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Effect of dietary cholesterol on spermatogenesis 

R. S. G u p t a  a n d  V. P. D ix i t  

R e p r o d u c t i v e  P h y s i o l o g y  S e c t i o n ,  D e p a r t m e n t  o f  Z o o l o g y ,  U n i v e r s i t y  o f  
R a j a s t h a n ,  J a i p u r ,  I n d i a  

Summary: Cholesterol fed to male rats and rabbits for 120 days impaired testicu- 
lar function. The production of secondary spermatocytes in rats and rabbits was 
reduced by 26.1% and 46.9%, respectively. There was significant reduction in 
spermatid cell population, seminiferous tubules, and Leydig's  cell nuclear dimen- 
sions. 

In rats aortic endothel ium showed some alterations while in rabbits full-blown 
atheroselerotic plaque containing a necrotic core and a proliferative fibrous cap was 
found. Total cholesterol, triglycerides and phospholipids of the testes were 
increased whereas, testicular glycogen was significantly reduced. 

Three- and sevenfold increases were noticed in the serum cholesterol levels of  
rats and rabbits. The LDL cholesterol values were increased while the HDL 
cholesterol/Total cholesterol ratio was significantly decreased (P < 0.001). 

It is concluded that hypercholesteromia affects the testicular function and aortic 
endothelium. 

Zusammenfassung: Cholesterinffitterung fiber 120 Tage beeintr~ichtigt bei mann- 
lichen Ratten und Kaninchen die Testikularfunktion. Die Produktion von sekundii- 
ren Spermatozyten wird bei Ratten und Kaninchen um 26,1% bzw. 46,9 % reduziert. 
Ferner kommt  es zu einer signifikanten Reduktion der Spermatid-Populat ion,  der 
Samenkan~lchen und der Dimension der Zellkerne der Leydig-Zellen. 

Im Aortenendothel  finden sich bei der Ratte einige Alterationen, beim Kaninchen 
dagegen rol l  ausgepr~gte atherosklerotische Plaques. Gesamtcholesterin,  Triglyce- 
ride und Phospholipide in den Testes nehmen zu, w~hrend der Gehalt an Glykogen 
in den Testes abnimmt. Die Cholesterinkonzentrationen im Serum sind bei Ratten 
dreifach, bei Kaninchen siebenfaeh erhSht, wobei LDL-Cholesterin ansteigt, der 
Quotient HDL-Cholesterin/Gesamtcholesterin dagegen signifikant abf~llt. 

Als SchluBfolgerung ergibt sich, dab Hypercholesterin~mie neben dem Aorten- 
epithelium auch die Hodenfunktion beeintr~chtigt. 

Key words: s feeding, spermatogenesis,  L_eydig's cell, VLDL/LDL- 
cholesterol 

Schlfisselwdrter: Cholesterinftitterung, Spermatogenese,  Leydig-Zellen, VLDL/ 
HDL-Cholesterin 

I n t r o d u c t i o n  

A m o n g  the  n u m e r o u s  r e c o g n i z e d  r i sk  f ac to r s  fo r  t he  d e v e l o p m e n t  o f  
a t h e r o s c l e r o s i s ,  o n e  o f  t he  b e s t  d o c u m e n t e d  is t h e  a s s o c i a t i o n  b e t w e e n  t h e  
c o n c e n t r a t i o n  of  l ip ids  in b l o o d  a n d  the  d e v e l o p m e n t  o f  c o r o n a r y  h e a r t  
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d i s e a s e  (10). H u m a n  a n d  a n i m a l  e x p e r i m e n t s  s h o w  d i e t a r y  c h o l e s t e r o l  
l eve l s  to  b e  a k e y  f a c t o r  in i n d u c i n g  a t h e r o s c l e r o s i s  l e a d i n g  to  o r g a n  
d a m a g e  (11, 12). Th i s  s t u d y  w a s  d e s i g n e d  to  d e t e r m i n e  t h e  p o s s i b l e  re la-  
t i o n s  b e t w e e n  h y p e r c h o l e s t e r o m i a  a n d  s p e r m a t o g e n e s i s .  

Materials  and Methods  

A total of 20 albino rats and 10 rabbits  were used. The route and regimen of 
t reatment  were as outl ined in Table 1. After 120 days of daily cholesterol feeding, 
the testes, liver, kidney, heart  plus aorta were excised, weighed,  fixed in Bouin 's  
fluid, dehydra ted  and embedded  in paraffin. 5 ~m sections were cut  and s tained 
with hematoxyl in  and eosin. The densi ty of sperm from the testes was also deter- 
mined (19). 

Total cholesterol (16), phosphol ip id  (21), t r iglycerides (7), and glycogen (15) of the 
testes, liver, and heart  were determined.  Similarly, serum was analyzed for total 
cholesterol (22), HDL-cholesterol  (2), phosphol ip ids  (21), t r iglycerides (7), LDL- 
cholesterol, and VLDL-cholesterol  (4). Mean tubular  d iameter  was de termined by 
measuring and tracing an average of 100 selected seminiferous tubules.  Diameters  
of Leydig 's  cell nuclei  were measured at • 100. The results were analyzed using 
Student ' s  t-test. The evaluation of cell populat ion dynamics  is based on the calcula- 
tions made for each cell type per cross tubular  section. All "raw" counts were 
transformed to nuclear  points by  an adapta t ion of  Abercrombie ' s  formula (1). 

