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c o n t a i n e d  2 ml  of Ea r l e ' s  solut ion,  0.5 m g / m l  each  peni-  
c i l l in  G a n d  s t r e p t o m y c i n ;  1 m g / m l  of b o v i n e  s e rum 
a l b u m i n  a n d  1 m g / m l  of glucose. Con A a n d / o r  T S H  were 
a d d e d  on ly  to t he  i n c u b a t i o n  m ed i um .  The  f lasks were 
c o n t i n u o u s l y  exposed to an  a t m o s p h e r e  of 95 % 02 5 % CO2. 
4. His to logy.  Spec imens  for l igh t  a n d  e lec t ron  mic roscopy  
were t r e a t e d  as descr ibed  e lsewhere  5. O b s e r v a t i o n s  were 
p e r f o r m e d  w i t h  a Siemens  E l m i s k o p  IA e lec t ron  micro-  
scope.  
Results. 1. Control .  a) Basal .  Colloid drople t s  were seen 
in 10% of cells in g roup  A and  t h e y  were n o t  obse rved  
in g roup  B. b) T S t t - s t i m u l a t e d  (120-min- incuba t ion) .  As 
expec ted ,  in  response  to  T S H ,  0.1 m U / m l  or 2.5 m U / m l ,  
colloid d rop le t  f o r m a t i o n  was m a r k e d l )  e n h a n c e d  in b o t h  
g roups  A a n d  B. Af te r  2.5 m U / m l ,  v i r t ua l l y  100% of the  
cells in b o t h  g roups  A and  B h a d  cotloid drople ts ,  fre- 
q u e n t l y  mu l t ip l e  d rop le t s  in  a single cell. 2. Ef fec ts  of 
Con A - t r e t m e n t  (figures 1-4). a) W i t h o u t  T S H .  Cells 
f rom b o t h  g roups  A a n d  B exposed to  Con A-concen t r a -  
t i ons  f rom 50 to  2000 [xg/ml for 180 m i n  showed u l t r a -  
s t r u c t u r a l  changes  in a dose d e p e n d e n t  m anne r .  Con A- 
effects  were de t ec t ab l e  regardless  of w h e t h e r  t he  g land  
has  been  suppressed  w i t h  t h y r o i d  powder .  I n  response  to 
Con A, in t h e  c o n c e n t r a t i o n  r ange  of 50 to 200 ~g/ml,  
p s e u d o p o d  a n d  colloid d rop le t  f o r m a t i o n  was obse rved  
in t he  cells a f t e r  180 ra in  of i n c u b a t i o n  (figure 2). A b o u t  
4 0 %  of t h e  cells of b o t h  groups  A a n d  B showed pseu-  
dopods  a n d / o r  colloid drople ts .  A t  200 ~xg/ml, Con A also 
induced ,  in  a smal l  m i n o r i t y  of t he  cells, an  a l t e red  
d i s t r i b u t i o n  of microvi l l i  (figure 3). T h e y  t e n d e d  to be 
a g g l u t i n a t e d .  These  microv i l l i  d id  no t  show u l t r a s t ruc -  
ru r a l  changes  e i the r  in t he  m e m b r a n e  which  covers  t h e m  
or  in  t he  core of mic rof i l aments .  C o n c e n t r a t i o n s  in the  
r a n g e  of 1000-2000 [xg/ml i nduced  a r o u n d i n g  of the  
ap ica l  b o r d e r  in  50% of t he  cells a f t e r  a 180-ra in-exposure  
to  Con A (figure 1). These  effects were more  c o m m o n l y  
seen in smal l  follicles. P seudopods  or colloid d rop le t s  
were  se ldom obse rved  w i t h  those  doses of Con A. A 
r e d i s t r i b u t i o n  of m i t o c h o n d r i a  was  obse rved  in some cells 
w h e n  1000-2000 vg /ml  of Con A were used. T h e y  were 

