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Table IL Pr~f~r~l~Cl plasma elo~ dissolving v~csus fibria~lytie aeLivity. Ia~Ki~ieaey of streptokinase and urakinase as compared to Niflumic 
acid plus N2H 4 

Hanging clot in plasma containing Lysis of hanging plasma clot Fibrin plate Lysis area mm ~ 

Streptokinase (100 U/ml) none 156 
Urokinase (250 CTA U/m1) none 280 
12 mM Niflumie acid + 2.5 mM N2H 4 complete 139 

For readings, see text. 

Smal l  c o n c e n t r a t i o n s  of N2H 4 eI~hance t h e  f ib r ino ly t i c  
a c t i v i t y  i nduced  b y  s y n t h e t i c  compounds ,  in  p a r t  b y  a 
f u r t h e r  r e d u c t i o n  of a n t i p l a s m i n  a c t i v i t y  ~3. There  are 
2 t ypes  of s y n t h e t i c  c o m p o u n d - i n d u c e d  f ib r ino ly t i c  
ac t iv i t i e s :  in v i t r o  or ' chemica l ly '  i nduced  s and  in v ivo  or 
' ph a rmaco log i ca l l y '  i nduced  14. T he  v a s o a e t i v e  drug,  
n ico t in ic  acid, is a n  exam pl e  of th i s  ' pha rmaco log i ca l '  
t y p e  of c o m p o u n d s  wh ich  is i nac t i ve  in v i t ro .  Ni f lumic  
acid, a t r i f l u o r o - m e t h y l p h e n y l  a m i n o  d e r i v a t i v e  of 
n ico t in ic  acid as shown  in th i s  c o m m u n i c a t i o n ,  induces  
f ib r ino ly t i c  a c t i v i t y  b y  bo th  t he  ' chemica l  '~5 a n d  t he  
' pha rmaco log i ca l '  p a t h w a y ,  t h u s  d e m o n s t r a t i n g  t he  
poss ib i l i ty  to  des ign  drugs  i nduc ing  f ibr inolys is  b y  b o t h  
mechan i sms .  Ni f lumic  acid enhances  t h e  f ib r ino ly t i c  
a c t i v i t y  of b o t h  s t r e p t o k i n a s e  and  urok inase .  I t  is also of 
i n t e r e s t  t h a t  f ib r ino ly t i ca l ly  i nac t i ve  c o n c e n t r a t i o n s  of a 
congener  of Ni f lumic  acid, f lu fenamic  acid, e n h a n c e  v e r y  
m a r k e d l y  in v i t ro  t he  endogenous  I ib r ino ly t i c  a c t i v i t y  of 
p ig  p lasma ,  w h e n  I ib r ino ly t i c  a c t i v i t y  is gene ra t ed  in v ivo  
b y  a l iver  b y p a s s  ~6. F u r t h e r m o r e ,  as shown  w i t h  t he  model  
of h a n g i n g  clot  in  p la sma ,  Ni f lumic  acid is a m u c h  more  
effect ive  a g e n t  for d isso lv ing  p r e fo rmed  clots  t h a n  
s t r e p t o k i n a s e  or  urokinase .  This  d i f ference appea r s  to  be  
due  to  t he  smal l  molecu la r  size of Ni f lumic  acid, as 
c o m p a r e d  to  t he  large size of s t r e p t o k i n a s e  a n d  urokinase .  
Th i s  enab les  i t  to  diffuse qu ick ly  in to  t he  clot,  t h u s  
i n d u c i n g  f ib r ino ly t i c  a c t i v i t y  f rom w i t h i n  xv. The  fac t  t h a t  
Ni f lumic  acid possesses, in add i t i on  to  f ib r ino ly t i c  
p rope r t i e s  m e n t i o n e d  above ,  t he  ab i l i t y  to  p r e v e n t  

p la t e l e t  and  also e r y t h r o c y t e  aggrega t ion  wh ich  p l a y  a 
role in  t h r o m b u s  f o r m a t i o n  is, m a k e s  i t  a n  a t t r a c t i v e  
p r o t o t y p e  to  be used as a s t epp ing  s tone  for  t he  develop-  
m e n t  of o p t i m a l  m u l t i a c t i o n  a n t i t h r o m b o t i c  agents .  

