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Table III. Ulcerogenic action of thiohydantoins, thioamides and mercaptohiazolinein rats 
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Compounds Dose Route No. Grades of duodenal ulcer 
(mg/kg) of rats -- + + + + + + 

3 -Allyl-5 -isobutyl-2- thiohydantoin 175 s.c. ~ 5 0 0 1 4 (1) b 
3 -Allyl- 5 -isobutyl-hydantoin 250 s.c. 5 5 0 0 0 
3 -Ethyl-5 -isobutyl-2-thiohydantoin 250 s.c. 5 0 3 0 2 (1) 
3-Ethyl-5-isobutyl-hydantoin 250 s.c. 5 5 0 0 0 
Thiobenzamide 300 s.c. 5 0 0 2 3 (1) 
Benzamide 1000 s.c. 5 5 0 0 0 
~-Ethylthioiso-nicotin amide 300 oral 5 0 1 1 3 
Thioaeetamide 500 s.c. 5 5 0 0 0 
Thiobarbiturie acid 500 s.c. 5 5 0 0 0 
Thiouracil 500 s.c. 5 5 0 0 0 
Mereaptothiazoline 500 s.c. 5 0 0 3 2 

~See the note of Table I. bNumeraIs in parentheses indicate the number of rats with perforating ulcer. *s.c., subcutaneous. 

shallow ulcers f r equen t ly  appeared  in the  an t rum.  These 
pa thologica l  fea tures  resemble  those  of t he  gas t roduodena l  
lesion in ra t s  caused b y  infusion of secre tagogues  3. 
Therefore,  i t  is reasonable  to  assume t h a t  hypersec re t ion  
of acid f rom the  par ie ta l  c611s is also responsible  for t he  
pa thogenes i s  of t h i o h y d a n t o i n - i n d u c e d  duodena l  ulcer 
This  a s sumpt ion  is suppo r t ed  by  the  fact  t h a t  vagoto-  
mized  ra t s  were qui te  re f rac tory  to  t he  ulcerogenic 
effects of the  c o m p o u n d  (Table II).  

As shown in Table  I I I ,  duodena l  ulcers could be 
induced  in ra t s  no t  only  by  t h i o h y d a n t o i n s  bu t  also by  
o the r  c o m p o u n d s  such as th iobenzamide ,  e -e thy l th io-  
i sonicot inamide  and  mercapto th iazo l in ,  while 3-allyl- or 
3 -e thy l -5- i sobnty lhydanto in ,  benzamide ,  th iouraci l  or 
t h i a c e t a m i d e  did no t  p roduce  any  gas t roduodena l  
a l terat ions.  This  f inding m a y  be re levan t  to  ttle clinical 
evidence which indica tes  the  occurrence of gastr ic  
dis t ress  or abdomina l  d i scomfor t  by  ~-ethyl thioisoni-  
co t inamide  ~, a or 3-a l ly l -5- i sobnty l -2- th iohydanto in  9. 

Recen t ly  Cook et at. 10 and MALEN et al. ll have  shown 
t h a t  cer ta in  t h ioca rboxamides  such as 2-phenyl-2-(2- 
pyr idyl)  t h ioace t amide  and 2-(2-pyridyl) b u t a n o t h i o a m i d e  
possess a specific gastr ic  an t i sec re to ry  p r o p e r t y  in 
animals .  LE~ et  al. 12 have  d e m o n s t r a t e d  an t igas t r in  
act ivi t ies  of 2 -phenyl -2- (2-pyr idy l ) - th ioace tamide  and  
allied compounds  in animals .  In  con t r a s t  wi th  the  
p resen t  f inding,  these  da t a  suggest  the  possibi l i ty  t h a t  
cer ta in  t h ioca rboxamides  possess ant i -u lcer  effects.  I t  is 
of in te res t  t h a t  these  s t ruc tura l ly - re la ted  compounds  can 
exer t  d i f ferent  effects on gas t roduodena l  physiology.  At  
present ,  t he  s t ruc tu re -ac t iv i ty  re la t ionship  remains  to  be 
establ ished.  

Zusammen/assung. Es wird gezeigt, dass in R a t t e n  mi t  
3-Al ly l -5- i sobuty l -2- th iohydanto in  und  ~hnl ichen Sub- 
s t anzen  Duodenalu lzera  he rvorge rn fen  werden  k6nnen  
und  dass  die Bi ldung yon  Ulzera  durch  eine vorherge-  
hende  Vagotomie  verh i i t e t  werden  kann,  
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Fig. 1. The stomach and duodenum from a rat 24 h after a s.c. injec- 
tiomof 250 mg/kg of 3-allyl-5-isobutyl-2-thio-hydantoin. An elongated 
deep ulcer and small shallow ulcers are seen in the duodenum. 3 small 
Ulcers appear in the antrum of the stomach. 
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Evidence  that  M o r p h i n e  I n c r e a s e s  D o p a m i n e  U t i l i z a t i o n  in Corpora  Str ia ta  of Rats  

