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S .  A n t o n y ,  R .  K u t t a n  and G .  K u t t a n  
A m a l a  C a n c e r  R e s e a r c h  C e n t r e  

A m a l a  N a g a r ,  T h r i s s u r  

ABSTRACT 

C u r c u m i n ,  an a c t i v e  i n g r e d i e n t  p r e s e n t  i n  Curcuma l o n g a ,  w a s  
a n a l y s e d  f o r  t h e  i m m u n o m o d u l a t o r y  a c t i v i t y  i n  B a l b / c  m i c e .  
C u r c u m i n  a d m i n i s t r a t i o n  w a s  f o u n d  t o  i n c r e - a s e  t h e  t o t a l  W R C  
c o u n t  ( 1 5 , 2 9 0 )  s i g n i f i c a n t l y  on t h e  1 2 t h  d a y  Group  o f  
a n i m a l s  t r e a t e d  w i t h  v e h i c l e  a l o n e  showed r e s u l t s  s i m i l a r  t o  
t h a t  o f  n o r m a l  a n i m a l  ( 1 0 , 1 3 0  on  1 2 t h  d a y ) .  C u r c u m i n  
i n c r e a s e d  t h e  c i r c u l a t i n g  a n t i b o d y  t i t r e  ( 5 1 2 )  a g a i n s t  S R B C .  
C u r c u m i n  a d m i n i s t r a t i o n  i n c r e a s e d  t h e  p l a q u e  f o r m i n g  c e l l s  
( P F C )  i n  t h e  s p l e e n  and t h e  m a x i m u m  number  o f  P F C  w a s  
o b s e r v e d  on  t h e  6 t h  d a y  ( 1 , 1 3 0  PFC/106 s p l e e n  c e l l s )  a f t e r  

6 i m m u n i z a t i o n  w i t h  S R R C .  Bone marrow c e l l u l a r i t y  ( 1 6 . 9 ~ 1 0  
c e l l s / f e m u r )  and a - e s t e r a s e  p o s i t i v e  c e l l s  ( 1 , 6 2 2 / 4 0 0 0  
c e l l s )  w e r e  a l s o  e n h a n c e d  b y  C u r c u m i n  a d m i n i s t r a t i o n .  A 
s i g n i f i c a n t  i n c r e a s e  i n  m a c r o p h a g e  p h a g o c y t i c  a c t i v i t y  was 
a l s o  o b s e r v e d  i n  C u r c u m i n  t r e a t e d  a n i m a l s  (PtO.001). T h e s e  
r e s u l t s  i n d i c a t e  t h e  i m m u h o s t i m u l a t o r y  a c t i v i t y  o f  C u r c u m i n .  
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292 ANTONY, KUTTAN, AND KUTTAN 

INTRODUCTION 

T h e r e  a r e  s e v e r a l  h e r b a l  p r e p a r a t i o n s  u s e d  i n  t h e  i n d i g e n o u s  

s y s t e m  o f  m e d i c i n e  w h i c h  c a n  e n h a n c e  t h e  b o d y ' s  immune 

s t a t u s .  I m m u n o m o d u l a t o r s  a r e  a g e n t s  t h a t  c a n  e i t h e r  

s t i m u l a t e  an i n d i v i d u a l s  immune s y s t e m  o r  i n h i b i t  h o s t  

d e f e n s e  p a r a m e t e r s  w h i c h  a r e  n o r m a l  o r  a l r e a d y  a c t i v a t e d  

( 1 ) .  A v a r i e t y  o f  m a t e r i a l s  f r o m  p l a n t  s o u r c e  l i k e  

p o l y s a c c h a r i d e s ,  l e c t i n s  ( 2 )  p e p t i d e s  ( 3 )  e t c .  h a v e  b e e n  

known t o  s t i m u l a t e  t h e  immune s y s t e m .  I m r n u n o s t i m u l a t o r s  a r e  

now w i d e l y  u s e d  i n  c a n c e r  t h e r a p y .  C u r c u m i n  a n a l y s e d  i n  

t h i s  s t u d y  f o r  i t s  i m m u n o m o d u l a t o r y  a c t i v i t y  i s  an a c t i v e  

i n g r e d i e n t  f r o m  Curcuma l o n g a  and i s  a known a n t i o x i d a n t  