found  to be  l imi ted  b y  and  a p p a r e n t l y  s epa ra t ed  f rom 
t h e  res t  of t he  c y t o p l a s m  b y  a m e m b r a n e  (figure 1, 
arrows),  b) W i t h  T S H  (figur e 4). Af te r  exposure  of 
fol l icular  cel ls  to  b o t h  Con A a n d  T S H  (200 [xg/ml a n d  
0.05 m U / m l ,  respect ively) ,  a large increase  in colloid 
drople ts ,  n o t  seen w i t h  those  c o n c e n t r a t i o n s  of T S H  
a lone  or Con A alone,  was  obse rved .  In  a b o u t  40% of 
t he  cells t h e  c y t o p l a s m  was v i r t u a l l y  occupied  b y  colloid 
d rop le t s  a f t e r  90-180 min  exposure .  
Discussion. This  s t u d y  shows t h a t  Con A induce  complex  
changes  in t he  u l t r a s t r u c t u r e  of dog t h y r o i d  fol l icular  
cells in v i t ro .  The  ab i l i ty  of Con A t o  r o u n d  u p  t h e  apica l  
po r t i on  of fol l icular  cells (figure 1) is in accordance  w i t h  
t he  d e m o n s t r a t i o n  of a comple t e  r o u n d i n g  of cells in  
t i ssue  cu l tu re  i nduced  b y  exposure  to  Con A e. The  
c l u m p i n g  of microvi l l i  (figure 3), is also c o m p a t i b l e  w i t h  
f ind ings  b y  o the r  inves t iga to rs .  I t  h a s  been  sugges ted  
t h a t  a g g l u t i n a t i o n  of cells b y  Con A is a f unc t i on  of t he  
presence  or absence  of microvi l l i  7. P r o b a b l y ,  microvi l l i  
p rov ide  large surface  t h a t  easi ly come in i n t i m a t e  c o n t a c t  
a n d  al low Con A molecules  to  b i n d  the  microvi l l i  of 2 
d i f fe ren t  cells t o g e t h e r  7. I n  our  case, i t  is possible  t h a t  a 
s imi la r  p h e n o m e n o n  occurs  b e t w e e n  microvi l l i  of t h e  
same  cell. 
Con A s t i m u l a t e d  t he  f o r m a t i o n  of p seudopods  a n d  colloid 
d rop le t s  in  some cells (figure 2). The  drop le t s  seen a f te r  
i n c u b a t i o n  w i t h  Con A m u s t  be  newly  formed,  since t h e y  
were n o t  obse rved  in con t ro l  t h y r o i d  slices of dogs in 
wh ich  t h y r o i d  g lands  h a v e  been  suppressed.  Con A also 
p o t e n t i a t e d  t he  effects  of s u b o p t i m a l  c o n c e n t r a t i o n s  of 
T S H  (figure 4). These  o b s e r v a t i o n s  sugges t  t h a t  Con A 
m i m i c k e d  some of T S H  effects. 
The  p r e s e n t  obse rva t i ons  m u s t  be  i n t e r p r e t e d  as pre-  
l iminary .  However ,  t h e y  show t h a t  Con A is capab le  of 
a l t e r ing  t h e  u l t r a s t r u c t u r e  of dog t h y r o i d  fol l icular  cells 
in v i t ro  in  a dose -dependen t  m a n n e r  and  of a f fec t ing  
t h e i r  response  to  T S H  in a cha rac t e r i s t i c  fashion.  

6 B. Storrie, J. cell. Biol. 59, 471 (1973). 
7 M.C. Willingham, Int. Rev. Cytol. dd, 319 (1976). 
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Summary. H y p o p h y s e c t o m i z e d  r a t s  g iven  c y p r o h e p t a d i n e  (40 mg/kg)  for 10 days  exh ib i t ed  a loss of p a n c r e a t i c  im-  
m u n o r e a c t i v e  insu l in  a n d  u l t r a s t r u c t u r a l  changes  in t he  c y t o p l a s m  of beta-cel ls .  S h a m - o p e r a t e d  an ima l s  g iven  cypro-  
h e p t a d i n e  showed  iden t i ca l  changes  in p a n c r e a t i c  be ta-ce l l s  excep t  t h a t  cy top la smic  i n v o l v e m e n t  progressed  to t he  
f o r m a t i o n  of large vacuoles .  T he  p i t u i t a r y  is no t  d i r ec t ly  i nvo lved  w i t h  t he  c y p r o h e p t a d i n e - i n d u c e d  deple t ion  of 
p a n c r e a t i c  insu l in  b u t  p lays  a role in  t he  f o r m a t i o n  of large 

