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f rom ~2-15. The  r a d i o a n t o g r a m s  were deve loped  a f t e r  
3 m o n t h s  of exposure ,  a n d  s t a ined  w i t h  h e m a t o x y l i n -  
eosin or m e t h y l  g reen-pyron ine ,  

For  each e x p e r i m e n t a l  cond i t i on  and  for each  cell type,  
r a d i o a u t o g r a p h i c  g ranu les  ove r  40 cells (and /or  nuclei) 
were coun ted .  The  r a d i o a c t i v i t y  of t he  ' ex t race l lu la r  
space '  was e s t i m a t e d  b y  c o u n t i n g  40 areas  of a size 
c o m p a r a b l e  to an  ave rage  eosinophil ,  m a r k e d  b y  a circle 
in t he  ocular  piece of t he  microscope,  in areas  chosen  a t  
r a n d o m  be tween  cells loca ted  in t he  deep s t roma.  

Results. The  u p t a k e  of t r i t i a t e d  es t rad io l  b y  u te r ine  
eos inophi ls  in v ivo  is conf i rmed  in all t h e  h o r m o n a l  con-  
d i t ions  s tud ied  in t he  p r e s en t  i nves t iga t ion  (Tables I 
a n d  II) .  

The  u p t a k e  of t r i t i a t e d  e s t r ad io l  b y  t he  nucle i  of 
g landula r ,  s t roma l  and  m u s c u l a r  ceils is h igh  in all t he  
h o r m o n a l  cond i t ions  i n v e s t i g a t e d  (Tables I a n d  II) .  The  
u p t a k e  of r ad ioac t ive  es t rad io l  b y  t he  nuclei  of l umina l  
ep i the l ia l  cells is h igh  in an ima l s  in p roes t rus  and  in 
es t rus  as well  as in es t rogen  p r e t r e a t e d  animals ,  b u t  is 
v e r y  low in an ima l s  in t he  1st and  2nd days  of dies t rus ,  
as well  as in an ima l s  p r e t r e a t e d  w i t h  p roges te rone  a lone 
or  t o g e t h e r  w i th  es t rad io l  (Tables I and  II ,  Figure) .  

The  nuc lea r  r a d i o a c t i v i t y  in sect ions  of g l andu la r  
ep i the l ia l  cells cons t i t u t e s  6 5 - 7 5 %  of t he  t o t a l  cel lular  
r a d i o a c t i v i t y  (cy toplasmic  + nuc lea r  areas) in  all t h e  
h o r m o n a l  cond i t ions  s tud ied  (Tables I a n d  II) .  Similar ly ,  
t he  nuc lea r  r a d i o a c t i v i t y  in sect ions  of l u m i n a l  ep i the l ia l  
cells of an ima l s  in p roes t ru s  and  in estrus ,  as well  as in 
those  p r e t r e a t e d  w i t h  es t rad io l  alone, cons t i t u t e s  65 75% 
of t he  t o t a l  cel lular  r a d i o a c t i v i t y  (Tables I and  II) .  In  
c o n t r a s t  to  this,  in  t he  an i m a l s  in t he  1st a n d  2rid days  
of dies t rus ,  as well  as those  p r e t r e a t e d  w i t h  p roges te rone  
a lone or t o g e t h e r  w i t h  estradiol ,  t he  nuc lea r  r a d i o a c t i v i t y  
of t he  l umina l  ep i the l ia l  cells cons t i t u t e s  on ly  50% of the  
t o t a l  cel lular  r a d i o a c t i v i t y  (Tables I and  II) .  

These  f igures  show t h a t  p roges t e rone  d ras t i ca l ly  and  
se lec t ively  reduces  t he  u p t a k e  of 3H_estradiol  b y  cells of 
t he  lmn ina l  ep i the l ium.  This  r educ t i on  in b ind ing  is as- 
socia ted w i t h  obv ious  morpholog ica l  changes  in th i s  cell 
t y p e  (a r e d u c t i o n  in cell size), as obse rved  in t h e  Figure.  