( 4 ) .  I t  h a s  a l r e a d y  b e e n  t e s t e d  f o r  i t s  a n t i m u t a g e n i c  (5) 

and a n t i c a r c i n o g e n i c  a c t i v i t y  ( 6 ) .  C u r c u m i n  h a s  b e e n  

r e p o r t e d  t o  h a v e  c y t o c i d a l  a c t i v i t y  t o w a r d s  t u m o u r  c e l l s  (7) 

and a n t i t u m o u r  a c t i v i t y  i n  a n i m a l s  ( 8 ) .  T h e  c h e m i c a l  

s t r u c t u r e  o f  C u r c u m i n  w a s  e l u c i d a t e d  b y  L a m p  e t  a l .  (9) and 

i t  was r e p o r t e d  t o  he  a d e r i v a t i v e  o f  m e t h a n e  s u b s t i t u t e d  b y  

t w o  f e r u l i c  a c i d  r e s i d u e s .  P h e n o l i c  s t r u c t u r e  o f  C u r c u m i n  

t o g e t h e r  w i t h  t h e  / 3 - d i k e t o n e  s t r u c t u r e  i s  s u g g e s t e d  t o  b e  

r e s p o n s i b l e  f o r  t h e  h i g h  b i o l o g i c a l  a c t i v i t y  o f  C u r c u m i n  

( 1 0 ) .  C u r c u m i n  h a s  a l s o  b e e n  r e p o r t e d  t o  h a v e  

a n t i m e t a s t a t i c  a c t i v i t y  ( 1 1 )  and i t  i n h i b i t s  T N F  e x p r e s s i o n  

( 1 2 ) .  T h e  p r e s e n t  s t u d y  a n a l y s e s  t h e  i m m u n o m o d u l a t o r y  

a c t i v i t y  o f  C u r c u m i n .  

MATERIALS A N D  METHODS 

A n i m a l s :  R a l b / c  m i c e  ( 4 - 6  w e e k s  o l d )  w e r e  p u r c h a s e d  f r o m  

t h e  N a t i o n a l  I n s t i t u t e  o f  N u t r i t i o n ,  H y d e r a b a d .  A n i m a l s  

w e r e  k e p t  i n  a i r  c o n t r o l l e d  rooms and f e d  w i t h  n o r m a l  m o u s e  

chow ( L i p t o n ,  I n d i a )  and w a t e r  ad l i b i t u m .  

R e a g e n t s :  P a r a  r o s a n i l i n e  h y d r o c h l o r i d e  and a - n a p h t h y l  

a c e t a t e  w e r e  o b t a i n e d  f r o m  L O R A  c h e m i e ,  Mumbay. A l l  o t h e r  
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IMMUNOMODULATORY ACTIVITY OF CURCUMIN 293 

c h e m i c a l s  w e r e  o f  a n a l y t i c a l  r e a g e n t  g r a d e .  S h e e p  r e d  b l o o d  

c e l l s  ( S R R C )  w e r e  c o l l e c t e d  f r o m  l o c a l  s l a u g h t e r  h o u s e  i n  

A l s e v e r ' s  s o l u t i o n .  

Drug Preparation: N e u t r a l  u n i l a m e l l a r  l i p o s o m e s  o f  C u r c u m i n  

w e r e  p r e p a r e d  b y  t h e  m e t h o d  o f  Bangham (13). 

Effect o f  Curcumin on haematological parameters: R a l b / c  

m i c e  (6 n u m b e r s / g r o u p )  w e r e  t r e a t e d  w i t h  f i v e  d o s e s  o f  

l i p o s o m a l l y  e n c a p s u l a t e d  C u r c u m i n  ( 2 0 0  puM/Kg Body  W e i g h t )  

i n t r a p e r i t o n e a l l y .  B l o o d  w a s  c o l l e c t e d  f r o m  t h e  c a u d a l  v e i n  

and p a r a m e t e r s  s u c h  a s  t o t a l  WRC c o u n t  ( h a e m o c y t o m e t e r ) ,  

d i f f e r e n t i a l  c o u n t  ( L e i s h m a n  s t a i n )  and h a e m o g l o h i n  l e v e l  b y  

t h e  c y a n h a e m o g l o b i n  m e t h o d  ( 1 4 )  w e r e  r e c o r d e d  p r i o r  t o  t h e  

d r u g  a d m i n i s t r a t i o n  and c o n t i n u e d  on e v e r y  t h i r d  d a y  f o r  30  

d a y s .  

