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PREFACE

During the past few years chemotherapy has become
established as a form of treatment for a majority of
malignant tumors, A large number of antineoplastic
agents have been isolated, desiuned and tested, but
only a few nave found acceptance. Many that showed
initial promise were later abandoned because of their
less effectiveness or more toxic side effects than
was anticipated earlier. Most nf these agents have
not, as a rule, been approved after systematic study
of their cytotoxic potential, particularly on  germ
cells of the patients or appropriate test systems, It
is known that an increase in chromosomal abnormalities
in somatic cells mav enhance th: chance of neoplasia
while in germinal cells any sucn abnormalities may

lead to serious congenital mwmalformation. Hence
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investigations on cytotoxic and genotoxic potentials
of established and promising anticancer drugs are of
continuous 1mportance both from fundamental as well
as applied point of view,

For identifying substances hazardous to human beings,

test data from 12 vivo mammalian germ cell assays
carry much greater weight than those from ia vitro
short term tests, Despite its toxXic potential and

certain other limitations, chemotherapy has become
estagblished as most effective and popular form of
treatment for a wide variety of cancer, For certain
types of malignancies, however, it is a treatment .of
choice.

Cyclophosphamide is an important antineoplastic and
immunosuppressive agent used either singly or in
combination with various mitostatic (eg.vincristine )
drugs to combat as many as twenty five different
human malignancies, Recent studies indicate that the
drug may cause secondary neoplasia in cancer patients
as well as cancer in noncancer patients, and also in
experimental animals/ IARC 1982, Shelby 1988_7/. Al-
though some of the hazardous potentials of CP aire well
documented, the drug is still used rather extensively

particularly in different parts of the Third World.

iii
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A variety of cytotoxic effect of CP on somatic and
germinal cells of man,mouse and other wammals is mow
known. But the precise way by which the drug affects
meiotic chromosomes and influences germ cell cytogen-
etics is not clearly understood.One of the pathways
of drug action obviously involves interference wi th
cellular DNA synthesis, A review of existing litera-
ture indicates that most of the studies made in this
regard were designed with an assumption that the drug
exclusively affects spermatogonial stem cells hence
post-exposure cytogenetic evaluation was made day- 19
onwards, During this period the surviving spermatogo-
ni;, as per time sequence estahblished by Oakberg(1956,
1957) would enter spermatocytic phase of spermatogene-
sis and the effect of the drug can be perceived by
scoring :h¢ cells at diakinesis-metaphase.l stage for
aberrations,

Qur pilot studies on the effect of certain alkylating
anticancer agents indicated that even a 'short term
exposure of these drugs may produce meiotic abnorma-
lities in normal and tumor-bearing mice (Chakrabarti
et al.1986, Dey et al.1989, Dey and Chakrabarti 1989).
Moreover, thee reports of the effects of CP and VC on
germinal cells and testis weight of different mamma-

lian test systems are, to some extent, conflicting.
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Published reports on the influence of the drugs on the
tertility potential of man and taboratory mammals too
are contradictory.

The main objectives of the present study was to expand
the existing pool of information in the field of cyclo-
phosphamide related cancer chemotherapy and to give a
fresh insight on the controversy of short-~term effect
of the drug and drug combinations on germinal cells of

tumor bearing mouse in course of therapy.
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I NYTRODUCTION

Cytogenetic assays on the genotoxlic potential of drugs and
chemicals are of continuous importance. Hsu{1982)advocated

that an increase in chromosome abnormalities in somatic
cells may enhance the chance of developing neoplasia while
in germinal cells any such abnormalities may lead to a high
frequency of spontaneous abortion, birth defects and heri-

table chromosome rearrangements.

Since the present project 1s oriented on germ cell cytogen-
etics of tumor-bearing animal model in response to single
agent and cowbination chemotherapy, a brief review of
literature on various aspects of cancer chemotherapy will
be of value. The ultimate goal of present day cancer therapy
is to remove all malignant cells with least toxic side
effects on hosts normal body cells., Since the neoplastic
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cells are, in general, heterogenous population consigting
of different 'mutant clones',it often becomes difficult to

select appropriate therapeutic measures to stop their mul t-

ipiication.

0f the two possible approaches to cancer treatment,ie., the
reversal of the neoplastic state, and the removal of the
neoplastic cells from the system,present-day cancer therapy
15 based almost exclusively on the second approach. Surgery,
radiotherapy,chemotherapy, immunotherany are all effective
weasures for the removal of the tumor cells from the system,
During the past forty years chemotherapy has become esta-
blished as a form of treatment for a wide variety of malig-
nant tumors. A large number of antineoplastic agents have

been tested, but only a few have found acceptance;many that

showed promise initially were later abandoned because of
their less effectiveness or more toxic nature than was
originally anticipated. Hence investigations on the toxic
potentials of anticancer drugs are continuing along with

the search for more potent drugs and more reliable therapeu-
tic modality. Despite its toxic potential and certain other
limitatlions chemotherapy has become established as mos t
effective and popular form of treatment for a majorfty of
types of cancer. The socio-economic implications of chewmo-

therapy are also too many.




Tumors are, in general, heterogenocus population of cells
consisting essentially of three compartments : i, a proli-
ferating compartment consisting of cells in the process of
division, ii. a non-clonogenic compartment comprising of
cells which lost their capacity to divide, and 1iiti, the
clonogenic compartment which includes cells that al though
not in division at the time but may divide if an appropriate
stimulus is available. Chemotherapeutic agents act mainly
on the dividing fraction of tumor cell population. Thus the
response obtained by a particular drug against a tumor
depends 10 a great extent on the size and accessibility of
the proliferating compartment. In fact one of the main
obstacles to a complete cure of advanrced tumors is the
persistence of these clonogenic cells in the system.Besides
the clonogenic cells,the existence of hypoxic cells also
offer troubles in the treatment of cancer (Goldacre 1977,
Tannock 1982). Hypoxic cells in solid tumors are known to
be resistant to treatment with radiation., They may alse

escape chemotherapy because of limited diffusion capacity

of many antineoplastic drugs. Moreover, hypoxic cells are
in general, slowly proliferating celis, while most anti-
cancer drugs are more active {(with possible exceptions to

certgin tumors) against rapidly proliterating cells,.




The clinical effectiveness of any anticancer drug requires
selective toxicity to malignant cells in vivo at doses that
allow enough cells in the patients critical tissues to be
least affected. Since most tumors are he terogenous and
sometimes cells of different origin(bi- or multi-clonal)
respond differently to the same anticancer ageut,no specific
target at the molecular level could be identified for
effective drug therapy. Almost all chemotheragpeutic agents
are cytotoxic and interfere either in a direct way or in an
indirect means with various phases of the cell cycle(Tablely
The classification of chemotherapeutic agents depends mosfly
on their mode of mechanism of action at molecular or macro-
molecular level and the source from where they have been
1solated (Brule et.al.1973, Krakoff 1977, Pratt and Rudden

1979} .

TABLE. 1 : Classification of chemotherapeutic agents

according to their mode of action &source

I. ALKYLATING AGENTS
A. Classic alkylating agents
(Inhibitor of DNA synthesis)
i.Bio{chloroethyl)amines :

i. Asaley

ii. Chlorawmbucil
iii. Cyclophosphamide
iv. Melphalan

V. Mechlore thamine

vi, Uracil mus tard
vii. Itosfamide 5
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3.

Ethyleneimines

Alkylsulfonate

B. Nitrosoureas

C. The Antibiotics

a.

b.

C.

d.

impair DNA synthesis:

impair RNA synthesis:

i. Thio-tepa(THIO)

i, Busulfan
ii, Yoshi 864

i. Carmustine
ii, Estramustine
1ii, Lomus tine

iv, Semustine

v. Streptozocin
vi. Chlorozotocin

i. Mitomycin C {(MC)
ii. Bleomycin

i. Actinomycin D (ACT)
ii., Mithramycin
iii.Daunomycin

iv. Adriamycin (ADR)

v. Streptonigrin

vi. Chromomycin
vii.Dactinomycin
viii.Doxorubicin

ix. Daunorubicin (DNR)
Xx. Carminomycin

impair protein synthesis:

impair both DNA and

RNA synthesis;

i. Puromycin

i, Rubidazone

D. Miscellaneous Alkylators:

a.

b.

impair DNA synthesis:

impair both DNA and
RNA synthesis

impair DNA,RNA and

t. Cisplatin

*i. Decarbazine

Protein synthesis:

i. Galactitol




II. Antimetabolites

(tnhibitors of Nuclelc acid brosynthesis)

A. Folate antagonists
i. Ethanesulfonic acid
compound
ii. Me'thotrexate (MTX)
iii. Dichlorome thotrexate
B. Purine antagonists
i, Azathioprine
ii. 6-Mercaptopurine (6-MP)
iii, Thioguanine
iv., Bromo-deoxyuridine

C. Pyrimidine antagonists:

i. 5-Fluorouracil (5-FU)
ii. 5-Fluoro-deoxyuridine
iii, 5-~Azacytidine

iv. Cytosine arabinoside

v, Cyclocytidine

D. Glutvtamine antagonists
i, Azaserine

E. Polynucleotide antagonists:

i. HyvdroXxyurea

I1I, Plant Alkaloids

Mitotic inhibitors i. Vincristine (VC)

ii. vinblastine (VN)

iil. Vindesine -
iv. Etoposide

v. Teniposide {(vM~26)
vi. Maytansine

IV. Enzymes : )

Subs titute for
defective synthes1s: i. LL-asparaginase

V. derazine :

inhibitor of DNA repli-
cation and RNA synthesis:

i. Procarbazine (PCB)




VI, Steroids :

inhibitors of protein synthesis:

i. Adrenocortical
hormones

ii. Progestatonal
steroids

iii, Estrogen

iv. Antiestrogen

v. Androgen

vi. Antiadrenal agents

VII. Miscellaneous agents:

A. Multiple inhibitory action
(enzyme inhibitors,DNa
biosynthesis etc.)
i, Cytembena

B. I{nhibltor of DNA synthesis:

i, Razoxane
ii,Hydroxyurea {(HU)*

*abbreviations used in the text are kept in parenthesis

e e - o e - e e = = m W ah e S R - M AR e A e e A e = —— - —_—

ftecently, Matney et al.(1985) have crassified seventeen
different antineoplastic agents according to their ability
to cause gene mutation in excision repair proficient test

bacteria (l1able, 2).

In the DNA-HNA-Protein kinetic cycles the anticancer drugs
act differently at different steps to regulate the abnormal

proliferation of neoplastic cells, For example, antifolate,

8




(eg.,Methotrexate), purine antimetabolites (eg.6-mercapto-
purine) and pyrimidine analogues (eg.,5-FU and FUdR)act at
tne same Step to imhibit the énzyme thymidylate synthetase
which converts deoxycytidylic acid to thymidylic acid— a
must for the synthesis of DNA (Heidelberger 19653). Cytosine
arabinoside, hydroxyurea and many other anticancer agents
are known to inhibit the activity of ribonucleoside diphos-
phate reductase to impair the reduction of cytidylic acid
into deoxycytidylic acid necessary for the biosynthesis of
DNA (Krakoff et al,,1968). However, cytosine arabinoside is
also known to block DNA polymerase responsible for polymeri-
sation of nucleie acid (Furth and Cohen 1968).

TABLE. 2 : Genotoxic classification of some anticancer drugs

Comwercial Drugs Experimental Drugs

Class.I (Mutagenesis in Uvr'strains only)
i. Bleomycin, 11. Mitomycin
Class.II{Major mutagenesis in Uvr'strains)

i, Cisplatin i. Etopeside
ii. Mitoxantrone
,iii,PCNU
iv., Teniposide
Class.II( Minor mutagenesis
in Uvr' strains) i. Isophosphamide

. . ii. Mercaptopurine
i. Carmustine, P

ii,Decarbazine
iii.Mechlorethamine

Class.III (No mutagenesis in Uvr'strains)

i. Cyclophosphamide,ii.Thiotepg, i,AZ2Q
iii, Doxorubicin,iv.Daunorubicin




Antibiotic mitomycin C interferes with DNA synthesis by
cross-linking its base pairs while other antibiotics ldike
actinomycin D,daunomycin aid adriamycin are known to affect
the synthesis of specific enzymes reyuired for nuclelc acid

synthesis (Reich 19673).

Bruce et al.(1966) explored the kinetics of antineoplastic
drug induced cytotoxicity of normal and malignant cells and
classified these agents into several groups :

Class [/'honphase specific' agents include nitrogen mustard

which 1is toxic for proliferating GO cells, and showed no
difference in toxicity against the normal hematopoietic

Stem cells and tumor cells,

Class {I or ‘'phase specific' agents include MTX, vinblastine

azaserine etc. that kill cells during only a specific part
of the cell cycle and did not appear to affect GO cells if
the exposure time was short. These agents exhibited increa-
sing cell ki}l with the increase in dose until a plateau was
reached; after which there is no further increase in cell
kill frequency-(Fi§.1).

Class III or 'cycle specific'agzents affect both prolifera-

ting as well as non-proliferating cells. However,dividing
were

cells were more sensitive than G, cells and/killed through-

out the cell cycle. These agents include 5-FU,actinomycin D

10
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and Cyclophosphamide. The greater kill of tumor cells as
opposed to normal marrow stem cellswith both phase and cycle
specific agents was felt to be due to the fact that mos t
stem cells were in a state of G0 , and wost tumor cells were
in actively dividing phase. Studies by Valeriote and Bruce
(1967) shnowed increased sensitivity of normal Stem celig With
increased exposure to drug, and toss of specificity for
malignant cells vs, normal stem cells if the stem cells were

rapidly proliferating to repair previous marrow damage.

Combination Chemotherapy

The introduction of combination chemotherapy haé extended
the horizon of cancer treatment to a great extent. Combina-
tion chewmotherapy has been found to be effective for a
variety of tumors particularlyfor those which are known to
possess a multiclonal genetic make-up (Symington 1980). For
certain tumors, combination of drugs have produced Tresults
clearly superior to those obtained with the use of a single
anticancer agent. Not only is the percentage of complete
remissions increased, but also the probability of long term
disease free survival and cure appears to be reality for
certain patients with wide spread disseminated disease.

General principles

i, Drugs individually effective against the tumor: With
11
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Sseveral expeptions, the choice of agents for combination
chemotherapy is restricted to those drugs that have demons-
trated efficacy against the tumor when used alone.Arguments
against this temet are that all available drugs have not
been tested individually against all kinds of tumors or

even the most common types of tumors (Livingston and Carter
1970). In addition, effectiQenéss may also dependent on dose
or schedule or both,and proper manipulation of either or both
may yleld significant activity of a heretofore relatively
"inactive' agent,

ii. Minimal overlapping'toxicity : Most anticancer drugs
possess some degree of toxicity to normal tissues, By selec-
ting active agents with minimal to non-overlapping toxicity,
full effective doses of the combonents can be used ﬁith

tolerable toxicity.

iii, Pharmacological considerations : a) Biochemical mechanism
of action :- Most of the currently available anticancer drugs
are grouped in a chemical classification indicating their

wode 0f action (vide page 4~6). Within each category, the
toxicity of individual agents is also comparable. Thus if an
alkylating agent such as CP is used at its maximal doses, 1t
makes little sense to add another alkylating agent in the list
of therapy. As a rule, combination of agents-with dissimilar
mechanism of action is followed. This principle also needs
further thought,however, since with certain combinations,

12
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one drug may create metabolic and cytokinetic conditious so
as to minimize or completely antagonize the therapeutic
effectiveness of the second agent. These interactiouns are
called schedule dependence. The termnssequential, concurrent
and compleuentary inhibition have been proposed\(Sartorelli
1969, Harrap and Jackson 1975). Potter (1951) applied the
term sequentiial inhibition to the simultaneous action of
two inhibitors acting on different stages of a metabolic

pathway. This type of inhibition way be represented as :

A > B ——t C

where E1 and E, are the enzymes that catalyze the reactions

2

from A to B and from B to C, and L, and |, are the inhibitors

of these reactions,
A scheme of concurrent inhibition (Elion et al.1954) may be

represented as follows: -

A EI\
'
}/ c
B )

Clinically useful examples of this inhibition are not availa-

ble at present. However, it nas been suggested that if a

potent inhibitor (Il) of thymidine kinase (El) was available,

it might be of considerable use in combinations with an
13
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inhibitor 612) of thymidylate synthetase (E2) such as 5-FU,
This combination would provide a concurrent inhibition of
the synthesis of thymidylate (Harrap and Jackson 1975).

The concept of complementarv inhibition is the other useful
model (Sartorelli 1969) which involves the use of drugs
that act at different loci involved in the formation of

certain polymeric molecules. This can be depicted as follows:

-

1

1 ‘2
Synthesis of é Biopolymer
intermediate > DNA
compounds HNA
Protein

fn metastatic breast carcinoma, the combination of the alkyla-
ting agent CP with the antimetabolites 5-FU and MTX (Canellos
t al.1976) has shown significant improvement over the results

— —

obtained using each agent alone (Livingston and Carter 1970).

Transport : Passage of a drug gcross the cell membrane and
entry into the cell is another prerequisite for an optimum
drug effect, The only anticancer drug that exerts its effect
extracellularly is asparaginase. Interference with this
transport mechanism through the action of a second drug can

significantly alter the therapeutic outcome., The combination
of anticancer agents with membrane active agents is useful

because it can overcome drug resistance and inhibit the
14
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development of drug resistant tumors. To obtain clinically
useful combinations suitable potentiating agents are also
requlred, Vitamin A or isoprenoids carrying an isoprene
chain have been found to potentiate the activity of antitu-
mor agents (Cohen and Carbone 1972, Tomita et al.1982,
Yamaguchi et al. 1984). adriamycin, Bleomycin and Cisdichl-
orodiamminoplatinum with squalene showed significantly
potentiated antitumor activity in an in vitro system against
5180 tumor model (Nakagawa et.al. 1985).

Biotransformation :- Antineoplastic drug induced alteration
of the enzymatic activation of a second anticancer drug
adwinistered concurrently or sequentially has not been demo-
nstrated to be of c¢linical importance, but remains theoreti-
cally possible, The alkylating agent CP requires 'activation'
by the mixed function of oxidase enzyme present in the hepa-

tic microsomal fraction (Slgdek 1971),

iv. Cytokinetic considerations: The S phase showed a marked
difference in duration between tumor c¢ells and normal cells,
In normal cells S is generally 11 to 13 hrs,, depending on

the cell type, while in benign tumor 35 phase lasts 11 to 17
hours, and in malignant tumors S phase varies inbetween 18

and 25 hours (Bleiberg and Galand 1976, Fabricant 1970).

3oth phase and cycle specific agents are usually given in

short,intensive courses using maximally tolerated doses.

15
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The use of small daily doses of, phase and cycle Specific
agents is avoided, since it results in less tumor cell kill
and greater hematologic toxicity. Combinations of cycle or
phase specific agents or both given concurrently showed
adiditive toXicity. Agents that exert their maximum toxic
effects in the same phase may give additive toxicity, but

not necessarily additive or synergistic tumor effects.

In a given combination, therefore, agents that exert their
maxiwal effects at different phases of the cell cycle must
be chosen. Effective combination of drugs may be obtained by
using one agent that arrests cells at one stage, followed by
an agent that maximally kills cells during that stage imme-
diately succeeding the block. This cell proliferation arrest
may cause a partial synchronization and therefore, with pro-
per drug scheduling, may result in increasing cell kill or
even therapeutic synergy, whereas improper scheduling may

show no increased cell kill, or even drug antagonism,

v. Schedule dependency : Closely allied to cytokinetic consi-
derations is the phenomenon of schedule dependency which may

occur as 3 result of cytokinetic or biochemical interactions

be tween different drugs. For example, when drugs are adminis-
tered sequentially, the first drug may produce a delay in

cell cycle progression such that when the second drug,

16
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a cell cycle or phase specific agent, 1is givea, the cell may
or mav not be in a phase of its generafive cvele that is
sensitive to the action of the second drug. Obviously, the
appropriate timing of administration of the second drug is
most important, Such a manipulation would produce an impro-
vement in the therapeutic index provided normal host cells
have not been affected in precisely the same way. Alternate
ively, the first drug may produce sufficient biochemical
imbalance within the cell to attenuate the effects of the
second. Schedule dependency has been observed with many
drugs and their combinations, It is important to suspect
schedule dependent interaction between drugs when agents
thiat possess diverse mechanisms of action and have previously
displayed therapeutic activity in treating a disease are
found to produce subadditive or antagonistic effects when
used in combination,

vi. Miscellaneous considerations : a) NDrug doses :- One of
the advantages of combining drugs with non-overlapping host
toxicity is that full‘doses of the chewotherapeutic agents
can be used simultaneously. If two or wmore drugs with a
similar toxicity speetrum are used, then the doses of each
drug must be appropriately attenuated if the drugs are to

be used concurrently, or a sufficient time interval must

elapse between doses to allow host recovery from the previous

drug.

17
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A review of literature indicates that the studies made on
the effects of anticancer drugs at cellular level were most-
ly limited to evaluate their clastogenic potentiality on
tumor and on the somatic cells of the tumor bearing host.
However, there are reports on germ cell toxicity too. But
chronological and systematic studies, particularly on germ
cell cytogenetics during the course of therapy and after
completion of treatment is rather meagre. A brief review on
reported germinal cell toxicity is given for better under-

~

standing of the problem.
Germinal Cell Toxicity :

Of the three major classes of genetic damage that is, mutati-
ons, Structural chromosome aberrations and non-disjunction,
only the last two categories can be evaluated in germ cells
of experimental animals (Lyon and Cox'1975, fRussell 1976).
Chromosome analysis in male germ cells as suggested by Adler
(1982), is not just one procedure in the field of mutation
research but a complex system with which detailed questions

about germ cell sensitivity can be aunswered.

