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THE EFFECTS OF CIGARETTE SMOKING AND VITAMIN E 
ON THE MORPHOLOGY OF MICE TESTES

K athleen Grams H a ll , M.S.

V estern  Michigan U n iv e rs ity , 1985

Epidem iological s tu d ie s  have produced evidence to  support an 

a s so c ia tio n  between c ig a re t te  smoking and abnormal sperm morphology. 

At the l e a s t ,  an e f f e c t  on sperm morphology in d ic a te s  the involvem ent 

of the t e s t i s .  T herefore , the resea rch  was designed to  survey the 

p o te n tia l  of c ig a r e t te  smoking fo r  inducing  h is to p a th o lo g y  in  the  

te s te s  of m ice, and i f  th e re  was damage, would v itam in  E overcome i t .

In the  p resen t study the te s te s  of C57BL/6 mice exposed to  c ig a­

r e t t e  smoke and/or v itam in  E and 22 c o n tro l mice were h is to lo g ic a l ly  

p rocessed . S ections s ta in e d  w ith hem atoxylin and eo s in  were assessed  

fo r  to t a l  h is to p a th o lo g y  and revea led  s t a t i s t i c a l l y  s ig n if ic a n t  d i f ­

fe ren ce s  between the  groups. S ections s ta in e d  w ith O il Red 0 were 

ev a lu a ted  fo r  amounts of l i p id  ( te s to s te ro n e )  p re sen t in  the  sem in if­

erous tubu les and rev ea led  s t a t i s t i c a l l y  s ig n if ic a n t  d iffe re n c e s  

between groups. On the b a s is  of the r e s u l t s  observed, f u r th e r  study 

i s  encouraged to  determ ine the  p o s s ib i l i ty  of a g en e tic  r i s k  from 

c ig a re t te  smoking.
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CHAPTER I

INTRODUCTION

The lo v e /h a te  fe e lin g s  fo r  smoking th a t  are expressed below are 

re f le c te d  in  our c u l tu r a l ,  p o l i t i c a l ,  and s c ie n t i f i c  approaches to  

smoking and h e a lth .

Tobacco i s  a d ir ty  weed. I  l ik e  i t .
I t  s a t i s f i e s  no normal need. I  l ik e  i t .
I t  makes you th in , i t  makes you lean .
I t  takes the h a ir  r ig h t  o ff  your bean.
I t ' s  the w orst darn s tu f f  I 'v e  ever seen.
I  l ik e  i t .

"Tobacco 1915"
Graham Lee Hemminger

The co n tro l of c ig a re t te  smoking could do more to  improve 

h e a lth  and prolong l i f e  than any o the r s in g le  a c tio n  in  the whole 

f ie ld  of preventive m edicine, d ec la res  the World H ealth Organiza­

t io n . Yet, consumers the world over spend an astounding $85 to  $100 

b i l l io n  each year to  buy fou r t r i l l i o n  c ig a r e t te s .

Although the medical case a g a in s t smoking has been conclusively  

e s ta b lish e d  only w ith in  the l a s t  q u a rte r-c e n tu ry , tobacco has had 

powerful opponents, as w ell as powerful champions. This was almost 

tru e  from the moment on November 2, 1492, when C hristopher Columbus 

f i r s t  saw n a tive  Cubans smoking ro lle d  tobacco leav es . Yet from the 

beginning, so c ia l fa sh io n s , the lu re  of p r o f i t s ,  and the a sso c ia tio n  

of tobacco w ith re la x a tio n  have a l l  helped  propagate i t s  use 

(Eckholm, 1978).

King James I  declared  th a t  tobacco use was unhealthy , unholy,

1
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and a lto g e th e r u n b e f it t in g  a c iv i l iz e d  so c ie ty . He concluded h is  

famous C ounter-B laste to  Tobacco, published in  1604, by ch a ra c te r­

iz in g  smoking as "a custom lothsome to  the eye, h a te fu l to  the nose, 

harmful to  the b ra in , dangerous to  the lungs, and in  the  black 

s tin k in g  fume th e re o f, n ea re s t resem bling the h o rr ib le  S tlg la n  smoke 

of the p i t  th a t i s  bottom less" (Eckholm, 1978 p .5 ) . Even as King 

James fumed, o ther people were making ex travagan t claim s about the 

sa lu b rio u s  powers of tobacco smoke. Some doctors p rescribed  smoking 

as an an tid o te  to  colds and fe v e rs , and some even believed  th a t 

inha led  smoke might ward o ff the p lague.

The p o p u la rity  of one or another form of tobacco use has v aried  

w ith changing no tions of vogue. In e ig h teen th -cen tu ry  England, fo r 

example, the p ra c tic e  of s n if f in g  snuff a l l  but rep laced  the smoking 

h a b it fo r  n early  one hundred years .

Tobacco was f i r s t  ro l le d  in  sm all papers in  B raz il in  the 

e ig h teen th -cen tu ry . C ig a re tte s  then became popular in  Spain during 

the Napoleonic Wars and by the end of the  n ine teen th -cen tu ry  were 

fa m ilia r  to  people throughout most of the  world. Almost everywhere 

in  the cu rren t cen tu ry , c ig a re t te s  have become more popular than 

p ipes, c ig a rs ,  sn u ff, and chewing tobacco as the tobacco form of 

cho ice. U nfo rtunate ly , c ig a re t te  smoking a lso  happens to  be the 

most dangerous form of tobacco u se .

Only q u ite  re c e n tly  has the com pilation  of an awesome medical 

case ag a in st c ig a re t te s  begun to  ta rn ish  the so c ia l sheen of smoking. 

Many medical doctors had long suspected th a t  c ig a re t te  smoking pro­

moted d ise a se , but proof of the r is k s  eluded resea rch e rs  u n t i l  the
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m id-tw entieth  cen tury . As re c e n tly  as the e a r ly  1900s, c ig a re t te  

a d v e r t is e rs  could claim  with impunity th a t  th e i r  products a c tu a lly  

promoted b e t te r  h e a lth . In 1954, B r it is h  and U.S. re sea rch e rs  

independently  e s ta b lish e d  th a t smokers have a markedly h igher o v e ra ll 

death r a te  in  any given year than nonsmokers do (N orthrup, 1957).

In  the e a r ly  s ix t i e s ,  two landmark public  documents th a t cry s­

t a l l i z e d  the evidence on smoking's adverse h e a lth  e f f e c ts  caused 

something of a tu rn ing  po in t in  the so c ia l h is to ry  of tobacco. Both 

a re p o rt re leased  in  1962 by the Royal College of Physicians of 

London and one published in  1964 by the Surgeon General of the United 

S ta te s  presented the massive medical case a g a in s t tobacco (Eckholm, 

1978).

In 1976, Dr. Benjamin F. Byrd, J r . ,  former P resid en t of the

American Cancer Socie ty , described  the p h y sio lo g ica l s tr e s s e s  and the

chemical f e a s t  to  which smokers t r e a t  them selves w ith  each c ig a r e t te :

W ithin seconds a f te r  a smoker in h a le s  c ig a r e t te  smoke, 
h is  blood p ressure s t a r t s  r is in g  by 10 to  20 p o in ts , 
h is  h e a r t r a te  in c re ases  by 25 bea ts  per m inute, h is  
sk in  tem perature drops 5 or 6 degrees—because n ic o tin e  
c o n s tr ic ts  the sm all blood v e sse ls  in  h is  sk in—and 
even h is  ey esig h t i s  adversely  a f fe c te d . And when he 
exhales, up to  90 percent of th a t  tru e  tobacco ta s te  
s tay s  in  h is  t is s u e s  as submlcroscopic p a r t ic le s  of 
about 1200 chem icals—among them a c id s , g ly c e ro l, 
aldehydes, ke tones, a l ip h a tic  hydrocarbons, arom atic 
hydrocarbons, and phenols, most of which are in  chim­
ney smoke or automobile e x h a u s t.. . .  S ix ty  percen t of the 
smoke i s  made up of a dozen noxious g ases , inc lu d in g  
propane, butane, methane, formaldehyde, ammonia, and 
hydrogen cyanide. Perhaps the most dangerous of a l l  i s  
carbon monoxide, which rep laces  up to  152 of the oxygen 
in  the sm oker's blood (Eckholm, 1978, p .9 ).

Given the wide v a r ie ty  of to x ic  p a r t i c le s  and gases p resen t in  

tobacco smoke, i t  i s  not su rp r is in g  th a t  sm oking's h e a lth  t o l l  can be
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exacted through a wide v a r ie ty  of d ise a se s .

Probably the most broadly  recognized h e a lth  consequence of 

smoking I s  the heightened  r is k  of lung cancer. Past s tu d ie s  have 

shown th a t  c ig a re t te  smokers are a t  l e a s t  ten  tim es more l ik e ly  than 

nonsmokers to  develop lung m alignancies (Eckholm, 1978).

There I s  a lso  ep idem iological evidence to  support a sso c ia tio n s  

between c ig a re t te  smoking and many o ther cancers of the body. Mom­

msen and Aagaard (1983) and Morrison e t  a l .  (1984) provided strong 

evidence of the im portance of c ig a re t te  smoking in  the e tio lo g y  of 

bladder cancer In  both sexes. Yamasaki and Ames (1977) showed th a t 

c ig a re t te  smokers have mutagenic u rin e  while nonsmokers do n o t. Howe 

e t  a l .  (1980) found an inc reased  r i s k  of cancer fo r  females who 

smoked c ig a re t te s  and drank in s ta n t  co ffe e . Moolgavhar and Steven3 

(1981) showed an a sso c ia tio n  between c ig a re t te  smoking and cancer of 

the pancreas. F in a lly ,  Grimmer, Boehnke, and Harke (1977) found th a t 

passive exposure of nonsmokers to  c ig a re t te  mutagens a lso  occurs. 

Smoking ra is e s  a persons odds of developing cancers of the mouth, 

th ro a t ,  and the la ry n x , p a r t ic u la r ly  i f  she or he i s  a heavy d rin k e r. 

C ig a re tte  smoking a lso  m u ltip l ie s  the sm oker's chances of developing 

cancer of the esophagus.

Recent resea rch  on the  sa fe ty  of the b ir th  co n tro l p i l l  has 

revealed  th a t  women who smoke account fo r  a d isp ro p o rtio n a te ly  high 

share of p i l l - a s s o c ia te d  b lo o d -c lo t and h e a r t-a t ta c k  v ic tim s. The 

use of b ir th  c o n tro l p i l l s  and smoking combine to  boost cardiovascu­

la r  d isease  r is k s  d ram a tic a lly .

