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Table Ill. Effect of phenylbutazone and AHR-1911 on tissue hydroxyproline content during wound healing of the rat 
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Treatment Tissue hydroxyproline content ([zg/mg of dried tissue) 

skin 6th day 12th day 

Control 4.30 • 0.32 3.21 4- 0.18 b (--25) 5.69 ~2 0.21 b (+32) 

Phenylbutazone, 50mg/kg 4.58 =c 0.20 (+6) 4.25 4- 0.32 ~ (+32) 3.78 -- 0.23 b (--34) 

AHR-1911, 50 mg/kg 3.94 4- 0.14 (--8) 4.21 4- 0.12 b (+31) 4.80 4- 0.12 a (--16) 

Mean 4- S.E. for 6 to 8 experiments. Values for treated groups are different from controls as follows, b, p < 0.001; o, P < 0.01 and a, p < 
0.05. Rest values are not significantly different, P > 0.1. Percent change of controls in parenthesis. 

Results and discussion. Table  I shows the  effect  of 
pheny lbu tazone ,  d e x a m e t h a s o n e  and  AHR-1911,  a t  
equ iva len t  a n t i - i n f l a m m a t o r y  doses, on the  ra te  of wound  
heal ing  in t he  rat .  P h e n y l b u t a z o n e  was the  m o s t  p o t e n t  
drug  in depress ing  the  tensi le  s t r eng th  of t he  w o u n d  
(36-39%),  whereas  AHR-1911 was the  least  p o t e n t  agen t  
(18-19%).  D e x a m e t h a s o n e  was in te rmedia te .  Lower  
a n t i - i n f l a m m a t o r y  doses of At-IR-1911 did  no t  mod i fy  the  
ra te  of w o u n d  healing.  The r e t a rda t i on  po t ency  on wound  
heal ing was as follows: p h e n y l b u t a z o n e  > d e x a m e t h a -  
sone > AHR-1911.  This  depress ion of the  ra te  of wound  
heal ing by  AHR-1911 seems to  be due to a direct  inf luence 
on skin and  no t  t h rough  adrena l  g lands  s t imula t ion  
(Table II).  

Table  I I I  shows t h a t  the  hyd roxypro l i ne  con t en t  in 
contro l  ra t s  decreased on 6th day  of heal ing ( - -25%) ,  
while it  increased on 12th day  of heal ing ( +  32%). These 
f indings  are in ag reemen t  wi th  those  found  by  SORENSEN 18. 
AHR-1911 as well as pheny l -bu t azone  increased the  
hyd roxypro l i ne  con t en t  on 6th day  of heal ing to  t he  levels 
of cont ro l  rats ,  b u t  t h e y  decreased i t  on 12th day.  
P h e n y l b u t a z o n e  was twice  as p o t e n t  as AH1R-1911 in 
lowering the  levels of hyd roxypro l i ne  of t he  wound.  

A n t i - i n f l a m m a t o r y  agents  have  been shown to  stabil ize 
the  m e m b r a n e  of lysosomes 14 and  to p r even t  the  enzymes  
release f rom lysosomes dur ing  the  i n f l ammat ion  phase  of 
wound  heal ing 15 As a resul t  of th is  m e m b r a n e  stabil iza-  
t ion  of lysosomes b y  a n t i - i n f l a m m a t o r y  agents ,  t he  
hyd roxypro l i ne  con ten t  of the  wound  increases re la t ive ly  
to levels of u n w o u n d e d  skin. Absolute  values  of h y d r o x y -  
prol ine  Were decreased on 12th day  of heal ing  by  b o t h  
a n t i - i n f l a m m a t o r y  drugs (Table I I I ) ;  never theless ,  
AHR-1911 had  less effect  t h a n  pheny lbu t azone  on hydro-  
xypro l ine  levels of the  wound.  

Since hydroxypro l ine  is a specific amino-ac id  of 
collagen 1~, we assume t h a t  t he  collagen co n t en t  of t he  
wound  is less modif ied  by  AHR-1911,  and  thus  the  ra te  
of wound  healing.  These  f indings  m i g h t  be of impor t ance  
in therapeut ics .  

