 compound stability at T12 hour 

D. NKB8

The rate o f  hydrolysis reaction for N K B 8 (Figure 4 .1 9  and Figure 4 .2 0 ) varies depending in the 

pH o f  solution. N K B 8 hydrolysis reaction at pH 4 w ill produce N K B 2 and N K B 6. At pH 7, the 

com pounds N K B 2 and N K B 6 w ill be form ed by hydrolysis o f  N K B 8 as d iscussed in chapter 3. 

The sam e hydrolysis reaction is observed at pH 9 for N K B 8. In human plasm a solution, NK.B8 

is ex ten sively  hydrolysed and/or dealkylated to N K B 2, N K B 6 and N K BIO  products. From the 

initial study o f  N K B 8 in m icrosom al rat liver hydrolysis o f  N K B 8 results in formation o f  

N K B 2, N K B 6 and N K BIO . The stability o f  N K B 8 at pH =4 (76%  recovery), pH =7 (53%  

recovery) and pH =9 (66%  recovery) suggest that this com pound is a m oderately stable drug 

candidate. M C F-7 inhibitory activity (IC5o=40nM ) and the ERa binding IC50 value =  24 nM  

support the ch o ice  o f  N K B 8 as a possib le  lead com pound for further developm ent, how ever  

plasm a instability w ould  favour other candidates in the study.

NKB7
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Figure 4. 19 Summary of the stability for NKB8 in buffer solutions, H C I/M eO H , 

N aO H /M eO H  , plasma solution and microsomal liver solution.
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Figure 4. 20 Summary Chart for NKB8 compound stability at T12 hour
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E. NKBll

The rate of hydrolysis for N K B ll (Figure 4.21 and Figure 4.22) varies depends on the pH of 

the solution as expected. N K B ll hydrolysis reaction in pH 4 solution will produce NKB 17, 

NKB 14 and NKB 12. At pH7, the compounds NKB 17, NKB 12 and NKB 14 will be formed by 

hydrolysis o f NKB 11.The hydrolysis reaction in pH 9 for N K B ll results in formation of 

NKB 17 and NKB 12. In human plasma solution, NKBl 1 is hydrolysed to NKB 12, NKB 17 and 

NKB 14. From the initial study o f N K B ll in microsomal rat liver, hydrolysis o f N K B ll 

afforded NKB 17 and NKB 14. Recovery o f N K B ll from buffer solutions pH=4, 7 and 9 of 

36%, 41% and 36% respectively indicate that this compound is extensively hydrolysed in the 

pH conditions. Nanomolar IC50 value (90.8nM) for MCF-7 activity and also for ER binding 

(IC50 ERa = 79.9nM and ERp = 22.7nM) suggest that this potent conjugate should not be a 

suitable product for possible development as a dual activity cytotoxic drug as it is extensively 

hydrolysed in physiological conditions

•OH HO.

NKB22
NKB 17

N K B ll

o o 5 5

NKB23

NKB 14

NKB12

Figure 4. 21 Summary of the stability for N K B ll in buffer solutions, HCl/MeOH,

NaOH/MeOH , plasma solution and microsomal liver solution.
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■ pH=7.0% Recovery

■ pH=9.0% Recovery

■ NaOH/MeOH % Recovery

■ HCI/ MeOH % Recovery

■ Plasma % Recovery

NKBll

Figure 4. 22 Summary Chart for N K Bll compound stability at T12 hour 

F. NKB15

The hydrolysis reaction for NK B15 (Figure 4.23 and Figure 4.24) show dependence on the pH 

o f  solution. N K B15 hydrolysis reaction in pH 4 solution w ill produce N K B13 and N K B 14. At 

pH7, the compounds N K B13, N K B 14 and N K B 22 w ill be formed by hydrolysis o f  N K B15 as 

discussed in chapter 3. The hydrolysis reaction at pH 9 for N K B15 will form N K B13 and 

N K B14. In human plasma solution, NK B15 is hydrolysed to form N K B 13, N K B I4  and 

NK B22. From the initial study o f  N K B15 in microsomal rat liver, it shows hydrolysis o f  

N K B I5 results in formation o f  N K B13 and N K B 14. Compound NK B15 showed good stability 

properties at pH 4, 7 and 9 with recovery o f  49%, 76% and 75% respectively. Although  

antiproliferative activity in MCF7 cells has yet to be determined for N K B 15, the potent ER 

binding (IC50 values o f  70.9nM  for E R a and 90.1nM  for ERP) indicate that NK B15 is 

potentially a useful lead compound.
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Figure 4. 23 Summary of the stability for NKB15 in buffer solutions, HCI/MeOH, 

NaOH/MeOH , plasma solution and microsomal liver solution.
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Figure 4. 24 Summary Chart for NKB15 compound stability at T12 hour



G. NKB16

N K B l6  contains ester and amide functional groups and the hydrolysis reaction o f N K B l6  

(Figure 4.25 and Figure 4.26) is pH dependent. In pH 4 solution N K B l, N K B l7 and NKB9 are 

formed in low concentrations. In pH 7 solution N K B l7, NKBl and NKB9 will be also be 

produced by hydrolysis and/or dealkylation o f N K B l6 . The hydrolysis and/or dealkylation 

reaction in pH 9 for NKB16 results in formation o f NKB17, NKBl and NKB9. In human 

plasma solution, N K B l6  is observed to be converted to N K B l7, NKBl and NKB9. From the 

initial study o f N K B l6  in microsomal rat liver preparation, it appears that 

hydrolysis/dealkylation o f N K B l6  results in formation o f compounds N K B l7, N K Bl, NKB9 

and N K B l9. Compound N K B l6  showed excellent stability properties at pH-4, 7 and 9 of 

95%, 94% and 90% recovery respectively. The IC50 values (IC50 = 5.7nm) for MCF-7 

inhibition and ER binding activity (E R a=  52.1nm and ERp = 115.1nM) are at the nanomolar 

level. These results indicate that N K B l6  compound remains intact in plasma, and has potent 

antiproliferative activity in MCF-7 breast cancer cells, targets ER in the breast cancer cell and 

can thus deliver cytotoxic agent CA4 to the cancer cell.

Front analysis o f  the results discussed above, this compound NKBl 6 is now identified as the 

most suitable potential lead compound for future drug development study based on the 

favourable in vitro stability profile over the pH  range 4-9 and also in plasma.

- 2 7 6 -



,0H
HO.

N K B 20 — iT'

NKB9NKB 17

MO
NKB24NKB 16

N K B I9

OHN KBl

HO

HO
N K B I8

Figure 4. 25 Summary of the stability for NKB16 in buffer solutions, HCl/MeOH, 

NaOH/MeOH , plasma solution and microsomal liver solution.
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Figure 4. 26 Summary Chart for NKB16 compound stability at T12 hour



4.5 “Druggability” of lead compounds NKB5 and NMB16

The potential lead compounds NKB5 and NKB16 were briefly evaluated for “druggability” 

properties. The Lipinski rules describe molecular properties important for a drug's 

pharmacokinetics in the human body, including their absorption, distribution, metabolism, and 

excretion

However, the rule does not predict if a compound is pharmacologically active. The rule is 

important for drug development where a pharmacologically active lead structure is optimized 

step-wise to provide increased activity and selectivity, as well as preserving and enhancing 

drug-like properties.

The Lipinski rules state that, in general, an orally active drug has no more than one violation of 

the following criteria:

• Not more than 5 hydrogen bond donors (nitrogen or oxygen atoms with one or more 

hydrogen atoms)

• Not more than 10 hydrogen bond acceptors (nitrogen or oxygen atoms)

• A molecular mass not greater than 500 Daltons

• An octanol-water partition coefficient log P  not greater than 5 

Extensions are:

3- Polar surface area < 14oA^

4- Rotatable bond < 10

All of the compounds investigated (NKB4,5,7,8,11,15,16) have calculated LogP value of

greater than 5 (Table 4.1), therefore violate one o f the Lipinski rules and may be classified as

too lipophilic to be considered for development for oral drug delivery. NKB5 compound has a 

731.8MW, three 0-H  bond, 7 hydrogen bond acceptors, and Log P o f 7.4, which does not meet 

two o f Lipinski's rule. However, we have demonstrated that the NKB5 compound undergoes 

hydrolysis degradation to NKB2 (389.5 MW, two O-H bond, 2 hydrogen bond acceptors and 

Log P =4.9) and NKB3 (360.4 MW, two 0 -H  bond, 5 hydrogen bond acceptors and Log P 

=2.6), so the resulting components comply with the Lipinski rules for drug like properties. 

NKB4 compound has a 715.8MW, two 0-H  bond, 7 hydrogen bond acceptors, and Log P of 

7.8, which does not meet two o f Lipinski's rule.

The most promising compound selected for development is NKB16 which has a 771.9MW, 

one O-H bond, 9 hydrogen bond acceptors, and Log P o f 8.7, which does not meet two 

requirements o f Lipinski's rules.

An important exception to the “Rule o f 5” is for compounds with molecular weight >500, but 

with reduced molecular flexibility and constrained polar surface area may also show good oral
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bioavailability'^^. However, for the compounds investigated in the present study, it is Hkely 

that they would not be suitable for oral delivery'^^.

Water solubility is also an important consideration for selection of organic molecules for 

development as drugs. For future biochemical assessments, the conjugates NKB5 andNKBlG 

will be used as the water soluble hydrochloride salt, as it is insoluble in water as the free base.

4.6 Conclusion and future direction of research

This study has demonstrated the behaviour of the novel biologically active conjugate 

compounds (NKB4, NKB5, NKB7, NKB8, N K B ll, NKB15 and NKB16) under different 

conditions of pH and thus identified the optimum conditions for stability and for recovery of 

those products under physiological conditions. These results will support the objective of this 

project to develop novel agents to be used potentially as anticancer drugs.

The preliminary evaluation o f the ligands, agents and conjugates in the project has provided 

interesting results. Identification of the degradation products formed by each of the conjugates 

has been achieved. However, certain mechanistic details regarding the possible mode(s) of 

action of the Combretastatin conjugates remain to be investigated, e.g. whether the different 

conjugates are pure ER antagonists, antimitotic agents or possibly dual acting compounds. The 

in vivo biochemical profiles of these conjugates were determined and showed very promising 

potential as clinical oncology agents. In future work the potentially hydrolysable ester and/or 

amide moiety could be modified as a carbamate derivative. The carbamate linker functional 

group would display an intermediate level of reactivity to hydrolysis between an ester and an 

amide linkage present in conjugates NKBl 1, NKBI5 and NKB16. These compounds would be 

predicted to be less susceptible to hydrolysis compared to esters but more easily hydrolysed 

compared to amides.

In summary the objective o f the project was to establish an optimum conjugate prodrug 

compound that may be used as a key developmental drug for oncology. The investigation has 

detailed several pathways and interactions that each conjugate may undergo. These reactions 

depend on factors such as pH, level of microsomes in the microsomal liver and level of 

enzymes in plasma solution. The most important factor in the analysis profile established for 

these compounds is the ease (or otherwise) of the hydrolysis reactions for the amide and ester 

linking functional groups. The stability properties o f a new series of estrogen receptor ligand 

conjugates has been determined. These conjugates contain components which have known 

activity in the prevention o f breast cancer proliferation, linked to the tamoxifen metabolite
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endoxifen. Preliminary in vitro evaluation of the antiproliferative and cytotoxic activities o f the 

compounds in MCF-7 breast cancer cells, together with determination o f  the ER binding 

indicated that some o f these estrogen receptor ligand conjugate molecules may be useful as 

probes o f  estrogen receptor action and may also result in a more selective and targeted delivery 

o f non-specific agents such as combretastatin to breast tumour cells.

In summary, the bivalent ER conjugate NKB16 demonstrates impressive antiproliferative 

activity in MCF-7 breast cancer cells with IC50 value o f  5.7nM, and potent ER binding value o f  

IC50 52.1 nM(ERa), 115.1 nM(ERp) and provides a template scaffold for the development o f  

further ER ligands. Although the biochemical properties o f  NKB5 are very promising and the 

release o f the active drug components is evident, because o f  poor recovery o f NKB5 at pH=7 

(20% recovery, possibly due to difficulties in purification), this compound may not have the 

optimum stability properties to be progressed for the further drug development. Compound 

NKB4 is also a suitable dual novel action anticancer product based on the T12 hours recovery 

o f NKB4 o f  61% at pH=7, and 52% from plasma, together with the impressive biochemical 

profile o f the compound (IC50 = 33.4nM in MCF-7 cells; ER binding values, IC50 ERa = 

19.23nMand ERp = 1.69nM).

