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blood glucose levels a t t a ined  in the  unp ro t ec t ed  animals  
(figure 1). I n  fact ,  the  levels of p l a sma  glucose a t t a ined  in 
t he  an imals  which received SZ b u t  no t  n ico t inamide  did 
no t  s igni f icant ly  differ, excep t  in the  case of tile h ighes t  
SZ dose (80 mg/kg  b.wt) .  However ,  d i f ferent  a m o u n t s  of 
n i co t inamide  were required to provide  full p ro tec t ion  in 
t he  d i f fe ren t  expe r imen ta l  groups  (70-140 mg/kg  in 
50 mg/kg  SZ given ra ts ;  210 or 280 mg/kg  in ra t s  given 
60 or  70 mg/kg  SZ respect ively) .  W h e n  80 mg/kg  SZ were  
given, even  the  larges t  dose of n ico t inamide  p rov ided  
pa r t i a l  p ro tec t ion  only. 
Most  likely, the  fact  t h a t  p ro tec t ion  changes  toge the r  w i th  
the  re la t ive  dosages  of b o t h  n ico t inamide  and  SZ is no t  a 
conseqUence of an in te rac t ion  be tween  these  2 molecules 
a t  t he  level of cell receptors .  P robab ly ,  the  ob ta inab le  
p ro tec t ion  depends  on the  e x t e n t  of the  be t a  cell damage ,  
which,  in i ts  tu rn ,  depends  on the  size of SZ dose. Evi-  
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Fig. 3. Plasma glucose concentration in 130 g male Wistar albino rats 
1 day after the injection of 60 mg/kg b.wt streptozotoein. Nicotin- 
amide was administered at the dosage indicated on the abscissa 
respectively 75 min (A), 45 min (0) or 15 min (ll) before or 45 min 
(�9 or 75 rain (~) atter the s treptozotocin injection. Means of 6 cases 
are given. Vertical bars represent 1 or 2 • SEM but are omitted when 
symbols overlap. 

dence suppor t ing  th is  s t a t e m e n t  comes f rom our second 
e x p e r i m e n t  (figure 2): younger  an imals  (70 g b.wt)  - 
which  are less sensi t ive to SZ n _ are p ro tec ted  b y  nicot in-  
amide  m u c h  b e t t e r  t h a n  older  animals  (130 g b.wt)  given 
the  same dose (80 mg/kg  b.wt)  of SZ. Inc identa l ly ,  th i s  
f inding can help  to  explain  conf l ic t ing results  previous ly  
r epor ted  7, ~, 10. 
Finally,  we explored  w h e t h e r  similar  expe r imen ta l  de- 
signs could let  us t ime  when  the  pancrea t i c  lesions induced  
by  SZ become irreversible.  0, 70, 140 or 240 mg]kg 
n ico t inamide  were given to  130 g ra t s  75, 45, 15 rain 
before or 45, 75 min af ter  t he  in jec t ion  of a med i u m dose 
(60 mg/kg  b.wt)  of SZ (figure 3). Changes  of blood glucose 
weie  similar  and  full p ro t ec t ion  ob ta ined  at  140-210 
mg/kg  b .wt  n ieo t inamide  in all cases excep t  in t h a t  of t he  
la tes t  n ico t inamide  admin i s t r a t i on  (75 mill a f ter  SZ 
injection).  At  th is  in terval ,  t he  p ro tec t ive  effect  of 
n ico t inamide  is r e m a r k a b l y  reduced  (but still  s ignif icant  
a t  t he  h ighes t  n ico t inamide  dosage).  I f  th is  is the  lag t h a t  
SZ-induced lesions require  to  become irreversible in mos t  
be t a  cells, we should c o m m e n t  t h a t  no - r e tu rn  changes  
appear  much  la ter  t h a n  the  earl iest  signs of cell lesion 
de tec tab le  a t  the  e lectron microscope (Z. Gori, personal  
communica t ion) .  Also, t h e y  seem to be s imul taneous  wi th  
(or shor t ly  follow) NAD deple t ion  4 and  are accompanied  
b y  the  f irs t  s ignif icant  i m p a i r m e n t  of insulin secret ion 13. 
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Summary. A 1 and  A S cells of t he  med ian  neurosecre to ry  group are filled wi th  P F  s ta ined  neurosecre to ry  mater ia l  
be tween  the  f irs t  24 to  48 h of t he  earl ier  mou l t  in each ins tar  followed b y  immed ia t e  release before t he  n e x t  moul t  
a t  72 h, while  loaded pos te r io r  and  lateral  neurosecre to ry  cells also appear  f rom the  3rd and  5th ins tars  onwards .  Cor- 
pora  cardiaca,  corpora  a l la ta  and  p ro thorac ic  glands  increase in size in each instar .  

