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Study on Anti-thrombotic Activity, Superoxide Generation in Human
Neutrophils and Platelet Aggregation in Human Blood of Hwao-tang

Won Hwan Park*, Soo Young Park, Tae Woo Park, Jong Gu Kim, Seog Ha Kim, Cherl Ho Kim'

Department of Diagnostics, 1. Department. of Biochemistry, College of Oriental Medicne, Dongeuk University

The present paper reports the effects of Hwaotang on atherosclerosis using a spontaneous experimental model,
We have also investigated the pharmacological effect of Hwaotang on collagen- and ADP-induced blood platelet
aggregation, thrombin-induced conversion of fibrinogen and fibrinolysis in in vitro experiments, and various effects on
stimuli-induced superoxide generation in human neutrophils. Hwao-tang was shown to have inhibitory effect on
collagen- and ADP-induced blood platelet aggregation, on thrombin-induced conversion of fibrinogen to fibrin and on
the activity of plasminogen or plasmin. Hwao-tang also significantly inhibited fMLP-induced superoxide generation in a
concentration-dependent manner, but not that induced by arachidonic acid. Hwao-tang inhibited neutrophil functions,
including degranulation, superoxide generation, and leukotriene B4 production, without any effect on 5-lipoxygenase
activity. In conclusion, the protection of extracts of Hwao-tang on the ischemic infarction induced artificially might be
involved to their inhibition of thrombotic action. The results also indicate that Hwao-tang exerts the effects on
superoxide generation related to the inhibition of neutrophil functions.

Key words : Hwao-tang(huayatang, 1£#%:%), thrombosis, activating blood circulation and eliminating blood stasis,
aggregation, atherosclerosis, superoxide generation, neutrophils

Introduction

The drugs for invigorating blood circulation and
elimjnating blood stasis are used for all kinds of syndrome
through the blood stasis and thrombosis for hundreds of years
in the traditional korean therapeutic system1’2’3’4).

Hwaotang belongs to the category of the drugs for
invigorating blood circulation and eliminating blood stasis in

the traditional korean medicine”

. According to the ancient
chinese medicinal literature {NaShiYakEuiKyng(##[%™#7E&
#5)) , Hwaotang has been known to exhibit activating blood
circulation, removing blood stasis and abdominal pain, and has
been widely used in Chinese and Korean traditional
medicine”®. Hwaotang is consisted of Angelica gigantis Radix,
Rehmanniae Radix, Paeoniae Radix, Ciniamomi Cortex, Cnidii
Rhizoma, Persicae Semen and Carthami Flos (Scheme 1)°.
Hwaotang has been reported to have a hypolipidemic
effect in patients with hypercholesterolemia”, and in

highcholesterol-induced experimental models.
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Now a days, Hwaotang is mainly used for the treatment
of inflammation, hyperlipemia and arteriosclerosis. The
pharmacological action of Hwaotang on platelet aggregation
has been limitedly studied in regard to ischemic infarction®”.
This herbal medicine has been shown to express diverse
activities  such as  immunomodulating,  anti-infarction,
anti-allergic and anti-inflammatory effects(Kim et al,
unpublished results). Antisclerotic effects of Hwaotang in
experimentally induced atherosclerosis in rabbits have been
reported”” Inhibitory effects of Hwaotang on the atherosclerosis
and venous thrombosis have also been reported'”. However,
pharmacological mechanisms of Hwaotang on atherosclerosis
formation and anti-thrombosis are poorly understood.

Superoxide generation in human neutrophils is
stimulated during phagocytosis and by treatment of cells with
various stimuli, such as certain chemoattractants and activators

. . 1213
of protein kinase!""*1?

. However, resting neutrophils in the
blood circulation are poorly responsive to agonize. Neutrophil
function can be primed by a variety of pro-inflammatory

. 114,15,16)
stimuli

). When the cells are exposed to priming agents,
such functions as respiratory burst, phagocytosis and
degranulation are greatly enhanced. However, the mechanism
of such priming has not been clearly defined. Little is known

of the biological activity of Hwaotang and previous studies

- 1494 -



Study on Anti-thrombotic Activity, Superoxide Generation in Human Neutrophils and Platelet Aggregation in Human Blood of Hwao-tang

have focused mainly on their anti-thrombosis".

The present paper reports the effects of Hwaotang on
atherosclerosis using a spontaneous experimental model,
Kurosawa and Kusanagi- hypercholesterolemic  (KHC)
rabbits'”. We have also investigated the pharmacological effect
of extracts obtained from Hwaotang on collagen- and
ADP-induced blood platelet aggregation, thrombin-induced
conversion of fibrinogen and fibrinolysis in in vitro
experiments, and various effects on stimuli-induced superoxide

generation in human neutrophils.

Materials and Methods

1. Drugs
Hwaotang : Angelica gigantis Radix, Rehmannige Radix,
Paeoniae Radix, Cinimmomi Cortex, Cnidii Rhizoma, Persicae Semen and

Carthami Flos were used as Hwaotang prescription (Scheme 1).