Resumen.  Varias  drogas an t i - in f lamator ias  inc luyendo 
una  droga  an t i in f l amato r i a  no es teroidea  nueva  fueron 
inves t igadas  en her idas  p roduc idas  en ratas .  AHR-1911 
result6 ser la droga  menos  depresora  de la c icatr izacidn de 
las her idas  cuando se compar6  con la fen i lbu tazona  y la 
dexametasona .  Un  menor  con ten ido  de colAgeno en las 
her idas  fue observado  con el uso de AHR-1911.  
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Open-Fie ld  Behavior  and Acquis i t ion  of D i scr iminat ive  R e s p o n s e  Control  in Ag-THC 
Tolerant  Rats  1 

If  comple te  to lerance  to a drug occurs, no d i sc r imina t ive  
contro l  based  on the  presence  or absence of t h a t  drug in 
the  CNS would seem possible.  BuENO and CARLINI 2 have  
shown t h a t  d i sc r imina t ive  respond ing  is possible  when  
using a cannabis  ext rac t ,  even af ter  to lerance had  been 
es tabl ished.  Disc r imina t ive  t r a in ing  s t a r t ed  when  the  ra ts  
nego t i a ted  a ver t ica l  rope as fas t  as did the  controls  (toler- 
ance). Our working  hypo thes i s  was t h a t  if some to lerance  
occurred,  t hen  the  cueing effects of t e t r a - h y d r o c a n n a b i n o l  
(THC) should be weakened  and  d i sc r imina t ive  response 
contro l  should therefore  develop more  slowly in to le ran t  
animals  as compared  to non- to le ran t .  Th e p resen t  s t u d y  

was unde r t aken  to inves t iga te  this,  and  in addi t ion  open- 
field behav io r  before and af ter  t he  p re sumed  deve lopmen t  
of to lerance  was s tudied.  

Materials and methods. 18 male  albino Sprague-  
Dawley  ra ts  (300-325 g), f rom a commerc ia l  b reeder  
(Ant ic imex AB, Sol lentuna,  Sweden),  were  used. T h e y  

1 Numbering system according to IUPAC rules. The drug was 
generously supplied by Dr. T, PETRZlLKA, University of Zfirieh. 

2 0 .  F. A. BUENO and E. A. CARLINI, Psychopharmacologia 25, 49 
(1972). 
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Table I. Median values and mean deviation (within brackets) of ambulation (A), rearing (R), defecation (D), urination (U), latency (L), 
grooming (G), and circling (C) for rats treated with Ag-THC, 5 mg/kg (group 1), and controls (group 2) for two open field (O-F) sessions 

O-F measures 

Group O-F nr. A R D U L G C 

1 1 4.0 (7.0) ~ 0.0 (0.3) ~ 0.0 (0.0) 0.0 (4.3) 59.5 (64.2)" 0.0 (0.0)" 13.5 (5.2) 

(Ag-THC, 5 mg/kg) 2 13.5 (6.6)a 1.0 (2.9)a 1.0 (0.8) ~ 0.0 (4.3) 7.4 (8.3) b 0.0 (0.0) 4.5 (2.5) 

2 1 43.0 (8.3) 13.5 (5.8) 0.0 (0.3) 0.0 (4.3) 8.6 (7.7) 1.0 (1.1) 0.0 (0.0) 

(Vehicle, i ml/kg) 2 24.0 (14.1) 5.5 (2.2) 0.0 (0.3) 0.0 (0.0) 1.0 (0.5) 0.0 (0.3) 0.0 (0.0) 

p < 0.001; b p < 0.01; ~ p < 0.025; a p < 0.05 (group 1 significantly different from group 2; Mann-Whitney U-test, one-tailed). The 
interval between the two O-F testings was 18 days. The behavioral categories are defined in the text. 

