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Cardiac Pharmacology

YigiHuoxue Decoction and Its Ethanol
Precipitation Show Anti-Platelet and
Antithrombotic Effects by Suppressing
Thromboxane B2 Formation

Hong Wu,l’z Zhen Lei,l Shuibo Gao,1 Liping Dai,3 Yongjun Han,l Haixia Gao,1 Xinzhou Wang,1
Zhentao Wang® and Lihua Han?

Background: YigiHuoxue decoction (YHD) is frequently prescribed to prevent and treat cardiovascular diseases.
YHD inhibits platelet aggregation, however the underlying mechanisms are unclear.

Methods: The in vitro and in vivo anti-platelet and antithrombotic effects of YHD and ethanol-precipitated YHD
(EYHD) and underlying mechanisms were investigated. Forty-six Sprague-Dawley (SD) rats and 36 male Kunming
mice were examined. Ten SD rats were used to assess the cytotoxicity of YHD and EYHD by releasing lactate
dehydrogenase from treated platelets. The remaining 36 SD rats were divided into six groups (six per group),
including control saline (5 mL/kg), aspirin (20 mg/kg), YHD low dosage (0.2 g/kg), YHD high dosage (2.0 g/kg), 75%
EYHD low dosage (0.2 g/kg), and 75% EYHD high dosage (2.0 g/kg) groups to detect platelet aggregation; the 36
Kunming mice were divided into 6 groups to detect mesenteric arterial thrombosis induction. Thromboxane B2
(TXB2) levels were determined by enzyme immunoassay.

Results: YHD high dosage and 75% EYHD (low and high dosage) inhibited ADP-induced platelet aggregation. Moreover,
collagen-induced platelet aggregation was significantly suppressed by YHD (high dosage), 75% EYHD (high dosage),
and 75% EYHD (low dose). Rats given 75% EYHD (high dose) displayed a marked reduction in collagen-induced
platelet aggregation at 2 h post-administration. YHD and EYHD markedly prolonged the onset of thrombosis causing
loose attachment of the thrombus to the vascular endothelium, but bleeding and clotting times were not significantly
changed. Finally, YHD and EYHD markedly reduced TXB2 levels.

Conclusions: YHD and EYHD effectively inhibit platelet activation and thrombosis, presumably by suppressing TXB2.
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INTRODUCTION
Thrombosis is a major pathological basis of many
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cardiovascular events. Adhesion, activation, and aggre-
gation of platelets and thrombocytes are pivotal for
thrombosis, and thus anti-platelet therapies are impor-
tant for preventing and treating many cardiovascular
diseases.” Frequently used clinical antiplatelet agents,
including aspirin and clopidogrel, effectively prevent
both the occurrence of cardiovascular events in mid-to-
high-risk patients and their presence in average-risk
populations. However, inadvertent hemorrhaging is as-
sociated with anti-platelet therapies,z’3 causing concerns
over their clinical application. Furthermore, a subset of
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patients are resistant to antiplatelet drugs.*® Thus, it is
very important to identify alternative effective anti-
platelet and anti-thrombotic agents from the vast library
of traditional Chinese medicines.

Cardiovascular diseases associated with platelet ac-
tivation and thrombus formation belong to the scopes
of “chest obstruction and pain” in traditional Chinese
medicine, wherein “Qi deficiency” and “blood stasis” are
the major symptoms. Some researchers have suggested
that platelet activation is the fundamental pathophy-
siology of blood stasis, and as such, platelet activation
has been proposed to be an important microcosmic in-
dex for differentiating the syndromes of blood stasis.’
Drugs currently used clinically to improve blood circula-
tion and eliminate blood stasis can also improve hemo-
rheology, reduce platelet adhesion and aggregation, and
inhibit thrombosis. YigiHuoxue decoction (YHD) is fre-
quently prescribed to treat Qi deficiency and blood sta-
sis of coronary heart disease in clinical practice to ame-
liorate a patient’s symptoms and enhance their quality
of life. YHD is derived from extracts of Panax ginseng,
Astragalus mongholicus, Radix Paeoniae Rubra, and
Carthamus tinctorius. Compounds containing Radix Pa-
eoniae Rubra and C. tinctorius (Honghua in Chinese) and
P. ginseng extract have been reported to possess anti-
thrombotic activity.®*® We previously demonstrated
that YHD inhibits remodeling of left ventricular post-
myocardial infarction in rats, while also promoting an-
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giogenesis and reducing platelet aggregation.
ever, the mechanisms underlying these actions remain
unclear.

