
CHAPTER I

INTRODUCTION

Recently, there is a rapid growing movement back to the nature in the search 
for health and longevity. Traditional medicines, herbal-based medicines, and organic 
food have long been a part o f worldwide culture for many centuries. Their importance 
to the world today is spreading due to increased awareness o f the limited horizon of 
synthetic pharmaceutical products to control major diseases and the need to discover 
new molecular structures as lead compounds from plant kingdom. Therefore, today’s 
herbal pharmacopoeia can frequently offer relief and prevention while avoiding the 
potential harmful side effects from many great pharmaceutical drugs.

Many medical researchers and health practitioners consent that the biggest 
challenge to long-term vibrant health is excessive free radicals damage or oxidative 
stress. The instantly growing of evidence in the scientific literature about the nature 
and role o f free radicals has led to an increasing consciousness o f their importance in 
health and disease. Free radicals have been implicated in a great number o f human 
diseases such as cancer, atherosclerosis, aging, Alzheimer’s and Parkinson’s diseases 
(Martinez, 1995).

Free radicals are molecules with unpaired electron, which are produced in 
normal aerobic metabolism. Since oxygen, which is the ultimate electron acceptor in 
the electron transfer system, is used to generate the energy in the form o f adenosine 
triphosphate (ATP). Flowever, problems may arise when the electron becomes 
uncoupled, generating free radicals. In addition, environment insults, infections, 
smoking, ionizing radiation, and sunlight can also cause the formation o f free radicals. 
The examples o f free radicals are reactive oxygen species (ROS), various forms of 
activated oxygen, which include superoxide anion radical (0 2 ''), peroxyl radical 
(R 0 0 -) , alkoxyl radical (R 0-), hydroxyl radical (H O ), and nitric oxide radical (NO-) 
as well as nonfree-radical species such as hydrogen peroxide (H2O2), singlet oxygen 
( '0 2 ), and hypochlorous acid (H0C1) (Halliwell, 1995).
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Free radicals are an important part o f biological functions such as energy 
production, phagocytosis, regulation o f cell growth and repair, and synthesis o f  
biological compounds (Halliwell, 1995). Despite, free radicals can have negative 
effects when they are excessive due to environmental insults, diseases or malnutrition. 
They cause oxidative damage to biological macromolecules such as lipids in cell 
membrane resulting in lipid peroxidation, proteins in tissues or enzymes leading to 
cell inactivation (Dean e t . a i ,  1994), DNA cause mutation inducing to cancer (Cerutti, 
1994; Diplock e t . a l . ,  1994). These oxidative damages are considered to play a 
causative role in aging and several degenerative diseases as mentioned before. Major 
disturbances induced by the free radical reaction are shown in Scheme 1.1.

In spite o f that, all aerobic organisms, including human, have antioxidant 
defenses that protect against oxidative damages. These defense mechanisms are 
produced during normal cell aerobic respiration and act in concert in cell of 
differentiation and growth, immune response, cell membrane integrity, and normal 
DNA repair. These systems include some antioxidants produced in the body 
(endogenous) and others obtained from the diet (exogenous). The endogenous 
antioxidants include enzymatic defenses (catalase and superoxide dismutase) and non- 
enzymatic defenses (glutathione, reduce CoQio). However, when natural defenses are



3

overwhelmed by an excessive generation o f free radicals, which can be dealt with 
external factors (environmental insults, smoking). Hence, dietary intake o f  
antioxidant compounds becomes an importance to maintain an adequate antioxidant 
status (Halliwell e t . a l . ,  1995).

