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Effect of carbohydrate source on cellulase activity of C. aureum 

Medium ~ Cellulase activity 

Depth of clearing N/200 Na2S,,O 3 solution 
(mm) (ml) 

Medium + glucose 
Medium + glucose 
+ cellulose -- --  
Medium + cellulose 5.92 14.39 
Medium control --  

Modified Czapek-Dox; -absence of activity. 
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t u b e  ( 1 5 0 •  m m ) .  F o r  i s o l a t i o n  a n d  e s t i m a t i o n  o f  
ce l lu lase ,  C. a u r e u m  w a s  g r o w n  in  75 m l  of  b r o t h  in 250 m l  
E r l e n m e y e r  f l a sks .  

Ce l lu lose  p u l p  ~~ a n d  f i l t e r  p a p e r  ( W h a t m a n  No.  1) 
w e r e  u s e d  as  t h e  ce l lu lose  s o u r c e  for  s t a b  a n d  b r o t h  
r e s p e c t i v e l y .  0.7 m m  d i a m e t e r  of  i n o c u l u m  d i sc  of  
C. a u r e u m  g r o w n  o n  m o d i f i e d  C z a p e k - D o x  m e d i u m  
h a v i n g  ce l l u lo se  p u l p  1~ as  t h e  o n l y  c a r b o n  sou rce ,  a n d  
0.5 m l  of  a s c o s p o r e s  s u s p e n s i o n  (12.75 X 106), w e r e  u s e d  
for  s t a b  a n d  c u l t u r e  b r o t h  r e s p e c t i v e l y .  I n c u b a t i o n  w a s  
d o n e  a t  30~  for  10 d a y s .  5 r e p l i c a t e s  we re  c o n s i d e r e d  for  
e a c h  o b s e r v a t i o n .  

I t  is e v i d e n t  f r o m  t h e  T a b l e  t h a t  i n d u c t i o n  of ce l lu lo-  
l y r i c  e n z y m e  w a s  n o t i c e d  o n l y  in  ce l lu lose  s u p p l e m e n t e d  
m e d i u m .  B u t  in  n o  ca se  d id  g lucose ,  a n d  ce l lu lose  in  
c o m b i n a t i o n  w i t h  g lucose ,  i n d u c e  ce l l u l a se  a c t i v i t y .  T h i s  
o b s e r v a t i o n  c o n f i r m s  t h a t  ce l l u l a se  of  C. a u r e u m  is n o t  a 
c o n s t i t u t i v e  e n z y m e  b u t  a n  a d a p t i v e  one ,  s i n c e  i t  is 
e l a b o r a t e d  o n l y  in  r e s p o n s e  to  a spec i f i c  s u b s t r a t e  i.e., 
ce l lu lose ,  a s  w a s  o b s e r v e d  in  o t h e r  o r g a n i s m s  a, ~. 

Z u s a m m e n / a s s u n g .  D a s  c e l l u l o l y t i s c h e  E n z y m s y s t e m  
y o n  C h a e t o m i u m  a u r e u m  (Chivers )  i s t  a d a p t i v .  Se ine  
Ak t iv i t~ i t  w i r d  d u r c h  Cel lu lose ,  n i c h t  a b e r  d u t c h  G l u k o s e  
o d e r  G l u k o s e  p l u s  Ce l lu lose  i nduz i e rk .  
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M i c r o b i a l  Genetics Labora tory ,  Bose  Ins t i t u t e ,  
Calcut ta  700009  ( I n d i a ) ,  79 J u n e  797d. 

