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t he i r  f unc t iona l  s ignif icance h a v e  no t  been  de t e r m i ned .  I t  
h a s  been  sugges ted  t h a t  enr iched  e n v i r o n m e n t s  would  
g rea t ly  e x p a n d  l ea rn ing  experience,  a n d  these  changes  
m i g h t  ref lect  n e u r o n a l  a l t e r a t ions  assoc ia ted  w i t h  learn-  
ing 12. The  b r a i n  slice cyclic A M P  s y s t e m  is a logical  
ex t ens ion  of these  s tud ies  because  i ts  r espons iveness  has  
been  s h o w n  to  unde rgo  a d a p t a t i o n  to  a l t e red  synap t i c  
i n p u t  in  vivo.  F u r t h e r m o r e ,  t he  a c t i v i t y  of neu roho r -  
mone- sens i t i ve  cyclic A M P - g e n e r a t i n g  sys t ems  would  be  
expec t ed  to increase  w i t h  n u m b e r  of s y n a p t i c  concen t r a -  
t ions .  However ,  mos t  EC-IC differences in  b r a i n  pa ra -  
me te r s  h a v e  been  r epo r t ed  to be  qu i te  smal l  ( <  10%) ;  
such  smal l  dif ferences  in synap t i c  n u m b e r s  would  p rob-  
ab ly  n o t  be  de t ec t ab l e  in  t he  b r a i n  slice sys tem.  The  com- 
p a r a t i v e l y  large (60-70%)  a l t e r a t i ons  seen here  in re- 
spons iveness  of cyclic A M P - g e n e r a t i n g  sys t ems  suggests  

t h a t  e n v i r o n m e n t a l  e n r i c h m e n t  m a y  be  a l t e r ing  chron ic  
f u n c t i o n a l  s y n a p t i c  a c t i v a t i o n  of a d e n y l a t e ' c y c l a s e s  
respons ive  to ce r t a in  p u t a t i v e  n e u r o h o r m o n e s ;  i.e., 
p r o s t a g l a n d i n  and  h i s t amine .  This  poss ib i l i ty  would  no t  
be  u n i q u e  : a l t e r a t i ons  in e n v i r o n m e n t a l  l i gh t ing  h a v e  been  
shown to con t ro l  no rad rene rg ic  i n p u t  to  t he  p inea l  
gland,  p roduc ing  co r re spond ing  hype r - r e spons iveness  or 
hypo- re spons iveness  of p o s t - s y n a p t i c  cyclic A M P  s y s t e m  is. 
Possible  cor re la t ions  of hype r -  a n d  hypo- sens i t i ve  b r a i n  
cyclic A M P  sys t ems  in EC a n d  IC r a t s  w i t h  b e h a v i o r a l  
profi les and  d rug  effects on  b e h a v i o r  are u n d e r  inves t iga-  
t ion.  

18 j .  AXELROD, Science 78d, 1341 (1974}. 
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Summary. Cort ica l  g lycogen levels decreased a f te r  b o t h  1 and  3 h of un i l a t e ra l  ischemia.  Af te r  i h of rec i rcula t ion ,  t h e  
levels of g lycogen were res to red  to con t ro l  va lues  in b o t h  groups.  Subsequen t ly ,  g lycogen increased  above  n o r m a l  levels 
a f te r  1 week  of rec i rcu la t ion  in the  1 h ischemic group,  and  a f t e r  5 h in t he  3 h i schemic  group.  Thus ,  t he  onse t  of t he  
excess glycogen a c c u m u l a t i o n  appea r s  to  be d e p e n d e n t  on  t he  i n t e n s i t y  of t he  ischemic insul t .  

Glycogen  a c c u m u l a t i o n  in t he  cen t r a l  ne r vous  s y s t e m  is 
a c o m m o n  occurrence  fol lowing a v a r i e t y  of b r a i n  in- 
juries.  A b n o r m a l  depos i t s  of glycogen h a v e  been  shown  in 
t r a u m a t i z e d  b ra ins  w h e t h e r  the  t i ssue  showed  his to log-  
ical ev idence  of i n j u r y  2-7 or notS, 9. H i s tochemica l  in- 
ve s t i ga t i ons  h a v e  d e m o n s t r a t e d  t h a t  t he  glycogen de- 
pos i ts  fol lowing b r a i n  i n j u r y  were localized p r i m a r i l y  in  
t he  a s t rocy te s  a n d  neuropi110,11. 