Antioxidants are compounds that inhibit or delay the oxidation o f other 
molecules by inhibiting the initiation or propagation o f oxidizing chain reactions. 
There are two basic categories o f antioxidants, namely, synthetic and natural 
antioxidants. In general, synthetic antioxidants are compounds with phenolic 
structures o f various degrees o f alkyl substitution. Synthetic antioxidants (Figure 1.1) 
such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), and 
tertiary butylhydroxyquinone (TBHQ) have been used as antioxidants since the 
beginning o f this century. Restrictions on the use o f these compounds, however, are 
being imposed because o f their carcinogenicity (Branen, 1975; Ito e t . a l . ,  1983). 
Consequently, the importance o f the search for and exploitation o f natural 
antioxidants, particularly on plant origin, has greatly increased. Natural antioxidants 
can be phenolic compounds (tocopherol, flavonoids, and phenolic acid), nitrogen 
compounds (alkaloids, chlorophyll derivatives, amino acids, and amines), or 
carotenoids as well as ascorbic acid (Larson, 1988).

o n

Tertiary butylhydroquinone (TBHQ)

Figure 1.1 Synthetic antioxidants
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In this research, screening for the antioxidant-related activity on such 
medicinal plants has been investigated. A number o f methods have been developed to 
determine the antioxidant activity o f pure compounds from plant extracts. 
Principally, we selected 2,2-diphenyl-1-(2,4,6-trinitrophenyl)hydrazyl (DPPH) as 
stable radical source for primary screening because it is convenient, rapid, cheap, and 
reliable. Besides, this method requires a little amount o f sample and can be altered to 
apply for both qualitative and quantitative examinations. In addition to other radical 
sources, we chose two important in vitro models, specifically, xanthine oxidase- 
related activity and lipid peroxidation that they generated superoxide anion and 
peroxyl radicals, respectively.

2,2-Diphenyl-1-(2,4,6-trinitrophenyl)hydrazyl (DPPH) radical is a class of 
nitrogen-centered radical and stable with its resonance system. It is a purple color 
solid with 7.max= 517 nm. We utilized the property that DPPH has different colors in 
radical form (DPPH, purple color) and non-radical form (DPPHn, colorless). The 
structures o f DPPH and DPPHn are revealed in Figure 1.2.

Xanthine oxidase (EC. 1.2.3.2) is a complex enzyme containing flavins, 
molybdenum, iron and sulfide cofactors. It is a highly versatile enzyme that is widely 
distributed from bacteria to human and within the several tissues o f mammals. 
Xanthine oxidase is an important source o f oxygen free radicals. The enzyme 
catalyzes the degradation o f purines to yield uric acid, which causes gout condition, 
and produces the highly toxic superoxide anion radical (CK-) as a by-product. The
purine degradation is shown in Scheme 1.2 and 1.3. This enzyme has been proposed 
as a central mechanism of oxidative injury such as heart attack, stroke, and arthritis.
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Hence, the main principle o f our assay was to determine the inhibition o f xanthine 
oxidase and the superoxide anion radical scavenging activity o f test compounds.
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Lipid peroxidation is the role o f oxidative injury in pathophysiological 
disorders. This oxidation is initiated by a reaction between ROS and unsaturated fatty 
acid side chains. The ROS abstracts a hydrogen atom, forming a fatty acid side chain 
peroxyl radical (LOO-)- Scheme 1.4 illustrated the oxidation o f linoleic acid (LH). 
This radical can cause destabilization and disintegration o f the cell membrane, leading 
to liver injury, atherosclerosis, kidney damage, aging, and susceptibility to cancer 
(Rice-E/ans and Burdon, 1993).
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F r o m  f e r r i c  t h io c y a n a te  ( F T C )  a s s a y , l i p i d  p e r o x id a t io n  is  q u a n t i f i e d  b y  

m e a s u r in g  h y d r o p e r o x id e ,  w h ic h  is  th e  e n d  p r o d u c t  o f  t h is  m e c h a n is m .  

H y d r o p e r o x id e s  a re  h ig h l y  u n s ta b le .  T h e r e fo r e ,  h y d r o p e r o x id e s  w e r e  r e a d i l y  r e a c te d  

w i t h  f e r r o u s  io n s  t o  p r o d u c e d  f e r r i c  io n s .  T h e  r e s u l t in g  f e r r i c  io n s  a re  d e te c te d  u s in g  

t h io c y a n a te  io n  as  th e  c h r o m o g e n .  T h e  r e a c t io n s  o f  t h is  a s s a y  a re  s h o w n  i n  S c h e m e

1 .5 .

