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P R E P A C K 

Dur ing the p a s t few y e a r s chemotherapy has become 

e s t a b l i s h e d as a form of t r e a t m e n t f o r a m a j o r i t y of 

m a l i g n a n t t u m o r s . A l a r g e number of a n t i n e o p l a s t i c 

a g e n t s have been i s o l a t e d , desi«;ned and t e s t e d , b u t 

on ly a few have found a c c e p t a n c e . Many t h a t showed 

i n i t i a l p romise were l a t e r abandoned because of t h e i r 

l e s s e f f e c t i v e n e s s or more t o x i c s i d e e f f e c t s than 

was a n t i c i p a t e d e a r l i e r . Most of t h e s e a g e n t s have 

n o t , as a r u l e , been approved a f t e r s y s t e m a t i c s t u d y 

of t h e i r c y t o t o x i c p o t e n t i a l , p-ir t i c u l a r l y on germ 

c e l l s of the p a t i e n t s or a p p r o p r i a t e t e s t s y s t e m s . I t 

i s known t h a t an i n c r e a s e in chromosomal a b n o r m a l i t i e s 

in s o m a t i c c e l l s mav enhance th-; chance of n e o p l a s i a 

w h i l e in g e r m i n a l c e l l s any sucn a b n o r m a l i t i e s may 

l e a d to s e r i o u s c o n g e n i t a l m a l f o r m a t i o n . Hence 

• i i 



i t 

i n v e s t i g a t i o n s on o^ to tox ic and genotoxic p o t e n t i a l s 

of e s t a b l i s h e d and promising an t i cance r drugs are of 

continuous importance both from fundamental as well 

as applied po in t of view. 

For Iden t i fy ing subs tances hazardous to human b e i n g s , 

t e s t d a t a from In vivo mammalian germ c e l l assays 

c a r r y much g r e a t e r weight than those from Jjn v i t r o 

s h o r t term t e s t s . Despi te I t s tox ic p o t e n t i a l and 

c e r t a i n o ther l i m i t a t i o n s , chemotherapy has become 

e s t a b l i s h e d as most e f f e c t i v e ana popular form of 

t rea tment for a wide v a r i e t y of cancer . For c e r t a i n 

types of ma l ignanc ies , however, i t is a t r ea tment of 

choice . 

Cyc lophospheunlde Is an Important a n t i n e o p l a s t i c and 

immunosuppressive agent used e i t h e r s i n g l y or in 

combination with var ious m l t o s t a t l c ( e g . v I n c r I s t ine ) 

drugs to combat as many as twenty f ive d i f f e r e n t 

human mal ignanc ies . Recent s t u d i e s I n d i c a t e t h a t the 

drug may cause secondary n e o p l a s i a In cartcer p a t i e n t s 

as well as cancer In noncancer p a t i e n t s , and a l so In 

exper imenta l anlmals/~lARC 1982, Shelby 1988_7. Al­

though some of the hazardous p o t e n t i a l s of CPaicewell 

documented, the drug is s t i l l ut>ed r a t h e r e x t e n s i v e l y 

p a r t i c u l a r l y in d i f f e r e n t pa r t s of the Third World. 

—-—^—— ——— I I I 



I l l 

A vaEiety of cy to tox i c e f f e c t of CP on somatic and 

germinal c e l l s of man,mouse and o ther mammals i s mow 

known. But the p rec i se way by which the drug a f f e c t s 

meio t ic chromosomes and in f luences germ c e l l cytogen­

e t i c s is not c l e a r l y unders toed. One of the pathways 

of drug ac t i on obviously involves i n t e r f e r e n c e with 

c e l l u l a r DNA s y n t h e s i s . A review of e x i s t i n g l i t e r a ­

ture i n d i c a t e s t ha t most of the s t u d i e s made in t h i s 

regard were designed with an assumption t h a t the drug 

e x c l u s i v e l y a f f e c t s spermatogonial stem c e l l s hence 

pos t -exposure cy togene t i c eva lua t ion was made day- 19 

onwards. During t h i s period the su rv iv ing spermatogo­

n i a , as per time sequence e s t a b l i s h e d by Oakberg(1956, 

1957) would e n t e r spermatocy t ic phase of spermatogene­

s i s and the e f f e c t of the drug can be perceived by 

scor ing -JM- c e l l s a t d i a k i n e s i s - m e t a p h a s e . 1 s tage for 

a b e r r a t i o n s . 

Our p i l o t s t u d i e s on the e f f e c t of c e r t a i n a l k y l a t i n g 

a n t i c a n c e r agents ind ica ted t h a t even a ' s h o r t term 

exposure of these drugs may produce meio t ic abnorma­

l i t i e s In normal and tumor-bearing mice (Chakrabar t i 

e_t ^ . 1 9 8 6 , Dey e_t a l . l 9 S 9 , Dey and Chakrabar t i 1989). 

Moreover, thee r e p o r t s of the e f f e c t s of CP and VC on 

germinal c e l l s and t e s t i s weight of d i f f e r e n t mamma­

l i an t e s t systems a r e , to some e x t e n t , c o n f l i c t i n g . 



I V 

Published r e p o r t s on tlie inf luence of the drugs on the 

f e r t i l i t y p o t e n t i a l of man and Laboratory mammals too 

are c o n t r a d i c t o r y . 

The main o b j e c t i v e s of the p resen t s tudy was to expand 

the e x i s t i n g pool of information in the f i e l d of cyc lo ­

phosphamide r e l a t e d cancer chemotherapy and to give a 

f r e sh I n s i g h t on the con t rove r sy of s h o r t - t e r m e f f e c t 

of the drug and drug combinations on germinal c e l l s of 

tumor beeu'ing mouse In course of therapy . 
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1 N T f R O D U C T I O N 

Cytogenet ic assays on the genotoxic p o t e n t i a l of drugs and 

chemicals are of cont inuous importance. H[su{ 1982) advocated 

t ha t an i nc rea se in chromosome abnormal i t i e s in somatic 

c e l l s may enhance the chance of developing n e o p l a s i a while 

in germinal c e l l s any such abnormal i t i e s may lead to a high 

frequency of spontaneous abo r t i on , b i r t h d e f e c t s and h e r i ­

table chromosome rea r rangements . 

Since the p r e s e n t p r o j e c t i s o r ien ted on germ c e l l cytogen­

e t i c s of tumor-bearing animal model in response to s i n g l e 

agent and combination chemotherapy, a b r i e f review of 

l i t e r a t u r e on var ious aspec t s of cancer chemotherapy w i l l 

be of v a l u e . The u l t ima te goal of p re sen t day cancer therapy 

is to remove a l l mal ignant c e l l s with l e a s t t ox ic s ide 

e f f e c t s on hostfs normal body c e l l s . Since the n e o p l a s t i c 
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c e i l s a r e , in g e n e r a l , h e t e r o g e n o u s p o p u l a t i o n c o n s i s t i n g 

of d i f f e r e n t ' m u t a n t c l o n e s ' , i t o f t e n becomes d i f f i c u l t to 

s e l e c t a p p r o p r i a t e t h e r a p e u t i c measures to s t o p t h e i r m u l t -

i p l i c a t i o n . 

Of the two p o s s i b l e a p p r o a c h e s to c a n c e r t r e a t m e n t , i e . , t h e 

r e v e r s a l of the n e o p l a s t i c s t a t e , and the r emova l of the 

n e o p l a s t i c c e l l s frora the s y s tem, p r e s e n t - d a y c a n c e r t h e r a p y 

IS based a l m o s t e x c l u s i v e l y on the second a p p r o a c h . S u r g e r y , 

rad i o t h e r a p y , c h e m o t h e r a p y , immunotherapy a r e a l l e f f e c t i v e 

measures f o r the removal of the tumor c e l l s frora the s y s t e m . 

Dur ing the p a s t f o r t y y e a r s chemotherapy has become e s t a ­

b l i s h e d as a foriD of t r e a t m e n t f o r a wide v a i ' i e t y of m a l i g ­

n a n t tumors , A l a r g e number of a n t i n e o p l a s t i c a g e n t s have 

been t e s t e d , b u t o n l y a few have found a c c e p t a n c e ; many t h a t 

showed promise i n i t i a l l y were l a t e r abandoned because of 

t h e i r l e s s e f f e c t i v e n e s s or more t o x i c n a t u r e than was 

o r i g i n a l l y a n t i c i p a t e d . Hence I n v e s t i g a t i o n s on the t o x i c 

p o t e n t i a l s of a n t i c a n c e r d r u g s a re c o n t i n u i n g a long wi th 

the s e a r c h f o r more p o t e n t d r u g s and more r e l i a b l e t h e r a p e u ­

t i c m o d a l i t y . D e s p i t e i t s t o x i c p o t e n t i a l and c e r t a i n o t h e r 

l i m i t a t i o n s chemotherapy has become e s t a b l i s h e d as most 

e f f e c t i v e and p o p u l a r form of t r e a t m e n t f o r a m a j o r i t y of 

types of c a n c e r . The s o c i o - e c o n o m i c I m p l i c a t i o n s of chemo­

t h e r a p y a r e a l s o too many. 



Tumors a r e , in g e n e r a l , heterogenous popula t ion of c e i l s 

c o n s i s t i n g e s s e n t i a l l y of three compartments : i . a p r o l i ­

f e r a t i n g compartment c o n s i s t i n g of c e l l s in the process of 

d i v i s i o n , i i , a non-clonogen Ic compartment comprising of 

c e l l s which l o s t t h e i r c a p a c i t y to d i v i d e , and 111. the 

c lonogenic compartment which inc ludes c e l l s t h a t al though 

not in d i v i s i o n a t the time but may d iv ide if an appropr i a t e 

s t imulus i s a v a i l a b l e . Chemo therapeu t i c agents ac t mainly 

on the d i v i d i n g f r a c t i o n of tumor c e l l popu la t ion . Thus the 

response obta ined by a p a r t i c u l a r drug a g a i n s t a tumor 

depends to a g r e a t e x t e n t on the s i z e and a c c e s s i b i l i t y of 

the p r o l i f e r a t i n g compartment. In f a c t one of the main 

o b s t a c l e s to a complete cure of advanced tumors Is the 

p e r s i s t e n c e of these c lonogenic c e l l s in the sys tem.Besides 

the c lonogenic c e l l s , t h e e x i s t e n c e of hypoxic c e l l s a l so 

offer t roub le s in the t rea tment of cancer (Goldacre 1977, 

Tannock 1982). Hypoxic c e l l s in s o l i d tumors are known to 

be r e s i s t a n t to t rea tment with r a d i a t i o n . They may a i s e 

escape chemotherapy because of l imi ted d i f f u s i o n capac i ty 

of many a n t i n e o p l a s t i c d rugs . Moreover, hypoxic c e l l s are 

in g e n e r a l , s lowly p r o l i f e r a t i n g ce l l . s , while most a n t i ­

cancer drugs are more ac t i ve (with poss ib le except ions to 

c e r t a i n tumors) a g a i n s t r a p i d l y p r o l i f e r a t i n g c e l l s . 



The c l i n i c a l e f f e c t i v e n e s s of any a n t i c a n c e r d rug r e q u i r e s 

s e l e c t i v e t o x i c i t y to m a l i g n a n t c e l l s Jji v ivo a t d o s e s t h a t 

a l l ow enough c e l l s in the pa t ien t f s c r i t i c a l t i s s u e s to be 

l e a s t a f f e c t e d . S i n c e most tumors a r e h e t e r o g e n o u s and 

somet imes c e l l s of d i f f e r e n t o r i g i n ( b i - o r m u l t i - c l o n a l ) 

r e s p o n d d i f f e r e n t l y to the same a n t i c a n c e r a g e n t , n o s p e c i f i c 

t a r g e t a t the m o l e c u l a r l e v e l cou ld be i d e n t i f i e d f o r 

e f f e c t i v e d rug t h e r a p y , \ l m o s t a l l c h e m o t h e r a p e u t i c a g e n t s 

a re c y t o t o x i c and i n t e r f e r e e i t h e r In a d i r e c t way or In an 

i n d i r e c t means w i t h v a r i o u s phases of the c e l l cycle(Table. l ,> 

The c l a s s i f i c a t i o n of chemo t h e r a p e u t i c a g e n t s depends vaostfy 

on t h e i r mode of mechanism of a c t i o n a t m o l e c u l a r or mac ro -

m o l e c u l a r l e v e l and the s o u r c e from where they have been 

i s o l a t e d (Hru le e_t. al . . i g ? ! , Krakoff 1977 , P r a t t and Rudden 

1 9 7 9 ) . 

TABLE. 1 : C l a s s i f i c a t i o n of chemo t h e r a p e u t i c a g e n t s 

a c c o r d i n g to the i r mode of a c t i o n & s o u r c e 

I . ALKYLATING AGEVTS 

A. C l a s s i c a l k y l a t i n g a g e n t s , 

( i n h i b i t o r of DNA s y n t h e s i s ) 

I . B l o ( c h l o r o e t h y l ) a m i n e s ; 

i. Asaley 
II. Chlorambucil 
iii. Cyclophosphamide 
Iv. Melphalan 
V. Mechlore thaunlne 
v i . U r a c i l mus ta rd 
v i l . I fo s fa ra ide 

file:///lmost


2 . E t h y l e n e i tnines 

3 . A l k y l s u l f o n a t e 

B. N i t r o s o u r e a s : 

i . Th io - t epa (THIO) 

L. B u s u l f a n 
i i . Yoshi 86^ 

i . C a r m u s t i n e 
i i . Es t ramus t i n e 
i i i .Lomus t i n e 
i v . S e m u s t i n e 
V. S t r e p t o z o c i n 
v i , C h l o r o z o t o c i n 

C. The A n t i b i o t i c s 

a. i m p a i r DNA s y n t h e s i s ; 
i . Mitomycin C (MC) 
i i . Bleomycin 

b . impa i r R-VA s y n t h e s i s : 
i . Act inomycin D (ACT) 
i i . Mi th r amyc ln 
i i i .Daunomyc in 
i v . Adr iamycin (ADR) 
V. S t r e p t o n i g r i n 
vl. Chromomycin 
V i i .Dac t inomycin 
v i i i . D o x o r u b i c in 
i x . D a u n o r u b i c i n (DNR) 
X. Carminomycin 

c . i m p a i r p r o t e i n s y n t h e s i s : 

i . Puromycin 

d. impa i r b o t h DMA and 
RNA synthesis J 

i. Hubidazone 

D. M iscellaneous Alkylators; 

a. impa i r DW s y n t h e s i s : 
I . C i s p l j i t i n 

b . impa i r bo th DNA and 
RNA s y n t h e s i s : T» ^ ^K , , „ ^ 

•̂  1. D e c a r b a z i n e 
c . impa i r DNA,RNA and 

P r o t e i n s y n t h e s i s : 
i . G a l a c t i t o l 



11. \n time taboi i tes : 

( i n h i b i t o r s of Nucleic acid b i o s y n t h e s i s ) 

A. Fo la t e a n t a g o n i s t s : 
i . E thanesul f on ic acid 

compound 
i i . Methotrexate (MTX) 
i i l . Dichloromethot rexa te 

B. Purine a n t a g o n i s t s 

C. Pyrimidine a n t a g o n i s t s 

D. Glutaraine a n t a g o n i s t s 

i . Azath iopr ine 
l i . 6-Mercaptopurine {6-MP) 
111. Thloguanlne 
iv . Broino-deoxyuridine 

I , 5 - F l u o r o u r a c l l (5-FU) 
i i , 5-Kluoro-deoxyur idine 
i i i . 5-Azacy t id ine 
iv . Cytosine axablnoslde 
V. Cyc locy t id ine 

I. Azaserine 

E. Polynucieo t ide a n t a g o n i s t s ; 
i . Hydroxyurea 

I I I . P l an t Alkaloids : 

M i t o t i c i n h i b i t o r s : ^̂  v i n c r i s t i n e (VC) 
i i . V inb las t ine (VN) 
i i l . Vtndeslne 
iv . Etoposlde 
V. Teniposide (VM-26) 
v l . Maytanslne 

IV. Enzymes ; 

S u b s t i t u t e for 
d e f e c t i v e s y n t h e s i s : i . Ij-as parag inase 

V. Hydraz ine : 
i n h i b i t o r of DMA r e p l i ­
ca t i on and RNA s y n t h e s i s : 

i . Procarbazine (PCB) 

7 



VI. s t e r o i d s 

i n h i b i t o r s of p ro te in s y n t h e s i s : 

i . Adrenocor t ica l 
hormones 

i i . Progestaiibnal 
s t e r o i d s 

i i i . Estrogen 
iv . AntiestEogen 
V. Androgen 
v i . Ant iadrena l agents 

VIL. Misce l laneous agents: 

A. Mul t ip le i n h i b i t o r y a c t i o n 
(enzyme inhibitors,DNA 
b i o s y n t h e s i s e t c . ) 

i» Cytenibena 

B. .Cnhtbitor of DNA s y n t h e s i s ; 
t , Razioxane 
li.Hydrtbxyurea (HU)* 

*abbrev i a t t o n s used in the t e x t are kept in patrenthesis 

l l ecen t ly , Matney e_t ji_l.(l985) have c l a s s i f i e d seventeen 

d i f f e r e n t a n t i n e o p l a s t i c agents according to t h e i r a b i l i t y 

to cause gene mutat ion in e^scision r e p a i r p r o f i c i e n t t e s t 

b ac te r I a ( l ab 1 e , 2 ) , 

In the DNA-HNA-Protein k i n e t i c cyc les the a n t i c a n c e r drugs 

ac t d i f f e r e n t l y a t d i f f e r e n t s t e p s tc r e g u l a t e the abnormal 

p r o l i f e r a t i o n of n e o p l a s t i c c e l l s . Fc)r example, a n t i f o l a t e , 

^ 



( e g . , M e t h o t r e x a t e ) , p u r i n e a n t i m e t a b o l i t e s ( e g . 6 - m e r c a p t o ~ 

p u r i n e ) and p y r t m i d i n e a n a l o g u e s ( e g . , 5 - F U and FUdR)act a t 

tne same s t e p to i n h i b i t the enzyme t h y m i d y l a t e s y n t h e t a s e 

which c o n v e r t s deoxycy t i d y l i c ac id to t h y m i d y l i c ac id— a 

must f o r the s y n t h e s i s of DNA ( H e i d e I b e r g e r 1 9 6 5 ) . C y t o s i n e 

a r a b i n o s i d e , h y d r o x y u r e a and many o t h e r a n t i c a n c e r a g e n t s 

are- known to i n h i b i t the a c t i v i t y of r i b o n u c l e o s ide d i p h o s ­

pha te r e d u c t a s e to i m p a i r the r e d u c t i o n of c y t i d y l i c ac id 

i n t o d e o x y c y t i d y l l c a c i d n e c e s s a r y f o r the b i o s y n t h e s i s of 

DMA (Krakoff e_t ^ . , 1 9 6 8 ) . However, c y t o s i n e a r a b i n o s i d e i s 

a l s o known to b l o c k DNA po lymerase r e s p o n s i b l e f o r p o l y m e r i ­

s a t i o n of n u c l e i c ac id ( F u r t h and Cohen 1 9 6 8 ) . 

TABLE. 2 : G e n o t o x i c c l a s s I f l c a t i o n of some a n t i c a n c e r d r u g s 

Commercial Drugs E x p e r i m e n t a l Drugs 

C1 as s'. I ( M u t a g e n e s i s in Uvr s t r a i n s o n l y ) 

i . B leomycin , l i . Mitomycin 

C l a s s . I I (Major mu t a g e n e s Is In Uvr s t r a i n s ) 

1. C l s p l a t l n i . Etoposlde 
l i . M l t o x a n t r o n e 

. i l i .PCNU 
I v . T e n l p o s i d e 

C l a s s . I I ( Minor m u t a g e n e s i s 
in Uvr"^ s t r a i n s ) i . I sophosphamtde 

l i . M e r c a p t o p u r i n e 
1. C a r m u s t i n e , 
l i .Deceirbazine 
l l l . M e c h l o r e t h a m l n e 

C1 as 3 . 1 1 1 (No m u t a g e n e s i s In Uvr s t r a i n s ) 

i . Cyclophosphamide , I I . T h i o t e p a , l,AZQ 
I I I . Doxorub Ic In , Iv .Daunorub Ic In 



A n t i b i o t i c mi tomycin C i n t e r f e r e s w i t h DNA s y n t h e s i s by 

c r o s s - l i n k i n g i t s base p a i r s w h i l e o t h e r a n t i b i o t i c s l i k e 

a c t i n o m y c i n D ,daunoiiiycln a;id a d r t a m y c i n a re known to a f f e c t 

the s y n t h e s i s of s p e c i f i c enzymes r e q u i r e d f o r n u c l e i c a c i d 

s y n t h e s i s (Re ich 1 9 6 l ) . 

Bruce ejt a_l. (1966) e x p l o r e d the k i n e t i c s of a n t i n e o p l a s t i c 

d rug Induced c y t o t o x i c i t y of normal and m a l i g n a n t c e l l s and 

c l a s s i f i e d t he se a g e n t s I n t o s e v e r a l g roups : 

C l a s s l / ' f i o n p h a s e s p e c i f i c ' a g e n t s I n c l u d e n i t r o g e n mus ta rd 

which I s t o x i c f o r p r o l i f e r a t i n g G^ c e l l s , and showed no 

d i f f e r e n c e In t o x i c i t y a g a i n s t the normal h e m a t o p o i e t i c 

steni c e l l s and tumor c e l l s . 

C l a s s 11 or ' p h a s e s p e c i f i c ' a g e n t s I n c l u d e MTX, v i n b l a s t i n e 

aZaseir.lne e t c . t h a t k i l l c e l l s d u r i n g on ly a s p e c i f i c p a r t 

of the c e l l c y c l e and d i d n o t appea r to a f f e c j GQ c e l l s i f 

the e x p o s u r e time was s h o r t . These a g e n t s e x h i b i t e d i n c r e a ­

s i n g c e l l k i l l w i th the I n c r e a s e in dose u n t i l a p l a t e a u was 

r e a c h e d j a f t e r which t h e r e i s no f u r t h e r I n c r e a s e In c e l l 

k i l l f requency-(Fl€. l ) . 

C l a s s 1X1 or ' c y c l e s pec if i c ' a g e n t s a f f e c t b o t h p r o l i f e r a ­

t i n g as we l l as n o n - p r o l i f c r a t i n g c e l l s . H o w e v e r , d i v i d i n g 

were 

c e l l s were more s e n s i t i v e than G^ c e l l s a n d / k i l l e d t h r o u g h ­

o u t the c e l l c y c l e . These a g e n t s I n c l u d e 5 - F U , a c t l n o m y c I n D 
10 
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and Cyclophosphajnlde. The g r e a t e r k i l l of tumor c e i l s as 

opposed to normal marrow stem c e l l s w l t h both phase and cycle 

s p e c i f i c agents was f e l t to be due to the f ac t t h a t most 

stem c e l l s were In a s t a t e of G,. , and most tumor c ^ l l s were 

in a c t i v e l y d i v i d i n g phase. S tud ies by \/^alerlote and Bruce 

( iy67) Showed Increased s e n s i t i v i t y of normal Stem cellg with 

Increased exposure to d rug , and loss of s p e c i f i c i t y for 

mal ignant c e l l s vs . normal stem c e l J s if the stem c e l l s were 

r a p i d l y p r o l i f e r a t i n g to r e p a i r previous marrow damage. 

Combination CbesDotherapy 

The i n t r o d u c t i o n of combination chemotherapy has extended 

the hor izon of cancer t rea tment to a. g r e a t e x t e n t . Combina­

t ion chetiiotherapy has been found to be e f f e c t i v e for a 

v a r i e t y of tumors pa r t l cu la r ly for those which are known to 

possess a raultlclonal g e n e t i c make-up (Symington 1980). For 

c e r t a i n tumors, combination of drugs have produced r e s u l t s 

c l e a r l y supe r io r to those obtained with the use of a s i n g l e 

a n t i c a n c e r agen t . Not only Is the percentage of complete 

remiss ions i nc r ea sed , but a lso the probabil i ty of long term 

d i s e a s e f ree s u r v i v a l and cure appears to be r e a l i t y fo r 

c e r t a i n p a t i e n t s with wide spread d i ssemina ted d i s e a s e . 

General p r i n c i p l e s : 

i . Drugs I n d i v i d u a l l y e f f e c t i v e a g a i n s t the tumor: With 
11 
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s e v e r a l e x c e p t i o n s , the choice of agents t o r combination 

chemotherapy Is r e s t r i c t e d to those drugs t h a t have demons­

t r a t e d e f f i cacy a g a i n s t the tumor when used alone.Arguments 

a g a i n s t t h i s temet are t h a t a l l a v a i l a b l e drugs have not 

been t e s t ed i n d i v i d u a l l y a g a i n s t a l l kinds of tumors or 

even the most common types of tumors {Livingston and Car t e r 

1970). in a d d i t i o n , e f f e c t i v e n e s s may a l so dependent on dose 

or schedule or both ,and proper manipula t ion of e i t h e r or both 

may y i e l d s i g n i f i c a n t a c t i v i t y of a he re to fo re r e l a t i v e l y 

' i n a c t i v e ' agent . 

l i . Minimal over lapping t o x i c i t y : Most an t i cance r drugs 

possess some degree of t o x i c i t y to normal t i s s u e s . By s e l e c ­

t ing a c t i v e agents with minimal to non-over lapping t o x i c i t y , 

f u l l e f f e c t i v e doses of the components can be used with 

t o l e r a b l e t o x i c i t y . 

i l l , Pharmacological c o n s i d e r a t i o n s : a) Biochemical mechanism 

of ac t ion : - Most of the c u r r e n t l y a v a i l a b l e a n t i c a n c e r drugs 

are grouped in a chemical c l a s s i f i c a t i o n i n d i c a t i n g t h e i r 

mode of ac t ion (vide page ^ - 6 ) . Within each ca tegory , the 

t o x i c i t y of i nd iv idua l agents is a l so comparable. Thus if an 

a l k y l a t i n g agent such as CP Is used a t i t s maximal dose s , i t 

makes l i t t l e sense to add another a l k y l a t i n g agent In the l i s t 

of therapy . As a r u l e , combination of agents with d i s s i m i l a r 

mechanism of ac t ion is fol lowed. This p r i n c i p l e a l so needs 

f u r t h e r thought , however, s ince with c e r t a i n combinat ions , 

12 
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one drug may c r e a t e metabol ic and c y t o k i n e t i c cond i t i ons so 

as to minimize or completely antagonize the t h e r a p e u t i c 

e f f e c t i v e n e s s of the second agent . These I n t e r a c t i o n s are 

ca l l ed schedule dependence. The terras sequen t i a l , concur ren t 

and complementary I n h i b i t i o n have been proposed ( S a r t o r e l l i 

1969, Harrap and Jackson 1975). P o t t e r (1951) appl ied the 

term s e q u e n t i a l i n h i b i t i o n to the s imultaneous ac t ion of 

two i n h i b i t o r s ac t ing on d i f f e r e n t s t age s of a metabol ic 

pathway. This type of i n h i b i t i o n may be r ep re sen ted as : 

E. 
A - • B H^C 

Where E^ and Ep are the enzymes that catalyze the reactions 

from A to B and from B to C, and 1 and 1̂ , are the inhibitors 

of these reactions. 

A scheme of concurrent inhibition (Elion ej. ^.195^) may be 

represented as follows;-

B I2 

C l i n i c a l l y useful examples of th i s i n h i b i t i o n are not a v a i l a ­

b le a t p r e s e n t . However, i t has been suggested t h a t If a 

potent i n h i b i t o r ( l ^ ) of thymidine k inase ( E . ) was a v a i l a b l e , 

i t might be of cons ide rab le use in combinations with an 
13 
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i n h i b i t o r ( l ^ ) of t h y m l d y l a t e s y n t h e t a s e (Ep) such as 5-FU. 

This c o m b i n a t i o n would p r o v i d e a c o n c u r r e n t i n h i b i t i o n of 

the s y n t h e s i s of t h y m i d y l a t e ( H a r r a p and J a c k s o n 1 9 7 5 ) . 

The c o n c e p t of compleuientary i n h i b i t i o n i s the o t h e r u s e f u l 

model ( S a r t o r e l l i 1969) which i n v o l v e a the use of d r u g s 

t h a t a c t a t d i f f e r e n t l o c i i n v o l v e d in the f o r m a t i o n of 

c e r t a i n p o l y m e r i c m o l e c u l e s . This can be d e p i c t e d as f o l l o w s : 

S y n t h e s i s of i Biopolymer 
i n t e r m e d i a t e > DNA. 
compounds 

RNA 

P r o t e in 

[n m e t a s t a t i c b r e a s t c a r e inoma, the c o m b i n a t i o n of the a l k y l a ­

t i n g a g e n t CP wi th the a n t i m e t a b o l i t e s 5-FU and MTX ( C a n e l l o s 

e t ^ . 1 9 7 6 ) has shown s i g n i f i c a n t Iraprovement over the r e s u l t s 

o b t a i n e d u s i n g each a g e n t a lone ( L i v i n g s t o n and C a r t e r 1 9 7 0 ) . 

T r a n s p o r t : P a s s a g e of a d rug a c r o s s the c e l l membrane and 

e n t r y i n t o the c e l l i s a n o t h e r p r e r e q u i s i t e f o r an optimum 

drug e f f e c t . The o n l y a n t i c a n c e r d rug t h a t e x e r t s I t s e f f e c t 

e x t r a c e l l u l airly i s a s p a r a g i n a s e . I n t e r f e r e n c e w i t h t h i s 

t r a n s p o r t mechanism th rough the a c t i o n of a second d r u g can 

s i g n i f i c a n t l y a l t e r the t h e r a p e u t i c ou tcome. The c o m b i n a t i o n 

of a n t i c a n c e r a g e n t s w i t h membrane a c t i v e a g e n t s i s u s e f u l 

b e c a u s e i t can overcome d rug r e s i s t a n c e and i n h i b i t the 
1^ 
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development of drug r e s i s t a n t tumors. To ob ta in c l i n i c a l l y 

useful conib i n a t ions s u i t a b l e p o t e n t i a t i n g agents are a l so 

r equ i r ed . Vitamin A or i sopreno ids cau"rying an isoprene 

chain have been found to p o t e n t i a t e the a c t i v i t y of a n t i t u ­

mor agents (Cohen and Carbone 1972, Tomita e_t a l . 1982, 

Ysunaguchi e_t al^. 198^). Adriamycin, Bleomycin and C i s d i c h l -

orodiamminoplatlnum with squalene showed s i g n i f i c a n t l y 

p o t e n t i a t e d ant i tumor a c t i v i t y In an Jji v i t r o system a g a i n s t 

S180 tumor model (Nakagawa £_t .a l . 1985). 

Bio t rans format ion : - A n t i n e o p l a s t i c drug induced a l t e r a t i o n 

of the enzymatic a c t i v a t i o n of a second a n t i c a n c e r drug 

adminis tered concu r r en t ly or s e q u e n t i a l l y has not been demo­

n s t r a t e d to be of c l i n i c a l importance, but remains t h e o r e t i ­

c a l l y p o s s i b l e . The a l k y l a t i n g agent CP r e q u i r e s ' a c t i v a t i o n ' 

by the mixed funct ion of oxidase enzyme p resen t in the hepa­

t i c microsomal f r a c t i o n (Slq;dek 1971). 

iv . Cytokine t i c c o n s i d e r a t i o n s : The S phase showed a marked 

d i f f e r ence in duEatlon between tumor c e l l s and normal c e l l s . 

In normal c e l l s S Is g e n e r a l l y 11 to t l h r s . , depending on 

the c e l l type , while in benign tumor S phase l a s t s 11 to 1? 

hours , and in mal ignant tumors S phase v a r i e s inbetween 18 

and 25 hours (Ble lberg and Galand 1976, F a b r i c a n t 1970). 

Both phase and cycle s p e c i f i c agents are u s u a l l y given in 

s h o r t , i n t e n s i v e courses using maximally t o l e r a t e d doses . 
15 
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The use of small d a i l y doses of, phase and cycle s p e c i f i c 

agents is avoided, s ince i t r e s u l t s in l e s s tumor c e l l k i l l 

and g r e a t e r hematologic t o x i c i t y . Combinations of cycle or 

phase s p e c i f i c agents or both given c o n c u r r e n t l y showed 

adfii t ive t o x i c i t y . A.gents t h a t e x e r t t h e i r uiaximum toxic, 

e f f e c t s in the same phase may give a d d i t i v e t o x i c i t y , but 

not n e c e s s a r i l y a d d i t i v e or s y n e r g i s t i c tumor e f f e c t s . 

Ln a given combinat ion, t h e r e f o r e , agents t h a t e x e r t t h e i r 

maximal e f f e c t s a t d i f f e r e n t phases of the c e l l cycle must 

be chosen. Ef fec t ive coaibination of drugs may be obtained by 

using one agent t h a t a r r e s t s c e l l s a t one s t a g e , followed by 

an agent t h a t maximally k i l l s c e l l s dur ing t h a t s tage imme­

d i a t e l y succeeding the b lock. This c e l l p r o l i f e r a t i o n a r r e s t 

may cause a p a r t i a l synchron iza t ion and t h e r e f o r e , with pro­

per drug s chedu l ing , may r e s u l t in inc reas ing c e l l k i l l or 

even t h e r a p e u t i c synergy, whereas Improper schedul ing may 

show no increased c e l l k i l l , or even drug antagonism. 

