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ABSTRACT

AIM: To evaluate the protective effects of apocynin on “two-hit” injury in rats.  METHODS: “Two-hit” injury
model of rat was induced by hemorrhagic shock (40 mmHg for 45 min) followed by iv administration of li-
popolysaccharide (LPS, 150 µg/kg).  Rats were randomized into seven groups: Sham, LPS,  hemorrhage,  hemor-
rhage/LPS, and hemorrhage/LPS+apocynin (2.5, 5.0, and 10.0 mg/kg).  Apocynin was dissolved in the resuscita-
tion fluid (normal saline, NS) and administered iv for 2 h.  After LPS or NS administration, the survival rates at 8 h,
16 h, 24 h, and 48 h were monitored.  The content of malondialdehyde (MDA) was measured in lung at 3 h and 6
h after iv LPS and in serum before hemorrhage, af ter hemorrhage, and at 0,  0.5, 1, 2, 4, and 6 h after iv LPS.
Myeloperoxidase (MPO) activity in lung and liver was examined at 3 h and 6 h after iv LPS/NS.  RESULTS: After
“two-hit” injury, the survival rates of rats at 8 h, 16 h, 24 h, and 48 h were 64.3 % , 35.7 % , 28.6 %,  and 14.3 %
respectively,   there were significant differences as compared to sham group (P<0.05 or P<0.01, respectively), the
MDA level in lung and serum were significantly enhanced (P<0.01) as compared to sham group, and MPO activity
in lung and liver after “two-hit” injury was also significantly increased (P<0.01).  Apocynin treatment enhanced the
mean arterial pressure (MAP) of hemorrhagic shock rats dose-dependently (P<0.05), increased the survival rate of
“two-hit” injury rats, decreased the serum and lung MDA content, and downregulated MPO activity in lung and
liver.  CONCLUSION: Apocynin could preventively ameliorate “two-hit” injury in rats induced by hemorrhagic
shock and LPS insult.

INTRODUCTION

The systemic inflammatory response syndrome
(SIRS) is a common cause of death in patients with
severe trauma.  Hemorrhage followed by infection plays
an important role in the occurrence of SIRS and devel-
opment of  multiple organ dysfunction syndrome
(MODS).   The initial hemorrhagic shock, as the first-

hit, “primes” the inflammatory cell including polymor-
phonuclear leukocyte (PMN), and makes patients more
susceptible to a second, seemingly trivial, and inflam-
matory stimulus, such as lipopolysaccharide (LPS).  This
so-called “two-hit” model,  characterized with exces-
sive release of mediators (superoxidants, TNF-α , and
ILs, etc), is widely accepted to play important roles in
the occurrence of SIRS in recent years.  Studies showed
that ischemia-reperfusion could augment PMN-medi-
ated tissue injury via the nicotinamide adenine dinucleo-
tide phosphate (NADPH) oxidase system[1 ].

Apocynin (4-hydroxy-3-methoxy-acetophenone),
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a c o n sti tu en t  o f  r o o t e x tr act s o f  th e  m ed ici n al h erb

Picro rrh iza  Ku rro a ,  is an  eff ective  an d  selectiv e  in hib i-

to r  o f  NA DPH o x id as e in  P MN [2].   Rese arch  sh o wed

th at ap o cy n in  inh ib ited  p ero x y n itr ite  fo rm atio n  in  m u -

r in e m acr o p h ag es [3] an d  v ascu lar  cel l  ad h en sio n  m o l-

ecu le 1  (VCAM-1)  ex p ressio n  in  end o th elia l cell [4],  in -

creased g lu ta th io n e sy n th esis,  activ ized  AP-1  in a lv eo -

lar  ep ith elia l c ells [5],  an d  d ecr eased  th e  LP S- in d u ced

TNF-α  f o rm a tio n  in  h u m a n  m o n o c y tes ,  b u t in ter e s-

tin gly,  PMN’s ch emo tax is, in f iltr a tio n,  p h ag o-cy to lysis,

an d  in tr acellu lar  k illin g  of  Stap h ylo co ccu s au reu s were

n ot af f ected  by  ap o cy n in [6].   All th ese  pro per ties of  apo -

cy n in  m ak e it  a  p ro m isin g an ti- in f lam m ato ry  ag en t in

v iv o .