L O O H  +  F e2+ ------- -------► L O O »  +  F e3+

L O O  +  F e2+ +  H + ----- ► L O O H  +  F e3+

Fe3+ +  5 S C N ' ------------ ► F e (S C N )52'

Àmax: 5 0 0  nm .

S c h e m e  1.5 R e d u c t io n / o x id a t io n  r e a c t io n  o f  f e r r i c  t h io c y a n a te  a s s a y
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T h e  Z in g e b e r a c e a e  is  a n  a t t r a c t iv e  f a m i l y .  T h is  f a m i l y  is  w id e l y  d is t r ib u t e d  

t h r o u g h o u t  th e  t r o p ic s ,  p r i n c i p a l l y  in  S o u th e a s t  A s ia .  I t  is  e s t im a te d  t h a t  th e r e  a re  

1 4 0 0  s p e c ie s  i n  4 7  g e n e ra . I n  th e  S o u th e a s t  A s ia n  r e g io n ,  v a r io u s  s p e c ie s  o f  

Z in g e b e r a c e a e  a re  u t i l i z e d  as  s p ic e s ,  m e d ic in e s ,  f l a v o r in g  a g e n ts ,  a n d  as  th e  s o u rc e  o f  

c e r t a in  d y e .  I n  T h a i la n d ,  th e  Z in g e b e r a c e a e  is  a  p a r t  o f  th e  h e rb a c e o u s  g r o u n d  f l o r a  

o f  th e  r a in f o r e s t .  T h e y  g r o w  n a t u r a l l y  in  d a m p ,  s h a d e d  p a r t s  o n  th e  h i l l  s lo p e s ,  as  

s c a t te r e d  p la n t s  ( B u r k i l l ,  1 9 6 6 ) .

F r o m  th e  p r im a r y  s c r e e n in g  te s t  o f  8 p la n ts  in  Z in g e b e r a c e a e ,  W a a n  M a  

L u e a n g  ( C u r c u m a  s p p . )  d e m o n s t r a te d  th e  in t e r e s t in g  r e s u l t  f o r  D P P H  r a d ic a l  

s c a v e n g in g  a c t i v i t y .  H e n c e ,  t h is  p la n t  w a s  s e le c te d  f o r  f u r t h e r  in v e s t ig a t io n  o f  th e  

c h e m ic a l  c o n s t i t u e n t s  a n d  t h e i r  a n t io x id a n t  a c t i v i t y .

W a a n  M a  L u e a n g  ( C u r c u m a  s p p . )  is  in  th e  l i s t  o f  T h a i  F o lk  M e d ic in e .  I n  

g e n e r a l ,  t h is  p la n t  is  k n o w n  as “ j o u r n e y  p la n t ” . I ts  r h iz o m e  c a n  r e l ie v e  a c h e  a n d  p a in  

s y m p to m s ,  i n c lu d in g  b o d y ,  j o i n t ,  t e n d o n  a n d  b o n e  ( P e t c h s i r i ;  i n  t h a i ,  1 9 7 8 ) .

1.1 Botanical Aspects and Distribution
W a a n  M a  L u e a n g  ( C u r c u m a  s p p . )  is  in  th e  Z in g ib e r a c e a e .  I t  is  th e  s a m e  

g e n u s  as  C u r c u m a  lo n g a  L in n .  B o ta n is ts  s t i l l  d o  n o t  p r e v io u s ly  i d e n t i f y  i t s  s p e c ie .

W a a n  M a  L u e a n g  is  a s te m le s s  r h iz o m a to u s  h e rb ,  w id e l y  d is t r ib u t e d  in  

T h a i la n d ,  e s p e c ia l ly  N o r t h e a s t  a n d  e a s te rn  re g io n s .  I t  h a s  b e e n  w e l l  k n o w n  as  “ W a a n  

M a  L u e a n g ”  ( C e n t r a l ) ,  a n d  “ W a a n  M a  T h o n g ”  (E a s te rn ) .