V. Schedule dependency : Close ly a l l i e d to c y t o k l n e t i c consi ­

d e r a t i o n s is the phenomenon of schedule dependency which may 

occur as a r e s u l t of c y t o k l n e t i c or biochemical i n t e r a c t i o n s 

between d i f f e r e n t d rugs . For example, when drugs are adminis­

tered s e q u e n t i a l l y , the f i r s t drug may produce a de lay in 

c e l l cycle p rogress ion such t h a t when the second drug , 

16 
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a c e l l cycle or phase s p e c i f i c agen t , i s g i v e n , t h e c e l l may 

or uiav not be in a phase of i t s g e n e r a t i v e cycle t h a t Is 

s e n s i t i v e to the ac t ion of the second drug. Obviously, the 

a p p r o p r i a t e timing of a d m i n i s t r a t i o n of the second drug i s 

most important* Such a manipula t ion would produce an impro­

vement m the t h e r a p e u t i c index provided normal hos t c e l l s 

have not been a f fec ted in p r e c i s e l y the same way. A l t e r n a t e 

i v e l y , the f i r s t drug may produce s u f f i c i e n t biochemical 

Imbalance wi thin the c e l l to a t t e n u a t e the e f f e c t s of the 

second. Schedule dependency has been observed with many 

drugs and t h e i r combinat ions . I t Is Important to s u s p e c t 

schedule dependent i n t e r a c t i o n between drugs when agents 

tha t possess d i v e r s e mechanisms of ac t ion and have p rev ious ly 

d i sp layed t h e r a p e u t i c a c t i v i t y in t r e a t i n g a d i s e a s e are 

found to produce subadd i t i ve or a n t a g o n i s t i c e f f e c t s when 

used in combination. 

v i . Miscel laneous c o n s i d e r a t i o n s : a) Drug doses : - One of 

the advantages of combining drugs with non-over lapping host 

t o x i c i t y is t h a t f u l l doses of the chemotherapeut ic agents 

can be used s imu l t aneous ly . If two or more drugs with a 

s i m i l a r t o x i c i t y spectrum are used, then the doses of each 

drug must be a p p r o p r i a t e l y a t t enua t ed If the drugs are to 

be used c o n c u r r e n t l y , or a s u f f i c i e n t time i n t e r v a l must 

e l apse between doses to allow hos t recovery from the previous 

d r u g . 

17 
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A r e v i e w of l i t e r a t u r e i n d i c a t e s t h a t the s t u d i e s made on 

the e f f e c t s of a n t i c a n c e r d rugs a t c e l l u l a r l e v e l were mos t ­

ly l i m i t e d to e v a l u a t e t h e i r c l a s t o g e n l c p o t e n t i a l i t y on 

tumor and on the s o m a t i c c e l l s of the tumor b e a r i n g h o s t . 

However, t h e r e a r e r e p o r t s on germ c e l l t o x i c i t y t o o . But 

c h r o n o l o g i c a l and s y s t e m a t i c s t u d i e s , p a r t i c u l a r l y on germ 

c e l l c y t o g e n e t i c s d u r i n g the c o u r s e of t h e r a p y and a f t e r 

c o m p l e t i o n of t r e a t m e n t i s r a t h e r m e a g r e . A, b r i e f r e v i e w on 

r e p o r t e d g e r m i n a l c e l l t o x i c i t y i s g i v e n f o r b e t t e r u n d e r ­

s t a n d i n g of the p rob lem. 

G e r s i n a l C e l l T o x i c i t y ; 

Of the t h r e e major c l a s s e s of g e n e t i c damage t h a t i s , m u t a t i ­

o n s , s t r u c t u r a l chromosome a b e r r a t i o n s and n o n - d i s j u n c t i o n , 

on ly the l a s t two c a t e g o r i e s can be e v a l u a t e d in germ c e l l s 

of e x p e r i m e n t a l a n i m a l s (Lyon and Cox 1975, R u s s e l l 1 9 7 6 ) . 

Clironiosome a n a l y s i s In male germ c e i l s as s u g g e s t e d by Adler 

( 1 9 8 2 ) , I s n o t j u s t one p r o c e d u r e m the f i e l d of m u t a t i o n 

r e s e a r c h b u t a complex sys tem w i t h which d e t a i l e d q u e s t i o n s 

a b o u t germ c e l l s e n s i t i v i t y can be a n s w e r e d . 

Damage to the t e s t i c u l a r g e r m i n a l e p i t h e l i u m Is a p o t e n t i a l 

s i d e e f f e c t of c a n c e r chemotherapy and Is of p a r t i c u l a r 

c o n c e r n In the case«)Of male In the r e p r o d u c t i v e a g e s . Exposu­

re to d r u g s o f t e n r e s u l t s In azoos permla(Wyrobek ejt a l . 193 3b) . 
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Even if sperm product ion r e c o v e r s , i t is unce r t a in whether 

the q u a l i t v and q u a n t i t y of the spermatozoa are adequate for 

f e r t i l i t y and whether the spermatozoa are c a r r y i n g mutat ion. 

These ques t ions can be approached by using mouse tumor model 

dS an exper imenta l tool because : i . -,he development of 

germ c e l l s of mouse has been s tud ied f.n d e t a i l , 11 . the s imi ­

l a r i t y of spermatogenesis In mouse and man, and i i i . the 

g e n e t i c h e t e r o g e n i t y of these two mammalian s p e c i e s . Moreover, 

In man, the p a t t e r n of lo s s and recovery of spermatogenesis 

fol lowing cytotoxioc t rea tment Is much s i m i l a r to t h a t of the 

roden ts in many r e s p e c t s . The importance of germ c e l l s t u d i e s 

is fu r the r understood by the r e c e n t f ind ings in animal models 

d'lg'.estLng tha t o f f sp r ing may be a t r i s k of cancer or congeni­

t a l malformations as a r e s u l t of p a t e r n a l exposure to mutagenic 

chemicals (Nomura 1982, Brown 1985, TraSler e_t ^ . 1985). The 

e f f e c t s of s e v e r a l cy to tox ic agents have been eva lua ted on 

s permatogonial and o the r s t ages of spirmatogenes i s and s p e r -

miogenes i s . 

Cytotoxic drugs g e n e r a l l y cause ol igo: peniila by a f f e c t i n g the 

spermatogonia (Sch i l sky e_t a_l̂ . 1980) and p o s s i b l y l a t e r s t age s 

of spermatogenesis (Neumann e_t a_l. 19' '6, Jackson and Schnidden 

l y62 ) . Alky la t ing agents which are kn(;wn to have a dose r e l a t e d 

e f f e c t may cause t e s t l cu l e i r a t rophy , but Leyd ig c e l l funct ion 

remains unaffected (Graner 1981). MTX produces o l igospe rmia , 

which improves wi th in a few months of s topping t rea tment 
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(Sussman and Leonard 19S0) . There a r e r e p o r t s of a z o o s p e r m i a 

a l s o a f t e r r a d i o i o d i n e ('^'^"^l) t h e r a p y (Handelsraan e_t a l . 1980) , 

Twenty t h r e e d i f f e r e n t d r u g s r e p r e s e n t i n g the v a r i o u s c l a s s e s 

of cheirio t h e r a p e u t i c a g e n t s have been t e s t e d In r ece in t y e a r s 

( C a r t e r e_t a i . 1 9 8 1 , M e i s t r i c h e_t aU. 1982, M e i s t r i c h l98Ai ) ; 

t h e s e I n c l u d e : a n t i m e t a b o l i t e s and i n h i b i t o r s of n u c l e o t i d e 

m e t a b o l i s m - h y d r o x y u r e a , c y t o s Ine a r a b i n o s i d e ( a r a - c ) ,MTX, 

5-FU, 6MP; a n t i b i o t i c s - ADR, daunorub i c i n , bleomyc in and 

a c t i n o m y c i n D; a c r i d i n e d e r i v a t i v e s - AMSA; a l k y l a t i n g a g e n t s -

CP, c h l o r a m b u c i l , MC', THiO, n i t r o g e n m u s t a r d , b u s u l f a n ; 

o t h e r compounds r e a c t i n g wi th DNA ( i n c l u d i n g c r o s s - 1 i n k i n g 

a g e n t s ) - b i s c h l o r e t h y l n i t r o s o u r e a (OCNU), c y c l o h e x y c h l o r o -

o t h y l n i t r o s o u r e a (CCNU) , c i s p l a t i n , p r o c a r b a z i n e ; m i c r o t u b u l e 

d i s s o c i a t i n g a g e n t s - v i n b l a s t i n e , VC and c o r t i c o s t e r o i d s -

p r e d n i s o n e . Twenty one of t h e s e twenty t h r e e d r u g s produce no 

c y t o t o x i c i t y to s t a g e s l a t e r than l e p t o t e n e s p e r m a t o c y i t e s , 5-FU 

and c i s p l a t i n a r e the o n l y e x c e p t i o n s ( M e i s t r i c h e_t ^ . 1 9 8 2 ) . 

M e i s t r i c h (198^) found t h a t d i f f e r e n t i a t e d s p e r m a t o g o n i a ai'e 

the most s e n s i t i v e c e l l type whereas s p e r m a t o c y t e s and spe rma­

t i d s a r e r e l a t i v e l y r e s i s t a n t . However, e x c e p t i o n s a re a l s o 

t h e r e . P r e d n i s o n e p roduces no d e t e c t a b l e c e l l k i l l i n g . 5-FU 

is the d rug which has an e f f e c t on pos t - s p e r n i a t o g o n l a l c e l l s 

a t d o s e s which a r e i n s u f f t e n t to k i l l s p e r m a t o g o n i a . 5-FU 

a f f e c t s o n l y pachy t ene s p e r m a t o c y t e s . Zygotene s p e r m a t o c y t e s 

a r e a l s o s e n s i t i v e towards h i g h d o s e s ofSFU, b e c a u s e the damage 

to s p e r m a t o c y t e s , i s e x p r e s s e d as c e l l k i l l i n g m a i n l y when the 
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c e i l s pass through t h e i r me io t i c d i v i s i o n s , Cisdlammlaedlchl-

oropla t lnum H (CDDP) r e s u l t s in k i l l i n g of some c e l l s a t a l l 

s t ages from zygotene spermatocytes through s t e p 5 spermat ids ; 

i t a l so a f f e c t s the funct ion of the S e r t o l i c e l l s . Severa l 

p a t t e r n s of d i f f e r e n t i a l s e n s i t i v i t y of the spermatogonia and 

spermat ids of spermatogenesis have been observed by Meis t r i ch 

e_t aj.. (1982) . ACT, CCNU, DNR, 5-FU, 6-MP,MC,and PCB produced 

some l a r g e , round, presumably d i p l o i d s p e r m a t i d s . Another 

type of abnormal i ty observed only a f t e r CDDP a d m i n i s t r a t i o n 

is the formation of b l n u c l e a t e spe rma t ids . BCNU, CCNU, PCB 

and THIO cause a de lay in spe rmia t i on . Severa l drugs v i z . , 

PCB and 6-MP r e s u l t in the product ion of abnormally e longated 

spe rma t ids . T e s t i c u l a r sperm head counts obtained a f t e r 29th. 

day of i n j ec t ion Ind ica te t ha t prednisone and 6-MP do not 

a f f e c t spermatogonia while a d m i n i s t r a t i o n of 5-FU and pro­

carbaz ine k i l l n e a r l y a l l the spermatogonia, Sperm counts 

a f t e r 56 days of t rea tment revea led t h a t CCNU, CDDP, HN2 ,6MP, 

MTX and PKED produce a t the h ighes t dose p o i n t , upto 23'% 

d e c l i n e in sperm coun t s . Seven drugs ACT,BCNU, CHL, DNR, 5-FU, 

MC and PCB reduced sperm head counts to between 30-60% of 

c o n t r o l s i n d i c a t i n g a s i g n i f i c a n t stem c e l l k i l l i n g . THIO 

produced stem c e l l toxicity,^ M e i s t r i c h (l98'j) demonstrated 

t h a t there are some c o n s i s t e n t d i f f e r n n c e s in the s t ages most 

s e n s i t i v e to k i l l i n g by d i f f e r e n t c l a s s e s of chemotherapeut ic 

d rugs . A n t i b i o t i c s p r e f e r e n t i a l l y k i l l spermatogonia a t 
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e a r l i e r s t a g e s , a l k y l a t i n g a g e n t s p r e f e r e n t i a l l y k i l l c e l l s 

a t somewhat l a t e r s t a g e s , a n t i m e t a b o l i t e s s p e c i f i c f o r i n h i -

b l t L o n of DNA s y n t h e s i s (HU, and a r a -C) k i l l c e l l s a t 

s l i g h t l y l a t e r than most a l k y l a t i n g a g e n t s . 

The v i n c a a l k a l o i d s a r e n o t t o x i c to s tem c e l l s , p resumably 

because t h e s e c e l l s a r e very s l o w l y c y c l i n g (Oakberg 1 9 7 1 ) . 

S i m i l a r l y , d r u g s t h a t a f f e c t the a v a i l a b i l i t y of DNA p r e c u r s ­

o r s (6-MP, MTX, 1 -D-a rab ino f u r a n o s y l c y t o s ine and HU) a re 

a l s o n o n - t o x i c to s tem c e l l s ( M e i s t r i c h e _ t . ^ . 1 9 8 2 ) e x c e p t 

f o r the d rug 5-FU. The e x p l a n a t i o n f o r the e f f e c t i v e n e s s of 

5-FU i s t h a t i t s a c t i v e m e t a b o l i t e has a much l o n g e r i n t r a ­

c e l l u l a r l i f e ( 7 - 9 d a y s ) . Van Keulen and de K o o l j ( l 97^ ) 

d e m o n s t r a t e d t h a t A. s p e r m a t o g o n i a and p o s s i b l y s tem c e l l s 

were the most s e n s i t i v e c e l l t y p e s . According to Bucci and 

M e i s t r i c h (l^i'S?) • b u s u l f a n i s a p o t e n t k i l l e r of s p e r m a t o -

g o n i a l s tem c e i l s a t s u b l e t h a l d o s e s . D i f f e r e n t i a t i n g spe rma­

t o g o n i a ( t y p e s Aj to A^) ore u s u a l l y the most s e n s i t i v e c e l l 

types to t h e e f f e c t s of o t h e r a n t i n e o p l a s t i c a g e n t s i n c l u d ­

ing s e v e r a l a l k y l a t i n g a g e n t s ( M e i s t r i c h 198 '^) . MOPP chemo­

t h e r a p y (Mech lore tha in ine -VC-PCB-Predn i sone) i s used e x t e n s i v e l y 

in t r e a t i n g H o d g k i n ' s d i s e a s e . A p r e d i c t a b l e consequence of 

MOPP i s germ c e l l k i i i i n g which r e s u l t s in t r a n s i e n t o r peripa-

nent s t e r i l i t y ( D e v i t a £_t a J . 1 9 7 1 ) . In c o n t r a s t , ABVD chemo­

t h e r a p y (ADR, Bleomycin , VC, d e c a r b a z i n e ) i s as e f f e c t i v e 
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c l i n i c a l l y as MOPP w i t h o u t damaging the germ c e l l s (Bonadonna 

e_t a_L. 198 ' i ) . The c l i n i c a l o b s e r v a t i o n s wi th XBVD a r e some-

wM.it s i i ro r IS irig, s i n c e a t l e a s t one of tne a g e n t s , .A.DH has 

s i g n i f i c a n t c y t o t o x i c and ui i i tagenic a c t i o n on mouse sperma-

t o g o n i d l s tem c e l l s ( M e i s t r i c h e_t a j . 1 9 8 5 ) . I t a l s o p roduces 

SCEs in d i f f e r e n t i a t i n g mouse s p e r m a t o g o n i a (Abraham and FraJ ' r 

1 9 8 3 ) . , sex l i n k e d r e c e s s i v e ' l e t h a i m u t a t i o n in D r o s o p h l l a 

(Clement £_t al^. 198^) and chromosome damage in mouse s p e r m a t o ­

c y t e s d e r i v e d from t r e a t e d s p e r m a t o g o n i a (AU and Hsu 1 9 8 0 ) . 

G o l d s t e i n (1987) obse rved d e p r e s s i o n in f e r t i l i z i n g f r e q u e n c y 

in the f i f t h and the s i x t h weeks of MOPP pos t - t r e a t m e n t f o r 

the t h r e e d i f f e r e n t d rug c o m b i n a t i o n s when p r o c a r b a z i n e or VC 

were the f i r s t d r u g s a d m i n i s t e r e d (PMV, PVM, VHP, VPM)but n o t 

whon iuechlore thamlne was a p p l i e d f i r s t (MPV, MVP). Ln a l l c a s e s 

the f e r t i l i z a t i o n f r e q u e n c y r e t u r n e d tc c o n t r o l l e v e l s by the 

e i g h t h week of pos t - t r e a t m e n t . The inut?.genic p o t e n t i a l of MC 

was f i r s t s t u d i e d in mammals by Ehl tng (1971) who found MC 

induced dominan t l e t h a l m u t a t i o n s in m(»use. He d e m o n s t r a t e d 

t h a t s p e r m a t o c y t e s a re t h e most s e n s i t i v e s t a g e f o r the i n d u c ­

t i o n of dominan t l e t h a l m u t a t i o n s by MC. Meuhauser and E h l l n g 

( 1 9 7 3 ) r e p o r t e d t h a t MC a f f e c t s b o t h s p e r m a t o g o n i a a n d s p p s t -

s perma t o g o n i a l s t a g e s . Accord ing to Savkov ic e_t a l . (1977) » 

MC i n h i b i t s m i t o t i c d i v i s i o n and m o r t a l i t y of germ c e l l s 

b u t have no e f f e c t on m e i o t i c s t a g e s , l l a s t o g i and Levin ( 1 9 8 7 ) , 

on the o t h e r hand , r e p o r t e d t h a t MC r e s u l t s in abnormal sperm 
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in mice which involved in the formation of banana shaped heads, 

inc rease in the frequency of precocious desynaps i s of XY-biva-

len t m mice upon exposure to MC has been repor ted by Chakra-

b a r t i e_t aj.. (1986) . Dey e_t ^ , (1989) observed a d if f eren t l a l 

e f f e c t of.iMC on precocious desynaps i s of XY-btvalent in 

non-tumor and on S180 tumor bear ing male mice. Doxorubicin, 

on the o ther hand, causes temporary loss in t e s t i c u l a r weight 

which is rega ined a f t e r a cons ide rab le period (Hacker Klom ejt 

a l . 1986). With t rea tment of Doxorubicin the loss of spermato­

gonia and the r educ t ion of ^C c e l l s (primary spermatocytes 

mainly a t pachytene) is followed by a decrease of t e s t i c u l a r 

weight observed corresponds p r i m a r i l y to the Joss of spermato­

cytes and spe rma t id s . Suppression of spermatogenes is and t e s t i ­

cu la r a t rophy have beefi observed in dogs and r a b o l t s sub jec ted 

to chronic doxorubic in t rea tment (Ber ta / zo l I e_t ja_l. 1972) 

Two assays are g e n e r a l l y c a r r i e d out to ^^va]luate the s u r v i v a l 

of stem c e l l s a f t e r t rea tment with an t i cance r drugs (Wahed e_t 

a l . 1987a). These assays comprised of the measurement of the 

Levels of the enzymes, LDH-X and the number of sperm heads In 

t e s t i c u l a r homogenates. LDII-X is the X-isozyme of l a c t a t e 

dehydrogenase which in mammals i s found only in t e s t i s and 

spermatozoa (Wheat and Goldberg 1975). and J-DH enzyme l e v e l s 

provide a f i nge r p r in^ in the s tudy of spermatogenesis 

(Bishop 1968). The s tudy of Wahed e _ t ^ . ( l ^ « 7 a ) with 5-FU, 
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uie tliy L-CCNU, THIO and ml tozolauilde have shown tha t THIO and 

nil-tozolaruide cause the most s i g n i f i c a n t depress ion In sperm 

head count and the same r e s u l t was seen with LI)H-X l e v e l s . 

The sperm head count (Sear le and Beechey 197^) and LDH-X 

l e v e l s (Erlckson e_t aj.. 1975, Goldberg and Hawtrey 1970) 

provide good q u a n t i t a t i v e markers of the e f f e c t s of an t i cance r 

drugs a t germ c e l l l e v e l . Mltozolamlde i s a new an t i cance r 

drug with a broad spectrum a c t i v i t y a g a i n s t murine tumours. 

This drug, which probably causes c e l l death by DNA a l k y l a t i o n , 

is a t p resen t undergoing c l i n i c a l t r i a l s . The observa t ion of 

Wahed e_t _aj.. (1987b) i n d i c a t e s t h a t DJI tuzol amide has s i m i l a r 

e f f e c t s on the t e s t i s to those seen with CP and THIO sugges­

t ing a s i m i l a r mechaJiism of a c t i o n . Long term e f f e c t s have 

been determined for the approximate 150 chemicals s tud ied 

with the mouse sperm morphology t e s t , inc lud ing the fo r ty 

four agents tha t were shown to e l e v a t e the p ropor t ion of 

liiorpholog ica l iy abnormal sperm withlnLthe f i r s t 5-6 weeks 

a f t e r t r ea tment (Wyrobek ejt al^. 198'^a). The r e s u l t s of 

Me l s t r l ch e_t ^ . ( 1 9 8 5 ) supported the previous obse rva t ions 

showing tha t a l l germ c e l l mutagens tes ted to -da t e in mice 

induced e l eva ted l e v e l s of morphologically ' abnormal sperm. 

VINCRISTINE : The pharmacology of v i n c r i s t i n e (VC) has been 

s t ud i ed In a r e l a t i v e l y small number of p a t i e n t s . The 
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disappearance of VC from blood Is t r l p h a s i e with h a l f - l i v e s 

of 2, 12,5 and 175 mln. Over the f i r s t 2ii h r s , about 1(H of 

the drug Is excre ted m the ur ine and 13''̂  In the f a e c e s . Over 

the 72 h r s . the faeca l e x c r e t i o o of VC i s nea r ly 70^. The 

high r a t e of faeca l exc re t i on of VC Is c o n s i s t e n t with high 

b i l i a r y exc re t ion and r e l a t i v e l y low c o n c e n t r a t i o n s of VN 

exc re t ed in the faeces sugges ts t h a t the drugs d i f f e r In b i l ­

ia ry exc re t i on p a t t e r n . Following a d m i n i s t r a t i o n of VC, r a t s 

excre ted magnesium and higher amounts of hydroxyprol ine In i, 

the ur ine (Araszkiewicz e_t ai^. 1987). Increased u r ina ry 

e x c r e t i o n of Mg and hydroxyprol Ine mav be i n t e r p r e t e d as assign 

of o s t e o l y s i s . The b a s i s of the profound n e u r o - t o x i c I ty of VC 

IS not c e r t a i n , but i t is presumed tha t VC r e t a i n t l o n may be 

s u b s t a n t i a l l y higher m nervous t i s s u e - VC is the only comraon-

ly used drug which has dose l i m i t i n g neu ro log ica l t o x i c i t y . 

There is a p e r i p h e r a l neuropathy, the f i r s t s ign of which i s 

the loss of ankle Je rks and depress ion of o ther tendon r e f l e x e s , 

\n autonomic neuropathy may develop a t the same time causing 

c o n s t i p a t i o n and occas ionaUy pos tu ra l hypotension. Crania l 

nerve p a l s i e s have been descr ibed foilc-wlng VC therapy , as 

has r e c u r r e n t l a ryngea l nerve palsy anc d iaphragmat ic pa r a ly ­

s i s due to phrenic nerve damage. VC therapy may be a s s o c i a t e d 

with hyponatraemla due to the syndrom of Inappropr i a t e a n t i ­

d i u r e t i c hormone (.4DH) h y p e r s e c r e t i o n . Cessa t ion of VC therapy 

leads to gradual improvement In a l l s ide e f f e c t s . VN has fewer 
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and l e s s s e v e r e n e u r o l o g i c a l t o x i c e f f e c t s t h a n d o e s VC, and 

I t s d o s e l i m i t i n g t o x i c i t y i s mye l o s u p p r e s s i o n . i ' o l y n e u r o -

p a t h y , w i t h s e n s o r y d i s t u r b a n c e s and m o t o r n e r v e and m u s c l e 

a t r o p h y i s a s s o c i a t e d w i t h t h e i r u s e ( S h e l a n s k y and W i s n i e w -

s k i 1 9 6 9 ) . I l e u s and c r a n i a l n e r v e a b n o r m a l i t i e s a l s o o c c u r 

r a r e l y ( S a n d l e r £_t a_l. 1 9 6 9 ) . T h e s e s i d e e f f e c t s a r e s e l f -

l i m i t e d and u s u a l l y r e s p o n d t o c e s s a t i o n o o f t h e r a p y , a l t h o u g h 

r e s i d u a l s a r e s o m e t i m e s s e e n . The v i n c a a l k a l o i d s mav c a u s e 

t r a n s i e n t l o s s of h a i r , w h i c h a l s o r e g r o w s d u r i n g c o n t i n u e d 

t n e r a p y . P a t i e n t s t r e a t e d w i t h VC d e v e l o p a l o p e c i a a l i g h t l y 

more o f t e n t h a n d o p a t i e n t s who r e c e i v e VN. VC I s f r e e of 

any s i g n i f i c a n t b o n e m a r r o w d e p r e s s i o n ( C a r e y e_t ^ . 1 9 6 3 ) . 

In t h e mouse b o t h VN and VC k i l l d i f f e r e n t i a t i n g s p e r m a t o ­

g o n i a b u t n o t t n e s t e m c e l l s ( M e i s t r i c h e_t al. 1 9 8 2 ) . Mauro 

and M a d o c - J o n e s ( 1 9 8 0 ) d e m o n s t r a t e d t h a t VC p r e f e r e n t i a l l y 

k i l l s a t l a t e S o r Gp. VC was a l s o f o u n d t o be m u t a g e n i c b u t 

VX was judged t o be n o n m u t a g e n i c in t h e JM v i v o d o m i n a n t l e t h a l 

a s s a y ( G o l d s t e i n 1 9 8 i j , 1 9 8 7 ) . C 0 o li£ e_t a_l. ( 1 9 7 8 ) o b s e r v e d 

t h a t s p e r m a t o g e n e s i s was r e i n i t i a t e d l a t e r in t h e r a t t r e a t e d 

w i t h VN ( l i u s s e l l e_t a l . 1 9 8 1 ) . 

CYCLOPHOSPHAMIDE ; T r e a t m e n t w i t h CP h a s been a s s o c i a t e d w 

w i t h o l i g o s p e r m i a , a z o o s p e r m i a and i n c r e a s e d l e v e l s of s e r u m 

f o l l i c l e s t i m u l a t i n g hormone (FSH) in t h e b o d y ( S c h i l s k y e_t ^ . 

1 9 8 0 , Chapman e_t a j - . 1 9 7 9 ) . D e p e n d i n g on t h e c u m u l a t i v e d o s e 
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anrl the d u r a t i o n of t r e a t m e n t , s perma logenes Is o f t e n 

r e c o v e r s b u t t h i s may take y e a r s (tJuchanan e_t a_[. 1975, 

I loeser e_t al_. 1978)-r Being an a l k y l a t i n g a g e n t CP c a u s e s 

s e v e r e damage to p r o l i f e r a t i n g c e l l s . The d rug was e x p e c t ­

ed to a f f e c t the s e m i n i f e r o u s e p i t h e l i u m and r e d u c e the 

number of s p e r m a t o z o a p r o d u c e d . The number of s p e r m a t o z o a 

in the cauda of the e p i d i d y m i s p r o v i d e s a good e s t i m a t e of 

s p e r m a t o z o a l r e s e r v e s (\mann 1981 ) . However, the p r o l i f e r a ­

t i v e phase of s p e r m a t o g e n e s i s in r a t was found u n a f f e c t e d 

D>- CP ( T r a s i e r e_t a_l. 1 9 8 5 ) . There a re s e v e r a l q u a l i t a t i v e 

changes in the s p e r m a t o z o a of the t r e a t e d males t h a t a r e 

n o t m a n i f e s t e d by c o n c o m i t a n t q u a n t i t a t i v e c h a n g e s . The 

e f f e c t s seen a re p r o b a b l y n o t due to a c u m u l a t i v e e f f e c t 

of CP i n s e m i n a l f l u i d as i t . the d rug has a s h o r t h a l f 

l i f e in r o d e n t s and man and i s e l i m i n a t e d w i t h i n hours of 

end ing c h r o n i c t r e a t m e n t (Grau l e_t ^ . 19f>7, Bagley e_t a l . 

1975) and i i . t h e r e was no c u m u l a t i v e i n c r e a s e in p r e - i m p l ­

a n t a t i o n l o s s and e x t e r n a l m a l f o r m a t i o n s , wi th i n c r e a s i n g 

time of p a t e r n a l d rug e x p o s u r e ( T r a s l e r e_t aA^. 1985 ) . CP 

has been shown to induce SCEs and chromosome a b e r r a t i o n s 

in male germ c e l l s ( A l l e n f^~Z3^£t>. 1976, f'ioetz e_t a l . 1980) . 

In a d d i t i o n , c l i n i c a l s t u d i e s have i n d i c a t e d t h a t CP can 

a f f e c t the human r e p r o d u c t i v e systera ( S e h l i s k y e_t aU. 1980) 

D i f f e r e n t u n d e r l y i n g mechan i sms , bo th g e n e t i c and n o n - g e n e ­

t i c c o u l d be p o s t u l a t e d to e x p l a i n the e f f e c t s , based on 
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the f a c t t h a t germ c e l l s a r e f i r s t exposed to CP when they 

are u n d e r g o i n g d l f f e r e t i t p r o c e s s e s : m a t u r a t i o n of the 

s p e r m a t o z o a , c y t o p l a s m i c r e o r g a n i s a t i o n and c h r o m a t i n con ­

d e n s a t i o n ( T r a s l e r e_t ai. 1 9 8 5 , 1 9 8 6 ) . Being an immunosupp­

r e s s i v e a g e n t , CP a l t e r s f e r t i l i t y in humans ( F a i r l y e_t a l . 

1972, Buchanan et a_l. 1975 , F u k u t a n i e_t a_L. 1 9 8 1 , Watson 

e_t _al. 1 9 6 5 ) . CP showed no s i g n i f i c a n t e f f e c t on the mean 

sperm c o u n t up to 250 mg per Kg e x p o s u r e in 3 y r i a n hams te r 

(S ingn e_t aA^. 1 9 8 7 ) . However, s p e r m a t o g e n e s i s was s i g n i f i ­

c a n t l y a f f e c t e d wi th t i m e . A minimum dose of 10 mg per Kg 

body w e i g h t r e d u c e d the sperm p r o d u c t i o n a t week 12 , where-r 

as up to 250 mg per Kg showed no e f f e c t a t one and k week. 

I t appea red t h a t the spermatogonium r e p r e s e n t e d by week 12 

r a t h e r than mature s p e r m a t o z o a or d i f f e r e n t i a t i n g s p e r m a t o ­

c y t e s was n o t a f f e c t e d in terms of sperm c o u n t by t h i s a g e n t 

(Singh e_t a_1.1987). The i n i t i a l damage of CP to the e p i t h e ­

l ium was c h a r a c t e r i s e d by v a c u o l i z a t i o n of t he S e r t o l i c e l l s , 

The p r imary s p e r m a t o c y t e s showed the h i g h e s t s e n s i t i v i t y 

to the d r u g . .\ h i g h p e r c e n t a g e of t e r a t o z o o s permta was 

obse rved a t a l l l a t e r v a l s ( v i g i l and Bus tos -Obregon 1 9 8 5 ) . 

The e f f e c t of CP was compaired w i t h t h a t of a CP-VN combina­

t i o n in r a t by Auroux e_t a l . ( 1 9 8 6 ) . Twenty days a f t e r the 

end of the t r e a t m e n t of CP-VN c o m b i n a t i o n , a s i g n i f i c a n t 

d e c r e a s e in the number of v a r i o u s germ c e l l types was 

obse rved by them. Recovery seemed to have begun in the r a t s 
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s a c r i f i c e d 75 days a f t e r t r ea tmen t . The e x i s t e n c e of 

smal le r number of prlmarv spermatocytes susi^ested a l e s ion 

of the d i f f e r e n t i a t i n g spermatogonia and perhaps the stem 

spermatogonia- Ev iden t ly , such d i s r u p t i o n s in the e a r l y 

s tages of spermatogenes is are very c r u c i a l , because the 

a l t e r a t i o n s produced could be pe rpe tua ted , while the pos t-

lueiotic disturbances a f f e c t only a r e s t r i c t e d number of 

sperm g e n e r a t i o n s . 

The e f f e c t of CP on t e s t i s i s c o n t r a d i c t o r y . There are 

r e p o r t s both in favour ( F a i r l y e_t a j . . iy72, Penso e_t a i . 

197^, Fukutani e_taai. 1981), and a g a i n s t (Penn 1979) of 

the view t h a t CP a f f e c t s germ c e l l s . Combination chemothe­

rapy with CP for acute leukemia, Hodgkln's d i s e a s e %nd 

other mal ignancies may a l so Impair Leydig c e l l func t ion . 

