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The purpose of this project was to determine the cytotoxicity of a series of

bisdioxopiperazines, anthracyclines and other antineoplastic agents. These drugs were

tested on a Chinese Hamster Ovary AA8 cell line. The cytotoxicity of the cardioprotective

agent, ICRF-187 (dexrazoxane, ADR-529) was also tested in cytotoxicity experiments in

combination with a series of cardiotoxic anthracyclines. The purpose of these experiments

was to determine whether the ICRF-I87 had an antagonistic or additive cytotoxicity.

Finally, an ICRF-I87-resistant strain of CHO-AA8 cells was selected which allowed for

the characterization of bisdioxopiperazine resistance as well as resistance to anthracyclines

and other antineoplastic agents.

Abstract

The important conclusions drawn from this research are as follows: The

cytotoxicity of doxorubicin and ICRF-I87 to CHO-AA8 is greater than additive. The

ICRF-187-resistant cell line, DZR3 attained a resistance factor of 900 fold against ICRF-

187. Other bisdioxopiperazines show a similar resistance. The anthracyclines also showed

some cross-resistance. DZR3 cells show 13 2 fold and 28.5 fold resistance factors to

doxorubicin and idarubicin, respectively, but little to other antineoplastic agents.
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Chøpter I Infroductìon

CTIAPTER 1 INTRODUCTION

1.1 A BRIEF INTRODUCTION TO ICRF-lS7

1.1.1 The Stafus oÍ ICRF-187

ICRF-187, whose proper chemical name is (+)-1,2-bis(3,5-dioxopiperazinyl-1-

yl)propane, is also known as dexrazoxane, and ADR-529. ICRF-I87 is apromising new

drug currently undergoing multicentre phase III clinical trials in the United States with

several hundred patients under treatment. The United States Food and Drug

Administration has accorded this drug a "14" priority status, meaning that it is second in

priority only to AIDS drugs. The reason for its status is because of its novel effects and

most importantly, because of its strong therapeutic life saving effect. In spite of the fact

that this is a drug which is considered to be in the late stages of development, there is

little known about its chemistry or biochemistry.

1.1.2 The Compound and lts Núure

ICRF-187 is a small, uncharged membrane permeable compound. At physiologic

pH and temperature, it undergoes slow ring-opening hydrolysis with a half-time of

¡eaction of approximately 9.3 hours (Hasinoff, 1993). The hydrolysis of ICRF-187 from

its initial rings-closed form, (shown in figure 1.4.1.1) to its rings-open form, ADR-925,

enables it to remove l00Yo of the iron from transferrin (Hasinoff and Kala, 1993). In its

rings-open form it resembles the strong chelating agent EDTA (Huang et aL.,1982) It is

a strong chelator of copper and iron like EDTA. However, it possesses a single advantage

as a biological chelator, which is not found in EDTA. The EDTA compound is highly
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polar and consequently is not membrane permeable. ICRF-I59 (razoxane), which is the

racemate of ICRF-186 and ICRF-187 has been shown to diffuse into cultured cells

(Dawson, 1975).ICRF-I87 in its rings closed form is in effect a prodrug able to enter a

cell as a non-polar compound. Upon hydrolysis it becomes a strong chelating agent able

to function inside the cell to efficiently remove iron from the Fe3*-doxorubicin complex,

(Hasinoff 1989, 1990)

I.2 THE PROBLEM

A large body of evidence indicates that one of the greatest mediators in a variety

of different types of tissue damage is the oxygen-derived free radical. This usually occurs

as a ¡esult of metabolism of chemicals and drugs, as well as in ischemic damage such as

that following heart attack and stroke. For example, doxorubicin is limited in its

usefulness as an antitumor drug by a unique and potentially fatal cumulative dose-

dependent cardiotoxicity (Gianni et al., 1983). Doxorubicin doses recommended in the

Compendium of Pharmaceutical Specialties (1994) are limited to 550 mg m-2 for the 2l

day regimen and 700 mg m-2 of body surface area for the weekly regimen. The damage

inflicted on the heart is believed to occur through the generation of hydroxyl free radicals

(Halliwell and Gutteridge, 1985). Damage caused by free radicals is also known to occur

as a result of radiation injury, inflammation and degenerative diseases such as arthritis and

aging (Fantone and Ward, 1985; Halliwell and Gutteridge, 1985; Halliwell and Gutteridge,

1986, Gianni et al., 1983; Demant and Nørskov-Lauritsen, 1984; Demant, 1986;

Braughler and Hall, 1989).
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The common ingredient in all of the above mentioned conditions is the oKygen

free radical. These radicals can be produced naturally in biological systems. Examples of

naturally produced oxygen free radicals include hydrogen peroxide, superoxide and the

hydroxyl radical. Hydrogen peroxide is produced in many aerobic cells ln vivo and

reaction of HrO, with iron is a feasible source of hydroxyl radicals. The excessive

production of free radicals usually accompanies tissue reperfusion with oxygen following

a stroke or a heart attack. The body's normal defences are overwhelmed by the

overproduction of these radicals and tissue damage results (Halliwell and Gutteridge,

1 e8s).

1.2.1 The Chemistry Behind The hoblem

The production of strongly oxidizing hydroxyl radicals is believed to occur

naturally in most biological systems through an iron-catalyzed Haber-Weiss reaction

(Fantone and Ward, 1985; Halliwell and Gutteridge, 1985; Halliwell and Gutteridge,

1986). The following is a simplified sequence of reactions:

2Or' + 2Il -+ HrO, + O, (formation of hydrogen peroxide) 11]

02- + Fe3* -) Fe2* * Oz

The production of the Or- might result from several biological reactions. It can be

generated by the action of xanthine oxidase on xanthine, by arachadonic acid metabolism

in the cyclooxygenase pathway, autooxidation of catecholamines and oxy hemoglobin,

mitochondrial leakage of Or' in the respiratory chain or from the respiratory burst

associated with neutrophil activation resulting from tissue injury

4

ps2* + HrO, -) Fe3* + OH' + OH- (Fenton reaction)

(reduction of Fe3*) l2l
t3l
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1.2.2 The Biological Consequences Of Free RadicøI Generúion

The hydroxyl free radical is a reactive species and it is free to initiate lipid

peroxidation as well as damage to cellular organelles. The initiation of lipid peroxidation

is thought to occur through the following reactions beginning with the allylic hydrogen

of an unsaturated fatry acid (LH) (Halliwell and Gutteridge, 1985).

LH + OH' -+ L'+ H2O

L'+ 02 _+ LOO'

Exposure of cells to ionizing radiation in the form of X-rays or y-radiation can

result in radical production. Oxygen free radicals are also known to be responsible for a

large portion of DNA damage, especially that caused by ionizing radiation. Single and

double strand breaks in DNA are considered important events, where DNA damage is

concerned. The double stranded breaks are especially critical, since they cannot be

repaired. Sufficient DNA damage within a cell may even result in a suicide response by

the cell. Since DNA repair is not totally efficient, an extensively damaged cell unable to

repair its DNA may destroy itself in order to prevent the reproduction of mutated cells

(Halliwell and Gutteridge, 1985).

LOO'+ LH -+ LOOH + L'

1.2.3 lron And Its Place In Biologicøl Free Rødical Chemistry

The concentration of free iron in biological systems is very low (Halliwell and

Gutteridge, 1985). However, Halliwell and Gutteridge (1986) have detailed potential
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sources of iron in the biological system. Phosphate complexes (i.e. ATP, ADP, GTP),

cihate, carbohydrates and organic acids, DNA, and membrane lipids are all able to loosely

bind iron. Sources of tightly bound non-heme iron are iron bound to proteins such as

fe¡ritin, transferrin, lactoferrin, and hemosiderin. The action of proteases on hemoglobin

following reperfusion injury may also result in the release of iron (Braughler and Hall,

1989). The majority of the body's iron is bound in various enzymes, hemoglobin and

transferrin. The remainder, not required for any specific functions, is stored in ferritin.

Free iron has been shown to be liberated from ferritin or from the degradation of heme

proteins during times of oxidative stress. The release of iron is not problematic in itself.

It is the potential of the iron to complex with other complex molecules that is a source

of danger to the body and its defences.

On a clinical level, circulating serum iron has been shown to increase the risk of

acute myocardial infarction in men (Solonen etaL.,7991). Iron loading in rats was shown

to increase the susceptibility to oxygen perfusion damage, and a number of experiments

have shown that the removal of iron by chelation therapy can prevent experimental

ischemic myocardial injury and prevent post ischemic lipid peroxidation in rats (van der

Kraaij et al., 1988). An increasing body of evidence suggests that the toxicity exhibited

by the Fe3*-(doxorubicin), complex may be due to an iron based Fenton-type reaction

such as is shown by reaction [3] in section 1.2.1.

Under most circumstances, the body is equipped to deal with the generation of free

radicals. It is equipped with a number of enzymes such as superoxide dismutase, catalase,
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and glutathione peroxidase, which are able to protect the body from the harmful effects

of hydroxyl free radicals (Halliwell and Gutteridge, 1985). Under oxidative stress endured

by patients undergoing chemotherapy, the level of oxygen free radicals is likely to

increase as is the damage to organs, especially those which have low or virtually

nonexistent enzrymic defences against free radicals. The heart is most susceptible to

oxidative stress since heart tissue lacks the protective enzymes found in well protected

organs such as the liver and kidneys. Doxorubicin has been shown to complex with iron

in a three iron to one doxorubicin ratio (Myers et a1.,1982; Beraldo et a\.,1985), which

has been shown to generate hydroxyl free radicals (Doroshow, 1983). When the body is

subjected to an oxidative stress, the en4rmic system is overwhelmed and the organ most

like to suffer is the heart, since it is poorly equipped to deal with this stress. In orde¡ to

help in defending the heart or any other organ from these stresses, the chemistry of these

oxidative stresses must be understood.

1.2.4 Anfhracyclines Are Powedul, BuÍ Dose-Limited Chemotherryy Drugs

Anthracyclines, most notably doxorubicin (trade name Adriamycin) are potent

antitumor compounds able to damage cells through a variety of mechanisms. One

mecha¡rism involves strong DNA binding, which is characteristic of doxorubicin and

daunorubicin (Gabbay et al., I976). The planar nature of the anthracycline molecule

enables it to intercalate into DNA and affect replication by interfering with the spatial

arrangement of the DNA, and sterically hindering nuclear protein function. Doxorubicin



Chøpter I Infroduction

is not like other intercalating agents (1.e. ethidium bromide) which simply bind to DNA.

It was shown that doxorubicin was able to induce protein-associated DNA breaks (Rowe

et a1.,1985). The second mechanisms by which anthracyclines are able to damage cells

is through inhibition of topoisomerase II activity. Doxorubicin was shown to inhibit DNA

replication and cause topoisomerase ll-mediated DNA strand breakage even at low

concentrations (Tewey et al., 1984).

Anthracyclines are also known to undergo other reactions such as one and two

electron reduction. These reactions trigger a series of reactions generating a number of

highly reactive and potentially cytotoxic species. One such reaction is the one electron

reduction of doxorubicin to a semiquinone. (Figure 1.2.4.1). The reaction can occur

through the activity of a number of en4rmes (i.e. xanthine oxidase, cytochrome P450

reductase, b5 reductase, and NADH dehydrogenase) (Abella and Fisher, I9B4; Lown,

1985). In the subsequent reaction, the semiquinone can react rapidly with oxygen (rate

constant of 108 M-rsec-r). In tissues where superoxide dismutase levels are in low

concentration, Or'- chemically dismutates at a considerably lower rate. In this instance,

}lrO, can then react with a number of species to form OH'. It is this product which is

available to react with a variety of biomolecules, including DNA, RNA, cell membranes

and several proteins, causing widespread damage and cell death. It is for this reason that

there is a great deal of attention given to the reaction mechanisms of anthracyclines,

which are able to generate OH' (Kalyanaraman, et al., 1984; Muindi et al., 1984;

Mimnaugh et s1.,1983; Doroshow, 1983).
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Among the reactions that occur with doxorubicin, only one reaction is metal-

dependent: that is the direct ¡eaction between the Fe2*-doxorubicin and HrOr. There are

two broad classes of metal ion dependent pathways. The first involves the reduction of

either Cu(II) to Cu(I) or Fe(III) to Fe(II), either by the drug semiquinone or by Or'-

(Reaction [6]). The second mechanism involves a direct reaction between the doxorubicin-

Fe(II) complex and HrO, (Reaction [7]). These reactions are listed in Table 1.2.4.1.

a"'l .af rnf

\,)\
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Table 1.2.4.1

Formation Of OH' By Doxorubicin

DOX' f O, -+ DOX + 02- (enzymic activation)

2 Or' + 2}J* -) H2O2 + 02 (dismutation)

02- + Fe(III) -+ O' + Fe(II)

DOX + re(II! -+ DOX(oxidized) + Fe(II)

Fe(II) + H2O2 -+ Fe(trI) +OH' + OH

As stated above, most of the iron is tightly bound to proteins such as transferrin

or ferritin, or incorporated into porphyrins. In circulation, the iron is stored bound to

transferrin, which has its own receptors on the surface of cells. Upon binding a transferrin

receptor, the transferrin molecule is intemalized in small vesicular structure (Hunt and

Marshall-Carlson, 1986). The pH of these vesicles is quickly acidified to between 5.5 and

5.6, at which point the iron is released from the protein and leaves the vesicle.

Subsequently, it is either stored in ferritin or incorporated into various enzymes or

cytochromes. Doxorubicin has been shown by Demant et al. (1986) to chelate the iron

that is bound to ferritin when the pH drops to 6. Semiquinone formation by doxorubicin

under anaerobic conditions results in the rapid release of iron from ferritin, which is the

major intracellular storage site for the metal ion. Thus, as has been described, doxorubicin

is able to acquire iron from two major in vivo storage sites and the total iron available

from these sites can be as high as 10-a M (Bezkorovainy, 1980). It is not likely that the

doxorubicin free radical chemistry will be limited by a shortage of iron.

t4l

lsl

t6l

t7l

l8l

l0
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Doxorubicin is known to complex with iron in a 3-drug to one Fe3* arrangement

Ganni et a|.,1983). The Fe3*-(doxorubicin), has a stability constant of 1 033 and stepwise

stability constants of 1018, 10rr, and 1044 (May et al., l9s0). previous work has shown

that this complex is responsible for cytochrome c oxidase inhibition (Hasinoff, 1989) and

inactivation (Hasinoff, 1988, 1989)

It is because of the Fenton-type reactions involving anthracyclines, (reaction [3])

discussed earlier, that doxorubicin is cardiotoxic. These properties are useful in the killing

of tumors, but the problem of extreme toxicity to healthy cells arises. Protection of the

organs most susceptible to free radical damage would allow for the effective eradication

of tumors with minimal damage to the patients healthy cells, especially the heart.

1.3 ANTIOXIDANTS AS A SOLUTION TO THE FREE RADICAL PROBLEM

Due to the reactions discussed above, it can be safely assumed that the body is in

constant exposure to hydrogen peroxide and other reactive oxygen species formed

throughout numerous enzymic reactions (Fridovich, 1975; Chance et al., 1979). The

majority of these oxygen species are notonly toxic (Halliwell and Gutteridge, 1984), but

they have been shown to be potentially mutagenic (Moody and Hassan, 1982;

Cunningham and Lokesh, 1983) and carcinogenic (Ito et al., I98I). Several defensive

systems in the form of enrymic detoxication mechanisms are in place to deal with the

deleterious effects of the oxygen free radicals (Hassan and Fridovich 1980). A number of

biological antioxidant compounds are also shown to act in minimizing the harmful effects

l1
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of free radicals. The naturally occurring antioxidants include ascorbic acid (vitamin C),

glutathione, cr-tocopherol (vitamin E), p-carotene and uric acid (Andrae et al., i985).

Investigators using cell culture models are showing that other compounds are capable of

ameliorating the damage mediated by oxygen free radicals (Andrae et a|.,1985).

Though these are effective antioxidants they may not be sufficiently powerful tools

to deal with the effects of antitumor therapy and heart damage. In the cases where a

tumor can be dealt with swiftly using an anthracycline therapy, the alternative is to target

an element in the pathway leading to the generation of free radicals rather than trapping

the radicals themselves. There are several potential approaches to stemming the production

of free radicals. Thein vivo use of superoxide dismutase which catalyzes reaction [1] (see

section I2.l) in combination with catalase, which catalyses the decomposition of HrO,

and prevents the completion of reactions [2] and [3] was limited by the fact that the two

enzymes are proteins. Being proteins, they can act only outside the cell, and are

unavailable for the protection of the internal compartments of the cell where enzyme and

DNA damage are occurring (Greenwald, 1990).

Another approach is to target reaction [3] bV temporary depletion of the iron

available to the cell. The reduction of the available iron to a cell can be accomplished by

a suitable chelating agent which is able to pass through the cell membrane to perform its

function. A group of compounds ideally suited for the task of entering the cell and

temporarily sequestering the cell's available iron are the bisdioxopiperazines and most

notably, ICRF-187.

t2
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1.4 THE CHEMICAL NATURE AND TTIERAPEUTIC VALUE OF' ICRF-187

1.4.1 The Biochemistry of ICRF-187

In considering the overall activity of ICRF-187, its activities must be examined

from the time it becomes available to the cell. ICRF-187 is a non-polar uncharged

compound able to traverse the cell membrane as long as is remains in its rings-closed

form (Figure 1.4.1.1) (Hasinoff and Kala, 1993). Once opened, it becomes negatively

charged and increasingly polar as each of the two rings is hydrolyzed. In solutions which

are of physiologic pH and temperature, ICRF-187 will begin to hydrolyze to its rings-open

form with at*of 9.3 hours (Hasinoff, 1993).ICRF-i87 must enter the cell as a rings-

closed molecule (1.e. prior to base-calatyzed hydrolysis) since once hydrolyzed, it is

unlikely to be able to enter the cell.

Inside the cell, and under non-saturating conditions, the enzyme dihydropyrimidine

amidohydrolase (EC 3.5.2.2 or DHPase), acts on the drug to open one of the rings of both

ICRF-187 and its (-)-(A) isomer ICRF-186, but at different rates (Hasinoff, 1993).

DHPase is present in the liver and the kidney, but is lacking in the heart (Hasinoff, 1991).

The ability of DHPase to catalyze the hydrolysis on ICRF-187 is comparable to the rate

at which it hydrolyzes its natural substrate, dihydrouracil. (DHPase under non-saturating

conditions does however, act on ICRF-187 approximately four times faster than it does

on ICRF-186). The single-ring hydrolysis products of both ICRF-186 and ICRF-187

catalyzed by DHPase are no longer substrates for the DHPase en4tme. The second ring

is likely opened by base-catalyzed hydrolysis. This may explain the difference in the rate
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of ring opening, even though the tu, of opening of the second ring is halved by the

en4rmic opening of the first ring.

Hasinoff (1992) has shown that the hydrolysis of ICRF- 1 87 must proceed through

either of two intermediate forms, B and C, prior to its final degradation to ADR-925

Figure 1.4,1.1). ICRF-187 is lost from the reaction mixture with a half-life of 9.3 hours,

but ADR-925 is produced with a half-life of 23 hours. The ring closest to the methyl

group is able to open 2.1 times faster than the other ring. Thus it has been shown that

68% of the ADR-925 product is produced via degradation through the B intermediate and

32Yo is produced through the C intermediate. B is produced more rapidly than C, but it

is known to accumulate and degrade more slowly to ADR-925 than does the C

intermediate.

The opening of the bisdioxopiperazine ring is the transition of the ICRF-187

molecule from the status of prodrug to an active metal-chelating drug, known as ADR-

925

1.4.2 The Metal-Cheløfing Chemistry Ol ICRF:157

1.4.2.1 Removal Of lron From Trætsfenin and Fenitin

Invivo, iron may be released from transferrin and ferritin by acidic conditions by

receptor-mediated endocytosis (Morley and Bezkorovainy, 1985; Van Renswoude et al.,

1982; and Yamashiro et al.,1984). ADR-925 was able to remove iron from these proteins

as well, but these ¡eactions were strongly pH-dependent, occurring at significant rates only

when the pH was below 6.5 (Hasinoff and Kala, I 993). If the membrane permeable ICRF-
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187 was able to enter the cell through the membrane and then somehow undergo

hydrolysis in the acidic environment, it might then be able to remove iron from transferrin

(Hasinoff and Kala, 1993). Doxorubicin has been shown to remove iron from transferrin

under acidic conditions at rates similar to those seen for ADR-925. Since ADR-925 is

able to remove iron from iron-doxorubicin complexes (Hasinoff, 1989, I99O), it should

also be able to remove transferrin-derived iron from iron-doxorubicin complexes.

Figure l.4.l.l

ICRF-187 (DEXRAZOXANE), COMPOUNDS B, C, AND
ADR-925

"Þ-, 
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1.4.2.2 Removal Of Iron From The (Doxorubicin)r-Fei*- Complex

Once in its rings-open state, ADR-925 is able to easily chelate free and very stable

anthracycline-complexed iron. In its prodrug form as ICRF-187 was shown to displace

iron from the anthracycline complex very slowly (t%-30 min.). ADR-925 was able to

chelate i¡on from the Fe3*-(doxorubicin), complex, displacing the iron completely and very

rapidly (tr.-1 min.). The overall reaction is as follows:

Fe3*-DoX + ICRF-187 -+ Fe3*-(ADR-925) + DoX (hydrolysis) t9l

Sequestering of free iron as well as removal of iron from the doxorubicin-iron complex,

is likely to affect the anthracycline-catalyzed production of hydroxyl free radicals.

Prevention of this reaction is likely to interrupt the formation of the free radicals.

1.4.3 The Cytotoxicìty Of ICRF-187

Cytotoxicity experiments conducted with the racemate of ICRF-i87, ICRF-159,

show that, in addition to the metal ion chelating capacity of these agents, there are also

cytotoxic properties. Creighton et al., (1979) showed that ICRF-159 as well as the two

isomers comprising it, ICRF-187 and ICRF-186 show cytotoxic effects with cells

incubated in vitro.ICro values for each of these was shown to be equivalent, i.e. 3 0 ¡rM.

1.4.4 húerøction Of ICRI:187 With Topoisomerøse II

Bisdioxopiperazines have been shown to be cytotoxic by a number of investigators

(Ishimi et a|.,1992; Narita et al., 1990; Tanabe, ef aL.,1991; Ishida et a|.,1991; Gorbsky,
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1994) each of whom has suggested that the toxicity mediated by these agents was directed

primarily at a DNA unwinding enzyme known as topoisomerase II. Unlike intercalating

drugs, which induce breaks in the DNA by stressing the chain, and other topoisomerase

II targeting drugs, which form cleavable complexes, the bisdioxopip erazine compounds

inhibit the enzyme directly prior to the formation of the intermediate cleavable complexes

in the cell cycle (Tanabe et al.,l99I).

Studies conducted by Creighton et al., (1979) showed that addition of ICRF-159

to a synchronously growing culture of cells results in the arrest of the growth of the cells

at the GrM mitosis phase boundary. In considering the ramifications of interrupting

topoisomerase II activity, the obse¡vations made by Creighton make sense. The role of

topoisomerase II in terms of mitosis is to decatenate the daughter strands of DNA prior

to separation of the cells. Interruption of the process leaves the two daughter cells unable

to separate (Ishimi et al., 1992).

1.4.5 The Potentiøl OÍ ICRF:187 In Antitumor Therryy

In a careful animal study, Herman et al., (1985) conducted experiments with a

series of structurally related bisdioxopiperazine analogues, where the purpose of the

experiment was to measure the protective capacity of these analogues against acute

daunorubicin toxicity. Single doses of daunorubicin delivered to Syrian golden hamsters

(25 mg kg-t) resulted in aloss of body weight and eventual death in84%o of the animals

within I to 4 weeks. Pretreatment of the hamsters with ICRF-187 was shown to reduce
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the lethal effects of daunorubicin. Over 70%o of the hamsters were alive at 8 weeks. The

same results were obtained with ICRF-I86, indicating that the effects aÍe not

stereospecific. Since daunorubicin, like doxorubicin is able to affect cells in different

ways, it is not known whether ICRF-187 was interrupting DNA interaction or the

oxidative damage of daunorubicin by free radical generation. Myers et al., (7982) showed

that doxo¡ubicin-iron complexes were able to generate hydroxyl free radicals and seriously

damage erythrocyte ghost membranes. When the same experiment was done, but with

pretreatment with EDTA, which is structurally and functionally similar to the ICRF-I87

hydrolysis product, ADR-925, the pretreatment was shown to prevent membrane damage

to erythrocyte ghost membranes (Myers et a1.,1982). Clinical trials conducted by Speyer

et al., (1992) showed that administration of doxorubicin wrth ICRF-187 allowed for the

delivery of doxo¡ubicin doses as high as 2,000 mg m-2 of body surface area to enhance

antitumor activity, but with minimal cardiotoxicity. This represents a 3 6 fold increase in

the dosage of doxorubicin that can be delivered when administered with ICRF-187.

1.5

The topics covered in the course of this project are based entirely on the above

discussion of the anthracycline-induced toxicity problems and potential solutions offered

by iron chelation as observed in in vitro and in vivo antitumor therapy studies. This

projectwas conducted entirely on an invitro cell culture model. The goal of this project

was to gain insight into anthracycline toxicity, the protective and/or cytotoxic effects of

RESEARCII CONDUCTED AND REPORTED ON IN THIS THESIS
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bisdioxopiperazines, and finally to gain an understanding of the resistance and possible

c¡oss-resistance mechanisms developed in an ICRF-187-resistant cell line.

More specifically, Chapter 2 covers the preliminary elements of cell culture,

selection of cells, end-point detection, chemicals and equipment used, preparation of

solutions and drugs, biohazard certification, cryogenic storage and thawing of cells, etc.

Chapter 3 covers single-drug cytotoxicity experiments involving bisdioxopiperazines.

Chapter 4 covers the cytotoxicity experiments of anthracyclines coupled with ICRF-I87

or its final metabolic product, ADR-925 as well as other bisdioxopiperazines. Chapter 5

covers the selection and isolation of an ICRF-187-resistant cell line, its characterization

and testing for cross resistance to other antitumor agents.

Inlroductíon
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PREPARATIOI\ F'OR CYTOTOXICITY TESTING
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Chapter 2

2.1 THE ESSENTULS OF CELL CULTURE MPERIMENTS

2.1.1 Selection oî the Appropride Mammølíøn Cell Líne for Cytotoxicity Expertmenfs

Inv o lv ing A nthrøcy clines and Bis dioxopip erazines

Prepørøtion For Cytotoxícíty Testing

Though a great deal of wo¡k is underway in the testing of ICRF-I87 at the clinical

level, much less is known regarding its mechanisms at the biochemical level. Cell culture

methods were employed to investigate these phenomena. The selection of a cell line upon

which the drugs would be tested was a matter of central importance to the project.

The selection of an appropriate cell line was approached from several perspectives

and many questions were weighed in the course of selection the process. The questions

of longevity of the cell line as well as the problems of retaining cellular differentiation

and function were considered. The use of primary cell cultures, Le. those derived from

freshly sacrificed animals was discounted for several reasons, the most important of which

was the initial inexperience with cell culture methods, especially those concerning the

isolation and propagation of a pure primary culture. Also, the 5O-passage time frame of

retention of differential functions after the initial isolation of primary cells would make

the cells difficult to work with since the cells would have to be used within a very narrow

window of passages in order to ensure the identical level of cell function and

differentiation during the experimental phase.

A more practical approach appeared to be the purchase of an established and well

characterized cell line from a cell bank such as the American Type Culture Collection.

The choices of cells was made from two major categories, namely 'normal' and
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transfo¡med cells. The typical characteristics of no¡mal animal cells are outlined by

Hayflick and Moorehead, (1961), who studied a normal human embryonic tissue

designated WI-3 8. These characteristics included anchorage-dependence, density inhibition

and confluent monolayer cultures as a growth control, a finite life-span (usually 50

passages), a diploid chromosomal compliment, and non-malignancy (shown by the cells'

inability to form tumors). The category of cells known as transformed cells have acquired

the capacity of infinite growth and for this reason they are often referred to as a

continuous or immortal cell line. The transformation process usually results in the cells'

loss of sensitivity to the numerous signals usually associated with the growth process.

This is exemplified by loss of both anchorage dependence and density inhibition. Other

changes include changes in the chromosome patterns (Butler, 1981).

Preparøtion For Cy totoxìcíty Testing

For cytotoxicity studies, it is desirable to have a well understood and charactertzed

cell line that does not contribute inconsistencies to the experiment. Among the common

choices used in research and production are BH.K-21, HeLa, CHO-KI, MRC-5, SCLC,

V79-4, and Vero to name only a few.

In order to determine the best cell line for toxicity experiments, an extensive

literature search was conducted, bearing in mind the application to tumor research. Several

continuous lines were found to be used in this type of work, but the following were found

to be used most often: MCF-7 (a human breast adenocarcinoma), Chinese Hamster Ovary

AA8 cells (derived from CHO-KI), and V79-4 (a Chinese hamster lung fibroblast cell).

The characteristics of each of these cells is outlined in the ATCC Catalogue of Cell Lines
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and Hybridomas (T992).

Each of the above-mentioned cell lines has been utilized in drug experiments, be

it for single or multiple drug effects, drug resistant cell studies and c¡oss-resistance

studies. V79 cells have been used to measure the protective effects of pyruvate and other

c¿-ketoacids from the cytotoxic effects of hydrogen peroxide by Andrae et al. in 1985.

Protective effects by natural polyphenols against hydrogen peroxide damage were

measured by Nakayama et al. in 1992, and the role of antioxidants in protection against

oxidative stress-induced DNA damage was examined in two V79 clones by Martins et al.

in 1991. The above mentioned constitute but a small number of the examples found where

V79 cells or modifie dV79 clones were used in various types of cytotoxicity experiments.

More frequently used were Chinese Hamster Ovary Cells. Various strarns were utilized,

among them cHo-Kl, CHo-448, CHo-try4l, CHO-EM9 and others. CHo cells,

specifically AA8, were implicated in many diverse types of research involving hyperoxia

and hydrogen peroxide effects on NAD(H) and ATP pools (Gille et a1.,1989), W light

effects on sister chromatid exchanges, replicon initiation and thymidine incorporation (Taft

et al.,I99l), protection against hydrogen peroxide induced DNA damage and cytotoxicity

of the calcium chelator Quin 2 (Cantoni et a1.,1989) and excision repair mutant isolation

to measure Mitomycin C bioactivation (Dulhanty et al., i989). In pharmaceutical

applications, CHO cells have been used by O'Brien et al., (1992) to measure the potential

antileukemic activity of a platinum derivative CI-937 and Wilson et al., (1989) used

CHO-AA8 cells to measure the effects of hypoxia-selective antitumor agents. The

Preparafíon For Cytotoxicìty Testìng
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noteworthy characteristic of CHO-AA8 is that it is a DNA repair mutant which shows

sensitivity to some methylating and ethylating agents as well as a number of compounds

which are capable of inducing DNA single strand breaks. (Wilson et a1.,1989) Once the

DNA of the cell has been damaged, it is unlikely to repair the damage, and so damage

inflicted during a toxicity experiment would be detected, rather than being masked by a

repair mechanism.

Because of its use by many investigators in cytotoxicity, hypoxia, and DNA

damage experiments, as well as its DNA repair defîciency, CHO-AA8 was selected as the

initial cell line for this project. CHO-AA8 has a doubling time of 12 hours, grows as a

monolayer or in suspension. (ATCC, 1992). The most obvious question regarding the

choice of the CHO-AA8 cells line for cytotoxicity experiments is why this or any other

non-human cells line was selected over a human cell line such as MCF-7, for example.

The CHO cells were used in a number of diverse types of experiments such as

cytotoxicity, hyperoxia experiments, lactate dehydrogenase assays as well as a number

of molecular biology experiments related to cancer therapy. While MCF-7 is an excellent

human cancer cell line for measuring the effects of antitumor drugs, it is not a good "all

purpose" cell with sufficient versitility for different types of experiments to be conducted

the laboratory in the future.
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2.1.2 Selection of the Optimøl Serum Supplemenf for the dfuIEIyI Used to Grow Chinese

Hømster Orøy AA8 Cells

2.I.2.I INTRODUCTION

Prepøralion For Cy totoxícity Testing

Once the appropriate cell line for the research to be conducted has been selected

comes, the correct culture medium must be purchased. The choices of medium

supplements necessary for CHO-AA8 cells was found by consulting the ATCC which

provides the appropriate growth medium, supplements, hormones, etc. required for growth

of all types of cells. The use of Alpha Minimal Essential Medium (crMEM) is

recommended with supplements of fetal calf serum 10% (vlv) The characteristics of this

cell culture medium are describ ed in 2.2.2 and its preparation for use is described in 2.3 .I.

A comparison of the growth characteristics of CHO-AAS cells was made in order

to determine which calf serum supplement would be appropriate for the research to be

conducted. The recommended calf serum supplement, according to ATCC was a fetal calf

serum. Questions regarding the actual benefits of this serum type on growth as well as

its prohibitive expense arose. It was important to determine whether the fetal serum, with

its increased cost actually possessed qualities that were superior, or desirable for the

research to be conducted in our facility.

A growth characte¡istic experiment was initiated to determine whether the choice

of serum supplement added to the cell culture medium had any substantial effect on the

growth of the CHO-AAB cells. The end point was simply to determine the rate of growth

as well as the ratio of cells ancho¡ed to those freely floating as a result of using the
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different sera.

The serum supplements were as follows: The first serum was an iron enriched and

supplemented calf serum, added to the medium to compris e l0%o (v/v) The second serum

type was an iron enriched and supplemented fetal serum added to the medium to give

l0% (vlv). The third was a mixture of 5%o (v/v) of each of the above-mentioned sera. Two

questions needed to be answered. The first question was pertinent to the serum as a

growth supplement and how it affected to total number of cells grown and harvested on

a per mL basis. The second question related to the quality of the cells and the proportions

that were found freely floating in the culture medium or anchored to the culture plate after

27 hours of growth. The ability of the cells to remain anchored throughout the course of

experiments directly reflects the potential for accurate measurement of the results of the

experiments. For example, if cells are washed out during the end-point detection portion

of an experiment due to poor anchoring, their fate is not known regarding the parameters

beign tested.

With respect to the total number of cells growTr in each medium, the results were

as follows: 5% (v/v) fetal + 5% (vlv) calf sera > 70%o (v/v) fetal serum > l\yo (v/v) calf

serum; (i.e. l00yo> 94.5yo> 89.5%0) However, in terms of anchorage to the plate and

prevention of cell loss during washing and passaging, the results were as follows: 10%

(viv) calf serum > l0%o (v/v) fetal serum > 5yo (v/v) fetal + 5yo (v/v) calf sera; (i.e.

94 syo > 93.gyo > 9l.7yo cells retained).
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2.I.2.2 METHODS AND MATERIAIS

The materials used in the course of all experiments are listed in Section 2.2.

The medium to test this was prepared as follows: 900 mL of fresh Alpha Minimal

Essential Medium was prepared, titrated to pH 7.10 using 5.0 N NaOH and sterilized by

filtration through a filter kit with a 0.2 pm nylon filter. The fetal and calf sera were

removed from freezing and thawed in a 37'C water bath. Each flask received a total

volume of 10 mL thus, for three flasks, roughly 30 mL of medium was used. 8.0 mL of

medium was delivered into each of three steril e 25 cm2 culture flasks for mixing with

serum. To the first was added 1.0 mL of fetal serum, iron enriched and supplemented to

give a medium with a l0% (vlv) serum concentration. Similarly, to the second flask 1.0

mL of iron supplemented and enriched calf serum was added. To the third flask of

medium was added 0.5 mL of each of the sera, giving a I0%o (v/v) total serum

concentration comprised of a mixture of SYo (v/v) calf + syo (viv) fetal sera. Each of the

flasks were gently swirled to ensure proper mixing of the serum within the medium.

