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Table II. Mean body weight ( •  SE) of male and female rats of 
different age 

Age (months) 2 c~ 

1 86.00 ~ 0.67 93.00 ~_ 1.33 
2 170.50 i 1.90 226.00 �9 1.94 
3 210.00 :t= 2.89 356.50 • 4.22 
4 214.00 -b 2.48 348.25 q- 3.56 
8 239.25 :~ 1.79 374.75 -t- 4.78 

16 295.75 i 6.46 418.50 -4-8.15 
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The influence of sex on calcium transport through the duodenal wai 
of rats in relation to age. Data are expressed as a final concentration 
ratio of tracer inside the sac (serosal medium) over that outside the 
sac (mueosal medium), S/M. Values represent mean standard error. 
--, S]M ratios; ---, body weight (g). 
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t he  mucosa]  (M) side of t he  i n t e s t i na l  s egmen t  with a 

sc in t i l l a t ion  coun te r  ( spec t romete r  mode l  3375, P a c k a r d  

I n s t r u m e n t ) .  
Result and discussion. The  resu l t s  ( the m e a n  ra t io  of t he  

serosal  to  t he  mucosa l  c o n t e n t  of 45Ca) are p re sen ted  
g raph ica l ly  in t he  Figure.  I n  the  4-week-old males  a n d  
females,  ca lc ium t r a n s p o r t  does no t  differ, b u t  a l r eady  
a f te r  8 weeks  of age i t  is s ign i f i can t ly  (p < 0.02) more  
in tense  in t he  males.  T h e  differences  in  t he  t r a n s p o r t  of 
ca lc ium b e t w e e n  t he  two sexes a f te r  t he  3rd m o n t h  are no t  
s ign i f ican t  (p > 0.05). 

The  a b o v e  difference b e t w e e n  tile 2 curves  for S/M 
ra t io  vs. age p r e sen t ed  in t he  F igure  is bel ieved to be  real  
for t he  fol lowing reasons.  A l t h o u g h  t h e  S/A{ d a t a  for 

50O 
4-week- and  2 -month-oId  males  are no t  s ign i f i can t ly  
dif ferent ,  t he  s imi la r i ty  be tween  t he  ma le  and  female  
d a t a  for t he  4-week e x p e r i m e n t  is co r robo ra t ed  b y  the  

gm body  we igh t  which  is t h e  same  for b o t h  sexes a t  4 weeks, 
too  (see Figure) .  Whi le  t he  S/M d a t a  for an ima l s  older t h a n  
3 m o n t h s  do no t  differ  s ign i f i can t ly  be tween  the  sexes, 

.400 those  o b t a i n e d  in t h e  e x p e r i m e n t s  w i t h  2 -mon th -o ld  
an ima l s  differ  qu i te  s u b s t a n t i a l l y  for t h e  two sexes. 

Several  causes of th i s  difference b e t w e e n  t he  S/M 
ra t ios  for t he  two sexes could be envisaged.  There  m a y  be  
some h o r m o n a l  ac t ion  n p o n  t h e  wal l  m e m b r a n e ,  or  a 
s e x - d e p e n d e n t  ag ing  of t he  i n t e s t i num.  However ,  t he  

-300 e luc ida t ion  of t he  re la t ive  i m p o r t a n c e  of these  f ind ings  
would  requi re  add i t i ona l  expe r imen t s .  

I t  seems well e s t ab l i shed  t h a t  a v e r y  eff icient  age- 
sens i t ive  con t ro l  of ca lc ium t r a n s p o r t  is co r re la ted  w i t h  
the  r ap id  in i t ia l  g r o w t h - p h a s e  (see t he  b o d y - w e i g h t  
curves  in  t he  Figure) ,  w i t h  a r e m a r k a b l e  dif ference 

-20o b e t w e e n  t he  sexes. The  l a t t e r  effect  seems to be t i m e d  
v e r y  sha rp ly  w i t h i n  t h e  l i fe-period f rom 8 to  10 weeks. 

F r o m  the  p rac t i ca l  po in t  of view, r ega rd ing  the  
m e t h o d o l o g y  in e x p e r i m e n t s  i nvo lv ing  ca lc ium t r a n s p o r t  
in an ima l s  8- to  10-week-old, i t  seems to  be  of p r i m e  
i m p o r t a n c e  1. to  s epa ra t e  t h e  an ima l s  b y  sex a n d  2. to  

-1~176 h a v e  the  age u n d e r  s t r i c t  control .  

