Original Article Thai Journal of Pharmaceutical Sciences

Corresponding Author:
Nanang Fakhrudin, Faculty of
Pharmacy, Universitas Gadjah
Mada, Yogyakarta, Indonesia.
Phone: +62-274-542738.
E-mail: nanangf@ugm.ac.id

Received: Jun 11, 2019
Accepted: Nov 02, 2019
Published: Dec 10, 2019

The evaluation on anti-platelet
and antithrombosis activities of
Cinnamomum sintoc bark extract

Nanang Fakhrudin!, Tri Wiyono?, Arbie Ristanto Putral,
Sitarina Widyarini3, Arief Nurrochmad*

'Department of Pharmaceutical Biology, Facul o}(IPharmacy, Universitas Gadjah
Mada, Yogyakarta, Indonesia, “Research Unit j%/r atural Product Technology,

Indonesian Institute of Sciences (BPTBA LIPI), Indonesia, *Department of Pathology,
Faculty of Veterinary Medicine, Universitas Gadjah Mada, Yogyakarta, Indonesia,

“Department of Pharmacology and Clinical Pharmacy, Faculty of Pharmacy,
Ungfersitas Ga{ljah Mada, Y‘(g){g,yakarta, Indonesia © o of Y

ABSTRACT

Introduction: One of the factors contributing to cardiovascular diseases is platelet
aggregation. Although several antiplatelet agents have been introduced into clinical practices,
discovery of antiplatelet agents is still challenging. Plants from the genus of Cinnamomum were
previously reported to have antiplatelet activity. This study aimed to determine the activity
of Cinnamomum sintoc (CS) bark extract inhibiting platelet aggregation and thrombosis.
Materials and Methods: Antiplatelet activity of CS bark methanolic extract (CS methanolic
extract [CSME]) (5-300 ug/mL) was determined by measuring the ability of the extract to
inhibit platelet aggregation induced by epinephrine. Meanwhile, the antithrombosis activity was
determined by calculating the survival mice and by measuring the thrombus formation in the
mice lung capillaries after challenging with thrombus-inducing agent, combination of collagen,
and epinephrine. Results: The results showed that CSME inhibited platelet aggregation induced
by epinephrine with the IC_, of 117.9 + 8.8 ug/mL. However, CSME at low, medium, and high
doses (100, 400, and 600 mg/kg BW, respectively) failed to protect the mice from death and
paralysis after thrombotic challenge. Conclusions: CSME demonstrated an in vitro antiplatelet
activity, but it failed to protect thrombosis in the thrombotic mice.
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INTRODUCTION

o date, cardiovascular disease (CVD) ranks the first

I cause of death globally. Mostly, CVD is mediated by the
presence of obstruction or blockage in the blood capillary
vessels involving thrombotic reactions. The emergence
of infarction or blockage of blood vessels is initiated by
atherosclerosis that in later step disrupts the endothelium wall
and leads to rupture. Consequently, endothelial tissue debris
enters the bloodstream and triggers platelet activation and
thus leads to thrombus formation.!™ Platelets play a significant
role in the development of thrombosis. Several endogenous
agents have been identified as platelet receptor activators
that cause platelet aggregation. These substances include
adenosine diphosphate (ADP), collagen, thromboxane A2
(T x A2), thrombin, serotonin, and epinephrine. They act as an

agonist for their respective receptors and work synergistically
to induce platelet aggregation.>?! Epinephrine is a soluble
ligand that induces platelet aggregation by the binding with
o2-adrenergic receptor. In platelets, activation of this receptor
by epinephrine results in the reduction of cyclic adenosine
monophosphate and increase of intracellular calcium ions.
These events trigger shape changes and contraction of platelet
as well as activation of glycoprotein (GP) IIb/Illa receptor.
Activation of GP IIb/Illa provokes the binding of platelets
to fibrinogen that represents the common final pathway of
platelet aggregation and thrombus formation.**! In addition,
previous in vivo study indicated that a2-adrenergic-knockout
mice were protected from thromboembolism on induction
with the combination of pro-thrombotic agents, epinephrine,
and collagen.!®!
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Antiplatelet, an agent with the ability to inhibit platelet
aggregation, remains the drug choice in combating platelet-related
disorders such as stroke, ischemia, and myocardial infarction. At
present, many drugs have been developed as antiplatelet agents.
This included clopidogrel, abciximab, and vorapaxar, for P2Y ,, GP
IIb/1lIa, and protease-activated receptor-1 antagonist, respectively.
However, aspirin, the old drug inhibitor of cyclooxygenase-1
remains the first drug of choice in the clinics either as a single or
combination with other drugs.”# Current antithrombosis agents
are classified into seven major groups: (a) Vitamin K antagonists,
(b) heparins, (c) inhibitors of platelet aggregation other than
heparins, (d) enzymes, (e) thrombin direct inhibitors, (f) direct
factor Xa inhibitors, and (g) other antithrombosis agents.!”)
Although these drugs retain their efficacy, some limitations such
as undesirable side effects such as hyporesponsiveness,” slow-
onset," and drug resistance? were reported. Thus, development
and discovery of alternative antithrombosis agents, especially
from natural resources is still promising.