C y p r o h e p t a d i n e  is one of severa l  s t r u c t u r a l l y  re la ted  
c o m p o u n d s  wh ich  can  p r oduce  un ique  changes  in panc rea -  
t i c  b e t a  cell  s t r u c t u r e  a n d  f u n c t i o n  in rats2,  3. These  
a l t e r a t i o n s  are cha rac t e r i zed  in i t i a l ly  b y  ves icu la t ion  of 
r o u g h  endop lasmic  r e t i cu lum,  a loss of insu l in  c o n t a i n i n g  
sec re to ry  granules ,  and  fol lowed l a t e r  b y  the  f o r m a t i o n  
of large cy top l a smic  vacuoles  in  t he  b e t a  cells 4. De- 
c reased  p a n c r e a t i c  insul in  levels a n d  hype rg lycemia  were 
obse rved  in c o n j u n c t i o n  w i t h  these  morpholog ic  changes  5. 
I n  a morpholog ic  s tudy ,  R i c h a r d s o n  6 obse rved  a n  absence  
of large vacuo les  in  t h e  b e t a  cells of h y p o p h y s e c t o m i z e d  
r a t s  a d m i n i s t e r e d  c y p r o h e p t a d i n e  for 10 days  whi le  
s h a m - o p e r a t e d  cont ro l s  g iven  t he  d rug  exh ib i t ed  typ ica l  
c y p r o h e p t a d i n e - i n d u c e d  changes .  P a n c r e a t i c  insul in  con- 

cy top la smic  vacuoles .  

t e n t ,  an  i m p o r t a n t  b iochemica l  p a r a m e t e r  a l t e red  b y  
c y p r o h e p t a d i n e  a d m i n i s t r a t i o n ,  was  no t  measu red  in 
t h a t  s tudy .  The  p r e s e n t  s t u d y  was pe r fo rmed  to  d e t e r m i n e  
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whe the r  r emova l  of the  p i t u i t a ry  p ro t ec t ed  ra ts  f rom 
cyp rohep tad ine - induced  deple t ion  of pancrea t ic  insulin. 
The resul ts  help  to  clarify the  role of the  p i t u i t a r y  in 
the  a l te ra t ions  in the  endocr ine  pancreas  caused by  
cyprohep tad ine .  
Materials and methods. H y p o p h y s e c t o m i z e d  and sham-  
opera ted ,  male,  Wis t a r  ra t s  (170-230 g) were ob ta ined  
f rom Simonson  Labora tor ies  (Gilroy, CA). Animals  were 
al lowed free access to food and  wa te r  a t  all t imes.  The 
dr ink ing  wa te r  of h y p o p h y s e c t o m i z e d  ra ts  con ta ined  5~o 
glucose in 0.9% saline. S ta r t ing  on the  5th d a y  af ter  
surgery  ra ts  were admin i s t e red  an oral  dose of cypro-  
hep tad ine  hydroch lor ide  m o n o h y d r a t e  (40 mg/kg) dai ly  
for 2, 8 or 10 days.  Control  animals  (hypophysec tomized  
and sham) received only  the  wa te r  vehicle (1.5 ml/kg).  
24 h following the  last  dai ly  dose, ra ts  were sacrified by  
decap i t a t ion  and  the  pancreas  removed.  A por t ion  of 
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Fig. 1. Depletion of pancreatic insulin caused by cyproheptadine 
(Cypro) administration for 2, 8 and 10 days in hypophysectomized 
(Hx) and sham-operated rats. 
Asterisks (*) indicate a statistically significant difference from 
respective water-treated control by group t-test, p < 0.0513. A 
dagger ( 4= ) indicates a statistically significant difference from sham- 
operated, water-treated control by group t-test, p < 0.05. Bars show 
the mean 4- SE and the number of animals is shown inside the bar. 