The a l k y l a t i n g agents in the chemotherapeut ic regimens 

seera to be r e s p o n s i b l e for the tox ic e f f e c t s on the Leydig 

c e l l s (Gr i f f in and Wilson 1987). Albanese (l9S7 ) repor ted 

tha t CP was e f f e c t i v e in inducing h e r i t a b l e , s t r u c t u r a l 

chromosome a a b e r r a t l o n s in oocytes j u s t p r io r to ovu la t ion 

and was able to induce h e r i t a b l e chromosome a b e r r a t i o n s a t 

the o ther oocyte s t a g e s . 

Using abso lu te weights of r ep roduc t ive o rgans , T r a s l e r 

(1987) found t h a t there^^as no s i g n i f i c a n t change with drug 

dose a t any time in the weight of p i tu l t a r i e s and t e s t e s 
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in r a t . Fur thermore , there was no s i g n i f i c a n t change in 

serum LH, FSH or t e s t o s t e r o n e c o n c e n t r a t i o n s . This would 

sugges t t h a t the p i t u i t a r y - t e s t i c u l a r ax is was not marked­

ly af fec ted a t any of the time po in t s fol lowing the t r e a t ­

ments with CP. CP caused no s i g n i f i c a n t change in the 

weight of the ep id idymis , v e n t r a l p r o s t a t e or seminal ves­

i c l e s a t low doses ( T r a s l e r 1 :̂̂ 87). However, with the high 

doe, abso lu te epididymal weight decreased a f t e r three and 

s i x weeks of t r ea tmen t , but not a f t e r one or nine weeks , 

\ b so lu t e weights of the seminal v e s i c l e s , on the o ther hand, 

were only s i g n i f i c a n t l y decreased by the high dose of CP 

a f t e r three weeks of t r ea tmen t . CP has t r a n s i e n t e f f e c t s 

on both the seminiferous ep i the l i um and spermatozoa r e s e r ­

ves in the epididymis of r a t . The decrease in t e s t i c u l a r 

sperm numbers could have been due to e i t h e r a decreased 

product ion or an increase in f r a g i l i t y of condensed sperma­

t i d s and/or spermatozoa. Decreabe in sperm product ion gene­

r a l l y c o r r e l a t e s well with decrease in t e s t i c u l a r weight 

(Robalre ejt al.. 1979). But a s i m i l a r trend was not found, 

so fa r as,CP t rea tment is cons ide red . I n , a s tudy of T r a s l e r 

(19S7), while CP caused uRto 60fc decrease id tes t i c u l a r 

sperm numbers, i t did not s i g n i f i c a n t l y a f f e c t t e s t i c u l a r 

we igh t . 

Singh e t a i . (1987) demonstrated tha t CP f a i l e d to induce 
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sperm abnorma l i t i e s in Syrian hamster. T e s t i s weight and 

sperm count were s l l g t i t l y suppressed at week one and four 

before r e t u r n i n g to normal a t week twelve. The s tudy i n d i ­

cated t h a t CP In hamsters did not s i g n i f i c a n t l y a f f ec t the 

sperm product ion as p rev ious ly repor ted in o the r animals . 

On the o the r hand, CP was found to Induce sperm abnormali­

t i e s in mice (Pameran tsevs and Ramaya 19S0, Wyrobek and 

Bruce 1975). in the mouse, CP did not induce sperm abnor­

m a l i t i e s a t week one and twelve (Wyrobek and Bruce 1975). 

However, a s l i g h t increase insperm aonormal i t ies from 1'55 

con t ro l to 7'^ in CP t r e a t e d mice was repor ted a t week ^, 

But the s tudy on hamster by Singh ejt a_l. (l987)showed no 

e f f e c t of t h i s compound on the sperm morphology of Syrian 

hamster, bu t spermatogonia! popula t ion was cons ide rab ly 

a f f ec t ed . According to them the sperm moi'phology assay was 

negat ive in e s t a b l i s h i n g the mutageneci ty of CP in the 

hamster germinal t i s s u e wi th in the dose and time tes ted . 

The s i g n i f i c a n t Increase in the Incidence of congen i t a l 

ffialformattons In the CP t r e a t e d mouse specimens (Jenkinson 

e t a l . 1987» Knudson e_t aj^. 1977) suggested t h a t CP can 

induce morphologically aonormal offspring, in the l i t t e r s 

of exposed males . Experimental s t u d i e s have revea led t h a t 

when CP Is adminis tered to the male r a t s , the Impregnated 

may s u s t a i n a s u b s t a n t i a l decrease in the number of embryos 
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( F r i t z e _ t a ^ . 1973 , B o t t a e _ t j a . 197^, Cooke e_t aj_. 1978, 

Adaras e_t _aj.. 1 9 8 1 , 1982) and Fabr ican t e_t aJ.. (1983) r e p o ­

r t e d t h a t In the r a t , p a t e r n a l exposu re to CP caused p o s t -

m e i o t i c c e l l i n j u r i e s and b e h a v i o u r a l a n o o i a l i e s . Auroux 

and D u i i o u s t ( l 9 8 5 ) had shown t h a t CP a f f e c t e d the p r e - m e i o -

t i c phases of s p e r m a t o g e n e s i s and cansed d e c r e a s e d l e a r n i n g 

c a p a c i t y in the a d u l t o f f s p r i n g of the t r e a t e d m a l e s . The 

e f f e c t s of p a t e r n a l t r e a t m e n t w i t h CP on progeny outcome 

of r a t was a s s e s s e d by p r e - i m p l a n t a t ton l o s s , p o s t - i m p l a n ­

t a t i o n l o s s and f e t a l a a b n o r m a i i t L e s ( f r a s l e r 1 9 8 7 ) . There 

i s a s i g n i f i c a n t dose r e l a t e d i n c r e a s e In p r e - i m p l a n t a t ion 

l o s s a f t e r s i x weeks of p a t e r n a l t r e a t m e n t of CP. P a t e r n a l 

CP t r e a t m e n t induced an i n c r e a s e in abnormal f e t u s e s on ly 

a f t e r t h r e e weeks and s i g n i f i c a n t l y on ly wi th low d o s e . The 

types of m a l f o r m a t i o n s seen were p r i n c i p a l l y h y d r o c e p h a l u s , 

edema and m i c r o g n a t h e a . A dose r e s p o n s e r e l a t e d i n c r e a s e in 

pos t - i m p l a n t a t i o n l o s s was f i r s t seen as e a r l y as one week 

a f t e r the i n i t i a t i o n of t r e a t m e n t wi th CP. These o b s e r v a t i o n s 

( T r a s l e r 1987) d e m o n s t r a t e d t h a t CP in low d a i l y doses 

i n c r e a s e d pos t~ Implan t a t ion l o s s v i a an e f f e c t on sperma­

t o z o a d u r i n g e p i d l d y m a l m a t u r a t i o n and s u g g e s t e d t h a t 

s p e r m a t o z o a can be modi f i ed a f t e r e n t e r i n g the e p i d i d y m i s . 

The e x a c t mechanism of p o s t - I m p l a n t a t i o n l o s s i s n o t c l e a r . 

Tha t chromosome a b e r r a t i o n and a l t e r a t i o n s in D>JA can 

r e s u l t in embryonic l o s s comes from r e c e n t mutagen induced 
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damage and t r ansgen ic experiments (Brewen e_t a]_. 1975, 

Covarrubias e_t aJ.. 1985). According to T r a s l e r <«1987),the 

higher l e v e l s of pos t - imp!an t a t i on loss was found with the 

higher doses of CP might r e s u l t from dose r e l a t e d degrees 

of ONA damage. 

Ac ro l e in , a me tabo l i t e of CP is expected to be r e spons ib l e 

for t eKa togen ic i t y of CP. Acrole in hasbeennreported to 

form adducts with the nuc leoph i l e g l u t a t h i o n e (Alarcon and 

MelQnhofer 1971) . CP has beenrepor ted to d e p l e t e hepa t i c 

g l u t a t h i o n e s y n t h e s i s in vivo (Gurtoo e_t a l . 1981). The 

In vivo t e r a t o g e n i c i t y of a c r o l e i n wa& increased by i n h i b i ­

t ion of g l u t a t h i o n e s y n t h e s i s with buth ionlne sulfoximine 

and decreased by the add i t i on of exogenous g l u t a t h i o n e 

( S l o t t and Hales 19S7a, 1987b) . Glu ta th ione is p resen t in the 

male r ep roduc t ive t r a c t (Li 1975, Grosshans and Calvin 19B5, 

Teaf e_t aJ . 1985). How the concen t r a t i on of t h i s molecule 

is af fec ted by doses of CP and i t s r o l e in p r o t e c t i n g the 

seminiferous ep i the l ium from damage due to CP a d m i n i s t r a t i o n 

is not knwon. The r e s u l t s of NovQtona and J e l t n e k (1986) 

concluded t h a t the t e r a t o g e n i c i t y of CP Is a s soc i a t ed with 

i t s mutagenic a c t i v i t y , provided the l a t t e r occurs with 

m i t o t i c i n h i b i t i o n . Both the c y t o s t a t i c e f f e c t and the la rge 

sca le degenera t ion of c e l l s bear ing uns tab le a b e r r a t i o n s 

apparen t ly i n t e r f e r e with morphogenetic f u n c t i o n s . 
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M A T E R I A . L S & M E T H O D S 

1. Exper i t cen ta l An imal : Random bred male Swiss a l b i n o 

mice , Mus musculus of a b o u t the same age group( '^ - rao-o ld) 

were housed in the an imal house and mr) tnta ined on s t a n d ­

ard mice feed and wa te r f o r a t l e a s t f o u r weeks b e f o r e 

the t r a n s p l a n t a t i o n of tumor . Random 1. r ed mice were 

chosen because they r e s e m b l e more c l o s e l y to g e n e t i c a l l y 

h e t e r o g e n o u s human p o p u l a t i o n (Rice and 0'I3r len , 19S0) . 

The o t h e r a d v a n t a g e s of u s i n g mouse a:- e x p e r i m e n t a l a n i ­

mal i n c l u d e : i ) p o s s e s s pro 1 if e r a t in:; c e l l s in t e s t i s 

wi th good y i e l d of d i f f e r e n t d i v i s i o n i l p h a s e s . i i ) P r e s e ­

nce of a S a t i s f a c t o r y ka ryo t y p e , i i i ) fecund and mature 

r a p i d l y , Iv) s e n s i t i v e i n d i c a t o r of c l a s t o g e n i c , mu tage ­

n i c and c a r c i n o g e n i c a g e n t s , v) a b l e to c o n v e r t v a r i o u s 

p r o c a r c i n o g e n s / p r o m u t a g e n s i n t o a c t i \ e f o r m s , v i ) ab l e to 

w i t h s t a n d e x p e r i m e n t a l s t r e s s . 
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2 . Tumor Mode 1 : The a s c i t e s form of mouse sarcoma 180 

(S180) c e l l l i n e was p rocu red from T a t a Cancer i i e s e a r c h 

C e n t r e , Bombay through the c o u r t e s y of C h i t t a r a n j a n Na t . 

Cancer R e s e a r c h C e n t r e , C a l c u t t a and m a i n t a i n e d in 

the l a b o r a t o r y by weekly in t r a - p e r i t o n e a l t r a n s p l a n t a ­

t i o n i n t o random bred Swiss a l b i n o mice . 

A c l o s e l ook of l i t e r a t u r e i n d i c a t e s t h a t the c e l l l i n e 
was d e v e l o p e d p r i m a r i l y as a ' s p o n t a n e o u s ' mammary c a r ­
cinoma in male Swiss a l b i n o mice in the l a b o r a t o r y of 
Woglom in 191^ ( c i t e d by Gay 1 9 6 5 ) . The s o l i d raammaxy 
ca rc inoma e x h i b i t e d a r a p i d and e x p o n e n t i a l growth r a t e 
and m e t a s t a s i z e d lune and some o t h e r c o n n e c t i v e t i s s u e s 
of the h o s t . F r i e n d (1951) d e v e l o p e d t h i s tumor i n t o 
a s c i t e s form by r e p e a t e d i n o c u l a t i o n of the minced s a r ­
coma i n t o i n t r a p e r i t o n e a l c a v i t y of t he mouse. The c e l l 
l i n e I s now m a i n t a i n e d in d i f f e r e n t l a b o r a t o r i e s in 
s o l i d as w e l l as a s c i t e s form. The tumor has a l s o been 
adap ted in v i t r o in many l a b o r a t o r i e s , and m a i n t a i n e d 
by s e r i a l Iji v i t r o p a s s a g e s f o r s u c c e s s i v e g e n e r a t i o n s . 

2 . 1 . Choice of the Tumor C e i l l i n e : 3180 tumor c e l l 

l i n e was chosen f o r the f o l l o w i n g advar) tages ; I) abou t 

lOOfo ' tumor t a k e ' In bo th random bred and i n b r e d mice . 

i i ) un i form t r a n s m l s s l b 1 1 i t y of the tumor k a r y p t y p e f o r 

s u c c e s s i v e g e n e r a t i o n s . I l l ) f i x e d d o u b l i n g time as 

r e v e a l e d by c e l l c o u n t a n a l y s i s and 3rdU l a b e l l i n g s t u d y . 

Iv) t o l e r a n c e of the h o s t : l o n g e r s u r v i v a l w i th no 

v i s i b l e a d v e r s e s i d e e f f e c t s . 

The h o s t can s u r v i v e 17 to 27 days a f t e r tuiuor t r a n s p l a n ­

t a t i o n . Maximum f r e q u e n c y of d i v i d i n g tumor c e l l s was 

o b t a i n e d on '^-k day of t r a n s p l a n t a t i o n w i t h an inoculum 

s i z e : 1x10 c e l l s . 

-36 



36 

2 . 2 . T r a n s p l a n t a t i o n of the Tumor arid m a i n t e n a n c e 
of the c e l l l i n e : 

G l a s s wares and e q u i p m e n t s used f o r the t r a n s p l a n t a t i o n 

were s t e r i l i s e d p r i o r to t r a n s p l a n t a t i o n . A s c i t e s f l u i d 

was c o l l e c t e d from the t u m o r - b e a r i n g h o s t a t log phase 

of tumor growth and d i l u t e d in s t e r i i e d s a l i n e (0 .9%v/w) , 

One p a r t of tumor was suspended i n t o 200 p a r t s of normal 

s a l i n e s o l u t i o n ( 1 : 2 0 0 ) . From t h i s s t o c k d i l u t e d f r a c t i ­

on, dead c e l l s were coun ted s i m u l t a n e o u s l y in a hemocyto-

raeter u s i n g 0.5 '^ t r y p a n b l u e as i n d i c a t o r . S180 c e l l s 

were t r a n s p l a n t e d to 3-nio-old mice w i t h an inoculum s i z e 

1x10 c e l l s per i n d i v i d u a l . 

2 . "5. Tumor r e g r e s s i o n a n a l y s i s 

Tumor r e g r e s s i o n was a n a l y s e d by : 

i ) morphomet r i c s t u d y of the tumor volume. 
i i ) C e l l c o u n t a n a l y s i s . 
i i i ) Dead c e l l f r e q u e n c y u s i n g t rypan b l u e as i n d i c a t o r . 

3 . Chromosome p r e p a r a t i o n from S e m i n i f e r o u s Tubules ; 

M e i o t i c chromosomes were prepgired from normal and S180 

tumor b e a r i n g male mice fo l lowmii , the t e c h n i q u e of Oud 

e t a l . (1979) w i t h l i t t l e m o d i f i c a t i o n s ( C h a k r a b a r t l e_t 

a l , 1 9 8 6 ) . The p r o c e d u r e i n c l u d e s the f o l l o w i n g s t e p s : 
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3 . 1 . Co l l e c t i on of Seminiferous Tubules and Hypotonic 

Expos ure : 

The d i s s e c t e d t e s t e s were placed in 1^ t r i - sod ium c i ­

t r a t e s o l u t i o n a t room tempera ture . Tunica a lbuginea 

was removed comple te ly . Seminiferous tubules were 

separa ted with the help of a f ine needle to enhance 

quick and pe r f ec t p e n e t r a t i o n of hypotonic s o l u t i o n 

in each tubu le . The d u r a t i o n of hypotonic t rea tment 

was s t anda rd i s ed by repea ted t r i a l , and kO min. hypo­

tonic exposure was found s u i t a b l e (with a s i n g l e change) 

for the p resen t m a t e r i a l . 

3 .2 . F i x a t i o n ; After hypotonic t r ea tmen t , s a l i n e c i t r a t e 

s o l u t i o n was decanted off and replaced slowly by e t h a n o l -

a c e t i c acid f i x a t i v e (3:1 v / v ) . The m a t e r i a l was kept in 

the f i x a t i v e a t room temperature for 15 min. The f i x a t i v e 

was again rep laced by f resh f i x a t i v e and kept a t 'i "C for 

30 min. For a b e t t e r f i x a t i o n one change of f i x a t i v e was 

given 1=) min a f t e r keeping a t ^ °Cr 

3 . 3 . D ia so lu t i on of,_§_eiplp .̂f erous Tuouies; Seminiferous 

tubules wetre placed in 301. a c e t i c acid (v/v) for 5 rain, 

followed by g e n t l e f lu sh ing by a Pas teur p i p e t t e for 

complete d i s s o l u t i o n of t u b u l e s . Undissolved m a t e r i a l s 

were removed c a r e f u l l y , a n d only cloudy suspension was 

taken for f u r t h e r use . The suspension was cen t r i fuged a t 
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1500 rpm f o r 10 mln; the s u p e r n a t a n t was d i s c a r d e d and 

$,he d e p o s i t was f i x e d In f r e s h l y p r e p a r e d c h i l l e d f i x a ­

t i v e . The f i x a t i v e was added v e r y s l o w l y to avoid c lum­

ping of the p e l l e t . The f i x e d m a t e r i a l was r e s u s p e n d e d , 

s p i n n e d a t 15OO rpm and r e - f l x e d a f r e s h . The p r o c e s s was 

r e p e a t e d and the m a t e r i a l was l e f t to s t a n d a t l e a s t one 

h r . a t ^°C. 

3 . '1. S p r e a d i n g of m e l o t l c s t a g e s on the s l i d e : 

P r o p e r l y f i x e d m e l o c y t e s were a s p i r a t e d u n t i l a c l o u d y 

s u s p e n s i o n r e s u l t s . Three d r o p s of c e l l s u s p e n s i o n s 

were dropped on a c l e a n ( g r e a s e - f r e e ) c h i l l e d 50^ a l c o h o l -

soaked s l i d e and a l lowed to s p r e a d to i t s tn.aximum e x t e n t . 

The s l i d e s were then e i t h e r d r i e d on a f lame or k e p t In 

a s l a n t i n g p o s i t i o n f o r a i r d r y , as the c o n d i t i o n r e q u i r e d 

f u r . The p r e p a r e d s l i d e was then eltheJt- s t o r e d f o r f u r t h e r 

e x a m i n a t i o n or s t a i n e d i m m e d i a t e l y . 

•5.5. S t a l n l n g : C o n v e n t i o n a l s t a i n i n g - the c e l l s were 

s t a i n e d In p h o s p h a t e b u f f e r (pH 6 .S ) Giemsa s t a i n ( G u r r , 

W. Germany) d i l u t e d In an a p p r o p r i a t e r a t i o ( 1 : 1 0 ) f o r 60 

mln. The s l i d e s were then washed In d i s t i l l e d w a t e r to 

remove t'ne e x c e s s s t a i n . S t a i n e d s l i d e s were o b s e r v e d 

under lOOx o i l Immersion l e n s of an Olympus m i c r o s c o p e 

(Tokyo, J apan ) u s i n g lOx eye p i e c e s . 
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k. DRUGS : 

^ . 1 . S e l e c t i o n of Drugs : Two d i f f e r e n t d r u g s used e x t e n ­

s i v e l y fo r a ' p o t e n t i a l c u r e ' of a v a r i e t y of human c a n c e r 

have been s e l e c t e d f o r the p r e s e n t s t u d y . These I n c l u d e : 

i ) Cyclophosphamide (Endoxan) and i i ) V i n c r i s t i n e ( O n c o v i n ) . 

A b r i e f r e v i e w on t h e s e two d r u g s Is p r e s e n t e d : 

Cyclophosphamide (CP) and V i n c r i s t i n e (VC) a r e among the 

most common a n t i c a n c e r c h e m o t h e r a p e u t i c d r u g s used to combat 

d i f f e r e n t cypes of human m a l i g n a n c i e s a l l over the wor ld . 

CP, an a l k y l a t i n g a g e n t i s used eith'-^r s i n g l y or in combi­

n a t i o n w i t h o t h e r ( p h y s i c a l or e n e m i c a l ) a g e n t s to enhance 

i t s t h e r a p e u t i c e f f e c t i v e n e s s , and VC, a s p i n d l e po i son i s 

used in c o i r b i n a t i o n wi th a v a r i e t y of d r u g s . They a re 

ex teriB tve i y used t i l l to d a t e and c o n s i d e r e d to be the most 

e f f e c t i v e , p a l l i a t i v e a g e n t s w i t h a t h e r a p e u t i c index s i g ­

n i f i c a n t l y h i g h e r than t h a t of o t h e r a g e n t s f o r the t r e a t m e n t 

of c e r t a i n t ypes of c a n c e r . In a d d i t i o n to r a p i d tumor r e g r e -

s s i u n p r o p e r t y , e a s y a v a i l a b i l i t y and r e l a t i v e l y low c o s t 

a r e major r e a s o n s of t h e i r e x t e n s i v e use In the d e v e l o p i n g 

c o u n t r i e s ; Among o t h e r f a c t o r s b e h i n a the p o p u l a r i t y of 

t h e s e d r u g s , p a t i e n t s ' t o l e r a n c e and compl iance w i t h the 

reg imen a r e a l s o n o t a b l e . The p rec i se ; way by which t h e s e 

two a g e n t s cause tumor r e g r e s s i o n i s n o t p r o p e r l y u n d e r ­

s t o o d , b u t I t i s w e l l known t h a t pathways of t h e i r a c t i o n 
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on c e l l i n c l u d e chromosome damage and d i v i s i o n i n h i b i t i o n . 

S i n c e t h e s e two a n t i t u m o r a g e n t s a re w i d e l y used in our 

c o u n t r y to curb the i n c r e a s e d i n c i d e n c e of c a n c e r d e a t h , 

t n e i r e f f e c t on m e i o t l c chromosome complements and on 

c e r t a i n o t h e r germ c e l l s of a mur ine tumor b e a r i n g h o s t 

lias been a t t e m p t e d to a s s e s s t h e i r c y t o s t a t i c and c y t o ­

t o x i c p o t e n t i a l s a t c e r t a i n s e l e c t e d time p o i n t s . 

' i . l . l . Cyclophosphamide (Endoxan) : CP ii> d e s i g n a t e d as 

a l a t e n t l y a c t i v e form of n i t r o g e n mus ta rd type ( F i g . 2 ) 

which b i n d s c o v a l e n t l y to d i f f e r e n t c e l l c o n s t i t u e n t s . 

Of s e v e r a l a l k y l a t i n g a g e n t s s y n t h e s i z e d and t e s t e d f o r 

their a n t i t u m o r a c t i v i t y , CP i s now used e x t e n s i v e l y to 

a v a r i e t y of human tumors . I t s use as an immunosuppress ive 

a g e n t i s a l s o in p r a c t i c e (Fr iedman e_t aj^. 1 9 7 9 ) . Unme t a -

b o l i s e d CP has no a c t i v i t y as an a l k y l a t i n g a g e n t . The 

t o x i c i t y and c l i n i c a l use of CP has been rev iewed by 

Gershwin e t a l . ( l 9 7 ' ^ ) . 

C I - CH2-CH2\,^^^ ^ ^ NH - CH . 
N - P = 0 

C I -CH-CH-^ " ' ^ ^ ^^^"^O CH 

Endoxan 

CH H2O 
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Under p h y s i o l o g i c a l c o n d i t i o n , CP is p o s i t i v e l y cha rged 

or has h igh e l e c t r o n d e n s i t v . In s p i r e of a wide v a r i e t y 

of n e g a t i v e l y cha rged tno iecu ies (nuc J e o p h i l e s ) t h a t e x i s t 

in c e l l s , DNA i s the p r i n c i p a l t a r g e t s i t e f o r CP a c t i o n . 

P r i c e (1975) r e p o r t e d t h a t the a l k y l a t i n g a g e n t s formed 

c o v a l e n t bonds w i t h a number of nuc i eop l i i J I c g r o u p s . The 

n u c l e o p h i i i c g roups of p r o t e i n s and many o t h e r m o l e c u l e s 

can a l s o s e r v e as s u b s t r a t e f o r c l i n i c a l a t t a c k by a l k y ­

l a t i n g a g e n t s . Me tabo l i sm of CF o c c u r s through a mixed 

f u n c t i o n of o x i g e n a s e sys tem p r i m a r i l y in the l i v e r 

(d lodek 1971 , Cooper and G o l d s t e i n 1 9 7 6 ) , and f o r t h i s 

r e a s o n CP i s a p p a r e n t l y i n a c t i v e J_n v i t r u u n l e s s a c t i v a t e d 

t h r o u g h ' S 9 ' f r a c t i o n (Na ta ra ja r i e_t a]^. 1976 ) . CP i s a c t i ­

v a t e d in the l i v e r to Ai-hydroxycyc lophos phamide ( S t r u c k 

jet a a . 1971 . C o l v i n e_t j a . 1 9 7 1 ) . This p r o d u c t , Ai-hydroxy-

cyclophospheunide i s in e q u i l i b r i u m w i t h i t s a c y c l i c t a u t o ­

mer ic form , a l d o p h o s p h a m i d e . ' i -ke t ocyc lophos phamide and 

carboxyphosphamide a r e produced by f u r t h e r e n z y m a t i c o x i ­

d a t i o n . Al though t h e s e a re the major m e t a b o l i t e s of the 

d r u g , n e i t h e r compound i s s ign if l ean t f.y tox.ic e i t h e r in v i v o 

°^ i n v i t r o ( S t r u c k e_t a l . 1 9 7 l ) / ~ P ' i g . 2_7. 

In a d d i t i o n , some phosphorani ide m u s t a r d and a c r o l e i n a r e 

formed from a l d o p h o s p h a m i d e . There i s e v i d e n c e t h a t phos -

uhoramide mu s t a rd i s t\\e major c y t o t o x i c p r i n c i p l e whereas 
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a c r o l e i n is an i r r i t a n t t h a t a c c u m u i a t e s in the u r i n e 

and iiiay contffabute to the iiaemorh.ig ic c y s t i s i s 

(Connors e_t aj . . i g y ' i ) . N o r n i t r o g e n mus ta rd (b i s - / 2 - c h l o -

roethyj^y a m i n e ) , one of t h e most a b u n d a n t m e t a b o l i t e s 

of the cyc lophosphamide ( J a r d i n e e t a l . 1978 ,Fr iedman 

e t a l . 1 9 8 2 ) , i s the most abundan t p r o d u c t formed w i t h ­

in a few hours a f t e r the a d m i n i s t r a t i o n of CP in man 

and e x p e r i m e n t a l a n i m a l s . I t i s formed n o n - e n z y m a t i c a l l y 

from many m e t a b o l i t e s of CP, i n c l u d i n g tlie key a l k y l a t i n g 

a g e n t ( s p e c i e s ) , phos phoiamide m u s t a r d . The c l e a v a g e of 

the phos phoramide bond in phosphoraraide mus tard is r a p i d „ 

As the a d d u c t s a re m a i n l y formed a t the 7 - p o s i t i o n of 

Guanine (Hemminki 1985 , Kalleuiia and 4emniinki 1 9 8 6 ) , many 

s e c o n d a r y r e a c t i o n s such as de [)ur i t i a t ion and i m i d a z o l e 

r i n g o p e n i n g a r e e x p e c t e d to e n s u r e (Kai lama and Hemminki 

1 9 8 6 ) . F u r t h e r m o r e , the second mus ta rd arm may undergo 

h y d r o x j r i a t ion or c r o s s - 1 i n k i n g r e a c t i o n s . These s e c o n d a r y 

r e a c t i o n s may be i m p o r t a n t f o r c y t o t o x i c i t y and t h e r a p e u ­

t i c e f f e c t i v e n e s s of CP (Hemminki and Ludlam 198^1). 

Gold in and Wood(1969) s u g g e s t e d t h a t normal t i s s u e d e t o ­

x i f i e s the c i r c u l a t i n g s p e c i e s e n z y m a t i c a l l y to k e t o c y -

c lophosphani tde and ca rboxyphos pharaide . I t has been p roposed 

t h a t l i v e r may tend to e s c a p e exposu re to h igh c o n c e n t r a ­

t i o n of t o x i c p r o d u c t s b e c a u s e of i t s h igh a c t i v i t y of 

a ldehyde o x i d a s e ( D e i t r i c h 1 9 6 6 ) , and enzyme t h a t c o n v e r t s 
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a l d o p h o s phaniide to the non-cy to tox Lc compound , c a r b o x y -

phosphamide (Cox e_t a j . . 1 9 7 5 ) . C e r t a i n foj-ms of tumor 

becomes r e s i s t a n t to deve iop in i r h i g h e r l e v e l of d e t o x i -

t\L!ig enzymes . C l a s s i c a l k y l a t i n g a g e n t s a t t a c h the 

seven p o s i t i o n of g u a n o s i n e s e l e c t i v e l y , and t h i s f r e ­

q u e n t l y a c c o u n t s fo r 90^o or more of the t o t a l base s u b s ­

t i t u t i o n . Al though the 7 p o s i t i o n of g u a n o s i n e i s by f a r 

the most r e a c t i v e unde r must c o n d i t i o n s , o t h e r s i t e s may 

be of equal b i o l o g i c a l i m p o r t a n c e , v i z . , 1 p o s i t i o n of 

g u a n o s i n e , the 1,3 and 7 p o s i t i o n s of a d e n o s i n e and the 

•") p o s i t i o n of c y t o s i n e were a l s o i d e n t i f i e d as r e a c t i v e 

b i t e s . 

In a d d i t i o n to i t s a n t i - c a n c e r a c t i v i t y , CP i s a l s o known 

to produce bo th p r i m a r y and s e c o n d a r y tumor in man. These 

i n c l u d e : l eukemias and u r i n a x y b l a d d e r ca rc inoma ( P u r i 

and Cambel 1977, R e i n e r e t a l . 1977, 1 VRC S u p p l . 1 9 8 2 ) . 

^ . 1 . 2 . V i n c r i s t i n e (Oncovin) : The v i n c a a l k a l o i d s p^iayed 

a major r o l e in c a n c e r chemotherapy s i n c e 1960s ( J a c k s o n 

and Bender 1978 ) . I n v e s t i g a t i o n s on e x t r a c t s from tne 

p e r i w i n k l e p l a n t , Vinca r o s e a Linn, f o r the p o s s i b l e hypo­

g l y c e m i a a c t i v i t y , l e d to the i s o l a t i o n of the m i t o s t a t i c 

a g e n t s : v i n b l a s t i n e and v i n c r i s t i n e ( F i g . l ) . They a re 

l a r g e d i m e r i c s t r u c t u r e s composed of an i n d o l e n u c l e u s 
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( C a t h a r a n t h i n e ) l i n k e d to la d i h y d r o i n d o l e n u c l e u s 

( V i n d o l i n e ) . A s y n t h e t i c d e r i v a t i v e of v i n b l a s t i n e , V i n d -

e s i n e ( d e s a c e t y l v i n b l a s t i n e c a r u o x v r m i d e ) was i n t r o d u c e d 

i n t o c l i n i c a l t r i a l s in 1 9 7 0 s (Dyke e_t ^ . 1 9 7 9 ) . R e c e n t l y , 

v i n z o l i ' d c n e , an o r a l p r e p a r a t i o n and s e m i s y n t h e t i c 

d e r i v a t i v e of v i n b l a s t i n e h a s b e e n i n v e s t i g a t e d (Budman 

lejt _al . 198<i, K r e i s e_t ^ . 19S6) . 

The a n t t - t u m o r e f f e c t of t h e v i n c a a l k a l o i d s a r e s e v e r a l . 

