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Kevin K. Block, M.S.
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With each p assin g  y e a r , humans a re  exposed to  ever In creasin g  

numbers o f chem ical ag e n ts , many o f which may have m utagenic, c a r ­

cinogen ic , o r te ra to g e n ic  e f f e c ts  on th e  human sp ec ie s . Animal 

s tu d ie s  must be perform ed on any chem ical substance th a t  i s  sus­

p ected  o f being  a c u te ly  dangerous to  humans by way of cancer in ­

duction  o r induced m alform ations to  in fa n ts .  Seven drugs o f known 

o r  suspected  m utagenic, ca rc in o g en ic , o r te ra to g e n ic  p o te n t ia l  

were examined fo r  t h e i r  a b i l i t y  to  induce h istopatho logy  in  the  

t e s te s  and epididym ides o f CF-1 m ice. Mitomycin-C, hydroxyurea, 

and adriam ycin induced s ig n if ic a n t  h is to p a th o lo g y  whereas pred­

n iso lo n e , tha lidom ide , strep tom ycin  s u lf a te ,  and polybrom inated 

b iphenyl induced minimal o r no h isto p a th o lo g y  to  th e  t e s te s  and 

epididym ides. The r e s u l t s  o f t h i s  p ro je c t  w i l l  provide a d d it io n a l  

in fo rm ation  on th e  to x ic i ty  and te ra to g e n ic  p o te n t ia ls  of th ese  

chem ical a g e n ts .
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INTRODUCTION

With each p assin g  y ea r, humans a re  exposed to  ever in c reas in g  

number o f chem ical ag e n ts , many o f which may have d e trim en ta l 

m utagenic, ca rc in o g en ic , and te ra to g e n ic  e f f e c ts  on th e  sp e c ie s .

I t  i s  because o f t h i s  in c re a s in g  exposure to  th ese  chemical 

agen ts and because o f th e  ignorance o f the  e f f e c ts  o f th ese  drugs 

on humans, th a t  anim al s tu d ie s  be performed on any chemical sub­

stance th a t  i s  su sp ect o f being  a c u te ly  dangerous to  humans by 

way o f cancer in d u c tio n  o r induced m alform ations to  in fa n ts .  The 

p re se n t p ro je c t  addressed  i t s e l f  to  surveying th e  p o te n t ia l  o f a 

number o f known o r suspected  mutagens, carcinogens, and te ra to g e n s , 

f o r  inducing h is to p a th o lo g y  in  th e  te s te s  and epididym ides o f 

CF-1 m ice. I t  i s  b e lie v e d  th a t  th e  r e s u l t s  o f t h i s  p ro je c t w i l l  

p rovide a d d it io n a l  in fo rm ation  on th e  to x ic i ty  and te ra to g en ic  

p o te n t ia l  o f  th e se  chem ical ag en ts .

Experiment 226-5B; Polybrom inated Biphenyl (PBB)

In  Ju ly  o f 1973, polybrom inated b iphenyl (PBB) of th e  commer­

c i a l  name F irem aste r BP-6 , was m istaken ly  mixed in to  commercial 

liv e s to c k  feed  and then  so ld  to  farm ers in  c e n tra l  and southern  

lower M ichigan. As a  r e s u l t  o f t h i s  m istake, thousands of 

Michigan c a t t l e  in g es te d  la rg e  q u a n t i t ie s  o f PBB and se v e ra l 

Michigan fa m ilie s  were exposed to  h igh  le v e ls  o f PBB by e a tin g  

th e  meat o f  th e  PBB contam inated c a t t l e .  In  a d d itio n , se v e ra l 

m illio n  Michigan re s id e n ts  were exposed to  PBB as a  r e s u l t  o f

1
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consuming.d a iry  p roducts from PBB contam inated c a t t l e .  P ub lic  

concern mounted about th e  p o ss ib le  to x ic  and te ra to g e n ic  e f fe c ts  

th a t  th e  PBB exposure would have upon Michigan re s id e n ts .

Jackson and H alb ert (197*0 d iscu ssed  th e  to x ic  e f f e c ts  th a t  

were induced in  a  Michigan d a iry  herd  exposed to  th e  PBB. One 

o f many c l i n i c a l  symptoms d isp lay ed  by th e  contam inated cows was 

severe ca lv in g  problems which re s u l te d  in  th e  c a l f  being bom  

dead o r dying soon a f t e r  b i r t h .  C o rb e tt, Beaudoin, C ornell,

Anver, Schumacher, Endres and Szwabowska (1975) adm inistered  

PBB to  p regnant r a t s  and pregnant mice which re s u lte d  in  lower 

mean w eights o f th e  r a t  and mouse fe tu se s  as  compared to  c o n tro l 

f e tu s e s .  At th e  h ig h er dosages o f 100 and 1,000 p a r ts  p e r  m illio n  

(PPM) PBB, th e  mouse fe tu se s  a lso  d isp lay ed  exencephaly and c l e f t  

p a la te .  Beaudoin (1977) rep o rted  th a t  a  s in g le  o r a l  dose o f PBB 

a t  200 o r U00 mg o f PBB p e r  kg o f body weight (mg/kg) re su lte d  

in  no m alform ations in  th e  fe tu se s  bom  to  female r a t s  exposed 

to  PBB on any s in g le  day, from day 6 to  day 1^ , o f t h e i r  p reg­

nancy p e r io d . F ic so r  and Wertz (1976) rep o rted  s im ila r  r e s u l t s  

when pregnant r a t s  were fo rce  fed  100 mg PBB/kg, s ix  tim es in  

2 day in te rv a ls  beg inn ing  on day 6 o f  pregnancy. At th e  h ig h er 

dosages o f U00 o r  800 mg/kg, Beaudoin (1977) rep o rted  th a t  a  

s in g le  o ra l  dose o f PBB adm in istered  to  pregnant r a t s  r e s u lte d  

in  a  s ig n if ic a n t  in c re a se  in  th e  number o f reso rbed  r a t  fe tu se s  

and a t  800 mg PBB/kg, la rg e  percen tages of th e  su rv iv in g  fe tu se s
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were malformed, w ith  c l e f t  p a la te  and diaphragm atic h e rn ia . F r ie s ,  

Marrow and Cook (1978) rep o rted  th a t  PBB i s  " re a d ily  tra n s fe r re d  

ac ro ss  p la c e n ta l  membranes" (p . kk) in  pregnan t cows as  evidenced 

by th e  co n cen tra tio n  o f  PBB appearing  in  th e  f a t  and blood o f the  

calves and fe tu se s  o f th o se  cows exposed to  PBB during  t h e i r  preg­

nancy. Moorehead, W ille t and Schanbacher (1978) adm in istered  

d a ily  o r a l  doses of 25 grams of PBB to  6 pregnant h e if e r s  u n t i l  

th e  anim als d ie d . Necropsy o f th e  6 p regnant h e if e r s  rev ea led  

p la ce n ta s  w ith  hemorrhagic and n e c ro tic  cotyledons and dead 

hemorrhagic fe tu se s  in  t h e i r  u t e r i .  Lambrecht, B a r s o tt i  and 

A llen  (1978) rep o rted  t h a t  female rhesus monkeys exposed to  low 

le v e ls  o f  PBB in  t h e i r  d ie t s  fo r  s e v e ra l months and th en  mated, 

r e s u l te d  in  o ffsp rin g  th a t  "were c o n s is te n tly  sm alle r th an  c o n tro l 

in fa n ts "  (p . ib h ) , a lthqugh  no m alform ations were observed in  th e  

o ffsp rin g  bo ra  to  the  t r e a te d  fem ales .

Cook, H elland , VanderWeele and Dejong (1978) c o lle c te d  t i s s u e  

samples from th e  te s t e s  o f b u l ls  th a t  had in g ested  PBB contam inated 

feed as  a  r e s u l t  o f th e  o r ig in a l  feed  contam ination in  Ju ly  o f 

1973* H is to lo g ic a l exam ination o f th e  t e s t e s  rev ea led  th a t  th e  

p o p u la tio n  o f mature sperm atazoa was g re a t ly  reduced, th e  germ inal 

c e l l s  of th e  sem iniferous tu b u les  had been lo s t  and only th e  S e r to l i  

c e l l s  remained in  the  sem iniferous tu b u le s . Jackson and H albert 

( 197*0 rep o rted  th a t  one 18 month o ld  b u l l  th a t  had consumed th e  

PBB contam inated l iv e s to c k  feed , was found to  have a tro p h ied
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te s te s  when th e  animal was operated  on. Semen samples taken  from

th is  18 month o ld  b u l l  showed a  lo s s  o f sperm m o t i l i ty  as  w e ll as

spermatazoa lack ing  e i th e r  heads o r t a i l s .

In  re fe ren ce  to  th e  mutagenic p o te n t ia l  o f PBB, Wertz and 

P ic so r (1978) rep o rted  a  "dose of 50 o r  500 mg PBB/kg f a i le d  to

in c rease  s ig n if ic a n t ly  chromosome o r chrom atid b reaks" in  th e

bone marrow c e l l s  o f t r e a te d  m ice.

The p re sen t experim ent i s  concerned w ith  th e  p o te n t ia l  fo r  

PBB to  induce h is to p a th o lo g ic a l changes in  th e  t e s t e s  and e p i­

didymides o f male mice which w i l l  be t r e a te d  a t  v ario u s  dosages 

and then  s a c r if ic e d  a t  v ario u s  p o s t tre a tm e n t in te rv a ls .  H is to ­

p a th o lo g ic a l assessm ent o f th e  t e s t e s  and epididym ides o f PBB 

t r e a te d  mice w i l l  p rovide in form ation  about th e  p o ss ib le  to x ic i ty  

an d /o r te ra to g e n ic i ty  o f PBB on sperm atazoa.

Experiment 226-5C, 226-5K: Hydroxyurea

Hydroxyurea, which has th e  form ula HgNCONHOH, was f i r s t  

syn thesized  in  1869, b u t was n o t thought o f a s  an a n tln e o p la s tlc  

drug u n t i l  i 960 . Hydroxyurea i s  now used a s  an anti-leukemia 

and an ti-tu m o r drug in  th e  c l i n i c a l  tre a tm e n t o f  cancer p a t ie n ts .  

Hydroxyurea i s  a  s trong  in h ib i to r  o f deoxyribonucleic  a c id  (DBA) 

sy n th es is  and i t  i s  f o r  t h i s  reason  th a t  hydroxyurea i s  e f fe c t iv e  

a g a in s t tumor c e l l s  th a t  a re  undergoing, ra p id  DNA sy n th e s is  

(Timpson, 1975)•

In  re fe ren ce  to  th e  in h ib i t io n  o f DNA sy n th e s is  by hydroxyurea,
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Young and Hodas (1964) rep o rted  th a t  exposing c u ltu re d  Hela c e l l s  

to  hydroxyurea in h ib ite d  th e  in co rp o ra tio n  o f thym idine du rin g  DNA 

sy n th e s is . S in c la ir  ( 1965) rep o rted  th a t  hydroxyurea had a  d i f f e r ­

e n t i a l  l e th a l  e f f e c t  on cu ltu red  Chinese ham ster ovary c e l l s .  C ells  

th a t  were in  th e  sy n th e tic  phase (S) were l e th a l ly  damaged, by ex­

posure to  hydroxyurea whereas Chinese ham ster ovary c e l l s  th a t  a re  

in  th e  f i r s t  growth phase (G^) , were no t k i l l e d  b u t were unable to  

begin  th e  S phase of th e  c e l l  cy c le . C e lls  in  G2 a ls o  su rv ived  bu t 

were a ls o  unable to  begin  the  S phase. S in c la i r  ( 1965) a lso  rep o rted  

th a t  hydroxyurea com pletely in h ib ite d  Chinese ham ster c e l l s  from 

in co rp o ra tin g  thymidine e s s e n t ia l  fo r  DNA s y n th e s is . Schwartz, 

G arafa lo , S ternberg , 8s P h ilip s  ( 1965) rep o rted  th a t  hydroxyurea 

in h ib i te d  in co rp o ra tio n  o f thymidine in to  th e  DNA of reg en e ra tin g  

r a t  l i v e r s .  B rachet ( 1967) rep o rted  v a r ia b le  e f f e c ts  o f hydroxyurea 

on E sch erich ia  C o li, depending on the  co n cen tra tio n  o f hydroxyurea 

th a t  th e  b a c te r ia  were exposed to .  B rachet ( 1967) suggested th a t  

hydroxyurea, a t  low co n cen tra tio n s , may in h ib i t  th e  red u c tio n  o f 

r ib o n u c le o tid e s  whereas a t  h ig h er c o n c en tra tio n s , hydroxyurea 

might a f f e c t  th e  tem plate a c t iv i ty  o f DNA making th e  DNA incapable 

o f b o th  t r a n s c r ip t io n  and r e p l ic a t io n .  Tlmpson (1975) rep o rted  th a t  

th e  g en era l concensus fo r  the  mode o f a c tio n  whereby hydroxyurea 

in h ib i t s  DNA sy n th e s is , i s  th a t  hydroxyurea causes a  "blocking 

o f th e  conversion o f r ib o n u c le o tid es  to  deoxyribonucleo tides by 

means of th e  in h ib i t io n  o f th e  enzyme rib o n u c le o tid e  reductose"

(P . 119).
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Rajewsky, F ab ricus and H ulser (1971) rep o rted  th a t  hydroxyurea 

ad m in istered  to  pregnant r a t s ,  crossed  th e  p la c e n ta l  b a r r i e r  and 

caused in h ib i t io n  o f DNA sy n th e s is  in  th e  r a t  embryos. No to x ic  

e f f e c ts  on th e  embryos were found a f t e r  ad m in iste rin g  a  dose of 

250 mg/kg o f hydroxyurea to  th e  pregnant r a t s .  S c o tt ,  R i t t e r  and 

W ilson (1971) rep o rted  th a t  hydroxyurea c ro sses  th e  p la c e n ta l  

b a r r i e r  in  r a t s .  Rapid c e l l  dea th  in  th e  limb buds and n eu ra l 

tube o f th e  r a t  embryos as w e ll as severe in h ib i t io n  o f DNA 

sy n th e s is  in  th e  embryo was found when a  500 o r 1,000  mg/kg dose 

o f hydroxyurea was adm in iste red  to  pregnant r a t s .  Murphy and 

Chaube ( 196U) rep o rted  th a t  ad m in iste rin g  hydroxyurea in  doses 

above 250 mg/kg to  p regnant r a t s  inc reased  f e t a l  m o r ta li ty  as 

w e ll as causing c l e f t  p a la te ,  encephaly, h a re l ip ,  deformed lim bs 

and s k e le ta l  d e fo rm itie s . T rea tin g  pregnant gold ham sters on th e  

e ig h th  day o f t h e i r  pregnancy w ith  a  5-10 mg/kg dose of hydroxyurea 

r e s u l te d  in  embryo m alform ations which included sp ina  b i f id a ,  ex- 

encephaly , ca rd iac  anom alies and a  f a i lu r e  o f n e u ra l c lo su res  

(Ferm, 1966) .  Khera (1979) rep o rted  th a t  ad m in iste rin g  a 100 mg/kg 

dose o f hydroxyurea to  c a ts ,  re s u l te d  in  in c reased  re so rp tio n  

s i t e s  and few l iv e  f e tu s e s .  A s in g le  1,000 mg/kg dose o f hydrox­

yurea adm in istered  to  p regnant monkeys r e s u l te d  in  some of th e  

fe tu se s  showing s k e le ta l  and organ m alform ations which included  

m issing  and fused  r i b s ,  d e fe c ts  o f v e r te b ra l  number and shape, 

la rg e  k idneys, in te r ru p te d  a o r t ic  a rch  and absen t l e f t  pulmonary 

a r te ry .
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Long exposure (2U-72 hours) o f  cu ltu re d  Chinese ham ster c e l l s  

to  hydroxyurea re s u l te d  in  chrom atid and chromosame breaks and 

chromosome tra n s lo c a t io n s  (Borenfreund, Krim & Bendich, 196U). 

Oppenheim and F ish b ein  ( 1965) rep o rted  th a t  cu ltu re d  human lympho­

c y tes  exposed to  hydroxyurea a t  c l in i c a l  doses, r e s u l te d  in  a 

la rg e  number o f chromosome b reaks.

Hydroxyurea has a ls o  been shown to  have a  number o f e f f e c ts  

on th e  mammalian t e s t e s .  S e i le r  (1977) rep o rted  th a t  hydroxyurea 

caused in h ib i t io n  o f  DNA sy n th es is  in  th e  t e s te s  o f m ice. Lambert 

and E rik sson  (1979) re p o rte d  th a t  hydroxyurea fchMted t e s t i c u l a r  DNA 

sy n th e s is  in  r a t s .  Wyrobek and Bruce (1975) rep o rted  th a t  hydrox­

yurea induces abnorm ally shaped spermatazoa in  m ice. F ic so r  and 

G insberg ( 1980) rep o rted  th a t  hydroxyurea decreased sperm m o t i l i ty  

i n  a  dose dependent manner. Mecklenburg, H e tze l, Gulyas and 

L ip s e t t  (1975) rep o rted  th a t  hydroxyurea caused m u ltin u c lea ted  

g ia n t c e l l s  in  the  sem iniferous tu b u les  as w e ll as  s t e r i l e  semi­

n ife ro u s  tu b u le s  in  r a t s  th a t  were adm in istered  th e  d rug . There 

was a ls o  a s ig n if ic a n t  decrease in  t e s te s  w eight as  a  r e s u l t  o f  th e  

hydroxyurea tre a tm e n ts .

The h is to p a th o lo g ic a l r e s u l t s  o f th e  p re se n t experim ents 

w i l l  p rov ide  fu r th e r  in form ation  about th e  to x ic i ty  and t e r a to ­

gen ic  c a p a b i l i t ie s  o f hydroxyurea.