Scheme 1. Composition of Hwaotang ({t#5:5)°%"

Angelicae gigants Radw (B8 160 g
Rehmanniae Radix (#HH) 100 ¢
Paconiae fladix |\ B5EEBD) 809
Cimamormi Cortex (E#) 80 g
Cnidn Rnizoma (J11Z) 40 ¢
Persicae Semen (5¢42) 40 g
Carihami Flos (41757815} 329

Total amount 532 g

Hwaotang is a dried decoctum of a mixture of 7 herbal
drugs. A total of 53.2 g of Hwaotang was added to 500 ml of
water and boiled for 2 hrs, filtered and then concentrated to
200 ml. This decoction was spray-dried to give a powdered
extract. The yield was 52g., which represents one human
dose/day. The aqueous extracts of Hwaotang and its seven
composed Korean herbs, which was massproduced as for
clinical use, were kindly supplied by the Oriental Medical
Hospital of Dongguk University (Kyungju, Korea).

2. Animals

Male KHC rabbits weighing 1.5-2.0 kg were purchased
from Genetic Resource Center, KRIBB, KIST (Taejon, Korea).
They were maintained in the animal facility (room
temperature: 23.2°C, relative humidity: 55.10%, all fresh air
ventilation: 15-20 times/hrs, 12 hrs light and 12 hrs dark) and
subjected to the experiment after a 7 days quarantine period.

Male Wistar-King strain rats weighing 150-200 g were
used. They were fed on a standard diet for at least 7 days.

They were fasted for 24 hrs before the start of the experiments.

3. Chemicals
Endotoxin (Escherichia coli; 055:B5) was from Difco
Lab.(USA). Thrombin, adenosine diphosphate (ADP) disodium

salt, plasminogen- containing fibrinogen and urokinase were
purchased from Sigma Co. (USA).

NADPH, ferricytochrome c (cyt. ¢), superoxide dismutase,
N-formyl-methionyl-leucyl-phenylalanine (fMLP), arachidonic
acid (AA) and phorbol 12-myristate 13-acetate (PMA) were
purchased from Sigma (St. Louis, MO, USA). Genistein was
from Wako Pure Chemicals (Osaka, Japan). The APTT assay
kit was purchased from Dade International (Aguade, PR,
USA). All other reagents used were of analytical grade and
were purchased from Nacalai Tesque (Osaka, Japan) unless

otherwise stated.

4. Pathological evaluation of aorta

The thoracic aortas were opened longitudinally, and the
percentages of the areas of atheromatous plaque were
calculated according to Kita’s method'®. Some parts of plaque
were fixed with 15% buffered formalin. They were embedded
in paraffin, and sections were stained with hematoxylan and
eosin (HE) or Oil-Red-O.

5. Blood platelet aggregation test

Whole blood samples were collected from heart of
pentobarbital- anesthetized rats. Nine m{ of the blood and 1 m¢
of heparin solution (10 U/m¢) were transferred into a plastic
tube. And centrifuged at 1,000 rpm for 10 min to give
platelet-rich plasma (PRP). PRP was removed with a
siliconized pipet, to be stored in a plastic test tube with a
screw cap. The remaining red cell precipitate of the blood
samples was further centrifuged at 3,000 rpm for 30 min to
give platelet-poor plasma (PPP), which was used as a maximal
transmittance standard',

Platelet aggregation test described by Ekimoto et al™
was modified and performed with collagen (500 pg/mf) and
ADP (0.05 uM) used as aggregation agents. A 0.2 m{ aliquot of
PRP was placed in a test tube and the content was stirred at
1,200 rpm, at 37C, for 1 min to which was added a 10 0
aliquot of a test solution. After 1 min, an aggregation agent
was added to the reaction mixture. Changes in the light
transmittance of the reaction mixture was continuously
recorded with a Husm System platelet aggregometer (Rika
Electric Co., Japan} and the transmission at the maximal
aggregation after the addition of an aggregating agent was
recorded. Then platelet aggregation was expressed as the
percent increase in the transmittance taking the transmittance

of a control mixture containing no test solutions zero.

6. Thrombin-induced conversion of fibrinogen to fibrin
Fibrinogen (500 mg) was dissolved in 100 m{ of 150 mM
NaCl containing 50 mM Tris-Acetate buffer (pH 7.4). A test
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solution (0.1 m!) was added to 1. 8 m¢ of the fibrinogen
solution with stirring. After 1 min, 0.1 m¢ of thrombin solution
(0.2 U/mty was added to the mixture and the whole was
gently stirred until a fibrin clot appeared. The time required

for clotting was recorded.

7. Fibrin plates

Fibrin plates were prepared by the method of Astrup and
Mullertz”. One % agarose solution in phosphate buffered
saline (10 mM phosphate buffer, pH 7.8, in 150 mM NaCl) was
kept at 45-50C in a water bath. Agarose solution of
plasminogen-containing  fibrinogen and of plasminogen
free-fibrinogen was prepared by dissolving 166 mg of
plasminogen -fibrinogen and 200 mg of plasminogen
free-fibrinogen in 100 m¢ of agarose solution at 31°C. A 10 m!
aliquot of the mixture and 0.1 m¢ of thrombin (10 U/mf)
solution were quickly mixed in a test tube, and the contents
were immediately poured into a Petri dish. The five wells of

diameter 5 mm were made into each fibrin-agar plate.