were i n d i v i d u a l l y  housed  a n d  m a i n t a i n e d  ad  l i b i t u m  on 
food a n d  water .  The  an ima l s  were r a n d o m l y  d iv ided  in to  
3 g roups  w i t h  6 r a t s  in  each. G r o u p  1 was  g iven  a n  i.p. 
i n j ec t ion  (1 ml /kg)  of A"-THC (5 mg/kg) ,  suspended  in 
sal ine p lus  Tween-80 (1%) a n d  p ropy lene  glycol, 30 m i n  
p r io r  to  t he  f i rs t  open-f ie ld  (O-F)  test .  Group  2 rece ived  
t h e  vehic le  (1 ml /kg)  a n d  was  t h e n  sub j ec t ed  to  t h e  same  
t e s t  as group 1. Group  3 was  inc luded  to  f ind  o u t  if ou r  
c o n v e n t i o n a l  p rocedure  3 for  e s t ab l i sh ing  response  con t ro l  
would  yie ld  d i f fe ren t  resu l t s  t h a n  those  o b t a i n e d  for  
groups  1 a n d  2. Th i s  g roup  the re fo re  was  sub j ec t ed  to  
d i s c r i m i n a t i v e  t r a n i n i n g  on ly  (see below).  

The  O - F  was an  ac ry l a t e  box  (60 • 60 • 26 cm) w i t h  a n  
open  top,  w h i t e  wails  a n d  a b r o w n  floor, d iv ided  i n to  
16 squares  (15 • 15 cm) a n d  i a d d i t i o n a l  squa re  (15 • 15 cm) 
was m a r k e d  in  t h e  cen t re  of t h e  field. T he  O - F  was  
i l l u m i n a t e d  b y  a f ros ted  60 W bulb ,  pos i t ioned  150 cm 
above  t h e  cen t re  of t h e  field. One  r a t  a t  t h e  t i m e  was 
p laced  in t h e  cen t re  squa re  a n d  was  a l lowed to  explore  
t h e  f ield for  4 min .  Records  were k e p t  of t h e  fol lowing 
measures  : a m b u l a t i o n  (A) : t h e  n u m b e r  of squares  crossed 
w i t h  al l  4 fee t ;  r ea r ing  (R) : t h e  n u m b e r  of t i m e s  t he  r a t  
s tood  on  i ts  h i n d  fee t ;  de feca t ion  (D): t h e  n u m b e r  of 
fecal  bol t  depos i t ed ;  u r i n a t i o n  (U):  t h e  n u m b e r  of t i m e s  
t h e  an ima l s  u r i n a t e d  in t h e  O - F  b o x ;  l a t e n c y  (L) : t i m e  in 
sec to  leave  t h e  s t a r t  squa re  u p o n  p l a c e m e n t  in  t h e  O - F ;  
g rooming  (G): t h e  n u m b e r  of c lean ing  bouts ,  i nc lud ing  
wash ing  of t he  face a n d  t r i m m i n g  of t he  fur ;  c i r c l i ng  (C): 
t h e  n u m b e r  of t i m e s  t h e  a n i m a l  t u r n e d  a r o u n d  i ts  ve r t i ca l  
axis,  1 p o i n t  g iven  for  each  comple te  360 degree t u rn .  

Af t e r  t h e  f i r s t  O - F  test ,  g roup  1 rece ived  da i ly  oral  
a d m i n i s t r a t i o n s  of Ag-THC, 5 m g / k g  for 18 days.  Group  2 
rece ived  t h e  vehic le  only. H e r e a f t e r  these  2 g roups  were 
aga in  O - F  tes ted ,  t h e  p rocedure  be ing  t h e  same as descr ib-  
ed  above .  

The  an ima l s  were t h e n  sub j ec t ed  to  d i s c r i m i na t i ve  
t r a i n i n g  in a T - shaped  w a t e r  maze,  a n d  in  t h i s  s tage  group  
3 was  inc luded .  The  drug,  Ag-THC, 5 mg/kg ,  c o n s t i t u t e d  
t h e  f i r s t  s t a t e  for ha l f  t h e  n u m b e r  of Ss  in  each  g roup  a n d  
t h e  o the r s  rece ived  t h e  vehicle .  T he  inj ec t ions  were g iven  
30 ra in  p r io r  to  t h e  sessions. T he  imposed  s ta tes ,  d rugged  
a n d  non-drugged ,  w h i c h  were changed  f rom day  to  day,  
were t h e  on ly  cues f rom w h i c h  a r m  escape f rom t h e  w a t e r  
was  possible.  The  Ss  were  t r a i n e d  10 t r i a l s  pe r  d a y  for  
5 days  a week. A response  was r ecorded  w h e n  t he  a n i m a l  
h a d  lef t  t he  choice area,  t h e  15 cm ~ j u n c t i o n  of t h e  3 arms,  
w i t h  i t s  whole  b o d y  exc lud ing  t h e  tai l .  A se l f -correct ing 
p rocedure  was used. T he  w a t e r  in  t he  maze  h a d  a t e m p e r -  
a t u r e  of 20 ~ 