Although the p u b lic i ty  accorded the connection between c ig a re tte
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smoking and cancer i s  w ell deserved, f a r  more of the deaths a r is in g  

from c ig a re t te  smoking involve coronary h e a r t d isease  which i s  the 

lead ing  k i l l e r  in  most developed c o u n trie s . C ardiovascular d isease 

probably account fo r  more than h a lf  the premature deaths caused by 

c ig a re tte  smoking. Smokers under the age of 65 are twice as l ik e ly  

as nonsmokers to  d ie of coronary h e a rt d isease . Moreover, smoking 

combines w ith o ther major r is k  f a c to rs ,  such as high blood c h o le s te r­

o l and high blood p ressu re , to  m u ltip ly  the h e a r t d isease  r is k  many- 

fo ld  (Eckholm, 1978).

The l i s t  of d iseases  caused or co n trib u ted  to  by c ig a re t te  

smoking i s  very  long , however, the mechanism by which c ig a re t te  smoke 

induces pa tho lo g ica l changes i s  not ye t f u l ly  understood.

I t  i s  known th a t c ig a re t te  smoke i s  an aeroso l having a discon­

tinuous or p a r t ic u la te  phase (about 18% of the to ta l  w eight) and a 

continuous phase composed of vapor c o n s titu e n ts  (19%), excess n i t r o ­

gen (15%), and a i r  (58%). The vapor c o n s titu e n ts  of u n f i l te re d  

tobacco smoke include a v a r ie ty  of hydrocarbons, oxygenate compounds, 

and r e la te d  c o n s ti tu e n ts .  The discontinuous phase con ta ins more than 

1200 id e n t if ie d  or u n id e n tif ie d  compounds many of which are  known to  

be carc inogenic and/or m utagenic.

In v e s tig a to rs  have ra th e r  re c e n tly  begun to  study the mutagenic 

e f f e c ts  of c ig a re tte  smoke and there- i s  now an accum ulating body of 

l i t e r a tu r e  in  th i s  f i e l d  (DeMarini, 1983).

One type of g en e tic  e f f e c t  induced by c ig a re t te  smoke i s  chro­

mosome a b e rra tio n s . Veneraa (1959) was the f i r s t  to  re p o rt on the 

m utagenicity  of c ig a r e t te  smoke. An aqueous f ra c t io n  of c ig a re t te
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smoke was shown to  induce chromosome ab e rra tio n s  in  the ro o t- t ip s  of 

onion (Allium cepa) . Chromosome lag g in g , s tic k y  chromosomes, and 

a c e n tr ic  fragm ents were observed. In  a d d itio n , the m ito tic  cycle was 

a l te re d  in  such a way th a t  prophase was decreased and telophase was 

in c reased . This area  of research  languished  u n t i l  Leuchtenberger and 

Leuchtenberger (1970) showed th a t mouse 3T3 c e l l s  th a t were exposed 

to  the gas phase of c ig a r e t te  smoke ex h ib ite d  an increased  m ito tic  

index and a l te r a t io n s  in  DNA co n ten t. Leuchtenberger, Leuchenberger, 

and Schneider (1973) showed th a t  th e re  was an Increase  in  DNA content 

and lagg ing  and breaking of chromosomes in  cu ltu red  human lung macro­

phage c e l l s  th a t  were exposed to  c ig a re t te  smoke. In ad d itio n , the 

gas phase of c ig a r e t te  smoke was shown by Pandey, Benner, and Sabharwal

(1978) to  induce chromosome a b e rra tio n s  in  the ro o t- t ip s  of g a r l ic .

Obe and Herha (1978) found a g re a te r  frequency of gross chromo­

somal a b e rra tio n  in  the lymphocyte chromosomes of heavy smokers than 

in  those of nonsmokers. The au thors found an e lev a ted  number of ex­

change-type a b e rra tio n  (d ic e n tr ic  and r in g  chromosomes) and a h igher 

frequency of chrom atid in terchanges in  the chromosomes of smokers 

r e la t iv e  to  those of nonsmokers.

As of th i s  w ritin g  th e re  have been a t  l e a s t  15 published re p o rts  

on the m utagen ic ity  of c ig a re t te  smoke in  b a c te r ia  (Salm onella) fo r  

the second type of g en e tic  e f f e c t ,  gene m utations. The mutagenic 

changes vary  w ith the type of tis s u e  in  which the b a c te r ia  are found, 

the inducer used fo r  m etabolic a c t iv a t io n  and the s tr a in s  of Salmo­

n e l la  employed. The rep o rte d  d iffe re n c e s  between the 15 in v e s tig a ­

tio n s  are o u tlin ed  in  Table 1. Sato e t  a l .  (1977) suggested th a t
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Table 1

Summary of S tudies on the M utagenicity  of C ig a re tte  Smoke 
Condensate In  Salmonella typhumurium

Tobacco S9 S tra in Reference

Control and h igh-charcoal 
f i l t e r e d  c ig a re tte s  from 
A.O. L i t t l e ,  Inc.

N itra te - tre a te d  c ig a ­
r e t t e s  from A.D. l i t t l e ,  
Inc.

A roclor-induced 
r a t  l i v e r  and 
lung

A roclor-induced 
r a t  l iv e r  and 
lung

TA1538

TA1538
TA1535

Kier e t  a l . , 
1974

Kier e t  a l . , 
1974

CSC, 12 Swain f ra c t io n s ,  
and a l l  f ra c tio n s  recom­
bined from the U niversi­
ty  of Kentucky 1A1 low 
n ico tin e  c ig a re t te s

A roclor-induced 
r a t  l iv e r  and 
lung

TA1538 Kier e t  a l . ,  
1974

CSC and 9 f ra c t io n s  from 
the U n iversity  of 
Kentucky 1R1 c ig a re tte s

Uninduced, PB-, 
or 3MC-induced 
r a t  l iv e r ;
Human l i v e r

TA1538 Hutton and 
Hackney, 1975

CSC and 12 Swain f r a c ­
tio n s  from the U niversi­
ty  of Kentucky 1R1 
c ig a re tte s

8 American, 5 European, 
and 5 Japanese 
c ig a re t te s ;  5 brands of 
c ig a rs ; and 3 pipe 
tobaccos

3MC-induced 
r a t  l iv e r

PCB (KC-500)- 
induced r a t  
l iv e r

TA1538

TA98
TA100

Hutton and 
Hackney, 1975

Sato e t  a l . , 
1977

12 b r ig h t tobaccos,
2 Burley tobaccos,
6 Japanese tobaccos, and
3 v a r ie t ie s  of Japanese 
domestic tobaccos

PCB-induced 
r a t  l iv e r

TA98 Mizusaki e t  
a l . ,  1977a

Burley tobacco grown 
w ith 4 amounts of 
n itro g en  f e r t i l i z e r ;  
B righ t-type tobacco; 7 
American, 4 Japanese, 3 
E nglish , and 1 German 
brand of c ig a re tte s

3MC-induced 
r a t  l iv e r

TA1538 Mizusaki e t  
a l . ,  1977b
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Table 1 - Continued

Tobacco S9 S tra in Reference

Swain f ra c t io n s  5 A roclo r-, or 
PB-, or 3MC- 
induced, or 
uninduced 
m aternal or 
f e t a l  r a t  l i v e r

TA98
TA100

Sehgal and 
Hutton, 1977

U niversity  of Kentucky 
K1R1-40 c ig a re tte ;  
Standard experim ental 
blend, no f i l t e r  SEB 
11-42; fre e z e -d r ie d  
Standard experim ental 
blend FD-50; and 
S tra ig h t Burley, low 
n ic o tin e  BLN-52

r a t  l iv e r  
(no t s ta te d  i f  
induced)

TA1535 Basrur e t  
a l . ,  1978

Opium and Transkei pipe 
tobacco

phenobarbi tone 
and 3MC doubly 
induced r a t  
l i v e r

TA98
TA100

Hewer e t  a l . ,  
1978

Burly and b r ig h t tobacco PCB-induced r a t  
l i v e r

TA98
TA100

Yoshida and
Matsumoto
1978

3 Japanese c ig a re t te s PCB-induced r a t  
l iv e r

TA98
TA100

Sato e t  a l . , 
1979

CSC and 12 Swain f r a c ­
tio n s  of 2A1 c ig a re t te s

A roclor-induced 
r a t  l iv e r

TA98 Kouri e t  a l . , 
1977

M arijuana CSC from NIDA 
and lo c a l ly  purchased; 
and CSC from the 
U n ivers ity  of Kentucky 
2R1 c ig a re tte s  and from 
one American f i l t e r  
c ig a re tte

A roclor-induced 
r a t  l iv e r

TA98
TA100

Busch e t  a l . , 
1979

M arijuana Transkei 
tobacco, pipe tobacco, 
and 2 brands of 
c ig a re tte s

A roclor-induced 
r a t  l i v e r

TA98
TA100
TA1538
TA1537

tfehner e t  
a l . ,  1980
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Table 1 - Continued

Tobacco S9 S tra in Reference

2 types of flue-cu red  
Burley, Japanese, 
dom astic, and blended 
c ig a re t te  tobaccos

PCB-induced 
r a t  l iv e r

TA98 Yoshida and
Matsumoto,
1980

CSC and 9 f ra c tio n s  
from the U niversity  of 
Kentucky 1R1 c ig a re tte s

A roclor-induced 
r a t  l i v e r

TA1538 DeMarini,
1981a

Note. From G enotoxicity of Tobacco Smoke and Tobacco Smoke 
Condensate by D.M. Demarini, 1983, M utation R esearch,
114, pp. 63-64.

fram esh lft (d e le tio n s  or ad d itio n s  of sm all numbers of consecutive 

base p a irs )  m utations account fo r  most of the m utagenicity  of tobacco 

smoke. Also, the m utagenicity  per mg of c ig a r e t te  smoke was shown to  

be nearly  the same fo r  low ta r  and h igh  ta r  c ig a r e t te s .  This means 

th a t  the sp e c if ic  mutagenic a c t iv i ty  of c ig a r e t te  smoke does not 

depend upon the to ta l  amount of ta r  in  the c ig a r e t te .

The age of tobacco leaves was shown to  have an in flu en ce  on 

mutagenic potency (M izusaki, Okamoto, Aklyama, and Fukuhara, 1977). 

C ig a re tte  smoke condensate (CSC) made from o ld  leaves (those  th a t  are 

low on the s ta lk )  was le s s  mutagenic than  CSC prepared from young 

leaves (those high on the  s ta lk ) .  A lso , CSC from tobacco w ith  a high 

sugar conten t was le s s  mutagenic than CSC from tobacco w ith a low 

sugar con ten t. Of the sugars te s te d  by Sato, Ohka, Nagao, T su ji , and 

Kosuge (1979), fru c to se  and s o rb ito l  ex e rte d  the g re a te s t  reduction  

of CSC m utagenicity . In  1976, Iz a rd , M oustacchi, and Fayeulle
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nonsmokers. In ad d itio n , the gas phase of c ig a re tte  smoke induced 

SCEs in  a dose-dependent manner more in  the lymphocytes of smokers 

than nonsmokers. The dose response observed in  the s tu d ies  on SCEs 

in  humans i s  im portant in  view of the epidem iological evidence fo r  a 

dose response between the number of c ig a re tte s  smoked and the r is k  of 

lung cancer and h e a rt d isease .