Several studies have reported that plants from the genus of
Cinnamomum, such as Cinnamomum cassia,'™® Cinnamomum
tenuifolium," Cinnamomum philippinense,'*® Cinnamomum
altissimum, and Cinnamomum pubescens,!*® demonstrated
antiplatelet activities. Another plant species within this genus
that has not been explored yet is CS. Until now, no data
are available regarding the antiplatelet and antithrombosis
activities of CS. However, our preliminary study identified
CS as a plant with antiplatelet activity."'” Here, we aimed
to investigate the antiplatelet activity of CS bark methanolic
extract (CS methanolic extract [CSME]) in platelet induced by
epinephrine. In addition, the antithrombosis potency of CSME
was also determined in mice induced by collagen-epinephrine.

MATERIALS AND METHODS

Materials
Plant material

The bark of CS was obtained from the local market of herbal
medicine in Beringharjo, Yogyakarta, Indonesia. The plant
material was authenticated by a botanist Dr. Djoko Santosa,
M.Si.; with the certificate of determination number: UGM/
FA/2046/M/03/02) of the Department of Pharmaceutical
Biology, Faculty of Pharmacy, Universitas Gadjah Mada,
Yogyakarta, Indonesia. The bark was dried in oven (50°C for
48 h) and crushed into smaller size before powdered. The
dried powder of CS bark was used for the extraction process.

Chemicals and instruments

Dichloromethane, methanol, ferric chloride, ethyl acetate,
and dimethyl sulfoxide (DMSO) were purchased from Merck
(Darmstadt, Germany), porcine gelatine, ticagrelor, catechin, ADB
calfskin collagen, and thin-layer chromatography (TLC) plate silica
C-18 were purchased from Sigma (Missouri, USA), epinephrine
(Hospira; Illinois, USA), and yohimbine HCl was purchased
from Liftmode (Chicago, USA). Aggregometer (Chrono-Log®;
Pennsylvania, USA) was used to measure platelet aggregation.

Animal

Balb/c strain male mice (2 months of age) were obtained
from the Department of Pharmacology and Clinical Pharmacy,

Faculty of Pharmacy, Universitas Gadjah Mada, Yogyakarta,
Indonesia. The mice were maintained in animal cages in the
animal facility with a controlled environment and normal light
cycle exposure. The mice have free access to the normal diet,
and the water was given ad libitum. Acclimatization of the
mice in the environment was done at least a week before the
experiments. The animal experiment protocols were approved
by Ethical Committee of Faculty of Medicine, Universitas
Gadjah Mada, Yogyakarta, Indonesia (Ethical clearance
number: KE/FK/1228/EC/2017).

Plant Extract Preparation

CS stem bark powder (400 g) was macerated twice (each
with 2 L of dichloromethane for 24 h) to remove essential
oil components and other non-polar compounds that might
interfere with the antiplatelet activity measurement. After
filtering, the filtrate was collected and the residue was
macerated again twice (each with 2 L of methanol for 24 h).
The filtrates obtained from the first and second extraction
were combined and evaporated until dryness by using rotary
evaporator instrument to obtain 23.6 g dried CSME. The dried
extract was stored at 4°C until use.

TLC Analysis

Chemical profile determination of the extracts was carried out
using TLC. The mixture of methanol-water (2:1) and TLC Silica
gel 60 RP-18 F254 (Merck, Darmstadt, Germany) was used
as the mobile phase and stationary phase, respectively. The
extracts were dissolved in their respective solvents and applied
to the stationary phase and put into a TLC chamber containing
saturated mobile phase. After the mobile phase reached 8 cm
of distance, the plate was taken out and dried. Visualization of
the chemical components was done under ultraviolet (254 nm
and 366 nm) and visible light after derivatization with Cerium
(IV) sulphate reagent.