In  rats,  I~USCHINSKY and  I~IORNYKII~WICZ 1 observed  a 
dose -dependen t  increase of s t r ia ta l  homovani l l ic  acid 
(HVA) concen t ra t ion  af ter  morph ine  t r e a t m e n t .  This  
effect  was expla ined  by  an increased dopamine  (DA) 
tu rnove r ;  o the r  exp lana t ions  were r a the r  unlikely.  
However ,  since no absolu te ly  safe m e t h o d  to e s t ima te  
bra in  dopamine  t u rnove r  exis ts  as yet ,  I decided to  s t u d y  

s t r ia ta l  d o p ami n e  t u rn o v e r  by  a second, i n d e p e n d e n t  
approach .  ANDgN e t  al. 2 used b lockade  of ca techolamine  
syn thes i s  by  e -methy l -p - ty ros ine ,  a p o t e n t  inh ib i to r  of 
ty ros ine  hydroxy lase  3, as a tool  for measur ing  t u r n o v e r  
in the  ca techo lamine  neurons.  Al ter  inhib i t ion  of dopa-  
mine  synthesis ,  the  ra te  of deple t ion  should be propor-  
t ional  to tile ' impulse  flow' wi th in  the  neuron :  the  higher  
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t he  ac t iv i ty ,  t he  g rea te r  the  deple t ion.  Therefore,  s tudies  
of t h i s  k ind  were pe r fo rmed  w i t h  m o r p h i n e - t r e a t e d  rats .  

Materials and methods. Male, a lb ino  W i s t a r  r a t s  (Meyer- 
Arend,  B a d  Salzuflen) of 130-180 g were used. T he  follow- 
ing drugs  were app l i ed :  m o r p h i n e  hydroch lor ide ,  nalo-  
xone  hydroch lo r ide  a nd  DL-e-methyl -p- ty ros ine  (a-MT). 
Morph ine  a n d  na loxone  were dissolved in sa l ine  a n d  
in jec ted  s.c., ~-MT was dissolved in 0.5 N HC1, and  t he  
p H  ad ju s t ed  to a b o u t  2 b y  a d d i n g  solid sod ium bicar-  
bona te .  P a r t  of t he  s u b s t a n c e  p rec ip i t a t ed ,  b u t  t he  
suspens ion  was easi ly in j ec t ab le  i.p. in  t h i s  form. Fo r  
doses a n d  in j ec t ion  schedules  see t he  Figure .  

Fo r  D A  es t ima t ion ,  t he  r a t s  were d e c a p i t a t e d  a n d  t he  
s t r i a t a  were qu ick ly  removed ,  f rozen on  d r y  ice and  s tored  
frozen u n t i l  used. T h e n  t he  t i ssues  were t hawed ,  homog-  
enized in 4 %  perchlor ic  acid c o n t a i n i n g  0.02 M EDTA,  
cen t r i fuged  a t  4~ a n d  a b o u t  4000 • g, a n d  the  super-  
n a t a n t  was a d j u s t e d  to p H  5.8 us ing  K H C O  3. Af te r  an-  
o t h e r  c en t r i f uga t i on  a t  4000 •  t h e  s u p e r n a t a n t  was 
poured  on to  Dowex co lumns  (50W-X8,  200-400 mesh,  
H+, l e n g t h  a b o u t  3.5 cm, d i a m e t e r  a b o u t  0.5 cm), and  
e lu ted  w i t h  2.0 N HC1, as descr ibed  b y  HXGGENDAL 4. The  
d o p a m i n e  e lua te  was evapora t ed ,  red isso lved  in 0.02 N 
HC1, a n d  t h e  d o p a m i n e  was  e s t i m a t e d  f luor imet r ica l ly  5. 
T h e  m e a n  (N = 5) r ecove ry  was 57 • 10.7 % (S.D.). The  
e x p e r i m e n t a l  va lues  are no t  cor rec ted  for recovery.  

Results and discussion. Morphine ,  in  a dose of 10 m g / k g  
s.c., d id  no t  a l t e r  d o p a m i n e  levels in t he  s t r i a t a  (Figure),  
a l t h o u g h  th i s  dose induced  clear  signs of muscu l a r  ri-  
g idi ty ,  h y p o k i n e s i a  a n d  ca t a l epsy ;  e-MT dep le ted  t he  
s t r i a t a I  d o p a m i n e  levels  b y  a b o u t  60 0/0, and  n m r p h i n e  
s ign i f i can t ly  increased  th i s  dep le t ing  effect. GUNNE et  al. 6 
o b t a i n e d  s imi la r  resul t s  w i t h  t h e  c o m b i n a t i o n  of c~-methyl- 
p - ty ros ine  m e t h y l e s t e r  and  m o r p h i n e .  However ,  t h e y  
measu red  t he  d o p a m i n e  c o n c e n t r a t i o n  in t he  whole  b r a i n  
a n d  no t  in  t he  s t r i a ta .  Our  own resu l t  is also in good 
a g r e e m e n t  w i t h  t he  f ind ings  of CLOUET and  RATNER ~, 
who  obse rved  a n  increased  and  acce le ra ted  i nco rpo ra t i on  
of i n t r a c i s t e r n a l l y  in jec ted  nC- ty ros ine  in to  the  d o p a m i n e  
of r a t  s t r i a ta .  
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Dopamine concentration in rat striata, The height of the columns 
indicates the DA concentration ([xg]g striatal tissue 4- S.D.). Morphine 
(Mo) [10 mg/kg s.c.] or saline, when given alone, were injected 
60 rain before sacrifice of the animMs. When given in combination 
with ~-IV[T (~t-MT), morphine, naloxone [1 mg/kg s.e.], the combination 
of both morphine and naloxone, or saline were injected 15 min 
before injection of 0c-I%{T [200 mg/kg i.p.]. The naloxone injection 
was repeated 1 and 2 h after the morphine injection. The animals were 
sacrificed 3 h after ~-MT application. Compared with saline + r 
the morphine + ~-MT-treated group differs significantly [P < 0.01, 
Student's t-test]. 