Var ious  lep idopte rous  larvae such as Hya lophora  ce- 
cropia  1,~, B o m b y x  mor i  Linna,  4. and  i ts  race, n is tar i  5, 
Ost r in ia  nubilal is  ~ Hel io th is  zea ~ and  13 genera  of 8 
families s have  been  s tudied  in respec t  to the  morpho logy  
and  f i is tology of the  re t rocerebra l  complex  and  pro thorac ic  
glands.  However ,  th is  pape r  p resen t s  the  changes  in the  
form of t he  endocr ine  organs  in var ious  larval  ins ta rs  of 
Spodop te r a  l i tura  u l t ima te ly  leading to  moul t ing  in them.  
Material and methods. The larvae of Spodop te ra  l i tura  
were reared  on soybean  leaves f rom the  eggs laid in the  
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Fig. 1. Brain of larva of Spodoptera litura showing median neuro- 
secretory cells (MNSC) on either side of median furrow dividing the 
brain into 2 hemispheres: corpora allata (CA) and corpora cardiaea 
(CO) are also seen. x 36. 

Fig. 2. Heavily loaded A 1 and A 2 median neurosecretory cells 
(MNSC) in the 5th instar larva of S. litura at 24 h after previous 
moult. • 250. 

l abora to ry  by  the  adul t  moths .  E a c h  larval  ins ta r  was dis- 
sected on each d a y  to remove  the  bra in  along wi th  corpora  
cardiaca,  corpora  al la ta  and  the  pro thorac ic  glands  for 
s taining,  respect ively ,  w i th  pa ra ldehyde  fuchsin (PF) 9 
and  eosine before m o u n t i n g  in Canada  balsam.  
Results  and discussion. Endocr ine  organs.  The endocr ine  
organs  of the  larva  of S. l i tura  include the  neurosecre to ry  
cells of the  brain,  corpora  cardiaca,  corpora  al lata and  
the  p ro thorac ic  glands.  The neurosec re to ry  cells are 
located in 3 groups,  median ,  la tera l  and pos ter ior  in 
e i ther  hemisphere  of the  brain.  The med ian  groups of 
cells are closely apposed  to  each o the r  in tile pars  in ter -  
cerebral is  region near  the  med ian  fur row dividing t h e  
bra in  in to  2 hemispheres  (figure 1). Tile la tera l  groups  of 
tile neurosecre to ry  cells are s i tua ted  on the  la teral  edges  
of the  corpora  peduncula ta ,  while the  pos ter ior  groups  
(PNSC) are p re sen t  in the  pos ter io-dorsa l  region of t he  
bra in  (figure 2). The  corpora  cardiaca  and corpora  al la ta  
lie i n d e p e n d e n t l y  on e i ther  side of the  aor ta  and oesoph-  
agus in the  head,  while the  p ro thorac ic  glands  are located 
in close v ic in i ty  of the  p ro thorac ic  spiracles where t h e y  
are r ichly  suppl ied  wi th  t he  t racheae .  
Neurosecre to ry  cells: The med ian  cells are no t  visible in 
the  1st and 2nd ins ta r  larvae,  even wi th  the  P F  stain.  
They  become p r o m i n e n t  only  f rom the  3rd ins ta r  on- 