Platelet Preparation

Human plasma was obtained from the blood of 12 volunteers
who met the inclusion criteria including: (a) Healthy, (b) not
infected with bacteria and viruses (HIV, Hepatitis), (c) not
having a disease or disorder in the blood (e.g., Hemophilia),
(d) not taking nonsteroidal anti-inflammatory drug or blood
affecting drugs in the past 2 weeks, and (e) not being pregnant.
Blood collection was carried out by experienced technical
personnel through arm veins as much as 12 mL per blood
draw. Sodium citrate was used as an anticoagulant agent.!®!
The blood was pipetted 1 mL for platelet counts, and the rest
was centrifuged for 15 min at 1000 rpm. The supernatant
containing high concentration of platelet was separated
and labeled as platelet-rich plasma (PRP). The residue was
centrifuged for 15 min at 3500 rpm, and the supernatant was
separated and labeled as platelet-poor plasma (PPP).

Antiplatelet Assay

The platelet aggregation was determined in an aggregometer
instrument"” based on the principle of light transmission
aggregometry using Chrono-Log® Aggregometer. Shortly,
the addition of platelet aggregators to the hazy PRP causes
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the platelet to aggregate so that the plasma becomes clearer
indicated by the rise of the spectrophotometric transmittance
value. The platelet aggregation was induced by epinephrine (at
the concentration of 3.9 uM). Yohimbine HCI (an antagonist
of alpha-2 adrenergic receptor) was used as a positive control
whereas DMSO was used as a solvent vehicle.

As much as 487.5 ul, PRP was put into the cuvette using a
micropipette containing a magnetic stirrer bar. Then, 2.5 ul of
extract (in DMSO) was added and this mixture was incubated
for 3 min at 37°C. Epinephrine (10 ul) was added and the
transmittance value was measured after 10 min (endpoint).
The platelet aggregation was given by the transmittance value
at 10 min. About 100% of platelet aggregation was assumed
to be proportional to the transmittance of PPE and this value
was set as a measurement baseline. The experiments were
performed 3 times independently. The inhibition of platelet
aggregation was calculated using the formula: (1-(platelet
aggregation upon extract treatment/platelet aggregation
of DMSO)) X 100%. The protocol was approved by the
Institutional Ethical Committee of Faculty of Medicine, Public
Health and Nursing, Universitas Gadjah Mada, Yogyakarta,
Indonesia (Ethical clearance number: KE/FK/1228/EC/2017).

Antithrombosis Assay

In vivo, antithrombosis activity test was performed using male
Balb/c mice as animal experimental model.[*”) Twenty-five
mice were divided into five groups containing five mice per
group. The mice were pretreated daily with CSME at the dose of
100, 400, and 600 mg/kg body weight (BW) orally for 5 days.
Ticagrelor 11 mg/kg BW and sodium carboxymethyl cellulose
(CMC-Na) were used as positive control and solvent vehicle,
respectively. One hour after the administration on the last day,
the mice were injected with epinephrine (0.072 mg/kg BW)
and collagen (6 mg/kg BW) through the vein of the tail.
Shortly after injection, the mice were observed for 10 min.
The observations included paralysis (limb dysfunction and
respiratory failure) and death. The percentage of thrombosis
protection was calculated as: (1-[Number of death or paralysis
mice]/total) X 100%. At the end of the study, the surviving
mice were sacrificed, and the lungs, hearts, and brains were
collected for histopathology examination.

Detection of Tannins Content
Gelatin precipitation

Tannin detection in the CSME was conducted according
to the Bele et al.? based on gelatin precipitation. Shortly,
10 mL CSME in methanol (1 mg/mL) was mixed with 2 mL of
gelatin 1% and observed until precipitation was formed. The
formation of white sediment at the bottom of the flat-bottom
flask indicated the presence of tannin in the extract.

Condensed tannins cross-linking test by formaldehyde

The method was performed according to a previous study.?!
Briefly, 10 mL of CSME (1 mg/mL) in a flat-bottom flask was
added with 2 mL of 10% formaldehyde and three drops of HCI,
and this solution was heated on a water bath. The formation of
insoluble red deposits at the bottom of the flask indicated the
presence of condensed tannins in the extract.?!

Color test by ferric chloride

Detection of hydrolyzable tannins in the CSME was done using
ferric chloride (FeCl,) reagent (10%).?* In short, 10 mL of
the extract solution (1 mg/mL) was added with three drops of
FeCl,. Hydrolyzable and condensed tannins would give blue
and green color, respectively.