Discussion. The  p roges t e rone - induced  specific inhi -  
b i t i o n  of es t rad io l  u p t a k e  b y  t h e  nucle i  of t he  l umina l  
ep i the l ia l  cells, b u t  n o t  b y  o t h e r  u t e r ine  cells, paral lels  
t he  inh ib i t i on  b y  p roges te rone  of some es t rogenic  re- 
sponses  in t he  l umina l  epi the l ia l  ceils only. The  es t rogenic  
responses  i n h i b i t e d  in t he  l u m i n a l  ep i the l i um are the  
mi to t i c  a c t i v i t y  ~6 20, t he  ur id ine  u p t a k e  e~ a n d  the  in- 
crease in t h e  size of these  cells. Since t he  d i rec t  com- 
pe t i t i on  of p roges t e rone  and  es t rad io l  for the  recep tor  
s i tes  is un l ike ly  22, 2a, i t  is p r o b a b l e  t h a t  p roges te rone  has  
a specific i n h i b i t o r y  effect  on  e i the r  t he  syn thes i s  of 
es t rogen  recep tors  or t he  t r a n s f e r  of t he  es t rogen-cytoso l  
r ecep to r  complex  f rom the  c y t o p l a s m  to  the  nuc leus  in  
t he  l umina l  epi the l ia l  ceils. 

12 I. GERSH, Anat. Rec. 53, 309 (1932). 
13 I. GERSH, J. VERGARA and G. L. RossI, Anat. Rec. 138, 445 (1960). 
1~ I. GERSH, J. biophys, biochem. Cytol. Suppl. 2, 37 (1956). 
15 I. GERSH, 1. ISENBERG, J. L. STEPHENSON and W. BONDAREFF, 

Anat. Rec. /28, 91 (1956). 
16 O. I. EPIFANOVA, Abstr. Soviet Med. 5, 792 (1961). 
17 O. I. EPIFANOVA, Expl. Cell Res. 42, 562 (1966). 
is L. MARTIN and C. A. FINN, J. Endocr. d7, 363 (1968). 
19 F. LEROY, P. GALAND and J. C~Rs J. Endoer. d5, 441 (1969). 
20 j .  A. SMITH, L. MARTIN, R. J. B. KING and M. VERTES, Biochem. 

J. 119, 773 (1970). 
21 C. TAEHI, S. TACHI and H. R. LINDNER, J. Reprod. Fertil. 37, 59 

(1972). 
22 j,  ANDERSON, J. t-I. CLARK and E. J. P~:CK, Biochem. J. 726, 561 

(1972). 
~s L. TSENG and E. GURPIDE, Endocrinology 93, 245 (1973)- 

P e r i p h e r a l  S y m p a t h e t i c  I n n e r v a t i o n  of  the  D e e p  P i n e a l  G l a n d  of the  G o l d e n  H a m s t e r  ~ 

t~. J. REITER and  L. HEDLUND2 

Department o/ Anatomy, The U~,iversity o/ Texas, Health Science Center at San Antonio, 7703 Floyd Curl Drive, San 
Antonio ( Texas 78284, USA ); and D@artment o/Diary Husbandry, University o/Miss~)uri, Columbia (Missouri 65201, 
USA), 9 February 1976. 

Summary. B o t h  t he  superf ic ia l  and  deep p inea l  c o m p o n e n t s  of the  i n t a c t  h a m s t e r  con t a in  a r ich  n e t w o r k  of green to 
yel low-green f luorescent  n e r v e  fibres. Af te r  e i the r  super ior  cerv ica l  g a n g l i o n e c t o m y  or a f te r  t r a n s e c t i o n  of t he  nervi  
conar i i  t h e  m a j o r i t y  of t i le f luorescing f ibres d i sappea red  f rom b o t h  the  superf ic ia l  and  deep p inea l  masses.  A l t h o u g h  
t he  deep p inea l  r e m a i n e d  i n t a c t  a f t e r  surgical  r e m o v a l  of the  superf ic ia l  pineal ,  i t  was  devoid  of a n y  green  or  yellow- 
green f luorescen t  fibres. 