Effect of Curcumin on relative organ weights: R a l b / c  m i c e  

w e r e  t r e a t e d  w i t h  l i p o s o m a l l y  e n c a p s u l a t e d  C u r c u m i n  ( 2 0 0  

n M / K g  Body  W e i g h t / d o s e )  on  f i v e  d a y s  and v e h i c l e  l i p o s o m e  

a l o n e  i n t r a p e r i t o n e a l l y .  Body  w e i g h t s  o f  n o r m a l  a n i m a l s  

w e r e  r e c o r d e d  a f t e r  t h e  d r u g  a d m i n i s r a t i o n .  A n i m a l s  w e r e  

s a c r i f i c e d  t h e  d a y  a f t e r  t h e  l a s t  d o s e  o f  d r u g  

a d m i n i s t r a t i o n  and t h e  w e i g h t  o f  v i t a l  o r g a n s  s u c h  a s  l i v e r ,  

s p l e e n ,  t h y m u s ,  k i d n e y  w e r e  r e c o r d e d  and e x p r e s s e d  a s  

r e l a t i v e  o r g a n  w e i g h t s .  

Effect o f  Curcumin on antibody titre; Two g r o u p s  o f  R a l b / c  

m i c e  ( 6 / g r o u p )  w e r e  i m m u n i z e d  w i t h  s h e e p  r e d  b l o o d  c e l l s  

( 2 0 % ,  .1 m l )  b y  i n t r a p e r i t o n e a l  i n j e c t i o n .  One g r o u p  o f  

a n i m a l s  w e r e  i n j e c t e d  i n t r a p e r i t o n e a l l y  w i t h  v e h i c l e  

l i p o s o m e  a l o n e  and t h e  s e c o n d  g r o u p  w i t h  l i p o s o m a l l y  

e n c a p s u l a t e d  C u r c u m i n  ( 2 0 0  p M / K g  Body W e i g h t / d o s e )  on f i v e  

d a y s  p r o i r  i n  i m m u n i z a t i o n .  R lood  w a s  c o l l e c t e d  f r o m  t h e  

c a u d a l  v e i n  on e v e r y  t h i r d  d a y  f o r  o n e  m o n t h .  T h e  s e r u m  was 

s e p a r a t e d  and h e a t  i n a c t i v a t e d  a t  5 6 ' C . A n t i b o d y  t i t r e  was 

d e t e r m i n e d  b y  t h e  h a e m a g g l u t i n a t i o n  m e t h o d  (15). 
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294 ANTONY, KUTTAN, AND KlJTTAN 

E f f e c t  of Curcumin on  p l a q u e  f o r m i n g  c e l l s  : Two groups of 
6 Balb/c mice (7 / group) were immunized by injecting 2 . 5 ~ 1 0  

S R B C  intraperi toneally. One group of animals was 

administered liposomally encapsulated Curcumin (200 / r M / K g  

Body Weight/dose) intraperitoneally on five consecutive days 

prior to immunization. Animals were sacrificed on various 

days, spleens were processed and used to perform the plague 

assay by the method of Jerne (16, 17). 

E f f e c t  o f  Curcumin on b o n e  marrow c e l l u l a r i t y  a n d  a - e s t e r a s e  

a c t i v i t y :  Bone marrow cell ul ari ty was de termined by the 

method of Sredni et c. (18, 19). Animals were divided 
into four groups (six/group). To group I animals 

liposomally encapsulated Curcumin was administered for five 

consecutive days (200 pM/Kg Body Weight/dose) intraperito- 

neally. Group 11 animals were untreated control animals. A 
third group of animals received single exposure of whole 

body irradiation (400 rads/animal). This group was also 

injected with liposomally encapsulated Curcumin for five 

days after irradiation. A fourth group of animals received 

a single exposure of whole body irradiation (400 rads/ 

animals). The day after the last dose of drug, animals were 

sacrified and bone marrow cells were collected. The number 

of cells was counted and expressed as the total number o f  

live cells/femur. From the above bone marrow preparation 

smears were made on clean glass slides and stained with 

pararosaniline and haematoxyline to determine the 

nonspecific esterase activity (20) by simultaneous azo dye 

coupling method. 