wards.  The la tera l  and  pos ter ior  cells are smaller  t h a n  
the  med ian  cells and  are visible, respect ively ,  f rom the  
3rd and  5th ins ta r s  of t he  larva  of S. l i tura  when t h e y  
t ake  up fa in t  P F  stain,  suggest ing some secre tory  ac t iv i ty  
as observed  in Adelphocor is  lineolatus10. E a c h  median,  
la tera l  and pos te r io r  group consists  of 12, 3, and  3 
neurosecre to ry  cells, thus  to ta l l ing  to 36 as agains t  4 
in B o m b y x  mori  and  40 in Ostr in ia  nubilalis.  The med ian  
neurosecre to ry  ceils of the  larvae of S. l i tura  appea r  
morphologica l ly  to  be of 2 sub types ,  A 1 and A 2. A 1 cells 
are round  and become grea t ly  swollen in form wi th in  
abou t  24 h of t he  previous  moul t ,  due p ro b ab l y  to  t he  
h e a v y  filling in of t he  neurosecre to ry  mater ia l ,  and assume 
oval  shape  in a b o u t  48 h (figure 2) when  the  presence  of 
neurosecre to ry  mate r ia l  in t he  axons  of the  cells signified 
the  flow of t he  same.  Loaded  pos ter ior  and la tera l  neuro-  
secre tory  cells are aslo seen a t  th is  t ime.  The larval  
moul t  a lways took  place a f te r  24 h of the  flow of neuro-  
secre tory  mate r ia l  in the  axons.  This  k ind of cycle of 
filling and release of the  neurosec re to ry  mater ia l  of t he  
med ian  cells was  seen in each larval  ins ta r  before moul t .  
A S cells filled wi th  neurosec re to ry  mater ia l  appear  l ight ly  
s ta ined  wi th  P F  (figure 3) s ta in  and  are a lways smaller  
in size, more  or less irregular  in shape  and become promi-  
n e n t  dur ing  or af ter  the  e m p t y i n g  phase  of the  A1 cells 
in the  4th, 5th and  6th ins ta rs  of t he  larva  of S. l i tura.  
Their  release was  no t  seen. Dur ing  the  6th instar ,  t he  
filling in of the  A 1 cells is de layed b y  abou t  24 h and  
therefore  t he  flow of the  neurdgecre tory  mater ia l  begins  
a t  abou t  72 h or later ,  resul t ing in delay  in t he  final moul t  
before pupa t ion ,  
Corpora  cardiaca:  They  are pa i red  oblong organs which  
increase in size f rom 0.039 m m  in l eng th  and  0.036 m m  
in w i d t h  in t he  3rd ins ta r  to 0.068 m m  in leng th  and 0.052 
m m  in w i d t h  in the  6th instar .  No P F  s ta in  is t aken  b y  
them.  The nervi  corporis  cardiaci  ex tern i  clearly en te r  t he  
ou te r  walls of corpora  cardiaca.  
Corpora al la ta:  T h e y  are pa i red  round  s t ruc tures  increas~ 
ing in size f rom 0.039 m m  in leng th  and  0.036 m m  in 
w i d t h  in the  3rd ins ta r  la rva  to  0.068 m m  in leng th  and  
0.063 m m  in w i d t h  in the  6 th  ins ta r  la rva  of S. l i tura.  
T h e y  also do no t  take  up a n y  P F  stain.  

