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t r i f uga t i on  a t  13,000 g for 20 min.  P r o t e i n  in  t he  super-  
n a t a n t  f r ac t ion  of t he  l iver  and  se rum was d e t e r m i n e d  
color imet r ica l ly  b y  t he  m e t h o d  of LOWRY et  al. ~~ w i t h  
c rys ta l l ine  bov ine  s e rum a l b u m i n  as a s t a n d a r d .  

Results and discussion. As shown  in F igure  1, t he  pro- 
t e in  c o n c e n t r a t i o n  of t he  se rum of r a t s  w i t h  chronic  
hepa t i c  d a m a g e  was lower t h a n  t h a t  of h e a l t h y  rats ,  a n d  
no s ign i f ican t  di f ference of t he  p ro t e in  c o n c e n t r a t i o n  in 
t he  l iver  was  seen b e t w e e n  h e a l t h y  and  hepa t i c  d a m a g e d  
rats .  B y  t he  a d m i n i s t r a t i o n  of m e t h y l c o b a l a m i n  for 7 
days,  a s l igh t  e leva t ion ,  b u t  no t  s t a t i s t i ca l ly  s ignif icant ,  
was  obse rved  in t he  p ro t e in  concen t r a t i ons  of the  l iver  
a n d  se rum b o t h  of t he  h e a l t h y  and  chronic  hepa t i c  
d a m a g e d  rats ,  as shown  in F igure  1. In  h e a l t h y  ra t s  w i t h  
pa r t i a l  h e p a t e c t o m y ,  m e t h y l c o b a l a m i n  a d m i n i s t r a t i o n  
showed no inf luence  on  t he  c o n t e n t  of p ro t e in  in t he  l iver  
and  se rum as g iven  in F igure  2. On t he  con t ra ry ,  as 
shown  in F igure  3, a f te r  the  h e p a t e c t o m y  of r a t s  w i t h  
chronic  hepa t i c  damage ,  t he  p ro t e in  concen t r a t i ons  in 
t he  l iver  and  se rum of t he  g roup  a d m i n i s t e r e d  m e t h y l -  
c o b a l a m i n  were s ign i f i can t ly  h igher  t h a n  those  of the  
con t ro l  g roup  on t he  7 th  pos tope ra t i ve  day.  T he  a d m i n -  
i s t r a t ion  of c o b a m i d e  (5 ,6 -d ime thy l -benz imidazo ly l -5 ' -  

d e o x y a d e n o s y l  cobamide)  showed,  in th i s  condi t ion ,  no  
effect  such  as seen b y  t he  m e t h y l c o b a l a m i n  admin i s -  
t r a t ion .  This  effect  of m e t h y l c o b a l a m i n  a p p a r e n t l y  seems 
to  enhance  p ro t e in  syn thes i s  in t he  process  of r egene ra t i on  
of t he  l iver  w i t h  chronic  h e p a t i c  damage ,  a n d  i t  is 
a s sumed  f rom these  resul t s  t h a t  m e t h y l c o b a l a m i n  accel- 
e ra tes  the  l iver  regenera t ion .  

Zusammen/assung. Die Z u n a h m e  der  Leber-  u n d  Serum-  
e iweissmenge bei  ch ron i sche r  L e b e r s t 6 r u n g  yon  R a t t e n  
m i t  par t ie I  ex t i rp i e r t e r  Lebe r  wi rd  n a c h  App l ika t i on  v o n  
M e t h y l c o b a l a m i n  gef6rder t .  E ine  M e t h y l c o b a l a m i n  indu-  
zier te  F 6 r d e r u n g  der  Eiwei l3synthese  in der  Lebe r  wird  
a n g e n o m m e n .  
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Strychnine Antagonistic Potency of Pyrone Compounds of the Kavaroot (Piper methysticum Forst.) 