In the present study, we extracted the constituents
of YHD by ethanol precipitation (ethanol-precipitated
YHD, EYHD). First, the cytotoxicity of YHD and EYHD to-
ward platelets was assessed by measuring the release of
lactate dehydrogenase (LDH). Next, the effects of YHD
and EYHD on platelet aggregation were assayed in vitro
via ADP- or collagen-induced platelet aggregation. Fi-
nally, rats were given YHD or EYHD by gavage and evalu-
ated using various assays. The influence of treatment on
collagen-induced platelet aggregation was observed 2 h
later. We also measured the bleeding time and clotting
time of blood drawn from the rat tails and the onset of
FeCls-induced mesenteric thrombosis in mice, and de-
termined the level of thromboxane B2 (TXB2) in the
washed platelets of rats treated with YHD or EYHD and

untreated rats. Our results suggest the potential mecha-
nisms underlying the effects of YHD and EYHD on plate-
let activation and thrombosis.

METHODS

Animals

Forty-six specific pathogen-free-grade Sprague-Daw-
ley (SD) rats (250-300 g), 36 male Kunming mice (20-25
g), and stile feeds were purchased from the Animal Ex-
periment Center. Animals were housed in individually
ventilated cages at an ambient temperature of 22 +2 °C
and 12-h light/12-h dark cycle at the Experimental Ani-
mal Center of the Second School of Medicine of Henan
University of Chinese Medicine. This study was carried
out in strict accordance with the recommendations in
the Guide for the Care and Use of Laboratory Animals of
the National Institutes of Health. The animal use proto-
col was reviewed and approved by the Institutional Ani-
mal Care and Use Committee (IACUC) of the Second
School of Medicine of Henan University of Chinese Med-
icine.

Preparation and EYHD

Briefly, 1.5 kg A. mongholicus, 750 g P. ginseng, 750
g Radix Paeoniae Rubra, and 500 g C. tinctorius were
used to prepare YHD. P. ginseng was soaked at 4 °C in
1.5 L ethanol in a sealed container for 48 h. Subsequ-
ently, the ethanol solution was filtered through two lay-
ers of gauze and stored at 4 °C. The dregs of P. ginseng
were soaked in 750 mL ethanol twice for 24 h, and the
ethanol solutions were filtered through two layers of
gauze and pooled together with the previous ethanol
solution. The ethanol was then removed completely to
obtain the extracts. The dregs of P. ginseng were de-
cocted with the other three herbs first with 6 volumes
of water and then 4 volumes of water. Each decoction
was conducted for 1.5 h after boiling. The decoctions
were pooled, filtered, and settled for 24 h. The super-
natant was concentrated to an appropriate volume by
heating and then mixing with the above ethanol extracts.
The mixture was concentrated again to obtain YHD.

We then precipitated YHD with ethanol, as previ-
ously reported.”® In brief, prepared YHD was diluted
with T buffer pH 7.4 (10 mM HEPES, 140 mM NacCl, 5
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mM KCI, 3.2 mM MgCl,, and 2 mM D-glucose). Ethanol
was slowly added to a final ratio of 50% v/v or 75% v/v.
Following precipitation, the solution was concentrated
to obtain three types of EYHD: 50% EYHD (precipitated
in 50% ethanol), 50-75% EYHD (precipitated in 75% eth-
anol), and 75% EYHD (supernatant of 75% ethanol pre-
cipitation). The precipitates were dried and dissolved in
T buffer, filtered through a 0.45-um filter, and brought
to a concentration of 200 mg/mL.

