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also a n t a g o n i z e d  more  ef f ic ient ly  t h a n  i m i p r a m i n e  t he  
ac t ions  of h i s t a m i n e  4 a n d  c a t e c h o l a m i n e s  L 

Conclusions. T h e  resu l t s  r e p o r t e d  in t h i s  p a p e r  d e m o n -  
s t r a t e  t h a t  i m i p r a m i n e  cur ta i l s  se lected pha r m aco l og i ca l  
ac t ions  of r ese rp ine  inc lud ing  b r a i n  s e ro ton in  dep le t ion .  
Imipramine an tagon izes  reserp ine  more  ex t ens ive ly  t h a n  
c h l o r p r o m a z i n e  does. Y e t  t he  l a t t e r  i nh ib i t s  t he  effects  of 
t h e  b iogenic  a m i n e s  re leased  b y  rese rp ine  more  p r o m p t l y  
t h a n  imip ramineL4 .  In  ca t s  t he  effects  of b l o o d - b o r n e  
n o r e p i n e p h r i n e  are  i n h i b i t e d  b y  c h l o r p r o m a z i n e  ~ b u t  
p o t e n t i a t e d  b y  2 to  5 m g / k g  of i m i p r a m i n e  4. G r e a t e r  
doses  of i m i p r a m i n e  i n h i b i t e d  e p i n e p h r i n e  and  norep ine -  
p h r i n e  effects  is. H o w e v e r  i m i p r a m i n e  d i f f e ren t ly  f rom 
classic coca ine- l ike  sens i t izers  ~9 fails to  p o t e n t i a t e  t he  
r e sponse  of n i c t i t a t i n g  m e m b r a n e  to  t he  s t i m u l a t i o n  of 
cerv ica l  s y m p a t h e t i c  pos tgang l ion ic  ne rves  ~7. T he  seda-  
t ive  a c t i v i t y  of c h l o r p r o m a z i n e  a n d  i m i p r a m i n e  seems to 
be  r o u g h l y  co r re l a t ed  to  t h e i r  r e spec t ive  c a p a c i t y  to  in- 
h i b i t  n o r e p i n e p h r i r e  effects.  

T h e  i n h i b i t i o n  of s e r o t o n i n  u p t a k e  b y  p la t e l e t s  caused  
b y  rese rp ine  14 a n d  i m i p r a m i n e  la sugges t s  t h a t  these  d r u g s  
i m p a r e  ac t ive  t r a n s p o r t  of t he  amine .  I m i p r a m i n e  a n d  
rese rp ine  also a l t e r  b r a i n  s e ro ton in  c o n c e n t r a t i o n s  b u t  
these  changes  are  in oppos i te  d i rec t ion .  T h u s  a compe t i -  
t i o n  for i den t i ca l  s i tes  of ac t ion  a l t h o u g h  possible  does  n o t  
r ead i ly  exp l a in  t he  i n t e r a c t i o n s  b e t w e e n  rese rp ine  a n d  
i m i p r a m i n e .  H o w e v e r  t he  poss ib i l i ty  t h a t  t h e  effects  of 
i m i p r a m i n e  on  ac t ive  t r a n s p o r t  of s e ro ton in  p l ay  a role 
in  t h e  i n t e r r e l a t i o n s  b e t w e e n  t h i s  d rug  a n d  rese rp ine  
c a n n o t  be  exc luded.  