each pancreas  was t aken  for morphologica l  examina t ion  
at  the  l ight  and electron microscopic levels as previous ly  
descr ibed 2, 4 and  the  r emainder  was homogenized  in acid- 
e thano l  and ex t r ac t ed  by  the  procedure  of Davoren  ~ for 
analysis  of immunoreac t i ve  insulin.  Insul in  was de ter -  
mined  using the  alcohol prec ip i ta t ion ,  r ad i o i mmu n o as say  
procedure  of Makulu et  al. 8 and  a r a t  insulin (Novo, 
Denmark)  s t anda rd .  Criteria to ver i ty  h y p o p h y s e c t o m y  
were absence of an increase in b o d y  weight  and  a sig- 
n i f ican t ly  smaller  weigh t  of b o t h  adrena l  g lands  upon 
p o s t m o r t e m  examina t ion .  Cyprohep tad ine  admin i s t r a t ion  
had  no effect  on adrena l  weight .  
Results and discussion. Cyprohep tad ine  t r e a t m e n t  of 
h y p o p h y s e c t o m i z e d  ra t s  for 2, 8 or 10 days  p roduced  a 
marked  decrease in pancrea t ic  insulin (figure 1). Ap- 
p rox ima te ly  an 85% reduct ion  in insulin was observed 
regardless  of the  l en g t h  of drug  t r e a t m e n t .  The insulin 
co n t en t  of the  pancreas  of s h am-o p e ra t ed  ra ts  admin-  
is tered cy p ro h ep t ad i n e  for 2, 8 and  10 days  was  also 
reduced  and no t  d i f fe rent  f rom t h a t  of the  h y p o p h y s ec to -  
mized animals  receiving drug for the  same per iods  of 
t ime.  The h y p o p h y s e c t o m i z e d  ra ts  receiving wa te r  for 
8 days  had  s ignif icant ly  more  pancrea t i c  insulin t h a n  
cor responding  sham-ope ra t ed  animals .  This  is due to 
removal  of the  p i t u i t a r y  which produces  a decrease in 
the  weight  of the  pancreas  due to a t r o p h y  of the  exocrine 
t issue,  b u t  has  no effect  on the  size or insulin co n t en t  of 
islets 9-1~. 

7 P.R.  Davoren, Biochem. biophys. Acta 63, 150 (1962). 
8 D.R.  Makulu, D. Viehnick, P. H. Wright, K. E. Sussman and 

P. L. Yu, Diabetes /8, 660 (1969). 
9 H. Schatz, Y. A. Rahman, M. Hinz, H. L. Fehm, C. Nierle and 

E. F. Pfeiffer, Diabetologia 9, 135 (1973). 
10 W.J .  Malaisse, F. Malaisse-Lagae, S. King and P. H. Wright, 

Am. J. Physiol. 215, 423 (1968). 
11 F. E. Bryans, B. Kinash, M. A. Ashworth and R. E. Haist, 

Diabetes 1, 358 (1952). 
12 B.L.  Baker and E. C. Pliske, Syrup. Soe. exp. Biol. 11, 329 

(1957). 
13 R.G.D.  Steele and J. H. Torrie, Principles and Procedures of 

Statistics, p. 73 and 99. McGraw-Hill Book Co., Inc., New York 
1960. 