Experiment 226-5D: Thalidomide

According to  th e  accounts o f Taussig ( 1962) and Lenz ( 1966) 

th e  sy n th e tic  drug thalidom ide was f i r s t  developed by Ciba
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Pharm aceutical in  1956, when i t  was thought th a t  i t  may he e f f e c t iv e

a g a in s t in f lu e n z a . However, Ciba dropped th e  drug when i t  appeared

to  have no e f f e c ts  on an im als. In  1958, G ruenthal Pharm aceutical

m arketed thalidom ide under th e  commercial name of Contergan a f t e r

i t  was dem onstrated to  he an e f fe c t iv e  s leep  inducer in  man w ithout

any apparen t s ig n s  o f to x ic i ty  even a t  h igh  doses. As T aussig

( 1962) r e l a t e s :

[Thalidomide^ had a  prompt a c tio n , gave a  n a tu ra l  deep 
s lee p  and had no hangover. I t  appeared innocent and 
s a fe .  Man could n o t commit su ic id e  w ith  i t .  [^Thalido­
mide] became West Germany's most popular s lee p in g  t a b le t  
and was w idely used in  h o s p ita ls  and in  m ental i n s t i ­
tu t io n s .  I t  was used fo r  g rip p e , n e u ra lg ia , asthma and 
as  a  cough m edicine. I t  was a ls o  found u se fu l a s  an 
an tiem e tic  in  pregnancy. The drug was m anufactured "by 
th e  ton" and so ld  w ithout p re s c r ip t io n , (p . 1109)

T aussig  ( 1962) re p o rte d  th a t  in  1959, In  bo th  Germany and G reat 

B r i ta in ,  th e re  were suddenly more rep o rted  cases o f a  r a re  con­

g e n i ta l  limb m alform ation c a lle d  phocomelia than  had been rep o rted  

in  th e  whole 10 year p e rio d  from 19U9 to  1959* The incidence of 

phocomelia and o th e r  co n g en ita l limb and in te rn a l  d iso rd e rs  in ­

creased  su ccess iv e ly  in  th e  years i 960 and 1961. On November 15, 

1961, Dr. W. Lenz warned G ruenthal Pharm aceutical th a t  thalidom ide 

(Contergan) was probably  resp o n sib le  f o r  th e  re c e n t In c rease  in  

in fa n t  limb m alform ations and co n g en ita l d iso rd e rs  seen in  European 

h o s p ita ls  and p e d ia tr ic  c l in ic s  s in ce  1959* According to  T aussig  

( 1966) ,  on November 26, 1961, G ruenthal Pharm aceutical withdrew 

thalidom ide from th e  German market and a  few days l a t e r ,  D i s t i l l e r s ,
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th e  B r i t i s h  pharm aceutical company resp o n sib le  fo r  producing

thalidom ide in  G reat B r i ta in ,  a ls o  withdrew th e  drug from fu r th e r

p ro d u c tio n . As Lenz (1966) r e la te s :

In  th e  wake of {thalidom ide1 sj trium ph, thousands of 
d esp a ired  and mourning p a re n ts  were l e f t  w ith  th e i r  
dead o r c r ip p le d  c h ild re n . The Incidence of c e r ta in  
ty p es  o f m alform ations o f th e  lim bs and e a rs  follow ed 
th e  s a le s  f ig u re s  o f th e  drug by a  d is tan ce  o f about 
th re e  q u a r te rs  o f a  y e a r , a s  i s  expected on b io lo g ic a l 
grounds. The hypo thesis  o f a  cau sa tiv e  ro le  o f t h a l i ­
domide has proved i t s  p re d ic tiv e  value when, by th e  end 
o f  Ju ly , 1962, th e  wave of m alform ations ab ru p tly  de­
c lin e d  a l l  over th e  F ed era l Republic o f Germany and 
some what l a t e r  in  those  co u n tr ie s  which reac ted  le s s  
prom ptly to  th e  warning, (p . 102) I t  i s  d i f f i c u l t  
to  express any d e f in i te  opinion about the  t o t a l  number 
o f thalidom ide v ic tim s . I  th in k  i t  i s  u n lik e ly  th a t  
le s s  than  6,000  o r  more than  8,000  c h ild re n  have been 
a f fe c te d , (p . 103)

There a re  numerous s c ie n t i f i c  and m edical jo u rn a l a r t i c l e s  and 

l e t t e r s  re p o rtin g  on th e  v ario u s  types o f co n g en ita l m alform ations 

a s so c ia te d  w ith  th e  m o th er's  in tak e  o f thalidom ide during  th e  f i r s t  

t r im e s te r  o f h e r  pregnancy. S ev era l o f  th e se  a r t i c l e s  (McBride,

1961; Lenz, 1962; P l ie s s ,  1962; T aussig , 1962; Lenz, 1966; S m ith e lls , 

1973) d esc rib e  c le a r ly  th e  types o f co n g en ita l limb and organ mal­

form ations induced by tha lidom ide , a t t e s t in g  to  th e  te ra to g e n ic  

p o te n t ia l  o f thalidom ide in  humans.

In  re sea rch in g  th e  te ra to g e n ic  e f f e c ts  o f  thalidom ide on 

la b o ra to ry  anim als (Somers, 1962; Spencer, 1962; Giroud, Tuchmann- 

D u p lessis , & M erc ie r-P aro t, 1962) ,  pregnant r a b b i ts  were o ra l ly  

adm in istered  thalidom ide du ring  e a r ly  p erio d s  o f t h e i r  pregnancies 

which corresponded to  th e  c r i t i c a l  p e rio d  fo r  thalidom ide in tak e
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in  human pregnancy. The thalidom ide t r e a te d  r a b b its  showed in ­

creased  numbers o f re so rp tio n  s i t e ,  and t h e i r  o ffsp rin g  contained 

in c reased  numbers o f s t i l lb o r n s  and young w ith  numerous limb and 

s k e le ta l  d e fo rm itie s . In creased  numbers o f f e t a l  re so rp tio n s , 

s t i l lb o r n s  and o ffsp r in g  w ith  limb and s k e le ta l  m alform ations were

a lso  found in  th e  l i t t e r s  o f pregnant mice th a t  had been adm inls-
{

te re d  thalidom ide during  e a r ly  p erio d s  o f t h e i r  pregnancies (Giroud 

e t  a l . ,  1962; D iPaolo, Gotzek & P lckren , 1964). Hamilton and 

Posw illo  ( 1972) adm in istered  thalidom ide to  pregnant marmosets and 

found th a t  th e  embryos and fe tu se s  obtained  a f t e r  hysterotom y o f 

th e  p regnan t marmosets, rev ea led  many limb and s k e le ta l  d e fo rm itie s . 

Delahunt and Lassen (1964) t r e a te d  pregnant monkeys w ith  thalidom ide 

and found th a t  th e  fe tu se s  o f two o f th e  fo u r t r e a te d  monkeys, showed 

m alform ations th a t  "were anatom ically  id e n t ic a l  to  the  d e fo rm itie s  

rep o rted  in  c h ild re n  whose mothers had taken  thalidom ide during  

pregnancy" (p . 1305) • The e f f e c ts  o f thalidom ide on th e  o ffsp rin g  

o f r a t s  th a t  were t r e a te d  w ith  th e  drug during  t h e i r  e a r ly  p reg­

nancy, (Bignami, Bovet, B ovet-N itte  & R o sn a ti, 1962; P lie s s ,  1962; 

Giroud e t  a l . ,  1962) were n o t as  severe as  those  e f fe c ts  found in  

thalidom ide t r e a te d  mice and r a b b i ts .  Though th e  drug d id  in crease  

th e  number o f f e t a l  re so rp tio n s  in  th e  t r e a te d  pregnant r a t s ,  th e re  

were only  a  few m alform ations found in  th e  l i t t e r s  o f o ffsp rin g . 

Bignami e t  a l .  ( 1962) rep o rted  f in d in g  two pups in  th e  l i t t e r s  o f 

t r e a te d  r a t s  th a t  showed a  r e a r  limb and t a i l  m alform ation. However,
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P lie s s  ( 1962) and G iroud, e t  a l . ,  ( 1962) rep o rted  f in d in g  no gross 

m alform ations in  th e  o f fsp r in g  of th e  thalidom ide t re a te d  r a t s .

The r e s u l t s  o f th e  r a t  experim ents make c le a r  th a t  s e v e ra l spec ies  

should he te s te d  when sc reen in g  a  drug fo r  te ra to g e n ic  e f f e c t s .

In  re fe ren ce  to  th e  mutagenic e f f e c ts  o f thalidom ide, P f e if f e r  

and Kosenow ( 1962) re p o rte d  th a t  a f t e r  looking  a t  t i s s u e s  o f 114- 

in fa n ts  who were a f f l i c t e d  w ith  phocomelia as  a  r e s u l t  o f t h e i r  

m others' in tak e s  o f th a lid o m id e , no chromosome ab n o rm alities  were 

d iscovered  in  th e  t i s s u e s  o f th e se  in f a n ts .  Hughes, D elhanty, 

Chltham, P la y fa ir  and Hopper ( 1962) rep o rted  f in d in g  no chromosomal 

a b e rra tio n s  in  prim ary t i s s u e  c u ltu re s  o f sk in , lung , kidney and 

te s te s  made from th e  ab o rted  fo e tu ses  o f m others who had taken  

thalidom ide du ring  th e  c r i t i c a l  p e rio d  o f t h e i r  pregnancy. Luers 

( 1962) found no evidence of m utagenesis in  th e  spermatazoa o r 

e a r l i e r  germ c e l l s  o f  d ro so p h ila  th a t  had been fed  a  thalidom ide 

so lu tio n . Roux, Em erit and T a ille m ite  (1971) rep o rted  f in d in g  

in c reased  numbers o f chrom atid and chromosome breaks and chrom atid 

exchanges in  human blood c u ltu re s  t r e a te d  w ith  tha lidom ide . Roux 

e t  a l . ,  ( 1971) a ls o  re p o rted  f in d in g  an in c reased  number o f chrom atid 

gaps and b reaks in  t i s s u e s  o f r a b b i t  embryos whose m others had been 

t r e a te d  w ith  tha lidom ide .

The p re se n t experim ent i s  concerned w ith  th e  e f fe c tiv e n e s s  

o f tha lidom ide , a t  v a rio u s  dosages, to  induce h is to p a th o lo g ic a l 

changes in  t e s t e s  an d /o r epididym ides o f male CF-1 m ice. The
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r e s u l t s  o f t h i s  experim ent w i l l  p rov ide fu r th e r  in fo rm ation  about 

th e  to x ic i ty  and te ra to g e n ic  c a p a b i l i t ie s  o f th e  drug.

Experiment 226-5E, 226-5F, 226-5G: P resn iso lone

The sy n th e tic  g lu co co rtic o id  p redn iso lone  ( 1-dehydro hydro­

co rtiso n e )  , l ik e  i t s  n a tu ra l  analogue c o r t is o n e , i s  th e ra p e u tic a l ly  

adm in istered  fo r  i t s  a n tiln f la m a to ry  e f f e c t s .  One n eg a tiv e  e f f e c t  

of p red n iso lo n e , l ik e  c o r tiso n e , i s  t h a t  p redn iso lone has been 

shown to  have te ra to g e n ic  p o te n t ia l  in  s e v e ra l sp ec ies  o f an im als. 

Pinsky and DiGeorge ( 1965) in je c te d  p regnant A /jax  mice w ith  1 mg 

o f p redniso lone p e r day on days 11, 12, 13, and lU o f t h e i r  p reg­

n an c ie s . Of th e  v ia b le  embryos, 77$ showed a  c l e f t  p a la te .  When 

predn iso lone was ap p lied  o c u la r ly  to  mice (B a lla rd , Heamey & Smith, 

1971) th e re  was an in c reased  incidence o f c l e f t  p a la te  in  th e  embryos 

o f th e  t r e a te d  female m ice. O htori (1971) re p o rte d  an increased  

incidence o f f e t a l  re so rp tio n s  and in c reased  incidence of c l e f t  

p a la te  occu rrin g  in  th e  embryos o f  mice t r e a te d  w ith  p red n iso lo n e . 

Walker ( 1967) rep o rted  th a t  p redn iso lone induced c l e f t  p a la te  in  th e  

embryos o f pregnant r a b b i ts .  The incidence o f c l e f t  p a la te  in creased  

w ith  th e  dosage of p redniso lone adm in iste red  to  th e  pregnant r a b b i ts ,  

u n t i l  th e re  was complete l i t t e r  re so rp tio n  a t  8 .0  mg of predniso lone 

p e r  day. Shah and K i l i s to f f  (1976) re p o rte d  in c reased  f e t a l  r e ­

so rp tio n s  and an in c reased  incidence o f c l e f t  p a la te  in  th e  embryos 

o f Syrian  ham sters as th e  adm in istered  dosage o f p redn iso lone was 

In creased . When predn iso lone a c e ta te  was adm in istered  to  pregnant
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r a t s  (K a lte r , 1962) none o f th e  o ffsp r in g  showed c l e f t  p a la te s  

although th e  o ffsp rin g  d id  show a  p ro tru d in g  tongue, a  sh o rt upper 

Jaw and high-domed head. Walker (1971) a ls o  re p o rte d  th a t  pred­

n iso lone was no t e f fe c t iv e  in  inducing  c l e f t  p a la te  in  r a t  embryos 

although  an Increased  incidence o f arched  p a la te  was found in  the 

embryos. D ostal and J e lin k  (1971) proposed th a t  p redn iso lone was 

in e f fe c t iv e  in  inducing a  c l e f t  p a la te  in  r a t s  because o f a  p la c e n ta l  

b a r r ie r  e f f e c t .  When p redn iso lone was in je c te d  d i r e c t ly  in to  th e  

am niotic f lu id ,  kk^ o f  th e  r a t  embryos showed a  p a r t i a l  o r  complete 

c l e f t  p a la te .  Blackburn, K aplin and McKay ( 1965) rep o rted  th a t  

5 mg o f p redniso lone ad m in istered  to  p regnant r a t s  on a  d a l ly  b a s is ,  

re s u l te d  in  an in creased  number o f re so rp tta i s i t e s  and dead fe tu s e s .  

The mean p la ce n ta  w eights o f th e  t r e a te d  anim als were s ig n i f ic a n t ly  

le s s  than  th e  c o n tro l anim als and severe  m orphological changes 

occurred in  th e  p lacen ta s  o f th e  t r e a te d  r a t s .  The m orphological 

changes th a t  occurred "undoubtedly a l t e r  p la c e n ta l  fu n c tio n  

sev ere ly  and a re  r e f le c te d  by a  s ig n i f ic a n t  in c re a se  in  i n t r a ­

u te r in e  f e t a l  death" (Blackburn e t  a l . ,  p . 2k6) .

P rednisolone has a ls o  been shown to  have n eg a tiv e  e f f e c ts  on 

th e  rep ro d u ctiv e  c a p a c it ie s  .of humans. W arrel and T aylor ( 1968) 

rep o rted  th a t  in  th e  cases o f 30 women re c e iv in g  2 .5  to  30.0  mg o f 

predniso lone d a i ly  during  t h e i r  p reg n an c ies , th e re  were e ig h t 

r e s u l t in g  s t i l l  b i r th s  and nine o th e r  fe tu se s  which were a t  " r is k  

du ring  pregnancy or p a r tu r i t io n "  (p . 117)• The cause o f r i s k  to
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th e  fe tu se s  appeared to  he f a i lu r e  o f p la c e n ta l  fu n c tio n . W arrel 

and T aylor ( 1968) suggested th a t  s im ila r  f in d in g s  in  r a t s  (B lack­

burn e t  a l . ,  1965) support t h e i r  hypo thesis  o f f a i lu r e  o f p la c e n ta l  

fu n c tio n . M aneini, L o v ie ri, M uller, Andrada, and S aracen i ( 1966) 

rep o rted  th a t  p redniso lone had n eg a tiv e  e f f e c ts  upon sperm atogenesis 

in  men. A fte r  t r e a t in g  fo u r normal males w ith  30 mg of p redniso lone 

fo r  30 consecutive days, t i s s u e  b io p s ie s  o f th e  t e s t e s  showed an 

a r r e s t  o f  sperm atogenesis predom inantly  a t  th e  sperm atid  s ta g e .

The b io p s ie s  a lso  shoved a  sloughing o f th e  germ inal c e l l s  in to  

th e  lumens o f th e  sem iniferous tu b u le s . No eq u iv a len t e f f e c ts  were 

found in  th e  males g iven 10 mg o f p redn iso lone d a i ly  fo r  th e  same 

30 day p e r io d .

The p re se n t th re e  experim ents a re  concerned w ith  th e  e f f e c t iv e ­

ness o f p red n iso lo n e , a t  v a rio u s  dosages and s a c r i f ic e  p e r io d s , 

to  induce h is to p a th o lo g ic a l changes in  th e  t e s t e s  an d /o r ep id idy ­

mides o f male CF-1 m ice. H is to p a th o lo g ica l changes in  th e  t e s te s  

and epididym ides o f p redn iso lone  t r e a te d  mice w i l l  p rov ide in fo r ­

mation about th e  to x ic i ty  o f  the  drug as  w e ll as  a  p o s s ib le  t e r a to ­

genic p o te n t ia l  in  th e  sperm atazoa o f th e  t r e a te d  an im als.

Experiment 226-5H: Streptom ycin S u lfa te

In  1 9 ^ ,  Schaatz, Bugle and Waksman d iscu ssed  a  new a n t ib io t ic  

by th e  name o f strep tom ycin . S treptom ycin proved to  be e f fe c t iv e  

a g a in s t Mycobacterium tu b e rc u lo s is ,  however v e s t ib u la r  d is tu rb an ces  

and hearing  lo ss  was no ted  in  some o f th e  human p a t ie n ts  who were 

adm in istered  th e  a n t ib io t i c .  These same n eg a tiv e  e f f e c ts  were a lso
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found In  some la b o ra to ry  anim als th a t  were adm in istered  s tr e p to ­

mycin. M o lito r, G raess le , Kuna, M ushett,and S ilb e r  (19^6) rep o rted  

on th e  a b i l i t y  o f  streptom ycin to  idduce v e s t ib u la r  d is tu rb an ce  an d /o r 

h earin g  lo s s  in  d i f f e r e n t  sp ec ies  o f la b o ra to ry  an im als. S treptom ycin 

was adm in istered  to m ice, r a t s ,  guinea p ig s , monkeys, and dogs a t  

v a rio u s  dosages. Only th e  dogs dem onstrated v e s t ib u la r  dy sfu n c tio n  

and a u d ito ry  problem s. Hawkins ( I 9U7 ) adm in istered  la rg e  doses o f 

strep tom ycin  s u lf a te  o r  streptom ycin hydrochloride to  12 r a b b i ts  

and 2 c a ts .  Both o f th e  c a ts  and s ix  o f th e  r a b b its  shoved a  lo s s  

o f p o s tro ta to ry  nystagmus as w ell as d is tu rb an ces  o f p o s tu re  and 

g a i t .  The c a ts  a lso  showed a  severe lo s s  o f  h ea rin g . Stevenson, 

Alvord and C o rre ll  (19^7) rep o rted  th a t  p o s t mortem exam ination o f 

th re e  dogs th a t  had rece iv ed  la rg e  doses o f strep tom ycin , rev ea led  

le s io n s  in  th e  v e n tra l  co ch lear n u c le i o f th e  e ig h th  c r a n ia l  nerve 

which would account fo r  h earin g  lo s s  induced by th e  a n t i b i o t i c . 

Ig a ra sh l (1973) adm in istered  50 mg o f strep tom ycin  s u l f a te ,  d a i ly ,  

to  s q u ir r e l  monkeys u n t i l  th e  monkeys dem onstrated a  v e s t ib u la r  

dysfu n c tio n  a s  determ ined by body eq u ilib riu m  t e s t s .  The monkeys 

were s a c r i f ic e d  and examined fo r  p a th o lo g ica l changes s ix  months 

a f t e r  th e  onset o f  v e s t ib u la r  dysfu n c tio n . P ost mortem su rgery  

rev ea led  th a t  th e  streptom ycin s u lf a te  had caused in ju ry  to  type 

I  h a i r  c e l l s  o f th e  am pullar c r i s ta e  o f th e  v e s t ib u la r  ap para tus 

as  w e ll a s  causing  in ju ry  to  th e  h a i r  c e l l s  o f th e  s p i r a l  organ 

in  th e  coch lea . Stevenson e t  a l .  ( 19U7 ) re p o rte d  th a t  p o s t mortem
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exam ination o f  human p a t ie n ts  who had become p a r t i a l l y  o r t o t a l l y  

d ea f w hile re ce iv in g  la rg e  doses o f streptom ycin fo r  th e rap y , r e ­

v ealed  le s io n s  in  th e  v e n tra l  coch lear n u c le i o f  th e  e ig h th  c ra n ia l  

nerve in  each of the  f iv e  c a se s . The au thors  concluded th a t  th e se  

p a th o lo g ic a l changes could co n trib u te  to  th e  deafness caused by th e  

strep tom ycin . Fowler and Seligman (19^7) rep o rted  on 8 l  p a t ie n ts  

who had rece iv ed  streptom ycin th erap y . Of th e  8 l  p a t ie n ts  examined 

a f t e r  th e  streptom ycin  th erap y , 53 p a t ie n ts  had audiograms which 

showed a  h igh  tone lo s s .  Three o f th e  8 l  p a t ie n ts  dem onstrated a 

v e s t ib u la r  d is tu rb an ce  during  o r sh o r tly  a f t e r  th e  strep tom ycin  

th e rap y . N orthington (1950) rep o rted  on 56 p a t ie n ts  who experienced  

v e s tib u la r  d is tu rb an ces  as a  r e s u l t  o f streptom ycin th erap y .

