












































introduction

served. This has led to an increase in the number of patients undergoing

surgery for cancer (King and Primrose, 2003).

1.2.2 Radiation therapy

The effectiveness of radiation therapy is linked to its action on DNA. Applied
gamma radiation introduces DNA strand breaks in cancer cells. The radiation
absorbed by the cells immediately ionises atoms and raises them to excited
states, these in turn form highly reactive free radicals which interact with cel-
lular contents, including nucleic acids. It is important that the planning of the
radiation therapy is done carefully. This is based on the tumour volume and
the uniform dose of radiation required for the treatment so that the normal
tissue damage will be minimised (Falk, 2006). In radiation therapy, along with
the cancer cells, normal cells also absorb radiation so damage occurs to
both. However cancer cells lack control when it comes to division and do not
maintain the essential cell cycle check points. Whereas normal cells would
not divide under these circumstances, the cancer cells continue to do so and
eventually many of them undergo apoptosis due to the DNA damage done by
the radiation (Palayoor et al., 1995). Radiation therapy can be used both in-
ternally (brachy therapy) and externally (external beam radiation therapy)

(Falk, 2006).

Despite the developments in surgical and chemotherapies, radiation therapy
is still a valuable choice for anticancer treatment. Up to a 50% of all cancer
patients will receive radiation therapy at some stage of the disease (Falk,

2006).
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1.2.3 Chemotherapy

As well as treatments by surgery and radiation, chemotherapy also has a
maijor role to play in the cure and control of a wide range of cancerous mali-
gnancies. Some cancers are chemo-sensitive and can be cured using

chemotherapy (Falk, 2006).

However, a complete cure will only be achieved when the tumours are
treated with a combination of chemotherapeutic agents. For example the
gemcitabine-cisplatin combination is used to treat pancreatic and ovarian

cancers (Parnell and Woll, 2003).

Despite the number of chemotherapeutic drugs available, due to resistance
mechanisms in cancer cells and a lack of efficacy, there is always a need to
develop new anticancer therapies. Most commercially available potent anti-
cancer agents are targeted directly to DNA or its associated enzymes res-

ponsible for replication such as topoisomerase Il (Louvet et al., 2002).

In the past two decades, more research has been focussed on developing
cytotoxic agents which selectively target cancer cells and do not affect
healthy cells. The major disadvantages of chemotherapy include bone mar-
row suppression, nervous system damage, hair loss and infertility (Pal-

chaudhuri and Hergenrother, 2007a).

1.3  Structure of DNA
Nucleic acids, key targets for chemotherapies, include DNA and RNA which
are long thread-like polymer structures made up of a sequence of monomers

called nucleotides. The number of nucleotides present in a nucleic acid va-
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In DNA two chains of nucleotides are joined in antiparallel fashion with hy-
drogen bonds between bases and twisted as a helix. This gives raise to the
formation of grooves. Where the phosphate backbones of two stands are far
apart, the space inside the groove is larger so it is named the major groove
whereas, the minor grove arises where the phosphate backbones are closer

in the DNA double helix (Figure 1.6) (Blackburn, 2006; Narayana and Weiss,

2009).

As the major groove has more open space it offers access to more functional
groups on the DNA bases. Generally DNA binding proteins interact in a se-

quence-specific fashion in this groove (Blackburn, 2006).

On the other hand the minor groove allows the binding of small molecules. as
it offers better Van der Waals interactions. Generally, apart from intercalators
which prefer GC rich sequences, ligands which bind at the minor groove pre-
fer AT rich sequences. Major and minor groves have distinct hydrogen bon-
ding potential, size, shape, electrostatic potential and degrees of hydration

(Blackburn, 2006).

1.4 Anticancer drugs
1.4.1 Drugsactingon DNA

1.4.1.1 Alkylating agents

Alkylating agents are highly electrophilic molecules that are capable of cova-
lently binding with electron rich nucleophilic groups on biological molecules
such as DNA bases. Various groups of organic molecules which include ni-
trogen mustards, ethylene imines and methanesulfonates come under this
category. These compounds are mostly simple structures with high reactivity
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Metabolism of procarbazine, involves the enzymes CYP1A or CYP2B. Once
the procarbazine is converted to azoprocarbazine, these liver enzymes come
in to action to produce methyhydrazine from azoprocarbazine by benzylic
oxidation which then forms a methyl radical via a methyldiazine intermediate.
This radical then alkylates guanine at the O6, C8 and N7-positions. On the
other hand, a methydiazonium ion is formed via CYP450 which can also alky-
late the DNA (Figure 1.13) (Avendaiio and Menendez, 2008; Foye, Lemke

and Williams, 2008; Sullivan and Wong, 1977).

In contrast triazines including dacabazine methylate DNA predominantly via
diazomethane formation. Their metabolic activation is dependent on
CYP1A1, CYP1A2 and CYP2E1. These drugs mainly alkylate guanine at the

06 and N7-positions (Foye, Lemke and Williams, 2008; Sullivan and Wong,

1977).

1.4.1.1.2 Platinum derivatives

Cisplatin (Figure 1.14) alkylates DNA irreversibly and forms adducts. In res-
ponse, cells activate signal transduction pathways that arrest the cell cycle
and cause apoptosis (Eastman, 1990). It platinates the DNA via intra-strand
cross linking at d(ApG), d(GpNpG), d(GpG) and inter-strand cross linking at
d(GpG) sites of DNA (Figure 1.15) (Valentini et al, 2006). The adducts
formed stop the action of DNA polymerase when they are present in the lag-
ging strand (Fedier and Fink, 2004). Cells have a defence mechanism which
repairs the DNA by removing the platinum-DNA adducts with the help of the

nucleotide excision repair mechanism (NER) (Eastman, 1990).
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diaminocyclohexane group which interacts at the major groove of DNA to
form d(GpTpG) intra-strand cross links (Figure 1.15, where N is T) (Valentini

et al., 2006).

Mode of action of carboplatin is same as cisplatin, forming cross links with
Guanine in DNA but it causes lower nephrotoxicity because of the dicarboxy-

late ligands, which enables its excretion (Avendafio and Menendez, 2008).

The main advantage of oxaplatin is that the DNA adducts will not be reco-
gnised by the DNA mismatch repair system (MMR). The protiens involved in
this repair mechanism only recognise the 1, 2 intra-strand d(GpG) adducts
but not the 1,3 intra-strand adducts. This is the main reason for its use

against cisplatin resistant tumours (Valentini et al., 2006; Sergent et al.,

2002).

1.4.2 Antimetabolites
These drugs act by inhibiting the enzymes responsible for the synthesis of
DNA or its bases. This leads to the disruption of DNA functioning or synthesis

of abnormal DNA structures which causes apoptosis of the cell to occur.

