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T h e  im m u n e  s y s te m  is a h o s t d e fe n s e  s y s te m  o f th e  b o d y  a g a in s t fo re ig n  
a n tig e n s . T h is  s y s te m  c o n s is ts  o f  s e v e ra l in te rd e p e n d e n t c e lls  a n d  m e d ia to rs  th a t 
c o o rd in a te ly  p ro te c t th e  b o d y  fro m  p a th o g e n s  a n d  tu m o r  c e lls . T h e  im m u n e  re s p o n s e s  
o f  th is  s y s te m  a re  d iv id e d  in to  in n a te  im m u n ity  a n d  a d a p tiv e  im m u n ity . T h e  in n a te  
im m u n e  re s p o n s e  is th e  f irs t lin e  d e fe n s e  a g a in s t in v a d in g  p a th o g e n s . T h is  re s p o n s e  
o c c u rs  ra p id ly  w ith in  h o u rs  b y  th e  fu n c tio n  o f p h y s ic a l a n d  c h e m ic a l b a rr ie rs  a s  w e ll as 
c e lls  a n d  m e d ia to rs  in th e  im m u n e  s y s te m  to  p ro te c t o r  e lim in a te  th e  p a th o g e n s  [6], 
C e lls  a n d  m e d ia to rs  o f th e  in n a te  im m u n ity  c an  a c tiv a te  o r  p re s e n t th e s e  p a th o g e n s  to  
b o th  T  a n d  B ly m p h o c y te s  to  g e n e ra te  an  a d a p tiv e  im m u n ity . A d a p tiv e  im m u n ity  is 
c h a ra c te r iz e d  b y  s p e c if ic ity  fo r  d is t in c t m o le c u le s  a n d  a n  a b il ity  to  “ re m e m b e r " a n d  
re s p o n s e  m o re  v ig o ro u s ly  a g a in s t re p e a te d  e x p o s u re s  to  th e  s a m e  p a th o g e n s  [7], 
M a c ro p h a g e s  a re  c e lls  in th e  im m u n e  s y s te m  th a t p la y  im p o r ta n t ro le s  in b o th  o f  in n a te  
a n d  a d a p t iv e  im m u n e  re s p o n s e s .

M a c ro p h a g e s  a re  m o n o n u c le a r  p h a g o c y te s  d e r iv e d  fro m  p lu r ip o te n t 
h a e m a to p o ie tic  s te m  c e lls  in th e  b o n e  m a rro w . T h e ir  p re c u rs o r  c e lls  a re  in m y e lo id  
lin e a g e . T h e y  d if fe re n t ia te  to  m o n o b la s ts , p ro -m o n o c y te s , a n d  m o n o c y te s  th a t c irc u la te  
in th e  p e r ip h e ra l b lo o d  w ith  an  e s t im a te d  h a lf- life  o f  8 -9  h o u rs  b e fo re  m ig ra tin g  to  
v a r io u s  t is s u e s  a n d  b e c o m in g  m a tu re  c e lls  a s  m a c ro p h a g e s  (F ig . 1 ) [8]. M a c ro p h a g e s  
lo c a tin g  in o rg a n s  a n d  c o n n e c tiv e  tis s u e s  h a v e  s p e c ific  n a m e s  to  d e s ig n a te  s p e c ific  
lo c a tio n  s u c h  a s  a lv e o la r  m a c ro p h a g e s  in th e  lu n g s , h is t io c y te s  in c o n n e c tiv e  tis s u e s , 
K u p ffe r  c e lls  เท th e  live r, m ic ro g lia  in n e u ra l tis s u e , a n d  o s te o c la s ts  เท b o n e  [9]. 
M a c ro p h a g e s  a re  p ro fe s s io n a l p h a g o c y te s  th a t c a n  re c o g n iz e , e n g u lf  a n d  d e s tro y  m a n y  
p a th o g e n s  in c lu d in g  b a c te r ia , p a th o g e n ic  p ro to z o a , a n d  fu n g i. T h e y  p la y  an  im p o r ta n t 
ro le  in h o s t d e fe n s e  b o th  in in n a te  im m u n e  re s p o n s e  a n d  a d a p t iv e  im m u n e  re s p o n s e
a n d  a ls o  in in f la m m a tio n .
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Figure 1: Maturation of mononuclear phagocytes. Monocytes originate in the bone

marrow from dividing precursor cells. T h e y  th e n  e n te r  th e  p e r ip h e ra l b lo o d , in  w h ic h  th e y  
le a v e  it to  b e c o m e  m a c ro p h a g e s  in th e  t is s u e s . [10 ]

Recognition of microbes by macrophages

M a c ro p h a g e s , w h ic h  b ro a d ly  d is tr ib u te  th ro u g h o u t e v e ry  o rg a n , p la y  im p o rta n t 
ro le  in n a te  im m u n ity  b y  re c o g n iz in g  in v a d in g  p a th o g e n s  a n d  th e ir  c o m p o n e n t u s in g  a 
la rg e  v a r ie ty  o f re c e p to rs  c a lle d  p a tte rn -re c o g n it io n  re c e p to rs  (P R R s ). T h e s e  re c e p to rs  
c a n  re c o g n iz e  s ig n a tu re  m o le c u le s  o f p a th o g e n s  k n o w n  a s  p a th o g e n -a s s o c ia te d  
m o le c u la r  p a tte rn s  (P A M P s ), fo r  e x a m p le  m a n n a n s  in th e  y e a s t c e ll w a ll, fo rm y la te d  
p e p tid e s  a n d  v a r io u s  b a c te r ia l c e ll-w a ll c o m p o n e n ts  s u c h  a s  l ip o p o ly s a c c h a r id e  (L P S ), 
lip o p e p tid e s , p e p tid o g ly c a n s  a n d  te ic h o ic  a c id s  [11 ]. T h e s e  m o le c u le s  a re  c o n s id e re d  
to  b e  a c ru c ia l c o m p o n e n t fo r  th e  s u rv iv a l o f th e  p a th o g e n . P R R s  a re  e ith e r  c y to s o lic  
P R R s  o r  m e m b ra n e  b o u n d  re c e p to rs  on  th e  c e ll s u r fa c e  o f  p h a g o c y te s  a s  w e ll as 
m a c ro p h a g e s  to  m e d ia te  p h a g o c y to s is  a n d  c o n tr ib u te  to  th e  a c tiv a tio n  o f p ro - 
in f la m m a to ry  p a th w a y s . M a c ro p h a g e s  h a v e  s e v e ra l ty p e s  o f P R R s  s u c h  a s  m a n n o s e  
re c e p to rs , s c a v e n g e r  re c e p to rs , re c e p to rs  fo r  o p s o n in , s e v e n  (X -he lic a l 
t ra n s m e m b ra n e /G  p ro te in -c o u p le d  re c e p to rs  as w e ll as T o ll like  re c e p to rs  (T L R s ) (F ig . 2).
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Figure 2: Receptors for recognition of macrophage [10 ], M a c ro p h a g e s  u se  d is t in c t 
re c e p to rs  to  re c o g n iz e  v a r io u s  m ic ro b e s , th e s e  re c e p to rs  a c tiv a te  c e llu la r  re s p o n s e  th a t 
fu n c tio n  to  s t im u la te  in f la m m a tio n  a n d  d e s tro y  m ic ro b e s .