The m a j o r e f f e c t a p p e a r s to be r e l a t e d to t h e h i g h a f f i ­

n i t y b i n d i n g of t h e s e a g e n t s t o t h e b a s i c p r o t e i n s u b u n i t 

of m i c r o t u b u l e s , t u b u l i n wh ich r e s u l t s in d i s r u p t i o n of 

t h e m i t o t i c s p i n d l e a p p a r a t u s and a r r e s t of c e l l s a t 

m e t a p h a s e ( J a c k s o n and B e n d e r 1 9 7 8 ) , The n e u r o t o x i c e f f e c t 

of VC w&lch i s p r i n c i p a l d o s e l i m i t i n g f a c t o r I s r e l a t e d 

t o b i n d i n g and d i s r u p t i o n of raicrotubular s t r u c t u r e s 

w i t h i n n e u r a l t i s s u e s . The c o m p a r a t i v e p h a r m a c o l o g y e o f t h e 

I n t r a v e n o u s b o l u s i n j e c t i o n of t h e v i n c a a l k a l o i d s h a s 

b e e n surn i i ie r i sed by N e l s o n e t a l . ( 1 9 8 0 ) . U s i n g r a d i o i m m u ­

n o a s s a y , t h e b l o o d d e c a y was f o u n d to he t r i e x p o n e n t i a l 

f o r VC. The g r e a t e s t t e r m i n a l h a l f l i f e in t h e b i o o d f o r 

t h a t of VC was 85 + 6 S . 9 h r . The a p p a r e n t v o l u m e s of d i s t ­

r i b u t i o n were e x t r e m e l y h i g h f o r e a c h a g e n t , ind I c a t i n g 

e x t e n s i v e t i s s u e b i n d i n g . T h e r e were marked d i f f e r e n c e s 

in t h e s e r u m c l e a r a n c e r a t e s , w i t h VC b e i n g t h e l o w e s t 

_ _ _ _ _ z<5 



( 0 . 1 0 6 - 0 .061 L / K g / H r ) . I t has been p o s t u l a t e d t h a t the 

long t e r m i n a l h a l f - l i f e and low pl.isiiia c l e a r a n c e might 

coun t f o r the g r e a t e r neuro tox ic L t\' obse rved wi th VC 

(Nelson e j ajl_. 1980) . 

I t I s known t h a t p r i n c i p a l t a r g e t fo r VC a c t i o n In c e l l 

Is s p i n d l e m i c r o t u b u l e s which a r e n o t h i n g b u t an a r r a y of 

t u b u l i n o r g a n i s a t i o n in d e f i n i t e f a s h i o n . R e c e n t l y , Samraak 

e t a l . (1987) have p r o s e n t e d e l e g a n t s t u d i e s t h a t s u g g e s t 

t h a t s p i n d l e m i c r o t u b u l e s Oiay be in a s t a t e of dynamic 

L H s t a b i l i t y . The dynamic e q u i l i b r i u m d e p i c t e d in e q u a t i o n 

is s e v e r e l y d i s p l a c e d by the a l k a l o i d s VC and V.V.At v e r y 

h igh c o n c e n t r a t i o n s VC b i n d s to f r e e t u b u l i n m o l e c u l e s 

r e s u l t i n g in the p r e c i p i t a t i o n of t u b u l i n In the c y t o p l a s m 

in the c r y s t a l i n e form ( D u s t i n 1 9 8 ^ ) . At low c o n c e n t r a t i o n s , 

t h e s e a l k a l o i d s i n h i b i t p o l y m e r i z a t i o n of t u b u l i n and u l t i ­

m a t e l y p r e v e n t the fo rma t ion of m i t o t i c s p i n d l e and thus 

c e l l d i v i s i on . 

Tubulin e x i s t s as a he t e rod iiiier c o m p r i s i n g of a l p h a - and 

b e t a - f o r m s . At h i g h e r c o n c e n t r a t i o n s VC may b ind to o t h e r 

p r o t e i n s . T u b u l i n s may be t i s s u e as wel l as s p e c i e s s p e c i ­

f i c (Gozes and B a r n s t a b l e 1982) and p a t t e r n s of t u b u l i n 

gene e x p r e s s i o n undergo changes d u r i n g f e t a l and n e o n a t a l 

development( jJond ejt aj_. 198^4, Cummlngs je_t _al. 198'i) . Evidence 
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a c c u m u l a t e d s o f a r i n d i c a t e s t h a t the m o d i f i c a t i o n to 

e i t h e r the s u b u n i t o r the a s b e i n b i e d m i c r o t u b u l e s ri'.av 

a f f e c t t h e a c t i o n of c h e m i c a i a g e n t s t h a t d i s r u p t n i i c r o -

t u b u t a r f u n c t i o n , vccord m ^ to Donosu o_t a i . (1 979) , and 

F e l L o u s e_t ^ . ( 1 9 S 5 ) , ui ici 'o tul)u l e a s b o c l a tetl f i r u t e i n s may 

m o d i f y the a c t i o n of v i n c a a l k a l o i d s . 

C H 3 — O — C 

c=o 
CH3 
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k .2 . S t andard i s a t i o n of t h e r a p e u t i c aose : 

In the e v a l u a t i o n of theraj^e u t i c a l I y induced e f f e c t on 

tumor s y s t e m , i t i s needed to d e f i n e dose r e s p o n s e f i r s t . 

The doses used in t r e a t m e n t of human tumor may n o t n e c e ­

s s a r i l y be the t h e r a p e u t i c dose f o r *,he murine tumor. 

.Moreover, the t h e r a p e u t i c dose of a p a r t i c u l a r d rug v a r i e s 

n o t on ly from one mouse s t r a i n / m o d e l to a n o t h e r b u t a l s o 

on many o t h e r f a c t o r s a t the c e l l u l a r l e v e l . These i n c l u d e : 

tumor t y p e , c e l l k i l l i n g , c e l l r e n e w a l , n e c r o s i s e t c . The 

t o l e r a n c e of the h o s t i s a l s o an i m p o r t a n t f a c t o r m 

d e t e r m i n i n g the t h e r a p e u t i c dose of & p a r t i c u l a r d rug fo r 

a p a r t i c u l a r tumor . 

^ . 2 . 1 . T h e r a p e u t i c dose f o r s i n g l e CF t h e r a p y ; 

a. P r e ( ) a r a t i o n of s t o c k s o l u t i o n : A s t o c k s o l u t i o n 

of CF was p r e p a r e d by d i s s o l v i n g 200 rag, powered c y p l o p h o s -

phamide (Khandelwal L a b o r a t o r i e s P v t . L t d . under ag reemen t 

w i t h ASTA-worke A.G. B i e l e f e l d , West Germany)In 10 ml 

s t e r i l i s e d d i s t i l l e d wa te r j u s t b e f o r e i t s i n j e c t i o n i n t o 

tumor b e a r i n g h o s t . 

b . T h e r a p e u t i c dose : CF was i n j e c t e d a t d i f f e r e n t 

d o s e s from a s t o c k s o l n . on the ' ^ th .day of tumor t r a n s p l ­

a n t a t i o n when the 3180 tumor growth was a t log phase 

( C h a k r a b a r t i and C h a k r a b a r t i 197S, 1^>87). in each s e t a 

t o t a l of 10 male mice of same age group ( ^ -mo-o ld ) were 

k8 



k8 

exposed to s i n g l e dose of CP and the same dose was r e p e a ­

ted f o r f i v e t imes f o r s t a n d a r d i s a t i o n of t h e t h e r a p e u t i c 

d o s e . S i x d i f f e r e n t d o s e s , o . l 5 m l , o .2o ml , o . 2 5 m l , o . 3 o m l , 

0. "551111, o. ^Oml. per tumor were t e s t e d b u t no t even a s i n g l e 

dose was found in which a comple t e r e g r e s s i o n of 3180 

tumor was r e c o r d e d , A maximum l e v e l of r e g r e s s i o n wi th 

l e a s t t o x i c e f f e c t s was no ted a t a dose e q u i v a l e n t to 0.25iiil 

per tumor ie. l67mg per Kg body w e i g n t . The h o s t s were 

( a p p a r e n t l y ) in good h e a l t h w i th mintmal v i s i b l e t o x i c 

s i d e e f f e c t s , l i k e l o s s of h a i r which i s r e v e r s i b l e and 

new growth of h a i r was obse rved w h i l e the t r e a t m e n t was in 

p r o g r e s s . The l i f e soan of the tumor b e a r i n g h o s t a l s o 

i n c r e a s e d (8 days ) upon e.xposure to s i n g l e dose of CP. \t 

utile r doseis v i z . , U.50ml, 0. 55iiil ;>er tumor, a r e m a r k a b l e 

r e g r e s s i o n of the tumor was recorded^' b u t a t the same time 

s e v e r e a l o p e c i a , o r a l u l c e r a t i o n , d e p r e s s i o n in l e u c o c v t e 

c o u n t , e r y t h r o c y t e s , p l a t e l e t and s e v e r e l o w e r i n g of Ub. 

l e v e l were documented , in a d d i t i o n , c e r t a i n o t h e r t o x i c 

s i d e e f f e c t s and h igh r a t e of m o r t a l i t y were a l s o encoun­

t e r e d . T h e r e f o r e , t h e s e d o s e s were n o t c o n s i d e r e d and a 

t h e r a p e u t i c dose e q u i v a l e n t to l67nig pe r Kg body w e i g h t 

was chosen fo r CP s i n g l e t h e r a p y f o r t h i s p a r t i c u l a r tumor. 

'* • 2 - 2 . T h e r a p e u t i c dose f o r s i n g l e VC t h e r a p y : 

a) p r e p a r a t i o n of s t o c k s o l u t i o n : The s t o c k s o l u t i o n 
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of VC was prep£Lred by d i s s o l v i n g Img p o t e n c y of VC s u l p h ­

a t e (manufac tu red in I n d i a by Biochem P h a r m a c e u t i c a l s PVT 

L t d . , Bombay) in 10 ml of d i l u t i n g f l u i d (benzy l a l c o h o l + 

sodium c h l o r i d e ) j u s t b e f o r e i n j e c t i o n i n t o s l 8 0 tumor 

b e a r i n g m i c e . 

b) T h e r a p e u t i c dose : VC was i n j e c t e d w i t h d i f f e r e n t 

d o s e s from the s t o c k s o l u t i o n on the ^ t h . d a y of tumor t r a n s ­

p l a n t a t i o n when the tumor growth was a t log phase . In each 

s e t , a t o t a l of 10 mice of the same age g roup (3 -mo-o ld ) 

was used f o r a s i n g l e d o s e , and the dose was r e p e a t e d s e v e r a l 

t imes f o r s t a n d a r d i s a t i o n of the t h e r a p e u t i c d o s e . S ix d i f f ­

e r e n t d o s e s v i z . , 0. 1 5 n i l , 0 . 2 0 m l , 0 . 2 5 m l , 0 . 30ml,0. '55ml ,0.i iOral, 

per tumor were s e l e c t e d i n i t i a l l y and day to day o b s e r v a t i o n 

on the r a t e and p a t t e r n of tumor r e g r e s s i o n was made by : 

I . c e l l c o u n t a n a l y s i s , 1 1 . dead c e l l f r e q u e n c y , and l i i . m o r -

p h o m e t r l c s t u d y of the tumor s i z e . However, n o t even a s i n g l e 

dose was found s u i t a b l e f o r s i n g l e t h e r a p y , because of non-

r e g r e s s l o n a t s i g n i f i c a n t l e v e l of the tumor. But a maximum 

r e g r e s s i o n ( t e m p o r a r y ) was noted a t dose e q u i v a l e n t to 0. 30ml 

per tumor (Img/Kg body w e i g h t ) wi th no a p p a r e n t l o s s in 

g e n e r a l h e a l t h or d e a t h of tue tumor b e a r i n g h o s t . However, 

a t the o t h e r d o s e s , more r e g r e s s i o n of the tumor was n o t e d 

wi th s e v e r e weakness of the h o s t wi th n e u r o t o x i c i t y . Hence 

t h i s dose was a p p l i e d in c o m b i n a t i o n w i t h CP f o r c o m b i n a t i o n 

t h e r a p y which was e f f e c t i v e f o r the p r e s e n t tumor mode l . 
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^ . 2 . 3 . T h e r a p e u t i c dose f o r Combina t ion Drug Therapy: 

\ s c i t e s form of sa rcoma ISO was t r e a t e d wi th a combina­

t i o n of d r u g s , c o n s i s t i n g of VC and CP. The t h r e e 

p r i n c i p l e s f u r the use of d r u g s in conib i na t ion chemothe­

r a p y , as documented by Comib £ Cdrter (''^'-'7^) was f o l l o w e d : 

a. eachddrug was a c t i v e a g a i n s t t umors , when used a l o n e , 

b . the d r u g s have d i f f e r e n t oiechanisms of a c t i o n and, 

c . the t o x i c e f f e c t s of the d r u g s a r e n o t the same so 

t h a t each d rug can be a d m i n i s t e r e d a t or n e a r to maximum 

t o l e r a t e d d o s e . 

In a number of s e t s , c o m b i n a t i o n of VC f o l l o w e d by CP and 

CP fo l l owed by VC were g i v e n on ' i t h . d a y of tumor t r a n s p l ­

a n t a t i o n ( l o g phase of S180 growth) a t an i n t e r v a l of 2̂ * 

h i s . in each s e t 10 spec imens were i n j e c t e d wi th s i x d i f f ­

e r e n t d o s e s of VC/CP y j ^ . , 0 . 10ml, O.l^.ml, 0. 20mi , 0 .25n] l , 

0 .30ml , and 0.35nil per tumor , and the same dose was r e p e a ­

ted fo i f i v e t imes f o r s t a n d a r d i s a t i o n of the t h e r a p e u t i c 

dose fo r c o m b i n a t i o n t h e r a p y . Two d i f f e r e n t modes of 

c o m b i n a t i o n s were t e s t e d : 
c 

a) Comb i n a t i o n _I : A mgiximura l e v e l of tumor r e g r e s s i o n was 

no ted in c o m b i n a t i o n - VC fo l lowed by Cp a t dose e q u i v a l e n t 

to Img VC per Kg body w e i g h t fo l l owed by 6 6 . 7 nig CP per Kg 

body w e i g h t and i t -was conf i rmed by c e l l c o u n t a n a l y s i s , 

dead c e l l f r e q u e n c y and morphomet r ic -study of the tumor volume 
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) Comb i n a t ion I I : Ln a separatf^ se t , , Ln te i ra i t t en t i n j e -

t i o n of VC f o l l o w e d by CP fo l l owed by VC (VC-CP-VC) a t 

dose e q u i v a l e n t to Img VC f o l l o w e d by 66.7ing CP fo l lowed 

by 0.33mg VC per Kg body w e i g h t was a l s o found e q u a l l y 

f f e c t i v e wi th no a p p a r e n t l o s s in g e n e r a l h e a l t h or 

d e a t h of the h o s t . At o t h e r d o s e s and s c h e d u l e s of VC/CP, 

re i i iarkabte r e g r e s s i o n of tumor was round b u t a t the same 

time s e v e r e a l o p e c i a , GI disturbance. ' ' , a p p a r e n t n e u r o t o x i ­

c i t y w i th h igh r a t e of m o r t a l i t y were e n c o u n t e r e d . T h e r e ­

f o r e , t h e s e d o s e s were n o t c o n s i d e r e d as t h e r a p e u t i c dose 

foi ' the p r e s e n t tumor model . 

5 . Treatment and Experimental P r o t o c o l s j 

5 . 1 . T r e a t e d S e r i e s : CP S i n g l e ~ fn the CP t r e a t e d s e r i e s , 

each tumor b e a r i n g mouse r e c e i v e d an I p . I n j e c t i o n of f r e s h l y 

prepgired CP s t o c k s o l u t i o n @ l67nig oer Kg body w e i g h t on the 

' i t h . d a y of tumor t r a n s p l a n t a t i o n , The spec imens s u b j e c t e d to 

t h e r a p y were s a c r i f i c e d a t two d i f f e r e n t s e t s of p o s t - t r e a t ­

ment I n t e r v a l s . In the f i r s t se t , s pec imens were s a c r i f i c e d 

a t , ' ih r ,2^hr , 7 2 h r , 1 2 0 h r , and l 6 8 h r of _irii v ivo d r u g e x p o s u r e s 

to e v a l u a t e the e a r l y e f f e c t ( i f any) of the d rug t h e r a p y 

on g e r m i n a l c e l l s , and in the second s e t , d r u g exposed 

spec imens were k e p t l i t t l e l o n g e r and a a c r l f i c e d on 1 2 t h . , 

1 5 t h . and l ^ t h . d a y of t h e r a p y to s t u d y the r e l a t i v e l y l a t e 

e l f e c t of d r u g t h e r a p y a t germ c e l l l e v e l ( T a b l e 5 ) . 
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5 . 2 . T r e a t e d S e r i e s : Combina t ion I :. - in the combina t ion 

i t r e a t e d s e r i e s , each tumor bear ing; mouse r e c e i v e d an 

Lp. i n j e c t i o n of f r e s h l y p r e p a r e d VC s t u c k s o l n . @ Ini^. VC 

per Kg body w e i g h t on the -"itn.day of tumur t r a n s p l a n t a t i o n , 

A f t e r an i n t e r v a l of 2 ^ h r . the VC t r e a t e d spec imens r e c e i ­

ved a n o t h e r i p . I n j e c t i o n of CP s t o c k s o l n . @ 66.7nig CF per 

Kg body w e i g h t . The spec imens s u b j e c t e d to t h e r a p y were 

s a c r i f i c e d a t d i f f e r e n t p o s t t r e a t m e n t t ime p o i n t s s i m i ­

l a r to s c h e d u l e fo l lowed in CP s i n g l e t h e r a p y (Tab le 1 ) . 

5 . 1 . T r e a t e d S e r i e s : Combina t ion jy[ : - In the o t h e r 

t r e a t e d s e r i e s , i e . , c o m b i n a t i o n f [ , each tumor b e a r i n g 

h o s t r e c e i v e d i p . i n t e r m i t t e n t i n j e c t i o n of VC fo l lowed by 

CP fo l lowed by VC @ Im^. per Kg + tS6.7mg T O.l lmg per Kg 

r e s p e c t i v e l y a t an i n t e r v a l of 2^ h r b . The i n i t i a l t r e a t ­

ment was s t a r t e d on ' i t h . d a y of tumor t r a n s p l a n t a t i o n , and 

the t r e a t e d spec imens were s a c r i f i c e d a t the same p o s t -

t r e a t m e n t time p o i n t s obse rved in o t h e r t r e a t e d s e r i e s 

(Tab le "5). 

5.^. CONTROL SERIES : A s u i t a b l e c-onlrol was made s i d e by 

s i d e In e i t h e r c a s e s to e v a l u a t e the I n f l u e n c e of the 

s o i v e n t ( s ) i f any, on the h o s t . In the c o n t r o l s e r i e s , 

tumor b e a r i n g mice of i d e n t i c a l age gi oup ( l - m o - o l d ) , 

m a i n t a i n e d in s i i i l a r l a b o r a t o r v c o n d i t i o n were i n j e c t e d 
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i p . e i t h e r w i th s t e r i l i s e d d i s t i l l e d wa te r or wi th d i l u ­

t i n g f l u i d ( b e n z y l a l c o h o l + sodium c h l o r i d e ) in which 

the d r u g CP and VC were d i s s o l v e d r e s p e c t i v e l y . Specimens 

used as c o n t r o l a g a i n s t CP t r e a t e d s e r i e s , r e c e i v e d i p . 

i n j e c t i o n of s t e r i l i s e d d i s t i l l e d w a t e r on ly @ 0.25ml 

per i n d i v i d u a l on the ^ t h . d a y of turoor t r a n s p l a n t a t i o n 

when the tumor was a t l og phase of g rowth (Tab le 1 ) . 

For c o n t r o l s e r i e s of Combinat ion I , spec imens were i n j ­

e c t e d i p . w i t h d i l u t i n g f l u i d fo l l owed by s t e r i l i s e d 

d i s t i l l e d wa te r a t dose e q u i v a l e n t to O.lOml s o l v e n t 

f o l l owed by 0 . 1 0 ml d i s t i l l e d w a t e r (Tab le 3 ) . 

Specimens used aa c o n t r o l a g a i n s t Combina t ion 11 d rug t r ­

e a t m e n t s e r i e s , r e c e i v e d i n t e r m i t t e n t i n j e c t i o n ( i p ) of 

d i l u t i n g f l u i d fo l l owed by d i s t i l l e d wa te r fo l lowed by 

d i l u t i n g f l u i d @ 0.'50ml s o l v e n t + 0„10ml d i s t i l l e d wa te r 

+ 0.10ml s o l v e n t a t - a n i n t e r v a l of 2k h r s . ( T a b l e 3 ) . 

6, C o l l e c t i o n of Tumor C e l l s and Meiaphase Index S t u d y : 

The a s c i t e s f l u i d of 8180 tumor from the c o n t r o l and the 

d rug t r e a t e d spec imens was drawn by a s y r i n g e and a s m a l l 

d r o p of i t was p l aced on a c l e a n g r (>ase - f r ee s l i d e and 

smeared c a r e f u l l y . The smear was f i x e d in C a r n o y ' s f i x a ­

t i v e f o r I h r . The s l i d e was then b l o t t e d d r y and s t a i n e d 

in ™ G ( p y r o n i n Y, E. Merck,Darms tad , and Methyl Green , i]DH) 

5^ 
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6 . 1 . S t a i n ing P rocedu re : Accord ing to the techni t jue of 

Kurn ick (,1955) as s t a n d a r d i s e d in our l a b o r a t o r y : 

I . C e l l s f i x e d in C a r n e y ' s f l u i d were s t a i n e d f o r 8 min. 

in methy l g r e e n - p y r o n m Y. 

i t . The s l i d e was then b l o t t e d d r y . 

I i l , immersed In n - b u t v l a l c o h o l f o r 5 m m . wi th two c h a n ­

ges \.n each and then d r i e d w i th the h e l p of f i l t e r 

P ' i p e r . 

IV. Immersed in r e c t i f i e d x v l e n e . 

V. iDOunted m DPX. 

in PMQ s t a i n e d sme-ir pre parar^ions n u c l e a r a i a t e r i a i s t a i n e d 

g r e i : n i s h c o l o u r whi l e cvto))laS!ij took p i n k i s h a p p e a r a n c e . 

Metaphase can be e a s i l y d e t e c t a b l e by the s c a t t e r e d a p p e a ­

r ance of condensed chromosomes. F r e q u e n c y d i s t r i b u t i o n of 

metaphase s t a g e s was r e c o r d e d in c o n t r o l . CP,Corab.I and 

CouiD.II t r e a t e d s e r i e s a t d i f f e r e r i t pos t - t r e a t m e n t i n t e r ­

v a l s , up to ' fcomple te r e g r e s s i o n ' o f the tumor. 

7 . De terminat loa of F e r t i l i t y P o t e n t i a l of 3180 tumor 

beauring Esice ; 

\n e v a l u a t i o n of d r u g s r e s p o n s i b l e f o r damage of t e s t i c u ­

l a r c e l l s would p r o v i d e v a l u a b l e I n f o r m a t i o n to the c l i n i ­

c i a n . The use of d r u g s w i th no or Lower t o x i c i t y to t e s t i ­

c u l a r c e l l s may then be c o n s i d e r e d in the t r e a t m e n t of 

p a t i e n t s of r e p r o d u c t i v e age who have r e a s o n a b l e p r o g n o s i s , 

5 5 
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S i n c e s p e r m a t o g o n i a ! s tem c e i l s u r v i v a l a p p e a r s to 

p rov ide a measure of the d u r a t i o n and permanence of 

chemotherapy Induced s t e r i l i t y and o 1 igos pe rmia . Fol lowing 

t e s t i c u l a r w e i g h t s , sperm head c o u n t s v^ere d e t e r m i n e d to 

f i nd o u t the f e r t i l i t y s t a t u s of S180 tumor b e a r i n g mice 

in r e s p o n s e to c o m b i n a t i o n cherao therapy and a l s o CP 

s i n g l e t h e r a p y . 

7 . 1 . E x p e r i m e n t a l P r o t o c o l : 

7 . 1 . 1 . D i s s e c t i n g o u t of the t e s t e s and ep id idymes -

i . the a n i m a l s were s a c r i f i c e d oy c e r v i c a l d i s l o c a t i o n , 

i i . b e f o r e d i s s e c t i n g o u t the t e s t e s and e p i d i d y m e s , s i t e 

of i n c i s i o n was c l e a n e d p r o p e r l y by r u b b i n g the s i t e by 

90^0 a l c o h o l . 

i l l . the r e g i o n of the t e s t e s was opened by an i n c i s i o n 

wi th a s h a r p - e d g e d s c i s s o r . 

i v . bo th the t e s t e s and ep id idymes ( l e f t and r i g h t ) i n c l ­

uding t u n i c a a l b u g i n e a were removed wi th the h e l p of a 

p a i r of s c i s s o r s and f o r c e p s , 

7 . 1 . 2 . Organ Weights : 

T e s t e s from tumor b e a r i n g mice of i d e n t i c a l age group 

(3 -mo-o ld ) and m a i n t a i n e d in the same l a b o r a t o r y c o n d i t i o n 

were d i s s e c t e d o u t . Both t e s t e s wi th i t s t u n i c a a l b u g i n e a 

were weighed i n d i v i d u a l l y in singJt.- pan b a l a n c e . 
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7 . 1 . 3 . Method f o r Sperm head c o u n t : 

Sperm head c o u n t s were made on the both e p i d i d y m e s f o l l o w ­

ing the method of S e a r l e and deechey ( l 9 7 ' 0 : 

i . The v a s a - e i f e r e n t i a between c a p u t epic(i()ymis and t e s t i s 

were s e v e r e d and f a t s u r r o u n d i n g the c a p u t was c a r e f u l l y 

removed. I t was then c u t a t i t s j u n c t i o n wi th the cauda 

e p i d i d y m i s and p l aced in a s o l i d watch g l a s s , 

i i . Uoth e p i d i d y m e s were t h o r o u g h l y macera ted in 0.2ml of 

I'̂ c s o l n . of t r l - s o d i u r a c i t r a t e . 

i i i . T h e s o l u t i o n was made \ ipto 2ml, mixed we l l and a l lowed 

to s e t t l e in a tube f o r abou t 1 mln. 

i v . a d r o p of s u s p e n s i o n was a l lowed to run i n t o each cham­

ber of an improved Neubaur hemacy tome te r , a f t e r t he c o v ^ r -

s l i p had hQen p r e s s e d down to show Newton ' s r i n g s . 

v . Numbers of sperm heads were coun ted in the f o u r l a r g e 

c o r n e r s q u a r e s ( each c o n s i s t i n g of l e s m a l l e r s q u a r e s ) and 

in the l a r g e c e n t r a l s q u a r e . The con t e n e t s of two mace ra ­

ted ep id idymes were d i l u t e d wi th 2ml of h y p o t o n i c s o l n . 

and the number of sperm heads coun ted in a volume of 0. Ô mrn-̂  

of the d i J u t e d s u s p e n s i o n , [f NT i s the number of heads 

found , the e x p e c t e d number in 1 ml mouse s e m i n a l f l u i d i s 

3 .75 X 10*̂  X N. 
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7 . 1 . ' i . A n a l y s i s of Sperm head mofpho l t )gy : 

A. M a t e r i a l s : l ) 0.85'^B s a l i n e s o l u t i o n , i i ) 0. l"^ g l u c o s e 

s o l u t i o n , i i i ) f i x a t i v e ( e t h a n o l + e t h y l e a t h e r 1:1 v /v ) , 

iv) S t a i n i n g s o l u t i o n ; 2 ,5g of a n e l l n e b lue was mixed In 

a m o r t e r w i th a l i t t l e volume of d i s t i l l e d w a t e r . The 

r e s i d u e of u n d i s s o l v e d s t a i n was a l lowed to s e t t l e and 

the f l u i d was d e c a n t e d i n t o a c l e a n e d and d r i e d c o n i c a l 

r l a s k . The r e s i d u e in the m o r t e r was t r e a t e d wi th a d d i ­

t i o n a l d i s t i l l e d w a t e r and the p r o c e s s was r e p e a t e d u n t i l l 

a l l the a n e l i n e b lue i s d i s s o l v e d i n t o w a t e r . 2 .5g of 

powered eosin Y was then ad led to the i00 ml s o l n . of 

a n e l i n e b lue and mixed we l l w i t h the h e l p of a p i p e t t e . 

The s t a i n was f i l t e r e d and 0,1ml phunol was added to i t . 

The pH of the s t a i n was a d j u s t e d to 6 . 8 , 

B, Method : i) D i s s e c t e d ep id tdymes were k e p t in 5cc 

m i x t u r e of e q u a l volume of O.S5ff s a l i n e and 0.1% g l u c o s e 

s o l u t i o n , ( t h i s m i x t u r e p r e v e n t s a c r o s o m a l s w e l l i n g of 

the s p e r m a t o z o a ) . )-i) Epldidyraes were t e a s e d and the c o n ­

t e n t was c o l l e c t e d I n t o s a l i n e - g l u c o s e m i x t u r e . The mix­

t u r e was s t i r r e d and a l l d e b r i s were removed, i i i ) A f t e r 

mix ing the s u s p e n s i o n wi th the h e l p of H p i p e t t e , 1-h 

d r o p s of s u s p e n s i o n was p laced in one end of a p r o p e r l y 

c l e a n e d g r e s e - f r e e s l i d e . The narxow erid of a n o t h e r s i d e 

i e . , s p r e a d i n g was p l a c e d a t an ang l e of ^15° on the 
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s u s p e n s i o n by t h e r i g h t hand and t h e n moved b a c k s l o w l y 

t o make c o n t a c t w i t h t h e s u s p e n s i o n , Tlie s u s p e n s i o n was 

s p r e a d o u t q u i c k l y a l o n g t h e l i n e of c o n t a c t of t h e 

s p r e a d e r w i t h t h e s l i d e . The moment t h i s o c c u r s , t h e 

f i l m of s u s p e n s i o n was d r a w n by a r a p i d , s m o o t h and 

f o r w a r d m o v e n e n t of t h e s p r e a d e r , i v ) t h e f i l m was d r i e d 

in an i n c u b a t o r / h o t p l a t e a t 50°C f o r 2 min . v) a f t e r 

t h i s t h e m a t e r i a l was f i x e d by k e e p i n g d r i e d s l i d e s in 

a m i x t u r e of e q u a l p a r t s of e t h y l e t h e r and a b s o l u t e 

e t h a n o l f o r 3 - ^ m i n . 

C. S t a i n i n g : i ) a f t e r f i x a t i o n of t h e m a t e r i a l , the s l i d e 

was d r i e d i n an i n c u b a t o r / h o t p l a t e a t 3 0 ° C . i i ) d u r i n g 

d r v i n g , a l i b e r a l q u a n t i t y of s t a i n i n g s o l u t i o n c o n t a i n i n g 

a n e i i n e b l u e and e o s i n Y (pH = 6 . 8 ) was p o u r e d on t o t h e 

s l i d e and a l l o w e d t o s t a i n f o r 8 m i n , i i i ) t h e s t a i n was 

washed p r o p e r l y in r u n n i n g w a t e r and b l o t t e d d r y w i t h a 

W h i t e m a n ' s f i l t e r p a p e r , i v ) thf? s t a i n e d s l i d e s a f t e r 

d r y i n g were p l a c e d i n t o r e c t i f i e t l x y l e n e and a g a i n b l o t t e d 

d r y and f i n a l l y m o u n t e d u n d e r a c l e a n c o v e r g l a s s (22x50mm) 

in DFX. 

The f o l l o w i n g r e g i o n s of t h e s p e r m a t o z o a were r e c o g n i s a b l e 

by t h e d i f f e r e n t i a l s t a i n i n g b e h a v i o u r u n d e r m i c r o s c o p e : 

i . \ c r o s o m e c a p - b l u e , i i . N u c l e u s - c a r m i n e , 

i i i . Neck - u n s t a i n e d , i v . M i d - p i e c e - b l u e , and t a i l -

l i g h t b 1 ue . 
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7 . 1 . 5 . C r i t e r i a f o r S perm head a n a l y s i s : 

F o r s c o r i n g s p e r m head a b n o r m a l i t i e s , t ' le c r i ^ ^ e r i a of 

M e i s t r i c h e_t ^ . ( 1 9 8 5 ) h a s b e e n f o L l o w e d m t h e p r e s e n t 

s t u d y w i t h some a d d i t i o n s . \ b : i o r m a l l y s h a p e d s p e r m s were 

d i s t i n g u i s h a b l e a c c o r d itig to t!ie f o l l o w i n g c a t e g o r i e s : 

i ) s p e r m w i t h s m a l l , e o s i n d e n s e , round o r e l i p t i c a l 

b o d i e s a t t h e l o c a t i o n of t h e s p e r m n u c l e u s , t e r m e d 

m i c r o + i e a d e d ' . 

i t ) Sperm A>rith d e v i a t i o n s in t h e s h a p e of t h e n u c l e u s 

t e r m e d , ' s p e r m w i t h d e f o r m e d h e a d ' . 

L i i ) s p e r m w i t h o u t hook t e r m e d ' h o o k l e s s ' . 

i v ) o t h e r s : - m a c r o h e a d , d o u n l e h e a d e d e t c . 

S . C r i t e r i a f o r s c o r i n g a b e r r a t i o n s ; 

A f t e r c o n s u l t i n g t h e l i t e r a t u r e s p u b l i s h e d by d i f f e r e n t 

i n v e s t i g a t o r s in t h i s f i e l d ( M o u t c n e n 1 9 6 9 , P a t h a k and 

HSU 1 9 7 7 , H u n t 1 9 8 7 , D a n i e l and R o a n e 1 9 8 7 , Yuan and 

M a i l h e s 1987) t h e f o l l o w i n g a b e r r a t i o n t y p e s were c o n s i d ­

e r e d in t h e p r e s e n t s t u d y : 

S t r u c t u r a l a b n o r m a l i t i e s : 

C h r o m a t i d b r e a k s - Any form of d i s c o n t i n u i t y of a p a r t of 

e i t h e r of t h e two c h r o m a t i d s of a c h r o m o s o m e . The b r o k e n 

a c e n t r i c p a r t may r e m a i n i n c l o s e a s s o c i a t i o n w i t h t h e 
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p a r e n t c e n t r i c p a r t or may be f a r a p a r t from i t s o r i g i n . 