In  conc lus ion  t he  m e c h a n i s m s  i nvo lved  in t he  an t ago -  
n i sm  b e t w e e n  rese rp ine  a n d  i m i p r a m i n e  a n d  b y  a n d  large 
in t h e  t h e r a p e u t i c  ac t ion  of i m i p r a m i n e  r e m a i n  p rac t i ca l ly  
u n k n o w n .  The  di f ference b e t w e e n  t he  p h a r m a c o l o g i c a l  
ef fects  of c h l o r p r o m a z i n e  a n d  i m i p r a m i n e  are  a t  p r e s e n t  
on ly  q u a n t i t a t i v e ,  b u t  no t  qua l i t a t i ve .  C h l o r p r o m a z i n e  
a n d  i m i p r a m i n e  a re  b o t h  s e d a t i v e  a n d  a n t a g o n i s t  of re- 
serp ine .  I n  t h e  case  of c h l o r p r o m a z i n e  b o t h  ac t iv i t i e s  h a v e  
a c o m p a r a b l e  low t h r e s h o l d  a n d  t h e  t w o  ac t ions  a l m o s t  
over lap .  In  t he  case of i m i p r a m i n e  t he  s eda t ion  is caused  b y  
doses g r ea t e r  t h a n  those  a n t a g o n i z i n g  reserpine .  

Tab. II 

ng/g of Serotonin 
Tissue 

Controls [ hnipramine 

Brain (30) 309 (359-269) (18) 445 (499-391) 
Spleen (30) 1520 (1780-1260) (18) 1692 (2050-1334) 
Liver (30) 146 (170-122) (18) 113 (133-93) 

a 20 mg/kg of imipramine were injected 7 times during 96 h, 
last injection 70 rain before killing the animal. Serotonin 
assayed according to the biological method of GARVEN 7. 

Tab. IIf. Antagonism on 5-HTP Induced Diarrhea in Mice 

Drug injected mglkg EDso • ID~o 
i. p. 20 rain before 5-HTP mg/kg mg/kg LI)~o/EDa0 

(mg/kg i.p.) i.p. i .v.  

Chlorpromazine 3.64 50 13.73 
Irnipramine 20.00 38 1-94 

According to LITCHFIELD and WILCONXON 20. 

E.  COSTA, S. (;ARATTINI, a n d  I.. VALZELL] 

Galesburg State Research Hospital, Galesburg (Ill.) and 
Istituto di Farmacologia, Universit~ degli Studi, Milano 
(Italy), February 18, 1960. 

Riassunto 

Sia Ia c l o r o p r o m a z i n a  che  l ' i m i p r a m i n a  a n t a g o n i z z a n o  
d e t e r m i n a t i  e f fe t t i  fa rmacologic i  del la  rese rp ina .  L ' e f f e t t o  
a n t a g o n i s t a  d e l l ' i m i p r a m i n a ,  che come quel lo  del la  cloro- 
p r o m a z i n a  r ich iede  condiz ioni  s p e r i m e n t a l i  a p p r o p r i a t e  
h a  un  pifi a m p i o  spe t t ro .  L ' e f fe t to  s eda t ivo  del la  cloro- 
p r o m a z i n a  ~ pifi m a r c a t o  di quet lo  del la  i m i p r a m i n a  ed  
s inergico  con la dep res s ione  i n d o t t a  da l l a  rese rp ina .  

17 S. CURVOISIER, J. FOURNEL, R. DUCROT, M. KOLSKY, and P. 
KOETSCItET, Arch. int. Pharmacodyn. 92, 305 (1953). 

18 e.  TRENDELENBURG, J. Pharmacol. 125, 55 (1959). 
Ig C. MORPURGO and E. COSTA, unpublished observations 
~0 j .  j .  L1TCttFIELD, JR., and F. Wu.coxoN, J. Pharmacol. 96, 99 

(1949). 

