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6 0 m i n ( o s  = + 6 .1%;  p = + 4 . 3 % ) .  Af te r  P C P A  ad-  
min i s t r a t i on ,  5 -HT levels decreased  27.4%.  Af te r  a 
s u b s e q u e n t  a d m i n i s t r a t i o n  of 5 -HTP,  b r a i n  levels of 
5 -HT reached  va lues  of 66% a n d  62% a t  30 and  60 min,  
respect ively ,  as c o m p a r e d  w i t h  t he  controls .  
Discussion. Our  d a t a  s t rong ly  s u p p o r t  a d i rec t  r e l a t ionsh ip  
b e t w e e n  t h e  levels of b r a i n  5-HT a n d  E A E P ' s  l a tency .  
The  a d m i n i s t r a t i o n  of 5 -HTP,  which  causes  a s t rong  
increase  of the  levels of b r a i n  5-HT, is able  to  raise  the  
E A E P ' s  l a t ency  (onset  a n d  peak) ,  b o t h  in e x p e r i m e n t  A 
a n d  in e x p e r i m e n t  B. T he  on ly  dif ference in to  t he  effect  
of 5 - H T P  t r e a t m e n t  in e x p e r i m e n t  B seems to be a sho r t e r  
l a s t ing  effect  on  la tency.  The  fac t  t h a t  t he  5 -HT c o n t e n t  
a f t e r  P C P A  t r e a t m e n t  c a n n o t  be res to red  to  n o r m a l l e v e l  
b y  the  fol lowing 5 - H T P  a d m i n i s t r a t i o n ,  m a y  be  respons ib le  
for t he  sho r t  d u r a t i o n  of t he  effect. On t he  o the r  h a n d ,  
PCPA,  which  causes  a s t rong  decrease  of ce rebra l  5-HT, 
is able  to reduce  the  E A E P ' s  peak  la tency .  However ,  
t he  increase  of E A E P ' s  l a tency ,  caused  b y  t he  a d m i n i s t r a -  
t ion  of 5 -HTP,  was higher ,  in abso lu te  values ,  as c o m p a r e d  
w i th  t he  decrease  of E A E P ' s  l a t ency  caused  b y  t h e  ad-  
m i n i s t r a t i o n  of PCPA.  T he  evoked  cor t ica l  responses  are 
a n  ob jec t ive  p a r a m e t e r  of t he  func t ion  of these  n e r v o u s  

p a t h w a y s .  The  lag b e t w e e n  t he  s t imul i  a n d  t he  responses  
are  in  d i r ec t  r e l a t i onsh ip  w i t h  t he  i n d u c t i o n  or t he  in-  
h i b i t i o n  of t he  ne rvous  p a t h w a y s  a f fe ren t  to  t he  i n t e r e s t e d  
sys tem.  Our  resu l t s  show m a i n l y  t he  i n h i b i t o r  e f f e c t u p o n  
t he  cen t r a l  acous t ic  p a t h w a y s  b y  increas ing  t he  syn thes i s  of 
b r a i n  5-HT. The  lack of a s t rong  co r r e spond ing  decrease  
of E A E P ' s  l a t e n c y  b y  d imin i sh ing  t he  levels of th i s  
m o n o a m i n e  m a y  p r o b a b l y  be  due  to  t h e  k n o w n  p rope r t i e s  
of t he  CNS, as t he  conduc t ion  ve loc i ty  of a s t imu lus  
does no t  increase  b e y o n d  a l imit ,  due  to t he  b iophys ica l  
p rope r t i e s  of t he  ne rve  fibres.  Such  i n h i b i t o r y  ac t ion  can  
be  exe r t ed  t h r o u g h  t he  a c t i v a t i o n  of se ro ton inerg ic  
s t ruc tu res ,  whose  presence  ha s  been  obse rved  a long  t h e  
n e r v o u s  acous t ic  p a t h w a y s .  F ina l ly ,  i t  can  be h y p o t h e -  
sized t h a t  f e edback  mechan i sms ,  t h r o u g h  t he  5 -HT 
synthes is ,  r egu la te  the  s t imul i  a d a p t a t i o n  in the  an ima l s  11. 
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Summary. The  f o r m a t i o n  of l ipofuscin p i g m e n t  in t he  an t e r io r  h o r n  cells of t he  cerv ica l  sp ina l  cord  has  shown  in t he  
fetuses and  n e o n a t e s  u n d e r  the  ex t r ins ic  inf luence  of m a t e r n a l  p ro t e in  d e p r i v a t i o n  du r ing  the  ges t a t ion  per iod  in t he  
squir re l  monkeys .  