Cells were seeded into the three 25 cm2 canted T-flasks by delivering 1.0 mL of

a cell suspension containing I.7 X 106 cells ml--r. The flasks were again swirled gently

to ensure homogeneous distribution of cells throughout the flask. In atotal volume of 10

mL, the final cell count was 1 .7 X 10s cells ml--r in each flask. The cells were allowed

to grow for an arbitrary 27 hours and were then harvested. The harvesting consisted of

pipetting out the 10 mL of culture medium and delivering the contents of each flask to

numbered sterile centrifuge tubes, corresponding to the flask number. Cells in the flasks
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were washed with Dulbecco's phosphate buffered saline (DPBS) and then trypsinized

using 0.25yo trypsin. The contents of each flask was quenched with a solution of crMEM

+ l0%o (v/v) calf serum. This cell suspension was delivered to numbered sterile 15 mL

centrifuge tubes corresponding to the flask number. All of the tubes were centrifuged at

2,000 x g for 5 minutes. All of the supernatant was pipetted out after centrifugation and

each pellet was resuspended in exactly 10 mL of medium. Cells from each flasks were

thoroughly mixed and counted in triplicate on a haemocytometer.

2.I.2.3 RESULTS

Cell count of the cells grown inI}Yo (v/v) calf serum, was 436,000 cells ml-r.

The cell count of those grown in I0%o (v/v) fetal serum was 460,000 ml--l. Finally the

count for those grown in 5o/o calf (v/v) + 5yo (v/v) fetal sera was 487,000. The greatest

growth (set at I00%) was seen in the 50/50 serum mixture, where the calf serum showed

only 89.SYo of the maximum, and the fetal serum showed 94.5yo.

Distribution within the culture flask, i.e. the number of cells floating in the

medium and those anchored to the culture plate was also considered. Comparison of the

distribution of the cells in the flasks, showed that of cells grown in the 50/50 serum

mixture 30,000 of the 487,000 cells per mL (6.2%) were free-floating. In the case of the

fetal serum-grown cells 38,000 of the total 460,000 cells per mL (8.3%) were free-

floating, while for the cells grown in calf serum, only 24,000 of the 436,000 (5.5%) were

free-floating. This represents prevention of cell loss or retention of cells 93.gyo,92.7yo
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and94.syo respectively. These results are found in Table 2.1.2.3.1, below.

Table 2.1.2.3.1

Pertentage of Cells Recovered Based on Serum Type Added to Alpha Minimal Essential

Medium as a Growth Supplement

Serum Type Added

üMEMTo

l0 Yo Caff

I0 Yo Fetal

SYo Calf + 5%o Fetal

Number Of

Cells In

Supernatant

2.1.2.4

Number Of

Cells In

Monolayer

24,000

3 8,000

30,000

The content and type of protein found in the two types of sera will affect the

growth and anchoring ability of the cells. Fetal serum is one of the most effective

supplements for cell growth due to its high content of embryonic growth factors (Butler,

1981). The use of calf serum affords the medium a greater concentration of fibronectin

(DeVonne and Mouray,1978), which is an important component in the anchoring process.

The values presented in the table below are not highly significant in themselves.

However, one may wish to consider future experiments, where drug-treated cells may be

lost after washing out of the medium due to insufficient anchoring ability. This loss of

29

DISCUSSION

Total Cells

Counted

412,000

422,000

457,000

Percent

Recovered

For Use

436,000

460,000

487.000

94.5

9t.7
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cells coupled with other types of experimental error will likely result in highly inaccurate

and questionable data. If one desires the ability of the cells to remain attached to the

culture flask, the use of calf serum enhances this experimental requirement.

Prepørafìon For Cy totoxícìty Testíng

If anchoring ability of the cells is not a primary concern, it is wo¡th noting that

the cost of fetal serum is comparatively high while it contributed relatively little to the

growth of the cells in this case. For this reason the serum of choice for the experiments

to be conducted was calf serum.

2.1.3 Expression of Cell Growth

The growth of cells is a mathem atically predictable process, which can be tailored

to suit the needs of the investigato¡ to a reasonable degree. It is not only a tool to control

the experimental conditions, but it is a measure by which one is able to detect the subtle

differences in the conditions of the cells being grown subsequent to an experiment or

during the course of normal propagation of cells.

In order to better predict the time frame within which one expected the passing

from the growth phase to the decline phase, while optimizing the amount of cells

generated from a passage, the following equation was used. It allowed the investigator to

predict either the time of generation of a certain number of cells from a known number

seeded at a given time, or to determine the number of cells to be seeded in order to

generate a certain number on a desired day

N : No- e*'
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where ,À/, is the initial number of cells, i/ is the final number of cells, r is the growth

constarit and T, represents time.

2.1.4 Counting The CeUs

Cell counting using the Hassuer Cell Counting Chamber, most often referred to

simply as a haemocytometer, was used to determine the number of living cells that were

trypsinized out of a cell culture flask. This was necessary as a matter of routine in order

to correctly dilute and seed cells for propagation and for cytotoxicity experiments.

Sample Application

Haemocytometer

Figure 2.1.4.1,

(The above figure

Approach, Edited by

Magnified Grid

The Haemocytometer

was redrawn from Mønmalian Cell Biotechnology: A Practical

Dr. Michael Butler, Oxford University Press, 1981).

ffi
--ulmm

depth = B.l mm

31



Chapter 2 Prepørøtion For Cytofoxicity Testing

It provided information not only with respect to how mariy cells were present, but

by staining using a viability stain, trypan blue, the cell counter allowed for the

differentiation between living and dead cells. The former appear clear under the

microscope since they exclude dye, where the latter take up dye ærd appear dark blue.

The method for cell counting is as follows: Cells which are already in suspension

are aseptically removed from a centrifuge tube or any other container. Usually a volume

of 100 to 200 pL of cell suspension is sufficient. This volume is delivered to a 1.5 mL

microcentrifuge tube. An equal volume of 0.6 % (wlv) trypan blue dye containing 1 mM

EDTA is added to the microfuge tube and the mixture is triturated to ensure homogeneity.

Once properly mixed, the cover slip is placed over the haemocytometer and approximately

10 ¡rL volumes are delivered into a trough and the volume flows under the cover slip. The

haemocytometer has nine large squares, each of which has a volume of 0.1 mm3. This is

equivalent to 0.01 prl-. The cells are counted in five of the squares, usually the centre one

and the four on the diagonal corners from the centre square. The number of cells found

in the suspension is calculated using the following equation, where n equals the number

of cells counted and the DF, or dilution factor is the dilution of the cells by the volume

of dye added. DF was usually 2 since the dilution with dye was 1:1.

Number of Cells in Suspension per mL: DF.n. 10415. (Figure 2.1.4).
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2.1.5 Determindion of the Optimøl Assay Time For Cytotoxicity Expertmenfs l;lith

CHO-AA9 Cells

Prepøratíon For Cy totoxicíty Testìng

2.1.5.1

The deliberation over the correct or representative time frame for which to conduct

a cytotoxicity experiment must reflect the ability of the drug to affect the cell within

reasonable concentrations. The time frame must also allow for a reasonable number of

cells to be seeded that will not compromise the undrugged controls by overgrowth. At the

same time the duration of the experiment must allow for a detectable endpoint from

among those populations severely damaged by cytotoxic drug. The selected time frame

must also be able to function reasonably within the inherent problem of random errors in

cell seeding process and exponential growth which tends to multiply these errors.

Experiments conducted by some investigators were often conducted for time

frames as short as I hour (Dusre et a|.,1990; Alegriaet al., 1989), while others allowed

the drug incubation to be 18 hours in duration (Wilson et al., i989). In order for drugs

such as ICRF-I87 to affect the cell, they must hydrolyze after passage into the cell. Also,

a growth time far enough from the initial seeding is important to allow for the cells to

move from lag phase to log phase and this according to this investigator's work, requires

12 hours in the case of the CHO-AA8 cells. Effects manifested in lag-phase cells are not

representative of the metabolic potential of the cells. Thus, selection of the time frame

must take into consideration the stability of the drug in certain medium conditions and

the mechanism of the drug effect where it is understood.

INTRODUCTION
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2.I.5.2 METHODS AND MATERIAI.S

Three microtitre plates were seeded with 1000 cells per well. The volume of the

cell suspension was 150 ¡rL After allowing the cells to anchor for 24 hours, ICRF-187

was prepared in a stock solution of 0.1 mg mL'(:ZO ¡rM) in cr,MEM and serially diluted

to give solutions of 37, and3.7 ¡rM. Final drug concentration in the wells was 0.I,0.2,

0.5, 1.0, 2.0, 5.0, 10.0, 20.0 and 50.0 pM. Drug was delivered using an Eppendorff pipette

and all volumes were delivered to reflect proper drug concentration in a total final well

volume of 250 pL. Drugging was done by delivery of a calculated volume of a drug

solution of appropriate concentration or dilution to a well. Hence, volumes in the wells

differed among rows in the plate and so, well volumes were adjusted to 250 ¡rL after

drugging by addition of appropriate volume of crMEM. The plates were numbered and

each was allowed to incubate for different times in darkness at 37'C and in 95%o air and

5yo COz (v/v). The first plate was allowed to grow in drug for 24 hours, the second for

48 hours and the third for 72 hours after the initial 24 hours anchoring. After each

respective incubation in drug, 25 ¡L of 2.5 mg ml,-r MTT was added to each well and

the plate was allowed to incubate for 4 hours. After development of the formazan dye,

the wells were aspirated out using a bevelled ISGI.% needle attached to an water aspirator

and then 100 ¡rL DMSO was added to solubilize the formazan crystals developed by the

live cells.

A similar experiment was conducted to measure the time dependent toxicity of

doxorubicin. The doxorubicin was prepared in a 10 mM stock solution of 150 mM NaCl
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and diluted l:10 as required for experiments in sterile 150 mM NaCl solution. Solutions

of 10, 100, and 1000 ¡lM doxorubicin were used to deliver the final O.l,0.2,0.5, 1.0, 2.0,

5.0, 10.0, 20.0 and 50.0 ¡rM drug concentrations in the wells. Volumes were made up to

a final total of 250 ¡tL with sterile 150 mM NaCl. In all other respects the experiment

was conducted as the above ICRF-I87 experiment.

2.1.5.3 RESULTS

Examination of the plates during the course of the experiments showed that by the

third day the cells in the control wells were approachin g 90yo confluence. Though this

gave strong absorbancies, the possibility of contact inhibition and cessation of logarithmic

growth was a significant risk, since this would give erroneous results of the drugged wells

with respect to the controls. Effects of doxorubicin after three days showed a very strong

effect after 72 hours. Drugging at 0.1 ¡rM for 72 hours killed 75%o of the cells (ICro:

0.18 + 0 04 ¡rM, data not shown). The proportion of kill was seen in T2hours with 0.i

¡rM ICRF-I87 was only 2-3%o. Examination of the 24hour drugging experiment showed

that there was insufficient growth of the cells to give a strong absorbance. Most

importantly, it did not afford sufficient sensitivity to distinguish between the subtle

degrees of cell kill resulting from the small incremental changes in drug concentration

from one set of wells to another. Absorbancies of the control wells for after-drugging

growth times of 24,48, and 72 hours resulted in absorbancies of 0.121,0.312, and 0.926

at )u:490 minus I : 650 nm, respectively in the doxorubicin experiment. In the ICRF-
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187 experiment, the absorbancies read atlv:490 minus À:650 nm for the24,48, and

72 hours drug incubations were and 0.126,0.382, and 0.757, respectively. The lowest

absorbancies in both sets of experiments, were approximately 0.050 to 0.080 and so the

differences between 0.080 and 0.126 vs.0.32I are appreciable in terms of sensitivity and

distinguishability.

2.I.5.4 DISCUSSION

The comparison of the24,48, and 72hour drug incubation demonstrated that24

hour incubation did not allow sufficient time for the growth of enough cells to distinguish

between the subtle changes in cell death inflicted by the test drug. The 72how incubation

resulted in extreme degrees of cytotoxicity, such that even in minute drug concentrations

of the drug resulted in almost total kill. One serious and valid criticism of allowing a

greater time for the cells to grow after drugging is that the small random errors inherent

in seeding these experiments are exacerbated as cells grow at an exponential rate. Since

cells growing longer will perpetuate this problem, longer growth times result in

exponentially greater errors from the initial seeding number. The drugging time was

selected as 48 hours and the experimental errors incurred by increased growth time was

remedied by the use of six wells for each drug concentration measured. Thus, the power

of statistics would weigh in favour of the statistically more valid number.
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2.1.6 Selection Of fhe OptimøI EndpoinÍ Detection System for MeøsuremenÍ of

Cytotoxicity

Prepørotion For Cy totoxicìty Testìng

2. 1.6. I

Once the effects of a drug have taken place, an uncomplicated and reliable method

which to detect these effects was required. This method must be accurate, and must

be interfered with by the normal functions of the cell.

by

not

Selection of The Dye

The selection of an appropriate method of measuring cell death inflicted by

cytotoxic agents was made from a small number of end point detection systems, each of

which was adaptable to automated ELISA (Enzryme-Linked Immuno-Sorbant Assay) or

similar types of microtitre plate readers. The primary concems in the selection of an assay

system were the ease with which they could be used, low background noise and high

sensitivity. Questions of interference with cellular enzymes or with the drugs being tested

in the experiment were a concem as these kinds of interactions would give rise to

questionable results. Finally, consideration had to be given to the target of the detection,

i.e. live cells. The assays had to be able to discriminate between living cells and dead

cells, and especially, freshly dead cells, which could result in artificially high survival

rates-

The assays most strongly considered were sulforhodamine B (SRB) and MTT. The

SRB assay is a protein stain while the MTT assay is a soluble tetrazolium salt which is

cleaved enzymatically into an insoluble dark blue crystal by actively metabolizing cells.

MTT, or (3-(4,5-dimethylythiazol-2-yl)-2,5-diphenyltetrazolium bromide) is a biological
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hydrogen acceptor (Alley et a|.,1988) which functions well as a detection system, but a

number of parameters needed to be established before consistent and reliable results were

obtained. (Vistica et a|.,1991).

Prepørølíon For Cy totoxìcìty Testing

Comparisons were made to determine the useability and accuracy of these two

assay systems. In the search for more practical and rapid automated methods for large

scale tasks such as assays to screen hundreds of drugs for activity against the HIV virus,

SRB is an advantageous method which offers accuracy as well as ease of use. (Rubinstein

et al., 1990). There were however, several unanswered questions regarding SRB that

were solidly addressed by a large number of researches studying MTT. Many of those

questions centred around whether or not the dye would interfere with the normal functions

of cells or interact with the test drug, resulting in unreliable data.

Several relevant biological issues were pursued by investigators in an attempt to

gain better understanding of the effects of MTT on the cell. The MTT salt shown in

Figure 2.1.6.1 was studied by Mossman (1983), who claimed that the assay gave linear

results from 200-50,000 cells per well. Preliminary work conducted by this author

confirmed this data. (Data not shown.) This linearity range is important since the

experiment seeded in this author's experiments were at 1000 cells/well and may easily

have reach 50 x 103 cells per well in the totalT2 hour duration of an experiment.

Studies by Marks et al., (1992), showed that the rate of formazan crystal

production differed for each different cell type, but noted that this is not a significant

problem since most comparisons are made within a cell line, as was true for the research

38



Chøpter 2

presented by this author. Marks et al., (1992), stated that drug resistant clones often

metabolized MTT more slowly than the parental cells from which the resistant clones

were derived. Beck et al., (1979), suggested that this might be due to diffe¡ent growth

rates between a parental line and the resistant line derived from it.

fueparation For Cy totoxìcíty Testìng

Figure 2.1.6.1 MTT Metabolism in the Cell
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The question of MTT removal from drug-resistant cells by P-glycoprotein was

addressed by Marks et al., (1992), as well. It was thought thatperhaps the increase in P-

glycoprotein often found in resistant lines might remove MTT or change the cell

membrane permeability to MTT resulting in the lower formazan production. Testing with

an inhibitor of efflux activity, verapamil showed no change in the rate of formazan

The Metabolism Of MTT
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production and so P-glycoprotein was not involved This is important since the research

presented in Chapter 5 of this thesis compares cytotoxicity of many drugs on CHO-AA8

cells (the parental line) with that of drugs on an ICRF-187-resistant line DZR3, derived

from CHO-448.

Prepørøtío n For Cy totoxicity Testíng

Vistica et al., (1991) states that contrary to early studies by Slater et al., (1963)

whose work was cited by numerous authors, including Mosmann, (1983), that MTT

metabolism does not occur only in the mitochondria. MTT was hydrolyzed at the

ubiquinone and cytochrome á and c sites of mitochondria (Slater eÍ a\.,1963), but it was

also widely used for histochemistry demonstration of specific non-mitochondrial enzymes

(Pearse, 1972). MTT reduction was also often dependent on the maintenance of a

threshold D-glucose level in the medium since low glucose resulted in decreases in

NADH and NADPH and subsequent decreases in MTT reduction (Vistica et a1.,1991).

The pH of the medium was not found to affect formazan production by cells. The culture

age played a role in the rate of formazan reduction, where formazan production decreased

with increase in culture age. All of the above mentioned parameters were held constant

in the experiments presented in this thesis.

2.L6.3 Solubility Of Formazan Crystals

Other questions were investigated by in the hope of improving upon the method

first presented by Mosmann (1983). Mosmann used i00 ¡rL of 0 04 M HCI in isopropyl

alcohol to dissolve the formazan crystals. The problems cited above regarding the slow
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production of formazan by slow metabolizing cells is compounded by stability and

solubility problems of the formazan crystals. Often the difficulties in detection were not

due to poor metabolism, but due to the inability to dissolve crystals which were shown

microscopically to existin copious amounts within the cells (Alley et a\.,1988). Studies

done to improve upon solubilizing MTT compared solvents such as dimethyl sulfoxide

(DMSO), mineral oil, and acid-isopropanol (Carmichael et al.,1987) and hexane, dimethyl

formamide (DMF), DMSO, propylene glycol, isopropanol, and acid-isopropanol (Alley

et al., 1988). Both groups found DMSO to be the best choice from among those solvents

they tested in its compatibility with the polystyrene culture plates as well as solubility and

Prepøration For Cy totoxicíty Testìng

stability and sensitivity.

MTT was selected as the endpoint detection assay for the research conducted in

this project. It was used as described by Marks et al., (1992), and DMSO was used as the

solvent for the dye.

2.1.7 Biohøzød Confainment Certificúion

The safety requirements implemented in the general laboratory area were

necessitated by the fact that mammalian cells were being manipulated. The choice as to

which of the four levels of containment required was governed by the types of cells used

or of potential use in the future. The cell line used for this project was a Chinese Hamster

Ovary Cell, strain AA8. These cells were classified as Class I Biohazard by the ATCC.

Class I cells require no special containment procedures, other than normal aseptic

technique. However, cell lines potentially useful in the laboratory in the future included
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PC-12, primary fetal mouse or rat myocyte cells, and MCF-7 (a human, breast

adenocarcinoma). The MCF-7 line, because it is virally transformed, requires Class II

Biohazard containment (ATCC Quality Control Methods for Cell Lines, 1992). Class II

containment requires precautions such as the autoclaving of contaminated fluids, and of

disposable and reusable cell culture materials. It further requires the use of a Class II

laminar flow cabinet and confinement of the work to specified areas within the general

laboratory. The safety requirements include annual testing of the flow cabinet to ensure

correct ai¡ flow and proper filtration. Preparations of i% sodium hypochlorite and 70Yo

ethanol were in place in the cell culture lab areas at all times in the event of a

contaminant spill. Eye wash stations and frre extinguishers were installed in the cell

culture and general areas. Safety precautions were posted in several areas in the laboratory

as were telephone numbers of all laboratory and safety personnel to be contacted in the

event of a cell culture-related emergency. All persons working in the laboratory were

required to conform to safety regulations implemented in the general laboratory area in

order to comply with the Class II certification status.

Preparølíon For Cy totoxicíty Testing

Though these were standards to be adhered to in working with Class II biohazards,

the standards were maintained in all work in this laboratory even though no Class II cells

were in use. This included the washing and disposal of used pipette tips in a broken glass

container, the disposal of used needles into a sharps container and the autoclaving of all

disposable cell culture waste materials. The general certification applied for by and

currently maintained by the laboratory was Class IL
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2.2 MøferiøIs

2.2.1 Disposable Equipment

T-Flasks, (75 cm2 and 25 cm2, canted), Sterile centrifuge Tubes (r5 mL),

Disposable pipettes [(1.0, 10.0, mL FALCON) and (25.0 mL, Baxter) sterile, individually

wrapped)l were purchased from Corning (Corning, NY, USA) through Canlab Scientific

Products. Falcon, Microtest III 96-well plates (flat bottom) as well as 24-well plates (flat-

bottom) were purchased from Falcon through Canlab Scientific Products. 96-well plates

(flat-bottom) and 10.0 mL pipettes (sterile, individually wrapped) were purchased from

Sarstedt. Cryovials (1 8 mL), syringe filters (0.2 pm), Watman Laboratory Division

(Clifton, NJ, USA) 4mmÆVDF/0.2pmltube tip low protein binding filters for volumes <

2.0 mL, and disposable filter sterilization units (1L) were purchased from Nalgene through

Canlab Scientific Products. 1.0 mL, 3.0 mL, 5.0 mL, and 10.0 mL sterile and individually

wrapped syringes and 1.5 inch 18G needles were purchased through Canlab Scientific

Products from Becton Dickenson. Sterile filter units with 1000 mL receivers and 500 mL

reservoirs, 0.2 pm nylon filters (for tissue culture) were purchased from Nalgene through

Canlab Scientific Products. Microcentrifuge tubes (1 5 mL), 1000 and 100 pL pipette tips,

were purchased from CANLAB Scientific Products. Camco Quick Stain II Buffered

Differential Wright-Gemsa Stain was purchased through Canlab Scientific Products from

Baxter. Autoclavable borosilicate glass medium bottles, 250 and 500 mL were purchased

from Coming through CANLAB Scientific Products. Drierite, anhydrous calcium sulfate

was purchased from W.A. Hammond Drierite Company, (Xenia, OH, USA).
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2.2.2 Chemicals

Alpha Minimal Essential Medium (crMEM) with Hank's salts and glutamine,

without ribonucleosides, deoxyribonucleosides, sodium bicarbonate, calf serum (iron

enriched and supplemented), Cell Culture Freezing Medium-DMso, trypsin, (0.25% +

lmM EDTA), Antibiotic [10,000 units ml,-r Penicillin G (sodium salt) + 10,000 pg mL-'

Streptomycin sulfate] and sodium bicarbonate (Cell Culture Tested), were all purchased

from Gibco BRL (Grand Island, NY, USA) 3-(4,5-dimethylthiazol-2-yl)2,5-

diphenyltetrazolium bromide (MTT), Trypan Blue, Trizma Base Buffer, N-2-

Hydroxyethylpiperizine-N'-2-ethanesulfonic acid (HEPES) Buffer (Cell Culture Tested),

4Na*. EDTA (Cell Culture Tested), Sodium þruvate (Cell Culture Tested), NADH and

Dulbecco's Phoshate Buffered Saline (DPBS) (without MgCl, or CaClr) were all

purchased from SIGMA Chemical Company (St. Louis MO, USA). Dimethyl Sulfoxide

(spectral grade), and standard NaOH and HCI solutions were purchased from Mallinckrodt

(Paris, KY, USA). Carbon Dioxide (standard grade) was purchased from Welders' Supply

(Winnipeg, Manitoba, Canada). Chinese Hamster Ovary Cells (AA8) were purchased from

American Type Cell Culture (ATCC), (Rockville, MD, USA).

2.2.3 Drugs

Doxorubicin, daunorubicin, epirubicin, idarubicin,ICRF-186 (levroxazane) ICRF-

187 (dexroxazane) and ADR-925 were gifts from Adria-SP Inc. (Columbus, OH, USA).

Mitoxantrone was a gift from Lederle Laboratories Division, American Cyanamide

Company, (Rearl River, OH, USA) ICRF-154, ICRF-I61, ICRF-I92, ICRF-I93, ICRF-
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r97, AL-r567 and ADR-559 were gifts from Dr. A.M. creighton,. BLPD2GA, BLPDB2,

BLPDC4, and BLPDEI were synthesized by Mr. Bin Ling in the Faculty of Pharmacy,

University of Manitoba. Verapamil, vinblastine, etoposide, cyclophosphamide,

amethopterin, cisplatin, and 5-fluorouracil were purchased from Sigma Chemical Company

(St. Louis MO, USA) Hydroxyurea was a gift from Dr. Grant McClarty, Medical

Microbiology, Faculty of Medicine, University of Manitoba.

heparation For Cy totoxicíty Testíng

2.2.4 Laboratory Equipment

Cells were counted on a Hausser Scientific Partnership (Horsham, PA, USA)

counting chamber using a Nikon TMS inverted microscope. Cells were photographed

using a Nikon FE body loaded with Kodacolor 200 and mounted on a Nikon Labophot-2

Microscope. Photographic prints were made on Kodak color print paper.

All High Performance Liquid Chromatography was performed using a Varian Star 9010

Solvent Delivery System and a Varian Star 9050 try-Visible Detector, both run by Varian

Star software. MTT Assays were read using a Thermomax Plate (Mandel Scientific)

¡eader or on an EAR 400 Plate reader. All Data was processed using SigmaPlot 5.0 arid

SigmaStat software. Pipetting was done using a Gilson 8 x 200 ¡rL multichannel pipettor

(for cytotoxicity assays, MTT and DMSO delivery) and Eppendo¡ff 0.5-10.0 pL, 2-ro ¡tL,

20-200 ¡tL,50-250 ¡rL, and 100-1000 pL pipettes for cytotoxicity assays and other

pipetting. Cells were grown in a National Appliance Company Model 3331 Incubator

(Portland, OR, USA) with water-jacketed temperature control and dual CO, controls.
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Cell manipulations were performed in a Envireco (Albuquerque, NIM, USA) (laminar flow

hood) with a IIEPA filter. Double distilled water was prepared using a Corning (Corning,

NY, USA) Mega-Pure I L glass still.

Preparøion For Cy totoxicíty Testing

2.3 Preparation OÍ Commonly Used Solutions

The preparation of commonly used solutions is described in the following

paragraphs since their use was widespread. The majority of these solutions were used on

a daily basis and a single general all encompassing description is recommended over

redundant description during the course of each experimental procedure.

2.3.1 Alpha Minimal Essential Medium

The cell culture medium used to grow Chinese Hamster Ovary AA8 cells was

crMEM (with and Hank's Salts and glutamine, without ribonucleosides wrthout

deoxyribonucleosides, without sodium bicarbonate). It is purchased in packets of

premeasured powder which will make I L. In its powdered form, it was stored in the

refrigerator at 4"C. Its preparation was as follows: Note that the preparation of I L of

medium includes l0% (vlv) serum supplement, and so only 900 mL of actual medium

were prepared prior to the addition of serum. 800 mL of glass double distilled water were

delivered to a 2 L beaker. The beaker was placed on a magnetic stirrer with a magnet and

it was set to stir the water fairly quickly The foil package containing the medium was

carefully cut with scissors and the contents were emptied into the beaker of glass double

distilled water. The powder which remained in the packet was washed out with double
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distilled water from a squeeze bottle and poured into the medium solution. 2.2 grams of

sodium bicarbonate were added to the stirring solution, as per manufacturer's instructions.

The sodium bicarbonate acts as a buffer in conjunction with the 5%o carbon dioxide

flowing in the growth chamber. In order to better control the pH of the medium during

experiments and propagation of cells, 20 mmol of HEPES (N-2-Hydroxyethylpi perazine-

N'-2-ethanesulfonic acid) buffer were added to the solution per litre. (The molecular

weight of HEPES is 238 grams mol-r and so 4.76 grams were added per litre of medium.)

It must be noted that buffers such as HEPES must be added with care since optimal

osmolality of standard growth medium is approximately 300 mOsm kg-t and this is an

optimal osmolality in which most cells lines will grow. In most cases a change of 5-I0Yo

or up to 25 mM HEPES in the osmolality is tolerated by the cells while maintaining the

pH between 6.9 and 7.4 (Butler, M., 1981). Addition of 20 mM HEPES did not exceed

a I0%o change in the medium osmolality and cell growth was not affected thus, no other

changes were made in the preparation of the medium.

After all of the powders were dissolved the volume was made up to 900 mL as

accurately as possible. The solution was titrated to a pH of 7.10 using standardized 5.0

M NaOH. The pH of the glass double distilled water was measured as 4.86 and thus,

effort was made to make up the fluid volume to 900 mL as accurately as possible with

the water prior to titration since addition of the water after titration to the desired pH

would be undermined by the addition of the acidic water. The pH of the water is due to

absorption of atmospheric CO, , which results in an increase in the acidity of the water.
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(Note that titration of the medium to a pH of 7.10 prior to filtration resulted in a post-

filtration pH range of approximately 7.43-7.40 and a pH of 7.38 after addition of calf

serum to 70%o (viv). Measurement of the medium pH after incubation in 95Yo air and 5%o

CO, for 24 and 48 hours gave pH readings of 7.43 and7.30, respectively ) The solution

was sterilized using a disposable vacuum filter kit with a 0.2 ¡rm nylon filter, a 500 mL

reservoir and a 1000 mL receiver. A nylon filter was selected in order to minimize

binding of proteins during filtration. Vacuum was generated by a water aspirator. (Note

that the solution was not autoclaved, since it is unable to withstand the high

temperatures).

Once the filtration was complete the entire filter kit was taken to the laminar flow

hood and the receiver was removed and discarded. Antibiotic [10,000 units ml.-r penicillin

G (sodium salt) plus 10,000 pg mL-' sffeptomycin sulphate] was added to control bacterial

contamination in the concentration of 100 units ml,-r penicillin G plus 100 ¡rg mL-'

streptomycin sulphate per litre of medium. Thus, to each 1000 mL of medium, 10 mL of

reconstituted antibiotic was added. Reconstitution of the lyophilized antibiotic was done

by adding 20 mL of glass double distilled water to the antibiotic bottle and swirling until

all of the powder was dissolved. The medium was swlrled gently to distribute the

antibiotic. The function of the individual antibiotics were as follows: Penicillin at

concentrations of 100 IU ml--r was added to inhibit the growth of Gram-positive bacteria,

while streptomycin in concentrations of 50-100 pg ml--l was added to inhibit the growth

of Gram-negative bacteria. Antifungal agents were not used in this preparation. The
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medium was carefully poured over into two sterile 500 mL bottles in 450 mL volumes.

At this point 50 mL of freshly thawed iron enriched and supplemented calf serum

was added to one of the 500 mL bottles. This bottle was now ready for use. Serum was

not added to the second bottle until the first bottle was consumed in order to prevent the

wasting of serum should the medium not be used within 20-30 days, which is the shelf

life of reconstituted medium containing glutamine (Butler., 1981).

2.3.2 Dr¡Ibecco's Phosphate Buffered Saline (DPBS)

Preparafíon For Cy totoxicíty Testing

DPBS was purchased in preweighed packages which make I L when dissolved.

The crystalline preparation was stored in the -20"C freezer until needed. When required,

the bottle containing powder for I L was removed from the freezer and allowed to warm

in a desiccator. When warm, the seals of the bottle were removed and the contents were

delivered into a 1000 mL volumetric flask. Approximately 900 mL of glass double

distilled water was added to the flask and the contents remaining in the bottle were

washed out into the flask of solution using glass double distilled water from a squeeze

bottle. A magnet was put into the flask and the solution was stirred magnetically to ensure

homogeneity. Once the salt was dissolved the magnet was removed and the volume of the

solution was made up to 1000 mL. The solution was sterilized using a disposable vacuum

filter kit with a 0.2 pm nylon filter, a 500 mL reservoir and a 1000 mL receiver. Vacuum

was generated by a water aspirator. (Note that the solution was not autoclaved, since it

is unable to withstand sterilization temperatures). Once the filtration was complete the

entire filter kit was taken to the laminar flow hood and the receiver was removed and
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replaced with a sterile bottle cap. The solution was stored at 4"C.

Measurement of pH of the DPBS solution prior to filtration was 7.52 and after

filtration pH was measured at7.50. This was satisfactory.

2.3.3 Sterile Double Distilled Water

heparøfíon For Cy totoxícìty Testíng

Sterile water was often required fo¡ dilution of drugs, reconstitution of lyophilized

antibiotics and for making up of water volume lost due to autoclaving of solutions.

Its preparation was as follows: Glass double distilled water was delivered in

volumes of approximately 100 mL to clean autoclaveable borosilicate glass bottles. These

bottles were capped, but not tightly, and autoclav ed at 250'C for 20 minutes. Once the

autoclaving cycle was complete the bottles were removed from the autoclave, allowed to

cool in a clean dust-free environment and then the caps were tightened. The bottles were

stored at room temperature. Note: The caps were tightened only after the bottles had

cooled to room temperature to prevent the generation of negative pressure within the

cooling bottle, that when opened, may pull dust or bacteria into the sterile bottles and

contaminate them.

2.3.4 Súerile 150 mM NaCl Solution

Sterile 150 mM NaCl was required for the dilution of anthracyclines, MTT

solution, as well as for the making up of microtitre plate well volume with physiologically

osmolar liquid that is neutral in its effect during cytotoxicity assays.

Its preparation was as follows: The required volume was made by measuring 90%o

of the required volume of glass double distilled water into a beaker of appropriate size.
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Usually five bottles of approximately 100 mL each were made at a gtven time, thus a 600

mL beaker was used. The appropriate weight of NaCl was weighed out and dissolved in

the water. The solution was transferred to a volumetric flask of appropriate volum e (i.e.

500 mL) and the volume was made up with double distilled water. The solution was

stirred with a magnetic stirrer and then delivered in approximately 100 mL volumes to

clean, labelled, autoclavable borosilicate glass bottles. The caps were screwed on loosely

andthe bottles were weighed. The weights of the bottles were recorded on the bottles and

the bottles were autoclaved for 20 minutes at 250"C. After the autoclave cycle was

completed, the bottles of NaCl solution were removed from the autoclave and allowed to

cool in a clean place. The bottles are reweighed and the weights recorded on the bottles.

The difference in the masses of the bottles before and after sterilizing was due to

evaporation of water during autoclaving. Thus, the bottles are then taken into the sterile

environment of the laminar flow hood an the appropriate volume (1 mL per gram of water

lost) was added to each bottle. The bottle caps were tightened and the NaCl solutions

were stored at room temperature.

2.3.5 Preparation And Use Of MTT

hepøration For Cy totoxicity Testing

MTT solution was prepared by weighing out the appropriate mass of MTT crystals

to be dissolved 2.5 mg ml--r in 150 mM NaCl solution or DPBS to give the desired

volume. For example, if 25 mL of MTT solution were required at a concentration of 2.5

mg ml.-r, was weighed out 2.5 mg ml.-r X 25 mL: 625 mg or 0.625 grams of MTT. 25

mL of 150 mM NaCl solution or Dulbecco's PBS was delivered, the solution was
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vortexed to dissolve all of the crystal. It was stored in the refrigerator at 4'C in a sterile

borosilicate glass bottle wrapped in aluminum foil to prevent photodegradation of the light

sensitive solution.

The method used for endpoint detection was a modification of Mosmann's method

described by Marks et al, 1992. The MTT was delivered 10 ¡rL per 100 ¡rL of well

medium. Thus, since the experiments were conducted (with few exceptions) using a final

medium volume of 200 ¡rL well-r, 20 ¡L of MTT solution was added to each well. The

wells were allowed to incubate in the dark at 3 7"C and in 95Yo air and 5yo CO2 (v/v) for

four hours.

After development of the crystals all of the medium was pipetted out and 100 pL

DMSO was added to each well to dissolve the crystal. Special care was taken in removing

the medium following the incubation with MTT. Though numerous authors suggest either

centrifuging of the entire plate to precipitate crystals or alternatively, leaving behind 10

to 20 ¡tL of medium (Alley at al., 1988), the most suitable approach for this investigator

was to carefully remove all of the medium without disturbing the crystals or the cells

containing them. The best method for this was to aspirate the wells using a water

aspirator coupled with a 1 mL syringe and a 1.5 inch 18 gauge needle. The plate was

tilted approximately 45-60 degrees and the bevelled edge of the needle was slid down the

side of the well so only the very tip of the needle touched the bottom of the well. None

of the cells or the formazan was disturbed. Though it may be argued that there might have

been a significant loss of formazan crystal, it is also true that only the formazan from
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positively live cells was dissolved by the DMSO. In any case, what was washed out did

not create signiflrcant error since the standard deviations after some practice, were often

as low as 2-3yo in many cases and were commonly 5-10 Yo and very rarely exceeded

20Yo.