8. Inhibition of plasminogen

A test solution (0.1 m¢) and urokinase solution (0.1 m¢,
100 U/m¢) were mixed, and 200 ¢ of the mixture was added
to each of the wells in the plasminogen-containing fibrin plate.
Twenty p¢ of a mixture of phosphate buffer (0.1 m¢) and
urokinase solution (0.1 m¢, 100 U/m¢) was used as a control
mixture. The plates were incubated at 31°C for 20 hr.
Then parent rings appeared where the fibrin lysis had
occured. Two diameters of such rings were measured and
the area was calculated. The inhibitory effect of test
samples in this fibrinolytic system was assessed by
comparing the lysed area with that of the control. The activity
was expressed as an concentration which inhibited the lysis by
50% (ICsy: mg/ mé)

9. Inhibition of plasmin

Urokinase solution (0.5 m¢, 100 U/m¢) and plasminogen
solution (0.5 m¢, 0.5 mg/m¢) were mixed and incubated at 28T
for 30 min. To the incubated solution (0.1 m¢) was added a test
solution (0.1 m¢) of an appropriate concentration. Then 20 x¢ of
the mixture was put into each well in the plasminogen-free
fibrin plates. Twenty p¢ of phosphate buffer was used as
control. The plates were incubated at 37 for 18 hrs. Two
diameters of the lysed area were measured and the area was
calculated. The inhibitory effect of samples was assessed by
comparison of the lysed area with that of the control. The
activity was expressed as the concentration which inhibits

plasmin activity by 50% (ICso: mg/ml)

10. Isolation of neutrophils

Human peripheral blood polymorphonuclear leukocytes
(HPPMNSs) were isolated from the peripheral blood of healthy
humans by Ficoll-Hypaque (Flow Laboratories) density
gradient centrifugation and were washed twice with
Krebs-Ringer-phosphate solution, pH 7.4 (KRP)®. The cells
were counted and resuspended in KRP at a concentration of
1x10° cells/ml.

11. Assay of superoxide generation

Superoxide generation was assayed by measuring the
reduction of «cyt. ¢ at 37C using a dual-beam
spectrophotometer  (Shimadzu UV-3000; Shimadzu, Kyoto,
Japan) under constant stirring conditions®. The standard assay
mixture consisted of 1x10° cells/ml, 1 mmol/I CaCl, 20
mmol/l cyt. ¢, 10 mmol/]1 glucose, 0-50 mmol/1 steroidal
saponin and a stimulus (12.5 nmol/1 fMLP, 1 nmol/1 PMA or
10 mmol/1 AA) in a final volume of 2 ml of KRP. After
preincubation for 3 min with a steroidal saponin, the reaction
was started by adding a stimulus and the absorbance change
at 550-540 nm (A550-540) was monitored for 5 min.

12. Detection of tyrosyl phosphorylation of neutrophil proteins

Neutrophils (1x10° cells/ml) were incubated in 1 ml of
KRP containing 1 mmol/1 CaCly, 10 mmol/I glucose and 0-100
mmol/1 of timosaponins E1 and E2 for 3 min at 37, and then
0.5 ml of ice-cold 45% trichloroacetic acid (final concentration,
15%) containing 1 mmol/l sodium vanadate and 2 mmol/l
phenylmethylsulfonylifluoride was added to stop the reaction.
After incubation for 30 min at 47T, the mixture was
centrifuged at 10,000 g for 15 min at 4C. The precipitate was
washed twice with ice-cold diethyl ether:ethanol (1:1, v/v),
dissolved in 50 ml of 625 mmol/l Tris-HCl (pH 6.8)
containing 2% sodium dodecyl sulfate (SDS), 0.7 mol/!
-mercaptoethanol and 10% glycerol and was subjected to
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) using a
7.5% gel. The electrophoresed proteins were transferred onto
Immobilon-P membranes (Nippon Millipore) using a semidry
blotting apparatus (Sartorius) for 60 min at 2 mA/cm2, and
the tyrosyl phosphorylated proteins were detected using
phosphotyrosine-specific monoclonal antibody (PY-20; ICN
Biochemicals),  peroxidase-conjugated  rabbit  anti-mouse
immunoglobulin G antibody (E.Y. Laboratories) and the ECL
Western Blotting Detection System (Amersham, ]apan)zz). The
apparent molecular masses of the proteins were determined
using prestained molecular weight standards (14,300-200,000
molecular weight range; Gibco-BRL). To estimate the

phosphorylation level, the lanes were scanned using an Epson
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GT 8000 (Seiko Epson Co., Japan) and the intensity of the 58
kDa band was analysed using NIH Image software (Nayne
Rasband, National Institute of Health, USA).

13. Preparation of human neutrophils

Venous blood was obtained, with informed consent, from
healthy volunteers. Leukocytes were obtained and purified as
previously described™. Viability was more than 95% according
to the trypan blue exclusion test. The mitochondrial dependent
reduction of 3-(4,5- dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide (MTT) to formazan26) was used to assess the possible

cytotoxic effect of Hwaotang on human neutrophils.

14. Elastase release by human neutrophils

Neutrophils (2.5x10° cells/ml) were preincubated with
test Hwaotang or vehicle for 5 min and then stimulated with
cytochalasin B (10 pM) and N-formyl-L-methionyl-L-eucyl-L-
phenylalanine (fMLP, 10 nM) or platelet-activating factor (PAF)
05 uM) for 10 min. Elastase activity was estimated in
supernatants, using N-tert-butoxy- carbonyl-alanine p-
nitrophenyl ester (200 uM) as substrate and p-nitrophenol
release was measured. Possible direct inhibitory effects on

o 2
elastase activity were also assessed”.