A l t h o u g h  t he  h e a l t h y  squi r re l  m o n k e y s  of t he  genus  
Saimiri, in t h e i r  a d u l t  life, are cha rac t e r i zed  b y  t he  
presence  of l ipofuscin  p i g m e n t  in the  va r ious  areas  of t he  
ne rvous  sys tem,  i ts  a p p e a r a n c e  as ear ly  as the  fe ta l  or 
n e o n a t a l  per iod  has  no t  been  obse rved  or descr ibed  b y  
ear l ier  workers .  L ipofusc in  p igmen t ,  genera l ly  refer red  
to as t he  ' ag ing  p i g m e n t ' ,  appea r s  in smal l  a m o u n t s  in 
the  neu rons  of t he  a d u l t  an i m a l s  inc lud ing  the  h u m a n s  
and  increases  q u a n t i t a t i v e l y  as t he  o r g a n i s m  ages2, a. 
Such  a n  a c c u m u l a t i o n  of l ipofuscin  p i g m e n t  in  t he  aging 
ne rve  cells could  lead to s ign i f ican t  changes  in n o r m a l  
cel lular  phys io logy ,  wh ich  h a v e  a d i r ec t  bea r ing  on  im- 
p o r t a n t  neurophys io log ica l  func t ions  4. I n  n o r m a l  h e a l t h y  
animals ,  l ipofuscin  p i g m e n t  is no t  obse rved  un t i l  a f t e r  
the  age of 3 m o n t h s  in  rhesus  m o n k e y s  ~ a n d  2 or 2.5 
years  in  hogs a n d  dogs ~, ~. 
We  r epo r t  t h a t  typ ica l  l ipofuscin  p igmen t ,  h i s tochemica l ly  
iden t i ca l  to  t he  aging  or 'wear  and  t ea r '  p i g m e n t  8, ac- 
c u m u l a t e s  in t he  an t e r i o r  h o r n  cells of t he  sp ina l  cord 
of t he  squi r re l  m o n k e y s  b o r n  to m o t h e r s  g iven  p ro t e in  
def ic ien t  d ie ts  d u r i n g  m o s t  of the  ge s t a t i on  period.  The  
day  of concep t ion  was d e t e r m i n e d  by  phys ica l  p a l p a t i o n  
of t he  u t e rus  on  a f ixed day  eve ry  week  a n d  cytologic  
e x a m i n a t i o n  of t he  vag ina l  smears .  Before  concept ion ,  
the  squi r re l  m o n k e y s  weighed 620-710 g. Beg inn ing  a t  
d a y  35 of concept ion ,  t he  cr i t ica l  pe r iod  of rap id  b ra in  
growth ,  59 squi r re l  m o n k e y s  were m a i n t a i n e d  in 2 groups  
p icked  up  a t  r a n d o m  f rom t he  co lony on  ad  l i b i t u m  h igh  
p ro t e in  (25% calories f rom casein as a p r o t e i n  source) 
a n d  low p ro t e in  (8% calories f rom pro te ins)  r eg imens  