Overall, compound NKB16 (Figure 4.27) showed excellent stability properties at pFl-4, 7 and 9 

with recoveries o f 95%, 94% and 90% respectively. The IC50 values for MCF-7 inhibition and 

ER binding activity are at the nanomolar level. Conjugate compound NKB16 is now identified 

as a potentially useful lead compound fo r  fu tu re  drug development study as an intact dual 

targeting drug.

HO

NKB16

Figure 4. 27 NKB16 structure

4.7 Further developments

In an extension o f the application o f this methodology developed and reported in the thesis, the 

properties o f a further series o f novel conjugate drugs (developed in this laboratory) have been
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investigated briefly by the author. These compounds are conjugate ester products o f  a 

dihydropyridine phenol compound NK Bl 10 (exhibiting multidrug resistant MDR inhibitor 

activity in a HL60 leukaemia cell line) and various cytotoxic drugs including the 

Combretastatin acid compound (NKB3).

Dihydropyridines such as nifedipine are well known for their use as calcium channel blockers 

and are extensively used in treatment o f  hypertension. Dihydropyridine derivatives have been 

shown to have the potential to overcome P-glycoprotein (Pgp)-mediated multidrug resistance 

to doxorubicin, vincristine and paclitaxel in cultured human cancer cells. 1,4-Dihydropyridines 

such as nifedipine, nicardipine and amlodipine have been extensively investigated for their 

MDR reversal effects. However, because o f their pharmacological properties as calcium 

channel antagonists (active on L-type calcium channels), they are not suitable for therapy in 

MDR cancer'™.

The results obtained for an example o f this series NKBl 06 (Figure 4.28) are illustrated below 

and indicate that this conjugate is unexpectedly stable under the conditions o f the stability 

investigation and that it would be a potentially useful MDR targeting drug with cytotoxic 

effects for future development (Figure 4.29, Scheme 82 and Table 4.4).

CH

OH

N K B 106

Figure 4. 28 NKB106 structure
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Figure 4. 29 Stability results for NKB106 in various pH ranges, HCI/MeOH solution, 

NaOH/MeOH solution and plasma solution over time

Table 4. 5 Recovery results for NKB106 in various pH ranges, HCI/MeOH solution, 

NaOH/MeOH solution and plasma solution over time

Time
Point
(hours)

Buffer 
Solution 

pH =4 
(% Height)

Buffer 
Solution 

pH =7 
(% Height)

Buffer Solution 
pH =9 

(% Height)

HCI/MeOH 
solution 

(% Height)

NaOH/MeOH 
solution 

(% Height)

Plasma 
solution 

(% Height)

0 99 99 99 99 99 99

0.25 99 98 99 85 97 98

1 99 98 99 83 96 98

4 99 98 99 83 92 98

12 99 99 99 82 95 97

24 98 97 97 82 96 98
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Buffer pH=4 HsCO^

Buffer pH=7 ,

Buffer pH=9 H 3 C O - C

HCI/MeOH /
NaOH/MeOH H 3 C O

Plasma Solution

H3 C H3 C H

H3 CO OH 

NKB13NKB106 NKB110

Scheme 82 Proposed hydrolysis of NKB106 in various pH ranges, HCl/MeOH solution, 

NaOH/MeOH solution and plasma solution

4.8 Overall conclusion

Interest in development o f conjugate drugs has increased in the recent years. When treating 

breast cancer, cytotoxic agents are targeted to exert their effects on cancer cells. However, 

many cancer chemotherapies lack specificity which can lead to toxicity and dangerous side 

effects. Many approaches for cytotoxic drugs have been designed to target tumours. For 

example, agents targeting nuclear receptors such as the estrogen receptors which are over

expressed in tumours offer potential for improved chemotherapeutic treatments. In hormone- 

dependent cancers, such as the mutants o f  breast cancers, structurally varied estrogen receptor 

antagonist conjugates have been investigated which are designed to take advantage o f  the 

presence o f  over-expressed estrogen receptor ER a. Estrogen receptor ligand conjugates 

containing a variety o f cytotoxic agents, photodynamic therapeutic agents and radioligands 

have been reported in the literature. Investigations to improve the therapeutic properties o f 

certain estrogen receptor ligand conjugates have shown promising results. In this thesis, the 

development o f specific types o f  estrogen receptor targeting conjugates containing cytotoxic 

tubulin targeting drugs have been investigated which demonstrate the potential advantages o f 

these conjugates as more effective cancer chemotherapy agents.

Conjugate compound NKB16 is now identified as a potentially useful lead compound for  

future drug development study as an intact dual targeting drug which displays superior 

properties to the clinically used drug tamoxifen in breast cancer cells.

Further research is now in progress to synthesis and evaluate Endoxifen conjugates with a 

variety o f  acrylic acids in combrestatins, and also Endoxifen ligands with aromatase inhibitors. 

The methodology developed in this thesis will be explored in the stability assessments o f these 

novel conjugates.
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Chapter 5
Experimental details for method development, validation and the

stability study
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5) EXPERIMENTAL DETAILS FOR METHOD DEVELOPMENT, VALIDATION 

AND THE STABILITY STUDY

5.1 METHOD 1: OPTIMIZATION OF TAMOXIFEN/ENDOXIFEN STABILITY 

ASSAY USING HPLC

As stability studies required testing of 7 major compounds (Conjugates or Pro-drugs), an 

HPLC analytical test method was developed. The experiment commenced by using N KBl, 

NKB3 and NKB4 as starter materials for the method development, as the structure o f those 

compounds and the polarity will be similar to the other compounds.

5.1.1 EXPERIMENTAL:

The main objective o f this study was to develop a simple, sensitive, accurate and precise HPLC 

test method which would detect all of the research compounds at very low concentrations, 

(concentration from O.l-lOppm). As is the normal procedure of each test method development, 

the solubility is first studied, e.g. it is observed that these compounds are soluble in organic 

solvents (acetonitrile and methanol). The compounds are mostly polar compounds. From these 

initial results and after few trials on testing, the final test method was adjusted by using a 

normal phase stationary column with suitable mobile phase that can produce a good detection 

and good resolution for the compounds.

5.1.2 EQUIPMENT AND MATERIALS:

5.1.2.1 EQUIPMENT:

-Analytical Balance: Sartorius AG GOTTONGEN (Germany) Model: MC210P

-Sonicator: Branson (Danbury, USA) Model:35 lOE-DTH 

HPLC:

Pump: Waters (Milford, USA) Alliance Model Number 2695, or equivalent 515 isocratic 

pump.

Autosampler: Waters (Milford, USA) Alliance Model Number 2695, or equivalent 717plus 

Autosampler.

Detectors: Waters (Milford, USA) Dual wavelength UV Detector Model Number 2487 or 

equivalent. Waters Photo Diode Array Detector Model Number 2996 or equivalent.

HPLC Column: Cosmosil Silica column with diminution 250mm x 4.6mm and particle size 

5^m.
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Filters: 0.45 |j,m nylon syringe driven filter, Millipore catalog number SLHN 025NK or 

equivalent.

SPE Cartridge: Waters Oasis HLB W AT094226 3cc

LCM S- Thermo Accela UPLC system coupled to a Thermo LTQ XL-orbitrap

5.1.2.2 REAGENTS:

-Diethyl amine, Reagent Grade -  Sigma-Aldrich, Catalogue number 471216-500 mL or 

equivalent.

-Acetic acid 100% -  Reagent grade -  Riedel -  De Haen, Catalogue number 64-19-7. 

-Acetonitrile HPLC Grade - Lab Scan Catalog Num ber C33C1IX .

-M ethanol HPLC Grade - Lab Scan Catalogue Num ber C l 7C1IX.

-Purified Water: Reverse osmosis water system.

-D-Glucose-6- phosphate dipotassium, Sigma-Aldrich, Catalog Num ber G7375

-NADP: Nicotinamide adenine di nucleotide phosphate, Sigma-Aldrich, Catalog Number

N5755

-Magnesium Chloride, Sigma-Aldrich, Catalog Number M8266 

-DMSO: Dimethyl sulfoxide, Sigma-Aldrich, Catalog Number 34869 

-Glucose-6-phosphate dehydrogenase, Sigma-Aldrich, Catalog Num ber G7375 

-M icrosomal Rat liver, Sigma-Aldrich, Catalog Num ber M9066

5.1.3 DESCRIPTION OF ANALYTICAL METHOD:

The assay analytical method is an isocratic normal phase HPLC method. The compounds are 

solid products. The sample extract and prepared standards were injected onto the HPLC 

column and detected at X,=283 nm. The active compound is quantified by comparing the peak 

areas o f the prepared sample with that o f the standard.

5.1.3.1 Chromatographic Conditions:

M obile phase: To 940 mL o f acetonitrile was added 25 mL o f  water, 25 mL o f acetic acid and 

10 mL o f diethylamine. The solution was then mixed well and filtered through 0.45^m  

membrane filter and degassed.

Column ; Cosmosil Silica 250mm x 4.6mm, 5|im

Load (Injection Volume) : 100 |iL

Flow rate : 1,5mL / minute.

Detection : UV operated at 283 nm
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Run time : 15 min.

Column Temperature : Ambient

Diluent : Refer to standard preparation

5.1.3.2 Sample and standard preparation

Standard stock solution preparation: An accurate weight o f  10 mg N K B l, NKB3 and 

NKB4 was transferred into separate 100 mL volumetric flasks, 70 mL o f  methanol was added 

and the compound was dissolved by sonication with intermediate shaking. The solution was 

then topped up to volume with methanol and mixed well, (lOOppm).

For lOppm concentration, 1.0 mL o f each solution (N K B l, NKB3 and NKB4) was transferred 

to a 10 mL volumetric flask and completed to volume with acetonitrile. A portion o f the 

solution was filtered using 0.45(im nylon filters; the clear solution was used by discarding first 

few mL A series o f dilutions were carried out as per Table 5.1 below.

Table 5. 1 Dilution series preparation

Concentration

ppm

Stock

Standard

(mL)

Final volume (mL) 

(with acetonitrile)

10 1 10

5.0 5 100

2.0 2 100

1.0 1 100

0.5 0.5 100

0.1 1 0.1 100

5.1.4 M ETHOD VALIDATION:

5.1.4.1 SPECIFICITY

Mobile phase blank and sample diluent solutions were evaluated to verify that no interferences 

were present at the retention times for the project compounds. There was no observable 

interference from the mobile phase and sample diluent.

- 2 8 7  -



Outline:

Solutions o f  potentially interfering compounds (known impurities, solvent and diluent, mobile 

phase) are prepared and evaluated using the analytical methodology outlined in method 

description section.

Analysis o f samples:

Samples were analysed using the instrumental parameters in the method description section. 

Acceptance Criteria:

No interference at same retention time o f the project compounds more than 5.0%.

All system suitability criteria must be met for the run to be considered valid.

Results:

Mobile Phase: No interference was observed at the same retention time o f  the compounds. 

Diluent: acetonitrile was injection was made and no interference noticed at the same retention 

time o f the compounds.

Conclusion:

There was no interference from the mobile phase and the sample diluent in the elution zone o f 

the project compounds.

5.1.4.2 LINEARITY

Linearity is measured by preparing a series o f solutions o f known analyte concentration 2%  -  

200% and plotting the instrument response versus the analyte concentration. The linear 

regression and correlation coefficients are used as indicators o f  the m ethod’s linearity. 

Linearity was established over the range o f O.l-lO.Oppm. Solution for linearity study in the 

drug concentration range o f 0.1, 0.2, 0.5, 1.0, 5.0 and lOppm were prepared. Each solution was 

prepared in triplicate and placed in HPLC vial and injected in triplicate as described in the 

sample and standard preparation section above (Table 5.1). A plot o f  the response versus 

analyte concentration with total 6 data points was constructed, (see chapter 2).

Analysis o f linearity standards: Each o f the solutions was injected 3 times using the 

conditions described in method description section. (Total o f 9 injections at each linearity 

level.) Each set o f  9 injections was bracketed with duplicate injections o f  working standard at 

100% o f nominal concentration.

