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Table III. Aniline hydroxylase, Na-K-Mg-dependent ATPase and Mg-dependent ATPase activities in liver 
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Group Additives Aniline hydroxylase Na- K-Mg-ATPase Mg-ATPase 

Diet Water 3 months 7 months 3 inonths 7 months 
(nmoles p-aminophenoI/min/mg nmoles Pi/min/rng protein 
protein) 

3 months 7 months 
nmoles Pi/min/mg 
protein) 

I none nolle 1.16=[-0.06 ~ 1.48 :J= 0.21 ~ 140=~ 7 ~ 155~_ 5 ~ 401~=34 ~ 328:~:47 ~ 
II none ABS 1.42 :~c 0.12 ~ 1.22=[=0.14 ~ 122~=21 ~b 130~c 7 ~ 424=t=32 ~ 329:]= 56 ~ 
III PCBs none 3.94~=0.38 b 4.19~0.46 b 78~: 8 b 76J: 6~ 387=t=31 ~ 342~=35 ~ 
IV PCBs ABS 6.72 ~ 0.57 o 6.90 i 0.66 o 45 :~ 12 b~ 44=[=10 o 343 ~ 29 ~ 3992=85 ~ 

Values are represent Mean ~ SEM of 4 rats. Different letter superscripts (a, b, c) denote significant difference (P < 0.05) in each ~ enzyme. 

Discussion. Repor t s  have  conf i rmed t h a t  PCBs increa- 
sed l iver cholesterol  levels ~, x0 as well as microsomal  drug 
metabo l iz ing  enzyme  a c t i v i t y n ,  ~2. YAP et al. la have  re- 
por t ed  t h a t  PC]3s inhib i t s  N a - K - M g - d e p e n d e n t  ATPase  
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ac t iv i ty  in fish. The p resen t  s t u d y  no t  only conf i rmed 
these results  bu t  clarified t h a t  the  effect  of PCBs on 
enzymes  or cholesterol  levels in the  l iver increased when  
PCBs and ABS were s imul taneous ly  adminis tered .  

Fu r t h e r  inves t iga t ion  is expec ted  to clarify the  prob-  
abi l i ty  t h a t  ABS po ten t i a tes  an increase in the  tox ic i ty  
of PCBs. 

Zusammen[assung. Nachweis ,  dass  in PCB verg i f te ten  
Lebern  yon R a t t e n  die Quantit~it des Cholesterins und 
die Ak t iv i tg t  des An i l i n -Hydroxy la se -Enzyms  zunahm,  
wghrend  sich die Na-K-Mg-abhgngige  ATPase  vermin-  
derte.  Gleichzeitige Verabre ichung  yon ABS bewi rk te  eine 
s ignif ikante  Ste igerung der  PCB-Vergif tung.  
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Carcinostatic Activity of a Thiazolidinonylidene-Hydrazonothiazolidinone Derivative 
Against DMBA-Induced Mammary Carcinomata in Female Sprague-Dawley Rats 

The cy tos ta t i c  agents  cur ren t ly  in clinical use were orig- 
inal ly selected on account  of the i r  inh ib i to ry  ac t iv i ty  
agains t  t r an sp l an t ab l e  t umours  and leukaemias.  W i t h  a 
view to f inding new agents  wi th  d i f ferent  chemothera -  
peut ic  proper t ies ,  we began to employ  tes ts  based p r imar i ly  
on chemical ly  induced  carc inomata .  One such me th o d  
which  p roved  sa t i s fac tory  in this  respec t  was the  tech-  
nique of inducing m a m m a r y  ca rc inomata  in female 
Sprague-Dawley  ra ts  by  admin i s t e r ing  DMBA (7,12- 
d imethyl -benz[a]  anthracene) ,  originally in t roduced  by  
HUGGINS 1 for s tudies  of hormona l  dependence  and  sensi- 
t iv i ty .  In  the  p resen t  studies,  some der iva t ives  of a newly  
syn thes ized  series of 2-~(4-oxo-2-thiazolidinylidene)hy- 
drazono]-4- th iazol id inones  were tes ted  b y  th is  me thod .  
A m o n g  these,  GP 48989, 5-methyl-3-(2-methylal lyl ) -2-  

(3- methyl-4-oxo-2- th iazol id inyl idene)hydrazono~-4- th ia-  
zolidinone, showed very  p romis ing  carc inos ta t ic  ac t iv i ty  
and has been subjec ted  to ex tens ive  invest igat ions .  