w i t h  40% calor ies  f rom a fa t  source a n d  s u p p l e m e n t e d  
w i t h  v i t a m i n s  a n d  minera ls .  The  h ighe r  level  of calories 
f rom fa t  appea r s  to  i m p r o v e  the  t a s t e  of food and  he lps  
increase  t he  t o t a l  calor ic  i n t ake  9,1~ Fe tuses  f rom 2 
an ima l s  in each  group  were r e m o v e d  b y  cesa r ian  sec t ion  
a t  115 days  and  140 days  of ges ta t ion .  T o g e t h e r  w i t h  t he  
n e o n a t e s  these  c o n s t i t u t e d  t he  28 an ima l s  we inves t iga ted .  
W h e r e a s  t he  h e a l t h y  n e o n a t e s  weighed  a b o u t  115 g, t he  
m a l n o u r i s h e d  n e o n a t e s  weighed a r o u n d  80 g. The  calor ic  
i n t a k e  of t he  m o t h e r s  in h igh  and  low p r o t e i n  g roup  
r a n g e d  f rom 80 to 120 calories pe r  a n i m a l  per  day.  No 
s t a t i s t i ca l ly  s ign i f i can t  di f ference in t he  t o t a l  ca lor ic  
i n t a k e  was obse rved  in t he  2 groups,  excep t  d u r i n g  t he  
f i rs t  30 days  in t he  low p ro t e in  group.  The  ave rage  i n t a k e  
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d u r i n g  t h i s  per iod  was a r o u n d  50 calories pe r  a n i m a l  pe r  
day.  Th i s  appea r s  to  be  an  a d j u s t m e n t  per iod  for t h e  
a n i m a l s  to  get  used to a low p ro t e in  diet .  
Besides  t he  rou t i ne  h e m a t o x y l i n - e o s i n  a n d  Masson ' s  
t r i c h r o m e  me thods ,  severa l  h i s t ochemica l  t e s t s  for t h e  
d e m o n s t r a t i o n  of l ipids  (e.g. S u d a n  b l ack  B, acid h e m a t i n ,  
S u d a n  IV, Oil red  0, Nile b lue  sufate) ,  c a r b o h y d r a t e s  
(periodic acid schiff  (PAS) w i t h  controls) ,  nucleic  acids 
(Feulgen,  m e t h y l  g r e e n / p y r o n i n  G; MG/PG) ,  p ro t e in s  
and  enzymes  (a lkal ine  a n d  acid phospha t a se s ,  es terases  
a n d  ox ida t i ve  enzymes)  were used on  fo rmal in - f ixed  
and  f resh frozen sect ions  n.  In  a d d i t i o n  Mil lon 's  t e s t  for 
tyros ines ,  coupled  t e t r a z o l i u m  reac t ion  (wi th  d in i t ro-  
f luorobenzene ,  pe r fo rmic  acid a n d  b e n z o y l a t i o n  controls)  
for tyros ine ,  t r y p t o p h a n  and  h i s t id ine  were pe r fo rmed .  
Fer r ic - fe r r icyanide ,  d i h y d r o x y - d i n a p h t h y l - d i s u l f i d e  
(DDD) a n d  a lka l ine  t e t r a z o l i u m  reac t ions  were emp loyed  
for SS a n d  SH groups.  Also t r i ed  were long Ziehl -Neelsen 
(Z-N), indophenol ,  Schmor l ' s  and  D a m ' s  m e t h o d  for t h e  
specific d e m o n s t r a t i o n  of l ipofuscins  13. 
The  a n t e r i o r  h o r n  cells of the  fetuses  and  n e o n a t e s  of t h e  
con t ro l  an ima l s  d id  n o t  h a v e  l ipofuscin  p igmen t .  A few 
neu rons  in 2 ou t  of 10 n e o n a t e s  s tud ied ,  showed a pa r -  
t i cu la t e  or 2 w i t h  the  cha rac t e r i s t i c  a p p e a r a n c e  of 
l ipofuscin  (figures 1, 2 a n d  5). I n  t he  e x p e r i m e n t a l  
a n i m a l s  t he  an t e r i o r  horn  cells of t he  115-day-old fe tuses  