L e a v e s :  e m e rg e  d i r e c t l y  f r o m  th e  u n d e r g r o u n d  s te m  w i t h  o v e r la p p in g  p e t io le s  8 -1 5

c m .  lo n g  o r  m o r e ,  l i g h t  g re e n ,  3 0 - 4 0  c m ,  h a v in g  t h i n  e l l ip s e - s h a p e d  

o r  e lo n g a te  la n c e -s h a p e d  b la d e s .

F lo w e r :  l i g h t  p in k ,  y e l l o w  p o l le n ,  c y l i n d r i c a l  in f lo r e s c e n e  a b o u t  1 0 -1 5  b y  5 - 7

c m ,  a p p e a rs  w i t h  th e  le a v e s  a n d  d e v e lo p s  in  t h e i r  c e n t r e .

R h iz o m e :  s m a l l , lo n g ,  h o r s e - n e c k  l i k e ,  b r ig h t  y e l lo w ,  b i t t e r  ta s te
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(c) (d)

Figure 1.3 W h o le  p la n t  ( a ) ,  le a v e s  ( b )  f l o w e r  ( c ) ,  a n d  r h iz o m e s  ( d )  o f  

W a a n  M a  L u e a n g  ( C u r c u m a  s p p . )
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1.2 Chemical constituents study on C u r c u m a  spp.
I n  th e  p a s t ,  th e  re s e a rc h e s  o n  c h e m ic a l  c o n s t i t u e n t s  o f  th e  g e n u s  C u r c u m a  

w e r e  w id e l y  in v e s t ig a te d .  T h e  n u m e r o u s  ty p e s  o f  o r g a n ic  c o m p o u n d s  h a v e  b e e n  

i s o la t e d ,  m a in l y  s e s q u i te r p e n o id s .  T a b le  1.1 r e p o r t e d  th e  is o la t e d  c o m p o u n d s  f r o m  th e  

r h iz o m e s  o f  th e  g e n u s  C u r c u m a .

U n t i l  n o w ,  th e re  is  a  l i t t l e  in f o r m a t io n  a b o u t  c o n s t i t u e n t s  o f  W a a n  M a  L u e a n g  

( C u r c u m a  s p p . ) .  O n ly  o n e  l i t e r a t u r e  w a s  f o u n d  in  T h a i la n d .  I t  w a s  n o te d  th a t  

c u r c u m in o id s  (Figure 1.4), w h ic h  h a v e  th e  p o te n t  a n t io x id a n t  a c t i v i t y ,  a re  th e  m a jo r  

c o m p o n e n t s  f r o m  th e  r h iz o m e s  o f  t h is  p la n t  ( P l ia n b a n g c h a n g  a n d  M a n o w a t ;  in  T h a i ,  

1 9 9 2 ) .  H o w e v e r ,  th e re  is  a p p a r e n t ly  n o  in f o r m a t io n  i n  th e  l i t e r a t u r e  o n  th e  

a n t io x id a n t  a c t i v i t y  o f  s o m e  is o la t e d  c o m p o u n d s  f r o m  W a a n  M a  L u e a n g .  T h e r e f o r e ,  

s e a r c h in g  f o r  a n t io x id a t i v e  c o m p o n e n ts  o f  W a a n  M a  L u e a n g  ( C u r c u m a  s p p . )  w a s  

c a r r ie d  o u t  in  t h is  re s e a rc h .
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Table 1.1 C h e m ic a l  c o n s t i t u e n t s  s tu d y  o n  th e  g e n u s  C u r c u m a

P la n t  n a m e s I s o la te d  c o m p o u n d s T y p e

C u r c u m a  lo n g a  

( N a k a y a m a  e t . a i ,  1 9 9 3 )  