We d ev elo p ed  a  “ two -h it”  in ju ry  m o d el with  r a ts

to  ev alu ate  its p ro tectiv e  ef f ects an d  p ro b e fo r  a  p re-

v entiv e way  to  r ed u ce th e  o ccu rren ce o f  MODS in  trau -

m atic  p atien ts in  c lin ic .

MATE RI AL S AN D ME TH O D S

Ani ma l prepa ra t i o n   Wist ar  r a ts o f  e ith er  s ex

weigh in g  2 20  g ± 3 0  g  (n =1 5 9 ,  Grad e I I ,  Cer tificate  No

3 1 0 3 0 3 0 0 2)  were p u rch ased f ro m  th e Lab o rato ry  An i-

m al Cen te r  o f  th e  Th ird  Mi litary  Med ical Un iv er sity .

Ap o cy n in (4 9 8 -0 2 -2 )  and  LPS (Esch erich ia  co li ,  O 1 11 :

B4 )  were  p u rch ased  f ro m  Si g m a Co .   Rats we re  an es-

th etized  b y  ip in jectio n  o f  p en to b arb ita l so d iu m  5 0  m g /

k g  (Sh an g h ai Seco n d  Ch em ical Co m p an y,  F2 0 0 0 05 2 2 ) .

Th e lef t  f em o ral ar tery  was can n u lated  an d  co n n ected

to  a  p ressu re  r eco rd er  fo r  th e  m easu rem en t o f  m ean

ar ter ia l p r essu re  (MAP) an d co llecting  sh ed  b loo d .   Th e

lef t f em o ral v ein was can n u lated  fo r  flu id  in fu sio n an d

d ru g  ad m inistr a tio n .

  “ Two -h it”  in ju ry  m o d el  o f  r a t was in d u ced  b y

h em o r rh ag e fo llo wed  b y  iv  ad m in istr a tio n  o f  lip o p o -

l y s ac ch ar id e.  H em o r rh ag e  w as  i n i ti a t ed  b y  b l o o d

with d rawal.   MAP was r ed u ced  to  an d  main tain ed  at 4 0

m m Hg  fo r  4 5  m in .   Sh ed  b l o o d  was c o llected  i n  th e

h ep arin ized  tub e to  p rev en t c lo ttin g .   After  a  h y po ten -

siv e  p er io d  o f  4 5  m in ,  an im al s were  r esu s cita te d  b y

rein fu sio n  o f  th e  sh ed  b lo o d  an d  NS o f  1 .5  fo ld  v o l-

u m es o f  shed  b loo d  o v er 2  h .   Ap o cy nin  was d issolv ed

in  r esuscita tion  f lu id  (NS) an d ad min ister ed  via  th e  vein

cath ete r .   At 1  h  af ter  r esu scita t io n ,  e ith er  L PS (1 5 0

µg / k g )  o r  t h e  e q u a l  v o l u m e  o f  N S  a l o n e  w a s

ad m i n ister ed .

Effect  o f a po cy nin on MAP o f  hemo rrha g ed ra t s

Fo r ty  r a ts we re  r an d o m ized  in to  fo u r  g ro u p s: h em o r -

rh ag e+resu scita tio n  (n =1 7 ) ,  h em o r rh ag e+ap o cy n in  2 .5

m g /kg  (n =6 ) ,  h em o r rh ag e+ap o cy n in  5 .0  m g /k g  (n =7 ) ,

h emo r rh ag e+ ap o cyn in  10 .0  m g /k g (n =1 0) .   After  h em -

o r rhag e was in d u ced ,  sh ed  b lo o d  p lu s NS o f  1 .5  fo ld

v o lu m es o f  sh ed  b l o o d  o r  ap o cy n in  d iss o lv ed  i n  NS

wa s ad m in ist er e d  in t r a v en o u sly ,  an d  th e MAP  w as

m easu red  1  h  af ter  r esu scita tio n .