E f f e c t  o f  Curcumin on t h e  p h a g o c y t i c  a c t i v i t y  o f  p e r i t o n e a l  

m a c r o p h a g e s :  Three groups of animals (Balb/c mice, 3/group) 

were used for the analysis of phagocytic activity. 

Liposomally encapsulated Curcumin and liposomes alone were 
administered respectively to drug treated group and vehicle 

alone treated group (5 doses, intraperitoneally). Along 

with the fifth dose of the drug 0.2ml of 5% sodium caseinate 
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IMMUNOMODULATORY ACTIVITY OF CURCUMIN 295 

w a s  a d m i n i s t e r e d  i n t r a p e r i t o n e a l l y .  A f t e r  f i v e  d a y s  

m a c r o p h a g e s  wre h a r v e s t e d  and e x a m i n e d  f o r  t h e  p h a g o c y t i c  

a c t  i v i  t y  . 

E f f e c t  of C u r c u m i n  on d e l a y e d  t y p e  h y p e r s e n s i t i v i t y  ( D T H )  

r e a c t i o n :  T h r e e  g r o u p s  o f  B a l b / c  m i c e  ( 6  m i c e / g r o u p )  w e r e  

i m m u n i z e d  w i t h  S R B C  ( 1 ~ 1 0 ~  c e l l s ) .  One g r o u p  o f  a n i m a l s  w a s  
a d m i n i s t e r e d  f i v e  d o s e s  of C u r c u m i n  (200 pM/Kg Body  W e i g h t /  

d o s e )  and a n o t h e r  g r o u p  w a s  t r e a t e d  w i t h  v e h i c l e  a l o n e  p r i o r  

t o  t h e  a n t i g e n  a d m i n i s t r a t i o n .  A t h i r d  g r o u p  w a s  u n t r e a t e d  

c o n t r o l .  DTH w a s  d e t e r m i n e d  b y  m e a s u r i n g  t h e  t h i c k n e s s  o f  

t h e  p a w  24 h o u r s  a f t e r  g i v i n g  a c h a l l e n g i n g  d o s e  o f  t h e  

a n t i g e n  a c c o r d i n g  t o  t h e  me thod  o f  Cangarange  e t  a1 ( 2 2 ) .  

RESULTS 

E f f e c t  o f  C u r c u m i n  on  t h e  h a e m a t o l o g i c a l  p a r a m e t e r s :  

A d m i n i s t r a t i o n  o f  C u r c u m i n  i n c r e a s e d  t h e  t o t a l  W8C c o u n t s  i n  

R a l b / c  m i c e .  A s  shown  i n  f i g u r e  I t h e  maximum c o u n t  ( 1 5 , 2 9 0  

c e l l s / c c )  was o b s e r v e d  on t h e  1 2 t h  d a y  a f t e r  d r u g  

a d m i n i s k r a t i o n .  T h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  

h a e m o g l o b i n  l e v e l  and b o d y  w e i g h t s  o f  a n i m a l s  b e f o r e  and 

a f t e r  t r e a t m e n t .  I n  t h e  g r o u p  o f  v e h i c l e  a l o n e  t h e  t r e a t e d  

a n i m a l s  maximum W B C  c o u n t  w a s  o b s e r v e d  on  t h e  1 8 t h  d a y  

( 1 1 , 2 2 0 ) .  

E f f e c t  o f  C u r c u m i n  on  o r g a n  w e i g h t s :  T h e  w e i g h t  o f  t h e  

i n t e r n a l  o r g a n s  o f  m i c e  a f t e r  C u r c u m i n  t r e a t m e n t  i s  g i v e n  i n  

t a b l e  I .  The  C u r c u m i n  t r e a t e d  g r o u p  s p l e e n  and t h y m u s  

w e i g h t s  w e r e  f o u n d  t o  b e  i n c r e a s e d  s i g n i f i c a n t l y  (P<O.OOl). 