Zusammenfassung. Niflums/iure ,  P r o t o t y p  eines mehr -  
fach w i r k e n d e n  a n t i t h r o m b o t i s c h e n  Med ikamen te s ,  in- 
duz i e r t  F ib r ino lyse  in v i t ro  u n d  in vivo,  h e m m t  E r y t h r o -  
zy ten-  u n d  T h r o m b o z y t e n a g g r e g a t i o n  u n d  i n d u z i e r t  e ine 
s t / i rkere  F ib r i no ly se  vo rgeb i lde t e r  Ger innse l  s is  S t r ep to -  
u n d  Urok inase .  
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P o s s i b l e  Cel lular  Loca l i za t ion  of C h o l e c y s t o k i n i n - P a n c r e o z y m i n  

A n u m b e r  of e lec t ron-microscopic  s tud ies  were carr ied 
ou t  on  t h e  d u o d e n a l  mucosa,  a n d  a t o t a l  of 7 t ypes  of 
endocr ine  cells h a v e  b e e n  ident i f ied.  Accord ing  to  t he  
l a t e s t  c lass i f ica t ion x, t he  cell t ypes  in  ques t ion  are t he  
EC, S, EG,  I, D, D 1 a n d  G types .  However ,  t he  h o r m o n a l  
p r o d u c t  is k n o w n  on ly  w i t h  some of these  t ypes  of en- 
docr ine  cells. The  e n t e r o c h r o m a f f i n  (EC) cells p r o d u c t  is 
t h e  5 - h y d r o x y t r y p t a m i n e  2, t he  G t y p e  cells p r o d u c t  is t he  
ga s t r i n  3-5, t h e  S t y p e  cells p r o d u c t  is the  secre t in  6, ~, t he  
E G  t y p e  cells p roduce  t he  en te rog lucagon  2 a n d  t h e  D1 
t y p e  cells p roduce  t h e  gas t r ic  i n h i b i t o r y  p o l y p e p t i d e  ~. I n  
al l  t h e  cell t ypes  e n u m e r a t e d ,  w i t h  t he  excep t ion  of t h e  
E C  cells, t h e  p resence  of t he  h o r m o n e  ill t h e  cell was  
p r o v e d  b y  m e a n s  of specific an t i se ra ,  v i a  i m m u n o f l u o -  
rescence.  

The  h o r m o n a l  p r o d u c t  of t he  res t  of t he  cells ( the I)  
t y p e  cells and  t he  I t y p e  cells) is no t  known.  Theore t i ca l ly  
p r o b a b l e  are, bes ide  o the r  subs tances ,  f i r s t  of al l  t h e  
mo t i l i n  1~ a n d  t he  c h o l e c y s t o k i n i n - p a n c r e o z y m i n  (CCK- 
PZ)  n ,  i t  was  on  t he  duodena l  m u c o s a  t h a t  t he  2 subs t ances  
h a v e  b e e n  re l i ab ly  d e t e r m i n e d  b y  b iochemica l  analysis .  
App l i c a t i on  of a n t i s e r a  to  i den t i fy  t he  CCK-PZ in t he  

cells carr ies  w i t h  i t  a dange r  of non-specif ic  reac t ions ,  as is 
i nd ica t ed  ill works  of VAN~ORDEN and  1DEARSE lz, who  
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observed  the  c ross - reac t ing  p r o p e r t y  of t he  an t i s e r a  
exh ib i t ed  in caeru le in  w i t h  t he  CCK-PZ and  the  gas t r in .  
The  caerulein,  t he  CCK-PZ and  t he  gas t r i n  possess a 
h igh ly  s imi la r  t e r m i n a l  oc tapep t ide .  Therefore,  we h a v e  
decided to resor t  to  physio logica l  r eac t ions  to  o b t a i n  a t  
leas t  an  a p p r o x i m a t e  local iza t ion  of t he  CCK-PZ.  I n  
d iges t ing  t he  p ro t e in s  in the  s tomach ,  the  peps in  hydro -  
lyses the  bonds  be tween  t he  p h e n y l a l a n i n e  and  a n o t h e r  
amino  acid, t hus  pa r t i a l l y  d iges t ing  t he  p ro te ins  which  
change  in to  po lypep t ides  :3. The  po lypep t ides  which  come 
to t he  d u o d e n u m  there fore  have ,  as a rule, p h e n y l a l a n i n e  
a t  t he i r  cha in  ends. These  po lypep t ides  are p r o b a b l y  the  
p r inc ipa l  s t imu la to r s  of CCK-PZ secret ion.  