Whi le  e x a m i n i n g  t he  p inea l  s y s t e m  of the  hams te r ,  
SI~RIDAN a n d  I~EITER a obse rved  t h a t  t he  p inea l  is 
d iv ided  in to  two par t s .  I n  add i t ion ,  to  t he  mass  of p inea l  
t i ssue  (superficial  pineal)  a d h e r e n t  to  t he  u n d e r  surface 
of t he  conf luence  of sinuses,  t he re  is a second p inea l  
mass  assoc ia ted  w i t h  t he  h a b e n n l a r  commissure  (deep 
pineal) .  In  physio logica l  s tudies4,  ~, surgical  r e m o v a l  of 
t he  p inea l  g land  consis ts  of r e m o v a l  of t he  superf icial  
p inea l  only. The  p r e s en t  s t u d y  was des igned to inves t ig-  
a t e  t he  pe r iphe ra l  i n n e r v a t i o n  of the  deep p inea l  in i n t a c t  
h a m s t e r s  and  in h a m s t e r s  t h a t  h a d  t he i r  superf ic ia l  
p inea l  removed .  F o r  t h i s  s t u d y  t h e  f luorescen t  h is to-  
chemica l  p rocedure  of FALCK-HILLARP 6 for biogenic 
a m i n e  c o n t a i n i n g  neu r ons  was  used. 

Materials and methods. Groups  of anes thes ized  male  
h a m s t e r s  were sub jec ted  e i the r  to  a s h a m  opera t ion ,  to  
b i l a t e ra l  super ior  cervical  g a n g l i o n e c t o m y  7, to  nerv i  

1 Supported by NSF Grant No. BMS74-06275A01. 
2 Department of Diary Husbandry, University of Missouri, Colum- 

bia, Missouri 65201, USA. 
a M. N. SHERIDAN and R. J. REITER, J. Morph. 131, 153 (1970). 
4 R. A. HOFFMAN and R. J. RmTER, Science 7d8, 1609 (1965). 
s R. J. RmTER, A. Rev. Physiol. 35, 305 (1973). 
6 A. ][3JORKLUND, B. FALCK and CH. OW~AN, in The Thyroid and 

]3iogenic Amines (Eds. J. E. RALL and I. J. KOPIN; North Holland 
Publ. Co., Amsterdam 1972), p. 318. 

7 R. J. I~-EITER and R. J. HESTER, Endocrinology 79, 1168 (1966). 



1072 Specialia LXPERIENTIA 32/8 

conar i i  t r a n s e c t i o n  (cu t t ing  t he  pos t -gangl ion ic  sym-  
p a t h e t i c  f ibres  i m m e d i a t e l y  pr ior  to  t he i r  e n t r a n c e  in to  
t he  superf ic ia l  pineal)s ,  or to  superf ic ia l  p i n e a l e c t o m y  ". 
4 to  8 weeks later ,  h a m s t e r s  were d e c a p i t a t e d  and  the i r  
b ra ins  were qu ick ly  r emoved .  The  ep i t ha l am i c  region 
was f rozen in i sopen tane  cooled b y  l iquid  n i t rogen .  The  
t issues  were p r e p a r e d  for f luorescen t  h i s t o c h e m i s t r y  
accord ing  to  t he  t e c h n i q u e  of FALCK-HILLARP 6. 8 to  
10~.m t h i c k  pa ra f f in  sect ions  were e x a m i n e d  w i t h  a Zeiss 
dark- f ie ld  microscope.  H igh  Speed E k t a c h r o m e  and  
T r i - X  f i lms were genera l ly  exposed  for 1 to  3 min.  

Results. The  te rms ,  superf ic ia l  a n d  deep pineal ,  refer  
to  t h e  2 p inea l  c o m p o n e n t s  as descr ibed  b y  SHERIDAN 
a n d  REITER a. In  all 12 i n t a c t  ( sham opera ted)  hams te r s ,  
t he  superf ic ia l  p inea l  c o n t a i n e d  an  ex tens ive  n e t w o r k  
of green  to yel low-green f luorescen t  f ibres  wh ich  r a n g e d  
in size f rom th in ,  i nd iv idua l  f ibres  to  t h i c k  f ibrous  
bundles .  M a n y  of these  f ibres appea red  to  be  associa ted  
w i t h  c o n n e c t i v e  t i ssue  t r abecu lae  and  were j udged  to be  
p e r v i v a s c u l a r  nerves .  I n  some favorab le  sect ions  large 
green  f luorescen t  f ibre bund l e s  were obse rved  a d j a c e n t  
to  t he  l a te ra l  a spec t  of the  superf ic ia l  p inea l  a n d  were 
cons idered  to  be f ibres  of the  ne rv i  conari i .  The  deep 
p inea l  of t he  i n t a c t  h a m s t e r s  h a d  an  ex tens ive  n e t w o r k  
of i n t ense ly  green  to yel low-green f luorescen t  fibres. 
In  2 hams te r s ,  t he  p lexus  was seen to be  c o n t i n u o u s  w i t h  
a large f ibre b u n d l e  loca ted  in t he  s ta lk .  