15. Synthesis and release of leukotriene B4 by human
neutrophils

A suspension of human neutrophils (5x10° cells/ml) was
preincubated with test compound or vehicle for 5 min and
then stimulated with calcium ionophore A23187 (1 uM) for 10
min at 37C. Leukotriene B4 levels in supernatants were
measured by radioimmunoassayzs). High-speed (100,000xg)
supernatants from sonicated human neutrophils were obtained
and incubated under appropriate conditions with 10 uM

arachidonic acid to assess 5-lipoxygenase activity™.

16. Wetern blot analysis

iNOS or COX-2 protein expression was studied in the
cytosolic or microsomal fractions, respectively, from
lipopolysaccharide-stimulated peritoneal macrophages and cell
pellets obtained by centrifugation of air pouch exudates. Equal
amounts of protein were loaded on 12.5% polyacrylamide gel
electrophoresis-sodium dodecyl sulphate (PAGE-SDS) and
transferred onto polyvinylidene difluoride membranes for 90
min at 125 mA. Membranes were blocked in phosphate buffer
saline (0.02 M, pH7.0)-Tween-20 (0.1%) containing 3% w/v
unfatted milk. For iNOS, membranes were incubated with
specific anti-iNOS polyclonal antiserum (1/1000); for COX-2,

membranes were incubated with specific anti-COX-2 polyclonal

antiserum (1/1000). Both membranes were incubated with
peroxidase-conjugated goat anti-rabbit immunoglobulin G
(IgG)  (1/20,0000 and  peroxidase-conjugated  rabbit
anti-goat/sheep  IgG  (1/20,000),

immunoreactive bands were visualized using an enhanced

respectively.  The
chemiluminescence system (ECL, Amersham Korea, Korea).

17. Statistical analysis

The statistical significance was established as follows. The
ANOVA one-way analysis of variance followed by pairwise
comparisons using the Scheff test was used for the multigroup
comparisons. The statistical analysis between two groups was
evaluated by the F-t test. A probability value of 5% or less
was considered indicative of a significant effect. Data are
expressed as meanS.E., The differences were considered

significant at p<0.01.

Results

1. Effects of Hwaotang on pathological aorta in rabbits

The main areas of atheromatous plaque in the aortic arch
at the 4th weeks were 38.21% in normal diet group and 4.0%
in descending aorta. in normal diet group. However,
Hwaotang groups indicated a decreased aortic arch of 26.54%
and increased descending aorta (54%) in 4 weeks of
administration. In & weeks, there were significant differences in
the area of atheromatous plaques of the descending aorta or in
the histopathological findings of the atherosclerotic lesions

between the two groups(Table 1).

Table 1. Percentage of intimal surface area of thoracic aorta
involved with atheromatous plague in KHC rabbits fed with or
without Hwaotang

Feeding perod  Groups  Aortic arch(%) Descending aorta(%)

Anesks Normal 3B821£25 40+05
Hwaoang 2654+24 5406
Bweeks Normal 4565¢34 20318
Hwao:ang 21.23x2.1* 294+34

Eacr tabular value indicares tne mean*SE *P005, signficantly different from normal
alet group.
2. Effects of Hwaotang and its herbs on collagen- or
ADP-induced blood platelet aggregation

As shown in Table 2, preincubation of PRP with Hwaotang
(0.2, 04 or 1.0 mg/mé) produced inhibition of collagen- or
ADP-induced blood platelet aggregation to various extent. On
the other hand, preincubation of PRP with 1.0 mg/m¢ of each
herb  inhibited collagen- or ADP-induced blood platelet
aggregation as shown in Table 3. Treatment of each 1.0 mg/m{
of Angelica gigantis Radix, Rehmanniae Radix, Paconiae Radix,

Persicae Semen and Ciniamomi Cortex inhibited collagen- or
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ADP-induced blood platelet aggregation to various extent. 0.96 and 3.25 mg/mi respectively.

Table 2. Effects of the Hwaotang and aspirin on collagen- or
ADP-induced blood platelet aggregation

Inhibitory rate(%)

Table 5. Effects of the Hwaotang’s herbs and heparin on conversion
of fibrinogen to fibrin induced by thrombin

Clotting time of fibrinogen

Doselmg/ ml} Coom P Herbs Doselmg/ml ) solution (sec)
~waolang €2 102413 124¢12 Cortrol 2436312
04 225432 18717 Heparin (10 U/ mi) 3135¢143%
‘0 28743 31334 Angelica gigantis Radix 1 2956179
~eparn 2 434£45 184+17 Persicae Semen 1 2879176
5 489465 216224 Rehmanmiae Radix 1 086.2+145~
Fac™ vade represents tre r;gadtsi' o' b ;i)éife(its A Pasoniae Radlx T 78T
- - Ciniamomi Cortex 1 2489216
Table 3. Effects of the Hwaotang’s herbs on collagen- or Cartham Fios T 24157
Cridii Rhizoma 1 25802147

ADP-induced blood platelet aggregation

nhibitory rate(%)
Col agen ADP
Asprn 0 766189  247£23
Angelica gigants Radix 1 0265 29432
Rehmanniae Radix 1 30353  32.7%23
1

Drug or Herbs Doselmg/m)

Paeonae Radix 24432 263125
Persicae Semen ! 237+21  255%25
Ciniamomi Corlex 1 21627 275454

Carthami .03 ! 195223 203%35
onai Rhzoma ! C4x17  178%53

tacr JaLe repesents e mean + ST 0f 5 expenments

3. Effects of Hwaotang and its herbs on conversion of
fibrinogen to fibrin induced by thrombin

As shown in Table 4, the clotting time of the control
containing no test solution was 252.6+17.3 sec. The clotting
time was prolonged significantly by incubation with 0.5 or 1.0

mg/m¢ of Hwaotang.

