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ABSTRACT

AIM: To investigate the effect of tetrandrine {Tet) on
neutrophilic recruitment response to bain ischemia/reper-
fusion (/R). METHODS: Middle cerebral artery
{MCA) ischemia (2 h)/reperfusion modet was built on
rats ( % ). Brain water content. neutrophilic recruit-
ment. the expression of intercellular adhesion molecule-1
(ICAM-1) mRNA and activation of NF-xB in cellular
muclens after brain 'R were measured with dry-wet
weight, °'Cr-labeled neutrophil, reverse transcriptase
polymerase chain reaction, and electrophoretic mobility
shift assay, respectively. RESULTS: Brain water and
neutrophilic recruitment were parallelly increased from 3 h
to 24 h after reperfusion ( P <0.01). The expression of
ICAM-1 mRNA was detected at 1 h afler reperfusion
(P <0.01), increased to the highest peak at 12 h (P <
0.01), and at 24 h decreased to level at 3 h. The acti-
vation of NF-«xB was detected at 0.5 h after reperfusion
(P <0.01). increased to the highest peak at 6 h (P <
0.01), and at 24 h decreased 1o level at 1 h.  Tet 10 and
20 mg/kg decreased brain water content, neutrophilic re-
cruitment, the expression of ICAM-1 mRNA, and the ac-
tivation of NF-xB at 6 h, 12 h, and 24 h after reperfu-
sion. ‘CONCLUSION: Tet inhibited neutrophilic re-
cruitment, expression of ICAM-1 mRNA, and activation
of NF-«B after brain /R,

INTRODUCTION

Accumulated daia strongly suggest that the neu-
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trophilic recruitrent Tesponse to brain ischemia {1}/
reperfusion(R) is contributed to secondary neuronal in-
jury after brain /R through release of cytotoxic products
and oxygen free radicals from activated leukocytes,
hence, anti-inflammatory therapy is used as an interven-
tive therapy for brain /R injury'’’.  However, the pro-
cess of neutrophilic recruitment from circulatory blood is a
multiple step in sequence, which is facilitated by the mul-
tiple molecule such as adhesion molecules, cytokines,
and chemokines'>).  Afier brain 1(2 h)/R, intercellular
adhesion molecule-1 (ICAM-1)} protein is up-regulated
from 4 h to 72 h after repufersion, and anti-ICAM-1 anti-
body can attenuate brain L/R injury in animal experi-
ence™* . These data implied that ICAM-1 played an
important role in neutrophilic recruitment response (o
brain I/R. However, it is reported that auclear factor-
xB (NF-¢kB), an inducible multisubunit transcription fac-
tor of higher eukaryotes, provides the linkage between
early outcellular signals and expression of inducible genes
involved in the inflammatory cascade®! . Binding sites
for NF-xB existed in promoter regions of the genes for
E-selectin, vascular cell adhesion moleule-1 ( VCAM-1),
and [CAM-1%) | Therefore, it is suggested that the ex-
pression of ICAM-1 after brain 1R may be triggered by
activated NF-xB.

The cerebral edema response o brain I/R is an im-
portant role in death after brain I/R because the cerebral
edema allows intracranial hypertension and cerebral
hernia, and neutrophilic recruitment may aggravate cere-
bral edema after brain /R

Tetrandrine (Tet) , which is purified from Foursta-
ten stephania 1oot, has been demonstrated to prevent
brain against L’R through antagonizing Ca’* overloading
and eliminating free radicals and apoptosis'”’. However,
Tet has never been proved to have anti-inflammatory ef-
fect through inhibiting expression of cellular adhesion
molecule and activation of NF-«B.

Therefore, the purpose of the present study is to de-
termine whether Tet attenuates neutrophilic recruitment re-
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sponse to brain [/R, and inhibites expression of ICAM-1
and activition of NF-kB.

MATERIALS AND METHODS

Drugs and reagents  Tet (purity 98 %) was

in Jinhua Pharmaceutical Factory ( Zhejiang
province, China). Gel shift assay system to measure
NF+«B was obtained from Promega Co (USA). *'Cr
was made in NEN Co (USA). Two pairs of primer to
amplify ICAM-1 cDNA and j-actin ¢cDNA were synthe-
sized in Shanghai Sangon Co (China) .