1.4.2.1 Folate antagonists

These drugs inhibit the enzyme dihydrofolate reductase (DHFR) which is
responsible for the maintenance of the enzyme-cofactor tetrahydrofolate
(TH,) (Figure 1.16) which is a single carbon carrier for the biosynthesis of
DNA (Figure 1.17) (Patrick, 2009). In the absence of TH4, DNA synthesis will
slow down which in turn leads to slow proliferation of tumour cells (Rubino,

2001). Methotrexate (Figure 1.18) is an example of this class.
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Figure 1.55 Figure showing parallel intercalation of ethidium bromide in
to DNA (R’eha et al., 2002)

Once DNA intercalation takes place, physiological enzymes (including topoi-
somerases) which act on DNA, will not be able to function which can then
induce apoptosis. Although normal healthy cells are also prone to cytotoxici-
ty, on treatment with intercalators, fast dividing cells, which includes many
cancer cells, are affected more than healthy cells (Martinez and Chacon-

Garcia, 2005; Baguley, 1991).

Over the past decade, a lot of research has been carried out in this area mo-
difying the structures of intercalating drugs including, doxorubicin and mi-
toxantrone (Gresh and Kahn, 1990; Mewes et al., 1994; Nagy et al., 1996).
cryptolepines are an excellent example among intercalators, structural modi-
fication of these molecules showed promising results (R“eha et al., 2002;

Wright et al., 2001; Chhikara et al., 2011; Seville et al., 2007a).

1.4.8.3 Cryptolepine
Cryptolepine (1) (Figure 1.56) is an alkaloid found in the roots of the West

African climbing shrubs known as Cryptolepis triangularis and Cryptolepis
sanguinolenta. Its synthetic name is 5-methyl-10H-indolo [3, 2-b]quinolone.
Although cryptolepine(1) was identified in an extract of cryptolepis triangula-
ris by Clinquart in 1929 (Clinquart, 1929), it was first synthesised for its po-

tential use as a dye by Fichter and Boehringer in 1906 (Fichter and Boehrin-

ger, 1906).
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guinolenta and cryptolepine alone possess anti neuroinflammatory proper-
ties, they tested both plant extract and pure cryptolepine on neuroinflammtion
induced IL-1B in neuroblastoma cells and concluded that inflammatory fac-

tors were inhibited in both cases significantly (Olajide et al., 2013).

1.4.8.3.1.5 Anticancer activity

Cryptolepine showed anti-tumoural activity on different cancer cell lines.
Among the different primary cultures of patient tumour samples, cryptolepine
showed greater sensitivity on breast cancer cells. It showed greater activity
on haematological tumors when compared to solid tumors. The average ICs
value on solid tumours was 2.8 uyM whereas on haematological malignancies
it gave an ICso value of 1 uM (Laryea et al., 2009). This group also showed
that along with topo |l activity, the cytotoxicity of cryptolepine also depends
on P53, a tumor suppressor protein which regulates the cell cycle. ICso va-
lues of 1.4 uM and 12.7 uM were observed on HCT116-P53+/+ and HCT
116-P53-/- cells respectively (Laryea et al., 2009). In these tested cell lines
the anti-tumour activity of cryptolepine was not affected by any resistance
mechanism found so far (Laryea et al., 2009). This was shown using Pear-
son's correlation coefficients, which compares the resistant-gene correlation
between cells treated by cryptolepine and a series of other anticancer drugs.

See Table 1.1 for cytotoxicity of cryptolepine against a range of cell lines.

ICso values of cryp-

Cell type tolepine in uM Reference

VERO 3.2 (Zhu et al., 2007)
B16 melanoma cells 1.3 (139%’;1)93" etal,
Mouth epidermoid carcinoma .

(KB) cells 1.3 (Bailly et al., 2000)
Human leukaemia (HL-60) 4, (Dassonneville et

cells, al., 2000)
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Promyclocytic leukaemia (HL- 7.4 (Dassonneville et

60/MX2) and al., 2000)

Murine leukaemia (P388) 0.94 (Dassonneville et
cells ' al., 2000)

Human osteosarcoma >0.5 (Matsui et al., 2007)
(MG63) cells )

MAC15A cells 67.2 +26.3 (Wright et al., 2001)
Human bladder carcinoma 0.80 (Seville et al.,
Epithelial (RT112) ) 2007b)

Human pleural effusion Ade- 1.45 (Seville et al.,
nocarcinoma (H460) ) 2007b)

Biliary epithelial (BE) cells 1.8 g%%‘;'g‘)’ etal,
human umbilical vein en- 1180 + 1 (Lavrado et al.,
dothelial cells (HUVEC) 2008a)

murine myoblast-derived (L6) 1.5() (Arzel et al., 2001)
cells v
g;‘_l',g?se hamster lung cells , (Ansah et al., 2005)

Table 1.1 Showing cytotoxic activity of cryptolepine against various
cancer cell lines.

Upon exposing MAC15a cell lines for 1 hour and 96 hours separately to cryp-
tolepine, it showed considerable activities with ICs values of 67.2 + 26.3 pM
and 9.65 + 1.37 uM respectively (Wright et al., 2001). Cryptolepine has
shown lower toxicity against non-tumour HUVEC cells with an ICs, value of

1180 + 1 pyM which may indicates that cryptolepine is more active towards

cancer cells than the normal cells.

Cell cycle changes upon treatment with cryptolepine were studied and it
came under light that cryptolepine induces apoptosis in HL-leukaemia cells.
Based on the experimental results the same group also suggested that cryp-
tolepine must have produced cell death signals other than topo-il associated

DNA breakage (Dassonneville et al., 2000).

Cryptolepine shows cytotoxcicity by interacting with DNA (Wright et al., 2001;

Gokcek et al., 2000) and it is 4-5 times potent than ellipticine on mouse me-
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Invitro and Bio-physical Studies

It was thought that these irregularities between cytotoxicity and topo I activi-
ty results could be due to the differences in the pharmacokinetics of the com-
pounds in so it was considered that drug uptake was an important factor to

investigate.

3.9 Fluorescence microscopy

To investigate whether the drug is reaching the nucleus by crossing the cellu-
lar barriers fluorescence microscopy can be used. For this experiment A549
cells were selected by observing the morphology under a microscope.
Though the cultured cells are in monolayers, MCF-7 and DLD-1 cells tend to

form clusters in the culture plate whereas A549 cells are evenly spread.

Cells were first treated with drug for one hour and then the nuclei were stai-
ned with DAPI (staining due to DNA minor grove binding) and observed un-
der a fluorescence microscope. DAPI exhibits a blue colour fluorescence (Fi-
gure 3.23) when it binds to DNA, and cryptolepine analogues were analysed
for their fluorescence activity for their usability as fluorescent ligands so fluo-

rescence spectra were recorded (Chhikara et al., 2012; Jansen et al., 2004).