Hematological and Serological Investigations 
in Heteroparabiosis 

M a n y  inves t i ga t i ons  on  e x p e r i m e n t a l  h o m o i o p a r a b i o s i s  
of a d u l t  a n i m a l s  h a v e  s h o w n  t h a t  p a r a b i o t i c  i n t o x i c a t i o n  
occurs  b e t w e e n  u n r e l a t e d  spec imens  1. Th i s  i n t o x i c a t i o n  
in one of t he  p a r t n e r s  a p p e a r s  in t h e  form of s t r o n g  hemo-  
ly t ic  anemia ,  loss of weight ,  a n d  i n v o l u t i o n  of l y m p h o i d  
t issues,  r e su l t i ng  in d e a t h  w i t h i n  two weeks ~, In  t he  o t h e r  
p a r a b i o n t ,  t hese  m a n i f e s t a t i o n s  are f r e q u e n t l y  accom-  
p a n i e d  by  p o l y c y t h e m i a  a n d  h y p e r p l a s i a  of l y m p h o i d  tis-  
sues. P a r a b i o t i c  i n t o x i c a t i o n  is due  to  gene t ic  a n d  sero- 
logical  d i f ferences  b e t w e e n  t he  p a r t n e r s ,  s ince t he  s y m p -  
t o m s  of i n t o x i c a t i o n  h a v e  n e v e r  been  obse rved  in pa ra -  
biosis  of i n b r e d - s t r a i n  mice or in mice of c lose ly- re la ted  
s t r a i n s  a-5. CHUTE a n d  SOMMERS 6 con f i rmed  the  i m m u n o -  
logical bas is  of p a r a b i o t i c  i n t o x i c a t i o n  b y  the i r  d i s cove ry  
of h e m a g g l u t i n i n s  a g a i n s t  e r y t h r o c y t e s  of t he  a n e m i c  
p a r a b i o n t  d u r i n g  r a t  pa rab ios i s  w i th  severe  h e m o l y t i c  
a n e m i a  in one  of t he  p a r t n e r s .  

Th i s  r e p o r t  refers  to  hema to log ica l  a n d  serological  in- 
v e s t i g a t i o n s  on  e x p e r i m e n t a l  m o u s e - h a m s t e r  h e t e r o p a r a -  
biosis where  a n  in t ens i f i ca t ion  of s y m p t o m s  of p a r a b i o t i c  
i n t o x i c a t i o n  were to be expec t ed  in consequence  of g r e a t e r  
gene t ic  a n d  serological  d i f ferences  b e t w e e n  the  p a r a b i o n t s .  

In  our  e x p e r i m e n t s ,  u n r e l a t e d  whi t e  mice and  inb red  
C57 B L  and  CBA mice,  a n d  go lden  h a m s t e r s  (Mesocricetus 
auratus) were used. In all, 100 h e t e r o p a r a b i o t i c  pa i r s  
were ca r r i ed  o u t  b y  u n i t i n g  mice w i th  h a m s t e r s  u n d e r  
e t h e r  a n e s t h e s i a  b y  coe l ioanas tomos is .  Blood for inves t i -  
ga t ions  was t a k e n  in mice f rom the  ta i l  a n d  hea r t ,  a n d  in 
h a m s t e r s  f rom the  h e a r t  i m m e d i a t e l y  before  pa rab ios i s  
a n d  on  t he  4 th, 7 tll, 10 TM, and  14 TM days  d u r i n g  parab ios i s .  

1 j .  C. FlS~RTV, P*hysiol. Rex'. 32, 277 (195~). 
2 R. g. I~ILLINGHAM, Science 130, 947 (1959). 
a A. 8KOWRON-CENDRZAK, B. KON1ECZNA-MARcZYI~SKA, and A. 

GROMCZAKIEWICZ, Folia Biol. 5, 117 (1957). 
4 g. KONIECZNA-MARCZYI~SKA and A. ~KOVVRON-CENDRZAK, Folia 

biol. 7, 9 (1959). 
5 p. KOL1)OVSKV and A. SKOW'RoN-CI~2NI)RZAK, Folia biol., Prague 

5, 32 ° (1959). 
6 R. N. CIIUTE and S. C. SOMMERS, Blood 7, 1005 (1952). 
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The  n u m b e r  of e r y t h r o c y t e s  and  leucocytes  pe r  m m  3, as 
well  as t he  pe rcen t age  ra t io  of leucocytes  in smea r s  s t a i ned  
b y  P a p p e n h e i m s '  me thod ,  were es tab l i shed .  In  serological  
inves t iga t ions ,  t he  p resence  of h e m a g g l u t i n i n s  in  t h e  
s e r u m  of pa rab io t i c  a n i m a l s  was  de t ec t ed  b y  t he  agglu t i -  
n a t i o n  test ,  and  incomple t e  a n t i b o d i e s  b y  Coom bs '  
me thod .  

