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ABSTRACT

Aim: To investigate the hemostatic effect of ethanol extracts of Euonymus fortunei and their
different polar fractions, and to analyze the changes in intracellular calcium ion concentration in
platelet cells.

Methodology: Bleeding time and clotting time was assessed by the slide method and the tail-
breaking method, respectively. Four coagulation indexes, including prothrombin time, activated
partial thromboplastin time, thrombin time, and the content of fibrinogen, as well as platelet
aggregation effect were also determined. The concentration of calcium ions in platelet cells treated
by n-butanol fraction with good active hemostatic activity was also examined.

Results: Compared with the control group, the n-butanol fraction of E. fortunei can not only
significantly shorten the bleeding time and coagulation time, but also obviously shorten activated
partial thromboplastin time. However, no significant difference was found on the content of
fibrinogen. Platelet aggregation experiments show that the n-butanol fraction can increase the
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intracellular Ca®* concentration of platelet cells, which may be related to the activation of
downstream signals through the platelet membrane G protein-coupled receptor.

Conclusion: Ethanol extract of E. fortunei has excellent hemostatic activity, which may be related
to the increase of intracellular Ca** concentration caused by G protein-coupled receptor on the
platelet membrane surface. E. fortunei could be a potential medicinal plant used for hemostatic

treatment.

Keywords: Euonymus; hemostasis; blood coagulation; platelet aggregation; G protein-coupled

receptor.
1. INTRODUCTION

Euonymus fortunei (Turcz.) Hand.-Mazz is a
commonly used medicinal plant belonging to the
genus of Euonymus, the family of Celastraceae.
The whole plant of E. fortunei is widely used as a
hemostatic drug with the effects of
supplementing Qi, activating blood circulation,
resolving phlegm, and stopping bleeding. It can
effectively treat lumbar muscle strain, rheumatic
pain, bruises, and various types of blood,
including hemoptysis, hematemesis, blood stasis,
irregular menstruation, traumatic bleeding, etc.
[1]. Pharmacological studies showed that the
ethanol extract of E. fortunei can shorten the
prothrombin  time (PT), activated partial
thromboplastin time (APTT), thrombin time (TT),
and increase the content of fibrinogen (Fib) with
significant hemostasis properties [2]. The
aqueous extract of E. fortunei has a certain
improving effects on blood coagulation function
and hemorheology [3]. It is reported that E.
fortunei can significantly prolong the coagulation
time of mice at high doses, reduce the
hemorheological indexes of rats with acute blood

stasis syndrome, and has obvious
anticoagulation, blood circulation and stasis
effects [4]. Chemical composition research

shows that E. fortunei is rich in terpenoids,
alkaloids [5-7] and flavonoids [8,9], which may be
the basis of its hemostatic active compositions.

During the process of hemostasis, platelet
exhibits an extremely important role during the
process of hemostasis. Once vessel wall is
damaged, platelets quickly adhere to the
exposed extracellular matrix, become activated
by various agonists, such as subendothelial
collagen, thromboxane A2 (TxA2), ADP, and
thrombin and form a platelet plug, thereby
preventing blood loss. Although these agonists
act on different platelet receptors including
G protein-coupled receptors (GPCRs) on the
platelet membrane surface, and trigger different
signaling pathways, in the end they all cause
changes of the Ca®* concentration in platelets

[10]. As a second messenger or general signal
sensor, Ca®' in platelet cells causes intracellular
signal  transduction through concentration
changes, which in turn activates a series of
important  physiological  reactions, finally
participating in the regulation of various
physiological processes. ca® plays a key role
in GPCR-mediated signal  transduction.
The increase in cytoplasmic Ca®* concentration
caused by agonists will lead to GPCRs’
activation, thereby promoting or inhibiting platelet
aggregation [11]. Activating GPCR in platelets
may be an important way for the prevention and
treatment of hemostasis during the process
of hemostasis [12]. Therefore, measuring
intracellular Ca®* signals may be used for initially
screening agonists targeting GPCRs. To evaluate
the hemostatic effect of E. fortunei, we measure
the bleeding time (BT), coagulation time (CT),
blood coagulation function and platelet
aggregation effect of different fractions, and then
monitor the concentration of intracellular Ca**
of platelets treated by the active fraction
to elucidate the possible hemostasis mechanism
of E. fortunei.