First the maximum absorbance was recorded using a UV-VIS spectropho-
tometer and then that wavelength (Figure 3.24) was used as the excitation
wavelength to obtain fluorescence spectra (Figure 3.25 and 3.26) of the deri-
vatives. Out of the compounds scanned, the 11-halogenated analogues and
the derivative with the 11-butylaminosidechain emitted high enough fluores-
cence intensity to enable fluorescence microscopy. For this reason 11-
chlorocryptolepine and 11-butylaminocryptolepine were picked. 11-
chlorocryptolepine was included in a view to figure out the reasons behind its

low cytotoxicity despite its high topo Il activity.
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Invitro and Bio-physical Studies

One in vivo study shows that upon IV injection, cryptolepine was rapidly dis-
tributed and localised in most tissues of the mouse body but high localization
was observed in the liver, adrenal medulla and melanin containing eye tis-
sues. It was also reported that it did not reach the central nervous system

(CNS) (Noamesi et al., 1991).

in another study it has been demonstrated that cryptolepine reaches blood
circulation within the first half hour after an oral dose of 10mg/kg in rats. From
these studies it was understood that cryptolepine was rapidly absorbed by

the in vivo systems (McCurrie et al., 2009).

Being unable to find a suitable methodology to carry out invitro drug uptake
studies on cryptolepine from the previous literature, a search was continued

for similar work on other molecules.

Kunwar and his co-workers studied quantitative drug uptake, localisation and
cytotoxicity of curcumin in cancer cells using fluorescence spectroscopy and
fluorescence microscopy (Kunwar et al., 2008). They treated cells with drug
for four hours and then the cells were separated from the culture medium and
the drug taken up by the cells as extracted using methanol from the cell ly-
sate. Then the amount of drug taken up was quantified using UV spectrosco-

py with the help of curcumin’s extinction coefficient value of 48000 M'cm™.

In the same study they also carried out sub-cellular fractionation using centri-
fugation on the cell lysate to separate the drug contained nuclear and cell
membrane portions so the drug localisation could be quantified. They used

DAPI as a nuclear stain to show the co-localisation of the curcumin at nu-
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This qualitative work was done by incubating the cells with drug for four
hours and then washing using PBS, lysing and then fluorescence intensity

was measured (Jain and Jain, 2008).

One other important study to determine the amount of doxorubicin uptake in
MCF-7 cell lines was done by Mariko and co-workers. They took advantage
of the fluorescent properties of doxorubicin and used fluorescence assisted
flow-cytometry to measure the drug uptake. In this method the flow-cytometer
measure the fluorescence intensities arising from each doxorubicin contained
cell and integrates to give a total fluorescence intensity which can be used to

measure quantitative drug uptake.

This team also used HPLC to quantify the amount of drug taken up by the
cells on a 6 hourly basis for 24 hours (Bontenbal et al., 1998). The majority of
the literature methods used fluorescence spectroscopy and fluorescence mi-
croscopy to determine the drug uptake in the cells. For this purpose drugs
are generally tagged with fluorescent ligands unless the drugs themselves

are fluorescent like doxorubicin.

Cryptolepine is a fluorescent compound and so it can be observed using a
fluorescent microscope allowing a quantitative drug uptake method to be de-

signed.

Though cryptolepine is fluorescent, making derivatives can alter the fluores-
cence properties of the analogues, so all the compounds were first scanned
using a fluorescence spectrophotometer. It was observed that the amido

compounds showed less fluorescence than the derivatives with amino lin-
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kages, whereas the 11-halogenated compounds emitted the highest fluores-

cence. However all the tested compounds emitted fluorescence.

To carry out the drug uptake studies A549 cells were selected because, after
drug treatment, they make evenly spread monolayers. MCF-7 and DLD-1
cells tend to form clusters in the culture plates this was observed under mi-

croscope while performing cytotoxicity assays.

Based on the above mentioned literature, a method was designed based on
fluorescence spectroscopy. This method mainly follows the methodology
used by Kunwar and his co-workers. A549 cells were cultured for 24 hours
and then incubated in the drug solution to be tested. Drug uptake was mea-
sured every 30 min for 3 hours by washing cells with PBS and then cells
were lysing using Tritonx-100 (a non-ionic surfactant which increases the cell
permeation) and extracting the drug using methanol. Fluorescence intensity
was measured and compared using a positive control of the same drug solu-

tion and result was expressed as percentage drug uptake.

The amount of fluorescence exhibited by each drug can be different, so the
same drug was taken as positive control (without any cells being present-
100%) percentage drug uptake was calculated. This percentage drug uptake

was directly proportional to the amount of drug present in the cells.
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11-butylaminocryptolepine. This may be due to lower cytotoxicity of the 11-

chlorocryptolepine.

When the drug uptake of 11-chlorocryptolepine was compared with its parent
compound, cryptolepine was loaded in to the cells quicker and reached a

higher maximum concentration than 11-chlorocryptiepine.

11-Isopropylaminocryptolepine gave a poor drug uptake profile with a per-
centage drug uptake of 8% in the first thirty minutes which is 6 times lower
compared to 11-butlamino cryptolepine and approximately 4 times lower than
the parent compound. The maximum drug uptake of 18% was seen at 2.5

hours which is 3 times lower than 11-butlamino cryptolepine.
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3.11 Drug-DNA binding assay

Cryptolepine has potential to act as an anticancer agent by intercalating into
DNA (Lisgarten et al., 2002a). DNA binding efficiency should be determined
to see whether synthesized derivatives have increased this DNA binding effi-
ciency or not. It also gives clarity on the mode of action by which a particular
derivative is showing cytotoxicity. For example despite its high topo Il activity

the 11-chloro derivative showed less cytotoxicity.

In the literature there are number of ways to assess the DNA binding of a
ligand. These are dependent on the type of DNA is being used in the experi-

ment (Pei and Stojanovic, 2008; Monchaud et al., 2008).

3.11.1 Calorimetric techniques

Isothermal titration calorimetry and differential scanning calorimetry depends
on the changes in the confirmation of the polymorphism of DNA during bin-
ding. This conformational change process involves either absorption or re-
lease of heat from the system. By measuring this it allows the quantification

of binding strength (Hopkins Jr, 1997; Paichaudhuri and Hergenrother,

2007b).

3.11.2 ESI-MS (electro spray ionization - mass spectrometry)

In this method quadruplex DNA is mixed with different molar ratios of ligand
and the products are compared by analysing the mass spectrum of the pro-
ducts. Disappearance of the DNA peak in the spectrum or appearance of the
DNA-ligand complex indicates binding. The ratio of aboundances of the
Drug-DNA complex to DNA gives the binding affinity (Monchaud et al., 2008;

Zhou and Yuan, 2007).
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as the energy is not transferred to the other probe attached to the other side
of the sequence. DNA binding of a ligand can be measured by increasing the
temperature of the system gradually by causing the DNA to melt meaning the
distance between the donor and the acceptor probes will increase(De Cian et

al., 2007).