Damage to the testicular germinal epithelium is a potential
side effect of cancer chemotherapy and is of particular
concern in the casesof male in the reproductive ages. Exposu-~

re to drugs often results in azoospermia(Wyrobek et al.1983b).
18
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Even if sperm production recovers, it is uncertain whether

the qualitv and quantity of the spermitozoa are adequate for
fertility and wnether the sSpermatozoa are carrying mutation,
These questions can be approached bv using wmouse tumor model
a5 an experimental tool because : 1. -.he development of

germ cells of mouse has been studied tn detail, ii, the simi-
larity of spermatogenesis in mouse and man, and iii, the
genetic heterogenity of these two mammalian Species. Moreover,
in man, the pattern of loss and recovery of spermatogenesis
following cytotoxie treatment is wuch similar to that of the
rodents in many respects. T'he Lmportance of germ cell studies
15 further understood by the recent findings in animal models
sugnesting that offspring may be at r:sk ot cancer or congeni-
tal malformations as a result of paternal exposure to mutagenic
chewicals (Nomura 1982, Brown 1985, Trasler et al. 1985). The
effects of several cytotoxic agents have heen evaluated on
spermatogongéal and other'stages of spermatogenesis and sper-

miogzenesis,

Cytotoxic drugs generally cause oligospermia by affecting the
spermatogonia (Schilsky et al. 1980) wnd possibly later stages
of spermatogenesis (Neumann et al. 1976, Jackson and Schngeden
1982). Alkylating agents which are known to have a dose related
;ffect way cause testicular atrophy, but Leydig cell function

remains unaffected (Graner 1981). MTX produces oligospermia,

which improves within a few months of stopping treatment
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(Sussman and Leonard 1980). There are reports of azoospermia

also after radioiodine (1311)

therapy (Handelsman et al.1980).
Twenty three different drugs representing fhe various classes
0f chemotherapeutic agents have been tested in receént years
(Carter et al. 1981, Meistrich et al, 1982, Meistrich 1984 );
these include: antimetabolites and inhibitors of nucleotide

me tabolism - hydroxyurea, cytosine arabincside (ara-c),MTX,
5-FU, 6MP; antibiotics - ADR, daunorubicin,bleomycin and
actinomycin D; acridine derivatives - AMSA;, alkylating agents-
CP, chlorambucili, MC, THIO, nitrogen mustard, busulfan ;

other compounds ¥eacting with DNA (including cross-linking
agents) - bischlorethylnitrosourea (BCNU), cyclohexychloro-
cthylnitrosovarea (CCNU), cisplatin, procarbazine; microtubule
dissociating agents - vinblastine,VC and corticosteroids -
prednisone., Twenty one of these twenty three drugs produce no
cytotoxicity to stages later than leptotene spermatocytes,5-FU
and cisplatin are the only exceptions (Meistrich et al. 1982).
Meistrich (1984) found that differentiated spermatogonia are
the most sensitive cell type whereas spermatocytes and sperma-
tids are relatively resistant. However, exceptions are also
there. Prednisone produces no detectable cell killing. 5-FU

is the drug which has an effect on pos t-spermatogonial cells
at doses which are insuffient to kill spermatogonia, 5-FU
affects only pachytene spermatocytes. lygotene spermatocytes
are also sensitive towards high doses of SFU, because the d amage

to spermatocytes is expressed as cell killing mainly when the
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cells pass through their meiotic divisions, Cisdiamminedichl-~
oroplatinum [I (CDDP) results in killing of some cells at all
stages from zygotene spermatocytes through step 5 spermatids;
it also affects the function of the sertoli cells. ngeral
patterns of differential sensitivity of the spermatogonia and
spermatids of spermatogenesis have been observed by Meistrich
et al.(1982). ACT, CCNU, DNR, 5-FU, 6-MP,MC,and PCB produced
some large, round, presumably diploid spermatids. Another
type of abnormality observed only after CDDP administration
is the formation of binucleate spermatids. BCNU, CCNU, PCB
and THIG cause a delay in spermiation. Several drugs viz.,
PCB and 6-MP result in the production of abnormally elongated
spermatids, Testicular Sperm head counts obtained after 29th.
day of injection indicate that prednisone and 6-MP do not
affect spermatogonia while administration of 5-FU and pro-
carbazine kill nearly all the spermatugoniav Sperm‘counts

af ter 56 days of treatment revealed that CCNU, CDDP, HN2,6MP,
MTX and PRED produce at the highest dose point, upto 25%
decline in sperm counts. Seveﬁ drugs ACT,BCNU, CHL, DNR, 5-FU,
MC and PCB reduced sperm head counts to between 30-60% of
controls indicating a significant stewm cell killing. THIO
produced stem cell toxicity, Meistrich (1984) demonstrated
that there are some consistent differences in the stages most
sensitive to killing by different classes of chemotherapeutic
drugs. Antibiotics preferentially kill spérmatogonia at
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earlier stages, alkylating agents preferentially kill cells
at somewhat later stages, antimetabolites specific for inhi-
bition of DNA synthesis (HU, and ara-C) kill cells at

slightly later than most alkylating agents.

The vinca alkaloids are not toxic to stem cells, presumably
because these cells are very slowly cycling (Oakberg 1971).
Similarly, drugs that affect the availability of DNA precurs-
ors (6-MP, MTX, 1-D-arabinofuranosylcytosine and HU) are

also non-toxic to stem cells (Meistrich et.al. 1982)except
for the drug 5-FU. The explanation for the effectiveness of
5-FU 1is thét its active metabollte has a much longer intra-
cellular life (7-9 days). Van Keulen and de Rooij (1974)

demons trated that A, spermatogonia and possibly stem cells

1
were the most sensitive cell types. According to Buccl and
Meistricn (1v87) , bhusulgan is a potent killer of spermato-
gonial stem cells at sublethal doses., Differentiating sperma-
togonia (types A1 to AQ) are usually the mosty sensitive cell
types to the effects of other antineoplastic agents includ-
ing several alkylating agents (Meistrich 1984). MOPP chemo-
therapy (Mechlorethamine-VC-PCB-Prednisone) is used extensively
in treating Hodgkin's disease. A predictable consequence of
MOPP 1s germ ce}l kitting which results in transient or perpa-
nent sterility (Devita et al. 1973). In contrast, ABVD chemo-

therapy (ADR, Bleomycin, VC, decarbazine) is as effective
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clinically as MOPP without damaging the germ cells (Bonadonna
et al. 1984). The clinical observations with ABVD are some-
wiat surprising, since atleast one of tne agents, ADR has
significant cvtotoxic and mutagenic action on mouse sperma-
togonial stem cells (Meistrich et al. 1985). It also produces

SCEs 1n differentiating mouse spermatogonia (Abraham and Franz

1983)., sex linked recessive lethal mutation in Drosophila

(Clement et al. 1984) and chromosome dawage in mouse spermato-
cytes derived from treated spermatogonia (Au and Hsu 1980).
Goldstein (1937) observed depression in fertilizing frequency
in the fifth and the sixth weeks of MOPP post-treatment for

the three different drug combinations when procarbazine or VC
were the first drugs administered (PMV, PVM, VMP, VPM)but not
when wechlorethamine was applied first (MPV, MVP). In all cases
the fertilization frequency returned tc congrol levels by the
eighth week of post-treatment. The mutzgenic potential of MC
was first dtudied in mammals by Ehling (1971) who fouand MC
induced dowinant lethal mutations in mouse. fde demonstrated
that spermatocytes are the most sensitive stage for the induc-
tion of dominant letha} mutations by M(C. Veuhauser and Ehling
(1973)reported that MC affects both spermatogonia andsppst-
spermatogonial stages. According to Savkovic et al.(1977),

MC inhibits mitotic division and mortality of germ cells

but have no effect on meiotic stages. ilastogi and Levin (1987),

on the other hand, reported that MC results in abnormal sperm
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in wice which involved in the formation of banana shaped heads.
Increase in the frequency of precoctous desynapsis of XY-biva-
lent 1n mice upon.exposure to MC has been reported by Chakra-
barti et al.(1986)., Dey et al. (1939) observed a differential
effect ofyMC on precocious desynapsls of XY-bivalent in
aon-tumwor and on 3180 tumor bearing male mice. Doxorubicuin,

on the other hand, causes temporary loss 1in testicular weight
wonich is regained after a considerable pericd (Hacker Klom et
al., 1986), With treatment of Doxorubicin the loss of spérmato«
gonia and the reduction of 4C cells (primary spermatocytes
mainly at pachytene) is followed by a decrease of testlcular
welght observed corresponds primarily to the loss of spermato-
cytes and spermatids. Suppression of spermatogenesis and testi-
cular atrophy nave been observed in dogs and rabpits subjected

to chronic doxorubicin treatment (Bertaszoli et al. 1972)

Two assays are generally carried out to svaluate the survival
of stem cells after treatment with anticancer drugs (Wahed et
al. 1987a). These assays comprised of tne measurement of the
levels of the enzymes, LDH-X and the number of sperm heads 1in
testicular homogenates. LDI-X is the X-isozyme of lactate
dehydrogenase which in mammals is found only in testis and
spermatozoa (Wheat and Goldberg 1975).aad LDH enzyme levels
provide a finger pring in the study of spermatogenesis
(Bishop 1968). The study of Wahed et gl.(1087a) with 5-FU,

24




24

me thy L-CCNU, THIO and mitozolawide have shown that THIO and
miLtozolamide cause the most significant depression in sperm
head count and the same result was seen with LDH-X levels,.

The sperm head count (Searle and Beechey 1974%) and LDH-X
levels (Erickson et al. 1975, Goldberg and Hawtrey 1970)
provide good quantitative markers of the effects of anticancer
drugs at germ cell level. Mitozolamide 1is a new anticancer
drug with a broad spectrum activity against murine tumours,
This drug, which probably causes cell death by DNA alkylation,
is at present undergoing clinical trials. The observation of
Wahed et al.(19Y87b) indicates that mituzolamide has similar
effects on the testis to those seen with CP and THIO sugges-
ting a similar mechanism of action. Long term effects have

been determined for the approximate 150 chemicals studied

with the mouse sperm morphology test, including the forty

four agents that were shown to elevate the proportion of
mworphologically abnormal sperm withintthe tfirst 5-6 weeks
after treatment (Wyrobek et al. 1983%a). The results of

Meistrich et al.(1985) supported the previous observations
showing that all germ cell mutagens tested to-date in mice

induced elevated levels of morphologically abnormal sperm,

Pharmacolagical Aspects of Candidate Drugs

VINCRISTINE : The pharmacology of vincristine (VC) has been

studied in a relatively small number of patients. The
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disappearance of VC from blood is triphasie with half-lives

of 2, 12.5 and 175 min. Over the first 24 nrs. about 10% of
the drug is excreted in the urine and 3%% in the faeces. Over
the 72 hrs. the faecal excretion of VC is nearly 70%. The

high rate of faecal excretion of VC is consistent with high
biliary excretion and relatively low cconcentrations of VYN
excreted in the faeces suggests that the drugs differ in bil-
tary excretion pattern. Following administration of VC, rats
excreted magnesium and higher amounts of hydroxyproline in ¢
the urine (Araszkiewicz et al. 1987}. (ncreased urinary
excretion of Mg and hydroxyproline mav be interpreted as assign
of osteolysis, The basis of the profound n;uromtoxicity of VC
1S not certain, but 1t is presumed that VC retaintion may be
substantially higher in nervous tissue, VC 18 the only common-
ly used drug which has dose limiting neurological toxicivy.
There is a peripheral neuropathy, the first sign of which 1is
the loss of ankle jerks and depression of other tendon reflexes.
\n autonowmic neuropathy may develop at the same time causing
constipation and occasionally postural hypotension. Cranial
nerve palsles have been described fullowing VC therapy, as

has recurrent laryngeal nerve palsy anc diaphragmatic paraly-
sis due to phrenic nerve damage., VC therapy may be assoclated
with hyponatraemia due to the syndrom of inappropriate anti-
diuretic hormone (ADH) hypersecretion. Gessation of VC therapy

leads to gradual improvement in all side effects. VN has fewer
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and less severe neurological toxic effects than does VC,and
1ts dose limiting toxicity is myelosuppression, Polyneuro-
pathv, with sensory disturbances and motor nerve and muscle
atrophy is associated with their use (Shelansky and Wisniew-
ski 1969), Ileus and cranial nerve abnormalities also occur
rarely (Sandler et al, 1969). These side effects are self-
limited and usually respond to cessationcof therapy, although
residuals are sometimes seen. The vinca alkaloids mav cause
transient loss of hair, which also regrows during continued
therapy. Patitents treated with VC develop alopecia alightly
more often than do patients who receive VN. VC is free of

any significant bone marrow depression (Carey et al. 1963).

In the mouse both VN and VC kill differentiating spermato-
gonia but not the stem cells (Meistrich et al. 1982). Mavro
and Madoc-Jones (1980) demonstrated that V¢ preferentially

kills at late S or GQ.

VC was also found to be wmutagenic but
VN was Judged to be nonmutagenic in the in vivo dominant lethal
assay (Goldstein 1984, 1987). Cookeet al. (1978) observed

that spermatogenesis was reinitiated later in the rat treated

with VN (Russell et al. 1981).

CYCLOPHOSPHAMIDE : Treatwent wilith CY has been associated w

with oligospermia, azoospermia and increased levels of serum
follicle stimulating hormone (FSH) 1n the body (Schilsky et al.

1Y80, Chapman et al. 1979). Depeﬁding on the cumulative dose

27




and the duration of treatment, sSpermatogenesis often
recovers bhut this may take years (Buchanan et al. 1975,
lloeser et al. 1978)~ Being an alkvlating agent CP causes
severe damage to proliferating cells. The drug was expect-
ed to affect the seminiferous epithelium and reduce the
number of spermatozoa produced. The number of spermatozoa
in the cauda of the epididywis provides a good estimate of
spermatozoal reserves (Amann 1981)., However, the prolifera-
tive phase of spermatogenesis in rat was found unaffected
by CP (Trasler et al. 1985). There are several qualitative
citanges in the spermatozoa of the treaved males that are
not manifested by concomitant quantltative'changes. The
effects seen ;re probably not due to a cumulative effect

of CP insemwminal fluid as ¢ 1, the drug has a short half
life in rodents and man and is eliminated within hours of
ending chronic treatment {(Graul et al. 1967, Bagley et al.
1973) and ii. there was no cumulative increase in pre-impl-
antation loss and external malformations. with increasing
time of paternal drug exposure (Trasler et al. 1985). CP
nas been shown to induce SCEs and chromosome aberrations

in male germ cells (Allen g‘:&@; 1976, foetz et al.1980).
ln addition, clinical studies have indicated that CP can
affect the human reproductive system (Schlisky et al. 1980).

Different underlying mechanisms, both genetic and non-gene-
tic could be postulated to explain the effects, based on
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the fact that germ cells are first exposed to CP when they
are undergoing differeut processes : maturation of the
Spermatozoa, cytoplasuic reorganisation and chromatin con-
densation (Trasler et al. 1985,1986). Being an immunosupp-
ressive agent, CP alters fertility in humans (Fairly et al.
1972, Buchanan et al. 1975, Fukutani et al. 1981, wWatson

— —

t al, 1985). CP showed no significant effect on the meéan
sperm count upto 250 mg per Kg exposure in Syrian hamster
(Singh et al. 1987). tHowever, spermatogenesis was signifi-
cantly affected with time. A minimum dose of 10 mg per Xg
body weight reduced the sperm production at week 12, where-
as upto 250 mg per Kg showed no effect at one and 4 week.

It appeared that the spermatogonium represented by week 12
rather than wmature spermatozoa or differentiating spermato-
cvtes was not affected in terms of sperm count by this agent
(Singh et 31.1987). The initial damage of CP to the epithe-
lium was characterised by vacuolizaiion of the sertoli cells,
The primary spermatocytes showed the highest sensitivity

to the drug. A high percentage of teratozoospermia was
observed at all imtervals (vigil and BustbsuObregon 1985).
The effect of CP was compared with that of a CP-VN combina-
tion in rat by Auroux et al. (1986). Twentv days after the
end of the treatment of CP-VN combingtion, a significant
decrease in the number of various germ cell types was

observed by them. liecovery seemed to have begun in the rats
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sacrificed 75 days after treatment. The exis tence of
swaller number of primary spermatocyvtes suggested a lesion
of the differentiating spermatogonia and perhaps the stem
spermatogonia. Evidently, such disruptions in the early
stéges of spermatogenesis are very crucial, because the
alterations produced could be perpetuated, while the post-
melotic dsturbances affect only a restricted number of

sperm genevatiouns,

The effect of CP on testis is contradictory. There are

reports both in favour (Fairly et al.1Y72, Penso et

[

1974, Fukutani etaal. 1981), and against (Penn 1979) of
the view that CP affects germ cells, Combination chemothe-
rapy with CP for acute leukemia, Hodgkin's disease <and
other malignancies wmay also impair feydig cell function.
The alkylating agents in the chemotherapeutic régimens
seem to be responsible for the toxic effects on the Leydig
cells (Griffin and Wilson 1987). Albanese (1987 ) reported
that CP was effective in inducing heritable, structural
chromosome aaberrations in oocytes just prior to ovulation
and was able to induce heritable chromosome aberrations at

the other oocyvte stages.

Using absolute weights of reproductive organs, Trasler
(1987) found that thereynds no significant change with drug

dose at any time in the weight ot pituitaries and testés
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in rat. Furthermore, there was no significant change in
serum LH, FSH or testosterone concentrations, This would
suggest that the pituitary-testicular axls was not marked-
ly affected at any of the time points following the treat-
ments with CP. CP caused no significant change in the

we ight of the epididymis, ventral prostate or seminal ves-
icles at low doses (Trasler 19Y87). llowever, with the high
doe, absolute epididymal weight decreased after three and
six weeks of treatwment, but not after one or nine weeks .,
Absolute weights of the seminal vesicles, on the other hand,
were only significantly decreased by the high dose of CP
after three weeks of treatment. CP has transient effects

on both the seminiferous epithelium and spermatozoa reser-
ves in the epididymis of rat. The decrease in testicular
sperm numbers could have been due to either a decreased
production or an increase in fragility of condensed sperma-
tids and/or spermatozoa. Decrease in sperm production gene-
rally correlates well with decrease in testicular weight
{(Robaire et al. 1979), But a similar trend was not found,
so far as,CP treatment is considered. In.a study of Trasler
(1987), while CP caused upto 60% decrease imtesticular
sperm numbers, it did not significantly aftect testicular

weight.

Singh et al.(1987) demonstrated that CP failed to induce

31



file:///bsolute

31

: -
sperm abnormalities in Syrian hamster. Testis weight and

sperm count were slightly suppressed at week one and four
before returning to normal at week twelve. The study indi-
cated that CP in hamsters did not significantly affect the
sperm production as previously reported in other animals.
On the other hand, CP was found to induvce sperm abnormali-
ties in mice (Pamerantsevs and Ramaya 1930, Wyrobek and
Bruce 1975). In the mouse, CP did not induce sperm abnor-
malities at week one and twelve (Wyrobek and Bruce 1975).
However, a slight increase insperm aonorﬁalities from 3%
control to 7% in CP treated mice was reported at week 4,
But the study on hamster by Singh et al. (1987)showed no
effect of this compound on the sperm morphology of Syrian
hams ter, but spermatogonial populatian was considerably
affected. According to them the sperm morphology assay was
negative in establishing the mutagenecity of CP in the

hams ter gerwinal tissue within the dose and time tested .

The significant increase in the incidence of congenital
malformations in the CP treated wmouse specimens (Jenkinson
et al, 1987, Knudson et al. 1977) suggested that CP can
induce morphologically abnormal offspring in the litters
of exposed males, Experimental studies have revealed that

when CP is administered to the male rats, the impregnated

may sustain a substantial decrease in the anumber of embryos
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( Fritz et al, 1973, Botta et al. 1Y74, Cooke et al.1978,
Adams et al. 1981, 1982) and Fabricant et al. (1983) repé—
rted that ia the rat, paternal exposure tc CP caused post-
meiotic cell injuries and behavioural anomalies. Auroux

and Dulioust (1985) had shown that CP affected the pre-meio-
tic phases 0of spermatogenesis and caused decreased learning
capacity in the adult offspring of the treated males, The
effects of paternal treatment with CP on progeny outcome

of rat was assessed by pre-implantation toss, post-implan-
tation loss and fetalaabnormalities (Irasler 19Y87). There

is a significant dose related increase in pre-implantation
loss after six weeks of paternal treatment of CP. Paternal
CP treatment induced aﬁ increase in abnormal fe tuses only

af ter three weeks and significantly only with low dose. The
types of malformations Seen were pringipally hydrocephalus,
edenia and micrognathea. A dose response related lncreasé 1in
pos t-implantation loss was first seen as early as one week
af ter the initiation of treatment with CP. Tneée observations
(Trasler 1987) demonstrated that CP in low daily doses
increases post-implantation loss via an effect on sperma-
tozoa during epididymal maturation and suggested that
spermatozoa can be modified after entering the epididymis.

The exact mechanism of post-implantation loss is not clear,

That chromosome aberration and alterations in DNA can

result in embryonic loss comes from recent mutagen induced
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damage and transgenic experiments (Brewen et al. 1975,
Covarrubias et al. 1985). aAccording to Trasler £€1987), the
higher levels of post-implantation loss was found with the

higher doses of CP might result from dose related degrees

of DNA damage.