LDH release assay

The cytotoxicity of YHD and EYHD was assessed by
measuring the release of LDH from treated platelets. Ten
SD rats were anesthetized with 4% chloral hydrate by
intraperitoneal injection at a dosage of 8 mL/kg. Blood
was drawn from the abdominal aortas and mixed with
3.8% of the anti-coagulant trisodium citrate at a ratio of
9:1. The mixture was centrifuged at 120 xg for 15 min to
obtain platelet-rich plasma. This platelet-rich plasma
was centrifuged again at 600 xg for 5 min, and the pel-
lets were washed with the T buffer to obtain washed
platelets. The platelet concentration was adjusted to 3.0
x 108 cells/mL, and they were then treated with either
YHD or EYHD for 10 min at 37 °C and centrifuged at
12,000 xg for 2 min to obtain the supernatant. The posi-
tive control was obtained by treating the same equal
concentration of platelets with 0.2% Triton X-100. The
samples were analyzed with an LDH assay kit, and light
absorption was measured at 490 nm with a plate reader
(Thermo Fisher Scientific, Waltham, MA, USA).

Determination of platelet aggregation rates

To evaluate the platelet aggregation rate in vitro,
200 plL of the washed platelet suspension (3.0 x 10°
cells/mL) was incubated with either YHD or EYHD for 5
min at 37 °C. The platelet aggregation rate was deter-
mined using a Platelet Aggregation Analyzer (AggRAM,
Helena Laboratories, Beaumont, TX, USA) and in the
presence of 5 pug/mL collagen or 20 uM ADP. The pla-
telet aggregation rate was calculated according to the
turbidimetric method.™

To determine the platelet aggregation rate ex vivo,
36 male SD rats were randomly assigned to six groups
(six per group): control saline (5 mL/kg), aspirin (20
mg/kg), YHD low dosage (0.2 g/kg), YHD high dosage
(2.0 g/kg), 75% EYHD low dosage (0.2 g/kg), and 75%
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EYHD high dosage (2.0 g/kg). The animal dosages were
6.25-fold of the human dosages. The rats were fasted
for 12 h and treated by gavage. At 2 h post-gavage,
blood was drawn from the abdominal aortas, and wa-
shed platelets were prepared as described above (Deter-
mination of platelet aggregation rates). The platelet ag-
gregation rate was measured with a Platelet Aggregation
Analyzer.

Determination of bleeding time

The rats were anesthetized with 4% chloral hydrate
(8 mL/kg), and the tail tips were transected 3 mm from
the end and immediately immersed in 0.9% saline at 37
°C. Bleeding time was measured from transection until
the bleeding had stopped for 30 s. Bleeding times of lon-
ger than 30 min were recorded as 30 min.

Measurement of clotting time

Blood was initially drawn from 36 Kunming rats (ran-
domly assigned to six groups equally: control saline, as-
pirin, YHD low dosage, YHD high dosage, 75% EYHD low
dosage, and 75% EYHD high dosage) that had been
treated by gavage. Blood samples were centrifuged at
3000 rpm for 10 min. The plasma was isolated from the
supernatant, and prothrombin time (PT) and activated
partial thromboplastin time (aPTT) were determined
with a multifunctional blood coagulation analyzer (Shang-
hai General Detection Research Institute, Shanghai,
China). To determine PT, 200 pL PT reagent pre-warmed
to 37 °C was added to 100 pL platelet-poor plasma, and
the clotting time was recorded. To determine aPTT, 100
plL aPTT reagent pre-warmed to 37 °C and 100 pL 25
mM CaCl, solution also pre-warmed to 37 °C were added
to 100 uL platelet-poor plasma. The clotting time was
recorded. All assays were completed within 2 h of pla-
sma isolation.