Data Analysis:

Linear Regression: Using Microsoft Excel a plot o f concentration versus mean weight 

corrected peak area was constructed for each set o f  standards and the mean o f  each level. The 

intercept, slope and value was reported.
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Acceptance Criteria;

The correlation coefficient R^-value for each o f the curves from the linear regression should be 

0.998 or greater.

Results:

NKB4 RESULTS

Three stocks o f standard and working standard for NKB 1, NKB3 and NKB4 were prepared 

and analysed, (Figure 5.1).

0 , 10-

0 .08 -

0 .06-

D<
0 .04-

0 0 2 -

0 .00-

200 4 0 0 6.00 1000 12008.00 1 400

M inutes

Figure 5. 1 Overlay chromatogram for NKBl, NKB3 and NKB4 linearity concentration 

from 0.1, 0.5,1.0, 2.0, 5.0 and lO.Oppm.

NKB3 RESULTS;

Three stocks o f standard and working standard for NKB3 was prepared and analysed, (Figure 

5 .2 ).
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Figure 5. 2 Overlay chromatogram for NKB3 linearity concentration from 0.1, 0.5, 1.0, 

2.0, 5.0 and lO.Oppm.

NKBl RESULTS:
Three stocks o f standard and working standard for N K Bl was prepared and analysed, (Figure 

5 .3 ).
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Figure 5. 3 Overlay chromatogram for NKBl-Z and NKBl-E isomer linearity 

concentration from 0.1, 0.5,1.0, 2.0, 5.0 and lO.Oppm.
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Conclusion;

The linearity o f  the analytical response was demonstrated by analyzing injections o f the 

standard concentrations specified in the method. A plot o f peak area as a function o f each 

analyte concentration was generated and a linear equation was used to fit the data using an 

ordinary least-squares regression. The square o f the correlation coefficient was compared to 

the acceptance criteria specified. The linearity curve has a correlation coefficient o f 1.000. The 

results o f linearity meet the acceptance criteria set. Correlation coefficient values > 0.999 were 

determined for the compounds plot, thereby exceeding the method linearity acceptance criteria 

and demonstrating excellent method linearity.

5.1.4.3 ACCURACY

Accuracy is determined by assessing analyte recovery from a spiked sample. 18 replicate- 

spiked samples are prepared for each compound NKBl ,  NKB3 and NKB4 at each o f 3 levels 

10%, 100% and 200% o f nominal (Table 5.1). The spiked samples are analysed according to 

the analytical method and the % o f analyte recovered from each solution calculated. The 

method displayed accuracy in the range o f  0.1-10.0 ppm. Three replicate samples were 

prepared at each o f the concentration level 0.5, 5.0 and lO.Oppm as described in the sample and 

standard preparation section. Samples were analysed and compared with theoretical values. % 

recoveries ware calculated and reported.

Analysis o f samples: Samples were analysed using the instrumental parameters in method 

description section.

Analysis o f Accuracy standards: Each o f the solutions was injected 6 times using the 

conditions described in method description section. (A total o f 18 injections at each accuracy 

level were completed).

Data Analysis: % recovery for each spiking solution was calculated. The % RSD for each set 

o f 6 injections was calculated.

Acceptance Criteria: The recovery at each level should be 80-120% o f  the theoretical 

(gravimetric) value. The %RSD o f the peak areas for each level should be no more than 5.0%.

5.1.4.4 PRECISION

Precision is determined by analyzing 3 prepared samples once with concentration level 0.5, 5.0 

and lO.Oppm as described in the sample and standard preparation section (Table 5.1) 

(reproducibility) and one prepared sample analysed 6 times (repeatability. The RSD of the 

peak areas are compared.

Analysis o f Samples:
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Instrument conditions as per method description in method description section.

Method precision:

Each o f the 3 sample solutions was injected once.

System precision:

One o f the sample solutions was injected 6 times.

Data Analysis:

The mean and %RSD o f the peak areas o f  the replicate injections was calculated.

The mean and %RSD o f the peak areas o f the replicate preparations was calculated. 

Acceptance Criteria:

The %RSD o f the peak areas for the replicate injections must be no more than 5%.

The %RSD o f the peak area for the replicate preparations must be no more than 5%.

Conclusion Accuracy: Method accuracy was assessed using known concentration samples. 

The assessment was accomplished by analyzing injections o f  3 individual sample preparations 

spiked with each compounds individually at a middle concentrations, concentrations near the 

reporting limit o f  the method and at a concentration near the high end o f the method range. The 

mean recovery evaluated for compliance to the accuracy criteria was specified. Quantitative 

recoveries ranging from 100 -  109% were determined for each compound. The recovery data 

met the accuracy acceptance requirement and demonstrated excellent method accuracy.

Conclusion Precision:

Repeatability: The injector repeatability was evaluated by performing 6 sequential injections 

o f each compounds spiked solution at concentration near the reporting limit (approximately 

0.5ppm) o f the method. The relative standard deviations (% RSD) o f the resulting each 

compounds peak areas were compared to the injection repeatability criteria specified. As can 

be seen in the injection repeatability results values corresponding to < 3% RSD were 

determined for each compounds sample injection repeatability. These results fully met RSD 

acceptance values o f < 5% specified respectively for sample repeatability injections. 

Reproducibility: The reproducibility was evaluated by analyzing injections o f  3 individual 

sample preparations on the three different concentrations. Spiked samples prepared (as per the 

accuracy section) were used for the evaluation. The pooled precision must compare to the 

reproducibility criteria specified. The data generated showed excellent reproducibly; overall, 

the reproducibility results fully met the < 5% acceptance criteria established in the method 

reproducibility parameter.
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5.1.4.5 RANGE:

As discussed in previous sections, the acceptance criteria for method linearity and accuracy 

were fully satisfied. Therefore, the method range of O.l-lO.Oppm for each compounds are 

considered validated.

5.1.4.6 LIMIT OF QUANTITATION/LIMIT OF DETECTION:

Analysis of samples: The LOQ/LOD were calculated from the 3-calibration curve in the 

linearity section above.

Acceptance Criteria: LOQ Concentration < 0.2 ppm.

Results:

Table 5. 2 NKB4 LOQ/LOD summary results

Compound Limit Concentration (ppm)

NKB4 LOD 0.0382ppm

NKB4 LOQ O.I273ppm

Table 5. 3 NKB 3 LOQ/LOD summary results

Compound Limit Concentration (ppm)

NKB3 LOD 0.0112ppm

NKB3 LOQ 0.0372ppm

Table 5. 4 NKBl (Z) LOQ/LOD summary results

Compound Limit Concentration (ppm)

NKBl (Z) LOD 0.0167ppm

NKBl (Z) LOQ 0.0555ppm

Table 5. 5 NKBl (E) isomer LOQ/LOD summary results

Compound Limit Concentration (ppm)

NKBl (E) LOD O.OlOSppm

NKBl (E) LOQ 0.0349ppm
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Conclusion: The LOQ o f  the method was determined by analyzing the recovery o f  LOD, LOQ 

concentration for each compound. This value met the LOD, LOQ result acceptance 

requirement o f  < 0.2ppm.

5.1.4.7 STABILITY:

The stability study was considered in each product stability section separately.

5.1.5 OVERALL CONCLUSION:

The results o f method validation efforts for undertaken at Trinity Collage laboratories fully met 

all results acceptance criteria and demonstrated satisfactory method performance. Therefore, 

this test method is considered validated and fit for its application to research compounds.
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Table 5. 6 Summary of Acceptance Criteria, Limits and Results

Validation Measured Response Acceptance Results

Parameter Criteria

NKB1=1.000

>0.99 N K Bl isomer= 1.000

Linearity NKB3=0.999

NKB4=0.999

% Peak Area (at beginning the %RSD Area< 5% N K Bl =0.145%

run 5 injections) NKB isomer=1.69% 

NKB3=0.26%

% Peak Area Deviation %RSD < 5% NKB4=0.95%

(Bracketing standards)

NKB 1=0.72%

NKB isomer=0.92%

USP Tailing Factor < 3 NKB3=0.43%

NKB4=1.63%

Resolution > 1.2 NKB 1=0.92

System

suitability
USP Plate Count > 2500

NKB isomer=0.95

NKB3=1.0

NKB4=2.54

NKB1 = 16.5 

NKB isomer=l .6 

NKB3=10.2 

NKB4=N/A

NKB1=8034.8 

NKB isomer=8006.7 

NKB3=9187.6 

NKB4=10907.6
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Table 5.6 continued

Accuracy
Mean Recovery o f analyte 80% - 120%

NKB1=101.60-109.82% 

NKBl isomer=l 00.28- 

108.97% 

NKB3=98.93-103.03% 

NKB4=97.61-102.43%

Precision

Injection

Repeatability

Peak Area and Retention Time 

(RT)

Samples

Area RT Area RT

% RSD

< 5

% RSD

< 2

NKBl =0.85% 

NKBl 

isomer=0.22% 

NKB3=0.08% 

NKB4=0.89%

NKBl =0.09% 

NKBl 

isomer=0.09% 

NKB3=0.17% 

NKB4=0.11%

Precision

Reproducibility

Peak Area and Retention Time 

(RT)

Samples

Area RT Area RT

% RSD

< 5

% RSD

< 2

NKBl =0.14% 

NKBl 

isomer=0.78% 

NKB3=0.49% 

NKB4=3.28%

NKBl =0.12% 

NKBl 

isomer=0.12% 

NKB3=0.2% 

NKB4=0.44%

Range 0 .1 -1 0  ppm

Satis 

linearity, 

and L0(

led if 

accuracy 

5 passes

O.l-lO.Oppm

LOQ
Limit o f quantitation Cone. < 0.2 ppm

NKBl=0.058ppm 

NKBl isomer=0.0315ppm 

NKB3=0.037ppm 

NKB4=0.127ppm

Specificity Interference at same RT Interference < 5% No Interference
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5.2 METHOD H: QUANTIFICATION OF TAMOXIFEN/ENDOXIFEN

COMPOUNDS IN HUMAN PLASMA BY HPLC/UV DETECTION USING A 

SOLID PHASE EXTRATION METHOD.

5.2.1 DESCRIPTION OF ANALYTICAL METHOD

Development o f a HPLC/UV detection analytical method using a solid phase extraction 

procedure for NKBl in male human plasma was investigated. The sample extract and prepared 

standards were injected onto the HPLC and detected at >w=283 nm. The active was quantified 

by comparing the peak areas of the prepared sample with the peak area and the concentration 

of the standard.

5.2.2 CHROMATOGRAPHIC CONDITION

Mobile phase: To 940 mL o f acetonitrile add 25 mL o f water, 25 mL o f acetic acid and 10 mL 

of diethyl amine. The solution was mixed well and filtered through 0.45|um membrane filter 

and degassed.

Column

Load (Injection Volume) 

Flow rate 

Detection 

Run time

Column Temperature 

Diluent

: Cosmosil Silica 250mm x 4.6mm, 5|im 

: 50 nL

: 0.7mL / minute.

: UV operated at 283 nm 

: 15 min.

: Ambient

Refer to standard preparation

5.2.3 STANDARD SOLUTION PREPARATION

Standard stock solution preparation: 10 mg NKBl and 4-hydoxybenzophenone was 

weighed and transferred into separate 100 mL volumetric flasks, 70 mL o f methanol was added 

and was dissolved by sonication with intermediate shaking. The volume was completed with 

same solvent and the solution was mixed well, (lOOppm).

For lOppm concentration, 1.0 mL of solution (NKBl) was transferred to 10 mL volumetric 

flask and completed to volume by acetonitrile. A portion of the solution was filtered using 

0.45|im nylon filters. The clear solution was used by discarding first few mL.
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A series o f dilution was carried out as per the Table below.

Table 5. 7 Dilution series preparation

Concentration

ppm

Stock

Standard

(mL)

Final volume (mL) 

(with acetonitrile)

10 1 10

5.0 100

2.0 2 100

1.0 1 100

0.5 0.5 100

0.3 0.3 100

0.1 0.1 100

5.2.4 EXTRACTION PROCEDURE

5.2.4.1 Sample Pre-Treatment

1. Acidified diluent was prepared by adding 40|jL  o f concentrated H3PO4 to I mL water 

and then the solution mixed well (solution 1).