The absorbances were read on a Thermomax at 490 nm with a reference beam at

650 nm. Best results were obtained if the plate with DMSO was allowed to sit at room

temperature in the dark for a minimum of three hours prior to reading. This resulted in

better solubilizing of the formazan and thorough distribution of the dye throughout the

well. The same was rarely accomplished using the shaker function of the plate reader even

when shaking was repeated 3-5 times.

2.3.6 Trypan Blue Dye

Trypatt Blue dye was required for cell counting. It allowed one to distinguish live

cells from dead ones in that the live ones did not allow the dark blue dye into the cell,

while the dead ones were stained by the dye and appeared as dark blue on the counting

chamber. A pure stain without debris was required and so the following protocol by

Seglin (1976) was used.

Preparation was as follows: Trypan Blue dye was weighed out in order to prepare

100 mL o10.6%o Trypan Blue dye (w/v); 0.6 g of the dye was weighed out and added to

100 mL of double distilled water. EDTA was weighed out to give a 1 mM solution in the

100 mL.
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The solution was vortexed to dissolve as much of the dye as possible. The dye

was then delivered to centrifuge tubes and centrifuged at 10,000 rpm for 60 minutes in

order to precipitate all particulate matter. After the centrifugation the supematants were

carefully collected and filtered using 0.2 pm syringe filters. The dye was delivered in l0

mL aliquots to 10 centrifuge tubes, and frozen at -20"C. The dye was thawed one tube

at a time and used.

2,3.7 Preparation of Commonly Used Drugs

ICRF-I87 and doxorubicin were the most commonly used drugs in the course of

this investigator's research. Consequently they were prepared routinely. This is especially

true for ICRF-187 which was prepared fresh daily, since stable storage in a non-acidified

form was not suitable. Described below are the detailed procedures for the preparation of

these drugs. The methods described were used throughout the course of this investigator's

work and will not be described elsewhere unless changes were made.

2.3.7.1 Preparation of ICRF-L87 in a-MEM

Preparation of ICRF-187 was done on the day of a drugging as close to the

drugging time as possible, since its half-time of hydrolysis at neutral pH was

approximately 9.3 hours (Buss, J.L. and Hasinoff, 8.8., 1993). The form most readily able

to traverse cell membranes is the parent, or ICRF- 187 (Figure 3 1.3.1.2) from of the drug,

while the metal chelating B, C, and ADR-925 forms were unable to pass through the

membranes of the cells. Thus, to retain the parental form and prevent its premature base-

mediated hydrolysis to B, C, and ADR-925 forms at the pH of the medium, the drug was
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prepared no more than 20 minutes prior to its use. If it was not used immediately after

it was dissolved and filter-sterilized, it was stored on ice for the short time until it was

used.

PrepøraÍíon For Cy totoxicíty Testing

The recrystallized ICRF-187 was stored in a brown bottle at -20'C in a sealed

plastic container with Drierite desiccating chips. When the drug was to be made up, it was

removed from the freezing container and allowed to warm to room temperature in a

desiccator containing Drierite chips. The required amount of drug was weighed out and

delivered to a disposable 10 mL borosilicate glass test tube. The concentrations most often

made up were I mg ml--t (3700 ¡rM), though more convenient concentrations were also

prepared, 10 mM (2.68 mg -L-'), and20 mM (5.36 mg mL-'). The solvent for ICRF-Ig7

was always c¿-MEM, which was removed from refrigeration and warmed in a 37"C water

bath prior to use. Dissolving the drug at the 1 mg ml--r concentration was not difficult

however, the preparation of 10 and 20 mM solutions required 20-30 minutes of

sonication.

After the drug was completely dissolved, the solution was filter sterilized to

prevent contamination during the experiment. This was done using an appropriate size of

disposable syringe and a 0.2 ¡rm filter syringe. In the case of small volumes, such as I

or 2 mL, the drug solution was drawn up from the test tube using the syringe and a 1.5

inch 18 gauge disposable, sterile needle. After drawing up of the drug, the needle was

removed from the syringe barrel and replaced with the filter and filtered. The filtrate was

delivered to a sterile disposable centrifuge tube. In the case of large volumes of drug
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solution, a sterile 10 mL syringe was used. The plunger was removed and the filter was

secured to the locking end. The filter spout was placed in a sterile centrifuge tube, the

drug solution was carefully poured into the open end of the syringe and the plunger was

re-inserted to force out the solution. The drug was then ready for dilution and delivery.

Preparølíon For Cy totoxicity Testíng

2.372

Preparation of the Drug Solution

A 10 mM stock solution of doxorubicin was prepared in double glass distilled

water. The powdered drug was stored at 4"C and was removed from the refrigerator and

allowed to reach room temperature in a desiccating vessel prior to weighing. The drug

was prepared by weighing out - 5.8 mg ml.-r of drug to be prepared. (The molar mass of

doxorubicin'HCl : 579.99 g mole-'). Since doxorubicin is photosensitive, the powder was

delivered to a borosilicate glass test tube wrapped in aluminum foil to prevent

photodegradation of the doxorubicin. The appropriate volume of glass double distilled

water was delivered to the test tube and the drug was dissolved readily in the water, but

without shaking in order to prevent coating the glass surfaces and losing drug to the glass.

S pechr photo metric Determinati on of D oxo rubicin Concentration

Preparation of Doxorubicin Solution

Since the purity of the drug is not known it was analyzed spectrophotometrically

in methanol using the molar absorbtivity (e) of 12200 M-r cm-r at 480 nm (Burke et al.,

1987). Determination of the doxorubicin concentration required a stoppered quartz cuvette

which was washed with 95%o ethanol, air dried, and weighed with the stopper. HPLC

grade methanol (MeOH) was added to the cuvette to about two thi¡ds of the cell volume
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using a pasteur pipette. The cuvette was stoppered, and any residual MeOH on the surface

as allowed to evaporate off. The cuvette and MeOH were weighed and the volume of the

MeOH was calculated from the known mass and density of the MeOH. A 5 ¡rL volume

of the drug was delivered to the cuvette which was stoppered and inverted once to mix

the drug in the MeOH. The cuvette was placed into the spectrophotometer (blanked earlier

with the same cuvette containing only MeOH) and the absorbance was read at 480 nm.

The absorb¿rice was reco¡ded and the concentration of the drug in the MeOH was

calculated from the molar extinction coefficient (e) and the absorbance, A. The actual

doxorubicin solution concentration was then calculated knowing the volume of MeOH in

which the drug was diluted out for measurement.

Sønple calculaÍions:

Prepøration For Cytotoxicity Testing

Mass of dry stoppered cuvette + MeOH
-Mass of dry. stoppered cuvette:
Mass of MeOH

Density of MeOH : 0.7914 g ml-r.

Absorbance of doxorubicin read in MeOH : 0 583 at 480 nm.

From Beer-Lambert Law: A: ecl, where e is the molar extinction coefficient of
doxorubicin in methanol, c is the concentration and I is the length of the path of light
travelling through the cuvette. The e : 12200 M-l cm-t, I : 1 cm, and A is the sample
absorbance, 0.5 83.

0.583 : (12200 M-r cm-t)(c)(l 0 cm) .'. c : O 047787 mM in MeOH.

0.7914 g/ 1000 ¡rl: 0 864 elXvL

The above concentration represents the concentration of the drug in the MeOH. The
volume of the MeOH calculated above is used to determine the concentration of the stock
doxorubicin solution prepared. The volume of the MeOH is added to the 5 ¡rL drug
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solution added to the MeOH to give the total dilution factor and the drug-in-MeOH
concentration is multiplied by the dilution factor to give the stock drug concentration.

1091.73 ¡rL MeOH + 5 ¡rL doxorubicin = 1096.73 pL
0.047787 mM x 1096.73 ¡tL = 52.409605 mM (5 p,L-')

To find the concentration ml--r,

[52.409605 mM (5 ¡rL')] x (1000 ¡rL mL-'/5 pL) : 10.48 mM

This method was also used to prepare daunorubicin and epirubicin where the molar

absorbtivities were 12100 and 12200 M-r cm-t at 478 and 480 nm respectively (Burke el

al., 1987). No molar absorbtivity is known for idarubicin thus, it was prepared by weight.

2.3.8 Cryogenic Freezing of Cells And Their Recovery Afúer Freezing

Cells are stored over long periods of time in liquid nitrogen. Freezing in this way

allows for long term storage with survival of a large fraction of the cells. However, the

cells must be prepared for the freezing. In order to prevent damage to the cells by the

formation of ice crystals, the cells were suspended in a cryoprotective agent, usually a

growth medium supplement supplimented with 5% DMSO or I0%o glycerol. The former

is usually preferred since its rate of penetration into the cell is greater. Care must be taken

however, to minimize the cells' exposure to DMSO above freezing temperatures since this

can damage the cells (Butler, M., 1981). The procedure is described below.

Freezing The Cells

Usually in freezing cells, enough must be grown that about 10 1 0 mL cryovials

of cells containing 4-5 million cells per mL are frozen. The large number per mL is
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required to ensure that enough cells survive the freezing to begin growing. CHO-AA8 are

usually viable to 90Yo or more, however, it is a worthwhile precaution. Also in the event

of a freezing mishap, it is better to have several extra vials rather than not enough. After

the number of cells required for freezing had been grown, the cells were washed with

DPBS, trypsinized 'vu:rrh 0.25yo trypsin, and quenched, the cells were centrifuged and then

pooled in a 10 mL suspension. The cells were counted and then centrifuged again. After

centrifugation, the cells were resuspended in cell culture freezing medium containing 5%

DMSO in avolumethat gave a cell concentration of 4-5 million cells per mL. The cells

were delivered in 1.0 mL aliquots into prelabeled 1.8 mL cryovials and placed upright

into a small glass beaker. This beaker was put into a styrofoam ice container and frozen

over night at -60"C. The ideal freezing rate for cells is 1'C/minute. It is this particular

freezing procedure which is critical to the cells' survival . The cells must freeze quickly

enough to minimize the damage potentially caused by DMSO, but not too quickly, so that

the cells are sheered by ice crystals. After freezing at -60oC, the cells were removed from

the freezer, and the individual vials were placed into the storage canes and immersed in

the liquid nitrogen tank.

Thawing The Cells After Freezing

The cells were removed from the cryogenic tank and the cap was loosened slightly

to allow for escape of the rapidly expanding nitrogen gas. The vial was then immediately

immersed in a 37"C water bath to rapidly thaw the cells. Note that slow thawing after

cryogenic storage is detrimental to cell survival. The cells are pipetted out of the vial and
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delivered into warm cell culture medium. The cells in medium is placed into the incubator

to grow. The cells were passaged twice before they were used for experiments.

Preparatíon For Cytotoxìcity Testìng

2.3.9 Maintaining The CO, Levels And Temperature rilithin The Growth Chamber

The incubator used for growing cells was maintained with a continual gas flow of

95 Yo air and 5Yo CO, (v/v) and its temperature was regulated at 36.5 + 0.5 'C. The CO,

in the growth chamber was supplied by pressurized CO, cylinder. The CO, flow was

maintained at 5%o (v/v) by regulating the flow in the growth chamber, which was set to

0.2Llminute while air flow from a main air line was filtered and allowed to flow into the

chamber at 4 L per minute. The level of CO, in the chamber was measured and verified

as being 5% (vlv) by a Fierite CO, meter.

The temperature was set to 36.5 "C with the safety cut off set to 37"C. This

allowed for a narrow and well maintained temperature range that was optimal for the

cells. The temperature was confirmed by a thermometer which remains in the chamber

at all times immersed in a small bottle of water. Humidity in the chamber was maintained

by a tray situated on the bottom of the chamber which held approximately I L of water.

The water was kept free of microbes and fungi by the addition of 1 gram of copper

sulfate to the tray.

60



Chapter 3

SINGLE AGENT CYTOTOXICITY EXPERIMENTS
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3.1 SINGLE AGEIVT CYTOTOXICITY MPERIMENTS

3.1.1 INTRODUCTION

Single Agent Cy totoxicigt Expertments

A series of single drug experiments w¿rs conducted on Chinese Hamster Ovary

AA8 cells to measure and compa¡e the cytotoxic effects of two structurally different

groups of bisdioxopiperazines, the ICRF-series and the BLDP-Series.

The toxicity of a number of these agents was also examined in light of

lipophilicity data presented by Creighton et al., (1979) to determine whether or not there

is a significant relationship between membrane permeability and cytotoxicity.

Topoisomerase II inhibition studies conducted by Yalowich et al., (unpublished) were

compared with ICs' values determined in this series of experiments to clarifu whether or

not the toxic effects mediated by some of these drugs were related to the inhibition of this

DNA winding and unwinding en4'me.

3.1.1.1

The bisdioxopiperazines that were tested for cytotoxicity against Chinese Hamster

Ovary AA8 cells were structurally different. The first set of drugs tested was the ICRF

series, synthesized by Creighton (Creighton et al., 7979). These included a number of

structurally similar antitumor agents known as ICRF-154, ICRF-159 (razoxane), ICRF-

161, ICRF-I92, ICRF-193, ICRF-I97, as well as ADR-559. Of central importance to the

cytotoxicity research conducted were ICRF-186 (levrazoxane), the (-)-(R) isomer of ICRF-

159, and ICRF-187 (dexrazoxane, ADR-529), the (+)-(,s) isomer of ICRF-159. The

The Bis dìoxopip erøzines
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intermediate metabolic hydrolysis products of ICRF-187, compounds B and C, as well as

the final hydrolysis product of ICRF-187, ADR-925 weretested for their cytotoxic effects

on CHO-AA8 cells.

The second group of bisdioxopiperazines tested for cytotoxicity against CHO-AAB

cells was the BLPD series, which consisted of four compounds, BLPDG2A, BLPDB2,

BLPDC4, and BLPDEI

3.I.2 METHODS AND MATERIAIS

3.1.2.1 Seeding of Microtitre Plates With Cells

Cells were grown to the point of near confluence in a 25 cm2 or 75 cm2 canted T-

flask at 37'C in an atmosphere of 5yo CO2 and 95%o (v/v) air. They were washed with

Dulbecco's PBS and trypsinized \zøth 0.25yo trypsin + I mM EDTA. After separation of

the cells from the plate surface, as observed under the microscope, the trypsin was

quenched with medium using amedium:trypsin ratio of 10:1. The cells were centrifuged

at 2000 x g for 5 minutes. The supernatant was removed and the cells were resuspended

in 10 mL of medium. The cells were counted on a haemocytometer six times, and the

numbers were averaged. The cells were diluted in an appropriate volume of medium to

give a cell count of 10,000 cells/ mL. Each well was seeded with 100 ¡rL of cell

suspension to give a cell count of 1000 cells/well. The volume of cell suspension prepared

was in accordance with the number of plates to be seeded, each plate requiring

approximately 10 mL of cell suspension. The cells were delivered to the microtitre wells
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using an Eppendorff repeater pipet fitted with a 5 mL barrel with the repeater set to

deliver volumes of 100 ¡rL. Once seeded, the microtitre plates were placed into the

incubator for 24 hours to allow the cells to anchor prior to the drugging.

3.1.2.2 Drug Preparation

Preparation of the drugs has been discussed generally in 2.3.7.1. Preparation of

ICRF-I54, ICRF-I59, ICRF-I61, ICRF-192, ICRF-I97 and ADR-559 was the same fo¡

each of the drugs. The only difference in their preparations was the concentrations at

which stock solutions were prepared. Stock preparations were a function of the drugs'

solubilities in cell culture medium. While ADR-559, ICRF-159, ICRF-161, ICRF-I86,

ICRF-I87, compounds B, C, and ADR-925 were easily prepared at concentrations of 1.0

mg ml--ror greater, ICRF-192 and ICRF-154 were not soluble above 0.1 mg ml-r. A

typical drug preparation and dilution scheme for drugs easily dissolved in c¿MEM is

illustrated in Figure 3.1.2.2.1.

Drugs soluble at 0.1 mg ml--rorless were dissolvedin cell culturemedium using

sonication for periods of at least l0 minutes. Once the stock solutions were prepared, they

were filtered and diluted as describedin2.3.7.2. In dissolving the BLPD series drugs,20

to 30 minutes of sonication were required to dissolve the drug at 0.1 mg ml-r.

A different procedure was used to dissolve and deliver the sparingly soluble ICRF-

193 and ICRF-197 Since their solubilities at 0.1 mg ml,-l were not complete in cell

culture medium, DMSO
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was used to dissolve the drug. Since DMSO is itself toxic, it was necessary to determine

whether or not there was a safe volume which could be delivered to a well that would not

compromise the integrity of the experiment. A preliminary experiment was conducted

which involved delivering between 0.i and 50% DMSO per well and measuring the

degree of toxicity mediated by DMSO. MTT end-point detection was used to measure the

cell kill. The experiment showed that from 0 to 0.9%o (v/v), DMSO was not detected as

being toxic to cells. (Figure 3.1.22.2)

The drug was dissolved in DMSO at2.82 mg ml.-r. A sample of 0.8000 mg was

weighed out and dissolved in283.6 pL of pure spectral grade DMSO to give a solution

of 10,000 ¡rM ICRF-I93. This solution was serially diluted l0:1 in DMSO to give a series

of 100 ¡rL volumes of 1000, 100, and l0 ¡rM drug. Each of these was further diluted to

give incremental concentrations of drug, which spanned from 2.0 to 10,000 pM. These

drugs were now at their correct concentrations and were delivered in 1.0 ¡rL volume per

well containing a total final volume of 200 ¡rL. After dilution in the 200 ¡L the range of

drug concentrations in the experiment was from 0.01-50.0 ¡rM. The rationale behind this

method was two-fold. The DMSO was used as it was easily able to solubilize the drug.

At such high concentrations, the volume delivered into each well was kept low. This was

desirable since above 0.9Yo (v/v), DSMO manifests its own toxic effects. By delivering

1.0 ¡lL in a total volume of 200 pL volume, the DMSO added per well was kept constant

and at 0.5% (v/v). A preparation and dilution scheme for drugs dissolving in DMSO is

illustrated in Figure 3.I.2.2.3. The actual drug delivery is described further below.
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ICRF-197 was also dissolved in DMSO, but at a concentration of 20 mM, and

then diluted and delivered to the wells as was the ICRF-I93. The drug was delivered to

the wells in 1.0 ¡rL volumes, followed by delivery of 199 ¡-rL of c¿MEM. The delivery of
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a 20 ¡tl|d final concentration was achieved by delivering 2 0 ¡ú of 20 mM ICRF-197 to

the wells with attention to whether the resulting toxicity was due to drug or DMSO. This

was verified by the curve and is described below in the results section.

3.1.2.3 Delivery of Drug to the Microtitre Plates

With exception to ICRF-193 and ICRF-197 described above, drugging procedures

were the same for all of the drugs. After the 24 hours of initial incubation, drug was

added to the microtitre plate wells. After the initial weighing and dissolving of the drug

in medium, the drug was filtered and then diluted into cell culture medium by serial ten-

fold dilution to lll0, 1/100, 1/1000, and 1/10,000 as described. Volumes of each

concentration \À/ere prepared for drugging of the cells within a certain range of drug

concentrations. That is, the dilutions from 10,000 prM to 1 ¡rM were each used to drug

a certain portion of the experiment. For example, the 100 ¡rM was used only to drug the

10-50 prM range, while 1000 pM was used for the 100-500 pM range. In the drugging,

no more than 100 pL of drug or medium was added per well. All drug additions were

made on the basis of a final well volume of 200 ¡rL, including the initial 100 ¡rL of fluid

from the cell seeding. Thus, if only 50 ¡rL of drug solution were added to a particular row

of wells, the remaining volume was made up with medium to give the correct final drug

concentration in a volume to 200 ¡rL Addition of drugs and medium was made using a

8 x 200 ¡-rL multichannel pipettor. Proper distribution of the well contents was done by

mixing with the pipettor after all solutions had been added. A typical drug map is

illustrated in Figure 3.123.1.
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Use of the drug map illustrated in Figure 3.1.2.3.1 is important during the actual

preparation of the experiment in order to ensure the preparation not only of the correct

concentrations of drugs used, but also the correct volumes. The above scheme represents

the addition of drug solutions and medium to each of the wells in a 96-well microtitre

plate. The drug had to be weighed out in sufficient quantity to prepare enough drug for

delivery into the wells as well as for dilutions and delivery of diluted drug into wells.

Each set of experimental drug concentrations tested on a microtitre plate seeded with cells

is tested in six wells and enough drug of given stock solution must be prepared for each

set of wells times six. Also enough stock must be available for the lO-fold dilution. For

example, beginning with i.0 mL of 1000 ¡rM ICRF-161, the amount of 100 ¡rM was

prepared according to the volume required for the wells as delivered per well; [(100 + 40
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+ 20+ 14) pL ]x 6: I74 ¡rLx 6 :1044 ¡rL. Thismuch was requiredfornotonly

delivery to those wells drugged from the 100 ¡rM stock solution, but these volumes were

also used for the 10.0, 1.0, and 0.10 pM druggings. Thus, enough of the 1000 ¡rM

solution must be diluted for use for dilution for 100 ¡rM to 10 ¡rM and so on. In addition

to the 1044 ¡tL required for drugging,200 ¡rL should be available for dilution, and so a

total of 1244 ¡t}d is required. Since use of the multichannel pipettor required a slightly

greater volume to fill the reservoir, 2 mL of 100 ¡rM drug were prepared by diluting 200

¡rL of the 1000 pM drug solution with 1800 ¡rL of medium. This was true for all

subsequent dilutions as well.

When seeding the experiment, wells Al through A6 were left empty and were later

filled with DMSO for spectrophotometer blanking in the formazan solubilizing step of the

experiment. Wells A7-Al2 were seeded wrth cells, but these well were controls and

received only 100 pL of cell culture medium and no drug. WellsB2-G2 received 20 ¡L

of the 01 pM drug, B3-G3 received 40 ¡L of the 01 ¡rM drug and so on. In each of the

well sets, the drug volume added never exceeded 100 ¡rL and if less than 100 prl. was

added, the remainder was made up to 100 ¡.rL using cell culture medium to give total

addition of 100 ¡rL and total well volume of 200 pL.

Addition of drug was carried out differently for ICRF-193 and ICRF-197 which

were dissolved in DMSO. After the drugs were diluted into useable concentrations (Figure

3.1.2.2.3), they were delivered in 1.0 ¡.rL volumes to the existing 100 ¡rL in the wells.

Immediately after the addition of drug to one set of wells, 99.0 ¡rL of c¿MEM was
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delivered to each well using the multichannel pipettor. This resulted in fulfilling volume

requirements for the wells as well as mixing the solution thoroughly. The drugs in DMSO

were delivered to each well individually using an Eppendorff 0.5-10 pL micropipenor

with sterile microtips.

s.1.2.3

After the addition of the drug, the microtitre plates were returned to the incubator

for 48 hours. After this incubation, MTT was added using the multichannel pipettor. The

addition of MTT was always I0%o of the final volume i.e. if the final volume of the wells

was 200 ¡rL including growth medium and drug, then20 ¡rL of 2.5 mg mL-'MTT in

Dulbecco's PBS was added to each well. The MTT was allowed to incubate for 4 hours

in the incubator, after which all of the medium was aspirated off and the formazan

crystals developedby the live cells were dissolvedin 100 ¡rL of spectrophotometric grade

DMSO. Best results were obtained when the plates were allowed to sit for at least three

hours prior to reading on the plate reader. The readings were made using À: Aono minus

À: Auro nm.

Measurement of Cytotoxic Effects.

3.1.3 RESULTS

3.1.3.1 Cytotoxicities ofthe Bisdioxopiperøz,ines

Data from all cytotoxicity experiments were used to determin e the 50%o inhibitory

concentrations for the drugs tested on CHO-AA8 cells. Using a  -parameter nonlinear

curve fitting program in Sigmaplot, 5.0 the data from the cytotoxicity assays were used
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to calculate ICs' values for each of the assay curves where any degree of cell kill was

observed. The initial determinations of the ICro value are determined by substitution of

the maximum absorb ance, a and the minimum absorbance , d into the equation,

Absooo o¡"= (&-d) / (t+ (x/c)b) +A

where x is the drug concentration (pM), and ó is the exponential factor indicating the rate

at which toxicity increases with increases in drug concentration. The c value represents

the 50% inhibitory concentration (¡rM) of the drug computed after the function has been

fitted. Substitution of the a and d values into a 2 parameter logistic fit results in a 2

parameter fit, computing ó and c. These computed b and c values from the 2 parameter

fit were then resubstituted into the same equation as best guesses along with the a and d

values and a more accurate 4 parameter fit was made to determine b and c. In the case

of certain drugs, the higher concentrations of drug tested began to indicate toxicity, but

sufficient drugs concentrations were not tested to provide a d valte that would allow for

a measurable toxicity. This occurred due to poor solubility of these drugs in cell culture

medium. It was not possible to dissolve the drugs in DMSO for delivery into ar aqueous

environment. They would immediately precipitate out of solution in cell culture medium

even though they were dissolved completely in DMSO. In these cases the á values were

small and the c values inaccurate with large standard errors. To remedy these problems,

the d value was constrained to equal 0 and a 3 parameter fit was made. This kind of

calculation was done in computing values for ICRF-I92, and ICRF-197 and these are

indicated in table 313.L.2 by the + symbol. The curves and the values computed are
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presented below for each category of agents tested. In the c¿Ne of ICRF-193, the 4 and

3 parameter fits resulted in substantial errors in both the á and the ICro values and so

these values were computed using a 2 parameter fit where a was set to Absoro^* and d

was set to Absnoo^,,. This is indicated on the table by the ** symbol. Where drugs failed

to show any toxicity, the minimum ICro values were defined as being equal to five times

the maximum concentration tested (t).

Many of the drugs used exhibited poor solubility in cell culture medium and in

aqueous environments in general. These were dissolved in DMSO, which mediates it own

cytotoxic effects. In order to be able to utilize the potential for dissolving these poorly

soluble drugs in DMSO, the window of "safe" DMSO concentration needed to be

established. As mentioned in 3.1.2.2, a preliminary experiment was conducted to measure

the cytotoxic effects of DMSO. The results of this experiment are illustrated in Figure

3.1.2.2.2, which shows that below 0.9% DMSO (v/v), no DMSO-mediated cytotoxicity

was observed.

Table 3.1.3.1.1 lists the ICro values for this series of drug toxicity experiments as

well as the exponential factors computed by the fitting. Following the table are Figure

3.I.3.l.l showingthestructuresoftheICRF-t54,ICRF-I59,ICRF-161,ICRF-192,ICRF-

I93, ICRF-I97 and ADR-559. Figure 3.I.3.I.2 shows ICRF-I86, ICRF-I87 its

intermediate hydrolysis products, B and C as well as the final hydrolysis product, ADR-

925. Figure 3.I.3.1.3 illustrates the structures of the BLDP Series bisdioxopiperazines.

Figures 3.1.3.1.4 through 3.L3.1.18, illustrate the cytotoxicity profiles of each of the
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bisdioxopiperizines. Compounds B, C, and ADR-925 showed no true ICro values however,

linear regressions of their cytotoxicity profiles show that drug doses could not be

correlated to cytotoxicity. Slopes of each of these lines were computed using the linear

regression function within the Sigmastat program. The column numbers representing the

drug concentrations used in the cytotoxicity experiment were selected as the independent

variable and the corresponding absorbance, indicating the degree of cell survival, was

selected as the dependent variable. A linear regression calculation for compound B gave

a slope of -7 .9 x 10-5 +. 7 .9 x 10-5 indicating that the slope of the curve was conceivably

zero. The P value of 0.341 indicates that the relationship between the drug concentration

and the resulting toxicity was not significant. The same calculation for compound C gave

a slope of -6.8 x l0-5 + 12.2 x 10-5 and a P : 0.587. The slope is again zero for all

intents and purposes and the relationship between drug dose and cytotoxicity is not

significant. The slope calculation for the final hydrolysis product of ICRF-187, ADR-925

had a slope of -2.3 x 10-s + 19.3 x 10-s with a P value of 0.907. Again the slope is

zero and the relationship is not significant.

Overall, the intermediate and final hydrolysis products of ICRF-187 are not

regarded as toxic toward cells, even at doses as high as 200 ¡rM. For this reason the

minimum ICro values for each of these compounds was defined as being equal to five

times the highest dose tested.
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Table 3.1.3.1.1

IC.o Values ForBisdioxopiperazines Incubated for48 Hours \ryift CHO-AA8 Cetls

DRUG

ICRF-154

ICRF-159

ICRF-161

ICRF-186

ICRF-187

ICRF-192*

ICRF-1e3Í

ICRF-197*

ADR-559**

ADR-9257

BT

CT

BLPDG2A

BLPDB2T

BLPDC4

BLPDEl

ICro (pM)

t 1.6

2.7

14.4

3.0

2.7

340.2

0.019

tt.4

t7.2

1000

I 000

1000

745

300

69.8

485

SEM

(pM)

t.7

0.5

2.5

0.6

0.2

r06.2

0.002

0.5

3.7

0

0

0

54

0

6.8

208

V"U Exponential

Factor

14.7

t7

t7.4

20.0

7.0

31.3

9.8

4.4

20.7

0

0

0

7.3

0

9.7

425

7.0

2.5

3.7

3.5

2.6

t.4

5.6

3.27

T6

ND

ND

ND

3.1

ND

3.1

t.9

SEM

6.0

0.7

r.7

0.8

0.5

0.5

3.4

0.42

02

ND

ND

ND

0.7

ND

0.7

0.7

o/" U

* 3-parameter fit was used where d was constrained to 0.

I 2-parameter fit where a : Absnoo^*, d: Absnoo^,, and b and ICro are computed.
d<'F 3 parameter fit where first 7 concentration values were averaged to give an avalue

and d was constrained to 0.

87

30

46

22

T7

31

59

12.8

22

ND

ND

ND

¿J

ND

23

40

t Drug was not toxic and thus, no true
Minimum ICro was defined as being
concentration tested.

ICro or b val.ue were determined (ND)
equal to five times the maximum drug
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Figure 3.1.3.1.1
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Figure 3.1.3.1.2
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Figure 3.1.3.1.3

S íngle Agent Cytotoxícity Exp eríme nts
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F'igure 3.1.3.1,4 MTT Assay of lCRF-l54-mediated Cytotoxicity After 48 Hour
Incubation Wift CHO-AA8 Cells.

NOTE: The left-most points on all cytotoxicity graphs in chapters 3, 4, and 5 of
this thesis represent zero values.
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Figure 3.1.3.1.5 MTT Assay of IcRF-l59-mediated Cytotoxicity After 48 Hour
Incubation Wift CHO-AA8 Cells.
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F'igure 3.1'.3.1'.7 MTT Assay of CHO-AA8 cell kill after 48 hours incubation with
ICRF-186 and ICRtr'- 187.
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Figure 3.1.3.1.8 MTT Assay of IcRtr'-192-mediated Cytotoxicity After 48 Hour
Incubation Wift CHO-AA8 Cells.
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Figure 3.1.3.1.9 MTT Assay of ICRtr'-193-mediated Cytotoxicity After 48 Hour
Incubation Wift CHO-AA8 Cells.
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Figurc 3.1.3.1.10 MIT Assay of ICRF-l97-mediated Cytotoxicity After 48 Hour

Incubation Wiü CHO-AA8 Cells.
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Figure 3.1.3.1.11 MTT Assay of ADR-s59-mediated Cytotoxicity After 48 Hour

Incubation Wift CHO-AAB Cells.
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Figure 3.1.3.1.12 MIT Assay of ADR-925-mediated Cytotoxicity After 48 Hour

Incubation Wift CHO-AA8 Cells.
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Figure 3.1.3.1.13 MTT Assay of compound B-mediated Cytotoxicity After 48 Hour

Incubation Wift CHO-AA8 Cells.

10.2 10-1

[Compound Bl fum)

100 101 102 103

89



Chøpter 3 Single Agent Cytotoxicíty Experiments

0.4

)r
E 0.3

€\\f
.l¡¡

q)

? 0.2

¡r
a

4\ 0.1

0.0
10-3

Figure 3.1.3.1.14 MTT Assay of compound C-mediated Cytotoxicity After 48 Hour

Incubation Wift CIIO-AA8 Cetls.
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Figurc 3.1.3.1.15 MTT Assay of BLPDG2A-mediaúed Cytotoxicity After 48 Hour

Incubation Wift CHO-AA8 Cells.
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Figure 3.1.3.1.16 MTT Assay of BlPDB2-mediated Cytotoxicity After 48 Hour

Incubation Wift CHO-AA8 Cells.
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Figure 3.1.3.1.17 MTT Assay of BLPDC4-mediaúed Cytotoxicity After 48 Hour
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Figure 3.1.3.1.18 MTT Assay of BlPDEl-mediated Cytotoxicity After 48 Hour

Incubation Wift CIIO-AA8 Cells.
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3.1.3.2

Síngle Agent Cytotoxicity Experiments

The Relationship Between The octanol : water Partition Coefficients And

Cytotoxicities Of The ICRF-series Bisdioxopiperazines

The partition coefficient of a drug is defined as the equilibrium constant

of drug concentrations in the two phases. These are usually measured in vitro using n-

octanol as the lipid phase and phosphate buffer of pH 7.4 as the aqueous phase. The value

P is a dimensionless ratio which expresses the polarity and lipophilicity or hydrophobic

character of a molecule. This method is widely employed in structure activity studies.

Drug transport characteristics, be it from the site of application to a receptor or through

a cell membrane are influenced directly by partition coefficients since drugs must travel

through aqueous medium, such as blood, to reach atarget tissue and then must traverse

cells to reach their site of action.

P = fdrugJ uoia [drugl .r",

As is shown in examination of the numerous bisdioxopiperazine structures and

comparing them to their respective degrees of cytotoxicity, there would appear to be a

relationship between the structure of a given drug and its ability to kill cells. It is not

clear however, whether the structural differences seen among these drugs affects the

degree of toxicity simply by affecting the ability of the drug to enter the cell and cause

a non-specific reaction, or whether the effect is based on interaction with an entirely

different and more specific target within the cell, or both. The relationship between

cytotoxicity of bisdioxopiperazines and their lipophilicities was not known and for this
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reason they were compared.

Octanol:water partition coefficients have been given by Creightoî et al., (1979)

for most of the compounds tested in this series of experiments. When the logarithm of

these values was plotted against the logarithm of the ICro value determined for each of

these drugs, a weak relationship was found. Listed in Table 3|r3.2.1 are the octanol:water

partition coefficients and the ICro values and their respective logarithms for several drugs.

The plot representing the table of log inhibitory concentrations and log partition

coefficients (Log P) is shown in Figure 3.1.3.2.1. Linear regression gave a 0.844

coefficient of correlation and a significance, P:0.017 indicating that cytotoxicity is

significantly related to the octanol:water partition coefficient. Hence, the ability of the

drugs to permeate the cell membrane to varying degrees is related to their toxicities.
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Table 3.1.3.2.1

Comparison Between Octanol:Water Coeffïcienß of Several ICRF Compounds

And Their 50% hhibitory Concenhations After 48 Hour Incubation Wiù CHO-

AA8 Cells

DRUG

ICRF-I54

ICRF-159

ICRF-186

ICRF-187

ICRF-192

ICRF-193

ICRF-197

ICro

(pM)

I 1.6

27

2.7

3.0

80.9

0 019

11.4

Log IC.o

1.06

0 431

0 43t

0.477

1.91

-1.72

106

Log P

-2.34

-1.85

-1 85

-1.85

-212

-0.78

-1.51
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Figure 3.1.3.2.1

The Relationship Between Lipophilicity And Toxicity To CIIO-AA8 Cetls.

This graph shows the correlation between lipophilicity as determined by octanol.water

coefficient measurements and cytotoxicity determined by 48 hour incubation of CHO-AA8

cells with several of the bisdioxopiperazines.