Woltz and Wiley (19^5) rep o rted  th a t  strep tom ycin , ad m in istered  

to  women n ear th e  term  o f t h e i r  p regnancies, would pass  through th e  

p la c e n ta  and could be found in  the  am niotic f lu id  and in  th e  u m b ilica l 

cord blood 19 m inutes a f t e r  th e  mothers had rece iv ed  th e  in travenous 

in je c t io n  o f th e  strep tom ycin . Due to  th e  e f f e c ts  o f strep tom ycin  

in  causing h earin g  lo ss  and v e s tib u la r  d is tu rb an ces  in  a d u lt  p a t ie n ts  

and a ls o  to  th e  f a c t  th a t  streptom ycin was shown to  c ro ss  th e  p lacen ta  

from th e  mother to  th e  f e tu s ,  i t  was feared  th a t  strep tom ycin  admin­

i s te r e d  to  pregnant women fo r  tu b e rc u lo s is  could r e s u l t  in  v e s t ib u la r  

o r  h earin g  damage to  th e  in fa n t .  Watson and Stow ( 19U8 ) rep o rted  

f in d in g  no h earin g  o r v e s tib u la r  problems in  th e  in fa n ts  bora to  two 

m others who had rece iv ed  2 grams of streptom ycin p e r  day du rin g  t h e i r
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second t r im e s te r  o f pregnancy. The two pregnant women-had remained 

on th e  streptom ycin th erap y  fo r  90 and 95 days re sp e c tiv e ly . Robinson 

and Combdon (196*0 reviewed a  number o f re p o r ts  th a t  ch ild re n  may 

have su ffe re d  a  hearing  lo s s  as  a  r e s u l t  o f th e  mother being  p u t on 

strep tom ycin  therapy  d u ring  pregnancy. The au tho rs  b e liev ed  th a t  

s u f f ic ie n t  evidence e x is te d  to  in d ic a te  th a t  hearing  lo s s  in  some 

c h ild re n  was due to  f e t a l  co n tac t w ith  streptom ycin th a t  had crossed  

th e  p lac en ta  from th e  m oth er's  c i r c u la t io n .  However, i t  was ev id en t 

from th e  re p o r ts  th a t  n o t a l l  fe tu se s  exposed to  streptom ycin were 

b o m  w ith  a  h earin g  lo s s  n o r d id  th ey  develop a  h earin g  lo s s  l a t e r .  

Conway and B ir t  (19^5) rep o rted  on 17 c h ild re n , aged 6-13 y e a rs , 

whose mothers were p u t on streptom ycin during  pregnancy fo r  t r e a t ­

ment o f tu b e rc u lo s is .  E igh t o f th e  17 c h ild re n  were found to  have 

minor ab n o rm alities  o f th e  e ig h th  c ra n ia l  nerve . Of th e  e ig h t 

a f fe c te d  c h ild re n , c a lo r ic  t e s t s  were abnormal in  s ix  ch ild re n  and 

audiograms were abnormal in  fo u r, a lthough  complete deafness was 

n o t found in  any of th e  e ig h t ch ild re n  in  th e  range o f th e  speech 

fre q u e n c ie s .

Savkovic, Fecevski and D je lin eo  (1975) t r e a te d  male mice w ith  

s treptom ycin  and then  mated th e  t r e a te d  males w ith  u n tre a ted  fem ales. 

Twelve weeks a f t e r  b i r t h ,  th e  o ffsp rin g  from th e  m atings were examined 

c y to lo g ic a lly  f o r  chromosome a b e r ra tio n s . The au th o rs  concluded th a t  

th e re  "was no mutagenic e f f e c t  in  th e  anim als t r e a te d  w ith  s tr e p to ­

mycin" ( p . 206) .
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The p re se n t experim ent i s  concerned w ith  th e  e ffe c tiv e n e ss  o f 

strep tom ycin  s u l f a te ,  a t  v ario u s  dosages, to  induce h is to p a th o lo g ic a l 

changes in  th e  t e s t e s  an d /o r epididym ides o f male CF-1 m ice. The 

r e s u l t s  o f t h i s  experim ent w i l l  p rovide fu r th e r  inform ation  about 

th e  to x ic i ty  and te ra to g e n ic  c a p a b i l i t ie s  o f th e  a n t ib io t ic .  

Experiment 226-5L, 226-5K: Mitomycin-C

Mitomycin-C i s  an a n t ib io t ic  th a t  has been found to  be an 

e f f e c t iv e  an ti-tu m o r agen t in  th e  trea tm en t o f c e r ta in  cancers. 

Mitomycin-C in h ib i t s  DNA sy n th e s is  by producing cross  l in k s  between 

th e  complementary s tra n d s  o f th e  DNA double h e l ix .  A pparently th e  

mitomycin-C c ro ss  l in k s  p reven t se p a ra tio n  o f th e  complementary 

s tra n d s  du rin g  m ito s is  and c e l l  dea th  r e s u l t s .  I t  i s  t h i s  c ross  

lin k in g  p ro p e rty  and i t s  c e l l  l e th a l  e f f e c t  th a t  makes mitomycin-C 

an e f f e c t iv e  agen t a g a in s t ra p id ly  d iv id in g  tumors (V ig, 1977).

Mitomycin-C was re p o rte d  to  in h ib i t  m ito sis  and cause breaks 

and exchanges in  th e  chromosomes o f c u ltu re d  human leukocytes (Cohen 

& Shaw, 1964; Nowell, 1964). Mitomycin-C has a lso  been shown to  in ­

duce chrom atid exchange in  th e  sperm atogonia o f mice (A dler, 1973) 

and chrom atid breaks and fragm ents in  th e  prim ary sperm atocytes of 

m ice. Chromosome a b e rra tio n s  have been induced in  monkeys as  a  

r e s u l t  o f a  s in g le  in je c t io n  o f 1 mg/kg dose of mitomycin-C (F ic so r , 

M ailing , Michelmann, Feldman, 8s F ry , 1979)* A llen  and L a tt  (1976) 

r e p o r te d 'th a t  a  s in g le  5*0 mg/kg dose o f mitomycin-C in creased  th e  

frequency o f s i s t e r  chrom atid exchanges in  mouse sperm atogonia to
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four times that of the controls. Perry and Evans (1975) reported 
that mitomycin-C induced the frequency of sister chromatid exchanges 
in cultured Chinese hamster fibroblasts. Seino et al (1978) re­
ported that mitomycin-C gave a positive mutation test using Salmonella 
typhimurium. Hitotsumachi, & Kikuchi (1976) reported the induction 
of dominant lethals in mice by mating mitomycin-C treated male mice, 
seven weeks after treatment, with virgin female mice. Ehling (1970) 

reported mitomycin-C induced dominant lethal mutations in early 
spermatids and spermatocytes of mice. Wyrobek and Bruce (1975) 

reported the induction of abnormal sperm morphology in mice treated 
with mitomycin-C and Picsor and Ginsberg (1979) reported that mito- 
mycin-C caused reduced motility of the spermatazoa from the treated 
animals.

Kratochvilova (1973) reported that male mice injected with a 
3*5 mg/kg dose of mitomycin-C had decreased fertilizing ability 
from day 21 to day k2 post injection, followed by 9 days of complete 
sterility before the fertilizing ability of the treated mice started 
to increase. Leonard and Gilliavod treated male mice with a single 
injection of 5 mg/kg of mitomycin-C noted a significant decrease in 
testes weight in the animals sacrificed at 50 days post injection. 
Histological examination of the testes of the treated mice showed 
a correlation between loss of germ cells and decreased testes weights. 
Leonard and Gilliavod (1973) postulated that the mitomycin-C killed 
most of the spermatogonial cells in the treated mouse testes and 
that spermatazoa, spermatids, and spermatocytes "disappear

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



20

p ro g re s s iv e ly  from th e  t e s t e s  "because o f th e  f a i lu r e  o f replacem ent 

hy th e  sperm atogonia” ( p .223) .

The p re se n t experim ents i s  concerned w ith  th e  p o te n t ia l  o f 

mitomycin-C a t  se le c te d  doses and p o s t in je c t io n  in te r v a ls ,  to  

induce h is to p a th o lo g ic a l changes in  th e  t e s t e s  and epididym ides o f 

t r e a te d  CF-1 m ice. The h is to p a th o lo g ic a l  r e s u l t s  w i l l  provide 

f u r th e r  in form ation  about th e  to x ic i ty  and te ra to g e n ic  p o te n t ia l  o f 

mitomycin-C.

Experiment 226-8A; Adriamycin

Adriamycin i s  an am inoglycosidic a n t ib io t ic  is o la te d  from 

Streptom yces p eu ce tiu s  v a r . c e s iu s  and chem ically  c l a s s i f ie d  as 

an a n th ra c y c lin e . Adriamycin has been shown to  be an e f fe c t iv e  

agen t in  cancer chemotherapy a g a in s t se v e ra l d i f f e r e n t  types o f 

s o lid  tumors (VanDyk, VanDermerwe, Falkson, & F alkson, 1976). 

A pparently  th e  adriam ycin m olecules e x e r t t h e i r  an ti-tu m o r e f f e c ts  

by in te r c a la t in g  between two complementary s tra n d s  o f deoxyribo­

n u c le ic  a c id  (DNA) m olecules. The in te r c a la t io n  o f th e  adriam ycin 

m olecule between the  DNA s tra n d s  causes d i s to r t io n  and u n co ilin g  

o f th e  double h e lix  DNA m olecule r e s u l t in g  in  th e  in h ib i t io n  o f 

n u c le ic  a c id  sy n th es is  by in te r f e r in g  w ith  th e  tem plate  DNA 

fu n c tio n  (V ig, 1977)*

S ian anim al study , Schwartz and Grindey (1973) re p o rte d  th a t  

adriam ycin in c reased  th e  average su rv iv a l tim es o f DBA/2 mice th a t  

had been in o cu la ted  w ith  murine leukem ia (p. 288). Barranco and Novak 

( 197M rep o rted  th a t  adriam ycin was e f fe c t iv e  in  in c re a s in g  th e
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frequency o f c e l l  death  o f c u lte re d  Chinese ham ster ovary c e l l s  

th a t  were in  a  p la te a u  phase p e r io d . Barranco and Novak (197*0 

p o s tu la te d  th a t  s ince  p la te a u  c e l l s  in  a  tumor a re  g en e ra lly  no t 

k i l l e d  by a n tic a n c e r  d rugs, th e se  c e l l s  a re  p robably  resp o n sib le  

fo r  regrow th o f th e  tum or, and th e re fo re ,  t h e i r  experim ental d a ta  

suggested th a t  adriam ycin "may be an e f f e c t iv e  agent fo r  use on 

slow ly growing s o lid  tumors which co n ta in  la rg e  f ra c t io n s  o f non­

d iv id in g  c e l ls "  (p . l 6l 6 ) .  Marks and V e n d itti  (1976) rep o rted  

th a t  th e  e ffe c tiv e n e ss  o f  adriam ycin in  in h ib i t in g  th e  p rog ress  

o f L1210 lymphoid leukemia in  DBA/2 mice was s ig n if ic a n t ly  in ­

creased  when adriam ycin was in je c te d  in to  th e  mice in  com bination 

w ith  au toclaved  h e rrin g  sperm DNA.

It is now recognized that many antitumor agents while effectively 
causing remission of tumors, are themselves carcinogenic causing 
malignant tummors in laboratory animals (Weisburger, Griswold,
P re je an , Casey, Wood', & W eisburger, 1975) • M arquardt, P h ilip s  

and S ternberg  (1976) rep o rted  th a t  adriam ycin was e f fe c t iv e  in  

inducing mammary tumors in  fem ale r a t s  a s  th e  r e s u l t  o f a  s in g le  

5 mg/kg dose o f th e  d rug . M arquardt e t  a l .  (1976) a ls o  rep o rted  

th a t  adriam ycin was a b le  to  cause m alignant tran sfo rm atio n  o f 

c u ltu re d  mouse f ib ro b la s ts  as  w e ll as  inducing  g e n e tic  m utations 

in  Chinese ham ster c e l l s .  P r ic e , Suk and Skeen (1975) rep o rted  

th a t  adriam ycin had transfo rm ing  p o te n t ia l  in  c u ltu re d  r a t  embryo 

c e l l s .

There a re  numerous s c ie n t i f i c  a r t i c l e s  a v a ila b le  th a t  a t t e s t
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to  th e  genotoxic e f f e c ts  o f adriam ycin on th e  chromosomes o f t r e a te d  

c e l l s  (V ig. 1977)• Hsu, Pathak, and Kusyk (1975) rep o rted  f in d in g  

chrom atid and chromosome le s io n s  in  c u ltu re d  mouse c e l l  l in e s  a f t e r  

in tro d u c in g  adriam ycin in to  th e  medium. P erry  and Evans (1975) 

rep o rted  f in d in g  an in c reased  frequency o f chromosome and chrom atid 

a b e rra tio n s  and s i s t e r  chrom atid exchanges (SCE) in  c u ltu re d  

Chinese ham ster ovary c e l l s  a f t e r  th e  c e l l s  were exposed to  adriam ycin. 

Nevstad (1958) rep o rted  f in d in g  an in c reased  frequency o f SCE in  

c u lte re d  human lymphocytes as  w e ll as  in c reased  chromosomal ab e r­

r a t io n s  as a  r e s u l t  o f in tro d u c in g  adriam ycin in to  th e  c u ltu re  medium. 

The mutagenic assays u sing  Salm onella typhimurium (S elno , Nagao,

Yahagi, H oski, Kawachl, & Sugimura, 1978).

Lu and M eis trich  (1979) rep o rted  th a t  a  s in g le  in je c t io n  of 

adriam ycin was e f fe c t iv e  in  k i l l i n g  th e  stem and d i f f e r e n t ia te d  

sperm atogonia in  mice th a t  were adm in istered  th e  d rug . Au and Hsu 

( 1980) rep o rted  th a t  a  s in g le  in je c t io n  o f adriam ycin a t  doses o f 

3 o r 12 mg/kg caused c e l l  dea th  o f th e  sperm atagonial c e l l s  in  

mouse t e s t e s  and even tu a l s t e r i l i t y  o f  th e  sem in iferous tu b u le s . 

H is to lo g ic a l exam ination o f th e  t e s t e s  o f th e  mice t r e a te d  w ith  

th e  12 mg/kg dose, showed s t e r i l i t y  o f th e  sem iniferous tu b u les  

even as  l a t e  as 120 days p o s t in je c t io n .  However, th e  t e s te s  o f 

th e  mice t r e a te d  w ith  3 mg/kg o f adriam ycin , showed a  slow r e ­

covery o f th e  germ inal ep ithelium , between 30 and 70 days a f t e r  

th e  s in g le  in je c t io n  o f th e  d rug . The slow recovery  of th e  germ inal 

ep ith e liu m  in d ic a te s  th a t  although  a  la rg e  number o f sperm atogonial
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c e l l s  were k i l l e d  by th e  3 mg/kg dose o f adriam ycin, enough 

surv ived  to  repopu la te  th e  sem iniferous tu b u le s  w ith  germ c e l l  

ty p e s . T e s tic u la r  degenera tion  was a lso  rep o rted  in  dogs and 

rhesus monkeys a f t e r  trea tm en t w ith  adriam ycin (G ra lla , Fleischm an 

L u th ra , & S tad n ick i, 1979)-

Adriamycin was re p o rte d  to  be te ra to g e n ic  in  r a t s  b u t no t 

in  r a b b its  (Thompson, M olello , S treb in g , & Dyke, 1978). Necropsy 

of pregnant r a t s  th a t  had been t r e a te d  w ith  adriam ycin e a r ly  in  

t h e i r  pregnancy, rev ea led  fe tu se s  w ith  esophageal and in t e s t i n a l  

a t r e s e a ,  v ario u s  ca rd iac  anom alies, tracheo-esophageal f i s t u l a  and 

hyprp p lasic  o f th e  u r in a ry  b lad d e r.

The h is to p a th o lo g ic a l r e s u l t s  o f th e  p re sen t experim ent w i l l  

p rov ide f u r th e r  in form ation  about th e  to x ic i ty  and te ra to g e n ic  cap 

a b i l i t i e s  o f  th e  a n t ib io t ic .
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MATERIAIS AND METHODS

The anim als used in  th e  p re sen t p ro je c t  were CP-1 male mice 

su p p lied  by th e  Upjohn Company. A ll o f th e  anim als were housed in  

p l a s t i c  cages w ith  a  commercial bedding of wood shavings. Water 

and P urina Mouse Chow were supp lied  ad lib itu m  to  a l l  an im als. The 

room in  which th e  anim als were housed was kept a t  a  th e rm o s ta tic a lly  

c o n tro lle d  tem perature o f seventy-two degrees F ahrenheit and l ig h t  

p e r io d ic i ty  was automated a t  twelve hours o f l i g h t  follow ed by 

tw elve hours o f  darkness.

Animal Dosing and S a c r if ic e

In  th e  various phases o f th e  p re se n t p ro je c t ,  th e  drugs were 

adm in istered  to  th e  anim als on an acu te  o r sub-acute  dosing  schedu le . 

The anim als on th e  sub-acute  schedule were adm in istered  a  s in g le  

in je c t io n  o f a  drug, once p e r day, fo r  f iv e  consecutive day s . The 

anim als on th e  acu te  schedule were adm in istered  a s in g le  in je c t io n  

of a  d rug , one tim e . Concurrent w ith  th e  dosing schedules o f the  

t r e a te d  an im als, th e  c o n tro l anim als were in je c te d  w ith  v eh ic le  

on ly .

In  re fe ren c e  to  th e  drugs p red n iso lo n e , cyproterone a c e ta te ,  

and streptom ycin  s u l f a te , t h i s  in v e s tig a to r  was p e rso n a lly  respon­

s ib le  fo r  s e le c tin g  th e  d rugs, s e le c tin g  a  s u ita b le  in je c t io n  

v e h ic le , weighing ou t th e  d rugs, mixing th e  drugs in  th e  v e h ic le , 

dosing  th e  anim als by subcutaneous in je c t io n s ,  tak in g  care  o f 

th e  an im als, weighing and record ing  animal body w eigh ts, s a c r i -

2k
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f ic in g  th e  anim als and s u rg ic a l ly  removing th e  t e s te s  and ep id id y ­

m ides. For th e  drugs hydroxyurea, mitomycin-C, adriam ycin and 

polybrom inated b iphenyl (PHB), o th e r  p ro je c t  personnel were r e ­

sp o n sib le  fo r  a l l  o f  th e  aforem entioned r e s p o n s ib i l i t i e s .  This 

in v e s t ig a to r  was a lso  re sp o n sib le  fo r  h is to lo g ic a l ly  p ro cessin g  

a l l  o f  th e  t e s t e s  and epididym ides in  t h i s  p ro je c t  and a sse ss in g  

any drug r e la te d  t e s t i c u l a r  and /o r ep ididym idal h is to p a th o lo g y .