2. MATERIALS AND METHODS

2.1 Apparatus

Four coagulation indexes were performed
using a C2000-4 coagulometer (Beijing
Precil Instrument Co. Ltd, China). Platelet

aggregation experiments were carried out using
LBY-NJ4 platelet aggregation analyzer
(Beijing Precil Instrument Co. Ltd, China).
The calcium fluorescence was measured by
an Eclipse TE2000 optical inverted microscope
(Nikon, Japan).

2.2 Reagent
PT, APTT, TT, and Fib determination kits

were obtained from Shanghai Sunbiotech
Biotechnology Co., Ltd. (Shanghai, China).



Adenosine diphosphate (ADP) was acquired
from Ark Pharm. Inc.,, USA. Vacuum
anticoagulation tube (2 mL, containing 0.109
mol-L™" sodium citrate antibody Coagulant, BD
Co., USA) was used to store venous blood
samples. Fluo-3/AM, phosphate-buffered saline
(PBS), trypan blue, and Tyrode stain were
purchased from Sigma Chemical Co. (St. Louis,
MO, U.S.A.).

E. fortunei was collected from Jinxiu Yao
Autonomous County of Guangxi Zhuang
Autonomous Region, China in August 2013. The
samples were identified as the aerial part of E.
fortunei (Turcz.) Hand.-Mazz by Professor
Shaoqing Tang, the School of Life Sciences of
Guangxi Normal University, Guilin, China.

2.3 Experimental Animals

+

Kunming mice (20.2 1.3g) and SD rats
(220~250 g) were purchased from the
Experimental Animal Center of Youjiang Medical
University for Nationalities. The experiments
were carried out in accordance with
internationally accepted guidelines on laboratory
animal use and the protocols were approved by
the Experimental Animal Ethics Committee of
Youjiang Medical University for Nationalities of
Guangxi, China (Approval No. 02/2017).

Extraction of

2.4 Preparation and

Samples

E. fortunei were air-dried and cut into 1 to 2 cm-
thick slices and extracted with 95% ethanol. The
extracts were spin-dried under reduced pressure
to obtain the residue. The crude (i.e. total fraction,
TF) was dissolved as much as possible in the
water and successively extracted with petroleum
ether, ethyl acetate, and n-butanol, and then
spin-dried to remove the solvent under reduced
pressure to obtain petroleum ether fraction (PEF),
ethyl acetate fraction (EAF), n-butanol fraction
(NBF), and water fraction (WF). All samples were
stored at 4°C before testing.

2.5 Measurement of BT and CT

BT and CT were assessed by the method in
reference [13]. Seventy mice were randomly
divided into seven groups (i.e. control group,
positive group, and five sample groups). Each
group contained ten mice was given a dose of
1.5 g-kg_1 once a day for 7 days. The tails were
cut off 0.5 cm from the tip on the 7th day 2 h after
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oral administration. The blood is sucked out with
filter paper every 15 s. The bleeding time was
recorded until no blood was founded on the filter
paper.

Meanwhile, a glass capillary tube with an inner
diameter of 1 mm and a length of 15 cm was
inserted into the inner canthus of the left eye of
the mouse. The glass capillary tube was taken
out and placed flat on the table until filled with the
blood from the venous plexus. The ends of
capillary tube were broken every 30 s about 0.3
cm and slowly pulled left and right to observe
whether there are clotting filaments at the break.
The clotting time was recorded from the blood
flows into the capillary until the clotting filaments
appear.

2.6 Measurement of Four Coagulation
Indexes

Four coagulation indexes (APTT, PT, TT, and Fib)
were performed according to the methods
described in previous studies [14]. Seventy mice
were randomly divided into 7 groups, and were
irrigated with 0.9% physiological saline solution
(control group), 2 mg-mL"1 Yunnan Baiyao
(positive group), the total fraction (TF) and four
different polarity fractions (PEF, EAF, NBF, and
WF) of E. fortunei (both 10 mg-mL™"). All mice
were oral administered daily by gavage for seven
consecutive days per day. Two hours after the
last oral gavage, blood samples were collected
into 2 mL vacuum blood-collection tubes from the
orbit, and then centrifuged at 3000 rpm for 15
min to obtain plasma. The PT, APTT, TT, and the
content of Fib were determined according to the
instructions of the coagulometer manufacturer
and test kits. Each sample was measured three
times.