Gas Chromatography-Mass Spectrometer
Analysis

The determination of non-tannin constituents in the CSME
was done using gas chromatography coupled with mass
spectroscopy (gas chromatography-mass spectroscopy [GC-
MS]) method. The column for gas chromatography was Rxi®-1
ms (30 m, 0.25 mmID, and 0.25 wm) produced by Restek
(Cat. Number #13323; PA, USA). The column conditions
are as follows: Column oven temperature: 75°C; injector
temperature: 250°C; pressure: 100 kPa; and carrier: Helium,
with the flow rate of 1.50 mL/min. The column temperature
program: Initial temperature of 75°C for 5 min and then
increased 20°C/min until the final temperature of 300°C
(maintained for 10 min). The instrument was equipped with
a mass spectrometer instrument utilizing an electron impact
ionizing method. The obtained mass spectra were compared
with spectrum library database.

Statistical Analysis

The data obtained from the antiplatelet and antithrombosis
evaluations were presented as a mean =+ standard error of mean.
We performed one-way ANOVA (analysis of variance) followed
by Dunnett’s post hoc test to determine the level of significance.

RESULTS

TLC Profile of CSME

The first extraction of CS bark using dichloromethane resulted
in CS bark dichloromethane extract (CS dichloromethane
extract [CSDE]). The first extraction aimed to remove the non-
polar constituents of CS bark. The second extraction was done
using methanol resulted in CSME. To confirm the effectivity of
the removal of the non-polar compounds constituents, a reverse
phase TLC analysis was performed. Eugenol was included in the
analysis as a reference compound. Figure 1 indicated that the
first extraction successfully removed the non-polar constituents,
indicated by the presence of non-polar compounds (lower Rf
values) in the CSDE. Consequently, second extraction using
methanol produced CSME in which the non-polar components
have been deprived. This extract was used for the evaluation of
antiplatelet and antithrombosis activities.

Antiplatelet Activity of CSME

We measured the antiplatelet activity of CSME at the doses of
5, 10, 50, 100, 200, and 300 ug/mL. Epinephrine (3.9 uM)
was used as a platelet agonist to induce platelet aggregation,
whereas yohimbine HCl (1 uM), the well-known antiplatelet
agent was used as a positive control to inhibit platelet
aggregation. Figure 2 indicated that CSME dose-dependently
inhibited platelet aggregation induced by epinephrine with the
IC,, 0f 117.9 + 8.8 ug/mL.
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Antithrombosis Activity of CSME in Mice

The in vivo antithrombosis activity was done to confirm the
effectiveness of CSME in the intact model by employing
thrombotic mice. The mice were pretreated orally with
the extract at the doses of 100, 400, or 600 mg/kg BW for
5 days, and the thrombosis was induced by the combination
of epinephrine and collagen. We found that CSME at
those concentrations failed to protect the mice from being
paralysis or death compared to the negative control (P >
0.05). As expected, ticagrelor, the reference drug showed

Figure 1: TLC profiles of C. sintoc bark extracts. (1) C. sintoc bark
dichloromethane extract (CSDE); (2) C. sintoc bark methanolic extract
(CSME); (3) Eugenol. Dried powder of C. sintoc bark was pre-macerated
with dichloromethane to yield CSDE. The residue was re-macerated
with methanol to produce CSME which is used in this study. Clearly,
first maceration of the plant material with dichloromethane effectively
removed essential oils and other nonpolar components. TLC was done
in a reversed phase system using stationary phase of silica gel 60
RP-18 F s and the mobile phase of methanol-water (2:1). The spots
were visualized with: (a) visible light; (b) UV,,; (c) UV, ; (d) visible
light after derivatization with Cerium(IV) sulphate spray reagent. The
scale in the right side is in centimetre (cm) unit

a significant protective effect from thrombosis (P < 0.05)
[Table 1]. The histopathological examination indicated that
the induction of collagen-epinephrine led to the exclusive
thrombi formation in the lung arteries, but not in the arteries
of brain and hearth. This indicated that the induction of
collagen-epinephrine led to death or paralysis which was
caused by thrombi formation in the lung arteries. Thrombus
is characterized by the presence of fibrin and platelet
that can be observed as pink to red distinct mass when
stained with hematoxylin-eosin. We found that the size of
the thrombi varied among the groups. Massive multifocal
thrombi were present in the group treated with the vehicle
(CMC-Na). Interestingly, a lower level of multifocal thrombi
was observed in the group treated with CSME. Ticagrelor,
however, showed a stronger protection effect indicated by a
minimal thrombi formation [Figure 3].