In  th e  fo u r experim ents' u sing  p redniso lone o r strep tom ycin  

s u l f a te ,  th e  anim als th a t  were randomly se le c te d  fo r  th e  e x p e r i­

ments ranged in  age from nine to  tw elve weeks and had body w eights 

rang ing  from 35 to  50 grams. An e f f o r t  was made to  use anim als as  

c lo se  to  th e  same b ir th d a te  as  p o s s ib le . The v a rio u s  dosages used, 

fo r  th e  drugs p redn iso lone and streptom ycin s u lf a te ,  were c a lc u la te d  

so th a t  0 .1  m i l l i l i t e r  o f th e  d ru g -v eh ic le  m ixture was s u f f ic ie n t  

fo r  50 grams o f anim al body w eight. P r io r  to  each in je c t io n ,  th e  

anim als were in d iv id u a lly  weighed on a  t r i p l e  beam balance and 

t h e i r  body w eights were rounded o f f  to  th e  n e a re s t f iv e  grams. By 

u s in g  a  one m i l l i l i t e r  tu b u rc u lin  sy ringe w ith  te n , one-hundreth  

m i l l i l i t e r  g raduations between th e  o n e-ten th  m i l l i l i t e r  g rad u a tio n s , 

i t  was a  simple ta sk  to  c o r re la te  anim al body w eight w ith  th e  co r­

r e c t  volume o f d ru g -v eh ic le  m ix tu re . For example, a 50 gram mouse 

rece iv ed  0.10  m i l l i l i t e r  d ru g -v eh ic le  m ixture; a  U5 gram mouse 

rece iv ed  0 .09  m i l l i l i t e r  d ru g -v eh ic le  m ixture; a  Uo gram mouse 

rece iv ed  0 .08  m i l l i l i t e r  o f d ru g -v eh ic le  m ixture; and a  35 gram
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mouse rece iv ed  0.07  m i l l i l i t e r  o f  d ru g -v eh ic le  m ix ture.

Animals were s a c r i f ic e d  by c e rv ic a l  d is lo c a tio n  w ithout 

a n e s th e tic s  a t  a  predeterm ined d a te  which v a ried  w ith  th e  p a r t i c ­

u la r  experim ent from th re e  to  seven ty  days a f t e r  th e  l a s t  in je c t io n .

Experiment 226-5b: polybrom inated b iphenyl (PBB). The anim als

were d iv ided  in to  fo u r groups o f n ine anim als p e r  group w ith  one 

group se rv in g  as c o n tro l.  Each of th e  th re e  t r e a te d  groups rece ived  

e i th e r  25, 75, o r  150 mg o f PBB p e r kg o f anim al body weight (mg/kg), 

p e r  dosing . The t r e a te d  anim als were adm in istered  a  0 .3  m i l l i l i t e r  

m ixture o f th e  determ ined dosage o f PBB in  com  o i l .  The m ixture 

was in je c te d  down th e  a n im a l's  esophagus using  a  syringe w ith  a 

sm all d iam eter p l a s t i c  tube over th e  t i p  as th e  gavage. A ll anim als 

rece iv ed  one o ra l  in je c t io n  p e r  day fo r  f iv e  consecutive days w ith  

th e  c o n tro l anim als re c e iv in g  0 .3  m i l l i l i t e r  o ra l  in je c tio n s  o f com  

o i l .  Three anim als from each o f th e  fo u r groups were s a c r i f ic e d  a t  

in te rv a ls  o f 7 , 28 , and 70 days fo llow ing  th e  f i f t h  o ra l  dosing .

Experiment 226-5c: hydroxyurea. The anim als were d iv ided  in to  

f iv e  groups o f  fo u r anim als p e r  group w ith  one group serv in g  as  con­

t r o l .  Each o f th e  fo u r t r e a te d  groups rece iv ed  e i th e r  125, 250,

500, o r 1,000 mg/kg o f hydroxyurea p e r  dosing . The t r e a te d  anim als 

were in je c te d  in t r a p e r i to n e a l ly  w ith  a  0 .5  m i l l i l i t e r  m ixture o f 

th e  p re sc r ib e d  dosage o f hydroxyurea in  p h y sio lo g ic  s a lin e  so lu tio n  

whereas th e  c o n tro l anim als rece iv ed  0 .5  m i l l i l i t e r  in t r a p e r i t io n e a l  

in je c t io n s  o f th e  p h y sio lo g ic  s a lin e  s o lu tio n . A ll anim als rece ived
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one injection per day for five consecutive days and were sacrificed 
35 days following the fifth injection.

Experiment 226-5d: thalidomide. The animals were divided into
four groups of four animals per group with one group serving as con­
trol. Each of the three treated groups received either 100, 200, 
or 1+00 mg/kg of thalidomide per dosing. The treated animals were 
injected intraperitoneally with a 0.5 milliliter mixture of the 
prescribed dosage of thalidomide in dimethyl-sulfoxide (DMS0) where­
as the control animals received 0.5 milliliter intraperitoneal in­
jections of DMS0 only. All animals received one injection per day 
for five consecutive days and were sacrificed 35 days following the 
fifth injection.

Experiment 226-5e: prednisolone. The animals were divided
into three groups of three animals per group and a fourth group of 
four animals. Each group of three animals received either 15, 30, 
or 150 mg/kg of prednisolone per dosing. The one group of four 
animals served as control. The treated animals were injected sub- 
cutaneously with a 0.1 milliliter mixture of the prescribed dosage 
of prednisolone in sesame oil whereas the control animals received 
0.1 milliliter subcutaneous injections of sesame oil. The subcu­
taneous injections were alternated between the right and left flanks 
of the animals on the successive days of Injections. All animals 
received one injection per day for five consecutive days and were 
sacrificed thirteen days following the fifth injection.
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Experiment 2 2 6 - pr edni so l one . The anim als were d iv ided  

in to  two groups o f f iv e  anim als p e r group and two groups o f s ix  

animalh p e r  group. The two groups w ith  f iv e  anim als p e r  group r e ­

ceived e i th e r  5 o r 50 mg/kg o f p redn iso lone p e r dosing . One o f 

th e  two groups w ith  s ix  anim als p e r group rece iv ed  100 mg/kg o f 

p redn iso lone p e r  dosing and th e  o th e r s ix  anim al group served as 

c o n tro l . The t r e a te d  anim als were in je c te d  subcutaneously w ith  a 

0 .1  m i l l i l i t e r  m ixture o f th e  p re sc rib ed  dosage o f p redn iso lone in  

sesame o i l  whereas th e  c o n tro l anim als rece ived  0 .1  m i l l i l i t e r  sub­

cutaneous in je c t io n s  o f  sesame o i l .  The subcutaneous in je c t io n s  

were a l te rn a te d  between th e  r ig h t  and l e f t  f la n k s  o f th e  anim als 

on th e  successive  days o f in je c t io n s .  A ll anim als rece iv ed  one 

in je c t io n  p e r  day fo r  f iv e  consecutive days and were s a c r i f ic e d  

t h i r t y  days fo llow ing th e  f i f t h  in je c t io n .

Experiment 226-5g: p red n iso lo n e . The anim als re ce iv in g  

p redn iso lone were d iv id ed  in to  fo u r groups o f fo u r anim als p er 

group w ith  one group se rv in g  as  c o n tro l.  Each o f th e  th re e  t r e a te d  

groups rece iv ed  e i th e r  5* 50 > o r 100 mg/kg o f p red n iso lo n e . The 

tr e a te d  anim als were in je c te d  subcutaneously w ith  e i th e r  a  0 .1  

m i l l i l i t e r  m ixture o f th e  p re sc rib e d  dosage o f p redniso lone in  

sesame o i l  whereas th e  c o n tro l anim als rece iv ed  0 .1  m i l l i l i t e r  

subcutaneous in je c t io n s  o f  sesame o i l .  The subcutaneous in je c t io n s  

were a l te rn a te d  between th e  r ig h t  and l e f t  f la n k s  o f th e  anim als 

on th e  successive  days o f in je c t io n s .  A ll anim als rece iv ed  one
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in je c t io n  p e r day fo r  f iv e  consecu tive days and were s a c r i f ic e d  th re e  

days fo llow ing th e  f i f t h  in je c t io n .

Experiment 226-5h: strep tom ycin  s u l f a t e . The anim als were

d iv ided  in to  fo u r groups of fo u r anim als p e r  group w ith  one group 

serv in g  a s  c o n tro l.  The th re e  trea ted , groups rece iv ed  e i th e r  10,

50, o r  200 mg/kg of strep tom ycin  s u lf a te  p e r  dosing . The tre a te d  

anim als were in je c te d  subcutaneously  w ith  a  0 .1  m i l l i l i t e r  m ixture 

o f th e  p re sc rib ed  dosage of streptom ycin  s u lf a te  in  d i s t i l l e d  w ater 

whereas th e  c o n tro l anim als rece iv ed  0 .1  m i l l i l i t e r  in je c tio n s  of 

d i s t i l l e d  w ater. The subcutaneous in je c t io n s  were a l te rn a te d  be­

tween th e  r ig h t  and l e f t  f la n k s  o f th e  anim als on th e  successive 

days o f in je c t io n s .  A ll anim als rece iv ed  one in je c t io n  p e r  day 

fo r  f iv e  consecutive days and were s a c r i f ic e d  t h i r t y  days follow ing the  

f i f t h  in je c t io n .

Experiment 226-5k: mitomycin-C and hydroxyurea. The anim als

were d iv ided  in to  th re e  groups o f s ix te e n  anim als p e r group w ith  

one group serv ing  as  c o n tro l.  Each o f th e  two t r e a te d  groups r e ­

ceived  e i th e r  a  s in g le  0 .5  m i l l i l i t e r  in t r a p e r i to n e a l  in je c t io n  of 

5 mg/kg o f mitomycin-C in  p h y s io lo g ic  s a lin e  so lu tio n  o r a  s in g le  

0 .5  m i l l i l i t e r  in tra p e r i to n e a l  in je c t io n  o f 2,000  mg/kg o f hydroxyurea 

in  physio log ic  s a lin e  s o lu tio n . The group o f c o n tro l anim als received  

a  s in g le  0 .5  m i l l i l i t e r  in t ra p e r i to n e a l  in je c t io n  o f physio log ic  

s a lin e  s o lu tio n . Four anim als from each o f th e  groups were s a c r i ­

f ic e d  a t  in te rv a ls  o f th re e ,  te n ,  seven teen , and th i r t y - f iv e  days
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fo llow ing th e  s in g le  in je c t io n .

Experiment 226-51; mitomycin-C. The anim als were d iv ided  in to  

fo u r groups of f iv e  anim als p e r  group and a c o n tro l group o f te n  

an im als. Each o f th e  t r e a te d  groups rece iv ed  e i th e r  0 .5 , 1 .0 , 1 .5 , 

o r  2 .0  mg/kg o f mitomycin-C p e r  dosing . The t r e a te d  anim als were 

in je c te d  in tr a p e r i to n e a l ly  w ith  a  0 .5  m i l l i l i t e r  m ixture o f th e  p re ­

sc rib ed  dosage of mitomycin-C in  p h y sio lo g ic  s a lin e  s o lu tio n  whereas 

th e  c o n tro l anim als rece iv ed  0 .5  m i l l i l i t e r  in tr a p e r i to n e a l  in je c tio n s
1
o f physio log ic  s a lin e  s o lu t io n . A ll anim als rece iv ed  one in je c t io n  

p e r  day fo r  f iv e  consecu tive days and were s a c r i f ic e d  th i r ty - f iv e  

days fo llow ing th e  f i f t h  in je c t io n .

Experiment 226- 8a ; adriam ycin . The anim als were d iv id ed  in to  

a  c o n tro l group o f th re e  anim als and a  t r e a te d  group o f fo u r anim als 

which rece ived  6.25 mg/kg o f  adriam ycin . The t r e a te d  anim als r e ­

ceived a s in g le  0 .5  m i l l i l i t e r  in tr a p e r i to n e a l  in je c t io n  o f 6.25  mg/kg 

adriam ycin in  physio lo g ic  s a lin e  so lu tio n  whereas th e  c o n tro l anim als 

rece iv ed  a s in g le  0 .5  m i l l i l i t e r  in t r a p e r i to n e a l  in je c t io n  of physio­

lo g ic  s a lin e  so lu tio n . A ll anim als were s a c r i f ic e d  f i f ty - th r e e  days 

fo llow ing th e  s in g le  in je c t io n .

H is to lo g ic a l Processing

At s a c r i f i c e ,  th e  t e s t e s  and epididym ides were s u rg ic a l ly  r e ­

moved from each anim al in  th e  p r o je c t .  The te s te s  were weighed and 

then  p laced  in  H e lly ’s f ix a t iv e  (see  Appendix A fo r  complete d e riv a ­

t io n )  along w ith  th e  caput p o r tio n s  o f  th e  epididym ides.
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A p i l o t  study  perform ed by t h i s  in v e s t ig a to r  p r io r  to  th e  

p re sen t p r o je c t ,  e s ta b lish e d  th a t  an in c is io n  through th e  tu n ic a  

a lbug inea  o f th e  t e s t i s  p r io r  to  f ix a t io n ,  caused severe d is ru p tio n  

o f  th e  r e la t iv e  o rg an iza tio n  of i n t e r s t i t i a l  t i s s u e  and sem iniferous 

tu b u le s . In  an e f f o r t  to  p rev en t th e  in tro d u c tio n  o f h is to lo g ic  

a r t i f a c t  to  th e  in te rn a l  morphology o f th e  t e s t i s  and th ereb y  assu re  

a  more accu ra te  assessm ent o f any drug induced h is to p a th o lo g y  to  th e  

t e s t i s ,  th e  t e s t e s  were p laced  in  th e  f ix a t iv e  w ith  th e  tu n ic a  a lbug inea  

( t e s t i c u l a r  capsule) in t a c t  except where th e  capsu le  was in c ise d  a t  

th e  te s tis -e p id id y m is  (cap u t)  ju n c tio n . The movement o f th e  H e lly 's  

f ix a t iv e  through the  capsu le  and through th e  t e s t i s - c a p u t  in c is io n  

was ra p id  enough to  a ssu re  a  thorough f ix a t io n  o f th e  mouse t e s t i s  

w ithout apparen t a u to ly t ic  a r t i f a c t .
*

The te s t e s  and epididym ides remained in  H e lly 's  f ix a t iv e  fo r  a 

p e rio d  o f Uo to  U8  hours and were th en  tra n s fe r re d  to  10$ fo rm alin - 

s a lin e  to  p reven t excessive  hardening . Depending on th e  experim ent 

being  ru n , th e  t i s s u e s  remained in  10$ fo rm a lin -sa lin e  f o r  7 t o  28 

days and were then  r in se d  in  running  w ater f o r  a t  l e a s t  n ine hours 

b efo re  being  p laced  on an autom atic t i s s u e  p ro cess in g  machine (au to - 

techn icon : model-2A). While on th e  au to tech n lco n , th e  t i s s u e s  were

tra n s fe r r e d  through an ascending e th an o l dehydration  s e r ie s  ( 70$ 

e th an o l to  80$ e th an o l to  95$ e th an o l to  100$ e th a n o l) , follow ed by 

c le a r in g  w ith  xylene and f in a l ly  i n f i l t r a t e d  w ith  p a ra f f in  (T issue 

P rep, M.P. 56.5°C ). Both th e  t e s t e s  and epididym ides from th e  same
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anim al were then  embedded in  p a ra f f in  w ith in  th e  same t i s s u e  mold 

(T issue  Tek). The t i s s u e  b locks were th en  p laced  in  a  -15°C f re e z e r  

compartment fo r  s to rag e  u n t i l  they  could be sec tio n e d .

A ll t i s s u e  b locks were sec tio n ed  a t  s ix  m icrom eters (m icrons) 

u s in g  an American O p tica l ro ta ry  microtome (model No. 820) and an 

American O p tica l 180 m illim e te r  double p iano  microtome k n ife .  S ix 

microns was determ ined as  the  most s u ita b le  th ic k n e ss  fo r  sec tio n in g  

s in ce  some o f th e  t i s s u e s  f ix e d  in  the  above manner would f ra c t io n a te  

when sec tio n ed  a t  f iv e  m icrons. The t i s s u e  se c tio n s  were f lo a te d  on 

a 50°C g e la tin iz e d  w ater b a th  and then  mounted on 25 m illim e te r  X 75 

m illim e te r  No. 1 th ick n ess  g la ss  s l id e s  u s in g  M ayer's egg albumen as 

th e  mounting adhesive . The s l id e s  were th en  p laced  on t h e i r  edge in  a 

60°C oven fo r  a t  l e a s t  tw elve hours o r u n t i l  most o f  th e  p a r a f f in  was 

removed from th e  s l id e s .

S ix  s l id e s ,  w ith  th re e  to  fo u r t i s s u e  se c tio n s  p e r  s l id e ,  were 

p repared  fo r  each anim al in  th e  p ro je c t  w ith  th e  two b e s t  s l id e s  

being  s e le c te d  fo r  s ta in in g . One of th e  two s l id e s  was passed  

through a  hem atoxylin (H a rr is )  and eosin-B  s ta in in g  s e r ie s  (see  

Appendix B f o r  complete d e r iv a tio n )  w hile th e  o th e r  s l id e  was passed 

through a  m odified trichrom e (M asson's) s ta in in g  s e r ie s  (see  Appendix 

C fo r  complete d e r iv a t io n ) .  The s l id e s  were cov erslip p ed  w ith  22 

m illim e te r  X Ho m illim e te r  No. 1 th ick n ess  cover g la s s e s .  A xylene 

so lu b le  s y n th e tic  r e s in  mounting medium ( Permount) made by F ish e r 

S c ie n t i f ic  Company, was used as  an adhesive between th e  s l id e s  and 

th e  c o v e rs l ip s .
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H is to lo g ic a l E valua tion

I t  was th e  r e s p o n s ib i l i ty  o f t h i s  in v e s t ig a to r  to  examine th e  

h is to lo g y  o f th e  t e s te s  and epididym ides o f each p ro je c t  anim al and 

to  determ ine i f  any h ls to p a th o lo g y  was appearing  in  th e  t i s s u e  c ro ss -  

s e c tio n s . The c r i t e r i a  used to  ev a lu a te  th e  epididym ides were based 

on th re e  h is to lo g ic a l  phenomena observed in  th e  epididym ides o f  tin- 

t r e a te d  CF-1 m ice. These phenomena were, (a )  th e  ex ten siv e  volume of 

sperm p re se n t in  the  d u c tu le  lumen o f th e  d is ta l-  caput and proxim al 

corpus ep id idym is, (b) th e  appearance o f  a  sm all number o f sloughed 

germ c e l l s  in  th e  d u c tu le  lumen o f th e  epididym is, and (c )  th e  mor­

phology o f th e  ductu le  ep ith e liu m  in  th e  ep id idym is. The c r i t e r i a  

used to  ev a lu a te  th e  t e s t e s  o f  p ro je c t  anim als were based on two 

h is to lo g ic a l  phenomena observed in  the  t e s t e s  o f u n tre a te d  CF-1 m ice.