Zusammen/assung. Nachweis ,  dass  bei  umges t i i l p t en  
D u o d e n a l a b s c h n i t t e n  j u n g e r  R a t t e n  (1-16 Monate)  n u t  
bei  den  ca. 8w6chigen m~tnnlichen Tie ren  der  *sCa- 
T r a n s p o r t  wesen t l i ch  ges te iger t  wa r ;  die iibriger~ Alters-  
g r u p p e n  zeigten ke inen  Gesch lech t sd imorph i smus .  
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The Effect of Sulfhydryl Reagents on Cation Binding by Membrane Fragments  

The  concep t  t h a t  su l fhydry l  (-SH) reac t ive  agen ts  m a y  
affec t  m e m b r a n e  p e r m e a b i l i t y  b y  d i s p l a c e m e n t  of b o u n d  
d i v a l e n t  ca t ions  suggests  a n  i m p o r t a n t  role for m e m b r a n e  
-SH groups  in ca t ion  b i n d i n g  and  t r a n s p o r t .  This  possible  
role is s u p p o r t e d  b y  t he  resu l t s  of TOLBXRG et  al. I, ~ who  
r epo r t ed  a close cor re la t ion  be t w een  d i s p l a c e m e n t  of 
t i g h t l y  b o u n d  e r y t h r o c y t e  m e m b r a n e  ca lc ium b y  t he  -SH 

reagent ,  p - c h l o r o m e r c u r i b e n z o a t e  (pCMB), and  t he  
r e s u l t a n t  increased  loss of cel lular  po tass ium.  FORSTNZR 
and  MANI~RY 3, however ,  sugges ted  t h a t  t he  obse rved  loss 
of ca lc ium is exp la inab le  in  t e r m s  of the  so lub i l iza t ion  of 
m e m b r a n e  p ro t e in  b y  pCMB. 

Su l fhyd ry l  r eagen t s  h a v e  also been  r epo r t ed  to affect  
ca t ion  b i n d i n g  b y  m i t o c h o n d r i a  4 and  saerop lasmic  
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r e t i cu lum 5, b u t  t he  i n t e r p r e t a t i o n  of these  resul t s  is com- 
p l ica ted  b y  t he  presence of b o t h  b i n d i n g  and  t r a n s p o r t  in 
these  sys tems.  Thus,  a l t h o u g h  t he  effect  of - S H  reagen t s  
on  ca t ion  b ind ing  has  been  r e p o r t e d  for severa l  d i f fe rent  
m e m b r a n o u s  p repa ra t ions ,  t he  resu l t s  are inconclusive .  
The  p r e sen t  r epo r t  descr ibes  t he  d i s p l a c e m e n t  b y  mer-  
curials  of d i v a l e n t  ca t ions  b o u n d  to r a t  l iver  cell microso-  
ma l  m a t e r i a l  for wh ich  ex tens ive  b i nd i ng  d a t a  are avai l -  
able  and  wh ich  exh ib i t s  ca t ion  exchange  p roper t i e s  
s imi la r  to those  of e r y t h r o c y t e  ghosts  s, 7. 