Thymus w e i g h t  w a s  i n c r e a s e d  t o  7 4 . 0 5 %  i n  t h e  C u r c u m i n  

t r e a t e d  g r o u p .  A d m i n i s t r a t i o n  o f  v e h i c l e  a l o n e  t o  a n i m a l s  

d i d  n o t  show a n y  e f f e c t  on t h e  r e l a t i v e  o r g a n  w e i g h t s .  

E f f e c t  o f  C u r c u m i n  of c i r c u l a t i n g  a n t i b o d y  t i t r e :  A s  shown 

i n  T a b l e  II c i r c u l a t i n g  a n t i b o d y  t i t r e s  w e r e  i n c r e a s e d  i n  
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296 ANTONY, KUTTAN, AND KUTTAN 

20000 r B - Curcuinh 
- Vehicle alone 

FIGURE I .  E f fec t  o f  Curcumin on total WBC count. 
.----. verticle alone; .-. Curcumin 

t h e  C u r c u m i n  t r e a t e d  a n i m a l s  compared  t o  c o n t r o l  a n i m a l s .  

M a x i m u m  t i t r e  v a l u e  ( 5 1 2 )  w a s  o b s e r v e d  on 9 t h  d a y  a f t e r  

a n t i g e n  a d m i n i s t r a t i o n .  I n  t h e  v e h i c l e  a l o n e  t r e a t e d  g r o u p  

m a x i m u m  t i t r e  ( 6 4 )  was s i m i l a r  t o  t h a t  o f  t h e  c o n t r o l  

a n i m a l s .  

E f f e c t  o f  Curcumin on p l a q u e - f o r m i n g  c e l l s :  T h e r e  w a s  a 

s i g n i f i c a n t  i n c r e a s e  i n  t h e  number  o f  p l a g u e - f o r m i n g  c e l l s  

i n  C u r c u m i n  t r e a t e d  g r o u p  o f  a n i m a l s  ( F i g  T I ) ,  T h e  n u m b e r  
of p l a q u e - f o r m i n g  c e l l s  was i n c r e a s e d  t o  1 , 1 3 0  PFC/106 

s p l e e n  c e l l s  ( 5 t h  d a y )  i n  t r e a t e d  g r o u p  o f  a n i m a l s  w h e r e a s  

t h e  maximum number  o f  p l a q u e - f o r m i n g  c e l l s  i n  t h e  u n t r e a t e d  

c o n t r o l  a n i m a l s  w a s  o n l y  3 0 7 . 5  PFC/106 s p l e e n  c e l l s .  

E f f e c t  of Curcumin on bone marrow c e l l s  and - e s  t e r a s e  

p o s i t i v e  c e l l s :  E f f e c t  o f  C u r c u m i n  o n  t h e  bone  marrow 

Im
m

un
ol

 I
nv

es
t D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

W
at

er
lo

o 
on

 1
0/

31
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



IMMUNOMODULATORY ACTIVITY OF CURCUMIN 297 

TABLE r 
E f f e c t  of C u r c u m i n  o n  r e l a t i v e  o r g a n  w e i g h t s  

R e l a t i v e  o r g a n  w e i g h t s  
(gm/ l  O O g m )  

% i n c r e a s e  i n  
o r g a n  w e i g h t s  
a f t e r  C u r c u m i n  

T r e a t m e n t  . . . . . . . . . . . . . . . . . . . . . . . . . .  
N o r m a l  V e h i c l e  C u r c u m i n  

a l o n e  

S p l e e n  0 . 4 1  0 . 3 8  0 . 5 0  * 2 2 . 0 3  
+ . 0 2  - + . 0 2  - +.  12 - 

* 
Thymus 0 . 1 5 8  0 . 2 3  0 . 2 8  7 4 . 0 5  

+ . 0 3  - +.02 - + . 0 3  - 
L i v e r  4 . 6 7  3 . 2 6  4 .94  

+ . l  - + . 4 1  - + . 4 6  - 
K i d n e y  1 . 4 2  1 . 3 9  1 . 4 9  

+.  15 - +.11 - +.11 - 

5 . 7 8  

4 . 9 2  

A n i m a l s  were t r e a t e d  w i t h  f i v e  d o s e s  o f  C u r c u m i n  ( l i p s o m a l l y  

e n c a p s u l a t e d ,  200 p M / R g  Body W e i g h t  / d o s e )  a n d  v e h i c l e  

a l o n e .  Next d a y  a f t e r  f i f t h  d o s e  a n i m a l s  wre s a c r i f i c e d .  