The two phenomena were, (a )  th e  absence of s t e r i l e  sem iniferous 

tu b u le s , and (b) the morphology o f the  sem iniferous ep ith e liu m . The 

fo llow ing  i s  a  more complete ex p lan a tio n  of th e  above c r i t e r i a  th a t  

were used to  ev a lu a te  th e  te s te s  and epididym ides o f  p ro je c t  anim als 

fo r  th e  presence of h ls to p a th o lo g y .

Volume o f sperm in  th e  d u c tu le  lumsn o f th e  ep id idym is. In  th e  

epididym ides o f th e  u n tre a te d  m ice, i t  was estim ated  by t h i s  in v e s t ig a to r  

th a t  f i f t y  to  n in ty  p e rcen t o f th e  c ro s s -s e c tio n a l a re a s  o f th e  d i s t a l  ■ 

caput d u c tu le  lumen and proxim al corpus lumen were occluded by a  v a s t 

number o f spermatazoa (F igure 1 ) .  C ro ss-sec tio n s  o f th e  proxim al 

caputs rev ea led  th a t  th e  lumens o f th e  ductus ep id idym idis and e f fe re n t
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d u c tu les  were void o f sperm atazoa. The f a i lu r e  o f spermatazoa to  

appear in  th e  c ro ss -se c tio n s  o f th e  ductus epld idym idis and e f fe re n t  

d u c tu le s  may be due to  th e  same reason  th a t  spermatazoa do no t o ften  

appear in  c ro s s -s e c tio n s  o f  th e  tu b u li  r e c t i  and r e te  t e s t e s ,  namely 

th a t  in  th e  l iv e  anim al, the  passage of sperm atazoa through tu b u li  

r e c t i  and r e te  t e s t i s  i s  very  ra p id  and as a  consequence, d i f f i c u l t  

to  observe in  c ro ss -s e c tio n . C ro ss-sec tio n s  o f epididym ides from 

p ro je c t  mice th a t  d id  no t d isp la y  an ex ten s iv e  volume of spermatazoa 

in  th e  lumens o f th e  d i s t a l  caput and proxim al corpus d u c tu le , were 

scored  as re p re s e n ta tiv e  o f a  h is to p a th o lo g ic a l co n d itio n .

Appearance o f germ inal c e l l s  in  th e  ep id idym is. I t  i s  ap p aren tly  

normal fo r  a  sm all number o f sperm atids o f prim ary sperm atocytes to  

be lo s t  from th e  sem iniferous ep ith e liu m  o f th e  t e s t e s ,  and sub­

seq u en tly  to  appear in  th e  d u c tu le  lumen o f th e  epididym ides. The 

exam ination o f a  number o f epididym ides from u n tre a te d  CF-1 mice 

rev ea led  a  sm all number o f sperm atids in term ixed  w ith  th e  sperma­

tazo a  in  th e  d u c tu le  lumens o f  th e  d i s t a l  caputs and proxim al corpus 

epididym ides. In  a d d itio n  to  th e  sperm atids a  very  sm all number 

o f  prim ary sperm atocytes were a ls o  observed in  th e  du ctu le  lumens, 

however th e  prim ary sperm atocytes appeared even le s s  fre q u e n tly  in  

th e  c ro ss -s e c tio n s  o f th e  epididym ides than  d id  th e  sperm atids. 

C ro ss-sec tio n s  o f epididym ides from p ro je c t  mice th a t  d isp layed  

la rg e  numbers o f sperm atids an d /o r la rg e  numbers o f o th e r types o f 

p re-sperm atazoa germ c e l l s  in  th e  d u c tu le  lumens, were scored as
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re p re s e n ta tiv e  o f a h is to p a th o lo g ic a l co n d itio n .

Morphology o f th e  d u c tu le  ep ith e liu m . The du ctu le  ep ithelium  

o f th e  epididym is i s  composed of a  p s e u d o s tra tif ie d  columnar e p ith e ­

lium . The n u c le i o f th e  e p i th e l i a l  c e l l s  a re  predom inantly lo ca ted  

n ea r th e  basement membrane o f th e  ep ith e liu m  and t u f t s  o f s te r e o c i l ia  

extend in to  th e  d u c tu le  lumen from th e  adlum lnal su rfaces  o f th e  c e l l s .  

The h e ig h t o f  d u c tu le  ep ith e liu m  v a r ie s  from one reg ion  of th e  e p i­

didymis to  th e  a d jac en t reg io n s . In  th e  p re se n t s tudy , th re e  ad­

ja c e n t anatom ical reg io n s  o f th e  epididym ides were examined. In  

th e  proxim al cap u t, th e  d u c tu le  ep ith e liu m  i s  composed p rim a rily  of 

t a l l  columnar c e l l s .  In  th e  d i s t a l  capu t, th e  d u c tu le  ep ithe lium  

i s  composed p r im a r ily  o f  columnar c e l l s  which a re  s h o r te r  than  th e  

e p i th e l i a l  c e l l s  o f th e  proxim al caput reg io n s . The d uctu le  e p ith e ­

lium  o f th e  proxim al corpus reg ion  i s  composed o f columnar c e l l s  

even s h o r te r  than  th e  e p i th e l i a l  c e l l s  o f th e  d i s t a l  caput reg io n . 

P ro je c t anim als th a t  d isp lay ed  d u c tu le  ep ith e liu m  th a t  was morpho­

lo g ic a l ly  d i f f e r e n t  from th e  du ctu le  ep ith e liu m  found in  u n tre a ted  

CF-1 m ice, were scored  a s  re p re s e n ta tiv e  o f a  h is to p a th o lo g ic a l 

co n d itio n .

Abscence o f s t e r i l e  sem iniferous tu b u les  in  th e  t e s t e s . Mi­

croscop ic  exam ination o f th e  t e s te s  from u n tre a ted  CF-1 mice d id  

no t d isp la y  s t e r i l e  sem iniferous tu b u le s  in  th e  t e s t i c u l a r  c ro ss -  

s e c tio n s . S te r i l e  sem in iferous tu b u les  were defined  a s  tu b u les  

which were vo id  of a l l  germ inal c e l l  types found in  th e  u n trea ted

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



36

anim als ( i . e .  sperm atogonia, sperm atocytes, sperm atids, sperma­

ta z o a ) . Although lack in g  th e  germ inal c e l l s ,  th e  S e r to l i  c e l l s  

were s t i l l  v i s ib le  in  th e se  s t e r i l e  sem iniferous tu b u le s . In  th e  

u n tre a ted  t e s t e s ,  i t  appeared th a t  sm all groups o f s t e r i l e  tu b u les  

were p re se n t in  th e  reg io n  where th e  t e s t i s  jo in ed  th e  caput e p i­

didym is, bu t th e se  groups o f tu b u le s  were in  f a c t  c ro ss -se c tio n s  

o f s t r a ig h t  tu b u le s . The reason  fo r  th e  s t e r i l e  appearance of 

th e  s t r a ig h t  tu b u le s  i s  th a t  in  th e  t r a n s i t io n  zone where the  

sem iniferous tu b u le  merges w ith  th e  s t r a ig h t  tu b u le , th e  semi­

n ife ro u s  ep ith e liu m  d isap p e a rs  and on ly  S e r to l i  c e l l s  remain 

g iv ing  th e  same appearance as  s t e r i l e  tu b u le s . P ro je c t anim al 

te s te s  th a t  d isp lay ed  s t e r i l e  sem iniferous tu b u les  in  c ro s s -s e c tio n s , 

were scored  as  re p re s e n ta tiv e  o f a h is to p a th o lo g ic a l co n d itio n .

Morphology o f  th e  sem in iferous ep ith e liu m . The te s t e s  o f th e  

u n tre a te d  mice d isp lay ed  sem iniferous ep ith e liu m  continuous from 

th e  basement membrane t o  th e  lumen o f th e  tu b u le  (F igure  2 ) .  No 

m atte r which c e l l  a s s o c ia tio n  appeared in  th e  sem iniferous tu b u les  

o f th e  u n tre a te d  t e s t e s ,  th e  sem iniferous ep ith e liu m  d id  no t appear 

vacuolated  o r fragm ented. Fragmented sem iniferous ep ith e liu m  i s  

c h a ra c te r iz e d  by th e  appearance o f pre-sperm atazoa germ c e l l  types 

in  th e  lumen o f  th e  tu b u le  and d iscon tinuous sem iniferous ep ithe lium  

due to  th e  prem ature r e le a s e  o f sperm atids, sperm atocytes and sperma- 

tag o n ia . P ro je c t anim als th a t  d isp lay ed  vacuo la ted  o r fragm enting 

sem iniferous ep ith e liu m  were scored as  re p re s e n ta tiv e  o f a  h is to ­

p a th o lo g ic a l co n d itio n .
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Figure 1 . C ro ss-sec tio n  o f th e  d i s t a l  caput epididym is o f u n tre a te d  
CF-1 mouse. Note th e  ex ten siv e  volume o f spermatozoa in  th e  du ctu le  
lum ens. X 200.

F igure 2 . C ro ss-sec tio n  o f th e  t e s t i s  o f an u n tre a te d  CF-1 mouse.
Note th e  c o n tin u ity  o f th e  sem iniferous ep ith e liu m  in  th e  sem iniferous 
tu b u le s . X 200.
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S t a t i s t i c a l  A nalysis

S t a t i s t i c a l  a n a ly s is  was perform ed on th e  t e s te s  w eights o f 

th e  t re a te d  and co n tro l anim als in  each experim ent, hy u sing  a 

o n e - ta ile d  a n a ly s is  o f v a ria n c e . D iffe ren ces  between th e  mean 

te s te s  w eights o f the  c o n tro l and t r e a te d  mice were rep o rted  a t  

a  s ig n if ic an c e  le v e l o f P<0.05.
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RESULTS

Experiment 226-5B; Polybrom inated Biphenyl (PBB)

Using th e  c r i t e r i a  s e le c te d  by th i s  in v e s t ig a to r ,  th e re  was no 

h is to p a th o lo g y  observed in  th e  epididym ides o r t e s t e s  o f mice t r e a te d  

w ith  PBB a t  any o f  th e  se le c te d  doses and p o s t in je c t io n  tim es 

(Table 1 ) .

Experiment 226-50: Hydroxyurea

In  hydroxyurea t r e a te d  anim als th e re  was h is to p a th o lo g y  in  some 

o f th e  epididym ides and te s t e s  (Table 2 ) .  The e x te n t o f th e  h i s to ­

pathology was p o s i t iv e ly  c o r re la te d  w ith  th e  t o t a l  dose o f th e  drug 

adm in istered  to  th e  an im als. At a  t o t a l  dose o f 625 mg/kg th e re  

was no h isto p ath o lo g y  observed in  e i th e r  th e  epididym ides o r te s te s  

o f any anim als bu t a  t o t a l  dose o f 1250 mg/kg caused h isto p a th o lo g y  

in  bo th  th e  epididym ides and th e  t e s t e s  in  two o f th e  th re e  t r e a te d  

an im als. The h is to p a th o lo g y  co n s is ted  o f a  reduced volume of 

sperm atozoa, an in c reased  number o f germ c e l l s  in  th e  d u c tu le  lumen 

o f th e  epididym ides, and sem iniferous tu b u le s  w ith  fragmented 

germ inal ep ithe lium .

At a  t o t a l  dose o f 2500 mg/kg, h is to p a th o lo g y  was found in  

th e  epididym ides and te s t e s  o f a l l  th re e  t r e a te d  m ice. Each anim al 

had decreased  volumes o f spermatozoa and in c reased  numbers o f germ ' 

c e l l s  in  th e  ductu le  lumens o f th e  epid idym ides. As many as  25 

germ c e l l s  ( p r in c ip a l ly  sperm atids) were observed in  a  s in g le  

c ro ss -s e c tio n  o f th e  d u c tu le  lumen. In  th e  t e s t e s  o f th e  th re e

39
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Table 1

Experiment Number 226-5B: Polybrom inated Biphenyl (PBB)

aOne anim al d ied  befo re  p ro cess in g . 

^Two anim als d ied  b efo re  p ro cess in g .

Number o f Dose f in te rv a l \ Number
anim als (mg/kg) from l a s t ?1

processed 1 in j /d a y in je c t io n  to
f o r  5 days

f

s a c r i f ic e
(days)

Reduced 
volume of

sperm in
ductu le

lumen

3 0 7 0
3 25 7 0
3 75 7 0
3 150 7 0
3a 0 28 0
3f 25 28 0
3 75 28 0
3 150 28 0
3a 0 70 0
3 25 70 0
3 75 70 0
3 150 70 0

Epididym ldis

In creased  
number 
o f  germ 
c e l l s  in  
d u ctu le  

lumen

0
0
0
0
0
0
0
0
0
0
0
0

Sem iniferous Tubules
Mean te s te s  
weight (mg)

Atrophy o f 
ductu le  

ep ithe lium

0
0
0
0
0
0
0
0
0
0
0
0

Presence 
of s t e r i l e  
tu b u les  in  

t e s te s  
x -se c tio n s

0
0
0
0
0
0
0
0
0
0
0
0

Fragmenting!
germ inal 

ep ith e liu m  I

0
0
0
0
0
0
0
0
0
0
0
0

227
195
230
227
201
239
2U0
280
2U5
27U
27U
2U9

o

4
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Table 2

Experiment Number 226-5C: Hydroxyurea

Number o f 
anim als 

processed

Dose ] in te rv a l
(mg/kg) J from l a s t

1 in j /d a y  j in je c t io n  to
fo r  5 days s a c r i f ic e

(days)

Number o f anim als d isp la y in g  p o s it iv e  h is to p a th o lo g y  I Mean te s te s
I Sem iniferous Tubules ; weight (mg)

Reduced 
volume of 

sperm in  
ductu le  

lumen

Epididym idis

Increased  
number 
o f  germ 
c e l l s  in  
d u ctu le  

lumen

lfa 0 35 It
0 0 0 1{ 0

k 125 35 i
|

0 0
i

0 ; 0

Us. 250 35 2 2 0 S
i

0

u* 500 35 3 3 0 ii 2

u* 1000 35 3 3 0 ■ 3

Atrophy o f ■. Presence (Fragmenting 
; d u c tu le  - o f s t e r i l e  J germ inal 
‘ep ith e liu m  ; tu b u le s  in  iep ithe lium  

r t e s t e s  i 
>x -se c tio n s  I

0

0

2

3

3
t ...

aOne anim al d ied  befo re  p ro cess in g .

^ I t  i s  suspected  th a t  one o f th e  fo u r anim als was n o t given th e  p re sc rib ed  dosage o f th e  drug. 

CP<0.025, s ig n i f ic a n t ly  d i f f e r e n t  from c o n tro ls .

279

220

2U6

l 63c

15Uc

■p-



t r e a te d  anim als th e  germ inal ep ith e liu m  was fragm ented in  se v e ra l 

o f th e  sem iniferous tu b u le s  and s t e r i l e  sem in iferous tu b u le s  were 

observed in  two of th e  th re e  t r e a te d  an im als. A ll o f th e  s t e r i l e  

tu b u le s  were void  o f any germ c e l l  ty p es  although  S e r to l i  c e l l s  

were s t i l l  v i s ib le .

Three o f th e  fo u r anim als th a t  rece iv ed  a  t o t a l  dose o f 

5>000 mg/kg of hydroxyurea showed ex ten siv e  h is to p a th o lo g y  in  

th e  c ro ss -s e c tio n s  o f t h e i r  epididym ides and t e s t e s .  These 

th re e  anim als showed a  very  sm all volume o f sperm atazoa as  w e ll 

as  in c reased  numbers o f germ c e l l s  in  th e  d u c tu le  lumen o f t h e i r  

epididym ides (F igure l ) .  These same th re e  mice showed a  v a s t 

number o f s t e r i l e  and fragm ented sem iniferous tu b u le s  in  t h e i r  

te s t e s  (F igure 2 ) .  However, one o f th e  fo u r anim als o r ig in a l ly  

s e le c te d  to  rece iv e  t h i s  dose, d id  no t show h is to p a th o lo g y  in  

e i th e r  i t s  t e s t e s  o r epididym ides.

Experiment 226-3D; Thalidomide

Using th e  c r i t e r i a  s e le c te d  by t h i s  in v e s t ig a to r ,  th e re  was 

no h is to p a th o lo g y  observed in  th e  epididym ides o r t e s t e s  o f th e  

mice th a t  rece iv ed  t o t a l  doses o f 500 o r  2,000  mg/kg o f thalidom ide 

(Table 3 ) . One o f th e  th re e  mice th a t  rece iv ed  a  t o t a l  dose o f 

1,000  mg/kg d id , however, show a n o tic e a b le  lo s s  o f sperm atazoa 

as  w ell a s  an in c rease  o f germ c e l l s  p re se n t in  th e  d u c tu le  lumens 

o f  th e  epididym ides. In  th e  t e s te s  o f t h i s  an im al, th e re  were a 

few sem iniferous tu b u le s  th a t  showed fragm ented ep ith e liu m .
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Figure 1. C ro ss-se c tio n  o f th e  d i s t a l  caput epididym is o f a  CF-1 
mouse th a t  rece iv ed  a  t o t a l  dose o f 5000 mg/kg of hydroxyurea. 
Note th e  lack  o f  sperm atazoa and th e  presence o f germ c e l l s  in  
th e  lumen o f th e  d u c tu le .

F igure 2 . C ro ss-sec tio n  o f th e  t e s t i s  o f a  CF-1 mouse th a t  
rece iv ed  a  t o t a l  dose o f  5000 mg/kg o f hydroxyurea. Note the  
fragm enting germ inal ep ith e liu m  in  th e  sem iniferous tu b u le s . 
The upper c e n te r  tu b u le  has alm ost become a s t e r i l e  tu b u le  in  
which a l l  o f  th e  germ c e l l  types have been lo s t .
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Table 3

Experiment Number 226-5D: Thalidomide

Number o f 
anim als 

processed

V

l*a

l*a

Ub

Dose In te rv a l Number o f anim als d isp la y in g  p o s it iv e  h isto p a th o lo g y
(mg/kg) from l a s t Epididym idis I Sem iniferous Tubules

1 in j/d a y in je c t io n  to \
*

fo r  5 days s a c r i f ic e Reduced Increased  j Atrophy o f ! Presence Fragmenting
(days) volume of number ] d u c tu le  } of s t e r i l e germ inal

j sperm in o f germ jep ith e liu m  j tu b u le s  in ep ithe lium
ductu le c e l l s  in I t e s te s

lumen d u c tu le  ! • x -se c tio n s
lumen if

i

0 35 0
0

(
0 j 0 0

100 35 0 0 0 1 01 0

200 35 1 1 0 | 1 1

Uoo 35 0 0
’
.

0 I 01
I.............. ......  i__ _ _

0

aOne anim al d ied  b efo re  p ro cess in g . 

^Two anim als d ied  befo re  p ro cess in g .