Up to now several  a r om a t i ca l l y  s u b s t i t u t e d  d- lactones 
( formulas  see ~) h a v e  been  isola ted f rom the  roo t - s tock  of 
the  k a v a p l a n t  (Piper methysticum Forst .) ,  ind igenous  to 
m a n y  is lands  of the  Sou th  Pacific.  These  compounds ,  the  
so-called kavapyrones ,  ma in ly  ac t  in pha rmaco log ica l  
e x p e r i m e n t s  as cen t r a l  dep res san t  drugs.  In  de ta i l  we 
h a v e  found :  depress ion  of spon taneous  m o t o r  ac t iv i ty ,  
p o t e n t i a t i o n  of anaes thes ia2 ,  an t i conwf i s ive  effects 
aga ins t  e lec t roshock and  p e n t y l e n e t e t r a z o l  induced  
seizures 3, and,  in par t i cu la r ,  a cen t ra l ly  caused muscle  
r e l axa t ion  as well as a b lock ing  effect  of p o l y s y n a p t i c  
reflexes 4. On accoun t  of these  proper t ies ,  an  a n t i s t r y c h -  
n ine  ac t ion  can  be expec ted  for the  kavapy r ones .  For  one 
of t hem,  d i h y d r o m e t h y s t i c i n  (DHM), such an  effect  was 
descr ibed  earl ier  5, 6. 

Methods. In  mice, poisoned w i t h  va r ious  doses of 
s t rychn ine ,  the  fol lowing 5 ,6 - hyd r ogena t ed  pyrones ,  
k a v a i n  (K), d i h y d r o k a v a i n  (DHK),  m e t h y s t i c i n  (M), and  
aga in  d i h y d r o m e t h y s t i c i n ,  were t e s t ed  in compar i son  w i t h  
m e p h e n e s i n  and  p h e n o b a r b i t a l .  The  an t i convu l s ive  a n d  
the  a n t i l e t h a l  effect  were eva lua ted .  For  each  of these  
effects, t h e  EDs0 • s7 was ca lcu la ted  b y  the  m e t h o d  of 
MILLER a n d  TAINTER us ing  10-30 an ima l s  for each  dose. 
Male a lb ino  mice (weight  20-27 g) were po isoned  w i t h  
s t r y c h n i n e  doses f rom 2 m g / k g  ( the m i n i m u m  ce r t a in ly  
effect ive l e tha l  dose) up  to 60 mg /kg  in jec ted  s.c. Af te r  
the  in jec t ion  of s t rychn ine ,  the  an ima l s  were set  in 
s epa ra t e  cages. The  c o m p o u n d s  t e s t ed  were in jec ted  i.p., 
t he  pyrones  and  p h e n o b a r b i t a l  30 m i n  before,  m e p h e n e s i n  
on ly  1 m i n  before  s t rychn ine .  The  pyrones  were dissolved 
in p e a n u t  oil because  of low solubi l i ty  in water .  

Results. All t he  k a v a p y r o n e s  showed a m a r k e d  a n t a -  
gonis t ic  effect  upon  t he  c o n v u l s a n t  and  l e tha l  ac t ion  of 
s t rychn ine .  The  m e a n  dose of the  c o m p o u n d s  t e s t ed  
which  an t agon ize  t he  l e tha l  effect  of 2, 3 and  5 m g / k g  
s t r y c h n i n e  are s u m m a r i z e d  in the  Table.  M proved  to be  
the  m o s t  p o t e n t  c o m p o u n d  of all py rones  tes ted .  The  