Effec t  of  A l l i c i n  o n  C e r t a i n  E n z y m e s  of  L i v e r  A f t e r  

I n  a r e c e n t  p a p e r  ~, t h e  a u t h o r s  h a v e  r e p o r t e d  t h e  l ip id  
l o w e r i n g  e f f ec t  of  a l l i c in  o n  l o n g - t e r m  f e e d i n g  to  n o r m a l  
r a t s .  T h e  a u t h o r s  h a v e  f o u n d  a l so  t h a t  a l l i c in  s i g n i f i c a n t l y  
l o w e r e d  t h e  b l o o d  s u g a r  of  a t l o x a n  d i a b e t i c  r a b b i t s ,  a n d  
t h a t  i t s  e f f ec t  w a s  s i m i l a r  to  t h a t  of  t o l b u t a m i d e 2 .  T h e  
p r e s e n t  p a p e r  d e a l s  w i t h  t h e  e f f ec t  of  a l l i c in  on  certain 
e n z y m e s  of  l i ve r  a f t e r  a s h o r t - t e r m  f e e d i n g  of  t i l e  d r u g  t o  
n o r m a l  r a t s .  

M a t e r i a l  and  methods .  F o u r - m o n t h - o l d ,  y o u n g  m a l e  
w i s t a r  r a t s  of  a v e r a g e  w e i g h t  (125 g) w e r e  d i v i d e d  i n t o  
2 g r o u p s  of 6 a n i m a l s  e a c h .  T h e y  w e r e  f ed  on  n o r m a l  
l a b o r a t o r y  d i e t  a s  r e p o r t e d  ea r l i e r  ~. Al l i c in  w a s  p r e p a r e d  
f r o m  f r e s h  ga r l i c  c loves ,  a c c o r d i n g  to  t h e  m e t h o d  of  
CAVALLITO a n d  BAILEY a for  t h e  p r e s e n t  s t u d y .  T h e  
initial f a s t i n g  b l o o d  s u g a r  l eve l  of  all t h e  r a t s  w a s  d e t e r -  
m i n e d  b y  t h e  m e t h o d  of  ASATOOR a n d  KII~O.  B l o o d  w a s  
c o l l e c t e d  f r o m  t h e  ta i l .  O n e  g r o u p  w a s  k e p t  a s  c o n t r o l  a n d  
to  t h e  o t h e r  g r o u p  f r e s h l y  p r e p a r e d  a l l i c in  (Dose  100 m g /  
k g / d a y )  w a s  o r a l l y  a d m i n i s t e r e d  as  a s o l u t i o n  in  2 m l  
d i s t i l l e d  w a t e r .  A f t e r  15 d a y s  t r e a t m e n t ,  t h e  f a s t i n g  
( 1 8 h )  b l o o d  s u g a r  w a s  a g a i n  d e t e r m i n e d  as  b e f o r e  in 
b o t h  t h e  g r o u p s .  T h e n  t h e y  we re  s a c r i f i e d  b y  d e c a p i t a t i o n .  
C e r t a i n  e n z y m e s  of  t h e  l i ve r  v iz .  h e x o k i n a s e ,  ~ - g l u c a n  
p h o s p h o r y l a s e ,  g l u c o s e - 6 - p h o s p h a t a s e  a n d  l i p a s e  w e r e  
d e t e r m i n e d  b y  s t a n d a r d  m e t h o d s .  L i v e r  t i s s u e  w a s  u s e d  
for  t h e  e n z y m e  p r e p a r a t i o n  as  r e p o r t e d  f r o m  t h i s  l a b o r a -  
t o r y  5. 

H e x o k i n a s e  (E.C.  2.7. 1.1. A T P .  D - h e x o s e - 6 - p h o s p h o -  
t r a n s f e r a s e )  a c t i v i t y  w a s  d e t e r m i n e d  b y  t h e  m e a s u r e m e n t  
o f  d i s a p p e r a n c e  o f  g l u c o s e  in  t h e  p r e s e n c e  of  A T P  ~. T h e  
ch i l l ed  l i v e r  t i s s u e  w a s  h o m o g e n i z e d  a t  0 ~ w i t h  3 v o l u m e  
of  b u f f e r  of  t h e  f o l l o w i n g  c o m p o s i t i o n .  Tris-O. 1 M ,  h i s t i d i n e  
0.121/I, E D T A - 0 . 0 1  2l/f a n d  MgC12 0.01 3 / / ( p H  7.0). T h e  ho -  
m o g e n a t e  w a s  c e n t r i f u g e d  a t  3000 • g a t  0 ~ for  5 m i n  a n d  