Acrolein, a metabolite of CP is expected to be responsible
for teratogenicity of CP. Acrolein hasbeennreported to

form adducts with the nucleophile glutathione (Alarcon and
Me iZnhofer 1971). CP has beenreported to deplete hepatic
glutathione synthesis in_vivo (Gurtoo et al. 1981). The

in vivo teratogenicity of acrolein was increased by inhibi-
tion of glutathione synthesis with buthionine sulfoximine
and decreased by the addition of exogenous glutathione
(3lott and Hales 1987a,1987b). Glutathione is present in the
male reproductive tract (Li 1975, Grosshans and Calvin 1985,
Teaf et al, 1985). How the concentratwion of this molecule

is affected by doses of CP and its rote in protecting the
seminiferous epithelium from dawage due to CP administration
is not knwon., The results of Novitona and Jelinek (1986)
concluded that the teratogenicity of CP is'associatea with
its mutagenic activity, provided the latter occurs with
mitotic inhibition. Both the cytostatic effect and the large
scale degeneration of cells bearing unstable aberrations

apparently interfere with morphogenetic functions,
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MATERIALS & METHODS

1. Experimental Animal Random’hred male Swiss albino

mice, Mus musculus of about the same age group(3-mo-old)

were housed 1n the animal house and maintained on s tand-
ard mice feed and water for at least four weeks before
the transplantation of tumor. Random tred wice were
chosen because they resemble more closely to genetically
heterogenous human population (Rice and 0'8rien,1980).
The other advantages of using mouse a: experimental ani-
mal include : i) possess proliferating cells in testis
with good yield of different divisional phases.ii)Prese-~
nce of a satisfactory karyotype,iii) fecund and mature
rapidly, iv) sensitive indicator of clastogenic, mutage-
nic and carcinogenic agents, v) able to convert various
procarcinogens/promutagens into active torus,vi) able to

withstand experimental stress.
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2. Tuwmor Model : The ascites form of mouse sarcoma 180

(S180) cell line was procured from Tata Cancer Research
Centre, Bombay through the courtesy of'Chittaranjan Nat.
Cancer Research Centre, Calcutta and maintained in
the laboratory by weekly intra-peritoneal transplanta-
tion into random bred Swiss albino mice.

A close look of Jiterature indicates that the cell line
was developed primarily as a 'spontaneous' mammary car-
cinoma in male Swiss albino mice in the laboratory of
Woglom in 1914 (cited by Gay 1965). The solid mammary
carcinoma exhibited a rapid and exponential growth rate
and we tastasized lung and some othetr connective tissues
of the host. Friend (1951) developed this tuwmor into
ascites form by repeated inoculation of the minced sar-
coma into intraperitoneal ecavity of the mouse. The cell
line 1is now maintained in different laboratories in
s50lid as well as ascites form. The tumor has also been
adapted in vitro in many laboratories, and maintained
by seriaT-ig vitro passages for successive generations,

2.1, Choice of the Tumor Celtl line : 35180 tumor cell

line was chosen for the following advantages : 1) about
100% ' tumor take' in both random bred and inbred mice.
ii) uniform transmissibility of the tumor karyptype for
successive generations. iii) fixed doubling time as
revealed by cell count analysis and BrdU labelling study.
iv) tolerance of the host : longer survival with no

visible adverse side effects.

The host can survive 17 to 27 days ufter tumor transplan-
tation. Maximum frequency of dividing tumor cells was
obtained on 3-4 day of transplantation with an inoculum

size : 1x106 cells.
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2.2. Transplantation of the Tumor and maintenance
of the cell line :

Glass wares and equipments used for the transplantation
were steritised prior to transplantation. Ascites fiuid
was collected from the tumor-bearing host at log phase

of tumor growth and diluted in steriled saline (0.%v/w).
One part of tumor was suspended into 200 parts of normal
saline solution (1:200). Fromw this stock diluted fracti-
on, dead cells were counted simul taneously in a hemocyto-
me ter using 0.5% trypan blue as indicator. $180 cells
were transplanted to 3-mo-o0ld mice with an inoculum size

1x106 cells per individual

2.3. Tumor regression analysis :

Tumor regression was analysed by
i) morphometric study of the tumor volume.

ii)Cell count analysis, :
iii) Dead cell frequency using trypan blue as indicator.

3, Chromosome preparation from Seminiferous Tubules :

Meiotic chromosomes were prepared from normal and S180
tumor bearing male mice following the tecﬁnlque of Oud
et al.(1979) with little modifications (Chakrabarti et

al. 1986). The procedure includes the follewing steps :
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3.1, Collection of Seminiferous Tubules and Hypotonic

Exposure :
The dissected testes were placed in 1% tri-sodium ci-
trate solution at réom temperature. Tunica albuginea
was removed completely. Seminiferous tubules were
separated with the help of a fine needle to enhance
Quick and perfect penetration of hypotonic solution
in each tubule. The duration of hypoténic treatment
was standardised by repeated trial, and 40 min,hypo-
tonic exposure was found suitable (with a single change)

for the present material.

3.2, Fixation ; After nypotonic treatmenti, sSaline citrate
solution was decanted off and replaced slowly by ethanol-
acetic acid fixative (3:1 v/v). The material was kept in
the fixative at room temperature for 15 min. The fixative
was again replaced by fresh fixative and kept at 4°C for
30 min, For a better fixation one change of fixative was

given 15 win after keeping at 49C»

%.%. Dissolution of Seminifercus Tupbules: Seminiferous

tubules were placed in 3%0% acetic acid (v/v) for 5 min.
followed by gentle flushing by a Pasteur pipette for

comple te dissolution ot tubules. Undissolved materials
were removed carefully,and only ctoudy suspension was

taken for further use, The suspension was centrifuged at
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1500 rpm for 10 min; the supernatant was discarded and
g¢he deposit was fixed in freshly prepared chilled fixa-
tive. The fixative was added very stlowly to avoid clum-
ping of the pellet. The fixed material was resuspended,
spinned at 1500 rpm and re-fixed afresh, The process was
repeated and the material was left to stand at least one

hr. at 4°C,

3.4, Spreading of meiotic stages on the slide :

Properly fixed meiocytes were aspirated until a cloudy
suspension results, Three drops of cell suspensions

were dropped on a clean (grease-free) chilled 50% alcohol-
svaked slide and allowed to spread to its maximum extent.
The slides were then either dried on a flame or kept in

a slanting position for air dry, as the condition required
fur. The prepared slide was then either stored for further

examination or stained immediately.

3.5. Staining : Conventional staining - the cells were
stained in phosphate buffer (pH 6.8) Giemsa stain (Gurr,
W.Germany) diluted in an appropriate ratio (1:;10) for 60
min. The slides were then washed in distilled water to
remove the excess Stain. 3tained slides were observed
under 100x oil immersion lens of an Ulympus microscope

(Tokyo, Japan) using 10x eye pieces.
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4. DRUGS

4.1. Selection of Drugs : Two different drugs used exten-

sively for a 'potential cure' of a variety of human cancer
have been selected for the present studyv. These include
i) Cyclophosphamide (Endoxan) and ii) Vincristine {Oncovin).

A brief review on these two drugs 1is presented :

Cyclophosphamide (CP) and Vincristine (VC) are among the

most common anticancer chemotherapeutic drugs used to combat
ditferent :<ypes of human malignancies all over the world.

CP, an alkylating agent is used either singly or in combi-
nation with other (physical or cnemical) agents to enhance
its therapeutic effectiveness, and V¢, a spindle poison is
used in corbination with a variety of drugs. They are
exterisively used till to date and considered to be the most
effective, palliative agents with a therapeutic index sig-
nificantly higher than that of other agents for the treatment
of certain types of cancer. In addition to rapid tumor regre-
ssiun propertv, easy availability and relatively low cost

are major reasons of theilr extensive use in the developing
countries; among other factors behine¢ the popularity of

these drugs, patients' tolerance and compliance with the
regimen are also notable, The precise way by whieh these

Iwo agents cause tumor regression is not properly under-

stood, but it is well known that pathways of their action
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on cell include chromosome damage and division inhibition,

Since these two antitumor agents are widely used in our
country to curb the increased incidence of cancer death,
tneir effect on meiotic chromosome complements and on

certain other germ cells of a murine tumor bearing host
1as been attempted to assess their cytostatic and cyto-

toxic potentials at certain selected time points.

4,1,1, Cyclophosphamide (Endoxan} : CP is designated as
a latently active form of nitrogen mustard type (Fig,2)
which binds covalently to different cell constituents.

0f several alkylating agents synthesized and tested for

their antitumor activity, CP is now used extensively to

a variety of human tumors. Its use as an immunosuppressive

agent is also in practice (Friedman et al. 1979). Unmeta-

bolised CP has no activity as an alkylating agent, The
toxicity and clinical use of CP has been reviewed by

Gershwin et al, (1974).

Fig€. 2.
Cl- CHy-CHy _—NH=CH._
N-P=O CH Hy0
Cl-CH-CH \o——cH/

Endoxan
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Under physiological condition, CP 1s positively charged
or has high electron densitv, In spirve of a wide variety
of negatively charged molecules (nucleophiles) that exist
in cells, DNA is the principal target site for CP action,
Price (1975) reported that the alkylating agents formed
covalent bonds with a number of nucleopliiiic groups. The
nucleophilic grounps of proueins and wany other molecules
can also serve as substrate for clinical attack by alky-
lating agents, Metabolism of CP occurs through a mixed
function of oxigenase system primarily in the liver
(3lodek 1971, Cooper and Goldstein 1976), and for this

reason CP is apparently inactlve in vitru unless activated
through'S9' fraction (Natarajan et al. 1976). CP is acti-
vated in the liver to 4-hydroxycyclophosphamide (S truck
et al. 1971, Colvin et al. 1973). This product, 4-hydroxy-
cyclophosphamide is in equilibrium with its acyclic tauto-
meric form , aldophosphamide. 4-ketocyclophosphamide and
carboxyphosphamide are produced by further enzymatic oxi-
dation. Although these are the major wetabolites of the

drug, netither compound is significantiy toxic either in vivo

or in vitro (Struck et al. 1971)[~Fig.2_7‘

In addition, some phosphoramide mustard and acrolein are
formed from aldophosphamide. There is evidence that phos-

vhorawmide mustard 1is the major cytotoxic principle whereas
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acrolein is an irritant that accumulates in the wurtine
and may contrabute tu the haeworhagic cys t1sis

(Connors et al. 1974). Nornitrogen wmustard (bis-/2-chlo-
roethyl/ amine), one of the most abundant metabolites

of the cyclophosphamide (Jardine et al. 1978 ,Friedman

et al, 1982), is the most abundant product formed wtth-
1n a few hours after the administration of CP in man
and experimental animals. It is formed non-enzymatically
from many me tabolites of CP, including the key alkylating
agent (species), phosphoramide wmustard. The cleavage of
the phosphoramide bond in phosphoramide mustard 1is rapid,
As the adducts are maintly formed at the 7-position of
Guanine (Hemminki 1985, Kallama and demminki 19Y86), many
secondary reactions such as depurination and imidazole
ring opening are expected to ensure (Kallama and iemminki
1986). Furthermore, the second mustard arm may undergo
hydroxylation or cross-linking reactions, These secondary
reactions may be important for cytotoxXicity and therapeu-
tic effectiveness of CP (Hemminkl and Ludlam 1984).
Goldin and Wood{1969) suggested that normal tissue deto-
xifies the circulating species enzymatically to ketocy-
clophosphamide and carboxyphosSphamide. It has been proposed
that liver may tend to escape exposure to high concentra-

tion of toxic products because of its high activity of

aldehyde oxidase (Deitrich 1966), and enzyme that converts
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aldophosphamnide to the non-cytotoxic compound,carboxy-
phosphawide (Cox et al. 1975). Certain forms of tumor
becomes resistant to developing higher level of detoxi-
tving enzvues, Classic alkylating agents attach the
seven position of guanosine selectively, and this fre-
quently accounts for 90% or more of the total base subs-
titution. Although the 7 position of guauncsine is by far
the most reactive under wost conditions, other sites may
be of equal biological importance, viz., 1 position of
guanosine, the 1,3 and 7 positions of adenosine and the
7 position of cytosine were also identified as reactive

sites.

In addition to its anti-cancer activity, CP is also known
to produce both primary and secondary tumor in man. These
include : leukemias and urinary bladder carcinéma (Puri

and Cambel 1977, Reiner et al. 1977, 1\RC Suppl. 1982).

4.1.2, Vincristine (Oncovin) : The vinca alkaloids pjlayed
a major role in cancer chemotherapy since 1960s (Jackson
and Bender 1978). Investigations on extracts from the

periwinkle plant, Vinca rosea Linn. for the possible hypo-

glvcemia activity, led to the isolation of the witostatic
agents : vinblastine and vincristine (Fig.3). They are
large dimeric structures composed of an indole nucleus
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(Catharanthine) linked to1a dihydroindole nucleus
(Vindoline). A synthetic derivative of vinblastine, Vind-
esine (desacetyl vinblastine carboxvmide) was introduced
into clinical trials in 19708 (Dyke él al, 1979) .Recently,
vinzolidene- , an oral preparation and semisynthetic
derivative of vinblastine has been investigated (Budman

t al., 1984, Kreis et al. 1986),

The anti-tumor effect of the vinca alkaloids are several.
The wajor effect appears to be related to the high affi-
nity binding of these agents to the basic protein subunit
of microtubules, tubulin which results in disruption of
the witotic spindle apparatus and arrest of cells at

me taphase (Jackson and Bender 19Y78). The neurotoxic effect
of VC which is principal dose limiting factor is related
to binding and disruption of microtubular structures
within neural tissues. The comparative pharmacologyesf the
intravenous bolus injection of the winca alkaloids has
been summerised by Nelson et al. (1980). Using radioimmu-
noassay, the blood decay was found to bhe }riexponential
for VC. The greatest terminal half (ife in the blood for
that of VC was 85:68.9 hr, The apparent volumes of dist-
ribution were extremely high for each agent,indicating

extensive tissue binding. There were marked differences

in the serum clearance rates, with VC being the lowest
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+ ~
(0.106=- 0,061 L/Kg/Hr). It has been postulated that the
long terminal half-life and low plasma clearance might
count for the greater neurotoxicltv observed with VC

(Nelson et al. 1980).

[t 1s known that principal target for V¢ action in cell

is spindle microtubules which are nothing but an arrav of
tubulin organisation in definite fashion. Hecently, Sammak
et gl. (1987) have presented elegant studies that sugzest
tirtat spindle wmicraotubules wav be in 4 state of dynamic

tns tability. The dynammic equilibrium depicted in equation
Is severely displaced by the alkaloids VC and VN.\At very
high concentrétions VC binds to free tubulin molecules
resulting in the precipitation of tubulin in the cytoplasm
in the crystaline form (Dustin 1984). At low councentrations,
these alkaloids inhibit polymerization of tubulin and ulti-

wately prevent the formation of mitotic spindle and thus

cell division.

Tubuiin exists as a heterodimer comprising of alpha- and
be ta-forms., At higher concentrations VC may bind to other
proteins. Tubulins may be tissue as well as species speci-
fic (Gozes and Barnstable 1982) and patterns of tubulin
gene expression undergo changes during fetal and neonatal

development(dond et al. 1984, Cummings et al,198Y4), Evidence

3
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accumulated so far indicates that the modification to
elther the subuait or the assembled microtubules mav
affect the action of chemical agents that disrupt micro-
tubular function. iccording to NDonosu et al.(1979),and

Fellous et al,.(1983), wicrotubule assoclated proteins may

mod tfy the action of vinca alkaloids,

OH

c=0

CIH3 Fi£. 3.

Vincristine
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4.2, Standardisation of therapeutic Qose

In the evaluation of therapeutically induced effect on
tuwmor system, it is needed to define dose response first,
The doses used in treatment of human tumor may not nece-
ssarily be the therapeutic dose for ¢the murine tumor.
Moreover, the therapcutic dose of a partucular drug varies
not only fromw one mouse strain/model to annther but also

on many other factors at the cellular level. These include:
tumor type, cell killing, cell renewal, necrosis etc. The
tolerance of the host 1s also an tmportant factor in

de termwining the therapeutic dose of & particular drug for

a parttcular tumor,

4.2.1., Therapeutic dose for single CF therapy:

a. Preparation of stock solution : A Stock solution
of CP was prepared by dissolving 200 mg, powered cyglophos-
phamide (Khandelwal Laboratories Pvt.Ltd. under agreement
with ASTA~worke A.G. Bielefeld, West Germany)in tU ml
sterilised distilled water just before its injection into
tumor bearing host.

b. Therapeutic dose : CP was injected at different
doses from a stock soln. on the 4th.day of tumor transpl-
antation when the S180 tumor growth was at log phase
(Chakrabarti and Chakrabarti 19738, 1987). In each set a
total of 10 male mice of same age group (3-mo-old) were
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exposed to single dose of CP and the same dose was repea-
ted for five times for standardisation of the therapeutic
dose. Six different douses, o0.15ml, o0.20 ml, o0.25ml,0.%0ml,
0.%ml,o0,40ml. per tumor were tested but not even a single
dose was found in which a complete regression of S180
tumor was recorded, A maximum level >f regression with
least toxic effects was noted at a dose eyuivalent to 0,25ml
per tumor ie, 167mg per Kg body weignt. [he hosts were
(apparently) in good health with minimal visible toxic
side effects, like loss of hailr which 18 reversible and
new growth of halr was observed while the treatment was 1in
progress, The life snan of the tumor bearing host also
increased (8 days) upon exposure to single dose of CP. At
vtner doses vigz., 0.30mt, 0.35ml per tumor, a remarkable
regression of the tumor was recorded. but at the same time
severe alopecia, oral ulcerativn, depression 1n leucocvte
count, erythrocytes, platelet and severe lowering of Hb.
level were documented. In adidition, certain other touxic
side effects and high rate or mortality were also encoun-
tered, Therefore, these doses were not considered and a
therapeutic dose equivalent to 167mg per Kg body weight

was chosen for CP single therapy for this particular tumor,

45,2.2, Therapeutic dose for single VC therapy:

a) preparation of stock solution : The stock solution
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of VC was prepared by dissolving img potency of VC sulph-
ate (manufactured in India by Biochem Pharwmaceuticals PVT
Ltd., Bomwbay) in 10 ml of diluting filuid {(benzyl alcohol +
sodium chloride) just before injection into s180 tumor
hearing mice.

b) Therapeutic dose : VC was injected with different
doses from the stock solution on the 4th.day ot tumor trans-
plantation when the tuwor growth was at log phase. In each
set, a total of 10 mice of the same age group (3-mo-old)
was used for a single dose, and the dose was repeated several
times for standardisation of the therapeutic dose. Six diff-
erent doses viz.,, 0,15w1,0.20ml,0.25ml1,0.30m1,0,35ml,0.40ml,
per tumor were Selected initially and day to day observation
on the rate and pattern of tumor regression was made by :

i. cell count analysis, ii. dead cell frequency,and iii.mor-
phometric study of the tumor size., However, not even a single
dose was found suitable for single therapy, because of aon-
regression at significant level of the tumor. But a maximum
regression (temporary) was noted at dose equivalent to O, 30ml
per tumor (lmg/Kg body weight) with no apparent loss in
general health or death of the tumor bearing host. However,
at the other doses, more regression of the tumor was noted
with Ssevere weakness of the host with neurotoxicity. Heunce
this dose was applied in combination with CP for combination

therapy which was effective for the present tuwmor model.
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4.2.3. Therapeutic dose for Combination Drug Therapy:

Ascites form of sarcoma 180 was treated with a combina-
tion of drugs: consigting of VC and CP. The three
principles for the use of drugs 1n combination chemothe-
rapy, as documented by Comis & Carter (1974) was followed:
a. eachddrug was actilve agatnst tumwors, when used alone,
b. the drugs have dJdiffereni mechanisms oY action and,

¢. the toxic effects of the drugs are not the same so

that each drug can be administered at or near to maxXiwmum

tolerated dose.

In a number of sets,combination of VC followed by CP and
CP followed by VC were given on 4th,day of tumor transpl-
antation (log phase of 3180 growth) at an interval of 24
hrs. In each set 10 specimens were injected with six diff-
erent doses of VC/CP viz.,0,10wml, 0.15ml, 0.20mwl, 0.25ml,
0.30ml, and 0.35ml per tumor, and the same dose wasS repea-
ted for five times for standardisation of the therapeutic
dose for combination therapy. Two different modes of
comblnations were tested

v
a) Combination I : A maximum level of tumor regression was

noted in combination - VC followed by Cp at dose equivalent
to 1mg VC per Kg body weight followed by 66.7 mg CP per Kg
bodv weight and it.was confirmed by cell count analysis,

dead cell frequency and morphometric study of the tumor volume.
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b) Combination II : In a Separate Set, intermittent inje-

ction of VC followed by CP followed by V(¢ (VC-CP-VC) at
dose equivalent to 1mg VC fotlowed by 66,7mg CP followed
by 0.33mg VC per Kg body weight was also found equally
effective with no apparent loss in general health or
death of the host. At other doses and schedules of VC/CP,
remdarkable regression of tuwor was tound but at the same
time severe alopecia, GI disturbances , apparent neurotoxti-
city with high rate of mortality welre encountered. There-
fore, these doses were not counsidered as therapeutic dose

for the present tumor model,.

5. Treatment and Experimental Protocols g

5.1. Treated Series : CP Single - [n the CP treated series,

each tumor bearing mouse received an ip.injection of freshly
prepared CP stock solution @ 167mg oer Kg body weight on the
4th.day of tumor transplantation. rlhe specimens subjected to
therapy were sacrificed at two different sets of post-tireat-
ment intervals, In the first set,specimens were sacrificed
at 4hr,24hr,72hr,120hr, and 168hr of in vivo drug exposures
to evaluate the early effect (if anv) of the drug therapy

on germinal cells, and in the second set, drug exposed
specimens were kept little longer and sacrificed on 12th,,
13th. and ihcg.day of therapy to study the relatively late

eifect of drug therapy at germ cell level (Table 3).