I n  t he  p rev ious  e x p e r i m e n t s ,  KONIECZNA-MARCZYI~'SKA 
a n d  SKOWRON-CENDRZAK 7 d e m o n s t r a t e d  t h a t  in  60% of 
cases a hemoly t i c  a n e m i a  occurs  in h o m o i o p a r a b i o s i s  be-  
tween  u n r e l a t e d  wh i t e  mice,  caus ing  t he  a n e m i c  p a r t n e r  
to  die w i t h i n  two  weeks. I n  m o u s e - h a m s t e r  h e t e r o p a r a -  
biosis, in 88% of cases severe  h e m o l y t i c  a n e m i a  was ob-  
se rved  on ly  in mice. The  m e a n  s u r v i v a l  of mice  in he t e ro -  
pa rab ios i s  was  6 days .  A few h e t e r o p a r a b i o t i c  pa i r s  whose  
mice were no t  a f fec ted  b y  a n e m i a  l ived for  26 days .  In  
the  m a j o r i t y  of cases w i t h  s t r o n g  h e m o l y t i c  a n e m i a  in 
mice, h e m a g g l u t i n i n s  a n d  i n c o m p l e t e  a n t i b o d i e s  were 
de t ec t ed  in t he  s e r u m  of h a m s t e r s .  T h e  d e t e c t e d  an t i -  
bodies  h a d  species speci f ic i ty  a n d  p roduced  a g g l u t i n a t i o n s  
w i th  t h e  e r y t h r o c y t e s  of p a r a b i o t i c  a n d  n o n - p a r a b i o t i c  
mice coming  f rom d i f fe ren t  s t ra ins .  In  p a r a b i o t i c  h a m -  
sters,  t he re  were no  c h a n g e s  in t he  q u a n t i t i e s  of e r y t h r o -  
cy tes  in success ive ly  e x a m i n e d  samples .  

SKOWRON-CENDRZAK a n d  KONIECZNA-MARCZYI~SKA 8 
s t a t e d  l eucopen ia  in h o m o i o p a r a b i o s i s  of u n r e l a t e d  mice  
in b o t h  p a r t n e r s .  I n  he t e ropa rab ios i s ,  a fall in t he  leuco- 
cy t e  c o u n t  was  o b s e r v e d  on ly  in h a m s t e r s  o n  4 TM d a y  of 
parab ios i s .  Th i s  fall  was  s t a t i s t i ca l ly  i m p o r t a n t  a n d  t h e  
v a l u e  t a cco rd ing  to  t he  S t u d e n t s '  t e s t  was  2.306 w i t h  t he  
p r o b a b i l i t y  of e r ror  p = 0.05. L e u c o p e n i a  d u r i n g  he te ro -  
pa rab ios i s  m a y  be  e x p l a i n e d  on  a serological  basis.  P r o b -  
ab ly  h a m s t e r s  h a v e  no  g rea t  c a p a c i t y  for p r o d u c i n g  leuco- 
agg lu t in in s  a g a i n s t  t he  l eucocytes  of t he  mice.  P e r c e n t a g e  
changes  of leucocytes  were n o t e d  on ly  in mice  d u r i n g  
he te ropa rab ios i s .  T h e r e  was  a q u a n t i t a t i v e  increase  in 
n e u t r o p h i l  g r a n u l o c y t e s  equa l  to  t h a t  in homoioparab ios i s .  