To measure the level of thrombotic severity, the
number of thrombus for each group was calculated and
semi-quantitatively analyzed. We found that the number
of thrombus in the mice pretreated with CSME was not
significantly different compared to those pretreated with
CMC-Na (P > 0.05). The average number of thrombus in each
group is presented in Table 2.

Tannins Detection in CSME

As the plant genus of Cinnamomum is known for its tannins
content,® the presence of tannin in the CSME was analysis.
We performed common methods (section 2.7) for tannins
analysis and we confirmed that CSME contained tannins
[Figure 4]. White precipitates [Figure 4a] were formed after
CSME solution was added with gelatin (1%). This suggested
that the extract contained tannins. The formation of insoluble
red precipitates after addition of formaldehyde indicated
that the CSME contained condensed tannins [Figure 4b].
These precipitates were the end product of cross-linking
reaction between procyanidins and acidic formaldehyde.*! In
addition, generation of green color after addition of FeCl, to
the CSME solution [Figure 4c] is another evidence supporting
the presence of condensed tannins. ¥
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Figure 2: The in vitro antiplatelet activity of CSME. (a) Inhibition of platelet aggregation by CSME (ug/ml) in epinephrine-induced human
platelet. (b) Semi log-dose regression curves representing the antiplatelet activities of CSME in platelet induced by epinephrine. Human PRP (in
cuvette with magnetic stirrer) containing CSME, DMSO or yohimbine HCl, was pre-incubated for 3 min in an aggregometer. Epinephrine (3.9 uM)
was added and the platelet aggregation was determined after 10 min. The percent inhibition of platelet aggregation of CSME was relative to the
solvent vehicle (DMSO). The data are mean =+ standard errors from three independent experiments. **p < 0.001 (ANOVA/Dunnett), compared

to the solvent (DMSO)-treated group
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11 mg/kg BW (b), CSME 100 (c), CSME 400 (d), or CSME 600 mg/kg BW (e) before the induction of thrombosis using collagen-epinephrine.
Multifocal thrombi were found in the lung of all group, except for Ticagrelor (b). The lung tissues were stained with hematoxylin-eosin and the
photos were taken at 10x magnification (blue arrow: thrombus, C: congestion)

Figure 4: Qualitative test for tannins. (a) CSME was dissolved in
ethanol before gelatin addition (left); white precipitates were formed
after the addition of gelatin (right). (b) Red insoluble deposits were
formed after the addition of acidic formaldehyde followed by heating
(right). (c) Dark greenish color was formed after the addition of FeCl3
(right)

GC-MS Analysis of CSME

The CSME was analyzed using GC-MS to reveal the non-tannins
components of the extract. Clearly, 10 compounds have been
successfully identified [Figure 5] are 3-allyl-6-methoxyphenol,
methyleugenol, cis-methylisoeugenol, p-acetamidophenol,
methyl myristate, methyl palmitate, methyl linoleate, methyl
octadec-9-enoate, methyl stearate, and methyl 11-eicosenoate.
Methyl palmitate and methyl octadec-9-enoate represent the
two major non-tannin compounds in the CSME.

DISCUSSION

To date, CVDs remain the leading diseases cause of death
globally. Platelet aggregation plays a crucial role in the
progression of CVD. The effort of finding antiplatelet agents
is a promising approach to combat CVD. In our preliminary
study,"”? we found that CS is one of the promising plants with
potent antiplatelet activity. To further investigate the effect of
CS bark on cardiovascular systems, we prepared CSME and
evaluated its efficacy as antiplatelet and antithrombosis."” As

Table 1: Antithrombosis evaluation of CSME in the thrombotic
mice induced by collagen-epinephrine

Groups Number Percent of Onset of Onset
of protection paralysis of death
subject (%) (s) (s)
CMC-Na 5 0 96+33 260+35
Ticagrelor 5 100" n.d. n.d.
CSME 100 5 ons 58+4ns 204+33"s
CSME 400 5 ons 72+45" 12060
CSME 600 5 20"+ 90=+60"* 340+151"

The mice were treated with CSME in different doses and they were
challenged with a thrombotic inductor (epinephrine-collagen). The number
of survival mice, onset of paralysis, and onset of death were calculated.
Data are mean=standard deviation (n=5). n.d.: not detected or no dead
animal in ticagrelor-treated group. Thus, it was excluded from the statistical
analysis. n.s: not significant, * P<0.05; ANOVA followed by Dunnett’s

post hoc t test, compared to the CMC-Na-treated group. The data are
mean=standard deviation. CSME: Cinnamomum sintoc methanolic extract,
CMC-Na: Sodium carboxymethyl cellulose