Method .  The  mic rosomal  f r ac t ion  was isola ted in 0.25 M 
sucrose so lu t ion  f rom h o m o g e n a t e s  of pe r fused  r a t  l iver  
b y  d i f fe ren t ia l  c en t r i f uga t i on  a t  0 -4  ~ Al iquo ts  of t he  
washed  f rac t ion  were equ i l ib ra t ed  for 12 h a t  0 -4~  in 
med ia  con ta in ing  a p p r o x i m a t e l y  95 m M  NaC1, 95 m M  
KC1, 2.0 m M  MgC12 a n d  1.8 m M  CaCI~, c o m p a r a b l e  
b i n d i n g  of t he  4 ca t ions  be ing  o b t a i n e d  in con t ro l  
samples  u n d e r  these  cond i t ions  a t  p H  7. I n  order  to  
s t u d y  t he  effects  of - SH  reagents ,  d i f fe ren t  concen t r a -  
t ions  of HgC12, pCMB or p -ch lo romercu r ibenzene  su l fona te  
(pCMBS) were added  to t he  equ i l ib ra t ion  media .  Appro-  
p r i a t e  a d j u s t m e n t s  were m a d e  to m a i n t a i n  t h e  same  
equ i l ib r ium free ca t ion  c o n c e n t r a t i o n s  in all samples .  
Fol lowing equi l ib ra t ion ,  samples  were cen t r i fuged  for 
1.5 h a t  102,750 g a n d  washed  twice  w i t h  0.25 M sucrose 
so lu t ion  b y  resuspens ion  and  cen t r i f uga t i on  as p rev ious ly  
descr ibed 6. E q u i l i b r i u m  ca t ion  concen t r a t i ons  were 
measu red  in dup l ica te  in  all  equ i l ib ra t ion  s u p e r n a t a n t s ,  
a n d  mic rosome-assoc ia ted  ca t ions  were measu red  b y  
a tomic  a b s o r p t i o n  s p e c t r o p h o t o m e t r y  in a c t i v a t e d  oxygen  
ashed  mic rosoma l  samples  s. To ta l  n i t r ogen  was measu red  
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Effects of pCMB and pCMBS on magnesium and calcium binding by 
rat liver cell microsomes. Aliquots of microsomal material were 
equilibrated for 12 h at 0-4 ~ in media containing different concentra- 
tions of either pCMB or pCMBS. Equilibrated samples were centri- 
fuged and washed twice with 0.25 M sucrose solution. Equilibration 
supernatants contained 95.6 ~ 1.9 mM Na+; 94.3 ~ 1.3 mM K+; 
2.00 • 0.05 mM Mg++; 1.74 4- 0.04 mM Ca++ at pH 6.98 ~- 0.09 
(mean 4- S.D.). Each sample contained 7.75 ~ 0.08 mg total nitrogen 
which provided approximately 1 mM of cation binding sites in the 
10 ml equilibration system. The solid symbols represent data for 
pCMB and the open symbols data for pCMBS. The curves represent 
averages of the plotted data for each cation. 

b y  a micro  K je ldah l  p rocedure  rou t ine ly  empIoyed  in t h i s  
l abo ra to ry .  

Resu l t s  and  d i scuss ion .  Mercuric  chlor ide p roduced  t he  
m o s t  p r o n o u n c e d  effect  on  ca t ion  b ind ing ,  w i t h  t o t a l  
ca t ions  be ing  reduced  b y  over  70% a t  2 m M  HgC12. The  
organic  mercur ia l s  pCMB a n d  p C M B S  b o t h  p roduced  
smal ler  b u t  s ign i f ican t  decreases  in  ca t ion  b ind ing ,  t he  
t o t a l  for 4 ca t ions  be ing  decreased 18% at  4 m M  pCMBS.  
Of pa r t i cu l a r  i n t e r e s t  was  the  fac t  t h a t  b o u n d  m a g n e s i u m  
and  ca lc ium decreased m o s t  m a r k e d l y  up  to  1 m M  organic  
mercur i a l  c o n c e n t r a t i o n  and  t h e n  t e n d e d  to level  off a t  
h igher  concen t r a t i ons  (Figure).  Th i s  t e n d e n c y  to  level  off 
suggests  a n  effect  on a f ixed n u m b e r  of specific si tes and  
p rov ides  ev idence  of t he  g rea te r  specif ic i ty  of ac t ion  of t he  
organic  mercur ia l s  as c o m p a r e d  to inorgan ic  m e r c u r y  9 
which  p roduced  a 50 -60% decrease  in b o u n d  d i v a l e n t  
ca t ions  a t  2 m M  HgCI=. 

I n  t he  p re sen t  expe r imen t s ,  t he re  was no s ign i f ican t  
loss of t o t a l  m e m b r a n e  n i t rogen  ill t h e  presence  of up  to 
4 m M  pCMB, recover ies  r a n g i n g  f rom 99.4% to  104.4% 
of cont ro l  values.  Th i s  is ill c o n t r a s t  to  r epo r t s  of loss of 
p ro t e in  ~,a a m o u n t i n g  to  as m u c h  as 30 to  40%1~ 11 on  
exposure  of e r y t h r o c y t e  m e m b r a n e s  to  these  mercur ia ls .  
One possible  e x p l a n a t i o n  for t he  dif ference in  b e h a v i o r  is 
t he  presence  of m a g n e s i u m  ill t h e  equ i l i b ra t ion  m e d i a  in  
t he  p re sen t  expe r imen t s ,  t h i s  ca t ion  be ing  r epo r t ed  to 
reverse  t he  loss of p ro t e in  p roduced  b y  mercur ia l s  in  
e ry  t h r o c y t e  m e m b r a n e s a L  W h a t e v e r  the  reason,  the  
decrease  in mic rosoma l  ca t ions  in  t he  p r e sen t  e x p e r i m e n t s  
is no t  associa ted  w i t h  a loss of p r o t e i n  and  the re fore  
p r o b a b l y  r ep resen t s  d i s p l a c e m e n t  f rom b i n d i n g  si tes on  
t he  microsomes.  