Another type of genetic  e f fe c t from c ig a re tte  smoke i s  on DNA 

re p a ir .  Rasmussen, Boyd, Dansie, Kouri, and Henry (1981) have stud­

ied  DNA re p a ir  in  lungs of mice ch ro n ica lly  exposed to  c ig a re tte  

smoke. F reshly-excised  whole lung tis su e  was tre a te d  with methyl 

raethanesulfonate and DNA re p a ir  was q u an tified  by measuring [% ] 

thymidine inco rp o ra tio n . A fter 12 weeks of exposure to  u n f il te re d  

smoke, a 50% decrease in  DNA re p a ir  a c t iv i ty  occurred, and p e rs is te d  

even a f te r  smoke exposure ceased.

Another area a ffec ted  by c ig a re tte  smoke i s  abnormal sperm 

m o tili ty , concen tra tion , and morphology. Campbell and H arrison

(1979) stud ied  the e f fe c ts  of smoking on sperm m o til i ty  and concen­

tr a t io n  in  the e ja c u la te  in  253 males in  A u s tra lia . They found th a t 

35% of the men who were smokers had le s s  than 60% m otile  sperm com­

pared to  only 24% of the nonsmokers. S im ila rly , 41% of smokers, but 

only 26% of nonsmokers had sperm concen trations le s s  than 40 m illio n  

per m i l l i l i t e r  of e ja c u la te . Schirren and Gey (1969) analyzed semen 

from 1377 smokers and 580 nonsmokers. They found the major adverse 

e f f e c t  of c ig a re tte  smoking was on sperm concen tra tion  which was 

below normal in  47% of the smokers and 40% of nonsmokers, with the 

la rg e s t  d ifference  occurring in  those men with the most profound
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decrease in  sperm count. V iczian (1969) obtained the follow ing 

r e s u l t s  from h is  study of the e f f e c ts  of c ig a re tte  smoke on sperm.

(1) The sperm count was lower among c ig a re tte  smokers than 
in  the co n tro l group.

(2) The r a t i o  of m otile  sperm decreased due to  the e f f e c t  
of c ig a re t te  smoking p ro p o rtio n a l to  the dose, 
although not e sp e c ia lly  g re a t.

(3) The frequency of p a th o lo g ica l sperm increased  with 
c ig a re t te  smoking showing a d e f in i te  c o r re la tio n  with 
dose.

Recent s tu d ie s  by Evans, F le tc h e r , Tourance, and Hargreave (1981) on 

sperm morphology in  matched smokers and nonsmokers a tten d in g  an 

I n f e r t i l i t y  c l in ic  have a lso  dem onstrated a s ig n if ic a n tly  g re a te r  

frequency of m orphologically  abnormal form among smokers.

The causes and consequences of m orphological abnorm alities in  

spermatozoa are f a r  from c le a r ,  although, they are known to  be pro­

duced by mutagens (Wyrobeck & Bruce, 1978). C erta in ly , physio log ical 

fa c to rs  may operate during sperm m atu ration  to  a f f e c t  sperm morpho­

logy , but th e re  i s  a lso  the p o s s ib i l i ty  th a t m utations, among the 

approxim ately thousand genes th a t c o n tro l sperm morphology may r e s u l t  

in  m orphological ab n o rm alitie s .

Abnormal sperm morphology may be in d ic a tiv e  of te ra to g en ic  

e f f e c t s .  There are  numerous epidem iological s tu d ie s  on the re la t io n ­

sh ip  between smoking and te ra to g e n e s ls .

Mau and N ette r (1974) have shown in  a study of 5200 pregnancies 

th a t  th e re  was a s ig n if ic a n t  in c rease  in  p e r in a ta l m o rta lity  when the 

fa th e rs  smoked more than 10 c ig a re tte  per day. The frequency of 

s t i l l - b l r t h s  was found to  in c rease  with heav ier p a te rn a l smoking 

h a b i ts .  The frequency of major cong en ita l malform ations of in fa n ts
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was Increased with increased  consumption by husbands, but was inde­

pendent of m aternal smoking h a b its .  Choi and K lapinski (1970) a lso  

noted an a sso c ia tio n  between heavy p a te rn a l smoking and neural tube 

d e fec ts .

On the basis  of av a ilab le  s c ie n t i f ic  evidence, the In te rn a l Com­

m ission fo r  P ro tection  Against Environmental Mutagens and Carcino­

gens, attempted to  id e n tify  i f  c ig a re tte  smoking posed a s ig n if ic a n t 

genetic  r is k  to the human population. C iga re tte  smoking was im pli­

cated fo r two reasons. F i r s t ly ,  the smoking of c ig a re tte s  i s  known 

to  involve a su b s ta n tia l carcinogenic r is k  as w ell as co n trib u tin g  to  

the r is k  of su ffe rin g  from several o ther d isea se s . The overlap be­

tween carcinogens and mutagens, as examined in  lab o ra to ry  te s t  sys­

tems, i s  so g rea t th a t any carcinogenic trea tm ent, p a r tic u la r ly  one 

fo r  the production of DNA damage in  c e l lu la r  systems, must a lso  be 

considered as a p o te n tia l human mutagen. Secondly, the p roportion  of 

smokers in  most populations i s  high (o ften  around 50 percen t) so th a t 

even a re la t iv e ly  weak mutagenic e f f e c t  could have a s ig n if ic a n t 

e f f e c t  on the gene pool of the population as a whole. Although 

cu rren tly  ava ilab le  da ta  do not allow any q u a n tita tiv e  assessment of 

the genetic  r is k  to  man from c ig a re tte  smoking, they are considered 

to  be in d ica tiv e  of the possib le  ex isten ce  of such a r is k  and 

s u f f ic ie n t to  ju s t i f y  fu r th e r  work.

In hala tion  i s  known to be an extrem ely e f f ic ie n t  rou te fo r the 

absorption of many substances. In view of the wide v a r ie ty  of muta­

gens lik e ly  to  be present in  c ig a re tte  smoke i t  i s  reasonable to  ex­

pect th a t there i s  systemic d is tr ib u tio n  of many of them. Indeed
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system ic d is t r ib u t io n  may be in fe r re d  from the a sso c ia tio n  with 

c ig a re tte  smoking of cancers a t  s i t e s  o ther than the lungs, e .g . ,  

b ladder and pancreas.

A fter reviewing the  numerous s tu d ie s  of the genetic  e f f e c ts  

c ig a re tte  smoking has on man, the In te rn a l Commission drew the 

fo llow ing conclusions:

(1) C ig a re tte  smoke con ta in s  many mutagens and th a t  those 
who in h a le  must be expected to  absorb s ig n if ic a n t 
q u a n t i t ie s .  At l e a s t  some mutagens seem to  be d i s t r ib ­
u ted  sy s tem a tica lly  and may be expected to  reach the 
gonads. On the b as is  of such da ta  the p o s s ib i l i ty  of 
g en e tic  e f f e c t s  in  man must be considered se rio u s ly .

(2) These In v e s tig a tio n s  suggest the ex istence  of genetic  
damage to  the c i rc u la t in g  lymphocytes and spermatozoa 
of smokers. These re p o r ts  deserve confirm ation and 
ex ten sio n .

(3) The only av a ilab le  study on h e r i ta b le  e f f e c ts  in  man 
in d ic a te s  a s ig n if ic a n t  c o r re la tio n  between pa terna l 
smoking and both the r a te  of p e r in a ta l m o rta li ty  and 
the frequency of congen ita l ab n o rm alitie s . This study 
u rg en tly  req u ire s  confirm ation  and ex tension .

(4) Three independent l in e  of evidence (fo r  system ic 
exposure to  mutagens, fo r  chromosome damage, and fo r 
a p o ssib le  a sso c ia tio n  of h e r i ta b le  e f f e c ts  with 
p a te rn a l smoking) lead  to  the working hypothesis th a t 
c ig a re t te  smoking may prove to  involve a s ig n if ic a n t 
gen e tic  hazard  fo r  the c h ild re n  of smokers and fo r  
subsequent g en e ra tio n s . This hypothesis should be 
sub jec ted  to  fu r th e r  exam ination w ithout delay 
(B ridges, Clemmsen, and Suglmura, p .78).

A ll of the conclusions s ta te d  above in d ic a te  th a t more examina­

t io n  w ithout delay  i s  necessary .

The p resen t research  p ro je c t was designed to  survey the poten­

t i a l  of c ig a re t te  smoke fo r  inducing h istopa tho logy  in  the te s te s  of 

mice and to  determ ine i f  any observed damage would be a r re s te d  by 

v itam in E. I t  was p o s tu la ted  th a t  the r e s u l t s  of th is  p ro je c t would
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provide a d d itio n a l Inform ation on the to x ic i ty  p o te n tia l  of c ig a re t te  

smoke on the mammalian t e s t i s  and on the  p ossib le  decrease of damage 

by the an tio x id an t v itam in  E.

Included In  the p resen t study was an attem pt to  determ ine which 

phase of sperm atogenesis was a ffec ted  by c ig a re t te  smoking. Essen- 

berg , Fagan, and M alerste in  (1951) tre a te d  W istar r a t s  w ith i n t r a -  

p e r lto n e a l in je c tio n s  of pharmacologic doses of n ic o tin e . The 

r e s u l t s  suggest a time-dependent in c rease  in  t e s t i c u l a r  atropny in  

n ic o tin e  tre a te d  r a t s .  A fter 6 to  8 months of trea tm en t th e re  was 

patchy d e s tru c tio n  of the sem iniferous ep ith e liu m . Primary and sec­

ondary sperm atocytes appeared to  be most s e n s itiv e  to  the to x ic  e f ­

f e c ts  of n ic o tin e  and many sperm atocytes were malformed. D estruc tion  

of i n t e r s t i t i a l  c e l l s  ( c e l l s  s i tu a te d  between the sem iniferous 

tu b u les) was a lso  seen. V iczian (1968) exposed male W istar r a t s  to  

c ig a re tte  smoke fo r  15-mlnute periods e ig h t time a day fo r  6 weeks 

and observed th a t  te s t ic u la r  weight was unchanged by the trea tm en t, 

but sperm atogenesis was p a r t i a l ly  blocked a t  the prim ary spermato­

c y te s . As a r e s u l t  of the p a r t i a l  block in  sperm atogenesis, the 

te s te s  of the tre a te d  r a t s  contained h igher numbers of immature sperm 

c e l l s  and lower numbers of mature sperm c e l l  than c o n tro l r a t s .