Results  and discussion. F r o m  T a b l e  I i t  can  be  seen t h a t  
all  b e h a v i o r a l  categories,  excep t  u r ina t ion ,  d i f f e ren t i a t ed  
group  1 a n d  2 in  t h e  O - F  test .  A compar i son  b e t w e e n t h e  

g roups  Shows t h a t  A9-THC depressed  a m b u l a t i o n ,  
rear ing ,  a n d  washing .  M u c h  longer  la tenc ies  were found  
in  t h e  d rugged  ra ts .  Defecat ion,  a p r e s u m e d  i n d e x  of 
emot iona l i t y ,  was  on ly  seen in d rugged  Ss  a t  t h e  second 
O - F  tes t .  Th i s  is in  l ine  w i t h  p rev ious  f indings4,  5, a n d  
in f ac t  t h e  fo rmer  r e sea rch  group  ~ ha s  sugges ted  t h a t  t h e  
s t ressful  c o m p o n e n t  of T H C  is n o t  e v i d e n t  u n t i l  t o l e rance  
is disclosed. Circl ing was  on ly  seen in g roup  1. Th i s  was  
also r e p o r t e d  b y  SJ6Dt~N et  al. 5. 

A Wi lcox in  s ign t e s t  6 d id  n o t  r evea l  s ign i f ican t  changes  
(p > 0.05) for  t h e  two  O - F  sessions. Never the less ,  a n  
in spec t ion  of t h e  resu l t s  f rom t h e  second O - F  t e s t  
suggests  t h a t  t he  d rugged  Ss  a m b u l a t e d  more,  showed  
more  r ea r i ng  a n d  less c i rc l ing t h a n  a t  t h e  f i rs t  O - F  tes t .  
The  l a t e n c y  scores were s ign i f i can t ly  r educed  ( p  < 0.05, 
t - test) .  

The  m e a n  n u m b e r  of cor rec t  f i r s t - t r i a l  responses  d u r i n g  
t h e  12 d i s c r i m i n a t i v e  t r a i n i n g  sessions are s h o w n  in T a b l e  I I .  
The  d e v e l o p m e n t  of d i f fe ren t ia l  r e s p o n d i n g  was f a s t e r  for  
group 2 t h a n  for  g roup  1 (t = 5 . 1 3 ;  d / ~  10; p <  0.001). 
The  2 n o n - t o l e r a n t  g roups  (2 a n d  3) d id  n o t  differ  s t a t i s -  
t i ca l ly  (p > 0.05). These  resu l t s  are  cons i s t en t  w i t h  t h e  
h y p o t h e s i s  t h a t  to l e rance  to  T H C  would  r e n d e r  t he  Ss 
less sens i t ive  to  t he  cue ing  effects  of t h e  drug.  I f  ou r  con-  
c lus ion  is correct ,  i t  seems t h a t  t he  cue ing  effects  of T H C  
should  a p p e a r  in  a dose- re la ted  m a n n e r ,  a n d  r e c e n t  
work  in  our  l a b o r a t o r y  conf i rms  such  a n o t i o n  w h e n  
e m p l o y i n g  T H C  doses of 5 m g / k g  a n d  less. F u r t h e r m o r e ,  
T H C  doses, lower t h a n  t h e  one  used  for  e s t ab l i sh ing  
d i f fe ren t ia l  responding ,  y ie ld  a p rogress ive  decl ine  in t h e  
n u m b e r  of d rug  responsesL  These  d a t a  a d d  a d d i t i o n a l  
s u p p o r t  to  our  conclusion.  

Table II. Mean number and ~: SD of correct first-trial responses 
during 12 discriminative training sessions in a T-shaped water 
maze for 3 groups of rats 

Group 1 2 3 
(n = 6) 6.70 ~ 1.05 �9 8.70 ~ 1.05 8.30 -4- 1.05 

p < 0.001 (group 1 differs significantly from group 2; t-test). 

