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beg in  to show G G T P  synthes is .  This  e n z y m e  f l uc t u a t i o n  
in t he  p o s t n a t a l  period,  and  a f t e r  d e v i a t i o n  of p o r t a l  
b lood supply,  can  be  u n d e r s t o o d  if one considers  t he  f ine 
c i r cu la to ry  s i t u a t i o n  in t he  hepa t i c  lobulus.  There  is a 
zonal  r e l a t i onsh ip  b e t w e e n  ceils c o n s t i t u t i n g  t he  lobulus  
a n d  t h e i r  b lood  supply.  The  h e p a t o c y t e s  s i t u a t e d  close 
to t he  ax ia l  t e r m i n a l  b r a n c h e s  (vena  p o r t a e  a n d  a r t e r i a  
h e p a t i c a  propr ia)  are t he  f i rs t  to  be  suppl ied  w i t h  f resh 
blood, r i ch  in oxygen  a n d  nu t r i en t s .  T h e y  fo rm t h e  mos t  
ac t ive  a n d  r e s i s t a n t  core of the  lobulus :  t h e y  are  t h e  las t  
to  die and  the  f i rs t  to  regenerateT.  I n  our  case, t h e y  are 
t he  las t  to  s top  and  t he  f i r s t  to  s t a r t  to  re - syn thes ize  
GGTP.  The  more  d i s t a n t  t he  cells are f rom t h e  s i te  where  
t he  t e r m i n a l  po r t a l  a n d  a r t e r i a l  b r a n c h e s  e m p t y  in to  
s inusoids,  t he  poore r  is t he  q u a l i t y  of b lood t h a t  b a t h e s  
t h e m .  

Af te r  t h e  p o r t a c a v a l  shun t ,  all b lood o r ig ina t i ng  f rom 
the  in tes t ines ,  sp leen a n d  panc rea s  (insulin,  glucagon) 
s topped  f lowing t h r o u g h  t he  liver.  The  b lood  is t h e n  
p rov ided  b y  t he  a r t e r i a  h e p a t i c a  p rop r i a  coming  f rom t h e  
aor ta .  

W h e t h e r  i t  is t he  change  in s u b s t r a t e  or oxygen  supply,  
or b o t h  ,which  is respons ib le  for t he  h i g h  e n z y m e  a c t i v i t y  
a r iz ing  in s h u n t e d  ra ts ,  requi res  f u r t h e r  s tudies .  

Zusammen/assung.  Mit  Hilfe der  h i s t o c h e m i s c h e n  
Me t h o d e  k o n n t e  nachgewiesen  werden,  dass  die Leber -  
zellen n a c h  der  p o r t o c a v a l e n  S h u n t - O p e r a t i o n  die 
Fh~higkeit der  G G T P - S y n t h e s e  wiederer langen .  Die 
E n z y m a b n a h m e  in de r  p o s t n a t a l e n  Per iode  u n d  ihre  
Z u n a h m e  n a c h  der  p o r t o c a v a l e n  A n a s t o m o s e  s t i m m t  
sowohl  zei t l ich als aueh  mengenm~tssig im h i s t o ch emi s chen  
P r ~ p a r a t  ra i l  den  b i o c h e m i s c h e n  E rg eb n i s s en  i iberein.  
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H a s  R i c i n  a n  E n z y m e  I n d u c t i v e  E f f e c t ?  

Ric in  is a c o m p o n e n t  of t h e  c o m m o n  cas to r  oil seed 
(Ricinus communis, Euphorb i aceae )  a n d  is one of t h e  
r e p r e s e n t a t i v e s  of t he  socalled p h y t o t o x i n s .  The  p h y t o -  
t ox ins  are ve ry  toxic  p ro t e inaceous  c o m p o u n d s  of p l a n t  
or ig in  w i t h  a molecu la r  we igh t  of some 10,000. T h e y  p l ay  
i m p o r t a n t  phys io logica l  roles in p lan ts ,  a n d  t h e y  resemble  
t he  t r ue  bac te r i a l  t ox ins  in m a n y  respects ,  especial ly  t h e  
d i p h t e r i a  a n d  t e t a n u s  toxin .  