Table 4. Effects of the Hwaotang and heparin on conversion of
fibrinogen to fibrin induced by thrombin

Joselmg/ ml ) C.ottng e of fornogen souton (sec)
Controt 2526113
~y7301ang c? 24891266
35 2662325
‘0 2806256
weparn 10U/ ml) 3125+36.8™

™o ognioanty dterent e conre. oXGOT Bacr vaue represents tre mean £ SE of
5 exce’ men's,

On the other hand, the clotting time of the test solutions
was significantly increased by incubation of herb as shown in
Table 5. Treatment of each 1.0 mg/m¢ of Angelica gigantis Radix,
Persicae Semen, Rehmanniae Radix and Paeonige Radix elongated
the clotting time for conversion of fibrinogen to fibrin when
induced by thrombin.

4. Effects of Hwaotang extracts on inhibition of plasminogen or
plasmin
As shown in Table 6, the 50% inhibitory concentrations

(IC50 mg/m¢) of Hwaotang on plasminogen and plasmin were

= Significantly different from control, p(0.01 Each value represents the mean + SE. of
5 experiments,

Table 6. Effects of the Hwaotang and Trasylol on fibrinolytic system
in fibrin plate

, {Cso(mg/ ml) [Csolmg/ ml)
Doselng/ i) for plasminogen for plasmin
Hwaotang 0.960 3250
Trasylol 0.014 0013

Each value represents the mean + SE. of 5 experiments,

5. Effect of Hwaotang on fMLP- (A) and PMA- (B) induced
superoxide generation in human neutrophils

The effect of Hwaotang on fMLP- and PMA- induced
superoxide generation in human neutrophils was investigated
by measuring superoxide generation by HPPMNs in order to
examine the pharmacological action of Hwaotang. fMLP-
induced superoxide generation was inhibited by Hwaotang in
a concentration-dependent manner (Fig. 1).

On the other hand, PMA-induced superoxide generation
was enhanced by Hwaotang in a concentration-dependent
manner (Fig. 2). The effect of Hwaotang on AA-induced

superoxide generation could not be observed (data not shown).

fMLP—-induced SOD generation

60
40
20
0 . .
0 0.1 0.2 0.3 0.4 0.5

Hw aotang concentration (mg/ 10 ml)

iy
ny
(=)

-
(=]
(=]

Superoxide generation
(% of control)

Fig. 1. Eftect of Hwaotang on fMLP-induced superoxide generation
in human neutrophils

The cells were preincubated with Hwaotang (0-0.5 mg/
10 mi) for 3 min prior to the addition of 12.5 nmol/1 fMLP.

The experimental conditions are as described in Material and
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Methods. Results are expressed as the meanzS.E. from three

independent experiments.

PMA-induced SOD generation

250
o
2
T~ 200
5o
2 £
35 150
i
2 ° 100
&r
o2
2 50
92
0.3 0.4 0.5

0.1 0.2

0 I
0
Hwaotang concentration {mg/10 ml)

Fig. 2. Effect of Hwaotang on PMA-induced superoxide generation
in human neutrophils

The cells were preincubated with Hwaotang (0-0.5 mg/
10 ml) for 3 min prior to the addition of 1 nmol/l PMA. The
experimental conditions are as described in Material and
Methods. Results are expressed as the meanzS.E. from three

independent experiments.

6. Effects of protein kinase inhibitors on PMA-induced
superoxide generation by Hwaotang-treated HPPMNs

To determine if protein kinase C and protein tyrosine
kinase participate in the mechanism for priming of HPPMNs
by Hwaotang, the effects of protein kinase inhibitors on
PMA-induced superoxide generation were examined. PMA-
induced superoxide generation by Hwaotang was inhibited by
staurosporine, an inhibitor of protein kinase C, in a
concentration-dependent manner. On the other hand, the effect
of genistein, an inhibitor of protein tyrosine kinase, on

superoxide generation was negligible (Fig. 3, Fig. 4).

120

100

80

40

20

0
0 0.1 0.2 0.3 0.4 0.5

Hwaotang concentration (mg/10 ml} + genistein
Fig. 3. Effect of protein kinase inhibitor, genistein, on PMA-induced
superoxide generation by Hwaotang-treated HPPMNs.

Superoxide generation
(% of control)
D
o

The cells were preincubated with 04 mg/10 ml
Hwaotang in the presence or absence of a protein kinase
inhibitor for 3 min at 37°C prior to the addition of PMA. The
data were obtained at 4 min after the addition of PMA. Other

conditions were the same as in Fig. 1. Results are expressed as

the mean+SE. from three independent experiments. Effect of

genistein on Hwaotang-induced superoxide generation.