2. 50nL o f N K Bl was added to 1 mL plasma and then the solution mixed well (solution 

2).

3. Solution 1 with solution 2 was mixed well.

4. 50|iL o f the internal standard (4- Hydroxybenzophenone) was added to the mixed 

solution.

S.2.4.2 Extraction Procedure

1. Oasis HLB cartridge or plate was placed on the vacuum manifold.

2. Condition: 1 mL acetonitrile was added to the cartridge and drawn out.

3. Equilibrate: 1 mL water was added to the cartridge and drawn out.

4. Load: Sample solution was added to the cartridge and drawn out.

5. Wash: 1 mL water was added to the cartridge and drawn out.

(Vacuum was released and the waste fluids were discarded. The collection device was inserted, 

the cover was replaced and vacuum turned on).

6. Elute: ImL acetonitrile was added and it was drawn out. The elute was collected in 

a suitable device (test tube).

7. The elute was vialed and injected through HPLC column.
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5.2.5 METHOD VALIDATION

Establishment o f all validation parameters is applying to sample analysis for analytical method 

for each analyte.

0 08-

0.06-

z> 0 04-

( I

0 02-

0 -00 -

0.00 5.00 1000 40 001500 20.00
Minutes

2500 30 00 35 00

Figure 5. 4 Typical Chromatogram for the NK Bl and the hydroxybenzophenone using 

the method parameter described, with 5.0 ppm concentration, N K B l-E  isomer at 17.6 

min, N K B l-Z  at 18.9 min, and Internal standard 4-hydroxybenzophenone detected at 

5.3 min

5.2.5.1 SPECIFICITY

Outline: solutions o f potentially interfering compounds (known impurities, solvent, diluent 

and mobile phase) are prepared and evaluated using the analytical methodology outlined in the 

method description section.

Analysis o f samples: Samples are analysed using the instrumental parameters in the method 

description section.

Acceptance Criteria: No interference at the same retention time o f  the three compounds of 

more than 5.0%. All system suitability criteria must be met for the run to be considered valid.

Results:
Mobile Phase: No interference at same retention time o f the compounds was detected. 

Diluent: acetonitrile injection made and no interference was noticed at same retention 

time o f the compounds.

Plasma solution: plasma solution was analysed using a SPE, then injected on the

HPLC.
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S.2.5.2 LINEARITY

Linearity was measured by preparing a series o f  solutions o f known analyte concentration 0.1, 

0.5, 1.0, 2.0, 5 and lOppm as described in the standard preparation and extraction section 

(Table 5.7).

Analysis of linearity standards: Each o f the solutions was injected 3 times using the 

conditions described in method description section. (Total o f  9 injections at each linearity 

level). Each set o f 9 injections was bracketed with duplicate injections o f  working standard at 

100% of nominal concentration.

Data Analysis:

Linear Regression: Using M icrosoft Excel a plot o f concentration versus mean weight was 

constructed corrected peak area for each set o f standards and the mean o f each level. The 

intercept, slope and value was reported.

Acceptance Criteria:

The R^-value for each o f the curves from the linear regression should be 0.998 or greater. 

Conclusion: The linearity o f the analytical response was demonstrated by analyzing injections 

o f the standard concentrations specified in the method. A plot o f peak area as a function o f 

each analyte concentration was generated and a linear equation was used to fit the data using 

an ordinary least-squares regression. The square o f the correlation coefficient was compared to 

the acceptance criteria specified. Correlation coefficient values > 0.999 were determined for 

the compounds plot; thereby exceeding the method linearity acceptance criteria and 

demonstrating excellent method linearity.

S.2.5.3 ACCURACY

18 replicate-spiked samples are prepared at each o f 3 levels 10%, 100% and 200% o f  nominal 

concentration as described in the standard preparation and extraction section (Table 5.7). The 

spiked samples are analysed according to the analytical method and the % o f  analyte recovered 

from each solution calculated.

Analysis o f samples: Samples were analysed using the instrumental parameters in method 

description section.

Analysis of Accuracy standards: Each o f the solutions injected 6 times using the conditions 

described in method description section. (A total o f 18 injections at each Accuracy level).

Data Analysis: The % recovery for each spiking solution and the % RSD for each set o f 6 

injections was calculated.
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Acceptance Criteria: The recovery at each level should be 80-120% of the theoretiical 

(gravimetric) value. The %RSD of the peak areas for each level should be no more than 5.0Vo. 

Conclusion Accuracy; Method accuracy was assessed using known concentration samples.

The assessment was accomplished by analyzing injections of 3 individual sample preparatioms 

spiked with each compounds individually at a middle concentrations, with concentrations ne;ar 

the reporting limit of the method and at a concentration level near the high end of the metho<d 

range. The mean recovery evaluated for compliance to the accuracy criteria specified.

The quantitative recoveries ranging from 100 -  109% were determined for each compouind. 

The recovery data met the accuracy acceptance requirement and demonstrated excelllent 

method accuracy.

S.2.5.4 PRECISION

In this study precision was determined by analyzing 3 prepared samples once as described in 

the standard preparation and extraction section (reproducibility) and one prepared samiple 

analysed 6 times (Repeatability). The RSD of the peak areas are compared as previouisly 

outlined.

Analysis of Samples:

Instrument conditions as per method description in method description section.

Method precision:

Each of the 3 sample solutions was injected once.

System precision:

One o f the sample solutions was injected 6 times.

Data Analysis:

The mean and %RSD of the peak areas of the replicate injections was calculated.

The mean and %RSD of the peak areas o f the replicate preparations was calculated.

Acceptance Criteria:

The %RSD of the peak areas for the replicate injections must be no more than 5%.

The %RSD of the peak area for the replicate preparations must be no more than 5%

Conclusion Precision;

Repeatability; The injector repeatability was evaluated by performing 6 sequential injecticons 

of each compounds spiked solution at concentration near the reporting limit (approximattely 

O.Sppm) of the method. The relative standard deviations (% RSD) o f the resulting compouinds 

peak areas were compared to the injection repeatability criteria specified.
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As can be seen in the injection repeatability results values corresponding to < 3% RSD were 

determined for each compounds sample injection repeatability. These results fully met RSD 

acceptance values o f  < 5% specified respectively for sample repeatability injections. 

Reproducibility: The Reproducibility was evaluated by analyzing injections o f 3 individual 

sample preparations at the three different concentrations. Spiked samples prepared (as per the 

Accuracy section) were used for the evaluation. The pooled precision must compare to the 

reproducibility criteria specified.

The data generated showed excellent reproducibly; overall, the reproducibility results fully met 

the < 5% acceptance criteria established in the method reproducibility parameter.

5.2.5.5 RANGE

As discussed in previous sections, the acceptance criteria for method linearity and accuracy 

were fully satisfied. Therefore, the method range o f 0.1 -10.Oppm for each compounds are 

considered validated.

5.2.5.6 LIM IT OF QUANTITATION/ LIMIT OF DETECTION

Analysis o f  samples: The LOQ/LOD was calculated from the 3-calibration curve in the 

linearity section.

Acceptance Criteria:

LOQ Concentration < 0.2 ppm.

Results:

Table 5. 8 NKB4 LOQ/LOD Summary Calculation

Compound Limit
Concentration

(ppm)

NKB4 LOD 0.0091 ppm

NKB4 LOQ 0.0304ppm

Table 5. 9 NKB 3 LOQ/LOD Summary results

Compound Limit
Concentration

(ppm)

NKB3 LOD 0.0071 ppm

NKB3 LOQ 0.0235ppm
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Conclusion; The LOQ o f  the method was determined by analyzing the recovery o f  LOD, LOQ 

concentration. This value met the LOD, LOQ result acceptance requirement o f < 0.2ppm.

S.2.5.7 STABILITY

The stability study was considered in each product stability section separately.

5.2.6 OVERALL CONCLUSION

The results o f method validation efforts undertaken fully met all results acceptance criteria and 

demonstrated satisfactory method performance. Therefore, this test method is considered 

validated and fit for its application to research compounds.

Table 5. 10 Summary of acceptance criteria, limits and results in plasma stability 

experiments

Validation

Parameter

Measured Response Acceptance

Criteria

Results

Linearity >0.99 NKB1 = 1.000

% Peak Area (at beginning the 

run 5 injections) %RSD Area< 5% NK.B 1=0.22%

% Peak Area Deviation 

(Bracketing standards)

%RSD < 5% NKB 1=0.38%

System

suitability USP Tailing Factor < 3 NKB 1=0.96

Resolution > 1.2 NKB1 = 12.2

USP Plate Count > 2500 NKB 1=7986.2

Accuracy Mean Recovery o f  analyte 80% - 120% NKB 1=100.50-101.8%
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Table 5.10 continued

Precision

Injection

Repeatability

Peak Area and Retention Time 

(RT)

Samples

Area RT Area RT

% RSD

< 5

% RSD

< 2

N K Bl = 1.3% N K Bl =0.3%

Precision

Reproducibility

Peak Area and Retention Time 

(RT)

Samples

Area RT Area RT

% RSD

< 5

%  RSD

< 2

N K B l =0.8% NKB 1=0.05%

Range 0.1 -  10 ppm

Satisfied if 

linearity, accuracy 

and LOQ passes

O.l-lO.Oppm

LOQ
Limit o f  quantitation Cone. < 0.2 ppm NK BI=0.03ppm

Specificity Interference at same RT Interference < 5% No Interference

5.3 METHOD III: QUALITATIVE HPLC/UV AND LC/MS/MS METHOD TO

DETECT ENDOXIFEN AND CONJUGATE COMPOUNDS IN MICROSOMAL 

LIVER PREPARATION

5.3.1 DESCRIPTION OF ANALYTICAL METHOD

A qualitative LC/MS detection analytical method using a Liquid- Liquid extraction for NK Bl 

in liver microsomal matrix was developed. The sample extract and prepared standards are 

injected onto the HPLC/UV at 283 nm and LC/MS.
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5.3.1.1 Chromatographic Conditions:

M obile phase: To 940 mL o f  acetonitrile was added 25 mL o f water, 25 mL o f acetic acid and 

10 mL o f  diethyl amine, then mixed well and filtered through 0.45^m  membrane filter and 

degassed.

Column

Load (Injection Volume) 

Flow rate 

Detection 

Run time

Column Temperature 

Diluent

: Cosmosil Silica 250mm x 4.6 mm, 5^m 

: 50fiL

: 0.7mL / minute.

: UV operated at 283 nm 

: 15 min.

: Ambient

: Refer to standard preparation

5.3.1.2 MS Detection conditions -  ESI

Thermo Accela UPLC system coupled to a Thermo LTQ XL-orbitrap was used for analysis..

Source Type : ESI

Capillary Temp (C) : 400.00

Sheath Gas Flow : 50.00

Aux Gas Flow : 5.00

Sweep Gas Flow : 0.00

Source Voltage (kV) : 3.20

Source Current (uA) : 100.00

Capillary Voltage (V) : 43.00

Tube Lens (V) : 100.00

5.3.1.3 Standard and sample preparation

Standard stock solution preparation: 10 mg NKB16 and 4-hydoxybenzophenone w as 

weighed and transferred into 100 mL volumetric flask, 70 mL of methanol was added and ^was 

dissolved by sonication with intermediate shaking. The volume was completed with saime 

solvent and the solution was mixed well, (lOOppm).
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NKB16 in microsomal liver solution;

I. For lOOmM o f  potassium  dihydrogen phosphate preparation, 6.805g o f  potassium  

dihydrogen phosphate was w eighed and transferred  to 500 m L o f  DI water. The pH was 

adjusted  to 7.4 using diluted sodium  hydroxide.

II. For m icrosom al solution preparation, lOmg o f  m icrosom al liver fraction, 9 .66m g o f  

N A D P, 11,099m g o f  G lucose-6 -phosphate, 9.68m g o f  G lucose-6 - phosphate 

dehydrogenase and 3.14m g o f  m agnesium  chloride was w eighed and transferred to 10 

mL volum etric flask, then diluted to volum e w ith lOOmM K H 2 PO 4  pH 7.4. 2 |iL  o f  this 

solution w as transferred  then diluted w ith a 98 |iL  o f  lOOmM potassium  dihydrogen 

phosphate solution, (solution A).