The mannose receptors (MR) a nd  scavenger receptors (SRs) m e d ia te  
p h a g o c y to s is  o f v a r io u s  p a th o g e n s  b y  re c o g n iz in g  p a th o g e n -a s s o c ia te d  m o le c u la r  
p a tte rn s  (P A M P ) o f p a th o g e n s  [12 ], T h e  M R  is a P R R  p r im a r ily  p re s e n t on  th e  s u rfa c e  o f 
m a c ro p h a g e s  a n d  d e n d r it ic  c e lls . It re c o g n iz e s  m a n n o s e , fu c o s e , o r  N- 

a c e ty lg lu c o s a m in e  w h ic h  a re  n o t c o m m o n ly  fo u n d  on  m a m m a lia n  g ly c o p ro te in s  b u t a re  
o fte n  p re s e n t on  th e  g ly c o p ro te in s  o f th e  s u rfa c e  o f s e v e ra l p a th o g e n s  [13 ]. T h is  
re c o g n itio n  le a d s  to  re c e p to r  a c tiv a tio n  a n d  tr ig g e rs  p h a g o c y to s is  o f th e  p a th o g e n s . 
S R s  m o s tly  p re s e n t on  m a c ro p h a g e s . T h e y  re c o g n iz e  m o d ifie d  fo rm s  o f  lo w -d e n s ity  
l ip o p ro te in  (ทาL D L ) s u c h  a s  o x id iz e d  L D L  a nd  a b ro a d  ra n g e  o f p o ly a n io n ic  lig a n d s  
in c lu d in g  p o ly s a c c h a r id e s  a n d  p o ly r ib o n u c le ic  a c id s  [14 ], T h e s e  re c e p to rs  c an  m e d ia te  
d iffe re n t fu n c tio n s  a s  e n d o c y to s is , p h a g o c y to s is  a n d  a d h e s io n  [15 ].

Receptor for opsonins, s u c h  a s  F c -re c e p to rs  a n d  c o m p le m e n t re c e p to rs  th a t 
p ro m o te  p h a g o c y to s is  o f m ic ro b e s  c o a te d  w ith  a ra n g e  o f p ro te in , in c lu d in g  a n tib o d ie s , 
c o m p le m e n t p ro te in s , a n d  le c tin , a llo w e d  th e m  m o re  v is ib le  to  p h a g o c y t ic  c e lls . T h e
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The Seven a-helical transmembrane/G-protein couple receptors (GPCRs) a re
e x p re s s e d  on  n e u tro p h ils , m a c ro p h a g e , a n d  m o s t o th e r  ty p e s  o f  le u k o c y te s , a n d  th e y  
a re  s p e c if ic  fo r  d iv e rs e  lig a nd . T h e s e  re c e p to rs  h a v e  a fu n c tio n  m a in ly  to  re g u la te  th e  
in f la m m a to ry  re s p o n s e  th ro u g h  s tim u la te  a d h e s io n  a n d  m ig ra tio n  o f th e  le u k o c y te  to  s ite  
o f in fe c tio n , a ls o  s u rv iv a l a n d  a c tiv a tio n  o f th is  ce ll [18 ], A n  e x a m p le  o f th e s e  re c e p to rs  
is N -fo rm y l m e th io n in e  re c e p to rs  w h ic h  re c o g n iz e  s h o r t p e p tid e s  c o m p r is e  N- 

fo rm y lm e th io n in e  [9], N -fo rm y l m e th io n in e  is th e  f irs t a m in o  a c id  in b a c te r ia l p ro te in s  b u t 
it is n o t ty p ic a lly  fo u n d  in m a m m a lia n  p ro te in s  B in d in g  o f A M o rm yl M e t to  its  re c e p to r  on  
p h a g o c y te s  p ro m o te s  th e  m o tility , th e  c h e m o ta x is , a n d  p h a g o c y to s is  o f th e s e  
p h a g o c y te s .

Toll like receptors (TLRs) a re  ty p e  I t ra n s m e m b ra n e  re c e p to r  [19 ], T o  d a te , th e re  
a re  13 d iffe re n t T L R s  id e n tif ie d  in m a m m a ls  [20 ]. T L R s  re c o g n iz e  v a r io u s  P A M P s  
d e r iv e d  fro m  c o m p o n e n ts  o f th e  b a c te r ia l ce ll w a ll s u c h  a s  L P S  fro m  g ra m -n e g a tiv e  
( re c o g n iz e d  b y  T L R 4 ), p e p tid o g ly c a n  fro m  g ra m -p o s it iv e  b a c te r ia  ( re c o g n iz e d  b y  T L R 2 ) 
[21 ], In d iv id u a l T L R s  re c o g n iz e  d is t in c t m ic ro b ia l c o m p o n e n ts  a n d  le a d  to  p h a g o c y te  
a c tiv a tio n , p ro d u c tio n  a n d  re le a s e  o f in f la m m a to ry  c y to k in e s  s u c h  a s  ty p e  I in te rfe ro n s  
(IFN-CX a n d  IFN-(3) a n d  p ro in fla m m a to ry  c y to k in e s , as w e ll a s  im m u n e  re s p o n s e  a g a in s t 
p a th o g e n s .