MEYER, SPINGOLA a n d  GROSSMAN :4 p r o v e d  t h a t ,  
fol lowing i n t r o d u c t i o n  of L-pheny la lan ine  so lu t ion  in to  
the  d u o d e n u m ,  a mass-scale  release of endogenous  CCK-PZ 
takes  place, whereas  t he  secre t in  p r o d u c t i o n  is no t  s t imu-  

Fig. 1. Enterochromaffin cell (EC). Emiocytotic reIease of basal 
secretory granule in dog given L-phenylalanine in the duodenum. 
• 28,000. 

l a ted  s imul taneous ly .  The  release of t h e  CCK-PZ af te r  
i n t ro d u c i n g  t h e  L-phenyla lan ine  in to  t h e  d u o d e n u m  b e c a m e  
t h e  crucial  p o i n t  of our  s tudy ,  wh ich  was carr ied ou t  in an  
effor t  to  i den t i fy  the  cel lular  t ype  re leas ing secre tory  
granules  fol lowing s t i m u l a t i o n  w i t h  L-phenyla lanine .  A 
s imi la r  m e t h o d  was used b y  FUJITA an d  I~OBAYASH115 
in p r o v i n g  ti le release of t h e  h o r m o n e  f rom D t y p e  cells 
of pylor ic  a n t r u m  of a dog, fol lowing s t i m u l a t i o n  w i th  
0.1 N HC1. On t h e  basis  of t he i r  f indings ,  these  2 au t h o r s  
h a v e  fo rmed  a hypo thes i s  t h a t  t h e  pylor ic  D t y p e  cells 
p roduce  a hormone ,  such  as secret in,  for ins tance ,  wh ich  
inh ib i t s  t h e  HC1 secre t ion  in t h e  s tomach .  

Materials  and method. I n t r a p e r i t o n e a l  in j ec t ion  of 
T h i o p e n t a l  was m a d e  in to  3 a n a e s t h e t i z e d  a d u l t  dogs, 
an d  15 ml  of 127 m M  solu t ion  (pH 7) of L-pheny la lan ine  
was i n t r o d u c e d  in to  the  d u o d e n u m  of these  dogs. Samples  
of duodena l  m u c o s a  were t a k e n  f rom t h e  p o i n t  a t  5 cm 
d i s t ance  f rom the  py lo rus  a f te r  15 mil l  in  2 dogs, a n d  
a f te r  20 ra in  ill 1 dog. I n  4 con t ro l -g roup  dogs the  duo- 
dena l  mucosa  samples  were t a k e n  fol lowing anaes the t i z a -  
t ion  on ly  w i t h o u t  d u o d e n u m  s t imula t ion .  The  samples  of 
t i le t i ssue  were f ixed ill 5% g l u t a r a l d e h y d e  buf fe red  a t  p H  
7.4, were pos t f ixed  w i t h  1% OsO 4 an d  were e m b e d d e d  in 
Ves topa l  W. U l t r a t h i n  sect ions  were s t a ined  w i t h  u r a n y l  
ace t a t e  an d  lead c i t r a t e  a n d  e x a m i n e d  u n d e r  Tesla  BS  
242 E e lec t ron  microscope.  

Resulls  and discussion. All t h e  7 k n o w n  types  of endo-  
cr ine cells (EC, S, EG, I, D, D:, G) were found  in dogs 
whose duodena l  mucosa  h a d  been  t r e a t e d  w i t h  t h e  L- 
p h e n y l a l a n i n e  so lu t ion  an d  in the  d u o d e n u m  of the  con- 
t ro lg roup  dogs. Fol lowing app l i ca t i on  of L-phenyla lan ine  
solut ion,  t h e  c o n t e n t  of t h e  secre t ion  granules  is released 
b y  emiocytos i s  in to  the  in te rce l lu la r  space in the  case of 2 
of t h e  cel lular  n a m e d  types .  I n  the  basa l  p a r t  of the  cell, 
some of the  sacs of the  secre t ion granules  open  in to  t he  
in te rce l lu la r  space, a f te r  t h e  fusion w i t h  p l a s m a  m e m b r a n e  
of t h e  cell, m a k i n g  D-shaped  invag ina t ions .  W e  h a v e  
obse rved  th i s  process  in  e n t e r o c h r o m a f f i n  (EC) ceils 
(Figure 1) an d  in duodena l  D t y p e  cells (Figure 2). No 
release of secre t ion  granules  was obse rved  in a n y  t y p e  of 
endocr ine  cells of t h e  con t ro l -g roup  dogs. 