The  suscep t ib i l i ty  of Mongol ian  gerbils  (Meriones 
unguiculatus) to  un i l a t e r a l  i s chemia  has  p rov ided  a 
su i t ab le  model  for t h e  b iochemica l  i nves t i ga t i on  of pro-  
longed ischemia,  and  also t he  l ong - t e rm  r e c o v e r y  pro- 
cessl~, la. Us ing  ti le gerbi l  model ,  ITO e t  al. la h a v e  shown  
his to logica l ly  t h a t  ce r t a in  pa tho log ica l  changes  in b r a i n  
appea red  ill t h e  pos t - i schemic  period.  F u r t h e r ,  t h e  
ev idence  ind ica t ed  t h a t  t he  t i m e  of a p p e a r a n c e  of these  
his to logical  changes  in t he  pos t - i schemic  per iod is re la ted  
to t he  l e n g t h  of t h e  i schemic  insu l t ;  t h e  br ie fe r  t he  per iod  
of i schemia,  t h e  longer  t h e  i n t e r v a l  before  pa tho log ica l  
changes  occur. The  re l a t ionsh ip  b e t w e e n  t he  d u r a t i o n  of 
i schemia  and  t h e  d e v e l o p m e n t  of a de t ec t ab l e  lesion has  
been  descr ibed  as t he  m a t u r a t i o n  p h e n o m e n o n l 4 .  

I n  t h i s  s t u d y  we d e m o n s t r a t e  t h a t  t he  onse t  of pos t -  
i schemic  a c c u m u l a t i o n  of glycogen also depends  on  t he  
d u r a t i o n  of t he  ischemic episode. The  resu l t s  p rov ide  bio-  
chemica l  ev idence  for t he  ex is tence  of the  m a t u r a t i o n  
p h e n o m e n o n .  

Materials and methods. Mongol ian  gerbils  (Tumble-  
b r o o k  F a r m ,  W e s t  Brookfield ,  Mass.) we igh ing  50 60 g 
were a n e s t h e t i z e d  w i t h  sod ium p e n t o b a r b i t a l  (35 mg/kg ,  
i.p.) a n d  t h e  un i l a t e r a l  i schemia  was p roduced  b y  occlud-  
ing t he  lef t  c o m m o n  ca ro t id  a r t e r y  w i t h  an  a n e u r y s m  
clip. Those  an ima l s  exh ib i t i ng  neurologica l  s y m p t o m s  of 
ce rebra l  infarct ion15 a t  1 or 3 h of i schemia  were e i t he r  
f rozen i m m e d i a t e l y  in  l iquid  n i t rogen  or a t  t imes  r ang ing  
f rom 1 h to  1 week  a f te r  t h e  clip was removed .  T he  ou te r  
2-3  m m  of ce rebra l  cor tex  ips i la te ra l  and  con t ra la te ra l "  

to  the  occluded a r t e r y  was excised s epa ra t e ly  in a c r y o s t a t  
m a i n t a i n e d  a t  20 ~ S h a m - o p e r a t e d  an ima l s  were used 
for t he  con t ro l  levels of glycogen.  The  frozen t i ssue  was 
e x t r a c t e d  in 0.03 N HC1 and  t he  glycogen was m e a s u r e d  
enzymica l ly  accord ing  to t he  m e t h o d  of PASSONNEAU a n d  
LAUDERDALE 16. The  p ro t e in  c o n c e n t r a t i o n s  were deter -  
m ined  accord ing  to  LowRY et  al.lL S ta t i s t i ca l  s ignif icance 
was d e t e r m i n e d  b y  t he  S t u d e n t ' s  t- test .  
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Glycogen levels at various postdschemie intervals following either 1 or 3 h of unilateral ischemia. Mongolian gerbils were treated and the 
cerebral cortex was removed and extracted as described in the materials and methods. The left common carotid artery was ligated for either 
1 (O) or 3 (0) h except for the sham-operated animals. The glycogen values for the contralater M (control) cortex are represented by the dashed 
lines and for the ipsilateral (injured) cortex by the solid lines. The zero time levels are the values determined for the sham-operated animals. 
The asterisk (*) represents those values which are significantly different (p < 0.01) from the controls. Each point represents the mean of at 
least 4 determinations and the vertical bars the SEM. The time scale in post-isehemia is the time after release of the arterial occlusion. 