Fig. 3. A t and A~ cells at 48 h after moult in the 5th instar larva of 9 A.B. Ewen, Trans. Am. Mierosc. Soc. 81, 94 (1962a). 
S. litura. • 10 A.B. Eweu, J. Morph. I I I ,  255 (1962b). 
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P ro tho rac i c  g lands :  The  p ro tho rac i c  g lands  of S. l i t u r a  
are  s e m i - t r a n s p a r e n t  w h i t e  and  compac t ,  as r epo r t ed  b y  
Lee 8, w i t h  a b o u t  51 to  62 bead- l ike  cells in  each  g l and  
which  ha s  a smal l  f l a t t e n e d  b o d y  m a d e  up  of a single row 
of 5 to  16 cells in  t h e  m i d d l e  a n d  doub le  or more  rows of 
cells t o w a r d s  t h e  ex t r emi t i e s  w h i c h  b i fu rca t e  a n t e r i o r l y  
a n d  pos ter ior ly .  2 smal l -s ized b r a n c h e s  of an t e r i o r  ex-  
t r e m i t y  bea r  2 to  3 t i e r s  of bead-cel ls  wh ich  t o u c h  t h e  

pos te r io r  m a r g i n  of t h e  head .  The  b r a n c h e s  of the  pos-  
t e r io r  e x t r e m i t y  are  la rger  in  size ; t h e  l a t e ra l  one r each ing  
t h e  spiracle  a n d  t h e  i nne r  one t e r m i n a t i n g  nea r  t h e  
p r o t h o r a c i c  ganglia .  T h e  p ro tho rac i c  g lands  also increase  
in l e n g t h  in each l a rva l  i n s t a r  f rom 0.702 m m  in t h e  3rd 
i n s t a r  to  1.503 m m  in t h e  6 th  i n s t a r  l a r v a  of S. l i tu ra ,  
b u t  t h e y  do n o t  r evea l  a n y  changes  in t h e i r  f rom e i the r  
before  or a f t e r  a moul t .  

Cellular and 'subcellular ~ a l i z a t i o n  of(3H~diethylstilbestrol in the ~ituitary, 
oViduct and~uterus of the female rat 1 

P. J.  She r idan  

Department o/Anatomy, The University o/ Texas Health Science Center at San Antonio, 7703 Floyd Curl Drive, 
San Antonio (Texas 78284 USA), 1 February 1977 

Summary. F e m a l e  r a t s  were  i n j ec t ed  w i t h  3 H-d ie thy l s t i l bes t ro l .  T h e  p i tu i t a r i es ,  ov iduc t s ,  a n d  u t e r i  were r e m o v e d  a n d  
processed for  a u t o r a d i o g r a p h y .  T h e  nuc lea r  u p t a k e  a n d  r e t e n t i o n  in  these  t i ssues  a p p e a r e d  s imi la r  to  t h a t  seen a f t e r  
t h e  in jec t ion  of aH-es t r ad io l  e x c e p t  in t he  pars  ne rv o s a  of t h e  p i t u i t a r y  gland.  

N u m e r o u s  s tud ies  u s ing  b iochemica l  t e c h n i q u e s  h a v e  
d e m o n s t r a t e d  nuc lea r  u p t a k e  a n d  r e t e n t i o n  of ~H- 
estradiol-17fl  b y  t h e  p i t u i t a r y  g l and  2, 8, t he  ov iduc t  a n d  
t he  u t e r u s  4. A u t o r a d i o g r a p h i e  t e c h n i q u e s  h a v e  revea led  
t h a t  t he  nuc lea r  u p t a k e  a n d  r e t e n t i o n  occurs  in well  over  