showed  the  presence  of a few l ipofuscin  bod ies  in t he  
c y t o p l a s m  (figure 3), b u t  in 140-day-old fetuses,  s igni f icant  
increase  in t h e i r  n u m b e r  was c lear ly  d iscern ib le  (figure 4). 
I n  t h e  n e o n a t e s  b o r n  to m a l n o u r i s h e d  mothe r s ,  t he  
l ipofuscin  a c c u m u l a t i o n  in t h e  c y t o p l a s m  of t h e  m o t o r  
n e u r o n s  of the  sp ina l  cord  is c lear ly  e v i d e n t  (figure 6). 
Most  of ten  the  l ipofuscin  bodies  are s ca t t e r ed  all ove r  
t h e  c y t o p l a s m  b u t  in 4 n e o n a t e s  in the  m a l n o u r i s h e d  
group,  a n u m b e r  of n eu ro n s  show 1 or 2 po la r  aggrega t ions  
of t h e  p igmen t ,  genera l ly  a t  t h e  base  of the  apica l  dendr i te .  
In  such  a case, t h e  p i g m e n t  bodies  can  be obse rved  in 
the  dend r i t i c  process  for some length .  The  p i g m e n t  we 
obse rved  cons is ted  of pa le-ye l low an d  l igh t  to  d a r k  
b rown  bodies.  Of ten  i t  also a p p e a r e d  as dup lex  s t r u c t u r e s  
of 0.5-1.3 ~m d iamete r ,  each  w i t h  a th in ,  i r regular ,  l i gh t  
to  d a r k  b rown cor t ex  enclosing a medu l l a  c o n t a i n i n g  a 
yel low r e f r i n g e n t  s u b s t a n c e  (figures 4 a n d  6). S imi la r i ty  
of th i s  l ipofuscin  to  t h e  ' ag ing '  p i g m e n t  was d e m o n s t r a t e d  
h i s tochemica l ly .  T h e  l ipofuscin  bodies  were r e s i s t an t  to  
var ious  f a t  so lvents ,  viz. ace tone ,  e thanol ,  ch lo ro fo rm 
a n d  pyr id ine .  T h e y  s t a ined  i n t ense ly  w i t h  S u d a n  b lack  B, 
per iodic  acid schiff  an d  long Ziehl -Neelsen s tains ,  mod-  
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Figures 1 and 2 (fig. 1, PAS; fig. 2, MG/PG) represent anterior horn 
cells of the spinal cord from fetuses removed by cesarian section from 
healthy animals at 115 and 140 days gestation respectively, showing 
only Nissl patches (NP). Figures 3 and 4 (fig. 3, MG/PG; fig. 4, Z-N) 
from .the fetuses of the experimental animals showing small and 
substantial amounts of lipofuscin pigment bodies (LPB), respectively. 

Figures 5 and 6. Fig. 5 shows an anterior horn cell Ir0m the spinal 
cord of a healthy neonate with no lipofuscin pigment bodies. This is 
in contrast to large amounts of lipofuscin pigment (LPB) observed 
in an anterior horn cell of a neonate born to a malnourished mother 
as shown in Fig. 6 (Z-N). 
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e r a t e l y  w i th  Nile b lue  su l fa te  a n d  m e t h y l  g r e e n / p y r o n i n  G 
a n d  were n e g a t i v e  to t he  acid h e m a t i n  tes t .  The  p i g m e n t  
r educed  fe r r i cyan ide  to f e r rocyan ide  in S c h m o r l ' s  t e s t  
a n d  was  s t r o n g l y  pos i t ive  in t he  i ndopheno l  and  c h r o m e -  
a l u m  h e m a t o x y l i n  reac t ions .  I n  addi t ion ,  f a t  pe rox ides  
a n d  t r aces  of seve ra l  a m i n o  acids  were recorded.  T h e  
coup led  t e t r a z o n i u m  reac t ion  ( accompan ied  b y  i ts  con-  
trois) ,  a n d  t h e  d i h y d r o x y - d i n a p h t h y l - d i s u p h i d e  (DDD) 
a n d  a lka l ine  t e t r a z o l i u m  t e s t s  were m o d e r a t e l y  pos i t ive ,  
s howin g  t h e  p resence  in t he  l ipofusc in  bodies  of SH  a n d  
SS groups .  Th e  p i g m e n t  was  also ac t ive  for seve ra l  
e n z y m e s ,  especia l ly  acid p h o s p h a t a s e  and  A S - t y p e  non -  
specific es terase .  Our  c h a r a c t e r i z a t i o n  of t he  l ipofusc in  
p i g m e n t  t h u s  agrees  wi th  t h a t  of t he  ag ing  p i g m e n t  
descr ibed  b y  severa l  workers  ~-tT. 
T h e  p resence  in t h e  l ipofusc in  p i g m e n t  of large a m o u n t s  
of l y so so m a l  e n z y m e s  s u g g e s t  t h a t  l y sosomes  are i nvo lved  
in its f o rma t ion .  The  concep t  of t he  l y sosoma l  origin of 