(Figure 1.4) 
(Figure 1.5)

c u r c u m in

d e m e th o x y c u r c u m in

b is d e m e th o x y c u r c u m in

c y c lo c u r c u m in

C u r c u m in o id s

C u r c u m a  a r o m a t i c a  

( I t o k a w a  e t . a l . ,  1981) 
(Figure 1.6)

g e rm a c r o n e

( 4 ร ,  5 S ) - g e rm a c r o n e - 4 ,5 - e p o x id e  

c u r d io n e  

n e o c u r d io n e  

d e h y d r o c u r d io n e  

z e d o a r o n d io l  

p r o c u r c u m e n o l

S e s q u i te r p e n o id s

C u r c u m a  z e d o a r i a  

( H i k i n o  e t . a l . , \ 9 1 5 )  

(Figure 1.7)

f u r a n o d ie n o n e

is o fu r a n o d ie n o n e

c u r z e re n o n e

F u ra n o s e s q u i te r p e n o id s

( S h io b a r a  e t . a i ,  1 9 8 5 )  

(Figure 1.8)
c u r c u m a n o l id e  A  

c u r c u m a n o l id e  B

S p ir o la c to n e s

C u r c u m a  w e n y u j i n  

(G a o  e t . a l . ,  1 9 8 9 )  

(Figure 1.9)

w e n j in e

c u r c u m o l

c u r c u m a la c to n e

S e s q u i te r p e n o id s

c u r c u m a  x a n t h o r r h i z a  

( I t o k a w a  e t . a l . , 1 9 8 5 )  

( U e h a r a  e t . a l . ,  1 9 8 9 )  

(Figure 1.10)

a - c u r c u m e n e

a r - t u r r n e r o n e

[3 -a t la n to n e

x a n th o r r h iz o l

b is a c u ro n e

b is c u m o l

S e s q u i te r p e n o id s

C u r c u m a  c o m o s a  
( J u r g e n s  e t . a l . ,  1 9 9 4 )  

(Figure 1.11)
1 , 7 - d ip h e n y l - 3 - a c e t o x y - ( 6 £ ) -  

h e p te n e

D ia r y lh e p t a n o id

C u r c u m a  h e y n e a n a  

( F i r m a n  e t . a l . ,  1988) 
(Figure 1.12)

o x y c u r c u m e n o l S e s q u i te r p e n o id
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Figure 1.6 S e s q u i te r p e n o id s  f r o m  C u r c u m a  a r o m a t i c a
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Figure 1.7 F u r a n o s e s q u i te r p e n o id s  f r o m  C u r c u m a  z e d o a r i a
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Figure 1.10 S e s q u i te r p e n o id s  f r o m  C u r c u m a  x a n t h o r r h i z a
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Figure 1.12 S e s q u i te r p e n o id  f r o m  C u r c u m a  h e y n e a n a
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1.3 The goal of this research
F r o m  th e  a t t r a c t iv e  r e s u l t  f r o m  p r im a r y  s c r e e n in g  te s t  b a s e d  o n  D P P H  r a d ic a l  

s c a v e n g in g  a c t i v i t y ,  W a a n  M a  L u e a n g  ( C u r c u m a  s p p . )  w a s  s e le c te d  f o r  f u r t h e r  

i n v e s t ig a t io n  o f  th e  c h e m ic a l  c o n s t i t u e n t s  a n d  t h e i r  a n t io x id a n t  a c t i v i t y .  T h e  g o a l o f  

t h is  r e s e a r c h  c a n  b e  t i g h t l y  s u m m a r iz e d  as f o l lo w s :

1. T o  e x t r a c t  a n d  is o la t e  th e  a n t io x id a t iv e  c o n s t i t u e n t s  f r o m  th e  r h iz o m e s  o f  

C u r c u m a  s p p . (W a a n  M a  L u e a n g )

2 . T o  e lu c id a te  th e  s t r u c t u r a l  f o r m u la e  o f  th e  is o la t e d  c o m p o u n d s

3 . T o  d e te rm in e  th e  a n t io x id a n t  a c t i v i t y  o f  th e  is o la t e d  c o m p o u n d s  

C h r o m a t o g r a p h ic  a n d  s p e c t r o s c o p ic  te c h n iq u e s  w i l l  u n d e r ta k e  s e p a r a t io n  a n d

s t r u c tu r e  e lu c id a t io n ,  r e s p e c t iv e ly .
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