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the form of two aliphatic esters. The candletoxins A and 
B represent the first aromatic derivatives of this parent 
diterpene to be isolated from natural sources. 
Candletoxin A (1) was a glassy resin, hRf 71 (Kieselgur G, 
750 am, coated with digol by developing their full length 
in 20% digol in acetone and air drying before use, solvent 
25% ethylacetate in cyclohexane). Spectral data sug- 
gested that  it was a triester of 12-deoxy-16-hydroxy- 
phorbol; I R  (solid film KBr discs) Vmax, 3420, 1730, 1630, 
1605 cm-1; CD (methanol), 335 nm (As---1.0);  274 nm 
(zle~-0.67) ; 227 nm (Ae-- +14.03); 205nm (Ae---16.70) : 
MS, an M +. ion at m/e 608.2971 (C35H4409, error -2.5%) 
and fragment ions at m/e 590 (0.2%); 548 (2.0%); 530 
(0.2%); 506 (2.5%); 499 (3.0%); 472 (5%); 446 (11%); 
430(7%); 412 0 0 % ) ;  394 (5%); 388 (5%); 370 (15%); 
357 (10%); 352 (12%); 328 (15%); 310 135~ ; 292 (10%); 
282 (5%); 241 (12%);. 223 (15%); 208 (35%); 179 (40%); 
168 (25%); 161 (15%); 121 (45%); 109 (30%); 91 (100%): 
NMR-spectrum (CC14, IOOMHz) ~ 7.51 b s 1H; b 7.23 s 5H; 

5.60d ( J - 4 . 8  Hz) 1H; d 4.38 s 2H; 6 3.90q (AB, J - 1 1  
Hz) 2H; d 3.98 s 2H; 6 3.20 m 1H; d 3.08 m 1H; 6 2.54 m 
1H; d 2.34 b s 2H; d 2.00 s 3H; d 1.77 dd (J =1.5 Hz) 3H; 

1.54 m 2H; d 1.26 s 3H; 6 1.16 d ( J - 6  Hz) 3H; 6 0.93 
complex 7H; 6 2.03 and 6 5.32 2 OH (deuterium exchange) 
ppm. The splitting of the allylic 2H signal of C(16) as a 
quartet  can be understood by the proximity of the 
aromatic ring at C(13) (figure). Acid catalyzed trans- 
esterification of candletoxin A (1) (1% HC104 in CHaOH ) 
resulted in the production of candletoxin B (2) the C-20 
hydroxy diester. 
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Candletoxin B (2) was also resinous, hRf 24 in the same 
TLC system as before. This compound exhibited the 
following spectral data:  IR  Vmax at 3420, 1730 (broad); 
1630; 1605 cm-1; C.D. (methanol), 337 nm (Ae=-0.40) ;  
269 nm (Ae---0.8);  227 nm (Ae= +21.16); 202 nm 
(Ae=-24.60) ; MS an M+. ion at m/e 566.2859 (C~3H4209, 
error -3.7~ and fragment ions at m/e 548 (4~ 530 
(2%); 475 (1.5%); 463 (3%); 457 (12%); 446 (4%}; 
430 (12%); 412 (24%); 394 (16%); 373 (4%); 355 (8%); 
346 (20%); 337 (4%); 328 (80%); 310 (84%); 292 (28%); 
241 (40%); 223 (48%); 208 (88%); 179 (80%); 168 (68%); 
161 (64%); 121 (88%); 120 (92%); 109 (84%) : 95 (64%); 
91 (100%); NMR-spectrum (CDCla 100 MHz}, d 7.55 b s 
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C r o t o p h o r b o l o n e  m o n o a c e t a t e  (5) 

1H; 6 7.24 s 5H; 6 5.59 d ( J - 5  Hz) 1H; d 3.98 s 2H; 
6 3.95 q (AB, J - 1 1  Hz) 2H; 6 3.58 s 2H; 6 3.26 m 1H; 
d 3.02 m 1H; d 2.47 b s 2H; d 2.38 m 1H; 6 1.77 dd 
( J - 1 . 6  Hz) 3H; 6 1.53 m 2H; 6 1.25 s 3H; d 1.16 d 
( J - 6  Hz) 3H; 6 0.93 complex 7H; d 5.32, ~ 2.17 and 