Eff ect  o f  a p o cy ni n o n surv i v a l r a te  o f  “ t wo -

hit”  injur y  in ra t s  Fif ty -n in e r a ts wer e  r an d o m ized

in to  sev en  g ro up s: Sh am (n =8 ),  LPS (n =6 ) , h em o r rh ag e

( n = 9 ) ,  h e m o r r h a g e / L P S  ( n = 1 4 ) ,  h e m o r r h a g e /

L P S + a p o c y n i n  2 . 5  m g / k g  ( n = 6 ) ,  h e m o r r h a g e /

LP S+ ap o cy n i n  5 .0  m g /k g  (n =9 ) ,  a n d  h em o r rh ag e/

LPS+ ap o cy n in  1 0 . 0  m g /k g  (n =7 ) .   S h am  g ro u p  an i-

m als u n d erwent th e  same su rg ical p ro cedu res b u t with -

o u t hem o r rh age o r  LPS.  Af ter  th e  in jectio n  o f  LPS o r

NS,  th e  cat h eter s were  r em o v ed ,  t h e  f em o ral v es sels

were lig ated ,  th e  in cisio n  was c lo sed ,  an d  the su rv iv al

r a tes were  m on ito red  a t 8  h,  1 6  h ,  2 4 h ,  an d  4 8 h .   All

r a ts r eceiv ed  th e n orm al fo o d  an d water  an d  the en v i-

ro n m en t al tem p eratu re  was m ain t ain ed  at 2 4  º C with

su ff ic ien t l igh t and  v entila tio n .

Effec t  o f  a po cy nin o n pla sma  a nd t issu e MDA

a nd MPO  fo llo wing  “ two -hit”  injury  in ra t s  Th ir ty

rats  were  r a n d o m ize d  in to  f iv e  g ro u p s: Sh a m  (n =6 ) ,

LPS (n =6 ) ,  h em or rh ag e (n =6 ) ,  h em o r rh ag e/LPS (n =6 ) ,

a n d  h e m o r r h a g e/ LP S +a p o c y n in  5 . 0  m g / k g  ( n = 6 ) .

Th io b arbitu r ic acid r eactio n  (TBAR) m etho d [7 ] was u sed

to  d eterm in e th e   m alo n d i ald eh y d e (MDA )   co n t en t.

Blo o d  sam p les (1 .0  m L)  were o b tain ed  b efo re  h em o r -

rh ag e,  af ter h em or rh ag e,  an d  at 0 ,  0 .5 , 1 ,  2,  4 ,  an d  6  h

af ter  iv  LPS/ NS an d  th e MDA lev el was  m easu red  b y

f lu o r es ce n ce  s p e ct r o p h o to m e t er  ( Be ck m an  7 5 0 0 ) .

MDA in  lu n g  at 3  h  an d  6  h  was  m easu red  as  ab o v e

u sin g  1 0  % tissu e h o mo g en ate.   My elo p ero x id ase (MPO)

activ ity  o f  lu n g  an d liver  was m easu red  with  a  b io ch em -

istry  k it  (Nan jin g  Jian ch en g  Ag en t Co ,  Ch in a)  fo llo w-

ing  the illu str a tio n .

Sta t ist ica l  a na ly sis  All  d ata  wer e  ex p ress ed  as

m ea n SD .   Sta tis tic al d if f er en c e w as an a ly z ed  b y

t  te st ex c ep t t h e  co m p ar is o n  o f  su rv i v al r a te  am o n g

d if fer en t g ro u p s,  in  wh ich  th e  Ch i- sq uare  test was u sed

fo r  d eterm inin g  th e sta tistical d if f er en ces.   P<0 .0 5 was

co n sid ered  sta tistically  sig n if ican t.

R E SU LT S

Effect s o f  a po cy nin o n MAP   Rein fu si o n  o f  th e

sh ed  b lo o d  an d  NS o f  1 .5 - fo ld  v o lu m es o f  th e  sh ed
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blood could not restore the MAP to the baseline level in
hemorrhage+resuscitation group.  Apocynin companied
with reinfusion could enhance MAP in hemorrhage rat
in a dose-dependent manner, especially in 10 mg/kg
group (P<0.05, Tab 1).

Survival rate  After “two-hit” injury, the survival
rate of  rats at 8 h (64.3 %), 16 h (35.7 %),  24 h
(28.6 %), and 48 h (14.3 %) were decreased signifi-
cantly vs sham group (P<0.05 or P<0.01, respectively).
Apocynin (5.0 mg/kg) increased the survival rate sig-
nificantly at 8 h (P<0.05).  The 24 h and 48 h survival
rate in apocynin (5.0 mg/kg) group and the 8 h survival
rate in apocynin (2.5 mg/kg) group were enhanced, but
there was no significant difference as compared to hem-
orrhage/LPS group.  Apocynin (10.0 mg/kg) decreased
the survival rate at 8 h vs hemorrhage/LPS group
(Tab 2).