ICRF-193O
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3.1.3.3

Bisdioxopiperazines are known to cause cytotoxic effects which are the result of

interruption of specific enzyme functions at the subcellular level. ICRF-I59, ICRF-i87

(Gorbsky, 1994), MST-16 (ohno, et al., 1992),ICRF-I54, ICRF-193, (Tanabe et al.,

1991), have shown that to varying degrees, all of the bisdioxopiperazines tested showed

interruption of topoisomerase II activity and subsequent growth inhibition or death.

Decatenation experiments were conducted with ICRF-154, ICRF-i59, ICRF-186, ICRF-

187, ICRF-192, ICRF-193, ICRF-193, ADR-925, compounds B, and c, as well as the

BLPD series drugs by Yalowich eÍ al., (unpublished) in order to measure the inhibitory

effects of these drugs on topoisomerase II. The log ICro values computed from toxicity

experiments conducted with CHO-AA8 cells were plofted against log ICro topoisomerase

II inhibition values measured by Yalowichet al. These data are listed in Table 3.13 3.i

and a coefficient of correlation plot is shown in Figure 3.1.3.3.I.

The comparison shows the relationship between the ICro values of the drugs tested

on CHO-AA8 and the ICro value for topoisomerase II inhibition. The coefficient of

correlation calculated on the linear regression function of the Sigmastat program was

0.887 and P < 0.001, indicating that the relationship between the two sets of data is

significant.

Si"Sl" A gent Cy totoxícìty ExperimenÍs

Bisdioxopiperazine Toxicity Related to Topoisomenne tr Inhibition
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Table 3.1.3.3.1

Relationship Between Bisdioxopiperazine IC.o After 48 Hour Incubation With

cHo-aA8 cells And Percent Inhibition of ropoisomerase Ir Acfivity

DRUG

ICRF-154

ICRF-159

ICRF-161

ICRF-186

ICRF-187

ICRF-I92

ICRF-193

ICRF-197

BLPDG2A

BLPDB2

BLPDC4

BLPDEl

ICro (pM) Log ICro

(pM)

I1.6

2.7

14.4

2.7

3.0

809

0.019

lt.4

742

320

69.8

485

ICro Topo II
Inhibition

(pM)

1.06

0 431

116

0.431

0.477

191

-r.72

1.06

287

251

1.84

2.69

Log IC.o Topo

II Inhibiúion

(pM)

12.2

13.4

32.4

t2.3

16.2

30.4

1.0

288

38 6

20.0

sl 9

65.3

109

1.13

1.s l
T.2T

109

1.48

0

t.46

t.57

130

T.72

1.81
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3.I.4 DISCUSSION

The bisdioxopiperazines were developed by ICRF Laboratories in the late 1960's

and early 1970's as a class of chemotherapy agents. The ICRF-series drugs first showed

promise as antitumor agents in which metal chelation played a role in the tumorostatic

process. The potent chelating agent, EDTA was shown to be ineffective against tumors,

and this was a source of a great deal of doubt where chelation properties and antitumor

activity was concemed. However, unlike the polar EDTA molecule, the ICRF series drugs

were not restricted in their ability to cross membranes. The insight into the potential for

metal chelation in antitumor agents resulted in the synthesis of a number of EDTA

analogues and among the first effective cytotoxic agent with chelating potential was

ICRF-154 ICRF-154 and the ICRF series drugs that followed were able to traverse the

membrane as relatively non-polar and uncharged molecules and then hydrolyzeto a metal-

chelating form, which was shown to be cytotoxic (creighton et øt., 1979).

The first descriptions of the cytostatic properties of one drug, ICRF-159 was by

Carter (unpublished in Creighton, et al., 1979). Carter observed that although mouse L

cells required a dose of at least 100 ¡rg mL-l (373 ¡rM) to arrest cell division, lower doses

interrupted the process sufficiently so that he saw that as the daughter cell tried to move

apart during mitosis, they were held back by strands of nuclear material. The result was

that the daughter cells rejoined to form a tetramer, or they separated unevenly. In either

case the progeny were not viable. Experiments with BHK-21S cells showed that they have

a tendency to not complete cytokineses and cells eventually become multinucleate.

Sìngle Agent Cy totoxícìty Experimenfs
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Hellmann and Field (1970) showed that doses as low as 10 prg mL't (37 ¡.rM) at a brief

period of time prevented PHA-stimulated lymphocytes from progressing into metaphase.

Creighton's work showed that the drugs had two principle effects on cultured cells. (pHA

: Phytohemaglutanin, which is a lectin from the Red Kidney Bean, Phaseolus vulgaris,

which causes blastogenesis.) The first effect was a delay in progression of the cell cycle,

though this was reversible. The second was the effect on the viability of the cell. This is

discussed further in section 3.2, which deals with timed drug replenishment experiments.

In terms of structure activity relationships of the ICRF series bisdioxopiperazines,

liule change in the structure from the basic ICRF-I54 molecule can be tolerated without

loss of cytotoxic activity. First, the dioxopiperazine ring must be intact and second, the

central chain may be substituted with ligands of correct configuration, but not lengthened

(Creighton, et al., 1979).

The experiments conducted with the ICRF series bisdioxopiperazines as well as

with the BLPD series agents shows that the degree of toxicity of the agents tested varies

with structure, as is expected. The range of toxicity for the drugs tested was as low as

0.019 pM and as high as742 ¡rM. All of these drugs contained dioxopiperazines (or their

metabolic products, as in the case of ICRF-I37) and small differences in their structures

affected their cytotoxic capacities quite significantly. The inferences of these structural

changes with respect to the resulting cytotoxicities is not understood. Though the ICro

value obtained by Creighton et al., (1979) were often different, the trends in toxicity were

not significantly different from those obtained in cell culture experiments with CHO cells.

S i"Cl" A gent Cy totoxicity &períments
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This is likely due to the differences in experimental conditions, since Creighton's team

performed in vivo experiments with mice. Those compounds regarded as highly cytotoxic

in mice (such as ICRF-193), were found to be highly toxic in the experiments conducted

with CHO-AA8 cells as well. The same pattern is true for the compounds found to be

ineffective in killing cells.

Single A gent Cy totoxicity Expe riments

In order to clarifi, these relationships, comparisons were made between

experimental data acquired through the above cytotoxicity experiments and data regarding

membrane permeability and enzyme inhibition effects. The logarithm of the ICro values

measu¡ed for the drugs were plotted against Log P (octanol:water coefficients), with the

expectation that there would be a significant relationship between cytotoxicity and

lipophilicity; however there is only slightly more that one chance in ten that there is a

significant relationship. The cytotoxic properties of the bisdioxopiperazines were

compared with the ability of these same drugs to inhibit the function of topoisomerase II

in a cell free system. These comparisons gave significant insight into the possible

mechanism of toxicity mediated by the bisdioxopiperazines. The compounds, their

possible mechanisms of toxicity, were determined, and their degrees of toxicity are

discussed below in greater detail.
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3.1.4.1 Cytotoxicity Of The ICRX'and BLPD Bisdioxopiperazine Compounds.

Shucture Activity Comparisons

The cytotoxicity of the bisdioxopiperazines tested in 48 hour incubations with

CHO-AA8 cells is discussed in this section and make reference to structural features of

the individual molecules. The structures of these compounds are given as follows: Figure

3.1.3 .1.1 shows the ICRF series bisdioxopiperazines which includes the methylmorpholino

derivative, ADR-559. The structure and metabolic hydrolysis of ICRF-187 (and ICRF-

186) to intermediate compounds B, Ç and final product, ADR-925 are shown in Figure

3.1.3.1.2. The BLPD compounds are illustrared in Figure 3.1.3.1.3.

The most toxic of the general lCRF-series group was shown to be ICRF-i93

(0 019 + 0.003 ¡rM), which appeared to be approximately 600 times as toxic as the next

most toxic compound, ICRF-154 (1 1.6 + 1.2 pM) The former carries two methyl groups

on its propane backbone, while the latter is saturated with hydrogen. A compound

structurally similar to ICRF-I54 is ICRF-I61, which is not substituted in any way, but has

a butane rather than a propane backbone. No information was provided by Creighton

regarding the actual ICro of ICRF-161, which carries a lengthened backbone, but the ICro

value determined in experiments with CHO-AA8 cells shows an ICro value of 14.4 + 2.5

pM, which is only slightly higher than that of ICRF-I54. Experiments with ICRF-I86 and

ICRF-i87 gave ICro values very comparable to those provided by Creighton. The values

obtained were 3.0 + 0.6 ¡lM for ICRF-186 and 2.7 +0.2 ¡rM for ICRF-I87, comparing

well with the values given by Creighton et al., (1979) of 3.0 ¡lM for both compounds
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used in invivo experiments with mice. This suggests that the two isome¡s of the drug are

not distinguished and that membrane passage is not stereospecific. Far less toxicity was

manifested by ICRF- I 92 (3 40 .2 + 106.2 ¡rM), which carries an ethyl group on its propane

backbone. ICRF-197 (I1.4 + 0.5 ¡rM) which carries an cyclobutyl group on its propane

backbone, was not as cytotoxic as ICRF-I87, but was comparable in toxicity with ICRF-

154 and ICRF-161. The ICro value of ADR-559 was computed as 17.2 + 3.7 ¡rM. Its

structure is like ICRF-154 except that in carries a methylmorpholino group on each of the

dioxopiperazine rings. ICRF-159, the racemate of ICRF-187 was less soluble than either

of the isomers, and in terms of drug effect, it had an ICro value of 0.407 + 0.025 ¡rM.

Compounds B, C, and ADR-925 (the hydrolysis products of ICRF-187) do nor

appear to have any significant cytotoxic effects. Cytotoxicity experiments using

concentrations as high as 200 pM showed linear plots with slopes close to zero for

compounds B, C, and ADR-925. The minimum ICro values were defined as being equal

to five times the highest drug concentration tested, i.e. greater than 1000 pM. The 4

parameter fit computed for BLPDGZA gave an ICro value of 745 t 54 ¡rM. The minimum

ICro value of BLPDB2 was defined as being greater than 300 ¡.rM. BLPDC4 showed an

ICro value 69.8 + 6 8 pM and BLPDE1 had an ICro value of 485 + 208 pM. Though,

there is no data such as octanol:water partition coefficients to describe any relationship

between the structures of the drugs and their membrane permeability which might

influence toxicities, review of the structures illustrated in Figure 3.1.3.1.3 suggests that

the compounds which possess additional polar groups, such as the hydroxyl group in the
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case of BLPDG2A, and the ethanoic acid group in the case of BLPDEI, are less toxic

than their less polar counterparts. Why these structural features make them less toxic is

not known.

Single A gent Cytotoxìcity ExperìmenÍs

3.1.4.2

Water comprises a large proportion of all living systems and for this reason, all

biological reactions are based on small molecules which are dissolved in the liquid phase,

or alternatively on macromolecules dispersed in this phase. Most often it is a combination

of both phenomena. Non-aqueous structures within a cell, such as the plasma membrane

or the membranes of organelles are comprised of lipids and and are able to dissolve polar

or non-polar hydrophobic molecules. It is because of the solubility characteristics of the

aqueous phase and lipid-based materials that the most important physical property of

pharmacologically important molecules is their solubility. In order for a drug to interact

with cellular and subcellular components which carry drug receptors and thereby trigger

a response, these drugs must be in solution. In theory there are no compounds which are

completely insoluble. Rather, every molecule is soluble in both the aqueous and non-

aqueous lipid "compartments" of a cell and the degree of solubility of the drug differs in

each of these compartments. The ratio of the solubilities of a drug in these compartments

is known as the partition coefficient and is a function of numerous molecular parameters

(Nogrady, 1988).

The octanol:waterPartition coeffïcients And cytotoxicities of rhe ICRI'-

Series Bisdioxopiperazines Incubated For48 Hours wift CHO-AA8 Cells
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The range of toxicity exhibited by the ICRF and BLPD groups of

bisdioxopiperazines suggests that there is structural relationship to the ability of the drug

to infiict damaging effects upon the cell. Being fairly small molecules, minor structural

changes result in profound changes in the cytotoxic effects mediated by the drugs.

Speculation over whether or not their structural changes had direct effects on the drugs'

respective abilities to permeate cell membranes and thereby influence the potential for

cytotoxicity lead to examination of octanol:water partition coefficient experiments

conducted by Creighton et al., in 7979. Plotting of logarithm P (octanol:water partition

coefficients) values against the log of the ICro values computed for the ICRF series drugs

tested, resulted in the illustration showed in 3.1.3.2.T. The linear regression calculation

indicated a coefficient of correlation, ,R equal to 0.844. The significance value, p:0.0I7

indicated that there is a degree of significance in this correlation. From the apparent

differences in the ICro values recorded it would seem plausible that membrane

permeability based on structure is significantly related to the toxicities, and based on the

coefficient of correlation it is reasonable to conclude that membrane permeability plays

a significant role in the cytotoxic effects of the drugs tested in this series of experiments.

Single Agent Cytotoxicity Experìments

3.1.4.3

One of the enzymes involved in the DNA replication process is topoisomerase II.

In general, topoisomerases are nuclear en4/mes which function to resolve topological

problems which are associated with DNA transcription and translation. These problems

Bisdioxopiperazine Toxicity Related to Topoisomenne II Inhibition
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are usually overwinding, underwinding and catenation of the DNA strands. Topoisomerase

II, especially that found in eukaryotic cells is responsible for relaxing both negatively and

positively wound DNA supercoils, catenation and decatenation, as well as knotting and

unknotting of DNA (D'Arpa and Liu, 1989). There are two topoisomerase II forms known

in mammalian cells. Topoisomerase IIp is expressed at low and constant levels throughout

the cells cycle and does not change in periods of cell proliferation. Topoisomerase IIc¿ is

expressed at high levels during periods of cell proliferation. This form is regulated by the

cell cycle. (Gorbsky, 1994).

Experiments were conducted by (Yalowich et a/., unpublished) which defined the

potential of a number of the bisdioxopiperazines to inhibit topoisomerase II activity in a

cell free system. The drugs tested were ICRF-I54, ICRF-I59, ICRF-I61, ICRF-I86,

ICRF-187, ICRF-192, ICRF-i93, ICRF-197, BLPDG2A, BLPDC4, BLPDEI, ANd

BLPDB2. Experiments with ICRF-193, the most potent of the bisdioxopiperazines, on

topoisomerase I show that the effects manifested by these agents do not affect this

enryme (Tanabe, 1991). ICRF-I59 and ICRF-I87 are reported to affect the GrlM phase

boundary and are able to inhibit topoisomerase II without the formation of cleavable

DNA-enzyme complexes (Gorbsky,1994). Clarke et al., (1993) report this to be the case

for ICRF-I93 as well.

The results of the experiments performed in this chapter were correlated with

decatenation and topoisomerase inhibition data provided by Yalowich et al.,

(unpublished). The comparison of these data shows a strong coefficient of correlation (,R
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:0.887). The significance of P < 0.001 indicates that toxicities manifested by the ICRF

and BLPD series bisdioxopiperazines are significantly related to the topoisomerase II

inhibition shown for the drugs. This suggests that the mechanism of action of the

bisdioxopiperazines is likely to be significantly related to the inhibition of topoisomerase

II activity. This agrees with the findings of the above-mentioned investigators however,

the actual mechanism of the drug with respect to topoisomerase II is not known.

Examination of the cytotoxicity generated in the CHO-AA8 cell experiments and

comparison with data given by Creighton et al., (1979) show the cytotoxicities of both

ICRF-186 and ICRF-187 to be the same, within the standard error of the mean. This

indicates that there was no difference between the effects of the drug in vlvo with mice

or in vitro with CHO cells. Similarly, lipophilicity experiments showed the membrane

permeability of the two isomers to be equal. The effects mediated by ICRF-186 and

ICRF-187 on topoisomerase II were also found to be the same, suggesting that there is

no stereospecific preference where inhibition of the topoisomerase enzryme is concemed.

Síngle Agenf Cy totoxicity Experiments

3.2 ICRF-187 REPLENISHMENT MPERIMENTS

3.2.I INTRODUCTION

In addition to the singular drug effects of ICRF-187, replenishment drugging

experiments were conducted to determine whether or not replacement of the rapidly

hydrolyzed parent drug had any cytotoxic effects in addition to those observed in a single

drugging over the same time frame. The most rapid degradation occurs in the metabolic
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hydrolysis of ICRF-I 87 to Compound B and the half time of hydrolysis is minim ally 9.3

hours in a solution at 37o and pH 7.4 (Hasinoff, 8.8., 1gg3) The metabolic products B

and C are more polar than ICRF-187 (Figure 3 1.3.1.2).It is presumed that the charged

and thus, more polar hydrolysis products are unlikely to traverse the cell membrane as

readily as the parent compound. Thus, for the drug to be effective, either as an antitumor

agent or alternatively, as a cardioprotective agent, it must first enter the cell and then

hydrolyze to an active form.

Concern over whether or not enough of the parent drug was available for passage

into the cell at the critical time of the cells reproductive cycle resulted in an experiment

to determine whether or not replenishment of ICRF-187 on a daily basis had any effect

on cells different from a single drugging over the same time frame.

The rationale for this concern was that from the termination of one cell cycle to

the commencement of the next was approximately 12 hours. Colony forrning assays with

synchronized cells that were pulsed with ICRF-159 (the racemate of ICRF-1B7) at

different stages of the cell cycle, showed that the GrM border of mitosis was the critical

stage in the cell cycle (Creighton et al., 1979) If the drug were added at the correct time

in the cells'reproductive cycles i.e. Gr/M phases, agreat deal of the drug would be able

to penetrate the cells. If it were added immediately after the critical GzlM phase, then l2

hours would pass before the drug would be effective in the cell. Within 12 hours, and

with a hydrolysis half time of 9.3 hours, only 40Yo of the parent drug remains as

effectively able to penetrate and effect the cell.
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To measure the effects of replenishment, the control, or non-replenished plate was

drugged only at the beginning of the experiment after the initial 24hour anchoring period,

while the replenishment plates were drugged at the beginning and then twice more 24 and,

48 hours after the initial drugging.

3.2.2 METHODS AND MATERIAIS

For the most part, the preparation of ICRF-187 and its delivery were as described

in Figure 2.3.7 2. The differences between this experiment and the single agent

experiments described in previous sections is the number and volume of cells used and

most importantly, the drugging procedure employed. These are described in considerable

detail below and illustrated in Figures 3.2.2.1.1 A and B.

3.2.2.1 Seeding of the Microtitre Plates with Cells

Cells were seeded into two microtitre plates in a volume of 150 ¡rL with a count

of 6667 cells ml--rgive 1000 cells/well. The cells were allowed to anchor for 24 hours

and both plates were drugged on the following day. The drug concentration range used

was from 0-500 ¡rM. The drug was delivered in a maximum volume of 50 ¡rL through a

series of 10:1 dilutions from a stock solution of 3700 ¡rM. The difference in volume was

made up wlth o¿MEM to a total well volume of 200 ¡lL. The plates were returned to the

incubator for another 24 hours. The second drugging was performed 24 hours after the

first, but drug was added only to the replenishment plate. The non-replenishment plate

received only the equivalent volume of c¿MEM. Total volume of either drug or medium
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totalled 35 ¡rL. Since the experiment involved replenishment and not replacement of drug,

the 24-hour-old ICRF-187 was not aspirated out and replaced with a fresh solution.

Rather, the drug was added to the existing solution in the well and so the additional

volume needed to be considered when adding the new aliquot of drug. Where the drug

added initially was delivered to give a certain micromolar concentration at 200 ¡rL, the

subsequent additions were made to give the same concentration of drug at 235 ¡tL and,

then for 275 ¡tL in the final replenishment on the third day. Where the replenished

experiments received 50, 35 and 40 ¡rL of drug solutions at 24,48, and72 hours, the non-

replenished plate received the same volumes of medium at the same times. The drug

volumes and concentrations delivered to each set of wells is illustrated in Figures 3 2.2 I l

A and B. The drugging schedule is shown in Figure 3.22.I.2.

The t, of 9.3 hours for ICRF-I87 at 37'C and pH 7.4 results in only 16J% of the

original drug delivered remaining in the ICRF-187 or parental form after 24 hours.

Addition of another l00yo equivalent to the remaining drug results in a total drug

concentration of 1T6.7%o of the original concentrations delivered to the well on the first

day The decay of this will result in 22.8 %o of the original deliver amount on the second

day. And so the third drugging will give a total of l22.\yo of the original drug delivered

on the first day. This was computed using a decay formula

C:Co-e'Kr

113



Chapter 3

NON-REELEI\IISI{ED ELATE

12345

Síngle A gent Cy totoxícity Experìments

A

B

c

D

E

F

G

H

0¡l

5.36

t4.6

DMSO BLANK

l:J;ËËi:Ë, lï:
l'' i 

ztz 
l'lza l*' I "'

t, micromoler 
I i 

rni,

Itta 537¡44.6 3TzTmicromola¡

coNTROl J0,35,40 ÈL ûMElVf

ConkolWeils A7-412
Drugged We1ls were arranged as shown by deliniate d rows and columns above. All dtugsngt
were done in groups of six wells.

ïlï
Day2 0ß5 wit

{
Day3 0/40 wit

F'igure 3.2.2.1.1.^

Figurr 3.2.2.1.1.8

t0

ro¡o llo¡o lso¡o lzo¡n

,,0 l,o* i*u 1",
*o 

l=n, f "' | ',0
372 micromolar
l++

:romolort+
h media

tt
r media

11 12

5oo¡ 26.8n3.2 3727 micromolar

Day I Protocol

fonuc] (¡rlvfJ

VOLUMEDRUG (&Ll

voLUMEaMEM (¡.+L)

þrocrl (¡rM)

Day 2 Prutocol

Dey 3 Fruiocol

ICRI'-187 Non-Replenishment Drug Map

ICRF-187 Replenishment Drug Map

REPLEFI-ISHED ELATE

12345
A

B

c

D

E

F

G

H

0.01

f,.Jb

44.6

DMSO BLANKS

0.02

o.J I

r.05

3S.2

7.38
32.6

2.Ê
22.4

:o.o

23.2

0.07

25.2

35.1

18.5

.o

12.4

1.08

3.7 nricromolar

16.9

3.1

t4.1

5.S

Iü0-fl

I

44.6

2.00

;.17 ^

3S.8

õ.J1

24.7

Þ.JÞ

44.6

CONTROL 50,3J,40 þrL o{MEM

u.ó

35.2

I

5.00

I

¡.38
32.6

DaJl

¿.ó

22.4

6.31
28.7

:ö.õ

23.2

I

7.U0

4.8
25.2

15.1

3'12
32.6 mi-crouolar

t0

l.Þ

12.4

I

37 micromolar

10.00

16.s

3.1

.4.1

5.9

446

11

I

20.00

;.17 "
3S.8

b.J1

28.7

12

u,ü

392

I

50.00

7.38
32.6

2.6

224

50fì.0

I

70.0Û

4.8
25.2

23.2

35.1

:o,ü

23.2

Dqyf Dqy2

114

3-12 micromolar

t6.s
3.1

12.4

t4.1

5.S

35.1

18.5

lJry,

1Júf2

I

I

i.17 ^^'
39.8

1 plDrug/plMedia

36.9
3_1

Dãy3

pLDrug/pL Medir

pLDrug/pLMediâ.

3727
Èic r oEo.lar

I

IStoclrl

ISTOCK fU'Ð

37.27 micromolar

'372.7 micromolar
i^ 3727 micromolar

"r 37



Chøpter 3 Single Agent Cytotoxicíty Experíments

NON-REFLENISHED

REFLENISHED

seeü

trelLs

I

ild¡l edil ãdf,

ICRF-187 ftIl[E]l{ û lllfll{

24 hnurs
tlt

24 hnur:s 24 hnurs 24 hnus

Figure 3.2.2.1.2

24 hnr¡rs 24 hours 24 htr¡¡s 24 hnuu

ï
seeil

cells

where C is the final concentration, C, is the original concentration, T is the time and K

is the decay constant. A decay of I unit to 0.5 units of drug in 9.3 hours gives a decay

constant of -0.074 At this rate only 16.7o/o of the original concentration will remain after

24 hours.

ÏTII
edn edd ãdn edil

ICRF-IÛ? ICEF-I8T ICRF-IS? II'ITT

ådd

N,ITT

I

Seeding And Drugging Schedule ForThe ICRF-lS7 Replenishment

Experiment Wift CHO-AA8 Cells

I l5



Chapter 3 Síngle Agenf Cytotoxícity Experiments

3.2.3 RESULTS

The results shown by the replenishment experiment indicated that there is little,

if any significant difference in the cytotoxic effects between the replenished and non-

replenished wells. There was a significance of P < 0.001 in the 2.0 and 5.0 ¡rM points,

but not in any other critical points in the experiment. It may be that below this

concentration range there is little effect by the drug due to some minimal form of

resistance. Above 5.0 pM, the cells may have been overwhelmed by the first dose and

subsequent doses in the replenished plates were redundant.

The data points for both the replenished and non-replenished experiments were

fitted using first a 2 parameter logistical equation and then a  -parameter non-linear curve

fitting equation,

Absooo oæ: (a-d) / (1+ (x/c)b¡ +d

as described in Section 3.1.3 In the 2 parameter fits for each of the data sets, the

maximum absorbance, where a was set to Absnoo,^ and d was set to Absooo^,, The

exponential value, b and c, the ICro were computed. In computing the 4 parameter non-

linear fit, the a and d values were set again and the b and c values computed in the 2

parameter fit were substituted in the equation as best guesses. The final b and c values

were computed for both non-replenished and replenished ICRF-187 experiments.
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The comparison of the degree of damage inflicted by the range of ICRF-187

concentrations in the replenished and non-replenished assays showed that there was little

difference between the results. This is especially true for the extremes of the concentration

range. The 0.0-0.5 prM points were nearly identical within experimental error as were the

points from 7-100 ¡rM points. A Student's t-test indicated that only two points, the 2.0 and

5.0 ¡lM data points were found to be significant (P < 0 00i). There was no significant

difference in the ICro values between the replenished and non-replenished wells. The non-

replenished ICro result was 2.3 + 0.3 ¡lM and the replenished plate gave a result of 1.5

+ 0.2 ¡rM. A second t-test calculation was performed using the equation below:

t : Mean, - Mean, / SEM, - SEM2

Sìngle Agent Cytotoxicity fuperimenÍs

The ICro values for the non-replenished plate and the replenished plate are substituted into

the Mean, andMean, respectively. The corresponding Standard Errors of the Mean values

are substituted into the SEM, - SEM2 terms. For the ICro values , the t value, representing

the difference between the means was equal to 8.0. With 6 degrees of freedom the

probability, P < 0.001, indicating that the points are significantly different.

3.2.4 DISCUSSION

The replenishment experiminment has shown that there is a significant difference

betwenn non-replenished and replenished cells, but only in a limited area of

concentrations administered over the course of 72 hours. The drug concentrations less than

2.0 ¡rM have the same effect upon the cells whether additional drug is added or not
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added. Similarely, replenishment drug doses exceeding 5.0 pM appear to have no

significant difference in the toxicity observed in relation to that of the non-replenished

cells upon the viability of the cells. Once the drug has affected the GrlNf phase interface,

the additional doses of drug aministered to the replenishment wells appears to be

redundant in the majority of doses administered and might only affect those cells that

were out of synchrony (or past the critical stage of their cell cycle) with respect to the

majority of the cells in the experiment. This supports the findings of Creighton eÍ al.,

(1979) who showed that the timing of drug delivery was critical. The initial delivery of

drug was effective in arresting the cytokinetic processes within the cells. Subsequent

addition of ICRF- I 87 was likely redundant as the interruption of the splitting had already

occurred.

Only the 2.0 and 5.0 ¡rM doses administered in a non-replenished and replenished

scheme showed any significant differences (P < 0 001) in the toxicities mediated during

the course of the experiment. However, the differences in toxicity manifested between the

replenished and non-replenished plates at the 2.0 and 5.0 pM concentrations were

probably due to the fact that this was a critical concentration. The ICro of ICRF-187 was

found to be 2.7 + 0.2 ¡.rM. It is possible that concentrations below 2.0 were not highly

effective because of a small degree of inherent degree of resistance of the cells to the

drug (discussed further in Chapter 5), while alargeportion of the cells was overwhelmed

at drug levels above 5.0 pM. The additional cell kill seen in the 2 0 pM dose over the 5.0

¡rM rarge were potentially cells that survived one drugging in the non-replenished
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experiment due to the fact they their growth was out of phase with other cells.

Consequently, their mitosis event was unaffected, while the replenished plate received an

additional dose of drug which was able to arrest the growth of cells not affected in the

initial drugging.

However, unlike the elucidation of an ICro value, where a certain concentration is

able to kill 50% of a cell population, the comparison of the non-replenishment and

replenishment of drugs over a specific time frame is not concerned with the amount of

drug required to kill a certain percentage of cells. The ICro is a critical concentration that

is able to mediate a certain effect, where the comparison of the non-replenished and

replenished plates is designed to show a difference between two methods of causing cell

death. The range of drugs tested was 0.01-500 ¡rM, which spans over 4.5 log units. The

range that is considered signifîcant is 2.0-5.0 ¡rM, which is a small span within the total

range of drug concentrations tested over the 72 hour course of the experiment. As a

method of delivering more toxicity, the concept of replenishment is unwarranted, since

a single dose slightly above 5 pM is able to achieve the same affects as several lower-

concentration multiple doses over 72 hours.

Síngle Agent Cytotoxícity kperímenfs
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CTTAPTER 4

4.I INTRODUCTION

D ual Agent Cy totoxìcity Experiruents

4.1.1 A Brief InfroductÍon To AnÍhrøcyclínes And Their (Ise In Chemotherryy

One of the most powerful groups of antitumor drugs with a host of mechanisms,

some understood and others poorly understood, are the anthracycline antibiotics. These

drugs are aminoglycosides of anthraquinones isolated originally from the fungus,

Streptomyces peucetius, (Arcamone et al., 1972) and are related to the antibacterial

tetracyclines (Nogrady, 1988). One mechanism of antitumor activity of this class of drugs

is through the intercalation of its four-membered ring system through the malor groove

of the DNA double helix. The anthraquinone group carries a sugar moiety ion bonded

through its amino group to the phosphate backbone of the DNA. Together these

perturbations stress the double helix causing single and double stranded breaks in the

chain. Often, this will result in irreparable DNA damage and death of the tumor cell

(Nogrady, 1988). Anthracyclines have strong activity against a wide range of malignant

neoplasms, such as acute leukemia, breast cancer, Hodgkin's disease, non-Hodgkin

lymphomas and sarcomas (Young et a1.,1981). The wide spread use of the anthracyclines

as an effective chemotherapy agent is limited by the factthat they are severely cardiotoxic

and doses are limited to 550 mg m-2 body surface area for a 2l day regimen and 700 mg

m-'for a weekly regimen (CPS, 1994).

DUAL AGENT CYTOTOXICITY EXPEKIMENTS
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The most commonly used natural

anthracyclines in antitumor therapy are

doxo¡ubicin, daunorubicin, epirubicin, and

idarubicin. Among these is the synthetic

derivative, mitoxantrone. The basic

structure of the anthracycline is shown in

Figure 4 I 1.I.

4.1.2 The ChemßW Of Anrhracyclines

4.1.2.1 Metabolic Activation Of The Anthracyclines

The Basic Anthracycline Molecule

ooHO

Anthracyclines, and especially doxorubicin are potent antitumor compounds able

to damage cells through a variety of mechanisms. It has been shown by Dalmark and

Storm, (1981), that doxorubicin is able to enter cells by free diffusion. As stated earlier,

the planar nature of the anthracycline molecule enables it to intercalate with DNA and

affect replication by stressing the DNA helix, as well as by interfering with the spacial

arrangement of the DNA, thereby sterically hindering nuclear protein function. It was

shown that doxorubicin was able to induce protein-associated DNA breaks (Rowe et al.,

1985) Doxorubicin was shown to inhibit DNA replication and cause topoisomerase II-

mediated DNA strand breakage even at low concentrations (Tewey et a1.,1984).

The cardiotoxicity of the anthracyclines is thought to be related to its interaction

with iron and the subsequent generation of hydroxyl free radicals (Halliwell and
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Gutteridge, 1985). Of particular interest are the anthracycline one and two electron

reduction reactions. These reductions trigger a series of reactions generating a number of

highly reactive and potentially cytotoxic species. One such reaction is the one electron

reduction of doxorubicin to a semiquinone (Figure 4.1.2.1.1). According to Abella and

Fisher, (1984) and Lown, (1985), the reaction can occur through the activity of a number

of enzymes (l.e. xanthine oxidase, cytochrome P450 reductase, b5 reductase, and NADH

dehydrogenase). In the subsequent reaction, the semiquinone will react rapidly with

oxygen (with a rate constant of 108 M-r sec-t). In tissues, such as the heart, where

superoxide dismutase levels are in low concentration, Or' chemically dismutates at a

Dual A geø Cytotoxicity Experiments
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considerably lower rate. Unable to be broken down, the hydrogen peroxide is reactive and

available to partake in reactions toward a destructive end. For instance, HrO, cari react

with a number of species to form OH'. It is this product which is available to react with

a variety of biomolecules, including DNA, RNA, cell membranes and several proteins,

causing widespread damage and cell death. It is for this reason that there is a great deal

of attention given to the reaction mechanisms of anthracyclines, which are able to

generate OH'.

Anthracyclines are also known to undergo two electron reductions to yield

dihydroquinone derivatives of the parent drug. Xanthine oxidase and ferridoxin reductase

are able to catalyze such two electron reductions of anthracycline compounds. The drug

semiquinone is also able to react with itself to yield the parent drug and the two electron

reduced parent. The rate of this reaction is very rapid (10e M-r sec-r). The hydroquinone

can react with oxygen yielding hydrogen peroxide. If no oxygen is present, the reduced

drug species can undergo rearrangement where the sugar is cleaved leaving a quinone

methide. This species is able to alkylate both electrophiles and nucleophiles. There is

some suggestion that the alkylation is a potential means of cytotoxicity (Sinha, 1980;

Sinha and Gregory, 1981; Sinha et a1.,1984; Sinhaand Sik, 1980; Ghezzi et al.,I98l).

Figure 4.I.2.1.2 illustrates the two electron reduction and formation of quinone methide

and 7-deoxyaglycone. The drug semiquinone is also known to undergo a rearrangement

to yield a C-7 radical. This C-7 radical has also been proposed as a potential alkylator.

The chemistry of this carbon radical is not as well understood as is that of the two
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electron reduction product.

Anthracycline Two Electron Reduction And Formation Of
Quinone Methide And 7-Deoxyaglycone
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4.1.2.2

There is a body of evidence which suggests that at least certain types of tumor

cells can be killed by doxorubicin-induced oxygen radical formation (Tannock, lgBZ).

Tannock (1982), has shown that doxorubicin is selectively toxic to well-oxygenated tumor

cells. Electron Paramagnetic Resonance (EPR) experiments with Ehrlich tumor cells

showed the presence of doxorubicin semiquinone (Sato eÍ al., 1986), while Doroshow

(1986) has demonstrated the production of HrO, and Or- from microsomal, mitochondrial

and nuclear preparations from Ehrlich tumor cells. He also showed protection of Ehrlich

ascites tumor cells from 1.5 pM doxorubicin using superoxide dismutase, catalase and

hydroxyl radical scavengers. Finally, Doroshow (1986), was able to measure OH' in

Ehrlich cells after exposure of the cells to doxorubicin. This was done by measuring the

production of methane from DMSO.

One of the most common targets of hydroxyl free radicals is the unsaturated fatfy

acids in the cell membrane. Okamoto and Ogura (1985) added doxorubicin to Ehrlich

cells and found that this results in peroxidation of the cell membranes and that this

peroxidation could be prevented by the addition of tocopherol and enryme Q,o. Thus,

overall, the evidence from experiments conducted with Ehrlich cells suggests that the

killing is oxygen radical mediated, which occurs after the generation of the drug

semiquinone and the reduction of molecular oxygen, as described above.