Accord ing  to HATJSCHILD1, r ic in  is one of the  5 m o s t  
tox ic  ma te r i a l s  k n o w n :  t e t a n u s  toxin ,  b o t u l i n u s  toxin ,  
d i p h t e r i a  toxin ,  g ramic id in ,  ricin. FUHRMAN 2 considers  
t h a t  r ic in  is t he  mos t  tox ic  s u b s t a n c e  of p l a n t  origin.  

The  signs and  s y m p t o m s  of r ic in  i n t o x i c a t i o n  v a r y  v e r y  
much ,  accord ing  to  t he  size of t h e  dose. More t h a n  6% of 
t he  cases are  f a t a l  (SOLLNANN3). R e c e n t l y  BALINT 4 has  
p u b l i s h e d  an  e x h a u s t i v e  rev iew on ricin.  I t  was  r epo r t ed  
t h a t  in  la te  (subacute)  r ic in  i n t o x i c a t i o n  t he  s m o o t h  endo-  
p la smic  r e t i cu lum of l iver  cells h y p e r t r o p h i e s  an d  t h e  
m i t o c h o n d r i a  are s h r u n k  (BALINT 5, 6). 

REMMER 7 showed t h a t  in t h e  case of art e n z y m e  induc-  
t ion,  caused  b y  d i f fe rent  drugs,  t h e  h e x o b a r b i t a l  s leeping- 
t i m e  is r educed  in rats ,  due to  t h e  i n d u c t i o n  of t h e  d rug  
m e t a b o l i z i n g  e n z y m e  sys t em in t h e  l iver.  

I n  th i s  c o m m u n i c a t i o n  our  p r e l i m i n a r y  resu l t s  are 
r epo r t ed  wh ich  raise  the  poss ib i l i ty  t h a t  r ic in  also could 
h a v e  a n  e n z y m e  i n d u c t i v e  effect  in  t h e  l iver.  
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Comparative electron micrograph 
of a section of rat liver treated with 
2 • 10 [xg/kg ricin, taken 1 week 
after first ricin administration. 
Glutaraldehyde fixation, araldite 
embedding. Uranyl-aeetate-lead- 
citrate contrasting. Left side: 
Controi animal. M, mitoehondria; 
SER, smooth endoplasmic reti- 
culum; GER, granulated endo- 
plasmic reticulum. Right side: 
treated animal. 1V[, mitoehondria; 
SER, smooth endoplasmic reti- 
culum; GER, granulated endo- 
plasmie reticulum; A and B, 
2 neighbouring cells; Be, bile 
eanaliculus ;* unidentified material, 
due to riein (BALINTh,6). 
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Materials and Methods. Female  W i s t a r  rats ,  weighing  
200-250 g, were p r e t r e a t e d  w i t h  2 • 10 ~g/kg ricin,  i.p. 
R ic in  was p r epa red  b y  us (BALINT 5) w i t h  the  he lp  of 
KOBXRT'S m e t h o d  a n d  i t  h a d  a t r ue  r e semblance  to a 
Merck ' s  p r epa ra t i on ,  wh ich  was s t a t e d  also to h a v e  been  
p roduced  accord ing  to KOBERT'S m e t h o d  (E. M E R C K  
Ltd. ,  D a r m s t a d t ,  W.  Ge rmany ,  Charge  No. ; Br-23-1776- 
W. 42721-722721). The  p r e p a r a t i o n  was an  u n f r a c t i o n a t e d  
r ic in  w i t h  h i g h  e n o u g h  pu r i t y .  I t s  LDs0 va lue  on  r a t s  was  
38,15 :k 0,412 [zg/kg, i.p. (BALINTS). 

B e t w e e n  t he  2 r i c in  doses, 4 days  elapsed,  a n d  t he  ex- 
p e r i m e n t  was  car r ied  ou t  on  t he  3rd d a y  a f t e r  the  second 
r ic in  dose. The  an ima l s  be long ing  to t he  2 con t ro l  groups  
rece ived  t r e a t m e n t  as follows: Cont ro l  g roup  No. 1 was 
t r e a t e d  w i t h  2 • 0.25 ml  sterile,  pyrogen- f ree  n o r m a l  sa l ine  
solut ion,  i.p., whi le  t he  con t ro l  group No. 2 received 
2 • 80 m g / k g  p h e n o b a r b i t a l  (sodium-sal t )  i.p. B o t h  
con t ro l  groups  rece ived  t he  t r e a t m e n t  a t  t he  same t i m e  
when  r ic in  was admin i s t e red .  E a c h  of the  groups  c o n t a i n e d  
15 animals .  