a S h o r t  T e r m  F e e d i n g  to  N o r m a l  R a t s  

t h e  s u p e r n a t a n t  w a s  u s e d  as  t h e  e n z y m e  p r e p a r a t i o n .  
E n z y m e  a c t i v i t y  w a s  a s s a y e d  b y  t h e  m e t h o d  d e s c r i b e d  b y  
CRANE a n d  SOLS 7. O n e  u n i t  of  e n z y m e  a c t i v i t y  is t h a t  
a m o u n t  w h i c h  c a t a l y s t  t h e  p h o s p h o r y l a t i o n  of  1 v m o l  of  
g l u c o s e  in  15 r a in  a t  30~  u n d e r  o t h e r w i s e  o p t i m a l  
c o n d i t i o n s .  

e - G l u c a n  p h o s p h o r y l a s e  (E.C.  2.4.1.1.  e - l , 4 - g l u c a n  or  
t h e  p h o s p h a t e  g l u c o s y l  t r a n s f e r a s e ) .  P h o s p h o r y l a s e  
a c t i v i t y  w a s  d e t e r m i n e d  b y  m e a s u r e m e n t  of  t h e  r a t e  of  
l i b e r a t i o n  of  i n o r g a n i c  p h o s p h a t e  f r o m  g l u c o s e -  1 - p h o s p h a t e  
in t h e  p r e s e n c e  of g l y c o g e n  s. i .e.  p h o s p h o r y l a s e  a c t i v i t y  
w a s  m e a s u r e d  in  t h e  d i r e c t i o n  o f  s y n t h e s i s  of  p o l y -  
s a c c h a r i d e .  T h e  ch i l l ed  l i ve r  t i s s u e  w a s  h o m o g e n i z e d  a t  
0~  in 3 v o l u m e  of  0..1 M N a F .  C e n t r i f u g e d  a t  1500 •  a t  
0~  a n d  t h e  s u p e r n a t a n t  w a s  u s e d  as  t h e  e n z y m e .  
E n z y m e  a c t i v i t y  w a s  a s s a y e d  b y  t h e  m e t h o d  of  SUTt~ER- 
LAND 9. O n e  u n i t  o f  e n z y m e  w a s  d e f i n e d  a s  t h a t  a m o u n t  
w h i c h  c a u s e d  t h e  l i b e r a t i o n  of  1.0 m g  of i n o r g a n i c  
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Enzyme activity (Units/g tissue) 
c~-Glucan phosphorylase Glucose-6-phosphatase Lipase 

Normalrats 4.3 i 0.10 6.5 4- 0.2 118.4 4- 8.5 
Allicin treated rats 5.2 4- 0.15 ~ 5.7 =~ 0.1 ~ 166.9 -t- 9.1 ~ 
Increase or decrease of enzyme activity (%) + 20.9 --  12.3 + 41.0 

Values are mean ol 6 animals • S.E. Units of activity expressed as indicated in the methods. Student's t-test. ~ P < 0.01, significantly 
different from the control values. 

p h o s p h o r o u s  u n d e r  t h e  cond i t ions  of e x p e r i m e n t  d u r i n g  
10 rain.  E n z y m e  a c t i v i t y  was expressed  as un i t s  pe r  g of 
wet  t issue.  