3 B.G. HENRIKSSON and T. JARBE, Psychon. Sci. 27, 25 (1972). 
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(McGraw-Hill, New-York, Toronto, London 1956) p. 75. 
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P a r e n t h e t i c a l l y  i t  seems t h a t  t h e  p r e s e n t  m e t h o d  could 
become  a su i t ab l e  too l  for  s t u d y i n g  to l e rance  d e v e l o p m e n t ,  
s ince  i t  is n o t  open  to  c r i t i c i sm b a s e d  o n  s t a t e - d e p e n d e n c y  
w h i c h  m a n y  o the r  p rocedure s  are s, ~. 

Rdsumd. La  to ldrance  de l ' e f fe t  du  1-Ag-tdt rahydro - 
c a n n a b i n o l  (Ag-THC) a 6t6 e x a m i n e e  p a r  une  m d t h o d e  
nouvel le .  Les  r d s u l t a t s  o b t e n u s  p e r m e t t e n t  u n e  in te r -  
p r d t a t i o n  de  toI6rance  p h a r m a c o l o g i q u e  p o u r  A~-TI-IC. 
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Reduced Fertility in Male Mice Following Treatment with Niridazole 

Nir idazole  is tox ic  to  t h e  gonads  of sch i s tosomes ;  low 
doses i n h i b i t  spe rma togenes i s  a n d  h ighe r  doses induce  
t e s t i cu l a r  necrosis  1. Revers ib le  i n h i b i t i o n  of s p e r m a t o -  
genesis  ha s  also b e e n  i n d u c e d  in r a t s  a n d  mice  fol lowing 
ora l  a d m i n i s t r a t i o n  of n i r idazole  ~. More  recent ly ,  n i r id-  
azole was  s h o w n  to  induce  t e m p o r a r y  s t e r i l i t y  in  ma le  
mice,  b u t  no p r e i m p l a n t a t i o n  losses or  ea r ly  fe ta l  d e a t h s  
in  t h e  d o m i n a n t  l e t h a l  assay  8. W e  r e p o r t  here  q u a n t i t a t i v e  
d a t a  on  fe r t i l i za t ion  a n d  ear ly  e m b r y o n i c  d e v e l o p m e n t  in  
mice  fol lowing p a t e r n a l  t r e a t m e n t  w i t h  n i r idazole  and  
s u b s e q u e n t  m a t i n g  over  t h e  d u r a t i o n  of t he  spe rma togen i c  Week Group 
cycle, 

R a n d o m - b r e d  I C R - H a  Swiss ma le  mice,  8-10 weeks old, 
were  g iven  a s ingle i.p. i n j ec t ion  of 700 m g / k g  (LD25) of 
n i r idazole  1- (5-n i t ro-2- th iazo ly l ) -2- imidazol id inone  (Am- 1 Test A 
bilhar |  Ciba  Pha rmaceu t i ca l s ) ,  ill f ine  s u s p e n s i o n  in B 
0.1 m l  of t r i c a p r y l i n ;  con t ro l s  were  c o n c u r r e n t l y  i n j ec t ed  C 
w i t h  so lven t  alone.  E a c h  t e s t  a n d  con t ro l  ma le  was t h e n  Control A 
i n d i v i d u a l l y  caged for  1 week  w i t h  3 u n t r e a t e d  v i rg in  B 
8-10-week-old  females.  Fem a l e s  were rep laced  weekly  a n d  C 
consecu t ive ly  w i t h  f resh  an i m a l s  for a t o t a l  of 8 weeks.  2 Test A 
2 r ep l i ca te  t e s t s  were  pe r fo rmed  w i t h  groups  of 21 a n d  B 
33 ma le s ;  g roups  of 10 a n d  20 males ,  r espec t ive ly ,  C 
se rved  as c o n c u r r e n t  controls .  Fem a l e s  were  e x a m i n e d  Control A 
da i ly  for vag ina l  p lugs  a n d  ova  f rom al l  females  w i t h  B 
vag ina l  p lugs  were  h a r v e s t e d  a t  a p p r o x i m a t e l y  10, 30, C 
60, a n d  80 h 2 pos t -ovu l a t i on .  O v a  were  s ta ined ,  e x a m i n e d  
b y  p h a s e - c o n t r a s t  microscopy,  a n d  e v a l u a t e d  as descr ibed  3 Test A 
p rev ious ly  4, 5. B 

