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Table 1. Effect of a) substitution and b) solvent on ring closure of 
open forms of benzo-l,4-diazepines 

a) Substitution (structure X -+ XlI, in pyridine) 

R R' R" T:[~* 
H NO 2 H 33 h 
H NO 2 C1 230 h 
H C1 H 7 h 
Me C1 H 4.5 min 

b) Solvent effect (structure XI -+ XIII) 

Solvent: Water (pH 7) Pyridine Dimethoxyethane 
TX/2**: 73 see 5.5 min 160 min 

Chloroform Dioxan 
280 rain 307 min 

* Based on 1H.NMR.measurements. ** Based on UV-measurements. 

Table 2. Relative rates of formation of diazepam, in vivo*, from 
latentiated forms 

Compound Molar activity at Time of peak 
peak, relative activity (min) 
to diazepam 

Diazepam 1 immediate 
(VIII), R'=C1, R=Me, R"=H, 
R": 
Gly 0.4 15 
L-Phe 0.8 2-3 
D-Phe ~ 0.1 - 
L-Leu 0.6 2-3 
L-Ala 0.3 2-3 
D-Ala < 0.1 - 
L-Lys 1.0 2-3 
L-Arg 1.0 2-5 
L-Glu 0.5 5-15 

*Measured by anti-pentylenetetrazole test for anti-convulsant 
activity in mice, i.v. administration. 

way  as l a t e n t i a t e d  benzodiazep ines .  The  syn thes i s  was  
ach ieved  b y  coupl ing  the  a p p r o p r i a t e  2 - a m i n o b e n z o p h e n -  
one d e r i v a t i v e  (VII)  w i t h  a s u i t a b l y  p r o t e c t e d  and  ac t i -  
v a t e d  d ipep t ide  de r iva t ive ,  fol lowed b y  depro tec t ion ,  or 
b y  s imi la r  a t t a c h m e n t  of a s ingle a m i n o  acid res idue to 
t h e  a p p r o p r i a t e  g l y c y l a m i n o b e n z o p h e n o n e ,  as i l l u s t r a t ed  
in the  f igure below. 
The  c o m p o u n d s  V I I I  w i t h  t he  t e r m i n a l  L - a m i n o  acid 
res idues  were c leaved  b y  pep t idases ,  in  vivo,  to  release 
t he  p recursor  (X) wh ich  cyclised a t  phys io logica l  p H  to  
t h e  benzod iazep ine ;  t h e y  were also c leaved  a t  a com- 
pa r ab l e  r a t e  in  whole  b lood  of va r ious  species:  roden ts ,  
cat ,  dog, p r i m a t e s  a n d  man .  The  sequence  of r eac t ions  is 
i l l u s t r a t ed  b y  t he  d i a z e p a m  series : p ro -d rug  (IX) -+ open  
fo rm (XI) -+ d i a z e p a m  ( X l I I ) .  As expec ted ,  c o m p o u n d s  
w i t h  D - t e r m i n a l  amino  acids were n o t  c leaved  and  h a d  
no  benzodiazep ine- l ike  pha rmaco log i ca l  ac t iv i ty .  The  
resu l t s  of t he  a n t i - p e n t y l e n e t e t r a z o l e  t e s t  for an t i -con-  
v u l s a n t  a c t i v i t y  in mice, fo l lowing i .v .  a d m i n i s t r a t i o n ,  
were c o m p a r e d  w i t h  those  of p a r e n t  benzod iazep ines  for 
p o t e n c y  (EDs0) and  t ime  of onse t  for  p e a k  ac t iv i ty .  
M e a s u r e m e n t s  us ing  var ious  t e r m i n a l  amino  acids com- 
b i n e d  w i t h  t he  same n u c l e u s  e s t a b l i s h e d  t h a t  t he re  were 
s u b s t a n t i a l  di f ferences  in t h e  r a t e  of pep t i da se  cleavage,  
in  vivo.  Th i s  is i l l u s t r a t ed  for t he  d i a z e p a m  series in which  
the  order  for  L - a m i n o  acids is P h e , L y s , A r g  > Leu > A l a  > 
Glu > Gly  ( table  2). S imi la r  v a r i a t i o n s  were obse rved  for 
m e m b e r s  of o t h e r  series of l a t e n t i a t e d  benzodiazep ines .  
These  i nves t i ga t i ons  h a v e  e s t ab l i shed  t h a t  a p p r o p r i a t e  
p e p t i d o a m i n o b e n z o p h e n o n e s  are nove l  m i n o r  t r anqu i l -  
l izers t h a t  d e p e n d  for t he i r  pha rmaco log ica l  a c t i v i t y  on 
r ap id  re lease  of a r ing -open  p recu r so r  of benzodiazep ines .  
Phys i ca l  p roper t i es ,  such  as e n h a n c e d  so lub i l i ty  in 
aqueous  med ia  c o m p a r e d  w i t h  t h e  co r r e spond ing  benzo-  
d iazepines  a n d  d i f fe ren t  half- l ives,  in  vivo,  p rov ide  for 
nove l  app l i ca t i ons  of these  compounds .  
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Summary. Dog t h y r o i d  fol l icular  cells exposed to c o n c a n a v a l i n  A (Con A) in v i t ro  showed  changes  in  cell shape,  
i n d u c t i o n  of colloid d rop le t s  a n d  a l t e r a t i ons  in  t he  d i s t r i b u t i o n  of microvil l i .  Cells exposed to  Con A plus  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  ( thy ro id  s t i m u l a t i n g  ho rmone )  showed  pseudopods  a n d  t h e i r  c y t o p l a s m  was v i r t u a l l y  occupied 
w i th  colloid drople ts .  Th i s  f ind ings  sugges t  t h a t  Con A p o t e n t i a t e d  p s e u d o p o d  a n d  colloid d rop l e t  f o r m a t i o n  induced  
b y  T S H .  