P'ragments of u n i d e n t i f i e d o r i g i n : wnen the p a r e n t body 

of the broken f r a g m e n t was no t i d e n t i f i a b l e , 

tilxchanges ; C h a r a c t e r i s e d by the exchange of chromosome 

segments w i t h i n or between two o r more chromosome 

b i v a l e n t ( s ) : a c c o r d i n g to the i n v o l v e m e n t of the number 

of b i v a l e n t s in such t r a n s l o c a t i o n s these a r e of two 

d i f f e r e n t t y p e s : a) T r a n s l o c a t i o n t r J v a l e n t - when one 

b i v a l e n t and one u n i v a l e n t a re i nvo lved in the p r o c e s s 

of e x c h a n g e , 1 ) a u t o s o m a l t r i v a i e n t - i nvo lvemen t of 

au tosomes o n l y , i i ) sex t r i v a i e n t - i n v o l v e m e n t of bo th 

au tosomal u n i v a l e n t and sex b i v a l e n t , 

b) T r a n s l o c a t i o n m u l t i v a l e n t : when two or more than two 

b i v a l e n t s were Invo lved Ln the exchange p r o c e s s . T r a n s l o ­

c a t i o n m u l t i v a l e n t s may occu r inbe tween autosomes { a u t o ­

somal m u l t i v a l e n t s ) or inbetween autosomes and sex c h r o -

mobomes ( sex m u l t i v a l e n t s ) . 

F l o i d a l anoma l i e s : 

Two types of p l o l d a l anoma l i e s were c o n s i d e r e d . 

i ) P o l y p l o i d y - m o s t l y d o u b l i n g up ( t e t r a p l o l d ) of chromo­

some complements . 

i l ) Aneuplo ldy - any d e v i a t i o n from e u p l o l d c o n d i t i o n a t 

d iak ines is-me t a p h a s e I s t a g e . Th is may be of a) h^ 'poploldy 

( l o s s of one or more e l e m e n t s ) and b) h y p e r p l o l d y ( a d d i t i o n 
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of one or more b i v a l e n t s to the comple te s e t ) 

P a i r LniT a n o m a l i e s : 

Any s p e c i a l b e h a v i o u r of chromosomes r e m a i n i n g as u n i ­

v a l e n t s d u r i n g d i a k i n e s i s - m e t a p h a s e 1 s t a g e of m e i o s i s . 

Depending on the i n v o l v e m e n t of chromosome or chroraesomes 

univalenc}'^ may be of two types : i ) au tosomal and 44) sex 

chromosomal . 

9. S t a t i s t i c a l C a l c u l a t i o n : 

The s t a t i s t i c a l c a l c u l a t i o n , v i z . , s t a n d a r d d e v i a t i o n and 

c r i t i c a l d i f f e r e n c e (CD) were done f o l l o w i n g the method 

d e s c r i b e d by Panse and sukhatme ( 1 9 7 8 ) . The compar i son of 

means ( v a l u e ) and t h e i r s t a n d a r d in between' c o n t r o l and 

t r e a t m e n t s c h e d u l e s a t d i f f e r e n t t h e r a p e u t i c hours was 

c a r r i e d o u t by S t u d e n t ' t ' t e s t f o l l o w i n g D a i l e y ( 1 9 5 9 ) . 
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O B S E R V A T I O N S 

1. TuHJor r e g r e s s i o n & BvalnatLon of Mean S u r v i v a l Time ; 

V maximum d e g r e e of tumor r e g r e s s i o n was noted a t 1 2 0 h r s . 

of p o s t t h e r a p e u t i c s i n g l e dose CP e x p o s u r e . The r e g r e ­

s s i o n time was r e d u c e d to a c o n s i d e r a b l e e x t e n t in t h i s 

tumor mode J when CP was a p p l i e d in two d i f f e r e n t combi­

n a t i o n s wi th VC. An exi i rolnat ion of t r e a t e d s e r i e s ( F i g . ^ a,'lj) 

r e v e a l e d t h a t a p p l i c a t i o n of Combina t ion I and Combi­

n a t i o n I I caused a maximum d e g r e e of tumor r e g r e s s i o n a t 

7 2 h r s . of p o s t t h e r a p e u t i c drug e x p o s u r e . in no c a s e s , 

however , a comple t e r e g r e s s i o n of tumor was documented 

(Fig. i ia ,b) . 

An e v a l u a t i o n of mean s u r v i v a l time (MSr) of spec imens 

s u b j e c t e d to s i n g l e and c o m b i n a t i o n t h e i a p y i n d i c a t e d 

t h a t the a p p l i c a t i o n of d r u g s i n c r e a s e d the mean s u r v i ­

val time (MST) to a v a r i a b l e e x t e n t . A maximum i n c r e a s e 

in MST was r e c o r d e d in Combinat ion I I t r e a t e d s e r i e s 
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Table h : Mean Survival Time (MST) of S180 Tumor bearing Mice 
subjected to Single and Combination Chemotherapy 

Index No.of MST In Day** 
Mice* 

Survivors on day h5 

Total Mice Treated 

CONTROL : 

( D l s t . W a t e r 
and 

D i l l . F l u i d ) 

TREATED : 

1 . CP s i n g l e 

2 , VC s i n g l e 

1 . Comb. I 

ii. Comb. I I 

5 0 

: 5 0 

: 5 0 

: 5 0 

: 5 0 

22 

3 0 

2k 

•56 

^ 0 

( 1 7 - 2 7 ) 

( 2 0 - ^ 0 ) 

( 1 8 - 3 0 ) 

{2k-k8) 

(23-57) 

0 / 5 0 

0 /50 

0 /50 

3 / 5 0 

9 /50 

* each specimen received i p . i n j e c t i o n of d r u g / d i s t i l l e d 
water on ^ th .day of t r a n s p l a n t a t i o n of tumor; 

* f i g u r e s in p6irentheses i nd i ca t e range of s u r v i v a l 
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i>'hLle a p p l i c a t i o n of Combinat ion [ a ' s o ex tended the 

l i f e span of tumor b e a r i n g spec imens to a l i t t l e e x t e n t 

( T d b l e . ' i ) . 

2. M e i o t l c Complements of Normal Male Mouse : 

2a . S p e r m a t o g o n l a l me taphase x*Sperraa togon i a l me taphase 

c o n s i s t s of ^0 t e l o c e n t r i c chroniosom-^s of d e c r e a s i n g 

l e n g t h ; ![) axe au tosomal and one (XY) i s sex chromosome 

p a i r ( P l a t e l ) . S p e r m a t o g o n i a ! chromosomes g e n e r a l l y 

a p p e a r as h e a v i l y condensed and e x t r e m e l y f r a g i l e b o d i e s 

Sometimes the c h r o m a t i d s show a s p i r a l s t r u c t u r e and 

the s p l i t t i n g between two c h r o m a t i d s In some c a s e s Is 

n o t v e r y d i s t i n c t . The s e x chromosomes d e m o n s t r a t e no 

he t e r o p y c n o s i s in s p e r m a t o g o n i a ! "nie t a p h a s e s , 

2 b . P r i m a r y Spermatocyibe - The p r i m a r y s p e r m a t o c y t e 

n u c l e u s a t i n t e r p h a s e is a s m a l l , d e e p l y s t a i n e d body 

wi th a few r e l a t i v e l y l a r g e c h r o m o c e n t e r s ( P l a t e 2 ) . 

Due to uneven s p i r a l i s a t ion of c h r o m a t i n t h r e a d s , the 

n u c l e u s sometimes e x h i b i t s a n e t l i l re a p p e a r a n c e . 

Doth the F i r s t and the Second meiotLc d i v i s i o n s a r e 

S u b - d i v i d e d i n t o : P r o p h a s e , metai)hat!e, anaphase and 

t e l o p h a s e . The f o l l o w i n g s t a g e s of I ' l r s t m e i o t i c d i v i ­

s i o n were more or l e s s c l e a r l y i d e n t i f i a b l e in the 

p r e s e n t s t u d y : -



6'i 

Lc p t o t e n e - Nuc leus I s sma l l and roiind sv i fn homogenous ly 

d i s p e r s e d c h r o m a t i n w i th ' chromoiuere s ' a t irre;i:ulcU' i n t e r ­

v a l s a long t h e i r l e n g t h . Vo wel l d e f i n e d sex c h r o m a t i n 

body i s v i s i b l e a t t h i s s t a g e ( P l a t e 3 a ) . 

Zygotene - I d e n t i f i c a t i o n of t h i s s t a g e i s h i g h l v s p e ­

c u l a t i v e and a t the saJiie tijiie d i f f i c u l t to d e f i n e c l e a r l y 

under the r e s o l u t i o n of l i g h t m i c r o s c o p e . At t h i s s t a g e , 

hofiiofogous chromosomes become a l i g n e d and undergo p a i r i n g 

or S y n a p s i s . The t e l o m e r e s of the chromosnnics a r e f r e q u e n ­

t l y a t t a c h e d to the n u c l e a r e n v e l o p e . P a i r i n g i s seera&lto 

be p o i n t f o r p o i n t and chrouiomere f o r chroinomere in each 

horaologue. Dur ing t h i s s t a g e the X and the Y chromosomes 

are j^jji^tinguis hab i e from the autosomes ( P l a t e 3 b ) . 

Pachy t ene - The p a i r i n g of the homologous chromosomes i s 

c o m p l e t e . Ca r ly p a c h y t e n e c e l l s ;ire sriialJ i\'i th dense ch ro ­

mat in and o c c a s i o n a l Iv show the beginning of the f o r m a t i o n 

of h e t e r o p y c n o t i c ' s e x - v c s i c l e ' ( P l a t e 3 c ) . M i d - p a c h y t e n e 

c e l l s a re much l a r g e r and show a p r o m i n e n t .sex v e s i c l e 

a g a i n s t a pa le background of au to soma l e l e m e n t s . C e l l s a t 

l a t e pachy t ene aiay e a s i l y be c o n f u s e j wi th those a t Jiiid-

p a c h y t e n e and e a r l y d i p l o t e n e . Sex v e s ) . c i e s appear as one 

or two d e e p l y s t a i n e d s p o t s p r e sumab lv the c e n t r o m e r i c 

a r e a s of the sex chroraoso'iies ( P l a t e 3 d ) . 

D i p l o tene - E a r l y d i p l o t e n e n u c l e u s is r a t h e r l a r g e and 

pa l e s t a i n e d bodv. The p a i r e d chromosonios show v a r i o u s de­

g r e e of sepr iTa t ion b u t reniam u n i t e d a t c e r t a i n p o i n t s by 
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c h i a s m a t a . The number, shajJe and morphology of b i v a i e n t s 

a r e v a r i a b l e d e p e n d i n g on the number and l o c a t i o n of 

c h i a s m a t a . At l e a s t one ch iasma i s v i s i b l e in each b i v a ­

l e n t b u t many b i v a i e n t s have more thanoone ch iasma 

( P l a t e 3 e , 3 f ) . 

D i a k i n e s is - The c o n t r a c t i o n of the chromosomes becomes 

a c c e n t u a t e d . The b i v a i e n t s a re more e v e n l y d i s t r i b u t e d in 

the n u c l e u s . Dur ing t h i s p e r i o d , the number of c h i a s m a t a 

d i m i n i s h e s . By the end of d i a k i n e s l s , in g e n e r a l , the 

homologues a re he ld t o g e t h e r o n l y a t t h e i r ends due to 

ex t r eme t e r m i n a l i s a t i o n of ch i a sma . The long X chromosome 

becomes p r o g r e s s i v e l y s t r a i g h t and even in t h i c k n e s s . The 

Y chromosome becomes p r o g r e s s i v e l y s h o r t e r . The f r e e end 

of the l o n g e r X chromosome of the XY p a t r s t a i n s d i f f e r e n ­

t i a l l y . The XY p a i r a t d i a k i n e s l s a p p a r e n t l y shows an end 

to end a s s o c i a t i o n / p a i r i n g . In f a c t t h e r e i s no c l e a r c u t 

d i s t i n c t i o n between l a t e d i a k i n e s l s and metaphase I under 

the r e s o l u t i o n of l i g h t m i c r o s c o p e . 

D i a k i n e s Is/me t a p h a s e - 1 - This s t a g e r e v e a l e d the e x i s t e n c e 

of 20 c l e a r l y d i f f e r e n t i a t e d b i v a i e n t s , . Of t h e s e , 19 a r e 

au tosomal and 1 sex b i v a l e n t . The au tosomal b i v a i e n t s 

g e n e r a l l y e x h i b i t r i n g or q u a d r i r a d i a l c o n f i g u r a t i o n s 

( p l a t e 3 g ) . The s i z e and the shape of r i n g or quadr i r a d l a l s 

v a r y a c c o r d i n g to the d e g r e e of c o n d e n s a t i o n and advancement 

of c e l l d i v i s i o n s t a g e . The au tosomal b i v a i e n t s a re of 

.. '. 66 



66 

v a r i o u s s i z e d e p e n d i n g on t'le i<jn5th ol the i n d i v i d u a l 

chromosurae p a i r . The XY p a i r e x h i b i t s a r o d - l i k e a p p e a ­

r a n c e i n d i c a t i n g t e r m i n a l n a t u r e of p a i r ing; /assoc i a t ion 

between them. In m a j o r i t y of c a s e s , \'Y b i v a l e n t o c c u p i e s 

a p e r i p h e r a l p o s i t i o n in the d l a k i n e s is /mo t a p h a s e - 1 s t a g e 

( P l a t e 3 h ) . in some c a s e s ( a b o u t 2. ^'^c) the X and the Y 

appea r as two s e p a r a t e u n i v a l e n t s ot unequa l s i z e w i t h o u t 

a s s o c i a t i o n . 

Me t a p h a s e IL - Second speri i ia tocy t e s a re r a t h e r r e m a r k a b l e 

by the h a p l o i d number and by t h e i r c h a r a c t e r i s t i c s p i r a l i -

sed c h r o m a t i d s in a d d i t i o n to the absence of c h i a s m a . E a c h 

me t a p h a s e II c e l l d i s p l a y s a t o t a i of 20 chromosomes i e . , 

h(^ n h r o r a a t i d s . 

S. Jformal Spermatogenes i s : 

ix\ mouse, the e n t i r e s p e r m a t o g e n e s i s ( F i g , 5) c o n s i s t s of 

twelve s t a g e s of c h a r a c t e r i s t i c c e l l u l a i ^ a s s o c i a t i o n . The 

l e a s t mature germ c e l l t h a t e n t e r s the s pe rmatogen ic 

c y c l e (Type A spermatogonium) is l o c a t e d c l o s e s t to the 

basemen t membrane. U s u a l l y , s perma togon i a , become p r o g r e ­

s s i v e l y s m a l l e r in c o u r s e of t h e i r d i v i s i o n s . The most 

p r o m i n e n t changes in germ c e l l d u r i n g the s p e r m a t o g o n i a ! 

pnase occur in the n u c l e u s . In the p r i m a r y s p e r m a t o g o n i a 

( i n f i x e d p r e p a r a t i o n ) the ch roma t in of I n t p r k i n e t i c 

n u c l e i is f i n e l y d i s t r i b u t e d . With each succeeding 
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g e n e r a t i o n , the c h r o m a t i n becomes more condensed in fewer 

and l a r g e r f l a k e s , c a l l ed c r u s t y . 

Type A s p e r m a t o g o n i a - Type A s [)erniatogon i a appea r as 

l a r g e pa le s t a i n i n g n u c l e i wi th l i t t l e e v i d e n c e of chrom­

a t i n c o n d e n s a t i o n . I n t e r m e d i a t e s p e r m a t o g o n i a show the 

d e v e l o p m e n t of i r r e g u l a r c h r o m a t i n masses in an o t h e r w i s e 

[)ale s t a i n i n g n u c l e u s . 

Type a s p e r m a t o g o n i a - ( j x h i b i t i n c r e a s i n g d e g r e e of c h r o ­

mat in c o n d e n s a t i o n , s m a l l e r n u c l e i w i t h many h e t e r o p y c n o -

t i c m a s s e s . 

S p e r m a t i d - Very e a r l y s p e r m a t i d s p o s s e s s s p h e r i c a l n u c l ­

e i and p a r t i a l l y condensed c h r o m a t i n , r e p r e s e n t i n g the 

comple te h a p l o i d chromosome s e t . As the s p e r m a t i d chroma­

t i n i s condensed f u r t h e r , the n u c l e i beg in to undergo 

c o n s p i c u o u s changes in s h a p e . With f u r t h e r c o n d e n s a t i o n 

of c h r o m a t i n and the appea rance of the c h a r a c t e r i s t i c 

hook-shaped sperm h e a d , the b r i g h t l y y t a i n e d c h r o m o c e n t r e 

of l a t e s p e r m a t i d n u c l e i d i s a p p e a r s and the ma tu re sperm 

head a p p e a r s . 3y day 2 1 , the f i r s t ma tu re sperm a p p e a r s . 

S pertiiatQzoa - The mature spermatozocm c o n s i s t s of two 

main p a r t s : head and t a i l . Thfe t a i l i s f u r t h e r s u b d i v i ­

ded i n t o i , the n e c k , i i . the midd le p i e c e , i i i . t he 

p r i n c i p a l p i e c e and i v . the end p i e c e . 

The head i s composed ma in ly of the n u c l e u s made up of 

condensed ch roma t in and acrosomal c a p . rhe form of the 
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head is l a r g e l y d e t e r m i n e d by the shape of the condensed 

n t i c l ea r m a t e r i a l occupy ing the g r e a t e r p a r t of the head . 

in a d d i t i o n , the so c a l l e d head c a v i t i e s a re s e e n . The 

acrosomal cap c o v e r s the a n t e r i o r f o u r - f i f t h p a r t s of the 

head. The neck i s a s h o r t segment which c o n n e c t s the head 

wi th the n i i d i l e p i e c e (body), . The p rox ima l c e n t r i o l e ( a n t ­

e r i o r knob) f i t s in the d e p r e s s i o n of the head and i s the 

j u n c t i o n of the head and neck whereas d i s t a l c e n t r i o l e 

( p o s t e r i o r k n o b ) l i e s be tween the middle p i e c e or bodvo 

The middle p i e c e e x t e n d s from the s l e n d e r c o n n e c t i n g p i e c e 

of the neck to a r i n g - l i k e s t r u c t u r e c a l l e d , the a n n u l u s . 

Tfie p r i n c i p a l p i ece g r a d u a l l y t a p e r s towards the end-

p iece which i s c h a r a c t e r i s e d by the deve lopmen t of a 

f Lbrous s h e a t h . 

D i s t a l to f i b r o u s s h e a t h of the j j r l n c l p a l p i e c e Is the 

end p i e c e . The aocial f i i f unen t c o a t i f u e s to i t s cauda l 

e x t r e m i t y b e i n g surro»mded ^by a ve ry t h t a l a y e r of c y t o ­

plasm e x t e r n a l to which i s the c e l l meaibrane. End p i e c e 

of the t a i l c o n s i s t s of tne t e r m i n a l p o r t i o n of the a x i a l 

f i 1 ame n t . 
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^1. S tud ies on Non-tumor Control : 

The c y t o g e n e t i c f e a t u r e s of normal (un t r ea t ed ) Swiss 

a lb ino mice have been oDserved from specimens of 3-'!BO-old 

age group. 25 d i f f e r e n t randomly s e l e c t e d specimens were 

used for the purpose. An examination of 25 spermatocy t ic 

d lak-rae ta- I c e l l s from each specimen revea led no remarka­

ble s h i f t from normal chromosome p r o f i l e . However, the 

presence of hypoploidy, hyperp lo idy , s i n g l e autosomal 

univalency , and sex chromosome univalency was noted .But 

in no c a s e s , t r a n s l o c a t i o n s ( e i t h e r iC-autosome or au to ­

some-autosome) and univalencsr involving more than one 

autosomes were encountered in lion-turaor c o n t r o l specimens, 

The frequency of c e l l s with p l o i d a l v a r i a t i o n s was a l so 

not observed to a s i g n i f i c a n t e x t e n t . 

5. Stmalies OSB S180 TiiiiiBior''liearing Control : 

Chronological observa t ion of germ c e l l s on 25 s l 8 0 tumor 

bear ing specimens on and from the ^ th .day of tumor t r a n s ­

p l a n t a t i o n revea led cons ide rab le d e v i a t ion'from normal 

cy togene t i c p r o f i l e of spermatocyte so fa r as the beha­

viour] of autosomal and sex b i v a l e n t s are taken in to 

c o n s i d e r a t i o n . S i g n i f i c a n t d e v i a t i o n from normal melot tc 

behaviour was noted in the form of precocious desynaps is 
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of both autosomal and sex chromosomal b l v a l e n t s a t d l ak -

mota-I l eve l a t c e r t a i n pos t - t r a n s p l a n t a t i o n time po in t s 

l e , , a t ^ ,2^ ,and 72 hrs {Tab le .5 ) . 1" most of the ca se s , 

the desynapsed elements are d i s p e r s e d far froin each o ther 

(P la te ^a,b), while in o the r s they are separa ted but 

remained c l o s e l y apposed ( P l a t e 4c^d) . \n examination of 

d a t a presented in Table 5 revea led tha t both sex chronio-

boinal and s i n g l e autosomal unlvalency r e s u l t e d In a high­

er frequency in S180 tumor bear ing mice compared to non-

tumor c o n t r o l . A c lose look of the daxa Ind ica ted t h a t 

s i g n i f i c a n t Increase In s i n g l e autosomal unlva lency was 

recorded irom the very beginning l e , , boora a f t e r tumor t r a n s ­

p l a n t a t i o n , which continued upto the ^nd of the experime­

nt l e . , 1*1 day of tumor t r a n s p l a n t a t i o n . A d i f f e r e n t trend 

in the precocious desynaps is of sex cnromosomal hava len t 

was recorded In tumor bear ing c o n t r o l , while the occurrence 

of s i ng l e autosomajl unlvalency s t a r t e d from the beginning of 

the experiment and maintained a s teadv pftak upto the end. 

The frequency of sex chromosomal unlvalency decreased g r a ­

dua l ly with the inc rease In t r a n s p l a n t a t e d tumor age 

(Table 5) ^ 

Besides the above a b n o r m a l i t i e s , small fragments of unknown 

o r i g i n was a l so noted , but In no case to a s i g n i f i c a n t l e v e l . 

In some c e l l s , $ h e X chromosome appeaPdas h ighly d e s p l r a l l s e d , 

I'ale s t a i ned long t hm thread witn dark ly s t a i n e d Y at tached 
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Table. 5 : Keference value of Numerical ChrooosooalAnomalies of Normal and S180 Tumor bearing Mice (Served as Control) /"Values In Mean + SD_7 

Types ot Chromosome 

Autosomal U n i v a l e n c y 

One Autosome Ha i r 

>One Autosome P a i r 

X/Y U n i v a l e n c y 

Normal Mice 

: 1 .S7+0.21 

: 0 . 0 0 + 0 . 0 0 

: 2 . 1 9 + 0 . 1 6 

9 

1 

8 

ithr 

00+U 

25 + 0 

b'/*\j 

S18 0 rumor b e a r i n g Mice 

Hos t - t r a n s p l a n t a t i o n Tltae Po ints 

7-5"= 

',7^ 

-, r 

2'ihr 

lO.OO+O.?'}" 

1 .87+0 .^2 ' ' 

0 . 00< <). ?1 

72hr 120hr 

-

15.00+.«.0<= 12.00+0.61'= 

2 . 0 0 + . V ' ' 2 .00+0 .35" 

5 . 8 7 + 0 . 2 . = " - " ^ t " - ' ^ 

l 6 8 h r 

1-5.00+0.98'= 

1.75 + 0 . 5 9 * 

1 . 5 0 + 0 . ' i l " 

288 hr 

12.12+0.96"= 

1 .37+0 .37* 

2.75 + C.48 

312hr 

13.00+0.83*= 

0 . 8 7 + 0 . 12*= 

1 .75+0.55 

336hr 

8 . 12+0 

0 . 7 5 ^ 0 

2 . 00+ 0 

8 8 ° 

2 5 a 

i j l 

" = p < 0 . 0 5 , '̂  = p < 0 .01 , •==1X0.001 C P "a 'uea analysed by ' f t es t_7 
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a t tlie end (P l a t e 5 ) . 

6. Negative CoHtrols : 

Negative c o n t r o l s were mainta ined s'.de by s ide by exposing 

S180 tumor bea r ing specimens ("5-mb-(»ld) only to the drug 

so lven t s v i z . , e i t h e r d i s t i l l e d water ( s o l v e n t used in CP 

therapy) or with d i l u t i n g f l u id (Berizyl a lcohol + Sodium 

c h l o r i d e , used as s o l v e n t for VC) and germ c e l l s t ages 

were fixed a t app rop r i a t e post i n j e c t i o n i n t e r v a l s for 

eva lua t i on of c y t o t o x i c i t y , i f any (Table 3 ) . S ince , no 

s i g n i f i c a n t d i f f e r e n c e in terms of cbserved anomalies 

between S180 c o n t r o l and nega t ive c o n t r o l s were noted , 

d a t a obtained In 3180 c o n t r o l has been presented and pooled 

for comparison with d i f f e r e n t tr(!atcd 5(?ries. 

7. Treated S c r i e s ; 

7 . 1 . S ingle CP Therapy : - An exsiminatioh of spermatocy­

tes on and from ^ th .day of tumor t r a n s p l a n t a t i o n revea led 

tha t s i n g l e exposure of CP a t the ra j ' eu t i c dose r e s u l t e d in 

var ious forms of chromosomal a l t e r a t i o n s a t d i f f e r e n t pos t -

t r ea tment i n t e r v a l s . 

7 . 1 . 1 . P lo id^ l anomallea - P lo lda l anomalies in response 

ou Cr exposure were recorded mosilv in the formof hypoplol-

dy and hyperploidy a t d i a k i n e s i s - m e t a - I s t age ( P l a t e 6 a , b ) . 

72 



72 

Hypoploid c o u n t v a r i e d from 16 to ".9. The most common 

c o u n t was 1 8 , and h y p e r p l o i d y v a r i e d from 21 to 22 b i -

v a l e n t s , of which the common c o u n t was 2 1 . I t was indeed 

d i f f i c u l t to d e t e c t which p a r t i c u l a r b i v a l e n t ( o r g roup 

of b i v a l e n t s ) was added or l o s t . However, a rough e s t l m a -

t i u n indLca ted t h a t l o s s / a d d i t i o n was conf ined to s m a l l e r 

^ roup of b i v a l e n t s . Sex b i v a l e n t s were r a r e l y l o s t . 

V'uan t L t a t i v e a n a l y s i s of CP t r e a t e d s e r i e s r e v e a l e d t h a t 

a d m i n i s t r a t i o n of CP a t t h e r a p e u t i c dose r e s u l t e d a s Ig-r 

n i f i c a n t i n c r e a s e in a n e u p l o id (hypoplo I d a l ) s p e r m a t o c y t e s . 

Th is was e x h i b i t e d by an i n c r e a s e in the f r e q u e n c y of 

aneup lo idy on and from '̂  h r s of d rug e x p o s u r e (Table 6 ) . 

\n i n c r e a s e in c e l l s w i th a n e u p i o i d chromosome c o j v s t i t u t -

lon was more pronounced a t 2k h r s , of d rug e x p o s u r e . The 

f r e q u e n c y g r a d u a l l y dropped down at s u b s e q u e n t h r s . of 

t r e a t m e n t . The f r e q u e n c y of c e l l s w i th p o l y p l o i d chromo-

sonie cuns 11 tu t Ion, on f i e o t h e r hand, was maximum a t 72 

lUb. oi u] V Lvo d i u g e x p o s u r e (p ' lg . 6) „ 

7 . 1 , l i . S t r u c t u r a l anoma l i e s - Sex m u 7 t i v a l e n t s were 

r e c o r d e d d u r i n g the c o u r s e of CF s i n g l e t h e r a p y ( F i g . 7 , 

Table 7) where l a r g e r au tosomal b i v a l e n t was a t t a c h e d to 

sex b i v a l e n t ( P l a t e 7 ) . I t was r a t h e r d i f f i c u l t to^ i d e n t i ­

fy which p a r t i c u l a r au tosomal b i v a l e n t was i nvo lved in 

the f o r m a t i o n of sex m u l t i v a l e n t . \.utosoiiial m u l t i v a l e n t s 
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T a b i c . 6 : r i o i d a l C o u n u j Kecorx ted a t D l r f e r e a l T l « e C o i i i t s 11; C o n t r o l ^ T r e a t o i l i c i U s 

IXDCX 

Con i r o l 

CP S i n g l e 

Comb. I 

Comb. 11 

C D . H t P 
0 . C 

a n e u 

1.-57 

' 1 . 1 7 

ii.Sy 

8 . 0 0 

O. ' .O 
)5 

' i 

p o l y 

3 . 5 0 

2 . 5 0 

2 I ' ' 

•5 .50 

0 . 2 8 

a n e u 

1 . 5 0 

8 . 5 0 

S.OO 

7 . 1 2 

0.-58 

2'< 

p o l y 

•5.75 

3 . 5 0 

S . 8 7 

8 . 8 7 

O.f i l 

HOUKS 

T^ 

a n e u p o l y 

1 .62 3 . 7 5 

5 . 6 2 3 . 8 7 

6 . 8 7 6 . 5 0 

2 . 8 7 9 . 8 7 

0 . 2 1 0 . 3 3 

OF l a 

a n e u 

1 .37 

2 . 2 5 

3 . 12 

2 . 0 0 

0.^12 

V IvO 

2 0 

p o l y 

3 . 5 0 

3 . 1 2 • 

5. '7 5 

lff ' ,62 

0 . 3 0 

IIHLG / SOLVKN r 

168 

a n e u 

1 . 3 7 

1 . 3 7 

1 . 5 0 

2 . 25 

0 . 3 3 

p o l y 

3 . 6 2 

2 . 8 7 

3 . 2 5 

9 . 6 2 

0 . 3 9 

klXI'ilSt 1 

2 S 8 

a n e u 

1 . 5 0 

1.75 

1^75 

1 . 7 5 

0 . 2 7 

(E 

p o l y 

3 . 2 5 

2 . 6 2 

3 . 0 0 

6 . 7 5 

0.116 

312 

a n e u 

1-.62 

1 .37 

2 . 0 0 

1.37 

0 . 3 5 

p o l y 

3 . 6 2 

3 . 1 2 

3 . 0 0 

3 . 2 5 

O. ' i ' i 

3 3 6 

a n e u 

I . S 7 

1 . 6 2 

1 . 5 0 

1 . 5 0 

0 . 3 3 

C 

p o l y 

3 . 6 2 

3 . 6 2 

3 . 0 0 

3 . 3 7 

O. ' iO 

D . « l P, , p . 

Aneu p o l y 

0 . 1 0 0 , 2 s 

0 . 1 6 0 . 3'i 

0 . 3 0 0.1(3 

0 . 3 2 C t O 

N o r m a l 0 M i c e : a n e u = 1 . 5 3 • 0 . 0 7 ; p o l y = 3 . 5 8 • 0 . 0 7 



Table . 7 : F r e q u e n c y D i s t r i b u t i o n of X-autosome T r a n s l o c a t i o n s 

In Spermatocytes of 3180 tumor bear ing Mice 

S u b j e c t e d to S i n g l e & Combination Therapy 

Hours of In vivo, drug exposure 
T r e a t m e n t k 2k 72 120 l 68 288 312 336 

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 0.25 O.'O 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 

F values analysed by ' t' test p ̂ ^0.01 



Table 8 : Frequency D i s t r i b u t i o n of Autosomal Translocations in 

Spermatocytlc Cdlls of Control & Treated Spectmens 

INDEX 

CONTROL 

CP Single 

COMB. I 

COMB, ri 

1 

1 ° 
0.50 

0.00 

0.37 

HOURS 

2^ 

0 

0.25 

0.50 

0.00 

OF IN 

72 

0 

0.00 

0.50 

0.50 

VIVO 

120 

0 

10.62* 

0.25 

0.00 

DRUG/SOLVENT EXPOSURE 

168 288 312 

0 0 0 

12,75* U.62* 15.75* 

0.37 2.25* 5.62* 

0.50 14.37* 9.75* 

I 
336 

0 

16,37* 
* 

2.25 

8.62 

* P < 0.001 (analysed by ' t ' t e s t ) 
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mostly involving l a r g e r autosomes were a l so documented in 

CP s i n g l e therapy s e r i e s ( F i g . 8 , Table 8 ) . Theye are of 

two d i f f e r e n t c a t e g o r i e s ; m u l t i v a l e n t s formed by two b i ­

v a l e n t s or m u l t i v a l e n t s formed by more than two b i v a l e n t s 

( P l a t e 8 a , b ) . 

7 . 1 . i i i . Pa i r i ng anomalies - P a i r i n g anomalies were r e c o r ­

ded in the form of u n i v a l e n t s a t d i a k - m e t a . l . Both au to so ­

mes and Sex chromosomes had shown the precocious desynap-

3 is which were v i s u a l i s e d in the form of u n i v a l e n t s 

(P la te 9a) . An examination of the autosomal univalencKf 

revealed tha t more than one autosomes may a l so be involved 

in the formation of u n i v a l e n t s ( P l a t e 9b) . In a l l the 

cases the smal le r group of autosomal b i v a l e n t s were most ly 

involved in u n i v a l e n t format ion. 