G lucose -6 -phospha ta se  (E.C. 3.1.3.9., n-glucose-6-  
p h o s p h a t e  p t losphohydro lase) .  T he  m e t h o d  is ba sed  on t h e  
i n c u b a t i o n  of g lucose -6 -phospha te  w i t h  t he  e n z y m e  a n d  
d e t e r m i n a t i o n  of t he  l i b e r a t e d  o r t h o p h o s p h a t e .  The  
chi l led  l iver  t i ssue  was homogen ized  a t  0 ~ w i t h  0.1 M 
male ic  acid buf fe r  p H  6.5 (1:10 W/V)  cen t r i fuged  a t  
1 5 0 0 •  a t  0~ a n d  t he  s u p e r n a t a n t  was used as t h e  
e n z y m e  p r e p a r a t i o n .  E n z y m e  a c t i v i t y  was assayed  b y  the  
m e t h o d  descr ibed  b y  SWA~SON~~ ' E n z y m e  a c t i v i t y  is 
expressed  as m g  p h o s p h o r o u s  l i be r a t ed  f rom t he  s u b s t r a t e  
u n d e r  t h e  cond i t ions  of t h e  e x p e r i m e n t  b y  t h e  e n z y m e  
p r e s e n t  in  1 g t issue.  

Lipase.  (E.C. 3.1.1.3. g lycerol  es ter  hydro lase) .  L ipase  
a c t i v i t y  was d e t e r m i n e d  b y  m e a s u r e m e n t  of t he  r a t e  of 
l i be ra t ion  of f a t t y  acid f rom olive oil fol lowing t h e  t i t r i -  
me t r i c  assay  of s e rum l ipase ~. T he  chil led l iver  t i ssue  was 
homogen ized  a t  0 ~ w i t h  5 v o l u m e  of 0.05 M tris buffer  
(pH 8) cen t r i fuged  a t  1500 x g  a t  0 ~ and  the  s u p e r n a t a n t  
was used as t he  e n z y m e  p r e p a r a t i o n .  E n z y m e  a c t i v i t y  
is expressed  as ~mol  of free f a t t y  acid l ibe ra ted  f rom t h e  
s u b s t r a t e  u n d e r  t he  cond i t ions  of t he  e x p e r i m e n t  b y  the  
e n z y m e  de r ived  f rom 1 g t issue.  

Results. Allicin a d m i n i s t r a t i o n  for a pe r iod  of 15 days  
d id  no t  af fec t  t he  n o r m a l  f a s t ing  b lood suga r  level  and  t he  
h e x o k i n a s e  a c t i v i t y  of l ive r  of n o r m a l  ra ts .  H o w e v e r  
~-glucan phosphory la se ,  g lucose -6 -phospha ta se  and  l ipase 
ac t iv i t i e s  of l iver  a f t e r  t he  d rug  a d m i n i s t r a t i o n  were 
s ign i f i can t ly  a f fec ted ;  c~-glucan p h o s p h o r y l a s e  and  l ipase 
ac t iv i t i e s  increased  s ign i f i can t ly  (p < 0.01) as c o m p a r e d  
to con t ro l  values.  These  resu l t s  a re  g iven  in t he  T~bte,  

Discussion. The  low dose of al l icin used in th i s  exper i -  
m e n t  p r o d u c e d  no s ign i f i can t  change  of b lood sugar  in 
n o r m a l  ra ts ,  a n d  th i s  is d i f fe ren t  f rom t he  hypog l ycemic  
ac t ion  of a h igh  dose of t h e  same d r u g  (0.25 g/kg) obse rved  
in a l loxan  d iabe tes  2. The  absence  of a hypog lycemic  
ac t ion  of al l icin in  n o r m a l  r a t s  m a y  be due to  t he  phys io-  
logical  m a i n t e n a n c e  of t h e  n o r m a l  b lood sugar .  The  
h y p o g l y c e m i c  a c t i v i t y  of Mlicin in  a l loxan  d iabe tes  was 
exp la ined  on  t h e  basis  of i t s  ac t ion  aga i n s t  insul in-  
i n a c t i v a t i n g - S H  group  compounds .  T he  i n t e r a c t i o n  of 
allicin w i t h  th io l  g roups  ~2, ~, is well  e s t ab l i shed  a n d  i t  m a y  
exp la in  m a n y  of t he  t h e r a p e u t i c  effects of Mlicin. As in the  
case of t o l b u t a m i d e  a n d  insul in,  al l icin a d m i n i s t r a t i o n  did  
n o t  af fec t  t h e  h e x o k i n a s e  a c t i v i t y  of l iver  oI n o r m a l  ra ts .  
Accord ing  to t h e  f ind ings  of TSOTOMU KITAlqI~% tol-  
b u t a m i d e  a n d  insu l in  h a d  no  in  v ivo  effect  on l iver  
h e x o k i n a s e  in n o r m a l  ra ts .  However ,  t hese  d rugs  h a v e  
been  r e p o r t e d  to  res to re  t he  lowered a c t i v i t y  of a -g lucan  
p h o s p h o r y l a s e  of l iver  to  n o r m a l  levels in  e x p e r i m e n t a l  
hype rg lycemic  r a t s  14. The  s ign i f ican t  increase  ill e -g lucan  
p h o s p h o r y l a s e  b r o u g h t  a b o u t  b y  al l icin in  n o r m a l  r a t s  
m a y  be  due  to  t h e  e n h a n c e m e n t  of endogenous  insu l in  
act ion.  S imi la r ly  t he  i n h i b i t o r y  effect  of Mlicin on  glucose- 