* P<O.OOl - S i g n i f i c a n c e  f r o m  u n t r e a t e d .  

TABLE I I  

E f f e c t  of C u r c u m i n  o n  A n t i b o d y  t i t r e  

V e h i c l e  8 16 16  32 64 6 4  32 1 6  16 

C u r c u m i  n 1 2 8  128 512 1 2 8  128  1 2 8  64 64 16  

A l l  t h e  a n i m a l s  were i m m u n i z e d  w i t h  s R R C  ( 2 % ;  0 . 1  ml). 
T r e a t e d  a n i m a l s  r e c e i v e d  C u r c u m i n  1 i p o s o m e  (200  , u M / K g  Body 
W e i g h t / a n i m a l )  on  f i v e  c o n s e c u t i v e  d a y s .  
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Ijl - - 
0 ,. 
5 1200 

0 
w 

$ 1000 

2 
p 800  

u 

._ 

e 

P 600 
0 

- c 
400 

200 

3 4 

0 -Control 

- Curcoinin 

5 6 7 8 9 
GAY 

FIGURE I I .  E f f e c t  of Curcumin on p l a q u e  f o r m i n g  cel ls  
Contral; W C u r c u m i n  

c e l l  u l  a r j  t y  and - e s t e r a s e  p o s i t i v e  c e l l s  i s  g i v e n  i n  

T a b l e  I I I .  C u r c u m i n  t r e a t e d  a n i m a l s  showed  an i n c r e a s e  i n  

t h e  number  o f  b o n e  marrow c e l l s  ( 1 6 . 9 ~ 1 0 ~  c e l l s / f e m u r )  

compared  t o  normal  1 2 . 9 ~ 1 0 ~  c e l l s / f e m u r ) ,  T h e  number  o f  

c4 - e s t e r a s e  p o s i t i v e  c e l l s  w e r e  a l s o  i n c r e a s e d  s i g n i f i c a n t l y  

( P < O . O O l )  i n  t h e  t r e a t e d  g r o u p  ( 1 , 6 2 2 / 4 ,  0 0 0  c e l l s )  compared  

t o  c o n t r o l s  ( 1 , 2 0 5 / 4 , 0 0 0  c e l l s ) .  I n  t h e  i r r a d i a t e d  a n i m a l s  

C u r c u m i n  t r e a t m e n t  e n h a n c e d  t h e  c e l l u l a r  immune f u n c t i o n s  a s  

shown i n  T a b l e  I I I .  T h e r e  w a s  an i n c r e a s e  i n  t h e  b o n e  

marrow c e l l  c o u n t  ( 1 0 ~ 1 0 ~  c e l l s / f e m u r )  and U - e s t e r a s e  

p o s i t i v e  c e l l s  ( 4 3 4 / 4 , 0 0 0  c e l l s )  compared  t o  c o n t r o l  

i r r a d i a t e d  a n i m a l s  ( 5 ~ 1 0 ~  c e l l s / f e m u r  and 2 4 5 / 4 , 0 0 0  

a - e s t e r a s e  p o s i t i v e  c e l l s ) .  

E f f e c t  o f  C u r c u m i n  o n  t h e  p h a g o c y t i c  a c t i v i t y  of p e r i t o n e a l  

m a c r o p h a g e s :  A s  shown i n  T a b l e  IV a d m i n i s t r a t i o n  o f  
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IMMUNOMODULATORY ACTIVITY OF CURCUMIN 299 

T A B L E  111 

E f f e c t  o f  Curcumin on bone marrow c e l l u l a r i t y  and 

CC - e s t e r a s e  p o s i t i v e  c e l l s  

T r e a t m e n t  u - e s t e r a s e  Bone m a r r o w  
m o d a l i t y  p o s i  t i v e / 4 , 0 0 0  c e l l s  c e l l  u l a r i  t y  

6 Normal 1 , 2 0 5  2 7 . 2  1 2 . 9 x 1 0  

C u r c u m i n  
* 
1 , 6 2 2 + 3 0 . 4  - 

6 
1 6 . 9 ~ 1 0  

6 2 4 5 + 2 9 .  R 5 x 1  0 - R a d i a t i o n  

R a d i a t i o n  $34+60 .8  - 
and 
Cur cumi n 

1 o x 1 0 6  

T r e a t e d  a n i m a l s  r e c e i v e d  f i v e  d o s e s  o f  C u r c u m i n  ( 2 0 0  p M / K g  
Body w t ) .  