Induction of mesenteric arterial thrombosis in mice®

Mesenteric arterial thrombosis was induced at 2 h
post-gavage for 5 days. Mice were initially anesthetized
with 4% chloral hydrate (8 mL/kg). Next, a 1-cm incision
was made along the midline of the abdomen, and the
intestine was gently squeezed out. With the mouse laid
on its side in a 10-cm dish, the mesenterium was un-
folded with a cotton bud under an inverted microscope
(Ti-E, Nikon, Tokyo, Japan), after which 0.05% Rhoda-
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mine 6G (20 pL/10 g) was injected into the tail vein. A
filter paper saturated with 4% FeCls solution was subse-
quently placed over the mesenteric artery for 2 min, and
the mesenterium was observed to measure the time of th-
rombus formation by microscopy for 40 min in real-time.

Determination of TXB2

Washed platelets (3.0 x 10® cells/mL) were pre-
treated with YHD or 75% EYHD for 5 min and then incu-
bated with 5 ug/mL collagen for 5 min. The reaction was
terminated by adding 50 uM indometacin and 2 mM
EDTA. The mixture was centrifuged at 12,000 xg for 10
min at 4 °C, after which the supernatant was collected
and TXB2 levels were determined using an enzyme im-
munoassay kit according to the manufacturer’s instruc-
tions (Cayman Chemical, Ann Arbor, Ml, USA).

Statistical analysis

All statistical analyses were performed using SPSS
version 20.0 software (SPSS, Inc., Chicago, IL, USA). Data
are expressed as the mean = SEM. Differences among
groups were analyzed by one-way analysis of variance
followed by Fisher’s least significant difference test for
two groups. A p-value of < 0.05 or < 0.01 was consid-
ered to be statistically significant.

RESULTS

Composition of EYHD

YHD contains a variety of substances. Through etha-
nol precipitation, polysaccharides, inorganic salts, wa-
ter-soluble pigments, glycosides, resin, and impurities in
YHD were separated. We used different concentrations
of ethanol to extract the substances, and isolated 50%
EYHD (starch and impurities), 50-75% EYHD (proteins,
polysaccharides, and inorganic salts), and 75% EYHD
(water-soluble pigments, glycosides, and resin). The
yields of 100 g YHD following ethanol precipitation, pu-
rification, and drying are presented in Table 1. The yield
Table 1. Yield of ethanol-precipitated YHD

Constituent Weight (g) Yield (%)
EYHD 50% 14.75 22.05%
EYHD 50-75% 6.01 8.98%
EYHD 75% 46.15 68.97%

EYHD, ethanol-precipitated YigiHuoxue decoction.

of 75% EYHD (68.97%) was the highest among the three,
while the yield of 50-75% EYHD (8.98%) was the lowest,
suggesting that most water-soluble substances in YHD
were isolated in 75% EYHD.

Effects of YHD and EYHD on platelet LDH release
Cytotoxic agents can rupture cell membranes and
lead to the leakage of LDH from cells. Accordingly, we
conducted an LDH-release assay to evaluate the cyto-
toxicity of YHD and EYHD on platelets. YHD and its vari-
ous constituents, with dosages varying from 0.02 to 2.0
mg/mL, did not significantly affect LDH release by plate-
lets (Figure 1). Moreover, LDH levels decreased inversely
with herb substance concentrations, suggesting that
YHD stabilizes the spontaneous activation of platelets.

Effect of YHD and EYHD pre-treatment on platelet
aggregation

Platelets adhere to injured vascular endothelium
and further promote platelet activation and aggregation
by releasing endogenous stimulants such as collagen
and ADP. We therefore investigated the interfering ef-
fect of YHD and EYHD on platelet aggregation using col-
lagen and ADP as stimulants. Our data showed that in-
duction with 20 uM ADP profoundly increased the in vi-
tro rate of platelet aggregation (Figure 2), whereas 2.0
mg/mL YHD (Figure 2A) and 0.2 and 2.0 mg/mL of 75%
EYHD (Figure 2D) attenuated this effect. Moreover, 75%
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Figure 1. Effect of YHD and EYHD on platelet LDH release. Washed

platelets (3.0 x 10° cells/ml) were incubated with 0.02, 0.2 and 2.0
mg/ml YHD/EYHD for 10 min prior to LDH determination (n = 3). EYHD,
ethanol-precipitated YHD; LDH, lactate dehydrogenase; YHD, Yiqi-
Huoxue decoction.
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EYHD inhibited platelet aggregation in a dose-depend-
ent manner (Figure 2D).