120

5 100

® =

2g 8

[ =

o O

gl 60

&

5 40

(o}

p=}

i 20 . . :
, -]

0 0.1 0.2 0.3 0.4 0.5

Hwaotang concentration {mg/10 ml)+ staurosporinen
Fig. 4. Effect of protein kinase inhibitor, staurosporine on
PMA-induced superoxide generation by Hwaotang-treated HPPMNs

The cells were preincubated with 04 mg/10 ml
Hwaotang in the presence or absence of a protein kinase
inhibitor for 3 min at 37°C prior to the addition of PMA. The
data were obtained at 4 min after the addition of PMA.
Other conditions were the same as in Fig. 1. Results are
expressed as the mean#SE. from three independent
experiments. Effect of staurosporinen on Hwaotang-induced

superoxide generation,

7. Effect of Hwaotang on fMLP-induced tyrosyl phosphorylation
of HPPMN proteins

The effect of Hwaotang on the phosphorylation of
tyrosine residues of HPPMN protein in fMLP-induced
neutrophils was examined. When the fMLP-induced
neutrophils were incubated with Hwaotang, Hwaotang
inhibited the phosphorylation of tyrosine residues of the
58 kDa protein in fMLP-induced neutrophils, in parallel

with a decrease in superoxide generation(Fig. 5, Table 7).

58 kDa->

Fig. 5. Western analysis of Hwaotang on fMLP-induced tyrosyl
phosphorylation of HPPMN proteins

Proteins with phosphorylated tyrosine residues were
detected by immunoblotting with anti-phosphotyrosine
antibody. The results are expressed as the mean from three

independent experiments.

8. Effect of Hwaotang on fMLP-induced p47 phox synthesis in

human neutrophils
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The effect of Hwaotang on 47 kDa protein in neutrophils
by using human monoclonal antibody to human p47 phox was
examined. When the fMIP-induced neutrophils were incubated with
Hwaotang, the amount of pd7 phox protein decreased in a
concentration-dependent manner (Fig, 6, Table 8). Hwaotang inhibited the
synthesis of p47 phox protein in fMLP-induced neutrophils.

Table 7. Effect of Hwaotang on fMLP-induced tyrosyl
phosphorylation of HPPMN proteins

Treatren: ensty % of control
Control {without Hwaotang! 1040 100
25 nmol/ ALP 2320 2246
25 moi/t ILP + 0.2 mg Hwaotang/10 230 2126
25 nmol/l tMLP+05 mg Hwaotang/10 ml 186.0 1747
25 nmo!/! IMLP+ 10 mg Hwaotang/10 m! ‘730 167.5

“re extent of tyrosyi phospreylation was estmated by densicmelry. Tre results are
£X0resSeC as the mean rom trree independen expenments.

pA7-phox

Fig. 6. Western blot of Hwaotang on fMLP-induced p47 phox
synthesis in human neutrophils

p47 phox proteins were detected by immunoblotting with
human monoclonal antibody. The results are expressed as the

mean from three independent experiments.

Table 8. Effect of Hwaotang on fMLP-induced p47 phox synthesis
in human neutrophils

Trealrent nensty % of control
Contre twithou: Hwaotang) 3850 100
25 o/t P 39%.0 1056
25 oo/t 'WLP+02 mg rwaotang/1C m: 3870 2115
25 nme/l MLP+C5 mg ~waotang/'C m 246.0 684
25 qmo /i WLP+1.0 mg Hwaotang/ 0 m: 156.0 442

Tre oxient of pA7 phox proters was estraled by denstomety. The results are
expressed as tre mean from triee ndependent expeniments.
9. Elastase release by human neutrophils

We assayed Hwaotang in the degranulation process of
human neutrophils activated by two different stimuli.
Preincubation of isolated human neutrophils with the test
compound elicited a concentration-dependent inhibition of
cytochalasin B+fMLP and cytochalasin B+PAF-induced
degranulation measured as elastase release. The ICsp was 4.6
ug/ml (Fig. 7). Direct inhibitory effects on elastase activity

were not observed (data not shown).

10. Synthesis and release of leukotriene B4 by human

neutrophils

Hwaotang at 10 ug/ml completely abolished leukotriene
B4 release by human neutrophils stimulated with ionophore
A23187. The concentration-dependent study showed an ICs
value of 5.6 ug/ml. Nevertheless Hwaotang failed to modify
leukotriene B4 synthesis by high-speed supernatants from
human neutrophils at concentrations up to 1 ug/ml (Fig. 8).
Thus, it appears that the reduction of leukotriene B4 release by
Hwaotang in intact neutrophils is not due to direct inhibition

of 5-lipoxygenase activity.