Mean te s te s  
weight (mg)

266

3^3

3lU

312

■p-*r



U5

Experiment 226-5E: Prednisolone

Using th e  c r i t e r i a  s e le c te d  by th i s  in v e s t ig a to r ,  th e re  was 

no h is to p a th o lo g y  observed in  th e  epididym ides o r t e s te s  o f mice 

th a t  rece iv ed  t o t a l  doses o f 150 o r 750 mg/kg o f p redniso lone and 

were s a c r i f ic e d  13 days fo llow ing th e  l a s t  in je c t io n  (Table U).

One o f  th e  two mice th a t  rece iv ed  a  t o t a l  dose o f 75 mg/kg and a lso  

s a c r i f ic e d  by th e  same schedule d id , however, show a n o tic e ab le  

lo s s  o f sperm atazoa as  w e ll as  an in c rease  o f germ c e l l s  p re se n t 

in  th e  d u c tu le  lumens o f th e  epididym ides. In  th e  t e s te s  o f t h i s  

an im al, th e re  were a  few s t e r i l e  sem iniferous tu b u le s  and a ls o  a 

la rg e  number o f  sem iniferous tu b u les  th a t  showed fragm ented and 

v acu o la ted  germ inal ep ith e liu m .

Experiment 226-5F: Prednisolone

Using th e  c r i t e r i a  s e le c te d  by th i s  in v e s t ig a to r ,  th e re  was 

no h is to p a th o lo g y  observed in  th e  epididym ides o r t e s t e s  o f mice 

t r e a te d  w ith  t o t a l  doses o f 75> 150, o r  750 mg/kg o f  p redniso lone 

and s a c r i f ic e d  30 days fo llow ing  th e  l a s t  in je c t io n  (Table 5)* 

Experiment 226-50: P redniso lone

Using th e  c r i t e r i a  s e le c te d  by th i s  in v e s t ig a to r  th e re  was 

no h is to p a th o lo g y  observed in  th e  epididym ides o r t e s te s  o f mice 

th a t  rece iv ed  a  t o t a l  dose o f  e i th e r  25 o r 500 mg/kg o f  p redn iso lone 

(Table 6 ) .  One o f th e  fo u r mice th a t  rece iv ed  a  t o t a l  dose o f 

250 mg/kg o f p redn iso lone d id  show a sev e re ly  decreased  volume of 

sperm atazoa, a  la rg e  number o f germ c e l l s  in  th e  d u c tu le  lumens
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Table k

Experiment Number 226-^E: P rednisolone

Number o f Dose In te rv a l Number o f  anim als d isp la y in g  p o s it iv e  h is to p a th o lo g y Mean te s te s
anim als

processed
(mg/kg)

1 in j/d a y  ; 
f o r  5 days <

;
:

•
»

from l a s t  
in je c t io n  to  

s a c r i f ic e  
(days)

1

Reduced 
volume of 

sperm in  
d u ctu le  

lumen

Epididym idis

! Increased  
number 
o f germ 
c e l l s  in  
d uctu le  

lumen

Atrophy of 
du ctu le  

ep ith e liu m

Sem inifero

Presence 
o f s t e r i l e  
tu b u les  in  

te s te s  
x -se c tio n s

us Tubules

Fragmenting
germ inal

ep ith e liu m

weight (mg)

0 13 0 0 0 0 0 b

3a 15 13 i 1 [ 1* 0 1 1 b

3
•

30 ; 13 0 1 ot 0 0 0 j
}

b

3 150 ' . 13 : 0 ; 0 0 0 o ! b

a One anim al d ied  b e fo re  p ro cessin g .

t>No te s te s  w eights recorded  fo r  t h i s  experim ent.

■p-
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Table 5

Experiment Number 226-5F: P rednisolone

Number o f Dose In te rv a l Number o f anim als d isp la y in g  p o s it iv e  h isto p a th o lo g y Mean te s te s
anim als

processed
(mg/kg)

1 in j/d a y  
fo r  5 days

from l a s t  
in je c t io n  to  

s a c r i f ic e  
(days)

Reduced 
volume of 

sperm in  
ductu le  

lumen

Epididymidis

Increased  
number 
o f germ 
c e l l s  in  
ductu le  

lumen

Atrophy of 
ductu le  

ep ith e liu m

Sem inifero

Presence 
o f s t e r i l e  
tu b u le s  in  

t e s te s  
x -se c tio n s

us Tubules

Fragmenting
germ inal

ep ithe lium

i
1:

weight (mg)

6 0 30 0 0 0 0 0 251

5 5 30 0 0 0 0 0 26l

5 50 30 0 0 0 0 0 275b

6» 100 30 0 0
0

0

_ ...... - ° ..........1

288b

°One anim al d ied  b e fo re  p ro cessin g .

bP<.05, s ig n i f ic a n t ly  d i f f e r e n t  from c o n tro ls .

-p-



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

Table 6

Experiment Number 226-5G: P rednisolone

Number o f Dose In te rv a l Number o f anim als d isp lay in g  p o s it iv e  h is to p a th o lo g y Mean te s te s
anim als

processed
(mg/kg)

1 in j/d a y  
fo r  5 days

from l a s t  
in je c t io n  to  

s a c r i f ic e  
(days)

Reduced 
volume of 

sperm in  
du ctu le  

lumen

Epididym idis

Increased  
number 
o f germ 
c e l l s  in  
d u ctu le  

lumen

Atrophy o f 
du ctu le  

ep ith e liu m

Seminiferoi
Presence 

of s t e r i l e  
tu b u les  in  

t e s te s  
x -se c tio n s

as Tubules
Fragmenting

germ inal
ep ith e liu m

weight (mg)

k 0 3 0 0 0 0 0 2k l

k 5 3 0 0 0 0 0 2kk

k 50 3 1 1 0 1 2 281

k 100 3 0 0 0 0 0 285

£



o f th e  epididym ides and se v e ra l s t e r i l e  and fragm ented sem iniferous 

tu b u les  (F igure 3 & 4 ) .  One o f  th e  o th e r  th re e  anim als th a t  r e ­

ceived 250 mg/kg t o t a l  dose o f p red n iso lo n e , a ls o  had fragmented 

germ inal ep ithe lium  in  th e  sem in iferous tu b u le s  b u t no a d d itio n a l 

h is to p a th o lo g y  was found in  e i th e r  th e  t e s t e s  o r  epididym ides. A ll 

anim als in  experim ent 226- 5g were s a c r i f ic e d  th re e  days a f t e r  th e  

l a s t  in je c t io n .

Experiment 226-5H: Streptom ycin S u lfa te

Using th e  c r i t e r i a  s e le c te d  by t h i s  in v e s t ig a to r ,  th e re  vas 

no h is to p a th o lo g y  observed in  th e  epididym ides o r t e s t e s  o f  mice 

t r e a te d  w ith  streptom ycin  s u lf a te  a t  any o f th e  s e le c te d  doses 

w ith  a  p o s t f in a l  in je c t io n  s a c r i f i c e  tim e o f 30 days (Table 7)• 

Experiment 226-^K: Mltomycin-C and Hydroxyurea

Using th e  c r i t e r i a  s e le c te d  by th i s  in v e s t ig a to r ,  th e re  was 

no h is to p a th o lo g y  observed in  th e  epididym ides o r  t e s t e s  o f mice 

t r e a te d  w ith  a  s in g le  2,000  mg/kg dose o f hydroxyurea and s a c r i ­

f ic e d  a t  p o s t in je c t io n  in te rv a ls  o f 3, 10, 17, and 35 days (Table 

8 ) .  Also th e re  was no h is to p a th o lo g y  observed in  th e  epididym ides 

o r  t e s te s  o f mice t r e a te d  w ith  a  s in g le  f iv e  mg/kg dose o f m ito- 

mycin-C and s a c r if ic e d  3 and 10 days p o s t in je c t io n .  However, a t  

17 days a f t e r  th e  in je c t io n  o f a  s in g le  f iv e  mg/kg dose o f m ito- 

mycin-C, th re e  o f th e  fo u r  anim als In je c te d , showed a  few s t e r i l e  

sem iniferous tu b u les  d isp e rsed  in  th e  t e s t e s  and a  few sem iniferous 

tu b u le s  w ith  fragmented germ inal ep ith e liu m . At 35 days a f t e r  a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 3. C ro ss-sec tio n  o f th e  d i s t a l  caput epididym is o f a  CF-1 
mouse th a t  rece ived  a  t o t a l  dose o f 250 mg/kg o f p red n iso lo n e . 
Note th e  lack  o f spermatozoa and th e  presence o f a  v a s t number 
o f germ c e l l s  lo s t  from th e  germ inal ep ith e liu m .

Figure U. C ro ss-sec tio n  o f th e  t e s t i s  o f a  CF-1 mouse th a t  r e ­
ceived a  t o t a l  dose o f 250 mg/kg of p red n iso lo n e . Note th e  f ra g ­
mented germ inal ep ith e liu m  due to  lo s s  o f germ c e l l s .  The germ 
c e l l s  e n te r in g  th e  lumens w i l l  now move in to  th e  d u c tu le  o f the  
ep id idym is.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 7

Experiment Number 226-5H: Streptom ycin S u lfa te

Number o f 
anim als 

processed

k

k

k

k

Dose In te rv a l Number o f  anim als d isp la y in g  p o s it iv e  h is to p a th o lo g y Mean te s te s
(mg/kg)

1 in j/d a y
from l a s t  

in je c t io n  to
Epididym idls Sem iniferous Tubules weight (mg)

fo r  5 days s a c r i f ic e
(days)

Reduced 
volume of 

sperm in  
d uctu le  

lumen

Increased  
number 
o f  germ 
c e l l s  in  
d u c tu le  

lumen

Atrophy o f 
du ctu le  

ep ith e liu m

Presence 
o f s t e r i l e  
tu b u le s  in  

t e s te s  
x -se c tlo n s

Fragmenting
germ inal

ep ith e liu m

0 30 0 0 0 0 0 255

10 30 0 0 0 0 0 273

50 30 0 0 0 0 0 277

200 30 0 0 0 0 0 296

H
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Table 8

Experiment Number 226-5K: Mitomycin-C and Hydroxyurea

Drug 
& number o f 

anim als 
p rocessed

Mitomycln-C

k
k
k
k
k
k
k
k

Hydroxyurea

Dose
(mg/kg)

1 in jec tio n

0
5
0
5
0
5
0
5

k 0
k 2000
k 0
k 2000
u 0
h 2000
h 0
* 2000

In te rv a l  
from l a s t  

in je c t io n  to  
s a c r i f ic e  

(days)

3
3

10
10
17
17
35
35

3
310

10
17
17
35
35

Number of  anim als d isp lay in g  p o s it iv e  h is to p a th o lo g y
Sem iniferous Tubules

Reduced 
volume of 

sperm in  
ductu le  

lumen

0
0
0
0
0
0
0
3

0
0
0
0
0
0
0
0

Epididym idis

In creased  
number 
o f germ 
c e l l s  in  
d u c tu le  

lumen
i

0
0
0
0
0
0
0
3

0
0
0
0
0
0
0
0

(Atrophy o f 
J  du ctu le  
j ep ithe lium

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

Presence I Fragmenting 
o f  s t e r i l e  germ inal 
tu b u le s  in  | ep ith e liu m  

te s t e s  
x -se c tio n s

0
f

1 0 218
0 1 0 192
0 1 0 226
0 1 0 182a
0 I 0 228
3 3 163a
0 I 0 267
3 {

!
3 I 85P

0

1
i[111!
I 0 218

0 \

i
t

0 237
0 0 226
0

i

0 221
0 1 0 228
0 i

j
1

0 186
0 0 267
0 i

t>
. .1

0 229

Mean te s te s  
w eight (mg)

VJlro

a P<-05, s ig n i f ic a n t ly  d i f f e r e n t  from c o n tro ls .
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s in g le  f iv e  mg/kg in je c t io n  o f mitomycin-C, th re e  o f th e  fo u r anim als 

in je c te d  shoved a  decreased volume o f sperm and in c reased  numbers o f 

genn c e l l s  in  the du ctu le  lumen o f th e  epididym ides. These same 

th re e  35 days p o s t in je c t io n  anim als a ls o  showed a few d isp e rsed  

s t e r i l e  sem iniferous tu b u le s  and se v e ra l sem in iferous tu b u les  which 

had fragmented germ inal ep ith e liu m  due to  th e  lo s s  o f germ c e l l s .  

Experiment 226-5L: Mitomycin-C

In  mitomycln-C t r e a te d  an im als, which rece iv ed  f iv e  seq u e n tia l 

in je c tio n s  and were s a c r i f ic e d  a t  35 days p o s t f in a l  in je c t io n ,  

showed h istopatho logy  in  th e  epididym ides and t e s t e s  a t  a l l  o f th e  

se le c te d  doses. The e x te n t o f th e  h is to p a th o lo g y  observed, was 

p o s i t iv e ly  c o rre la te d  w ith  th e  t o t a l  dose o f th e  drug adm in istered  

to  th e  anim als (Table 9 )• At a  t o t a l  dose o f 2 .5  mg/kg th e  h is to -
4

pathology was observed p r im a r ily  in  th e  epididym ides. Four o f th e  

f iv e  mice th a t  received  a t o t a l  dose o f 2 .5  mg/kg shoved an in creased  

number o f germ c e l l s  in  th e  d u c tu le  lumens o f th e  epididym ides bu t 

only  one o f th e se  f iv e  mice showed a  decreased  volume o f spermatazoa 

in  th e  d u c tu le  lumens o f th e  epididym ides. Only one o f th e  f iv e  

mice given a  t o t a l  dose o f 2 .5  mg/kg showed any h is to p a th o lo g y  o f 

th e  t e s te s  and th i s  was in  th e  form o f a  few sem in iferous tu b u le s  

w ith  fragm ented germ inal ep ith e liu m .

At a  t o t a l  dose o f f iv e  mg/kg a l l  f iv e  o f th e  t r e a te d  mice 

showed a  decreased volume o f sperm atazoa and a la rg e  number o f germ 

c e l l s  in  th e  du ctu le  lumens o f t h e i r  epid idym ides. I t  was a lso

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 9

Experiment Number 22 6 -5L: Mitomycin- C

Number o f Dose
(mg/kg)

1 in j/d a y  
fo r  5 days

In te rv a l Number o f anim als d isp la y in g  p o s it iv e  h is to p a th o lo g y Mean te s te s
anim als

processed
from l a s t  

In je c t io n  to  
s a c r i f ic e  

(days)
Reduced 

volume of 
sperm in  
du ctu le  

lumen

Epididymis

Increased  
number 
o f germ 
c e l l s  in  
d uctu le  

lumen

Atrophy o f 
d u c tu le  

ep ith e liu m

Sem iniferc

Presence 
o f  s t e r i l e  
tu b u le s  in  

te s te s  
x -sec tlo n s

us Tubules

Fragmenting
germ inal

ep ith e liu m

weight (mg)

5 0 35 0 0 0 0 0 255

5 0 .5 35 1 If 0 0 1 2U0

5 1 35 5 5 0 5 5 198a

5 1 .5 35 5 5 5 5 5 12lfa

5 2 35 5 5

_ _ _ _ _ i
5 5 5 l l 8 a

aP<0.05, s ig n i f ic a n t .

VJl•p-
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observed in  th e  te s te s  o f th ese  same f iv e  m ice, th a t  s e v e ra l semi­

n ife ro u s  tu b u les  were s t e r i l e  as w ell as  s e v e ra l  sem iniferous tu b u le s  

w ith  fragm ented germ inal ep ithe lium .

A t o t a l  doses o f 7-5 mg/kg and 10 mg/kg of mitomycin-C a l l  of 

th e  t r e a te d  mice showed an alm ost complete absence o f spermatozoa 

as w e ll as a  v a s t number o f germ c e l l s  in  th e  d u c tu le  lumens of 

t h e i r  epididym ides (F igure  5)* At 7*5 mg/kg and 10 mg/kg t o t a l  

doses o f mitomycin-C, h isto p a th o lo g y  in  th e  d u c tu le  ep ith e liu m  o f 

th e  epididym is was observed. The sim ple columnar ep ith e liu m  of 

th e  d u c tu le  was a tro p h ic  in  many reg ions o f th e  ep id idym is, a  con­

d i t io n  which was no t seen in  any o th e r  anim als in  th e  e n t i r e  p r o je c t .  

In  th e  t e s t e s  c ro ss -se c tio n s  prepared  from th e  mice t r e a te d  w ith  

t o t a l  doses o f 7*5 mg/kg or 10 mg/kg o f mitomycin-C, between Uo and 

90 p e rcen t o f th e  sem iniferous tu b u les  were s t e r i l e  (F ig u re  6 ) .  Most 

o f th e  rem aining sem iniferous tu b u le s  were n e a r ly  s t e r i l e  o r  showed 

severe lo s s  o f germ inal ep ith e liu m , however, th e re  were a  few semi­

n ife ro u s  tu b u le s  th a t  showed very l i t t l e  damage to  th e  germ inal 

ep ith e liu m . A g re a te r  number o f s t e r i l e  sem in iferous tu b u le s  were 

observed in  th e  te s te s  c ro ss -se c tio n s  o f  th e  mice th a t  rece iv ed  a 

t o t a l  dose o f 10 mg/kg of mitomycin-C than  in  th e  t e s t e s  c ro ss -  

s e c tio n s  o f th e  mice th a t  rece ived  a  t o t a l  dose o f 7*5 mg/kg °? 

th e  d ru g .

Experiment 226-8A: Adriamycin

In  comparison to  a l l  of th e  o th e r mice which were given v arious

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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F igure 5. C ro ss-sec tio n  o f the  d i s t a l  caput epididym is o f a  CF-1 
mouse th a t  rece ived  a t o t a l  dose o f 10 rag/kg o f mitomycin-C. Note 
th e  lack  o f spermatozoa and the  la rg e  number o f germ c e l l s  f i l l i n g  
th e  d u c tu le  lumen. Note a lso  th e  a tro p h ic  d u c tu le  ep ith e liu m  in  
th e  lower c e n te r  c ro ss -s e c tio n  o f th e  d u c tu le .

F igure 6 . C ro ss-sec tio n  o f th e  t e s t i s  o f  a  CF-1 mouse th a t  rece ived  
a  t o t a l  dose o f 10 mg/kg o f mitomycin-C. Note th e  s t e r i l e  sem iniferous 
tu b u le s  and th e  sem iniferous tu b u le s  w ith  fragm enting germ inal 
ep ith e liu m .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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drugs in  t h i s  p r o je c t ,  th e  mice t r e a te d  w ith  adriam ycin a t  a  t o t a l  

dose o f  6.25 mg/kg, shoved th e  most ex ten siv e  h is to p a th o lo g y  in  

th e  t e s t e s .  The sem iniferous tu h u les  o f th e  t r e a te d  anim als were 

d ev as ta ted  w ith  alm ost every sem iniferous tu b u le  being  s t e r i l e  o r  

very  n ea r to  th a t  p o in t (Table 10). A ll th a t  could be seen in  th e  

s t e r i l e  sem iniferous tu b u le s  were th e  S e r to l i  c e l l s  w ith  t h e i r  

cytoplasm ic p ro cesses  (F igure 8 ) .  In  only  a  very  few sem iniferous 

tu b u le s  could sm all a re a s  o f germ inal ep ith e liu m  be lo c a te d .