O - , ~ _ _ N j C H a  

/ "~O 
GP 48989 / /~Ct-I 2 

CHe- -C~cH a 

GP  48 989 was p repa red  by  reac t ing  1-acetyl -4-methyi-  
3- th iosemicarbazide  wi th  chloracet ic  acid, to  form 3-me- 
thyl-2,  4- th iazol id inedione-2-(2-acetylhydrazone) .  Treat -  
m e n t  of the  deace ty la ted  hydrazone  in te rn led ia te  wi th  2- 
methyla l ly l  i so th iocyana te  then  yielded 3-methyl-2,  4-thia- 
zolidinedione-2- ~4- (2-nlethylallyl)- 3-thiosemicarbazone~, 
which,  af ter  being reac ted  wi th  2-bromo-propionic  acid, 
gave GP 48 989, a whi te  crys ta l ine  subs tance  wi th  an m.p.  
of 155-156 ~ 

The carc inos ta t ic  ac t iv i ty  of GP  48 989 was assessed in 
the  following way. The admin i s t r a t ion  of a single oral 
dose of 15 mg DMBA in i ml  sesanle oil by  s tomach  tube  
to 50-days-old female Sprague-Dawley  ra ts  induced  
m a m m a r y  tumours  in 90% of the  animals.  Histologically,  
85% of the  t umours  were carc inomata ,  mos t ly  adenocar-  
c inomata .  The g rowth  of t he  t u mo u r s  was e s t ima ted  a t  
in tervals  by  compar ing  t h e m  wi th  plast ic  balls of graded 
sizes. Between the  7th and the  20th week af ter  the  
admin i s t r a t i on  of DMBA, ra ts  w i th  1-2 tumours  of 
8-12 m m  in d iamete r  were a l lo t ted  a t  r a n d o m  to several  
groups of a t  least  7 animals  each. 

Various doses of GP 48 989 were admin i s t e red  by  
s tomach  tube  on 5 days  a week for 3, 6 or 12 weeks. In  

1 CH. }{UGGINS, L. C. GRAND a n d  ~'. P. BRILLANTES, Na tu r e ,  Lond .  
189, 204 (1961). 
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Table I. The effect of various doses of GP 48989 on regression of DMBA-induced mammary tumours in rats 

EXPERIENTIA 29/7 

Dose (mg/kg p.o.) Number of animals 

T ~ C ~ 

Number of tmnours Tumour regression (%) 

initial final b complete 

T C T C T C 

partial 

T 

New tumours 

T C 

15 • 400 10 10 

15 • 200 l l  15 

15 • 100 13 13 

15 • 50 14 14 

30 • 50 7 6 

15 • 25 9 10 

30 X 25 10 10 

60 • 25 7 9 

15 X 12.5 10 10 

30 • 12.5 9 10 

60 X 12.5 9 9 

15 • 6.25 10 10 

30 • 6.25 10 10 

60 • 6.25 9 9 

10 12 7 29 40 0 

12 19 14 23 17 0 

16 14 6 26 62 6 

16 16 17 44 13 0 

8 6 6 18 50 0 

13 13 15 22 8 0 

15 13 4 22 80 0 

7 10 10 40 86 0 

10 11 21 33 0 0 

9 i1 7 35 56 0 

10 10 14 40 50 0 

10 11 26 33 0 0 

10 11 24 35 10 0 

9 10 16 40 22 0 

20 0 1 17 

33 16 4 4 

31 0 0 13 

44 0 3 28 

25 0 2 12 

39 23 3 9 

13 23 1 9 

0 10 9 30 

20 0 ii 22 

33 0 3 24 

40 10 9 30 

30 0 16 22 

10 0 15 24 

11 10 9 30 

"Treated/controls; b 10 days after treatment. 