After t h e  a b o v e - m e n t i o n e d  p r e t r e a t m e n t ,  t he  an ima l s  
were na rco t i zed  i.p. w i t h  100 m g / k g  h e x o b a r b i t a l  
( ' E v i p a n - N a t r i u m ' ,  Bayer ,  W. Ge rmany)  and  t he  sleeping- 
t i m e  was measured .  As ' s l eep ing- t ime '  was cons idered  t he  
t i m e  i n t e rva l  wh ich  e lapsed f rom t he  in jec t ion  of hexo-  
b a r b i t a l  t i l l  t h e  an i m a l s  t o l e r a t ed  ly ing  on t h e i r  back .  

Dur ing  the  exper imen t s ,  e lec t ron  microscopic  inves t i -  
ga t ions  were car r ied  ou t  also, on a n o t h e r  group of an ima l s  
which  rece ived  t he  same t r e a t m e n t .  The  resul t s  of these  
expe r imen t s  are r epo r t ed  elsewhere (BALINT 6) b u t  to  
show the  h y p e r t r o p h y  of t he  s m o o t h  endop lasmic  re t icu-  
lum (Figure 1). The  increase  in t he  dens i ty  of t he  whole  
t r e a t e d  cell is one of t he  mos t  no t i ceab le  features .  

Results. The  e x p e r i m e n t a l  resul t s  were ana lyzed  
s ta t i s t i ca l ly  w i t h  the he lp  of S t u d e n t ' s  t-test a n d  are  
l i s ted  in t he  Table .  

Discussion. The  results ,  l i s ted  above,  give f u r t h e r  
suggest ions  t h a t  r ic in  m i g h t  h a v e  a n  i n d u c t i v e  effect  on 
t he  d rug  m e t a b o l i z i n g  e n z y m e  s y s t e m  in t he  liver.  This  
e x p e r i m e n t a l  resu l t  appea r s  un ique  in t he  l i t e ra tu re ,  as 
no m a t e r i a l  of p l a n t  or igin is k n o w n  to h a v e  th i s  effect, 
and  no  m a t e r i a l  w i t h  so h igh  molecula r  we igh t  (about  
66.000-70.000) as r ic in  is k n o w n  to h a v e  a s imi lar  effect. 
F u r t h e r  i nves t iga t ions  are necessa ry  on th i s  ques t ion  s . 

Zusammen/assung. Vorve r suche  m i t  Rizin,  dem toxi -  
schen  P r o t e i n  yon R i z i n u s s a m e n  (Ricinus communis) 
e rgaben  e inen  Verk i i rzungsef fek t  der  H e x o b a r b i t a l -  
Schlafzei t  bei  R a t t e n ,  was Iiir e inen  i n d u k t i v e n  Ef fek t  
auf  das  d rogenabhXngige  me tabo l i s che  E n z y m s y s t e m  der  
Leber  spr icht .  

G.A.  BALINT 9 

The effect of riein on the hexobarbital sleeping-time on rats 

Treatment Sleeping-time (min) P 
Mean values 4- S.D. 

Physiology Department, Medical School, 
Makerere University, P.O. Box 7072, 
Kampala (Uganda), 76 April 197d. 