I n  3 2 h e t e r o p a r a b i o t i c  pa i r s  of t he  h a m s t e r - m o u s e  type ,  
full  t h i c k n e s s  h a m s t e r  sk in  g ra f t s  g m e a s u r i n g  3 × 3 cm 
were p laced  on  t h e  b a c k s  of t h e  mice a t  d i f f e ren t  per iods  
before  parab ios i s .  I t  was  s h o w n  t h a t  a p r e l i m i n a r y  i m m u -  
n i s a t i on  of mice  b y  h a m s t e r  skin  g ra f t s  in  m a n y  cases 
p ro t ec t s  t h e m  a g a i n s t  h e m o l y t i c  anemia .  On ly  18% of 
mice  in h e t e r o p a r a b i o s i s  deve loped  a h e m o l y t i c  a n e m i a  
a f t e r  p r e i m m u n i s a t i o n .  T h e  m e a n  s u r v i v a l  pe r iod  for im-  
mun i sed  mice  in h e t e r o p a r a b i o s i s  was  7 days .  A corre la-  
t ion  was obse rved  b e t w e e n  t he  l e n g t h  of t he  per iod  of 
p r e l i m i n a r y  i m m u n i s a t i o n  before  o p e r a t i o n  a n d  t he  ap -  
pea rence  of h e m o l y t i c  a n e m i a  c o n d i t i o n i n g  t h e  s u r v i v a l  
t ime  of mice in he t e ropa rab ios i s .  The  jo in ing  of mice  in 
he t e ropa rab io s i s  2 or 4 days  a f t e r  t r a n s p l a n t a t i o n  of 
h a m s t e r  skin  led, in  m a n y  cases,  to  h e m o l y t i c  a n e m i a  or  
t he  d e a t h  of t h e  mice w i t h i n  4 d a y s  of parab ios i s .  These  
d a t a  are in acco rdance  w i t h  t he  resu l t s  o b t a i n e d  in exper i -  
m e n t s  on h e t e r o p a r a b i o s i s  w i t h o u t  p r e l i m i n a r y  i m m u n i -  
sa t ion .  In  h e t e r o p a r a b i o s i s  ca r r i ed  o u t  7 d a y s  a f t e r  sk in  
graf t ing ,  t h e  mice  in m a n y  cases d ied  w i t h i n  3 d a y s  a f t e r  
opera t ion .  This  fac t  m a y  h a v e  been  due  to  t he  co inc idence  
of t he  s t ronges t  r eac t ion  in mice to  h a m s t e r  sk in  g ra f t s  
a n d  t he  pa rab io t i c  i n tox ica t ion .  In  mice  jo ined  in he te ro -  
pa rab ios i s  10 and  12 days  a f t e r  g r a f t i ng  t h e  h a m s t e r  skin,  
no  s y m p t o m s  of hemoly t i c  a n e m i a  were obse rved  ; on  t h e  
c o n t r a r y ,  t h e y  su rv ived  longer  in  he t e ropa rab ios i s ,  f rom 
10 to  15 days .  Acqui red  t r a n s p l a n t a t i o n  i m m u n i t y  to  
h a m s t e r  sk in  g ra f t s  in  mice  a p p a r e n t l y i n d u c e s  a weake r  
i m m u n o l o g i c a l  r eac t ion  to  p a r a b i o t i c  i n t o x i c a t i o n  on  t he  
p a r t  of t he  h a m s t e r  pa r tne r .  

S e r u m  h e m a g g l u t i n i n s  in  t he  h a m s t e r  p a r t n e r  were ob-  
s e rved  on ly  in one  case w i th  s t rong  c o n c u r r e n t  h e m o l y t i c  
a n e m i a  in t he  mouse  p a r t n e r .  