The temperature data is collected based on melting results and this is signifi-
cantly different if the ligand is able to bind to the given sequence. When li-
gand stabilizes the nucleotide, the denaturation temperature of the ligand
bound oligonucleotide will increase. This assay is particularly useful in as-
sessing the binding ability of G-qudruplex DNA ligands (De Cian et al., 2007;

Juskowiak, 2006; Mergny and Maurizot, 2001).

Larvado and co-workers tested cryptolepine anlogues using this method

which were shown to stabilise G-quadruplex DNA (Lavrado et al., 2010b).

The main advantages of this method are it is quick and can be applied to
high-throughput screening (HTS). Disadvantages are potential quenching of

the probe by the ligand and chemical modification of the nucleotide is requi-

red.

3.11.5 Fluorescent Intercalator Displacement assay (FID)

Thiazole orange produces fiuorescence only when it binds to DNA.
Adecrease in the fluorescence will occur when it unbound or displaced from
DNA. When thiazole orange is bound to DNA in solution, if another ligand
with a higher DNA affinity displaces thiazoleorange from DNA then a fall in
the fluorescence will be seen. Based on this principle ligands have been

tested for their DNA binding efficiency for duplex and quadruplex DNA se-
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pound showed binding efficiency to G-quadruplex which is 16 times lower
than its duplex DNA affinity. When compared to the original compound, 11-
butyl and pentylamino derivatives showed higher binding efficiency to duplex
DNA, whereas the same compounds showed low binding efficiency towards
G-quadruplex sequences inferring that the compounds with 11-alkylamino

sidechains prefer duplex DNA over quadruplex DNA.

Even though the derivative with the aminoalcohol sidechain did not show
higher DNA binding to duplex DNA, its quadruplex binding efficiency is con-
siderably higher than derivatives with 11-alkylamino sidechains. More impor-
tantly there is not much difference between its binding capacities towards
both types of DNAs. Whereas derivatives with 11-alkylaminosidechains dis-

played a high selectivity towards duplex DNA.

When it comes to derivatives with alkylamido sidechains, only the 11-
butylamido compound was tested as it showed higher cytotoxicity compared
to the other amido derivatives. It showed less binding efficiency towards both
duplex and quadruplex DNAs when compared to original compound but its
quadruplex binding capacity is higher than 11-alkylamino derivatives implying
that it prefers G-quadruplex structures than duplexes. Overall cryptolepine
preferred duplex DNA over G-quadruplex DNA, this may be because of its

selectivity towards GC rich sequences present in the duplex DNA.
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Chapter 4 Chemistry Experi-
mental

4.1 General details

All the chemicals used in the synthesis were purchased from Sigma Aldrich,

UK.

4.1.1 Column chromatography

Columns were prepared using silica gel with a pore diameter of 0.035 - 0.070

mm and a mesh size of 220-440.

41.2 Nuclear Magnetic Resonance(NMR)

NMR spectra were recorded on Briker Avance il 400 two-channel FT-NMR
spectrometer (AV400). It is equipped with a 5 mm BBFO+ probe (broadband
multinuclear, auto-tune, with Z-gradients), a 60-position sample changer and
a variable temperature control unit (VT range of the probe -150°C to 150°C)
that may be used in conjunction with a 26 L liquid nitrogen Dewar for sub-
zero experiments. Spectra were recorded using TopSpin 3.0 pl4, © 2010
Briiker BioSpin, control and processing software and iconNMR 4.5.1 Build 51

for TopSpin 3.0 automation software.

Spectra were processed and analysed using ACD NMR processing software,

version12.
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Ethyl (2-cyanophenyl) carbamate (44) (Figure 4.1) (2.01 g, 13.8 mmol) was
added to a solution of potassium carbonate (4.21 g, 30.46 mmol) in dimethyl-
formamide (21 ml). The solution was stirred at room temperature for 45 mi-
nutes. A solution of 2-bromo-2’ nitro acetophenone (3.05 g, 12.40 mmol) in
DMF (10 ml) was added drop wise (over 5 min) to the reaction mixture and
stirring was continued for 2.5 hours. Then the reaction mixture was slowly
poured into 200 ml of distilled water and a yellow precipitate formed which
was allowed to settle for 18 hours, which was then collected by filtration and
dried in vacuo. Recrystallisation was carried out twice from methylated spirits

and shiny yellow crystals of (42) (Figure 4.2) were obtained (2.18 g, 50%).
Melting point 204-205 °C

'H NMR (400MHz, chloroform-d3) & ppm 8.13 (dd, J = 0.7 Hz, J= 7.7Hz,
1H), 7.93 - 7.99 (m, 1H), 7.52 - 7.65 (m, 5H, Ar-H), 7.31 - 7.38 (m, 1H, H-6),
6.32 (br. s, 2H, NHy), 3.90 (q, J = 7.1 Hz, 2H, CHy), 1.00 (t, J = 7.1 Hz, 3H,

CHz).

3C NMR (101MHz, chloroform-d3) & ppm 182.1 (C-1'), 151.4 (C-8), 147.4
(C-7"), 146.5 (C-Ar), 138.6 (C-7a), 136.5 (C-4a), 132.1 (C-3), 130.5 (C-7'),
129.8 (C-Ar), 128.0 (C- Ar), 124.0 (C- Ar), 123.1 (C- Ar), 121.3 (C- Ar), 119.6
(C- Ar), 116.3 (C- Ar), 114.6 (C- Ar), 62.6 (C-9), 13.4 (C-10).

ESI-MS Mz (relative intensity %) 354 (12) (M*), 376 (100) (M+Na)

IR vcm™ 3461 (NH stretch), 3333 (CN stretch), 1732 (C=0 stretch).
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poured into diethyl ether (150 ml) and the yellow precipitate was collected by
filtration and dried in vacuo. AqQueous ammonia solution (3.3% v/v, 10 ml)
was added to the solid which was stirred to convert the product to its free
base form and then the mixture was extracted using chloroform (4 x 75mil).
The collected organic layers were combined and were evaporated in vacuo
to give the crude product which was then purified by column chromatography
on silica gel by using DCM: methanol: NH4OH (5:1:0.1) as the eluent. Finally
the free base was converted to its hydrochloride salt by neutralising with 0.1
M methanolic hydrochloric acid (5 ml) and the solution was evaporated in
vacuo to give 11-Bromo-5-methyl-10H-indolo[3,2-b]quinolin-5-ium chloride, a

bright yellow coloured solid (38) (Figure 4.5) (45 mg, 11%).
Melting point 120-122 °C

'H NMR (400 MHz, methanol -ds) 8 ppm 9.14 - 9.17 (s, 1 H, NH), 8.75 - 8.80
(m, 1 H), 8.65 - 8.71 (m, 1 H), 8.47 - 8.53 (m, 1 H), 8.16 - 8.23 (m, 1 H), 7.92

-8.00(m, 1H),7.82-7.87(m, 1H),7.54-7.61(m,1H),5.13(s, 3H, CHy)

3C NMR (101 MHz, methanol-ds) 8 ppm 147.31 (C-9a), 145.2 (C-10a),
143.31 (C-5a), 130.40 (C-4a), 130.29 (C-Ar), 129.32 (C-Ar), 127.81 (C-Ar),
126.03 (C-11) (C-Ar), 124.10 (C-11a), 122.64 (C-Ar), 122.54 (C-Ar), 120.96
(C-Ar), 119.54 (C-Ar), 111.10 (C-5b), 111.24 (C-Ar), 29.73.12 (N-CHa)

ESI-MS m/z (relative intensity, %) 312 (3) [M+2], 310 (3) [M+], (bromine iso-

topes), 232 (100).