Control (normal saline) 102 • 12 
Control (phenobarbital) 57 • 15 < 0.05 
Ricin 68 + 16 0.05 
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Isolat ion of T h r o m b i n - E  and the  Evolut ion  of E n z y m e  Act ivi ty  f r o m  P r o t h r o m b i n  1 

As a p re requ i s i t e  for t he  c lo t t ing  of blood, t h r o m b i n  
m u s t  f i rs t  be  der ived  f rom p r o t h r o m b i n .  The  p ro teo ly t i c  
a n d  esteroly~cic func t ions  of th i s  e n z y m e  are dissociable  
proper t ies ,  and  d u r i n g  t he  a c t i v a t i o n  of p r o t h r o m b i n ,  
es terase  a c t i v i t y  appea r s  first .  This  is fol lowed b y  t he  
emergence  of p ro t eo ly t i c  a c t i v i t y  or t he  capac i ty  to  induce  
t he  coagu la t ion  of f ibr inogen.  This  l a t t e r  p r o p e r t y  t h e n  
d i sappear s  l eav ing  on ly  es terase  ac t iv i ty .  These  fac ts  
were p re sen ted  in severa l  pape r s  f rom th i s  l a b o r a t o r y  
b e g i n n i n g  in 19572-4 . A t  t h a t  t ime,  t he  t echno logy  of 
p r o t e i n  c h e m i s t r y  was no t  a d e q u a t e l y  deve loped  to 
enab le  a n  i n t e r p r e t a t i o n  of t h e  a c t i v a t i o n  sequence  in 
t e r m s  of p r o t e i n  s t ruc tu re .  

W h a t  s t r u c t u r e  does t h e  p r o t e i n  h a v e  w h e n  t h e  e n z y m e  
can  hydro lyze  p - to luenesu l fony l -L-a rg in ine  m e t h y l  es ter  
(TAMe), and  how is i t  changed  w h e n  th i s  p r o p e r t y  is 
r e t a ined  whi le  t he  capac i t y  to  clot  f ib r inogen  evolves  and  
s u b s e q u e n t l y  d i sappear s  ? This  repor t ,  based  on  t he  use of 
t e c h n o l o g y  p rev ious ly  descr ibed  ~-9, p rov ides  i n f o r m a t i o n  
on  t he  ques t ion  f o r n m l a t e d  above .  T h r o m b i n  has  t h e  
c a p a c i t y  to  h y d r o l y z e  TAMe a n d  to  ' c l o t  f ib r inogen ' .  I r i s  
a two  cha in  s t r u c t u r e  in  w h i c h  t he  A cha in  is connec t ed  to  
t h e  B cha in  b y  a d isul f ide  b o n d  1~ Our  new e x p e r i m e n t s  
serve to demonstratethat the B1 portion s of the B chain 
is removed by autolysis and the remaining structure, 

called t h r o m b i n - E ,  possesses on ly  t he  qua l i t y  to  hyd ro lyze  
TAMe. W e  p re sen t  a s imple  p rocedure  for t he  i so la t ion  of 
thrombin-E and the BI chain. We have found that the 

1 This investigation was supported by research grant No. HL 
141r from the National Heart and Lung Institute, National 
Institutes of Health, U.S. Public Health Service. 

2 W. H. SEEGERS and R. H. LANDABURU, Am. J. PhysioL 797, 167 
(1957). 

3 R. H. LANDABLIRU and W. H. SEEGERS, Am. J. Physiol. 797, 1178 
(]959). 
W. H. SEEGERS~ R. H. LANDABURU and J. F. JOHNSON, Science 
737,726 (1960). 

5 W. H. SEEGERS, Prothrombin (Harvard University Press, Cam- 
bridge 1962). 

6 W. S. SEEGERS~ E. R. COLEj C. R. HARMISON and E. MARCINIAK~ 
Can. J. Biochem. Physiol. d7, 1047 (1963). 

7 W. H. SEEGERS, E. MARCINIAK, R. K. I~IPFER and K. YASUNAGA, 
Arch. Biochem. Biophys. 727, 372 (1967). 

8 W. H. SEEC-ERS, J. REUTERBY, G. MURAN% L. E. McCoY and 
B. ]3. L. AGRAWAL, Thromb. Diath. haemorrh. Suppl. 47, 325 
(1971). 

9 W. H. SEEGERS, L. E. ~r J. REUTERBY, N. SAKURAGAWA, 
G. MUR&NO and ]3. B. L. AGRAWAL, Thrombosis Res. 7,209 (1972). 

10 S. MAGNUSSON, Thromb. Diath. haemorrh. Suppl. 38, 97 (1970). 