An examination of d a t a of CP t r e a t e d s e r i e s (Table 9) i n d i ­

cated t h a t a d m i n i s t r a t i o n of CP caused a d r a s t i c increase 

in the freQuency of s i n g l e autosomal univalency from the 

very beginning of the experiment i e . , from ' ihrs.which c o n t l -

nueit up to 168 hrs . when i t reached Vie maximum l e v e l , 

vfter th i s period an abru[)t decrease in the frequency was" 

recorded . The e f f e c t of CP on autosomes Invloving more than 

one r e s u l t i n g in u n i v a l e n t formation was found maximum a t 

168 h r s . of in vivo drug ex()os ure (Fig 9 ) . 

Di ta obtained from(Table 10) CP treat»jd s e r i e s r evea led 

jk 



Table , 9 : F r e que nc y D i s t r i b u t i o n of Autosomal Un iva l ency a t d i f l d i - e n t Time P o i n t s In C o n t r o l & T r e a t e d S e r i e s . 

[KDEX 

COHVIOL 

CP S i n g l e 

COMB. I 

COMB. I I 

C O . a t 

' ' 0 . 0 5 

1 

k 

o n e 
a u t o 

9 . 0 0 

1 6 . 0 0 

1-5.25 

l ' i . 1 2 

1 . 8 7 

> o n e 
a u t o 

1 . 2 5 

1 . 8 7 

2 . 0 0 

1 . 8 7 

0 . y 6 

2'f 

o n e 
a u t o 

1 0 . 0 0 

1 8 . 0 0 

1 3 . 7 5 

1 5 . 7 5 

1 , 6 b 

> o n e 
a u t o 

1 . 8 7 

1 . 6 2 

2 . 1 2 

5 . 1 2 

y . 8 0 

72 

one 
a 11 to 

1 5 . 0 0 

2 7 . 0 0 

1 5 . 2 5 

1 6 . 5 7 

1 .15 

HOURS 

> o n e 
a u t o 

2 . 0 0 

2 , 0 0 

1 . 6 2 

5 . 1 2 

1 . 12 

OF IH VIVO 

1 2 0 

o n e 
a u t o 

1 2 . 0 0 

1 8 . 8 7 

1 6 . 2 5 

1 5 . 0 0 

*J. 8 7 

> - o n e 
a u t o 

2 . 0 0 

2 . 1 2 

2 . S 7 

2 . 5 7 

u . y2 

DRUG / SOLVENT 

o n e 
a u t o 

1 

1 5 . 0 0 

2 ' i . 8 7 

u.so 

1*1. OU 

i.k'. 

68 

> o n e 
a u t o 

i . 7 5 

2 62 

n . s ? 

2 , 2 5 

0 . 76 

KXPUSURE 

288 

o n e 
a u t o 

1 2 . 1 2 

1 2 . 2 5 

12 . t.2 

1 5 . 2 5 

i . 2 7 

> o n e 
a u t o 

1 . 5 7 

1 .25 

1 . 5 7 

2 . 1 2 

0 . 6 2 

518 

one > o n e 
a u t o 

9 . 7 5 

9 . 1 2 

114.87 

1 5 . 2 5 

i . 17 

fiUtO 

0 . 8 7 

0 . 6 2 

2 . 2 5 

2 . 5 7 

0 . 8 5 

-^-^6 

one > o n e 
a u t o a u t o 

3 . 1 2 

7 . 7 5 

1 6 . 12 

1 6 . 2 5 

0 . 91 

0 . 7 5 

0 . 6 2 

5 . 0 0 

5 . 2 5 

1 . 4 7 

C . U . a t 

o n e 
a u t o 

1 . 1 0 

1 . 5 5 

1 . 2 5 

1 .2T 

' ' o . 05 

> o n e 
a u t o 

0 . 6 1 

0 . 6 5 

1 . 0 1 

1 . I ' l 

Normal 0 Mice : one a u t c . = 1 .87+0 .21 ; 

> o n e BOto.= >l+0. 



Table. 10 : Frequency d i s t r i b u t i o n of Ce l l s with X-Y Ifnlvalcncy 
a t d i f f e r e n t Tlme-Pbtnts In Control & Treated S e r i e s . 

UfDEX 

CONTROL 

CP S i n g l e 

COMB. I 

COMB. I I 

C D . a t 

p 
0 . 0 5 

k 

8 . 8 7 

8 . 0 0 

1 0 . 0 0 

1 0 . 3 7 

0 . 8 2 

HOURS 

24 72 

6 . 0 0 5 . 8 7 

1 6 . 0 0 7oOO 

1 ^ . 5 0 6 . 0 0 

7 . 0 0 6 . 0 0 

1 . 3 9 0 . 8 3 

OF j:Nf VIVO DRUG 

1 2 0 

^ . 0 0 

2 . 6 2 

^ , 1 2 

5 . 3 7 

0 . i i 9 

168 

3 . 5 0 

2 , 0 0 

loOO 

^ , 8 7 

0 . 7 8 

/ SOLVENT EXPOSURE 

288 

2 . 7 5 

2 , 2 5 

2 . 5 0 

3 . 2 5 

0 . 2 9 

312 

1 . 7 5 

2 . 0 0 

2., 0 0 

1 .75 

1 . 0 1 

336 

2 . 0 0 

2 . 5 0 

1 .75 

2 . 2 5 

0 . 8 2 

C . B . a t 
JP 
*^0.05 

0 . 7 3 

1 . 0 1 

0 , 8 4 

0 . 6 5 

X-Y univalency in Normal male Mice : 2.39+0.16 
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t h a t t t iere i s a s i g n i f i c a n t a l t e r a t i o n in sex chromosome 

nil i va 1 cni.'v d t e a r i v hours of tlie rap*; u t ic e x p o s u r e . The 

iii.ixiraum f r equency ( a b o u t 16''^) of XY u n i v a l e n c y was r e c o r ­

ded a t 2k h r s of d rug a d m i n i s t r a t i o n which a b r u p t l y d e c r ­

eased a t the s u b s e q u e n t pos t - t r e a t m e n t i n t e r v a l s ( F i g . 1 0 ) . 

7 . 2 . Comb i n a t i o n I Therapy : - Combina t ion 1 d r u g s c h e d u l e , 

l e . , c o m b i n a t i o n of VC fo l l owed by CIP a t t h e r a p e u t i c dose 

e x e r t s v a r i o u s forms of a l t e r a t i o n s In germ c e l l c y t o g e n e ­

t i c s of 31S0 tumor b e a r i n g m i c e . 

7 . 2 . 1 . P l o l d a l a n o m a l i e s - \n e x a m i n a t i o n of s p e r m a t o c y t e 

ce iLs of tumor b e a r i n g mice s u b j e c t e d to VC t r e a t m e n t 

f o l l o w e d by CP r e v e a l e d the p l o l d a l anomaly m o s t l y in the 

form of a n e u p l o l d y and p o l y p l o i d y a t d i a k - m e t a . I s t a g e of 

raeiosls ( P l a t e 1 0 ) . Among a n e u p l o l d y , hypop lo id c o u n t 

v a r i e d from l 6 to 19 and h y p e r p l o l d c o u n t v a r i e d from 21 

to 2 3 . The most common c o u n t of h y p o p l o l d y and h y p e r p l o i d y 

were 18 and 21 r e s p e c t i v e l y . The p r e c i s e d e t e c t i o n of the 

p a r t i c u l a r b I v a l e n t / b i v a l e n t s i n v o l v e d in the p r o c e s s of 

h y p o t ) l o l d y / h y p e r p l o l d y was r a t h e r d i f f i c u l t , b u t an a r b i ­

t r a r y e s t i m a t i o n I n d i c a t e d t h a t l o s s / a d d i t i o n of the b i ­

v a i e n t s was non-random In the s e n s e t h a t I t was c o n f i n e d 

to s m a l l e r g roup of au tosomal b i v a i e n t s . No l o s s / a d d i t i o n 

of the sex b i v a i e n t s was obse rved in Combina t ion I t r e a t e d 

s e r i e s . 
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Quari t Ltat Lvely, there was a shai'p Increase in aneuploid 

(hypoploid) popula t ion from the very beginning of the 

t roatment i e . , from ^ h r s , of drug exposure . A meiximum 

increaye in aneupiuid popuiatLuns of SiSO tumor bear ing 

iijouse subjec ted to Comb. I was observed a t 2^hrs . At 72hrs 

of t r ea tmen t , a s l i g h t decrease in the friequency was 

noted fdiiowed by a d r a s t i c f a l l a t t(ie subsequent I n t e r ­

vals upto the end of the experiment ( F i g . 6 ) . On the o the r 

handii? a roriiarkable inc rease in polyplo idy was documented 

a t 2^ h r s . of drug exposure . The frequency g radua l ly d rop­

ped down at subsequent h r s . (Table 6) . 

7 . 2 . i i . S t r u c t u r a l anomalies - Q u a l i t a t i v e a n a l y s i s of 

Comb, i t r ea t ed s e r i e s revealed the e x i s t e n c e of sex raultl-

v a i e n t where a member of the l a rge autosomal b i v a l e n t group 

was involved in t r a n s l o c a t i o n with the XY b i v a l e n t . I t was 

r a t h e r d i f f i c u l t to d e t e c t which p a r t i c u l a r autosomal b i ­

v a l e n t was t r a n s l o c a t e d . 

This is ev iden t from Table 7 t h a t Comb. I produced maximum 

X-autosome t r a n s l o c a t i o n s a t '312 h r s . of drug a d m i n i s t r a t i o n 

(Fig 7 ) . This Is e v i d e n t from the obse rva t ion t h a t cobb . I 

a l so induced autosomal m u l t i v a l e n t s and l a r g e r autosomal 

b i v a l e n t s were apparentiLjj more prone to the m u l t i v a l e n t 

format ion . Data obtained from Comb.l t r ea t ed s e r i e s (Table 8) 

revea led a maximum frequency of autosomal m u l t i v a l e n t s a t 

312hrs of drug a d m i n i s t r a t i o n (Fig . 8 ) , 
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7 . 2 . i i i . P a i r i n g a n o m a l i e s : - M e i o c y t e s of Comb.l t r e a t e d 

s e r i e s d i s p l a y e d u n i v a l e n c y In r e l a t i o n to au to soma l and 

sex chromosomal b i v a l e n t s . One or more than one au to soma l 

i jLva len t s b e l o n g i n g to the s m a l l e r chromosome g roup had 

e x h i b i t e d such p a i r i n g anoma i i e s ( P l a t e l l ) . 

ties ides those a b n o r m a l i t i e s and s t r u c t u r r i l a l t e r a t i o n s , 

c e r t a i n o t h e r forms of a b e r r a t i o n s l i k e s e l e c t i v e chromo­

some d e s p i r a i i s a t i o n i n v o l v i n g e i t h e r X chromosome or 

au tosomes have a l s o been documented in d i f f e r e n t t r e a t e d 

s e r i e s ( P l a t e 1 2 a , b ) . 

7."5. Combina t ion I I Therapy : - I n t e r m i t t e n t dose s c h e d u l e 

l e . , VC fo l lowed by CP fo l lowed by VC (VC-CP-VC) caused a 

number of changes in germ c e l l s of S180 tumor b e a r i n g s p e -

cimens . 

7 . 3 . i , P i o i d a l a n o m a l i e s - P l o i d a l a n o m a l i e s in r e s p o n s e 

to i n t e r m i t t e n t d rug t h e r a p y in tumor b e a r i n g h o s t s were 

r e c o r d e d m o s t l y In the form of a n e u p l o l d y and p o l y p l o i d y 

a t s p e r m a t o c y t i c d i a k , - m e t a . l of c e l l d i v i s i o n . There was 

a wide r a n g e of v a r i a t i o n in h y p o p l o i d and h y p e r p l o l d 

c o u n t . Hypoploid c o u n t v a r i e d from 17 to 19 and h y p e r p l o l d 

c o u n t v a r i e d from 21 to 22 . The most common c o u n t of hypo-

and h y p e r p l o i d y was 18 and 21 r e s p e c t i v e l y . I t was r a t h e r 

d i f f i c u l t to d e t e c t which p a r t i c u l a r b i v a l e n t or b i v a l e n t 

g roup was l o s t In h y p o p l o i d y . S i m i l a r l y , I t was much 
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d i f f i c u l t to d e t e c t the proper i d e n t i t y of the e x t r a 

chrouiosouie or chromosome s e t s in hy[)erploldy. However, 

a rough es t ima t ion ind i ca t ed t ha t the l o s s / a d d i t i o n was 

rionrandom and l imi ted a/xiong the sma l l e r b i v a l e n t group. 

Sex b i v a l e n t s were never l o s t or added to . 

Data ob ta ined from the combination I I t r e a t e d "series I n d i ­

cated tha t the drug* used In experiment lis I n t e r m i t t e n t 

dose caused a d r a s t i c Increase In aneuploid (hypoploid) 

popula t ion (Table 6) which was more pronounced and maximum 

a t the begir»ning of the drug therapy l e . , a t ^ h r s . of drug 

a d m i n i s t r a t i o n , and maintained a s t eady peak a t 2k h r s . 

A no tab le d e p l e t i o n in aneuploid popula t ion was observed 

a t the subsequent i n t e r v a l s upto the end of the experiment 

(Fig 6 ) . 

Comb.XI drug schedule e x e r t s an e a r l y e f f e c t on po lyp lo idy 

wi thin 2k h r s . The polyplo id popula t ion In comb.II t r e a t e d 

specimens exh ib i t ed a s i g n i f i c a n t i nc rease upto 120hrs . 

when I t reached the maximum l e v e l . After th i s period a 

r eve r se trend was noted with the d e p l e t i o n in pojbyplold 

frequency which was s i g n i f i c a n t a t 312 h r s . when i t was 

almost a t par with the con t ro l ( F i g . 6 , Table 6 ) . 

T . l . i i . S t r u c t u r a l anomalies - S t r u c t u r a l anomalies in the 

t'unii of X-autusome t r a n s l o c a t i o n was recorded in response 
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to i n t e r m i t t e n t drug exposure where there was an exchange 

between XY and a l a r g e r autosomal b i v a l e n t . Data obta ined 

from Comb.Ii t r ea t ed s e r i e s (Table 7) revea led t h a t a 

maximum leve l of X-autosome t r a n s l o c a t i o n was noted a t 

312hrs . of drug a d m i n i s t r a t i o n (F ' lg .7 ) . Melocytes of Comb. 

ii t r e a t e d s e r i e s a t the s t age of d lak.-me t a - 1 of c e l l 

d i v i s i o n revealed the presence of autosomal m u l t i v a l e n t s 

c o n f i g u r a t i o n s where I t was found t h a t the l a r g e r a u t o ­

somal b i v a l e n t s were more prone to Involve In t h i s exchange 

process (P la te 13 a , b ) . 

Q u a n t i t a t i v e l y , autosomal m u l t i v a l e n t formation involving 

two or moie b i v a l e n t s was found to i t s maximum leve l a t 

J^S h r s . of drug a d m i n i s t r a t i o n (Table 8) followed by a 

gradual decrease a t the subsequent pos t - t rea t raen t I n t e r ­

vals (Fig 8) of therapy . 

7 . 3 . 1 1 1 . I 'a i r tng anomalies - An examination of the sperma­

tocytes of 3180 tumor bear ing hos t r evea led the presence 

of p a i r i n g anomalies of autosomes and XY b i v a l e n t In the 

forni of u n i v a l e n t s . These anomalies were confined to the 

smal le r groups which are mostly involved In t h i s p r o c e s s . 

An a n a l y s i s of d a t a (Table 9) revea led t h a t t h i s drug sche ­

dule induced s i n g l e autosomal univalency to i t s peak l e v e l 

a t 72 hrs of drug exposure , when the frequency of s e p a r a ­

tion was about l6.37'^o followed by a d e p l e t i o n a t the 
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subsequent hours upto 288 h r s . The frequency of un iva l en -

cy again r a i s ed and reached a peak (16.25%) a t l^S hrs of 

therapy ( F i g . 9 ) . But a d i f f e r e n t t rend was observed when 

the involvement of more than one autosomal univalency was 

cons idered . A maximum frequency was noted as e a r l y as 2^hrs 

of drug exposure which maintained i t s peak a t 72 h r s . and 

af terwards showed a gradual dec l i ne upto 288 h r s . The 

frequency r a i s ed and reached a t i t s peak a t "516 h r s . when 

i t was about 3.25''̂ » (Fig 9) Table 9 ) . 

Comb. I I t r ea t ed specimens had shown majciraum frequency of 

univalency in r e l a t i o n to X and y chromosome from the 

very beginning of the experiment ( t e . , from î h r s . ) which 

g radua l ly dropped down a t the subsequent i n t e r v a l s (Table 

10) . 

8. Sperra bead Assay : 

8 . 1 . S18Q Tumor bea r ing Control : - Chronologica l s t u d i e s 

on sperm head morphology on 25 S180 tumor bear ing mice on 

and from the ^ th .day of tumor t r a n s p l a n t a t i o n revea led the 

presence of abnormal spermatozoa with deformed head, micro-

head, bookless and macrohead e t c . ( P l a t e 1^). But in no 

cases these abnorma l i t i e s reached a s i g n i f i c a n t l eve l 

coiiit)ared to normai mice. 

80 



f a b l e I I ; F r e q u e n c y d i s t r i b u t i o n of abnormal sperm c o u n t In C o n t r o l & T r e a t e d S e r i e s 

( v a l u e s in Mean + SD) 

INDEX HOURS OF IN VIVO DRUG / SOLVENT EXPOSURE 

24 72 120 168 288 312 336 

COxMTHOL 4 . 2 5 + 0 . 2 0 4 , 2 5 + 0 . 1 2 4 . 6 2 + 0 . 3 2 4 . 8 7 + 0 . 1 4 4 . 3 7 + 0 . 2 2 4 . 7 5 + 0 . 3 4 4 . 6 7 + 0 . 2 0 4 . 9 0 + 0 . 1 8 

CP S i n g l e 4.02-_-0.09 4 . 2 2 + 0 . 1 ? 4 . 4 5 + 0 . 1 6 4 . 7 5 + 0 . 2 2 4 . 2 5 + 0 . 1 9 4 . 9 0 + 0 . 1 9 4 . 7 2 + 0 . 1 9 4 . 4 5 + 0 . 2 6 

COMB. I 4 . 1 0 + 0 . 2 9 4 . 2 7 + 0 . 0 9 4 . 8 0 + 0 . 3 0 4 , 6 2 + 0 , 3 3 4 . 6 7 + 0 . 1 2 5 . 0 0 + 0 . 1 8 4 . 8 5 + 0 . 2 9 5 . 2 0 + 0 . 2 7 

COMB. li. 4 . 3 0 + 0 . 2 7 4 . 5 2 + U . l O 4 . 6 0 + 0 . 2 7 4 . 9 5 + 0 , 2 0 4 . 7 2 + 0 . 2 9 4 . 7 7 + 0 . 1 2 4 . 6 7 + 0 . 1 1 4 . S 0 + 0 . 2 3 

V a l u e in Normal Mice = 4 . 6 2 + 0 , 1 2 
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S.2. S ingle CP Therapy - An examination of mature sperm­

atozoa from epididymis of CP exposed tumor bear ing s p e c i ­

mens revealed no s i g n i f i c a n t a l t e r a t i o n s in the frequency 

of sperm head a b n o r m a l i t i e s . Table 11 inco rpora t e s the d a t a 

on ttie incidence of normal and abnormal i s perm heads noted 

a l t e r t h e r a p e u t i c exposure and the same is g r a p h i c a l l y 

Ueptcteri in F ig . 11 . 

S .^ . comb. I Therapy - Like CI* s i n g l e therapy, Comb.I 

t r ea ted s e r i e s a l so revea led a maximum frequency of abnor­

mal spermatozoa a t l a t e hours of t h e r a p e u t i c exposure . 

However, the abnorma l i t i e s observed did never reached to 

a s i g n i f i c a n t l eve l compared to c o n t r o l s ( P l g . l l ) . 

S,h. Comb.11 Therapy - Like CP and Comb.I t r e a t e d s e r i e s , 

Che i n t e r m i t t e n t t rea tment showed no s i g n i f i c a n t a l t e r a t i o n s 

in sperm head abnormal i t i e s in 3180 tumor bear ing specimens.,. 

However, the maximum frequency of spermatozoa with abnormal 

heads was encountered a t 120 hrs of jji vivo drug exposure 

(Fig 11) . 

9. Epldldsrmal Sperm Count : 

9 . 1 , s i n g l e CP Therapy : Spermatozoa count from epididymis 

of CP t r ea ted specimens revealed a gradual d e p l e t i o n from 

the very beginning of the t rea tment (Table 12) . But a s l g n l -

fLPant d e p l e t i o n was noted only from 288 hrs and onwards(Flg.12) 

8 1 



T a b l e . 12 ; T o t a l Count of Sperm a t d i f f e r e n t T l t n e - P o l n t s 

in C o n t r o l and Trea t ed S e r i e s {x io*j 

INDEX HOURS OF IN VIVO DRUG / SOLVENT EXPOSURE 
C D . a t 

2^ 72 120 168 288 "SIE 336 ^0 .05 

CONTROL 8 7 . 3 5 8 5 . 1 0 8 8 , 1 0 8 6 . 2 0 8 6 . 8 5 8 3 . 8 5 8 5 . ^ 5 8 4 . 2 0 3 . 8 9 

CP Single 89.75 88.55 86.85 8^.55 81.60 75.80 67,85 60.60 5.8^ 

COMB. I 89.00 88.35 87.80 87.00 86.45 85.40 84.35 84.00 5.14 

COMB. I I 85.85 86.70 88.80 89.00 87.35 84,55 84.75 81.90 5.23 

CD. at 5.96 4.48 4,14 5.25 4.50 3.87 6.17 7.03 

^0.05 

Total Count of Sperm in Normal Mice = 85.89+0.82 
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9 . 2 . Comb. £ Therapy - D a t a o b t a i n e d from Comb.I t r e a t e d 

s e r i e s (Tab le 12) i n d i c a t e d t h a t u n l i k e s i n g l e CP t h e r a p y , 

t h e r e was no s i g n i f i c a n t a l t e r a t i o n In t o t a l sperm count . 

9 . 3 . Comb.II Therapy - Like comb.I d r u g s c h e d u l e , Comb. 

IX t h e r a p y was a l s o u n a b l e to Induce any s i g n i f i c a n t 

e f f e c t on t o t a l ep ld idy raa l sperm c o u n t of 3180 tumor 

b e a r i n g spec imens ( F i g 1 2 ) . 

10. T e s t i s Weight A»»ay ; 

Table 13 i n c o r p o r a t e s the d a t a on t-ie i n c i d e n c e of t e s t i s 

we igh t obse rved in n o r m a l , tumor b e a r i n g c o n t r o l and In 

d i f f e r e n t t r e a t e d s e r i e s , and the same i s d e p i c t e d In 

F l g . , 1 3 . 

t u . l . S i n g l e CP Therapy - The measurement of t e s t i s w e i g h t 

in CP t r e a t e d s e r i e s r e v e a l e d a d e c r e a s e In t e s t i s we ight 

which was more pronounced and s i g n i f i c a n t (compared to 

c o n t r o l and norma l ) on and from 1 2 t h . d a y of CP a d m i n i s t r a ­

t i on upto the end of the e x p e r i m e n t (Table ' 1 3 ) . 

1 0 . 2 . Comb.I Therapy - Da ta d i s p l a y e d in t a b l e 13 i n d i c a ­

ted t h a t a d m i n i s t r a t i o n of t h i s d r u g s c h e d u l e d e c r e a s e d the 

t e s t i s w e i g h t to a c o n s i d e r a b l e e x t e n t , b u t n o t to a s l g n l -

f i b a n t l e v e l . A maximum d e c r e a s e in t e s t i c u l a r w e i g h t was 

no ted a t 336 h r s of l a s t a d m i n i s t r a t i o n of the d r u g ( F i g 13) 
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T a b l e . 13 : T e s t i s Weight a t d i t t ' e r e n t T Lme-l'oin t s in C o n t r o l & T r e a t e d S e r i e s ( ^ ) 

INDEX 

CONTROL 

CP S i n g l e 

COMB. I 

COMB. H 

C D . a t 

^ 0 . 0 5 

4 

0 . 1 0 3 

0 . 1 0 3 

0 . 1 0 2 

0 . 1 0 3 

0 , 0 0 ^ 

2k 

0 . 1 0 8 

0 . 1 0 1 

0 . 1 0 ^ 

0 . 1 0 ^ 

-0. 0 0 3 

HOUHS 

72 

0 . 1 0 3 

0 . 1 0 2 

0 . 1 0 3 

0 . 1 0 1 

0 . 0 0 ^ 

OP IN 

1 2 0 -

O.lOti 

0 .105 

0 .102 

0 , 1 0 3 

0 . 0 0 5 

VIVO »ftu&/i©LViMf i^cpoims 

168 

o.io/» 

0 .100 

0 .106 

0 .102 

0 . 0 0 ^ 

288 

O.lOii 

0 .095 

0 .101 

0 .099 

0 .004 

312 

0 .101 

0 .085 

0 . 0 9 9 

0 . 0 9 9 

0 . 0 0 6 

336 

0.105 

0,074 

0 .097 

0 .098 

0 .004 

C D . a t 
P 

0 ,05 

0 .004 

0 .004 

0 .004 

0 ,004 

T e s t i s Weight in NoBunal Mice = 0 . 1 0 4 + 0 . 9 3 
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10.3. Comb. II Therapy - Measurement of testis weight 

(Table 13) in response to intermittent drug exposure 

like Comb.I series revealed no significant change (Pig.13) 

83 
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Flg.^a . 

Frequency d i s t ­
r ibut ion of 
dead ce l l s at 
d i f fe ren t thera­
peutic schedules. 

Fig, kh.-

Dlst r lbut ion fre­
quency of MI In 
S180 asci tes tumor 
upon exposure to . 
d i f ferent thera­
peutic sctiedules. 
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Plates 



P l a t e lo Sperma.tC)gQn.ial me taph'ase'of N^rinat ]̂ lQuae. showing 
40 t e l o c e n t r i c chromosomes of decreasing" l e n g t h . 

P la t e 2 , Primary Spermatocyte -nuclei with dark , s t a i ned 
chromocenters ( arrowed ) , 
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Plate 3. Stages of First Meiotic Division : 

•Leptotene kygotene 

Earl, Pachytene ' , , te Pachytene (Sex Reside) 

Early Diplotene i«+«r»« , . 
fv V r.^ **® Diplotene 

.(X«Y Bivalent arrowed) , (x-y Showing positive 
heteropycnosis) 
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Plate 3g. Dlakines is-Metaphase I s.tage of Normal 
mouse showing 20 bivalents.Arrow head 
points terminally paired XY bivalent , 

Plate 3h, XY bivalent showing a peripheral d i s ­
posit ion (arrowed) In aDlak-Meta . I plate 
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3h 



opiate ^ . ,_ ^ 

D i a t - M e t a . I spread from t e s t i s of S180 tumor 
bea r ing specimens showing var ious p a i r i n g 
anomalies : 

a. widely separa ted X and Y chromosomes (ar rowed) , 

b . w ide ly . s epa ra t ed autosomal b i v a l e n t (ar rowed) , 

c . desynapsed X and Y b i v a l e n t d isposed in a 

c lose proximity (a r rowed) , 

d. desynapsed autosomal b i v a l e n t d isposed in a 

c lose proximity (a r rowed) . 
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M?late'"5^ '. '-.' :., -- > ^,_ 

i) tak, -He t a . I s tage 
showing d e s p i r a l I s e d 
X chroinosoDie . with . 
d ar k 1 y s t a in e d Y 
at tached, a t the, end. 

'-(• P l a t e 6a 

Hypoploid Diafco -
Meta . I from CP-̂  

tire a ted specimen 
- • J ' 

with 18 b i v a l e n t s . 

P l a t e 6b • ~r-r 
Hyperploid Diak. 
Meta<. I from qp 
t r e a t e d tuiaor 
bea r ing Djouse 
showing 21 b i v a l e n t : 
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Pla t e 7.^ 

Dialfinesis-Metaphase I 
spread from CP exposed 
S180 tumor bear ing 
fjouse showing X-auto- " 
some" l i iu l t iva len t (Arrowed) 

i ' l a te ^8a-

Autosomal tnul t i v a i e n ts 
inv'olying two aiitoso'nfe 
pa i r s observed in cP-
exposed tutuor bear ing 
raouse (a'rreived). 

P l a t e 8b-

Autosoujal m u l t i v a l e n t 
foraied by moVe than 2 
autosomal bivalerf ts in 
spermatocy t ic c e l l of 
CP*ex[josed 3130 tuasor 
bear ing n'ouse ( arrowed)". 
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Pla te 9a-

BiakinesIs-MetaphasQ I 
showing desynapsed 
autosonjes and sex chr -
oiDosodes in CP t r e a t ­
ed SISO tuaor bear ing 
iiiice (ari;oxved) . 

P l a t e 9b-

Diakinesis-Metaphage I 
spread from CP exposed 
tuiBor bear ing mouse 
Showing more than one 
autosomal b i v a l e n t s 
involved in inLvalency 
{arrowed), 
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Plate 10. Polyploid Diakinesis-Metapliase I stage 
froiii a Combination I treated mouse . 

Plate 11. Diakinesls-Metaphase I spread showing 
single autosoffial: unlvalency In a tumor 
bearing mous,e treated with Cotublnatlon I , 
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Plate i2a. Diakinesis-Metapfiase I stage froiii a 
Combination I treated tuaior bearing 
mouse showing despira l ised X (arrowed) 

Plate 12b. Despiral ised autosomes produced as a 
r e s u l t of Combinatlan I treatment In 
S180 tumor- bearing mouse. 
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P l a t e 13a . U o . 

p iak . ines lX-Metaph .ase I s p r e a d s from S18 0 

tiuMor^ be;gr,ing mice;; s^howin^ au to sbma l 

m u l t i v a l e n t s induced by^Corubinat lon CI 

dfiig- s:<5^icd.ul,er(--'arro,^.e_d.) o 

http://piak.ineslX-Metaph.ase
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Pla te 1%. Norraar 'and " 

va r ious forms 

of abaoriijal "speriij 

head fr-ota e p i d i d y ­

mis of -S180 tuHior 

bear ing mice s u b j e c ­

ted to cnetiiotiierapy: 

Normal 

Deforajed Microhead Macrohead 

Hookle'ss Banana Head Other abnormali t 
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i s c u s s i o n s 



D I S C U S S I O N S 

S180 mouse tvunor model was chosen for the present study 

to invest igate the effect of two most common antineo­

p las t ic drugs on germinal ce l l s a t some selected post 

treatment time points in response to therapeutic s t r e s s . 

The cy tos t a t i c agents selected are two popular an t i ­

cancer drugs used to combat cer ta in types of human 

malignancies. The use of these two agents Is increas­

ing day by day, pa r t i cu la r ly in the countries belonging 

to the Third World. Each drug has d i f fe ren t mode of 

action : v inc r i s t i ne Is ml tos ta t i c alkaloid while,cyclo­

phosphamide is an alkylat ing agent. Extensive reviews 

on the phgirmacoklnetics and therapeutics of CP and VC 

are now ava i lab le . Individual cytotoxic effects of the 

drugs on somatic ce l l s of man and other mammalian spe­

cimens, both iia^ vivo and j ^ v i t r o have also been publ­

ished. But adequate a t ten t ion has not been paid on the 

genotoxlc potent ia l of the drugs and thei r combinations 

on d i f ferent germ ce l l stages of tumor-bearing aaidiaji 

models in response to therapeutic s t r e s s . Moreover, 

-8^ 



8^ 

r e p o r t s a v a i l a b l e in the l i t e r a t u r e on the e f f e c t s of 

CP on melocytes and on f e r t i l i t y p o t e n t i a l of man and 

l abora to ry animals are r a t h e r c o n f l i c t i n g ( F a i r l y ej^ a l . 

1972, Penn 1979, Singh e t a l . 1987). Since one of the 

pathways of cyclophosphamide a c t i o n is I n t e r f e r e n c e with 

the s y n t h e s i s of c e l l u l a r DMA a t S-phase, most of the 

s t u d i e s made so feir In t h i s regard were designed to 

eva lua te the e f f e c t s e i t h e r a f t e r 19th.day or '55th. day 

of the l a s t t rea tment of the d r u g s . During t h i s pe r iod , 

as per time sequence e s t a b l i s h e d by Oakberg(l956,1957)» 

the tauTget spermatogonial s t e m c e l l s (which are in an 

ac t ive phase of DNA s y n t h e s i s ) would e n t e r spermatocytlc 

or spermatozoa phase, a cco rd ing ly . In the p r e s e n t p r o j ­

e c t , a t t empt has been made to a s sess the e f f e c t of CP 

s i n g l e therapy and I t s combination with VC on germ cells 

of SISO tumor bear ing mice a t c e r t a i n chosen time points 

during and a f t e r p o t e n t i a l r e g r e s s i o n of tumor. 