Resul ts  and discussion. Tile mean  glycogen levels for all 
t ime  periods in t he  cont ra la te ra l  cerebral  cortex,  were 
19.3 =~ 2.5 nmole s /mg  pro te in  and were essent ial ly  the  
same as those  observed in the  cerebral  cor tex  f rom sham-  
opera ted  gerbils. Occlusion of the  common  carot id  a r t e ry  
for e i ther  1 or 3 h s ignif icant ly  reduced the  levels of 
glcyogen in the  ipsi lateral  cerebral  cor tex  to 1.5 • 0.4 and  
1.8 ~= 0.4 nmoles /mg protein,  respect ive ly  (Figure). These 
results  suggest  t h a t  t he  ischemic insul t  was l imited to t he  
ipsi la teral  cortex.  

The ra te  of glycogen recovery  following e i ther  1 or 3 h 
of ischemia was the  same dur ing  the  f irs t  hour  of recir- 
culat ion.  The glycogen levels were no t  s ignif icant ly  dif- 
fe ren t  f rom the  control  values a t  1 h .of recovery  in b o t h  
groups.  However ,  a t  5 h af ter  a 3 h period of ischemia,  the  
concen t ra t ion  of glycogen was increased in t he  ischemic 
cor tex  to 32.2 :k 3.4 nmoles /mg protein .  The e levat ion of 
glycogen following 3 h of ischemia pers is ted  a t  20 h and  
1 week following the  insul t ;  the  levels were 29.4 -4- 0.6 
and 39.7 • 4.6 nmoles /mg  protein ,  respect ively.  A similar  
increase of glycogen was observed af ter  1 h of ischemia,  
b u t  the  e levat ion  to 37.2 -4- 2.0 nmoles /mg  pro te in  was 
man i fes t ed  only  af ter  1 week of recovery.  

Our resul ts  show t h a t  the  reduc t ion  of glycogen dur ing  
uni la tera l  ischemia is followed by  a reaccumula t ion  of 
th is  polysacchar ide  dur ing pos t - i schemia  to concent ra -  
t ions  grea te r  t h a n  those  of control .  B o t h  the  magn i tude  of 
t he  i schemia- induced decrease in glycogen and  the  t ime 

necessary  for comple te  recovery  (1 h of post- ischemia)  
were essential ly the  same in b o t h  groups.  Thus  the  glyco- 
gen response dur ing  ischemia and  dur ing  the  first  hour  of 
reci rcula t ion did l i t t le to indicate  a difference in degree of 
ischemic insul t  (or damage)  be tween  the  two groups.  
However ,  the  levels of glycogen con t inued  to increase in 
the  3 h ischemic group to levels s ignif icant ly  grea te r  t h a n  
control  a f ter  5 h of recireulat ion.  In  cont ras t ,  t he  glyco- 
gen level in t he  1 h ischemic group remained  co n s t an t  
f rom i to 20 h of reci rcula t ion af ter  which  the  levels 
increased and were s ignif icant ly  grea te r  t h a n  contro l  a t  
1 week of recirculat ion.  These d a t a  are cons i s t en t  w i t h  
previous  f indings t h a t  the  b iochemical  even t s  dur ing  
recireulat ion more  accura te ly  ref lect  the  sever i ty  of t h e  
ischemic insul t  t h a n  those  occurr ing dur ing  ischemia is. 
In  previous studies,  the  levels of ATP,  phosphocrea t ine ,  
glucose and glycogen decreased dur ing  ischemia  b u t  were 
no t  to ta l ly  deple ted  12,18. Fur the rmore ,  once these  me t ab -  
olites reached  a new s t eady  s t a te  level, t h e y  r ema ined  
unchanged  for up to 6 h of ischemia.  I t  was only  dur ing  
recirculat ion t h a t  d i f ferent  responses  were mani fes ted .  
The t ime required for me tabo l i t e  res to ra t ion  dur ing  re- 
c irculat ion appeared  to  be p ropor t iona l  to the  leng th  of 
the  ischemic insult .  

ls I. KLATZ% ill The Basic Neurosc~e~ces (Ed. O. B. TOWER. Raven 
Press, New York 1975), vol. 1, p. 313. 
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Histological  s tudies  on Mongolian gerbils revealed t h a t  
lesions n o t  only  develop dur ing  ischemia,  b u t  even  af ter  
r e s to ra t ion  of the  c i rculat ion 18. The two var iables  which  
de t e rmine  lesion fo rmat ion  are the  i n t ens i t y  of the  ischem- 
ic episode and  the  du ra t ion  of t he  pos t - i schemic  inter-  
val. Once the  ischemic th resho ld  is reached,  t he  t ime  ne- 
cessary for t he  d e v e l o p m e n t  of lesions is a func t ion  of t he  

init ial  ischemic interval .  In  th is  s tudy,  glycogen levels 
af ter  3 h of i schemia  exceeded contro l  values by  5 h of 
recirculat ion.  Fol lowing 1 h of i schemia  the  e levat ion  of 
glycogen was  a p p a r e n t  only  a f te r  1 week of recirculat ion.  
The glycogen response  dur ing  recovery  suppor t s  t he  his-  
tological  f indings t h a t  t he  emergence  of lesions occurs 
more  rap id ly  wi th  longer per iods  of ischemia.  