Af te r  app l i ca t ion  of t he  m o r p h i n e  a n t a g o n i s t  na loxone ,  
m o r p h i n e  was comple t e ly  inef fec t ive ;  i t  d id  no t  induce  
any  a d d i t i o n a l  deple t ion .  Na loxone  seemed s l igh t ly  to  
increase  t h e  ~-MT-inducect dep le t ion  of DA,  a l t h o u g h  
t h i s  effect  was  n o t  s t a t i s t i ca l ly  s ignif icant .  Th i s  obser-  
v a t i o n  suppor t s  t h e  p rev ious  a s s u m p t i o n  1 t h a t ,  in t he  
s t r i a t a l  dopamine rg i c  sys tem,  na loxone  acts  as a p a r t i a l  
agonis t  w i t h  a r e l a t ive ly  low in t r ins ic  ac t iv i ty .  F u r t h e r -  
more, t he  a b o v e  resu l t s  conf i rm t h e  p rev ious  conclus ion  
t h a t  m o r p h i n e  specif ical ly increases  t he  u t i l i za t ion  (and 
t hus  t he  t u rnove r )  of D A  in t he  s t r i a t a .  

Because  m o r p h i n e  d id  no t  change  t he  D A  levels, i t  can  
be conc luded  t h a t  t h e  D A  syn thes i s  was  increased,  too. 
A l t h o u g h  in r a t  b ra ins ,  ch lo rp romaz ine  and  o the r  neuro-  
leptics,  s imi la r ly  to  morph ine ,  increase  D A  t u r n o v e r  in  
doses wh ich  do no t  af fec t  t he  D A  c o n c e n t r a t i o n  s,9, a n d  
a l t h o u g h  b o t h  m o r p h i n e  and  neuro lep t i cs  decrease  t he  
dopamine rg i c  neu ro t r ansmis s ion ,  i t  was  conc luded  ear l ier  1 
t h a t  m o r p h i n e  a n d  neuro lep t i c s  ac t  b y  d i f fe ren t  m e c h a -  
nisms.  In  neurolept ics ,  i t  is a lmos t  genera l ly  accep ted  
t h a t ,  a f te r  b lockade  of D A  receptors ,  t h e  dopamine rg i c  

n e u r o n s ,  as a c o m p e n s a t o r y  m e c h a n i s m ,  a c t i v a t e  t h e i r  
DA syn thes i s  and  increase  the  release f rom t h e  ne rve  ter -  
mina l s  x~ resu l t ing  in an  increased  ' impul se  f low' w i t h i n  
t he  neurons .  

Morphine ,  on  t he  o the r  h a n d ,  does no t  seem to b lock  DA 
receptors ,  and  i t  is s t i l l  a m a t t e r  of ques t ion  w h e t h e r  the  
' impulse  f low' - in  c o n t r a s t  to  t he  D A  u t i l i z a t i on  - in 
s t r i a t a l  dopamine rg i c  neu rons  is in  fac t  increased.  The  
p r i m a r y  si te  of ac t ion  of m o r p h i n e  seems to be  a presy-  
n a p t i c  one and  m i g h t  be  some k ind  of ' d ive rs ion '  of newly  
syn thes ized  D A  f rom s?korage s i tes  to  s i tes  of ca tabo l i sm,  
lead ing  to  a lack of t he  a m i n e  a t  t he  r ecep to r  sites, and  
resu l t ing  in a cen t r a l  d o p a m i n e  def ic iency s y n d r o m e  w i t h  
s y m p t o m s  such as hypokines ia ,  ca t a l epsy  and  m u s c u l a r  
r ig idi ty .  

Zusammen/assung. N a c h  H e m m u n g  der  D o p a m i n -  
syn these  besch leun ig te  Morph in  bei  R a t t e n  die A b n a h m e  
der  D o p a m i n k o n z e n t r a t i o n  im Corpus  s t r i a t u m .  Dieser  
Ef iek t ,  der  d u r c h  Na loxon  g e h e m m t  wurde,  Hisst s ich 
du rch  eine E r h 6 h u n g  des D o p a m i n - U m s a t z e s  im Corpus  
s t r i a t u m  u n t e r  E inf luss  yon  M o r p h i n  erklXren. 
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