* PCO.001, S i g n i f i c a n c e  f r o m  u n t r e a t e d .  

T A B L E  I V  

E f f e c t  Curcumin o n p h a g o c y t i c  a c t i v i t y o f p e r i t o n e a l  macrophages  

T r e a t e d  a n i m a l s  r e c e i v e d  f i v e  d o s e s  of C u r c u m i n  ( 2 0 0  ,uuM/Kg 
Body  W e i g h t / d o s e )  f o r  f i v e  d a y s .  

*P<O.OOl , S i g n i f i c a n c e  a s  compared  w i t h  u n t r e a t e d .  
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300 ANTONY, KUTTAN, AND KUTTAN 

TABLE V 

Effect of Curcumin on delayed type hypersensitivity 

C o n t r o l  

V e h i c l e  

C u r c u m i n  

0.166 

0.166 

0.1 

N i  1 

*39.75 

A l l  t h e  a n i m a l 5  w e r e  s e n s i t i z e d  w i t h  S R B C  ( 1 ~ 1 0 ~ )  and 
t r e a t e d  a n i m a l s  r e c e i v e d  f i v e  d o s e s  o f  C u r c u m i n  ( 2 0 0  p M / K g  
Body W e i g h t ) .  

* P < O . O O l  , S i g n i f i c a n c e  f r o m  u n t r e a t e d .  

C u r c u m i n  e n h a n c e d  t h e  p h a g o c y t i c  a c t i v i t y  o f  p e r i t o n e a l  

m a c r o p h a g e s .  Numbers  o f  m a c r o p h a g e s  w i t h  e n g u l f e d  S R B C  w e r e  

s i g n i f i c a n t l y  i n c r e a s e d  (P<O. 001) i n  t h e  t r e a t e d  g r o u p  

( 7 1 / 2 0 0  c e l l s )  compared  t o  t h e  c o n t r o l  g r o u p  ( 4 2 / 2 0 0  c e l l s ) .  

Effect of Curcumin o n  delayed type hypersensitivity: I n  t h e  

c a s e  o f  C u r c u m i n  t r e a t e d  a n i m a l s  t h e r e  was 39. 75% i n h i b i t i o n  

o f  d e l a y e d  t y p e  h y p e r  s e n s i t i v i t y  r e a c t i o n  ( T a b l e  V ) .  T h e  

g r o u p  o f  a n i m a l s  t r e a t e d  w i t h  v e h i c l e  a l o n e  showed  a 

d i f f e r e n c e  o f  p a w  t h i c k n e s s  s i m i l a r  t o  t h a t  o f  c o n t r o l  

a n i m a l s .  

T u r m e r i c  (Curcuma l o n g a )  t u b e r s  c o n t a i n  c u r c u m i n o i d s  a t  a 
v e r y  h i g h  c o n c e n t r a t i o n  ( 4 - 8 % )  o f  t h e i r  d r y  w e i g h t .  T o p i c a l  

a p p l i c a t i o n  o f  C u r c u m i n  i n h i b i t s  T P A  i n d u c e d  e p i d e r m a l  D N A  

s y n t h e s i s ,  t u m o u r  p r o m o t i o n  i n  mouse  s k i n  and oedema o f  
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mouse e a r s ( 6 ) .  W h i l e  t h e  a c t i v i t y  o f  C u r c u m i n  m a i n l y  

r e s i d e s  i n  t h e  c o n j u g a t e d  d i e n e  m o i e t y  p r e s e n t  i n  C u r c u m i n ,  

p a r t  o f  t h e  a c t i v i t y  h a s  b e e n  a s c r i b e d  t o  t h e  p h e n o l i c  f o r m .  