Notes  on the S p e r m  Morpho logy  of Ctenomys maulinus (Rodentia,  Octodont idae)  ~ 
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Summary. A m o r p h o m e t r i c  s t u d y  of the  spe rm of Ctenomys maulinus Phi l ippi  1872 was carr ied out.  A process  of the  
pos tacrosomic  region t h a t  p robab ly  cor responds  to  a p e r m a n e n t  s t ruc tu re  in t h e  spe rms  of these  rodents ,  and  is charac-  
ter is t ic  of the  genus, was observed.  

Several  au thors  8-7 have  s t a t ed  t h a t  t he  form and dia- 
me te r s  of m a m m a l i a n  spe rma tozoa  are  charac ter i s t ic  for 
each species. This  has  been observed  even  a m o n g  s t ra ins  s. 

There  are few s tudies  deal ing wi th  neot ropica l  species. 
A m o n g  them,  because  of peculiar  f i logenetic and  evolu- 
t i ona ry  t ra i t s  of the  group 9, those  concerned  wi th  Octo-  

don t idae  are of par t i cu la r  interest .  In  t he  progress  of 
observa t ions  on spe rma tozoa  of chi lean rodents ,  it  was 
found  t h a t  one species, Ctenomys maulinus Phi l ippi  187210 
differed, compared  wi th  o ther  known  m a m m a l i a n  species, 
in t he  morpho logy  of t he  pos tacrosomic  region. 

In  order  to  define th is  region, ini t ia l ly observed on 
slides ob ta ined  f rom mace ra t ed  testis ,  t he  sperms  were 
s tudied  in ' im p ro n t a '  specimens  f rom the  cauda  epidi-  
dymis .  Smears  of spe rma tozoa  ob ta ined  f rom 4 animals  
were airdried,  f ixed in 10% fo rma ldehyde  and s ta ined  
wi th  basic fuchsin,  a t echn ique  which  gave the  bes t  
results.  

The spe rma tozoa  were screened under  the  microscope 
and measured  using an ocular  mic rome te r  a t  magnif ica-  
t ions  of 250•  or 2 ,250•  The following axes were 
measured :  to ta l  length,  l eng th  of the  head,  l eng th  of t he  
acrosome,  caudal  edge of t h e  an te r io r  s egmen t  of t h e  
acrosome to  the  pos ter ior  ring, l eng th  of the  pos tacroso-  
mic process  and max i ma l  w i d t h  of t he  head.  

The aerosomic t ip  in the  spermatozoa l  head  of C. 
mauli~us is rounded  and the  caudal  edge of t he  pos ta -  
crosomic region is concave  (Figure 1). Thus  the  head  of 

Fig. 1. Scheme of the sperm head of Ctenomys maulinus 

~easures of 50 sperms of C. maulinus 4- SE 

i Supported by Proyecto de Investigaeion No. C-13, Vicerrectoria 
de Investigaei6n, Universidad Austral de Chile, Valdivia. 

2 We are indebted to Dr. E. BUSTOS-OBREG6N for reading the 
manuscript. 
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I HL AL CE-PR PPL TL WH HL:AL 

A 11.02 4- 0.07 8.61 + 0.07 ~ 8.39 4- 0.06 12.34 4- 0.16 86.0 4- 0.32 5.66 4- 0.04 1.27 4- 0.0079 
B 10.83 4- 0.05 8.34 4- 0.05 8.49 4- 0.04 13.89 4- 0.13 5.82 4- 0.03 1.29 4- 0.0061 
C 10.49 4- 0.08 8.15 4- 0.07 7.80 4- 0.05 13.42 i 0.13a 5.34 4- 0.03 1.28 4- 0.0067 
D 9.78 4- 0.07 7.64 4- 0.04 7.51 4- 0.04 12.86 4- 0.10 5.49 4- 0.03 1.27 4- 0.0065 

I, individuals; HL, head length; AL, aerosome length; CE-PR, caudal edge of the anterior segment of the acrosome-posterior ring; PPL, 
postaerosomic process length; TL, total length; WH, width of the head; HL:AL, head length:Acrosome length. ~49 measures. 