5.2. Treated Series : Combination [ :- Ln the combination

l treated series, each tumor bearing mouse received an

Lp. injection of freshly prepared VC stuck soln. @ img. VC
per Kg body weight on the %4tn.day of tumur transplantation.
After an interval of 24hr, the VC treated specimens recei-
ved another ip.injection of CP stocksoln. @ 66.7mg CP per
Kg body weight. The specimens subjected to therapy were
sacrificed at different post treatmeﬁt time points simi-

Lar to schedule followed in CP single therapy (Table 3).

5.%. Treated Series : Combination [[ :- In the other

treated series, ie., combination [[, each tumor bearing
host received ip.intermittent injection of VC followed by
CP followed by VC @ 1mg. per Kg + 66.7mg - 0.33mg per Kg
respectively at an interval of 24 hrs. lhe initial treat-
icent was started on 4th.day of tuwor transplantation, and
the treated specimens were Sacrificed at the samwe post-
treatment time points observed In other treated series

(Table 3).

5.4, CONTROL SERIES : A suitable vcontrol was made side by
s lde in either cases to evaluate the influence of the
solvent(s) if any, on the host. [n the control series,
tumor bearing mice of identical age gioup (3-mo-old),

maintained in similar laboratorv condition were injected
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ip. either with sterilised distilled water or with dilu-
ting fluid (benzyl alcohol + sodium chloride) in which
the drug CP and VC were dissolved respectively. Specimens
used as control against CP treated series, received 1ip.
injection of sterilised distilled water only @ O.QZml

per individual on the 4th,day of tumor transplantation

when the tumor was at log phase of growth (Table 3).

For control series of Combination I, specimens were inj-
ected ip., with diluting fluid followéd by sterilised
dis tilled water at dose equivalent vo 0,.30ml solvent

followed by 0.10 ml distilled water (Table 3).

Specimens used as control against Combination I[I drug tr-
eatwent series, received intermittent injection (ip) of
diluting fluid followed by distilled water followed by
diluting fluid @ 0.30ml solvent + 0.10ml distilled water

+ 0.10ml solvent at-an interval of 24 nhrs, (Table 3).

6. Collection of Tumor Cells and Metaphase I[ndex Study:

The ascites fluid of 3180 tumor from the control and the
drug treated specimens was drawn by a syringe and a swall
drop of it was placed on a clean grease-free slide and
sneared carefully, The smear was fixed in Carnoy's fixa-

tive for 1hr. The slide was tnen blotted dry and stained

in PMG (Pyronin Y, E.Merck,Darmstad,and Methyl Green, 3DH)
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6.1. Staining Procedure : According to the technigue of

furnick (1955) as standar@ised in our laboratorv

1. Cells fixed in Carnov's fluid were stained for 8 min.
1in methyl green-pyronin Y.

i1. The slide was then blotted dry.

11i, lmmersed in n-butvl alcohol for 5 min, with two chan-
ges 1n each and then drred with the help of fidter

paper.

tv. Immersed in recrtifted xvlenc.

v. mounted in DPX,

In PMG stained smear preparavions nuclear material stained

greenish colour while cvtoplasm took pinkish appearance.

Metaphase can be easilv detectable by the scattered appea-

rance of condensed chromosomes. Frequency distribution of

we taphase stages was recorded 1n control, CrP,Comb.I and

Comb.[] treated series at different post-treatment inter-

vals, upto'tomplete regression'of the vumor,

7. Determination of Fertility Potential of 5180 tumor
bearing mice ;

An evaluation of drugs responsible for dawage of testicu-

lar cells would provide valuable information to the clini-
ciran, The use of drugs with no or tower toxicity to testi-
cular celills may then be considered in the treatment of

patients of reproductive age who have reasonable prognosis.
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Since spermatogonial stem cell survival appears to
provide a measure of the duration and perwanence of
chemotherapy induced sterility and nligospermia.Following
testicular weights, sperm head counts were determined to
find out the fertility status of 3130 tumor bearing mice
in response to combination chemotherapy and also CP

single therapy.

7.1, Experimental Protocol :

7.1.1, Dissecting out of the testes and epididymes -

i, the animals were sacrificed by cervical dislocation.
li.before dissecting out the testes and epididymes, site
of inclsion was cleaned properly by rubbinyg the site by
90% alcohol,

i1i, the region of the testes was opened by an incision
with a sharp-edged scissor

iv. both the testes and epldidymes (left and right) incl-
uding tunica albdginea were remwoved with the help of a

pair of scissors and forceps.

7.1.2, Organ Weights

Testes from tumor bearing mice of identical age group
(3-mo-old) and maintained in the same laburatory condition
were dissected out., Both testes with its tunica albuginea

were weighed individually in singl«¢ pan halance.
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7.1.%. Method for Sperm head count

Sperw head counts were made on the both epididymes follow-
ing the method of Searle and 3ecechey (1974):

i. The vasa-efferentia between capot epididyvmis and testis
were severed and fat surroundigg the ¢aput was carefully
removed. It was then cut at its Junction with the cauda
epididymis and placed in a solid watch glass,.

ii. Buth epididymes were thoroughly mucerated in 0,.2ml of
1% soln. of tri-sodium citrate.

1ii.The solution was made upto 2ml, mixed well and allowed
to settle in a tube for about 1| min,

iv. a drop oI suspension was allowed to run 1nto each cham-
ber of an improved Neubaur hemacytometer, after the covér-
slip had been pressed down to show Newton's rings.

v, Numbers of sSperm heads were counted in the four large
corner squares (each consisting of 1f smaller sguares) and
in the large central square. The contenets of two macera-
ted epididymés were diluted with 2ml of nypotonic soln.

and the number of sperm heads counted in a volume of O.O'}mm3
of the diluted suspension. [(f N is the number of heads

found, the expected number in 1 ml mouse seminal fluid is

3.75 x 10° x N.
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7.1.4. Analysis of Sperm head morphology

A. Materials : i) 0.85% saline solution, ii) 0.1% glucose
solution, iii}) fixative {ethanol + ethyl eather 1:1 v/v),
iv) Staining solution : 2,5g of aneline blue was mixed in
a morter with a little volume of distilled water, The
residue of undissolved stain was allowed to settle and
the flaid was decanted into a cleaned and dried conical
flask. The residue in the morter was treated with addi-
tional distilled water and the process was repeated untill
all the aneline blue is dissolved into water. 2.5g of
powered eosin Y was then alled tu the 100 ml soln. of
aneline blue and amixed well with the help of a pipette.

The stain was filtered and O.1iml phenol was added to it.

The pH of the stain was adjusted to 6.8,

B. Method : i) Dissected epididymes were kept in Scc
mixture of equal volume of 0.85% saline and 0.1% glucose
solution. (this mixXture prevents acrosomal swelling of
the svermatozoa). 11) Epididymes were teased and the con-
tent was collected into saline-glucose mixture. The mix-
ture was stirred and all debris were removed. iii) After
mixing the suspension with the help of a pipette, 3-4
drops of suspension was placed 1n one end of a properly
cleancd grese-free slide. The narrow end of another side

le., spreading was placed at an angle of 45° on the
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suspension by the right hand and then moved back slowly
to make contact with the suspension., The suspension was
spread out quickly along the line of contact of the
spreader with the slide., lhe moment this occurs, the
film of suspension was drawn by a rapid, smooth and
forward movenent of the spreader. iv) the film was dried
in an incubator/hot plate at 50°C for 2 wmin, v) after
this the material was fixed by keeping dried slides in

a mixture of equal parts of ethyl €ther and absolute

ethanol for 3-4 win.

C. Staining : i) after fixation of the material, the slide
was dried in an incubator/hot plate at 50°C. ii) during
drving, a liberal quantity of staining solution containing
aneline blue and eosin Y {pH = H.8) was poured on to the
slide and allowed to stain for 8 min, iii) the stain was
washed properly in runming water and blotted dry with a
Whiteman's filter paper. iv) the stained slides after
drying were placed into rectified xylepe and again blotted

dry and finally mounted under a clean cover glass (22x50mm).

in DPX,

l'he following regions of tne spermatozoa were recognisable
bv the differential staining behaviour under microscope:

i. Acrosome cap - blue, ii. Nucleus - carmiae,

iii. Neck - unstained, iv., Mid-plece - blue, and tail -

light blue.
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7.1.5. Criteria for Sperm head analysis

For scoring sperm head abnormallities, the criferia of
Meistrich et al. (1985) nas been foullowed in the present
study with some additions. Abnormally shaped sperms were
distinguishable according to the following categories :
i) sperm with small, eosin dense, round or eliptical
Bodies at the location of the sperm nucleus, termed
microheaded' .

i1) Sperm with deviations in the shape of the nucleus
termed, 'sperm with deformed head '.

iii) sperm without hnok termed 'houkless!',

iv) others :- macrohead, double headed etc.

8, Criteria for scoring aberrations

v
.

After consulting the 1iterétures published bv different
investigators in this field (Moutcnen 1969, Pathak and
Hsu 1977, Hunt 1987, Daniel and Roane 1987, Yuan and
Mallhes 1987) the following aberration types were consid-
ered wn the present study

Structural abnormalities:

Chromatid breaks -~ Any form of discontinuity of a part of
either of the two chromatids of a chromosome. The broken

acentric part may remain in close association with the
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parent centric part or may be far apart from its origin,
Fragments of unidentified origin : when the parent body
of the broken fragment was not identifiable.

£xchanges : Characterised by the exchange of chrowmosome
segments within or bhetween two or more chromosome
bivalent(s): according to the involvement of the nuwber
0f bivalents in such translocations these are of two
different types: a) Translocation trivalent - when one
bivalent and one univalent are involved in the process
of exchange, #)autosomal trivalent - involvement of
autosomes only, ii) sex trivalent - involvement of both
autosomal univalent and sex bivalent.

b) Translocation multivalent : when two or more than two
bivalents were involwved in the exchange process. Translo-
cation multivalents may occur inbetween autosomes {auto-
somal multivalents) or inbetween autosomes and sex chro-

mosomes (sex multivalents),

Ploidal anomalies :

.

Two types of ploidal anomalies were considered.

i) Pelyploidy - mostly doubling up (tetraploid) of chromo-
some cowmplements,

ii) Aneuploidy - any deviation from euplcid condition at
diakinesis-metaphase [ stage. This may be of a) hypoploidy
(less of one or more elements) and b) uyperploidy (addition
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of one or more bivalents to the complete set)

Pairing anomalies :

Any special behaviour of chromosomes remaining as uni-
valents during diakinesis-metaphase [ stage of ﬁeiosis.
Depending on the involvement of chromosome or chromesomes
univalency may be of two types : i) autosomal and ii)sex

chromosomal.

9, Statistical Calculation

The statistical calculation,viz., standard deviation and
critical difference (CD) were done following the me thod
described by Panse and Sukhatme (1978). The comparison of
means (value) and their standard in between control and
‘treatment schedules at different therapeutic hours was

carried out by Student't' test following Bailey (1959).
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OBSERVATIONS

1. Tumor regression & Evaluation of Mean Survival Time :

o

\ maximum degree of tumor regression was noted at 120hrs,
of pust therapeutic single dose (P expoesure, The regre-
ssion fime was reduced to a considerable extent in this
tumor model when CP was applied in two different combi-
nations with VC. An examination of treated series(Fig.43ab
revealed that application of Combination [ and Combi~
nation [I caused a maximum degree of tumecr regression at
72hrs, of post therapeutic drug exposure, In no cases,
however, a complete regression of tumor was documented
(Fig. 4d,b).

An evaluation of mean survival time (MST) ot specimens
subjected to single and combination therapy indicated
that the application of drugs increased the mean survi-
val time (M3T) to a variable extent. A maximum lncrease

in M3ST was recorded in Combination I[I treated series
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Table 4 : Mean Survival Time (MST) of S180 Tumor bearing Mice
subjected to Single and Combination Chemotherapy

Survivors on day 45

Index No.of MST in Day*#*
Mice* Total Mice Treated
CONTROL 50 22 (17-27) 0/50

(Dist.Water
and
Dill.Fluid)

TREATED

1. CP single|: 50 30 (20-40) 0/50
2. VC single|: 50 24 (18-30) 0/50
3. Comb, I |: 50 36 (24-48) 3/50
4, Comb. II |: 50 40 (23-57) 9/50

* each specimen received ip.injection of drug/distilled
water on 4th.day of transplantation of tumor;

¥** figures in parentheses indicate range of survival.
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while applicattion ot Combination [ a!'so extended the
life span of tuwor bearing specimens to a little extent

(Table.4).

2. M@éiotic Complements of Normal Male Mouse :

2a. Spermatogonial metaphase y.Spermatogonial metaphase
consists of 40 telocentric chromosomss of decreasing
length; 19 are autosomal and one (XY) is sex chromosome
pair (Plate 1). Spermatogonial chromosowes generally
apvear as heavily condensed and extremely fragile bodies.
Some times the chromatids show a spiral structure and
the spllitting between two chromatids in some cases is
not very distinct. The sex chromosomes demonstrate no
heteropycnosis in spermatogonial metaphases,

2b. Primary Spermatocyte -~ The primary spermatocyte
nucleus at 1nterphase is a swall, deeply stained body
with a few relatively targe chromocenters (Plate 2).
Due to uneven spiralisation of chromatin threads, the
nucleus sometimes exhibits a net liké appearance.

Both the First and the 3econd meiotic divisions are
sub~divided into: Prophase, metaphase, anaphase and
telophase, The following stages of I'irst meliotic divi-
s1on were more or less clearly identifiable in the
present study -
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Lept;tene -~ Nucleus is small and round with homogenously
dispersed chromatin with 'chromomeres' at irrezulu 1nter-
vals alonz their length. Yo well defined sex chrowmatin
bodv is visible at this stage (Plate 3a).

Zvgotene - fdentification of this stage 18 highlv spe-
culative and at the same time difficult to define clearly
under the resolution of light microscope. At this stage,
homologous chromosomes become aligned amd undergo pairing
or synapsis, [The telomeres of the chrowcssomes are freqguen-
tly attached to the nuclear envelope. Pairing is seemadto
be point for point and chrowomere for chromomere in each
homologue. During this stage the X and the Y ciromosoucs
are jndigtinguishable from the autosomes (Plate 3b).
Pachytene - The pairing of the homologous chromosomes is
cumple te. Farly pachytene cells are small with dense chro-
matin and occasionallv show the Leginning of the formation
of heteropycnotic 'sex-vesicle' (Plate 3c¢). Mid-pachytene
cells are much larger and show 3 prowminent sex vesicle
azainst a pale background of autosomal elements, Cells at
late pachytene mav easily be coafused with those at wmid-
pachytene and early diplotene. Sex V;SLcieS appear as one
or two deeply stained spots presumablv the centromeric
arecas of the sex chromosoues (Plate 3d).

Diplotene - Early diplotene nucleus is rather large and
pale stained bodv. The paired chromosonecs show various de-

gree of separation but rematn united atv certain points by
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chiasmata. The number, shape and morphology of bivalents
are variable depending on the number and location of
chiasmata. At least one chiasma is visible in each biva-
lent but wany bivalents have more thanoone chiasma

( Plate 3e,3f).

Diakinesis - The contraction of the chromosomes becomes

accentuated. The bivalents are ﬁore evenly distributed in
the nucleus. During this period, the number of chiasmata
diminiéhes. 3y the end of diakinesis, in general, the
homologues are held together only at their ends due to
extreme terminalisation of chiasma. The long X chromos ome
becomes progressively straight and even in thickness. The
Y chromosome becomes progressively shorter. The free end
of thé longer X chromcsome of the XY pair stains differen-
tially. The XY pair at diakineéis apparently shows an end
to end association/pairing. In fact there is no clear cut
distinction between late diakinesis and metaphase I under
the resolution of light microscope.

Diakinesis/metaphaSe-l - This stage revealed the existence

0of 20 clearly differentiatéd bivalents. df these, 19 are
autosomal and 1 sex bivalent. The autoscmal bivalents
gzenerally exhibit ring or quadriradial configurations

(Plate 3g). The size and the shape of fing or quadriradials
vary according to the degree of condensation and advancement

of cell division stage. The autosomal bivalents are of
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various size depending on the lengtn of the individual
chromosome pair. The XY pair exhibits a rod-tike appea-
rance indicating terminal nature of pairing/association

he tween them. In majority of cases, XY bivalent ocouples

a peripheral position in the diakinesis/metaphase-[ Stage
(Plate 3h)., In some cases (about 2.4%) the X and the Y
appear as two separate univalents of unequal size without
association.

Me taphase ££ - Second spermatocytes are rather remarkable
by the haploid number and by their characteristic spirali-
sed chromatids in addition to the absence of chiasma.Each
me taphase IL cell displays a total of 20 chromosomes lie.,

0 chromatids,

3. Normal Spermatogenesis :

In mouse, the entire spermatogenesis (Fig.S) consists of
twelve stages of characteristic celluiar association. l'he
least mature germ cell that enters the spermatogenie
cycle (Type A spermatogonium) is located closest to the
vasement membrane, Usually , spermatogonia become progre-
ssively smaller in course of their divisions., The mos t
prominent changes in germ cell during the spermatogonial
phase occur in the nucleus, In the primary spermatogonia
(in fixed preparation) the chromatin cof interkinetic

nuclel 1s finely distributed. With each sSucceeding
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generation, the chromatin becomes more condensed in fewer
and larger flakes,called crusty.

Type A spermatogonia - Type A Spermatogonla appear as

large pale staining nuclei with Little evidence of chrom-
atin condensation. Intermediate spermatogonia show the
development of irregular chromatin masses in an otherwise
pale staining nucleus,

lfype B spermatogonia - exhibit increasing degree of chro-

matin condensation, smaller nuclei with many heteropycno-
tic masses,.

Spermatid - Very early spermatids possess spherical nucl-~
el and partially condensed chromatin, representing the
comple te haploid chromosome set. As the spermatid chroma-
tin is condensed further, the nuclei begin to undergo
conspicuous changes in shape. With further condensation
of chromatin and the appearance of the characteristic
hook-shaped sperm head, the brightly s tained chrohocentre
of late spermatid nuclei disappears and the mature sperm
head appears. By day 21, the first mature sperm appears,

Spermatazoa - The mature spermatozoon consists of two

main parts : head and tail. The tail is further subdivi-
ded into i, the neck, ii. the middle pliece , iii. the

principal piece and iv, the end piece.

The head is composed mainly of the nucleus made up of

condensed chromatin and acrosomal cap. The form of the
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head is largely determined by the shape of the condensed
nuclear material occupying the greater part of the head.
In addition, the s0 called head cavities are seen. The
acrosomal cap covers the anterior four-fifth parts of the
head. The neck is a short segment which connects the head
with tnhe mid.ile piece {(bodv). The proximal centriole {(ant-
erior knob) fits in the depression of the head and 1s the
junction of the head and neck whereas distal centriole

(posterior knob)lies between the middle prece or body.

The middle piece extends from the slender connecting piece
of the neck to a ring-like structure called, the annulus,
The principal piece gradually tapers towards the end-
plrece which 1s characterised by the development of a

fibrous sheath,.

Distal to fibrous sheath of the principal piece is the
end picce. The axial filament contirues to its caudal
extremity being surrounded by 3 very thim layer of cyto-
plasm external to which is the cell membrane, End piece
of the tail consists of tne terminal portion of the axial

filament. -
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4, Studies on Non-tumor Control :

The cytogenetic features of normal {untreated) Swiss
albino mice have been observed from specimens of 3-~mo=o0ld
age group, 25 different randomly selected specimens were
used for the purpose. An examination of 25 spermatocytic
diak-meta~I cells from each specimen revealed no remarka-
ble shift from normal chromosome profile., However, the
oresence of hypoploidy, hyperploidy, single autosomal
univalency , and sex chromosome univalency was noted.But
in no cases, translocations (either X-autcsome or auto-
some-autcsome) and univalency involving more than one
autosomes were encountered in don-tumor control specimens,
The frequency of cells with ploidal variations was also

not observed to a significant exgent.

5. Studies or $S180 Tumor-bearing Control :

Chronological observation of germ cells on 25 s180 tumor
bearing specimens on and from the 4th.day of tumor trans-
plantation revealed considerable deviatlion from normal
cytogenetic profile of spermatocyte so far as the beha-
v10q@ of autosomal and sex bivalents are taken into
consideration, Significant deviation from normal meiotic

behaviour was noted in the form of precocious desynapsis
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of both autosomal and sex chromosomal bivalents at diak-

me ta-1 level at certain post-transplantation time points
te., at 4,24 ,and 72 hrs (Table.5). [n most of the cases,
the desynapsed elements are disgersed ﬁar from each other
(Plate 4a,b), whlle in others they are separated but
remained closely apposed (Plate 4c.,d). an examination of
data presented 1n Table 5 revealed that bhoth sex chromo-
sounmal and single autosomal univalency resulted Iin a high-
er frequency in S180 tumor bearing mice compared to non-
tumor control, A close look of the daza indicated that
significant increase in single autosomal univalency was
recorded from the very beginnng te,, oon after tumor trans-
plantation, which continued upto the end of the experime-~
nt ie,, 14 day of tumor transplantation. A different trend
1n the precocious desynapsis of sex canromosomal hivalent
was recorded in tumor bearing conirol, while the occurrence
of single autosomal univalency started from the beginpng of
the experiment and maintained a steady péek upto the end,
The frequency of sex chromosowal univalency decreased gra-
dually with the increase in transplantated tumor age

(Table 5).