IR v cm™ 3556 (NH stretch), 1684 (C=N conjugated system).
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'H NMR (400 MHz, DMSO- dg) 6 ppm 11.89 (1H, NH), 8.37 (d, J=7.7 Hz,
1H), 8.30 (m, 2H), 7.76 (m, 2H), 7.68 (dd, J = 6.9, 8Hz, 1H,), 7.64 (d, J= 8.1

Hz, 1H), 7.35 (dd, J=7.3, 7.7 Hz, 1H).

13C NMR (101 MHz, DMSO- ds) 6 ppm 146.34 (C-4a), 145.31 (C-5a), 143.28
(C-9a), 130.87, 130.15 (C-11), 129.34 (C-9), 127.00 (C-Ar), 125.26 (C-Ar),
123.18 (C-Ar), 121.41 (C-Ar), 121.27 (C-Ar), 121.13 (C-Ar), 120.71 (C-Ar),

118.43 (C-Ar), 112.51 (C-Ar)

ESI-MS M/z (relative intensity, %) 253 (20) [M+], 255 (100) [M+2] (chlorine

isotopes)

IR vcm™ 3164 (N-H stretch), 2851 (C-H aromatic stretch)

4.9 General procedure A

Under dry conditions, 10H-indolo[3,2-b]quinoline(16) and methyl triflate were
stirred in anhydrous toluene for 24 hours at room temperature. The reaction
mixture was poured in diethyl ether and the resulting yellow precipitate was
collected by filtration. Aqueous ammonia solution (3.3% v/v) was added to
the precipitate and the mixture was stirred to convert the product to its free
base form. Then the mixture was extracted using chioroform (4 x 75ml). The
collected organic layers were combined and evaporated in vacuo to give the
crude product which was then purified by column chromatography on silica
gel by using DCM: methanol: NH,OH (5:1:0.1) as the eluent. Finally the free
base was converted to its hydrochloride salt by neutralising with 0.1 M
methanolic hydrochloric acid (5ml) and then solution was evaporated in va-

cuo to give the desired cryptolepine derivative, as a yellow coloured solid.
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Figure 4.11 11-lodo-5-methyl-10H-indolo[3,2-b]quinolin-5-ium chioride

According to the general procedure B, Methyl iodide (0.2 ml, 5.25 mmol) and
11-bromo-10H-indolo[3,2-b]quinoline (51) (Figure 4.4) (0.0265 g, 0.09 mmol)
were used to give hydrochloride salt of 4.14  11-lodo-5-methyl-10H-

indolo[3,2-b]quinolin-5-ium chloride (39) (Figure 4.11) as a bright yellow co-

loured solid (0.015 g, 43%)

'H NMR (400 MHz, methanol-ds) 6 ppm 8.71 - 8.79 (m, 1 H), 8.64 (s, 2 H),
8.17 - 8.26 (m, 1 H), 7.94 - 8.04 (m, 2 H), 7.91 (s, 1 H), 7.53 - 7.63 (m, 1 H),

4.86 (s, 3 H, N-CHy)

13C NMR (101 MHz, methanol-ds) 5 ppm = 143.32 (C-9a), 140.37 (C-5a),
135.7 (C-10a), 134.3 (C-4a), 134.1(C-3), 129.9 (C-Ar), 128.4 (C-Ar), 127.7
(C-Ar), 127.2 (C-Ar), 124.4 (C-Ar), 123.6 (C-7), 119.7 (C-Ar), 119.1 (C-Ar),

114.6 (C-Ar), 110.7 (C-Ar), 28.73 (N-CH3)
MS M/z (relative intensity, %) 359 (100, M - Cl), 360 (29)

IR v cm™' 3322 (N-H stretch), 1613 (Conjugated cyclic C=N bend).

4.15 General procedure C (alkylamidoquindolines)

To finely ground quindoline-11-carboxylic acid (Figure 4.6), d.ichloromethane
and DMF were added and the mixture was stirred for 15 min. TEA was added
drop wise under continuous stirring before adding COMU to the solution,
which was then stirred for 10 min. The desired amine was added drop wise

and the reaction mixture was stirred for 16 hours at room temperature.

The reaction mixture was added to ethyl acetate (100 ml) and extracted with

aqueous 1N HCI solution (2x30 ml) and aqueous 1N sodium bicarbonate so-

182



Chemistry Experimental

lution (2x30 ml). Then the organic layers were collected and dried using
magnesium sulphate and evaporated in vacuo to give the crude quindoline
amide, which was purified by column chromatography over silica gel using

ethyacetate:hexane (1:1) and dried in vacuo to give desired alkylamidoquin-

doline

4.16 General procedure D (N5-ethyl quindoline derivatives)

Under dry conditions, quindoline and ethy! triflate were stirred in anhydrous
toluene for 24hours at room temperature. The reaction mixture was poured in
diethyl ether and the yellow precipitate was collected by filtration. Ammonia
solution (3.3% v/v) was added to the precipitate and the mixture was stirred
for 0.5 hours to convert the product to its free base form. Then the mixture
was extracted using chloroform (4 x 75ml). The collected organic layers were
combined and evaporated in vacuo to give the crude product which was then
purified by column chromatography on silica gel by using DCM: methanol:
NH.OH (5:1:0.1) as the eluent. Finally the free base was converted to its hy-
drochloride sait by neutralising with 0.1 M methanolic hydrochloric acid and
then solution was dried in vacuo to give desired N5-ethyl quindoline deriva-

tive as a yellow coloured solid

4.17 General procedure E (alkylaminocryptolepine)

To a solution of 11-Chloro-5-methyl-10H-indolo[3,2-b]quinolin-5-ium chlo-
ridein ethyl acetate, the desired amine was added and the contents of the
flask were heated to reflux for 16 hours. The reaction mixture was cooled
down to temperature and precipitate which formed was collected by filtration
and washed with diethyl ether and dried in vacuo to give yellow colour crys-