Resul ts  

T h e r e  was  no  s i g n i f i c a n t  c h a n g e  in  t h e  b o d y  w e i g h t s  o f  r a t s  a n d  r a b b i t s  
a f t e r  c h o l e s t e r o l  f e e d i n g .  T h e  t e s t i c u l a r  w e i g h t s  o f  r a t s  w e r e  r e d u c e d  
s i g n i f i c a n t l y .  H o w e v e r ,  t h e r e  w a s  a s i g n i f i c a n t  i n c r e a s e  in  t h e  w e i g h t s  o f  
l iver ,  k i d n e y ,  a n d  h e a r t  a f t e r  c h o l e s t e r o l  f e e d i n g  ( T a b l e  1). 

Testicular his tology 

R a t s  a n d  r a b b i t s  s h o w e d  i m p a i r e d  t e s t i c u l a r  f u n c t i o n .  C h o l e s t e r o l  f eed -  
i n g  p r o d u c e d  a m a r k e d  d i m i n u t i o n  in  t h e  s p e r m a t o g e n i c  ce l l  p o p u l a t i o n .  
T h e  p r o d u c t i o n  o f  s e c o n d a r y  s p e r m a t o c y t e s  in  r a t s  a n d  r a b b i t s  w a s  
r e d u c e d  b y  26.1% a n d  46.9 %, r e s p e c t i v e l y  (Tab l e  4). A s i g n i f i c a n t  r e d u c -  
t i o n  in  s p e r m a t i d  ce l l  p o p u l a t i o n  ( P < 0 . 0 0 1 )  o c c u r r e d  in  b o t h  a n i m a l  
spec i e s .  R e d u c t i o n  in  t e s t i c u l a r  s p e r m  c o u n t  w a s  n o t i c e d  a f t e r  c h o l e s t e r o l  
f e e d i n g  (Tab le  1). S e m i n i f e r o u s  a n d  L e y d i g ' s  ce l l  n u c l e a r  d i a m e t e r s  w e r e  
s i g n i f i c a n t l y  r e d u c e d  (Tab le  1). C h o l e s t e r o l  f e e d i n g  for  120 d a y s  p r o d u c e d  
d e f i n i t e  l e s i o n s  in t h e  a o r t i c  wa l l  o f  b o t h  a n i m a l  s p e c i e s .  I n  r a b b i t s  t h e s e  
l e s i o n s  d e v e l o p e d  in to  a f u l l - b l o w n  a t h e r o s c l e r o t i c  p l a q u e  c o n t a i n i n g  a 
n e c r o t i c  c o r e  a n d  a p r o l i f e r a t i v e  f i b r o u s  cap .  T o t a l  c h o l e s t e r o l ,  t r i g ly -  
c e r i d e s ,  a n d  p h o s p h o l i p i d s  of  t h e  t e s t e s ,  l iver ,  a n d  h e a r t  w e r e  i n c r e a s e d ,  
w h e r e a s  t e s t i c u l a r  g l y c o g e n  c o n t e n t  w a s  s i g n i f i c a n t l y  r e d u c e d  (P < 0.001) 
(Tab le  2). 

S e r u m  biochemis try  

T h r e e -  a n d  s e v e n f o l d  i n c r e a s e s  w e r e  n o t i c e d  in  t h e  s e r u m  c h o l e s t e r o l  
l eve l s  o f  r a t s  a n d  r a b b i t s .  T h e  L D L - c h o l e s t e r o l  v a l u e s  w e r e  i n c r e a s e d  
w h i l e  t h e  H D L - c h o l e s t e r o l / t o t a l  c h o l e s t e r o l  r a t io  w a s  s i g n i f i c a n t l y  
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decreased (P<0.001). Elevation of  VLDL-choles te ro l  and tr iglycerides 
was not iced (Table 3). 

D i s c u s s i o n  

Cholesterol  is k n o w n  to produce  various grades of aortic damage  in 
different animals (5). In rats aortic endothe l ium showed  some alterations 
while in rabbits full-blown atherosclerot ic  plaque conta in ing a necrot ic  
core and a proliferative fibrous cap were found. It  m a y  be per t inent  that  
the rat is relatively less prone to atherosclerot ic  changes  (17). 

Present  investigations show that  cholesterol  feeding induced  infertility 
in rats and rabbits  by inhibi t ing the process  of  spermatogenes i s  at the 
spermatocyte  and spermat id  levels. Cholesterol  feeding may  be either 
directly acting on the sperm itself within the testis or decreas ing the 
circulating levels of testosterone.  Phil ips (18) observed  that  p lasma testos- 
terone levels are inversely related to p lasma cholesterol,  tr iglycerides,  and 
beta l ipoprotein levels. Gutai et al. (8) suggested  the negative correlat ion 
be tween total cholesterol and VLDL-choles tero l  and triglycerides. There  
is some evidence that  tes tosterone is a key factor  in regulat ing H D L  levels 
and composi t ion  (6). In the present  study, significant elevation in the 
concentra t ion of  total cholesterol  and tr iglycerides indirect ly prove the 
reduced level of testosterone. However ,  the early stages of  spermatogenic  
cycle remain unaffected;  they are independen t  of  se rum concent ra t ion  of 
FSH, LH, and testosterone (20). The total vo lume  of  Leydig ' s  cells is 
posit ively correlated with the onset  of spermatogenesis .  Therefore,  shrink- 
age in Leydig ' s  cell nuclei  of rats and rabbits  fur ther  reflects the reduced  
levels of tes tosterone (14). Reduced  g lycogen con ten t  of  the testis after 
cholesterol feeding to rats and rabbits could be due to impaired glycolysis.  
The increased level of cholesterol  in the testes of cholesterol  fed rats and 
rabbits may  be associated with impaired spermatogenes is  (9). Davis and 
Conglio (3) showed an increase in the concent ra t ion  of  cholesterol  after 
cryptorchidism.  

In conclusion,  increased serum cholesterol  is a larming as it affects the 
process of spermatogenesis ,  in addi t ion to the specific indicat ions of 
myocardia l  infarction. 
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