Bes ides the above abnormalities, small fragments of unknown
origin was also noted, but in no case to a significant level.
In some cells,$he X chromosome appeardas highly despiralised,

pale stained long thin thread witn darkly stained Y attached
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Table. 5 : Reference value of Numerical ChromosowmalAnomalies of Normal and

$180 Tumor bearing Mice (Served as Control) / Values in Mean + SD_7

Types of Chromosome

Normal Mice 5180 Tumor bearing Mice

rogst~transplantation Time Podnts

2 36hr
ahr o4hr 22hr 120hr 168hr 288hr 312hr 3
Autosomal Univalency )
c ¢ c c c
. . 0,96 13.00+0.8 8.12+0,88
One Autosome Pair : 1.87+0.21 9,00+0,73° 10.0010.730 15, 00,.40° 12.00+ 0,61 13.00+0.98 12.1240.9 3.00+0.83 +
b a a c a
. . . . 0. 0.87+0,12 0.75+0.25
>0ne Autosome Palr 0.00:0,00 1_25:0.“78 1.87:0.‘12b 2.00:.4711 2.00:0 35 1 75:0 59 1 37: 37 7: +
- 4,0040, .50+0.418 2,754C,48 1.75+6.56 2.00+0.41
X/Y Univalency 2.19+0.16 §.67+0.517  5,00:0.73%  5.87+0.24¢ *-0020-71 3.50¢ 51 520.5 :

b
p <0.05, =P

< 0.01, °:p<0,001 [ p values englyscd by 't' test

~
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at the end (Plate 5).

6. Negative Comtrols :

Negative controls were mailntained stde by side by exposing
S180 tumor bearing specimens (3-mo-cvld) only to the drug
solvents viz,, either distilled water (solvent used in CP
therapy) or with diluting fluid (Benzyl alcohol + Sodium
chloride, used as solvent for VC) and germ cell stages

were fixed at appropriate post injection intervals for
evaluation of eytotoxicity, if any (Table 7). Sincé, no
significant difference in terms of cbserved anomalies

be tween S180 control and negative controls were noted,

data obtained in S180 control has been presented and pooled

for comparison with different treated series.

7. Preated Series

7.1. Single CP Therapy :- An examrnatioh of spermatocy-

tes orr and from hth.day of tumor transplantation revealed
that single exposure of CP at therapeutic dose resulted in
various forms of chromosomal alterarions at different post-
treatment intervals.

7.1.i. Ploidal anomalies - Ploidal abomglies in response

to Cr exposure were recorded mostly in the formof hypoploi-

dy and hyperploidy at diakinesis-meta-I stage (Plate 6a,b).
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Hlypoploid count varied from 16 to 19, The most common
count was 18,and hyperploidy varied from 21 to 22 bi-
valents, of which the common count was 21, 1t was indeed
difficult to detect which particular bivalent (or group
of bivalents) was added or lost. However, a rough estima-
tion 1ndicated that loss/addition was confined to smaller

group of bivalents. Sex bivalents were rarely lost.

Juantlitative analvsxs of CP treated series revealed that

administration of CP at therapeutic dose resulted a sigs
nificant increase in aneuploid(hypoploidal) spermatocytes.
This was exhibited by an increase in the frequency of
aneuploidy on and from 4 hrs of drug exposure (Table 6).
An increase 1n cells with aneuploid chromosome constitut-
lon was more pronounced at 24 hrs., of drug exposure. The
frequency gradually @ropped down at subsequent hrs, of
treatwent. The frequency of cells with polyploid chromo-
some cunstitution, on the other hand, was maXimum at 72

his. ot Ln vivo drug exposure (Fig. 6).

7.1.,11, Structural anomalies - Sex multivalents were
recorded during the course of CP singlé therapy (Fig.7,
Table 7) where larger autosomal bivalent was attached to
sex bivalent (Plate 7). It was rather difficult to, identi-
fv which particular autosomal bivalent was involved in

the formation of sex multivalent . (utosomal multivalents
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Table, 6 : Ploidal Counts Hecorded at Differeat Time ivints 1w Control A Treated Setfes

-
HOUHS OF ta vivo WHUG /7 SOLVENT EXPUS(HE c.D.at PO o
INXDEX —
4 24 72 120 168 288 312 316

aneu  poly aneu poly aneu  poly aneu  poly aneu  poly aneu poly aneu poly aneu poly aneu poly
Control 1.37  3.50 1.50 3.75 1.62  3.75 1.37  3.50 1.37  3.62 1.50  3.25 t.62 3,62 1.87  3.62  0.30 0,28
CP Single 4,37 2.50 8.50 3.50 5.62 3.87 2.25 I 12 - 1,37 2.87 1.75 2,62 1.37  3.12 1.62 3.62 0.36 0,34
Comb. I 4.87  2.12 .00 8.87 6.87 6.50 3.12  5.75 i.50  3.25 1-75 3.00 2.00  3.00 1.50  3.00  0.30 0.u%
Cowb. 11 8.00 3.50 7.12  8.87 2.87 9.87 2.00 10,62 2.25  9.62 1.75  6.75 .37 3.25 1.50 3.37  0.32 0.40
C.D.at ? 0.40 0.28 0.38 0.4t 0.2t 0,33 0.42 0.30 0.33 0.39 0.27 0.46 0.35 0.44 0.33 0,40

0.05

Normal O Mice : aneu = 1,53 + 0.07 ; poly = 3,58 + 0.07



Table. 7 : Frequency Distribution of X-amtosowe Translocations
in Spermatocytes of 5180 tumor bearing Mice
Subjected to Single & Combination Therapy

Hours of in vivo drug exposure
Treatment Yy 24 72 120 168 288 312 336

Series

CP Single 0.50 0.25 0,37 0.25 0.25 0.50 0,37 5.75*

Comb, I 0.12 0.50 0.50 0.50 0.29% 0.50 1.50% 1.37*
+*

Comb. II 0.50 0.50 0.25 0.50 0.37 0.25 1.25° 1.12"

Control 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0,00

P values analysed by 't' test p 0.0l



Table 8 : Frequency Distribution of Autosomal Translocations in

Spermatocytic Célls of Control & Treated Spectmens

INDEX HOURS OF IN VIVO DRUG/SOLVENT EXPOSURE
u
4 24 72 120 168 288 312 336
CONTROL 0 0 0 0 0 0 0 0
CP Single 0.50 0.25 0.00 10.62° 12.75% 14.62% 15.75" 16.37"
COMB. I 0.00 0.50 0.50 0.25 0.37 2.25° s5.62° 2.25
COMB. II 0.37 ©0.00 0.50 0.00 0.50 14.37° 9.75° 8.62"

*p £ 0.001

{analysed by 't' test)
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rmos tlv involvdang larger autosowes were also documented in
CP single therapy series (Fig.8, Table 8). Theye are of
two different categories : multivalents formed by two bi-
valents or multivalents formed by more than two bivalents
(Plate 8a,b).

7.1.1il, Pairing anomalies - Pairing anomalies were recor-
ded In the form of univalents at diak-meta.l., Both autoso-
mes and sex chromosomes had shown the precocious desynap-
sis which were visualised in the form of univalents

(Plate 9a). An examination of the autosomal univalency
revealed that more than one autosomes may also be involved
in the formation of univalents {Plate 9b). In all the

cases the smaller group of autosomal bivalents were mostly

involved in univalent foruwation.

An examination of data of CP treated series (Table 9) indi-
cated that administration of CP caused a drastic increase
in the frequency of single autosomal univalency from the
very beginning of the experiment ie., from 4hrs.which conti~
nued upto 168 hrs. when it reached the maximum level,

\fter this period an abrupt decrease in the frequency was
recorded. The effect of CP on autosomes invloving more than
one resulting in univaient formation was found maximum at

168 hrs. of in vivo drug exposure{Fig 9).

Dita obtained from(Table 10) CP treated series revealed
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Table, 9 :

Frequency Distribution of Autosomal

univalency at diffarent Time Pointa

in Control & Treated Series.

INDEX HOURS OF 1IN ViVQ DIUG 7/ SOLVENT EXPUSURE C.D.at P0 05
4 24 72 120 168 288 312 336
one Pone oue Done one >one ane >one one »one one >»one one > one one »one one >one
auto auto aute auto auto auto auto auto auto auto avto auto auto auto auto auto auto auto
{
CONTROL 9.00 1.25 10,00 1.87 15, 00 2,00 12.00 2.00 13.00 .75 12,12 1,37 9.75 9.87 8.12 0.75 1.10 0.61
CP Single 16.00 1,87 18.00 1,62 27.00 2,00 18.87 2.12 24,87 2 62 12.25 (.25 9.12 9,62 7.75 0.62 1.33 0.63
CoMB. 1 13.25 2,00 13.75 2.12 15.23 1.62 16,25 2.87 14.50 0,87 i2.62 1.3%7 14,87 2,25 16,12 3,00 1.25 1,01
CaMB. II 14,12 1.87 i5.75 3. 12 16.37 3.12 15.00 2.3%7 14. 04 2,25 1%.25 2,12 15.29 2.37 16,25 3,25 1.23 1.14
C.D. at 1.87 0. 96 1.606 U.80 1.15 1,12 U.87 u.Y2 'ON'TS C. 76 3,27 0,02 i.17 0.85 0.91 1.47
Po. 05

Normal ¢ Mice : one autc.= :.87i0.21;

>one auto.= 0:0=

-




Table. 10 ;

Frequeancy distribution of Cells with X-Y Univalency
at different Time-Points in Comtrol & Treated Series,

INDEX HOURS OF N VIVO DRUG / SOLVENT EXPOSURE
C.D.at
4 24 72 120 168 288 312 336 Py.05
CONTROL 8.87 6.00 5.87 4,00 3,50 2.75 1.75 2.00 0.73
CP Single 8,00 16,00 7,00 2.62 2,00 2,25 2,00 2.50 1.01
coMB, T 10.00 14,50 6,00 4,12 3%,00 2.50 2,00 1.75 0.84
COMB. II 10.37 7.00 6.00 5,37 4.87 3.25 1.7 2.23 0.65
C.D.at 0.82 1.39 0.83 0.49 0.78 0,29 1,01 0,82
P().Oi
X-Y univalency in Normal male Mice : 2.39+0.16
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that there is a significant alteration in sex chromosome
nnivalency at earlyv hours of therapeutic exposure. The

max imum frequency (about 16%) of XY univalency was recor-
ded at 24 hrs of drug administration which abruptly decr-

eased at the subseqguent post-treatment intervals (Fig.10).

7.2, Combination I Therapy :- Combination I drug schedule,

le., combination of VC followed by ©P at therapeutic dose
exerts various forms of alterations in germ cell cytogene-
tiecs of 3180 tumor bearing mice.

7.2.1, Ploidal anomalies - An examination of spermatocyte
cells of tumor bearing mice subjected to VC treatwment
followed by CP revealed the ploidal anomaly mostly in the
torm of aneupluidy and pélyploidy at diak-meta.l stage of
meiosis (Plate 10). among aneuploidv, hypoploid count
varied from 16 to 19 and hyperploid count varied from 21
to 23, The most common count of hypoploidy and hyperploidy
were 18 and 21 respectively. The precise detection of the
particular bivalent/bivalents involved iﬂ the process of
nhypoploidy/hyperploidy was rather difficult, but an arbé-
trary estimation indicated that loss/addition of the bi-
valents was non-random in the sense that it was confined
to smaller group of autosomal bivalents. No loss/addition
of the sex bivalents was observed in Combination I treated

series.
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Quantitatively, there was a sharp increase in aneuploid
(hypoploid) population from the very beginning of the
treatment ie., from 4hrs, of drug exposure. A maxiwum
1nerease in aneuploid populations of 5180 tumor bearing
mouse sSubjected to Comb,I was observed at 24hrs, At 72hrs
of treatment, a slight decrease in the frequency was

noted foddowed by a drastic fall at tlie subsequent inter-
vals upto the end of the experiment (Fig.6). On the other
handiy a remarkable increase in polyploidy was documented

at 24 hrs, of drug exposure. The frequency gradually drop-
ned down at subsequent hrs. (Table 6) .

7.2.ii. Structural anomalies - Qualitative analysis of
Comb., 1 treated series revealed the existence of sex multi-
valent where a member of the large autosomal bivalent group
was involved in translocation with the XY bivalent. It was
rather difficult to detect which particular autosomal bi-

valent was translocated,

This is evident from Table 7 that Comb,I produced maximum
X-autosome translocations at 312 hrs. of drug administration
(Fig 7). This is evident from the observation that comb,I
also induced autosomal multivalents and larger autosomal
bivalents were apparentidly more prone to the multivalent
formation. Data obtained from Comb.I treated series (Table 8)
revealed a maximum frequency of autosomal mul tivalents at

312hrs of drug administration (Fig. 8).
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7.2.11i, Pairing anomalies :- Meiocytes of Comb,I treated
series displayed univalency in relation to autosomal and
sex chromosomal bivalents., One or more than one autosomal
bivalents belonging to thc smaller chrowmosome group had

exhiblted such pairing anomalies (Plate 11).

Besides these abnormalities and structural alterations,
certain other forms of aberrations like selective chromo-
some despiralisation involving either X chromosome or
autusomes have also been documented in different treated

series (Plate 12a,b).

7.3. Cowmbination II Therapy :- Intermittent dose schedule

ie., VC followed by CP followed by VC (VC-CP-VC) caused a
number of changes in germ cells of S180 tumor bearing spe-

cLmens,

7.3.1i. Ploidal anomalies - Ploidal anomalies in response
to intermittent drug therapy in tumor bearing hosts were
recorded mostly in the form of aneuploidy and polyploidy
at spermatocytic diak.-meta.l of cell divislon. There was
a wide range of variation in hypoploid and hyperploid
count, {ypoploid count varied from 17 to 19 and hyperploid
count varied from 21 to 22, The most common count of hypo-
and hyperploidy was 18'and 21 respectively. It was rather
difficult to detect which particular bivalent or bhivalent

group was lost in hypoploidy. Similarly, it was much
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difficult to detect the proper identity of the extra
chromosome or chromosome sets in hyperploidy. However,
a rough estimation indicated that the loss/addition was
nonrandom and limited among the smaller bivalemt group.

sex bivalents were never lost or added to,

Data obtained from the combination [I treated Series indi-
cated that the drugs used in experiment hs intdrmittent
dose caused a drastic increase in aneuploid {(hypoploid)
population {Table 6) which was more pronounced and muximum
at the beginning of the drug therapy ie., at 4hrs, of drug
administration, and maintained a steady peak at 24 hrs,

A notable depletion in aneuploid population was observed

at the subsequent intervals upto the end of the experiment

(Fig 6).

Comb.II drug schedule exerts an early effect on polyploidy
within 24 hrs, The polyploid population in comb,II treated
specimens exhibited a significant increase upto 120hrs.
when it reached the wmaxiwmum level, aAfter this period a
reverse trend was noted with the depletion in popyploid
frequency which was significant at 512 hrs., when it was

almost at par with the control (Fig.6, Table 6).

7.%.1ii. Structural anomalies - Structural anomalies in the

torm of N-autusome translocation was recorded in response
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to intermittent drug exposure where there was an exXchange
between XY and a larger autosomal bivalent. Data obtalned
from Comb.Il treated series (Table 7) revealed that a

nax imum level of X-autosome translocation was noted at
312hrs. of drug administration (Fig.7). Melocytes of Comb.
[I treated series at the stage of diak,-meta-I of cell
division revealed the presence of autosomal multivalents
configurations where it was found that the larger auto-
somal bivalents were more prone to iavolve in this éxchange

process (Plate 13 a,b).

Quantitatively, autosomal multivalent formation involving
two or mote bivalents was found to its maximum level at
256 hrs. of drug administration (Table 8) followed by a
gradual decrease at the subseyuent post-treatment inter-

vals (Fig 8) of therapy.

7.3.1ii, Pairing anomalies - An examination of the sperma-
tocytes of S180 tumor bearing host revealed the presence

of pairing anomalies of autosomes and XY hivalent in the
forn of univalents. These anomalies were confined to the
snmaller groups which are mostly involved in this process.
An analysis of data (Table 9) revealed that this drug sche-
dule induced single autosomal univalency to its peak level
at 72 hrs of drug exposiure, when the frequency of separa-

tion was about 16,37% followed by a depletion at the
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subsequent hours upto 288 hrs., The frequency of univalen-
cy again raised and reached a peak (16.25%) at 336 hrs of
therapy (Fig.9). DBut a different trend was observed when
the involvement of more than one autosomal univalency was
cons idered. A maxXimum frequenc& was noted as early as 24hrs
of drug exposure which maintained its peak at 72 hrs. and
af terwards showed a gradual decline upto 288 hrs. The

frequency raised and reached at its peak at 3%6 hrs, when

it was about 3.25% (Fig 9} Table 9).

Comb. Il treated specimens had shown maximum frequency of
univalency in relation to X and Y chromosome from the
very beginning of the experiment (ie., from 4 hrs.) which
¢radually dropped down at the subsequent intervals (Table

10).

8. Sperm head Assay :

8.1, S180 Tumor bearing Control :- Chronological studies

on Sperm head morphology oun 25 5180 tumor bearing mice on
and from the 4th.day of tumor transplantation revealed the
presence of abnormal spermatozoa with deformed head, micro-
head, huokless and macrohead etc. (Plate 14). But in no
cases these abnormalities reached a significant level

compared to normal wmice.
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Pable 11 Frequency distribution of abnormal sperm count in Control & Treated Series
(values in Mean + SD)

INDEX HOURS OF IN VIVO DRUG / SOLVENT EXPOSURE

4 24 72 120 168 288 312 336
CONTROL 4.25+0.20 4,25+0,12 4.62+0,32 4.87+0.14 4.37+0.22 4,75+0.734 4.67t0.20 4.90+0.18
CP Single %4.02-0.09 4.2240.17 4.95i0.16 4.75+0.22 4.25+0.19 4.90+40.19 4,7240.19 4.45:0.26
COMB. I 4.10+0,29 4,27+40.09 4.80+0.30 4,62:0.33 4.6710.12 5.00+0,18 4%.85+0.29 5.20+0.27
COMB. If  4.30+40.27 4.52+0.10 4,60+40.27 4.95+0.20 4.72+40.29 4.77+0.12 4,67+0.11 4.80+0.2%
Value 1n Normal Mice = 4.62+0,12
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§.2. Single CP Therapy - An examination of mature Sperm-

atozoa from epididymis of CP exposed tumor bearing speci-
mens revealed no significant alterations in the frequency
of sperm head dbnormalities., Table 11 incorporates the data
on the incldence of normal and abnormal:sperm heads noted
af ter therapeutic exposure and the same is graphically

depicted in Fig,11,

2.3%. Comb.I Therapy - Like CI’ single therapy, Comb.I

treated series also revealed a maximum frequency of abnor-
mal spermatozoa at late hours of therapeutic exposure,.
lfowever, the abnormalities observed did never reached to

a significant level compared to controls (Fig.11).

S.4, Comb, [l Therapy - Like CP and Comb.I treated series ,

the intermittent treatment showed ﬁo significant alterations
in sperm head abnormalities in 5180 tumor bearing specimens.f
However, the maximum frequency of spermatozoa with abnormal
heads was encountered at 120 hrs of in vivo drug exposure

(Fig 11).
9, Epididymal Sperm Count :

9.1, single CP Therapy : Spermatozoa count from epididymis

of CP treated specimens revealed a gradual depletion from
the very beginning of the treatment (Table 12). But a signi-

ficant depletion was noted only from 288 hrs and onwards(Fig.12)
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Table. 12 : Total Count of Sperm at different Time-Points

in Control and Treated Series {X nf)

INDEX HOUKS OF IN VIVG DRUG / SOLVENT EXPOSURE
cC.D. at
4 oy 72 12¢ 168 288 312 336 Py, 05

CONTROL 87.35 85.10 88,10 86.20 86.85 83.85 85.45  84.20 3.89
CP Single 89.75 88.55 86.85 84,55 81.60 75.80 67.85 60.60  5.84
COMB. I 89. 00 88,35 87.80 87.00 86.45 85 .40 84.35 84.00  5.14
COMB. II 85 .85 86.70 88.80 89, 00 87.35 84.55 84,75 81.90 5.23
c.D. at 5.96 4,48 4,14 5.25 4,50 3.87 6.17 - 7.0%

Py. 05

Total Count of Sperw in Nermal Mice = 85.89+0,.82
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9.2, Comb, I Therapy - Data obtained frcwm Comb,I treated

series (Table 12) indicated that unlike single CP therapy,

there was no significant alteration in total sperm count.

9.3, Cowb,II Therapy - Like comb,i drug schedule, Comb,

Il therapy was also unable to induce any significant
ettect on toutal epididymal sperm count of S180 tumor

bearing specimens (Fig 12),
10. Testis Weight Assay :

Table 13 ilncorporates the data on tae incidence of testis
welght observed in normal, tumor bearing control and in
dittferent treated series,and the same is depicted in

Fig.13.

1U.1. Single CP Therapy - The mg@asurement of testis weight

in CP treated series revealed a decrease in testis weight
which was more pronounced and significant (compared to
control and normal) on and from 12th.day of CP administra-
tion upto the end of the experiment (Table 13).

1U.2. Comb.l Therapy - Data displayed in table 13 indica-

ted that adwinistration of this drug schedule decreased the
testis welight to a considerable extent, but not to a signi-
ficant level., A maximum decrease in testicular weight was

noted at 336 hrs of last administration of the drug (Fig 13),
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Table. 13 : Testis Weight at d:fferent Time-Points in Control & Treated Series(8)
INDEX HOURS OF IN VIVO DRUG/SOLVENT EXPOSURE C.D.at
Po.os
4 24 72 120. 168 288 312 336
CONTROL 0.103 0.108 0,103 0.104 0.104 0,104 0,101 0.105 0. 004
CP Single 0.10% 0.101 0,102 0.105 0.100 0. 095 0, 085 0,074 0, 004
coMB., 1 0.102 0,104 0.107% 0,102 0.106 0.101 0,099 0. 097 0, 004
COMB. I1 0.10% 0,104 0,101 0,103 0,102 0,099 0. 099 0. 098 0,004
c.b,at 0, 004 -0, 003 0. 004 0, 003 0. 004 0, 004 0, 006 0.004%
Po. 05

Testis Weight in Nommal Mice

0.104+0.93
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10.3. Comb, I[I Therapy - Measurement of testis weight

(Table 13) 1n response to intermittent drug exposure

like Comb.I series revealed no significant change (Fig.13),
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Plate 1, Spermaxggbmial~ﬁetaphhéefof‘yprmaQ:MQuae showing
40 telocentric chromosomes of decreasing length,

.Plate 2, Primary Spermatocyte nuclei with dark.stained
" chromocenters ( arrowed ). - -

4






'Plate 3. Stages of First Meiotic Division ;

I
iLeptotene Zygotene

i

! Early Pachytene Late Pachytene (Sex Vesicle)

Early Diplotene

Late Diplotene
(

X«Y Bivalent arrowed) ; (X-y Showing positive
he teropycnosis)
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Plate 3g.