2.7 Measurement of Platelet Aggregation

Platelet aggregation assay were assessed refer
to the literature method with minor modifications
[15]. SD rats were anesthetized with 1%
pentobarbital. Blood samples collected from the
abdominal aorta were mixed with sodium citrate
(1:9), and centrifuged at 1000 rmin”' for 15 min
at room temperature to prepare platelet-rich
plasma (PRP). Followed by centrifuged at 3000
r-min~' for 15 min, platelet-poor plasma (PPP)
was obtained. 200 uL of PPP was added to the
colorimetric tube (preliminarily put a pellet of the
stirring rod), and placed the measuring tube
in the constant temperature preheating hole



for preheating. PPP was used as the blank and
adjust the reference point to "0". Then 200 pL
of PRP and 10 pL of drug solution were added to
the tube and incubated at 37°C for 5 min. 11 pL
0.04 mmol-L™" ADP were added with a 25 pL
microinjector, and  immediately  recorded
the maximum platelet aggregation rate in 5 min.
200 pL PRP + 10 pL aspirin were used as the
positive control group, and 200 yL PRP + 10 pL
normal saline were used as the control group.

All  groups were determined three times

in parallel.

2.8 NBF-Induced Calcium Influx in
Platelets

Calcium ion in platelet cells was examined

with reference to the literature method [16].
Platelet cells were incubated with NBF
at concentrations of 20 and 40 pg-mL™". Then it
was washed twice with 0.1% RPMI1640, stained
with  0.25% ftrypan blue, and the Vviable
cell count was above 95%. The cell suspension
was preheated at 37 °C for 5 min, and then
washed with PBS and calcium-free Tyrode for 2
to 3 times. 100uL of Fluo-3/AM solutions
was added and incubated at 37 °C for 45 min.
The fluorescence intensity (FI) of intracellular
Ca®* was recorded by using a light microscope
with an excitation wavelength of 488 nm
Ca* indicator Fluo-3/AM under a 40-fold
objective lens. The results were reported
as percentage of fluorescence intensity.

2.9 Statistical Analyses

Results are expressed as meantSD. Statistical
analyses were performed by SPSS 16.0
(SPSS Inc., Chicago, IL, USA). Unpaired
or two-tailed paired t-tests were used to evaluate
the significance of differences between
two groups. Statistical significance
was determined at P < 0.05.

3. RESULTS

3.1 Effects of Different Fractions on
Bleeding Time and Clotting Time

The results of E. fortunei extracts on BT and CT
were shown in Table 1. When the mice were
treated with alcohol extract and four fractions
with a dose of 15 gkg', BT and
CT were shortened compared with the control
group. CTs were significantly shortened by all
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samples in comparison to the control group,
and the difference was statistically significant
(P<0.05). Compared with the positive group,
the difference between EAF and NBF
is statistically significant (P<0.01). At the same
time, compared with the control group, TF and
NBF can shorten the BT, and the BT of the NBF
is the shortest (90.9 + 22.5 s). Therefore,
the results indicate that the n-butanol fraction
exhibited the best coagulation effect, and
may be the active fraction for hemostasis.

3.2 Effects of Different Fractions on
Coagulation Indexes

To explore the possible mechanism
of hemostasis of E. fortunei extract,
four coagulation indexes of total extract and
fractions were further determined and analyzed.
As shown in Table 2, the extracts and different
fractions can shorten APTT to different extents,

but no significant effect was founded on
the content of Fib. Among them, NBF
significantly shortens APTT and reduces
the content of Fib. The positive group

on the content of Fib increased significantly
compared with the control group, while
no significant differences were found on TT, PT,

and APTT. The result indicated that
the coagulation of Yunnan Baiyao,
a well-known hemostatic Chinese patent
medicine in China, may be related to the

increase in the content of Fib. The experimental
results suggested that the hemostatic activity
of E. fortunei may enhance the ability of plasma
fibrinogen to transform into fibrin, increase
the endogenous pathway coagulation factors,
thereby increase the coagulation
activity, but no  significant  difference
was observed on the content of fibrin.