Taken to g e th e r, these experim ents suggest th a t n ic o tin e  or c ig ­

a r e t te  smoke are able to  produce te s t ic u la r  a trophy , p a r t i a l ly  block 

sperm atogenesis, and a l t e r  sperm morphology in  experim ental anim als. 

These d a ta  are c o n s is te n t with the observation  on male smokers and 

suggests th a t  the abnorm alities observed in  sperm morphology, concen­

t r a t io n ,  and m o ti l i ty  may be due to  to x ic  or mutagenic components in
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c ig a re t te  smoke which are  ab le , e i th e r  d i r e c t ly  or in d ir e c t ly ,  to 

in te r ru p t  and subvert the  normal p rocesses of sperm atogenesis or 

sperm iogenesis (m aturation  of sperm atids to  sperm). The p resen t 

research  p ro je c t eas designed to  t e s t  these repo rted  observations in  

ro d en ts .

The reason  v itam in  E was chosen fo r  the p resen t p ro je c t was th a t 

i t  has come to  be regarded as im portant fo r  i t s  a n tio x id a tlv e  ac tio n . 

Vitamin E n e u tra liz e s  f re e  ra d ic a ls  which could cause d e s ta b i l iz a tio n  

of various e a s i ly  ox id lzab le  components of c e l l s ,  notably the c e l l  

w all and p a r t ic u la te  membranes.

I t  has a lso  been shown th a t  v itam in  E ad m in is tra tio n  to  rodents 

causes a marked a c t iv a t io n  of t e s t ic u la r  fu n c tio n , w ith a consider­

able in c re ase  in  mature germinal c e l l s  and an in c rease  of m ito s is  a t  

the expense of spermatogonia and prim ary sperm atocytes (B o ttlg e io n i & 

S tu ran i, 1956). Fujino and Yoshioka (1962) showed an in c rease  in  

sperm atids and mature sperm by ad m in is tra tio n  of v itam in  E. They 

a lso  observed an appearence of vacuoles in  the cytoplasm of in t e r ­

s t i t i a l  c e l l s  a f te r  hypertrophy had occurred . Yoshioka (1965) found 

an in c re ase  in  the  number of sperm atids and sperm and a decrease in  

the number of prim ary sperm atocytes fo llow ing  20 in je c tio n s  of 

v itam in  E. He a lso  observed th a t  i n t e r s t i t i a l  c e l l s  d isp layed  an 

in c re a se  in  s iz e  and v acuo la tion  of the cytoplasm compared to  the 

c o n tro ls .

These da ta  suggest th a t  v itam in  E ad m in is tra tio n  a c tiv a te s  

sperm atogenesis, sperm iogenesis, and the  fu n c tio n  of i n t e r s t i t i a l  

c e l l s  in  mice.
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I t  i s  known th a t  the i n t e r s t i t i a l  c e l l s  produce the hormone 

te s to s te ro n e , which i s  needed fo r  sperm atogenesis (Yamauchi & Homma, 

1978). T herefore, i t  i s  possib le  th a t  ad m in is tra tio n  of v itam in  E to  

mice which have been sub jected  to  c ig a re tte  smoke, may a l le v ia te  some 

or a l l  of the to x ic  e f f e c ts  of the smoke on the te s te s ,  and on the 

process of sperm atogenesis.
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CHAPTER II

MATERIALS & METHODS 

Animals

The animals used in  the p resen t p ro je c t were C57BL/6 male mice 

supplied by the U n iversity  of Kentucky. The mice were received as 

weanlings (4-5 weeks) and m aintained on Rodent Purina Chow fo r  one 

week. At th is  tim e, the animals were randomly divided in to  three 

d ie t  groups and fed no vitam in E ( E g ) ,  5 mg of vitam in E ( E g ) ,  or 

100 mg of vitam in E ( E ^ g g )  per cage, re sp e c tiv e ly . The d ie ts  were 

prepared and supplied in  p e l le t  form by Dyet incorpora ted , Bethlehem, 

PA., in  small in s ta llm e n ts  over the period of the experiment.

Vitamin E was added as ct-tocopherol a c e ta te .

All of the animals were housed in  Bioclean u n its  in  the Kentucky 

Tobacco and H ealth Research I n s t i tu te  (KTHRI) animal q u a rte rs . Food 

and water were made av a ilab le  to  the mice a t  a l l  times except during 

smoke and sham trea tm en t. A ll animals appeared to  consume s im ilar 

amounts of water and food, however, sp e c if ic  q u an tita tiv e  da ta  of 

in take  was not gathered . A ll animals appeared to  be in  good h ea lth  

and equally  ac tiv e  during the course of the experim ent. The animal 

q u a r te r 's  environment was m aintained a t 71° Fahrenheit and 48% 

re la t iv e  humidity w ith a l ig h t  and dark cycle of 12 hours each.

18
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Animal Dosing

P ro ject personnel a t  the U n iversity  of Kentucky were responsib le  

fo r  the c ig a re tte  smoke exposures, sham trea tm ents, taking care of 

the anim als, weighing, recording animal body w eights, and s a c r if ic in g  

the anim als. This in v e s tig a to r  was responsib le  fo r  removing the 

te s te s  and fo r h is to lo g ic a lly  processing the te s te s  and assessing  any 

c ig a re tte  smoke re la te d  te s t ic u la r  h istopatho logy .

Two months a f te r  rece iv ing  the weanlings, the smoking treatm ent 

were s ta r te d . The animals in  each d ie t  group were subdivided in to  

three smoke groups; room co n tro ls  (R .C .), sham co n tro ls  (S .H .) and 

smoke-exposed (S.M.) . Table 2 summarizes the experim ental design.

Table 2 
Experimental Design

Treatment Groups

Diet Groups

VE” VE+

Room Controls (RC) 12 12

Sham Controls (SH) 10 10

Smoke-Exposed (SM) 8 8

Note. VE” = vitam in E d e f ic ie n t d ie t
VE+ = vitam in E (E^ & E^qq) supplemented d ie t

As Table 2 shows the E^ and E^qq animals were pooled together under 

VE+. This was due to  p ast experience determ ining th a t there  was no
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d iffe ren ce  in  the amount of vitam in E given (G airo la , 1985). The 

f i r s t  week of treatm ent was a b reak-in  period , during which the 

animals were gradually  acclim atized to  accepting the smoke exposures 

and handling.

Smoke exposures and sham treatm ents were performed outside the 

Bioclean quarte rs  in  the KTHRI s in g lep o rt reverse smoking machines.

These machines delivered  fre sh  smoke to  the animals in  concentrations 

and manner s im ila r to  the consumption of tobacco products by humans. 

Animals were exposed to  c ig a re tte  smoke 7 days per week. Experiment­

a l animals were exposed twice d a ily  (A.M. and P.M) to  smoke from one 

KTHRI-2A1 research  c ig a re tte  supplied  by KTHRI. These c ig a re tte s  

were 85 mm in  leng th , u n f i l te re d , and contained low n ico tin e  and high 

ta r  concen trations s im ila r to  the concen tra tions contained in  the 

commercial c ig a re t te ,  "P a ll M all” of the 1950s and e a r ly  60s. Each 

c ig a re tte  exposure consisted  of e ig h t to  ten 35-ml puffs of 100% 

smoke d ilu ted  to  20% with a i r  by the smoking machine. The "p u ffs” of 

smoke la s te d  fo r  two seconds and were d e livered  to  the in h a la tio n  

chamber a t the ra te  of 1/min. The d ilu te d  smoke from each puff was 

allowed to  remain in  the smoke in h a la tio n  chamber fo r f i f t e e n  seconds 

a f te r  which the chamber was flushed w ith fre sh  a i r .  The fre sh  a i r  

was allowed to  remain in  the chamber fo r  fo r ty - f iv e  seconds before 

the next puff exposure. Sham treatm ent was ca rr ied  out in  machines 

which had never been used fo r smoke exposures, and except fo r  the sub­

s t i tu t io n  of fre sh  a i r  fo r  smoke, the sham co n tro ls  were manipulated 

exac tly  as the sm oke-treated anim als. Room con tro l mice remained in  

the Bioclean co n tro lled  environment u n t i l  time of s a c r if ic e .
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H isto log ica l Processing

At s a c r if ic e ,  both te s te s  were su rg ic a lly  removed from each 

animal and processed d if fe re n tly  depending on the s ta in  to  be used.

In  an e f fo r t  to  prevent the in tro d u c tio n  of h is to lo g ic  a r t i f a c t  to  

the in te rn a l morphology of the the t e s t i s  and thereby assure a more 

accurate assessment of any c ig a re tte  smoke induced h istopatho logy  to 

the t e s t i s ,  the te s te s  were placed in  the f ix a tiv e  with the tun ica  

albuginea ( te s t ic u la r  capsule) in ta c t .

The l e f t  te s te s  were placed in  H e lly 's  f ix a tiv e  (see appendix A 

fo r  chemical composition and procedure) fo r 24 hours and were then 

tra n s fe rre d  to  10% fo rm alin -sa lin e  to  prevent excessive hardening.

The tis s u e s  remained in  10% fo rm alin -sa lin e  fo r  3 months and were 

then rin sed  in  running water fo r  a t le a s t  2 hours before being placed 

on an automatic tis su e  processing machine (Autotechnlcon model 2A). 

While on the Autotechnlcon, the tis su e s  were tra n s fe rre d  through an 

ascending ethanol dehydration s e r ie s  (70% ethanol to  80% ethanol to  

95% ethanol to  100% e th an o l), followed by c lea rin g  with xylene and 

f in a l ly ,  in f i l t r a t e d  with p a ra ff in  (Tissue Prep, M.P. 56.5°C). The 

l e f t  t e s t i s  from each animal was then embedded in  p a ra ff in  and the 

tis su e  blocks placed in  a 4°C re f r ig e ra to r  fo r storage u n t i l  sec tio n ­

ing .

The tis su e  blocks were then sectioned  a t 6 micrometers using  an 

American O ptical ro ta ry  microtome (model N. 820) and an American 

O ptical 180 m illim ete r double piano concave microtome k n ife . The 

tis su e  sec tio n s  were f lo a te d  on a 48°C g e la tin iz e d  water bath and
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then mounted on 25 m illim ete r X 75 m illim ete r No. 1 th ickness g lass 

s lid e s  using Mayer's egg albumin as a mounting adhesive. The s lid e s  

were then placed on th e ir  edges in  a 60°C oven fo r  a t  le a s t  24 hours.