Animals  Wistar rats ( 3, 150 g- 190 g, Grade
Il . Certificate No 980317), supplied by Laboratory Ani-
mal Center { Third Military Medical University ), were di-
vided into 5 groups. Al the beginning of reperfusion {0
hi, Tet 5, 10, and 20 mg/kg was injected ip, respec-
tively and the equal volume of saline was injected ip in
vehicle rars.  In sham-operated group, the fishing line
was only inserted into common carotid for 10 mm but
middle cerebral artery ( MCA) was not blocked, and
other treatments were similar to vehicle group.

Brain I/R  In order to block MCA, a fish line
(:0.24 ~0.28 mm) was pushed for 20 mm from com-
mon carotid, and 2 h later, it was pulled out to recover
perfusion as described by Negasawa and Kogure'®!

Brain water content  Brain waler content in rat
was measured with dry-wet weight.

Neutrophilic recruitment  Neutrophilic recruit-
ment after brain [/R was measured with *' Cr-labeled neu-
trophil (kBq/g)™*.

Expression of ICAM-1 mRNA  Reverse tran-
scriptase polymerase chain reaction (RT-PCR) was used
o determine the level of ICAM-1 mRNA in regions of
brain I/R. The integral intensity of ICAM-1 and 3-actin
bands were determined with Kodak Digital Science 1D
software, and quantity of ICAM-1 mRNA was expressed
as ratio of integral intensity of [CAM-1 to integral intensi-
ty of B-actin“‘ 0] The sequence of primer used in RT-
PCR analysis and predicted base pair (bp) size of frag-
ment were shown in Tab 1.

Activation of NF-kB  Cell nuclei were separated
from cytoplasm''”’.  Electrophoretic mobility shift assay
{EMSA ) was used to determine the level of activated
NF-«xB in cell nuclei according to Promega’s directions
and quantity of activated NF-«B was expressed as integral
intensity of NF-«B. which were determined with Kodak
Digital Science 1D software.

Statistical analysis

made

Results were expressed as

Xt s and analyzed using ANGVA followed by Student-
Newman-Keul’s test.

Tab 1. The sequence of primer and predicted base pair
(bp)size of fragments in RT-PCR.

mRNA bp Primer sequence
ICAM-1 598 5'-AGG TGT GAT ATC CGG TAG AC-3'
5-CCT TCT AAG TGG TTG GAA CA-3
FActin - 318 5'-TGT ACG TAG CCA TCC AGG CT-3'
5-TTC TOC AGG GAG GAA GAG GA-3'
RESULTS

Brain water content  The brain water content of
sham-operated rats was not changed. There was no sig-
nificant difference between wehicle group at 1 h after
reperfusion and sham-operated group { P > 0.05, Tab
2). At3 h, 6h, 12 h, and 24 h after reperfusion,
brain water content was increased in /R group, respec-
tively as compared with sham-operated group ( P <
(.01). There was no significant difference berween Tet
5 mg/kg-treated group and vehicle group (P > 0.05).
When the dose of Tet was elevated 1o 10 and 20 mg/kg,
the brain water content was decreased ( P < 0.01, Tab
2).

The neutrophilic recruitment
lic recuitment of sham-operated group was not changed.
There was no significant difference between vehicle group
at 1 h afier reperfusion and sham-operated group ( P >
0.05), butat 3 h, & h, 12 h, and 24 h after reperfu-
sion, neutrophilic recruitment in vehicle group was in-
creased (P < 0.01, Tab 3). Tet 5 mg/kg had no ef-
fects on neutrophilic recruitment at 6 h, 12 h, and 24 h
after reperfusion { > 0.05), but Tet 10 and 20 mg/kg
reduced neutrophilic recruitment by 36 % and 66 %,
45 % and 70 %, 47 % and 62 % (P <0.01), respec-
tively (Tab 3).

