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sively, in average  0.9 Hz/h .  The  lowest  f requency  we 
could find was 11 Hz  on 1 an imal  af ter  21 h regis t ra-  
t ion. The  ampl i tude  (unipolar lead) was found no t  to 
exceed 100 [zV, usual ly  being be tween  30 and 50 ~zV. 

The cort ical  E E G  of these animals  revea led  a r h y t h m i c  
ac t iv i ty  (Figure 1) f rom the  beginning of registrat ion.  
No t  only was the  f requency of this r y h t h m  ident ical  wi th  
the  above-ment ioned  cerebellar  one, bu t  the  coherency 
was also h ighly  signif icant  (Figure 2). The  cort ical  r h y t h m  
was mos t  obvious at  the  precentra l  area because of its h igh 
ampl i tude  (up to 120 [xV) and the  less s t r iking the ta  
r h y t h m  in this  lead. 

In  3 exper iments ,  mid-bra in  t ranssect ion was per-  
formed. In  all 3 cases, a pa t t e rn  of E E G  at  rest  resul ted 
instead of the  previous  cor t ical  r hy thmic  ac t iv i ty .  I n  
one of these exper iments ,  we were able to record regular  
cerebellar  ac t iv i ty  fol lowing the  t ranssect ion.  

A pre l iminary  eva lua t ion  of cort ical  phase relat ionship 
revealed a phase shif t  only  in the  anter ior-poster ior  
direct ion wi th  the  r h y t h m  being in phase a t  electrodes 
placed symmetr ica l ly  a t  bo th  hemispheres.  The  phase 
re la t ion be tween  cerebel lar  r h y t h m  and any  reference 
po in t  (in Figure  2 the  precent ra l  lead) depends on the  
dep th  of the  cerebel lar  electrode, thus  indicat ing phase 
differences wi th in  the  cerebellum. 

Transition stage. On 3 animals  we were able to s tudy  
the  deve lopment  of cort ical  and cerebel lar  r hy thmic  
ac t iv i ty .  In  a typ ica l  exper iment ,  a rabb i t  was in jec ted  
wi th  101 LDs0 t e t anus  toxin  i.v. Surgical  procedures were 
s ta r t ed  18 h later,  in the  presence of symptoms  of re- 
luc tance  to move  and stiffness of gait.  At  the  beginning 
of registrat ion,  only  an inconspicuous cerebel lar  r h y t h m  
of 35 Hz  was present.  I t  became more regular  as the  experi-  
m e n t  proceeded.  The  cort ical  E E G  was character ized a t  
the  beginning by  slow waves  and precent ra l  spindles. I n  
the  course of a few h, the  pic ture  changed to cort ical  
desynchronizat ion,  concomi tan t  w i th  cont inuous  h ippo-  

campa l  t he t a  rhy thm,  and 10 h la ter  the  above  described 
r h y t h m  was established. 

Local tetanus. Cortical  or cerebellar  r hy thmic  ac t iv i ty  
could no t  be seen in e i ther  b ra ins tem te tanus  or in local 
t e tanus  of the  limbs. 

Discussion. Cerebellar  r hy thmic  ac t iv i ty  is no t  specific 
for t e t anus  in toxicat ion.  I t  occurs under  the  influence of 
' ba rb i tu ra t e  like agents  '5 and s t rychnine  s-8 and m a y  be 
induced by  arousal  s t imula t ion  v, s. F r o m  the  la t te r  condi-  
t ion, i t  can be clear ly  dis t inguished by  its regular i ty  and 
the  occurence of lower frequencies. As not iced a t  the  
t rans i t ion  stage, we never  saw a sudden change f rom less 
regular  to the  h ighly  rhy thmic  cerebel lar  ac t iv i ty .  We  
m a y  therefore  assume t h a t  the  cerebel lar  r h y t h m  of 
t e tanus  in toxica t ion  developes gradually.  Our experi-  
men ta l  se tup does no t  pe rmi t  any  conclusion as to cause 
and origin of the  cerebellar rhy thm.  Te tanus  tox in  m a y  be 
similar  in this  respect  to s t rychnine,  which is said to  
induce i t  by  influence on spinal cord and bra ins tem 6-s, 
a l though we were unable  to find the  cerebel lar  r h y t h m  in 
animals  wi th  bra ins tem te tanus.  

