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Effects and mechanisms of triacetylshikimic acid on platelet
adhesion to neutrophils induced by thrombin and reperfusion
after focal cerebral ischemia in rats!
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ABSTRACT

AIM: To investigate the effect of triacetylshikimic acid
(TSA) on the platelet adhesion to neutrophils and
P-selectin expression on activated platelet membrane in-
duced by thrombin and reperfusion after focal cerebral is-
chemia, METHODS: The platelet adhesion to neu-
trophils was evaluated by rosette assay, and P-selectin ex-
pression on platelet membrane was determined by flow
cytometry. RESULTS: TSA 10 - 1000 pmol/L
markedly inhibited thrombin(0.4 kU/L)-induced platelet
adhesion to neutrophils. The platelet adhesion to neu-
trophils induced by a 21-h reperfusion after middle cere-
bral artery occlusion for 3 h was also inhibited in a dose-
dependent manner by TSA 50 — 200 mg/kg given by ig
immediately and at 60 min again after the onset of cere-
bral ischemia. TSA was also shown to decrease the
P-selectin  expression on platelet surface induced by
thrombin in washed platelet and by adenosine diphosphate
(ADP) 5 pmol/L in whole blood. CONCLUSION:
Reperfusion after cerebral ischemia and thrombin induced
platelet adhesion to neutrophils, which could be reduced
by TSA probably due to its inhibition of P-selectin ex-
pression on activated platelets.

INTRODUCTION

Interaction between platelets and leukocytes has been
demonstrated to play important roles in pathophysiological
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process in several animal models of vascular dis-
eases'1-3),  Platelets in the platelet-rich thrombus formed
at the hemorrhagic site can recruit neutrophils which accu-
mulate around the thrombus™' . The activated platelets
can also affect the ability of adhesion, aggregation, and
phagocytosis of neutrophils, FPlaielets can bind to neu-
trophils or monocytes through the modulation of P-selectin
( GMP-140, CDG2P) expression on platelet mem-
brane!>%) . Previous studies suggested that platelets were
activated after cerebral ischemia and reperfusion” %)
Platelet activation and the following interaction between
platelets and neutrophils on the surface of cerebral mi-
crovascular endothelial cells may contribute to the devel-
opment of brain injury after ischemic stroke. However,
the adhesion changes of platelets to neutrophils afier
reperfusion following cerebral ischemia have not been ob-
served yet. To investigate the nature of platelet adhesion
to neutrophils during cerebral ischemia and reperfusion
will provide altemate pathways to develop therapeutic
strategies against stroke. We therefore investigated the
binding of platelets to neutrophils after platelet activation
by thrombin and reperfusion after middle cerebral artery
occlusion in rats in this experiment.

Triacetylshikimic acid (TSA) was synthesized based
on the structure of shikimic acid, which was extracted
from Fructus Anisi Stellati ( Mliciwm verwn Hook f).
Shikimic acid and TSA were both found to inhibit platelet
aggregation induced by ADP and collagen!™® .  Shikimic
acid has already been demonstrated to prevent brain injury
after focal cerebral ischemia induced by thrombosis!'!).
TSA possesses the advantage over shikimic acid of being
a lipid soluble compound and readily being absorbed from
gastrointestinal tract. Therefore, the ability of TSA to
prevent ischemic injury and platelet adhesion to neu-
trophils after platelet activation induced by thrombin and
reperfusion after cerebral ischemia were also evaluated in
the study .
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MATERIALS AND METHODS

Agents TSA (purity 98.39 %), synthesized by
Department of Phytochemistry, Beijing University of Chi-
nese Medicine, was made into emulsion with 2 % Tween
80 for in vivo use. In vitro experiment, TSA was dis-
solved with ethanol and diluted with phosphate buffer {in
mmol/L: KH,PO, 10, Na,HPO, 37. NaCl 87, and KCl
53) yielding the final concentration of 0.02 % ethanol.
Dextran (T 500, Phamacia); Goat polyclonal antibody
against P-selectin { Santa Crutz Biotechnology Inc,
USA); FITC lgbeled rabbit anti-goat [pG (1:10,
Biotinge Biomedicine Co, USA).

Platelet-neutrophil adhesion The adhesion of
platelets to neutrophils was determined by rossette assay.
Blood was extracted from common carotid artery of rats
and anticoagulated with 2.7 % edetic acid. Platelet-rich
plasma, which was obtained by centrifugating the blood
at 120 x g for 10 min, was then centrifuged at 1200 x g
for 10 min to obtain platelet pellet. The pellet was
washed by PBS containing 1 % baovine serum albumin
and edetic acid 1.4 mmol/L for three times and the den-
sity of platelets was adjusted to 1 x 10" /L.