c o m p a r i s o n  w i t h  t h e  inc idence  in u n t r e a t e d  con t ro l s  3, t h e  
g r e a t e s t  r e d u c t i o n  in t h e  n u m b e r  of t u m o u r s  v is ib le  
u p o n  gross  i n s p e c t i o n  w a s  n o t e d  in  t h e  a n i m a l s  t r e a t e d  
w i t h  30 or  6 0 •  m g / k g ,  in  w h i c h  80 or  86% of t h e  
t u m o u r s  h a d  c o m p l e t e l y  r eg res sed  (Table  I) .  T h e  ad-  
m i n i s t r a t i o n  of 15 c o n s e c u t i v e  doses  of 100 m g / k g  re- 
su l t ed  in a decrease  of 62%,  a n d  a 50% or g r e a t e r  
r eg re s s ion  w a s  also o b s e r v e d  a f t e r  doses  of 12.5 m g / k g  
( •  o r  •  a n d  50 m g / k g  ( •  I n t e r e s t i n g l y  
enough ,  doses  in excess  of 100 m g / k g  were  less ef fec t ive  
a n d  doses  lower  t h a n  12,5 m g / k g  s e e m e d  to  be  b e l o w  
t h e  a c t i v i t y  t h r e s h o l d .  

As  is s h o w n  in T a b l e  I I ,  in a ser ies  of 6 t e s t s  ca r r i ed  
o u t  on  53 a n i m a l s  w i t h  a l t o g e t h e r  57 t u m o u r s ,  t r e a t m e n t  
w i t h  100 m g / k g  p.o.  ( •  r e su l t ed  in t h e  c o m p l e t e  
r eg res s ion  of 32 t u m o u r s  (56%) a n d  p a r t i a l  r eg res s ion  
of 18 (31%) ;  13% of t h e  t u m o u r s  r e m a i n e d  r e s i s t a n t .  
T h e  d e v e l o p m e n t  of n e w  t u m o u r s  d u r i n g  t h e  t r e a t m e n t  
pe r iod  w a s  a l m o s t  en t i r e ly  p r e v e n t e d .  

T h e  d u r a t i o n  of t h e  r e m i s s i o n  of r eg res sed  m a m m a r y  
t u r n o u t s  fo l lowing  t r e a t m e n t  w i t h  15 c o n s e c u t i v e  doses  
of 100 m g / k g  va r i ed  f r o m  2 to  16 weeks .  30% of t h e  tu -  

m o u r s  t h a t  h a d  d i s a p p e a r e d  a f t e r  t r e a t m e n t  h a d  stil l  
n o t  r e a p p e a r e d  19 weeks  a f t e r  t h e  w i t h d r a w a l  of  t h e  
d rug .  T h e  m a j o r i t y  of r e c u r r e n t  t u m o u r s  r e s p o n d e d  to  a 
second  course  of t r e a t m e n t .  

I n  a n o t h e r  g r o u p  of  48 ra t s ,  t r e a t m e n t  w i t h  100 m g / k g  
p.o.  da i ly  w a s  s t a r t e d  6 weeks  a f t e r  t h e  a d m i n i s t r a t i o n  
of D M B A  a n d  c o n t i n u e d  for  6 w e e k s  (5 doses  p e r  week) .  
I n  c o m p a r i s o n  w i t h  t h e  f i nd ings  m a d e  in 48 u n t r e a t e d  
con t ro l s ,  t h e  a p p e a r a n c e  of t u m o u r s  w a s  a l m o s t  comple -  
t e ly  s u p p r e s s e d  d u r i n g  t r e a t m e n t .  A f t e r  t r e a t m e n t  w a s  
s t o p p e d ,  t h e  d e v e l o p m e n t  of  t u m o u r s  w a s  no  longer  
i n h i b i t e d  (F igure  1). 

T h e  g r o w t h  of  W a l k e r  C a S a  256 w a s  i n h i b i t e d  b y  
t r e a t m e n t  w i t h  G P  48 989 in ora l  doses  of 50 m g / k g  
da i ly  for  4 c o n s e c u t i v e  days ,  a n d  t h e  c o m p o u n d  also 
s h o w e d  s o m e  a c t i v i t y  a g a i n s t  t h e  E h r l i c h  asc i tes  car-  
c inoma .  I t s  effect  on  a ser ies  of t r a n s p l a n t a b l e  t u m o u r s  

2 No placebo-treated control group was included in these experi- 
ments, since the vehicle used for the suspension of GP 48 989 had 
previously been shown to be indifferent. 