On the  o ther  hand,  the  rhy thmic  ac t iv i ty  of cort ical  
areas seems to be significant.  The  toxin,  as clearly de- 
mons t ra ted  by  our  mid-bra in  transsections,  does no t  ac t  
d i rec t ly  on cor t ical  s t ructures  9. 
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Summary. The  isoquinolines,  salsolinol and 3-carboxysalsolinol,  prolong e thanol - induced narcosis in mice. P re t rea t -  
m e n t  wi th  carb idopa  increases the  effect of 3-carboxysalsolinol  bu t  no t  of salsolinol. These results  suggest  t h a t  e thanol  
s leeping-t ime po ten t i a t ion  by  L-DOPA m a y  involve  a .pa r t i a l  convers ion to the  isoquinoline in v ivo.  A centra l  de- 
pressant  act ion of salsolinol or  t he  3-carboxy analogue is suggested.  

Many  studies have  indicated t h a t  neuroamines ,  or  
the i r  metabol i tes ,  m a y  par t ic ipa te  in the  narcot ic  act ion 
of ethanol .  Several  sleeping t ime  studies, in which ad-  
minis t ra t ions  of e thanol  were preceded by  inject ions of 
dopamine  and 5-hydroxyt ryp tamine~,  8 and thei r  pre- 
cursors, L-DOPA and 5 -hydroxy t ryp tophan  4, have  
shown t h a t  these substances s ignif icant ly  prolong the  
depressant  act ion of the  alcohol. A t t en t ion  has focused, 
however ,  on the  abe r ran t  reduct ive  p a t h w a y  metabol i tes ,  
t he  a ry le thanol  products ,  d ihydroxypheny le thano l  
(DOPET)  f rom dopamine  and  t ryp topho l  and 5-hydroxy-  
t r yp topho l  f rom 5-hydroxytryptamine3,~ .  These me ta -  
boli tes are also able to produce prolongat ion  of e thanol-  
induced narcosis;  ye t  the  results  indicate  t h a t  the  
neuroamines  are more po t en t  po ten t ia tors  t h a n  e i ther  the  
precursor~ or  the  reduced metabol i tes ,  

Other  unusual  metabol i tes  m a y  occur under  the  experi-  
men ta l  condi t ions  employed.  Aceta ldehyde,  the  pr ime 
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metabo l i t e  of e thanol ,  is known  to  condense  readi ly  b o t h  
in vi t ro  and in vivo 6-8 wi th  m a n y  pheny le thy lamines ,  such 
as the  neural  ca techolamines ,  to  yield s imple isoquinolines 
re la ted  to  the  alkaloid salsoline% The ease of f6 rmat ion  
of the  cyclized condensa tes  suggested t h a t  der ived iso- 
quinolines m a y  pa r t i c ipa te  in the  observed  po ten t i a t i on  
of t he  soporific act ion of e thanol  in mice when  dopamine  
or L-DOPA are co-adminis te red  a,4. To pursue  th is  
possibi l i ty  e thanol  narcosis  s tudies  were conduc ted  in 
combina t ion  wi th  salsolinol, t he  condensa te  from dopa-  
mine and  ace ta ldehyde ,  and 3-carboxysalsolinol,  the  
condensa te  L-DOPA and  ace ta ldehyde .  The s t ruc tura l  
relat ions of these  compounds  are represen ted  in Figure 1. 

Male, Swiss-Webster  albino mice, ranging in weigh t  
f rom 24 to  32 g were used and the  s tudies  were conduc ted  
a t  room t e m p e r a t u r e  ~~ The sleeping t ime  protocol  
developed by  KAKIHANAll was employed.  Fol lowing the  
drug  adminis t ra t ions ,  which  were always given dur ing  
the  late morning,  the  t ime  at  which  each mouse  lost  the  
r ight ing  reflex was recorded.  The endpo in t  of the  dura t ion  
of sleep was considered to  occur when  the  sub jec t  had  
r igh ted  himself  twice wi th in  30 sec. This  me thod  for the  
de t e rmina t i on  of the  endpo in t  was  chosen to  insure that 
i n t e r m i t t e n t  leg jerks made  dur ing  sleep did no t  resul t  in 

a r igh t ing  which  was  ac tua l ly -an  ar t i fact .  An a r b i t r a r y  
value of 150 min was  assigned if the  mouse  was still  asleep 
a t  t he  end of t h a t  per iod of t ime.  

B o t h  salsolinol and  3-carboxysalsoi inol  as well as t he  
e thanol  were p repa red  in saline. The isoquinolines were 
admin is te red  immed ia t e ly  before t he  t ime of the  e thanol  
adminis t ra t ions .  The e thano l  used in these  s tudies  was 
del ivered as a 25% (v/v) solution,  a dose of 4 g/kg (87 m M /  
kg) being given ~, a, 10. Unless  o therwise  s ta ted ,  the  mode  
of admin i s t r a t i on  for all drugs  was by  the  i.p. route.  For  
the  dura t ion  of s leeping t ime  the  mean  and s t a n d a r d  
error  of t he  m e a n  were  de te rmined ,  and  t h e  level of 
significance was de t e rmined  by  S t u d e n t ' s  t-test .  The iso- 
quinol ines  used in these  s tudies  were p repared  in our 
labora tory .  Salsolinol was made  by  a m e t h o d  based on 
the  procedure  of BUCK 1~,13, whereas  the  ca rboxy la t ed  
anMogue was syn thes i sed  by  the  m e t h o d  of BRossI  e t  al. ~4. 