There  are several  poss ibi l i t ies  as to  t he  m e c h a n i s m  of 
ac t ion  of t he  mercur ia l s ;  pCMB and  pCMBS could 
d i rec t ly  displace m a g n e s i u m  or  ca lc ium b o u n d  to -SH  
groups.  Al t e rna t ive ly ,  m e r c a p t i d e  f o r m a t i o n  9 could 
p roduce  c o n f o r m a t i o n a l  a n d / o r  charge  dens i t y  changes  in 
t he  m e m b r a n e ,  t h e r e b y  a f fec t ing  ca t ion  b i n d i n g  to  o the r  
groups  indi rec t ly .  I n  v iew of ev idence  t h a t  organic  
mercur ia l s  are no t  comple te ly  specific for -SH  groups  9, ~2 
f u r t h e r  i nves t iga t ions  are  r equ i red  to  e luc ida te  t he  me-  
chan i sms  invo lved  in t he  effects of these  r eagen t s  on 
m e m b r a n e  ca t ion  b ind ing .  Never the less ,  t he  p r e sen t  s t u d y  
p rov ides  evidence  of a d i s p l a c e m e n t  of a p p r o x i m a t e l y  
20% of mic rosome  b o u n d  d i v a l e n t  ca t ions  b y  pCMB a n d  
pCMBS.  The  effects of pCMB oil mic rosomal  ca lc ium are 
s imi la r  to  those  r epo r t ed  for e r y t h r o c y t e  ghosts  a in  t e r m s  
of b o u n d  ca lc ium d isp laced  and  t he  effect ive  pCMB con-  
c e n t r a t i o n  range.  The  resu l t s  d e m o n s t r a t e  t h a t  pCMB 
also displaces b o u n d  magnes ium,  a n d  t h a t  p C M B S  affects  
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241 (1962). 
7 A. P. CARVALHO, ~I. SANUI and N. PACE, J. Ceil comp. Physiol. 62, 

311 (1963). 
s H. SANUI, Analyt. Bioehem. 42, 21 (1971). 
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d i v a l e n t  ca t ion  b i n d i n g  in a m a n n e r  s imi la r  to  t h a t  for 
pCMB 13. 
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Zusammen/assung. Nachweis  an  L e b e r m i k r o s o m e n  der  
R a t t e ,  dass  Su l fhydry l  Reagenz i en  p -Ch lo romercur iben -  
zoat  (pCMB) u n d  p-Chloromlercur ibenzol  Su l fona t  
(pCMBS) die B i n d u n g  yon  M a g n e s i u m  und  Calcium 
ungef~hr  u m  20% v e r m i n d e r n .  

H. SANU114 

Department of Physiology, University of California. 
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An Ultrastructural Study of the Synaptic Glomeruli  

Afte r  t he  ear ly  s tud ies  of t he  i n t e r m ed i o - l a t e r a l  nuc leus  
( ILN) b y  c o n v e n t i o n a l  l igh t  mic roscopy  (see IR~T~tELYI 1 
for references),  m a j o r  c o n t r i b u t i o n s  were m a d e  b y  RA~6N 
and  CAJAI, ~ us ing  t he  Golgi  s i lver  i m p r e g n a t i o n  t e c h n i q u e  
a n d  l a t e r  b y  I)AHLSTROM a n d  F u x E  3 b y  m e a n s  of fluo- 
rescence microscopy.  B u t  s tud ies  of t he  I L N  a t  t he  u l t ra -  
s t r u c t u r a l  level  appea r s  to  be  v e r y  l imi ted .  The  u l t r a -  
s t r u c t u r e  of t he  I L N  of t he  ca t  has  been  r epo r t ed  b y  
RI~TItELYI 1 a n d  t h a t  of r a t s  a f t e r  6 - h y d r o x y d o p a m i l l e  
i nduced  e x p e r i m e n t a l  d e g e n e r a t i o n  b y  W o N 6  a n d  TAN4. 
I t  was  d u r i n g  t he  l a t t e r  s t u d y  t h a t  t he  axons  a n d  dendr i t e s  
in  t h e  I L N  of r a t  were n o t e d  to  be  o rgan ized  in to  large 
n u m b e r s  of s y n a p t i c  complexes .  Th i s  p a p e r  descr ibes  t he  
o rgan i za t i on  of these  complexes  a n d  discusses t he  sig- 
n i f icance  of the  f indings .  