Macrophage activation

V a r io u s  e n d o g e n o u s  a n d  e x o g e n o u s  s tim u li (e .g ., p h a g o c y to s is  o f fo re ig n  
a n tig e n  p a rtic le s , c y to k in e s  fro m  a c tiv a te d  TH 1 c e lls , m e d ia to rs  o f  th e  in f la m m a to ry  
re s p o n s e , a n d  c o m p o n e n ts  o f b a c te r ia l c e ll w a lls  s u c h  as lip o p o ly s a c c h a r id e  (L P S )) a re  
re c o g n iz e d  b y  a w id e  v a r ie ty  o f p a tte rn -re c o g n it io n  re c e p to rs  (P R R s ) on  m a c ro p h a g e s . 
T h e s e  s t im u li c a n  th e n  tu rn  m a c ro p h a g e s  in to  a c tiv a te d  m a c ro p h a g e s .

process of coating a microbe to phagocytosis is called opsonization, and substances
that coat the microbes are opsonins, that aids in the process of phagocytic recognition
[16-17],



8

A c t iv a te d  m a c ro p h a g e s  h a v e  m u c h  m o re  c a p a c ity  th a n  re s tin g  m a c ro p h a g e s  in 
th e ir  s e v e ra l fu n c tio n s . T h e y  in c re a s e d  in th e ir  p h a g o c y t ic  a c tiv ity , a b il ity  to  k ill in g e s te d  
m ic ro b e s , s y n th e s is  o f v a r io u s  m e d ia to rs  in v o lv e  in h o s t d e fe n s e  a n d  in f la m m a tio n  
in c lu d in g  c y to k in e s , c h e m o k in e s , lip id s  m e d ia to rs , re a c tiv e  o x y g e n  in te rm e d ia te s  (R O I) 
a n d  re a c tiv e  n itro g e n  in te rm e d ia te s  (R N I), a b ility  to  a c tiv a te  T  c e lls , a n d  re le a s e  o f 
v a r io u s  c y to to x ic  p ro te in s  th a t e x e r t c y to to x ic  e ffe c ts  a g a in s t v ira l in fe c te d  c e lls  a nd  
tu m o r  c e lls . A c t iv a te d  m a c ro p h a g e s  a ls o  in c re a s e  c e ll s u r fa c e  e x p re s s io n  o f c la s s  II 
M H C  m o le c u le s , re s u lt in g  th e m  m o re  e ffe c t iv e  a s  a n tig e n -p re s e n tin g  c e lls  (A P C s ) to  
a c tiv a te  T  h e lp e r  ly m p h o c y te s  to  in it ia te  a d a p tiv e  im m u n e  re s p o n s e  [22 ],

L P S -a c tiv a te d  m a c ro p h a g e s
T h e  b e s t m o d e l fo r  s tu d y in g  fu n c tio n s  o f a c tiv a te d  m a c ro p h a g e s  in in n a te  

im m u n ity  o r  in in f la m m a tio n  is b y  a c tiv a tin g  th e  c e lls  w ith  b a c te r ia l l ip o p o ly s a c c h a r id e  
(L P S ). L P S  is th e  m a jo r  c o m p o n e n t o f th e  o u te r  m e m b ra n e  o f  g ra m -n e g a tiv e  b a c te r ia . It 
is k n o w n  a s  an  e n d o to x in  w h ic h  is v e ry  p o te n t s t im u la n t o f in n a te  im m u n ity  in p ic o m o la r  
c o n c e n tra t io n  [23 ].

L P S  is a c o m p le x  g ly c o lip id  th a t c o n s is ts  o f th re e  s e p a ra te  re g io n s  (fig . 3 ): lip id  
A , a c o re  p o ly s a c c h a r id e  a n d  an  O -p o ly s a c c a rid e  (o r 0 -a n tig e n  re p e a ts )  [2 4 -2 5 ]. L ip id  A  
is an  e s s e n tia l s tru c tu ra l p a rt o f L P S  th a t is re s p o n s ib le  fo r  th e  to x ic  e ffe c ts  o f g ra m ­
n e g a tiv e  b a c te r ia  in fe c tio n s . It is a p o te n t s t im u la to r  o f m a c ro p h a g e  b y  a c tiv a tin g  
s e v e ra l s ig n a l tra n s d u c t io n  p a th w a y s  to  p ro m o te  p h a g o c y to s is  a n d  s e c re te  v a r io u s  
m e d ia to rs  in c lu d in g , n itr ic  o x id e , p ro s ta g la n d in  E2 (P G E 2), a n d  in f la m m a to ry  c y to k in e  
s u c h  a s  TNF-CX, IL -1 1 a n d  IL -6  [26 ],
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F ig u re  3: s tru c tu re  o f  E scherich ia  co li ce ll e n v e lo p e  [24 ],

H ig h  c o n c e n tra t io n  o f  L P S  c a n  in d u c e  o v e r  p ro d u c tio n  o f  s e v e ra l in f la m m a to ry  
m e d ia to rs  th a t c a u s e  fe v e r, in c re a s e  h e a rt ra te , le a d  to  s e p tic  s h o c k  a n d  lu n g  o r  k id n e y  
fa ilu re  c a u s e  o f  d e a th  in h u m a n s  [23 ], T h e  e ffe c ts  o f L P S  a re  m e d ia te d  b y  in te ra c tio n  
w ith  to ll like  re c e p to r-4  (T L R -4 ) [6],