Similarly, pre-treatment with 5 pug/mL collagen en-
hanced the rate of platelet aggregation in vitro, which
was markedly inhibited by 2.0 mg/mL YHD (Figure 3A),
2.0 mg/mL 75% EYHD, and 2.0 mg/mL 50-75% EYHD
(Figure 3C & D). Moreover, the inhibitory effects of 50-
75% and 75% EYHD on platelet aggregation were dose-
dependent (Figure 3C & D). Taken together, these data
demonstrated that YHD and EYHD had a greater inhi-
bitory effect on collagen-induced platelet aggregation
than on ADP-induced platelet aggregation, and that the
75% EYHD fraction contained the highest levels of com-
ponents. Accordingly, we then investigated the prolonged
effect of pre-treatment of rats with YHD and 75% EYHD
on collagen-induced platelet aggregation ex vivo, as so-
luble YHD and EYHD were removed from aggregation
testing. The platelet aggregation rate in un-pretreated
rats was 76.77 = 7.16% (Figure 3E). In contrast, rats pre-
treated with varying dosages of YHD (low, 77.08 + 7.89%;
high, 71.75 + 8.26%) or EYHD (low, 69.72 + 8.5%; high,
62.58 + 7.55%) showed reduced rates of platelet aggre-
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Effect of YHD and EYHD pre-treatment on ADP-induced platelet aggregation in vitro. PRP (3.0 x 10° cells/ml) was incubated with the indi-
cated drugs for 5 min at 37 °C and subsequently with 20 uM ADP (n = 4). (A) YHD; (B) 50% EYHD; (C) 50-75% EYHD; (D) 75% EYHD. * p < 0.05 and ** p
< 0.01 vs. control. EYHD, ethanol-precipitated YHD; YHD, YigiHuoxue decoction.
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gation. Furthermore, there was a significant difference
in the rates of platelet aggregation post-treatment with
either 75% EYHD (1.0 g/kg) or control saline (p = 0.0075).
We also assayed ADP-induced platelet aggregation ex
vivo, and found no significant difference in the platelet
aggregation rate following treatment with YHD, 75%
EYHD, or saline (data not shown).

Effects of YHD and EYHD on bleeding and clotting
Blood coagulation is commonly measured as the
time required for bleeding of a rat’s tail to cease. There-
fore, if YHD or EYHD increase the risk of hemorrhage,
the time until cessation would be prolonged. The bleed-
ing times post-treatment with saline and aspirin were
1076 + 223.25 and 1376.67 + 52.52 s, respectively (Fig-
ure 4C). In comparison, the bleeding times were 1195.5
+ 265.37 and 1134 + 277.68 s post-treatment with a
high and low dosage of YHD, and 1159.7 + 263.08 and
1056 + 265.26 s post-treatment with a high and low
dosage of EYHD, respectively. The bleeding times of
YHD- or EYHD-pre-treated rats were not significantly
different from those of control rats administered with
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Effect of YHD and EYHD pre-treatment on collagen-induced platelet aggregation in vitro and ex vivo. (A-D) Washed platelets (3.0 x 10°

cells/ml) were incubated with the indicated drugs for 5 min at 37 °C and subsequently platelet aggregation was induced with 5 ng/ml collagen in
vitro (n = 6). Blood was drawn 2 h following YHD or EYHD gavage. (E) Washed platelets (3.0 x 10° cells/ml) were induced aggregation with 5
ng/ml collagen ex vivo (n = 6). * p < 0.05 and ** p < 0.01 vs. control. ASP, aspirin; EYHD, ethanol-precipitated YHD; YHD, YigiHuoxue decoction.

saline. These results suggested that treatment with YHD
or EYHD did not increase the risk of hemorrhage or sig-
nificantly interfere with blood coagulation.