6 - p h o s p h a t a s e  can  also be expla ined .  LINKE eL al. ~5 
obse rved  t h a t  t o l b u t a m i d e  a n d  insu l in  t r e a t m e n t  lowered 
t he  g lucose -6 -phospha tase  a c t i v i t y  of l iver  of n o r m a l  
ra ts .  On t he  bas is  of t h e  p r e sen t  resul ts ,  we m a y  p r e sume  
t h a t  al l icin ac t s  l ike t he  a n t i d i a b e t i c  d rugs  on  ce r t a in  
enzymes .  However ,  t he  effects of these  d rugs  on  l ipolysis  
a n d  l ipid levels  are con t r ad i c to ry .  B o t h  insu l in  a n d  
t o l b u t a m i d e  are an t i l i po ly t i c  in  vitro~6, ~, b u t  t he  m a r k e d  
h y p e r l i p a e m i a  wh ich  occured in d i abe t i c  p a t i e n t s  on  
t o l b u t a m i d e  t h e r a p y  ha s  been  r epo r t ed  to be  cor rec ted  
b y  insu l in  ~s. There fore  t he  in v ivo  effects of t o l b u t a m i d e  
a n d  insu l in  on l ipolysis  a n d  l ip id  levels m a y  no t  be 
s imilar .  Such a dif ference is also seen in t he  effect  of 
al l icin on  lipase.  The  s ign i f ican t  e n h a n c e m e n t  of l ipase 
a c t i v i t y  fol lowing all icin a d m i n i s t r a t i o n  can  n o t  be  
u n d e r s t o o d  a t  p resen t .  The  resu l t s  p r e sen t ed  in  th i s  p a p e r  
t h r o w  some l igh t  on  t he  t h e r a p e u t i c  v i r t ue s  of garl ic which  
has  been  t r a d i t i o n a l l y  used b y  m a n y  p a t i e n t s  suffer ing 
f rom d iabe tes  a n d  card iac  a i lmen t s  ~9, 20 

Zusammen/assung. Nachweis ,  dass  Allicin, w~thrend 
15 Tagen  ve rab re i ch t ,  gewisse L e b e r e n z y m e  n o r m a l e r  
R a t t e n  in s ign i f ikan te r  "vVeise beeinf luss t .  So n a h m e n  
Phosphory l a se -  u n d  L i p a s e a k t i v i t / i t  s ign i f ikan t  zu, 
wS.hrend G l u k o s e - 6 - P h o s p h a t a s e  v e r m i n d e r t  wurde .  Un-  
ver~tndert  b] ieb die A k t i v i t ~ t  y o n  H e x o k i n a s e  u n d  der  
B lu tzuckersp iege l ;  in  gewisser  Bez i ehung  w i r k t e  All ic in 
~thnlich wie An t id i abe t i ca .  
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