Three s l id e s ,  with two to  th ree  tis su e  sec tio n s  per s l id e ,  were 

prepared from each t e s t i s  of each animal in  the p ro jec t and the best 

of the th ree  s lid e s  was se lec ted  fo r s ta in in g . The s lid e s  were 

passed through a hematoxylin (H arris) and eosin-Y s ta in in g  se rie s  

(see Appendix B fo r the complete procedure). The s lid e s  were cover- 

s lipped  with 22 m illim ete r X 40 m illim eter No. 1 thickness cover 

g la sse s . A xylene so lub le  sy n th e tic  re s in  mounting medium (Permount) 

was used as an adhesive between the s l id e s  and the co v ers lip s .

The r ig h t  te s te s ,  upon removal from each animal, were placed in  

10% fo rm alin -sa lin e . They were kept in  the 10% fo rm alin -sa lin e  u n t i l  

they could be sectioned  (approxim ately 4 months). At the time of 

sec tio n in g , the r ig h t  te s te s  were removed from the 10% form alin -sa­

lin e  and quickly frozen  to  a tem perature of -18°C. Optimal cu ttin g  

temperature (O .C.T.) compound, composed of sy n th e tic  g lycols and re s ­

in s ,  was used as an embedding medium and served to  a ttach  the tis su e  

to  the metal tis su e  h o ld e r. Once a t e s t i s  was placed in  the O.C.T. 

on a precooled tis su e  h o ld e r, a heat e x tra c to r  was re s te d  on the 

O.C.T. and te s t ic u la r  mass to  accomplish quick freez in g .

A fter freez in g  was completed, the t is su e  specimen was sectioned 

a t  10 micrometers using  an In te rn a tio n a l C ryostat (model CTR) and an 

American O ptical 120 m illim ete r wedge-shaped k n ife . The tis su e  

sec tions were mounted d ir e c t ly  on room tem perature 25 m illim eter X 75 

m illim eter No. 1 th ickness g la ss  s lid e s  using poly-L -lysine as the
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mounting adhesive.

Three s l id e s ,  with two to  th ree  tis s u e  sec tions per s l id e ,  were 

prepared from each r ig h t t e s t i s  fo r  each animal in  the p ro jec t and 

the b est s lid e s  were se lec ted  fo r s ta in in g . The s lid e s  were then 

passed through an Oil Red 0 s ta in in g  s e r ie s  (see Appendix C fo r  

d e ta i l s ) .  The s lid e s  were coverslipped with 22 m illim eter X 40 m il­

lim ete r No. 1 th ickness cover g la sse s . Glycerol j e l l y  was used as an 

adhesive between the s lid e s  and the co v e rs lip s .

H is to lo g ica l Evaluation

I t  was the re s p o n s ib il i ty  of th is  in v e s tig a to r  to  examine the 

h is to lo g y  of both te s te s  of each p ro je c t animal and to  determine i f  

any h istopathology e x is ted  in  the t is su e  c ro ss -se c tio n s . A fter 

s ta in in g  was complete, the s lid e s  from the con tro l mice were evalu­

ated  and observations were recorded. A ll the s lid e s  were then pooled 

each having a code number only known to  th is  in v e s tig a to r , and given 

to  an independent observer to  randomize. The randomization procedure 

involved c rea tin g  a new code number fo r  each s lid e  known only to  the 

independent observer. The s lid e s  were then evaluated by th is  in v e s t­

ig a to r .  The c r i t e r i a  used to  evaluate  the te s te s  of p ro je c t animals 

were based on th ree  h is to lo g ic a l phenomena observed in  the te s te s  of 

u n trea ted  C57BL/6 mice. The three phenomena were: (a) the absence

of s t e r i l e  sem iniferous tubu les, (b) the c e l l  a sso c ia tio n  of the 

germinal e p i th e l ia l  c e l l s ,  and (c ) the co lor in te n s i ty  of Oil Red 0 

( l ip id  d ro p le ts) p resen t in  the sem iniferous tubules and i n t e r s t i t i a l  

(Leydig) c e l l s .
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Absence of S te r i le  Sem iniferous Tubules

Microscopic exam ination of the te s te s  from u n trea ted  C57BL/6 

mice f a i le d  to  d e te c t s t e r i l e  sem iniferous tubu les in  the t e s t ic u la r  

c ro s s -se c tio n s . S te r i le  sem iniferous tub u les  were defined  as tubules 

which were void of a l l  germ inal c e l l  types ( i . e .  spermatogonia 

sperm atocytes, sperm atids, sperm atozoa). Testes th a t d isp layed  any 

s t e r i l e  sem iniferous tubu les in  c ro s s -s e c tio n s , were scored as a 

re p re se n ta tiv e  of a h ls to p a th o lo g ic a l co n d itio n .

C ell A ssociation  of Germinal Epithelium  Cell

The germinal c e l l s  in  the u n tre a te d  mice d isp layed  an equal c e l l  

a s so c ia tio n  ( ra t in g  of 3, see Table 3) among sem iniferous tu b u les .

An unequal c e l l  a s so c ia tio n  i s  ch a ra c te rized  by the appearence of 

more or le s s  sperm atids and spermatozoa than spermtogonia and sper­

matocytes (see Table 3 ) . P ro jec t anim als th a t d isp layed  an unequal 

c e l l  a sso c ia tio n  were scored as re p re se n ta tiv e  of a h ls to p a th o lo g ic a l 

co nd ition .

The Amount and Color In te n s i ty  of Red D roplets P resent in  the 
Seminiferous Thbules and I n t e r s t i t i a l  C ells

In  the sem iniferous tubu les and i n t e r s t i t i a l  c e l l s  of u n trea ted  

mice, i t  was estim ated  by th i s  in v e s t ig a to r  th a t  normal co lo r in te n ­

s i ty  was equal to  a 1.5 -  2.0 (see Table 3 ) . The co lo r in te n s i ty  of 

red  d ro p le ts  depended on the amount of l i p id  ( te s to s te ro n e )  p re sen t. 

C ross-sec tions of sem iniferous tubu les and i n t e r s t i t i a l  c e l l s  from
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p ro je c t mice th a t  d isp layed  an Increase  In  amount or In te n s i ty  of red 

d ro p le ts , were scored as re p re se n ta tiv e  of a h ls to p a th o lo g ic a l 

co n d itio n .

Table 3

Key fo r  Numerical Assessment of Data

Color In te n s i ty  of s ta in  in  sem iniferous Tubules:
1 (blue co lo r of tubule due to  l i t t l e  or no s ta in )  to  5 (purp le 
co lo r of tubule due to  la rg e  amount of s ta in )

Color in te n s i ty  of s ta in  in  i n t e r s t i t i a l  c e l l s :
1 (blue co lo r of c e l l  due to  l i t t l e  or no s ta in )  to  5 (purp le 
co lo r of c e l l  due to  la rg e  amount of s ta in )

C ell A ssocia tion  of Germinal Epithelium  C ells :
1 (fewer sperm atids and spermatozoa than sperm atocytes and sper­
matogonia) to  5 (more sperm atids and spermatozoa than spermato­
cy tes  and sperm atogonia)

S ta t i s t i c a l  A nalysis

S ta t i s t i c a l  a n a ly s is  was performed on the co lo r in te n s i ty  of red 

d ro p le ts  ( l ip id )  p resen t in  the sem iniferous ep ithelium  and i n t e r s t i ­

t i a l  c e l l s ,  the c e l l  a s so c ia tio n  of the germinal e p i th e l i a l  c e l l s ,  

and the s t e r i l e  sem iniferous tubules of the tre a te d  and co n tro l 

anim als in  each experim ent. The da ta  from the preceding c r i t e r i a  

were recorded in  num erical form using  the key found Table 3. The raw 

d a ta  were analyzed using  an one ta i le d  Student T t e s t .  D ifferences 

between the mean of the co n tro l and tre a te d  mice were rep o rted  a t  a 

s ig n if ic a n c e  le v e l of £  < 0.05 or £  < 0 .01 .
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CHAPTER III

RESULTS

A fter the four-month experim ental p eriod , the four groups of 

animals were s a c r if ic e d  and th e i r  te s te s  were processed fo r  h is to ­

lo g ic a l e v a lu a tio n . At the time of s a c r i f i c e ,  a l l  animals were 

between 7 and 8 months of age.

General Morphology (H & E)

S lides from a l l  l e f t  te s te s  were s ta in e d  with Hematoxylin and 

Eosin (H & E) fo r  genera l m orphological ev a lu a tio n  using  a double 

paradigm. Each s l id e  was f i r s t  observed a t  250X m agn ifica tion  fo r  

the number of blood v e s se ls  per u n it  of tis s u e  a rea , presence of 

s t e r i l e  sem iniferous tu b u les , and genera l o v e ra ll appearence. The 

sec tio n s  were then observed a t  400X m agn ifica tion  fo r  the s iz e  and 

d is tr ib u t io n  of the i n t e r s t i t i a l  spaces, the general appearence of 

the germinal e p i th e l i a l  c e l l s ,  and the appearence of S e r to l i c e l l s .

Table 4-^

Grouping of Animals fo r  Evaluation

Group A ■ 22 Control anim als (no v itam in  E and no smoke exposure)

Group B =■ 8 Smoke exposure anim als, no vitam in  E

Group C ■ 22 Vitamin E supplemented aniam als (E^ & E10q)

Group D “ 8 Vitamin E supplemented (Eg & E100) & smoke exposure 
aniamls

26
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There were two animals (//12-group A and //10-group C) th a t could 

not be sectioned  due to  poor i n f i l t r a t i o n  of one of the h is to lo g ic a l 

reagents in to  the t e s t i s .  The r e s t  of the te s te s  sectioned e a s ily  

and were almost com pletely in ta c t .

None of the te s te s  showed any s t e r i l i t y ,  and th e re fo re , no s ta ­

t i s t i c a l  an a ly sis  was performed fo r v a r ia tio n s  in  reproductive c e l l  

co n cen tra ti ons.

Next, the number of re a d ily  d isce rn ib le  blood v esse ls  were 

counted. Some te s te s  contained many blood v esse ls  while o thers con­

ta ined  very few. Many of the group C te s te s  contained high numbers 

of blood v esse ls  while group A animals o ften  had only a few. There 

was, however, no s t a t i s t i c a l  s ig n ifican ce  between any group fo r the 

number of blood v esse ls  and i t  was presumed th a t the observed d if f e r ­

ences may have re su lte d  from where and a t  what angle the sec tio n  of 

the te s te s  was obtained.