120
O cytochalasin B+MPL
100 I | m cytochalasin B+PAF

80

60

40

% of inhibition

20

0 1 2 4 10 20
Hwaotang concentration (ug/ml)

Fig. 7. Inhibition by Hwaotang of neutrophil activation Elastase release

induced by cytochalasin B+fMPL or cytochalasin B+ PAF. Data represent

means*SE, n=4-5, " : P05, ™ ¢ P00

120 ¢
o cytochalasin B+fMPL
100 || m cytochalasin B+PAF
5 8t
5
_—E 60
k=)
= 40

] 1 3 6 12 24
Hwactang concentration (ug/mi)
Fig. 8. Inhibition by Hwaotang of release of leukotriene B4 by
human neutrophils Leukotriene B4 release induced by cytochalasin B+ fMPL
or cytochalasin B+ PAF. Data represent means=SE, n=35
* P05, ™ POO1

Discussion

Nowadays, the occurrence rate of the blood circulation
system disease has been increased because that the increase of
under exercise, fatness, adding the stress, advanced age etc.
And the thrombosis and atherosclerosis importantly came to
the front as the risk factor of these circulation system’s
disease™.

Thrombosis is the formation of a blood clot(thrombus) in
the heart or a blood vessel. Contributing factors include injury
to a blood vessel’s lining from inflammation(thrombophlebitis)

or atherosclerosis, blood flow that is turbulent (e.g., from an
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aneurysm) or sluggish (e.g., from prolonged bed rest), or
coagulation abnormalities (e.g., from high numbers of platelets
or excessive fats in the blood). A thrombus can block blood
flow at the point of clot formation or break free to block it
elsewhere™.

In oriental medicine, the thrombosis belong to the
category of blood stasis. Blood stasis is a term in oriental
medicine. It refers to blood stasis in the body resulting from
unsmooth circulation or stagnation of blood and retention of
blood in channels or zang-fu organs®”. This blood stasis
present the generalize or local blood circulation disturbance
that generated by all kinds of pathological fact or blood stream
retention accompanying with a series of syndrome. And it
becomes the pathopoiesis cause that the symtom complex with
a mass or swelling in the abdomen, apoplexy etc”. Moreover,
the drugs for invigorating blood circulation and eliminating
blood stasis or drugs for removing blood stasis are used for all
kinds of syndrome through the blood stasis™.

According to the ancient Chinese medicinal literature
NaSiHoeYakEuiKyung(FEKE#9E45)) , Hwaotang  activate
blood circulation, vital energy and regulate menstruation, and
is applied for irregular menstruation, dysmennorrhea,
amenorrhea and metrorrhagia due to blood stasis, and sudden
loss of vision caused by retinal hemorrhage”.

Hwaotang is additional prescripton of ‘Decoction
Containing Four Drugs with Persicae and Carthami(#k#IIu%)
B) from {Golden Mirror of Medicine(B&5E£)) , and
"Decoction Containing Four Drugs with Persicae and Carthami
(BEALPUE) is an alias of Decoction Containing Four Drugs
with Addition(JIHIE#E:) from (OkGIMiEui(FE#k#ER)) .
The present time, too, Hwaotang has been used for the
treatment of various blood circulation disease, including the
clinical treatment of thrombosis®. Hwaotang has been reported
to have an inhibitory effets of Hwaotang on the atherosclerosis
and the venous thrombosis'”. Hwaotang is also applied as an
effective biological response modifier for augmenting host
homeostasis of body circulation”. The pharmacological action
of Hwaotang has been limitedly studied in regard to ischemic
infarction”. This herbal medicine has been shown to express
diverse activities such as immunomodulating, anti-infarction,
anti-allergic and anti-inflammatory effects (Kim et al,
unpublished results). Antisclerotic effects of Hwaotang in
experimentally induced atherosclerosis in rabbits have also
been reported'”. However, pharmacological mechanisms of
Hwaotang on anti-thrombosis and atherosclerosis formation are
poorly understood.

This paper reports the effects of Hwaotang on

anti-thrombotic activity. The result of this study is as follow,

Hwaotang showed inhibitory effects on the progression of
atherosclerosis lesions, without beneficial effects on other
chemical parameters of KHC rabbits. The administration dose
of Hwaotang was determined as 1g/kg/day according to a
preliminary dose-setting study.

The mechanism of onset of hypercholesterolemia in KHC
rabbits, similar to that of FH rabbits, is attributed to a
deficiency of the LDL-receptor” and other physiological
characters or pharmacological response to fibrate in KHC
rabbits have been revealed”. The results show that Hwaotang
inhibited  the

macroscopically, there were no significant differenced in the

progression  of  atherosclerotic  lesions
histopathological findings of the lesion between the control
and Hwaotang groups. Further study and examination are
desirable for a better understanding of the histopathological
effects of Hwaotang.

The extract derived from Hwaotang and its herbs were
then used for its effect on blood platelet aggregation, thrombin
action and fibrinolytic action in vitro. The results show that the
extracts of Hwaotang and its herbs of Angelica gigantis Radix,
Persicae Semen, Rehmanniae Radix and Paeoniae Radix
effectively inhibited the platelet aggregation induced by
various aggregating agents, such as ADP and collagen and that
the extract inhibited conversion of fibrinogen to fibrin. In
fibrinolytic system, this extract had inhibitory effect of
plasminogen and plasmin action.

On this study, Hwaotang was also used for investigating
the reaction of enzymes acted on mechanism of thrombosis
formation and the effects on superoxide generation in human
neutrophils. When the cells were preincubated with Hwaotang
for 3 min, inhibition of fMLP-induced superoxide generation
was observed. According to the time course experiment, 3 min
was sufficient for the preincubation time (data not shown).
fMLP-induced superoxide generation was inhibited by
Hwaotang in a concentration-dependent manner.