Fig. 2. Electron micrographs of endocrine pancreas from hypophysectomized rats receiving water (left panel) or cyproheptadine (right panel) 
for 8 days. SG Secretory granule, V vesicles, A alpha cell. • 8300. 
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Us ing  e lec t ron  microscopy,  changes  in u l t r a s t r u c t u r e  of 
be ta-ce l l s  were obse rved  in h y p o p h y s e c t o m i z e d  r a t s  a f t e r  
2, 8 and  10 days  of c y p r o h e p t a d i n e  t r e a t m e n t .  Af te r  2 
days  of t r e a t m e n t  w i t h  c y p r o h e p t a d i n e ,  beta-cel ls  were 
d e g r a n u l a t e d  and  t he  r o u g h  endop lasmic  r e t i cu lum was 
ves icu la ted .  F u r t h e r  a l t e r a t i ons  in t he  beta-ce l l  u l t r a -  
s t r u c t u r e  were n o t  obse rved  in an i m a l s  t r e a t e d  for  8 
a n d  10 days  w i t h  c y p r o h e p t a d i n e .  R e p r e s e n t a t i v e  e lec t ron  
m i c r o g r a p h s  of be ta-ce l l s  in  h y p o p h y s e c t o m i z e d  r a t s  
rece iv ing  w a t e r  or c y p r o h e p t a d i n e  for 8 days  are shown 
in f igure 2. No large cy t op l a s m i c  vacuoles  were obse rved  
in islet  cells f rom h y p o p h y s e c t o m i z e d  rats .  Sham-ope r -  
a t ed  r a t s  rece iv ing  c y p r o h e p t a d i n e  for 2 days  e x h i b i t e d  
typ ica l  d rug - induced  b e t a  cell a l t e r a t i ons  such as vesicula-  
t ion  of t he  endop la smic  r e t i c u l u m  a n d  deg ranu la t ion .  
Af te r  8 a n d  10 d a y s  of c y p r o h e p t a d i n e  t r e a t m e n t ,  large 
cy top l a smic  vacuoles  t y p i c a l  of c y p r o h e p t a d i n e  t r e a t m e n t  
were also p resen t .  These  morpholog ic  changes  in be t a -  
cells of s h a m - o p e r a t e d  r a t s  rece iv ing  c y p r o h e p t a d i n e  are 
n o t  shown  here  because  t h e y  were iden t ica l  to  a l t e r a t i ons  
obse rved  in d r u g - t r e a t e d  an i m a l s  in p rev ious  s tudies  3, 4, 8. 
No cons i s t en t  a l t e r a t i o n  in o t h e r  cell organel les  of be t a -  
ceils was no t ed  in h y p o p h y s e c t o m i z e d  a n d  s h a m - o p e r a t e d  
r a t s  rece iv ing  c y p r o h e p t a d i n e  for a 10-day-per iod.  
L i g h t  microscopic  e x a m i n a t i o n  of p a n c r e a t i c  islets us ing  
t he  q u a n t i t a t i v e  m e t h o d s  r epo r t ed  p rev ious ly  * ind ica t ed  
t h a t  the  inc idence  a n d  s eve r i t y  of vacuole  f o r m a t i o n  
were r educed  b y  h y p o p h y s e c t o m y .  Th i s  d a t a  is n o t  s h o w n  
because  i t  conf i rms  a p rev ious  r e p o r t  s. 
The  large cy top l a s m i c  vacuoles  in p a n c r e a t i c  beta-cel ls  
of r a t s  t r e a t e d  w i t h  c y p r o h e p t a d i n e  are t h o u g h t  to  arise 

f rom a coalescence of m a t e r i a l  in  d i l a t ed  rough  endoplrts-  
mic  r e t i c u l u m  4. R e m o v a l  of the  p i t u i t a r y  a p p a r e n t l y  
r e t a r d s  th i s  process  b u t  no t  t he  d rug  effects  which  precede  
vacuole  fo rmat ion .  The  m o s t  i m p o r t a n t  of these  effects, 
loss of p a n c r e a t i c  insul in,  was de t ec t ed  in t h i s  s t u d y  
us ing  i m m u n o a s s a y  a n d  e lec t ron  microscopy.  Ut i l i z ing  
morpholog ic  m e t h o d s  R i c h a r d s o n  ~ conc luded  t h a t  p a n -  
c rea t ic  insu l in  was n o r m a l  in h y p o p h y s e c t o m i z e d  ra t s  
g iven  c y p r o h e p t a d i n e .  The  reason  for th i s  a p p a r e n t  
d i s c r epancy  is n o t  k n o w n  b u t  morpho log ic  d a t a  alone, 
w i t h o u t  m o r p h o m e t r i c  analysis ,  could  be  mis lead ing  when  
a n  a s ses smen t  of insu l in  c o n t e n t  is desired.  Resu l t s  of 
t he  p r e sen t  s t u d y  sugges t  t h a t  cy top l a smic  vacuole  
f o r m a t i o n  in beta-cel ls  of r a t s  t r e a t e d  w i t h  c y p r o h e p t a d i n e  
is n o t  a necessa ry  consequence  of t he  d rug - induced  insul in  
deple t ion .  C y p r o h e p t a d i n e - i n d u c e d  insu l in  dep le t ion  and  
vacuo l i za t ion  of beta-cel ls  m a y  requ i re  d i f fe rent  i n i t i a t i ng  
or  pe rmiss ive  factors.  I t  is also possible  t h a t  a change  
in t he  absorp t ion ,  d i s t r i b u t i o n  or m e t a b o l i s m  of cypro-  
hep t ad ine ,  caused  b y  t he  lack of t h e  p i t u i t a r y ,  could 
resu l t  in a n  a l t e r a t i o n  of some effects  of t he  d rug  in t he  
p a n c r e a s  of h y p o p h y s e c t o m i z e d  rats .  I t  is clear f rom the  
resu l t s  of t h i s  s tudy ,  however ,  t h a t  in su l in  dep le t ion  is 
n o t  a t t e n u a t e d  b y  the  lack of p i t u i t a r y - r e l a t e d  factors.  
This  dep le t ion  is cons i s t en t  w i t h  r ecen t  resu l t s  wh ich  
show t h a t  c y p r o h e p t a d i n e  inh ib i t s  p ro insu l in  syn thes i s  
in  a n  in v i t ro  s y s t e m  devoid  of d i rec t  p i t u i t a r y  inf luence  14. 