During blood clotting, the coagulation process is in-
fluenced by numerous anticoagulant factors such as
plasmin and plasminogen activator as reflected in PT
and aPTT. The PTs were: saline, 12.6 + 1.46 s; aspirin,
13.15 + 1.09 s; YHD high dosage, 12.22 £ 1.45 s; YHD
low dosage, 11.67 + 1.46 s; 75% EYHD high dose, 12.9 +
1.35s; and 75% EYHD low dose, 12.57 £ 0.67 s (Table 2).

529

No significant difference was detected between these
groups (p > 0.05). Similarly, there was no statistically sig-
nificant difference in aPTT between these groups (p > 0.05).

Effects of YHD and EYHD on the time to thrombus
formation in vivo

FeCls can induce acute vascular endothelial injury,
and exposure of the extracellular matrix causes platelet
adhesion, activation, and aggregation, ultimately lead-
ing to thrombosis. Mice treated with saline developed a

Acta Cardiol Sin 2019;35:524—-533
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thrombus at 20 min, which enlarged over time. In com-
parison, thrombosis development was significantly de-
layed and thrombi were markedly smaller in volume in
mice treated with aspirin. The onset of thrombosis was
further delayed by YHD and EYHD, with the thrombus
growing slowly over time. Moreover, the thrombi that
developed post-treatment with YHD or EYHD were at-
tached loosely to the injured endothelium and were
mostly in motion. Thrombi in the YHD and the EYHD
groups disappeared 10-15 min later compared to those
in the saline or aspirin group (Figure 4A). The time for
thrombi to form was significantly longer (p < 0.01) after
aspirin treatment (27.3 + 3.23 min) compared to saline
(18.0 + 2.0 min), indicating that treatment with aspirin
prevented thrombosis (Figure 4B). The thrombus forma-
tion times were as follows: YHD high dosage, 37.2 + 4.38
min; YHD low dosage, 34.4 + 2.61 min; 75% EYHD high

Ctrl

ASP

YHD
0.2 g/ml

YHD
2.0g/ml

EYHD
0.2 g/ml

EYHD
2.0g/ml

(min)

Figure 4.

dose, 38.6 = 2.19 min; and 75% EYHD low dose (32.6 +
2.97 min). The thrombus formation times in YHD- and
EYHD-treated mice were significantly longer than those
in saline-treated mice (p < 0.01; Figure 4B).

Table 2. Effect of YHD and EYHD on PT and APTT in vitro

Groups Dose (g/kg) PT (sec) APTT (sec)
Ctrl 12.6+1.46 25.55+2.47
ASP 0.02 13.15+1.09 26.18 £2.66
YHD 2.0 12.22 £1.45 25.31+2.68
0.2 11.67 £ 1.46 24.86 +2.47
75% EYHD 2.0 129+1.35 26.53+2.91
0.2 12.57 £0.67 25.2+2.17

The data are expressed as means + SEM. No significant
difference was detected among each group (p > 0.05).
APTT, activated partial thromboplastin time; ASP, aspirin;
EYHD, ethanol-precipitated YigiHuoxue decoction; PT,
prothrombin time; YHD, YigiHuoxue decoction.
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Effect of YHD and EYHD on FeCls-induced mesenteric arterial thrombosis in vivo and bleeding in rat tail. (A-B) Mouse mesenteric artery

was exposed and in contact with a filter paper saturated with 4% FeCls solution for 2 min. The mesenterium was observed for 40 min under an in-
verted microscope. (A) Real-time recording of thrombosis in each group (white arrow indicates the direction of blood flow). (B) Onset of FeCls-induced
mesenteric arterial thrombosis in YHD- and 75% EYHD-treated mice (n=6). (C) After anesthesia, the rat’s tail tip was transected 3 mm from the end
after which the time taken for bleeding to cease was recorded (n = 6). * p < 0.05 and ** p < 0.01 vs. control. ASP, aspirin; EYHD, ethanol-precipitated