P h a g o c y to s is
P h a g o c y to s is  is th e  m a in  c e llu la r  im m u n e  re s p o n s e  o f  in n a te  im m u n ity  a g a in s t 

in v a d in g  p a th o g e n s  s u c h  a s  b a c te r ia , p a ra s ite s , a s  w e ll a s  d e a d  h o s t c e lls  b y  
p h a g o c y te s  a s  m a c ro p h a g e s  a n d  n e u tro p h ils  [27 ], M a c ro p h a g e s  e x p re s s  a v a r ie ty  o f 
re c e p to rs  fo r  p a r t ic le  re c o g n it io n  s u c h  a s  m a n n o s e  re c e p to r  a n d  re c e p to rs  fo r  o p s o n in s  
(Fc  re c e p to rs  a n d  c o m p le m e n t re c e p to rs )  (F ig . 4 ) [28 ], A f te r  b in d in g  to  th e ir  p a rtic u la te  
lig a n d s , th e s e  re c e p to rs  tra n s m it in tra c e llu la r  s ig n a l to  t r ig g e r  p h a g o c y to s is  o f  th e  
p a rtic le  a n d  a c tiv a te  th e  p h a g o c y te s . T h e  a c tiv a te d  p h a g o c y te s  d e s tro y  th e s e  
in te rn a liz e d  p a r t ic le s  b y  g e n e ra t in g  s e v e ra l e n z y m e s  a n d  fre e  ra d ic a ls  to  d e g ra d e  th e m .
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T h e y  a ls o  p ro d u c e  in f la m m a to ry  c y to k in e s , c h e m o k in e , a s  w e ll a s  m o le c u le s  u til iz e d  fo r  
a n tig e n  p re s e n ta t io n  to  T  c e ll [29 ],

P h a g o c y to s is  is a p ro c e s s  o f e n g u lf in g  a fo re ig n  p a rtic le s  w h o s e  s iz e  e x c e e d s  
a b o u t 0 .5  p m . T h is  p ro c e s s  c an  b e  d iv id e d  in to  3 p h a s e s  a s  fo llo w s : (F ig . 5)

Opsonins

Figure 4: Receptors and signaling interactions during microbial phagocytosis of a 

phagocyte [29 ].

1) A tta c h m e n t p h a s e :
P h a g o c y to s is  is in it ia te d  b y  re c e p to r  re c o g n iz in g  o f la rg e  p a r t ic le s  s u c h  a s  in e rt 

b e a d s , a p o p to t ic  c e lls , a n d  m ic ro b e  b y  P R R s  o f th e  p h a g o c y t ic  c e lls . T h e s e  re c e p to rs  
in c lu d in g  th e  m a n n o s e  re c e p to rs  th a t re c o g n iz e  on  th e  s u r fa c e  o f  p a th o g e n  s u c h  as 
fu c o s e  re s id u e s  o f  g ly c o p ro te in s , g ly c o lip id  a n d  m a n n o s e  (e .g ., (3 -g lucan  th a t is m a d e
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up  b y  z y m o s a n , w h ic h  is a S accha rom yce s  cerev is iae  y e a s  c e il w a ll p a rtic le ), th e  
m a n n o s e  re c e p to rs  h a v e  b e e n  d e m o n s tra te d  to  m e d ia te  p h a g o c y o s is  o f  y e a s t a n d  
z y m o s a n  [1 4 ,2 9 ], O p s o n iz a tio n  w h ic h  is th e  p ro c e s s  o f  c o a tin g  a  p a rtic le  g re a tly  
e n h a n c e s  e ff ic ie n c y  in p h a g o c y t ic  re c o g n itio n  b y  re c e p to r  fo r  o p s o n in s , s u c h  a s  Fc- 
re c e p to rs  th a t re c o g n iz e  a n t ib o d y  a n d  c o m p le m e n t re c e p to rs  th a t re c o g n iz e  fo r  C 3  
fra g m e n t.

M icrobes b ind to  
phagocyte  receptors

Mac-1
* ๗ *  /integer»

Mannose 
receptor

Phagocyte  
membrane z ips up 

around m icrobe

M icrobe ingested  
in phagosome

Fusion o f 
phagosom e  

w ith  lysosom e Phagosome 
with ingested 

microbe

Lysosome
with

enzymes

Activa tion  of 
phagocyte

Figure 5: The process of phagocytosis and internalization of microbe [10]

2) In g e s t io n  p h a s e
P h a g o c y te s  e x te n d  p la s m a  m e m b ra n e  c a lle d  p s e u d o p o d s  c lo s e ly  to  th e  s u rfa c e  

o f th e  a tta c h e d  p a rtic le . T h e s e  p s e u d o p o d s  fu s e  a ro u n d  th e  p a r t ic le s  a n d  fo rm  a
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p h a g o s o m e . T h e  p h a g o s o m e  c o n tin u e s  to  fu s e  w ith  ly s o s o m e , fo rm in g  a 
p h a g o ly s o s o m e  [29 ],

3) K illin g  a n d  d e g ra d a tio n  p h a s e
T h e  k illin g  a n d  d e g ra d a tio n  o f p a th o g e n s  in th e  p h a g o ly s o s o m e  b y  e n z y m a tic  

d e g ra d a tio n  a fte r  p h a g o c y to s is  u s in g  e ith e r  o x y g e n -d e p e n d e n t a n d  - in d e p e n d e n t  
m e c h a n is m s  [2 9 ]. P h a g o ly s o s o m e s  c o n ta in  m ic ro b ic id a l a n d  p ro te o ly t ic  s u b s ta n c e s  th a t 
c a n  d e s tro y  p a r t ic le  w ith o u t d a m a g in g  th e  p h a g o c y t ic  c e lls . H o w e v e r, o v e rp ro d u c tio n  o f 
th e s e  m ic ro b ic id a l s u b s ta n c e s  b y  v e ry  p o te n t s tim u li m a y  b e  re le a s e d  in to  th e  
e x tra c e llu la r  s p a c e  a n d  c o n tr ib u te  to  h o s t t is s u e  d e s tru c tio n  o r  in f la m m a tio n  [30 ].

O x y g e n -d e p e n d e n t d e g ra d a tio n  m e c h a n is m : เท p h a g o ly s o s o m e  o f a c tiv a te d  
m a c ro p h a g e s , n ic o t in a m id e  a d e n in e  d in u c le o t id e  p h o s p h a te  (N A D P H ) o x id a s e  c o n v e rts  
m o le c u la r  o x y g e n  ( 0 2) to  re a c tiv e  o x y g e n  in te rm e d ia te s  (R O Is ), s u p e ro x id e  a n io n  ( 0 2 ) 
a n d  fre e  ra d ic a ls , w h ic h  a re  to x ic  to  th e  in g e s te d  m ic ro b e s . In d u c ib le  n itr ic  o x id e  
s y n th a s e  ( iN O S ) in a c tiv a te d  m a c ro p h a g e s  g e n e ra te s  h ig h  le ve l o f n itr ic  o x id e  fro m  L- 
a rg in in e . N O  a t h ig h  le v e ls  is v e ry  ra p id ly  o x id iz e d  to  p e ro x y n itr ite  (O O N O ") w h ic h  
in d u c e  m ic ro b ia l to x ic ity  b y  n itro s a tin g  D N A  a n d  ty ro s in e  re s id u e s  a n d  in d u c in g  lip id  
p e ro x id a t io n  [3 0 -3 1 ].