3.3 Effect of n-Butanol
Platelet Aggregation

Fraction on

In vitro platelet aggregation assay
was measured to evaluate the effect of NBF
on platelet aggregation (Fig. 1). NBF showed
weaker anti-platelet activity compared
with the positive group, whereas NBF exhibited
stronger  anti-platelet  aggregation effect
compared with the control group with
the maximum aggregate on rate in 5 min
at 68+10%. The result indicates that NBF
has important chemical compositions to
inhibit platelet aggregation.
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Table 1. Comparison of different fractions from E. fortunei on bleeding time and coagulation

time

Group Coagulation time /s Bleeding time /s
Control group 97.8+21.5 130.2 + 33.8
Positive group 80.2+21.3 98.7£15.7

TF 85.0+21.2 101.3+22.0
PEF 751+ 17.0: 116.4 £ 26.7
EAF 64.5 + 25.9; 128.0 £ 21.8
NBF 73.1+18.3 90.9+225

WF 80.8 +22.5 86.4+ 14.6

" p <. 05, ” P <0.01, compared with the control group. The abbreviations used are: TF, total fraction; PEF,
petroleum ether fraction;, EAF, ethyl acetate fraction; NBF, n-butanol fraction; and WF, water fraction.

Table 2. Effects of different extracts from E. fortunei on the mice plasma coagulation

parameters

Group PT/s APTT/s TT/s Fib/g-L™"
Control group 8.16 + 0.46 26.83 + 3.47 16.52 £ 1.39 3.07+0.35
Positive group 8.71 £ 0.40 26.03 + 2.61 16.59 + 1.35 3.92+0.77
TF 8.46 + 0.48 23.87 +3.16 15.49 + 1.54 3.04 + 0.61
PEF 922 +0.62° 24.19 + 2.87 15.99 + 1.79 3.24 + 0.96
EAF 9.02 + 0.44 23.74 + 2.98 15.55 + 1.48 3.00 £ 0.63
NBF 9.10 £ 0.26 2254 +1.79 15.98 + 0.51 2.94 + 0.31
WF 9.03+ 0.57 21.98 + 3.24 15.75 + 1.85 3.29 + 0.80

"P<0.05 " P<0.01, compared with the control group. The abbreviations used are: PT, prothrombin time; APTT,
activated partial thromboplastin time; TT, thrombin time; Fib, fibrinogen.
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Fig. 1. Effect of n-butanol fraction (NBF) on the maximum platelet aggregation rate in 5 min
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Fig. 2. Effect of n-butanol fraction on Ca** fluorescence intensity in platelets
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3.4 Effect of n-Butanol on the Intracellular
Ca? in Platelets

Fig. 2 showed the release of intracellular ca® in
platelet cells treated by NBF incubated for 24 h.
Compared with control group, the platelet cells
treated by NBF showed a stronger green
fluorescence. With the increase of NBF
concentration, the green fluorescence intensity
in the cell gradually increased, indicating that the
intracellular Ca®* release amount increased
significantly. Quantitative analysis showed that
NBF with concentration at 20 and 40 pg-mL‘1
acted on platelet cells for 24 h, the relative
fluorescence intensities were 121+13 and 22548,
respectively. Obviously, treatment of platelet
cells with NBF caused intracellular Ca®'
concentration elevation in a concentration-
dependent manner.

4. DISCUSSION

In this study, the effective hemostatic fractions
of E. fortunei were screened by measuring
the bleeding time (BT), coagulation time (CT),
blood coagulation indexes, and platelet
aggregation effect. Tail vein bleeding and
capillary tube method in mice are presently the
most commonly used bleeding and clotting time
for assessment [17,18]. The values of BT and
CT are influenced by different reasons.
For example, BT can be affected by the function
of capillary, shrinkage ability of tissue, count and
function of tissue factor and platelet, fibrinolytic
system function, while CT is mainly influenced
by activities of various coagulation factors and
anticoagulation factors [19]. The results showed
that ethanol extract of E. fortunei has an
excellent hemostatic effect. Meanwhile, the
n-butanol fraction exhibits stronger hemostatic
activity than the total fraction, indicating that
the n-butanol fraction may be the best
hemostatic part, and its hemostatic effect may
be related to platelet aggregation and clotting
factors. According to our previous research,
flavonoids such as kaempferol-3,7-
dirhamnopyranoside and kaempferol-3-(4"-O-
acetyl)-O-a-L-rhamnopyranoside-7-O-a-L-