Table II. Regression of DMBA-induced mammary carcinomata and inhibition of the appearance of new turnouts under treatment with GP 
48989 

GP 48989 Untreated controls 
(100 mg/kg/die) ~ 

Number of rats 
Total number of tulnours at start of experiment 
Total number of tumours at end of experiment 
Total number of tumours showing regression 
a) complete 
b) partial 
Number of tumours showing no regression 
New tumours during experiment b 

53 58 
57 60 
27 120 
50 2 
32 0 
18 2 

7 58 
2 60 

15 oral administrations. ~ Included in the total number of tumours at end of experiment. 
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or l eukaemias  in mice  a n d  rats ,  however ,  was  r a t h e r  
l imi ted .  D M B A - i n d u c e d  skin  c a r c i n o m a t a  in mice  
regressed in response  to  t r e a t m e n t  w i t h  250 m g / k g  p.o. 
da i ly  for 10 days.  

R a t s  w i t h  D M B A - i n d u c e d  t u m o u r s  t o l e r a t e d  t he  
c o m p o u n d  well. F r o m  t h e  second week  of t r e a t m e n t  
onwards ,  s l igh t  weight loss  c o n c u r r e n t  w i t h  reduced  food 
c o n s u m p t i o n  was noted .  F o u r  a n d  7 days,  respect ively ,  

100 

~ ~30xl00mg/kg po-- "  

ntrol 
, ~ _  , ,.,..o4 . . . .  GP48989 

13 r'" , " , ~ - - ~ - - r - ' ~ ' - ' ~ "  . . . . . .  
-0 1 2 3 4 5 6 7 8 9 10 11 12weeks 

Fig. 1. Inhibition of the appearance of DMBA-induced mammary 
tumours in rats treated with GP 48 989. 

a f te r  t r e a t m e n t  was  w i th -d r awn ,  food i n t a k e  a n d  weight -  
ga in  r eve r t ed  to normal .  A p a r t  f rom a r educ t i on  in t he  
size of t he  u terus ,  no  a b n o r m a l i t i e s  were obse rved  upon  
macroscopic  e x a m i n a t i o n  of t he  t r e a t e d  rats .  Microscopi-  
cally, increased  lymphopo ies i s  was  n o t e d  in t he  spleen. 
There  were no changes  in t he  wh i t e  b lood  cell counts .  

The  m e d i a n  l e tha l  oral  and  s u b c u t a n e o u s  doses (LDs0) 
of G P  48 989 in r a t s  a n d  mice  were g rea t e r  t h a n  5000 
mg/kg.  I n  v iew of i ts  p romis ing  ca rc inos ta t i c  ac t iv i ty ,  
G P  48 989 appea r s  to  mer i t  t h o r o u g h  cl inical  inves t iga-  
t ion.  

Zusammenfassung. 5-Methyl-3-  (2-methyla l ly l ) -  2- [(3- 
m e t h y l - 4 - o x o - 2 - t h i a z o l i d i n y l i d e n ) - h y d r a z o n o ] - 4 - t h i a z o l i -  
d i n o n  erwies s ich be t  gu te r  t h e r a p e u t i s c h e r  Bre i t e  als 
s t a r k  k a r z i n o s t a t i s c h  w i r k s a m  bet  D M B A - i n d u z i e r t e n  
M a m m a - K a r z i n o m e n  weib l icher  Sp rague -Dawley  R a t t e n .  
E i n e  ger ingere  c h e m o t h e r a p e u t i s c h e  W i r k u n g  f a n d  sich 
s u c h  be t  W a l k e r  CaSa  256, D M B A - i n d u z i e r t e n  H a n t -  
k a r z i n o m e n  u n d  Eh r l i ch  Asci tes  Ka rz inom.  
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1 February 1973. 