III. 10 |iL  o f  lOOppm solution N K B 4 com pound was transferred  to a test tube and then 

240^iL o f  acetonitrile  was added. This solution w as w arm ed at 37°C for 30 min (solution 

B).

IV. Solution A also was w arm ed at 37°C fo r 30 min.

V. lOOjuL o f  solution A and 100 |j L o f  solution B w ere m ixed up in a test tube for 2 hours.

VI. The sam ple was centrifuged for 3 m inutes at 10,000 rpm.

VII. From the clear layer, the solution w as transferred to the HPLC vial and the sam ple was 

run as described in section 5.3.1.

Table 5. 11 Reagent concentrations for NKB4 compound in microsomal liver 

preparation

Reagents Final concentration of NKB4

N A D P 1.3mM

G lucose-6 -phosphate dehydrogenase 0.4m M

D -G lucose-6 - phosphate dipotassium 3.3m M

M agnesium  C hloride 3.3m M

potassium  dihydrogen phosphate lOOmM

DM SO: D im ethyl sulfoxide 0.04%

acetonitrile 0.96%

T est solution (N K B 4) Ippm

5.3.2 RESULTS

N K B I 6  is an exam ple o f  one o f  the com pounds analysed under th is m ethod. A nalysis o f  

N K B 16 conjugate using LC-U V detector at 285nm , gave a peak at approxim ately 5 m in
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(Figure 5.5). In the LC-ESI-MS analysis, the M'^peak for NKB16 was characterized by its 

expected molecular mass (m/z 772) and MS-MS fragmentation pattern.

0 80- NKB16

0.60-
NKB16
Degredation
compound

Microsomal
peak5  0.40-

0 .20 -

000 -

0.00 5.00 10.00 15.00 20.00
Minutes

25.00 30.00 35.00 4000

Figure 5. 5 HPLC Chromatogram for NKB16 sample extracted from liver microsomal

The LC-MS in full scan negative ion mode analysis ofNKB16 in the presence o f microsomal 

liver is shown in Figure 5.5. The presence o f the molecular ion o f (456m/z) identified as (M^+ 

H) for N K B 18 is observed as characteristic hydrolysis product for N K B 16 conjugate derivative 

(Figure 5.6).
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T rMS + pESIFullms|100.00-20CO.CO|

100n

98-

96-

c 92D
<

90-

86-

84

82-

772.36

M*

43117

112.D8 26826 37421 '
I ■ I ■r- 'i ■■ -I -I - -I

230 40(1

NKB 18
(M ^ + H )

HO

NKB 16

H O .

H O
N K B 1 8

48536 59939 71343 794.33 1001.E9 106646 1249.56 147254 1561.35 164635 171&S1 186587
■I" T ' " ' "  

■203
■■ r  " I '  ■ I "  I - | - T '

1400 1600
' I  " ' I  T "

1800 2M0600 800 lOCO
titt

Figure 5. 6 Mass spectrum for NKB16 sample extracted from liver microsomal 

preparation
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5.4 EXPERIMENTAL DETAILS FOR STABILITY STUDY;

The stability study of the project compounds was carried out as per the method described 

below.

Chromatographic Conditions;

Mobile phase: To 940 mL of acetonitrile was added 25 mL o f water, 25 mL of acetic acid and 

10 mL o f diethyl amine, then mixed well and filtered through 0.45|im membrane filter and 

degassed.

: Cosmosil Silica 250mm x 4.6mm, 5|im 

100 nL

1.5mL / minute.

UV operated at 283 nm 

15 min.

Ambient

Refer to standard preparation

Column

Load (Injection Volume) 

Flow rate 

Detection 

Run time

Column Temperature 

Diluent

Solutions Preparation ;( buffer solution prepared as in British Pharmacopoeiaes‘̂ )̂ 

-Phosphate buffer pH 4.0: 6.8 g o f potassium dihydrogen orthophosphate was dissolved in 

700 mL of water; the pH was adjusted with a 10% v/v solution of orthophosphoric acid and 

was added sufficient water to produce 1000 mL.

-Phosphate buffer pH 7.0: 0.6 g o f potassium dihydrogen orthophosphate, 6.4 g o f disodium 

hydrogen orthophosphate and 5.85 g of sodium chloride was dissolved in sufficient water to 

produce 1000 mL.

-Phosphate buffer pH 9.0; 1.74 g of potassium dihydrogen orthophosphate was dissolved in 

80 mL o f water; the pH was adjusted with IM potassium hydroxide and diluted to 100 mL 

with water.

-IN methanolic Hydrochloric acid; 83mL of hydrochloric acid stock container (37%- 

12.06M) was transferred to 1000 mL volumetric flasks and then completed to volume by 

methanol.

-IN methanolic sodium hydroxide: 40g of sodium hydroxide was dissolved in sufficient 

methanol to produce 1000 mL.

5.4.1 NKB Compounds stability study: 

Stock Preparation
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Standard stock  solution preparation: 10 m g N K B 4, accurately w eighed, w as transferred into 

a 100 m L volum etric flasks, 70 m L o f  m ethanol was added and dissolved by sonication with 

interm ediate shaking and then com pleted to volum e w ith sam e solvent and m ixed well, 

(lOOppm).

NK B4 in A cetonitrile solution; 0.5 mL o f  stock solution o f  N K B 4 w as transferred  to  10 mL 

volum etric flask and then com pleted to volum e by acetonitrile. A portion o f  the solution was 

filtered using 0 .45^m  nylon filters. C lear solution w as used by discarding first few  mL.

N K B4 in buffer solution pH =4.0; 0.5 m L o f  stock solution o f  N K B 4 w as transferred  to 10 

m L volum etric flask, then 1 m L o f  the phosphate buffer pH =4.0 was added. The volum e was 

com pleted by acetonitrile. A portion o f  the solution w as filtered using 0.45fim  nylon filters. 

C lear solution w as used by discarding first few mL.

NK B4 in buffer solution pH=7.0; 0.5 m L o f  stock solution o f  N K B 4 w as transferred  to 10 

mL volum etric flask, then 1 m L o f  the phosphate buffer pH =7.0 was added. T he volum e was 

com pleted by acetonitrile. A portion o f  the solution was filtered using 0 .45 |im  nylon filters. 

C lear solution was used by discarding first few  mL.

NK B4 in buffer solution pH =9.0: 0.5 mL o f  stock solution o f  N K B 4 w as transferred  to 10 

mL volum etric flask, then 1 m L o f  the phosphate buffer pH =9.0 w as added. The volum e was 

com pleted by acetonitrile. A portion o f  the solution was filtered using 0 .45 |jm  nylon filters. 

C lear solution was used by discarding first few mL.

NK B4 in IM  m ethanolic hydrochloric acid; 0.5 mL o f  stock solution o f  N K B 4 was 

transferred to 10 m L volum etric fiask, and then 1 mL o f  the IN  m ethanolic hydrochloric acid 

was added. The volum e was com pleted by acetonitrile . A portion o f  the solution w as filtered 

using 0 .45^m  nylon filters. C lear solution was used by discarding first few m L.

NK B4 in IM  m ethanolic sodium  hydroxide; 0.5 mL o f  stock solution o f  N K B 4 was 

transferred to 10 m L volum etric flask, and then 1 m L o f  the IN  m ethanolic sodium  hydroxide 

was added. The volum e was com pleted by acetonitrile . A portion o f  the solu tion  was filtered 

using 0 .45^m  nylon filters. C lear solution was used by d iscarding first few m L.

NK B4 in plasm a solution: The study done on freshly p lasm a was supplied from  a healthy 

m ale hum an adult after separation from blood by centrifugation at 10,000 rpm  for 10 m inutes. 

Sam ple P re-T reatm ent

1. A cidified diluent was prepared by adding 4 0 ^L  o f  concentrated  H3PO4 to 1 mL w ater 

and then the solution m ixed well (solution 1).

2. 50|j L o f  N K B 4 w orking standard 2 w as added to I mL plasm a and then  the solution 

m ixed well (solution 2).

3. Solution 1 with solution 2 w as m ixed well.

4. 50^L  o f  the internal standard (4- hydroxybenzophenone) was added to the m ixed 

solution.
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Extraction Procedure:

1. Oasis HLB cartridge or plate was placed on the vacuum  m anifold.

2. Condition: 1 m L acetonitrile  w as added to the cartridge and draw n out.

3. Equilibrate: 1 m L w ater was added to the cartridge and draw n out.

4. Load: Sam ple solution was added to  the cartridge and draw n out.

5. Wash: 1 m L w ater w as added to the cartridge and draw n out.

(V acuum  w as released and the w aste fluids w ere discarded. The collection device was inserted, 

the cover w as replaced and vacuum  turned on).

6 . Elute: Im L acetonitrile  w as added and it w as draw n out. the elute was collected in 

a suitable device (test tube).

7. The elute was vialed and injected through HPLC colum n.

NKB4 in microsomal liver solution;

1. For lOOmM o f  potassium  dihydrogen phosphate preparation, 6 .805g o f  potassium  

dihydrogen phosphate w as w eighed and transferred in 500 m L o f  DI w ater, the pH was 

adjusted to 7.4 by using d ilu ted  sodium  hydroxide.

2. For m icrosom al solution preparation, lOmg o f  m icrosom al liver, 9 .66m g o f  N A D P, 

11.099m g o f  G lucose-6 -phosphate, 9.68m g o f  G lucose-6 - phosphate dehydrogenase 

and 3.14m g o f  m agnesium  chloride was w eighed and transferred  to 10 m L volum etric 

flask, then diluted to volum e with lOOmM KH 2 PO 4 pH 7.4. 2 |iL  o f  this solution was 

transferred then diluted w ith a 98 |xL o f  lOOmM potassium  dihydrogen phosphate 

solution. ( solution A)

3. 10 ^L  o f  lOOppm solution N K B 4 com pounds w as transferred  to a test tube and then 

240 |jL  o f  acetonitrile  w as added. This solution w as w arm ed at 37°C  for 30 m in 

(solution B).

4. Solution A also w as w arm ed at 37°C  for 30 m in.

5. 100|iL  o f  solution A and 100|iL  o f  solution B w as m ixed up in a test tube for 2 hours.

6 . The sam ple w as centrifuged for 3 m inutes at 10,000 rpm.

7. From  the clear layer, the solution w as transferred  to the HPLC vial and the sam ple was 

run.

The N K B 5, N K B7, N K B 8 , N K B l l ,  NK B15 and N K B 16 sam ples were prepared using the 

sam e sam ple preparation protocol as described under N K B 4 sam ple preparation above and 

analysed for the stability study.
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7) APPENDIX 

Appendix 1 : Definitions

Term/Acronym Definition

Accepted Value of 

Reference or Standard

A value that serves as an agreed-upon reference [or standard] for comparison and 

which is derived as (1) a theoretical or established value, based on scientific 

principles, (2) an assigned or certified value based on experimental work o f  some 

national or international organization, or (3) a consensus or certified value, based on 

collaborative experimental work under the auspices o f  a scientific or engineering 

group.

See Traceability, below.

Accuracy The closeness o f agreement between a test result and an accepted reference [or 

standard] value. NO TE: When applied to a set o f test values, accuracy 

describes a combination of a random component and a common systematic 

error or bias component.

For an analytical method, accuracy may be determined by the method o f  standard 

addition, i.e., expressed as the % recovery o f added known amounts o f  analyte.

Analysis of Variance 

(ANOVA)

A statistical analysis technique for estimating how much o f the total variation in a 

set o f data can be attributed to one or more assignable causes o f  variation.

Applicability 

(of Test Method)

The product, materials, chemicals, ingredients, constituents, etc. for which the test 

method will produce results with suitable precision and accuracy.

Assay A laboratory test to find and measure the amount o f  a specific substance or 

constituent. A test for a specific chemical, microbe, or effect.

Attribute data Observed values or determinations which indicate the presence or absence o f 

specific characteristics. Attributes are counted whereas variables are measured. 

Attribute distributions are discrete.

Two broad categories that attribute data often fall into are Nominal and/ordinal. 

Nominal is used when characteristics fall into different classifications or categories, 

such as good or bad, or different defect categories, etc. O rd inal attribute variables 

are used when ordered ratings or rankings are assigned (usually subjectively) to 

indicate the degree o f  presence or absence o f  an observed characteristic. See 

Nominal and/ordinal data, below.