l ipofusc in  is s u p p o r t e d  by  severa l  workers  who  bel ieve 
t h a t  the  l ipofusc in  bodies  m a y  r e p r e s e n t  t r ue  l y s o s o m e s  
a n d  be fo rmed  w h e n  l ipids a nd  l ipo-pro te in  p r e c u r so r s  
u n d e r g o  p e r o x i d a t i o n  a n d  p o l y m e r i z a t i o n  of p o l y u n -  
s a t u r a t e d  f a t t y  acidslS-~L 
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Summary.  Buffa lo  s p e r m a t o z o a  exh ib i t  ins ign i f i can t  u p t a k e  of glucose-C 14 a nd  f ruc tose-C 14 w h e n  s e m e n  s a m p l e s  were 
p rese rved  in cold for 96 h in 2 ex tenders .  I n c o r p o r a t i o n  of C 14 in s p e r m a t o z o a ,  TCA prec ip i t ab le  p ro t e ins  a n d  soluble  
s u g a r  p h o s p h a t e s  was  e i ther  equa l  or less in s e m e n  s a m p l e s  p r e se rve d  in cold. C A W  a p p e a r e d  to  be a be t t e r  e x t e n d e r  
t h a n  S K M E Y  as revea led  b y  s u g a r  u p t a k e  in cold. 

T h e  s u r v i v a l  of s p e r m a t o z o a  in t he  e n v i r o n m e n t  of a n  
e x t e n d e r  for a r easonab le  per iod  du r ing  cold s to rage  is a 
p re - requ i s i t e  for i ts  use in ar t i f icial  i n semina t ion3 .  T h e  
c o n v e n t i o n a l  egg-yo lk  c i t r a t e  (EYC) d i luen t  used  for bul l  
s e m e n a  is less effect ive  for buf fa lo  s e m e n  p r e s e r v a t i o n  4, 
a n d  the  buffa lo  s p e r m a t o z o a  s u r v i v e d  for a sho r t e r  t i m e  
t h a n  bul l  s p e r m a t o z o a  4-~. Recen t ly ,  it  h a s  been  r epo r t ed  
f rom th i s  l a b o r a t o r y  T, 8 t h a t  citr ic acid w h e y  (CAW) is a 
super ior  d i luen t  for t he  p r e s e r v a t i o n  and  freezing of buf -  
falo semen .  Th e  p r e se rva t i on  cha rac t e r i s t i c s  of buf fa lo  
s e m e n  in th i s  e x t e n d e r  ha s  also been repor t ed  9 The  leak-  
age of ac rosoma l  e n z y m e  like h y a l u r o n i d a s e  is r e la t ive ly  
m u c h  less in buf fa lo  s p e r m a t o z o a  p re se rved  in C A W  in 
cold an d  f rozen cond i t ion l~  I n  t he  l igh t  of t he se  obser -  
va t ions ,  t h e  u p t a k e  of g lucose-U-C 14 and  f ruc tose -U-C  14 
b y  buffa lo  s p e r m a t o z o a  e x t e n d e d  in C A W  and  in s k i m -  
mi lk  egg yo lk  11 ( S K M E Y )  h a d  been  s t ud i ed  w h e n  p re -  
se rved  in cold. Th i s  r epo r t  p r e s e n t s  these  d a t a  wh ic h  in- 
d ica te  r e la t ive ly  less u p t a k e  of t hese  suga r s  b y  t he  s p e r m  
w h e n  p re se rved  in CAW. 

Materials and methods. E j a c u l a t e d  s e m e n  was  col lected b y  
m e a n s  of a n  ar t i f icial  v a g i n a  12 f rom 6 M u r r a h  buffa lo  
bul l s  of the  i n s t i t u t e  herd .  2 success ive  e j acu la t e s  were 
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Table 1. Incorporation of glucose-C 14 and fructose-C la into semen conlponents during cold preservation in extender 

Radioactive sugar substrate Extender used Storage period (h) Specific activity in fractions 
Spermatozoa Proteins (TCA Sugar phosphates 

precipitate) Barium soluble Barium insoluble 

Glucose-U-C 14 CAW 0 
96 

Fructose-U-C 14 CAW 0 
96 

Glucose-U-C 14 S KMEY 0 
96 

Fruetose-U-C 14 S KMEY 0 
96 

8.19 0.54 10.21 7.76 
2.55 0.55 2.35 7.62 

1.72 0.64 4.01 9.93 
1.48 0.58 2.67 11.78 

0.70 0.55 3.54 12.57 
0.88 0.37 2.80 5.88 

1.30 0.23 2.40 9.74 
0.41 0.14 2.51 7.52 