MPO activity in tissue  PMN inflitration into lung
and liver was evaluated by measurement of tissue MPO
activity.  In hemorrhage/LPS group, MPO activity in

liver at 3 h (2.4 U/g) and 6 h (2.3 U/g) was increased vs
sham group (P<0.01, respectively) and LPS or hemor-
rhage group.  MPO activity in lung at 3 h (7.6 U/g) and
6 h (4.2 U/g) was increased significantly as compared
with sham group (P<0.01) and LPS or hemorrhage
group.  There was a tendency of declination in MPO
activity in lung at 6 h, which means that the summit of
MPO activity in lung was earlier than in liver, and lung
was the earlier organ involved in “two-hit” injury.  Apo-
cynin (5.0 mg/kg) deceased the MPO activity in lung
and liver at 6 h after LPS injection vs hemorrhage/LPS
group (P<0.05, Fig 1).

MDA level in serum  In hemorrhage/LPS group,
the MDA level in serum at 0.5 h (5.1 mmol/L), 1 h
(5.7 mmol/L), 2 h (4.8 mmol/L), 4 h (6.3 mmol/L), 6 h
(6.8 mmol/L) was significantly enhanced.   Apocynin
(5.0 mg/kg) lowered MDA content at 4 h and 6 h sig-
nificantly as compared with hemorrhage/LPS group
(P<0.01 or P<0.05, Tab 3).

MDA level in lung  In hemorrhage/LPS group,
the MDA level in lung at 3 h (20 mmol/g) and 6 h (29
mmol/g) were enhanced significantly (P<0.01) vs sham
group after the injection of LPS, which was consistent
with the results above.  Although the MDA content in
LPS group at 6 h and in hemorrhage group at 3 h and 6
h increased vs sham group,  the extent was not as seri-
ous as in hemorrhage/LPS group.  Compared with hem-
orrhage/LPS group, apocynin (5.0 mg/kg) could effec-
tively diminish the production of MDA in lung at 3 h
and 6 h after the injection of LPS (P<0.05 or P<0.01,

Tab 4).

DISCUSSION

Hemorrhagic shock (40 mmHg, 45 min) followed

Tab 1.  Effects  of apocynin on MAP following hemorrhage in
rats. Mean±SD.  cP<0.01 vs before hemorrhage.  eP<0.05 vs
hemorrhage+resuscitation  group.

                                                   MAP/mmHg
    Group/mg⋅kg-1                         n            Before        1 h after
                                                             hemorrhage  reperfusion

Hemorrhage+resuscitation 17 117±13    96±15c

Hemorrhage+apocynin 2.5   6 100±16    96±16
Hemorrhage+apocynin 5.0   7 104±19    96±20
Hemorrhage+apocynin 10.0 10 118±14  107±7e

Tab 2.  Effects  of apocynin on survival rate in “two-hit” rats.    bP<0.05, cP<0.01 vs sham group.  eP<0.05 vs hemorrhage /LPS
group.

             
Group                                                        n

                            Survival rate after injection of LPS/%
                                                                                             8 h        16 h         24 h       48 h

Sham   8  100  100  100  100
LPS   6    83.3    83.3    83.3    66.7
Hemorrahage   9    77.8    66.7b    33.3c     22.2c

Hemorrahage/LPS 14    64.3b    35.7c    28.6c     14.3c

Hemorrahage/LPS+apocynin 2.5 mg/kg   6    83.3    66.7    16.7       0
Hemorrahage/LPS+apocynin 5.0 mg/kg   9  100e    66.7    66.7     44.4
Hemorrahage/LPS+apocynin 10.0 mg/kg   7    57.1    42.9    28.6       0
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with intravenation of LPS (150 µg/kg) increased the rat
mortality at 8, 16,  24, and 48 h after the injection of
LPS, shortened the survival time, upregulated tissue
PMN chemotaxis during early time, and augmented the
tissue oxidative injury, especially in lung.  These results
are consistent with others[8, 9].

Traumatic hemorrhage could increase the suscep-
tibility to LPS by inhibiting immune function when “prim-

ing” inflammatory cells to excessively release inflam-
matory mediators.  The traditional medical treatments,
such as application of antibiotics, steroidal anti-inflam-
matory drugs (SAID), and monoclonal antibody (anti-
LPS McAb) manifested that the curative effects were
not as the suspected.