Diakinesis=Metaphase I Stage of Normal

mouse showing 20 bivalents.Arrow head
point§ﬂter@ina11y paired XY bivalent,

Plate 3h,

XY bivalent showing a peripneral dis-

position (arrowed) in a Diak-Meta.Il plate






Pla te L,

Diak-Meta.I spread from testis of S180 tumor
bearing Specimens showing varicus pairing
anomalies

‘a. widely separated X and Y chromosomes (arrowed),
b. widely .separated autosomal bivalent ({arrowed),

c. desynapsed X and Y bivalent disposed in a
close proximity (arrowed),

d. desynapsed autosomal bivalent disposed in a

close proximity (arrowed).
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Plate 5y L 4.

" Diak,-Meta.l stage _
showing despiralised

X chromosome with_

‘darkly stained Y.
attached. at the. end.

s Plate 6a ———r .
" Hypoploid Diak, -
Meta.I from~ CP-

:wtyeated_§pec1meniha

' Plate 6b, ——
" Hyperploid Diak,
Meta, I from- CP
vtreated tumor
_bearing mouse -

with 18 bivalents,

3

showing 21 bivalent:






Plate 7,.=

Diééingsis~Me€éphase L
bprdad fromFCP exposed
318U tumor bpearing
Jouse showing X-auto-

sowe” wultivalent (Arrowed)

<]

Fal
rlate ‘8a- -

Autosomal multivalents
involving two autosoie
pairs observed in CP=
exposed tuwmor bearing

nouse (arrowed).

Flate 8b

Autosowal multivalent
foried by more than 2
autosonal bivalerts in
spermatocytic cell of
Crsexposed 5180 tumor
bearing wmouse (arrowed),

ca
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Plate 9a —

Diakines is-Me taphdse I
-showing desynapsed
autosowes and SeX chr-
omusomes in CP tregt-
ed 5150 tumor bearing

wice (arrowed).

Plate 9b ~—

Diakinesis=Metaphase I
Spread from CP eXposed
tumwor bearing mouse
showiaz more than ogne
autosomal bivalentsg
iavolved in d@uaivalency

(arrowed).
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Plate 10, Polyploid Diakinesis-Metaphase I stage

froim a Combination I treated mouse .

. Plate 11, Diakinesis-Metaphase I spread showing
) sihgle autosomal, univalency in a tumor
‘bearing mouse treated with Combination I,
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Plate 12a. Diakinesis-Metaphase [ stage frow a
) _Combrination I treated tuwor bearing

miouse showing-despiralised X (arrowed).

Plate 12b. Despiralised autosomes produced as a
" result of Combination I treatment in
3180 tumor- bearing mouse.
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Plate fh, Normal® budif

) various forus

of abnorwal “speris
head frowm epididy-
wis of S180 tumor
bearing mice subjec~
ted to chemotherapy:
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DISCUSSIONS

5180 mouse tumor model was chosen for the present study
to investigate the effect of two most common antineo-
plastic drugs on germinal cells at some selected post
treatment time points in response to therapeutic stress,
The cytostatic agents selected are two popular anti-
cancer drugs used to combat certain types of human
malignancies. The use of these two agents 1Is increas-
ing day by day, particularly in the countries belonging
to the Third World, Each drug has different mode of
action : Vincristine is mitostatic alkaloid while,cyclo-
phosphamide 1is an alkylating agent. Extensive reviews
on the pharmacokinetics and therapeutics of CP and VC
are now available. Individual cytotoxic effects of the
drugs on somatic cells of man and other mammalian spe-
cimens, both in vivo and in vitro have also been publ-
ished, But adequate attention has not been paid on the
genotoxic potential of the drugs and their combinations
on different germ cell stages of tumor-bearing anitmd

models in response to therapeutic stress, Moreover,




reports available in the literature on the effects of

CP on meiocytes and on fertility potential of man and

[

al,

laboratory animals are rather conflicting (Fairly et
1972, Penn 1979, Singh et al. 1987), Since one of the
pathways of cyclophosphamide action is interference with
the synthesis of cellular DNA at S-phase, most of the
studies male so far in this regard were designed to
evaluate the effects either after 19th,day or 35th. day
of the last treatment of the drugs. During this period,
as per time sequence established by Oakberg(1956,1957),
the target spermatogonial stemcells (which are in an
active phase of DNA synthesis) would enter spermatocytic
or spermatozoa phase, accordingly. In the present proj-
ect, attempt has been made to assess the effect of cp
single therapy and its combination with VC on germ cells
of S180 tumor bearing mice at certain chosen time points

during and after potential regression of tumor,

The rate of tumor regression in response to single and
combination therapy was assessed by following the pro-
tocol described earlier, and the influence of therapy
on mean survival time (MST) of tumor bearing specimens
was estimated. Data were compared with untreated ( and
negative) S180 tumor bearing control as well as non-

tumor mice. A close look of the data presented in Fig.4
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reveals that a maximum regression (potential cure) of
tumor was achieved on day-4 for CP single therapy and,
day-3 for different combinations viz.,Comb.1 & Comb,II.
A maximum increase of +8 days inMST for CP single the-
rapy , +14 days for Comb.I and +18 days for Comb.II se-

ries was also documented in the present experiment.

It is evident from the data that short termexposure of
CP single as well as in different combinations with VC
at single therapeutic dose produced various types of

cytotogic effects on the germinal cells of tumorbearing

mice. Major types of abnormalities recorded at spermato
cyte level were in the formoéf: chromosome univalency,
ploidal anomaly and exchange configurations at bivalent
level, In addition,, effect on chromosome condensation
was also documented but not to a significmnt level. The
effect at the spermatozoa level, though, not conspicuous,
includes alterations in sperm head morphology.Decreased
sperm counts in the epididymis and loss of testis we ight
to a significant extent have also beenrecbrded at certain

time points in response to therapeutic stress,

One of the major types of abnormalities observed in the
spermatocytic cells upon in vivo exposure of the drug

and drug combinations was sex chromosomal and autosomal
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univalency, referred to as 'behavioural aberrants' by
Lin et al.(1971)~ a condition where in autosomes or
sex chromosomes remain as univalent during diakinesis-
me taphase I. In normal condition, the X and Y chromo-
somes of the mouse are expected to be associated in a
terminal bivalent pairing/association (long arm-long
arm) in primary spermatocytes at the diak-meta.l stage
of meiosis, The presence of synaptonemal complex has
been identified between the terminal region of the X &
the Y chromosomes in early pachytene cells (Solari 1970,
Moses et al. 1976). Any deviation from this may result
in the formation of univalency. Univalency may occuras &
consequencg of asynapsis or desynapsis. Asynaptic con-
dition is depicted by the complete absence of unhivalents
in diak,~meta.l of meliosis, whereas desynapsis results
in the simul taneous occurrence of univalents and bival-
ents (Schleirmacher 1970, Gotubovskaya 1979). Occurrence
of univalents along with bivalents in high proportion

at diak,-meta.l in the present study can be attributed

to desynapsis,

An analysis of the data plotted in figure 10 reveals
that about 2.5% cells show precocious desynapsis of XY
bivalent in normal mice. Reports on the'spontaneous’

occurrence of premature desynapsis of XY bivalent are
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not very uncommon, Lin et al.{(1971) documented sex
chromosome univalency to the extent of about 6.17% in
3-4 month old inbred Swiss mice. A range of 3.8% to /
&g{desynapsis frequency has been suggested for C578I
mice by Leonard 8 Leonard(1975). Chandley and Speed(1987)
also recorded about 6% precocious separation of XY in
normal mouse spermatocytes. Earlier, Evauns et 21.(1980)
reported 5-10% separation index for normal mouse. It

is also evident from pubiished literature that the fre-
quency of XY desynapsis may reach 70% to 90% in mouse
with sex reversal (Sxr) and with other form of abnorma-
lities (Winsor et al. 1978, Chandley and Fletcher 1980).
Lyon et al.(1981) considered pairing failure as possible
reason behind sex chromosome univalency in mouse, But
this was later criticised by several other workers on
various grounds (see Chandley and Speed 1987). DeBoer
et al,(1986) assumed that genetic diversity of the Swiss
random bred mouse leads to variants 1In the extent and
ad jus tment of meiotic pairing and furthermore, that pai-
ring is related to spermatocyte survéval. Gollapudi et
al.(1981) advocated the possibility of genetic control
of the pairing mechanism and univalency resulting in a
genetic or chromosomal factor inherited from high fre-

quency parents,
In the present study, a low frequency of 2.5% spermato-
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-cytes in normal random bred Swiss mice with precociou-
8Sly desynapsed X and Y chromosomes 1is in close agree-
ment with the findings of Murthy and Subramanyam (1985),
Das and Nayak (1968). However, the frequency of such
cells in tumor bearing control specimens with 4-day old
tumor was as‘high as about 9%, and in all subsequent
post-transplantation intervals the desynapsis frequency
remain within the range (Fig.10). In fact the frequency
peak decreased gradually with an increase in post-tran-
splantation interval. Thuas the frequency of about 9% is
seX chrowosome univalency in control specimens again is
in close agreement with the earlier reports available
in the literature. A comparison of data reveals that
there is a significant difference in the frequency of
seX chromosome univalency between control and different
treated series. Single exposure to CP at therapeutic
dose caused an increase in the frequency at certain
post treatment time points viz., 24 and 120 hrs,
{nterestingly, significant difference in this regard
was noted only at 24 hrs. in case oY combiration I
series, while a similar result was obtained at 120 hrs,
in combination II serles. In all the céses the differ-
ernce between control and treated series was at 5% level,
Again, when the data of single CP treated series and
Comb.II treated series (VC-CP-VC) were ‘compared,a diff-

erent trend was noted. In all post treatment timepoints,
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beginning from 4 hrs, upto 288 hrs, the frequency was
significantly high 1n combination [[ series (Table 10).
There are reports on the influence of alkylating agents
and other chemicals on the induction of precocious de-
synapsis of A and Y chromosomes of mouse (Schleirmacher
1970, Chakrabarti_et_al, 1986, Dey et al.1989). But so
far as the present author is aware, there is no short-
term exposure study on the effect of CP and CP-VC combi-
nations on the phenomenon of precocious desynapsis
during therapy at spermatocytic level. Thus the present
study clearly points out that application of these drugs
at therapeutic dose influences precocious desynapsis of
sex bivalent in spermatocytic cells of tumor bearing
wlce and the effect is more pronounced if the drugs are
applied wn a combination : VC followed by CP,followed

by VC ie,m Comb,II in the present experiment, while an
alternative combination ie, prior application of Ve
followed by CP was not that effective so far as the

precocious desynapsis of XY bivalent is concerned.

A similar trend in relation to precocious desynapsis

of autosomal bivalents was also documented in the present
experlment. Like sSex chromosome univalency, single auto-
somal univalency was also observed almost consistently

at a significant leval from the very beginning of the
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experiment upto the end of the experiment. The result
is more consistent compared to sex chromosomal univa-
lency. A difference 4n the level of significance was
documented both in single CP as well) as in combination
therapy. Like sex chromosome univalency, the level of
significance in case of single autosomal univalency was
also noted at 5% level (Table 9). A similar trend was
not documented when data of control and more than one
autosomal univalency were compared. In fact no signi-
ficance was sSeen in univalency related to mwore than

one autosome pair, Again,when the differences between
the series, CP single and different Combinations were
compared, it‘was noted that the difference is signi-
ficantly higher in two combination series mostly during
Late hours of therapeutic exposure. This indicates that
both tne combinations seem to be more effective in
inducing single autosemal univalency in comparison oto

CP single therapy.

The mechanism by which CP and CP-VC combinations affects
XY and autosomal pairing and causes precocious desynapsis,
is difficult to ascertain. Several péssibilities may be
discussed, CP is known to be clastégenic and its clasto-
genic effect may be responsible for inducing desynapsis

of XY blivalent which are only terminally associated/paired
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during prophase of first meiotie¢ division, Since, in
the present investigation no structural abnormality in
the form of simple break or deletion in relation to
sex chromosomes or autosomes noted, it is difficult to

ascertain that a breakage-separation was in operation,

During meiosis, the X and Y chromosomes of mouse like
other autusomal bivalents remain associated from pachy-
tene onwards to me taphase I, The precise orientation

of these bivalents is contradictory, It has long been
assumed that there 1is a homologous pairing segment of
variable length of the X and the Y paim, and an obliga-
tory chiasma keeps the two chromosomes together(Kollar
and Darlington 1934, Solari 1974, Chandley and Speed
1987). According to the other school, the synapsis
vetween the X and Y In mouse,ls non-homologous., Cross-
ing over never occurs as normal event in this palir,.and
orientation of X and Y is meddéated only by an achiasma-
tic telomeric association (Ashley 1985, 1987). Wwith
this knowledge in mind, one can assume that CP acts o#
cementing portion of synaptonemal complex fhat kKeeps
the X and the Y chromosomes together for a short segment
throughout meiotic prophase I and thereby causes preco-
cious disjunction of the bivalent. Such possibility is

not very unlikely, bacause it is known that, in addition
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ts its effect on chromosomal DNA, CP can also form
co-valent bonds with nucleophilic groups in a variety
of molecules including protein. Moreover, report on
extensive synaptinemal complex damage in the spermato-
cyvtes of mouse, Chinese hams ter and American hams ter
within 72 hrs, of CP administration to a variety of
doses have been published recently (Allen et al. 1987).
The effect, according to Allen et al.(1987)is dose
dependent. So far as the desynapsis of autosomal biva-
lents is concerned, it has been noted in the present
study that the phenomenon is somewhat non-random and
restricted mostlf among the smaller autosomal bivalents.
Regarding the selective separation of XY bivalent and
smaller autosomal bivalents in different treated series, /
it may be suggested that these chromosomal elements re- //
main associated only for a short segment and become the
primary target for cytotoxic insult offered by the drug
which compels them to separate precociously compared to
their counterparts long before the onset of Anaphase I.
However, akshbugh, there are published reports on the
selective action of CP on synaptinemal complex, there-
is no such report known to the present author on the
interference of VC with the formation of synaptinemal
complex. Therefore, the reason behind a significant

increase in sex chromosome and autosomal univalency in
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response to combination therapy (compared to CP single
therapy) remains unexplained. The condensation effect
of VC on chromosomes may ald or enhance theprocess of

premature desynapsis of bivalents,

The other most significant effect of CP single and
combination therapy include ploidal variation. The
occurrence of aneuploidy with hypohaploid chromosome
count was repeatedly observed at significant level in
response to in vivo drug exposure in almost all post
treatment time points upto 120 hrs., (Fig.6,Table 6).The aneupio
frequency in mouse is known to be variable. According
to Lin et al,(1971), the frequency varies from 2.7% to
3.2%, while according to Leotard er g, (s987) 1t is
strain dependent, and wide spreading (between 4.6% and
34.8%). But there is no report on their frequency in t
tumor bearing mice. In the present study, the frequency
of such aneuploid cells was within 2% range which is in
close agreement with observations of Lin et al.(1971).
A comparison of data presented in Fig.6 revealslthat
there are significant differences at 5% level between
control and different drug exposed series upto 120 hrs.
(for Comb,II- 168 hrs), Significant difference was also
documented at cdrtain time points between CP single

therapy and Combination chemotherapy. A variety of
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chemicals are known to produce aneuploidy during sper-
matogenesis (Hansmann 1983%). Non-disjunction and selec-~
tive or random chromosome elimination are often attri-
buted to the aneuploid condition in mitotic and in meio-
tic cells., Chemicals that induce non-~disjunction inclu-
de among others, MTX, MMS, EMS, bleomycin, natulum, CP,
Cd, trenimon, carhendazim, colchicine, VC. Thus both

CP as well as VC are known to be poient inducer of non-
disjunction. But the way by which these two drugs
either singly or in combination produce higher frequen-
cy of aneuploid cells within 4 hrs, in the present exp-
eriment is difficult to explain. The possibility of
non-disjunction is unlikely because the time period is
insufficient for the last division of potentially
affecged spermatogonial stem cells to reach Spermatocy-
tic phase followed by drug treatment. The only possi-
bility lies in the selective elimination of individual
bivalents at certain phase of meiotic prophase I, The
observed frequency of aneuploidy, thus in the present
experiment, seems to be highly irregulaf aud at the

same time difficult to explain.

The influence of the drug and drug combinations on the
frequency of polyploid cells at diak.-meta.l stage was

very striking and found to be significant at various
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post treatment time points, both at early as well as
Late hrs, of therapgutic exposure (Table 6). The fre-
quency of polyplaid cells in normal and non-tumor spe-
cimens was 3.5% (3.58+0.07) which lddnclose agreement
with the results obtained by Leonard (1973) who demon-
strated that spontaneous ploidal range varies from 3-
6% in norwal mouse. However, Kar and Das (1987) obhser-
ved 5.34% polyploidy in random bred Swiss albino mice.
No significant difference in the frequency of polyploi-
dy between normal and S180 tumor beariung control was
found, This indicates that the transplantation of tumor
had no visible influence on the phenomenon of polyploi-~

disation in this mouse tumor model,

The precise significance of ploidal anomaly has been
discussed in length by various investigators. Cell
fusion and spindle disruption followed by endoredupli-
cation are often attributed to induction of polyploidy
in somatic as well as in germinal cells. VC is a potent
spindle disrupting agent and at the same time, an active
spindle inhibitor, But the effect on spindle protein of
dlviding spermatogonial cells can not be manifested

until the completion of stipulated period when the ..~ .
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affected cells enter into spermatocytic phase. In the
present experiment, high incidence of polyploidy was
documented from 24 hrs. of drug exposure. The incidence
was very high in combination groups,  particularly in
Combination [I treated specimens. The trend continued
upto 288 hrs, after which it was almost at par with
that of the control., In contrast, the effect of CP
single therfapy on the incidence of polyploidy was not
significant at any time point. It is thus evident that
not the CP but the administration of VC is responsible
for higher induction of polyploidy observed in two diff-
erent Combination treated series, Moreover, an examina-
tion of data presented in table 6 reveals that applica-
tion of Comb.II therapeutic schedule seems to be more
effective in inducing polyploidy at diak-meta.I cells
0of melotic prophase I, However, the mechanism of the
induction of polyploid cells within 24 hrs, of drug
exposure remalns inconclusive. Only possibility which
can explain the phenomenon is the fusion of contiguous
cells as reported earlier by Dym and Fawcett (1971) and
also by Beatty et al, (1975). Reported occurrence of
polyploidy within 24 hrs. afdd at late hrs. ranging from
first week to second week time period in response to
other non-anticancer drugs ais known in normal mouse,

(Reddy and Subramanyam 1985 ,Murthy and Subramanyam 1985).
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One of the most interesting aspects of the present

study 1s the occurrence of chromosomal structural
changes in the form. of various exchange configurations
at spermatocytic level. The exchanges recorded were
giainly of two kinds : sex chromosome-gutosome translo-
cations and autosome-autosome translocation, It may be
mentioned that not even a single incidence of transloc~
ation was encountered in control or in normal non- tumor
specimens. An examination of data (Table 7,8; Fig.7,8)
reveals that the effect is significant at 1% level at
certain post treatment time points., The significance is
pronounced in case of autosome~autosome translocation
particulatly when the difference between CP single the-~
rapy and control was taken into consideration., An
analysis of dhda lndicated that administration of CP at
single therapeutic dose produce exchanges involving both
autosomes and sex chromosomes from 120 hrs onwards. The
effect was also visible, ofcourse, to a lesser extent,
in Comb.1 and Comb.II treated series. However, unlike
numerical chromosome anomalies, the occﬁrrence of struc-
tural chromosome abnormalities has not been documented
at early hrs., of therapeutic exposure, and the involve-
ment of Sex chromosomes in the production of transloca-
tion has been documented only at one particular time
point (ie., 336 hr) to a significant extent in case of

CP single therapy.
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[t is generally argued that, in most cases, DNA damage
produced by drugs and chemicals will not result in the
formation of aberrations and exchanges wuznless the cell 1is
in S-phase between the time of treatment and sampling.
The appearance of various exchange configurations in
the form of autosomal and sex chromosomal multivalents
to a significant extent within 5 days of in vivo drug
exposure and their continued presence upto the end of
the present experiment ie., 14 day, can be explained

in a different way. It is clear from the observation
that spermatocytic cells examined on the fifth and

the following days of initial treatment of CP single
and CP-VC combinations, are not the direct descendants
of those spermatogonial stem cells that were in S-phase
during the time of last drug treatment., Because, a five
day time period is not adequate for a spermatogonial y
stemcell to enter spermatocytic phase in the process of
spermatogenesis. It is,therefore, obvious that translo-
cations noted in these cells were not medi ated through
the interference of the drugs with the spermatogonial
S-phase. Some other mechanisms of drug action on
germinal cells must be there which resulted in DNA
damage and misrepait wanifested into visible chromosome

structural changes within a relatively short time period

in the present experiment.
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The extent of DNA synthesis of mouse germ cells have
been studied by various investigators. According to
Monesi (1962), DNA synthesis in the mouse primary sper-
matocytes lasts,, on an average, 14 hrs, and is not
observed at late phases of spermatogenesis. In contrast,
Ghosal and Mukherjee (1971) estimated the duration of
leptotene to be 2-3day® , with DNA synthesis lasting

for 29 hrs, It is also known that diakinesis-me taphase

I occurs in different strains of mouse on an average of
10 to 12 days after preleptotene {(Oakberg 1956, Dietrich
and DeBoer 19873). Therefore, any chromosomal DNA damaging
effect of a drug or a chemical which is mediated through
the interference of spermatogonial S phase would require
this minimum period to be visualised at diak.-meta.lI.
The first appearance of translocations in spermatocvtic ‘
cells in the present experiment was made on day 5 of CP
single exposure., Kofman Alfaro and Chandley (1971) obta-
ined unscheduledDNA Synthesis (UDS) in vitro at all

s tages of gametogenesis of mouse, except for advanced
spermatids and spermatozoa. This UDS is'used for the
repair of DNA damage at cellular level duting the
process of spermatogenesis. A maxtmuq synthesis of UDS
was recorded during zygotene and pachytene. DNA synthe-
sis during zygotene is related to homologous pairing
while DNA synthesis du}ing pachytene 18 used to repair
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nicks and other lesions in DNA cnain; CP is known to
interfere with the syntheéis of DNA during S phase.
Reports are also available which indicate that CP and
certain other mutagens viz,, MMS, PCB, EMS ete. can
induce UDS in meliotic and post-meiotic stages upto
about widspermatids and sperm cells (Sega 1974,1982,
Scomid et al. 1978;_Burgin ¢t al. 1979). It is thus
proposed ihat the drug interferes with the UDS and

the repair synthesis of DNA duméng zygotene-pachytene
complex and thereby causing misrepalr of DNA strands
which results in the production of various exchange
configurations documented at diak-meta.I of meiosis

in CP treated series, The explanation also fits well
with the established time sequeuces of meiosis, In mouse,
zygotene lasts for approximately 2 days, pachytene for
5 days and diplotene approximately 3 days; then comes
diakinesis-me taphase I (Dietrich and DeBoer 1983%}).
Obviously, cells affected at the pachytene would enter
diak.-meta.I within 4 to 9 days depending on whether
the cells were in early, mid or late p;chytene s tage
during the last exposure of the drug. Any effect at
this stage will be visible at diak.-meta.l stage from

5 day onwards. The reported damage of synaptinemal
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complex within 3 days of in vivo CP administration at
different doses in mouse spermatocytic pachytene 8tage
by Allen et Ei- (1987) also strengthen the view that

CP can produce cytotoxic effect within a short time in

mouse sSpermatocyte.