1.5 3 OH (deuterium exchange) ppm. The absence of 
a 3H singlet at about 6 2.00 ppm and the diamagnetic 
shift of the 2H singlet of the C-20 position from 6 3.98 
in 1 to d 3.58 in 2 suggested that  the C(20) acetyl moiety 
was absent in candletoxin B. Alkaline hydrolysis of 2 
(0.5 M KOH in CH3OH ) produced a tetrol 3 which was 
converted to a diacetate 4. (Acetic anhydride in pyridine 
(4: 1).) MS an M+. ion at m/e 566 (0.5%) and significant 
fragment ions at m/e 506 (2.5%); 426 (10%); 430 (5%); 
310 (50%). The NMR-spectrum was similar to candletoxin 
(A) with the exception that  signals due to the protons of 
e-methyl-butyrate were absent and an extra 3H singlet 
was exhibited at 6 2.01 ppm, thereby confirming the 
position of ~-methyl-butyrate as C(16) in I and 2. 
Candletoxin B (2) was synthesized from the tetrol 3 by 
reaction with ~-methyl-butyric anhydride in pyridine 
followed by acid catalyzed transesterification. Acetylation 
of 2 produced candletoxin A (1), thereby confirming that  
the phenylacetate moiety of 1 and 2 was present at C(13) 
of the tigliane nucleus. Complete hydrolysis of 1 and 2 
(saturated barium hydroxide in methanol), followed by 
acetylation of the product produced a monoacetate which 
was recrystallized from acetone (m.p. 104-5~ The 
product 5 was identified as crotophorbolone monoacetate 
from its spectral data : IR  V cHcI~ 3540 ; 3360 ; 1735 ; 1710 ; 

~- - - m a x  
1630 cm-l :  CD (CH3OH), 210 nm (Ae=-0.85) ;  230 nm 
(Ae---4.76) ; 273 nm (de--  +0.32) ; 339 nm (Ae---0.40) ; 
MS an M+. ion at m/e 388 (C22H2806, 2%); 370 (2%); 
328 (12%); 310 (17%); 292 (6%); 241 (21%); 208 (67%); 
207 (81.5%); 179 (83.5%); 137 (33%); 122 (85%); 121 
(77%); 91 (75%); 83 (100%). Base catalyzed elimination 
of the C(16) ester group with consequent formation of 
crotophorbolene confirms the nature of the parent 
diterpene as 12-deoxy-16-hydroxy-phorbolL 

Methio thep in  and a 5 - H T  pa thway  to rat subs tant ia  nigra  1 
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Summary. Methiothepin reduced both median-raphe evoked and exogenous 5-HT depression of single substantia nigra 
neurones. While this is compatible with a serotonin releasing pathway, additional interactions of methiothepin with 
exogenous dopamine suggest the need for further pharmacological confirmation. 

Recent evidence suggests the existence of a possible mono- cell activity in the SN and this effect is well correlated 
synaptic pathway from the median-raphe nucleus (MRN) with the response of the same neurones to electrophoreti- 
to the substantia nigra (SN) of the ratS, *, Electrical cally administered 5-HT 4. To establish further the iden- 
stimulation of the MRN produces mainly depression of t i ty  of 5-HT as the inhibitory neurotransmitter we have 
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made  pharmacologica l  s tudies  w i th  the  d ibenz th iep in  
neurolept ic ,  me th io thep in ,  an an t agon i s t  a t  cen t ra l  5-HT 
recep tors  5-0. 
E x p e r i m e n t s  were pe r fo rmed  in u r e thane  anaes the t i zed  
(1.4 g kg -1 i.p.) adul t  ra t s  (230-270 g ) U s i n g  s t an d a rd  
e lect rophysiological  t echn iques  to  record extracel lular  
ac t iv i ty  and  to  admin i s t e r  drugs by  electrophoresis  to 
spon taneous ly  act ive  SN neurones  3,4. Aqueous  drug 
solut ions for e lect rophoresis  were m a d e  up at  p H  3.5-4.5 
as follows: serotonin  b imale ina te ,  dopamine  hydro-  
chlor ide (DA), GABA and  acety lchol ine  chloride (ACh) 

were all 0.2 M; m e t h i o t h e p i n  was 4 mM (Hof fmann-La  
Roche  & Co.). Submax ima l  s t imula t ion  of the  M R N  was 
pe r fo rmed  as descr ibed previous ly  and the  recording 
mic ro -p ipe t t e  t ip -pos i t ion  was ident i f ied by  the  e ject ion 
of dye a, 4. 
The effects of me th io thep in  were  t e s t ed  on 40 SN neurones  
whose ac t iv i ty  was depressed dur ing  s t imula t ion  of the  
M R N  and  which responded  reproduc ib ly  to  electro- 
phore t ica l ly  admin is te red  5-HT, DA, GABA or ACh. The 
concur ren t  eject ion of m e t h i o t h e p i n  (5-75 nA, cat ionic 
current)  for 5-13 min  reduced  depress ion  (17/24 ceils) b u t  