Term/Acronym Definition

Bias The difference between the expectation o f the test results and an accepted referenice 

value. Bias is the total systematic error as contrasted to r andom error.

Calibration A set o f  operations that establish, under specified conditions, the relationship 

between a measuring device and a traceable standard o f known reference value and 

uncertainty. Calibration may also include steps to detect, correlate, report, or 

eliminate by adjustment any discrepancy in accuracy o f  the measuring device bei ng 

compared.

Calibration Interval A specified amount o f time or set o f  conditions between calibrations during whiich 

the calibration parameters o f a measuring device are considered valid.

Characteristic A property o f  items in a sample or population which, when measured, counted or 

otherwise observed, helps to distinguish between the items.

Confidence Interval The range o f values expected to include (at some desired probability called a 

confidence level) the true value o f  a parameter [or response].

Continuous Data Data such that for any two (2) values on that scale, a value between them can be 

found, on the scale, e.g. base ten real numbers.

Gage R &  R(G RR) Gage Repeatability and Reproducibility. An estimate o f the combined variation o f 

repeatability and reproducibility for a measurement system. The GRR variance is 

equal to the sum o f the within-sysiem  and 6envee«-system variances.

NOTE: GRR results calculated by most statistical packages use relative:ly 

narrow definitions for Repeatability and Reproducibility test error estimates as 

outlined in AlAG’s Measurement System Analysis reference manual.

See Reproducibility definition for clarification.

Intermediate Precision Intermediate precision expresses vv;7/;/>»-laboratories variations: different da)'/s, 

different analysts, different equipment, etc.

The closeness o f  agreement between test results obtained under specifi(ed 

intermediate precision conditions. Intermediate precision conditions are thoise 

conditions under which test results are obtained with the same test method using te s t 

units or test specimens taken at random from a single quantity o f material that is as 

nearly homogenous as possible and with changing conditions such as operator, 

measuring equipment, location within the laboratory and time.

A common method to assess intermediate precision is to obtain mutuallly 

independent test results following the same test procedure on identical test materiial 

in the same lab by the same operators using different equipment, OR differeint 

operators using the same equipment. If Reproducibility is included in the ttest 

method evaluation, it is generally unnecessary to conduct a separate study to



Term /A cronym Definition

determ ine interm ediate precision.

See R eproducibility definition for com parison.

Limit o f  Detection  

(LOD)

The lowest am ount o f  analyte in a sam ple which can be detected but not necessarily 

quantitated as an exact value. The lowest concentration o f  a chemical that can 

reliably be distinguished from a zero concentration.

M athem atically, LOD is calculated using the follow ing equation:

LOD = (3.3 X Std. Error o f  Y -intercept)/Slope

W hen a linear fit to the calibration equation is used. There are other m ethods that 

are used and reference to texts on analytical test m ethods should be consulted.

Limit o f  Q uantitation  

(LOQ)

The low est am ount o f  analyte in a sam ple w hich can be quantitatively determ ined 

with suitable precision and accuracy.

M athem atically, LOQ is calculated using the follow ing equation:

LOQ = (10 x Std. Error o f  Y -intercept)/Slope

W hen a linear fit to the calibration equation is used. There are other m ethods that 

are used and reference to texts on analytical test m ethods should be consulted.

Linearity The ability (w ithin a given range) to obtain test results which are directly 

proportional to the concentration (am ount) o f  the analyte in the sample.

Linearity is usually expressed in term s o f  the variance around the slope o f  the 

regression line calculated according to an established mathem atical relationship 

from test results obtained by the analysis o f  sam ples w ith varying concentrations o f  

analyte. Linearity is often expressed using the correlation coefficient (r) or R- 

squared (R^).

See Predictability o f Response, below.

M easurem ent Procedure A description o f  a m easurem ent method and any instrum ent/experim ental 

considerations.

M easurem ent System The collection o f  instrum ents o r gages, standards, operations, m ethods, fixtures, 

softw are, personnel, environm ent and assum ptions used to quantify a unit o f  

m easure o r fix assessm ent to the feature characteristic being measured; the com plete 

process used to obtain measurem ents.

Nom inal Data Data consisting o f  nam es or categories only. N o ordering Schem e is possible, e.g.. 

Y ellow, Red, Green, Orange, Blue. See also Attributes Data, above.

O rdinal Data Data arranged in som e order but difference between the values cannot be 

determ ined or are meaningless, e.g. A, B, C, D, E. See also Attributes Data, 

above.



T erm /A cronym Definition

Precision The closeness o f  agreem ent betw een a series o f  measurem ents from m ultip'le 

sam pling o f  the same hom ogeneous sam ple under prescribed conditions. Precision 

may be considered at three levels: repeatability, interm ediate precision an d  

reproducibility.

Precision depends on random errors and does not relate to the true value or tlfie 

specified value. Repeatability, interm ediate precision and reproducibility aire 

concepts o f  precision. Each o f  these represents a particular set o f  stipulated  

conditions.

The net effect o f  discrim ination, sensitivity and repeatability over the opera ting  

range (size, range and tim e) o f  the m easurem ent system. In some organizatioms, 

precision is used interchangeability with repeatability. In fact, precision is mo'St 

often used to describe the expected variation o f  repeated m easurem ents over thie 

range o f  m easurem ent; that range may be size or tim e. The use o f  the mo're 

descriptive com ponent terms is generally preferred over the term “precision.”

Precision/T olerance 

Ratio (P/T)

The ratio obtained by dividing six tim es the estim ated standard deviation fibr 

m easurem ent precision o f  the test method by the process tolerance range o f  tlhe 

characteristic being measured.

Predictability o f  

Response

D efines the relationship between the test characteristic (concentration, th ickness, 

etc.) and instrum ent response w ithin a given range. It is a  m easure o f  the m ethod 's  

ability to obtain test results, which are directly proportional to the quantity o f  tlhe 

test param eter (e.g. - am ount o f  analyte in the sam ple) and w ith suitable levels (Of 

precision and accuracy. Often expressed in terms o f  linearity, how ever, othier 

m athem atical transform ations may be appropriate.

RSD (or, % RSD) RSD is the Relative Standard Deviation and is often used in analytical test methtod 

evaluations. It is the standard deviation o f  the test error for test method respon*se 

divided by the average obtained from the test specim ens being tested. This is oft(cn 

reported as % RSD. The calculation for RSD  is also referred to as the C oefficient (Of 

Variation (CV) in som e texts.

Some organizations differentiate betw een “rsd” and “R SD ,” where rsd  is tlhe 

repeatability relative standard deviation and RSD is the reproducibility standaird 

deviation.

Range

(o f Test M ethod  

Applicability)

For analytical test m ethods, the interval betw een the upper and lower concentraticon 

(am ounts) o f  the analyte in the sam ple (including these concentrations) for w hich it 

has been show n that the analytical [or test method] procedure has a suitable level (of 

precision, accuracy and linearity.

For non-analytical test methods, the interval between the upper and low er values fi'or 

the characteristic being m easured for w hich the results dem onstrate suitable leveils

V



Term /A cronym D efinition

o f precision, accuracy and linearity.

Repeatability The common cause, random variation resulting from successive trials under defined 

conditions o f  reoeatine the measurement process. An estimate o f the wilhin-system  

variation when the conditions o f  measurement are fixed and defined.  ̂Repeatability 

conditions are those conditions where independent test results are obtained with the 

same method on identical test items in the same laboratory by the same operator 

using the same equipment within short intervals o f time.

Repeatability is that portion o f  Precision that represents the homogeneous portion of 

test error. It should be viewed as the test-retest error associated with repeating the 

measurement process o f  a given part or test specimen over a short time-period.

Repeatability expresses the precision under the same operating conditions over a 

short interval o f time. Repeatability is also termed intra-assay precision.

R eproducibility Precision under reproducibility conditions. Reproducibility conditions are those 

conditions where test results are obtained with the same method on identical test 

items in different laboratories with different operators using different equipment.

Reproducibility expresses the precision between labs (collaborative studies, usually 

applied to standardization o f  methodology).

AIAG uses a narrower definition where Reproducibility is the variation in the 

average o f the measurements made by different appraisers using the same gage 

when measuring a characteristic on one part. This is commonly referred to as 

Appraiser Variation (AV) and is the estimate o f  fceAveew-system variation. AIAG 

acknowledges that ASTM’s E456-96 document ' widens the definition o f 

Reproducibility to include repeatability, laboratory and environmental effects as 

well as AV effects in its estimate o f  bet\veen-sys\cm  variation. This latter definition 

therefore includes both vt'/VA/w-system and between-sysitm  variation components. 

This fundam ental difference in definition o f R eproducibility can lead to 

confusion when using various statistical packages and users need to be aware 

o f these differences in order to report valid results.

Robustness The robustness o f  an analytical procedure is a measure o f its capacity to remain 

unaffected by small, but deliberate variations in method parameters and provides an 

indication o f  its reliability during normal usage.

Ruggedness A planned experiment in which environmental factors or test conditions are



Term /Acronym Definition

deliberately varied in order to evaluate the effects o f  such variation.

The USP defines ruggedness as “the degree o f  reproducibility o f  test results 

obtained by the analysis o f  the same sam ples under a variety o f  normal test 

conditions, such as different labs, different analyst, d ifferent lots o f  reagents, ... 

Ruggedness is a m easure o f  reproducibility o f  test results under normal, expected 

operational conditions from laboratory to laboratory and from analyst to analyst.”

Sensitivity The sensitivity o f  an analytical method is equal to the slope o f  the calibration line in 

a linear system.

Specificity The ability to assess unequivocally the analyte in the presence o f  components, 

which may be expected to be present. These might include im purities, degradants, 

matrix, etc. Lack o f  specificity o f  an individual analytical procedure may be 

com pensated by other supporting analytical procedure(s).

This definition has the following im plications:

- Identification: to ensure the identity o f  an analyte

- Purity Tests: to ensure that all the analytical procedures perform ed allow an 

accurate statem ent o f  the content o f  im purities o f  an analyte, i.e., related substances 

test, heavy metals, residual solvents content, etc.

- Assay (content or potency): to provide an exact result, this allows an accurate 

statem ent on the content or potency o f  the analyte in a sample.

Stability A measure o f  the assessed value o f  the property/analyte being tested to remain 

unaffected by tim e, tem perature, light, or sam ple matrix. Exam ples include stability 

o f  the com ponent w ithin the matrix, the length o f  tim e standards are valid, storage 

conditions o f  sam ple/standards with respect to tem perature, tim e and light exposure 

and how long sam ples and/or standards may be used after collection or preparation.

A stable process im plies a process in a state o f  statistical control; process 

conditions when all special causes o f  variation have been removed.

Traceability The property o f  a  m easurem ent o r the value o f  a standard w hereby it can be related 

to stated references, usually national or international standards through an unbroken 

chain o f  com parisons all was having stated uncertainties.

V ariable data M easurem ents, w hich vary and may take any o f  a specified set o f  numerical values. 

The term  “random  variable” o r “variate” is often used to indicate that each o f  th e  

specified set o f  values is associated w ith specified relative frequency or probability  

and that each is a  random sam ple from a continuous or a discrete, or discontinuous, 

population encom passing the specified values.

Lipophilic A physicochem ical property w hich describes a partitioning equilibrium  o f  so lu te



Term/Acronym Definition

m olecules betw een w ater and an im m iscible organic solvent, favouring the latter 

and w hich correlates w ith bioaccum ulation. Lipophilicity is generally expressed by 

the partition betw een w ater and a w ater-im m iscible solvent, m ost com m only 1- 

O ctanol in drug discovery and developm ent.

logP
The logarithm  o f  the Partition Coefficient, P, which is defined as the ratio o f  

concentration o f  N eutral species in octanol divided the concentration o f  neutral 

species in water.

^  [neutral s p e c z e s Jo c c a n o l 

[ n ^ t r a i  s p e c z e s j^ v a te r

Strength: It refers to the total am ount o f  drug substance in a given quantity o f  dosage form. 

For exam ple, the am ount o f  drug in a single tablet is the strength o f  the tablet.

Quality and Purity: These are related term s that define the degree o f  contam ination o f  the drug with 

im purities and/or degradation products.

Potency: This term relates to the activity o f  a drug in a given am ount o f  drug product. 