The other effects of CP and its combinations were docu-
mented at spermatozoa level, In the present study single
exposure of CP at therapeutic dose produced no sperm head
abnormalities to a significant level, but its effect on
testes weight and sperm count were significant at certain
time points, So far as the CP single therapy 1s concerned,
the effectis seamed &0,be of delayed nature. Significant
difference between control and single CP therapy was noted ,
on and from 12 day onwards., But tie way by which CP produJ
ces reduction in sperm count is not clearly understandable
from the present experimental set up. Karlier Trasler(1987)
demonstrated that CP at low daily doses increases post-
implantation loss via an effect on spermatozoa during
epididymal maturation and suggested that the spermatozoa
can be modified after entry in the epididymis. It may,
therefore, be assumed that CP at therapeutic dose, in the

present experiment, affected the epididymal spermatozoa
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and caused reduction in total sperm count. The loss of
testis weight to a significant level upon CP exposure

may also be explained in the sawe line.

So in the retrospect, it can be said that CP singly and
in combinations with VC produced germ cell cytotoxicity
both at meiotic and post meiotic stages within a short
time period in S180 tumor bearing mice. The significant
types of effects include : Precocioué desynapsis of

sex chromosome and autosomal bivaleants leading to uni-
valency at diak-meta.l stage of meliusis which has far
reaching clinical consequences, The gonosomal univalen-
cy iﬂ male, 18 often assoclated with abortion of primary
spermatocytes, sterility and meiotic break down (Beechey
1973, Chandley 1981). Cytogenetic studies on F, progeny
of parents subjected to CP chemotherapy along with
dominant lethal assay may add further information on

chemotherapeutic risk at genetical level.

The other significant effect of CP and CP-VC combinations
in this tumor model is the increase of cells with aneuploiad
and polyploid chromosome counts . The precise clinical
significance of ploidal anomaly has been discussed in

length by various investigators,
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Unlike numerical chromosome anomalies and univalency,
the occurrence of structural abnormalities in respounse
to drug therapy was not significant at early hours of
therapeutic exposure but the appearance of exchange
configurations in the form of autosomal and sex chromo-
somal multivalents in higher frequency was well docu-
mented at late hours. So far as the presenti author 1is
aware, there is no report on the induction of chromosomal
structural changes and translocations in spermatocytic
cells by short term therapeutic exposure of CP. The
probabllity of recovering a translocation is very low
after clinical treatment. Since the time period required
to visualised structural chromosome changes medi ated
through the interference with S phase DNA synthesis of
spermatogonial cells,is not sufficient in the present
experiment, the cells diplayed translocations were
certainly not spermatogonial stem cells at the time of
treatment. [t has been postulated that either the drug
interferes with repair synthesis of NNA during pachytene
or with UDS at different stages of spermgtogenes;s
resulting in the induction of various exchange configura-

tions g¢bserved at diak-meta.l stage,
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The other s8ignificance of therdbeutic exposure of CP
documented ln the present Study is its effect on sperm
count and testis weight which also has clinical impor-
tance. [t has been repeatedly demonstrated by different
investigators that depletion in sperm count and the loss
of testis weight are related to m#le sterility in man

and laboratory animals.

Thus the present study on S180 tumor hearing mice in
association with the results published by other investi-
gators in this field show the potential risk of CP and
CP~-VC combinations to-human populations and may represent
a useful contribution in further studies of cancer

patients exposed to single and combination drug therapy.



summary




SUMMARY

The genotoxic effects of two wicely used antineoplastic
drugs, both singly and in combir itions, on meiotic and
post-meioiic stages of a tumor L-aring mouse model have

been assessed at certain chosen time points,

The tumor model :; Transplantable murine vumor, mouse
sarcoma 180 ($180) adapted to out bred strain of Swiss
albino mice was chosen for the present experiment for
the following advantages : 1. al:out 100% tumor take in
inbred and outbred strain of mice, ii, uniform traﬁsmi-
ssibility of the tumor for successive generations, iit,
prolonged survival of the'host' with transplanted tumor,
iv. tixed doubling time of tumor cells. v. tolerdnce of
the mice, vi. easy to maintain v the laboratory, The
ascites form of the tumor was acapted to cut bred strain
of Swiss gzlbino mice because o: their close resemblance

with genetiically heterogenous hwwan populations.

Selection of drugs : Two eftective and commonly used
anticancer drugs of diverse mode ot action viz,, Cyclo-
phosphamide (CP) and Vincristine (VC) were chosen for

single and coumbination chemother apy.Cr is an alkvliating
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agent while VC is a mitostatic alkaloid. These two drugs
are now extensively used tn different parts of the globe
particularly in the countries of the Third World for a

potential cure of various forms of human tumors,

Treatment schedule : The effects of the drug and drug
combinations wére evaluated aftz:r exposing tumor bearing
specimens of identical age group to the therapeutic dose
determined by repeated trials after ®’'tumor take', Tumor
regression upon drug exposure w23 assesSsed by: morpho-
metric study of tumor volume, ccll count and dead cell
frequency, and metaphase index study. A maxXimum regress-
ion of ascites tumor (Potential cure) for CP single the-
rapy serties was noted on day 4, at a dose equivalent to
167 mg CP per Kg body weight. A maximum regression in
Combination I (VC followed by CP) and Combination II (VC
followed by CP followed by VC) was recorded on 3rd day
of last drug administration @ 1 =mg VC + 66.7 mg CP (for

Comb.I) and 1 mg VC + 66.7 mg CP + 0.33 mg VC (for Comb.
Il)respeoiively. Mean Survival ™ime (MST) was also esti-

mated and compared with that of the norwal and control,

Meiotic chromosome complements of tuwor bearing mice
Characterization of meiotic chromosome complements of
mice with transplanted tumor was done by counventional
Glemsa staining. The diakinesis-wetaphase [ stage of
spermatocytes revealed the existence of 20 bivalents of
which 19 were autosomal and the Test was XY. The autoso-
mal bivalents were mostly ring ¢- quadriradial in appea-
rance while the sex bivalent was rod-like with the X and
the Y chromosomes disposed in a .ong arw-long arm pair-

ing or association. Spontaneous pioidal variation in
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terms of aneuploidy and polyploidy was noted but never
to a s1gnificant extent compared to normal mice, No
structural!:chromosome abnormalitr at diakinesis-meta-

phase [ stage was encountered in tumor bearing mice,

fhe effect of the drug and drug combinations was asse-
ssed both at spermatocytlic as weil as sperimatozoa level
at certaln chosen time points : #4hr, 24hr, 72hr, 120hr,
168hr,288hr,312hr and 336hr of 1n vivy drug exposure. A
parallel control was maintained with S180 tumor bearing
mice (of the same age group) exposed in vivo to drug
solvents ie,, elrther stertile dis-i1lled water or diluting
fluid as the case may be, for ideatical time points sele-

cted for treatment series.

The major cytotoxic effects of the drug and drug combi-
nations include : Chromosome univalency, Ploidal anoma-
ly, and chromosome structural changes involving both

autosomes a1d sex chromosomes,

Sex chromwusome univalency referred to as precocious de-

synapsis ol XY bivalent 1n the text,was induced to a

less si1gnificant extent compared to autosomal univalency
in different treatment series. The application of drug

combinations (both thc schedule) was found to be more

effective 1n comparison to the single administratxon of

CP so far as the phenomenon of chromosome univalency

was considered.

~

Ploidal vartitations were recorded in the form of aneuplo-
1dy (both hypo- and hyperploidy) and polyploidy (mostly

tetraploidy) at diakinesis-metaphase.[ stage. The
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incidence of aneuploidy in a higner frequency was docum-
ented from the very begiming of the experiment while the
frequency of cells with polyploid chromosowe counts to a
significant extent was recorded from 1 day onwards in
the present experiment. The incidence of polyploidy was
significantly higher at all posy treatwment time points

in Combination [I treated series¢ compared to CP single

therapy. The precise mechaniswm viich caused significant-
ly higher incidence of polyploic cells within a ~ short
time period remains speculative. The possibility of cell
fusion in response to drug admiristration has been assu-

med. ,

Structural chromosome abnormatit:es, mostly in the form
of autosomal multivalents 1n diakinesis-metaphase I cells
were observed predominantly in tumor bearing specimens

subjected to CP single therapy. 'fhe effect was recorded
to a significant extent from day 5 onwards and continued
upto the end of the present experiment. In contrast, the
occurrence of sex-autosome multivalents in response to
drug exposure was documented to & much lesser extent in
different treated series ( significant at 4% level only
at one time point in CP treated series). Interestingly ,
the induction of chromosome structural abnormalities in
the form of autosomal wmultivalents al though documen ted
to a significant extent at several post treatment time
polnts in Cowh,II treated Spectmens, i{§ occurrence was
not cequally trequent in specimens exposed in vivo to

Cowb.l drug schedule.

o
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The occurrence of chromosome structural changes within
five days of the 1last exposure of +he drug or drug
combinations has been explained according to the folli-
owing - since a five day “ime period is not suffi-
cient for spermatogonial stem zells (affected at S

phase of the cell cycle) to enter diakinesis stage, it
is proposed that the drug/drugs either affected repair
synthesis of DNA at pachytene Or else interfered with
Unscheduled NNA synthesis (UDS) at any later stages of
meliosis which was finally manifested into s tructural
chromosome changes recorded at diakinesis-metaphase I
stage in the present experimert. This explanation also
fits well with the time sequerce established for mouse

spermatcgenesis by different laboratories,

The effect of short term exposure of Cy and CP-VC com-
binations on sperm head morphology and epididymalsperm
count has also been assessed. 't was revealed that the
drug or drug combinations althcugh not effective in
inducing structural alterations of epididymal S perm
head within the time points examined, caused signific-
ant depletion in total sperm ccunt and loss of testis
weight from day 12 onwards. It has been suggested that
CP alone at therapeutic dose can affect epididymal

sperm pool of S180 tumor bearing wouse which in turn

results in reduction of organ weight,
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The clinical and cytogenetic s’ 'gnificance of CP single &
CP-VC cowbination induced germr cell cytotoxicity has
been discussed, The present study on S180 tumor bearing

mice, in association with the results published by other

investigators in this field point, the potential risk
of CP Involved drug combinations to human patients and
represent useful contribution in further studies of

cancer patients subjected to single and combination drug

therapy.
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Premature Disjunction of XY bivalent in response to

Mitomycin Treatment

Qut bred strain of male Swiss albino mouse,Mus musculus

when subjected to mitomycin C treatment at therapeutic

dose (0.3ml per 25 g from a stock soln.prepared by diss-
olving 2 mg potency mitomycin C in 5ml sterile distilled
water) for 24,48,and 72 hr showed premature disjunction

of XY bivalent in diplotene/early diakinesis. The data
obtained showed a statistically significant difference
(p<0.05) with control (distilled water injected) and
normal. The effect is not dose dependent but a maximum
frequency of cells with separated X and Y chromosome was
noted at 24 hr (38%). A similar effect of this widely used

antitunour agent has not been documented earlier.
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SELECTIVE ENDOREDUPLICATION OF ROBERTSONIAN MARKER
CHROMOSOME IN A MURINE TUMOUR CELL (S 180)
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ABSTRACT
The appearance of a new, stable and transmissible biarmed marker chromo-

some has been documented in ascities form of mouse sarcoma 180 cell line

maintained in vivo in outbred strain

of Swiss albino mice.

Morphometric

analysis and banding study revealed that the new marker is identical with

the original biarmed marker already present in the cell line, and has been

formed by selective endoreduplication of 1he existing marker.

Robertsoman  translocation—formation of
one biarmed chromosome by fusion between
two acrocentric or telocentric chromosomes
has been the subject of investigation since
the time of jts discovery by Robertson (1),
particularly after the introduction of the
term by Matthey ( 2 ). Its role in tumour kar-
yotype evolution is a matter of controversy
(3,4).-Almost all murine tumour cell lines,
particulaily the ascites forms possess one or
more rb-marker chromosomes { 5 ). But their
exact significance in tumour adaptation has
not been clearly established.

Mousz sarcoma 180 (S 130) is one of the oldest
know1 murine tumc;ur cell lines, originated

as a ‘spontaneous’ breast carcinoma in a male

mouse ( 6 ). Friend ( 7 ) developed the ascites
form by repeated intraperitoneal transplanta-
tion of the minced solid tumour. The first
report on the chromosome complements of
S 180 showed a modal number of 86 with no
identifiable
nchiet. al. (9 ) reported as many as 10 mark-

marker chromosome ( 8 ). Bia-

er chromosomes in this cell line ('S 180A )
maintained in vitro (10}, Chakrabarti and
Roychoudhuri ( 11 ) studied the chromosome
complements of this cell line maintained in vive
in close inbred strain of Swiss mice and found
the exi:tznce of one biarmed marker chromoso-
Ghosh and Chaudhuri {12 ) confirmed

the existence of one biizimed marker chrom-

me.

osome in this cell line and by the help of



improved techniqics thzy analysed all the
marker chromosomes preseat in this cell line.
In ths pre ent paper we repart the occurren
ce of a new rb-nark:r chromosome in this
cell li 1e now maintained in outbred strain of
Swiss albino mice.

Materials and M:thods :

Thz ascites form of mous: sarcoma 180 is
mitain:d by serial intraperitoneal transpla-
tion in outbred strain of Swiss albino mouse
with an inoculum size of 1 x 10° cells per 3
month-old individuals. On the fifth day of
tamour transplantation, ciromosomes were
prepared from the ascites fluid after 1.30 hr
of colchicine exposure (10). Slides were pre-
pared by air drying and stainied in  Giemsa
stain difuted in phosphate buffer (1:20) ata
pH 6.8. C—band was performed by s'ight
mo dification (13) of the the technique of
Szlmner(14) and for G—band the technique
of Seabright (15) was followed.

Observations and Discussions :

More than 40 successive tumour cel! generati-

oas w.re studixd and the chromosomal findin-

gs from 50 metaphases at each cell generation

revcaled that about 45% m taphase population
possess a new biarmed marker chromosome

along with the three marker chromosomes

already present in the cell hne (10 13, 16 (Fi.
1a). About 359, of the remu.ining metaphases

on the other hand  displayed only one such
marker chronosone (Fig. 1b), Rest of the
metaphase population showed an irregular

distribution cf marker chromosome, hence not

taken into accouat for present purpose.
C—band enalysis of the new marker revea'ed .
the existence of twe closely situated dark spots
in the middle region of early metaphase chrom-
osome while conder.sed late metaphase chromo-
somes showed a single extendcd C—band in the
centromere région. The C—band profile of this
nev; marker is exactly identical with that
of (he original rb-biarmed marker chromosome

of the cell line (10).

G—band study also indicated an exactly
identical band profile in the two biarmed mar-
ker chromosomes. It thus appeared that this
new marker like the old one is also a produ:t of
rb-fusion between two nonhomologous chro-
t( 16; 14) ( Fig. 1a). The
of the chromosomes involved

mosomes, ViZ.,
identification
in rb-fusion has been made by fol owing Cow~
ell (17). : e
The occurrence of one or more biarmed maker
chromoso'mes in mouse ascites tumour cell lines
has b.en reported by difrerent investigators (8§,
9-12). In alf known cases the biarmed makers
were for.ned by fusion beiween nonhonologous
members of the karyotype. However, recently
Spira (18) has document:d the existence of ths

t (2,17 ) rb homozygous marker ciromoso-
mes in mouse T-cell leukemia. But the po- '
ssible mechanism of the formation of such
marker in (wo copies has not been mentioned.
The present findings on the occurrence of Rob-
eriso ian marker chromosomes viz., t (16;14)

in two copies in S180 cell line will add further

cyt log.cal data i1 th: field of murine tumour
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Fig la. Mctaphase spread from Si80 tumour
showing two biarmed marker chro-

moso nes.,

Fig 1b Wetap hase spr.ad from S 8) tumour
showing only on: biarmed marker

chromoso ne,

chromosome evolution Since the new mauker
resemble the old one 1n band pattern and there
occurred no reduction 11 modal number of the
cell Line, we suggest thrt this new marker has
oniginat.d by selective enZoredupication of
the old one. Spos taneous occurrence of end-
oreduplication of S180 chromosomes (part or
whole) has been reported earher by Chakrabara

and Roychoudhury (11), The presence of the

new marker chromsome 1n about 459, metap-
hases and )ts perpetuation through successive
cell generations indicate that ike many other
mouse ascitzs tumours (5, 19) the karyotype of
S{80 still 1s on the way of reconstruction and
the presence of a new Robertso .@an merker may
be 1 eeded ‘or the adaptation of thi, tumour

strain 1n a new strain ¢f muarine host
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Anticancer-antibiotic mitomycin C was found for the first time to induce precocious disjunction of sex bivalent in mouse
spermatocyte The effect 1s nonrandom because a stmilar result has not been documented in any of the autosomal bivalents

Mitomycin C (MC), an anticancer-antibrotic, is now
widely used for the regression of various forms of
human cancers' > Being a polyfunctional alkylating
agent, MC acts on chromosomal DNA and impairs
DNA replication by cross-linking base pairs,
particularly the G-C moiety of the DNA duplex*
After reduction MC can form covalent bonds with
nucleophilic groups 1n a variety of molecules including
RNA and protein® Various cytological effects of MC
have been reported® ~® Its role in the production of
differential C-band in mouse tumour chromosomes in
vivo has also been discussed in recent years® But very
little 1s known about the effect of MC on the gomal
cells of mammals'® Dunng the course of our
investigations on the effect of MC on somatic and
germinal cells of S180 tumour bearing mouse (a
response to therapeutic stress), we noted an interesting
and previously unknown effect of MC on the sex
bivalent of mouse

Materials and Methods

The 16 week old out-bred strain of Swiss albino mice
were subjected to MC treatment @ 0 3ml per 30g
body weight (therapeutic dose for S180 tumour
model®), from a stock solution prepared by dissolving
2mg potency MC (Kyowa Hakka Kogyo Co Ltd,
Tokyo) in Sml sterile distilled water Gonial
chromosomes were prepared from testis after 24 hr of
m wvvo drug exposure by hittle modification of the
technique suggested'' One modification was that the

‘acetic acid treatment’ step for semimferous tubules
had been deleted A parallel control was of specimens
injected with sterile distilled water only The meiotic
chromosomes of both treated and control specimens
were stained in Giemsa stain diluted in phosphate
buffer at a pH 6 8

Results

Normal mouse spermatocytic diakinesis/metaphase
I contains 19 autosomal bivalents and an XY sex
bivalent (Fig 1) The bivalent condition 1s clearly
detectable from diplotene to metaphase I An analysis
of 200 diakinesis/metaphase I cells from four treated
specimens revealed a number of cells (about 387
where the Y chromosome showed precocious
dissociation from the XY pair and in most of the cases
remained displaced, far from the X (Fig 2) A similar
phenomenon has not been seen 1n any of the autosomal
bivalents The XY in control specimens, on the other
hand, maintained the characteristic bivalent condition
throughout the meiotic prophase 1 In addition to
precocious disjunction, the XY bivalent in some cells
showed certain other abnormahties which have neither
been recorded in autosomal bivalents of the same (MC
treated) specimen nor in the germinal cells of control
specimens These include unequal decondensation
and/or despirahsation and uneven condensation of X
chromosome alone or both —X and Y (Tablel)
Similar abrormahties including precocious disjun-
ction of XY were also recorded at other post-treatment

Table 1—Frequency Distnibution of Chromosome Abnormalities in XY Bivalent after MC-treatment

Hr of Precocious Despiralization
mitomycin disjunction of XY bivalent
exposure of XY (%) (VA

24 hr* 38 (~) 8 (2)*

*Out of 200 diakinesis/metaphase 1 studied from 4 specimens
**Figures 1n parentheses indicate control value

Unequal
condensation of
XY bivalent
(VA

Unequal
condensation of
X chromosome

only
VA

4(-) 5(-)
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Fig. I—Duiakinesis spread from a normal male mouse showing 19
autosomal and one XY sex bivalents, arrow points out the posttion
of XY bivalent Fig 2—Diakinesis spreads from mitomycin C
treated male mouse showing precocious disjunction of XY (arrow)

intervals but in a very low frequency. In no case,
however, the control or the normal specimens
exhibited 1dentical abnormahties.