The  e n t e r o c h r o m a f f i n  cells (EC) occur  t h r o u g h o u t  t he  
whole  g a s t r o i n t e s t i n a l  m u c o s a  of t h e  dogs, f rom the  
ca rd ia  to  the  large in tes t ine .  These  ceils h a v e  e longa ted  
secre t ion granules ,  i r regula r  in. shape,  w i t h  a h igh ly  
osmiophi l ic  core. The  size of t h e  secre t ion granules  is 
w i t h i n  120-480 n m  range.  The  second cell t y p e  wh ich  
exh ib i t s  the  release of t h e  secret,  fol lowing app l i ca t i on  of 
L-pheny la lan ine  s t imulus ,  are t h e  D t y p e  cells. These  
occur  in  t h e  g a s t r o i n t e s t i n a l  mucosa ,  f rom the  fundus ,  
where  t h e y  are sparse,  to  t h e  open ing  of t h e  smal l  
in tes t ine ,  w i t h  m a x i m u m  a t  t h e  u p p e r  p a r t  of t h e  duo- 
denum.  The i r  secre t ion  granules  are rounded ,  r an g ing  
b e t w een  160 a n d  400 n m  in size, these  granules  possess 
m e d i u m  e lec t ron  d en s i t y  g r anu l a r  core. 

The  h o r m o n a l  p r o d u c t  is k n o w n  in on ly  one of these  
cell types ,  i.e. t h e  EC type .  The  ceils of t t l is  t y p e  p roduce  
5 - h y d r o x y t r y p t a m i n e 2 .  E v e n  if t h e  EC cells d id  p roduce  
a n o t h e r  subs tance ,  in add i t i on  to t h e  5 - h y d r o x y t r y p t -  
amine ,  t he i r  occurrence  a long t h e  whole  g a s t ro i n t e s t i na l  

Fig. 2. Release of the D cell secretory granules in dog given L-phenyl- 
alanilie. • 28,000. 
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t r ac t  cor responds  ne i ther  to  the  CCK-PZ local izat ion 11,16 
nor  to the  local izat ion of mot i l in  1~ ~7. 

The ho rmona l  p roduc t  of the  D type  cells has  no t  ye t  
been  identif ied,  t he  local izat ion of these  cells which  have  
the i r  m a x i m u m  in the  duodenum,  cor responds  to  the  
CC_PZlt,16 as well as to  the  mot i l in  1~ Our f indings,  
af ter  the  L-phenylalanine s t imula t ion ,  r a the r  tes t i fy  to 
the  presence  of the  CCK-PZ in the  D type  cells: Fol lowing 
in t roduc t ion  of L-phenylatanine,  a mass-scale  release of 
the  CCK-PZ takes  place, w i thou t  affect ing the  secretin,  
as has  been  p roved  by  MEYER, SPINGOLA and GROSSMAN 14L. 
Fol lowing the  same s t imulat ion,  we observed the  release 
of the  secret ion granules,  beside the  above -men t ioned  EC 
cells, only  in D type  ceils. 

FUJITA and KOBAYASHI lS have  d o c u m e n t e d  the  release 
of hormones  f rom the  D cells of the  pyloric  a n t r u m  af ter  
s t imula t ion  wi th  0.1 N HC1. Solut ions of ex t r emely  low 
p H  value were conduc t ive  to  a s t rong release of the  CCK- 
PZ ls-~~ The FUJITA and KOBAYASHI hypothes i s ,  s t a t ing  
t h a t  the  D cells produce  an inh ib i to r  of t he  secret ion of 
the  s t om ach  acid, m a y  be correct,  a l though  the  inh ib i to r  
is no t  the  secret in bu t  the  CCK-PZ. The CCK-PZ,  similar-  
ly to  secretin,  acts  as an inh ib i to r  of gas t r in - s t imula ted  
secret ion of the  s t omach  acid in m a n  and  in doglS, 2~-2s 
The o ther  substance ,  which  we considered to be the  possi- 
ble p roduc t  of the  D cells, is the  moti l in .  The mot i l in  is 
released, however ,  af ter  a lkal inizat ion of t he  d u o d e n u m  ~7, 
i.e. in condi t ions  jus t  con t ra ry  to those  in which the  secret  
of the  D t y p e  cells is released. Consequent ly ,  it  is p robable  
t h a t  a cell t y p e  o ther  t h a n  the  D t y p e  cells is responsib le  
for the  p roduc t ion  of moti l in.  