In  th e  epididym ides o f th e  t r e a te d  an im als, th e re  was a 

complete absence o f sperm atazoa in  th e  d u c tu le  lumen and co n tra ry  

to  even th e  c o n tro l an im als, th e re  were no germ c e l l s  found in  th e  

d u c tu le  lumen (F igu re  7 )• The lack  o f germ c e l l s  in  th e  d u c tu le  

lumen i s  understandab le  s in ce  only a  few germ c e l l s  could be 

lo ca te d  in  th e  t e s te s  o f th e  t r e a te d  an im als. U nlike th e  mice 

th a t  were t r e a te d  w ith  mitomycin-C a t  7*5 mg/kg and 10 mg/kg 

t o t a l  dose, th e  adriam ycin t r e a te d  mice showed no degenera tion  

o f  th e  d u c tu le  ep ith e liu m  in  th e  epididym ides.
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Table 10

Experiment Number 226-8A: Adriamycin

Number o f Dose In te rv a l
anim als (mg/kg) from l a s t

processed 1 in j/d a y in je c t io n  to
fo r  5 days s a c r i f ic e

(days)

3 0 53

h 6.25 53

Number o f  anim als d isp lay in g  p o s it iv e  h is to p a th o lo g y
Epidldym idis

Reduced 
volume of 

sperm in  
du ctu le  

lumen

0

k

Increased Atrophy o f Presence
number ductu le o f s t e r i l e
o f germ ep ith e liu m tu b u les  in
c e l l s  in te s t e s
d u ctu le x -se c tio n s

lumen

0 0 0

k 0 U

Sem iniferous Tubules

Fragmenting
germ inal

ep ith e liu m

0

k

Mean te s te s

2kj

6 la

aB<.001, s ig n if ic a n t .

vn
00
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F igure  7- C ro ss-sec tio n  o f th e  caput epididym is o f a  CF-1 mouse 
th a t  rece iv ed  a  t o t a l  dose o f 6.25 mg/kg o f adriam ycin. Note 
th e  complete absence of spermatozoa and germ c e l l s  in  th e  du ctu le  
lumen. X 200.

F igure 8 . C ro ss-sec tio n  of th e  t e s t i s  o f  a  CF-1 mouse th a t  rece iv ed  
a  t o t a l  dose o f 6.25 mg/kg o f adriam ycin. Note th a t  a l l  o f th e  
sem in iferous tu b u les  a re  s t e r i l e .
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DISCUSSION

Experim ent 226-5B: Polybrom inated Biphenyl (PBB)

Although s in g le  doses o f U00 and 800 mg PBB/kg were shown to  

be em bryolethal and te ra to g e n ic  in  pregnant r a t s  (Beaudoin, 1977), 

th e  p re se n t experim ent shows th a t  subacu te ly  adm in istered  dosages 

o f PBB as  h igh  as 750 mg PBB/kg, were no t ap p aren tly  to x ic  to  th e  

te s te s  and epididym ides o f CF-1 m ice. A p o ss ib le  sp ec ies  s p e c if ic  

a c tio n  o f  PBB has been suggested (C orbett e t  a l . ,  1975), and i t  i s  

p o ss ib le  th a t  even much h ig h er dosages o f PBB then  those  used in  

th e  p re se n t experim ent, would no t have re s u l te d  in  h is to p a th o lo g ic a l 

changes o ccu rrin g  in  th e  t e s te s  o f th e  t r e a te d  CF-1 m ice.

Experiment 226-5C, 226-5K: Hydroxyurea

Experiment 226-5k: hydroxyurea .  The r e s u l t s  o f t h i s  experim ent

show th a t  a  s in g le  in je c t io n  o f hydroxyurea a t  a dose of 2,000 mg/kg, 

was n o t ap p a ren tly  to x ic  to  th e  germ c e l l s  o f th e  t e s t e s  o r  ep ith e liu m  

c e l l s  o f th e  d u c tu le  in  th e  epididym ides o f CF-1 mice th a t  were ex­

amined a t  in te rv a ls  o f 3 , 10, 17, and 35 days p o s t in je c t io n .

Experiment 226-5c; hydroxyurea. The r e s u l t s  o f t h i s  experim ent 

show th a t  hydroxyurea, a t  a  t o t a l  dose o f 625 mg/kg, was no t ap p a ren tly  

to x ic  to  th e  germ c e l l s  o f th e  t e s t e s  o r ep ith e liu m  c e l l s  o f th e  

d u c tu le  in  th e  epididym ides o f CF-1 mice th a t  were examined 35 days 

p o s t f in a l  in je c t io n .  However, a t  t o t a l  doses o f 1250, 2500, and 

5000 mg/kg, dose-dependent h is to p a th o lo g y  was observed in  th e  t e s te s  

and epididym ides o f th e  t r e a te d  mice. S pecu lation  by th i s  in v e s t i ­

g a to r  as  to  why a  s in g le  2,000 mg/kg dose o f hydroxyurea (eaqperi-

60
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ment 226-5K) caused no h is to p a th o lo g y  In  th e  t e s t e s  o r  epididym ides 

o f  t r e a te d  mice whereas sub-acute dosing  o f  hydroxyurea a t  a  t o t a l  

dose o f 1250 mg/kg d id , may be r e la te d  to  th e  f a c t  th a t  hydroxyurea 

has been shown to  be ex cre ted  in  th e  u rin e  in  la rg e  unchanged p e r­

cen tages w ith in  a  very  sh o rt perio d  o f tim e a f t e r  a d m in is tra tio n  o f 

th e  drug (Timpson, 1975)• The sub-scu te  dosing schedule (e x p e ri­

ment 226- 5c) may a c tu a l ly  have provided a g re a te r  exposure o f th e  

germ c e l l s  to  hydroxyurea th an  in  th e  case o f th e  acu te  dosing 

(experim ent 226-5k). Another p o ss ib le  ex p lan a tio n  i s  th a t  th e  

sub-acu te  dosing schedule exposed a  g re a te r  number o f  cy c lin g  

sperm atogonia to  th e  hydroxyurea a t  th e  damaging S phase o f  t h e i r  

c e l l  c y c le s .

S ince hydroxyurea b locks sy n th e s is  o f DNA in  m i to t ic a l ly  d iv id in g  

c e l l s ,  i t  i s  l ik e ly  th a t  th e  sperm atogonial c e l l s  a re  a f fe c te d  by 

th e  d rug . Since th e re  was no ch rono log ica l exam ination o f th e  t e s t e s  

o f hydroxyurea t r e a te d  mice in  t h i s  experim ent, (experim ent 226- 5c ) ,  

no evidence i s  a v a ila b le  to  suggest th a t  hydroxyurea was to x ic  to  

sperm atocy tes, sperm atids o r spermatazoa in  th e  t r e a te d  m ice. The 

f a c t  th a t  s e v e ra l sem iniferous tu b u les  in  th e  t e s t e s  had germ inal 

ep ith e liu m  rem aining, a t  a  p o s t in je c t io n  in te rv a l  o f  35 days, 

suggests th a t  many stem sperm atogonia were no t a f fe c te d  by th e  

hydroxyurea, a t  th e  s e le c te d  doses, and normal germ inal ep ith e liu m  

cy c les  were no t in te rru p te d  in  many o f th e  sem in iferous tu b u le s  o f 

th e  t r e a te d  m ice.
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Experiment 226-5D: Thalidomide

The r e s u l t s  o f t h i s  experim ent show th a t  a lthough  thalidom ide 

i s  an e f fe c t iv e  te ra to g e n  in  th e  fem ales o f s e v e ra l sp e c ie s , i t  i s  

n o t very  e f fe c t iv e  in  inducing h is to p a th o lo g ic a l  changes in  th e  

t e s t e s  o r epididym ides o f t r e a te d  male CF-1 m ice. No h isto p a th o lo g y  

was observed in  th e  epididym ides o r t e s t e s  o f th e  mice th a t  r e ­

ceived to ta l-d o sa g e s  o f 500 .or 2,000 mg/kg o f tha lidom ide . However, 

one o f th re e  mice th a t  rece iv ed  a  t o t a l  dose o f 1,000  mg/kg d id  

show a n o tic e ab le  lo ss  o f sperm atazoa as w e ll a s  an in c rease  of 

germ c e l l s  p re se n t in  th e  d u c tu le  lumens o f th e  epididym ides and 

a  few sem iniferous tu b u le s  w ith  fragm ented germ inal ep ith e liu m  in  

i t s  t e s t e s .

Each of th e  th re e  t r e a te d  groups o f mice in  t h i s  experim ent 

su ffe red  no s ig n if ic a n t  lo s s  o f t e s t e s  w eigh t, s ig n ify in g  no 

g re a t  lo s s  o f germ c e l l s ,  as  a  r e s u l t  o f  th e  thalidom ide tre a tm e n ts . 

Experiment 226-5E, 226-5F, 226-5G; P redniso lone

The r e s u l t s  show th a t  p redn iso lone was n o t e f fe c t iv e  in  inducing 

h is to p a th o lo g ic a l changes in  th e  t e s t e s  o r epididym ides o f CF-1 mice 

ad m in istered  a  t o t a l  dose o f e i th e r  75> 150 o r  750 mg/kg and then  

s a c r i f ic e d  30 days a f t e r  th e  l a s t  in je c t io n .  There were a lso  no 

h is to p a th o lo g ic a l changes found in  th e  t e s t e s  o r  epididym ides o f 

th e  mice th a t  rece ived  a  t o t a l  dose o f e i th e r  150 o r  750 mg/kg o f 

p redn iso lone and s a c r i f ic e d  13 days a f t e r  th e  l a s t  in je c t io n .  L ike­

w ise , th e  mice th a t  rece iv ed  a  t o t a l  dose o f e i th e r  25 o r 500 mg/kg 

o f p redn iso lone and s a c r i f ic e d  3 days a f t e r  th e  l a s t  in je c t io n  

showed no h is to p a th o lo g ic a l changes in  th e  t e s t e s  o r epididym ides.

Although th e  th re e  experim ents show p r in c ip a l ly  negative
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r e s u l t s ,  th e re  i s  some evidence, a lh e i t  In c o n s is te n t,  t h a t  p red­

n iso lo n e  can induce h is to p a th o lo g ic a l changes in  th e  t e s t e s  and 

epididym ides o f CP-1 m ice. One o f th e  two mice th a t  rece iv ed  a 

t o t a l  dose o f 75 mg/kg o f  predniso lone and was s a c r i f ic e d  13 days 

a f t e r  th e  l a s t  in je c t io n ,  d id  show ex ten siv e  lo s s  o f germ inal 

c e l l s  and spermatazoa from th e  sem iniferous tu b u le s  and th e re  was 

an in c reased  number o f germ inal c e l l s  in  th e  d u c tu le  lumens o f 

th e  epididym ides. In  a d d itio n , two o f th e  fo u r mice th a t  rece iv ed  

a  t o t a l  dose o f 250 mg/kg and were s a c r i f ic e d  th re e  days fo llow ing  

th e  l a s t  in je c t io n  showed fragm ented and s t e r i l e  sem in iferous 

tu b u le s . One o f th ese  fo u r mice a lso  showed a la rg e  number o f 

germ inal c e l l s  in  th e  d u c tu le  lumens o f th e  epididym ides.

Predniso lone was shown to  induce h is to p a th o lo g y  in  th e  t e s t e s  

o f men who rece iv ed  30 mg o f predn iso lone fo r  30 consecu tive  days 

(Mancini e t  a l . ,  1966) .  This c a lc u la te s  to  a  t o t a l  dose o f p red ­

n iso lo n e  of 900 mg o r 13*2 mg/kg i f  th e  men averaged 150 pounds 

of body w eigh t. In  comparison, th e  mice in  th e  p re se n t experim ents 

rece iv ed  t o t a l  doses o f predniso lone as  h igh  as 500 o r  750 mg/kg 

and s t i l l  d id  no t show h isto p a th o lo g y  in  th e  t e s t e s .  An obvious 

ex p lan a tio n  f o r  th e  d iscrepancy  in  th e  r e s u l t s  f o r  men and mice 

i s  th a t  p redniso lone i s  spec ies  s p e c if ic  in  i t s  c a p a c ity  to  induce 

h is to p a th o lo g y  in  th e  t e s t e s .  Another v a r ia b le  to  be considered  

i s  th a t  th e  p o s it iv e  r e s u l t s  fo r  th e  men may be r e la te d  to  th e  

f a c t  th a t  th e  men were c h ro n ic a lly  dosed f o r  30 days whereas th e  

mice were c h ro n ic a lly  dosed fo r  only  f iv e  days.

This in v e s t ig a to r  can o f fe r  no ex p lan a tio n  fo r  th e  f a c t  th a t
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some predn iso lone t r e a te d  mice, a t  some dosage le v e ls ,  d isp lay ed  

t e s t i c u l a r  an d /o r epididym idal h is to p a th o lo g y  w hile o th e r  anim als 

In  th e  same sample d isp lay ed  no evidence of patho logy . There I s  

a ls o  no c le a r  exp lanation  why th e  t e s te s  and epididym ides o f mice 

re ce iv in g  th e  h ig h est doses o f p redniso lone were f re e  o f patho logy . 

Experiment 226-5H; Streptom ycin S u lfa te

The r e s u l t s  o f t h i s  experim ent show th a t  strep tom ycin  s u l f a te ,  

a t  th e  dosages se le c te d , was no t e f fe c t iv e  in  inducing  h is to p a th o lo g ic a l 

changes in  th e  te s te s  o r epididym ides o f th e  t r e a te d  male m ice. The 

r e s u l t s  o f t h i s  experim ent a re  in  agreement w ith  th e  r e s u l t s  o f 

M olito r e t  a l . ,  (I9k6) who rep o rted  f in d in g  no p a th o lo g ic a l changes 

in  mice th a t  were t re a te d  w ith  strep tom ycin .

The t r e a te d  male mice in  t h i s  experim ent, su ffe re d  no s ig n i f ­

ic a n t  lo s s  o f t e s te s  w eight as a  r e s u l t  o f th e  strep tom ycin  t r e a t ­

m ents. Such a  weight lo s s  in  th e  t e s te s  would he in d ic a t iv e  o f a 

germ c e l l  lo s s  from th e  germ inal ep ith e liu m  and would have been 

d e te c te d  in  th e  h is to lo g ic a l  c ro ss  se c tio n s  o f th e  t e s t e s  and 

epididym ides o f th e  t r e a te d  mice (See R esu lts  p . 1*9).

Experiment 226-5L, 226-5K: Mitomycin-C

Experiment 226- 5L: Mitomycin-C. The mice were t r e a te d  fo r  

f iv e  consecu tive days w ith  a  s in g le  in je c t io n  o f  mitomycin-C a t  

doses o f e i th e r  0 . 5 , 1 .0 , 1 .5 > o r 2 .0  mg/kg p e r  in je c t io n  and th en  

s a c r i f ic e d  35 days p o s t f in a l  in je c t io n .  In  t h i s  case , h is to lo g ic a l  

exam ination o f  th e  te s te s  a t  35 days p o s t f in a l  in je c t io n  rev ea led
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th e  germ c e l l  p r o l i f e r a t io n  o f th e  sperm atogonial c e l l s  t r e a te d  w ith  

mitomycin-C 35-1K) days p r io r .  The amount o f h is to p a th o lo g y  observed 

in  th e  t e s t e s  and epididym ides o f th e  t r e a te d  mice in c reased  w ith  

th e  t o t a l  dose adm in istered  to  th e  an im als. The mean te s te s  w eights 

o f th e  t r e a te d  groups decreased  in  a  dose dependent fash io n  s ig n ify in g  

g re a te r  lo sse s  o f germ c e l l s  th e  g re a te r  th e  t o t a l  dose o f th e  drug 

ad m in iste red . The p o s it iv e  h is to p a th o lo g y  found in  th e  t e s t e s  o f 

th e  t r e a te d  anim als means th a t  mitomycln-C has k i l l e d  many spermato­

g o n ia l c e l l s ,  however, s in ce  a l l  o f th e  sem iniferous tu b u le s  a re  no t 

s t e r i l e ,  some sperm atogonia have surv ived  and a re  s ta r t in g  to  r e ­

popu la te  th e  sem iniferous tu b u le s . These h is to p a th o lo g ic a l r e s u l t s  

o f  th e  t e s t e s ,  a re  in  agreement w ith  th e  r e s u l t s  o f Leonard and 

G illiav o d  (1973).

I t  i s  s ig n if ic a n t  th a t  mitomycin-C of a l l  th e  drugs used in  

t h i s  p r o je c t ,  was th e  only  drug to  induce a trophy  o f th e  d u c tu le  

ep ith e liu m  in  th e  epididym ides o f th e  t r e a te d  m ice. This in v e s t ig a to r  

can o f fe r  no ex p lan a tio n  as to  how mitomycin-C ex erted  a  to x ic  e f f e c t  

on th e  d u c tu le  ep ith e liu m  o f the  ep ididym is.

Experiment 226-5k: mitomycin-C. In  t h i s  experim ent, th e  male

mice were adm in istered  a  s in g le  5 mg/kg in je c t io n  o f mitomycin-C 

and then  s a c r if ic e d  a t  in te rv a ls  o f 3> 10, 17 , and 35 days p o s t 

in je c t io n .  No h is to p a th o lo g y  was observed a t  3 day p o s t in je c t io n ,  

however, p o s it iv e  h is to p a th o lo g y  was found in  th e  t e s t e s  a t  17 and 

35 days p o s t in je c t io n .  There i s  a ls o  a  s ig n if ic a n t  lo s s  o f mean 

te s t e s  weight in  th e  t r e a te d  group a s  compared to  th e  mean te s te s

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



66

w eight o f th e  co n tro l group. The f a c t  th a t  th e re  was no s ig n if ic a n t  

drop in  t e s t e s  w eight a t  3 days p o s t f in a l  in je c t io n ,  suggests  th a t  

th e  l e th a l  e f f e c ts  o f th e  drug on the  spermatogonia have n o t y e t 

r e s u l te d  in  s ig n if ic a n t  d e p le tio n  o f th e  germ inal ep ith e liu m  o f th e  

t e s t e s  in  t h i s  t r e a te d  group o f mice.

Only a t  35 days p o s t in je c t io n ,  i s  h is to p a th o lo g y  observed in  

th e  epididym ides suggesting  th a t  th e  f u l l  impact o f germ c e l l  lo s s  

from th e  sem iniferous tu b u le s  i s  now being observed as  reduced volumes 

o f sperm atazoa and in creased  numbers o f sloughed germ c e l l s  f in d  t h e i r  

way in to  th e  d u c tu le  lumen of th e  epididym ids.