On the other hand, PMA-induced superoxide generation
was enhanced by Hwaotang in a concentration-dependent
manner (Fig. 2). The results indicate that Hwaotang are typical
priming factors for the agonist-mediated respiration burst of
neutrophils. The rates of the priming effects of Hwaotang on
fMLP- and PMA-induced superoxide generation were different
from each other. The reverse was true of the rates of
enhancement of PMA-induced superoxide generation.
PMA-induced superoxide generation by Hwaotang was
inhibited by staurosporine, an inhibitor of protein kinase C.
However, genistein, an inhibitor of protein tyrosine kinase did
not inhibited the superoxide generation(Fig.3 and Table 7),

suggesting that Hwaotang enhance superoxide generation in
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neutrophils via activation of protein kinase C.

It was previously reported that the phosphorylation
process of tyrosine residues of HPPMN proteins was inhibited
by genistein and herbimycine A, inhibitors of tyrosine protein

: 16,33
kinase'®™.

Therefore, the effect of Hwaotang on the
phosphorylation of tyrosine residues of HPPMN protein in
fMLP-induced neutrophils was examined. Hwaotang inhibited
the phosphorylation of tyrosine residues of the 58 kDa protein
in fMLP-induced neutrophils (Fig. 3). These results indicate
that Hwaotang decrease superoxide generation in neutrophils
via inhibition of tyrosine protein kinase.

It was reported detecting several priming factors for the
phosphorylation of tyrosine residues in a 45 kDa protein of
human neutrophils, and that the phosphorylation was inhibited
by the tyrosine kinase inhibitors, genistein and herbimycin A,
but not by the protein kinase C inhibitors, staurosporine and
H-7. The priming factors enhanced superoxide generation
induced by PMA and AA. The function of Hwaotang in
agonist-mediated superoxide generation in human neutrophils
was different from that of other priming factors investigated in
previous papers. At present, the mechanism for inhibition of
fMLP-induced superoxide generation, for inhibition of protein
tyrosine kinase and for activation of PMA-induced superoxide
generation by Hwaotang is unknown. Whether Hwaotang aiter
the properties of fMLP- and PMA-receptors by direct binding
or indirectly by changing the membrane environment is also
unknown. It has been reported that a 47 kDa protein, one of
the cytosolic proteins for activation of NADPH oxidase in
human neutrophils, was phosphorylated in human neutrophils
after stimulation with fMLP or PMA, based on an analysis
using SDS-PAGE34). The mechanism for inhibition of protein
synthesis p47 phox by Hwaotang is not clear

In the present work, the respiratory burst elicited in
human neutrophils by TPA was potently inhibited by
Hwaotang, showing a minor scavenging action in the cell-free
system. Hwaotang reduced the degranulation induced by
cytochalasinB+MLP or cytochalasinB+PAF, as well as the
leukotriene B4 synthesis induced by ionophore A23187, thus
exerting inhibitory effects on neutrophil functions triggered by
structurally divergent agonists. Hwaotang may either prevent
or slow the progression of neutrophil-mediated tissue injury.
Hwaotang seems to affect cell activation at a site common to
different signaling pathways as it inhibited responses induced
by fMLP, PAF, TPA or ionophore A23187.

Further work is in progress on the effect of main
components, flavonoids of Hwaotang, on blood coagulative
and fibrinolytic system. Besides studies are also required to

find if the inhibition of enzyme expression by Hwaotang is

related to an effect on the generation of reactive oxygen
species and/or on the regulation of transcription factors such
as NF-kB.

Conclusion

We have reported that Hwaotang had the anti-thrombotic
activity and various effects on stimulus-induced superoxide
generation in human neutrophils. In in vitro experiments, the
extract was shown to have inhibitory effect on collagen- and
ADP-induced blood platelet aggregation, on thrombin-induced
conversion of fibrinogen to fibrin and on the activity of
plasminogen or plasmin. The effects of these Hwaotang on
superoxide generation in human neutrophils were also
investigated. Hwaotang significantly inhibited fMLP-induced
superoxide generation in a concentration-dependent manner,
but not that induced by arachidonic acid (AA). On the other
hand, both Hwaotang enhanced superoxide generation induced
by phorbol 12-myristate 13-acetate (PMA) in a concentration-
dependent manner. The superoxide generation induced by
PMA with Hwaotang was suppressed by staurosporine, an
inhibitor of protein kinase C, but was not suppressed by
genistein, an inhibitor of protein tyrosine kinase. Tyrosyl
phosphorylation of a 58 kDa protein, which was increased by
fMLP, was inhibited by Hwaotang. Hwaotang also inhibited
the generation of a 47 kDa protein and platelet aggregation in
human blood. The results suggest that protein tyrosine kinase
participates in fMLP-mediated superoxide generation by
Hwaotang-treated human neutrophils.

A Hwaotang inhibited neutrophil functions, including
degranulation, superoxide generation, and leukotriene B4
production, without any effect on 5-lipoxygenase activity. In
conclusion, the protection of extracts of Korean herbs’
Hwaotang on the ischemic infarction induced artificially might
be involved to their inhibition of thrombotic action. The results
also indicate that Hwaotang exerts the effects on superoxide

generation related to the inhibition of neutrophil functions.
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