Expression of ICAM-1 mRNA  Expression of
ICAM-1 mRNA in vehicle group was detected at 1 h after
reperfusion but not in sham-operated group (Tab 4, Fig
1). The level of ICAM-1 mRNA in vehicle group at 3
h, 6 h, and 12 h after reperfusion was as 2.1, 2.8, and
4.9 times as that at 1 h, respectively ( P <0.01), and at
24 h it was decreased to the level at 3 h { P >0.05, Tab
4, Fig 1). There was no significant difference between
Tet 5 mg/kg-treated group and vehicle group at 6 h, 12
h, and 24 h after reperfusion ( P >0.05, Tab 4, Fig1).

The neutrophi-
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The levels of ICAM-1 mRNA in Tet 10 and 20 mg/kg
treated group, at 6 h, 12 h, and 24 h after reperfusion,
were decreased by 40 % and 74 %, 39 % and 38 %,
32 % and 57 % . respectively, as compared with those
of vehicle group (P <0.01, Tab 4, Fig 1).
Activation of NF-xB  Activation of NF-xB was
detected in vehicle group at 0.5 h after reperfusion but
not in sham-operated group (Tab 5, Fig 2). There was
no significant difference between the level of activated
NF«B at 1 h and that at 0.5 h after reperfusion ( P > .
0.05), and at 3 h, 6 h, and 12 h it was as 2.2, 2.6,
and 1.6 times as that at 1 h, respectively ( P <0.01),
and at 24 h it was decreased to the level at 1 h (P >
0.03) (Tab 5., Fig2). There was no significant differ-
ence between Tet 5 mg/kg-treated group and vehicle

Tab 2. Effect of tetrandrine on brain water content after ischemia (2 h)/reperfusion.
‘P <0.01 ©s sham-operated group at the same time points.

groupal 6 h, 12 h, and 24 h afier reperfusion { P >
0.05, Tab 5, Fg 2}. The levels of activated NF-xB in
Tet 10 and 20 mg/kg-treated group were decreased by
38 % and 70 %, 18 % and 65 %, 42 % and 75 % at 6
h, 12 h, and 24 h after reperfusion, respectively, as
compared with vehicle group ( P <0.01, Tab 5, Fig 2).

DISCUSSION

The present experience showed that neutrophilic re-
cruitment and cerebral edema were parallelly increased af-
ter brain /R, which was consistent with previous re-
ports®) . In addition, they were parallelly decreased by
Tet. Therefore it is indicated that cerebral edema is

n=6rats. x+s. “P=>0.05,
P 5 0.05, IP<0.01 vs vehicle group at the same time

points.
Brain water content” %
Groups Ih 3h 6h 12h 24
Sharm-operated B.1£1.6 .422.0 4.6x1.7 H.0+1.6 75.0x0.9
Vehicle 0.0x1.0° 9.6+1.0° 82,109 86.1x1.0° 8.4x1.3
Tet 5 mg/kg - - 82.4+0.06 8.8+1.59 48.9x1.1%
Tet 10 mg/kg - - 9.6x1.57 @55 147 8.4+ .2
Tet 20 mg/kg - - 7.0+1.0¢ .9+1.0¢ §2.3x1.6
Tab 3. Influence of tetrandrine on neutrophilic recruitment of ischemia (2 h)/reperfusion. n =6 rats . X + 5.

3P > .05, P < 0.01 vs sham-operated group at the same time points. %P> 0.05, P <0.01 vs vehicle group at the same

time points.
Neutrophilic recruitment/'kBq-g™~!
Groups 1h 3h 6h 12 h M h
Sham-operated 0.16+0.07 0.17 £0.08 0.15+0.10 0.14+0.11 0.16£0.09
Vehicle 0.15£0.05° 0.43+0.07° 0.87£0.13° 1,10+ 0,25 1.70£0.27¢
Tet 5 mg/kg - - 0.85+0.19" 1.1£0.16% 1.7+0.23%
Tet 10 mg/kg - - 0.56+0.00" 0.60x0,11¢ 0.90£0.17
Tet 20 mg/kg - - 0.30 006 0.33+ 0,09 0.64£0. 107
Tab 4. Effect of tetrandrine on ICAM-1 mRNA after ischemia (2 h) /referpusion. n=6rats. x+s. “P<0.01 vs ve-

hicle at 1 h reperfusion time point. P >0.05 vs vehicle at 3 h referpusion time point. & >0.05, 1P <0.01 vs vehicle

group at the same time point.