Since the Ehrlich ascites are not particularly sensitive to doxorubicin and usually

required drug concentration that were often greater than an order of magnitude higher than

D rml A gent Cy totoxìcity Exp erìmenf s

Oxygen Radical Dependent Cytotoxicity
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concentrations used clinically (10-8 to l0-7 M), experiments were performed on a different

line of cells. The cell line selected for these studies was the MCF-7 breast cancer cell

line, which has preserved many of the basement hormonal growth factor response

properties of the human breast cancer (Brooks et a1.,1973; Sapino et al., i986) MCF-7

is also convenient to work with since it has been grown in culture since 1974. More

importantly, the versatility of the cell line allows it to transplanted back into a nude

mouse resulting in the growth of a tumor undistinguishable from the initial patient biopsy.

The cell line is very responsive to doxorubicin with an ICro for continuous exposure of

10-30 nM, which is well within the clinical range. Breast cancer cells are probably the

most important doxorubicin-responsive tumors in terms of patient numbers treated, per

year (Batist et a|,,1986; Cowan et a|.,1986) Sinha et ql., (1987) and Sinha et al., (1987)

showed that doxorubicin-induced free OH' radicals could be generated and that 60Yo of

the radicals trapped by EPR were found to be at the cell surface. This might explain the

effectiveness of superoxide dismutase and catalase in the protection of the cells. A subline

of MCF-7, made resistant to doxorubicin showed only a tÍace amount of OH' radicals

upon exposure to doxorubicin as well as increases in expression of glutathione peroxidase

and glutathione-S-transferase, which in turn allow for optimized ¡adical clearance (Sinha

et al., 1987; Sinha et al., 1987). Together, these studies showed that death of MCF-7

breast cancer cells exposed to doxorubicin under normal tissue culture conditions is likely

a result of OH', Hr,Or, and Or'- .

D ual A g enl Cy totoxícíty Exp eriments
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4.1.3 The Dual Agent Cytotoxícity Experiments

Experiments desc¡ibed in this chapter are centred around the cytotoxic potential

of a number of anthracyclines, namely, doxorubicin (DOX), darurorubicin (DNR),

epirubicin (EPI), idarubicin (IDA) and the synthetic anthracycline, mitoxantrone (MIT).

Tests were also conducted with bleomycin (BLM), which is not an anthracycline, but has

intercalative and free radical generating capacities as do the anthracyclines (Halliwell and

Gutteridge, 1985). Cytotoxicity experiments were conductedwith all of these drugs in the

presence and absence of the cardioprotective agent, ICRF-187 or its final hydrolysis

product, ADR-925, in hopes of learning whether or not they show any protective capacity

against anthracycline-induced damage on CHO-AA8 Cells. Hasinoff and Kala, (1993)

have shown that ADR-925 is able to displace l00yo of the transferrin-complexed iron in

approximately one minute. Hasinoff, (1989 and 1990) has shown also that ICRF-I87,

upon hydrolysis to ADR-925, becomes a strong chelating agent, which is able to

efficiently displace iron from the Fe3*-(doxorubicin), complex.

D ual A gent Cy totoxìcity Experiments

4.2 The Effect OÍ ADR-925 On Doxorubícin Cytotoxicity

4.2.I INTRODUCTTON

The final hydrolysis product of ICRF-I87, ADR-925 has been shown to have

strong iron chelating capacity The initial intention was to determine whether or not

delivery of ADR-925 to microtitre plates simultaneously with delivery of doxorubicin

would prevent hydro::yl radical-mediated cytotoxicity that is known to be induced by
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doxorubicin. The rationale behind the experiment was to chelate out the available iron in

order to prevent it from binding the doxorubicin molecules and generating the free

radicals. This was the non-preincubated ADR-925 experiment. The results of this

experiment (shown and discussed below) resulted in the idea for a second experiment,

where rather than adding the ADR-925 along with the doxorubicin, it was perhaps better

to preincubate the cells with ADR-925 to allow for the drug to enter the cell, and chelate

out the iron prior to the addition of doxorubicin. This was the preincubated ADR-925

experiment. Both experiments will be discussed throughout this section as the non-

preincubated and preincubated ADR-925 experiments.

Dml Agent Cytotoxicìty Experimcnfs

4.2.2

4.2.2.1

METHODS AND MATERIAI.S

Cells were grown to near confluence in 25 cmz T-flasks. They were washed with

Dulbecco's PBS, trypsinized, quenched and centrifuged. The pellet was resuspended in 10

mL of crMEM cell culture medium and the cells were counted. The cells were diluted to

give a suspension of 10,000 cells per mL and the cells were delivered to the wells in 100

¡rL volumes to give final numbers of 1,000 cells per well. In the case of the non-

preincubated experiment, two plates were seeded using normal cell culture medium. In

the case of the preincubated experiment, the cells were resuspended in cell culture

medium and counted and diluted in cell culture medium containing the appropriate

concentration of ADR-925 to give three 15 mL volumes of 10,000 cells ml--r with 0, 100,

Seeding Of The Cells Into Microtitre Plates
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or 500 ¡rM concentrations of ADR-925. Each of these cell suspensions containing 10,000

cells per mL and different concentrations of ADR-925 was seeded into one microtitre

plate per concentration of drug i.e., three plates were seeded. In the case of both

experiments, cells were allowed to incubate at37'C,in darkness in an atmosphere of 5Yo

CO, and 95%o (v/v) air for 24 hours.

4.2.2.2 Preparation Of Drugs

ADR-925 was weighed out and dissolved 1 mg ml--r in cell culture medium giving

a stock solution of - 3,300 pM concentration. The solution was filter sterilized. This was

done only on the second day in the case of non-preincubated and only on the seeding day

for preincubated. In the case of the former, ADR-925 was dissolved and diluted to ten

fold to 327 p'M. In the case of the latte¡, 3,300 ¡rM a preparation was made. No drug was

added to one vial of cells, which was a control. To the second vial of cells, 457 ¡rL of the

ADR-925 solution was added to give a concentration of 100 ¡rM. To the thirdvial,2,283

¡rL of drug were added to give a 500 ¡rM drug concentration. Thus, drug was added

immediately during seeding for the preincubation experiment and the cells were exposed

to ADR-925 for 24 hours prior to delivery of doxorubicin.

Preparation of doxorubicin for stock solution for both experiments was as

described in Chapter 2. For these experiments a lmM solution was removed from the

refrigerator and allowed to warm to room temperature. Serial ten fold dilutions were made

in borosilicate glass test tubes with sterile 150 mM NaCl solution to give concentrations

of l, 10, and 100 ¡rM doxorubicin.
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4.2.2.3 Delivery Of Drugs To The Experiments

Drug delivery for the non-preincubated ADR-925 experiment was as follows: The

327 ¡t'M ADR-925 solution was delivered to one microtitire plate in a volum e of 42.7 ¡tL.

The total volume of the wells was to be 275 ¡rL, and so this volume resulted in a final

ADR-925 concentration of 50 ¡rM. Each well also receivedT.g prl. of c¿MEM, to give a

total delivery volume of 50 ¡rL. The other plate in this experiment received 50 ¡.rL of

crMEM. Doxorubicin was delivered to both plates as follows: doxorubicin solution were

prepared and diluted as desc¡ibed above, in 150 mM NaCl solution. Volumes as low as

2.75 ¡L and 13.75 ¡L were delivered to the wells to give the appropriate doxorubicin

concentrations for each set of wells in a total of 275 ¡rL Differences in the volumes

delivered were made up to 100 ¡rL with sterile 150 mM NaCl solution and each of

solutions was mixed thoroughly. The range of doxorubicin concentrations spanned in the

experiment was 0.01-50.0 ¡rM plus a control well containing no doxorubicin. The plates

were allowed to incubate in the conditions described above for a period of 48 hours.

Drug delivery for the preincubated ADR-925 experiment was as follows: The I mM

doxorubicin solution, having been diluted as described above, was delivered in volumes

ranging from 2.0-100 ¡rL to giving the desired drug concentration for a total well volume

of 200. Well volumes were made up to 200 prl. with sterile 150 mM NaCl solution and

mixed. The range of doxorubicin concentrations spanned in the experiment was 0.01-50.0

¡rM plus a control well containing no doxorubicin. The plates were allowed to incubate

in the conditions described above for a period of 48 hours.
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4.2.2.4 End-point Detection

The effects of the drugs on the cells were measured using MTT end-point

detection. MTT solution (2.5 mg ml--t) was delivered to each well in 25 ¡ù volumes and

allowed to incubate for 4 hours. After incubation, the medium was aspirated out carefully,

ensuring that the cells and their dye were not disrupted. The formazan dye was dissolved

by addition of 100 ¡rL of spectral grade DMSO and the plates we¡e read on a Thermomax

plate reader at ?u: 490 minus À :650 nm.

4.2.3 RESULTS

4.2.3.1 The Non-preincubated ADR-925 Experiment

The cytotoxicity plots for this experiment are illustrated in Figure 4.3.2.I.I.

Examination of these plots suggests that there is liule difference between survival of

plates which contained 50 pM ADR-925 and those which contained none. The data points

for both the 0 ¡rM and 50 ¡rM ADR-925 experiments were fitted using first a 2 parameter

logistical equation and then a 4-parameter non-linear curve fitting equation,

Abs ooo o¡,: (a-d) / (1+ (x/c)b) +d

as described in Section 3.1.3 In the 2 parameter fits for each of the data sets, the

maximum abso¡bance, where a was set to Absooo^* and d was set to Absooo,,,, the

exponential value b and the ICro c were computed. In computing the 4 parameter non-

linear fit, the a and d values were set again and the á and c values computed in the 2

parameter fit were substituted in the equation as best guesses. The final b and c values
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were computed for both non-replenished and replenished ICRF-187 experiments. The

comparison of the degree of damage inflicted by the r¿mge of doxorubicin concentrations

in the 0 pM and 50 ¡lM ADR-925 assays showed that there was a difference between the

results. Computation of ICro values showed that the plate containing no ADR-925 had a

doxorubicin-mediated ICro of 0.50 + 0.14 pM and the plate containing 50 ¡rM ADR-925

had an ICro value of 0.55 + 0.20 ¡rM.

4.2. s.2

The doxorubicin cytotoxicity profiles of the 0, 100, and 500 ¡rM ADR-925 assays

are illustrated in Figure 4.2.3.2.L They show some difference in the zero doxorubicin

concentrations in that there are differences in the amount of cell growth seen among the

plates. The most growth is seen in the plates where there is no ADR-925 and the least is

seen in the plate containing 500 ¡rM ADR-925. Calculation of the doxorubicin ICro values

for the three assays was done as in the non-preincubated experiment. The only difference

was that for all of the 4 parameter fits, the d:Absooo^,, values were constrained to 0,

making all of the computations 3 parameter fits Table 4.2.3.2.1 displays the ICro and

exponential factors fo¡ the calculations for all three assays.

The Preincubated A DR-925 Experiment
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Table 4.2.3.2.1

Dual Agent Cytotoxicíty Experimenfs

50%Inhibitory Concentations And Exponential tr'actors ForDoxorubicin-mediated

Cytotoxicity In The Presence of 0, 100, and 500 pM ADR-925 Incubated F,or 24

Hours Prior To 48 Hour Incubation of Doxorubicin With CHo-AAs Cells.

IADR-e2sl

(pM)

0*,

1 00*

5 00+

IC.o (pM)

4.2.4 DISCUSSION:

SEM

All d : nr"oro.,, value were set to 0 for a 3 parameter fit

079

1.08

r.42

The two doxorubicin cytotoxicity experiments conducted with different

concentrations and incubation times of ADR-925 show that there is a difference in the

cytotoxicity mediated by doxorubicin when the ADR-925 is administered. The delivery

of ADR-925 at the same time as doxorubicin was delivered was of little consequence in

damaging or protecting the cells. The ICro value for the plate containing no ADR-925 had

a doxorubicin-mediated ICro of 0.50 + 0.14 ¡rM and the plate containing 50 ¡rM ADR-925

had an ICro value of 0.55 + 0.20 pM. There was no significant difference between the

two values or essentially between the two curves. The results of the non-preincubated

experiment prompted the idea that perhaps two changes were needed in the experiment.

The first change was based on the simple notion that perhaps in order to be of help or
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ha¡m to the cells, the ADR-925 may require more time to enter the cells (assuming it

could enter at all) due to its negative charges. Once in the cells, it would chelate the iron

out of the cell and its iron-carrying proteins and prevent doxorubicin-mediated free radical

generation. The second change was based on the information provided by Gibco BRL

through personal communication with their technical staff. The amount of exogenous iron

added to the calf serum was227 ¡lM and upon 10:1 dilution into cell culture medium,

was 22 ¡rM. There was no specific data regarding endogenous iron in the cell or iron

bound to transferrin or ferritin in the cell. Addition of 50 ¡rM ADR-925 may not have

been sufficient to have any effect on the cells, especially since it could probably not enter

them. It was thought that perhaps addition of significantly higher concentrations of ADR-

925 would be able to create a gradient that might increase the potential for passage of

more ADR-925 into the cells. Perhaps 24 hours of preincubation would also facilitate

passage of more ADR-925 into the cells, where it could alter the effect of the

doxorubicin. Also, there was a 10 fold increase in the concentration of ADR-925 added

in the preincubation experiment over the non-preincubated experiment. This is likely to

result in changes to the cytotoxic potential of doxorubicin.

The results of the preincubation experiment showed that there was a difference in

the cytotoxicity manifested by the doxorubicin when the cells were allowed to preincubate

with ADR-925 and at higher concentrations. In conclusion, it can be stated that the

preincubation of cells with different doses of ADR-925 24 hours prior to delivery of

doxorubicin shows a protective effect since addition of 100 pM ADR-925 increased the
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ICro value to doxorubicin by roughly 37Yo above the control, and addition of 500 ¡rM

increased the ICro value by 79Yo over the control.

There were some differences observed in the 0 pM doxorubicin wells, where the

only differences among the wells was the concentration of ADR-925. The average

absorbances of the 0, 100 and 500 ¡rM wells were 0.315,0.236, and 0.206 absorbance

units, indicating that there is either a cytotoxic effect within the ADR-925 at increasing

concentrations or that the¡e is at least an inhibition of growth. The difference among these

absorbances is large enough and the standard deviations sufficiently small that the

differences would not be due to a random seeding error.

D ual A genf Cy totoxicíty Exp erìments

4.3 The Cytotoxicity of ICRr-187 In The hesence And Absence of Constanf

ConcenfraÍíons Of Doxorubicín Incubated For 48 lfourc With CHO-AA9 Cetts

4.3.I INTRODUCTION

The purpose of this experiment was to measure the cytotoxicity of ICRF-I87 over

a range of 0-500 ¡lM where 0, 0.2 and 0.4 ¡rM doxorubicin were held constant over the

range of ICRF-187 tested. The experiment was set up to detect any additive or synergistic

effects of doxorubicin in combination with ICRF-I87. A comparison of ICro values for

the ICRF-187 was conducted for the cytotoxicity experiments to compare the effects of

doxorubicin on the survival of tfr. ."lls.

The concentrations were selected based on a preliminary experiment where the ICro

was computed to be 0,25 ¡rM. Based on these data the 0.2 and 0.4 pM doxorubicin
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concentrations were selected for the experiments. The rationale in using of these

concentrations was that they would provide enough toxicity to the cells in the experiment,

but not overwhelm them. Thus, if any additional cytotoxicity was manifested, this would

be detected. Also, if there was any additional toxicity mediated by the addition of the

doxorubicin, this too could be measured. The levels which were selected, i.e. 0.2 and0.4

¡rM represent IC- and ICu, values, respectively.

D ual A gent Cy totoxicity Exp eríments

4.3.2 METHODS AND MATERIAI.S

4.3.2.1 Seeding Of Cells Into Microtitre Plates

CHO-AAB cells were growTr and seeded as previously describe d in 4.2.2.1. Three

microtitre plates were seeded for this experiment. The cells were allowed to incubate for

24 hours prior to the delivery of drug.

4.3.2.2

ICRF-187 was prepared by dissolving I mg mI.-rin crMEM, filter sterilizing with

a0.2pm syringefilteranddilutedseriallydilutingby 10:Ito37.3,3.7,and0.37 p,M

solutions. Doxorubicin was prepared from a 100 ¡rM stock solution by 10:1 dilution to

10 ¡rM and then preparing 1.0 and 2.0 ¡rM solutions from the 10 ¡rM stock.

Approximately 5 mL of each solution was required in order to deliver 50 ¡rL of solution

per well per plate. Dilutions of the doxorubicin were made in sterile 150 mM NaCl

solution into borosilicate glass test tubes.

Preparation Of Drug
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4.3.2.3 Delivery Of The Drugs To The Microtitre Plates

Sterile 150 mMNaCl was delivered to one of the plates andthis plate served as

a 0 ¡rM doxorubicin control plate. Doxorubicin was delivered to the remaining plates in

50 pL volumes per well. The initial concentrations of the doxorubicin solutions delivered

to the plates was 1.0 and 2.0 ¡rM and in a total well volume of 250 ¡rL, this will be

diluted to the required concentrations of 0.2 and 0 4 ¡rM The delivery of ICRF- i 87 was

made through additions of the drug to the wells in volumes no less than 6.7 and no

greater than 33.5 ¡rL and made up to a total of 50 ¡rL with c¿MEM. After the addition of

the drugs, the plates were allowed to incubate for 48 hours in the growth chamber in

conditions described in section 4.3.2.

4.3.2.4 End-point Detection

The effects of the drugs on the cells was measured using MTT end-point detection.

MTT solution (2.5 mg mL-') was delivered to each well in 25 ¡tL volumes and allowed

to incubate for 4 hours, after which the medium was aspirated out, ensuring that the cells

and their dye were not disrupted. The formazan dye was dissolved by addition of 100 pL

of spectral grade DMSO to each well. The plates were read on a Thermomax plate reader

at )u: 490 minus î" :650 nm.

4.3.3 RESULTS

The ICro values and the exponential values computed from the equation.

Absoo, ooo: út-d) / (1+ (x/c)b) +d
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and the parameters are as described in 4.2.3. The calculations were made using 4

parameter fits in all cases. The results of the cytotoxicity experiments are summ arized in

Table 4.3 .3 .1. The cytotoxicity profiles of the experiments are illustrated in Figure 4.3 .3 .I.

0.4

E 0.3
oa!+

t)()

S 0.2
¡r
U)¡

0.1

tr

^

0.0 pM DOX

0.2 ¡rM DOX

0.4 pM DOX

0.0
10-3 l0-2 10-1 100 101 102 103

IICRF-1871 (ptvt)

Figure 4.3.3.1 MTT Assay Of lcRF-l87-mediated Cytotoxicity In The Presence

Of 0, 0.2, and 0.4 pM Doxorubicin Incubated f,'or 48 Houn With

CHO-AA8 Cells.
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Table 4.3.3.1

50% Inhibitory Concenhations And Exponential Factors For ICRF-l87-mediated

Cytotoxicity rn The Presence of 0.0, 0.2, and 0.4 ¡rM Doxorubicin Incubated For

48 Hours Wift CIIO-AA8 Cells.

lDoxl
(pM)

0.0

0.2

04

ICto

(pM)

4.3.4 DISCUSSION

As is clearly seen in Figure 4.3.3.I and verified by the calculations of ICro values,

there are substantial differences in the cytotoxic effects of ICRF-I87 in the presence and

absence of doxorubicin. The plate containing ICRF-187 without doxorubicin showed an

ICro value of 1.7 x.0.2 pM, while those plates containing 0.2 and 0.4 ¡rM doxorubicin

gave ICro values of 0.31 + 0.05 ¡rM and 0.14 + 0.05 ¡rM, respectively. These numbers

are indicative of substantial changes in the cytotoxic potential of ICRF-187. The addition

of 0.2 pM doxorubicin results in a 82Yo decrease from the plate containing ICRF-I87

alone, in the ICRF-187-mediated ICro, while the plate containing 0 4 ¡lM doxorubicin

showed a92Yo decrease in the amount of ICRF-187 required to kill 50%o of the cells.

SEM

t7
0.31

0.14

Exponential

Factor

0.2

005

005

2.0

2.3

3.4

SEM

0.4

0.7

0.3
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These results must be viewed with a critical approach since the results are not

what they appear. Though the numbers indicate the enhancement of toxicity by

doxorubicin, there is a point at which the doxorubicin alone becomes the mediator of

toxicity. It will be shown in the next section that the cytotoxicity of doxorubicin is

approximately 10 fold higher than that of ICRF-I87. The ICro for doxorubicin is roughly

02 ¡lM andthe curve forthe 0.2 pM doxorubicin reflects the contribution of ICRF-187

to the cytotoxicity mediated against the cells. However, the cell death in the 0.4 ¡rM

doxorubicin plot is likely due largely to the doxorubicin itself. The curve reflects that

there is only a small overall change in the absorbance values as the concentration of

ICRF-187 increases as compared with the other curves on the graph.

D ual A genf Cy totoxicity Exp erìments

4.4 The Cytotoxicity of Anfhracyclines And other Chemotherapy Drugs In The

hesence And Absence Of ConstanÍ Concenfrúions Of ICRF-I87 Incubafed For

48 Hourc With CHO-AA9 Cells

4.4.I INTRODUCTION

The purpose of these experiments was to measure the cytotoxicity of a range of

group of anthracyclines as well as bleomycin while measuring any additive or synergistic

cytotoxicity or protective capacity with a constant concentration of ICRF-187. In the case

of doxorubicin, ICRF-187 concentrations were not only held constant at O and 1.5 ¡rM,

but an additional experiment was conducted at 2.0 pM as well. The selection of 1.5 and

2.0 pM represent IC5 and ICoo values, respectively. The experiments were conducted with
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a range of concentrations for doxorubicin, daunorubicin, epirubicin, idarubicin,

mitoxantrone, and bleomycin and each was conducted in the presence and absence of 1.5

pM ICRF-187 (except doxorubicin, as discussed above).

4.4.2 METIIODS AND MATERIAIS

4.4.2.1 Seeding Of Cells Into Microtitre Plates

In all cases except in the case of the doxorubicin experiment, two plates of CHO-

AA8 cells were required for each set of drug experiments. One plate measured the

cytotoxicity of the drug in question, and the other measured the effect of the drug in the

presence of 1.5 ¡rM ICRF-I87. Cells were grown in the conditions described earlier in this

chapter. They were seeded 1,000 cells per well by delivering 100 ¡rL of cell suspension

carrying 10,000 cells ml--l. They were allowed to incubate without drug for 24 hours in

the growth chamber and were drugged following the 24 hour anchoring period.

4.4.2.2 Preparation Of Drugs

All of the drugs tested were readily soluble in aqueous solutions. The

anthracyclines were all dissolved in 150 mM NaCl and diluted to make appropriate

substock solutions in 150 mM NaCl as well. These drugs were extremely toxic antibiotics

and were not filter sterilized since fo¡ the most part they required no sterilization, but

most importantly, they bind to all surfaces and drug is lost from solution. All dilutions

were made in disposable borosilicate glass test tubes. Bleomycin was dissolved in crMEM
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and dilutions were made in c¿MEM. The drug was filter sterilized and all dilutions were

made in disposable sterile 6 mL polyethylene test tubes.

Preparation of ICRF-187 was made by weighing out a very small quantity of

ICRF-I87 (-0 lmg) and dissolving it in cell culture medium to make 6.0 ¡rM ICRF-I87.

The 6.0 ¡rM solution was filter sterilized through a syringe filter of 0.2 ¡lm porosity.

Sufficient volumes were prepared to deliver 50 ¡.rL per well. This was approximately l0

mL per experiment (l.e. two plates) In a total well volume of 200 pL the delivery of a 6.0

pM solution made the final ICRF-187 concentration 1.5 ¡rM.

4.4.2.3

After the 24 hour anchoring, the anthracycline drugs and bleomycin were added

to the plates first. The ranges of drug used were different in almost each case, since each

drug was found to have a characteristic cytotoxicity profile. In the case of each drug,

preliminary cytotoxicity experiments were conducted to reveal the correct range wherein

the ICro could be found. In each case the profile was refined increments of drug

concentration change were altered to isolate the ICro value more accurately. Certain

portions of a given cytotoxicity profile required smaller increments of drug concentration

change to fully reveal all of the points of inflection within the curve. In the case of

doxorubicin, the final drug range used was 0.01-5.0 ¡rM in one experiment and 0 01-200 0

¡rM in another. Daunorubicin was drugged from 0.01-50 0 ¡.rM. Epirubicin was delivered

using a r¿nge from 0.01-50.0 ¡rM. Idarubicin was approximately 10 fold more cytotoxic

Delivery Of Drugs To The Microtitre Plates
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than the other anthracyclines and so the drug concentrations tested were from 0 001-5.0

¡rM. Mitoxantrone was delivered in a concentration range spanning 0.01-50.0 pM.

Bleomycin was delivered in a range of 0 0l-200 ¡rM. In the case of all drugs, all volumes

delivered to the wells were no less than 10 and no greater than 50 ¡rL Differences in

volume were made up to 50 ¡rL with 150 mM NaCl or aMEM in the case of bleomycin.

The 6.0 pM ICRF-187 was delivered last and each well was thoroughly mixed. The plates

were allowed to incubate for a period of 48 hours in the growth chamber.

Dual Agent Cytotoxicíty Experiments

4.4.2.4

The results of the cytotoxicity experiments were measured using the MTT assay.

After the 48 hour incubation with the drugs, 20 ¡tL of 2.5 mg ml,-r MTT solution was

added to each well and the plates were allowed to incubate for another 4 hours. After

development of the lormazan dye, the medium was aspirated out of each well and the

formazan crystals were dissolved in 100 pL spectral grade DMSO. After the crystals were

thoroughly dissolved, the results of the assay were read on the Thermomax plate reader

at )v: 490 minus l, : 650 nm.

With respect to the MTT assay of the mitoxantrone experiment, it was shown that

in the higher ranges of mitoxantrone concentration, the mitoxantrone would adhere to the

microtitre plate walls and upon delivery of DMSO, the mitoxantrone would dissolve and

give unusually low absorbance readings. The results from the 20 and 50 ¡rM wells

plummeted well below zero absorbance. This is unusual since the absorbance due to

End-point Detection
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anthracyclines such as doxorubicin tend to be higher than they should be, usually by

0.005 absorbance units for both 20 and 50 ¡rM doxorubicin solutions. This was due to the

detection of these drugs by the 650 nm reference beam.

An experiment was conducted, where mitoxantrone was delivered in 20 and 50 pM

concentrations to six wells each in a total volume of 200 prl. per well. The drug was

allowed to incubate for 48 hours as is customary for a cytotoxicity experiment, except that

there were no cells. After 48 hours, the wells were aspirated. No MTT was added. A

volume of 100 ¡rL of DMSO was added to each well and the absorbances were read. The

average absorbance value for the 20 ¡tl|tl mitoxantrone wells was -0.043 + 0.002 and the

average for the 50 pM wells was -0 091 t 0 016. Thus, after reading the MTT assay for

mitoxantrone, these values were subtracted from the actual reading to give a corrected

value.

4.4.3 RESULTS

The plots in this section illustrate the cytotoxic potential of doxorubicin (Figures

4 4.3.1 and 4.4.3.2), daunorubicin (Figure 4.4.3.3), epirubicin (Figure 4.4.3.4), idarubicin

(Figure 4.3.4.5), mitoxantrone (Figure 4.4.3.6), and bleomycin (Figure 4 4.3.7) incubated

for 48 hours with CHO-AAB cells in the presence and absence of 1.5 ¡rM ICRF-187

Table 4.4.3.1 shows the exponential factors and ICro value for the above mentioned drugs,

both in the presence and absence of 1.5 ¡rM ICRF-i87 and Figure 4.4.3 8 illustrates the

structures of the different anthracyclines tested.
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Figure 4.4.3.1. MTTAssay Of Doxorubicin-mediaúed Cytotoxicity In The Prcsence

And Absence Of 1.5 pM ICRF-187 Incubated For 48 Houn With

CHO-AA8 Cells.
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Figure 4.4.3.2. MTTAssay Of Doxorubicin-mediaúed Cytotoxicity In The Presence

Of 0, 1.5, And 2.0 ¡rM ICRF-187 Incubaúed For 48 Houn With

CHO-AA8 Cells.
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Figure 4.4.3.5. MTI Assay Of Idarubicin-mediaúed Cytotoxicity In The Presence

And Absence Of 1.5 pM ICRF-187 Incubated For 48 Hours With

CHO-AA8 Cells.
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Figure 4.4.3.7. MTT Assay Of Bleomycin-mediated Cytotoxicity In The Presence

And Absence Of 1.5 ¡rM ICRF-187 Incubated For 48 Houn With
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Figure 4.4.3.8

The Anthracyclines

cH30

DOXORUBICINHCI

Mola¡ Mass: 579.99 glmol

Molar Absorbtivity'.12,200 Mlcm-l

Solubility in ddH2O: >10 mM

DATINORUBICINHCI

Mola¡ Mass: 563.97 glmol

Molar Absorbtivity :12,700 Mt crn-l

Solubility in ddH2O: >10 mM

EPIRUBICINHCI

Molar Mass: 579.99 g/mol

Molar Absorbtivity'.12,200 Mr cm-t

Solubility in ddH2O: >10 mMHol
ç)

NHz

IDARUBICINHCI

Molar Mass: 533.9 2 g/mol

Molar Absorbtivity :NA

Solubility in ddH2O: >10 mM

MITOXANTRONE
Mola¡ Mass: 412.5 glmol
Molar Absorbtivity :NA
Solubility in ddH20: > 10 mM
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Table 4.4.3.1 50% Inhibitory Concentîations And Exponential Factors For Cytotoxicity

Experiments Wift Drugs Incubated \ryiûr CHO-AA8 Cells For 48 Hours

In The Presence And Absence Of ICRF-187.

DOX+00pMICRF-I87*

DOX+l5pMICRF-187*

DOX+20¡TMICRF-187*

Drug

Combination

DOX+0 ¡TMICRF-187*

DOX + 1.5 pM ICRF-187*

DNR+0 pMICRF-I87*

DNR + 1.5 ¡rM ICRF-I87*

ICro

(pM)

EPI+0 pTMICRF-187*

EPI+15¡TMICRF-187*

0.3 5

0.r7

0.26

SEM

IDA+0 pMICRF-I87+

IDA + 1.5 pM ICRF-187'i'

Exponential

Factor

0.12

019

0.22

MIT+0 pMICRF-I87*

MIT+15¡TMICRF-187*

039

0.19

BLM+0 pMICRF-I87*

BLM+ 1.5 pM ICR.F-I87*

0.64

2.6

0.81

037

034

009

009

SEM

1.5

1.8

0.22

05

0.20

0. 13

0.08

0.78

0 51

0.006

0.004

'r d:Abs 490 
^in 

constrained to 0.
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0.8

07

0.86

2.1

0.13

011

019

1.31

0 002

0.003

0.42

045

0.22

0.5

12.6
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0.1 I
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040
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0.06
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4.2

0.43
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The ICro values and the exponential values computed from the equation.

and the parameters are as described in 4.2.3. The calculations were made using 3

parameter fits in all cases.

Abs ooo ou: (a-d) / (1+ (x/c)b) +A

4.4.4 DISCUSSION

The cytotoxicity experiments with anthracyclines and bleomycin in the absence of

ICRF-187 show the following degrees of cytotoxicity:

Idarubicin>Mitoxantrone>Doxorubicin>Daunorubicin>Epirubicin>Bleomycin.

In the case of idarubicin, the cytotoxicity did not appear to be appreciably reduced by the

addition of 1.5 ¡rM ICRF-187. The differences between the ICro values in the absence and

presence of ICRF-187 were 0.006 + 0.002 and 0.004 + 0.003, respectively. The values

are similar enough and the SEM values large enough that they render the differences as

insignificant. The differences between the mitoxantrone experiments in the absence and

presence of ICRF-I87 are substantial, though the error in the case of the ICRF-I87-free

experiment is high. There is a 6.9 fold increase in the ICro value when ICRF-187 is added

to the experimental conditions. The errors in the values are substantial, however it does

not change the fact that there is a difference between the two cytotoxicity profiles.

doxorubicin is cytotoxicity is doubled in the presence of 1.5 ¡rM ICRF-187. In the case

of daunorubicin, the cytotoxicity appears to be reduced in the presence of ICRF-I87.

Roughly four times as much daunorubicin was required to kill the same number of cells
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in the presence of ICRF-I87 as was required in its absence. In the case of epirubicin,

there was little significant change in the cytotoxicity mediated by the drug when ICRF-

187 was added. The cytotoxicity mediated by the bleomycin was also not altered

significantly by the addition of ICRF-I87.

The increases in cytotoxicity manifested by doxorubicin in the presence of ICRF-

187 is in agreement with experiments performed by Wadler et al., (1987), who showed

that ICRF-87 was able to add to the cytotoxicity of the doxorubicin in experiments with

S180 murine sarcoma cells. On the contrary, daunorubicin cytotoxicity appears to be

reduced in the presence of ICRF-I87. This is also expected, since this effect was seen in

cytotoxicity experiments conducted with OC-NYH cells (Sehested et a\.,1993). Sehested

suggests that the diffe¡ences seen in the protective effects exhibited by the ICRF-187 on

daunorubicin and doxorubicin is related to the difference in the membrane transport and

cellular pharmacokinetics of the two anthracyclines. This is reasonable since the uptake

of anthracyclines is passive and only the efflux is active (Le Bot et al., 1988).

Cytotoxicity experiments with rat liver epithelial cells and human hepatocytes showed that

the sensitivity of cells is influenced by a number of additional factors. The activity or

functional stability of cells, the compound and its metabolites or degradation products will

all influence the cytotoxic potential of a drug (Del Tacca et al., 1985; Beijnen, eÍ al.,

1986). Hence, the differences in the cytotoxicities. Since drug cytotoxicities among cell

types differ (Le B,ot et al., 1988), it is not possible to speculate freely on the trends

manifested in the cytotoxicity of anthracyclines on CHO-AA8 cells. Similarly, the

D ual A genf Cy totoxicity Exp erímcnts
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protective or cytotoxic potential of ICRF-t 87 is not readily apparent for the same reasons.

The doxorubicin experiment with 0, 1.5, and 2 0 pM ICRF-I87 show reasonable

agreement with the results of the doxorubicin + 1.5 ¡rM ICRF-I87 in terms of ICro values

and general cytotoxicity. The value for the 2.0 pM ICRF-187 experiment shows an

inc¡ease in the ICro where a decrease would be expected, however, the error is substantial

in all of these experiments and so the change in the trend is not to be considered

significant.

D uøI A genf Cytotoxìcity Experíments

The errors in the calculations are substærtial in the case of anthracycline

experiments. Examination of all of the plots will show that all of them manifest an

increase in the absorbance (i.e., the survival of the cells) between a point soon after the

cytotoxic concentrations are indicated on a cytotoxicity plot. This is true for all of the

anthracyclines, regardless of the range at which they are cytotoxic. Initially, it was

thought that this was due to a dilution problem, however, alteration of the dilutions and

overlapping dilution experiments showed that this was not a dilution problem, rather it

was a characteristic of anthracyclines. This phenomenon can be explained by the finding

that topoisomerase II can be inhibited by doxorubicin concentrations which exceed a

critical value of between 0.5 and 2.5 ¡t}r.4 (Tewey et al., 1954).Increased concentrations

of doxorubicin are known to inhibit the induction of protein-associated DNA strand breaks

(Potmesil eta|.,1983),whichisthenexpectedtoinhibititsowncytotoxicity. Survivalof

cells was found to level off at higher doxorubicin concentrations according to Barranco,

(1984). This was found to be true to only to a degree since increases in doxorubicin

160



Chapter 4

concentrations above 2 5 ¡rM were shown to increase the amount of doxorubicin-mediated

cell kill Different mechanisms, such as hydroxyl free radical generation by doxorubicin-

iron complexes will form in greater quantity at higher doxorubicin concentrations and

increase cell kill. Though, these phenomena are described for doxo¡ubicin, it seems likely

that they occur to varying degrees for all of the anthracyclines.