EDs0 of M aga ins t  2 m g / k g  s t r y c h n i n e  a m o u n t s  to  
a p p r o x i m a t e l y  1/33 of the  LDs0 of th i s  drug,  aga ins t  5 mg /  
kg s t r y c h n i n e  to 1/7 of the  I,Da0. P r e t r e a t m e n t  of t he  
an ima l s  w i th  the  m a x i m u m  effec t ive  dose of M (300 mg/kg)  
increases  the  LI)50 of s t r y c h n i n e  5 6 t imes.  M even  pro- 
tec ts  some an ima l s  aga ins t  t he  l e tha l  effect of 10 mg /kg  
s t rychn ine ,  a dose 5 t imes  h i g h e r  t h a n  the  m i n i m u m  cer- 
t a i n l y  effect ive  l e tha l  dose of the  a lkaloid.  E x c e p t  for 
DHM, the  o the r  py rones  ac t  in t he  same  range  as M, as 
far  as t he  m a x i m u m  effect ive  doses and  t he  abso lu te  
l imi ts  of a c t i v i t y  aga ins t  s t r y c h n i n e  are concerned.  The  
p ro t ec t i ve  effect  of K and  D H K  becomes  a p p a r e n t  on ly  
w i th  h igher  doses, close to  t he  in t r ins ic  toxic  ac t i v i t y  of 
these  drugs.  D H M  acts  aga ins t  s t r y c h n i n e  po isoning  of 
2 m g / k g  in the  same  range  as M, b u t  th i s  d rug  has  t h e  
lowest  abso lu te  l imi t  of ac t iv i ty .  E x c e p t  for DHM, 2-  
5 m g / k g  of s t r y c h n i n e  are a n t a g o n i z e d  b y  p y r o n e  doses 
which  o therwise  inf luence  on ly  v e r y  l i t t le  the  b e h a v i o u r  
of t he  animals .  The  EDs0 aga in s t  these  s t r y c h n i n e  doses 
are lower t h a n  those  p roduc ing  loss of r i gh t i ng  reflex or 
paralysis .  

The  py rones  h a v e  a h igher  p r o t e c t i v e  ac t i v i t y  aga ins t  
s t r y c h n i n e  po isoning  t h a n  mephenes in ,  wh ich  ac ts  on ly  
aga ins t  2 m g / k g  s t rychn ine .  The  EDs0 a m o u n t s  to  40% 
of t he  LDa0 of t he  l a t t e r  c o m p o u n d .  Th i s  dose of mephene -  
sin o therwise  p rovokes  comple te  pa ra lys i s  of the  animals .  
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Antistrychnine potency, LDs0 , and EDs0 of loss of righting reflex in mice of pyrone compounds and mephenesin and phenobarbital 

Drug LD~o EDso Antilethal EDso against strychnine Maximal LDso of Absolute 
(~" ~ sJ  loss of ~ 4- s J  mg/kg i.p. effective doses strychnine after limit of 
mg/kg righting reflex Doses of strychnine, mg/kg s.c. against pretreatment antagonistic 
i.p. (~ 4- s~) 2 3 5 strychnine with maximal activity at 

mg/kg i.p. mg/kg i.p. effective doses mg/kg 
mg/kg s.c. �9 strychnine 

DHK 490 4- 15.2 325 ~- 18.2 122 4- 10.0 175 4- 20.9 225 4- 25.3 300 6.0 + 0.48 12 
(n ~ 80) (n - 30) (n = 40) (n = 40) (n = 30) (n 50) 

K 420 i 14.7 252 4- 10.2 76 i 6.4 98 4- 6.8 162 4- 13.4 200 6.8 4- 0.39 12 
(n = 80)  (n = 25 )  (n  = 50)  (n - 50)  (n = 30)  (n - 50) 

DHM 420 4- 20.0 225 -4- 12.7 18 i 1.6 59 4- 3.2 - 100 3.8 -t- 0,10 5 
(n  - 80)  (n = 25)  (n  = 50)  (n = 50)  (n = 30) 

M 530 i 29.9 300 :J:- 27.5 16 4- 1.2 31 4- 3.4 77 j_ 9.9 300 7.3 • 0.45 12 
(n = 60) (n = 20) (n = 50) (n - 40) (n = 40) (n = 60) 

Mephenesin 520 4- 10.3 173 4- 17.4 215 -4 29.8 - - 300 2.4 + 0.14 4 
(n  - 50)  (n - 25 )  (n - 30) 

Phenobarbital-Na 260 4- 9.8 135 • 10.1 34 4- 3.6 57 4- 2.6 83 ~_ 7.3 200 43.0 4- 4.30 60 
(n  = 50)  (n  = 25 )  (n = 30 )  (n = 40 )  (n - 40 )  (n = 50) 

LDs0 of strychnine without pretreatment ~ 1.45 i 0.05 mg/kg. 