tals. Recrystallization was performed where necessary.
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Figure 4.20 2-[2-[(5-methyl-10H-indolo[3,2-b]quinolin-5-ium-11-
yl)amino]ethylamino]ethanol chloride
According to the general procedure E, 11-Chloro-5-methyl-10H-indolo[3,2-
b]quinolin-5-ium chloride(64) (Figure 4.8) (0.5 g, 1.6 mmol) and 2-(2-
aminoethylamino)ethanol (0.162 ml, 1.6 mmol) were used to give 2-[2-[(5-
methyl-10H-indolo[3,2-b]quinolin-5-ium-11-yl)amino]ethylamino)ethanol chlo-

ride as yellow crystals (56) (0.1364 g, 23%).
Melting point >300 °C

'H NMR (400 MHz, DMSO- dg) 8 ppm 11.58 (s,1H, NH), 8.85 - 8.91 (m, 1H),
8.54 - 8.61 (m, 1H), 8.35 - 8.41 (m, 1H), 7.96 - 8.06 (m, 2H), 7.67 - 7.76 (m,
2H), 7.33 - 7.42 (m, 1H), 4.65 (s, 3H), 3.57 - 3.70 (m, 2H), 2.83 - 2.92 (m,

2H), 2.66 - 2.71 (m, 2H), 2.56 - 2.65 (m, 2H)

3C NMR (101 MHz, DMSO- d¢) 3 ppm 145.9 (C-11), 139.3 (C-9a), 137.4 (C-
4a), 133.43 (C-Ar), 131.95 (C-Ar), 127.84 (C-Ar), 127.65 (C-Ar), 125.93 (C-
Ar), 124 (C-Ar), 123 (C-Ar), 121.4 (C-Ar), 119.8 (C-Ar), 116.5 (C-Ar), 114.6
(C-Ar), 112.7 (C-9), 57.51 (C-17), 57.03 (C-13), 52.4 (C-16), 49.6 (C-14) ,

38.4 (N5-CHg)
ESI-MS M/z (relative intensity, %) 335 (100, M) 336 (35, M+1)

HIRES-MS (ESI): calculated for (M - CII' (C20H23N+sOCl) required m/z

335.1872, found 335.1875
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1H NMR (400 MHz, DMSO- d6) 5 ppm 8.79 (d, J = 8.28 Hz, 1H), 8.58 (d, J =
8.53 Hz, 1H), 8.36 (d, J = 8.78 Hz, 1H), 8.03 (t, J = 7.53 Hz, 1H), 7.90 (d, J =
8.28 Hz, 1H), 7.66 - 7.77 (m, 2H), 7.39 (t, J = 7.65 Hz, 1H), 4.63 (s, 3H), 4.17

(t, J = 7.03 Hz, 2H), 1.21 - 1.5 (m, 6H), 0.88 (m, J = 2.76, 6.90 Hz, 3H)

13C NMR (101 MHz, DMSO- d6) 5 ppm 144.09 (C-11), 143.63(C-9a), 137.5
(C-4a), 133.83 (C-Ar), 131.95 (C-Ar), 127.84 (C-Ar), 127.65 (C-Ar), 125.93
(C-Ar), 124 (C-Ar), 123 (C-Ar), 121.44 (C-Ar), 119.8 (C-Ar), 116.5 (C-Ar),
113.1 (C-4), 112 (C-9), 47.92 (C-13) 38.22 (N5-CHa), 32.4 (C-14), 28.34 (C-

15), 22.31(C-16), 14 (C-17).
ESI-MS M/z (relative intensity, %) 318 (100, M*) 319 (20, M+1)

HIRES-MS (ESI): calculated for [M - CI]-(C21H24N3Cl) required m/z 318.1970

found 318.1966.
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Chapter 5 Experimental: In vitro and
Bio-physical Studies
5.1 MTT assay

5.1.1 Materials and equipment:

RPMI culture medium, DMEM culture medium, Foetal bovine se-
rum(FBS), penicillin-streptomycin solution ((10,000 U/mL penicillin, 10 mg/mL
streptomycin), L-glutamine (200 mM), Trypsin, Trypan blue solution, MTT,
Doxorubicin, DMSO (biological grade) were obtained from Sigma Aldrich,
UK. 96 well culture plates, T75ml flasks, and pipettes were purchased from
Fischer Scientific, UK. Plate reader used to scan the 96 well plates was Lab-

tech LT-4000. The Incubator used to grow the cells was from Thermo Scien-

tific, UK.

5.1.2 Celllines:

MCF-7, A549 and DLD-1 cells were obtained from the Institute of cancer the-

rapeutics, Bradford University, Bradford, UK.

5.1.3 Growing conditions:

The three cell lines were grown in the presence of 95% humidified air mixed
with 5% carbon dioxide at a fixed temperature of 37 °C. Exhausted growth

medium was replaced with fresh growth medium every two days
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5.1.4 Culture media Preparation:

FBS (50 ml) was heat inactivated at 60° C and added to incomplete RPMI
medium (500 ml) then the frozen solution of penicillin—-streptomycin-L-
glutamine (mixture of 3, 5 ml) was warmed up (37 °C )and added to the mix-
ture to form complete growth medium. Complete growth medium was always

aliquoted and stored at 4°C.

5.1.5 Cell splitting:

T75 flasks with growing cells were taken out of the incubator and checked to
see whether the cells were confluent enough to split. If the cells were 90%
confluent, then they were ready to split. Firstly, in a laminar flow chamber, the
media was removed and the cell were washed with 15 mi of PBS and then
2.5 mi of trypsin-EDTA solution was added then incubated for 5-7 min to al-
low the cell splitting to takes place. Then cells were observed under a light
microscope (20x) to check if they were detached. If needed they were tapped
gently to detach from each other. Fresh growth medium (10 ml) was added
and the suspension was aspirated using a pasture pipette. For further cultu-
ring 2ml of that suspension was taken and added to 20 ml of fresh growth

medium in a T75 flask and incubated.

5.1.6 Cell counting:

When the cells were 90% confluent, the medium was removed and the cells
were washed with PBS and 2.5 ml of trypsin was added and incubated for
further 5-7 min to allow cells to be detached. Then 7.5 ml of fresh growth
medium was added and aspirated then centrifuged for 5 min at 1000g to form
a cell pellet at the bottom of the centrifuge tube. Without disturbing the cell

pellet supernant medium was discarded gently and the cells were re-
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While counting cells in each squares A, B, C and D (figure 5.1), cells on the
top and right lines of the square are ignored. Only live cells were visible shiny
under the microscope whereas the dead cells were stained deep purple and

are visible as a dark matter.

5.1.7 Growth curves

Growth curves were plotted on three cell lines MCF7, A549 and DLD-1 to

observe the growth characteristics of the cells.