Zusammenfassung. Nach  in t r aduodena le r  S t imula t ion  
der Cho lecys tok in in -Pancreozymin  Sekret ion (CCK-PZ) 
be im H u n d  durch  L-Phenyla lanin  l inden  sick Anhal ts -  
p u n k t e  fiir die Ausschleusung yon Sekre tgranula  bet  2 
Typen  yon  endokr inen  Zellen. Es  hande l t  sich einerseits  
um en te rochromaff ine  Zellen (EC), die 5 - H y d r o x y t r y p t -  
amin  produzie ren  a n d  deren Ver te i lung im Gast ro in tes t i -  
n a l t r ak t  n ich t  dem CCK-PZ entspr ich t ,  andererse i t s  um 
D-Zellen, deren  H o r m o n a l p r o d u k t  noch n ich t  ident i f i -  
ziert  ist. Es  wird  angenommen ,  dass CCK-PZ yon  den 
D-Zellen des Gas t ro in tes t ina l t r ak tes  p roduz ie r t  wird. 
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C o m p e n s a t o r y  S p a w n i n g  R e s p o n s e  After  Un i la t era l  O v a r i e c t o m y  in the  Sk ipper  Frog ,  
Rana cyanophlyctis (Schn.)  

VIJ AYAKUMAR 1tried sub to ta l  ova r i ec tomy as an indi rec t  
m e t h o d  of de t e rmin ing  the  occurrence of c o m p e n s a t o r y  
h y p e r t r o p h y  ill newly  spawned  toads .  The repor ted  
increase in weigh t  of t he  ovar ian  piece left  af ter  sub to ta l  
ova r i ec tomy can be accepted  only wi th  some reservat ions ,  
because the  difference in weigh t  be tween  the  two ovar ies '  
is no t  regular  in frogs and toads .  So an a t t e m p t  was made  
to d e m o n s t r a t e  c o m p e n s a t o r y  h y p e r t r o p h y  t h ro u g h  
spawning  induct ion .  

Gravid  female skipper  frogs weighing 25-40 g, collected 
a round  Mysore City (India),  were d i s t r ibu ted  into 5 groups 

Group No. Treatment Eggs spawned/frog 

1 Fresh intact controls 857,8 -t- 94.0 �9 
induced on day 1 

2 Unilaterally ovariectomized 413.3 4- 73.6 
and induced on day 1 

3 Unilaterally ovariectomized 644.3 4- 67.5 
maintained ior 20 days and 
induced on day 21 

4 Unilaterally ovariectomized 446.5 4- 68.1 
on day 21 and induced on 
the same day 

5 Fresh intact controls 803.0 4- 99.4 
induced on day 21 

Arithmetic mean 4- standard error. 

as men t ioned  in the  Table.  E a c h  group con ta ined  6 frogs. 
All the  frogs were induced  to spawn wi th  a h o m o g e n a t e  

of 4 t oad  p i tu i ta r ies  in 1 ml  of dis t i l led wa te r  in jec ted  i.p. 
and were ma in t a ined  in ind iv idua l  ae ra ted  aquar ia  
conta in ing  1 to 2 cm of spr ing water ,  a t  room t e m p e r a t u r e  
25 • 1 ~ 24 h af ter  induc t ion  the  n u m b e r  of eggs spawned  
per  frog was counted  and calcula ted resul ts  are given in 
the  Table.  

I t  is in te res t ing  to note  t h a t  Group 1 and 5 in tac t  con- 
t ro l  frogs spawned  near ly  858 and  803 eggs respec t ive ly  
and  the  uni la tera l ly  ovar iec tomized  frogs induced  on day  
1 or day  21 (Group 2 and 4) spawned  a lmos t  half  the  num-  
ber  of eggs, name ly  413 and  446 respect ively .  These 
resul ts  are in ag reemen t  w i th  our previous  r epor t  3. How-  
ever, h e m i s p a y e d  frogs ma in t a ined  in the  l abora to ry  for 
20 days  and induced  on the  21st day  to spawn (Group 3) 
showed an increase in the  spawning  ra te  by  55.9 and 44.3 
% when  compared  to  t he  controls  of Groups 2 and  4 
respect ively ,  the  pe rcen t  increase being significant .  

Hemispay ing  resul ts  in increased ovula t ion  by  the  con- 
t ra la te ra l  ovary  in m a m m a l s  3-~. VIJAYAKUMAR 1 repor t s  
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