For the o v era ll general appearence assessm ent, i t  was noted th a t 

the m ajority  of sec tio n s  had completely in ta c t  tun ica  albuginea with 

very few sem iniferous tubules or i n t e r s t i t i a l  spaces m issing. The 

s ta in in g  q u a lity  was g en era lly  good, but there  was considerable 

h is to lo g ic a l a r t i f a c t  due to  heavy m etal deposition  from the H e lly 's  

f ix a t iv e .

Under high m agnifica tion  (400X) some i n t e r s t i t i a l  c e l ls  showed 

vacuoles which v aried  from empty to  to ta l ly  f i l l e d  with a l ip id ,  pre­

sumed to  be te s to s te ro n e . With most of the te s te s ,  i t  was hard to  

d iscern  any vacuoles and there was no s t a t i s t i c a l l y  s ig in i f ic a n t  d i f ­

ference between groups fo r  the presence of vacuoles.
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All germinal ep ithelium  c e l l s  (spermatogonia, sperm atocytes, 

sperm atids, and spermatozoa) were e a s i ly  seen. Spermatogonia were 

found on the basal lam ina between the S e r to li nuclei and were e i th e r  

the pale or dark type depending upon th e ir  le v e l of m aturation. Dark 

spermatogonia had a nucleus con tain ing  deeply s ta in in g , f in e ly  granu­

la te d  chromatin. Pale spermatogonia possessed a nucleus with f in e ly  

g ranu la ted , but pale s ta in ed  chrom atin. Pale spermatogonia are com­

m itted  c e l ls  (germinal c e l l s  th a t ev en tua lly  become mature sperm) 

while dark spermatogonia serve as the stem c e l l s .  Half of the stem 

c e l ls  divide in to  more stem c e l ls  and h a lf  become pale spermatogonia.

Primary spermatocytes are loca ted  ad jacen t to  the spermatogonia 

near the basal lamina and are the la rg e s t  germinal c e l l s .  Closer to  

the tubule lumen are the small dark round sperm atids. The spermatids 

undergo m aturation (sperm iogensis) to  become f i r s t  spermatozoa, then 

mature sperm. The spermatozoa, s ta r t in g  to  resemble mature sperm, 

are located  on the edge of the lumen.

Cell A ssociation  of Germinal Epithelium  C ells

Since the r e s u l t s  were s t a t i s t i c a l l y  s ig n if ic a n t,  a complete 

tab le  of a l l  raw data  fo r  each t e s t i s  can be found in  Appendix D.

Table 3 shows the numerical assessment key fo r  the c e l l  asssocation  

of germinal ep ithelium  c e l l s  and the amount of s ta in  presen t in  the 

i n t e r s t i t i a l  c e l ls  and sem iniferous tubu les.

Using the c r i t e r i a  se lec ted  by th is  in v e s tig a to r  fo r  the c e l l  

a sso c ia tio n  of the germinal ep ithelium  c e l l s ,  a s t a t i s t i c a l  d i f f e r ­

ence was observed between the u n trea ted  and tre a te d  groups.
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Table 5 gives the mean values of the c e l l  a s so c ia tio n  fo r  the 

animals w ith in  each trea tm ent group. Using a value of 3 (Table 3) 

fo r  u n trea ted  mice (equal numbers of sperm atids and spermatozoa com­

pared to  sperm atocytes and sperm atogonia), the te s te s  in  the t r e a t ­

ment groups y ie lded  a value above or below a 3 in d ic a tin g  the p res­

ence of more or le s s  sperm atids and spermatozoa, re sp e c tiv e ly .

Table 5- 

Mean C ell A ssocia tion  Values

Group C ell A ssociation  Means

A (C ontro ls) 3.00

B (Smoke-exposed) 1.64

C (Vitamin E) 4.07

D (Vitamin E and Smoke-exposed) 2.88

jt values ranged from 0 .97 -9 .47 , j> < 0 .01 .

Group A (co n tro l anim als) had a mean c e l l  a s so c ia tio n  value of 

3.00 w ith a range of 2.50 to  3 .50 . Group B animals (smoke-exposed) 

had a mean c e l l  a s so c ia tio n  value of 1.64 w ith a range of 1.00 to  

2 .00 . For each of the anim als in  group B, the m a jo rity  of the semi­

n ife ro u s  tubu les had more sperm atocytes and spermatogonia, than sper­

m atids and spermatozoa. There was a t_value of 9.47 between these 

two groups which in d ic a te s  a high le v e l of s ig in ifcan ce  fo r  the mean 

d iffe re n ces  between groups A and B (jp < 0 .0 1 ).

Group C (v itam in  E supplemented) anim als had a mean c e l l  a sso c i­

a tio n  value of 4.07 w ith a range of 2.50 to  5.00 and a t_h igh ly
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s ig n if ic a n t value of 7 .21. Most of these te s te s  showed more sperma­

tid s  and spermatozoa than spermatocytes and spermatogonia in  th e ir  

sem iniferous tu b u les . There was not a s ig n if ic a n t  d iffe ren ce  between 

the and &ioq anim als.

The £  value of 0.97 fo r group D (v itam in  E supplemented and 

smoke-exposed) mice was not s ig n if ic a n tly  d if fe re n t from group A.

Figures 1, 2, and 3 show groups A, B, and C, re sp e c tiv e ly . Note 

the d ifference  in  c e l l  a sso c ia tio n  between the th ree  groups. Figure 

1 shows a sem iniferous tubule from a co n tro l mouse with normal c e l l  

a sso c ia tio n , Figure 2 shows a sem iniferous tubule from a mouse ex­

posed to  c ig a re tte  smoke. There are many more primary spermatocytes 

p resen t than spermatids while Figure 3 (a  v itam in  E supplemented

T *

Figure 1. Seminiferous Tubule Showing the Germinal Epithelium  
C ells From a Control Mouse, H&E, 400X (G = spermato­
gonia, C =» sperm atocytes, T = sperm atids, Z = sper­
matozoa).

R e p ro d u c e d  with p e rm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



31

Figure 2. Seminiferous Tubule Showing the Germinal Epithelium  
C ells From a Mouse Exposed to  C igarette  smoke, H&E, 
400X (G = spermatogonia, C = sperm atocytes, T = 
sperm atids, Z = spermatozoa).

Figure 3. Seminiferous Tubule Showing the Germinal Epithelium  
C ells From a Mouse Given Vitamin E, H&E, 400X (G = 
spermatogonia, C = sperm atocytes, T = sperm atids,
Z = spermatozoa).
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mouse) shows more sperm atids and spermatozoa than sperm atocytes and 

spermatogonia.

Another observation  of a d ev ia tio n  from the normal was the r a t io  

of pale to  dark spermatogonia in  the sem iniferous tu b u les . Groups A 

and B had approxim ately equal numbers of each in  a l l  tubu les while 

group C appeared to  have twice as many dark spermatogonia as pale . 

Half of the tubu les in  group D had equal numbers of both types of 

spermatogonia w hile the o ther h a lf  of the tubu les contained twice as 

many dark as p a le .

L o ca liz a tio n  of L ip id  (O il Red 0)

The O il Red 0 s ta in  was used to  determ ine the amount of l ip id  

p resen t in  the sem iniferous tubu les and i n t e r s t i t i a l  c e l l s .  Table 3 

shows the num erical assessm ent key th a t  was used to  eva lua te  the 

q u an tity  of s ta in  p re sen t.

Amount of S ta in  P resen t in  the Seminiferous Tubules

Table 6 shows the mean values of the  s ta in  in te n s i ty  in  the 

sem iniferous tubu les fo r  the four d if f e re n t  groups.

Table 6.

Mean S ta in  In te n s i ty  Values of the Seminiferous Tubules

Group S ta in  In te n s i ty  Means

A (C ontro l) 1.50

B (Smoke-exposed) 3.38

R e p ro d u c e d  with p e rm iss ion  of th e  copyright owner. F u r th e r  reproduction  prohibited without perm iss ion .



Table 6 - Continued

Group S ta in  In te n s i ty  Means

C (Vitamin E) 2.50

D (Vitamine E and Smoke-exposed 4.75

t  values ranged from 4 .04-16 .9 , p < 0 .01 .

The r e s u l t s  showed a h igh ly  s ig n if ic a n t  d iffe ren ce  between the 

th ree  trea tm ent groups and group A (c o n tro l) .  As f ig u re s  4, 5, and 6 

show, th e re  was an in c rease  in  the amount of s ta in  found in  groups B 

and C compared to  group A. Figure 7 rep re sen ts  a cross se c tio n  of 

the te s te s  of a group D mouse. The amount of s ta in  p resen t i s  so

Figure 4. Sem iniferous Tubule and I n t e r s t i t i a l  C ells  Form a 
Control Mouse, Oil Red 0, 400X (ST = Seminiferous 
Tubule, IC = I n t e r s t i t i a l  C e lls ) .
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Figure 5. Seminiferous Tubule and I n t e r s t i t i a l  C ells From a 
Mouse Exposed to  C igare tte  Smoke, Oil Red 0, 400X 
(ST = Seminiferous Tubule, IC = I n t e r s t i t i a l  C e lls ) .

Figure 6. Seminiferous Tubule and I n t e r s t i t i a l  C ells From a 
Mouse Given Vitamin E, Oil Red 0, 400X (ST = 
Seminiferous Tubule, IC = I n t e r s t i t i a l  C ells)
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Figure 7. Seminiferous Tubule and I n t e r s t i t i a l  C ells  From a
Mouse Given Vitamin E and Exposed to  C ig a re tte  Smoke, 
O il Red 0, 400X (ST = Sem iniferous Tubule, IC = 
I n t e r s t i t i a l  C e lls ) .

h igh , the tubu les appear purple in  c o lo r .  There was no s ig n if ic a n t  

d iffe re n ce  in  the amount or in te n s i ty  of s ta in  in  the sem iniferous 

tubu les between the E^ and E^qq anim als.

Amount of S ta in  P resen t in  the I n t e r s t i t i a l  C ells

Table 7 shows the mean values of the s ta in  in te n s i ty  in  in t e r ­

s t i t i a l  c e l l s  fo r  the fou r d if f e re n t  groups.

Table 7.

Mean S ta in  In te n s i ty  Values of the I n t e r s t i t i a l  C ells

Group S ta in  In te n s i ty  Values

A (C on tro ls) 1.86

B (Smoke-exposed) 2.94

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



Table 7 - Continued

Group S ta in  In te n s i ty  Values

C (Vitamin E) 3.11

D (Vitamin E and Smoke-exposed) 4.31

values ranged from 6 .33-8 .98 , j> < 0 .01 .