5- 
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Fig. 1A, Histogram of a spontaneous firing SN neurone (spikes sec -1 against minutes) showing reversible reduction of 5-HT inhibition pro- 
duced by methiothepim Drugs were ejected over a period indicated by the horizontal bar. Expelling currents are indicated in nA. 
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no t  exci ta t ion  (0/8 cells) p roduced  b y  5-HT (figure 1A). 
In  addi t ion  endogenous  depress ion  evoked by  M R N  
s t imula t ion  was revers ib ly  reduced  in 22 of 40 cells (figure 
1B). There  was a close cor re la t ion  be tween  reduc t ion  of 
M R N  evoked inhib i t ion  and  reduc t ion  of 5-HT depres-  
s an t  responses  by  m e t h i o t h e p i n  (15/22 cells) on the  same 
neurones,  However ,  m e t h i o t h e p i n  also occassionally re- 
duced the  depressan t  (10/20 cells) or exc i t an t  (4/8) re- 
sponses to DA, b u t  rarely af fec ted  depress ion by  GABA 
(2/24 cells) or exc i ta t ion  b y  ACh (1/17 cells). These  inter-  
act ions  w i th  me th io thep in  were somet imes  accompanied  
by  a gradual  s lowing of spon taneous  neurona l  firing 
(22/40 ceils) bu t  no obvious changes  in spike ampl i tude .  
Most  SN neurones  (31) were found  to  be localized around 
the  zona compac ta -zona  re t icu la ta  border .  The rest  were 
in the  zona re t icula ta .  
Previous  e lec t rophore t ic  s tudies  have  shown t h a t  me- 
t h i o t h e p i n  an tagonized  5-HT b u t  no t  GABA or DA de- 
press ion of feline la teral  geniculate  neurones% The pre- 
sent  expe r imen t s  in the  r a t  SN conf i rm t h a t  methio-  

Recovery 
21min 

Fig. lB. Computer generated post stimulus time histograms (200 
sweeps; 250 msec sweep duration) showing raphe-evoked inhibition 
of a SN neurone. This was reversibly suppressed by methiothepin 
with an accompanying reduction in background firing rate. The 
position of the stimulus is indicated by the arrow above which is a 
stimulus artefact. 
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t h e p i n  m a y  depress  5 - H T - i n h i b i t o r y  b u t  n o t  e x c i t a t o r y  
responses .  The  co r re l a t ion  b e t w e e n  the  r educ t i on  of 
M R N - e v o k e d  i n h i b i t i o n  a n d  inh ib i t i on  b y  exogenous  
5-I-IT of t h e  same  SN neu rones  b y  m e t h i o t h e p i n  is com- 
pa t i b l e  w i t h  a sugges ted  M R N - S N  sero ton inerg ic  p a t h -  

w a y  4. However ,  t he  a d d i t i o n a l  i n t e r a c t i o n s  of me th io -  
t h e p i n  w i t h  DA obse rved  in th i s  a n d  o the r  s tud ies  s sug- 
gests  t h e  necess i ty  for f u r t h e r  p h a rmaco l o g i ca l  exper i -  
m e n t s  to  con f i rm  t h e  i d e n t i t y  of 5 -HT as t h e  n e u r o t r a n s -  
m i t t e r  in  t h e  M R N - S N  p a t h w a y .  

Liver changes following thiobenzamide poisoning 
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Summary. Single t h i o b e n z a m i d e  a d m i n i s t r a t i o n  to r a t s  induces  l iver  necrosis.  Chronic  po i son ing  is fol lowed b y  b i l i a ry  
cirrhosis .  Areas  of cholangiof ibros is  are st i l l  e v i d e n t  a f te r  4 m o n t h s  of recovery .  

T h i o b e n z a m i d e  (TBA) (C6Hs-CSNH2) is a n  yellow, wa te r -  
inso luble  c o m p o u n d  wide ly  used as a n  i n t e r m e d i a t e  for 
synthes is .  I t  is also endowed  w i t h  a n t i b a c t e r i a l  a c t i v i t y  
aga in s t  m y c o b a c t e r i a  1. E v e n  if t he re  is l i t t le  r eason  to  add  
a n o t h e r  c o m p o u n d  to t h e  ever - inc reas ing  l is t  of those  
s tud ied  as able  to  cause  l iver  damage ,  a toxicologica l  
s t u d y  was  u n d e r t a k e n  for  T B A  in v iew of i ts  s t r u c t u r a l  
s imi l a r i t y  w i t h  t h e  we l l -known toxic  a n d  ca rc inogen  com- 
p o u n d  t h i o a c e t a m i d e  (TAA) (CH3-CSNH2).  I n  fac t  some 