The various d rug  t r e a t m e n t s  involved the  in ject ion of 
e i t h e r  salsolinol or 3-carboxysalsolinol,  alone, or i n  
combina t ion  wi th  e thanol .  In  order  to  ob ta in  a reference 
sleeping t ime,  e thanol  was admin i s t e red  wi th  saline 
(5 til/g b o d y  weight) .  The isoquinoline solut ions were 
also del ivered in th is  volume in t h e  con jo in t  t r e a t m e n t s .  
In  subsequen t  exper iments ,  e thanol  narcosis  t es t s  were 
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Fig. 1. Structural representations and relations of dopamine and 
L-DOPA and their tetrahydroisoquinoline derivatives. 
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Fig. 2. Potentiation of ethanol-induced narcosis in mice by salsolinol 
~nd 3-carboxysalsolinol., Standard errors of means are represented by 
vertical brackets. At least 10 mice were used in each experiment. An 
asterisk (*) indicates values signifieaatly different from the ethanol 
control (p < 0.05). �9 salsolinol (920 [zM/kg) 1 �9 3-earboxysalsolinol 
(60 [xM/kg); [] ethano! (87 mM/kg) + saline, �9 ethanol + .sal- 
solinol (60, 460, 920 g.M/kg, from left to right; respectively); A, 
ethan01 + 3-carboxysalsolinol (7,5, 15, 30, 60 IzM/kg, from'left to 
right, respectively). 
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Fig. 3. Potentiation of ethanol-induced narcosis in mice by salsolinol 
and 3-carboxysalsolinol with and without carbidopa pretreatment. 
Representation,!.of standard errors of means and the number of 
subjects used are the same as mentioned in Figure 2. An asterisk (*) 
indlcates a value significantly different from its non-pretreated 
dontrol (p < 0.05). X earbidopa (120 tiM/kg); �9 salsolinol (60 tiM/ 
kg); �9 3-earboxysalsolin01 (7.5 [zM/kg); [] ethanol (87 mM/kg) + 
saline; methanol + satsolinol (60 tiM/kg); A ethanol + 3-earboxy- 
salsolinol (7.5 tiM/kg).. 
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repeated with a pretreatment  of carbidopa (120 ~M/kg), 
a peripheral L-amino-acid deearboxylase inhibitorl~,~% 
administered orally as a suspension in 5% gum acacia, 
60 mln before the other drug treatments.  

The onset of sleep did not vary significantly among the 
different experiments, but  differences were observed in 
the duration of sleeping time. The effects of various 
isoquinoline t reatments  on ethanol-induced narcosis are 
illustrated in Figure 2. Neither salsolinol (60 ~M/kg, 460 
~M/kg, 920 ~zM/kg) nor 3-carboxysalsolinol (7.5 vM/kg, 
15 vM/kg, 30 ~M/kg, 60 tzM/kg) produced any appreciable 
narcosis when administered alone. Ethanol led to loss of 
the righting reflex for approximately 1 h (64.3 :k 3.7 min). 
When applied in the lowest dose (60 tzM/kg) the combina- 
tion of sMsolinol with ethanol produced no prolongation, 
but at the higher doses (460 g.M/kg and 920 ~zM/kg) 
sleeping times were significantly prolonged (p < 0.01 and 
p < 0.005, respectively). The 3-carboxy analogue (60 ~xM/ 
kg) significantly protracted the ethanol-induced narcosis 
(p < 0.001). Significant potentiation (p < 0.025) was 
also observed with two lower doses (30 tzM/kg and 15 izM/ 
kg) but  not  with the lowest dose (7.5 ~M/kg). 

The results demonstrate clearly that  3-carboxysalsoli- 
nol is a much more potent  potentiator than salsolinol. 
Because a 30 or a 15 ~.M/kg dose of 3-carboxysalsolinol 
produces the same order of potentiation as a 460 7M/kg 
dose of salsolinol, there appears to be at least a 15-fold 
difference in potency. 

The reason for the much higher potency of the 3- 
carboxysalsolinol is not definitely known at the present 
time, but  an hypothesis can be offered. I t  is possible tha t  
the amino-acid compound, the 3-carboxy analogue, gains 
access to the central nervous system (CNS) more readily 
than the non-carboxylated compound, salsolinol - a 
relation similar to tha t  of L-DOPA and dopamine~L 
Interaction with ethanol could then occur. 