MTT assay was used to determine the growth of the cell over the course of
time. After the treatment with trypsin, a single cell suspension was obtained
in growth medium. Then cells were counted using a haemocytometer and the
concentration of cells in the medium was calculated. Then, depending on the
cell count, the cell suspension was diluted in such a way that wells of the
multiwall plate will contain 500, 1000, 2000, 4000, 8000, 16000, 32000,
64000 in a series. While carrying out the dilution it was ensured that the total
volume of each well should be the same. 200 Microliters of the growth me-
dium without cells served as blank for the assay. After cell-plating the 96 well
plates containing cells were incubated. After 96 hours the medium was re-
moved from the wells using a micropipette and 25 pl of MTT reagent solution
was added carefully without disturbing the cell layer this was then incubated
for 3 hours. Once formation of purple colour precipitate occurred, 100 pi of
DMSO were added to the wells and the plate was gently swirled. Plates were
then left in the dark for an hour and were then scanned at 570nm using a
plate reader. A graph was plotted with the average of absorbance on the Y-
axis and cell count on the X-axis. This was replicated thrice on the same

plate in three rows.
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5.1.8 Solutions of cryptolepine and its derivatives

DMSO (biological grade) was used to dissolve cryptolepine and its analogues
to get a drug solution of 10 mM (stock solution A). 100 pL of stock A was
then added to 9.9 mi of growth medium to get a solution with a drug concen-
tration of 100 uM. 1ml of this 100 pM solution was added to 9ml of media to
get a solution of 10 pM. By following the previous step, serial dilutions were
performed until a concentration of 0.001 was achieved. All of the drug solu-
tions made were stored at -20°C and thawed when needed in the MTT assay

experiment, the final concentration of DMSO in the working stocks was not

more than 0.1% V/v.

5.1.9 The MTT assay

The first row of the 96 well plates was left unused. The second row was filled
with 200uL of blank media which served as blank for the experiment. The
rest of the wells were plated with 20,000 cells in each well. Then the plate

was incubated for 24 hours.

After the incubation, cells were attached to the bottom surface of the wells so
media was carefully removed from all the wells and the first row of the cells
were again loaded with fresh media and the 3™ to 7" rows (from columns B,
C and D) of the wells were filled with drug solutions (green) with different
concentrations ranging 100 pyM to 0.001uyM and incubated for 96 hours

(Figure 5.2).

Wells from Columns E to G rows 3 to 7 were filled with doxorubicin drug solu-
tion concentrations ranging from 100 pyM to 0.001uM (Figure 5.2) which

served as a positive control (red).
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Firstly pictures were taken using microscope (40x) under normal light then
using fluorescent filters the nuclei of the cells were captured as they glow a
blue colour. By changing the filter to green again the whole cells were ob-
served to see the drug localisation. Finally both nuclei and the whole cell

images were overlayed using Leica microscopy imaging software.

5.3 Drug uptake studies

Cryptolepine and its derivatives were dissolved in methanol and the solutions
were scanned in UV spectrophotometer and the A-max is recorded. Using
these wavelength readings, samples were excited using a fluorescence spec-

trophotometer to record the emission wavelengths of the samples.

Cells were grown in a 96 well plate for 24 hours in RPMI medium without
phenol red indicator at a seeding density of 20,000 cells per well. 7rows of 3
columns (7x3=21 wells) were loaded with cell suspension for incubation. The
next day after 24 hours of incubation, media from the first row of the cells
was removed and loaded with 100pL of drug soiution ( solvent = media) with
a concentration of 10uM and the plate was placed back in to the incubator.
After 30 min. plates was removed from the incubator and the media from the
second row was removed and loaded with 100uL of drug solution (10uM).
The same procedure was repeated for rest of the rows every half hour lea-

ving the last row with no treatment (blank).
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5.4 Topoisomerase Il assay

5.4.1 Materials

A topoisomerase |l assay kit was purchased from Topogen, Florida, USA

(Topogen, 2005)

5.4.2 Contents of the kit

kDNA, decatenated kDNA marker, Linear kDNA marker, gel loading buffer,

protein kinase

BufferA: Mixture of Tris-HCI (pH-8) (0.5M), NaCl (1.50 M), MgCi2 (100 mM),

Dithiothreitol (5mM), bovine serum albumin (BSA) (300ug /ml).
Buffer B : 20mM ATP in water
Drugs : Cryptolepine and its analogues

Eppendorf tubes, Micro pipettes and pipette tips, A grade glassware

5.4.3 Agarose gel

0.75 g of agarose was mixed with 75ml of TRIS buffer and microwaved for 3-
5 min until all the agarose dissolved in the buffer. Once a clear solution is
formed the agarose solution was taken out from the oven and ethidium bro-
mide was added (0.5 ug/mi) to both gel and running buffer. Then the agarose
solution was poured on to gel-tray and allowed to solidify at room tempera-

ture for an hour.

5.4.4 Running Buffer (TAE buffer)
50x concentration: Tris base (242 g), glacial acetic acid (57.1 ml) and of 0.5

M EDTA (100 ml). Diluted to 1x
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5.4.5 Drug solutions

Cryptolepine and its analogues were dissolved in DMSO first and then diluted
to get the desired concentration. Serial dilutions were carried out to produce
a concentration range of 100 to 0.01uM. It was made sure that the concen-

tration of DMSQO in any solution was not more than 0.1% v/v

5.4.6 The topoisomerase Il assay

Buffer (2 pl complete reaction buffer = buffer A + buffer B in 1:1 ratio), kDNA
(0.25 pg/ml, 1pl), bovine serum albumin (30 pyg/mi, 1 pl), distilled water (to
make up to 20 pl), drug to be tested in desired concentration (1 pl) were pi-

petted out to a Eppendorf tube and incubated for 30 minutes at 37 °C

The reaction was then stopped by adding 4pl of stopping buffer and 2 pl of

protein kinase. The mixture was then incubated for digestion for 30 minutes.

The reaction products were then loaded on to the ethidiumbromide-agarose
gel and electrophoresis was carried out at 65V for 2.5 hours in TAE buffer.

After the separation gel was visualised under UV illumination.

5.5 DNA binding studies (Thiozole orange displacement as-
say)

5.5.1 Materials

Duplex DNA (DS26) and quadruplex DNA (AG23) oligo-nucleotides were

purchased from Eurogenetic, Belgium. Fluoremetric titrations were performed

on Varian-Cary Eclipse fluorescence spectrometer (scans at 24,000 nm/min,

radiation source is Xenon flash lamp with room light immunity) with carry

eclipse spectrophotometric software.
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5.5.2 Cacodylate Buffer

Sodium cacodylate was purchased from Sigma Aldrich, UK.

Made using 0.2M sodium cacodylate and 0.2M HC1

5.5.3 Ligands

Cryptolepine and its analogues.

Thiozole orange was purchased from sigma Aldrich, UK.