rhamnopyranoside, are the main components in
the n-butanol fraction of E. fortunei [8, 20]. In
addition to usually regarded as polyphenolic
compounds with antioxidant activity, kaempferol-
3,7-dirhamnopyranoside can also have a
hypoglycemic effect [21], and may also be used
for cardiovascular treat cardiovascular disorders,
exerts endothelium-dependent and independent
vasorelaxation in thoracic aorta of normotensive

Ouyang et al.; JPRI, 32(46): 8-15, 2020; Article no.JPRI.64437

and hypertensive rats [22]. So far as we know, it
isn't reports on the hemostatic effect of these
compounds. Flavonoids may be responsible for
hemostasis, so it is worth for us to further
explore.

The fluorescence intensities of Ca®* in platelet
cells suggested that extracts of E. fortunei can
trigger changes in calcium ion concentration.
The calcium flux in platelets is considered to be
an important second messenger for platelet
activation. High concentrations of Ca®* activate
trigger fibrinogen binding to integrin allbB3 and
finally make fibers protein is converted to fibrin.
Due to all agonists including ADP, thrombin, and
thromboxane A2 stimulate platelet aggregation
by corresponding GPCRs, which are P2Y1
(activated by ADP), PAR1 (protease-activated
receptor-1, activated by thrombin), PAR4
(activated by thrombin), and TP (activated by
thromboxane A2). Our results also confirmed
that the compositions of n-butanol fraction as
agonists induced the hemostatic effect by
activated GPCR, which causes the increase of
intracellular Ca®*  concentration and the
activation of the downstream Ca* signal
transduction pathway [23]. Although we have not
conducted a detailed investigation of which
receptor or multiple receptors are involved in
calcium signaling, however, the involvement of
P2Y12 and IP receptors was excluded in this
study [10].

5. CONCLUSION

In conclusion, the results of this study show that
the n-butanol fraction of E. fortunei can
significantly  shorten  bleeding time and
coagulation time caused by trauma in mice, and
shorten activated partial thromboplastin, which
may be an effective fraction of E. fortunei for
hemostasis. Moreover, the n-butanol fraction
can induce the increase of calcium ion
concentration in platelets and further activate
platelets. E. fortunei could be a potential
medicinal plant used for hemostatic treatment.

CONSENT
It is not applicable.

ETHICAL APPROVAL

All authors hereby declare that "Principles of
laboratory animal care" (NIH publication No. 85-
23, revised 1985) were followed, as well as
specific national laws where applicable. All

13



experiments were carried out under the approval
of the Experimental Animal Ethics Committee of

Youjiang Medical

University for Nationalities

(Approval No. 02/2017).

ACKNOWLEDGEMENTS

We gratefully acknowledge the financial support
of the Natural Science Foundation of Guangxi
Province (No. 2017GXNSFAA198034) and 2017

Science and Technology Major

Project of

Guangxi (No. AA17204058-21).

COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

Ouyang XL, Wei XJ, Yang C. The
pharmacology of chemical components of
Euonymus fortunei and its quality control
methods. Lishizhen Medicine and Materia
Medica Research. 2014;25(04):173-175.
Jiang LQ, Huo Y, Yang J. Effects of
Euonymus fortunei alcohol extract on four
items of blood coagulation in mice. Guide
of China Medicine. 2016;14(10):41-42.

Zhou Z. et al., Effects of Euonymus
fortunei on hemorrheology and
coagulation. Guangxi Medical Journal.

2011;33(7):810-812.

Wu YQ, et al. Pharmacodynamic study on
removing blood stasis and stopping
bleeding for extracts of Euonymus fortunei
and Euenymus hederaceus. Chinese
Journal of Experimental Traditional
Medical Formulae. 2011;17(12):132—-136.