Potency differs from strength or am ount because it may be based on a biological 

assay instead o f  a physical o r chemical assay. In such cases, one can only relate to 

potency, not amount. This term is com m only used for products o f  biotechnology 

and antibiotics.



Appendix 2 Physical Data for Project Compounds 

Table 7. 1 NKBl (E)

Compound Reference Code: NKBl

' U

OH

3D :

Chemical Name: 4-{l-[4-(2-Methylamino-ethoxy)-phenyl|-2-

phenyl-but-l-enyl}-pheno!

Endoxifen

Chemical Formula: C 25H 27N O 2

Exact Mass: 3 7 3 .2 0 4 2

Storage Conditions: S tore in a ir-tig iit con ta iner, id ea lly  at + 4  *̂ C.

Physical State: S o lid

LogP 5.3

Solubility(>50mg in 200 mL volume): S o lu b le  in eth anol



Table 7. 2 NKB2 (Z)

Compound Reference Code: NKB2

[TI.
1

OH

3D :

Chemical Name: 4- {1 - [4-(2-Methy lam ino-ethoxy)-4- 

hydroxyphenyl]-2-phenyl-but-l-enyl}- 

phenol 

Dihydroxy Endoxifen

Chemical Formula: C 2 5 H 2 7N O 3

Exact Mass: 389.1991

Storage Conditions: Store in air-tight container, ideally at +4 °C .

Physical State: Solid

Log P 4.9

Solubility(>50mg in 200 mL volume): Soluble in ethanol



Table 7. 3 NKB3

Compound Reference Code: NKB3

^ 01
0

j f ^ O H

3D :

Chemical Name: 3-(3-Hydroxy-4-methoxy-phenyl)-2-(3,4,5- 

trimethoxy-phenyl)-acrylic acid

Chemical Formula C19H20O7

Exact Mass: 360.1209

Storage Conditions: Store in air-tight container, ideally at +4 °C.

Physical State: Solid

LogP 2.6

Solubility(>50mg in 200 mL volume): Soluble in ethanol



Table?. 4 NKB4-E isomer

Compound Reference Code: NKB4-E isomer

1

OH

OH

3D :

Chemical Name: 3-(3-Hydroxy-4-methoxy-phenyl)-N-(2-{4-

[l-(4-hydroxy-phenyl)-2-phenyl-but-l-

enyll-phenoxy}-ethyl)-N-methyl-2-(3,4,5-

trimethoxy-phenyl)-acrylamide

Chemical Formula C4 4 H4 5 N O 8

Exact Mass 715.3145

m/z 715.31 (100.0% ), 716 .32  (48.4% ), 717 .32  

(13.1% ), 718 .32  (2.5%)

Elemental Analysis C, 73.83; H, 6.34; N , 1.96; 0 ,  17.88.

Storage Conditions; Store in air-tight container, ideally at +4 °C.

Physical State: Solid

Log P 7.8

Solubility(>50mg in 200 mL volume): Soluble in ethanol



Table 7. 5 NKB4-Z isomer

Compound Reference Code: NKB4-Z isomer

o

z
—

—
o 

o
— 

o/

3D : SB
Chemical Name: 3-(3-Hydroxy-4-methoxy-phenyl)-N-(2-{4-

[l-(4-hydroxy-phenyl)-2-phenyl-but-l-

enyl]-phenoxy}-ethyl)-N-methyl-2-(3,4,5-

trimethoxy-phenyl)-acrylamide

Chemical Formula C44H45NO8

Exact Mass 715.3145

m/z 715.31 (100.0%), 716.32 (48.4%), 717.32 

(13.1%), 718.32 (2.5%)

Elemental Analysis C, 73.83; H, 6.34; N, 1.96; 0 ,  17.88.

Storage Conditions: Store in air-tight container, ideally at +4 °C .

Physical State: Solid

LogP 7.8

Solubility(>50mg in 200 mL volume): Soluble in ethanol



Table?. 6 NKB5-Z isomer

Compound Reference Code: NKB5-Z isomer

0 ^ OH

0 "

1 V
^ 0 -

OH

OH

3D :

Chemical Name: 3-(3-Hydroxy-4-methoxy-phenyl)-N-(2-{4-

[l-(4-hydroxy-phenyl)-2-phenyl-but-l-

enyl]-phenoxy}-ethyl)-N-methyl-2-(3,4,5-

trimethoxy-phenyl)-acrylamide

Chemical Formula C 4 4 H 4 5 N O 9

Exact Mass 731.3094

m/z 31 (100.0%), 732.31 (48.3%), 733.32 

(11.5%), 734.32 (2.7%), 733.31(2.0%)

Elemental Analysis C, 72.21; H, 6.20; N, 1.91; 0 ,  19.68.

Storage Conditions: Store in air-tight container, ideally at +4 °C.

Physical State: Solid

LogP 7.4

Solubility(>50mg in 200 mL volume): Soluble in ethanol
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Table 7. 7 NKB5 (E)

Compound Reference Code: NKB5 (E)

1 Q "'

1 1

OH

OH

3D :

Chemical Name: N-(2-{4- [ 1,2-Bis-(4-hydroxy-phenyl)-but-1 - 

enyl]-phenoxy}-ethyl)-3-(3-hydroxy-4- 

methoxy-phenyl)-N-methyl-2-(3,4,5- 

trimethoxy-phenyl)-acrylamide

Chemical Formula C4 4 H4 5NO 9

Exact Mass 731.3094

m/z 31 (100.0%), 732.31 (48.3%), 733.32 

(11.5%), 734.32 (2.7%), 733.31(2.0%)

Elemental Analysis C, 72.21; H, 6.20; N, 1.91; 0 ,  19.68.

Storage Conditions: Store in air-tight container, ideally at +4 °C.

Physical State: Solid

LogP 7.4

Solubility(>50mg in 200 mL volume): Soluble in ethanol

XV



Table 7. 8 NKB6

Compound Reference Code: NKB6

"^ 0

1

OH

3D :

Chemical Name: 2-(4-Methoxy-phenyI)-3-(3,4,5-trimethoxy- 

phenyl)-acrylic acid

Chemical Formula C 19H20O6

Exact Mass: 3 4 4 .1 2 6 0

Storage Conditions: Store in air-tight container, ideally  at +4 °C .

Physical State: Solid

Log P 3.0

Solubility(>50mg in 200 mL volume): Soluble in ethanol
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Table 7. 9 NKB7 (El

Compound Reference Code: NKB7 (E)

1

0 .

1

0

0 - .

0 ^

OH

3D :

Chemical Name: N-(2- {4- [ 1 -(4-Hyd roxy-phenyl)-2-pheny 1- 

but-l-enyl]-phenoxy}-ethyl)-2-(4-methoxy- 

phenyl)-N-methyl-3-(3,4,5-trimethoxy- 

phenyl)-acrylamide

Chemical Formula C 4 4 H 4 5 N O 7

Exact Mass 699.3196

m/z 699.32 (100.0%), 700.32 (48.2%), 701.33 

(11.4%), 702.33 (2.5%), 701.32 (1.6%)

Elemental Analysis C, 75.51; H, 6.48; N, 2.00; O, 16.00.

Storage Conditions: Store in air-tight container, ideally at +4 °C.

Physical State: Solid

Log P 8.2

Solubility(>50mg in 200 mL volume): Soluble in ethanol



Table 7. 10 NKB7-Z

Compound Reference Code: N K B7-Z

0

0 ^

OH

3D : w
Chemical Name: N-(2-{4-[l-(4-Hydroxy-phenyl)-2-phenyl-

but-l-enyl]-phenoxy}-ethyl)-2-(4-m ethoxy-

phenyl)-N-m ethyl-3-(3,4,5-trim ethoxy-

phenyl)-acrylamide

Chem ical Formula C4 4H4 5N O 7

Exact Mass 699.3196

m/z 699.32 (100.0%), 700.32 (48.2%), 701.33 

(11.4%), 702.33 (2.5%), 701.32 (1.6%)

Elemental Analysis C, 75.51; H, 6.48; N, 2.00; 0 ,  16.00.

Storage Conditions: Store in air-tight container, ideally at +4 °C.

Physical State: Solid

L ogP 8 . 2

Solubility(>50m g in 200 mL volume): Soluble in ethanol
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Table?. 11 NKB8-Z isomer

Compound Reference Code: NKB8-Z isomer

1
OH

OH

3D :

Chemical Name: N-(2-{4-[l,2-Bis-(4-hydroxy-phenyl)-but-l-

enyl]-phenoxy}-ethyl)-2-(4-methoxy-

phenyl)-N-methyl-3-(3,4,5-trimethoxy-

phenyl)-acrylamide

Chemical Formula C4 4 H4 5NO 8

Exact Mass 715.3145

m/z 715.31 (100.0%), 716.32 (48.4%), 717.32 

(13.1%), 718.32(2.5%)

Elemental Analysis C, 73.83; H, 6.34; N, 1.96; 0 , 17.88.

Storage Conditions: Store in air-tight container, ideally at +4 °C.

Physical State: Solid

Log P 7.8

Solubility(>50mg in 200 mL volume): Soluble in ethanol

xix



Table 7. 12 NKB8 (E)

Compound Reference Code: NKB8 (E)

OH

3D :

Chemical Name: N-(2-{4-[l,2-Bis-(4-hydroxy-phenyl)-but-l-

enyl]-phenoxy}-ethyl)-2-(4-methoxy-

phenyl)-N-methyl-3-(3,4,5-trimethoxy-

phenyl)-acrylamide

Chemical Formula C 4 4 H 4 5 N O 8

Exact Mass 715 .3 1 4 5

m/z 715.31 (100.0% ), 716 .32  (48.4% ), 717 .32  

(13.1% ), 718 .32  (2.5%)

Elemental Analysis C, 73.83; H, 6.34; N , 1.96; 0 ,  17.88.

Storage Conditions: Store in air-tight container, ideally at +4  °C.

Physical State: Solid

Log P 7.8

Solubility(>50mg in 200 mL volume): Soluble in ethanol
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Table 7 .13  NKB9

Compound Reference Code: NKB9

H O ^ T

(
1

OH

3D :

Chemical Name: 4-(l-(4-hydroxyphenyl)-2-phenylbut-l-

enyl)

Chemical Formula C 22H 20O 2

Exact Mass: 316 .1463

Storage Conditions: S tore  in a ir-tig h t co n ta in er, ideally  a t +4 °C .

Physical State: S olid

LogP 5.4

Solubility(>50mg in 200 mL volume): S o lub le  in e thano l

xxi



Table 7 .14  NKBIO

Compound Reference Code: NKBIO

OH

^ ^ O H

OH

3D :

Chemical Name: 4-( 1 -(hy roxypheny l)-2-(4-hyroxyphenyl) 

but-l-enyl) phenol

Chemical Formula C 22H 20O 3

Exact Mass: 3 3 2 .1 4 1 2

Storage Conditions: S tore in a ir-tigh t con ta in er, id ea lly  at + 4  °C .

Physical State: S o lid

Log P 5 .0

Solubility(>50mg in 200 mL volume): S o lu b le  in eth an ol

xxii



Table?. 15 NKBll-Z

Compound Reference Code: NKBll-Z

X  L X qO I
o ' ' y ^ o  '
' ' k j

3D :

Chemical Name: N-{2-[4-(l,2-Diphenyl-but-l-enyl)- 

phenoxyJ-ethylj-N-methyl-succinamic acid 

2-methoxy-5-[2-(3,4,5-trimethoxy-phenyl)- 

vinylj-phenyl ester

Chemical Formula C4 7 H4 9 N O 8

Exact Mass 755 .8939

m/z 755 .35  (100.0% ), 756 .35  (51.7% ), 757.35  

(14.6% ), 758 .36  (2.2% )

Elemental Analysis C, 74.68; H, 6 .53; N , 1.85; 0 ,  16.93.

Storage Conditions: Store in air-tight container, ideally at +4 °C .