C a n n a b i d i o l  a n d  C a n n a b i n o l  in  M a n  

E v i d e n c e  is r ap id l y  a c c u m u l a t i n g  t h a t  t he  m a j o r  
source of pha rmaco log i ca l  a c t i v i t y  of c a n n a b i s  is due  to  
A - 9 - t e t r a h y d r o c a n n a b i n o l  (THC) or i t s  m e t a b o l i t e s  1-3. 
A l t h o u g h  t he  A-8-THC isomer,  n o r m a l l y  a m i n o r  com- 
p o n e n t  of cannab i s ,  is also act ive ,  i ts  effects  in  m a n  are 
q u a l i t a t i v e l y  iden t ica l  to  those  of t h e  A-9-THC a n d  only  
t w o - t h i r d s  as p o t e n t  4. 2 o the r  m a j o r  c a n n a b i s  cons t i t -  
uents ,  c annab id io l  (CBD) a n d  c a n n a b i n o l  (CBN), h a v e  
been  cons idered  to be  i nac t i ve  on  t he  basis  of a n i m a l  
s tudies .  (Figure 1) B o t h  these  cannab ino ids ,  as well  as 
c a n n a b i c h r o m e n e ,  c an nab i ge r o l  a n d  cannab icyc lo l  were 

3•C@ 
H3 

CH 

CH2// OH ~ - ~ , J  ~-- C5H11(n) 

CANNABIDIOL , o , ~ ,  
b, " rF~- --.,~" # OH 

CH 3 C H 3 .~ "  "" "[~J~7 
I i ~  CH3/~'C" O ' ' ' ~  CsH11(n) 

U lJ ~H TETRAHYDROCANNABINOL 
" ' - . / / "  Two Isomers 

OH Y ~ ' ~ ' ~  Dependmg on Position 
3.~.,[ L IL . . . .  of Double Bond 

CANNABINOL 

Fig. 1. S t ruc tu ra l  reiat iorlships be tween 3 ma jo r  cannabinoids .  The 
biosynthetic pathway is presumed to be from cannabidiol to tetra- 
hydroeannabinol to cannabinol. 

found  to  be i nac t i ve  in monkeys ,  a n d  d id  no t  a l t e r  t h e  
response  of these  an ima l s  to  doses of A-9-THC g iven  
c o n c u r r e n t l y  5. CBN in  doses up  to  180 m g / k g  h a d  no 
effect  on  key  peck ing  of p igeons  t r a i n e d  in a n  o p e r a n t  
schedule  s. As t he  poss ib i l i ty  a lways  exis ts  t h a t  c o m p o u n d s  
m a y  be  m e t a b o l i z e d  d i f f e ren t ly  in  m a n  t h a n  in  o t h e r  
species, a n d  t h a t  some found  to  be  i nac t i ve  in t he  l a t t e r  
m a y  be  ac t ive  in  man ,  b o t h  CBD a n d  CBN were t e s t ed  in 
v o l u n t e e r  subjects .  

Methods and materials. The  v o l u n t e e r  subj  ects  were men,  
m o s t l y  in  t he  3rd and  4 th  decades  of life. All  h a d  some  
pr io r  exper ience  w i t h  m a r i h u a n a ,  a n d  some w i t h  o the r  
pu re  cannab ino ids ,  b u t  none  were more  t h a n  casua l  
social users of the  drug.  CBN a n d  CBD were a d m i n i s t e r e d  
ora l ly  b y  l ay ing  a n  e t h a n o l i c  so lu t ion  of t h e  d rugs  on  
chocola te  cookies a n d  t h e n  e v a p o r a t i n g  t h e  so lven t  u n d e r  
n i t rogen .  Th i s  t e c h n i q u e  h a s  been  successful ly  emp loyed  
in a d m i n i s t e r i n g  oral  doses of THC.  6 sub jec t s  received 
oral  doses of CBN r a n g i n g  f rom 20 to 400 mg. 5 sub jec t s  
rece ived  ora l  doses of CBD, r a n g i n g  f rom 20 to  100 rag. 
CBD was g iven  i.v. as well, t h e  e thano l i c  so lu t ion  be ing  
in jec ted  in to  a r ap id ly  f lowing s t r e a m  of saline.  4 sub jec t s  
received i.v. doses of CBD r a n g i n g  f rom 5 to  30 rag. Th i s  
t e c h n i q u e  has  al lowed i.v. i n j ec t ion  of pha rmaco log i ca l l y  
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