Neutrophils were isolated from the same blood sam-
ple. Afier the platelet-rich plasma was removed, the
blood volume was reconstituted with saline. Then one to
ten volumes of 6 % dextran was added and the blood was
incubated at 37 C for 40 min without stirring. The up-
per layer of the blood was collected and added on top of
3-mL lymphocyte separation medium, cenirifuged at
600 x g for 45 min. The neutrophil pellet was washed
with PBS. The contaminated erythrocytes were removed
by hypotonic method, washed with PBS for three times,
and then resuspended in Hanks’ solution with the concen-
tration of neutrophils adjusted o 4 x 10°/L.

Rosette assay was performed according to the
method described by Hamburger and McEver™> with some
modifications. Briefly, 10 L of thrombin solution (1,
2,3, 4, or 6 kU/L) was added into 100 pL of platelet
suspension yielding a final concentration of 0.1 — 0.6
KU/L. After reaction for 10 min at 20 C without any
stirring, same volume of 2 % paraformaldechyde was
added for platelets to be fixed for 30 min. Then, 100
pL of neutrophil suspension was added into the fixed
platelet suspension and incubated under agitation at 4 C
for 30 min. Each of platelet-neutrophil suspension was
placed on a microscope slide over which a coverslip were
positioned. Three hundred neutrophils were scored for

the presence of platelets. Neutrophils bearing two or

o 1

more platelets were defined as rosettes.  When the effect
of TSA was evaluated, the solution of TSA and aspirin
{ ASP) were added 30 min before platelet activation.

Cerebral ischemia and reperfusion model
Male Wistar rats, weighing (224 +21) g, (Grade I,
Certificate No 01-3008), supplied by the Experimental
Animal Center, Chinese Academy of Medical Sciences,
were anesthetized with 10 % chloral hydrate (350 mg/
kg, ip). Room lemperature was maintained at 24 T -
25 . Focal cercbral ischemia was performed by middle
cerebral artery occlusion ( MCAO) according to the
method described previously™ . Briefly, the right com-
mon carotid artery, external (ECA), and intemal carotid
artery (ICA) were exposed through a ventral middle inci-
sion in the neck. A monofilament suture {g 0.26 mm)
was inserted into ICA from ECA and put forward about
20 mm from the origin of ICA into the intracranial seg-
ment of ICA 1o block the origin of middle cerebral artery.
Three houwrs afier the onset of the occlusion, the suture
was withdrawn and recirculated for 21 h.

In vivo experimental protocols The rats were
divided into 5 groups: sham group; vehicle group, sub-
jected 1 21-h reperfusion after 3-h MCAO and given ig
2 % Tween 80 2 mL/kg; TSA 50, 100, and 200 mg/kg
group subjected to 21-h reperfusion after 3-h MCAO and
given TSA ig immediately and at 60 min again afier the
onset of ischemia, Twenty-one hours after reperfusion,
the neurological deficit score of each rat was evaluated.
The total score of ten was evaluated according to the
modified methods of Bederson et @™ and Lin er a0
The test was performed as following: (D Rats were gently
suspended by the tail, the left forelimb was flexed,
scored 1 - 3 according to the severity. When the rat was
circling to the right side during suspension, scored 4.
@ Rats were allowed to grasp fine metal net and pulled
gently backward by the tail, the left forelimb showed de-
creased strength and reduced ability 1o hold the net com-
pared with the right limb and scored 1 -3. (3 Rats were
placed on a smooth plane, the lateral push resistance to-
ward the left side decreased and scored 1-—3.

For evaluation of platelet adhesion to neutrophils af-
ter reperfusion after focal cerebral ischemia, bleod was
withdrawn from common carotid artery after 21-h reperfu-
sion and the rosette assay was carried out as described
above.

P-selectin expression on activated platelet
membrane Blood was obtained from rat common
carotid artery and was anticoagulated with ACD (in
mmol/L; citric acid 71, trisodium citrate 85, dextrose
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110, ACD:blood =1:6). Platelets were suspended in
modified Tyrode’s buffer (in mmol/L; NaCl 137, KCl
2.8, MgCl, 1, NaHCO, 12, Na,HPO, 0.4, BSA
0.35 % , HEPES 10, and glucose 5.5, pH 7.4) yielding
a plateler concentration of 2 x 10"'/L. Platelet suspen-
sion solution 5 mL was aliquoted into poiyethylene tube
containing 50 pL of Tyrode’s buffer and 5 pL. of drug so-
lution {at a final concentration of TSA 1, 10, and 100
pmol/L or ASP 10 umoi/L). Then the platelet suspen-
sion was incubated with thrombin 0.4 kU/L and goat
polyclonal antibody against P-selectin 200 mg/L for 15
min without stirring, Platelets were fixed with 1 %
paraformaldehyde at room temperature for 30 min and
then incubated with 5 gL of FITC-labeled rabbit anti-goat
IgG (1:10) for 15 min. The sample was diluted with
500 uL. of Tyrode’s buffer and analyzed in a EPICS XL
cytometer {Coulter, USA). The fluorescent intensity of
platelets and percent of positive Jabeled platelets were
recorded.