The unusual inflections seen in the anthracycline cytotoxicity profiles is due,

possibly to this above mentioned strand break inhibition. In calculating the ICro values,

these inflections cause difficulties, since the errors in both the exponential values and the

lCro values become unavoidably large. This is remedied to a degree by constrarning the

minimum absorbance value to zero.

Duøl Agent Cytotoxicity Experìmznls

4.5

And ICRF:161

4.5.I INTRODUCTION

Cytotoxicity Of Doxorubicin With IC^ Concentrøtions Of ICRF:154

Cytotoxicity experiments were conducted to measure the cytotoxicity of

doxorubicin in the presence and absence of ICRF-154 and ICRF-161. The purpose of

these experiments was to determine whether or not there was any protective or additional

cytotoxic effects manifested by the addition of an IC, concentration by either of the two

bisdioxopiperazines which were added to a rarige of doxorubicin concentrations. ICRF- 154

and ICRF-161 were chosen for these experiments since they were among the more toxic

drugs readily available.
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4.5.2 METHODS AND MATERIAIS

The cell seeding, drug preparations and delivery were all peformed as described

in section 4.4. The IC5 concentration were calculated based on the ICro values calculated

for the these compounds in Chapter 3. The IC^ of ICRF-154 is g.0 ¡rM and the IC- for

ICRF-161 is 12 ¡-tM. These were delivered in 50 ¡rL volumes of cell culture media to a

total of 200 pL The drugs were prepared as concentrated stocks; the ICRF-154 was

prepared as a 32 ¡rM solution and the ICRF-161 was prepared as a 48 ptM solution.

Doxorubicin was serially diluted and delivered as described in the previous section. All

incubations and end-point detection was conducted as previously described.

4.5.3 RESULTS

Figure 4.5.3.1. illustrates the cytotoxicity of doxorubicin in the presence and

absence of ICRF-154 and Figure 4.5.3.2 illustrates the cytotoxicity profile of doxorubicin

in the presence and absence of ICRF-I61. Table 4.5.3.1 compares the ICro values and the

exponential factors from these plots.
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Table 4.5.3.1

D ual A genf Cytotoxicíty Experimcnfs

50% Inhibition Concentrations And Exponential f,'actors For Cytotoxicity

Experimenß with clro-AAs cells Incubated For 48 Hours wiûr
Doxorubicin And In The Prcsence or Absence of ICrs concentrations of
Either ICRI'-154 Or ICRF-161.

Drug Combinations

DOX +0¡TMICRF-154*

DOX + 8.0 ¡lM ICRF-154+ (ICrr)

DOX +0¡TMICRF-161*

DOX + 12.0 ¡rM ICRF-l6t+ (ICrs)

The ICro values and exponential factor were calculated using the formula shown in 4.4.3.1

t< d :Abs 490 
^ín 

was constrained to 0.

IC.o

(pM)

4.5.4 DISCUSSION

0.54

r.4

SEM

The ICro values computed for the cytotoxicity experiment involving doxorubicin

+ IC25 concentrations of ICRF-154 show that the cytotoxicity of the doxorubicin is altered

in the presence of the ICRF-154. The doxorubicin ICro values in the absence of ICRF-154

are within the error range of the doxorubicin values shown in section 4.4. The addition

of ICRF-154 protects the cells to some degree since the doxorubicin concentration

required to kill 50%o of the cells is roughly 2.6 times higher than the amount required

when no ICRF-154 is added. In the case of ICRF-I61, the results are similar. The addition
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of an IC5 concentration of ICRF-I61 protects the cells to a degree where roughly 2.5 the

amount of doxorubicin is required to kill 50%o of the cells as compared to the amount

required when no ICRF-I61 is added.

This is different from what was seen using IC, concentrations of ICRF-187, where

the addition of the drug resulted in enhanced cytotoxicity and halving of the amount of

doxorubicin required.
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CTIAPTER 5

5.1 INTRODUCTION

The ICRF-|$7-Resístønt CelI Line, DZR3

5.1.1 The Enzymes Targeted In Antitumor Therryy

The rationale in using drugs for the selection of a drug-resistant line of cells is

bome of the need to understand the disease process where patients undergoing

chemotherapy to combat tumors have remarkable remissions only to suffer afa,rtl relapse

from the same disease process. At the onset of the relapse, marry of the patients show a

resistance to a wrde number of structurally unrelated antitumor drugs, hence the term

multidrug resistance (MDR) Patients with other types of tumors such as those arising in

the colon, kidneys, liver, and lungs tend to respond poorly to the antitumor drugs

currently available. The MDR phenomenon includes cross-resistance among a broad

variety of agents such as the anthracyclines (doxorubicin, daunorubicin, etc.),

epipodophyllotoxins (etoposide), the vinca alkaloids (vinblastine), as well as other

compounds. Experiments conducted in vitro t¡,ttth cell culture models show that this type

of resistance is associated with the over-expression of the mdrl gene, which codes for

the expression of a surface membrane protein known as P-glycoprotein (P-gp) The

protein acts as an efflux pump which serves to transport drugs associated with MDR out

of the cell before any cytotoxic effects can be mediated. The protein is expressed in

normal tissues such as in the gastrointestinal tract, the liver and the kidneys. In those

tissues it is believed to serve as an exc¡etory pathway for toxins and xenobiotic

compounds. Preliminary studies have shown that P-gp is present in tumor samples of

THE ICRT:187-RE.ïISTANT CELL LINE, DZR3
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patients with acute leukemia, multiple myeloma, lymphomas, as well as in a variety of

solid tumors. Certain compounds are able to reverse the MDR. These drugs include

calcium channel blockers, phenothiazines (neuroleptic), quinidine (antiarrhythmic),

antimalarial agents, antiestrogenics and other steroids, and cyclosporin

(immunosuppressive agent). Though many are able to reverse MDR, their use clinically

in antitumor regimens is limited by their toxicities (Lum et al., 1993).

Another contributor of drug resistance in antitumor therapy are the cellular drug

metabolizing enzyme known as glutathione-S-transferase (GST). These enzymes were

identified in the 1960's when it was found that elevations in the expression of GST

enzymes was associated with acquired resistance to alkylating anticancer drugs. Since then

a great deal more has been learned about this phenotype. The GST-c¿ family of isozymes

has been firmly correlated with increased resistance to alkylating antitumor agents, which

are known to be substrates for GST isozymes (Dulik et al., 1987). Batist et al., (1986)

have shown the over-expression of the GST-æ in a multidrug resistant cell line, which has

served to identifu a potential role for this isozyme in the detoxification of free-radical-

induced DNA damage caused by the quinone metabolites of doxorubicin. Observations

have been made by numerous investigators that GST-t is the predominant isozyme

present in human cancer tissue and serves as a putative tumor marker in certain instances

of both human and rodent disease (Shea et al., L988). Nakagawa et al., (1990) have shown

that transfection of the GST-æ gene into activated c-H-ras-transformed MH-3T3 cells

resulted in the ability of the cells to withstand cytotoxic insult from drugs which are either

The lCRF-lï7-Resistøttf Cell Líne, DZR3
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direct or indirect substrates of the isozyme, but not from other drugs which are not direct

or potentially indirect substrates of GST-rc. Thus, GST isozymes are usually involved

together with other gene products in the protective effects against the stresses induced by

cytotoxic agents however, they are not the sole agents responsible for certain MDR

phenomena.

One of the most important and interesting target enzymes of antitumor agents

from the perspective of this project is the DNA winding and unwinding enzyme,

topoisomerase IL As mentioned in Chapter 3, the topoisomerases are nuclear enzymes

which function to resolve topological problems associated with DNA transcription. This

involves the overwinding and underwinding and catenation of DNA strands.

Topoisomerases, especially topoisomerase II, which is found in eukaryotic cells is

responsible for relaxing both negatively and positively wound DNA supercoils, catenation,

decatenation, as well as knotting and unknotting of DNA strands (D'Arpa and Liu, 1989).

Of the two topoisomerases known to exist in mammalian cells, topoisomerase IIB is

expressed at low levels throughout the cell cycle, while topoisomerase IIcr is expressed

at increased levels during cell proliferation and is regulated by the cell cycle. Agents, such

as the more potent bisdioxopiperazine compounds in the ICRF series, target the

topoisomerase IIcr enryme, and are able to effect the cells progression through mitosis by

interrupting the process at the Grllvf phase boundary and are able to do so without the

formation of cleavable DNA-enryme complexes (Gorbsky er al., 7994). This results in

multinucleated cells which are unable to complete cytokinesis, and will eventually die.

The ICRF-[ï7-ResistanÍ CeIl Line, DZR3
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(Creighton et al., 1979). At the DNA level, cytotoxicity is mediated by an increase in

sister chromatid exchanges and inhibition of DNA and RNA synthesis. In general,

topoisomerase II poisons are able to produce a rapid inhibition of DNA and RNA

synthesis. The inhibition is not absolute; over a range of drug dosages, the cells can

produce anywhere from a partial to a full complement of DNA prior to arrest of the cell

in the G, phase. In cells which are resistant to the effects of topoisomerase II inhibiting

agents, the resistance is due to the alteration of the structure of the enzr1me and altered

catalytic activity (D'Arpa and Liu, 1989).

Topoisomerase II poisons include a variety of agents including doxorubicin,

actinomycin D, and etoposide. Their development for use as antitumor agents was based

on empirical observations, however the identification of topoisomerase II as their site of

action provides a rational basis for analyzing the molecular mechanisms of cytotoxicity

as well as drug resistance. This will enable improvement in the design of multiple-agent

therapeutic regimens.

The lCRF-I\7-Resistant Cell Line, DZR3

5.1.2 The Isolúion Of An ICRF-Iï7-Resistønf Cell Line And The Chsradertzúion The

Núure Of lts Drug Resistance

Working with cell culture models in the laboratory, it is possible to select for cells

with increased resistance to virtually any of the cytotoxic agents used in the treatment of

cancer. Though, the concentrations of drug utilized in selecting these resistant clones often

greatly exceed the doses used in a clinical setting, these drugging regimens can result in
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clones with an extraordinary degree of resistance to the selection drug. At times these

models do not accurately model the drug resistance manifested in a patient, but they have

proven advantageous in detecting and defining the relevant resistance-related alterations

at the cellular level. These experiments have also lead to the elucidation of a number of

underlying genetic mechanisms involved in the mediation of the drug-resistant phenotype

(Biedler eÍ al., 1988).

This chapter is concemed with the selection and characterization of a line of cells

derived from the parental cell line CHO-AA8 and selected for resistance to the

bisdioxopiperazine antitumor compound ICRF-187. The protocol describing the selection

of the cell line as well as the characterizing of the cells is described below. This chapter

describes in detail the selection of a drug-resistant cell line as well as the isolation of a

colony of cells from a single resistant cell. The characterization of the cell line includes

a description of cell morphology during the selection period, the testing for the viability

of the cells after cryogenic freezing, measurement of growth rate and doubling time, as

well as the duration of the ¡esistant phenotype after growth in the absence of drug for an

extended period of time. In addition to characterizing the cells, the chapter covers

experiments involving cytotoxicity testing of the cells with ICRF-187 analogues as well

as structurally and functionally unrelated antineoplastic agents in order to determine

whether or not resistance developed against ICRF-I87 has resulted in any concomitant

resistance to other antitumor agents.

The ICRF-Iï7-Resìstant Cell Líne, DZR3
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5.2 SELECTION AND PROPAGATION OF THE ICRN:187 RE-SISTANT STRAIN

OF CHINESE TUMSTER OVARY CELLS, DZRS

5.2,1 Growing the Resistant Cell Line

5.2.1.1 Medium and Growth Conditions

The ICRF-(ï7-Resistøttf CelI Líne, DZR3

Chinese Hamster Ovary AA8 cells were grown from frozen stocks purchased from

ATCC. The cells were grown in c¿MEM medium prepared as described in section 2.3.1

The cells were grown in the dark at 37'C in syo COz and 95%o air (v/v) in either of 25

cm' or "75 cm2 canted T-flasks.

5.2.L2 Selection of the Optimal Container For Cell Growth And Døily Drugging

The first step in beginning the selection of a drug resistant ell line was to select

the container in which the cells could be grown. The ideal container would be small in

order to minimize the volume of drugged medium required for cell growth. This would

be important in terms of the amount of drug required on a daily basis, especially near the

end of the selection process, since drug concentrations would become very high and

expensive. Initial attempts to begin the resistant clone selection from the CHO-AA8

wildtype cells in small petri dishes were unsuccessful. Though economical in terms of the

volume of medium and drug used, they were difficult to manipulate and sterility of the

dish was always a concern since the cover was easy to remove accidentally. Also, it was

difficult to maintain correct osmolarity of the medium, since the small volumes of the dish

resulted in evaporation of water from the medium. This was not a problem over the short
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term of required for normal cells to reach confluence, but the inhibitory effect of ICRF-

187 on the cells resulted in a much longer growth period before cells reached confluence.

The 24-well plate was also unsuccessful. Once the cells were confluent and required

trypsinizing and reseeding, it was found that the centrifugation and resuspension resulted

in a great deal of cell loss. Since the population of cells harvested from a well or from

a petri dish was small, the loss of cells left little if any net gain in the number of cells

grown. The best choice for the growth of cells over a duration of daily druggings was the

25 cm2 canted T-flask. During periods of daily drugging the cell growth was slowed

significantly, and so they allowed for easy manipulation of the flask for up to a week

between trypsinizing without the worry of contamination. Also, since there was a great

deal of cell debris during the initial days of increased drug concentration, the use of a

flask was convenient for the removal of old medium (when required), washing with

Dulbecco's PBS and delivery of fresh medium and drug. The best feature of the flask was

that in spite of the increase of drug required for the growth of cells in a drugged

environment, it allowed for the growth of a significant population of cells that was

unaffected by the losses due to centrifugation and manipulation.

The ICRF-Lï7-Resístanf Cell Line, DZR3

5.2. L 3

The CHO-AA8 cells were made resistant to ICRF-187 by continually subjecting

the cells to increasing doses of the ICRF-187. The incremental increases in concentration

of the ICRF-187 acted as a selection agent, gradually killing off populations of cells

which were unable to tolerate the drug and possibly initiating a mechanism within a

Drugging and Increasing of Drug Resistøtce
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certain portion of the cell population which enabled the them to withstand increasing

doses of the drug, Eventually those cells capable of growing under the conditions of high

drug concentration formed the majority of the population.

Recrystallized ICRF-187 was weighed out in sufficient quantity and dissolved by

sonication in aMEM+I1% (v/v) calf serum at a concentration of 0.01 mg mL I (37 ¡rM),

after which the drug solution was filter sterilized and diluted appropriately into the

medium of the growing cell population. Initially, the delivery was to give a drug

concentration of 2 pM in a total volume of l0 mL. In the later stages of the selection

process, ICRF-I87 was dissolved in 10 mM concentration and delivered into cell culture

flasks to give final drug concentration as high as 2 mM and 4 mM in a total volume of

5 mL. The smaller volume was in order to conserve drug. Sonication of serum-containing

medium will likely result in a breakdown of the serum protein, however, since the drugs

are diluted into large volumes of unsonicated media, it is not a serious problem.

The ICRF-(ï7-Resistønt Cell Line, DZR3

The next crucial step was to decide at which concentration to start the cell

selection process. The initial concentration was 10 ¡rM. This first attempt at beginning the

selection process was unsuccessful sincethe 10 ¡lM starting concentration killed all of the

cells in the flask. The rationale behind a high starting concentration was to minimize the

time spent eliminating the weaker element of the cell population and to immediately begin

the isolation of the heartier cells by using a drug concentration above the ICro,but below

the concentration of total cell kill. This was unsuccessful. A second attempt was initiated

using two flasks, drugged at2.0 and 5.0 pM, respectively. The drug solutions were added
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to flasks which were approximately 50o% confluent. This number of cells allowed for a

large number of possible survivors during the druggings while allowing time and room

for the cells to grow for a longer period of time prior to trypsinizing. Trypsinizing was

found to be disruptive to the cell growth, since reseeding resulted in a lag period of at

least 12 hours prior to the resumption of growth at the exponential rate. During the initial

stages of selection, the growth was stationary for as much as 24 or 48 hours prior to

exponential growth. Thus, the cells were allowed to grow without disruption for at least

two to three days in the drugged medium before they were trypsinized.

The increase in consumption of drug that came with the use of a T-flask as

opposed to petri dishes or 24-well plates was remedied by using 5 mL of medium in

which to grow the cells, rather than 10 mL. This however, created the potential for more

rapid accumulation of cell waste, dead cell debris, etc. The problems of accumulation of

cell debris and metabolic waste, as well as the consumption and rapid depletion of

nutrients in this small volume of medium was remedied by changing the medium on a

daily basis, ¡ather than every two to three days. Since drug was added every day in the

initial stages of the drugging, it was convenient to remove the old medium, wash with

Dulbecco's PBS and add the drug dissolved in a 5.0 mL volume of fresh medium. Also

the addition of fresh drug was added daily with fresh medium, the accumulation of waste

was not a problem and the use of 5 mL of medium and drug instead of the normal 10 mL

halved the amount of drug and medium used in the selection of these resistant cells.

The initial 2.0 and 5.0 ¡rM doses of ICRF-187 were added to separate flasks of
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cells and subsequently, drug was added on a daily basis to ensure sustained drug

concentrations since the half-life of ICRF-I87 atp}J7.40 ts 9.3 hours. Only the 2.0 ¡rM

flasks was maintained since the 5 .0 ¡rM dose proved toxic to all of the cells after 2 days.

After growth to near-confluence in the flask, the cells were passaged and were seeded at

approximately 40,000 cells mI--r into two flasks. During the course of the cells'

development of drug resistance, one flask was maintained at the current dose, while the

other flask received double the current dose of drug. If the cells survived and grew well

in the high doses of ICRF-187, these cells were allowed to grow to confluence in the

presence of drug and the lower dose flask was discarded. If the higher dosed cells did not

survive or showed poor growth, they were abandoned and the lower dosed flask was

grown to near-confluence in the current dose and higher doses were attempted when the

cells seemed more stable in their growth at the given drug concentration.

The drugging procedure was not done according to a strict predetermined schedule.

Drug was added or not added on a daily basis strictly by observation of the cells after the

most recent drugging. If cells appeared to be sustaining a reasonable growth rate in spite

of an increase in the concentration of drug delivered, the drug concentration was

maintained or even increased within one day. If the response was again good, the drug

could again be increased. If the increases resulted in a large amount of cell death or

simply very poor growth, drug was either maintained at levels prior to the cell death, or

it was withheld completely until the cells had the appearance of recovering from the

damage inflicted from the drugging. The decision to add or not add drug on a given day

The lCRF-(&7-Resistant CeU Líne, DZR3
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was made on a daily basis seven days a week. Observation of the cells on a daily basis

was essential. The course of drug additions is illustrated in Figure 5.2.1.3.1, which shows

the course of selection of drug-resistant cells over the course of a day to day drugging

regimen. Within the space of 110 days, the cells proceeded from surviving in 2.0 ¡rM

ICRF-187 to surviving 2.0 mM doses. Attempts to grow the cells at 4.0 mM were not

successful. The index of resistance attained, which was defined as the ICro value of the

resistant cells divided by the ICro value of the wildtype cells, was roughly 900 fold.

Selection of doxorubicin-resistant H69AR cells required 14 months of selection in order

to acquire a32-fold resistance to doxorubicin (Mirski et a|.,1987). The selection of the

IcRF-l87-resistant cells seemed rapid when considering the 900-fold increase in

resistance.

In order to preserve a quantity of these cells in case of unforseen problems, such

as total cell death or culture contamination, the drug resistant cells were propagated,

growing in 2 mM ICRF-187. When enough cells were grown to fill ten cryovials with I

mL each containing 5 x 106 cells ml--r, the cells were prepared for cryogenic storage and

subsequently frozen in liquid nitrogen as described in section 2.3.8.

Not all cells were frozen, however. It was not yet known whether the selection of

the resistant line had in some way resulted in a class of cells that were resistant to drugs,

but perhaps vulnerable where freezing was concerned. Or perhaps, the drug induced

acquisition of drug resistance mechanisms had produced cells unable to withstand

freezing. For this reason, a flask of the resistant cells was maintained until it was shown
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that the frozen cells were able to recover from cryogenic storage and resume normal

growth. This is discussed in more detail in section 5.4.
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5.2.2 Isolation of single cell colonies of lcRF-l87-Resistant cells

To begin selection of a single cell colony, one vial of frozen resistant cells was

thawed and delivered to 10 mL of cell culture medium and allowed to grow. After several

passages f¡om stock frozen in liquid nitrogen, the cells were trypsinized (0.25% + I mM

EDTA) and after counting, a 100 pL aliquot was serially diluted l:10 until there were

only 100 cells per mL. This I mL volume was now further delivered into 9 mL volume

of previously used medium, which was filter sterilized to remove debris and extraneous

cell material. The reason for growing these cells in previously used medium was to

enhance the growth conditions of cells. The population cells that has growïì in this

medium has produced growth factors, which are of benefit to growing cells. It is not

difficult for a large population to produce an adequate amount of these factors; however

this may be difficult for populations which begin with a single cell. Thus, previously used

medium would supply factors previously produced by a large number of cells. P¡ior to

using this medium, it was filter-sterilized with a 0.2 pm syringe filter to remove any

wildtype or ICRF-187-sensitive cells since this would contaminate the resistant population

with wildtype cells. This medium was also supplemented with additional iron enriched

and supplemented calf serum to give total calf serum concentration of 20% (vlv). Thus,

the final volume was 10 mL and the cell count was 10 cells per mL. The cell suspension

was mixed thoroughly and drawn up into an Eppendorff repeater pipette. The barrel used

was one able to give a single delivery volume of 100 ¡-rL. 100 ¡rL volumes were delivered

into all 96 wells of a 96-well microtitre plate, giving a theoretical cell number of one cell
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per well. The plates were placed into the incubator and were allowed to grow in darkness

at 37'C. and 5o/o CO, and 95%o air (v/v). The cells were allowed to grow undisturbed for

four days and then each well of the plate was examined under an inverted phase contrast

microscope to determine and mark out the wells which contained only a single colony

which has arisen from a single cell. After several days, many of the 96 single cells or

their colonies died, while six continued to grow well.

When these six wells of the microtitre plate were almost confluent, the cells were

trypsinized with 100 ¡.rL of 0.25yo trypsin and quenched with 1.9 mL of c¿MEM + loyo

serum (v/v). The number of cells was small, and to avoid unnecessary cell death and cell

loss due to stresses of centrifugation, the cells were simply delivered to six wells of a 24

well plate and were allowed to grow under the previously described conditions and in

fresh medium and serum. Though the lack of washing out the excess trypsin made it

slightly more difficult for the cells to anchor well, they did anchor and they were washed

the following day with Dulbecco's Phosphate Buffered Saline (DPBS) and fresh medium

plus serum was introduced.

5.2.3 Selection For Robust IcRF-l87-Resistant Sûains of CHO-AAB

The six surviving clones required more specific identification thus, DZR (denoting

Dexrazoxane-Resistant) was used as the assigned abbreviation. When six clones, DZR1-

DZR6, had grown to confluence in the 24-well plate, they were passaged and each group

of clones was delivered to a 25 cm2 plate to continue growing. At this stage, the cells
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were subjected to daily drugging where the ICRF-I87 concentration was 2 mM. Of these

six clones, two had survived the drug doses and the sparse growth conditions of a plate

with a small number of cells. These were the DZR2, and DZR3 clones.

For the purposes of further research it was impractical to continue work with two

clones. Thus, measurements were made of the growth rates to determine which clone grew

rapidly and anchored well. These simple parameters were selected as reasonable endpoints

for a healthy cell.

The ICRF-I|7-Resistanf Cell Líne, DZR3

5.2.4 cryogenic storage of ICRF-187 Resistant DzR2 and DZR3 clones

The procedures described for DZF.} and DZR3 were performed simultaneously,

however, for the sake of simplicity the description will be written as if it concerned only

one of the two clones.

The procedure for cryogenic freezing was as described in 2.3.8. Once a plate of

ICRF-I87-Resistant cells was grown to a level where they were able to grow comfortably

in 2.0 mM ICRF-187 the cells were propagated and 10 cryovials containing 1.0 mL (5.0

x 106 cells ml-t) were preserved in liquid nitrogen. As mentioned above, the cells were

being grown during the freezing period to determine if the cells would survive the

freezing. Though this was tested before with the stock resistant line, it was unknown

whether the cells derived from a single clone were derived from a clone able to withstand

the freezing.
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5.3 DETERMINATION OF VUBILITY OF THE DZR2 AND DZR3 CLONES

A FTER CRY OGE]Vrc STORAGE

5.3.1 INTRODUCTION

The lCRF-l97-Resistant Cell Líne, DZR3

The initial step in the process of characterization of the DZR3 clone is the

determination of the growth rate and viability of the clone after it had been subjected to

cryogenic storage. This is not the same as determining the growth rate as in section 5.5.

The growth rate proceeds at a rate characteristic for the cell line, but does not consider

cell death or lack of the ability to grow of the weaker portion of its population.

Measurement of viability accounts for only the events occurring within the first 24 hours

after the cells are seeded from frozen stocks. It defines how many cells survived the first

24 hours after thawing and seeding. It does not consider the events of the survivors

beyond 24 hours. This one of the steps in characterizrng the CHO-AA8-de¡ived clones

which have been grown in 2.0 mM ICRF-I87 It was not known prior to this experiment

whether o¡ not the extreme drug concentrations have altered the clone's ability to be

thawed from liquid nitrogen and grow with the normal 9O%o or greater viability which is

characteristic of the CHO-AA8 cell line, or whether their viability would be severely

impaired.

5.3.2 METHODS AND MATERIAI-S

In order to determine the viability of these cells after cryogenic freezing, the cells

were removed from the cryogenic tank and thawed rapidly in a37'C water bath. The cells
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were pipetted out of the cryovial and delivered into 9 mL of cell culture medium.These

cells were swirled gently for several seconds to distribute them properly in the medium

and then they were counted. Since the delivery of 5 million cells in I mL of freezing

solution into 9 mL of medium would not dilute it sufficiently for seeding into a T-flasks,

dilutions were made to deliver these cells to flasks for determination of viability.

Three flasks were seeded, each at a different concentration. Since it was not

known how many, if any, had survived the freezing three concentrations were seeded,

using the l0 mL stock. The first was seeded with t mL cell suspension + 9 mL cell

culture medium. This was considered a low concentration seeding to be counted in the

even that viability was high. A 2 mL cell suspension + plus 8 mL medium flask was

seeded to measure lower viability, while providing for a countable and statistically

acceptable number of cells for counting. Finally, a 5 mL suspension was seeded with 5

mL of medium in the event that viability was extremely poor.

Immediately after the seeding of each flask, 100 ¡rL samples were removed from

each flask and counted four times. After 24 hours had passed 100 ¡rL samples of the

medium were taken from each of the flasks and the number of free-floating cells were

counted. The free-floating cells from each flask were counted four times and averaged.

After this, medium was pipetted out of each flask and each was washed with 10 mL

DPBS and the solution was pipetted out. 1 mL of 0.25yo trypsin was added to each flask

and the cells were dislodged. The trypsin in each flask was quenched with 9 mL of cell

culture medium. 100 pL samples were removed from each of these flasks, diluted with
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equal volumes of 0.6%otrypan blue and the cells counted four times. Note that the cells

were not centrifuged and resuspended after trypsinizing, since this step results in the loss

of a large number of cells. It is also important to note that the trypsinizing, quenching,

and counting steps were performed one flask at a time to minimize the possibility of

trypsin damage to the cells.

The lCRF-Lï7-Resistanf CeIl Lìne, DZR3

5.3.3 RESULTS

The cell counts for the initial seeded flasks were 34,700,69,400, and 173,700 for

the 1 mL, 2 mL, and 5 mL seed volumes. The cell counts of the supernatants and

dislodged anchored cells from each of the above mentioned flasks is tabulated below in

Table 5 4.3.1. The cells were counted on a haemocytometer on five frames. The cor¡nts

were recorded from both the supernatant and the dislodged anchored cells. These counts

were averaged within their own category and then each was multiplied by 4,000 to

account for the chamber volume and the dilution factor in the trypan blue. (See 2 | 4)

After the number of cells ml--r was determined, the average number of cells per millilitre

in the supernatant of the flask was added to that of the anchored cells. The SEM values

for both the supernatant and the dislodged anchored cells were also added together to give

the total SEM. Together these values comprised the total number of surviving cells and

the relative error in this determination.
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Table 5.3.3.1

Cell Counts For Flasks 1,2, and 3 After 24 Hours Anchoúng

Flask Number

Cell Source

Cells Cor¡nted*

SEM

TOTAL CELI-S

+

SEM

(supernatant and

anchored)

Flask 1

S

8,000

1I,200

A

26,000

34,000

+

21,200

Flask 2

10,000

S

A = Ancho¡ed S : Supernatant SEM : Standard Error of the Mean

The initial intention to seed cells in three different concentrations in order that at

least one flask carried a suitable number of countable cells to give the data statistical

validity proved valuable. Though, flasks I and2 gave similar values to flask 3, the errors

were higher. This was likely due to the low counts observed in the cell counting stage.

In flask 1, the standard deviation was roughly 50%o of the cell count. In flask 2 the error

value was only 20o/o. In flask 3, where the cell counts were higher and more correctly

representative of the actual value with correspondingly more representative errors, the

error was only 4.8 o/o of the cell count.
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Cells were counted on five frames and multiplied by 4,000 to account for dilution
and chamber volume.

8,800

8,400

A

5 3,000

61,800

+

t2,400

Flask 3

4,000

S

28,000

5,600

A

139,000

167,000

+

8,400

4,000
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Because of the larger number of cells that could be counted, the values determined

for Flask 3 were undoubtedly more statistically credible that those of Flasks I and 2. The

percent survivors as a function of the number of cells seeded is listed in Table 5.3.2

Table 5.3.2

Percent of surviving And viable cells As A Function of ceils seeded

Flask

Number

Number of

Cells

Seeded

(-L')

Flask I
Flask 2

Flask 3

SEM

34,700

69,400

173,000

Though these value show reasonable agreement, those of flask 3 carry the lowest margin

of error and the percent viability of the cells is therefore most reasonable assumed to be

96.3 L.4.8 y..

Number of

Cells

Recovered

(-L')

3,500

7,000

18,000

SEM

DISCUSSION:

34,000

61,800

767,200

The viability of the DZR3 clone after cryogenic storage was shown to be as high

as 96.3 x. 4.8 yo. Though, the values obtained from all of the flasks are comparable (Flask

1: 97 .9 x. 56.6 %; Flask 2: 89.0 + 17.9; Flask 3: 96.3 + 4.8 %) the larter, seeded wth the

largest number of cells gave the most reliable information. This viability experiment

Percent

Viability

r,200

2,400

8.400

97.9 + 56.6

89 0 + 17.9

96.3 + 4.8
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showed that the drugging and selection of an ICRF-187 resistant clone had no effect on

the ability of the DZR3 line to survive cryogenic storage.

The lCRF-lï7-Resistønf CeIl Line, DZR3

5.4

THE DZR2 AND DZR3 CLONES

5.4.1 INTRODUCTION

MEASURF¡INWT OF THE GROWTH RATES AND DOUBLING TIMES OF

One of the characteristics that must be determined when a new cell line has been

selected is the growth rate of the cell line. This information is not only valuable for the

sake of characterizing the cell line, but more importantly it is a tool useful in growing

cells for experiments. It allows the investigator to predict the number of cells that wrll

grow from the time of seeding, considering both lag and doubling times. Alternatively,

it allows the investigator to compute, with the same knowledge of lag time and doubling

time, the number of cells required in seeding to generate the number of cells required for

an experiment a number of days in advance.

The comparison of growth rates was made between both DZR2 and DZR3

¡esistant clones in order to compare the stability or even the fragility of the two clones.

This information was used to select the primary resistant line which was to be used for

research into drug ICRF-series and BLPD-series cytotoxicity experiments, cross-resistance

experiments, as well as experiments to test inhibition of topoisomerase II and P-

glycoprotein functions in the resistant and wildtype cell lines.
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5.4.2 METHODS AND MATERIAIS

Both DZRZ andDZR3 were grown drug-free for 2 passages in two 75 cm2 flasks.

The following protocol was used for both cell lines simultaneously. The cells were

trypsinized, quenched with cell culture medium + ITyo calf serum (v/v), and centrifuged.

The supernatant was discarded and the pellet was resuspended in 10 mL of cell culture

medium + I}yo calf serum (v/v). The cell suspensions we¡e each counted six times. After

counting, each cell line was seeded into six 25 cm2 T-flasks at 40,000 + 4,000 cells mL I

in a total of 10.0 mL. Thus, at zero time the cell count in each of the six flasks per cell

type was 40,000 + 4,000 cells ml-r. The cells were allowed to grow in their flasks and

at a given time interval, one flask from each cell line was trypsinized, quenched,

centrifuged, resuspended and counted to give the number of cells per mL in a total of

10.0 mL of medium. This was done at 12,24,48,72,96, and 120 hours after seeding.

The cells in each of the counting procedures were counted ten times each per flask per

time interval. Counts were taken for the free-floating cells in the supernatant as well as

the anchored cells. These values and their respective standard deviations were summed

to give a total number of (cells + error) ml--r for both cell lines, for each time interval.

This information is tabulated in Table 5.4.3.1. Figure 5.4.3 I illustrates the growth curves

of DZR2 and DZR3 over the course of 120 hours.
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5.4.3 RESULTS

The growth of both DZFiZ and DZR3 is summarized in Table 5.4.3.L From this

data, Figure 5.4.3.1 was constructed to show the growth characteristics of both cell lines.

Table 5.4.3.1

The Sum Of Cell Counß Of Free-floating And Anchorcd DZRi2 And DZR3 Cetls

Over 12r 24, 48,72,96, And 120 Hours Of Growth.

Time

(Hours)

DZR? Cell Count

(Cells ml-l x 103)

0

T2

24

48

72

96

t20

40.0

48.0

50.0

r54.4

s05.2

914.0

1850 0

SEM

x 1.03

4.0

15.5

21.8

3 0.8

58.9

1 56.1

251.3

DZR3 Cell Count

(Cells mLl x 103)

40.0

65.6

84.6

250.8

668.0

1230 0

1460.0

SEM

x 103

4.0

14.7

22.3

45.6

97.8

96.6

150 2
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2500

2000
11

! rsoo
()

firooo
()
(,

500

0

-500

o DZRa
I DZR3

* DZR.? 957o Confluent at 96 hours
** DRZ3 997" Confluent at 96 hours

Flasks were seeded at 0 Hours at 40,000 +/- 4000 cells mL-I

Figure 5.3.1 Growth Curves Of DZR.? And DZR3 Over The Course Of 120 Hourc

-24 0 24 48 72 96 120 144

Growth Time (Hours)

l9l



Chøpter 5 The lcRp:Lï7-ResistønÍ Cell Line, DZR3

5.4.4 DISCUSSION

Figure 5 4.3 | illustrates the growth curves of both resistarit cells lines. As can be

seen by the two growth profiles, there was little difference in the actual rates of growth

once the cells began growing in the exponential phase. The greatest difference in the

growth appeared in the first 24 hours of the growth curve. Though, both cell lines were

seeded at 40,000 cells ml--r, DZR2 had grown to 48,000 cells ml,-rin the first l2 hours

and to only 50,000 cells mI--t in the first 24 hours, while DZR3 grew more rapidly from

40,000 mL-r to 65,500 mL-r and finally to 84,600 cells mL-r in 24 hours. This represents

an increase of 25%o in the number of DZR2 cells grown in the first 24 hour increment,

while in increase of |l2%o was seen in the DZR3 cells in the same time. At the 48 hour

time point, theDZR2 cells had increase by l86Yo of the initial count and the DZR3 cells

had increased to 527yo of the initial count. The growth rate progressed equally well for

the following 48 hours. Though the numbers of cells differed, the growth rate was the

same, as is shown by the slope of both curves. After the 96 hour point, the number of

cells counted in the DZR2 flask surpassed those in the DZR3 flask. Inspection under the

microscope shows that at the 96 hour time point, theDZR2 cells were approximately 95Yo

confluent, with a small amount of room still remaining for cell growth. The DZR3 cells

however, were at the point of 99Yo confluence, with no room left for growth. At this

stage, cell growth at the exponential rate stops due to contact inhibition, and cell death

will ensue due to build up of toxins, and depletion of nutrients. The DZR3 began dying

out while DZRZ cells were still growing well. This resulted in a decrease in the number
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of the rapidly growing DZR3 cells at the 120 hour mark.