The r e s u l t s  o f t h i s  experim ent i s  in  agreement w ith  th e  r e s u l t s  

o f  Leonard and G illiav o d  (1973)•

Experiment 226-8A? Adriamycin

The r e s u l t s  o f  t h i s  experim ent show th a t  a  s in g le  in je c t io n  

o f adriam ycin , a t  a  dose o f 6.25  mg/kg induced alm ost complete 

s t e r i l i t y  in  th e  t e s te s  o f th e  t r e a te d  m ice. H is to lo g ic a l  exam­

in a t io n  o f th e  t e s t e s  and epididym ides o f th e  t r e a te d  m ice, 53 

days p o s t in je c t io n ,  showed th a t  alm ost every sem iniferous tu b u le  

in  th e  t e s t e s  was e i th e r  s t e r i l e  o r very  n ear to  th a t  p o in t and 

th a t  no sperm atazoa o r  germ c e l l s  could be found in  th e  d u c tu le  

lumen o f  th e  epididym ids. Since sm all a reas  o f germ inal ep ith e liu m  

could be lo c a te d  in  a  few o f th e  sem iniferous tu b u le s  o f  th e  

t r e a te d  m ice, we cannot make th e  a l l  encompassing s ta tem en t th a t  

a  s in g le  6.25  mg/kg dose of adriam ycin k i l l e d  a l l  stem sperm atogonia 

in  th e  t e s t e s .  I f  t h i s  s ta tem ent were tru e  th a n  we would have
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found no germ inal ep ith e liu m  in  any o f th e  sem iniferous tu b u le s  a t  

53 days p o s t in je c t io n  tim e . The observation  o f a  sm all amount o f 

germ inal ep ith e liu m  in  th e  sem iniferous tu b u le s  a t  53 days p o s t 

in je c t io n  tim e re v e a ls  th a t  a  very  sm all number o f stem sperm atogonia 

su rv ived  th e  adriam ycin trea tm en t and a re  slow ly rep o p u la tin g  th e  

sem iniferous tu b u le s  w ith  germ c e l l  ty p e s . The t e s t i c u l a r  r e s u l t s  

o f t h i s  experim ent support th e  r e s u l t s  rep o rted  by Au and Hsu ( 1980) .

U nlike c e r ta in  mitomycin-C t re a te d  mice, th e re  was no observed 

d eg en era tio n  of the  d u c tu le  ep ith e liu m  in  th e  epididym ides o f a d r ia ­

mycin t r e a te d  m ice . These r e s u l t s  do not p reclude th e  p o s s ib i l i ty  

th a t  th e  d u c tu le  ep ith e liu m  o f th e  adriam ycin t re a te d  mice has r e ­

generated  i t s e l f  s in ce  necropsy o f th ese  mice was performed 53 days 

p o s t in je c t io n  o f adriam ycin and th e  aforem entioned mitomycin-C 

t r e a te d  anim als were s a c r i f ic e d  a t  35 days p o s t f in a l  in je c t io n .
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CONCLUSIONS AND RECOMMENDATIONS

To th o se  persons who may wish to  pursue an ex tension  o f the  

p re se n t p ro je c t  o r to  th o se  persons who may wish to  use p a r ts  of 

th e  methods p resen ted  in  t h i s  p ap er, I  d i r e c t  th e  fo llow ing 

recommendations. H e lly 's  f ix a t iv e  was s e le c te d  as th e  prim ary 

f ix a t iv e  fo r  th e  t i s s u e s  used in  t h i s  p ro je c t  because H e lly 's  

f ix a t iv e  p rov ides e x c e lle n t cytoplasm ic and n u c lea r d e t a i l  as 

w ell a s  enhancing the  r e s u l t s  o f trichrorae s ta in s ,  one o f which 

was used in  th e  p re se n t p r o je c t .  I f  t h i s  in v e s t ig a to r  were to  

re p e a t t h i s  p ro je c t ,  th e  t e s te s  and epididym ides would no t be 

allow ed to  remain in  H e lly 's  f ix a t iv e  fo r  a  p e rio d  of Uo to  U8 

hours, as  was done. Unnecessary hardening o f th e  t e s te s  and 

epididym ides re s u l te d  from leav in g  th e  t i s s u e s  in  th e  f ix a t iv e  

fo r  t h i s  extended p e rio d  of tim e. In s te a d , 10$ fo rm a lin -sa lin e  

would be used as  th e  prim ary f ix a t iv e  s in ce  th e  t is s u e s  could 

be l e f t  in  t h i s  f ix a t iv e  fo r  months w ithout undue hardening.

The t i s s u e s  could then  be tra n s fe r r e d  to  H e lly 's  f ix a t iv e  fo r  

a  s ix  hour p erio d  p r io r  to  h is to lo g ic a l  p ro cess in g . The b e n e f its  

from fo llow ing  such a  f ix in g  procedure would be b e t t e r  and e a s ie r  

s e c tio n in g  o f th e  t i s s u e s  w ith  le s s  fragm en ta tion , w ithout s a c r i ­

f ic in g  any o f th e  trichrom e s ta in in g  q u a l i t i e s .

I t  i s  a ls o  a  recommendation th a t  th e  sec tio n ed  t i s s u e s  no t 

be allow ed to  f lo a t  out in  a  50°G w ater b a th  as was done in  th i s  

p r o je c t .  A lower tem perature o f ¥f°-U6°  would be p re fe ra b le  when
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p a ra f f in  w ith  a  56° m elting  p o in t i s  used fo r  i n f i l t r a t i n g  th e  

t i s s u e s .  Because o f th e  hardness found in  se v e ra l o f th e  t is s u e s  

a f t e r  being  l e f t  in  H e lly 's  fo r  Uo hours, c u r lin g  and fragm entation  

o f th e  t i s s u e s  occurred  upon sec tio n in g . This in v e s tig a to r  found 

th a t  a  w ater b a th  s e t  a t  50°C removed th e  c u r lin g  in  the  t is s u e  

se c tio n s  b e t t e r  th an  a  lower tem perature s e t t in g ,  however, c lose  

m onitoring o f th e  t i s s u e  se c tio n s  w hile in  the  w ater b a th  i s  

n ecessary  s in ce  undue spread ing  o f th e  t is s u e s  w i l l  r e s u l t .

Although th e  method used fo r  dosing the  mice in  th e  p red­

n iso lo n e  and strep tom ycin  s u lf a te  experim ents was f a s t  and sim ple, 

some arguments can be made about th e  accuracy of th e  method. The 

t o t a l  experim ental e r ro r  e n ta i le d  in  th e  dosing ranged from 15-3$ 

to  22 .Off) depending on th e  w eight o f th e  anim als used. Since the  

anim als body w eights were rounded to  th e  n e a re s t 5*0 grams, th e re  

i s  a  p o s s ib i l i ty  o f in c lu d in g  a rounding e r ro r  o f 2 .5  grams fo r  

each w eighing. An experim ental e r ro r  o f 5*3$ i s  in troduced  when 

a  ^7 .5  gram mouse i s  rounded up to  50*0 grams ( i . e .  2 .5  grams 

rounding e r r o r / k j . 5 grams x 100 = 5-3$)> and an experim ental e r ro r  

o f 7*7# i s  in troduced  when a  32.5  gram mouse i s  rounded up to  

35*0 grams ( i . e .  2 .5  grams rounding e r r o r / 32.5  grams x 100 ■ 7 -7$ )•

In  a d d itio n  to  the  weighing e r ro r ,  many o f th e  one m i l l i l i t e r  

p l a s t i c  sy rin g es  used f o r  ad m in iste rin g  predn iso lone and s tr e p to ­

mycin s u lf a te  had im precise  alignm ents o f th e  rubber syringe 

p lungers w ith  th e  g raduations on th e  sy ringe b a r r e l .  Because of 

t h i s  im precise  alignm ent as  w e ll as the  d i f f i c u l ty  in  d i f f e r e n t ia t in g
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between th e  0 .01  m i l l i l i t e r  g raduations during  the  in je c t io n s ,  

t h i s  in v e s t ig a to r  b e lie v e s  th a t  a  0.01  m i l l i l i t e r  e r ro r  was 

in cu rred  d u ring  th e  dosing  o f many o f th e  an im als. The im precise 

p lunger alignm ent would in troduce an a d d it io n a l experim ental 

e r ro r  o f as  much as 10$ fo r  a  50 gram mouse ( i . e .  0.01  m i l l i l i t e r  

g raduation  e r r o r /  0.10  m i l l i l i t e r  o f d rug -veh ic le  in je c t io n  x 

100 * 10$) ,  and as much as 1^.3$ f o r  a  35 gram mouse ( i . e .  0.01  

m i l l i l i t e r  g rad u atio n  e r r o r / 0 .07 m i l l i l i t e r  o f d rug -veh ic le  in ­

je c t io n  x 100 -  lU .3 $ ) . The t o t a l  experim ental e r ro r  in cu rred  

w ith  th e  dosing  of p redn iso lone and strep tom ycin  s u lf a te  could 

th e re fo re  have ranged from a low o f 15-3$ ( 5 -3$ +  10$) fo r  a 

mouse whose w eight was rounded from ^7-5  grams to  50.0  grams, to  

a  h igh o f 22 .0$ ( 7 -7$ +  1^*3$) fo r  a  mouse whose weight was 

rounded from 32.5 grams to  35-0 grams. This in v e s tig a to r  b e lie v e s  

th a t  th e  experim ental e r ro r  in cu rred  by rounding the  weights 

o f  th e  anim als i s  accep tab le  b u t th e  experim ental e r ro r  in cu rred  

by using  p l a s t i c  sy rin g es  w ith  im precise p lunger alignm ents i s  

no t a c c e p ta b le . An e f f o r t  should be made to  make sure th e  p lunger 

alignm ent i s  p re c ise  in  th e  p l a s t i c  sy rin g es  p r io r  to  in je c tio n s  

o r  e le c t  to  use g la ss  sy rin g es  w ith  a  more p re c ise  p lunger 

a lignm en t.

In  summary of th e  r e s u l t s  ob tained  in  t h i s  p ro je c t ,  the  

drugs adriam ycin , hydroxyurea, and mitomycin-C caused ex tensive  

h is to p a th o lo g y  in  th e  t e s t e s  and epididym ides o f t r e a te d  mice.
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The drugs, FBB, p red n iso lo n e , strep tom ycin  s u lf a te  and thalidom ide 

caused no o r minimal h is to p a th o lo g y  in  th e  t e s t e s  and epididym ides 

o f t r e a te d  m ice. This in v e s t ig a to r  "believes i t  s ig n if ic a n t  th a t  

th e  th re e  drugs th a t  gave p o s it iv e  h is to p a th o lo g ic a l r e s u l t s  a re  

drugs capable o f mutagenic changes to  chromosomes, whereas th e  

fo u r drugs causing no o r minimal h is to p a th o lo g y  to  th e  t e s te s  and 

epididym ides a re  drugs no t renowned fo r  t h e i r  mutagenic p o te n t ia ls .  

However, t h i s  i s  no t to  suggest th a t  only drugs w ith  mutagenic 

p o te n t ia l  can harm th e  germ c e l l s  in  th e  mammalian te s te s  as 

evidenced by th e  e f f e c t  o f FBB on b u l ls  (Jackson & H a lb e rt, 197*0 

and th e  e f f e c ts  o f th e  an tisperm atogenic  agen t idenopyrid ine 

(M atter, Jaeg e r, S u te r, Tsuchimoto & D eyssenroth, 1979)•

F in a l ly ,  t h i s  in v e s t ig a to r  b e lie v e s  th a t  a  b e t t e r  under­

s tand ing  o f th e  e f f e c t  th a t  the  d rugs, adriam ycin , hydroxyurea, and 

mitomycin-C have on th e  germ c e l l s  in  th e  mammalian t e s t e s ,  could 

be ob ta ined  by an u l t r a s t r u c tu r a l  exam ination o f  th e  gap -ju n ctio n  

th a t  e x i s t s  between th e  S e r to l i  c e l l s  and th e  sperm atogonia and 

prim ary sperm atocytes (McGinley, Posalaky, Porvaznik , & R usse l, 1979)* 

The g ap -ju n c tio n  con ta in s intercom m unicating pores between th e  

S e r to l i  c e l l s  and the  germ c t l l s  and may be th e  method by which some 

n u tr ie n ts  and c e l l  macromolecules a re  communicated to  th e  spermato­

gonia and prim ary sperm atocytes from th e  S e r to l i  c e l l s .  I t  may a lso  

be th e  method by which some drugs g a in  e n try  to  sperm atocytes in  

th e  adlum inal compartment o f th e  t e s t e s .  The changes th a t  occur
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in  th e  g ap -ju n c tio n , as  sperm atogonia and sperm atocytes a re  a ffe c te d  

hy chem ical te ra to g e n s , mutagens and o th e r an tisperm atogenic drugs, 

could provide c lues to  e f f e c ts  o f th e  drugs on th e  germ c e l l s .
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APPENDIX - A
F ix a tiv e  so lu tio n s

H e lly 's  F ix a tiv e
Stock so lu tio n : Potassium  dlchrom ate - - -  -  25 grams

M ercuric c h lo rid e  - - - - -  50 grams
Sodium s u lf a te  - - - - - -  10 grams
D is t i l l e d  w ater - - - 1000 m i l l i l i t e r s  
D isso lve a l l  th e  s a l t s  to g e th e r  w ith  

g e n tle  h e a t .
For use: s tock  s o lu tio n  100 m i l l i l i t e r s

form alin  5 m i l l i l i t e r s

10# F o rm alin -sa line

Form alin - - - - - - - -  100 m i l l i l i t e r s
Sodium c h lo rid e  - - - - - - - - 9  grams
D is t i l l e d  w ater - - -  -  900 m i l l i l i t e r s
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APPENDIX - B
H arris  Hematoxylin and Eosin-B S ta in in g  S e rie s

1) Xylene -  -  -  —  - -  —  - - -  - -  - -  - -  - —  - 5 Minutes
2) Xylene - - - - - - - - - - - - - - - - - - - - - -  2 Minutes
3) 100$ e th an o l - - - - - - - - - - - - - - - - - - -  2 Minutes
1+) 95$ e th an o l - - -  - -  - -  - -  - -  - -  - -  - -  - -  2 Minutes
5) 70$ e th an o l - - - - - - - -  —  - - - - - - -  —  2 Minutes
6 ) D is t i l l e d  w ater - - - - - - - - - - - - - - - - -  1 Minute
7) L ugo l's  iod ine s o lu tio n  - - - - - - - - - - - - - 1 0  Minutes
8 ) Running w ater - - - - - - - - - - - - - - - - - -  3 Minutes
9) Sodium th io s u lf a te  s o lu tio n  - - - - - - - - - - -  3 Minutes

10) Running w ater - - - - - - - - - - - - - - - - - -  5 Minutes
11) D is t i l le d  w ater - - - - - - - - - - - - - - - - -  1 Minute
12) H a rris  hem atoxylin - - - - - - - - - - - - - - - -  5 Minutes
13) Running w ater - - - - - - - - - - - - - - - - - -  1 Minute
lU) 70$ e th an o l —  - -  —  —  - - —  - - —  - - -  2 Minutes
15) 1$ HCL in  70$ e t h a n o l  8 d ip s , 5

seconds each
16) 1$ NHifOH in  70$ e t h a n o l ..........................................................3 Minutes
17) Running w ater - - - - - - - - - - - - - - - - - -  3 Minutes
18) 80$ e th an o l -------  - - - - - - - -  —  - - - - - -  2 Minutes
19) Eosin-B - - -  - -  —  - -  2 Minutes
20) 80$ e th an o l - - - - - - - - - - - - - - - - - - -  3 d ips
21) 80$ e th an o l - - - - - - - - - - - - - - - - - - -  3 d ips
22) 95$ e th an o l - - - - - - - - - - - - - - - - - - -  3 d ips
23) 95$ e th an o l - - - - - - - - - - - - - - - - - - -  3 d ip s
2^)100$ e t h a n o l  ---------------   - - _  2 Minutes
25) X y ie n e --------------------------------------   5 Minutes
26) Xylene - - - - - - - - - - - - - - - - - - - - - -  5 Minutes
27) C overslip  w ith  permount

S o lu tio n s
1) L u g o l's  Iod ine : U00 m i l l i l i t e r s - ^

d i s t i l l e d  w ate r L  ^  f l r 8 t  
8  grams f

potassium  io d id e J
1+ grams add to  above

iod ine  c r y s t a l s u s i n g  h ea t

2) Sodium th io s u lf a te  so lu tio n :
U00 m i l l i l i t e r s  d i s t i l l e d  w ater 

20 grams sodium th io s u l f a te
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APPENDIX - C
L i l l i e '8 M od ifica tion  o f M allo ry 's  M odification  

o f M asson's Trichrome S ta in in g  S e rie s

1) Xylene - - - - - - - - - - - - - - - - - - - - - - -  5 Minutes
2) Xylene - - - - - - - - - - - - - - - - - - - - - - -  2 Minutes
3) 100$ e th an o l - - - - - - - - - - - - - - - - - - - -  2 Minutes
U) 95$ e thano l - - - - - - - - - - - - - - - - - - - -  2 Minutes
5) 70$ e th an o l - - - - - - - - - - - - - - - - - - - -  2 Minutes
6 ) D is t i l le d  w ater - - - - - - - - - - - - - - - - - -  1 Minute
7) L ugo l's  iodine so lu tio n  - - - - - - - - - - - - - - 1 0  Minutes
8 ) Running w ater - - - - - - - - - - - - - - - - - - -  3 Minutes
9) Sodium th io s u lfa te  s o lu tio n  - - - - - - - - - - - -  3 Minutes

10) Running w ater - - - - - - - - - - - - - - - - - - -  5 Minutes
11) 70$ e th an o l - - - - - - - - - - - - - - - - - - - -  2 Minutes
12) 95$ e th an o l - - - - - - - - - - - - - - - - - - - -  2 Minutes
13) P ic r ic  a c id  - - - - - - - - - - - - - - - - - - - -  5 Minutes
I 1*) Running w ater - - -  - -  - -  - -  - -  - -  - -  - -  - -  7 Minutes
15) D is t i l le d  w ater - - - - - - - - - - - - - - - - - -  1 Minute
16) W eig ert's  iro n  hem atoxylin - - - - - - - - - - - - -  3 Minutes
17) Running w ater - - - - - - - - - - - - - - - - - - -  5 Minutes
18) B iebrich  s c a r le t  - - - - - - - - - - - - - - - - - -  1 Minute
19) Running w ater - - - - - - - - - - - - - - - - - - -  5 Minutes
20) Equal p a r ts  o f 5$ phosphotungstic  a c id  

and 5$ phosphomolybdic a c id .  A g ita te
s l id e s  con tinuously . - - - - - - - - - - - - - - - -  1 Minute

21) F as t green - - - - - - - - - - - - - - - - - - - - -  2 Minutes
22) 1$ a c e t ic  ac id  - - - - - - - - - - - - - - - - - - -  1 Minute
23) 95$ e th an o l - - - - - - - - - - - - - - - - - - - -  1 d ip
2^) 100$ e thano l - - - - - - - - - - - - - - - - - - - -  1 d ip
25) 100$ e thano l - - - - - - - - - - - - - - - - - - - -  1 Minute
26) Xylene - - - - - - - - - - - - - - - - - - - - - - -  5 Minutes
27) Xylene - - - - - - - - - - - - - - - - - - - - - - -  5 Minutes
28) C overslip  w ith permount

S o lu tions
1) 6$ p ic r ic  a c id  in  95$ e th an o l
2) 1$ b ie b r ic h  s c a r le t  in  1$ a c e t ic  ac id
3) 5$ phosphotungstic a c id  (aqueous)
U) 5$ phophomolybdic a c id  (aqueous)
5) 2 .5$  f a s t  green (FCF) in  2.U$ a c e t ic  a c id
6) 1$ aqueous a c e t ic  a c id  s o lu tio n
7) L ugol's  iod ine s o lu tio n  (se e  Appendix B)
8) Sodium th io s u lf a te  so lu tio n  (see  Appendix B)
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