P-selectin expression on platelet membrane in whole
blood was also stdied. The procedure of the assay was
the same as described above except for whole blood being
used instead of platelet suspension. Platelets were acti-
vated by ADP 5 pmol/L.

Statistical analysis The data were expressed as
X + s and compared by z-test.

RESULTS

Thrombin induced platelet-neutrophil adhe-
sion Only 11 % of neutrophils bound two or more
platelets prior to activation by thrombin. In contrast, the
percent of neutrophils bearing two or more stimmlated
platelets increased by 1.5, 1.8, 2.1, 2.8, and 2.7 times
respectively after application of thrombin (0.1, 0.2,
0.3, 0.4, and 0.6 kU/L) in platelet suspension (Tab
1).

Tab 1. Platelet adhesion to neutrophils induced by
thrombin. Values are percent of rosette formation. n =

6. *xxs. P<0.01 vs normal (without thrombin)
group.
Thrombin/kU+ L™ Neutrophil binding platelets/ %

0 (Normal) 11.0x2.7

0.1 26.5£2.8°

0.2 30.5£2.8°

0.3 33.8+x2.9

0.4 42 24°

0.6 42+ 4°

When TSA was employed directly to platelet suspen-
sion 30 min prior to the application of thrombin and
yielded the final concentrations of 10, 30, 100, and 1000
pmol/L, the rosette formation induced by thrombin 0.4
kU/L was reduced by 11 % (P <0.05), 24 % (P <
0.01), 32 % (P <0.01), and 34 % {P <0.01), re-
spectively, However, TSA 1 pmol/L did not inhibite
the rosette formation induced by thrombin. ASP inhibit-
ed the rosette formation only at the highest concentration
{2800 ;smol/L) used in this experiment (Tab 2).

Tab 2. Effect of triacetylshikimic acid {TSA) and aspirin
{ASP) on platelet-neutrophil adhesion induced by throm-
bin 0.4 kKU/L. TSA or ASP was applied directly to
platelet suspension 30 min prior to activatien by thrombin.
Values are percent of rosette formation. n=5, 2t s.
P <0.01 vs normal group. °P <0.05, P <0.01 vs vehi-
cle group.

Groups Neutrophil binding platelets/ %
Normal 113
Vehicle 43+ 3°
TSA 1 41.6+2.7
{(pmol/L) 10 38.2:0.8

30 33 +4f
100 20.0£1.67
1000 28.4+2.17
ASP 28 40.8+2.8
(pmol/L) 280 40.0£2.5
2000 37.2+2.9°

Platelet-neutrophil adhesion after cerebral
ischemia and reperfusion The percent of neutrophils
rosetted two or mere platelets after 21-h reperfusion fol-
lowing 3-h focal cerebral ischemia was significantly in-
creased from 16.6 % +2.8 % of sham group to0 39 % =
5 % (P <0.01) of vehicle group. TSA, given ig im-
mediately and at 60 min again after the onset of cercbral
ischemia, markedly decreased the number of platelet-neu-
trophil rosettes in a dose-dependent manner. The per-
centages of rosettes were decreased by 12 % (P >
0.05), 29 % (P <0.01}, and 30 % (P <0.01) by
TSA treatment at the dose of 50, 100, and 200 mg/kg,
respectively. The neurological deficit scores after cere-
bral ischemia/reperfusion were also reduced significantly
by TSA at the dose of 100 and 200 mg/kg ( P <0.01,
Tab 3).
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Tab 3. Effect of triacetylshikimic acid (TSA) on cerebral
ischemis/reperfusion-induced platelet-neutrophil adhe-
sions. Platelet adhesions to neutrophils were evaluated
by rosette formation, and neurological deficit scores were
determined before drawing the blood. X+ s. “P<0.01
vs sham group. P <0.05, 'P <0.01 vs vehicle group.