Level of ICAM-1 mRNA

Groups 1h 3h 6h 121 24 h
Sham-operated Y 0 0 0 0
Vehicle 0.35+0.05 0.7520.11° 0.99+0. 14 1,73+ 0.26° 0.82 +0.15%
Tet 5 mg/kg - - 1.00£0. 19 1.67+0.268 0.3 £0.13
Tet 10 mg ke - - 0.59+0 10 1.06+0.14 0.56+0.00
Tet 20 mg/ke - - 0.26+0.05 0.73=0.11" 0.3540.07




PSEM RIS Acin Fhammeol S

L FE I - riakl e 68 ik shiti o0

AR AN MNovs 22 00

Phn Fas 30210000 b2

Tab 5. Effect of Tet on actvation of NF-xB after ischemia (2 h]/veferpus n=bhrts. x+ s, "Ps0.05 P01
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Fig 1. RT-PCR of ICAM-1 mENA after ischemia reperfusion.,
D, E, and F:
and O; Tet 20, 10, and 5 mg/kg at 6 h after reperfusion, respectively; G, H, and 1:
P, 4, and R; Tet 20,

J and S: Markers. A, K, and L: Shame-operated
Vehicle group at 1 h, 3 h, 6 h, 12 h, and 24 h after reperfusion, respectivelyv: M, N,
Tet 20, 10, and 5 mg/’kgat 12 h
10, and 5 mg/kg st 24 h after reperfusion, respectively.
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Fig 2. Electrophoretic mobility shift assay of NF-xB after ischemin/ reperfusion. A: Sham-operited group; B, C, 1D,
E, F, and G: Vehicle group at 0.5 h, 1 h, 3 i, 6 h, 12 h, and 24 h after reperfusion, respectively; H, 1, and J: Tet
20, 10, and 5 mg/ ke at 6 h after vepe |ru.'.|ul|. |{'~.j.htlu-l ly: K, L, und M: Tet 20, 10, and 5 mg/kg at 12 h after reper-
fusion, respectively; N, O, and P: Tet 20, 10, and 5 mg/kg at 24 h after reperflusion, respectively.
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increased by several folds after brain [/R, which was
consistent with former repon™® | and level of activated
NF-«B was parallelly increased. In addition, NF-«B re-
sponse to brain I/R was activated before ICAM-1 mRNA
was expressed, and they were parallelly decreased by
Tet. So there is a very important relationship between
expression of JCAM-1 mRNA and activation of NF-«xB
after brain I/R, and Tet is an inhibitor of NF-«B.

NF-«B plays a crucial role in the inflammatory cas-
cade response to brain I/R. On activation by a wide
range of extracellular agents after brain /R, such as
[L-13, TNF-q, and oxgen free radicals, NF-«B triggers
the expression of inflammation genes such as ICAM-1,
IL-13, and TNF-« mRNA™® . In these extracellular sig-
nals, expression of IL-1 and TNF-a are induced hy acti-
vation of NF-«<B, on the other hand, oxygen free radicals
are not produced through expression of genes. There-
fore, oxygen free radicals may activate NF-«B as a pre-
formed outcellular sigral to trigger inflammation, and
IL-1 and TNF-o produced by NF-«B may amplify the
NF-«B signaling system. Hence, Tet inhibited activation
of NF-xB by eliminating oxygen free radicals. and pre-
vented ampiification of inflammation by inhibiting [L-1
and TNF-a production. As NF-«B wriggers largely in-
ducible genes, which control synaptic transcription, neu-
ronal plasticity, neuromal development, and neurodegen-
erative discase'™ , Tet as an inhibitor of NF-kB activation
will possess other important pharmacologic actions.

In conclusion, Tet inhibited expression of neu-
trophilic recruitment and JCAM-1 mRNA and activation
of NF-«B after brain /R.
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