I n  conclus ion,  i t  would  a p p e a r  t h a t  p a r a b i o t i c  in tox ica -  
t i on  a n d  d e a t h  of t he  mouse  p a r t n e r s  occur  in  sp i te  of pre-  
l i m i n a r y  i m m u n i s a t i o n  w h i c h  f r e q u e n t l y  p r o t e c t s  mice  
f rom h e m o l y t i c  anemia .  However ,  t h e  p r o t e c t i o n  t h u s  
ach i eved  is on ly  t r a n s i e n t  a n d  t he  s u r v i v a l  of t he  mouse  
p a r t n e r  is n o t  m u c h  longer  t h a n  t h a t  obse rved  in he t e ro -  
pa rab ios i s  w i t h o u t  p r e l i m i n a r y  i m m u n i s a t i o n .  

B. KONIECZNA-MARcZYI~SKA a n d  
A. SKOWRON-CENDRZAK 

Department o/Experimental  Zoology, Polish A cademy o/ 
Sciences, Krakow (Poland), February 23, /960. 

Zusammen/assung 

I n  de r  H e t e r o p a r a b i o s e  M a u s - H a m s t e r  k o m m t  eine 
p a r a b i o t i s c h e  I n t o x i k a t i o n  u n d  h / imoly t i s che  An~mie  bei  
de r  Maus  in 88% der  Fiille zus t ande .  E ine  I m m u n i s a t i o n  
de r  Maus  m i t  H a m s t e r h a u t t r a n s p l a n t a t e n ,  die 1 0 - 1 2 T a g e  
v o r  de r  P a r a b i o s e  u n t e r n o m m e n  wird,  k a n n  die Ersche i -  
n u n g  de r  A n ~ m i e  bis  au f  18% der  F£11e he r abse t zen .  I n  
H e t e r o p a r a b i o s e n ,  die m i t  s t a r k e r  h / imo ly t i s che r  AnAmie 
bei  de r  Maus  ver l iefen,  wurde  s t e t s  die A n w e s e n h e i t  de r  
H ~ m a g g l u t i n i n e  u n d  u n v o l l s t ~ n d i g e r  A n t i k b r p e r  im Se- 
r u m  des p a r a b i o t i s c h e n  H a m s t e r s  fes tgeste l l t .  

A. KELUS, B. I{ONIECZNA-MARCZYI~SKA, and A. SKOWRON- 
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T h e  I n f l u e n c e  of  T h e n a l i d i n e  i 
on  R e s e r p i n e -  a n d  S e r o t o n i n - I n d u c e d  

G a s t r i c  U l c e r s  in  R a t s  

I t  was  s h o w n  ear l ie r  t h a t  large doses  of reserp ine ,  ad -  
min i s t e r ed  p a r e n t e r a l l y ,  p r o d u c e  gas t r i c  h e m o r r h a g i c  ero- 
s ions a n d  ulcers  in  r a t s  2-4. The  exac t  m e c h a n i s m  of th i s  
effect  is n o t  ye t  clear,  a l t h o u g h  some a u t h o r s  h a v e  sug- 
ges ted  a c e r t a i n  rote of s e r o t o n i n  a n d / o r  h i s t a m i n e  in i t  5,~. 
T h e  a d m i n i s t r a t i o n  of s e r o t o n i n ( 5 - h y d r o x y t r y p t a m i n e )  in  
large doses p roduces  a s imi la r  effect  on  t he  r a t ' s  gas t r i c  
m u c o s a  7, 8 

I t  was  r epo r t ed  e l sewhere  t h a t  t he  a n t i h i s t a m i n e  t he -  
nal id ine(1  - m e t h y l - 4 - a m i n o - N ' - p h e n y l - N ' -  (2 ' - theny l ) -p ipe -  
r idine,  ' S a n d o s t e n ' )  e x h i b i t s  a n  a n t i s e r o t o n i n  ac t ion  on  
t he  i so la ted  r a t ' s  u t e r u s  9, t h e  t i d a l  a i r  of sp ina l  ca t s  ~°, 
a n d  on  t h e  r a t ' s  paws  H. 

1 Trademark employed by Sandoz Pharmaceuticals is 'Sando- 
sten'. 
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