Neutrophil Neurological
Groups " binding plati?ets/% defict scores
Sham 8 16.6+2.8 0£0
Vehicle 9 39+5 2.7x1.4
TSA 50 8 M5 4.8+0.7
(mg/kg) 100 9 2847 4.3+£1.0°
200 8 U7 4.2£0.5

P-selectin expression on platelet membrane
The fluorescence intensity (FI) and the percent of labeled
platelets stimulated by thrombin 0.4 kU/L in platelet sus-
pension were significantly increased from 5.4 % £1.6 %
and 4.81 % +0.23 % of the normal untreated group to
7.4 % £0.7 % and 11 % =3 % of vehicle group, re-
spectively ( P < 0.05). However, the percentages of
fluorescence labeled platelets were reduced by 28 %
(P>0.05), 38 % (P<0.05), and 45 % (P <0.05)
after application of TSA 1, 10, and 100 pmol/L, respec-
tively. ASP 10 umeol/L did not decrease the fluores-
cence intensity and percent of labeled platelets after
platelet activation by thrombin (Tab 4).

ADP 5 pmol/L also induced significant increases in
the fluorescence intensity and percent of labeled platelets in
whole blood preparation ( P <0.05), which were reduced
by TSA 100 pmol/L significantly (P <0.01). TSA 1,
10 pmol/L and ASP 10 pmol/L also reduced the percent
of positive platelets by 17 % (P >0.05), 24 % (P>
0.05), and 11 % (P >0.06), respectively (Tub 4).

DISCUSSION

Platelet-neutrophil adhesion has been studied in
patients with unstable angina and coronary angio-
plasty“s’m]. We investigated the platelet-neutrophil ad-
hesion changes after reperfusion following focal cerebral
ischemia in rats in the study. The results indicate that
reperfusion after cerebral jschemia can induce platelet ad-
hesion to neutrophils that may be related to platelet acti-
vation after the insult. Platelets may mediate the interac-
tion between neutrophils and vascular endothelial cells and
promote the formation of thrombus in microcircula-
tion!". The interaction between neutrophils and mi-
crovascular endothelial cells induced by activated platelets
may lead to the infiltration of neutrophils into the brain
which is implicated in the development of reperfusion-
induced brain injury after cerebral ischemiat'®™®),
Therefore, platelet and neutrophil interaction may also
play an important role in the development of reperfusion-
induced brain injury after cerebral ischemia.

To further address the nature of platelet adhesion to
neutrophils, the adhesion of activated platelets to neu-
trophils in vitro was investigated. The results, which
indicated that the adhesion of platelet to neutrophils was
significantly enhanced after platelet activation by throm-
bin, were consistent with previous reports™®! The
platelet-neutrophil adhesion may be mediated through the
expression of P-selectin on activated platelet surface!” .
Our study demonstrated that thrombin- and ADP-induced
increases in fluorescence intensity and percent of platelet
labeled by P-selectin antibody suggested that P-selectin
expression on platelet membrane increased after platelet
activation. The adhesion of activated platelet to neu-
trophils may be due to the P-selectin expression on

Tab 4. Effect of triacetylshikimic acid { TSA) and aspirin (ASP) on P-selectin expression induced by thrombin on sepa-
rated platelets and induced by ADP (5 pmol/L) an platelets in whole blood. Fluorescence intensity (FI) and the per-

cent of positive cells bound FITC-monoclonal antibody against P-selectin were determined by flow cytometry.

n=4.

£ 5. "P<0.05 vs normal group. P <0.05 vs vehicle group.

Thrombin-induced platelet suspension

ADP-induced platelet in whole blood

Groups 3| Positive platelets/ % A Positive platclets’ %
Normal 5.4+1.6 4.81£0.23 3.2+0.9 4.8+0.3
Vehicle 7.4x0.7 113 4.9x1.2 10£3°
TSA (pmol/L) 1 6.5+0.6 8+3 3.92:+0.12 8x4

10 6.220.7 6.6+2.5° 3.720.3 7.3:£2.4
100 5.9:0.9° 5.8+1.1° 3.5£0.3° 5.9+1.7
ASP (pmol/L} 10 6.4+0.9 9+3 4.04+0.12 913

— -
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platelet membrane. Further investigation should be per-
formed to address function of P-selectin on plateler and
neutrophil adhesion induced by reperfusion after cerebral
ischemia. .

Triacetylshikimic acid (TSA) inhibits thrombin and
cerebral ischemia/reperfusion-induced platelet-neutrophil
adhesion, which may be related to its inhibitory effect on
P-selectin expression on platelet sorface. TSA has re-
cently been shown to reduce reperfusion-induced brain in-
jury after focal cerebral ischemia®). The effect of TSA
on platelet-neutrophil interaction may contribute to its
protective effect on brain ischemia. The results of this
study suggest that TSA is deserved to be developed as a
therapeutic candidate for ischemic stroke in the further
work .

In conclusion, thrombin and reperfusion after focal
cerebral ischemia induced platelet adhesion to neutrophils,
which could be inhibited by TSA. Effects of TSA on
P-selectin expression on platelet membrane might con-
tribute to its preventive effect on the adhesion.
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