14 L. J. Fischer, A. B. Grow and K. L. Hintze, Diabetes 25, 
suppl. 1, 343 (1976). 
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Summary. Ante r io r  p i t u i t a r y  micro infus ions  of n o r a d r e n a l i n e  in t he  dog causes  a s ign i f ican t  re lease  of T S H  while 
ad rena l ine  a n d  d o p a m i n e  do no t .  

C o n t r a d i c t o r y  f ind ings  conce rn ing  t h e  role of ca techola -  
mines  (CA) on  t h y r o t r o p h i c  secre t ion  h a v e  been  re- 
p o r t e d  2, 3. One p o i n t  is t h a t  t h i s  secre t ion m a y  be  con-  
t rol led,  a t  leas t  in  pa r t ,  b y  b r a i n  CA4,7, s. On t he  o the r  
h a n d ,  CA m a y  ac t  also d i rec t ly  on  t he  t h y r o i d  g l and  5, 6. 
W e  r e p o r t  here  ev idence  showing  t h a t  n o r a d r e n a l i n e  
(NA), a m o n g  t h e  CA, se lec t ively  exe r t s  an  in s i tu  s t imu-  
l a t o r y  ac t ion  on  t h y r o t r o p h i c  secre t ion  of t he  dog. 
Methods. Mongre l  dogs, of b o t h  sexes, a b o u t  14 kg of 

b . w t ,  were employed .  U n d e r  p e n t o b a r b i t a l  anes thes ia ,  
i m p l a n t a t i o n  of chronic  a n t e r i o r  p i t u i t a r y  (a.h.) a n d  
j ugu l a r  ve in  c a n n u l a e  was pe r fo rmed  accord ing  to Gon-  
zAlez-Luque e t  aLL R i g h t  a f t e r  t he  opera t ion ,  t he  dogs 
were in jec ted  i n t r a v e n o u s l y  (i.v.) w i t h  50 vCi I TM. T r e a t -  
m e n t  w i t h  NA, ad rena l ine  (A) or d o p a m i n e  (DA) s t a r t e d  
48 h l a t e r  in a room a t  22~ Microinfus ions  c o n t a i n i n g  
t h e  amines  or sal ine p H  7.2 (a.h. or i.v.), a t  a r a t e  of 
2.03 ~d/min were p e r f o r m e d  b y  m e a n s  of a n  infus ion  
p u m p  ( H a r v a r d ,  Model  940), ove r  a per iod  of 120 min.  
I n  s epa ra t e  expe r imen t s ,  t h e  3 CA were t e s t ed  a t  con-  
c e n t r a t i o n s  of 10 n g / m l  of the  base ;  5 m l  b lood samples  
were col lected a t  15 m i n  in te rva l s ,  s t a r t i n g  a t  t he  begin-  
n ing  of t he  in i t ia l  in fus ion  period.  T i m i n g  was a d j u s t e d  
to cor rec t  for dead  space. R a d i o a c t i v i t y  was m e a s u r e d  in 
2 ml  p l a s m a  samples  a n d  t h e  c.p.m, were cor rec ted  for 

b a c k - g r o u n d  a c t i v i t y  and  decay.  Changes  in t h y r o t r o p h i c  
secre t ion  were e v a l u a t e d  ind i rec t ly  f rom the  cu rve  of 
rad io iod ine  release in to  t he  b lood c i rcu la t ion  10. A t  t he  end 
of t he  expe r imen t s ,  t he  an ima l s  were ki l led in o rder  to  
check  for t he  cor rec t  i m p l a n t a t i o n  a n d  p e r m e a b i l i t y  of 
t he  a.h.  cannu la .  
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