O x y g e n - in d e p e n d e n t d e g ra d a tio n  m e c h a n is m s : A c t iv a te d  m a c ro p h a g e s  a ls o  
kill p h a g o c y to s e d  m ic ro b e s  in p h a g o s o m e  b y  ly s o s o m a l e n z y m e s . T h e s e  e n z y m e s  
in c lu d e  v a r io u s  h y d ro ly t ic  e n z y m e s , a n tim ic ro b ia l p e p tid e s  (e .g ., d e fe n s in s ) , a n d  
m e ta b o lic  c o m p e tito rs  (e .g ., la c to fe rr in )  [31 ].

T h e  d e g ra d a tio n  o f fo re ig n  p ro te in s  g e n e ra te s  a n tig e n ic  p e p tid e s  in 
p h a g o ly s o s o m e . T h e s e  p e p tid e s  a re  a b le  to  b in d  to  c la s s  II m a jo r  h is to c o m p a t ib il ity  
c o m p le x  (M H C ) m o le c u le s . T h e s e  p e p tid e -c la s s  II M H C  c o m p le x e s  th e n  p re s e n te d  a t 
th a t th e  c e ll s u r fa c e  o f m a c ro p h a g e  to  C D 4 + T  ly m p h o c y te s . T h is  le a d s  to  T  c e ll 
a c tiv a tio n  to  in it ia te  an  a d a p tiv e  im m u n e  re s p o n s e  [27 ], T h e re fo re , p h a g o c y to s is  o f 
p h a g o c y te s  p la y s  a ro le  in b o th  in n a te  a n d  a d a p tiv e  im m u n e  re s p o n s e s .
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Pro-inflammatory cytokines

A c t iv a te d  m a c ro p h a g e s  c a n  g e n e ra te  a n u m e ro u s  c y to k in e s  in v o lv e  in in n a te  
a n d  a d a p t iv e  im m u n e  re s p o n s e s  a s  w e ll a s  เท in fla m m a tio n . T h e y  a re  a ls o  a m a jo r  
s o u rc e  o f p ro - in f la m m a to ry  c y to k in e s  in c lu d in g  T N F - a ,  IL -1 , IL -6  a n d  IL-8. T h e s e  
c y to k in e s  e x e r t  a w id e  ra n g e  o f b io lo g ic a l a c tiv it ie s  as fo llo w s ;

-Tumor necrosis factor-alpha (TNF-a)

T u m o r  n e c ro s is  fa c to rs -  a lp h a  (TN F-O t) is m a in ly  p ro d u c e  b y  m a c ro p h a g e s  
m o n o c y te s  a n d  T  c e lls  d u r in g  in fe c tio n  a n d  in ju ry . It is a p o te n t a c tiv a to r  o f 
m a c ro p h a g e s  to  p ro d u c e  IL-1 a n d  IL -6  [32 ], TN F-01 h a s  a w id e  ra n g e  o f  b io lo g ic a l 
a c tiv it ie s , in c lu d in g  in f la m m a tio n , c y to to x ic ity , tu m o r ic id a l a c tiv ity  e ith e r  b y  n e c ro s is  o r  
a p o p to s is  in d u c tio n , a n ti-v ira l a c tiv ity , g ro w th  m o d u la tio n , a n d  in d u c tio n  o f c e llu la r  
d if fe re n tia t io n  [3 3 -3 4 ], It a ls o  p la y s  a ro le  in s e p tic  s h o c k  s y n d ro m e  (e .g ., fe v e r  a n d  
h y p o te n s io n ) , t is s u e  in ju ry , c a c h e x ia , d ia b e te s , e tc . [35 ].

-Interleukine-1 (IL-1)

ln te r le u k in -1  ( IL -1 ) is s m a ll p ro te in  w ith  m o le c u la r  w e ig h t o f  a b o u t 1 7 .5  K d a . It is 
p ro d u c e d  b y  m o n o c y te , m a c ro p h a g e s , e n d o th e lia l c e lls , B c e lls , a n d  a c tiv a te d  T  c e lls  
[3 0 ,3 6 ]. T h e re  a re  tw o  fo rm s  o f IL -1 , IL-1 a  a n d  IL -1 p , w ith  th e  s a m e  re c e p to r  a n d  
b io lo g ic a l fu n c tio n s . M o s t o f  th e  IL-1 fo u n d  เท th e  c irc u la t io n  is IL-1 p [37 ]. A t low  
c o n c e n tra t io n , IL-1 fu n c tio n s  a s  a m e d ia to r  o f  lo c a l in f la m m a tio n  b y  in c re a s in g  
e x p re s s io n  o f  s u r fa c e  m o le c u le s  th a t m e d ia te  le u k o c y te  a d h e s io n  (e .g ., l ig a n d s  fo r  
in te g rin s ). A t h ig h  c o n c e n tra t io n , IL-1 w h ic h  is re le a s e d  in to  th e  b lo o d  c irc u la t io n  c an  
c a u s e  a c u te  p h a s e  re s p o n s e . It in d u c e  fe v e r  b y  e n h a n c in g  p ro s ta g la n d in  E2 s y n th e s is  
fro m  v a s c u la r  e n d o th e liu m  o f  th e  h y p o th a la m u s , a c u te  p ro te in  s y n th e s is , a n o re x ia , 
s o m n o le n c e , a n d  c a c h e x ia  [3 7 -3 8 ], IL-1 a ls o  a s s o c ia te s  w ith  c h ro n ic  in f la m m a to ry  
d is e a s e  s u c h  a s  rh e u m a to id  a rth r it is , a n d  m a lig n a n c ie s  [38 ].
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-lnterleukine-6 (IL-6)