The r a t e of tumor r e g r e s s i o n In re&ponse to s i n g l e and 

combination therapy was assessed by fol lowing the pro­

tocol desc r ibed e a r l i e r , and the Inf luence of therapy 

on mean s u r v i v a l time (MST) ot tumor beeiring specimens 

was e s t i m a t e d . Data were compared with u n t r e a t e d ( and 

nega t ive ) 8180 tumor bear ing c o n t r o l as well as non-

tumor mice. A c lose look of the d a t a presen ted In F l g . ^ 
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reveals that a maximum regression (potential cure) of 

tumor was achieved on day-^ for CP single therapy and, 

day-3 for different combinations viz.,Comb.I & Comb.II. 

A maximum increase of +8 days inMST for CP single the­

rapy , +1^ 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 

cytotoxic effects on the germinal cells of tumorbeeirlng 

mice. Major types of abnormalities recorded at spermato­

cyte level were in the formoSf: chromosome univalency, 

ploldal anomaly and exchange configurations at bivalent 

level. In addition,, effect on chromosome condensation 

was also documented but not to a significant 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 weight 

to a significant extent have also beenrecorded at certain 

time points in response to therapeutic stress. 

One of the major types of abnormalities observed in the 

s permatocy tic cells upon _ln vivo exposure of the drug 

and drug combinations was sex chromosomal and autosomal 
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univa lency , r e f e r r e d to as ' b e h a v i o u r a l a b e r r a n t s ' by 

Lin e_t ^ . ( 1 9 7 1 ) - a cond i t ion where in auitosomes or 

sex chromosomes remain as u n i v a l e n t dur ing d l a k i n e s l s -

metaphase I . In normal c o n d i t i o n , the X and Y chromo­

somes of the mouse are expected to be a s soc i a t ed in a 

terminal b i v a l e n t p a i r i n g / a s s o c i a t i o n (long arm-long 

arm) In primary spermatocytes a t the d iak-meta . I s t age 

of m e i o s i s . The presence of synaptonemal complex has 

been I d e n t i f i e d between the terminal region of the X & 

the Y chromosomes in e a r l y pachytene c e l l s ( S o l a r i 1970, 

Moses ej^ ^ . 1976) . Any d e v i a t i o n from th i s may r e s u l t 

in the formation of un iva lency . Univalency may occur a s 3-

consequencp^ of asynaps is or d e s y n a p s l s . Asynaptlc con­

d i t i o n i s dep le t ed by the complete absence of a b l v a l e n t s 

in d i a k . - m e t a . I of m e i o s i s , whereas desynaps ls r e s u l t s 

in the s imul taneous occurrence of u n i v a l e n t s and b l v a l -

en t s (Schlelrmacher 1970, Goftubowskaya 1979). Occurrence 

of u n i v a l e n t s along with b l v a i e n t s in high propor t ion 

a t d i a k . - m e t a . I in the p resen t s tudy can be a t t r i b u t e d 

to d e s y n a p s l s . 

An a n a l y s i s of the d a t a p l o t t e d in f i gu re 10 r e v e a l s 

t h a t about 2.5% c e l l s show precocious desynaps ls of XY 

b i v a l e n t in normal mice. Reports on t he ' spon t aneous ' 

occurrence of premature desynaps l s of XY b i v a l e n t are 
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not very uncommon. Ltn e_t aj^. (1971) documented sex 

chromosome univa lency to the e x t e n t of about 6.17'^ in 

3-^ month old Inbred Swiss mice. \ range of '5.8'̂ o to / 

8.5/desynapsis frequency has been suggested for C57BI 

mice by Leonard ^ Leonard(_ 1975 ) . Chandley and Speed(1987) 

a l so recorded about 6% precocious s e p a r a t i o n of XY In 

normal mouse spermatocy tes . E a r l i e r , Evans e t a l . (1980) 

r epor t ed 5~1(H s e p a r a t i o n Index for normal mouse. I t 

is a l so ev iden t from publ ished l i t e r a t u r e t h a t the f r e ­

quency of XY desynaps i s may reach 70% to 90^ In mouse 

with sex r e v e r s a l (Sxr) and with o t h e r form of abnorma­

l i t i e s (Winsor e_t al. 1978, Chandley and F l e t c h e r 1980). 

Lyon e_t a j . . ( l981) considered p a i r i n g f a i l u r e as p o s s i b l e 

reason behind sex chromosome univa lency In mouse. But 

t h i s was l a t e c c r i t i c i s e d by s e v e r a l o the r workers on 

var ious grounds (see Chandley and Speed 1987). DeBoer 

e t _al_. (1986) assumed t h a t g e n e t i c d i v e r s i t y of the Swiss 

random bred mouse leads to v a r i a n t s In the e x t e n t and 

adjustment of me lo t l c p a i r i n g and fu r thermore , t h a t p a l -

r i n g Is r e l a t e d to spermatocyte s u r v i v a l . Gol lapudl ejfc 

a J . ( l 9 8 l ) advocated the p o s s i b i l i t y of g e n e t i c c o n t r o l 

of the pa i r ing mechanism and univa lency r e s u l t i n g in a 

g e n e t i c or chromosomal f a c t o r I n h e r i t e d from high f r e ­

quency p a r e n t s , 

Ln the p resen t s t u d y , a low frequency of 2.5*^ spermato-
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- c y t e s in normal random bred Swiss mice with p recoc iou­

s ly desynapsed X and Y chromosomes ts In c lose a g r e e ­

ment with the f i nd ings of Murthy and Subramanycun (1985) , 

Das and Nayak (1988) . However, the frequency of such 

c e l l s in tumor bea r ing c o n t r o l specimens with ^-day old 

tumor was as high as about 9^, and In a l l subsequent 

p o s t - t r a n s p l a n t a t i o n i n t e r v a l s the desynaps is frequency 

remain wi thin the range ( F i g . 1 0 ) . In f a c t the frequency 

peak decreased g r a d u a l l y with an inc rease In p o s t - t r a n ­

s p l a n t a t i o n I n t e r v a l . Thus the frequency of about 9% t s 

sex chromosome univa lency In c o n t r o l specimens again Is 

in c lose agreement with the e a r l i e r r e p o r t s a v a i l a b l e 

In the l i t e r a t u r e . A comparison of d a t a r e v e a l s t h a t 

the re Is a s i g n i f i c a n t d i f f e r ence In the frequency of 

sex chromosome univa lency between c o n t r o l and d i f f e r e n t 

t r e a t e d s e r i e s . S ing le exposure to CP a t t h e r a p e u t i c 

dose caused an Inc rease In the frequency a t c e r t a i n 

post t rea tment time po in t s v i z . , 24 and 120 h r s . 

[n t e r e s t i n g l y , s i g n i f i c a n t d i f f e rence in t h i s regard 

was noted only a t 2'i h r s . In case oi combination I 

s e r i e s , while a s i m i l a r r e s u l t was obta ined a t 120 h r s . 

in combination I I s e r i e s . In a l l the cases the d i f f e r ­

ence between c o n t r o l and t r ea t ed s e r i e s was a t 5% l e v e l . 

\ ga ln , when the d a t a of s i n g l e CP t r e a t e d s e r i e s and 

Comb.II t r ea t ed s e r i e s (VC-CP-VC) were compared,a d i f f ­

e r e n t trend was no ted . In a l l post t r ea tment t l m e p o l n t s , 
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beginning from k h r s . upto 288 h r s , the frequency was 

s i g n i f i c a n t l y high m combination LL s e r i e s (Table 10) . 

There are r e p o r t s on the influence of a l k y l a t i n g agents 

and o ther chemicals on the induct ion of precocious d e -

synaps t s of A and Y chromosomes o | mouse (Schleirmacher 

1970, Chakrabar t i e t a l . 1986, Dey e_t a J . 1 9 8 9 ) . But so 

fa r as the p re sen t author is aware, the re i s no s h o r t -

term exposure s tudy on the e f f e c t of CP and CP-VC combi­

na t ions on the phenomenon of precocious desynaps is 

during therapy a t spermatocy t i c l e v e l . Thus the p r e s e n t 

s tudy c l e a r l y po in t s out t h a t a p p l i c a t i o n of these drugs 

a t t h e r a p e u t i c dose in f luences precocious desynaps is of 

Sex b i v a l e n t in spe rmatocy t i c c e l l s of tumor bear ing 

lui ce and the e f f e c t is more pronounced if the drugs are 

appl ied m a combination : VC followed by CP,followed 

by VC le,i2 Comb. I I in the p resen t exper iment , while an 

a l t e r n a t i v e combination i e , p r io r a p p l i c a t i o n of v i 

followed by CP was no t t h a t e f f e c t i v e so fa r as the 

precocious desynaps is of XY b i v a l e n t i s concerned. 

A s i m i l a r trend in r e l a t i o n to precocious desynaps is 

of autosomal b l v a l e n t s was a l so doctunented in the p r e s e n t 

experiment . Like sex chromosome univa lency , s i n g l e au to ­

somal univalency was a l so observed almost c o n s i s t e n t l y 

a t a s i g n i f i c a n t l e v e l from the very beginning of the 

90 



90 

experiment upto the end of the exper iment . The r e s u l t 

Is more c o n s i s t e n t compared to sex chromosomal unlva-

ieiicy. A d i f f e r ence ifi the l eve l of s i g n i f i c a n c e was 

documented both In s i n g l e CP as well as In combination 

therapy . Like sex chromosome un iva lency , the l e v e l of 

s i g n i f i c a n c e in case of s i n g l e autosomal univalency was 

a l so noted a t 3% l eve l (Table 9 ) . A s i m i l a r t rend was 

not documented when d a t a of c o n t r o l and more than one 

autosomal univalency were compared. In f a c t no s lgn l> 

f i cance was seen In univa lency r e l a t e d to more than 

one autosome p a i r . Again, when the d if f erencee be tween 

the s e r i e s , CP s i n g l e and d i f f e r e n t Combinations were 

compared, i t was noted t ha t the d i f f e r e n c e Is s i g n i ­

f i c a n t l y higher in two combination s e r i e s mostly dur ing 

l a t e hours of t h e r a p e u t i c exposure . Thia i n d i c a t e s t h a t 

both the combinations seem to be more e f f e c t i v e in 

inducing s i n g l e autosomal univalency In compariaon oto 

CP s i n g l e therapy . 

The mechanism by which CP and CP-VC combinations a f f e c t s 

XY and autosomal p a i r i n g and causes precocious d e s y n a p s l s , 

is d i f f i c u l t to a s c e r t a i n . Severa l p o s s i b i l i t i e s may be 

d i s c u s s e d . CP i s known to be c l a s t o g e n l c and I t s c l a s t o -

genic e f f e c t may be r e s p o n s i b l e for Inducing desynaps i s 

of XY b i v a l e n t which are only t e r m i n a l l y a s s o c i a t e d / p a i r e d 
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fluring prophase of f i r s t meio t ic d i v i s i o n . S ince , in 

the p resen t i n v e s t i g a t i o n no s t r u c t u r a l abnormal i ty in 

Vie form of simple break or d e l e t i o n in r e l a t i o n to 

sex chromosomes or autosomes noted , i t i s d i f f i c u l t to 

a s c e r t a i n t h a t a b r e a k a g e - s e p a r a t i o n was in o p e r a t i o n . 

During me ios i s , the X and Y chromosomes of mouse l i k e 

o ther autosomal b l v a l e n t s remain a s soc i a t ed from pac|iy-

tene onwards to metaphase I . The p rec i se o r i e n t a t i o n 

of these b i v a l e n t s is c o n t r a d i c t o r y . I t has long been 

assumed t h a t the re i s a homologous p a i r i n g segment of 

v a r i a b l e length of the X and the Y paiB, and an o b l i g a ­

tory chiasma keeps the two chromosomes t o g e t h e r ( K o l l a r 

and Dar l ington 193^, S o l a r i 197^, Chandley and Speed 

1987) . According to the o ther s c h o o l , the synaps i s 

oetween the X and Y in mouse, is non-homologous. Cross ­

ing over never occurs as normal even t in t h i s p a i r , , a n d 

o r i e n t a t i o n of X and Y is mediated only by an achiasma-

t l c te lomeric a s s o c i a t i o n (A.shley 1985, 1987). With 

t h i s knowledge in mind, one can assume t h a t CP a c t s ofi 

cementing por t ion of synaptonemal complex t h a t keeps 

the X and the Y chromosomes toge the r fo r a s h o r t segment 

throughout me io t i c prophase I and thereby causes p reco­

cious d i s j u n c t i o n of the b i v a l e n t . Such p o s s i b i l i t y i s 

not very u n l i k e l y , bacause i t is known t h a t , in add i t i on 
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to i t s effect on chromosomal DNA, CP can also form 

co-valent bonds with nucleophil tc groups In a var ie ty 

of molecules including protein. Moreover, repor t on 

extensive synaptinemal complex damage In the spermato­

cytes of mouse, Chinese hamster and American hamster 

within 72 hrs . of CP administration to a var ie ty of 

doses have been published recent ly (Allen e_t ^ . 1987). 

The effect , according to Allen e t a l . (1987) is dose 

dependent. So far as the desynapsis of autosomal blva­

lents is concerned, i t has been noted in the present 

study that the phenomenon Is somewhat non-random and 

r e s t r i c t e d mostly among the smaller autosomal b lva len t s . 

Regarding the se lec t ive separation of XY biva lent and 

smaller autosomal blvalents In d i f f e ren t t reated s e r i e s , 

i t may be suggested that these chromosomal elements r e - ' 

main associated only for a short segment and become the 

primary target for cytotoxic insu l t offered by the drug 

which compels them to separate precociously compared to 

the i r counterparts long before the onset of Anaphase I . 

However, ai&libagh, there are published reports on the 

se lec t ive action of CP on synaptinemal complex, there 

is no such repor t known to the present author on the 

interference of VC with the formation of synaptinemal 

complex. Therefore, the reason behind a s ign i f i can t 

increase in sex chromosome and autosomal unlvalency In 
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response to combination therapy (compared to CP s i n g l e 

therapy) remains unexpla ined . The condensat ion e f f e c t 

of VC on chromosomes may aid or enhance theprocess of 

premature desynaps l s of b l v a l e n t s . 

The o the r most s i g n i f i c a n t e f f e c t of CP s i n g l e and 

combination therapy include p l o i d a l v a r i a t i o n . The 

occurrence of aneuploldy with hypohaploid chromosome 

count was r e p e a t e d l y observed a t s i g n i f i c a n t l eve l In 

response to in vivo drug exposure in almost a l l post 

t r ea tment time po in t s upto 120 h r s . (F ig . 6,TaBllie 6 ) . The aneu|>io 

frequency In mouse i s known to be v a r i a b l e . According 

to Lin ejt ^ , ( 1 9 7 1 ) , ttws frequency v a r i e s from 2.7% to 

"5,2%, while according to Leotard et^^. (i98f) I t Is 

s t r a i n dependent , and wide spread ing (between k.6% and 

3^.8*^). But there i s no r e p o r t on t h e i r frequency in t 

tumor bearing mice. In the p re sen t s tudy , the frequency 

of such aneuploid c e l l s was wi th in 2^ range which i s in 

c lose agreement with obse rva t ions of Lin e_t a l . ( I 9 7 l ) . 

A comparison of d a t a presented In F ig . 6 r evea l s t h a t 

the re are s i g n i f i c a n t d i f f e r e n c e s a t 5% l eve l between 

c o n t r o l and d i f f e r e n t drug exposed s e r i e s upto 120 h r s . 

( fo r Comb.II- 168 h r s ) . S i g n i f i c a n t d i f f e r e n c e was a l s o 

documented a t c e r t a i n time po in t s between CP s i n g l e 

t^ierapy and Combination chemotherapy. \ v a r i e t y of 
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chemicals are known to produce aneuploidy during sper­

matogenesis (Hansmann 1983). Non-disjunction and se lec ­

tive or random chromosome elimination are often a t t r i ­

buted to the aneuploid condition in mitot ic and in meio-

t i c c e l l s . Chemicals that induce non-dlsjunction Inclu­

de among o thers , MTX, MMS, EMS, bleomycin, natulum, CP, 

Cd, trenimon, carbendazlm, colchic ine , VC. Thus both 

CP as well as VC are known to be potent Inducer of non­

dis junct ion. But the way by which these two drugs 

e i the r s ingly or In combination produce higher frequen­

cy of aneuploid ce l l s within 4 hrs . In the present exp­

eriment is d i f f i c u l t to explain. The p o s s i b i l i t y of 

non-disjunction is unlikely because the time period Is 

Insuff ic ient for the l a s t divis ion of po ten t ia l ly 

affec|;ed spermatogonia! stem ce l l s to reach spermatocy-

t lc phase followed by drug treatment. The only possi­

b i l i t y l i e s In the se lec t ive elimination of Individual 

bivalents a t cer ta in phase of melotlc prophase I , The 

observed frequency of aneuploidy, thus In the present 

experiment, seems to be highly i r regula r and at the 

same time d i f f i c u l t to explain. 

The Influence of the drug and drug combinations on the 

freq.viency of polyploid ce l l s at d lak . -meta . I stage was 

very s t r i k ing and found to be s ign i f i can t a t various 
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post t rea tment time p o i n t s , both a t e a r l y as well as 

l a t e h r s . of t h e r a p e u t i c exposure (Table 6 ) . The f r e ­

quency of polyploid c e l l s in normal and non-tumor spe ­

cimens was 3.5fc (3.58+0.07) which Mtlnolose agreement 

with the r e s u l t s obta ined by Leonard (1973) who demon­

s t r a t e d t h a t spontaneous p l o i d a l range veu'ies from 3 -

6% in normal mouse. However, Kar and Das (1987) obser ­

ved 5.3^% polyploidy in random bred Swiss a lb ino mice. 

No s i g n i f i c a n t d i f f e r e n c e in the frequency of p o l y p l o i ­

dy between normal and S180 tumor beai'lng c o n t r o l was 

found. This i n d i c a t e s t h a t the t r a n s p l a n t a t i o n of tumor 

had no v i s i b l e in f luence on the phenomenon of polyplol-

d i s a t l o n in t h i s mouse tumor model. 

The p r e c i s e s i g n i f i c a n c e of p l o i d a l anomaly has been 

d i scussed In length by va r ious i n v e s t i g a t o r s . Cel l 

fusion and sp ind le d i s r u p t i o n followed by endoredup l i -

ca t ion are often a t t r i b u t e d to induc t ion of polyplo idy 

in somatic as well as In germinal c e l l s . VC Is a po ten t 

sp ind l e d i s r u p t i n g aigent and a t the same t ime, an a c t i v e 

sp ind l e i n h i b i t o r . But the e f f e c t on s p i n d l e p r o t e i n of 

d i v i d i n g spermatogonia! c e l l s can not be manifested 

u n t i l the completion of s t i p u l a t e d per iod when the .,." 
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affected ce l l s enter Into spertnatocytlc phase. In the 

present experiment, high incidence of polyploidy was 

documented from 2k h rs . of drug exposure. The Incidence 

was very high in combination groups, pa r t i cu la r ly in 

Combination II treated specimens. The trend continued 

upto 288 hrs . af ter which i t was almost a t par with 

that of the control . In con t ras t , the ef fec t of CP 

single thefapy on the incidence of polyploidy was not 

s ign i f i can t a t any time point . I t is thus evident that 

not the CP but the administrat ion of VC Is responsible 

for higher induction of polyploidy observed in two diff ­

erent Combination treated s e r i e s . Moreover, an examina­

tion of data presented in table 6 reveals that applica­

tion of Comb.II therapeutic schedule seems to be more 

effect ive in Inducing polyploidy at dlak-meta. I ce l l s 

of me to t i c prophase I . However, the mechanism of the 

Induction of polyploid ce l l s within 2^ h r s . of drug 

exposure remains Inconclusive. Only p o s s i b i l i t y which 

can explain the phenomenon Is the fusion of contiguous 

ce l l s as reported e a r l i e r by Dym and Fawcett (1971) and 

also by Beatty et al^, (1975). Reported occurrence of 

polyploidy within 2^ hrs , ai3d a t l a te h rs . ranging from 

f i r s t week to second week time period in response to 

other non-anticancer drugs ats known in normal mouse, 

(Heddy and Subramanyam 1985,Murthy and Subramanyam 1985). 
97 
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One of the most In teres t ing aspects of the present 

study Is the occurrence of chromosomal s t ruc tu ra l 

changes in the form, of various exchange configurations 

at spermatocyttc l eve l . The exchanges recorded were 

iiJainly of two kinds : sex chromosome-autosome t r ans lo ­

cations and autosome-autosome t rans locat ion . I t may be 

mentioned that not even a single incidence of t rans loc­

ation was encountered in control or in normal non-tumor 

specimens. An examination of data (Table 7,8; Pig.7,8) 

reveals that the ef fec t is s ign i f i can t a t 15& level at 

cer ta in post treatment time points . The significance is 

pronounced In case of autosome-autosome translocat ion 

pa r t l cu l a t l y when the difference between CP single the­

rapy and control was taken into considerat ion. An 

analysis of dkda Indicated that administrat ion of CP at 

s ingle therapeutic dose produce exchanges Involving both 

autosomes and sex chromosomes from 120 hrs onwau'ds. The 

effect was also v i s i b l e , ofcourse, to a lesser extent , 

in Comb.I and Comb.II t reated s e r i e s . However, unlike 

numerical chromosome anomalies, the occurrence of s t r u c ­

tura l chromosome abnormalities has not been documented 

at early h r s . of therapeutic exposure, and the Involve­

ment of sex chromosomes in the production of t ransloca­

tion has been documented only a t one pa r t i cu la r time 

point ( i e . , 336 hr) to a s ign i f i can t extent In case of 

CP s ingle therapy. 
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[ t is general ly argued tha t , In most cases , DNA dgunage 

produced by drugs and chemicals will not r e s u l t In the 

formation of aberrat ions and exchanges urUess the ce l l Is 

in S-phase between the time of treatment and sampling. 

The appeau'ance of various exchange configurations in 

the form of autosomal and sex chromosomal multivalents 

to a s i gn i f i c an t extent within 5 days of ^ vivo drug 

exposure and the i r continued presence upto the end of 

the present experiment l e . , 1^ day, can be explained 

in a d i f fe ren t wpy. I t is cleeir from the observation 

that spermatocytlc c e l l s examined on the f i f t h and 

the following days of i n i t i a l treatment of CP single 

and CP-VC combinations, are not the d i r e c t descendants 

of those spermatogonlal stem ce l l s that were In S-phase 

during the time of l a s t drug treatment. Because, a five 

day time period Is not adequate for a spermatogonia! > 

stemcell to enter spermatocytlc phase In the process of 

spermatogenesis. I t I s , t he re fo re , obvious that t r ans lo ­

cations noted in these c e l l s were not mediated through 

the Interference of the drugs with the spermatogonlal 

S-phase. Some other mechanisms of drug action on 

germinal ce l l s must be there which resul ted In DNA. 

damage and mlsrepalt manifested Into v i s ib l e chromosome 

s t ruc tu r a l changes within a r e l a t i v e l y shor t time period 

in the present experiment. 
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The e x t e n t of DNA s y n t h e s i s of mouse germ c e l l s have 

been s tud ied by var ious I n v e s t i g a t o r s . According to 

Monesl (1962) , DNA s y n t h e s i s in the mouse primary s p e r ­

matocytes l a s t s , , on an ave rage , 14 h r s . and i s not 

observed a t l a t e phases of spermatogenes i s . In c o n t r a s t , 

Ghosal and Mukherjee (1971) es t imated the d u r a t i o n of 

l e p t o t e n e to be 2-3daytf , wi th DNA s y n t h e s i s l a s t i n g 

for 29 h r s . I t is a l so known t h a t d l ak lnes l s -me taphase 

I occurs In d i f f e r e n t s t r a i n s of mouse on an average of 

10 to 12 days a f t e r p r e l e p t o t e n e (Oakberg 1956, D i e t r i c h 

and Defloer 1983). There fore , any chromosomal DNA damaging 

e f f e c t of a drug or a chemical which i s mediated through 

the i n t e r f e r e n c e of spermatogonia l S phase would r e q u i r e 

t h i s minimum period to be v i s u a l i s e d a t d l a k . - m e t a . I . 

The f i r s t appearance of t r a n s l o c a t i o n s In spermatocv t lc 

c e l l s In the p r e s e n t exper iment was made on day 5 of CP 

s i n g l e exposure . Kofman Alfaro and Chandley (1971) ob ta ­

ined unscheduleaONA Syn thes i s (UDS) In v i t r o a t a l l 

s t ages of geunetogenesls of mouse, except for advanced 

spermat ids and spermatozoa. This UDS is used for the 

r e p a i r of DNA damage a t c e l l u l a r l e v e l dur ing the 

process of spermatogenes i s , A matxlmura s y n t h e s i s of UDS 

was recorded dur ing zygotene and pachytene. DNA syn the ­

s i s dur ing zygotene Is r e l a t e d to homologous pa i r i ng 

while DNA s y n t h e s i s dur ing pachytene i s used to r e p a i r 
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nicks and o ther l e s i o n s in DMA chain . CP i s known to 

i n t e r f e r e with the s y n t h e s i s of ONA during 3 phase. 

Reports are a l so a v a i l a b l e which Ind i ca t e t h a t CP and 

c e r t a i n o the r mutagens v i z . , MMS, PCB, EMS e t c . can 

induce UD3 in melo t l c and pos t - r ae lo t l c s t a g e s upto 

about mid spermatids and sperm c e l l s (Sega 197^fl982, 

Scnmid e_t a l . 1978, flurgin U aj.. 1979). I t Is thus 

proposed t h a t the drug I n t e r f e r e s with the UDS and 

the r e p a i r s y n t h e s i s of DNA duBtog zygotene-pachytene 

complex and thereby causing ml s r epa l r of DNA s t r a n d s 

which r e s u l t s In the product ion of va r ious exchange 

con f igu ra t i ons documented a t dlak-raeta , I of melosls 

in CP t r e a t e d s e r i e s . The exp lana t ion a l s o f i t s well 

with the e s t a b l i s h e d time sequences of m e l o s l s . In mouse, 

zygotene l a s t s for approximately 2 days , pachytene for 

5 days and d l p l o t e n e approximately 3 days; then comes 

d i ak ines l s -me taphase I ( D i e t r i c h and DeBoer 1983). 

Obviously, c e l l s a f fec ted a t the pachytene would e n t e r 

d i a k . - r o e t a . I wi th in ^ to 9 days depending on t&lietber 

the c e l l s were In e a r l y , mid or l a t e pachytene s t age 

dur ing the l a s t exposure of the drug. Any e f f e c t a t 

t h i s s t age w i l l be v i s i b l e a t d i a k . - m e t a . I s t age from 

5 day onwards. The r e p o r t e d damage of synapt lnemal 
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complex within 3 days of in vivo CP administration at 

d i f ferent doses in mouse s permatocy t i c pachytene stage 

by Allen £_t a l . (1987) also strengthen the view that 

CP can produce cytotoxic ef fec t within a shor t time In 

mouse spermatocyte. 

The other effects of CP and i t s combinations were docu­

mented at spermatoajoa level . In the present study single 

exposure of CP a t therapeutic dose produced no sperm head 

abnormalities to a s ign i f i can t l eve l , but i t s effect on 

tes tes weight and sperm count were s ign i f i can t a t cer ta in 

time points . So far as the CP s ingle therapy Is concerned, 

the effect is seamed AD,be of delayed nature . S igni f icant 

difference between control and s ingle CP therapy was noted y 

on and from 12 day onwards. But tue way by which CP produ­

ces reduction In sperm count Is not cleeirly understandable 

from the present experimental s e t up. Ear l ie r Trasler(l987) 

demonstrated that CP at low dal ly doses increases post-

Implantatlon loss via an ef fec t on spermatozoa during 

epldldymal maturation and suggested . that the spermatozoa 

can be modified after ent ry In the epididymis. I t may, 

therefore, be assumed that CP a t therapeutic dose, In the 

present experiment, affected the epldldymal spermatozoa 
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and caused reduction in to t a l sperm count. The loss of 

t e s t i s weight to a s ign i f i can t level upon CP exposure 

may also be explained in the same l i ne . 

So in the r e t rospec t , i t can be said that CP singly and 

in combinations with VC produced germ ce l l cy to toxic i ty 

both at meiotic and post meiotic stages within a short 

time period in S180 tumor bearing mice. The s ign i f i can t 

types of effects Include : Precocious desynapsis of 

sex chromosome and autosomal bivaierits leading to uni-

valency at diak-meta.I s teige of meiusis which has far 

reaching c l i n i c a l consequences. The gonosomal univalen-

cy in male, i s often associated with abortion of primary 

£i permatocy t e s , s t e r i l i t y and meiotic break down (Beechey 

1973, Chandley 1981). Cytogenetic s tudies on F. progeny 

of parents subjected to CP chemotherapy along with 

dominant l e tha l assay may add further information on 

chemotherapeutlc r i sk a t genet ical l eve l . 

The other s ign i f i can t effect of CP and CP-VĈ  combinations 

in this tumor model is the increase of ce l l s with aneuploid 

and polyploid chromosome counts . The precise c l i n i ca l 

s ignif icance of ploidal anomaly has been discussed In 

length by various inves t iga to rs , 
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Unlike numerical chromosome anomalies and univalency, 

the occurrence of s t ruc tu ra l abnormalities In response 

to drug therapy was not s ign i f i can t a t 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 l a te hours. So far as the present author is 

aware, there is no report on the induction of chromosomal 

s t ruc tu ra l changes and t ranslocat ions in spermatocytlc 

ce l l s by short term therapeutic exposure of CP. The 

probability of recovering a t ranslocat ion Is very low 

after c l i n i ca l treatment. SInc^ the time period required 

to visual ised s t ruc tu ra l chromosome changes mediated 

through the interference with S phase DNA synthesis of 

spermatogonia! c e l l s , I s not su f f i c i en t in the present 

experiment, the ce l l s di^layed t ranslocat ions were 

cer ta in ly not spermatogonlal stem ce l l s a t the time of 

treatment. I t has been postulated that e i the r the drug 

in ter feres with repa i r synthesis of DNA during pachytene 

or with UDS a t d i f fe ren t stages of spermatogenesis 

resu l t ing In the Induction of various exchange configura­

tions observed at dlak-meta.I s tage . 
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The other significance of therapeutic exposure of CP 

documented in the present study Is I ts effect on sperm 

count and t e s t i s weight which also has c l i n i c a l Impor­

tance. I t has been repeatedly demonstrated by d i f fe ren t 

inves t iga tors that depletion in sperm count and the loss 

of t e s t i s weight are re la ted to male s t e r i l i t y in man 

and laboratory animals. 

Thus the present study on S180 tumor bearing mice in 

associat ion with the r e s u l t s published by other inves t i ­

gators in this f ie ld show the poten t ia l r i sk of CP and 

CP~VC combinations to human populations and may represent 

a useful contr ibut ion in further s tudies of cancer 

pat ients exposed to single and combination drug therapy. 



Summary 



S U M M A R Y 

The g e n o t o x i c e f f e c t s of two w i r o i y u s e d a n t i n e o p l a s t i c 

d r u g s , b o t h s i n g l y and in conibii . 11 i o n s , on m e i o t i c and 

pes t-iiie i o l . i c s t a g e s of a tumor b ' ? a r i n g mouse model have 

b e e n a s s e s s e d a t c e r t a i n c h o s e n t i m e p o i n t s . 

The tumor mode l : T r a n s p l a n t a b It, m u r i n e t u m o r , mouse 

s a r c o m a 180 (S180) a d a p t e d t o o u t b r e d s t r a i n of S w i s s 

a l b i n o m i c e was c h o s e n f o r t h e p r e s e n t e x p e r i m e n t f o r 

t h e f o l l o w i n g a d v a n t a g e s : i . a b o u t 100% tumor t a k e i n 

i n b r e d and o u t b r e d s t r a i n of micr-;, i i . u n i f o r m t r a n s m i -

s s i b l i i t y of t h e tumor f o r s u c c t - s s i v e g e n e r a t i o n s , i l l . 

p r o l o n g e d s u r v i v a l of t h e ' h o s t ' ;vLth t r a n s p l a n t e d t u m o r , 

i v , f i x e d d o u b l i n g t ime of tumoj ' c e l l s , v , t o l e r a n c e of 

the m i c e , v i . e a s y to m a i n t a i n Iw t h e l a b o r a t o r y . The 

a s c i t e s f o r m of t h e tumor was a c i p t e d t o o u t b r e d s t r a i n 

of S w i s s e l b i n o mice b e c a u s e oi ihe'ir c l o s e r e s e m b l a n c e 

w i t h g e n e t i c a l l y h e t e r o g e n o u s hiioaan p o p u l a t i o n s , 

S e L e e t i o n ' o f d r u g s ; Two e f f e c t i . 7 e and commonly u s e d 

a n t i c a n c e r d r u g s ol d i v e r s e rnodt of a c t i o n v i z . , C y c l o -

phosphami i l e (CP) and V i n c r i s t i n e (VC) were c h o s e n f o r 

s i n g l e and c u m h L i i a t i o n c h e m o t h e r i p y . C r i s ari a l k v l a t i n g 



106 

a g e n t w h i l e VC i s a m i t o s t a t i c a l k a l o i d . These two d r u g s 

a re now e x t e n s i v e l y used m d i f f e r e n t p a r t s of the g l o b e 

p a r t i c u l a r l y in the c o u n t r i e s of the Th i rd World f o r a 

p o t e n t i a l cu re of v a r i o u s forms of human tumors . 