Male a d u l t  a lb ino  r a t s  w h i c h  were a p p a r e n t l y  h e a l t h y  
a n d  weigh ing  b e t w e e n  200-250 g were a n a e s t h e t i z e d  w i t h  
e t h e r  a n d  per fused  t h r o u g h  t he  left  ca rd iac  ven t r i c l e  w i t h  
a so lu t ion  c o n t a i n i n g  2% p a r a f o r m a l d e h y d e  and  2.5% 
g l u t a r a l d e h y d e  in  0.1 M cacody la t e  buf fe r  4. The  f i xa t i ve  
also c o n t a i n e d  0.5 mg/ l  CaC12. Af te r  20 rain  of perfus ion,  
t he  t ho rac i c  cord  was  d issected  ou t  a n d  t h i n  slices were 
cu t  w i t h  razor  b lade  a n d  i m m e r s e d  in s imi la r  f i xa t ive  for 
a f u r t h e r  2 h or o v e r n i g h t  a t  4~ The  t i ssues  were pos t -  
f ixed in o s m i u m  t e t r o x i d e  5 for 1~/~-2 h, a f t e r  wh ich  t h e y  
were d e h y d r a t e d  in a g raded  series of ace tone  a n d  embed-  
ded  in Ara ld i te .  S e m i - t h i n  sect ions  of 0.5 ~zm t h i c k  were 
cu t  w i t h  glass kn ives  a n d  s t a ined  w i t h  m e t h y l e n e  blue. 
The  I L N  was iden t i f i ed  a n d  t he  b lock  was r e t r i m m e d .  
U l t r a - t h i n  sect ions  of s i lve r -g ray  in t e r f e rence  colours 
were cu t  in  the  f ron t a l  p l ane  w i t h  a P o r t e r - B l u m  u l t r a -  
m i c r o t o m e  a n d  doub le - s t a ined  on  grid w i t h  u r a n y l  ace- 
t a t e  6 a n d  lead c i t r a t e  7. T he  sec t ions  were v iewed t h r o u g h  
a n  H i t a c h i  HS-8  e lec t ron  microscope.  

The  a x o n  t e r m i n a l s  in  t h e  I L N  of r a t  a p p e a r  as large, 
m e d i u m  sized or sma l l  b o u t o n s ;  t h e y  m a y  con t a i n  e i the r  
round ,  f l a t t ened ,  e l l ipsoidal  or p l eomorph ic  vesicles. 

La rge  b o u t o n s  are  obse rved  to  c o n t a i n  on ly  r o u n d  
vesicles (LtZ bou tons ) .  La rge  b o u t o n s  w i t h  f l a t t e n e d  
vesicles h a v e  so far  n o t  been  obse rved  to be p resen t .  
Medium-s ized  a n d  smal l  bou tons ,  however ,  m a y  c o n t a i n  
e i t he r  r o u n d  of f l a t t e n e d  vesicles.  Some of these  profi les  
w i t h  r o u n d  vesicles m a y  poss ib ly  be  p a r t  of an  L R  bou-  
ton.  

The  L R  b o u t o n s  are  usua l ly  i n v a g i n a t e d  a n d  c o n t a c t e d  
b y  dend r i t i c  sha f t s  a n d  spines  or sma l l  axon  t e r m i n a l s  
(Figure  1). The i r  vesicles, wh ich  are spher ica l  a n d  ag ranu -  
lar, are d i s t r i b u t e d  t h r o u g h o u t  t he  b o u t o n  b u t  are more  
closely p a c k e d  a d j a c e n t  to  t h e  p r e s y n a p t i c  m e m b r a n e .  
La rge  g r a n u l a r  vesicles (LGV) h a v e  no t  been  obse rved  in 
t h e  L R  bou tons .  Somet imes ,  however ,  t he  c o n t o u r  of t he  
L R  b o u t o n  m a y  be  more  r egu la r  a n d  n o t  so h e a v i l y  
i n d e n t e d  b y  p o s t s y n a p t i c  prof i les  (Figure  5). 