6 0 %  of t h e  cells of t h e  pa r s  dis ta l is ,  a smal le r  n u m b e r  in  
t h e  pars  ne rvosa ,  of t h e  p i t u i t a r y  g land  6, a n d  in the  con-  
nec t ive  t i ssue  cells, musc le  cells a n d  ep i the l i a l  ceils of t h e  
o v i d u c t  a n d  u t e r u s  s. Since t h e  c o m m o n l y  used s y n t h e t i c  
es t rogen,  d ie thy l s t i lbes t ro l ,  has  been  s h o w n  to b i n d  to  t he  
es t rogen  r ecep to r  in  al l  of these  t i ssues  3, 7 i t  h a s  b e e n  
genera l ly  a s s u m e d  t h a t  t h e  same  cells wh ich  t a k e  up  
estradiol-17fl  also t a k e  up  d ie thy l s t i lbes t ro l .  T h e  fol lowing 
s t u d y  was c o n d u c t e d  to  d e t e r m i n e  w h e t h e r  t h e  nuc l ea r  
u p t a k e  a n d  r e t e n t i o n  of t h i s  c o m m o n l y  used s y n t h e t i c  
e s t rogen  is t h e  s ame  as t h a t  of i t s  n a t u r a l  c o u n t e r p a r t .  
Methods. 25-day-  old female  r a t s  (n = 5/group) were 
i n j ec t ed  i.v. w i t h  1.0 ~xg of ~H-d ie thy l s t i lbes t ro l  (62.4 
Ci /mM)/100 g b . w t  on ly  or in  c o m b i n a t i o n  w i t h  a 15-fold 
g r ea t e r  dose of un l abe l ed  es t radio l -  178 or  un labe led  tes tos-  
te rone .  T h e  an i ma l s  were ki l led 2 h a f t e r  t h e  in jec t ion ,  
a n d  fhe  t i ssues  processed  for a u t o r a d i o g r a p h y .  The  
a u t 0 r a d i o g r a p h i c  p r o c e d u r e  .is descr ibed  in de ta i l  else- 
where  8. Brief ly,  t h e  p i tu i ta r ies ,  ov iduc t s  a n d  u te r i  were 
excised,  p l aced  on  brass  t i ssue  holders  a n d  s i m u l t a n e o u s l y  
f rozen  a n d  m o u n t e d  b y  immers ion  in  l iquef ied  p r o p a n e  
a t  a b o u t  -180~ 4 m i c r o m e t e r  sec t ions  were cu t  a t  
- 3 0 ~  kni fe  t e m p e r a t u r e  in  a W i d e - R a n g e  C y r o s t a t  
(Har r i s  M a n u f a c t u r i n g  Co., Cambr idge ,  Massachuse t t s ,  
USA) .  The  f rozen sect ions  were t h e n  f reeze-dr ied  w i t h  a 
c y r o p u m p  for 24 h, a n d  t h e n  d r y  m o u n t e d  b y  pressure  
w i t h  a t e f lon  s u p p o r t  on  emuls ion  coa t ed  slides, p rev ious ly  
s to red  ove r  dr ier i te .  The  sl ides were exposed  a t  - 1 5  ~ for  
8 weeks,  t h e n  deve loped  for 45 sec a t  18~ in K o d a k  D-19 
developer ,  r insed ,  a n d  f ixed for  5 m i n  in  K o d a k  fixer,  a n d  
f ina l ly  r insed a n d  s t a ined  w i t h  m e t h y l g r e e n - p y r o n i n .  
Results. Nuc lea r  c o n c e n t r a t i o n  of r a d i o a c t i v i t y  a f t e r  t h e  
i n j ec t i on  of ~H-d ie thy l s t i lbes t ro l  was  found  in  well  ove r  
70% of t h e  cells in  t h e  pa r s  dis tal is ,  (f igure 1) b u t  n o t  in  
e i t he r  t h e  pars  i n t e r m e d i a  or pa r s  n e rv o s a  of t h e  p i t u i t a r y  
gland.  Nuc lea r  c o n c e n t r a t i o n  of r a d i o a c t i v i t y  was found  
in t h e  connec t ive  t i ssue  cells, musc le  cells, a n d  epi theI iM 

Figs. I and 2. Autoradiograms of the pituitary (figure 1), pars 
distaIis, and uterus (figure 2'), from 25-day - old female rats, killed 2 h 
after the injection of 3H-diethylstilbestrol. Exposure time 8 weeks. 
4 p.m. Stained with methylgreen-pyronin. • 400. 
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