The re s u ts  showed a h ig h ly  s ig n if ic a n t  d iffe re n ce  between the 

th ree  treatm ent groups and the c o n tro ls  (group A). Group D was a lso  

s ig n if ic a n t ly  d if f e re n t  from both groups B and C even though B and C 

were not s ig n if ic a n t ly  d if f e re n t  from each o th e r. R eferring  again to  

f ig u re s  4, 5, and 6 , i t  can be seen th a t  the amount of s ta in  p resen t 

in  the  i n t e r s t i t i a l  c e l l s  of groups B and C i s  g re a te r  than fo r group 

A. The t̂  values of B and C were 6.33 and 8.98 re sp e c tiv e ly . Group D 

te s te s  showed a d ra s t ic  in c re a se  in  the amount of s ta in  p resen t in  

th e ir  i n t e r s t i t i a l  c e l l s  compared to  group A. This i s  e a s i ly  seen in  

f ig u re  7 and i s  rep resen ted  by a h ig h ly  s ig n if ic a n t _t value of 8 .17 . 

There was no s ig n if ic a n t  d iffe re n ce  in  s ta in  in te n s i ty  or amount in  

the i n t e r s t i t i a l  c e l l s  between the  E j and E^qq anim als.
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CHAPTER IV

DISCUSSION

Spermatological in v e s tig a tio n s  have shown a c o rre la tio n  between 

prolonged heavy smoking and a decrease in  the o v e ra ll number of sperm 

as well as more pathogenic forms of sperm which re su lte d  in  an unfa­

vorable e f fe c t on the m o ti l i ty  of sperm (V iczian, 1969). In 1968, 

Vicizan decided to  perform some experim ents to  determine which phase 

of spermatogenesis was a c tu a lly  a ffec ted  by smoking. H isto log ica l 

examination of r a t  te s te s  showed more primary spermatocytes and more 

abnormal m ito tic  forms w ith an enlargement of the nuclei in  the 

experim ental group.

The present in v e s t ig a to r ,  in  agreement with V iczian, observed 

more spermatocytes and to  a le s s e r  e x te n t, spermatogonia in  the 

te s te s  of mice exposed to  c ig a re t te  smoke (Groups B and D). The 

primary spermatocytes appear to  be the ta rg e t of to x ic ity  as c iga­

r e t t e  smoke in h a la tio n  induces an in c rease  in  the number of spermato­

cy tes p r io r  to  m ito sis  by in h ib itin g  m ito s is . Other to x ic id es  of 

spermatogensis (e .g . io n iz in g  ra d ia tio n )  g en era lly  ex e rt th e ir  harm­

fu l e f fe c t mainly on primary sperm atocytes (Lacy, 1969). th e rfo re , 

these c e l ls  seem to  be the most su scep tib le  to  environm ental tox ins.

The re la tio n sh ip  of v itam in  E to gonadal function  has been known 

since 1925. As e a r ly  as 1919, i t  was known th a t r a ts  fed  a vitam in E 

d e f ic ie n t d ie t ,  showed te s t ic u la r  degeneration . On the o ther hand, 

i t  i s  said  th a t overdoses of vitam in E caused an a c tiv a tio n  of

37
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sperm atogenesis. Fujio  and Yoshioka (1962) observed an Increase of 

spermatids and spermatozoa in  mice a f te r  a pharmacological dose of 10 

mg per day fo r 40 days. They suggest th a t  vitam in E adm in istra tion  

a c t i iv a te s  spermatogenesis in  mice. Yoshioka (1965) In je c te d  imma­

tu re  male mice with 10 rag of vitam in E fo r  20 days and recorded the 

follow ing observations. The small dark ly  s ta in in g  spermatogonia were 

fa r  superio r in  number to  the pale s ta in in g  spermatogonia and there 

was an increase  in  sperm atids and spermatozoa. F in a lly , i n t e r s t i t i a l  

c e l ls  increased in  s ize  and vacuolation  of the cytoplasm compared to  

the c o n tro ls . Yoshioka concluded th a t  the inc rease  in  mature germi­

nal c e l ls  was a t  the expense of spermatogonia and primary spermato­

cy te s .

In the present study, group C animals (those fed  a vitam in E 

supplemented d ie t)  showed an increase in  spermatids and spermatozoa 

with a decrease in  spermatogonia and sperm atocytes. There was a lso  

twice as many dark s ta in in g  spermatogonia as p a le . I t  i s  thought 

th a t the stem c e l l  numbers (dark spermatogonia) increased  to  account 

fo r  increased  primary sperm atocytes. This r e s u l ts  in  an increase  in  

m ito sis  leading  to  the increased  numbers of sperm atids and spermato­

zoa.

F in a lly , the eva luation  of the r e s u l t s  of group D does not show 

any conclusive evidence th a t vitam in E could be used to  overcome the 

to x ic  e f fe c ts  of c ig a re tte  smoke. The spermatozoa were normal in  

numbers compared to  the c o n tro ls . The spermatocytes were g rea te r  in  

number (possib le  e f fe c t  of c ig a re tte  smoke), while the sperm atids 

decreased s l ig h t ly  in  some tubules and increased  s l ig h t ly  in  o th e rs .
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The increased  amount and in te n s i ty  of s ta in  in  the i n t e r s t i t i a l  

c e l ls  of groups C and D was what th is  in v e s tig a to r  expected. I t  i s  

known th a t vitam in E in c reases  the production of the hormone te s to s ­

terone which i s  produced in  the i n t e r s t i t i a l  c e l l s .  Therefore, the 

mice fed vitam in E would be expected to  show increased  amounts of 

s ta in  uptake by th e ir  i n t e r s t i t i a l  c e l l s .

There was a lso  an increased  amount of s ta in  ( te s to s te ro n e ) in  

the i n t e r s t i t i a l  c e l ls  of groups B and D. This in v e s tig a to r  postu­

la te s  th a t th is  may be due to  an acute hormonal response of the 

i n t e r s t i t i a l  c e l l s  to  c ig a re tte  smoke. The hormonal response to  

c ig a re tte  smoke in h a la tio n  has been stud ied  with somewhat equivocal 

r e s u l t s  in  the p a s t. The inform ation i s  in d e c is iv e , and the re s u l ts  

appear to  be in  c o n f l ic t .  W internitz and Q uillen  (1977) performed 

experiments to  determine i f  there  was an hormonal response of te s to s ­

terone to  c ig a re tte  smoking. Their r e s u l t s  showed no s t a t i s t i c a l l y  

s ig n if ic a n t change in  blood plasma te s to s te ro n e  le v e ls  a f te r  sub jec ts  

smoked 8 c ig a re tte s  in  3 hours. F igures 5 and 7 show a deeper s ta in  

in te n s i ty  of the i n t e r s t i t i a l  c e l ls  of group B while group D shows a 

d ra s tic  d iffe ren ce  from the con tro l (Figure 4 ). I t  i s  obvious th a t 

both c ig a re tte  smoke and vitam in E i s  p o s itiv e ly  co rre la ted  with an 

increase  in  the l ip id  content ( te s to s te ro n e )  of the i n t e r s t i t i a l  

c e l ls  as evidenced by Figure 7.

The re s u l ts  of the s ta in  amount and in te n s ity  in  the sem inifer­

ous tubules were somewhat of a s u rp r is e . Yamauchi and Homma (1953) 

showed th a t te s to s te ro n e  i s  needed fo r sperm atogenesis. This would 

account fo r  some of the s ta in  p resen t in  the tubules of the treatm ent

R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .



40

groups. Knowing th a t v itam in  E in c re a ses  the production of te s to s ­

terone, the te s te s  from group C should have more te s to ste ro n e  a v a ila ­

ble to  en te r the tubules re s u lt in g  in  increased  s ta in  in te n s i ty .

Group B te s te s  a lso  had a high amount of s ta in  in  th e ir  tubules while 

the tubules in  group D te s te s  appeared almost purple due to  the la rge  

amount of s ta in  p resen t. Lacy (1960) d id  show th a t te s to s te ro n e  i s  

needed fo r the sperm iogenesis phase of sperm atogenesis. Using th is  

inform ation plus the f a c t  th a t c ig a re tte  smoking seems to  a f fe c t the 

m ito sis  of spermatocytes re s u lt in g  in  high numbers, a reasonable 

conclusion was reached by th is  in v e s t ig a to r .  The te s to ste ro n e  en te rs  

the tubule to  a s s is t  in  sperm atogenesis, but since not enough sperma­

tid s  are present to  use a l l  the te s to s te ro n e  produced, some i s  l e f t  

(group B). Group D has excess s ta in  ( te s to s te ro n e )  due to  the low 

number of spermatids plus e x tra  s ta in  ( te s to s te ro n e )  from the higher 

production of i n t e r s t i t i a l  c e l l s .

A fter evaluating  a l l  the r e s u l t s ,  th i s  in v e s tig a to r  concludes 

with the p o s tu la tio n  th a t c ig a re tte  smoke does a f fe c t  the te s te s ,  in  

way th a t vitam in E does not seem to  co u n te rac t.

Based on the r e s u l t s  of th is  study , a more thorough in v e s tig a ­

tio n  in to  the e f fe c ts  of c ig a re tte  smoke on te s te s  i s  w arranted. A 

"true" q u a lita t iv e  study needs to  be done. For fu tu re  s tu d ie s , 

po rtions of th is  experiment should be redesigned .

F i r s t ,  s a c r if ic e  the mice a t  d if fe re n t  times a f te r  beginning the 

smoke exposure, (from 1 month to  1 year l a t e r ) .  Also use d if fe re n t 

brands of c ig a re tte s ,  from high ta r  and n ic o tin e  to  low ta r  and 

n ic o tin e .
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A second area  to  change would be to  use s ta in s  th a t are more 

sp e c if ic  fo r the germinal ep ithelium  c e l l s ,  such as B erg 's Method fo r 

spermatozoa or Methyl Green-pyronin Y fo r  nucleic  ac id s , I t  i s  known 

th a t c ig a re tte  smoking a f fe c ts  the germ c e l l s ,  but how i s  the 

queston.

Further s tu d ie s  using e lec tro n  m icroscopic techniques may demon­

s t r a te  o ther r e s u l t s ,  which are beyond the scope of the present 

in v e s tig a tio n  methods.

F in a lly , th is  in v e s tig a to r  believes th a t a b e tte r  understanding 

of the e f f e c t  of c ig a re t te  smoke on the germ c e l ls  in  the mammalian 

te s te s ,  could be obtained by u l t r a s t ru c tu r a l  exam ination of the 

gap-junction  th a t e x is ts  between the S e r to li c e l ls  and the spermato­

gonia and primary spermatocytes (Dym and Fawcett, 1970). The 

gap-junctions are intercommunicating pores between the S e r to li c e l ls  

and the germ c e l ls  and may be the method by which some n u tr ie n ts  and 

c e l l  macromolecule8 are communicated to  the spermatogonia and primary 

spermatocytes from the S e r to l i c e l l s .  I t  may a lso  be the method by 

which some drugs gain en try  to  spermatocytes in  the adluminal com­

partment of the te s te s .  Any changes th a t occur in  the gap-junction  

as spermatogonia and spermatocytes are exposed to  chemical te ra togens, 

mutagens, and o ther antisperm atogenic drugs, could provide clues to 

the e f fe c ts  of c ig a re tte  smoking on the germ c e l l s .