Phenoba rb i t a l  p ro tec t s  aga ins t  ex t reme  s t rychn ine  doses, 
where  h ighes t  a m o u n t s  of pyrones  are ineffective.  Bu t  the  
m a x i m u m  effect ive dose of phenoba rb i t a l  causes com- 
plete  anaes thes ia  and  a m o u n t s  to  75-80% of the  LDs0. 
Non-anaes the t i c  or non-a tax ic  doses of phenoba rb i t a l  
p ro tec t  only aga ins t  2-3 mg/kg  s t rychnine .  

The super ior i ty  of the  kavapyrones  over  mephenes in  
is also mani fes ted  in the i r  abi l i ty  to influence the  seizure 
p a t t e r n  of s t rychnine .  In  th is  regard the  kavapyrones  
also differ clearly f rom phenobarb i ta l .  Low doses of 
pyrones  up to  150 mg/kg  M or D H M  and  200 mg/kg  K 
or D H K  comple te ly  p r even t  convuls ions  due to  s t rych-  
nine up to  4-5 mg/kg.  The animals  are to ta l ly  un impa i red  
by  the  s t rychn ine  inject ion,  if t hey  are p r e t r ea t ed  wi th  
these  py rone  doses;  in par t icu lar  t hey  have  a normal  
m o t o r  ac t iv i ty  and  take  food. Higher  doses of pyrones  
modi fy  the  convuls ions due to s t rychn ine  produc ing  a 
character is t ic  seizure synd rome  wi th  long per iods  of 
general ized v io lent  clonic convulsions in r e m a r k a b l y  brief 
in tervals  and  wi th  high f requency  (15-17 c/sec). The 
act ion of h igher  pyrone  doses agains t  s t rychn ine  is no t  
specific for the  pyrones.  Mephenes in  and  also pheno-  
ba rb i t a l  show th is  seizure syndrome  wi th  s t rychn ine  in 
t he  to ta l  dose range.  This  p h e n o m e n o n  was earlier de- 
scribed for o the r  ba rb i tu ra t e s  like n e m b u t a l  by  S. 
LOEWE 7. 

Discussion. The effect of low doses of pyrones, which 
neither block polysynaptic reflexes nor evoke a distinct 
muscle relaxation but completely antagonize strychnine 
doses up to 5 mg/kg, is remarkable insofar as there are no 
other compounds up to now which antagonize strychnine 
poisoning and do not influence at the same dose range the 
behaviour of the animals. The strychnine antagonistic 
doses of drugs such as mephenesin, meprobamate 8, 
benzazoles ~ or benzodiazepines I~ produce at the same 
time loss of postural and righting reflexes or a marked 
muscle relaxation. Mephenesin, phenobarbital and other 

ba rb i tu ra t e s  also do no t  to ta l ly  p reven t  convulsions 
due to s t rychnine .  They  cause a modif ica t ion  of the  
classical t e tan ic  s t rychn ine  convuls ions inducing vio lent  
clonic seizures. Hence  the  effect  of low doses of pyrones  
seems to be app rox ima te ly  specific. The mechan i sm of this  
ac t ion is ye t  unknown.  Poss ib ly  such doses al ter  the  rela- 
t ion  of s t rychn ine  to the  inh ib i to ry  t r a n s m i t t e r  subs tance  
at  the  pos t synap t i c  m e m b r a n e  of motoneurons .  On the  
o ther  hand,  h igh doses of pyrones  produce  like mephene-  
sin and ba rb i tu ra t e s  a s imilar  seizure syndrome  wi th  
s t rychnine .  P robab ly  the  pyrones  possess a second, non- 
specific an t i s t rychn ine  mechan i sm in doses which block 
po lysynap t i c  reflexes 11. 

Zusammen[assung. Aus dem K a w a - R h i z o m  isolierte 
P y r o n v e r b i n d u n g e n  erwiesen sich in Versuchen an 
M~iusen als s ta rk  wi rksame  Antagon i s t en  der  t6dl ichen 
S t rychninverg i f tung .  
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