Though there was an increase of approximately I l2%o in the DZR3 cell number

within the first 24 hours, there was also a l7%o error in this number. For the most part

there was a substantial increase in the number of cells, but when compared with CHO-

AA8 wildtype cells, this increase is a relatively small one. Experiments such as these

were conducted to verif,, growth characteristics of the CHO-AA8 cells (data not shown).

Growth within the first 24 hours increased from 40,000 to 116,400 cells mL '. This

increase in cell number represents an increase of l9l%o over the original numbe¡ of cells

seeded in the flask. There is a difference between the abilities of the wildtype and

resistant cells to begin rapid growth. These data suggest a lag time of approximat ely 12

hours for the AA8 cells and l8-24 hours for the DZR3 cells.

The selection of a "primary" cell line to be used for drug experiments was based

predominantly on simple criteria such as overall growth rate, and time required for

transition from lag phase growth to exponential growth. F¡om the data shown in Figure

5.4.3.1, there is little evidence of a substantial difference between the cell lines. As

discussed above, the only real difference is in the inial 24 hours where there is a slightly

quicker initiation of growth in the DZR3 flask than in the DZR2. This may be interpreted

as being a slightly healthier or heartier cell line. For this reason DZR3 was selected as

the cell line for further drug cross resistance experiments with bisdioxopiperazines, certain

anthracyclines and an aîray of antitumor drugs.
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The doubling time of these cells was computed using the exponential equation:

N:Noen

The numbers used to compute the growth rate were N; the number of cells per mL at the

time of seeding, (i.e. 40,000) and those at the end of the experiment, N. The number of

cells at 120 hours of growth was 9.14 x lOs cells ml--r. These numbers were selected

since each increment between time points had different growth rates. The selection of the

correct overall rate of growth was not possible, thus the overall average rate was used,

including the lag time. The number of cells counted at the 120 hour time point was not

used for the calculation of the growth rate constant or the doubling time since the cells

had already passed confluence at this point and were in decline. This was not

representative of the true growth potential of the cells, and so the value was not included.

Only time periods which included exponential growth were used for the calculation. It

was fltrst necessary to determine the value of r, the rate constant, before the doubling time

z, is found. Substitution of //0 with 40,000 andi/ with 9.14 x 105 and substitution of r

with 96 hours gives 9.14 xlOs:40,000 ,*nu. solving for r gives an overall growth

rate constant of 0.0326. Substitution of this r value into an equation with 2 and I

substituted into i/, and i/ respectively, allows for the solution of r:

2:90'0326:" and solving for t gives an overall doubling time of 21.3 hours. A

doubling time of 21.3. hours is roughly i.8 times the doubling time of the wildtype CHO-

AAB cells of T2 hours. This indicates that there is a change in the metabolic properties

and functions of the resistant clone as compared with the parental line.
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5.5 RETNYTION OF ICRT:187 RESISTANCE BY DZR3

5.5.1 INTRODUCTION

The ICRF-Lï7-Resístant Cell Lìne, DZR3

Once a cell line has been selected to be resistant to a particular agent or group of

agents, it is valuable to know the duration of resistance of the cells to the agent.

Experimental evidence regarding differences between the parental cell and the resistant

derivative is only valid when the cell is functionally resistant. Most often, investigators

maintain the resistant phenotype of their resistant cell line by challenging the line to the

selection drug on a monthly basis. A portion of the resistant phenotype is passaged

routinely in the absence of drug and tested on a monthly basis along against the drug-

challenged phenotype to compare the stability of the resistance in the cell line that has

not been routinely challenged (Yang and Trujillo, 1990).

Once the stability of the DZR3 cell line had been established with respect to

cryogenic freezing and the questions of growth rate and viability were addressed, the

stability of ICRF-187 resistance was tested.

5.5.2 METHODS AND MATERIAI-S

DZR3 cells that were passaged two to three times weekly were challenged once

a month with ICRF-187 to ensure resistance of the cells to the drug. The cells were

propagated in25 cmz T-flasks containing l0 mL of cell culture medium (øMEM +IOo/o

(v/v) iron enriched and supplemented calf serum). The cells were passaged by washing

with Dulbecco's PBS, trypsinizing and centrifuging the cells into a pellet at 2,000 x g.
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The cells were resuspended in 10 mL of fresh medium and 1.0 mL of this suspension was

delivered into a fresh fiask containing 8.0 mL of fresh medium. A l0 mM solution of

ICRF-187 was prepared in c¿MEM + 10yo (v/v) calf serum, filtered and 1.0 mL of this

drug solution was delivered to the 9.0 mL already in the flask and swirled to mix. The

cells were allowed to grow to near-confluence. When the cells were not being drugged,

they were simply passaged by splitting them to 1i10 in medium two to three times a

week.

The lCRF-lï7-Resistønt Cell Líne, DZR3

In testing the stability of the resistant phenotype, a portion of these cells was

plated in a second flask during a routine passaging. These cells were also passaged

routinely, but no drug was ever added to the medium. After one month had passed, the

resistance to ICRF-I87 was measured.

5.5.2.l

The cell culture medium was pipetted out, the flask was washed with Dulbecco's

PBS and then trypsinized. The cells were centrifuged after delivery into a 15 mL sterile

centrifuge tube. The supernatant was discarded and the cells were resuspended in 10 mL

of cell culture medium and counted. The cells were counted six times and the counts were

averaged. The appropriate dilution was made with cell culture medium to give a cell

count of 20,000 cells mL-'. Cells were delivered to two 96-well microtitre plates as

described in Chapter 3. The cells were delivered in 100 ¡rL aliquots to each well to give

2,000 cells per well. The same seeding was performed with the drug-challenged ICRF-

Seeding Of The Experiment
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187-resistant cells. Both sets of plates were allowed to incubate for 24 hours in darkness,

at 37oC, in an atmosphere of 5%o CO, and 95o/o air (v/v). Cells were delivered to all, but

six wells of each plate. These were to serve as DMSO blanks for the end-point detection

method described below. All cell seeding was done using an Eppendorff repeater pipette

fitted with an autoclaved 5 mL barrel set to deliver 100 ¡rL volumes.

5.5.2.2 Preparation And Delivery Of Drugs

After 24 hours, ICRF-187 solution was prepared for dilution and drugging of four

plates of cells. The range of drug concentrations was from 0.01-20,000 pM. This was to

ensure a broad range of drug concentrations. Each concentration was tested in six wells

for both sets of cells to ensure statistical validity The amount of drug required for this

experiment was roughly 30 mg, prepared in a stock solution of approximately 6 mL at a

concentration of 20 mM. The drug was filtered using a 0.2 pm syringe filter, then serially

diluted l:10 with crMEM into 4 mL volumes ranging from 0.2-20,000 pM. The drugs

were delivered as illustrated in volumes no less than 10 ¡rL and no greater than 100 ¡-rL.

The volume of those wells not containing a total of 200 pL was made up to 200 ¡rL with

cell culture medium. The single exception to these addition trends was the wells that were

to contain 20 mM drug. In this case, the volume of medium remaining in the well from

the seeding of the cells at the beginning of the experiment was aspirated off and 200 ¡L

of 20 mM ICRF-187 in cell culture medium was delivered to each of the wells. All drug

and medium delivery were made by using an 8 x 200 Gilson multichannel pipettor and

sterile microtips. Care was taken not to touch the bottom of the wells with the pipette tips

t97



Chøpter 5 The lcRF-Lï7-Resistant CeII Line, DZR3

during the drug delivery, since this would likely kill the cells touched and lead to false

results. The cells were allowed to incubate with drug under the above-mentioned

conditions for 48 hours.

5.5.2.3 End-point Detection

After the 48 hour incubation period, the effects of the drug were measured using

the MTT end-point detection method. 20 p,L of the 2.5 mg ml.-tMTT solution was added

to each of the wells containing cell. The MTT was allowed to incubate for 4 hours unde¡

the conditions described above. After 4 hours, the cell culture medium was carefully

aspirated out of each well. Aspiration was performed using an 18 gauge needle fixed to

a water aspirator. The bevelled edge of the needle was lowered along the wall of the well

and the medium was aspirated out with only the very tip of the needle touching the

bottom of the well. This ensured complete removal of all the medium, which was

important in the solubilizing of the formazan crystals with DMSO, while leaving the cells

and their crystals undisturbed. Care was taken not to disturb the cells anchored to the well

bottoms which contained the formazan dye.

DMSO was added to each of the wells (including those reserved as blanks) of all

of the plates. After a suitable time when all of the crystal appeared to have dissolved

(usually three hours), the plates were read at a wavelength of À : 490 minus I: 650 nm.
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5.5.3 RESULTS

Afterthe computation of the means and standard errors of the means on the plate

reader, the results were plotted using the Sigmaplot 5.0 program. The ICro values were

computed using the equation,

A bs ooo "0,: fu-d)/(I + (x/c)b)+tl

where a : Abtoro^^, d :Absnoo^i,, c : the ICro value computed in the fit, b : the

exponential factor, which give the rate of increase of cytotoxicity as a function of the

increase in drug dose, and x values are experimental drug doses used in the experiment.

These are selected from the column containing the drug concentration data in the Sigma

plot program.

The calculation of the ICro value for the cells grown drug free for 30 days was

shown to be 2,400 +.200 pM and after 65 days it was shown to be 1,800 + 200 pM. The

value computed after 2 passages of drug-free growth was 2,200 + 500 ¡-rM. The represents

an 8.3 o/o loss in the ¡esistance of the cell to ICRF-I87 after 30 days and 25%o after 65

days. The experimental error in the 0 and 30 day values are large enough to shown that

these values may or may not be considered as being the same. The differences in the 0

and 65 day values appear more significant as the difference indicates a25%o reduction in

drug resistance with errors small enough to discount an overlapping of values.
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5.5.4 DISCUSSION

The level of resistance has been shown to have decreased marginally over the

course of 30 days however, the difference is not considered statistically significant. The

difference observed between the 0 and 65 day experiments appear to be more significant

as a 25%o reduction in drug resistance is seen. Though, the acquisition of the resistant

phenotype and the loss of the resistance differs for different cells and for the different

drugs to which they are made resistant, the loss of resistance over a short time is in itself

not unusual. In the case of a multidrug resistant variant (H69AR) of the human small cell

lung carrcer cell line NCI-H69, 32 fold resistance to doxorubicin and numerous

anthracycline analogues was acquired after a total of 14 months of growth in doxorubicin.

In determining the stability of the cells during drug-free growth, the resistance of the cells

to doxorubicin had dropped to about 60%oof the peak resistance within 35 days. Overthe

course of comparisons between the drugged population and the drug-free populations of

cells, the experiment revealed that, though the first 35 days showed a 40%o decrease in

stability, there was no decrease below this value ovqr the remaining duration of the

experiment, which totalled 18i days. This resistance was found to have decreased for all

of the anthracycline analogues tested (Mirski et al., 1987). Loss of drug resistance was

also observed by Twentyman et al., (1986), who observed initial loss of resistance in the

first three weeks of drug-free growth, but no more loss of resistance for up to 9 weeks.

For the ICRF-187-resistant cells, the loss of drug resistance is not as high as what

has been found by other investigators. As was mentioned above, this may be due to high

The ICRF-L97-Resìstant Cell Line, DZR3
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errors in the inhibitory concentration values, but it

bisdioxopiperazine resistance that has not been reported

work involves anthracyclines and not bisdioxopiperazines.

The ICRF-(\7-Resìstant Cell Lìne, DZR3

5.6

In the initial stages of selection of the ICRF-187 resistant cell line, the doses of

the drug administered on a daily basis were 2.0 ¡rM. Though this was close to the ICro

level measured for the drug with the wildtype CHO-AA8 cells, it was in the overall scope

of the project, a low dose. In the initial stages of the process, often growth was slow and

cell death was higher than under normal growth conditions. Trypsinizing of cells resulted

in the harvesting of a small number of cells, often lower tha¡r what was optimal for

seeding into a flask for growth with fresh drug. CHO-AA8 cells seede d at 3O%o would

easily reach confluence within 48 hours, whereas the rate of growth of cells exposed to

daily doses of ICRF-187 was clearly slower. Cells seeded at30%o confluence were found

to have reached approximately 40%o confluence over the course of 72 hours. Growth was

also problematic in that the cells required trypsinizing even though they were not near

confluence overall. While most of the plate showed surfaces which were approximately

40%o confluent, a number of colonies would arise that were able to withstand the drug

levels and these would grow fairly normally, creating clusters of overgrown cells. These

cells needed to be disaggregated and disbursed for better growth. As the drugging

continued, the proportion of resistant cells in a given population increased. Within the

DESCRIMION OF DZR3 CEI,L MORPHOLOGY

may also be a feature of

by other investigators, whose
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space of three days of continuous drugging, obvious changes were apparent in the growth

patterns of the cells. Where ittook 72 hours forthe number of cells to increase from 30-

407o confluence, after three more days of drugging, the trypsini zing and reseeding of cells

at 40o/o on one day resulted in the growth to 70Yo within 24 hours.

These changes in the rate of cell growth were only the first of several changes

observed in the cells acquiring drug resistance. The specific reference to acquisition of

resistance is made since these cells were not simply surviving or not surviving. Rather

they were undergoing what appeared, under the microscope, to be physical or

morphological chærges. It was likely that the peripheral changes in the cell were

indicative of a significant internal change in the biochemistry of the cell. Photo 5.6.1

shows CHO-AA8 cells growing in the absence of ICRF-187.

While still growing at the 20 ¡rM doses of ICRF-187, the cells began to show

signs of physical change. They often carried blebs or extrusions, they were often two to

three times larger than wildtype cells or most of the resistant cells around them. Many

that were surrounded by a halo-like shield, which was not likely to be a microscopic

artefact. These cells appear clearly under the microscope when they are in a flask and

growing in their medium, but clarity is often lost in the process of staining and

photographing of the cells. In a group of nearly confluent cells one large cell was alone

in the middle of a large aggregate of cells. When observed under higher magnification,

this cell had a large cell membrane extending from the nucleus in a radial distance two

to three times greater than that seen in the cells around it. (Photo 5.6.2) This would occur
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in all periods of cell stress, where doses of drug were doubled after a period of

comfortable growth in a certain level of drug and especially if the cells were grown for

a period of days without drug. One problem that is clarified in the staining process is the

nature of the halo-like cover surrounding the oversized cells. The staining process

surrounds the cells and is able to colour the cytoplasmic material and differentiate it from

the nuclear material. In the oversized cells, the stain is able to penetrate the cell and the

nucleus, but the halo-like structure does not take up the stain. The cells appear separated

from each other, but surrounded by a yellowish wax or paste, which under growth

conditions in the T-flask, appears as though the cell is surrounded by a halo. What

appears to be a large multinucleated cell in the cell culture medium is actually several

cells surrounded by a wax-like substance. The actual nature, physical or chemical, is not

known. The reintroduction of drug, at higher concentrations resulted in a small number

of cells that appeared larger than usual or often very slender, but also very long and

resembling a dendrite and rather than an ovary cell. The most striking feature observed

was a multinucleated cell. Though this was not an uncommon occurrence, especially at

times when drug concentrations were doubled, these cells were difficult to photograph.

It was often difficult, especially after staining, to differentiate between large cells and

large multinucleated cells. Many cells appeared binucleated, but this could have been due

to cell death caused by the staining during a point immediately prior to cytokinesis, and

not necessarily a cell which is being affected by the drug. One photograph was made at

the point where cells subjected to drug were for the most part, used to the extreme doses

The ICRF-L|7-Resistønt CelI Lìne, DZR3
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of the drug. This made capturing an image of a multinucleated cell difficult since the cells

were no longer as likely to be affected by the drug. Photo 5.6.3 shows a DZR3 cell grown

for 72 hours in 3 mM ICRF-187.Notice the oversized cells. Though it may be possible

that a number of these are some type of microscopic artefact, it is not likely since there

are no such artefacts observed in other photographs or in cell culture flasks growing with

undrugged cell culture medium. Photo 5.6.4 shows what appears to be a multinucleated

cell. The cell is not only larger than the cells around it and larger than wildtype cells,

but it appears to contain approximately ten nuclei.

The effects manifested are seen only in the presence of ICRF-187, and not when

the cells are growing under drug-free conditions. This is true for both the wildtype and

resistant cells that have been drugged after growing drug-free for several passages. The

possible role of ICRF-187 in the arresting of mitosis has been discussed in Chapter 3.

The following photographs were made at 200 x magnification using Kodak 200

ISO Kodacolor film. Cells were stained with Camco Quickstain II Buffered Differential

V/right-Geimsa stain.
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Among the physical changes observed were differences in the adhesiveness of the

resistant cells The resistant line appear to be anchored more solidly to the T-flasks than

do the ;ensitive counterparts. When sensitive and resistant cells are being trypsinized to

remove them from the T-flask, trypsinizing the resistant cells usually requires more time

and often more aggressive agitation of the flask than do the sensitive cells, even though

the same amount of enzyme was used on both flasks, and both flasks are at the same

degree of confluence. Multidrug resistant Chinese Hamster lung fibroblasts grown by

Biedler et al., (I975) manifest the same adhesiveness, as do the doxorubicin resistant

H69AR cells grown by Mirski et al., (1987).

The ICRF-I87-Resistant Cell Líne, DZR3
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5.7 MEASUREMENT OF CRO.S,S-IRESI,STANCE TO CYTOTOXIC DRUGS

TESTÐ ON CHO-AAg CELLS AND DZR3 CELLS

5.7.1 Resistance To Bísdioxopìperøzine Compounds

5.7.1.I INTRODUCTION

The ICRF-Lï7-Resístant Cell Líne, DZR3

The introduction of the ICRF series bisdioxopiperazines as a new class of

antitumor agents which affect the topoisomerase II enzyme revealed a previously

unknown mechanism of inhibition (Tanabe et al., 1991). Studies have identified the

inhibition of topoisomerase by antitumor agents to occur through the induction of

cleavable enzyme complexes. The drugs would interfere with the breakage-reunion

reaction of DNA topoisomerases. In the presence of these drugs, an aborted reaction

intermediate was formed, known as a cleavable complex. These are denatured DNA

products with both single-strand and double-strand breaks in the DNA in which the

topoisomerase II subunit is covalently linked to the 5'-phosphoryl end of each broken

DNA strand. Topoisomerase II, specifrcally, is essential for segregation of replicating

yeast daughter cells (Ishimi et al., 1992). The identification of these complexes as the

source of DNA lesions resulting from the effects of the topoisomerase-targeting drugs

readily explains the overall cellular effects observed when these drugs are administered

(D'Arpa and Liu, 1989).

The ICRF series bisdioxopip erazine compounds, specifically ICRF- i 5 4, ICRF- I 5 9,

and ICRF-193, were able to inhibit mammalian topoisomerase II activity. However, the

mechanism did not involve intercalation of the compounds into the DNA to form a
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cleavable complex. Rather, the most potent of the three, ICRF-I93, was shown to be able

to bind the topoisomerase directly and inhibit its function. (Tanabe et al.,l99l)

The DZR3 cell line was developed as an ICRF-I87-Resistant derivative of the

CHO-AA8 cell line. Over the course of ll0 days this cell line acquired substantial drug

tolerance over the initial resistance of the parent line to the drug. Where the initial ICro

of the parental cell line was 2.7 t 0.2 ¡.rM, the ICro of the resistant cells was in the order

of 2400 +200 ¡.rM. This represents an increase in tolerance for ICRF-187 between the

sensitive and resistant lines in the order of roughly 900 fold. Experiments were conducted

to measure whether or not any resistance was acquired for the analogues of ICRF-187.

Often when cells become resistant to an antitumor agent, they soon begin to show cross-

resistance to many other drugs.

The drugs tested in this set of experiments included only those bisdioxopiperazines

which showed a high degree of cytotoxicity with the wildtype or sensitive CHO-AA8

cells. These included ICRF-I54, ICRF-159, ICRF-161, ICRF-186, and ICRF-193 These

represent the most toxic of the ICRF-i87 analogues tested. The purpose of this set of

experiments was to compare and contrast the cytotoxicity and resistance to cytotoxicity

between the sensitive and drug-resistant cells in order to determine whether there is a

structural relationship among analogues which would result in any degree of cross-

resistance.

The ICRF-Lï7-Resístant Cell Lìne, DZRî
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5.7.I.2 METHODS AND MATERIAIS

5.7.1.2.1 Seeding Of The Cells Into The Microtitre plates

The experiments conducted to measure cytotoxicity among the bisdioxopiperazine

analogues were conducted simultaneously with both the sensitive CHO-AA8 cells and the

resistant derivative, DZR3. Cells were seeded into two sets of 96-well microtitre plates,

two plates per set of cells. Each set of plates tested drugs on both sets of cells to the limit

of 20 mM or to the limit of solubility of the drugs. The cells from the two cell lines were

seeded into the wells at different concent¡ations. In the singe cell-line type experiments

described in previous chapters, there was adequate growth in the cells and sensitivity in

the endpoint detection to observe and calculate accurate ICro values. The lag phase of the

DzR3 clone is from 18-24 hours and its doubling time is roughly 21 hours. The sensitive

cells had a lag period of only 12 hours before entering their exponential growth phase and

had a doubling time of approximately 12 hours. With the seeding of DZR3 cells for

experiments along with the CHO-AA8 cells, there was a significant difference in the

growth ¡ates and lag phases of the two cell lines to create problems in the interpretation

of the information. For this reason experiments needed to be seeded at different

concentrations to give comparable cell numbers for measurement of toxicity at the end

of the experiment. The number of cells remaining alive after the experiment had to be

detectable by the spectrophotometer, but at the same time the controls could not exceed

the limit of detection of the spectrophotometer. In order to give an adequate number of

cells that were detectable by the spectrophotometer and produce an accurate cytotoxicity
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profile, the number of DZR3 cells seeded into each well was 5,000. Since the sensitive

cells had a lag period of only 12 hours before entering their exponential growth phase and

had a doubling time of approximately 12 hours, they were seeded at 2,000 cells per well.

As in previous experiments, cells were seeded and allowed to incubate for 24 hours in

darkness at 37"c, in an atmosphere of 5%o co, and 95%o air (v/v).

5.7.L2.2 Preparation Of Drugs

Delivery of drugs to the plates was often complicated by two problems. In order

to measure the cytotoxic effects of drugs on a line of cells that was resistant, the drug

concentrations needed to be much higher than they would be in the sensitive cell

experiments. The fact that these experiments consumed large quantities of drug was in

itself not an obstacle in the experiment, however, the fact that a number of these drugs

were not very soluble in c¿MEM was a formidable problem. Testing the toxicity of a

poorly soluble drug at high concentrations in an aqueous environment required that these

drugs be dissolved in DMSO as was described in Chapter 3 and delivered into wells in

I 0 ¡rL volumes. ICRF-I93, which was poorly soluble in c¿MEM was dissolved in DMSO

at a concentration of 10 mM and delivered to the cells in a volume of 1.0 ¡rL. The

resulting concentration in the well, which contained 200 ¡L of medium in total did not

exceed 50 ¡rM however, this was an adequate concentration considering the extreme

toxicity of the drug.

The drugs which were more easily or more suitably soluble in aqueous solutions

were prepared in cell culture medium and did not require any special preparation other

213



Chapter 5

than sonication for 20-30 minutes. These included ICRF-159, ICRF-ig6, and ICRF-1g7

Each of these drugs was prepared to their respective limits of solubility. Since ICRF-154

and ICRF-161 were not easily soluble in crMEM at high concentrations, they were

dissolved in DMSo ICRF-154 dissolved readily in DMSO however, ICRF-161 would

dissolve only after Io-20 minutes of sonication. These were diluted as described in

Chapter 3 and were delivered in 1.0 pL volumes to the wells of the mic¡otitre plate and

made up to 200 pL by adding 99 ¡ù of c¿MEM to each well.

The ICRF-L87-Resìstant Cell Líne, DZR3

5.7. 1.2.3

Where drugs were not delivered in 1.0 ¡.rL volumes in DMSO to a well containing

I99 ¡L of cell culture medium, they were delivered in volumes not less than l0 ¡rL and

not greater than 100 ¡rL. Volumes that were less than 100 ¡rL were made up to 100 ¡rL

with cell culture medium to give a total drug delivery volume of 100 pL and a total well

volume, including seeding volume of 200 ¡rL. Drug preparation and delivery was made

based on the correct final concentration and a final well volume of 200 ¡rL.

5.7.1.2.4 End-point Detection.

Following drug delivery, the cells were allowed to incubate for 48 hours in the

above-mentioned conditions. After incubation with drug,20 ¡rL of 2.5 mgml-r MTT was

added to each well and allowed to incubate for an additional 4 hours. The medium was

then aspirated off, the formazan crystals were dissolved in 100 ¡rL spectral grade DMSO

and the plate was read on a spectrophotometer atlu: 490 minus À: 650 nm.

Delivery Of Drugs
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5.7.1.3 RESULTS

The results of the study comparing the cytotoxic effects of several ICRF series

bisdioxopiperazines, namely ICRF-187, ICRF- t 54, ICRF-t 59, ICRF-186, ICRF-193, show

the effects manifested on wild type cells as well as on the resistant strain of cells. The

differences in the degree of insult will be compared in the case of each drug with regard

to both cell lines and a degree of resistance for each drug will be established.

s.7.I.s.I ICRF-187

In the comparison of the degrees of resistance manifested by the resistant cell line,

the drug concentrations for the assay were increased from 0.01-50 ¡"rM to 0.01-10,000 pM,

spanning a range of 6 log units. Both cell lines were assayed at the same time under the

same conditions. The increased resistance in the DZR3line was as expected, much higher

than that seen in the sensitive line however, the actual profile shown in the sensitive line

was not expected. One of the most interesting features of the ICRF-I87 cytotoxicity

profiles examined was that the CHO-AA8 cells had what appeared to be two levels of

resistance or plateaus of drug tolerance and consequently, two ICro values. The ICro

values were computed using the equation,

A bs ooooo, = @-d)/(1 + (x/cf )+d

where a :Absnoo^^, d :Abtnoo^,,, c : the ICro value computed in the fit, á : the

exponential factor, which give the rate of increase of cytotoxicity as a function of the

increase in drug dose, and x values are experimental drug doses used in the experiment.

These are selected from the column containing the drug concentration data in the
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Sigmaplot program. The higher of the two ICro values corresponded favourably to the

single ICro value observed in the resistant cell line.

Figure 5.7 .L3 I A shows the cytotoxicity profiles of the CHO-AA8 cell line. These

cells have an ICro value of approximately 2.0 + 0.2 pM when computed between drug

concentrations of 0-700 pM. When computed in an overlapping range from 70-10,000

prM, the ICro value is computed as 2400 + 200 ¡.rM. 
e

Figure 5.7.1 3.18 shows the MTT Assay of ICRF-I87 mediated cytotoxicity after

24 hour incubation with the sensitive CHO-AAS cells as well as with the ICRF-187-

resistant DZR3 cells. For the CHO-AA8 cells, there are two distinct curves and plateaus

visible in the cytotoxicity profile. The lCroo value represents the value computed within

the range of the first killing plateau, while ICro" represents the value computed between

the first plateau and the final plateau. These values are 2.3 + 0.2 pM and 2,200 +. 2OO

¡rM, respectively for the CHO-AA8 cells. The ICro value computed for the DZR3 cells

was 2,400 +.200 ¡.rM. The ICro" value was computed with a 3 parameter fit by setting the

d : Abtroo^,, value to 0.
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Table 5.7.I.3.1 shows all of the ICro and exponential values for the drugs incubated for

48 hours with CHO-AA8 Cells. Table 5.7.1.3.2 shows all of the ICro and exponential

values for the drugs incubated for 48 hours with DZR3 Cells.

Table 5.7.1.3.1 IC.o Values And Exponential Factors For ICRI' Series

Bisdioxopiperazines Incubated For48 Houn With CIIO-AA8 Cells

DRUG

ICRF-154

ICRF-159

ICRF-161

ICRF-186

ICRF-187

ICRF-I93

ICro Value

(pM)

t2.6

2.7

t4.4

3.0

2.7

0 019

SEM

Testing of the ICRF bisdioxopiperazines on the ICRF-187-resistant cells has shown

a degree of cross-resistance. Though, the resistance factors of the analogues differ, it is

still evident that there is an increase in the amount of ICRF compound required to inhibit

50%o of the population. Table 5.7.I.3.3 shows the factor of resistance acquired by the

DZR3 cells over the sensitive cells.

1.3

0.5

2.5

0.6

0.2

0.002

Exponential

Value (b)

1.9

25

3.7

3.5

))
5.6

SEM

0.3

0.7

L7

0.8

02

3.4
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Table 5.7.1.3.2 IC.o Values And Exponential Factors For ICRF Series

Bisdioxopiperazines Incubated For 48 Houn With DZR3 Celts

DRUGS

ICRF-I54*

ICRF-159

ICRF-1617

ICRF-186

ICRF-187

ICRF-193

IC.o Values

(pM)

> 500.0

>250.0

8000.0

1600 0

2400.0

0.1 I

* The ICro value is defined as being equal to a minimum of five times the

maximum drug concentration tested

I d : Absnro^,, was constrained to 0.

Table 5.7.1.3

A Comparison Of The Resistance tr'actors Of ICRF Series Bisdioxopiperazines

SEM

N.D.

N.D.

2000.0

400.0

200.0

006

Exponential

(b) Value

N.D.

N.D.

0.49

1.6

7.4

0.72

SEM

N.D

N.D.

0.1 I

05

2.9

026

DRUG

ICRF-154

ICRF-159

ICRF-161

ICRF-I86

TCRF-187

TCRF-193

Resistance tr'actor

40

90

600

500

900

6
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The resistance factor is a comparison of the degree of drug resistance of the wildtype cells

and the resistance cells to a particular agent. It is calculated by dividing the ICro of the

drug tested on the resistant cell line by that of the ICro of the same drug tested on the

wildtype cells, Le.,

Resistønce Factor : ICro DZR3 / ICs. CHO-AA$

5.7.I.4 DISCUSSION

The selection of an ICRF-I87-resistant cell linehas resulted in a clone which has

acquired resistance not only to the ICRF-187 compound, but to a number of ICRF-187

analogues as well. Though the degree of cellular resistance to he toxicity of these

analogues differs, these cells have shown a degree of increased resistance to all of the

compounds tested. The DZR3 cells had acquired some resistance to the most toxic of the

compounds tested, ICRF-193, but only a marginal resistance as compared wrth that

acquired over the other less toxic analogues. The resistance factor of ICRF-I93 was only

a factor of 6 greater in the resistant cells than in the sensitive cells. The resistance factor

of the DZF.3 cells over the CHO-AA8 cells in the case of ICRF-I87 was 900. Though

the differences in the ICro values for the ICRF-187 and ICRF-186 analogues were very

similar in the CHO-AA8 cells, they were substantially different in the DZR3 cells.

Resistance to ICRF-I86 was only 500 fold greater in the resistant cells. This suggests that

there is a difference in the degree of protective capacity aquired against the toxic effects

of the selecting agent,ICRF-I87 over that of ICRF-186, its O-(R) isomer. Perhaps where
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there is development of a protective mechanism to deal with topoisomerase II inhibitors,

there is a marked difference in the isomers and how both the sensitive and resistant cells

deal with them. The resistance factor of the DZR3 cells is 600 for ICRF-161. This is

almost the same as the value for ICRF-186. This would indicate that the alterations made

by the resistant cells were specific in dealing with the toxicities inflicted by ICRF-i87,

but the cells were less accommodating in their resistance to the other analogues. The ICro

for ICRF-I54 incubated for 48 hours with DZR3 ICRF-I87-resistant cells was defined as

being equal to a minimum of five times the minimum concentration tested l.e. 500 pM.

Assuming the ICro for the ICRF-I54 incubated with DZR3 cells for 48 hours is 500 prM,

the resistance factor would be 40 fold over the resistance to ICRF-I 54 of the CHO-AA8

cells. Similarly, for ICRF-I59, the ICro was estimated as being a minimum of five times

the maximum drug concentration tested, i.e. 250 pM. Thus, the resistance factor over the

wildtype is 90 fold

These data correlate well with data presented by White and Creighton, (1 976), who

found that there is consistent development of cross resistance only to structural analogues

of the selecting agent, which in the case of their experiments was ICRF-159. They also

found that there was a consistent, but limited acquisition of cross-resistance to

anthracyclines tested. This is discussed below.
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5.7.2 Cross-Resístønce To Anfhracyclines

5.7.2.I INTRODUCTION

Anthracyclines are widely used clinical cancer chemotherapeutic agents. Drugs

such as doxorubicin and actinomycin D are known to be intercalators of DNA (D'Arpa

and Liu, 1989) as well as putative inhibitors of cardiac Na*Æ(*-ATPase (Nogrady, 1988).

An increasing amount of evidence is indicative of the probability that toxicity may be due

to a Fenton-type iron-dependent free radical stress (Halliwell and Gutteridge, 1985). /n

vitro studies suggest that the damage of cellular components that is mediated by

doxorubicin is dependent upon iron. It is the multifaceted capacity to damage cells that

makes the anthracyclines like doxorubicin effective chemotherapy agents. While most

cells are able normal cells in the body are able to protect themselves from the damaging

effects of these agents, the heart lacks the capacity to do so, and thus the use of

doxorubicin is limited by the risk of dose-limiting cardiotoxicity (Gianni et al., 1983;

Halliwell and Gutteridge, 1985).

Recently, anthracyclines have been shown to act on topoisomerase II. A study

involving several anthracyclines demonstrated a strong correlation between potency of

intercalation and formation of cleavable complexes. It has been suggested that during the

normal unwinding of the DNA generated by topoisomerase, the intercalation of the DNA

by anthracyclines causes the normally apposed, broken DNA strands to become

misaligned or disjointed within the cleavable complex (D'Arpa and Liu, 1989).
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The experiments conducted with the DZR3 lcRF-l87-resistant cells were

performed in order to determine whether there was any detectable change in the degree

of anthracycline-induced insult suffered by the resistant cells in comparison with the

sensitive parental line. Seeking potential cross-resistance to anthracyclines in a

bisdioxopiperazine-resistant cell line, will elucidate the true target, oÍ at least the

differences between the targets of each drug. If cross-resistance were found this might

indicate similar mechanisms or targets. If no cross-resistance is detected, it is indicative

of clearly different mechanisms of insult by the two drugs. These experiments were

conducted with only the resistant cells in this series since Chapter 4 is devoted to the

interactions of anthracyclines and bisdioxopiperazines and their metabolic products.

Since the effects of most of the anthracyclines tested were similar, and the only

significant differences in the toxicity of anthracyclines was seen in doxorubicin and

idarubicin, whose ICro values differed by a factor of 10, only these two drugs were tested

for cross-resistance and additive toxicity or protection f¡om cytotoxicity mediated by

addition of 300 ¡rM ICRF-187 to one set of plates. The concentration of ICRF-187 was

selected as 300 ¡rM since it was high enough to be potentially cytotoxic with the addition

of doxorubicin, and yet not mediate any cytotoxicity on its own since the cells were

capable of relatively normal growth in I mM ICRF-187. Experiments conducted with

idarubicin and doxorubicin, both in the presence and absence of 100 ¡rM ICRF-187

showed no difference between the curves with ICRF-187 and those without. (Data not

shown). For this reason, a higher concentration was used. Also, at a high ICRF-187

The ICRF-187-Resístant Cell Line, DZR3
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concentration, any protective effect mediated by ICRF-I87 would be noticeable.