Recen t ly ,  C o n c a n a v a l i n  A (Con A) ha s  been  found  to  
mimic  insu l in  effects  on  i so la ted  adipocytes*,  3. I t  also 
m i m i c k e d  t h e  ac t ion  of a g o n a d - s t i m u l a t i n g  pep t ide  in 
i n d u c i n g  t he  p r o d u c t i o n  of 1 - m e t h y l a d e n i n e  in i so la ted  
s t a r f i sh  o v a r y  follicle cells 4. These  f indings  sugges t  t h a t  
Con A has  t he  same  c a p a c i t y  as a pep t ide  h o r m o n e  to  
s t i m u l a t e  c e r t a i n  cell func t ions .  Therefore ,  one m i g h t  
expec t  Con A to  exe r t  c e r t a i n  T S H - l i k e  effects  on  t h y r o i d  
fol l icular  cells. Here  we r e p o r t  on  t h e  effects  of Con A on 
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 a n d  on  
t he  u l t r a s t r u c t u r a l  r e sponse  to  T S H .  
Materials and methods. 1. Mater ia ls .  T he  c o m p o u n d s  used 
in t h i s  s t u d y  a n d  t h e i r  sources  are l i s ted  elsewhere 5. Con A 
was p u r c h a s e d  f rom S igma  Chemica l  Co. (St. Louis,  
Missouri) .  2. T r e a t m e n t  of an imals .  12 mongre l  dogs, 

weighing  b e t w e e n  16 a n d  20 kg  a n d  p rev ious ly  m a i n t a i n e d  
on  a n o r m a l  iodine,  ba l aced  d ie t  and  in a cont ro l led  
e n v i r o n m e n t ,  were fas ted  o v e r n i g h t  and  anes the t i z ed  
w i t h  sod ium p e n t o b a r b i t a l  50 m g / k g  b . w t  i.v. These  dogs 
were d iv ided  in to  t he  fol lowing g roups :  G r o u p  A, non-  
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suppressed  (6 dogs). These dogs were thy ro idec tomized  
and the  thyro id  glands t r ea t ed  as descr ibed below. Group 
B, t hy ro id  powder  suppressed  (6 dogs). These dogs were 
given thy ro id  powder ,  300 mg per  dog for 3 days,  in order  
to suppress  endogenous  T S H  product ion :  They  were 
opera ted  upon  on the  four th  day  5. 3. P repa ra t ion  of 
the  samples.  I m m e d i a t e l y  af ter  removal ,  t he  thyro id  lobes 
were immersed  in Ear le ' s  solut ion at  4 ~ They  were cut  

to a th ickness  of 0.8 m m  wi th  a Stadie-Riggs  micro tome.  
They  were t h e n  p re incuba ted  in Ear le ' s  solut ion con- 
ta in ing  1 mg/ml  of b o t h  glucose and a lbumin  for 30 min.  
Slices were t r ans fe r red  d i rec t ly  to  individual  incuba t ion  
E r l enmeye r  flasks w i th  (treated) or w i t h o u t  (controls) 
the  add i t ion  of the  expe r imen ta l  subs tances .  P re incuba-  
t ion and  incuba t ion  were carr ied out  in a Dubnof f  in- 
cuba to r  a t  37~ shaking at  90 cycles/min.  Each  f lask 

Fig. 1. Exposure of follicular ceils to Con A (1500 ~g/ml for 180 min) induced a rounding of the apical border. A redistribution of mitochondria 
is observed. They are limited by and apparently separated from the rest of the cytoplasm by a membrane (arrows) ( • 6250). Abbreviations 
used in all figures: Co, colloid; MV, microvilli; N, nucleus; Mi, mitochondria; Cd, colloid droplet. 

Fig. 2. Con A (200 ~g/ml for 180 rain) induced pseudopod and colloid droplet is observed ( • 21,500). 

Fig. 3. Con A 1200 ~zg/ml for 60 mln) induced altered distribution of microvilli. Some of them are aggregated in pairs (arrows) ( • 18,100). 

Fig. 4. After exposure of follicular cells to Con A and TSH (200 ptg/ml and 0.05 nlU/ml, respectively for 180 rain), a large increase in colloid 
droplets, not seen with those concentrations of TSH alone or Con A alone, was observed ( x 16,000). 
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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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