YHD; YHD, YigiHuoxue decoction.
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Effects of YHD and EYHD on TXB2 formation

Thromboxane A2 (TXA2) is an unstable compound
with a half-life of 30 s, after which it decomposes into
TXB2. TXA2 activity can be estimated by measuring the
levels of TXB2 secreted by platelets. To evaluate whe-
ther YHD and EYHD inhibit platelet activation and th-
rombosis by modulating TXA2 release, we stimulated
platelet activation with collagen and then measured the
level of TXB2. As shown in Figure 5, the level of TXB2 in
negative controls (without collagen stimulation) was
4-fold higher (0.73 + 0.10 ng/mL) than that in the posi-
tive control group treated with collagen (4.06 + 0.51
ng/mL; p < 0.01). After treatment with 2.0 mg/mL YHD,
the level of TXB2 was only 0.74 £ 0.23 ng/mL. After pre-
treatment with various concentrations (0.02, 0.2, and
2.0 mg/mL) of 75% EYHD, the TXB2 levels were 3.53 +
0.50, 1.8 £ 0.3, and 0.51 + 0.03 ng/mlL, respectively. The
TXB2 levels after YHD- and EYHD-treatment were signifi-
cantly different from those in the positive controls (YHD
2.0 mg/mL, p = 0.005; 75% EYHD 0.2 mg/mL, p = 0.003;
75% EYHD 2.0 mg/mL, p = 0.0027). However, 0.02
mg/mL 75% EYHD had no inhibitory effect on TXB2 for-
mation (p > 0.05). The level of TXB2 decreased as the
concentration of EYHD increased, indicating that 75%
EYHD inhibited TXB2 formation in a dose-dependent
manner. Taken together, these results suggested that
YHD and EYHD inhibited TXB2 release, thereby suppres-
sing platelet activation and thrombosis.

DISCUSSION

In the present study, we first evaluated the effects
of YHD and EYHD pre-treatment on platelet aggregation
in vitro and ex vivo, and then investigated the relation-
ships between YHD- and EYHD-mediated inhibition of
TXB2 formation and their anti-thrombotic effects. Fi-
nally, we assessed the risk of hemorrhaging associated
with YHD and EYHD treatment.

Over-activation of platelets plays an important role
in the development of cardiovascular diseases.® Colla-
gen present in the extracellular matrix is exposed during
endothelial injury, wherein it specifically binds to the
glycoprotein VI receptor expressed on platelets”’18
induce the release of platelet-derived granules contain-
ing TXA2 and ADP, further promoting platelet activation

to

TXB2 formation (ng/ml)

Collagen - + + + + +
YHD - - 2.0 0.2 - -

75% EYHD - - - - 2.0 0.2
Figure 5. Effect of YHD and EYHD on collagen-induced TXB2 formation
in platelets. Washed platelets (3.0 x 10° cells/ml) were incubated with
YHD or 75% EYHD for 5 min, subsequently stimulated with 5 pg/ml col-
lagen for 5 min, and TXB2 levels determined (n = 4). * p < 0.01 vs. nega-
tive control and * p < 0.05 and ** p < 0.01 vs. positive control.

and thrombus volume growth.’>?° Our data suggest that
pre-treatment with YHD and EYHD markedly inhibited
collagen-induced platelet aggregation in a dose-depend-
ent manner. These results are consistent with a report
showing that the compound P. ginseng and extract in-
hibited collagen-induced platelet activation and throm-
bus formation by modulating early glycoprotein VI sig-
naling events.'® Moreover, pre-treatment with YHD and
EYHD inhibited ADP-induced platelet aggregation, al-
though this inhibition was less prominent compared to
the effect on collagen-induced platelet aggregation.
These data indicate that YHD and EYHD could inhibit col-
lagen activity to block further platelet activation, sup-
porting that further studies are warranted to investigate
the use of YHD and EYHD as anti-platelet drugs.