5.7.2.2 METHODS AND MATERIAIS

5.7.2.2.1 Seeding Of The Microtitre Plates With Cells

DZR3 cells were growTr to near-confluence in a canted 25 cm2 T-flask in

c¿MEMcontaining T0% (v/v) calf serum. The media was removed, the cells were washed

with Dulbecco's PBS and then trypsinized. After quenching and centrifugation, the cells

were resuspended in 10 mL of cell culture medium and counted six times. The average

was taken and the cells were diluted appropriately to give a cell suspension of 10,000

cells ml--l. Four microtitre plates were seeded with 100 ¡rL volumes of this suspension

to give well concentrations of 1,000 cells per well. The cells were grown in darkness in

the incubator ovemight at 37"C in an atmosphere of 5%o CO, and 95%o air (vlv).

5.7.2.2.2 Preparation Of The Drugs

After the 24 hour anchoring period, I mM stock solutions of doxorubicin and

idarubicin were removed from refrigeration and were allowed to warm to room

temperature. The doxorubicin solution was diluted l0:1 serially in 150 mM NaCl solution

to I mLvolumes of 100 ¡rM, 10 pM, I pM, and 0.1 pM concentrations. The idarubicin

was diluted to 1 mL volumes of 100 ¡rM, 10 ¡rM, I ¡rM,0.1 ¡-rM and 0.01 ¡rM

concentrations. A sample of ICRF-187 was weighed out and dissolved in crMEM to a

concentration of 1,200 pM, and filer sterilized by syringe filtration through a 0.2 pm

filter. The anthracyclines were not filtered since much of the drug would adhere to the
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filter and be lost. Also, its is not considered a source of contamination since it is an

extremely toxic antibiotic.

5.7.2.2.3 Delivery Of the Drugs To The Microtitre Plates

Delivery of doxorubicin was made to two microtitre plates from substock solutions

of 0.l¡rM, l¡rM, l0 pM, and 100 ¡rM solutions. Volumes added were no less than 10 ¡rL

and no greater than 50 pL. Any differences were made up to 50 pL with sterile 150 mM

NaCl solution to give a well volume of 150 ¡rL. The drug volumes delivered were to give

a final range of concentration spanning from 0.01-50 ¡rM plus a 0 pM control. One plate

received 50 pL of c¿MEM to give a total well volume of 200 ¡rL and the correct final

doxorubicin concentrations. The other plate received 50 ¡rL of 1,200 ¡rM ICRF-187. This

gave a total well volume of 200 pL with the correct final doxorubicin concentrations as

well as 300 ¡rM ICRF-187. Thus, both plæes contained the same range of doxorubicin

concentrations, while one contained 300 pM ICRF-187 and the other did not. The same

was done in the idarubicin experiment, except that the range of idarubicin concentrations

measured for cytotoxicity was 0.001-5.0 ¡rM as well as the 0 ¡rM control.

Drugs were added using an 8 x 200 Glson multichannel pipettor. The "make up"

volumes of NaCl solution were added first to reduce the toxicity of the concentrated

anthracyclines. The anthracyclines were added next. The crMEM or the c¿MEM containing

the 7,200 pM ICRF-187 was added last and mixing of drugs in the wells was facilitated

by mixing thoroughly after the final addition. The plates were allowed to incubate in the

above mentioned conditions for 48 hours.
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5.7.2.2.4 End-point Detection

After the 48 hour incubation of the cells with drug, 20 ¡tL of 2.5 mg ml,-t MTT

solution was added to the wells containing cells and allowed to incubate for another 4

hours. After this incubation, the medium was carefully aspirated off with an 18 gauge

needle, without disturbing the cell layer, 100 ¡rL of spectral grade DMSO was added to

all the wells including those defined as blanks. After the formazan crystals were dissolved

in the DMSO, the plates were read at )v: 490 nm minus À : 650 nm.

5.7.2.3 RESULTS

Figure 5 7.2 3 1 illustrates the effects of a range of doxorubicin concentrations

with, and without 300 ¡rM ICRF-I87 on DZR3ICRF-I87-resistant cells. Figure 5.7.2.3 2

illustrates the effects of a range of idarubicin concentrations, with and without 300 ¡lM

ICRF-187 on DZR3, the ICRF-187-resistant cells.Table 5.7.2.3.1 lists the exponential

factor (å) and ICro values for the doxorubicin + 300 ¡rM ICRF-I87 and idarubicin + 300

pM ICRF-I87 experiments.
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Table 5.7.2.3.1

Exponential Factors And 50%Inhibitory Concentations ForDoxorubicin And Idarubicin

In The Prcsence And Absence Of 300 pM ICRF-187 Incubated For48 Hours Wift DZR3

ICRF- I 8 7-Resistant Cells

Drug Combination

DOX - 300 ¡rM ICRF-187

DOX + 300 ¡rM ICRF-I87

IDA - 300 ¡rM ICRF-187*

IDA + 300 pM ICRF-I87+

The ICro values were computed using the equation,

ICro Value
(pM)

where a: Absnoo^,n, d: Abtoro,,,, c: the ICro value computed in the fit, á : the

exponential factor, which give the rate of increase of cytotoxicity as a function of the

increase in drug dose, and x values are experimental drug doses used in the experiment.

These are selected from the column containing the drug concentration data in the Sigma

plot program. The drugs marked with the * symbol were calculated in a 3 parameter fit

where the d : y(min) values were set to 0, and the å and c values were computed from

the original a value and the best guesses for å and c from the 2 parameter fit.

J.J

3.3

SEM

0.10

011

1.7

1.6

Exponential
Factor

A bs as6o6": @-d)/( I +(x/cf )+d

0.03

0.05

0.78

0.78

SEM

064

058

017

0.17

0.r2

0.05

233



Chøpter 5 The ICRF-Lï7-Resístdnt Cell Líne, DZR3

0.3

S 0.2

c)(,
cd

¡ro
Ê o.l

10-3 10-2 10-r 100 I 0r 102

IDoxoRUBICINÌ (pM)

o [DoxoRUBrcrN] (- 300 pM rcRF-187)

o [DoxoRUBrcrN] (+ 300 pM rcRF-187)

0.0

Figure 5.7.2.3.1 MTT Assay Of Doxorubicin-mediated Cytotoxicity On ICRtr'-187-

Resistant DZR3 Cells Incubaúed For48 Houn In The Presence And

Absence Of 300 pM ICRF-187
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5.7.2.4 DISCUSSION

As is shown in Table 5.7.2.3.1, there is virtually no difference in the ICro values

computed in the doxorubicin + 300 pM ICRF-187. However, toxicity mediated by

doxorubicin after the customary 48 hou¡ incubation with DZR3 cells showed values

different from those computed for CHO-AA8 cells. Where the ICro values for doxorubicin

and idarubicin incubated with CHO-AA8 cells are 0.25 +.0 08 ¡rM ard 0.0035 + 0.0008

¡rM, respectively, the values seen for the DZR3 cells are 3.3 +.1.7 ¡rM and 0.10 + 0.003

¡rM. For doxorubicin and idarubicin, these values represent resistance factors of 13.2 and

28.5, respectively. (Figures 5723.3 and 5.7.2.3.4) The addition of 300 ¡rM had little

consequence in terms of adding to or ameliorating the effects of doxorubicin. The

experiments conducted with idarubicin in the presence or absence of 300 ¡rM ICRF-I87

were essentially the same. Though, the cytotoxicity of idarubicin is greater than that of

doxorubicin, the trend is essentially the same. The difference between the ICro values of

the idarubicin experiment without ICRF-I87 as compared to the value with the drug, was

0.01 pM however, the e¡rors in each of these inhibitory concentrations were 0.03 and 0.05

¡rM, respectively. This suggests that differences between these values is not significant.

Overall, the resistant cells are able to protect themselves from the cytotoxic effects

of the two representative anthracyclines better than CHO-AA8 cells. Doxo¡ubicin showed

a resistance factor of ß.2 and idarubicin resistance was shown to be 28.5 fold. ICRF-I87

caused no additional damage and offered no protection from the effects of the

anthracyclines.
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5.7.3 Cross-Resistøtæe Among Other Antíneoptøstic Agenfs

5.7.3.1

The ICRF-Lï7-Resístønt Cell Líne, DZR3

In addition to the bisdioxopiperazines and the anthracyclines which are known to

be associated in multidrug resistance (MDR), a number of other drugs were tested in order

to determine whether any other cross-resistance in the DZR3 cells. Some of the agents

tested in this project are well known as being associated with MDR. These include

etoposide (from the epipodophyllotoxin family), and vinblastine (from the vinca alkaloid

family). Those drugs tested which are not associated with the MDR phenomenon are

alkylating agents such as cyclophosphamide, antimetabolites such as 5-fluorouracil and

methotrexate, and miscellaneous agents such as cisplatin, bleomycin and hydroxyurea.

Etoposide does not show any evidence of binding DNA however, addition of this

compound to cells was found to stimulate the formation of topoisomerase II-DNA

cleavable complexes, followed by cell death. The formation of topoisomerase II-DNA

cleavable complexes after the addition of etoposide was found to be true not only in

cultured cells, but in purified mammalian topoisomerase II (Bodley and Liu, 1988). Again,

if the compound does not bind DNA, but binds the DNA-topoisomerase II complex,

perhaps alteration of DZR3 topoisomerase in response to stress with ICRF-187 has

allowed the topoisome¡ase to be altered sufficiently to be resistant not only to ICRF-I87,

but to etoposide as well.

INTRODUCTION

The alkylating agents were developed as antitumor agents which are able to

covalently bind two strands of DNA by virtue of their carbonium or other electrophilic
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groups, and thereby interfere with transcription or other replication processes. Since these

replication processes occur with more frequency in rapidly dividing malignant cells than

in normal cells, these agents can effectively reduce or eliminate tumors. One particular

alkylating agent, cyclophosphamide, was synthesized in the hope of exploiting

phophoraminidase en4/me, found in high concentrations in tumor cells. It is inactive until

it is metabolized in the liver. Though it has side effects, it is an effective agent in treating

a number of carcinomas and lymphomas (Nogrady, 1988).

Unlike the non-alkylating agents, where high levels of resistance (greater than 2-3

log units) can be achieved, selecting cells for resistance to alkylating agents is very

difficult. Usually, stable resistance is only 2-5 fold higher than that in sensitive cells.

Though, this is unfortunate from the research perspective, it does hold promise in the

battle against MDR, where patients often develop resistance against other classes of

antttumor drugs and succumb after a short remission. Mechanisms of resistance to

alkylating agents differ among cell lines and among agents as well. This agrees wrth the

fact that there is little cross-resistance among the different agents. Cyclophosphamide is

believed to cause resistance by increasing the amount of cellular aldehyde dehydrogenase.

Alkylating agents commonly have multiple forms of resistance wrthin the same clone.

This is exemplified by cisplatin which acts to increase cell resistance by implementing

transport reduction, increases in levels of both glutathione transferase and protein-

sulfhydryl (Frei et a1.,1988).

The ICRF-|87-Resístønf CeIl Lìne, DZR3
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The vinca alkaloids are a class of cytostatic agents which are able to interfere with

the mitosis of cells. More specifically, they are able to bind the aB dimers of the

microtubules which pull daughter cells apart during cytokinesis, and effectively inhibit

their incorporation into the growing microtubules. Vinblastine is one such vinca alkaloid

and is effective in treating various leukemias as well as Hodgkin's lymphoma however,

vinca alkaloids have also shown high levels of neutrotoxicity (Nogrady, 1988).

Examination of the morphology of cells made resistant to vinblastine shows an

increase in the amount of cellular vacuoles in comparisons to the control cells. There was

uneven staining in the nuclear stains (Beck et al., 1986). The cells took on irregular

shapes and showed increases in ebbing and vacuolization. The nature of these vacuoles

is not yet clear. However, they somehow affect the ability of the cells to withstand high

levels of the alkaloid. Addition of verapamil, a calcium channel blocker able to reduce

MDR in drug resistant cells, results in enhanced verapamil toxicity in the vinblastine-

resistant cells (Beck et a|.,1986). Cellular drug accumulation experiments measuring the

combined effects of influx, intracellular drug binding, and afflux using radiolabeled

vinblastine showed a 2-fold decrease in the accumulation of drugs within an MDR tumor

cell as compared to a sensitive cell line (Fojo et al., 1985). Most MDR cells studied at

the point of publication of Lum's work in 1993, showed enhanced afflux rather than a

decrease in influx of compounds (Dalmark and Storm, 193l). These MDR phenomena are

most consistently associated with the increase in the increased synthesis of the 170-kDa

plasma membrane-associated P-glycoprotein (Kartn er et a|.,1985). Additional work in the

The ICRF-L97-Resístanf Cell Line, DZR3
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area of the increased vacuolization has indeed shown a role for vacoules ¿md secretory

vesicle in the drug afflux mechanism of resistant cells. Dietel et al., (1992) suggest that

MDR related drugs are packaged into these perinuclear vesicles which are bound to

tubulin and transported out of the cell.

Another group of antitumor agents which also interferes with the transcription of

DNA are the platinum complexes. The cis-dichloroammine-platinum (II) complex, also

known as cisplatin, is very active against testicular tumors, epidermoid carcinomas and

ovarian tumors. It interacts very strongly with DNA by intrastrand binding (not the same

as cross-linking) to oligoguanine sequences, unwinding the duplex and reducing the length

of the DNA molecule (Nogrady, 1988)

In vitro exposure of TRl70 ovarian carcinoma cells to 6 intermittent 24 hour

treatments with an ICno concentration of cls-dichloroammine-platinum (II) (cisplatin)

resulted in a 2-fold order of resistance after 6 treatments. There were no significant

differences between these cells and the wildtype cells in terms of growth characteristics

or karyotypic alterations. Glutathione and related enrymes found in the same levels in

both resistant and sensitive cells as were levels of superoxide dismutase. Resistance to

cisplatin in the drug selected clones was shown to be associated with decreased

accumulation of the drug. Decreased uptake of the drug as well as a decrease in the

removal of certain Platinum-DNA adducts indicates a possible increase of tolerance for

the DNA damage induced by the cisplatin (Hlll et a1.,I992).
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Work by Saburi et al., (i989) with cisplatin-resistant CHO cells selected over a

period of 5 months of exposure to cisplatin showed the cisplatin-mediated damage was

in the form of interstrand DNA-DNA and DNA-protein cross-links. Cisplatin is not

believed to be a substrate for P-glycoprotein. Of the three classes of glutathione-S-

transferase, GST-¡r, GST-c¿, and GST-æ, only the latter was found in higher concentrations

in these cells. It is their feeling that the acquisition of cisplatin resistance is associated

with increased expression of increased levels of GST-æ. Evidence suggests however, that

the acquisition of cisplatin resistance is not restricted to GST-æ alone; the resistance to

cisplatin is multifaceted phenomenon, which includes increase sulfhydryl protein activity,

plasma membranes activities, as well as increased DNA lesion repair (Saburi et a\.,1989).

Antitumor activity against breast cancer as well as some intestinal cancer

carcinomas has been found in the antimetabolite S-fluorouracil which irreversibly

complexes with tetrahydrofolate and the enzyme thymidilate synthase. Recovery can occur

only through the synthesis of new enzyme (Nogrady et al., 1988).

The ICRF-||7-Resistøttt Cell Líne, DZR3

Another antimetabolite which inhibits the synthesis of thymidilate synthase by

irreversible blocking of dihydrofolate reductase is methotrexate. Methotrexate is used to

treat acute childhood leukemia and choriocarcinoma.and treatment usually results in 30-

50%o andbetter than70%o remission rates, respectively. Though it is an effective antitumor

drug, it does not distinguish between the dihydrofolate reductase of the healthy cells and

the cancer cells, and has severe side effects (Nogrady et aI.,198S).
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Among the cytostatic agents is a very complex group of glycopeptides known as

the bleomycins. These compounds have a large repertoire of activities, including scission

and breakage of viral, bacterial, and mammalian DNA. They are able to inhibit DNA

ligase as well. Thus, bleomycin is able to interfere with not only the transcription, but the

replication of nucleic acids. These agents are particularly effecting in treating squamous-

cell carcinoma of the neck and head since there are no bleomycin-degrading enrymes

present (Nogrady, 1988).

Hydro4yurea is classified as a nucleic acid base analogue which inhibits the

function of ribonucleotide reductase, and is able inhibit DNA synthesis (Timson, 1975)

It is of interest as an antineoplastic however, its mechanism of inhibition have not been

established. It is known that hydroxyurea may inhibit sterically, and that it somehow

¡esults in the one-electron reduction of tyrosyl radical (Sahlin et al.,1982). Whether this

involves direct enzyme binding or a hydrogen atom transfer is not yet known .

5.7.3.2 METHODS AND MATERIAI,S

5.7.3.2.1 Seeding Of The MicrotiÍre Plates Iïtith Cells

CHO-AA8 and DZR3 cells were grown in 25 cm2 T-flasks to near confluence. The

c\flasks were washed with Dulbecco's PBS, trypsinized, and centrifuged. The supematant

was poured off and the pellet was resuspended in 10 mL of c¿MEM. The two cultures

were counted separately and diluted to the cell number required for the experiment. The

CHO-AA8 cells were diluted to 20,000 cells ml--r and seeded in a 100 ¡rL volume into
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a 96-well microtitre plate to give a total well concent¡ation of 2,000 cells per well. The

DZR3 cells were diluted to 50,000 cells ml.-l and seeded in a 100 ¡rL volume to give a

total well concentration of 5,000 cells per well. Usually two plates of cells were seeded

per drug per cell line thus, on average, each experiment required four 96-well plates.

The ICRF-L&7-ResístønÍ CeIl Líne, DZR3

5.7.3.2 2

Where drugs were readily soluble in crMEM, they were dissolved in concentrations

as high as 20 mM. In certain cases, 20 to 30 minutes of sonication were required to

completely dissolve a drug. These included cyclophosphamide, S-fluorouracil, and

hydroxyurea. Where drugs were soluble in cell culture medium to a slightly lesser degree

i.e. 2 m}l4, or if they were known to be highly cytotoxic, they were dissolved in c¿MEM

to the limit of their solubility, or to the limit required to deliver a range of drug

concentrations covering the cytotoxic concentration range of the drug. The drugs dissolved

in c¿MEM at lower concentrations included bleomycin, doxorubicin, methotrexate, and

cisplatin. DMSO was used for the drugs that proved to be extremely difficult to dissolve

in an aqueous environment. These included etoposide and vinblastine. These were known

to be extremely toxic and were prepared in sufficient concentration to facilitate the

delivery of adequate concentrations of drug in I 0 ¡rL DMSO to give the correct final

drug concentration in 200 pL.

PreparaÍion of Drugs
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5.7.3.3 RESULTS

The experimental results for the cross-resistarice experiments are illustrated in the

plots shown on the following pages and the effects of the drugs, whose effects were

measured by 48 hour incubations with both CHO-AA8 and DZR3 cells, are listed in

Tables 5.7.3.3.1 and 5.7.3 .3.2. The former lists the ICro values and the exponential values

for the cytotoxicity experiments conducted with CHO-AA8 cells, while the latter lists the

same information for the experiments conducted with DZR3 cells. Figures 5.7.3.3.1 and

5.7.3.3.2 illustrate the structures of the agents tested, while Figures 5.7.3.3.3 through

5.7.3.3.10 illustrate the cytotoxicity plots of these drugs, on CHO-AA8 and DZR3 cells.
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STRUCTURE OF DRUGS USED TO TEST FOR
MULTIDRUG RESISTANCE IN ICRF-I 87-RESISTANT

DZR3 CELLS
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Figure 5.7.3.3.1
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SOLTIBILITY in DMSO - 10 mM
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Table 5.7.3.3.1

50% Inhibitory Concenhation Values And Exponential Factors For Drugs Incubated For

48 Houn \ryift CIIO-AA8 Cells

BLEOMYCIN+

DRUG

CYCLOPHOSPHAMIDE

5-FLUOROURACIL

CISPLATIN*

HYDROXYUREA

METHOTREXATE

VINBLASTINE

ETOPOSIDE

DOXORUBICIN

TDARUBICIN

ICro Value

(pM)

0.99

3250

25.4

29.5

52.8

0.25

0.00104

081

J.J

0.1

SEM

0.01

740

I 1.0

4.1

13.5

0.04

0.00008

0.3 5

r.7

003

Exponential

tr'actor

d: Abtoro^,, was constrained to 0 to give a 3 parameter fit.

The ICro values were computed using the equation,

0.3 5

0.37

0.30

1.35

0.83

0.74

2.35

0.74

0.78

064

where a: Abtoro^^, d: Absnro^,n, c: the ICro value computed in the fít, b: the

exponential facto¡, which gives the rate of increase of cytotoxicity as a function of the

increase in drug dose, and x values are drug doses used in the experiment. These are

selected f¡om the column containing the drug concentrations in the Sigma plot program.

SEM

0.01

001

0.03

024

0.16

009

046

0.20

0.17

0t2

A BS 4soob, 
: @-d)/(1+(x/cf )+d
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Table 5.7.3.3.2

50% kthibitory Concentation Values And Exponential Factors For Drugs Incubated For

48 Hours With DZR3 Cells

The ICRF-Lï7-Resistønt Cell Line, DZR3

BLEOMYCIN*

DRUG

CYCLOPHOSPHAMIDE*

5-FLUOROURACIL*

CISPLATIN+

HYDROXYUREA

METHOTREXATE

VINBLASTINE

ETOPOSIDE+

DOXORUBICIN

IDAR{IBICIN

ICro Value

(pM)

261

11,900

520

8.0

64.0

1.0

0.00184

6.36

J.J

0.1 I

SEM

14.1

180

160

3.6

13.9

0.1

0 00059

3.0

r.6

005

Exponential

Factor

d : Absooo^,nwas constrained to 0 to give a 3 parameter fit

A comparison of the differences in drug resistance of the between the CHO-AA8

cells and the DZR3 cells shows some differences in the ICro values. Table 5.7.3.3.3 lists

the resistance factors of the DZF.3 cells over the CHO-AA8 cells in their ability to

withstand the cytotoxic effects of these structurally unrelated drugs.

037

2.r9

026

0.70

0.73

076

1.05

0.74

0.78

058

SEM

012

0.60

003

0.24

0.12

0.t2

0.30

0.20

0.r2

005
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Table 5.7.3.3.3

A Comparison Of The Resistance f,'actors Of Several Unrelated Antitumor Drugs

The ICRF-Iï7-Resìstant Cell Line, DZR3

Drug

Tested

BLEOMYCIN

CYCLOPHOSPHAMIDE

5-FLUOROIIRACIL

CISPLATIN

HYDROXYUREA

METHOTREXATE

VINBLASTINE

ETOPOSIDE

DOXORUBICIN

IDARUBICIN

Resistance

Factor

5.7.3.4

26

37

2T

0.27

1.2

42

1.8

7.9

t3.2

285

The ICRF- 1 87-resistant cell line DZR3 , though able to defend itself against several

of the bisdioxopiperazines, is unable as a whole to protect itself in a comparable way

against the insults of the majority of the common, but structurally unrelated antitumor

drugs. A marginal increase in the resistance factors for some of these drugs shows a

small amount of defensive capability, but a26 fold resistance seen in bleomycin, a 13.2

fold resistance is seen against doxorubicin and a 28.5 fold resistance is seen against

idarubicin. Bleomycin is believed to affect cells by intercalating the DNA and destroying

DISCUSSION
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its three-dimensional integrity. This does not explain the26 fold resistance. The majority

of the resistance factors are significantly smaller than those observed in the

bisdioxopiperazines tested. Hydroxyurea resistance is near unity, indicating no change in

drug effects. This is not surprising, since hydroxyurea affects the ribinucleotide reductase

functions. In the case of cisplatin, the DZR3 proved easier to kill than their wildtype

counterpart,by a factor of approximately five times. The fact that any degree of resistance

was developed at all is surprising since these agents aÍe known not to affect

topoisomerase fI, which was the enryme most likely to be affected by the selection

process. The cells show a small degree of resistance to alkylating agents which is also

unusual, since making cells resistant to an alkylating agent is difficult when it is done

intentionally, much less inadvertently. The resistance of the cells to etoposide toxicity is

somewhat less surprising since the drug affects topoisomerase IL Thus, any mutations

within the resistant cells that afford a degree of protection against bisdioxopiperazines,

which are believed to target topoisomerase II, might also extend protection against

etoposide. The resistance against methotrexate is not expected since the drug affects the

function of dihydrofolate reductase, and not topoisomerase II. Similarly, a small degree

of resistance to vinblastine is unexpected since the drug targets the aB subunits of

growing microtubules, and presumably has no direct relationship with resistance acquired

against topoisomerase II inhibitors. Perhaps the resistance acquired to certain drugs

unrelated to topoisomerase II is due to concomitant mutations which had occurred in other

enzyme systems during the selection process. Though, these were not the intended affects,

The lCRF-I$7-Resistanl CeU Line, DZR3
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the cells carrying these phenotypes may be better able to survive not only insult by

bisdioxopiperazines, but other agents to a certain degree as well. Overall, these trends in

resistance are in agreement with Creighton et al., (1979) whose work showed that any

increase in resisitance to other structurally unrelated compounds was small in comparison

to that developed against bisdioxopiperazines in general.

The ICRF-I97-Resìstant Cell Lìne, DZR3

5.8 TESTING FOR P-GLYCOPROTEIN CONTET{T BY MEASURING ICRT-187

TOXICITY IN THE PRESENCE OF DITTNNøWT CONCENTRATIONS OF

VERAPAMIL

INTRODUCTION5.8 I

A large number of multidrug resistant cells or tumors which acquire the MDR

phenotype are shown to have an over expression of the mdrl gene product, P-

glycoprotein. The P-glycoprotein (P-gp) is an energy dependent toxin pump found

naturally in cells which process large amounts of toxins and metabolites, such as the

liver, they kidney and cells in the gastrointestinal tract. This is beneficial to the cells in

their disposal of natural toxins as well as xenobiotics, however the overexpression of this

protein is problematic for those undergoing chemotherapy since it is these renegade cells

which are able to rid themselves of the chemotherapy drugs. The unfortunate problem is

compounded by the fact that the P-gp not only eliminates the agent responsible for its

overexpression, but it is able to remove a whole host to antitumor agents, leaving a

patient with little hope for surviving the illness.
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The detection of the presence of P-gp is of value not only to the researcher

seeking the solution to the MDR problem, but it is of critical clinical value since

dete¡mination of the nature of the tumor prior to the initiation of chemotherapy may be

the key to patient survival (Bosanquet, 1991). A tumor that can be examined by biopsy,

tested for expression of P-gp before and after testing for tumor killing capacity of certain

drugs, is able to give physicians a clear understanding of the tumor's capacity to defend

itself. A battery of drugs shown to be lethal to the tumor grown in vitro can be used on

the patient, eliminating guess work, patient discomfort as well as the acquisition of MDR

phenotypes among the tumo¡ cells.

The ICRF-Lï7-Resístønt Cell Line, DZR3

One method used in the laboratory to detect multidrug resistance and clinically to

enhance the effects of antitumor drugs on resistant cells is the calcium blocking agent,

verapamil.The structure of verapamil is shown in Figure 5.8.3.2 This drug is able to block

to afflux of toxins facilitated by P-gp, disabling the resistance mechanism acquired by the

renegade cell. This antiarrythmic used to treat cardiac arrhythmia has shown value in

research as well as in the treatment of patients undergoing chemotherapy.

In order to determine whether there is any P-gp activity in the DZR3 cells, an

experiment was conducted measuring the cytotoxic effects of ICRF-I87 on CHO-AA8

cells and compared with DZR3 cells. Cells were seeded and drugged with a broad range

of ICRF-187. One set of plates received no verapamil, while the other two sets of plates

received 3.0 and 10 0 ¡rM doses of verapamil. If P-gp is present and functioning to protect

the cell against ICRF-187 there should be a normal killing curve as expected for DZR3
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incubated for 48 hours with ICRF-187, and there should be higher toxicity mediated by

the ICRF-187 in the plates where 3 0 ¡rM verapamil is used and higher toxicity still for

theplates containing 10 0 ¡rMverapamil. If there isno P-gp activity, all three cytotoxicity

profiles should be the same.

5.8.2 METHODS AND MATERIAI.S

5.8.2.1 Seeding Of The Microtitre Plates \4¡ith Cells

CHO-AA8 cells and DZR3 cells were grown to near confluence in a 25 cmz

canted T-flask in crMEM containing 10% (vlv) calf serum. The medium was removed, the

cells were washed with Dulbecco's PBS and then trypsinized. After quenching and

centrifugation, the cells were resuspended in 10 mL of cell culture medium and counted

six times. The average was taken and the cells were diluted appropriately to give a cell

suspension of 20,000 cells mL-'. Six microtitre plates were seeded wrth 100 ¡rL volumes

of each cell suspension to give well concentrations of 2,000 cells per well. Note thæ this

was done for both sets of cells, with the total number of cells seeded requiring 12

microtitre plates. The cells were allowed to grow in darkness in the incubator overnight

at 37'C in an atmosphere of 5o/o CO, and 95o/o (v/v)air.

5.8.2.2 Preparation Of The Drugs

After the 24hour anchoring period, an 8 mL 20 mM stock solution of ICRF-I87

was prepared in cell culture medium. The drug solution was diluted i0:1 serially in

crMEM to 4 mL volumes of 2,000 pM, 200 pM, 20 pM, 2 pM and 0.2 pM
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concentrations. A sample of verapamil was weighed out and dissolved by sonication in

ctMEM to a concentration of 100 ¡rM, and filter sterilrzedby syringe filtration through

a 0.2 pm filte¡. The verapamil solution was diluted to concentrations of 12 and 40 ¡rM,

which when delivered in 50 ¡.tL volume into a total of 2OO ¡tL, will give verapamil

concentrations of 3.0 and 10.0 ¡rM, respectively. Since 12 plates were prepared for the

experiment approximately 150 mg of ICRF-187 crystal was weighed out.

5.8.2.3 Delivery Of the Drugs To The Microtitre Plates

Delivery of verapamil was made to two microtitre plates from substock solutions

12 and 40 ¡rM solutions, whose final concentrations were 3.0 and 10.0 ¡rM. The set of

plates not receiving verapamil received 50 ¡rL of crMEM. The ICRF-I87 was delivered

after the delivery of verapamil. ICRF-187 volumes added were no less than 10 pL and

no greater than 50 pL. Any differences were made up to 50 ¡lL with c¿MEM to give a

well volume of 200 ¡rL. The drug volumes delivered were to give a final range of

concentration spanning from 0.01-20,000 pM plus a 0 prM control. Drugs were added

using an 8 x 200 Glson multichannel pipettor. The plates were allowed to incubate in the

above mentioned conditions for 48 hours.

5.8.2.4 End-point Detection

After the 48 hour incubation of the cells wrth drug, 20 ¡rL of 2.5 mg mL-' MTT

solution was added to the wells containing cells and allowed to incubate for another 4

hours. After this incubation, the medium was carefully aspirated off wrth an 18 gauge

needle, without disturbing the cell layer, then 100 ¡rL of spectral grade DMSO was added
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to all the wells including those defined as blanks. After the formazan crystals were

dissolved in the DMSO, the plates were read at )v: 490 nm minus 1, : 650 nm.

5.8.3 RESULTS

The cytotoxicity plots for the CHO-AA8 and DZR3 cells incubated with 0 3.0 and

10,0 pM verapamil (whose structure is illustrated in Figure 5 S 3 1) and a range of ICRF-

187 for 48 hours is shown in Figure 5.8.3.2. Table 5 8 3 I shows the ICro values and

exponential factor computed for the curves. ICro values for the CHO-AA8 cells were

computed only between 0 and 50 ¡rM since the rest was not relevant.

Table 5.8.3.1

IC.o Values And Exponential tr'actors For Cytotoxicity Experimenß Wift CHO-AA8 and

DzR3 Cells Drugged with 0, 3.0, or 10.0 pM vempamil, A Broad Range of ICRF-187

And Incubated For 48 Hours

Cell Type And Verapamil Dose

CHO-AA8/ 0 pM Verapamil

CHO-AA8/ 3 ¡tM Verapamil

CHO-AA8/ 10 prM Verapamil

DZR3/ 0 pM Verapamil

DZR3/ 3 prM Verapamil*

DZR3I 10 ¡rM Verapamil

IC.o

VaIue

(pM)

d: Abtnoo^,, was constrained to 0 to give a 3 parameter fit.

265

SEM

I .88

1.49

142

Exponential

tr'actor

0.l9

0.20

0.01

2800

2800

2200

SEM

21

2l
17

200

300

200

0.3

0.5

0.3

3.0

1.3

2.1

0.6

01

03
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The ICro values were computed using the equation,

A bs ooooo, 
: @-d)/(1 + (x/cf )+d

where a : Abtono^,,, d : Abtooo.*, c : the ICro value computed in the fit, b : the

exponential factor, which give the rate of increase of cytotoxicity as a function of the

increase in drug dose, and x values are experimental drug doses. These are selected from

the column containing drug concentrations in the Sigma plot program.

Figure 5.8.3.1

Sûucture Of The Calcium

Channel Blocking Agent

Verapamil

As can be seen from the plot a well as from the ICro values, there are small differences

among the CHO-AA8 cell cytotoxicity plots. There is little difference between the 0 and

3.0 ¡rM verapamil plates when considering the SEM however, there is a greater difference

in the ICro value between the 0 and 10 ¡rM plots. The ICro values differ by 0.5 prM, which

is substantial considering the ICro is only 1 9 pM at its highest.

H3CO

ÎN r.
f(cH2)3N 

CH2}H2

cH(cH3)2

VERAPAMIL
Molar Mass: 454.6 g/mol

Solubility in c¿MEM - 100 ¡rM

,OCHS
,-(

-1
ocH3
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In the case of the DZR3 plots the following trends are observed: The 0 and 3.0

pM doses both show ICro values of 2,200 ¡rM, while the 10 pM verapamil plate shows

an ICro of 2,800 ¡rM. When considering the range of the SEM values, it in not reasonable

to assume these differences in ICro to be significant.

The ICRF-I|7-Resístanf Cell Líne, DZR3

5.8.4 DISCUSSION

The experiments conducted with the drug-resistant cells shows that with enough

verapamil, the cytotoxic capacity of ICRF-187 incubated wrth DZR3 cells can be

increased. The difference in cytotoxicity between 0 and 10 0 ¡rM is 2IYo. Obviously, the

cytotoxicity of the drugs was not restored sufflrciently to give ICro values traditionally seen

in the wildtype cells, but 2Io/o is not insignificant. This might shed light on the partial

differences observed in the degrees of resistance seen in CHO-AA8 cells and DZR3 cells

with drugs that were discussed in 5.8.3. The drugs tested showed that there was a small

degree of resistance exhibited by the resistant cells, not only to drugs associated with

topoisomerase II inhibition, but to drugs believed to be the causative agents of P-gp

overexpression. Again, the resistance was anywhere from less than 2 fold to as high as

26, but certainly not as high as in the case of most bisdioxopiperazines.

Perhaps there are two mechanisms by which the cell affo¡ds its drug resistance.

What appears to be the primary mechanism is the mutation of topoisomerase II enzyme.

This is reasonable since the selection was achieved by a drug which specifically targets

topoisomerase IL This adequately explains the high resistance factors seen in DZR3
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against the bisdioxopiperazines. The increase in resistance among drugs associated wlth

P-gp could be explained by the small increase in toxicity seen upon the addition of

verapamil to the ICRF-187 doses. Though, this is only a 2lo/o difference, it may be

enough when coupled with the primary line of defence, to sustain itself against not only

against bisdioxopiperazines, but only to a small extent against bleomycin, cisplatin,

methotrexate, etc. The resistance is small since as stated earlier, the drug used for

selection is one associated with other mechanisms of defence and not P-gp. It might also

contribute to the increase in ICro values seen in the anthracyclines. Where the ICro values

for doxorubicin and idarubicin are 0.25 + 0.08 ¡rM and 0.0035 + 0 0008 pM, respectively,

the values seen for the DZR3 cells are 3.3 + 1.7 ¡tld and 0.10 + 0.003 pM. For

doxorubicin and idarubicin, these values represent resistance factors of 13.2 and 28.5,

respectively. Perhaps, the resistant cell is able to pump out the toxic anthracyclines, as

well as make changes to protect its topoisomerase II.

The ICRF-[|7-Resístønf Cell Line, DZR3
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