The  med ium-s i zed  (Figures  2 a n d  4) and  smal l  b o u t o n s  
(Figures  2 a n d  4) h a v e  more  r egu la r  con tou r s  a n d  m a y  be  
s o m e w h a t  rounded ,  oval  or c rescent  in  shape.  T h e i r  
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vesicles m a y  be  r o u n d  or f l a t t ened .  Some of these  t e r m i n a l s  
m a y  con t a in  a few L G V  (Figure  3). 

The  L R  b o u t o n s  fo rm G r a y  T y p e  1 synapses  s w i t h  a 
p r i m a r y  dend r i t e  or w i t h  a dendr i t i c  spine  (Figure  1). No 
spine a p p a r a t u s ,  however ,  has  been  obse rved  in t he  la t te r .  
In  add i t ion ,  t he  L R  b o u t o n s  are o f ten  c o n t a c t e d  b y  smal l  
a x o n a l  profi les  fo rming  a x o - a x o n a l  synapses  (Figures  1 
a n d  2). "When such  synapses  are  presen t ,  t he  smMler  
profi les are a lways  p r e s y n a p t i c  to  t he  L R  bou ton ,  whi le  
t he  l a t t e r  is in  t u r n  p r e s y n a p t i c  to  a dendr i t e .  The  smal l  
p r e s y n a p t i c  axon  t e r m i n a l  usua l ly  con t a in s  r o u n d  vesicles 
(Figures 1 a n d  2). 

The  neu ra l  d e m e n t s  wh ich  e s t ab l i sh  s y n a p t i c  c o n t a c t  
w i t h  each  o t h e r  are o f ten  enclosed in a p r o m i n e n t  gl ial  
l a m i n a  (Figures  1, 2, 4 a n d  5) to  fo rm s y n a p t i c  glomerul i .  
The  n u m b e r  of e l emen t s  in each  g lomeru lus  var ies .  These  
g lomeru l i  m a y  be  t e n t a t i v e l y  classified in to  3 types .  
Type  1 (Figure  1), in wh ich  t he re  is a p r o m i n e n t  cen t r a l  
L R  b o u t o n  s u r r o u n d e d  and  c o n t a c t e d  b y  d e n d r i t e s  a n d  
smal l  axon  t e rmina l s .  Type  2 (Figure 4), in  wh ich  t he  
p r o m i n e n t  cen t r a l  prof i le  is a large d e n d r i t e  s u r r o u n d e d  
a n d  c o n t a c t e d  b y  med ium-s i zed  and  smal l  a x o n  t e rmina l s .  
S o m e t i m e s  o t h e r  dendr i t i c  profi les  m a y  lie a d j a c e n t  to  
t he  large dendr i te ,  b u t  no  synapse  has  been  obse rved  
be tween  t h e m  a l t h o u g h  desmosoma l  t ypes  of c o n t a c t  m a y  
be  presen t .  Type  3 (Figure  5), in  wh ich  t h e  cen t r a l  profi les 
cons is t  of a n  L R  b o u t o n  c o n t a c t e d  b y  a large dendr i t e .  
T h e y  are s u r r o u n d e d  a n d  c o n t a c t e d  b y  o the r  axons  a n d  
dendr i tes .  

The  p r e sen t  s t u d y  has  shown t h a t  gl ial  encapsu l a t ed  
synap t i c  g lomeru l i  c o n s t i t u t e  a p r o m i n e n t  f ea tu re  in  the  
I L N  of ra t ,  a l t h o u g h  I~THELYI 1 d id  no t  descr ibe  t h e m  in 
the  cat.  Such  s y n a p t i c  complexes  are now a wel l -es tabl ish-  
ed f ea tu re  in  m a n y  areas  of t h e  cen t r a l  ne rvous  s y s t e m  
e.g. l a te ra l  gen icu la te  nucleusg, 1~ med ia l  gen icu la te  
n u c l e u s n ,  12, pulvinar~3,1~, v e n t r o b a s a l  nuc leus  of the  
t h a l a m u s  ts, ~6, cunea t e  nucleuseS, nuc leus  gracilis is, and  
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