MDA is the direct product of lipid peroxidation in
tissue, and the concentration of MDA in plasma and

Tab 3.  MDA level in  serum after LPS injection  in rats .  n=6.  Mean±SD.  bP<0.05, cP<0.01 vs  sham group.  eP<0.05 vs
hemorrhage/LPS group.  hP<0.05, iP<0.01 vs  itself before hemorrhage.

     
Group

                                 Before          After                                                    MDA level/mmol⋅L– 1

           hemorrhage   hemorrhage       0 h     0.5 h             1 h         2 h     4 h             6 h

Sham 2.6±0.5 2.7±0.8     2.56±0.22 1.6±0.3 2.6±0.3 2.7±0.3 3.1±0.5 3.3±0.4
LPS 2.6±0.5 2.8±0.4 3.0±1.2 2.6±1.1 2.9±0.9 2.6±0.7
Hemorrhage 3.0±0.8 3.2±0.5 4.2±1.5 2.7±1.3 3.8±0.6 4.2±1.2b 3.8±1.6 3.7±1.5
Hemorrhage/LPS 3.3±1.1 4.2±1.0 4.3±0.6 5.1±0.5c i 5.7±0.6c i 4.8±0.7b i 6.3±1.3c i 6.8±1.2c i

Hemorrhage/LPS+apocynin 2.9±0.7 3.6±0.9 3.9±1.0e h 3.2±0.7i 3.5±0.8i 3.1±1.9h 3.8±0.7e i 4.2±1.0e h

Fig 1.  MPO activity (U/g) at 3 h after LPS/NS injection in liver (A) and 6 h (B), MPO activity in lung after LPS/NS injection
3 h (C) and 6 h (D).   n=6.   Mean±SD.   bP<0.05,  cP<0.01 vs sham group.  eP<0.05 vs hemorrhage/LPS group.
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tissue reflects the extent of damage in tissue.  MPO is
one of the special oxidase in PMN, and MPO activity in
tissue reflects the PMN chemotaxis and infiltration.
PMN infiltration and activation could produce large
amount of  oxidants and cause tissue oxidative injury,
which contributes to the organ functional damage in
MODS.  The infiltration and sequestration of circulat-
ing PMN in lung cause lung edema, ARDS, and respi-
ratory failure.  Adhesion molecule is responsible for
PMN chemotaxis and infiltration, and the expression of
adhesion molecule is the first step of  inflammatory
activation.   Apocynin could decrease the expression of
VCAM-1[5] in endothelium which may be one of the
most major mechanism by which apocynin down-regu-
lated the PMN infiltration in lung and liver effectively in
our studies.  NADPH oxidase system in PMN is the key
enzyme involved in the formation of oxides, and it has
been implicated as an early pivotal player in the occur-
rence of MODS[1].  Apocynin could decrease the tissue
oxidative damage in “two-hit” rats by selectively inhib-
iting NADPH oxidase, lower the production of inflam-
matory mediators (such as TNF-α), and prevent oxi-
dative injury in tissue.   SAID is the widely accepted
anti-inflammatory drug in clinic, but it has broad side
effects which limits the application in traumatic patients,
such as immunodepression which is unfavorable to the
latter infection, while apocynin does not affect PMN’s
defensive function[6].  To this point, apocynin is a more
acceptable/prospective agent as a preventive treament
in MODS.

Our studies found that apocynin (2.5 and 5.0 mg/
kg) dissolved in resuscitation fluid (NS) could improve
survival rate of hemorrhaged and LPS insulted rats, and
gain precious time for the further treatment.   Apocynin

10 mg/kg enhanced the mortality in rat at 8 h after the
injection of LPS, and also signif icantly increased the
MAP after resuscitation.  Although the correlation analy-
sis between the survival time and the MAP after using
apocynin (10 mg/kg) did not show statistical negative
relationship (r= –0.2127, P>0.05), it is rational to con-
sider that whether the usage of agents (such as cardio-
tonic agent) affecting hemodynamic parameters vigor-
ously during the early phase in “two-hit” patient may
cause dangerous/unfavorable consequence.   Our stud-
ies also point out that it is a reliable and prospective
way to use anti-oxidative or anti- inflammatory agent
during resuscitation after hemorrhagic shock to avoid
“two-hit” injury no matter in traumatic patient or in se-
rious operation in clinic.
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