YHD can invigorate blood circulation while eliminat-
ing blood stasis, and thus has been used clinically to
treat cardiovascular diseases for decades without any
reports of an increased risk of hemorrhage. We investi-
gated the potential effect of YHD on bleeding and co-
agulation in small animals. The rat-tail bleeding test mea-
sures the hemostatic time following transection, and is
commonly used to assess the adverse effects of antico-
agulants.”* Moreover, indicators of activation of an ex-
ternal coagulation system (PT) and internal coagulation
system (aPTT) are commonly used to detect the risk of
hemorrhage and hypercoagulability-induced thrombo-
sis.”> Our results indicated that YHD and EYHD did not

Acta Cardiol Sin 2019;35:524-533



Hong Wu et al.

alter the bleeding time compared to the rats treated
with saline, nor did it affect PT or aPTT, suggesting that
YHD and EYHD would not pose a risk of hemorrhage or
clinical concerns when used as an antiplatelet treatment.

FeCl; causes chemical damage and endothelial in-
jury by oxidation, which induces platelet aggregation
and results in thrombosis,20 and thus FeCls-induced th-
rombosis is a widely used animal model of thrombosis.
In the present study, we examined the influence of YHD
and EYHD on the onset of FeCls-induced thrombosis in
mice. We found that YHD and EYHD had remarkable
anti-thrombotic effects. YHD and EYHD not only delayed
thrombosis but also reduced the adhesiveness of the
thrombus. TXA2 plays a crucial role in platelet activa-
tion, and TXA2 activity is used as an indicator of throm-
bosis in cardiovascular diseases. However, TXA2 has a
short half-life and is easily converted to TXB2. Thus, fluc-
tuations in TXB2 levels are typically examined to reflect
TXA2 activity. Our results showed that YHD and EYHD
significantly reduced the level of platelet-derived TXB2
following collagen stimulation, suggesting that the anti-
thrombotic actions of YHD and EYHD were associated
with the inhibition of TXB2.

Acute coronary syndrome is considered to come
under the category of “thoracic obstruction” in Chinese
medicine, in which the main pathological basis is Qi de-
ficiency and blood stasis. Herbs benefiting Qi and in-
vigorating the blood are commonly used to treat cardio-
vascular thrombotic diseases in Chinese medicine. YHD
is used to treat heart disease based on these principles,
and our results showed that YHD had inhibitory effects
on platelet activation. Previous studies have also shown
that YigiHuoxue herbs significantly alter blood viscosity
(Musk Jiuxin Dropping Pills), inhibit platelet activation
and aggregation, reduce thrombosis (Buyang-Huanwu
Decoction), and improve GP llb/llla, von Willebrand fac-
tor, and angiotensin Il levels in patients with coronary
heart disease associated with Qi deficiency and blood
stasis syndrome (Shuxin Yin and Xuefu Zhuyu Decoc-
tion).”>?* Kou showed that a combination of YigiHuoxue
herbs and anti-thrombotic drugs further reduced the
rate of platelet aggregation.?® Other reports have sug-
gested that YigiHuoxue herbs can effectively ameliorate
the symptoms of blood stasis and Qi deficiency after
acute coronary syndrome interventions, improve cardiac
function, inhibit ventricular remodeling after infarction,
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shorten the duration of angina pectoris after percutane-
ous coronary interventions, and reduce the incidence of

2732 These data demonstrate that the use

adverse time.
of YigiHuoxue herbs with or without Western medicine

is reliable and safe for treating heart disease.

CONCLUSIONS

In summary, YHD and EYHD inhibited collagen-in-
duced platelet activation and FeCls-induced thrombosis,
and these effects may have been associated with YHD-
and EYHD-mediated inhibition of TXB2 formation. Fur-
thermore, YHD and EYHD did not increase the risk of
hemorrhage. Accordingly, we demonstrated that YHD
and EYHD are safe and effective anti-platelet and anti-
thrombotic medicines for preventing and treating car-
diovascular diseases.
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