Af te r  b i l a t e r a l  super ior  cerv ica l  gang l ionec tomy,  t h e  
n u m b e r  of green  to yel low-green f luorescent  f ibres  in b o t h  
t he  superf ic ia l  and  deep p inea l  was g rea t ly  r educed  in 
75% (9 of 12) of t he  hams te r s ,  while  in  25% of t he  an ima l s  
t he re  was l i t t le  d iscernible  difference in f ibre dens i t y  
w i t h  respec t  to  s h a m  ope ra t ed  controls .  Af te r  b i l a te ra l  
t r a n s e c t i o n  of the  ne rv i  conari i ,  no  i n t r a p i n e a l  f luorescen t  
f ibres  were obse rved  in e i the r  p inea l  c o m p o n e n t  in 44% 
(4 of 9) of t he  hams te r s .  I n  t he  r e m a i n i n g  56%, t he  super-  
ficial p ineals  c o n t a i n e d  ve ry  few f luorescent  f ibres while  
t he  deep p inea l  was  comple te ly  devoid.  Af ter  superf ic ia l  
p inea l ec tomy ,  no green f luorescent  f ibres were obse rved  
in the  deep pineal .  

Discussion. U n d e r  a p p r o p r i a t e  condi t ions ,  the  green  
to ye l low-green f luorescen t  p roduc t ,  as seen in t he  p r e sen t  
s tudy ,  is due  to t he  presence  of n o r e p i n e p h r i n e  (NE).  
N E  has  been  shown to be t he  s y m p a t h e t i c  n e u r o t r a n s -  
m i t t e r  in the  p inea l  1~ 11. I n  t he  p r e s en t  s tudy ,  b o t h  the  

superf icial  a n d  deep p inea l  c o m p o n e n t s  of i n t a c t  h a m s t e r s  
were found  to c o n t a i n  n u m e r o u s  green  f luorescen t  fibres. 
In  severa l  an ima l s  m a n y  of these  f ibres  were also seen 
in the  s t a lk  which  connec t s  t he  superf icial  a n d  deep  
pineal .  

The  p r i m a r y  a u t o n o m i c  i n n e r v a t i o n  of t he  m a m m a l i a n  
p inea l  is be l ieved to  arise f rom the  super ior  cerv ica l  
gangl ia  12. I n  t he  ra t ,  t h e  green  f luorescent  f ibres w i t h i n  
the  p inea l  g l and  d i s a p p e a r  a f te r  super ior  cervical  ganglio-  
nectomy13,  14. Af te r  b i l a t e ra l  r e m o v a l  of the  super ior  
cervical  gangl ia  or a f t e r  b i l a t e ra l  t r a n s e c t i o n  of t h e  
nerv i  conar i i  in t he  hams te r s ,  b o t h  t he  superf icial  a n d  
deep p inea l  lost  mos t  of t he i r  green to yel low-green 
f luorescence.  G a n g l i o n e c t o m y  also i ncapac i t a t e s  t he  
h a m s t e r  p inea l  in t e r m s  of i ts a n t i g o n a d o t r o p h i c  capa-  
bi l i t ies  5, ~, p r o b a b l y  due  to  t he  fac t  t h a t  p inea l  complex  
c a n n o t  f unc t i on  w i t h o u t  an  i n t a c t  s y m p a t h e t i c  inner -  
va t ion .  