Zhu JB, et al. Insecticidal sesquiterpene
pyridine alkaloids from Euonymus species.
Phytochemistry. 2002;61(6):699—704.

Ying DY, et al. Three new sesquiterpene
pyridine alkaloids from Euonymus fortunei.
Helvetica Chimica Acta. 2011;94(6):1139—
1145.

Jun'ichi K, et al. A new triterpene from
leaves and stems of Euonymus fortunei
Hand.-Mazz. Natural Medicines. 2000;
54(1):18-21.

Ouyang XL, et al. Flavonoid constituents
of Euonymus fortunei. Chemistry of
Natural Compounds. 2013;49(3):428—431.
Yan, LH, et al. Chemical constituents of
Euonymus fortunei. Journal of Asian
Natural Products Research. 2015;17(9):
952-958.

Ouyang et al.; JPRI, 32(46): 8-15, 2020; Article no.JPRI.64437

14

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Woulfe DS. Platelet G protein-coupled
receptors in hemostasis and thrombosis.
Journal of Thrombosis and Haemostasis,
2005;3(10):2193-2200.

Varga-Szabo D, Braun A, Nieswandt B.
Calcium signaling in platelets. Journal of
Thrombosis and Haemostasis. 2009;7(7):
1057-1066.

Coughlin S. Protease-activated receptors
in hemostasis, Thrombosis and Beyond.
Circulation. 2012;126(21):A603-A603.

Li X, et al. Study on pharmacodynamic
active parts of Portulaca oleracea
hemostatic effect and screening of
processing methods. Journal of Chinese
Medicinal Materials. 2019;42(3):549-551.
Liu H, et al. Data for DHK effect on
thrombus weight, blood coagulation, blood
cell counts and whole blood viscosity in
deep vein thrombosis rats. Data in Brief.
2019;26:104410.

Gao B, et al. Platelet P2Y12 receptors are
involved in the haemostatic effect of
notoginsenoside Ft1, a saponin isolated
from Panax notoginseng. British Journal of
Pharmacology. 2014;171(1):214-223.

Driesbaugh KH, et al. Proteolytic
Activation of the Protease-activated
Receptor (PAR)-2 by the

Glycosylphosphatidylinositol-anchored
Serine Protease Testisin. Journal of
Biological Chemistry. 2015;290(6):3529—
3541.

Ku SK, et al. Antithrombotic activities of
aspalathin and nothofagin via inhibiting
platelet aggregation and Flla/FXa.
Archives of Pharmacal Research. 2015;
38(6):1080-1089.

Skalski B, et al., Isorhamnetin and its new
derivatives isolated from sea buckthorn
berries prevent H,O,/Fe—Induced
oxidative stress and changes in
hemostasis. Food Chemical Toxicology.
2019;125:614-620.

Du ZZ, et al. Anticoagulant activity of a
sulfated Lachnum polysaccharide in mice
with a state of hypercoagulability.
Bioorganic Medicinal Chemistry Letters.
2016;5550-5556.

Ouyang XL et al. Development of HPLC
fingerprint for the quality control of
Euonymus fortunei and distinguishing it
from related species. Acta
Chromatographica. 2012;24(2):301-316.
de Sousa E, et al. Hypoglycemic effect
and antioxidant potential of kaempferol-
3,7-O-(a)-dirhamnoside  from  Bauhinia



22.

forficata leaves. Journal of Natural
Products. 2004;67(5):829-832.
Cechinel-Zanchett CC, et al. Bauhinia

forficata link, a Brazilian medicinal plant
traditionally used to treat cardiovascular
disorders, exerts endothelium-dependent
and independent vasorelaxation in

23.

Ouyang et al.; JPRI, 32(46): 8-15, 2020; Article no.JPRI.64437

thoracic aorta of normotensive and
hypertensive rats. Journal of
Ethnopharmacology. 2019;243:112118.
Saito K, et al. Human chymase stimulates
ca® signaling in human
polymorphonuclear cells. Immunology
Letters. 2003;89(2):161-165.

© 2020 Ouyang et al.; This is an Open Access article distributed under the terms of the Creative Commons Afttribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/64437

15