I n  reviewing the data  presented above, it would seem 
that  peripheral formation of salsolinol as a prime mecha- 
nism for. the potentiation of ethanol sleeping t ime by 
dopamine, observed by ourselves ~s and other investi- 
gators 3, is unlikely in view of the relatively high doses of 
salsolinol required. I t  is noteworthy, however, that  
salsolinoI (460 ~M/kg) may still be a more effective poten- 

t iator than either DOPET (5.'2 mM/kg) or tryptoph61 
(1.5 mM/kg), the reduced metabolites 3,5. 

The finding tha t  ethanol sleeping time is potentiate d 
by L-DOPA 4,18 may be the result of peripheral formation 
of 3-carboxysalsolinol. The high order of potency of the 
carboxylated compound suggests that  the condensation 
of L-DOPA with acetaldehyde to form 3-carboxysalsolinol 
may be of importance in potentiating ethanol narcosis 
when L-DOPA is co-administered. 

L-DOPA is known to undergo extensive metabolism 
in vivo, a factor tha t  has led to the combined use of L- 
DOPA and peripheral decarboxylase inhibitors in the 
t reatment  of Parkinsonian patients 1% To investigate the 
possibility that  3-carboxysalsolinol might also be decar- 
boxylated peripherally, further studies which incorporated 
pretreatment  with carbidopa were done. As indicated in 
Figure 3, carbidopa (120 ~M/kg), 3-carboxysalsolinol 
(7.5 [zM/kg) and salsolinol (60 ~zM/kg) did not cause any 
loss of righting reflex. In addition, none of these three 
compounds, in the doses used, enhanced the ethanol- 
induced narcosis (Figures 2 and 3). The 3-carboxy ana- 
logue, however, greatly prolonged (/9 < 0.001) ethanol 
sleeping time following the carbidopa suppression of 
peripheral decarboxylase, whereas the result with sal= 
solinol was unchanged. This suggests that  peripheral 
decarboxylation of 3-carboxysalsolinol may occur and 
tha t  enzyme inhibition permits more of the compound to 
be available for penetration into the CNS. Upon reaching 
a central location its action of enhancing the ethanol- 
induced narcosis may be due to a depressant effect of the 
3-carboxy analogue itself or of salsolinol which may be 
produced by decarboxylation in the CNS. 

15 C. C. PORTER, L. S. WATSON, D. C. TITUS, J. A. TOTARO and 
S. S. BYER, Biochem. Pharmac. 11, 1067 (1962). 

16 S. VICKERS, •. K. STUART, J. R, BIANCHINE, H. B. HUCKER, 
M. E. JAFFE, R. ]~. RHODES and W; J. A. VANDENHEUVEL, Drug 
Metab. Dispos. 2, 9 (1974). 

1T A. PLETSC~ER and K. F. GEY, Experientia 78, 512 (1962). 
18 A. MARSHALL and M. HlaST, Proe. Canad. Fedn. biol. Soc. 18, 29 

(1975). 
19 G. C. COTZIAS, P. S. PAPAVASILIOU and R. GELENE, New Engl. J. 

Med. 280, 337 (1969). 

Antitumor Activity of the Isodon Diterpenoids: Structural Requirements for the Activity 

E.  FUJITA, Y.  NAGAO, M. NODE, K .  KANEKO, S. IX~AKAZAWA 1 a n d  H .  KURODA 1 

Institute/or Chemical Research, Kyoto University, U]i, Kyoto,Fu, 671 (Japan)," and Department o/Microbiology, Kyoto 
College o/Pharmacy, Kyoto, 607 (Japan), 22 July 7975. 

Summary. A significant anti tumor act ivi ty of oridonin (1) and lasiokaurin (2), the kaurene-type diterpenoids of  
Isodon species, was shown by their i.pl injection to the test mice inoculated by Ehrlich ascites carcinoma, t~nmein (8), 
compounds 9 and 3 were also active under larger dose. Subsequently, the relationship between their chemical structure 
and anti tumor act ivi ty  was investigated, and the act ivi ty of oridonin (1) and lasiokaurin (2) was rationalized in terms 
of their structural feature. 

Isodon ]aponicus Hara and I. trichocarpus Kudo 
(Labiatae) have been used as a home remedy in Japan. 
Previously, i t  was reported tha t  a crude crystalline 
substance obtained from these plants showed an anti- 
tumor act ivi ty 2. 

Recently, many kaurene and B-seco-kaurene type 
diterpenoids were isolated from these and other Isodon 
plants, and their structures were clarified 8. Most of these 
diterpenoids contain an e-methylene cyclopentanone 

system in their molecule. We expected tha t  this conjugate d 
System would contribute to the activity, if the diter- 
penoids are active. Then, the anti tumor activity of off- 
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