Summary

S ixty  mice were divided in to  four groups to  study the e f f e c t  of 

smoking on te s te s  and to  determine i f  v itam in E would overcome any
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observed e f fe c ts .

The mice were randomly divided in to  th ree  d ie t  groups: no v i ta ­

min E given (Eq ) ,  5 mg of vitam in E per day (E5 ) ,  and 100 mg of v i ta -  

E per day (E^qq). These groups were fu r th e r  divided in to  room 

co n tro l, sham co n tro l, and smoke exposed groups.

Approximately four months a f te r  smoking treatm ent began, the 

mice were s a c r if ic e d  and th e ir  te s te s  prepared fo r  h is to lo g ic a l 

exam ination. The l e f t  te s te s  were s ta in ed  with a hematoxylin and 

eosin  s ta in in g  procedure fo r  general m orphological ev a lu a tio n . The 

r ig h t  te s te s  were s ta in ed  with an o i l  red  o and evaluated  fo r the 

amount of l ip id  ( te s to s te ro n e )  p resen t in  the sem iniferous tubules 

and i n t e r s t i t i a l  c e l l s .

There was s t a t i s t i c a l l y  s ig n if ic a n t d iffe ren ce  between the 

amount of s ta in  in  the sem iniferous tubules and i n t e r s t i t i a l  c e l ls  of 

the treatm ent groups compared to  the c o n tro ls . D ifferences fo r the 

c e l l  a sso c ia tio n s  of the germinal ep ithelium  c e l ls  between the four 

groups was a lso  s t a t i s t i c a l l y  s ig n if ic a n t .

This in v e s tig a to r  concludes th a t c ig a re tte  smoking appears to  

e f f e c t  mouse te s te s  in  ways th a t vitam in E does not overcome.
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APPENDIX A

F ixative  Solu tions

H e lly 's  F ixative

stock so lu tio n : Potassium dichrom ate  10 grams

Mercuric c h lo rid e .............................    20 grams

Sodium s u lf a te   ............................................. 4 grams

D is ti l le d  w a t e r . . . . . . . . . . . . .   400 m i l l i l i t e r s

Dissolve a l l  the s a l t s  toge ther w ith g en tle  h e a t.

For use: Stock s o l u t i o n . . . . . . . . . .   400 m i l l i l i t e r s

100% Formalin................................................ 20 m i l l i l i t e r s

10% Form alin-saline

Formalin, c o n c e n tra te d .. .    100 m i l l i l i t e r s

Sodium phosphate, monobasic................................  4 grams

Sodium phosphate, d ib a s ic ..............    6.5 grams

D is ti l le d  w a t e r . . . . . . ............................  900 m i l l i l i t e r s
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APPENDIX B

H arris  Hematoxylin and Eosin-Y S taining Series

1) Xylene      2 minutes

2) Xylene         2 minutes

3) 100% Ethanol   1 minute

4) 100% Ethanol   1 minute

5) 95% Ethanol     1 minute

6 ) 95% Ethanol       1 minute

7) L ugol's Iodine      10 minutes

8 ) Tap water       5 dips

9) 5% Sodium T h iosu lfa te     5 minutes

10) Tap water  .........................................     5 dips

11) H arris Hematoxylin ...................................................................  15 minutes

12) Tap water  ................................................................................ 4 dips

13) 1% Acid Alcohol ............................................................................ 1 dip

14) Tap water ........................................................................................  4 dips

15) Ammonia water ......................................................................   6 dips

16) D is t i l le d  water .......................................................................... 15 minutes

17) E o s in -Y ..............    2 minutes

18) 95% E th a n o l....................    1 minute

19) 95% Ethanol  ...................................    1 minute

20) 100% Ethanol ..................................................................................  1 minute

21) 100% Ethanol  ........................................................    1 minute
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22) Xylene ........................................................................ . .....................  2 minutes

23) Xylene .................................................................    2 minutes

24) Coverslip w ith permount

Solutions

1) Lugol's Iodine: D is t i l le d  w ater  400 mis

Potassium io d id e    8 gms

Iodine c ry s ta ls    4 gms

Mix potassium iod ide and d i s t i l l e d  w ater. Add iodine cry s­

ta l s  with h ea t.

2) 5% Sodium T h io su lfa te : D is t i l le d  w ater    400 mis

Sodium th io s u l f a te ..............................  20 gms

3) H arris Hematoxylin: Hematoxylin c r y s ta l s .............................. 2.5 gms

Alcohol, 95%.................................................  25 mis

Aluminum potassium s u lf a te ......................  50 gms

D is ti l le d  w ater   500 mis

Mercuric oxide........................................  1.25 gms

Dissolve the hematoxylin in  the a lcoho l, the aluminum potas­

sium s u lfa te  in  the d i s t i l l e d  water by the a id  of h ea t. Mix 

the two so lu tio n s . Bring the m ixture to  a b o il as rap id ly  as 

possib le  and remove from the h ea t, and add the m ercuric oxide. 

Reheat the so lu tio n  u n t i l  i t  becomes a dark purp le, about 1 

minute, and promptly remove the con tainer from the flame and 

plunge i t  in to  a basin  of cold w ater. The so lu tio n  i s  ready 

to  use when coo l. Add 2-4 mis of g la c ia l a c e tic  acid  to  100 

mis of so lu tio n  i f  desired .
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4) 1% Acid Alcohol: 70% E thanol  200 mis

Hydrochloric ac id , concentrated ......................  2 mis

5) Ammonia w ater: Ammonium hydroxide, c o n c e n t r a t e d . . . . . . . . . .  0 .5  mis

Tap w ater   200 mis

6 ) Eosin-Y: Eosin-Y, water so lu b le .......................................................  2 gms

D is t i l le d  w ater  160 mis

Alcohol, 95%  640 mis

D issolve Eosin-Y in  d i s t i l l e d  w ater. Add 95% alcoho l. One 

drop of a c e tic  acid  per 100 mis of so lu tio n  may be added to  

deepen shade.
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APPENDIX C

Oil Red 0 Staining Series

1) D is ti l le d  water  ..........   3 dips

2) Oil Red 0 (working so lu tio n )    12 minutes

3) Tap water ............................................      2 dips

4) H arris hematoxylin         30 seconds

5) Tap w a te r .................................      4 dips

6 ) 0.05% Lithium carbonate ...............................     30 seconds

7) Tap water -  3 changes     3 dips each

8 ) Coverslip with g ly c e rin  je l ly  

Solutions

1) Oil Red 0:

Stock s o lu tio n :

Oil Red 0 ..................................................  0.75 gms

99% Isopropanol     150 mis

Mix these two together and l e t  stand overnight a t room 

tem perature. F i l t e r  stock so lu tio n , then prepare work­

ing so lu tio n .

Working s o lu tio n :

Stock so lu tio n      150 mis

D is t i l le d  w a t e r . . . . ...................................   100 mis

Place the working so lu tio n  in  the re f r ig e ra to r  (4°C) 

overn igh t. F i l t e r  working so lu tio n  and w ait 30 m inutes,
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then f i l t e r  again . I t  i s  now ready fo r  use.

2) 0.05% Lithium carbonate:

Lithium carbonate...........................................   0.1 gms

D is ti l le d  w ater..............      200 mis
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APPENDIX D

Detailed Intragroup Data

Group A

S tain  In te n s ity  S ta in  In te n s ity  Cell Assocation
in  Tubules in  I n t e r s t i t i a l  of Germinal

Animal C ells  Epithelium  c e l ls

1 2 2 3

2 1.5 2 2.5

3 1.5 1.5 3.5

4 1.5 2 3

5 1 2 3

6 1.5 1.5 3

7 1.5 1.5 2.5

8 2 2 3.5

9 1.5 2 3

10 2 3 2.5

11 1.5 2 3.5

12 1 2 3

13 2 1.5 3

14 2 2.5 3

15 1.5 2 3

16 1.5 2 3

17 1 2 3

18 1.5 1 3.5

19 1.5 1.5 3
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Group A cont.

Animal

S tain  In te n s ity  
in  Tubules

S tain  In te n s ity  
in  I n t e r s t i t i a l  

C ells

Cell Assocation 
of Germinal 

Epithelium  c e l ls

20 1.5 1.5 2.5

21 1 2 3

22 1.5 1.5 *

Mean 1.5£
Animal could not be sectioned .

1.86 3

Group B

Animal

S tain  In te n s ity  
in  Tubules

S tain  In te n s i ty  
in  I n t e r s t i t i a l  

C ells

C ell Assocation 
of Germinal 

Epithelium  c e l ls

1 3.5 3.5 2

2 3.5 2.5 1.5

3 3.5 3.5 2

4 3.5 2.5 1.5

5 3.5 2.5 *

6 3 3 1

7 3.5 3 1.5

8 3 3 2

Mean
iff

Animal not
3.38 2.94 

scored — epididymis in s te ad  of t e s t i s
1.63

Group C

Animal

S tain  In te n s ity  
in  Tubules

S tain  In te n s ity  
in  I n t e r s t i t i a l  

C ells

C ell A ssocation 
of Germinal 

Epithelium  c e l ls

1 2.5 4 4.5
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Group C cont.

Animal

S tain  In te n s ity  
in  Tubules

S tain  In te n s ity  
in  I n t e r s t i t i a l  

C ells

Cell Assocation 
of Germinal 

Epithelium  c e l ls

2 2.5 3.5 4

3 3 3 .5 4.5

4 2.5 3 3.5

5 2 3 4

6 3 4 4

7 2 2 3.5

8 3.5 3.5 3.5

9 2 3.5 4.5

10 2.5 3 5

11 4 3 3

12 2.5 2.5 5

13 2.5 3.5 4.5

14 2.5 2.5 2.5

15 2 4 4

16 2 3 3.5

17 2 2.5 4

18 3.5 2 4

19 2 3 5

20 2 3 4

21 2.5 3.5 5

22 2.5 3 *

Mean 2.50 3.11 4.07
*Animal could not be sectioned .
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Group D

Animal

S tain  In te n s ity  
in  Tubules

S ta in  In te n s ity  
in  I n t e r s t i t i a l  

C ells

Cell Assocation 
of Germinal 

Epithelium  c e l ls

1 5 5 3

2 5 5 3

3 4.5 4 3

4 5 5 3

5 5 3 .5 3

6 5 4 2

7 5 5 3

8 3.5 3 3

Mean 4.75 4.31 2.88
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