IL -6  is ล g ly c o p ro te in  w ith  m o le c u la r  w e ig h t 2 1 -2 8  k D a  [39 ]. It is p ro d u c e d  b y  
o s te o b la s ts , m o n o c y te s , m a c ro p h a g e s , T  c e lls  a n d  s y n o v ia l f ib ro b la s ts . T h e  p ro d u c tio n  
o f IL -6  is s t im u la te d  b y  v a r io u s  c y to k in e s  s u c h  a s  IL-1 a n d  T N F -(X , a n d  b a c te r ia l p ro d u c t 
s u c h  a s  L P S  [40 ], It in d u c e s  in f la m m a to ry  s y m p to m s  (e .g ., fe v e r)  a n d  th e  p ro d u c tio n  o f 
a c u te -p h a s e  p ro te in s  fro m  th e  liv e r  s im ila r  to  IL-1 [39 ], O v e rp ro d u c tio n  o f IL -6  has  b e e n  
a s s o c ia te d  w ith  a c u te  a n d  c h ro n ic  in f la m m a tio n  (e .g ., th y ro id it is , rh e u m a to id  a rth r it is ) , 
a u to im m u n e  d is o rd e r, p ro life ra tiv e  d is e a s e , h e m a to lo g ic a l d is o rd e r  a n d  b o n e  a n d  
c a r t ila g e  d e s tru c tio n  (F ig . 6) [4 1 ,3 9 ],

IL -6  is n o t o n ly  a p ro in f la m m a to ry  c y to k in e  b u t a ls o  a m a tu ra tio n  fa c to r  o f B c e ll 
to  b e c o m e  p la s m a  c e lls . It a ls o  s t im u la te s  T  c e ll p ro life ra tio n  a n d  c y to to x ic -T -c e ll 
d if fe re n tia t io n  [39 ].

Immunological 
disorders

• Hyper-y-globulinemia
• Induction of 

autoantibodies
• Induction of Th 17 cells
• Activation of 

autoreactive T cells
• Expression of 

adhesion molecules

Proliferative diseases

• Growth factor for both normal and 
malignant cells

• Antiapoptotic factor for some 
malignant cells

• Induction of VEGF

0>
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• Induction of MMPs

y  V .

Figure 6: Overproduction of IL-6 is involved in the development of many

diseases and disorders [39 ],
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Nitric oxide (NO)

N itr ic  o x id e  (N O ) is a s o lu b le  g a s  s y n th e s iz e d  fro m  L -a rg in in e  b y  n itr ic  o x id e  
s y n th a s e s  (N O S s ). It p la y s  e s s e n tia l ro le  as a in te rc e llu la r  s ig n a lin g  m o le c u le  เท s e v e ra l 
b io lo g ic a l p ro c e s s . It a ls o  a c ts  a s  an  in f la m m a to ry  m e d ia to r  เท in fla m m a tio n . N O  is 
s y n th e s iz e d  fro m  e ith e r  o n e  o f th re e  N O S  is o fo rm s , e n d o th e lia l,  n e u ro n a l a n d  in d u c ib le  
N O S s  (e N O S , n N O S  a n d  iN O S ) [42 ],

n N O S  a n d  e N O S  a re  c o n s titu t iv e ly  p ro d u c e d  เท n e u ro n a l c e lls  a n d  v a s c u la r  
e n d o th e lia l c e lls , re s p e c tiv e ly . T h e y  a re  c a lc iu m -d e p e n d e n t e n z y m e s  a n d  g e n e ra te  lo w  
a m o u n t o f N O  เท p ic o m o la r  (p M ) in s h o r t p e r io d  o f t im e  fo r  n o rm a l p h y s io lo g ic a l 
fu n c tio n s  (F ig . 7) [4 3 -4 6 ], iN O S  is th e  th ird  N O S  is o fo rm  w h ic h  is n o rm a lly  n o r p re s e n t in 
re s tin g  c e lls . It is an  in d u c ib le  e n z y m e  w h ic h  e x p re s s e s  o n ly  เท a c tiv a te d  p h a g o c y te s  as 
m a c ro p h a g e s  a n d  n e u tro p h ils . P ro - in f la m m a to ry  c y to k in e s  (TN F-O t, IL-1 a n d  IL -6 ) a n d  
L P S  c a n  in d u c e  iN O S  e x p re s s io n  [47 ], iN O S  c a lc iu m - in d e p e n d e n tly  c a ta ly z e d  th e  
s y n th e s is  o f N O  เท h ig h  c o n c e n tra t io n  fo r  a lo n g e r p e r io d  o f t im e  th a n  n N O S  a n d  e N O S  
(h o u rs  o r  d a y s ) d e p e n d in g  on  h o w  lon g  iN O S  is p re s e n t in th e  a c tiv a te d  c e lls  [47 ],

P ro d u c tio n  in h ig h  c o n c e n tra t io n  o f N O  b y  iN O S  is im p o r ta n t a s  a h o s t d e fe n s e  
a g a in s t in v a lid in g  p a th o g e n s . H ig h  c o n c e n tra t io n  N O  in te ra c ts  w ith  s u p e ro x id e  to  
b e c o m e  p e ro x y n itr ite  fre e  ra d ic a l (O N O O )  เท a c tiv a te d  m a c ro p h a g e s . O N O O  is a 
p o te n t c y to to x ic  a g e n t. L a rg e  a m o u n t o f N O  a c ts  a s  p ro - in f la m m a to ry  m e d ia to r  a nd  
p o te n t v a s o d ila to r . O v e rp ro d u c tio n  o f N O  b y  iN O S  c a n  b e  h a rm fu l to  th e  h o s t t is s u e  a nd  
a s s o c ia te s  w ith  m a n y  in f la m m a to ry  d is e a s e s  s u c h  as a th e ro s c le ro s is , rh e u m a to id  
a rth r it is , d ia b e te s , s e p tic  s h o c k , a n d  m u ltip le  s c le ro s is  [48 ].
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Figure 7: Effects of nitric oxide produced by constitutive or inducible nitric oxide
synthase [43].