C 
T h e  two  rep l i ca te  t e s t  groups  y ie lded  a t o t a l  of 582 

m a t e d  females  ou t  of 1,296 exposed  (45%), as d e t e r m i n e d  Control A 
b y  t h e  p resence  of vag i na l  pIugs;  cor responding ly ,  324 B 

C 
females  m a t e d  o u t  of 720 exposed  (45%) in t h e  controls .  
Thus ,  t h e r e  was  no  di f ference in t h e  f r equency  of m a t i n g  4 Test A 
b e t w e e n  t h e  t e s t  a n d  con t ro l  males .  T h e  t o t a l  Ova B 
h a r v e s t e d  were 5,449 f rom 582 females  (mean  9.36) i n  C 
t h e  t e s t  g roup  and  3,310 f rom 324 females  (mean  10.22) Control A 
in  t he  controls .  Th i s  d i s c r epancy  was  a t t r i b u t e d  to  t h e  B 
d i f f icu l ty  of d e t e c t i n g  unfer t i l i zed  ova  as t h e  e m b r y o n i c  C 
d e v e l o p m e n t  progresses,  a n d  was  p a r t i c u l a r l y  no t i ceab le  
in  t h e  3rd a n d  4 t h  m a t i n g  week  w h e n  in fe r t i l i t y  was  h i g h  
(Table).  The  fol lowing d a t a  are  b a s e d  on  all  ova  h a r v e s t e d  
f rom all  females.  

I n d i v i d u a l  ova  : The  inc idence  of unfer t i l i zed  ova  in t he  
t e s t  g roup  was h ighes t  in  t h e  t h i r d  a n d  f o u r t h  week  a f t e r  
n i r idazole  t r e a t m e n t  of t he  ma les ;  f e ~ i l i t y  r e t u r n e d  to  
con t ro l  levels  b y  week  7 (Figure  1A}. A t  10 h pos t -ovu la -  
t ion ,  t h e  overa l l  p e r c e n t a g e  of unfe r t i l i zed  ova  in con t ro l s  
was  21% ; con t r a s t ing ly ,  t h e  m e a n  inc idence  of unfer t i l i zed  
ova  in  t e s t  g roups  in weeks 3 a n d  4 was 88% a n d  100%, 
respect ive ly .  

I n  t he  fer t i l ized ova  no di f ferences  were de t ec t ed  b e t w e e n  
r a t e s  of c leavage  a n d  no  m a l f o r m a t i o n s  in zygotes  

h a r v e s t e d  for t e s t  a n d  con t ro l  groups .  A t  10 h pos t -  
ovula t ion ,  p ronuc le i  were p r e sen t  in  67% and  64% of t h e  
ova  in t e s t  a n d  con t ro l  groups,  r e spec t ive ly ;  the  inc idence  
of p o l y s p e r m y  was less t h a n  1% in  b o t h  groups.  B y  3 0 h  

Incidence of females wi th  vag ina l  plugs and  n u m b e r  of ova  ha rves ted  
subsequent  to m a t i n g  wi th  n i r idazole- t rea ted  ma le  mice 

Time pos t -ovula t ion  (h) 

10 30 60 82 Tota l  

ii 13 15 5 44 
112 126 152 58 448 
10,2 9.7 i0.I 11.6 I0.i 

II 6 9 6 32 
103 64 84 62 313 

9.4 10.7 9.3 10.3 9.7 

4 18 12 20 54 
44 179 133 203 559 
11.0 9.9 11.1 10.2 10.3 

4 11 9 16 40 
38 134 102 151 425 

9.5 12.2 11.3 9.4 10.5 

15 20 17 21 73 
141 191 129 177 638 

9.4 9.6 7.6 8.4 8.7 

11 10 12 12 45 
118 117 132 126 493 

10.7 11.7 11.0 10.5 10.9 

19 40 13 24 96 
208 385 116 234 943 

11.0 9.6 9.0 9.8 9.9 

14 18 10 7 49 
154 191 87 77 509 

11.0 10.6 8.7 11.0 10.4 

A, No. of females wi th  vag ina l  p lugs ;  B, No. of ova  ha rves t ed ;  C, 
Average ova per female. 
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