aspec ts  of t h e  m e c h a n i s m  of ac t ion  of T A A  are sti l l  
d e b a t a b l e ,  in  p a r t i c u l a r  as r ega rds  t h e  i m p o r t a n c e  of t he  
en t i r e  molecule  or of an  ac t ive  group,  the  =S-moiety be ing  
s t rong ly  suspec ted  2. 
T h e  resu l t s  r epo r t ed  here,  showing  t h a t  T B A  causes  a l iver  
d a m a g e  v e r y  s imi la r  to  t h a t  due  to t h e  TAA, ind ica t e  t h a t  
t h e  l ipid soluble  T B A  could be  a useful  tool  in  th i s  field. 
Methods. Male Sp rague -Dawley  r a t s  b r ed  in our  colo- 
n y  were used.  Acu te  i n t o x i c a t i o n  was  p e r f o r m e d  in suck-  
l ing (7 days  old) an d  a d u l t  r a t s  s t a r v e d  for 12-16 h b y  i .p.  
a d m i n i s t r a t i o n  of T B A  suspended  in  0 .1% r a t  s e rum 
a l b u m i n  a t  dose level  of 30 mg/100  g; b locks  of l iver  f rom 
2 lobes were t a k e n  a f t e r  6, 12, 24, 48 an d  120 h. 
Chronic  po i son ing  was o b t a i n e d  b y  feeding r a t s  w i t h  t he  
s tock  d ie t  c o n t a i n i n g  0 .050% T B A  for a pe r iod  of 4 
m o n t h s .  T h e  l ivers  were e x a m i n e d  a f t e r  e v e r y  m o n t h  of 
i n tox ica t ion ,  as well  as a f t e r  4 a d d i t i o n a l  m o n t h s  of n o r m a l  
diet .  The  l iver  t i s sue  was f ixed  in C a r n o y  f luid a n d  10% 
buf fe red  formal in .  F rozen  sect ions  were s t a i n ed  w i t h  oil 
r ed  for fat .  P a r a f f i n  sect ions  were s t a i n ed  w i t h  h a e m a t o x -  
y l in  a n d  eosin, P A S  m e t h o d  w i t h  a n d  w i t h o u t  d ias tase  
for g lycogen an d  V a n  Gieson m e t h o d  for  c o n n e c t i v e  t issue.  
Con t ro l  r a t s  (normal  a n d  T A A  t r e a t e d  a t  equ imolecu la r  
amoun t s )  were used,  w i t h  resu l t s  iden t i ca l  to  those  re- 
p o r t e d  b y  G u p t a  s, 4. 
Results and discussion. Only  t h e  r e l e v a n t  changes  obse rved  
in t h e  l iver  will  be  r epo r t ed  a n d  br ie f ly  discussed.  Acu te  
po i son ing :  6 h a f t e r  t h e  T B A  dose, c e n t r o l o b u l a r  h ep a to -  
cy tes  showed  loss of cy top la smic  basoph i l i a  a n d  glycogen 
a n d  the  med i o l o b u l a r  ones  were fi l led w i t h  smal l  f a t  
drople ts .  T h e  lobu la r  d i s t r i b u t i o n  of l iver  d a m a g e  was 
p a r t i c u l a r l y  e v i d e n t  a f t e r  24 h, w h e n  a c e n t r a l  necrosis  
i n v o l v e d  a b o u t  one ha l f  of t h e  lobule  (figure, a), w i t h  a 
s h a r p  b o u n d a r y  b e t w e e n  t h e  d a m a g e d  h e p a t o c y t e s  and  
t h e  per i fe ra l  ones  wh ich  r e t a i n e d  t h e i r  n o r m a l  glycogen 
con t en t ,  b u t  h a d  s l ig th ly  en la rged  nuclei.  T h e  f ind ing  
could  be  due  to t h e  inc ip i en t  r e g e n e r a t i o n  wh ich  was 
e v i d e n t  as a m i t o t i c  b u r s t  a f t e r  48 h, w h e n  t h e  necro t ic  
p a r t s  were filled w i t h  m o n o n u c l e a r  i n f l a m m a t o r y  ceils. 
5 days  la ter ,  t h e  l iver  p i c tu re  was i nd i s t i ngu i shab le  f rom 
t h a t  of con t ro l  an imals .  

a Centrolobular necrosis, b Area of cholangiofibrosis; hepatocytes 
on the left upper corner show prominent nucleoli. 

1 K. Waisser, M. Celadlfik, J. Sova and K. Palat, ~slkA Farm. 2d, 
423 (1975). 

2 J .A .  Castro, N. D'Acosta, E. C. de Ferreyra, C. R. de Castro, 
M. I. Diaz Gomez and O. H. de Fenos, Toxic. appl. Pharmac. 
30, 79 (1974). 

3 D.N. Gupta, J. Path. Bact. 72, 183 (1956). 
4 D.N. Gupta, J. Path. Bact. 72, 415 (1956). 