Prostaglandins (PGs)
Prostaglandins are lipid mediators derived from arachidonic acid (AA) which is a 

lipid component of membrane phospholipids. AA is released from plasma membrane 
phospholipids by phospholipase A2. It is turn into lipid metabolites by two pathways, 
lipoxygenase and cyclooxygenase pathways. AA is catalyzed by lipoxygenases to 
leukotrienes and lipoxin and by cyclooxygenases (COXs) to several prostaglandins [49]. 
There are two isoforms of COXs, COX-1 and COX-2. COX-1 is a constitutively enzyme 
that generates prostaglandins in physiological amount for normal functions of several 
tissues and organs [50], COX-2 is an inducible enzyme that produces much larger 
amount of PGs for a longer time than COX-1 [50], COX-2 expression is also induced in 
activated macrophages by various inflammatory mediators and LPS to generate large



17

amount of PGE2 and PGF2(X which are potent inflammatory mediators. These PGs cause 
vasodilation, increase vascular permeability, induce edema and fever [8,51].

Overexpression of COX-2 has been associated with the pathogenesis of many 
diseases such as cancer, osteoarthritis, rheumatoid arthritis, Ischemia and Alzheimer’s 
disease [49,52].

Inflammation
Inflammation is a fundamental process when tissues of the body response to 

harmful stimuli such as infection and tissue injury. There are four cardinal signs of 
inflammation, heat, redness, swelling, and pain. Inflammatory response is normally 
benefit to limit infection, causes tissue remodeling and repair, and maintains tissue 
integrity. However, dysregulated inflammation can cause harmful event such as septic 
shock from infectious inflammatory response [53].

Inflammation can be either acute or chronic inflammation. Acute inflammation is 
characterized by increasing blood flow and microvascular permeability along with the 
accumulation of fluid, leukocytes, and inflammatory mediators leading to a protein-rich 
fluid into the extravascular tissue to forming edema with pain [54], After tissue injury, 
several inflammatory mediators, including chemokines, cytokines, vasoactive amines 
and eicosanoids are produced by endothelial cells, mast cells, macrophages and 
dendritic cells. These mediators play important roles in the inflammatory process to 
induce fever, vasodilation, synthesis of acute phase proteins, and leukocytosis [41]. 
Chronic inflammation develops from acute inflammation if the injurious stimuli still persist 
for a long time in weeks, months, or years [41].

Activated macrophage play a key role in chronic inflammation. They chronically 
produce many pro-inflammatory cytokines (TNF-Ot, IL-1 and IL-6), free radicals as 
superoxide and hydrogen peroxide, NO, and PGs which result in clinical symptoms of 
chronic inflammation such as anorexia, cachexia, fever, leukocytosis, and progression 
to diseases such as rheumatoid arthritis and atherosclerosis [41,55].
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Anti-inflammatory drugs
Treatment of both acute and chronic inflammatory disorders is mostly by 

interrupting the synthesis or action of inflammatory mediators. Two major groups of anti­
inflammatory drugs are steroids and nonsteroid anti-inflammatory drugs (NSAIDs).

Steroid drugs
Synthetic steroids such as dexamethasone, betamethasone, fludrocortisone, 

triamcinolone and prednisolone are derived from glucocorticoid hormone from adrenal 
cortex [56]. They are potent, highly effective anti-inflammatory drugs and widely used for 
treatment of several chronic inflammatory diseases such as asthma, chronic obstructive 
pulmonary disease (COPD), rheumatoid arthritis, inflammatory bowel disease and 
various autoimmune diseases [57],

Mechanisms of inflammatory actions
Steroid drugs can penetrate plasma membrane to bind to their cytosolic 

receptor in the cytosol and form steroid-receptor heterodimer complex. This complex 
acts as a transcription regulator by binding to a glucocorticoid response element (GRE) 
on the regulatory sequences of several genes and leading to either inhibit or stimulate 
these gene transcriptions. It inhibits expression of several pro-inflammatory cytokines 
and adhesion molecules but stimulates the expression of lipocortin-1 which blocks 
phospholipase A2 to release arachidonic acid from phospholipids.

Anti-inflammatory actions of steroids (Fig. 5)
-Increase expression of anti-inflammatory proteins
Steroid drugs suppress inflammation by increasing the synthesis of anti­

inflammatory proteins. They increase the synthesis of lipocortin-1 which inhibits 
phospholipase Aj (PLA2) activity, resulting in inhibit the production of arachidonic acid. 
They promote the production of other anti-inflammatory proteins including IL-1 receptor 
antagonist which inhibits the binding of IL-1 to its receptor, secretory leukoprotease 
inhibitor which inhibits degradation of an inhibitor of NF-kB (IkB-CX), and IL-10 which is a 
inhibitory cytokine [58].
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-Decrease expression of pro-inflammatory proteins
Steroid drugs inhibit the transcription of many cytokines, chemokines and 

adhesion molecule that associated with inflammation response [58], They also inhibit 
expression of iNOS and COX-2 which generate NO and PGs, respectively [58].

-Inhibit cell migration
Steroids inhibit migration of inflammatory cells such as macrophages and 

neutrophils to accumulate at the site of inflammation by decrease the expression of 
adhesion molecules involve in leukocyte migration. The anti-inflammatory effect of 
steroid by inhibition of these cells accumulation at the site of inflammation, thus reducing 
the acute sign of inflammation [58-59].

D i s c  I n j u r y T i s s u e  I n j u r y

i
B rad yk in in  

in te r leuk in  1 

Se ro ton in  

N o rep in ep h r in e

1

N e r v e  I n j u r y

N e u ro p e p t id e s

Figure 8: Anti-inflammatory mechanism of steroids and NSAIDs. [59]

Adverse effects of steroid drugs
Steroids cause several local and systemic side effects as presented in Table 1.
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Table 1: Systemic and local side effects of steroids [59].