C u r c u m i n  i s  a p o t e n t  a n t i i n f l a m m a t o r y  a g e n t  i n  a c u t e  and 
c h r o n i c  m o d e l s  o f  i n f l a m m a t i o n  (23). I m m u n o m o d u l a t o r s  a r e  
a g e n t s  t h a t  m o d i f y  t h e  r e l a t i o n s h i p  b e t w e e n  a n t i g e n  and h o s t  

b y  m o d i f y i n g  t h e  h o s t  r e s p o n s e s  t o  a n t i g e n  w i t h  r e s u l t a n t  
t h e r a p e u t i c  e f f e c t s .  I n  r e c e n t  y e a r s  t h e r e  i s  an  i n c r e a s i n g  
i n t e r e s t  i n  t h e  s e a r c h  f o r  p o t e n t i a l  d r u g s ,  e s p e c i a l l y  o f  

p l a n t  o r i g i n ,  t h a t  a r e  c a p a b l e  o f  m o d i f y i n g  t h e  immune 
r e s p o n s e s  w i t h  f e w  o r  n o  s i d e  e f f e c t s .  A d m i n i s t r a t i o n  o f  

l i p o s o m a l l y  e n c a p s u l a t e d  C u r c u m i n  h a s  b e e n  shown t o  i n c r e a s e  

t o t a l  WBC c o u n t  and bonemarrow c e l l  n u m b e r s .  T h i s  may b e  
d u e  t o  t h e  p r o d u c t i o n  o f  c y t o k i n e s  t h a t  r e g u l a t e  t h e  

p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n  o f  b o n e  marrow c e l l s  o r  

d i r e c t l y  a c t i n g  on t h e s e  c e l l s .  C u r c u m i n  t r e a t m e n t  
i n c r e a s e d  t h e  a - e s t e r a s e  p o s i t i v e  c e l l s  s i g n i f i c a n t l y  

w h i c h  i n d i c a t e s  i t s  e f f e c t s  on p r o l i f e r a t i o n  o f  s t e m  c e l l s .  

C u r c u m i n  a d m i n i s t r a t i o n  e n h a n c e d  t h e  h u m o r a l  i m m u n i t y  as  
s e e n  f r o m  t h e  i n c r e a s e  i n  a n t i b o d y  t i t r e  and a n t i b o d y  
f o r m i n g  c e l l s .  P h a g o c y t i c  a c t i v i t y  o f  m a c r o p h a g e s  w a s  f o u n d  
t o  b e  e n h a n c e d  b y  C u r c u m i n  t r e a t m e n t .  T h e r e  w a s  a 
s i g n i f i c a n t  i n c r e a s e  i n  t h e  r e l a t i v e  o r g a n  w e i g h t s  o f  

l y m p h o i d  o r g a n s  s u c h  a s  s p l e e n  and t h y m u s .  C u r c u m i n  i s  
known a s  a p o t e n t  a n t i c a r c i n o g e n  and i s  b e i n g  t r i e d  i n  p h a s e  

I c l i n i c a l  t r i a l s  as  a c h e m o p r e v e n t i v e  ( 2 4 ) .  It h a s  b e e n  

r e p o r t e d  t h a t  C u r c u m i n  i n h i b i t s  l u n g  m e t a s t a s i s  i n d u c e d  b y  

B16F10 melanoma c e l l s  (11). R e c e n t l y  C u r c u m i n  h a s  b e e n  
r e p o r t e d  s e l e c t i v e l y  t o  i n h i b i t  H I V - I  LTR d i r e c t e d  g e n e  

e x p r e s s i o n  ( 2 5 ) .  C u r c u m i n  a c o m p o n e n t  o f  f o o d  i n  s e v e r a l  
c o u n t r i e s  i s  n o n t o x i c  and h a r m l e s s .  T h e  r e s u l t s  p r e s e n t e d  
i n  t h i s  s t u d y  i n d i c a t e  t h e  i m m u n o s t i m u l a t i n g  e f f e c t s  o f  
C u r c u m i n .  The  c y t o c i d a l  and a n t i c a r c i n o g e n i c  a c t i o n  o f  

Curcumin  c o m b i n e d  w i t h  i t s  i m m u n o p o t e n i e n t i a t i n g  a c t i v i t y  
makes  i t  a p o t e n t i a l  d r u g  f o r  c a n c e r  t h e r a p y .  
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