Discussion

Report on the occurrence of spermatocytic
chromosome abnormalities due to chemical exposure
in mammals is very himited'®. The mechanism by
which MC affects the sex bivalent and causes
precocious diSJunctibn of XY 1s difficult to ascertain.

One of the possibilities includes its clastogenic
potentiality on heterochromatin. The Y chromosome
of mouse and other mammals is almost exclusively
heterochromatic. During meiosis in mouse the X and
Y chromosomes like other autosomal bivalents remain
associated from pachytene to metaphase 1. The precise
orientation of X and Y during meiotic prophase I of
mouse and other mammals is controversial. Two
contradictory schools exist. It has long been assumed
that there is a homologous pairing segment of variable

* lengths 1 the XY pair of all mammals and an

obligatory chiasma is formed in the region which keeps
the two chromosomes together from pachytene to
metaphase '3, In mouse, synapsis from the distal
ends of the acrocentric X and Y has been reported to
involve up to 90% of the Y and 30-35Y% of the X'*.
According to the other school, the synapsis between X
and Y in mouse and man is nonhomologous'’
Crossing-over does not occur as a normal event in this
pair, and orientation of XY is mediated only by an
achiasmatic telomeric association!®'¢. It may be
assumed that MC acts on the cementing protein that
keeps XY chromosomes together throughout meiotic
prophase I and thereby causes precocious disjunction
of XY bivalent durmg diakinesis. Such a possibility 1s,
however, not very unlikely, because 1t 1s known that, in
addition to its effect on chromosomal DNA, MC can
also form covalent bonds with nucleophilic groups in a
variety of molecules including RNA and protemn®.
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[he ton chromosomal univalency was tecorded maximum in 24 hrs.//of
treatment series (10%) and autosomal univalency was maximum in 72 hrs.

(209, of drug exposure. The smatlest autosomal univalents were {requ-

ently mvolved in the process. The [requency of autosomal and XY univa-

lency is given in Tabie |

TADLE 1. Frequency distribution of chromosome abnormalities in Autusomat

and XY bnalent aficr Cyclophosphamide treatmeni / Lalde lettenn

Iis.of CP No.of XY No of Autosomal, Total ©5 af
Lxposure Unoalents Unnvalemis Univalents
Coatroel 7 12 19
Treated 7 18 25
Controi 6 8 - 14

4
Treated jo 16 ) 26
Connal 6 12 18

w2
Tieaica 4 24 kN
Cont ol 4] Y o

120
Fieated 5 24 29
Conool 5 10 15

1es
[T 7 25 32

DISIUSSION

Antibiyfiis (Sebramamam and Roddy, 1073) tranguiisers (Kamada, /G
et ol AT Sebiamaoyam and N v, 1975 hallucmogens (('vhm and
Mubbienee, 1968 Ternendes of al . 1973) oral contrace Mive, (Care, 19070,
aduipbare (Jomada and Subramanyam, 19790 Sulpha diogs \5‘“““"
1OTH. Paracetamol (Laxrunarayana ¢, al.. 1930) and wany oth:r com:
woniy used drugs sre knowa 1o ¢ iuse merotic chiromosome aberrations s
nuce. TThe repoited occuirence of univalency in response to abone druy
CAPOSUIC S ot very upcommon. Dissociation of XY bivalents in
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dl.:]n A’vlS[ﬂ]C‘aPh.ﬁt 1 spermatocytes was reparied v enposure te varions [m

- physicil agenis specially’ emperature (W .ka/nwr i /.,;;:u::.n. 19u0; /,'L/(j

~Ganriot . -lld Chrisman, 986 Upivadency has al:o been seporad by
Sgis .__'@ uc‘qm.gn( ot M <'1'|\gm C (Chukrabarti ef ¢d.. i376G). 1o the present /L
experiment we noted & «'r.ndu lxmu wean autoremal univiioney  with e
Cinereasc -in treatmirt hr. and in decrease in turacr population. The situa-
tien Jyhowever, different in case of s Llu'7/r'.w;s('rr.c Ligvaddney, Theoeis
_ CORLIOVETSY- 1(‘Ldfd”10 the gepetic comeguence of univaiency. In our
Jexperiment we coted that the smatlest attesomal pairs are prone (& univa-
leney. This may be due to the fuct thut the binding force in the torm of
. chiusmata’ is not too many in numbr in these univalents and arce not
streng enough to keep the chronmsc_'rl:gj egether as bivalents, hence appear
to desynapse precociously cither sponfancously or under the influence of
‘various agents. The presence of unividents in controls in a low frequency
- Is fiot surprising as they arc repotted to occur spontaneously in many
- uptreated -materials (Cin" ¢t al., 1971; Beechey, 1973;" Purncll, 1973).
Accy’rdmg to Biddic er al. (1985), sex chromosomal univalency is geneti- /O
cally centrolled. The presepge ¢f univalents reflects asynapsis or carly [C
ceraration due to a faulty thlsmd fermation and may be considered to
indicate non- dlS_]UI’.CUOﬂ inducing potential (Pacchicrotii er al, 1983).
According to Brewen and Preston (1978) univalents lgg}{_rgsuh from /\3,
minor stz;/c/ual rearrangements such af deletion. Another alkylating /u,
ageot, Ethylene Oxide increasces the (.cqucncv of cclls wirh autosomal and
XY™ m:valcnts and according to Ribeiro (1987, the occurrence of
“univalents’ xs du» to thc possibility thuat this substance induces non-
dl'\JUﬂCUOl Many cytogenctic studizs vn subfertiie mice and men have
rC\Cdch prematured separation of the X and Y chromosomes and a low
ucu.cncc cf <Lbscquenr meiotic stages in the testis (Beechey, 1973,
Chardley,- 1973: Chandley ¢r ol 1976: Burgyoni, 1979). These researshers
have corcluded that X-Y dissociation leads to death of the affected
spermateeytes, (WS lowering fertitity. The wav by which CP at thcm-
peutic dose produccs autosomizl as well as sex chromosonsal univalency in
the present éxperiment is not ch ir, but i is evident from the compomiive
cata ibat the drug can affect meioevtes cven ot curly s/ ol i vivo /
exposure long bcior the spc.malogoxn enter meiosis and’can produce /e
numerical chromosome abrormality.of i host. The sigriiicancerof this™
prcccc'ie}!s separinion in responsc to dmg. exposure 18 far reaching.
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SUMMARY :

A comparative study on the cytotoxic potential of anticancer
antibiotic mitomycin C (MC) has been made on tumour bearing

and normal”ﬁ;ce considering precocious desynapsis of sex bivalent
&in male germinal cells)as parameter, The study indicates a
strikingly differential effect of the drug on the phenomenon in
two different types of mice. The administration of MC at thera-
peutic dose although enhances the frequency of precocious
desynapsis of XY-blvalent in normal mouse to a significant extent
(compared to control),the same drug at the same dose fails to
produce a similar effect in tumour bearing specimens. Discussions
have been made on : i)the probable cause of this differential
effect,ii)the mechanism of MC action on precocious desynapsis

of sex bivalent and,iii) the possible significance of the findings

in relation to cancer chemotherapy.
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5
INTRODUCTION : Cytogenetic assays on the genotoxic potential of

drugs and chemicals are of continuous importance. Hsu (16) advocated
that an increase in cnromosome abnormalities in somatic cells may
enhance the chance of developing neoplasia while in germinal cells
any such-abnormalities may lead to a high frequency of spontaneous
abortion,birth defects and heritable chromosome rearrangements,

Of various therapeutic modalities adopted in recent years for a
%otential cure’of different human malignancies,chemotherapy has
become much popular for some obvious reasons, Although one of the
pathways of action of most antitumour drugs is chromosome damage,
cancer therapeutic agents have not,as a rule,been selected Dby
studying their effects on somatic and germinal cells of the host.
Mitomycin C, an anticancer antibiotic is extensively used to treat
various kinds of human malignancies (6,18,22). Its use as single
therapeutic agent in the regression of breast carcinoma and leukemias,
particularly in the treatment of CML is fast increasing (8); The drug
is also effective against sarcomas when applied in appropriate combi-
nation with other antitumour agents of diverse nature. Being a poly-
functional alkylating agent,MC impairs DNA replication by cross-linking
base pairs particularly the G-C moiety of the DNA duplex (27). Upon
metabolic activation,the drug transformed into very reactive alkylating
agent and after reduction it can form covalent bonds with nucleophilic
groups in a variety of molecules including RNA and protein (30).
Various cytotoxic effects of MC have been reported. But most of these

reports are on somatic cells of man and other mammals(21,25). The
Cont..4
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production of chromosome structural changes in somatic and germinal
cells of mouse upon exposure to MC has been reported by Adler (1),
MC induced premature disjunctlon of sex bivalent in mouse germ cells
has been published from .i- this laboratory (9). More recently,
Allen et.al.(2) have recorded an extesive SC damage in mouse sperma-
tocytes upon exposure to MC. In the present paper we report on the
influence of MC on precocious desynapsis of XY-bivalent in germinal
cells of the normal(ie,,non-tumour bearing)and tumour bearing male

mice,

MATERIALS AND METHODS

The Animal Model : Out bred strain of Swiss albino mouse,Mus musculus

of about the same age group constituted the animal model for the
present investigation, Out bred mice were chosen because of theilr
close resemblance with genetically heterogenous human population (23).
Two month o0ld male mice,procured from an animal supplier of Calcutta,
were housed in the animal house and maintained on standard mice feed
and water for atleast four weeks before exposure to MC,

The Tumour Model : Out bred strain of male mice bearing the ascites

form of sarcoma 180 (s180) constituted the other experimental model
for the present investigation, The s180 tumour cell line,originally
procured from Chittaranjan National Cancer Research Centre,Calcutta,
is maintained in this laboratory for last 12 years by serial intra-
peritoneal transplantation into 3-mo-0ld Swiss albino mouse.

The drug and the treatment schedule: Stock solution of MC was prepared

by dissolving 2 mg potency MC (manufactured in India by Biochem
Pharmaceutical Industries under licence: lyowa Hokko Kogyo Co.Ltd.,
Japan). Both the(non-tumour bearing)normal and s180 tumour bearing

male mice of the same age group(3 mo-olfd) received intraperitoneal
CONT, S5___




injection of/MC at therapeutic dose( 4mg.per Kg.body weight). The
therapeutic dose for this s180 tumour model was established by repeated
trials on tumour bearing wmice at Log phase of tumour growth, A maximum
regression (as determined by morphometric analysis of tumour volume,
dead cell frequency and mitotic index ) was noted after 120 hr of in vivo
drug exposure, In either cases drug exposed specimens were sacrificed
by spinal dislocatdn at five different post-treatment intervals: 48,
72,96,120 and 168 hrs, Concurrent controls with two specimens per time
point exposed to sterile distilled water was also examined., In the two
treated series six specimens were sacrificed at each time point and in
each case,

Meiotic chromosomes from seminiferous tubules of the treated and the
control specimens were prepared by following the technique of Oud et.al.
(24). In brief: seminiferous tubules were collected after removing the
tunica albuginea of testes in 1% tri-sodium citrate solution., After 30
minutes of hypotonic exposure seminiferous tubules were kept in ethanol:
acetic acid fixative (3:1 v/v)for 30 min.at 8%. arter primary fixation
tug@es were dissolved in 30% glacial acetic acid, c%}rifuged at 1,500 rpm
for final fixatdn in ethanol:acetic acid (3:1) fixative. After one day
preservation slides were prepared by following air dry technique. The
meiotic chromosomes of both control. and treated specimens were stained

in Giemsa stain diluted in phosphate buffer (1:10 v/v) at a pH 6.8,

RESULTS : Normal mouse spermatocytic diakinesis/metaphase-I contains
19 autosomal bivalents and one XY sex bivalent (Fig.1). The bivalent
condition is clearly detectable under microscope from diplotene onwards

to metaphase I, The X and the Y chromosomes show an end-to-end
CONT: 6_
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association/pairing and the autosomal bivalents,depending on the

position of chiasmata,exibit ring,rod or quadriradiadl configurations
(Fig.1).

An analysis of 400 well spread diakinesis/metaphase-1 stages from

control specimens revealed the existence of about 11% spermatocytes

in which X and Y chromosomes showed precocious deéynapsis with no
typical end~to-end association (Fig.Zfl The normal value,established
by analysing 100 diakinesis/metaphase-I1 stages from 6 male individuals
also resembled the control value (hence they were plotted together in
Fig.3).

An examination of the treated specimens at 5 different post-treatment
intervals,on the other hand, revealed a significant shift in the fre-
quency of XY separation from the control and the normal value. The
histograph presented in figure.3 depicts the frequency distribution
of diak./meta-I stages with precociously desynapsed XY bivalent in
normal/control and the different treated specimens, It is evident from
the histograph that the administration of MC at therapeutic dose
influenced the frequency of precocious desynapsis of sex bivalent to
a considerable extent.,The frequency of separation was significantly
higher at each time point in drug exposed non-tumour bearing specimens.
A maximum frequency of about 20% cells with separated XY bivalent was
noted at 96 hr of drug exposure while a minimum frequency of 13% was
documented at 72 hr.of MC exposure. A steady peak was maintained at
other time points upto the end (ie.,168 hr) of the experiment., A
different and to some extent a contrasting situation was documented
in the other experimental series, The frequency of precocious separa-
tion of XY bivalent in drug exposed s180 tumour bearing mouse was

elther almost at par or else lower than the control value (Fig.3).
CONT. 7___
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A maximum depletion of separation frequency was documented at 96 hr
of post-treatment interval when thelfrequency of precociously desynaﬁgd
XY bivalents dropped down to about 3%, The frequency at other time
points although showed an increase,never (except for 48 hr) reached

the control/normal value,
(-

DISCUSSIONS : Premature desynapsis of the XY blvalent with respect

to autosomes has been repeatedly noted by various investigators.
Chandley and Speed (11) documented about 6% precocious desynapsis

of sex bivalent in normal mouse. Earlier Evans et.,al.(14) also

reported 5-10% separation of sex bivalent in normal mouse, Lyon et.al.
(20) proposed pairing failure as possible cause behind XY univalency

in diak./meta-I in mouse and other mammals, But this has been criti-
cised by other workers on various grounds (see Chandley and Speed,1987).
Ashley (3) imposed adaptive significance on the phenomenon and sugges-
ted that precocious separation of XY bivalent may serve to prevent
genetic exchange along an extensive portions of the non-homologous
synapsed region, In the present study we also recorded about 11% cells
with precocious XY desynapsis in control/normal mice which showed a
significant increase (as high as 20%) after MC administration in
non-tumour bearing mouse at all post treatment time points. This clearly
points out that MC has definitive influence on precocious separation

of XY bivalent in male mouse.CIt may be cited in this connection that
one of the main pharmacological sanctuary sites for the cytotoxic drugs
in the body is testicle (8). Hence it is not very unlikely that the
drug,MC upon entry into the body of the host will transported to the
testes and produce various cytotoxié effects including premature

desynapsis of XY bivalent in proliferating germ cells.;

CONT., 8
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A different result was obtained in the other experimental series where
the meiocytes of S180 tumour bearing mice were exposed identically to
the same therapeutic dose of the drug. There was a steady fall in the
frequency of XY separation at all post treatment intervals in this
series except for 48 hr when the frequency was almost at par (12%)
with}zii of the control/normal. Interestingly, a maximum decrease was
ﬁoted at 96 hr of treatment in tumour bearing mouse when the frequency
was only 3% against 20% recorded in non-tumour bearing specimens in

one hand, and 11% in control/normal on the other. This is difficult to
explain; It is true that upon entering into the blood stream, MC in
tumour bearing specimens rushed to the target tissue and th;.bulk of

the drug was utilised at the tumour site leaving very little or no drug
to be available for testes or other tissue or organs . This,however, is
only a partial explanation of the situation because’ at all post treat-
ment time points (except for 48 hr)the frequency of separation was lower
than the control, One possibility may include an increase in intracellular

level of the protective agents like glutathione in testes and other organs.

of tumour bearing mice,

The precise mechanism by which MC affects XY pairing(pf mouse) and
causes precocious desynapsis is difficult, to ascertain, Several possibi-
lities may be discussed., The clastogenic potential of MC on chromosomal
heterochromatin i§ well documented. The Y chromosome of mouse and other
mammals i1s almost exclusively heterochromatic and MC is known to have
preferential effect on chromosomal heterochromatin (12,15,17). It may,
therefore be assumed that MC acted on Y heterochromatin and thereby caused
breakage wnici in turm results in sex chromoscme univalency in treated

specimens, Since in our present preparation no structural abnormality

CONT . o—
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in the form of break or deletion was noted in the X and the Y chromo-
somesit is difficult to conclude that a breakage-separation event was
in operation. _

During meiosis, the X and the Y chromosome of mouse,like other
autosomal bivalents remain associated from pachytene onwards to meta.l.
The precise orientation of X and Y chromosome during meiotic prophase-I
of mouse is controversial. Two contradictory scrools exist. It has long
been assumed that there is a homologous pairing segment of variable
lengths of the X and Y pair,and an obligatory chiasma is formed in the
region which keeps the two chromosomes together from pachytene to
metaphase-I (11,19,26). According to the other scnool the synapsis
between X and Y in mouse is nonhomologous (4). Crossing over never
occurs as normal event in this pair and orientation of X and Y is
mediated only by an achiasmatic telomeric association (3). It may be
assumed that MC acts on the cementing portion of SC that keeps the X anc
Y chromosome together for a short segment throughout meiotic prophase-I
and thereby causes precocious disjunction of X and Y bivalent, Such a
poseibllity is not very unlikely; because it is known that, in addition
to its effect on chromosomal DNA, MC can form covalent bonds with nuclec
philic groups in a variety of molecules including, RNA and pfotein (30).
Moreover, © - report on the ext%give SC damage in mouée spermatocytic
cells upon MC administration to a variety of doses has been xepmrk
published (2). The study of Allen et al.(2) indicated that among mouse,
chinese hamster and American hamster, the synaptanemal complex of mouse
is most sensitive to MC action, Regarding the selective separation of
XY bivalent it may be suggested that these two chromosomes remain
associated only for a short segment by terminal association (see Ashley,
1985) and Dbecome the primary target for any xkemixgz¥xmRxphRysizaix

9
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cytotoxic insult offered by the chemical or physical agent which
compells them to separate precociously long before the onset of
anaphase-I when mkkex autosomal bivalents remained synapsed throughout
the length.

It is thus evident that MC)which is now widely used to treat various
forms of human malignancies,has influence on precocious separation of
sex bivalent in normal and nontumour bearing mouse, There are report
wnicn suggests that premature XY dissociation of mou;:ZEQQE; to the
death of affected spermatocytes thus lowering fertility (5, . 7,10,29).
Reduction in testis weipght in specimens with higher degree of XY sepa-
ration has also been documented by Chandley and Speed (11). Further
study is thus needed to establish this previously unknown cytotoxic
potential of MC and to impose any réstriction to its frequent use in

treating various human cancer patients.
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5 On the Stubility aad Sigoificance of 4 Robe rtwnun Marker
Chromosome in S 180 Mouse Tumour,
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Cytogenetic characterization of  Sarcoma 180~ -u

‘ long-rearcd
muriee tnotr has been done for several

successive In vivo cell genera-
tions by the application of modern me thologies including G- Co ,Q—

: 7
and N—banding. Sister chovomatid ditterentiation SUDY and SCE
were also made by in vive BrdU-chasing technique
perpetuation of a stable biarmed marker

uudlcs
The tormadion and

’. chromossme have been traced
and its? resistance  to clastogenic eifect of

séveral andcancer  druus has
. 7 h e
been discussed, ’
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The synapsis berween  the X and the Y in mouce is nonhomolo-
gous, and in normal meiosis X and Y chromosomes, like other autosomal
bwalcnt; rematn assocxatcd from pachytene onwards to metaphase [. The
precise orientation of XY bivalent is not clearly known. In the present
study we noted premature disjunction of XY bivalent in tumour-bearing’
mouse in response to chemotherapeutic stress offered by & number of
antitumour drugs. In all drug treated cases a significant number of ceils
showed premature separation of sex bivalent either in diakinesis or in
early metaphase 1. The elfect is unusual - and nonrandom in nature, A
similar kind of effect has not been documented in any of the autosomal
bivalents. Discussinns are made on the signihcance of premature disjunc-

tion of sex bivalent in relation to cancer therapy,
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Sarcoms 180 tumour beaning mice were exposed m vivo to therapeutic
dose of Cyclophosphami'de, an anticancer alkylating agent, Specimens
subjecied 1o therapy were sacnficed at 4, 24, 72, 120, 168h after the
drug exposure and the testes were processed ior meiolic chromosome
display al diakinesis/metaphase | complex  Mitoclastic elfects of the drug
wagre visualized by the presence of univalents at a signithicant leva] when
compared with that of the control. The autosomal umvalents were more
frequent than sex chromosomal ones Discussions have been made on the
induction and the possible consequence of univalency dus to drug therapy,