5.5.4 Preparation of Buffer
Cacodylate buffer was made by dissolving sodium cacodylate crystals (42.8

gm) in to distilled water (1L) and the pH was adjusted to 7.3 using aqueous

HCI solution (0.2 M).

5.5.5 Preparation of oligonucleotides

5.5.5.1 22AG quadruplex

These G-quadruplexes were made by heating the 22AG nucleotide in the
cacodylate buffer (10mM, pH 7.3), 100mM KCI at 90°C for five minutes and

then the solution was cooled in ice to form G-quadrupixes by intermolecular

folding.

5.5.5.2 DS26 duplex

This duplex nucleotide sequence was made by heating DS26 in the cacody-
late buffer (10mM, pH 7.3), 100mM KCI at 90°C for five minutes and then

slowly cooling over a period of 6 hours.

Once these DNA solutions were made the concentrations were measured
using the UV-VIS spectrophotometer at 260nm using their extinction coeffi-

cient values
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5.5.6 Fluorometric titarations

5.5.6.1 ForDS26

Cacodylate buffer containing 100mM of KCI was used for all the dilutions to
get desired concentrations. In a 3ml capacity cuvette 1ml of thiaozole orange
solution and 1ml of DS26 solution were pipetted using a micropipette and
then the volume was adjusted to 3ml using the blank buffer and the fluores-

cence was measured using the fluorimetry. This served as a control for the

titration.

For the ligand experiments, first 1ml of thiozole orange and 1 ml of DS26 so-
lution were put into a cuvette and then the total concentration of ligand was
made 0.375uM adding desired ligand and the volume was made up using the
cacodylate buffer. The solution was allowed to equilibrate for 3 min and then

the fluorescence intensity was measured.

The same was repeated for each fluorometric titration by increasing the con-
centration of ligand to 0.75 yM, 1.5 yM, 3.0 uM, 4.5 uM, 7.5 uM in the cell

and keeping the total volume of the cell constant 3ml.

5.5.6.2 For AG23

The same procedure was carried out for the G-qudruplex sequence with the
only difference being the concentration of thiazole orange used which was
compared to DS26. The reason for this is that quadruplex sequence has less

number of binding sites compared to duplex sequence of DS26

During the titration, depending up on the activity of the ligand a gradual fall in

the fluorescence was seen as the concentration of the ligand increases.
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After the experiment for all the concentrations were recorded, using the Carry
Eclipse software, the integrals graphs were measured for each ligand con-
centration was measured. The percentage fall in the fluorescence intensity
was measured for each concentration of the ligand and hence the binding

efficiency of the ligand was interpreted.
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The purpose of this study was to attach halogens (Cl, Br and |) and
alkyl amino sidechains at the 11-position of cryptolepine and then investigate
these molecules for anticancer activity using an in vitro cytotoxicity assay and
biophysical studies including DNA binding assays, topo Il assays, fluores-

cence microscopy and quantitative drug uptake studies.

Amongst all the molecules synthesised, the derivatives with the 11-amino
linkages and the 11-halogenated compounds showed greater activity than

compounds having the 11-amido side chains.

Overall, the 11-iodo and the 11-butylamino derivative showed the highest
activity (Table 6.1 Summary of results). The reason behind the 11-butylamino
compound could be because of its lipophilic alkyl sidechain which may have

facilitated faster drug-uptake by the cells.

The derivative with the isopropylamino sidechain showed lower activity being
less lipophilic than the butylamino compound. Another reason for this could
be due to the structural difference between the butyl and isopropylamine. In
this context, having a branched alkylamino sidechain at the 11 position redu-

ced the activity significantly compared to a straight chain.

The same was seen in the drug-uptake studies, the intracellular concentra-
tion of 11-butylaminocryptolepine reached 40% within first 0.5 hours after

drug treatment, then rose up to 60% in 1.5 hours.
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Whereas the 11-isopropylamino compound gave a poor drug uptake profile
with a percentage drug uptake of 8% in 0.5 hours and a maximum drug

uptake of 18% seen at 2.5 hours

Topo |l results reinforced the link between the cytotoxicity and topo Il inhibi-
tion. Among the derivatives tested, derivatives with the 11-butylamino side-
chain showed the highest topo Il activity with a MIC value of 0.25 uyM which is

twofold higher than the parent compound.

Knowing the lower cytotoxicity of the 11-isopropylamido derivative, topo |l
assay was performed on this compound, and it gave a MIC value of >100 uM
indicating that having a amido-linkage not only did not favoured the cytotoxi-
city but also reduced the topo Il activity compared to the original compound
(MIC = 0.5 pM). It may be the structural features of isopropyl sidechain have

played a role in this context as well.

Surprisingly, despite its lower cytotoxicity, the 11-chloroderivative (Table 6.1)
showed the highest topo |l activity with an MIC value of 0.25 uM. When ana-
lysing its drug uptake profile, the percentage drug uptake was lower than
both the 11-butylamino derivative and cryptolepine, reaching an intracellular
concentration of only 25% in the first 30 minutes. In contrast to this despite its
lower topo Il activity, 11-iodocryptolepine (MIC = 0.5 uM) gave a higher cyto-

toxicity value compared to the11-chlorocryptolepine (Table 6.1).

Fluorescence  microscopic images showed that, though 11-
butylaminocryptolepine was dispersed throughout the cell, high concentra-

tions were localised in the nucleus.
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Altough this was also observed in 11-chlorocryptolepine, the amount of drug
localised in the nucleus is dramatically lower than the 11- butylamino deriva-
tive and cryptolepine. This indicates that not only a lower amount of drug is

being taken up by the cells but also the drug taken up is not reaching the nu-

cleus effectively.

It is proposed that these molecules are cytotoxic through DNA intercalation
and subsequent inhibition of topo |l. DNA binding assays were performed to

learn further reasons behind the activity of the derivatives.

Overall, the 11-alkylamino derivatives showed greater DNA binding thancryp-
tolepine. Derivatives with the 11-butylamino and pentylamino sidechains
showed higher binding constant activity than the 11-isopropylamino com-

pounds, reinforcing the topo Il and cytotoxcicity results.

The 11-chloro derivative showed a higher binding than the cryptolepine,
further suggesting that pharmacokinetics of this molecule played a role in its

lower cytotoxicity and supporting the topo |l data.

11-lodocryptolepine showed the highest DNA binding to both duplex and
quadruplex structures, which is reflected by its high cytotoxic activity on all

three cell lines.

Overall, in terms of selectivity, cryptolepine analogues preferred duplex DNA
over G-quadruplex DNA, perhaps due to selectivity towards GC-rich se-

quences present in the duplex DNA.

in conclusion, these studies have shown that novel amino and halogenated

cryptolepine analogues have greater in vitro cytotoxicity than the parent
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compound and are important lead compounds in the development of novel

potent and selective indoloquinone anti-neoplastic agents.
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