Endocrine

M etabolic
Cardiac
M usculoskeleta l

Psychological
G a s tro in te s tin a l
Ocular

D erm atolog ic

Nervous System 
O ther

Adrenal suppression, hyperco rtiso lism , Cushingoid syndrom e, hyperg lycem ia, p rec ip ita tion  o f d iabetes m e llitu s , 
im m unosup pression , hypokalem ia, am enorrhea, m enstrua l d isturbances, g row th  re ta rd a tion  
H yperg lycem ia, g lucosuria , re d is tr ib u tio n  o f fa t , negative  n itro g e n  balance, sodium  and w a te r re te n tio n  
H ypertens ion , f lu id  re te n tio n , CHF, DVT
O steopenia /osteoporos is , avascular necrosis o f bone, pa tho log ic  frac tu re , muscle w asting  and a trop hy, muscle 
and jo in t  pain
Mood sw ings, in s om n ia , psychosis, an x ie ty , euphoria , depression
U lce ra tive  esophag itis , hyperac id ity , peptic u lc e ra tio n , gastric, hem orrhage, d iarrhea, c o n stip a tion  
R e tin a l hem orrhage, p oste rio r subscapular cataracts, increased in tra o c u la r pressure, exoph tha lm os, glaucom a, 
damage to  o p tic  nerve, secondary fung a l and v ira l in fe c tio n
Facial flu s h in g , im paired  wound healing , h irsu tism , petechiae, ecchym osis, h ives, d e rm a tit is , 
hyp e rp ig m e n ta tio n , hyp op ig m en ta tion , cutaneous a trop hy, s te r ile  abscess 
Headache, v e rtig o , insom nia , restlessness, increased m oto r a c tiv ity , ischem ic neuropa thy, seizures 
Epidura l lip o m a tos is , fever

Non-steroid anti-inflammatory drugs (NSAIDs)
NSAIDs are anti-inflammatory agents which inhibit COXs. Most of them inhibit 

both COX-1 and COX-2 activities. There are two classes of NSAIDs, non-selective c o x  
inhibitors and selective COX-2 inhibitors.

Non-selective c o x  inhibitors such as aspirin, ibuprofen and indomethacin, 
inhibit both COX-1 and COX-2 enzyme [60], The major problem of drugs in this class is 
gastrointestinal tract irritation and ulceration of the stomach lining. These drugs inhibit 
COX-1 which synthesizse cytoprotective prostaglandins in the stomach [61].

Selective COX-2 inhibitors such as celecoxib, etocoxib and lumiracib, selectively 
inhibit COX-2 enzyme. Drugs in this class have been replaced nonselective c o x  
inhibitors to reduce Gl side effects, but they are found to increase the risk of 
cardiovascular side effects [62],

other anti-inflammatory agents
Cytokine inhibitors are the other group of anti-inflammatory agents used to treat 

chronic inflammatory diseases such as rheumatoid arthritis. They inhibit pro- 
inflammatory cytokine activities. Anakinra is a recombinant human IL-1 receptor 
antagonist (IL-1 ra) which acts as a decoy receptor to neutralize IL-1. There are also two 
types of TNF-CX inhibitors which are also used to treat rheumatoid arthritis. They are
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soluble TNF-(X receptor (etanercept) and monoclonal antibodies against TNF- CL 

(adaiimumab and infliximab) [9], The problems of these cytokine inhibitors are their side 
effects which include risk of infection, cancer, autoimmune diseases, parenteral routes 
of drug administration and high cost.

D e r r is  r e t i c u la t a  Criab
Development of the novel anti-inflammatory agents is still in need in order to 

lessen the adverse effects and to maximize the therapeutic effect. Natural products from 
plants are one of the major sources for the drug development. Anti-inflammatory agents 
derived from medicinal plants make a large contribution to drug discovery up to now.

There are many traditional plants in Thailand that have been investigated for 
anti-inflammatory activity. The chloroform extract of a red rhizome of B o e s e n b e r g ia  

p a n d u r a t a  showed anti-inflammatory activity in the TPA-inducer ear edema assay in rats
[4], The butanol extract of V i t e x  p e d u n c u la r i s  Wall, inhibited both COX-1 and COX-2 
enzyme in murine macrophage cells [4], S t r e b lu s  a s p e r  Lour or Koi in Thai inhibited 
iNOS and COX-2 expression in macrophages cells and inhibition of edema in 
carrageenan-induce paw edema in rats [63], R h in a c a n t h u s  n a s u t u s  Kurz or Thong-pan- 
chung in Thai inhibited iNOS and COX-2 expression in macrophage cells [64], Several 
medicinal plants in Thailand are still unexplored for their pharmacological properties 
which may be useful for clinical application in the future.

D e r r is  r e t i c u la t a  Craib or “Cha-aem-nuea" is a plant in the Leguminosae family 
that widely distributes throughout Thailand. It is a climbing plant, alternative pinnately 
compound leaves, elliptic leaflet and acute, bouquet of flowers from stem, white-yellow 
petal, silique fruit, and solid seeds. เท Thailand, the stem and root of D. r e t i c u la t a  are 
used as a sweetening agent, an expectorant, an anti-tussive, a remedy for throat 
diseases and as a tonic agent [3].
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Figure 9: D. re tucu la ta Craib

It has been identified that D . r e t i c u la t a  contains fiavonoids as its major active 
compounds. These fiavonoids include lupinifolin, lupiwighteone, 2, 3-epoxylupinifolin, 
dereticulatin, 1 -hydroxy-2,3-epoxylupinifolin, 4,5-dihydroxy-8-hydroxymethyl-6,6- 
dimethylpyrano [2,3:7,6] flavanone, and 2, 3-dihydroxylupinifolin [3,65], Very few 
pharmacological activities of these fiavonoids have been reported. Lupinifolin has been 
evaluated to inhibit Epstein-Barr virus early antigen activation induced by 12-0- 
tetradecanoylphorbol-13-acetate in Raji cells, without cytotoxicity, and demonstrate 
chemoprotective effect on mouse skin tumor promotion in vivo [66]. Pharmacological 
activities of the chemical constituents of plants in the genus D e r r i s  have been reported 
as follows:

Rotenoids are flavonoid glycosides from the root of D . e l l ip t i c a  have been used 
as fish poisons and insecticides [67], Pomiferin is a flavonoid from D .  m a la c c e n s is  

showed strong anti-fungal, anti-oxidant activities, and also cytotoxicity towards human 
cholangiocarcinoma cells (HuCCA-1) [65], Isoflavonoids from stem of D .  s c a n d e n s  had 
anti-inflammatory effect on inhibition production of eicosanoids and antibacterial effect 
both of gram-positive and negative bacterials [68]. Tannin, saponin, and triterpenoids 
isolated from D .  e l l ip t ic a ,  D . in d ic a ,  and D . t r i f o l ia t a  have been found to have a broad 
spectrum of antibacterial activities [69],
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