The  p r e s e n t  s t u d y  shows t h a t  t he  deep p inea l  mass  
r ema ins  i n t a c t  a f te r  superf ic ia l  p inea lec tomy.  However ,  
t he  green  f luorescen t  p r o d u c t  was a lmos t  comple t e ly  
lost  a f te r  r e m o v a l  of t he  superf icial  pineal .  Thus,  as w i t h  
the  superf ic ia l  pineal ,  t h e  deep p inea l  also seems to be  
n o n - f u n c t i o n a l  w i t h  respec t  to  i ts  i n h i b i t o r y  inf luence on  
r ep roduc t i on  if i t  is dene rva t ed ,  since in l i gh t -dep r ived  
h a m s t e r s  w i t h  on ly  superf ic ia l  p inea l ec tomy  the  deep 
p inea l  is i ncapab le  of suppress ing  gonada l  funct ionS.  On 
t he  o the r  h a n d ,  i t  is possible  t h a t  t he  func t ion  of t he  
deep p inea l  is en t i r e ly  d i f fe ren t  f rom t h a t  of t he  super-  
ficial g l and  as sugges ted  b y  WIKL~:ND 15. The  resu l t s  
sugges t  t h a t  the  pos tgangl ion ic  s y m p a t h e t i c  f ibres which  
t e r m i n a t e  in  t he  deep p inea l  e i the r  pass  in the  v ic in i ty  or 
t h r o u g h  t he  superf ic ia l  p inea l  and  are i n t e r r u p t e d  a t  t he  
t ime  of superf ic ia l  p inea lec tomy.  

8 W. 13. QUAY, Physiol. Behav. 6, 681 (1971). 
9 R. A. HOFFMAN and R. J. REITER, Anat. Rec. 153, 19 (1965). 

10 D. C. KLEIN and J. C. VV~LI.ER, Science 169, 1093 (1970). 
i1 j .  A. ROMERO, M. ZATZ and J. AXEI.ROD, Proc. natn. Acad. Sci., 

USA 72, 2107 (1975). 
12 j .  ARIENS KAPPERS, Z. Zellforsch. 52, 163 (1960). 
1~ Cm OWMAN, Neuropharmacology 3, 105 (1964). 
14 W. B. QUAY, Pineal Chemistry (C. C. Thomas', Springfield 1974). 
1.~ L. WII~LUNI), Cell Tiss. Res. 155, 231 (1974). 

Effect of Chemical Sympathectomy,  Adrenalectomy and Adrenergic a-  and fl-Blocking Agents on 
the Development of Hyperglycemia Induced by Streptozotocin in the Rat 

C. L. KAUL, P. K. TALWALKER and  R. S. GREWAL 

Ciba-Geigy Research Centre, Aarey Road, Goregaon East, Bombay 400063 (India), 26 January 7976. 

Summary. The  s y m p a t h e t i c  ne r vous  s y s t e m  in t he  r a t  does no t  p l ay  a n y  s ign i f ican t  role in  t he  s t r ep tozo toc in - induced  
a n d  t o l b u t a m i p e - i n d u c e d  hypog lycemia .  

R e c e n t  i nves t iga t ions  h a v e  shown  t h a t  t he  effect  of a 
n u m b e r  of pha rmaco log ica l  agen ts  on  insu l in  secre t ion  
m a y  be m e d i a t e d  b y  ~- a n d  f l -adrenergic  p a n c r e a t i c  islet  
cell r ecep tors ;  m-receptor s t i m u l a t i o n  b y  ad rena l ine  in- 
h i b i t e d  glucose induced  insu l in  release in t he  r a t  1,2, 
m o n k e y  3 a n d  m a n  4-6. However ,  f l -receptor  s t i m u l a t i o n  
b y  i soprena l ine  s t i m u l a t e d  insu l in  secre t ion  in m a n  7, 
dog s and  r a t  9. e -Adrenerg ic  b lock ing  agents ,  such  as 
p h e n t o l a m i n e ,  increased  insu l in  secre t ion  in m a n  1~ 
b a b o o n n ,  12 and  dog la, whereas  f l -adrenergic  b lock ing  

agents ,  such  as p roprano lo l  and  MJ-1999,  i n h i b i t e d  
insu l in  release in mice 14, dog s a n d  m a n  15. B o t h  in v i t r o  
and  in v ivo  s tudies  showed  t h a t  g lucose- induced insu l in  
release could be  b locked  in t he  r a t  s y m p a t h e c t o m i z e d  b y  
6 - h y d r o x y d o p a m i n e  16. 

The  p r e s e n t  s t u d y  was des igned to  see the  role of t h e  
s y m p a t h e t i c  ne rvous  sys t em in t he  d e v e l o p m e n t  of 
h y p e r g l y c e m i a  fol lowing i.v. a d m i n i s t r a t i o n  of s t r ep to -  
zotocin.  Chemica l  s y m p a t h e c t o m y  was p roduced  b y  6- 
h y d r o x y d o p a m i n e  (6-OHD).  This  s u b s t a n c e  ha s  been  