Physical State: Brown oil

Log P 8.7

Solubility(>50mg in 200 mL volume): Soluble in ethanol

x x i i i



T ab le? . 16 N K B ll (E)

Compound Reference Code: N K B ll (E)

X IX J '

' /O  ' U
3D :

Chemical Name: N -{2-(4-(l,2-D iphenyl-but-l-enyl)- 

phenoxyl-ethyl}-N-m ethyl-succinam ic acid 

2-methoxy-5-[2-(3,4,5-trim ethoxy-phenyl)- 

vinyl]-phenyl ester

Chemical Formula C4 7 H4 9 NO 8

Exact M ass 755.3458

m/z 755.35 (100.0%), 756.35 (51.7%), 757.35 

(14.6%), 758.36 (2.2%)

Elemental Analysis C, 74.68; H, 6.53; N, 1.85; 0 ,  16.93.

Storage Conditions: Store in air-tight container, ideally at +4 °C.

Physical State: Brown oil

Log P 8.7

Solubility(>50m g in 200 mL volume): Soluble in ethanol

xxiv



Table?. 17 NKB12

Compound Reference Code: NKB12

0

0  '

3D : DS
Chemical Name: N-{2-[4-(l,2-Diphenyl-but-l-enyl)- 

phenoxyl-ethyI}-N-methyl-succinamic acid

Chemical Formula C 2 9 H 3 ,N 0 4

Exact Mass: 457.2253

Storage Conditions: Store in air-tight container, ideally at +4 °C.

Physical State: Solid

Log P 5.0

Solubility(>50mg in 200 mL volume): Soluble in ethanol

XXV



Table?. 18 NKB13

Compound Reference Code: NKB13

/
—

o 
o  

—
o 

o I

3D :

Chemical Name: 3-(3-Hydroxy-4-methoxy-phenyl)-2-(3,4,5- 

trimethoxy-phenyl)-acrylic acid methyl 

ester

Chemical Formula C 20H 22O 7

Exact Mass: 3 7 4 .1 3 6 6

Storage Conditions: S tore in a ir-tight con ta in er, id ea lly  at + 4  °C .

Physical State: S o lid

Log P 2 . 8

Solubility(>50mg in 200 mL volume): S o lu b le  in eth anol

xxvi



Table 7. 19 NKB14

Compound Reference Code: NKB14

H

3D ;

Chemical Name: {2-[4-(l,2-Diphenyl-but-l-enyl)-phenoxyj- 

ethyl}-methyl-amine 

- N-Des-methyl-Tamoxifen

Chemical Formula C 2 5 H 2 7 N O

Exact Mass: 357.2093

Storage Conditions: Store in air-tight container, ideally at +4 *̂ C.

Physical State: Solid

Log P 5.7

Solubility(>50mg in 200 mL volume): Soluble in ethanol

xxvii



Table 7. 20 NKB15-Z

Compound Reference Code: NKB15-Z

0 0

x'O U
3D :

Chemical Name: 3-{3-[3-({2-[4-(l,2-Diphenyl-but-l-enyl)- 

phenoxy]-ethyl}-methyl-carbamoyl)- 

propionyloxy]-4-methoxy-phenyl}-2-(3,4,5- 

trimethoxy-phenyl)-acrylic acid methyl 

ester

Chemical Formula C49H5,NO,o

Exact Mass 813.3513

m/z 813.35 (100.0%), 814.35 (53.4%), 815.36 

(16.3%), 816.36(3.6% )

Elemental Analysis C, 72.31; H, 6.32; N, 1.72; 0 ,  19.66.

Storage Conditions: Store in air-tight container, ideally at +4 °C.

Physical State: Yalow oil

Log P 7.8

Solubility(>50mg in 200 mL volume): Soluble in ethanol
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Table?. 21 NKB15(E)

Compound Reference Code: NKB15 (E)

1 °

3D :

Chemical Name: 3-{3-[3-({2-[4-(l,2-Diphenyl-but-l-enyl)- 

phenoxy]-ethyI}-methyl-carbamoyl)- 

propionyloxy]-4-methoxy-phenyl}-2-(3,4,5- 

trimethoxy-phenyl)-acrylic acid methyl 

ester

Chemical Formula C49H51N O 10

Exact Mass 813.3513

m/z 813.35 (100.0% ), 814.35 (53.4%), 815 .36  

(16.3% ), 8 1 6 .3 6 (3 .6 % )

Elemental Analysis C, 72.31; H, 6.32; N , 1.72; 0 ,  19.66.

Storage Conditions: Store in air-tight container, ideally at +4  °C.

Physical State: Y alow  oil

Log P 7.8

Solubility(>50mg in 200 mL volume): Soluble in ethanol
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Table 7. 22 NKB16

Compound Reference Code: NKB16

A 'V-o°
' ^ 0  1 L J

OH

3D :

Chemical Name: N-(2-{4-[l-(4-Hydroxy-phenyl)-2-phenyl- 

but-l-enyl]-phenoxy}-ethyl)-N-methyl- 

succinamic acid 2-methoxy-5-[2-(3,4,5- 

trimethoxy-phenyl)-vinyl]-phenyl ester

Chemical Formula C4 7H4 9NO9

Exact Mass 771.3407

m/z 771.34 (100.0%), 772.34 (51.5%), 773.35 

(13.1%), 774.35 (3.1%), 773.34 (2.0)

Elemental Analysis C, 73.13;H, 6.40; N, 1.81; O, 18.65.

Storage Conditions: Store in air-tight container, ideally at +4 °C.

Physical State: Colour less oil

Log P 8.7

Solubility(>50mg in 200 mL volume): Soluble in ethanol
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Table 7. 23 NKB17

Compound Reference Code: NKB17

— 0  — c) 0 —

3D :

Chemical Name: 2-Methoxy-5-[2-(3,4,5-trimethoxy-phenyl)-

vinyll-phenol .

Combretastatin A-4 or CA4

Chemical Formula C 18H20O 5

Exact Mass: 3 16 .3 4 8 4

Storage Conditions: Store in air-tight container, ideally at +4 °C .

Physical State: Solid

Log P 3.3

Solubility(>50mg in 200 mL volume): Soluble in ethanol

XXX i



Table 7. 24 NKB18

Compound Reference Code: NKB18

HO

b

^  ' V
0

3D :

Chemical Name: N-(2-{4-[l-(4-Hydroxy-phenyl)-2-phenyl- 

but-l-enyl]-phenoxy}-ethyl)-N-methyl- 

succinamic acid 

-------  An acrylic acid of CA4

Chemical Formula C29H31NO 5

Exact Mass: 473.2202

Storage Conditions: Store in air-tight container, ideally at +4 °C.

Physical State: Solid

LogP 4.6

Solubility(>50mg in 200 mL volume): Soluble in ethanol

x x x ii



Table 7. 25 NKB19

Compound Reference Code: NKB19

Y°Y^ P
OH

3D :

Chemical Name: (E)-4-(l-(4-hydroxyphenyl)-2-phenylbut-l- 

enyl)phenyl acetate

Chemical Formula C 24H 22O 3

Exact Mass: 3 5 8 .1 5 8 9

Storage Conditions: Store in a ir-tight con ta iner, id ea lly  at + 4  °C .

Physical State: S o lid

LogP 5 .4

Solubility(>50mg in 200 mL volume): S o lu b le  in eth anol

x x x i i i



Table 7. 26 NKB20

Compound Reference Code: NKB20

O

O

o
o

3D :

Chemical Name: 4,4'-(2-pheny!but-l-ene-l,l-diyl)bis(4,l- 

phenylene) diacetate

Chemical Formula C 2 6 H 2 4 O 4

Exact Mass: 400.1675

Storage Conditions: Store in air-tight container, ideally at +4 C.

Physical State: Solid

Log P 5.4

Solubility(>50mg in 200 mL volume): Soluble in ethanol
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Table 7. 27 NKB21

Compound Reference Code: NKB21

OH

Y °
0

3D :

Chemical Name: 4,4'-(2-(4-hydroxyphenyl)but-l-ene-l,l- 

diyl)bis(4,l-phenylene) diacetate

Chemical Formula C 26H 24O 5

Exact Mass: 4 1 6 .1 6 2 4

Storage Conditions: S tore  in a ir-tig h t co n ta in e r, ideally  a t +4 ^C .

Physical State: S olid

Log P 5.0

Solubility(>50mg in 200 mL volume): S o lub le  in e thano l

XXXV



Table 7, 28 NKB22

Compound Reference Code: NKB22

3D :

Chemical Name: (E)-4-(l,2-diphenylbut-l-enyl)phenol

Chemical Formula C 22H 20O

Exact Mass: 3 0 0 .1 5 1 4

Storage Conditions: S tore in a ir-tight con ta in er, id ea lly  at + 4  °C .

Physical State: S o lid

Log P 5 .8

Solubility(>50mg in 200 mL volume): S o lu b le  in ethanol
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Table 7. 29 NKB23

Compound Reference Code: NKB23

V°Y^ 1 
0

3D :

Chemical Name: (E)-4-(l,2-diphenylbut-l-enyl)phenyl

acetate

Chemical Formula C 24H 22O 2

Exact Mass: 3 4 2 .1 6 2 0

Storage Conditions: S tore in air-tight con ta iner, id ea lly  at + 4  °C .

Physical State: S o lid

Log P 5 .8

Solubility(>50mg in 200 mL volume): S o lu b le  in eth anol

x x x v i i



Table 7. 30 NKB24

Compound Reference Code: NKB24

0

A  ^ 0 °

0 ^

3D :

Chemical Name: (Z)-4-(2-methoxy-5-(3,4,5-

trimethoxystyryl)phenoxy)-4-oxobutanoic

acid

Chemical Formula C 2 2 H 2 4 0 g

Exact Mass: 416.1471

Storage Conditions: Store in air-tight container, ideally at +4 °C.

Physical State: Solid

LogP 3.0

Solubility(>50mg in 200 mL volume): Soluble in ethanol

x x x v i i i



Table 7, 31 NKB25

Compound Reference Code: NKB25

OH

0

OH

3D :

Chemical Name: (E)-4-( 1,2-bis(4-hydroxypheny l)but-1 - 

enyl)phenyl acetate

Chemical Formula C 24H 22O 4

Exact Mass: 3 7 4 .1 5 1 8

Storage Conditions: Store in air-tight container, id ea lly  at + 4  °C .

Physical State: S o lid

LogP 5 .0

Solubility (>50mg in 200 mL volume): S o lu b le  in ethanol
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Table 7. 32 NKB106

Compound Reference Code: NKB106

H3C H3C H

H 3C 0 0 ^  ^

H3CO—

H 3C 0 / = /

M ^
H3CO OH W i /

3D Chemical Structure:

Chemical Name: (E)-diethy! 4-(3-(4-(3-(3-hydroxy-4- 

methoxyphenyl)-2-(3,4,5- 

trimethoxyphenyl)acry!oyloxy)phenyl)-l- 

phenyl-lH-pyrazol-4-yl)-2,6-dimethyl-l,4- 

dihydropyridine-3,5-dicarboxylate

Chemical Formula C 4 7 H 4 7 N 3 O 1 1

Exact Mass: 829.3211

m/z 829.3211 (100.0%), 830.3244 (50.8%), 

831.3278 (12.6%), 831.3253 (2.3%), 

832.3311 (2.1%), 832.3287 (1.1%), 830.3181 

(1.1%)

Elemental Analysis C, 68.02; H, 5.71; N, 5.06; 0 ,  21.21

Storage Conditions: Store in air-tight container, ideally at +4 °C.

Physical State: Yalow oil

Log P 7.2

Solubility(>50mg in 200 ml volume): Soluble in ethanol

xl



Table 7. 33 NK BllO

Compound Reference Code: N K BllO

H3C H3C H
\  \  '

0  ) ----f

0 ^— CH3

6
3D Chemical Structure:

Chemical Name: diethyl 4-(3-(4-hydroxyphenyl)-l-phenyl- 

lH -pyrazol-4-yl)-2,6-dim ethyl-l,4- 

dihydropyridine-3,5-dicarboxylate

Chemical Formula C 2 8 H29N 3 O 5

Exact Mass: 487.2107

m/z 487.2107 (100.0% ), 488.2141 (30.3% ), 

489.2174 (4.4% ), 488.2078 (1.1% ), 489.2150 

( 1 .0 %)

Elemental Analysis C, 68.98; H, 6.00; N , 8.62; 0 ,  16.41

Storage Conditions: Store in air-tight container, ideally at +4 °C.

Physical State: Y alow  oil

Log P 2.44

Solubility(>50mg in 200 ml volume); Soluble in ethanol

xli
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Figure 7. 14 Mass spectrum for NKB22 compound
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