T r e a t m e n t s c h e d u l e : The e f f e c t s of the d rug and drug 

c o m b i n a t i o n s were e v a l u a t e d aft^ir e x p o s i n g tumor b e a r i n g 

spec imens of i d e n t i c a l age group to the t h e r a p e u t i c dose 

d e t e r m i n e d by r e p e a t e d t r i a l s a f t e r ' t u m o r t a k e ' . Tumor 

r e g r e s s i o n upon d rug e x p o s u r e wi3 a s s e s s e d by: morpho-

raetric s t u d y of tumor vo lume, c o l l c o u n t and dead c e l l 

f requency, ; and metaphase index s t u d y . A maxlraum r e g r e s s ­

ion of a s c i t e s tumor ( P o t e n t i a l cure) f o r CP s i n g l e t h e ­

r a p y s e r i e s was noted on day ^ ^ a t a dose e q u i v a l e n t to 

167 mg CP per Kg body w e i g h t . A maximum r e g r e s s i o n in 

Combinat ion I (VC fo l lowed by CP) and Combina t ion I t (VC 

fo l lowed by CP fo l lowed by VC) was r e c o r d e d on 3rd day 

of l a s t d r u g a d m i n i s t r a t i o n @ 1 mg VC + 66 .7 mg CP ( f o r 

Comb.I) and 1 mg VC + 66 .7 mg CP + 0 .33 mg VC ( f o r Comb, 

l i ) r e s p e c t i v e l y . Mean S u r v i v a l "^ime (MST) was a l s o e s t i ­

mated and compared wi th t h a t of the normal and c o n t r o l . 

M e l o t i c chromosome complements of tumor b e a r i n g mice : 

C h a r a c t e r i z a t i o n of m e l o t i c chromosome complements of 

mice w i t h t r a n s p l a n t e d tumor was done by c o n v e n t i o n a l 

Glemsa s t a i n i n g . The d l a k l n e s Is-uie t a p h a s e I s t a g e of 

s p e r m a t o c y t e s r e v e a l e d the e x i s t e n c e of 20 b l v a l e n t s of 

which 19 were au tosomal and tiie r e s t was XY. The au to so ­

mal b l v a l e n t s were mos t l y r i n g o - q u a d r i r a d t a l in appea­

r a n c e wh i l e the sex b i v a l e n t was r o d - l i k e w i th the X and 

the Y chromosomes d i s p o s e d in a .ong a rm- long arm p a i r ­

ing or a s s o c i a t i o n . Spon taneous p l o i d a l v a r i a t i o n In 
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terms of a n e u p l o i d y and p o l y p l o i a y was no ted Out neve r 

to a s i g n i f i c a n t e x t e n t compared to normal mice . No 

s t r u e t u r a I!chromosome a b n o r m a L i t ' a t d i a k i n e s i s - m e t a -

phase I s t a g e was e n c o u n t e r e d m tumor b e a r i n g mice . 

fhe e f f e c t of the d rug and drug o o m b i n a t i o n s was a s s e ­

ssed bo th ;it s perma tocy t ic as we l l as sperj i ia tozoa l e v e l 

a t c e r t a i n chosen time p o i n t s ; 4 h r , 2 ^ h r , 72h r , 120hr , 

l 6 8 h r , 2 S 8 h r , l l 2 h r and H 6 h r of in v ivo d rug e x p o s u r e . \ 

p a r a l l e l c o n t r o l was m a i n t a i n e d wi th 3180 tumor beeiring 

mice (of the same age g roup) exposed iM_ v ivo to d rug 

s o l v e n t s i e . , e i t h e r s t e r i l e d L s - ; i l l e d wa te r or d i l u t i n g 

f l u i d as the case may b e , f o r i d e n t i c a l time p o i n t s s e l e ­

c t ed f o r t r e a t m e n t s e r i e s . 

The major c y t o t o x i c e f f e c t s of the drug and drug combi­

n a t i o n s i n c l u d e : Chromosome u n i v a l e n c y , P l o i d a l anoma­

l y , and chromosome s t r u c t u r a l changes i n v o l v i n g bo th 

autosomes a id sex chroinosomes. 

Sex chromosome u n i v a l e n c y , r e f e r r e d to as p r e c o c i o u s d e -

s y n a p s i s ol XY b i v a l e n t m the t e x t , w a s induced to a 

l e s s s i g n i f i c a n t e x t e n t compared to au tosomal u n i v a l e n c y 

in d i f f e r e n t t r e a t m e n t s e r i e s . The a p p l i c a t i o n of d rug 

c o m b i n a t i o n s (bo th the s c h e d u l e ) was found to be more 

e f f e c t i v e in compar ison to the s i n g l e a d m i n i s t r a t i o n of 

CP so f a r as the phenomenon of chromosome u n i v a l e n c y 

was cons i d e r e d . 

P l o i d a l v a r i a t i o n s were r e c o r d e d in the form of a n e u p l o ­

idy (botli hypo- and hypeF-plo idy) <ind p o l y p l o i d y (mos t ly 

t e t r a p l o i d y ) a t d lak ines is-me t aphase . I s t a g e . The 
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i n c i d e n c e of a n e u p l o i d y in a h i g n e r f r equency was docum­

e n t e d from the v e r y beginning of the e x p e r i m e n t whi le the 

f r e q u e n c y of c e l l s wi th p o l y p l o i d chroinosoiue c o u n t s to a 

s i g n i f i c a n t e x t e n t was r e c o r d e d from 1 day onwards in 

the p r e s e n t e x p e r i m e n t . The i n c i d e n c e of p o l y p l o i d y was 

s i g n i f i c a n t l y h i g h e r a t a l l post, t r e a t m e n t time p o i n t s 

in Combinat ion I I t r e a t e d s e r i e s compared to CP s i n g l e 

t h e r a p y . The p r e c i s e mechanism v i i c h caused s i g n i f i c a n t ­

ly h i g h e r i n c i d e n c e of p o l y p l o i o c e l l s w i t h i n a s h o r t 

time pe r iod r ema ins s p e c u l a t i v e . The p o s s i b i l i t y of c e i l 

f u s i o n in r e s p o n s e to drug adrair i s t r a t ton has been a s s u ­

med. 

S t r u c t u r a l chromosome a b n o r m a l i t i e s , mos t ly in the form 

of au tosomal rauitivaLents in d i a k i n e s is-me t aphase I c e l l s 

were obse rved p r e d o m i n a n t l y in tumor b e a r i n g spec imens 

s u b j e c t e d to CP s i n g l e t h e r a p y . The e f f e c t was r e c o r d e d 

to a s i g n i f i c a n t e x t e n t from day 5 onwards and c o n t i n u e d 

up to the end of the p r e s e n t e x p e r i m e n t . In c o n t r a s t , the 

o c c u r r e n c e of s e x - a u t o s o m e m u l t i v a l e n t s in r e s p o n s e to 

d r u g e x p o s u r e was documented to £i much l e s s e r e x t e n t in 

d i f f e r e n t t r e a t e d s e r i e s ( s i g n i f i c a n t at ^H l e v e l on ly 

a t one time p o i n t in CP t r e a t e d s e r i e s ) . I n t e r e s t i n g l y , 

the i n d u c t i o n of chromosome s t r u c t u r a l a b n o r m a l i t i e s In 

the form of au tosomal m u l t i v a l e n t s al tnough documented 

to a s i g n i f i c a n t e x t e n t a t s e v e r a l p o s t t r e a t m e n t time 

p o i n t s in Comb. I I t r e a t e d s p e c i m e n s , I xs o c c u r r e n c e was 

no L e q u a l l y f r e q u e n t in specinieri.> exposed In y i vo to 

Comb.i d rug s c h e d u l e . 
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The o c c u r r e n c e of chromosome s t r u c t u r a l changes w i t h i n 

f i v e days of the l a s t exposu re of the drug or d rug 

c o m b i n a t i o n s has been e x p l a i n e d a c c o r d i n g to the f o l l ­

owing : •- s i n c e a f i v e day lime p e r i o d i s n o t s u f f i ­

c i e n t fo r s p e r m a t o g o n i a l stem o e l i s ( a f f e c t e d a t S 

phase of the c e l l c y c l e ) to e n t e r d l a k l n e s i s s t a g e , I t 

i s proposed t h a t the d r u g / d r u g s e i t h e r a f f e c t e d r e p a i r 

s y n t h e s i s of DN'A a t pachytene or e l s e I n t e r f e r e d wi th 

Unscheduled DNA s y n t h e s i s (UDSI a t any l a t e r s t a g e s of 

m e i o s i s which was f i n a l l y m a n i f e s t e d i n t o s t r u c t u r a l 

chromosome changes r e c o r d e d at, d i a k i n e s is-me t a p h a s e I 

s t a g e in the p r e s e n t e x p e r i m e r t . This e x p l a n a t i o n a l s o 

f i t s we l l w i th the time sequence e s t a b l i s h e d f o r mouse 

s p e r m a t o g e n e s i s by d i f f e r e n t l a b o r a t o r i e s . 

The e f f e c t of s h o r t term exposu re of C? and CP-VC com­

b i n a t i o n s on sperm head morphology and ep id idymalsperm 

c o u n t has a l s o been a s s e s s e d . J't was r e v e a l e d t h a t the 

d rug or drug c o m b i n a t i o n s a l t h o u g h n o t e f f e c t i v e in 

i n d u c i n g s t r u c t u r a l a l t e r a t i o n s of e p i d i d y m a l sperm 

head w i t h i n the time p o i n t s examined , caused s i g n i f i c ­

a n t d e p l e t i o n in t o t a l sperm c o u n t and l o s s of t e s t i s 

w e i g h t from day 12 onwards . I t has been s u g g e s t e d t h a t 

CP a lone a t t h e r a p e u t i c dose can a f f e c t e p i d i d y m a l 

sperm pool of S180 tumor b e a r i n g mouse which in tu rn 

r e s u l t s in r e d u c t i o n of organ v/e ight . 
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The c l i n i c a l and c y t o g e n e t i c s i g n i f i c a n c e of CP s i n g l e & 

CP-VC cotubLnatlon induced gerir c e l l c y t o t o x i c i t y has 

been d i s c u s s e d . The p r e s e n t s t u d y on S180 tumor b e a r i n g 

mice. In a s s o c i a t i o n w i t h the r e s u l t s p u b l i s h e d by o t h e r 

i n v e s t i g a t o r s in t h i s f i e l d p o i n t the p o t e n t i a l r i s k 

of CB invo lved d rug c o m b i n a t i o u s to human p a t i e n t s and 

r e p r e s e n t u s e f u l c o n t r i b u t i o n j.n f u r t h e r s t u d i e s of 

c a n c e r p a t i e n t s s u b j e c t e d to s i n g l e and combina t ion d rug 

t h e r a p y . 
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Premature Disjunction of XY bivalent in response to 

Mitomycin Treatment 

Out 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 si^ificant 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'X) . A similar effect of this widely used 

antitumoux- agent has not been docum.ented earlier. 
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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/« v/vo 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 ihe existing marker. 

Robertsonian translocation-formation of mouse ( 6 ). Friend ( 7 ) developed the ascites 

one biarmed chromosome by fusion between ^°^^ by repeated intraperitoneal transplanta-

two acrocentric or telocentric chromosomes tion of (he minced solid tumour. The first 

has been the subject of investigation since report on the chromosome complements of 

the time of its discovery by Robertson ( 1 ) , S 180 showed a modal number of 86 with no 

particularly after the introduction of the identifiable marker chromosome (8 ). Bia-

term by Matthey ( 2 ). Its role in tumour kar- nchi et. al. { 9 ) reported as many as 10 mark-

yotype evolution is a matter of controversy er chromosomes in this cell line ('S 180A ) 

( 3. 4 ).-Almost all murine tumour cell lines, maintained in vitro ( 10 ), Chakrabarti and 

particulaily the ascites forms possess one or Roychoudhuri ( I I ) studied the chromosome 

more rb-marker chromosomes ( 5 ). But their complements of this cell line maintained in vivo 

exact significance in tumour adaptation has in close inbred strain of Swiss mice and found 

not been clearly established. the exutencc of one biarmed marker chromoso-

Mousj sarcoma 180 (S 130) is one of the oldest me. Ghosh an! Chaudhuri ( 12 ) confirmed 

knowi murine tumour cell lines, originated the existence of one biaimed marker chrom-

as a 'spontaneous' breast carcinoma in a male oso.ne in this cell line and by the help of 



improved techniq ics they analysed all the 

marker chromosomes present in this cell line. 

In th; pre ent pap:r we report the occurren 

ce of a new rb-nark;r chromosome in this 

cell li le now maintained in outbred strain of 

Swiss albino mice. 

Materials and Methods : 

Thj a'scites form of mousi sircOTia 180 is 

mii itain'.d by serial intraperitoneal transpla-

tion in outbred strain of Swiss albino mo jse 

with an inoculum «ize of 1 x 10* cells per 3 

month-old individuals. On tbe fifth day of 

tjmour transplantation, chromosomes 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 diluted in phosphate buffer (1:20) at a 

pH 6.8. C—band was performed by s'ight 

moJification (13) of the the technique of 

Sumner (14) and for G—band the technique 

of Seabrig'it (15) was fjllowed. 

Observations and Discussions '• 

More than 40 successive tumour eel! generati-

o.is wjre studied and the chromosomal findin­

gs from 50 metaphases at each cell generation 

revealed that abjut 45% m taphase population 

possess a new biarmeJ marker chromosome 

along with the three marker chromosomes 

already present in ihe cell line (10 13, 16 (Fi^. 

la). About 35% of the remjning metaphases 

on the other hand displayed only one such 

maiker chronoso.ne (Fig. lb). Rest of the 

metaphase population showed an irregular 

distribution of marker chromosome, hence not 

taken into accou.it for present purpose, 

C—band analysis of the new marker revealed 

the existence of twr closely situated dark spots 

in the middle region of early metaphase chrom­

osome while condensed late metaphase chromo­

somes showed a single extended C—band in the 

centromere region. The C—band profile of this 

new marker is exactly identical with that 

of ihe original rb-biarmed marker chromosome 

of the cell line (10). 

G—band study also indicated an exactly 

identical band profile in the two biarmcd mar­

ker chromoso.-nes. It thus appeared that this 

new marker like the old one is also a produ;t of 

rb-fusion between two nonhomologous chro­

mosomes, viz., t( 16; 14) (Fig. l a ) . The 

idcntificatio.i of the chromosomes involved 

in rb-fusion has been made by fol owing Cow-

elf (17 ); ' ^ " • 

The occurrence of one or more biarmed maker 

chromosomes in mouse ascites tumour cell lines 

has b.en reported by different investigators (5, 

9-12). In all known cases the biarmed makers 

were for.ned by fusion between nonhonologous 

members of the karyotype. However, recently 

Spira (18) has document ;d the existence of the 

t (2; 17 ) rb homDzygous marker chromoso- \ 

mes in mouse T-cell leukemia. But the po- -

ssible mechanism of the formation of such 

marker in two copies has not been mentioned. 

The present findings on the occurrence of Rob-

er;so ian marker chromosomes viz., t (I6;l4) 

in two copies in SI80 cell line will add further 

cyt log(Cal data i i th,- field of murine tumour 

http://accou.it
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Fig la. Mctaphase spread from SISO tumour 

showing two biarmed marker chro-

moio ncs. 

Fig lb Velaybase spread from S 8 1 tumour 

showing only on^ biarmed marker 

chromobO ne. 

chromosome evolution Since the new maiker 

resemble the old one m band pattern and there 

occurred no reduction n modal number of the 

cell line, we sugge^'t thrt (his new marker has 

orig\nat^d by selective en^oredup'icat\on of 

the old one. Spoi tancous occurrence ofend-

oreduplicatton of S180 chromosome$ (part or 

whole) has been reported earlier by Chakrabarti 

and Roychoudhury (11). The presence of the 

new marker chromsoiie in about 45% metap-

hases and its perpetuation through successive 

cell generations indicate that like many olh;r 

mouse asciti* .tumours (5, 19) the karyotype of 

SISO still IS on the way of reconstruction and 

the ptejence of a nCA' RobertiO ,ian m?rker may 

be I eeded ""or the adaptation of thj:, tumour 

strain m a new strain cf mjrine 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 is nonrandom because a similar result has not been documented m any of the autosomal bivalents 

Mitomycin C (MC), an anticancer-antibiotic, 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 in 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 m 
VIVO has also been discussed in recent years' But very 
little IS known about the effect of MC on the gonial 
cells of mammals'^ During the course of our 
investigations on the effect of MC on somatic and 
germinal cells of SI80 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 3 ml per 30 g 
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 5 ml sterile distilled water Gonial 
chromosomes were prepared from testis after 24 hr of 
in VIVO drug exposure by little modification of the 
technique suggested" One modification was that the 

'acetic acid treatment' step for seminiferous 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 /)H 6 8 

Results 
Normal mouse spermatocytic diakinesis/metaphase 

I contains 19 autosomal bivalents and an XY sex 
bivalent (Fig 1) The bivalent condition is 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 38%) 
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 in any of the autosomal 
bivalents The XY in control specimens, on the other 
hand, maintained the characteristic bivalent condition 
throughout the meiotic prophase I In addition to 
precocious disjunction, the XY bivalent in some cells 
showed certain other abnormalities which have neither 
been recorded in autosomal bivalents of the same (MC 
treated) specimen nor m the germinal cells of control 
specimens These include unequal decondensation 
and/or despiralisation and uneven condensation of X 
chromosome alone or both - X and Y (Table 1) 
Similar abnormalities including precocious disjun­
ction of XY were also recorded at other post-treatment 

Tablet—Frequency Distribution of Chromosome Abnormalities in XY Bivalent after MC-treatment 

Hr of 
mitomycin 
exposure 

24hr» 

Precocious 
disjunction 
ofXY(%) 

3 8 ( - ) 

Despiralization 
of XY bivalent 

(%) 

8 (2)** 

Unequal 
condensation of 

XY bivalent 

4 ( - ) 

Unequal 
condensation of 
X chromosome 

only 
(%) 

5 ( - ) 
*Out of 200 diakmesis/metaphase 1 studied from 4 specimens 
'•Figures in parentheses indicate control value 
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Fig. I—Diakinesis spread from a normal male mouse showmg 19 
autosomal and one XY sex bivalenis, arrow pomts out the pos'"on 
of XY bivalent Fig 2—Diakinesis spreads from milomyc/n 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 identical abnormalities. 

Discussion 
Report on the occurrence of spermatocytic 

chromosome abnormalities due to chemical exposure 
in mammals is very limited'°. The mechanism by 
which MC affects the sex bivalent and causes 
precocious disjunction of XY is 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 I. 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 in 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 I ' ^ ' ^ . 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 30-35% 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 during diakinesis. Such a possibility is, 
however, not very unlikely, because it is 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 protein^ 
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Mi ioih- i hromusonw anr.if,.•./> >?/ S I.)!' tumor bcarin<-; Mice 595 

po pai-i.vj/throughout liic mciotic prophase f/Large number of bnuhtly / ' / 
Ma ;;.•>! moioiic cells were screened lv)r Icca'/nc well spiead siaj.'es of ' ' 
c'i;:!.;' c>..^,'- '̂* '̂̂ r'''̂ '''̂  ^ ^M''' a ''i'-'̂ '' !'̂  ^cori-.i: changes both .'.iniciur:.; and 
i,..u.v;•.-•'•'• "T-i' fiiiy special beh.i\iiMu of aulosomcs and sex cllromo^(;mcs. 
Amon'i tlic abnormaliiies in driii.' exposed specimens ihe univaleni 
behavi.'^ur of certain homoh-i-'i.'-s rar.lvcd first. Th:s univalencv tbig 1) 
fc^-mcd-to be random in nature. The autosomal univalents >«^'(>l\ing ilic. A )-\ 
imai^e'l pair wcie more fiequcnt than the sc.x cliromosomal univalenls^ 
The ;.ex chromosomal tinivaiency was lecorded ma.ximum in 24 hrsy/of 
treatment seiics (10?'^) and autosomal univalency was maximum in 72 iirs. 
(2C'%) cf drug exposure. The smallest autosomal univalents were frcqu-
enliy m\oIvcd in the process. The IVcqucncy of autosomal and XY univa­
lency is given in Tabic 1. 
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DISCISSION 

Amih;</ii..i (S'libianiaiuam and RcJ.dy. I'-ll^). tranquiliscii (Kam.id.t. j 
«'/ tl . 1V71. Si.|-,i;iiii:.n\;ini and Mi .hy. 19';.'̂ ) halkiemogcns (C'olu ". .'.nd 
MuM-,ci)ee. 19{.S I ei n.^ndc/,7 rt/. i''7."') oi.'.UiMUi.ice.-'live , (C~ai'•• !''''7i-
ndupli.inc {J, iiHcl.! .!i;d y>\.tbr.in:Aiv.\im, )979). Milpha diUiZs tSharma 
1')7)). raracclan>ol,(Laxnimara\ana e, fl/.. b.̂ SO) and m.my o'h:r com-
woniy used ..hiij:- .'.le kno\.ii uiciuse mciolic chromosome abcrratioiib ii; 
n-.icc. 'I lie repealed occuircnce ol uiii\a!encN in response lo abo\ ; drui' 
Ovposuic is not verv uncommon. Dissocialioa of XY bisalents m 
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'. cIbl< îj(L-.si.s/nic(sph.'iSf.) spcrniatocyics was jcpiwu-d l-v c.pofKfc (<• \,•;:,!<..ns jr\ 
• ph>̂ jc•.;̂ l .actnts ijpeciallyUcinpcraiure (Wiildb/ci.cr ;-n..' /;->i;.Mn:-)). ly^'o; / C / C 
l.C'. '̂'i'- '̂.-.''''l'̂ l .Cl'rifiJuui,..Hi}<(*). UniMilcncy iias isl.-o ixri) icrnrud by 
.••.v:u'.i<?.irc;itir.cnt orM/ioinycin C (C'lKikcabarti el ei. i9:'6). ID fl;c prcb-cnt j x,. 
expcrjnienf we noted U gradua! ijicveaS'j ui autoioina.l ui.i'.in.'i.cy wilii iiie 

.'J.UC/'cas-c in ircytmvn! hr. a'nd.in dccrca-^c in turner poprdaijon. Tiie situa-

• (ic-n i^hcwiiwr, difi'ercni in case- of M-X LliiyrvcHir.c \ i.ivis'YV.cy, '! i;f ;c is / , / o / c 
"_ conirovVrsyVcfiarding the geueiic conNcquoiico of urivaici'cy. hi car 
^cy.pcrin'.cnt wc noted that the smalle^i aiitcMnnal pairs arc prone {<• i:ni'>a-
k-ncy. Tiiis may be due to the f:'.ct that the binding force in the form of 

. cbiasmola" is liot too ir.any in ninr.btr in these uinvalents and are not 
srrcng enough to keep the chromoscmcl/ogethcr as bivalents, hence appear |S 
to desynapse precociously cither sponfaneously or under tiie influence of 
various agents. The presence of univalents in controls in a low frequency 
is not surprising as they arc reported to occur spontaneously in many 
untreated raatcrialrXCin.'/ a/., 1971; Bcechey, 1973; Purncll, 1973). 
According to Biddlc cf o/. (19S5), sex chromosomal uniyalency is geneti- / o 
cafiy ccntrclJed. The prcscjVe c/f univalents reflects asynapsis or early fc. (o 
.':cr3ration due to a faulty cliiasina formation and may be considered to 
indicate non-disjuiic'iion inducing potential (Pacchierotli'er al., 1983). 
According to Drewcn and Prcslon (1978) univalents nia(^_resii!t from j ^ 
minor str^fifural rearrangements such aj( deletion. Another alkylating ) ^ / t M 
agent, Ethylene Oxide increases the frequency of cells wi'li autosomal and 

• XY"-̂  univalents . and according to Ribciro (1987), the occurrence of 
univalents' is due to the possibility that this subs'ance induces non­
disjunction; Many cytogenetic studies i;n subfcr'.ile mice and men have 
revealed prcmatured separation of the X ant! Y chromosomes and a low 
ipciilcncc of.subsequent mciotic stages in the testis (Ikcclicy, 1973; 
Chsr.dley,I973: Chandley e/«/., 1976; Burgyoni, 1979). lliesc rcscarclu^rs 
have concluded that X-Y dissocialion leads to death of the afTccied 
spcrniatocyics, l.hVis" lowering fertility, Tiie way by v,'!)ichCP at thera­
peutic do-^c produces autosomal as wcU as sex chromosoir.ni iinivaicncy in 
tlic present experiment is not clear, hii! it i.-; evident from the comparative 
data ihai th.c drug can alTcct meiocytes even at early hrs^'of //; vhv I 
cxpo.Mirc long bcfor/the spermatogonia enter mciosis and'can produce y e 
ni;m.<rrical chromosome abnormalityof;--.: host. 'The signiiicanee-of :his-
precccious separation in response to driig exposure is 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 mice considering precocious desynapsis of sex bivalent 

{ in male germinal cellsias 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-bivalent 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. Diiscussions 

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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INTRODUCTION : Cytogenetic assays on the genotoxic potential of 

drugs and chemicals are of continuous importance. Hsu (16)' 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 heritable chromosome rearrangements. 

Of various therapeutic modalities adopted in recent years for a 

'jiotential 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 by 

studying their effects on somatic and germinal cells of the host. 

Mitomycin G, 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 mamraals(21,25). The 
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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 disjunction of sex bivalent in mouse gerra cells 

has been published from '., i/-.. this laboratory (9). More recently, 

Allen et.al.(2) have recorded an extesive SO 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 bearin£)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 v/ere chosen because of their 

close resemblance with genetically heterogenous human population (23)• 

Two month old 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 (si 80) constituted the other experim^tal model 

for the present investigation. The'si 80 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-rao-old 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 Biochera 

Pharmaceutical Industries under licence: Kyowa Hokko Kogyo Co.Ltd., 

Japan). Both the(non-tumour bearing)normal and sl80 tumour bearing 

male mice of the same age group(3 mo-ol d) received intraperitoneal 
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injection of MC at therapeutic dose( J+mg.per Kg.body weight). The 

therapeutic dose for this si 80 tumour model was established by repeated 

trials on tumour bearing mice at log phase of tumour growth. A maximum 

regression (as determined by morphoraetric 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 dislocat6n at five different post-treatment intervals: ifS, 

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. 

(2J+). In brief: seminiferous tubules were collected after removing the 

tunica albuginea of testes in 1% tri-sodium citrate solution. After 50 

minutes of hypotonic exposure seminiferous tubules were kept in ethanol: 

acetic acid fixative (3:1 v/v)for 30 min.at 8 C. After primary fixation 
\V n 

tubles were dissolved in 30% glacial acetic acid, cê trifuged at 1,500 rpm 

for final fixatmn in ethanoltacetic 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 Gierasa 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 
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association/pairing and the autosomal bivalents,depending on the 

position of chiasmata, exibit ring, rod or quadriradiĉ l configurations 

(Fig.l). 

An analysis of L^OO well spread diakinesis/metaphase-I stages from 

control specimens revealed the existence of about 11% spermatocytes 

in which X and Y chromosomes showed precocious desynapsis with no 
-I 

typical end-to-end association (Fig.2)". The normal value, established 

by analysing TOO diakinesis/metaphase-I 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.5 depicts the frequency distribution 

of diak./raeta-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.,l68 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 sT80 tumour bearing mouse was 

either almost at par or else lower than the control value (Fig.3). 
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A maximum depletion of separation frequency was documented at 96 hr 

of post-treatment interval when the frequency of precociously desynaped 

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 bivalent 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.(lZf) 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-turaour 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. (̂It 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 cytotoxic effects including premature 

desynapsis of XY bivalent in proliferating germ cells, " 
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A different result was obtained in the other experimental series where 

the raeiocytes of SI 80 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 i+S hr when the frequency was almost at par (12%) 
that 

with/'.-.icfv. of the control/normal. Interestingly, a maximum decrease was 

noted at 96 hr of treatment in tumour bearing mouse when the frequency 

was only J>% 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 
c 

tumour bearing specimens rushed to the target tissue and the 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 . ThiSjhowe^^er, is 

only a partial explanation of the situation because at all post treat-
> 

ment time points (except for ^8 hr)the frequency of separation was lower 

than the control. One possibility may include an increase in intracellular 

level of tite- protective agents like glutathione in testes and other organs 

of tumour bearing mice. 

The precise mechanism by which MC affects XY pairing (of mouse)and 

causes precocious desynapsis is difficult, to ascertain,' Several possibi­

lities may be discussed. The clastogenic potential of MC on chromosomal 

heterochromatin iS well documented. The Y chromosome of mouse and other 

mammals is 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 which in turn results in sex chromosome univalency in treated 

specimens. Since in our present preparation no structural abnormality 
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in the form of break or deletion was noted in the X and the Y chromo­

somes it 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.I. 

The precise orientation of X and Y chromosome during meiotic prophase-I 

of mouse is controversial. Two contradictory scnools 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 chiasraa 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 (if). Crossing over never 

occurs as normal event in this pair and orientation of X and Y is 

mediated only by an achiasraatic telomeric association (3)» It may be 

assumed that MC acts on the cementing portion of SC that keeps the X and 

Y chromosome together for a short segment throughout meiotic propliase-l 

and thereby causes precocious disjunction of X and Y bivalent. Such a 

possibility 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^SNA and protein (50). 

Moreover, "' ' report on the exteaive SC damage in mouse spermatocytic 

cells upon MC administration to a variety of doses has been'-xEiSHKi 

published (2). The study of Allen et al.(2) indicated that among mouse, 

Chinese hamsj>er and American hamster, the synaptonemal 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, 

19S5) and become the primary target for any sxEKiiKatxHixpkjfsXExix 
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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 stkEz 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 

wnich suggests that premature XY dissociation of mouse/leads to the 

death of affected spermatocytes thus lowering fertility (5, • 7,10,29). 

Reduction in testis weight 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 restriction to its frequent use in 

treating various human cancer patients. 
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5 O D the Stubility and Significance of u , Rohcrtsoniun Marker 
Chromosome in S 180 Mouse Tumour. 
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Cytogenetic characterization of Sarcoma iaO--a !on<^-rearcd 

murine tmnonr has been done lor several successiv,'. n, v-Vo ce l lV 'nc ra -

lions by the application of modern methologies including G - - , C - - , 0 — 

and N—banding. Sister choromaiid dilierentlatioii (SUD; ^ml SCli studies 

were also made by h, vivo BrdU-chasing tcdinif|nc. The formation and 

perpetuation of a stable hiamicd marker cluonios..Mnv hav,; b,..,„, t,-aced 

^nd its^-esistancc to clastogenic eilcci of several anticancer drugs has 

been discussed. 

7. Premature Disjunction of XY Bivalent in Mouse Germinal Cells in 

Response to Chcmotlicrapcutic Stress . 

DEBASHIS DE, SAMAR ii. DAS and SANjAR C H K R A i i A R T I 

Cancer Cytogenetics Unit, Zoology Department, Burdwin University, 

B u r d w a n - 7 1 3 101. 

The synapsis between the X and the Y in mouse is nonhoinolo-

gous, and in normal mciosis X and Y chromosomes, like other autosomal 

bivalcnts remain associated from pachytene onwards to metaphase I. The 

precise orientation of XY bivalent is not clearly known. In the present 

study we noted premature disjunction of XY bivalent in tuniour-bearing 

mouse in response to chcmothe.rapcutic stress oflcred by a nmnbcr of 

antitimiour drugs. In all drug treated cases a significant nunibcr of cells 

showed prematiu'e separation of se,\ bivalent cither in diakinesis or in 

early metajjhase I. The ciTect is unusual • and nonrandoin in natm-e, A 

similar kind of eflcct has not been documented in any of the autosomal 

bivalents. Discussions arc made on the signillcancc of premature disjunc­

tion of se.x bivalent in relation to cancer therapy. 
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302 MEIOTIC CHROMOSOME ANALYSIS Of" &180 TUMOUR BEARIWG MICE Ir̂ l 
RESPONSE TO DRUG THERAPY 

DEBASISH DEY and SAMAF^ C H A K R A B A R T I 
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Sarcoma 180 tumour bear ing ni ico were exposed in \i\<o to therapeut ic 

dose of C y c l o p h o s p h a m ' d e , an ant icancer a l ky la t i ng agent . Spec imens 

sub jec ied l o the rapy w e r e sacr i f i ced at 4 , 24 , 72 . 120, 158h af ter the 

d rug expobure and the testes wo re processed for me io t i c c h r o m o s o m e 

d isp lay at d iakmeb is /me taphase I c o m p l e x M i i o c l a s l i c e f fec ts of the dfUfj 

w y r e v isua l ized by the presence of un iva len ts at a s ign i f i can t l e v j l w i m n 

c o m p a r e d w i t h that of the c o n t r o l . The au tosoma l un i va len ts were more 

f requent t han sex c h r o m o s o m a l ones Discuss ions have been made on the 

induc t ion and the possib le consequence of un iva lency due to d rug therapy . 