Table 2: The number of thrombus between groups

Groups Number of Thrombus number
subject (n) (Mean=standard deviation)

CMC-Na 5 6.0+2.4

Ticagrelor 5 0.0+0.0*

CSME 100 5 9.5x4.2"

CSME 400 5 9.9+5.5ms

CSME 600 5 3.2+3.5"¢

The mice were sacrificed at the end of the experiments, and the number

of thrombus per view in the lung was calculated under microscope (x10).
The calculation was done in a triplicate for each lung. n.s. Not significant;
*P<0.05; ANOVA followed by Dunnett’s post hoc test, compared to the CMC-
Na-treated group. CSME: Cinnamomum sintoc methanolic extract, CMC-Na:
Sodium carboxymethyl cellulose

the in vitro antiplatelet assay was performed in hydrophilic
environment involving human PRE removal of the essential
oils and the other nonpolar components before extraction (in
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methanol) was performed to exclude possible interferences in
the bioassays due to solubility problem [Figure 1]. To assess the
antiplatelet activity of CSME, we first tested the ability of CSME
to inhibit platelet aggregation in ADP-induced human PRP. The
method represents the versatile and the most common in vitro
method for evaluation platelet aggregation.?> Yohimbine HCL
(Yoh) was used as a positive control in the experiment, and it
was tested at a single working concentration. In this experiment
context, the idea of utilizing Yohimbine HCL was to confirm
the responsiveness of the bioassay against the respective drug
rather than to compare the potency against CSME. For the
1% time, we demonstrate that CSME exerted antiplatelet activity
with the IC, of 117.9 + 8.8 ug/ml. Our finding is in line with
the previous study demonstrating that the methanolic extract
of Cinnamomum cassia, another plant with the same genus
(Cinnamomum) exhibited antiplatelet activity.** Interestingly,
the antiplatelet activity of CSME was relatively stronger
compared to the methanolic extract of C. cassia. In addition,
CSME also exhibited a superior antiplatelet activity compared
to Allium sp. (IC,, 494 ug/ml),*” a well-known antiplatelet
plant, and other previously reported plants such as Wendtia
calycina (IC,, 820 ug/ml)®#® and kiwi fruit (IC_, 1600 ug/ml).*"

Platelet aggregation contributes to the progression
of atherothrombosis leading to CVD.BY Therefore, the
potency of CSME as antithrombosis agent was evaluated.
By employing a thrombotic mice model, we found that
although CSME showed potent antiplatelet activity in the
in vitro experiment, it failed to retain the activity in the
in vivo thrombotic mice model. CSME at the dose up to
600 mg/kg BW was not able to protect the thrombotic mice
from death and paralysis, as well as thromboembolism.
The histopathology examination revealed that all the mice
suffered multifocal thrombi in the lung arteries, suggested
that the mice died due to thrombosis. Many factors might
contribute to the discrepancy between the in vitro and in
vivo experiments. The first factor is likely due to poor
absorption of the bioactive compounds in CSME that limits
the bioavailability. Cinnamomum is a genus of plants that
is well-known for its tannins content."**! Qur investigation
showed that CSME contains a high tannin content (especially

condensed-tannins) indicated by its ability to strongly
aggregate gelatin solution [Figure 4]. Although tannin was
reported previously as an antiplatelet agent'®2! and there
was a positive correlation between tannin content and
antiplatelet activity of CS,®! these studies were done in the
in vitro experimental model, which omitted the absorption
factor. Many studies have shown that most tannins have poor
bioavailability.'***# When given orally, tannins concentration
in the blood does not reach therapeutic doses required for the
activity. The second factor determining the fate and bioactivity
of a compound is metabolism. Phases I and II metabolisms
of tannins generate complex structure of tannins and form
conjugation (methyl, glucuronide, and sulfate) derivatives,
respectively.!®! In addition, the untransformed tannins that
reach colon or small intestine are further metabolized by
microbiota into small-weight phenolic molecules that alter
their biological activities.*® These could be the reason for
the lack of efficacy of CSME in the in vivo antithrombosis
assay in this study. Nevertheless, further study is needed to
identify the active compound and to investigate the impact
of absorption, distribution, metabolism, and excretion of the
CSME and its active compound on the in vivo efficacy.

Considering the presence of tannin in the CSME, separation
of the tannin from the CSME is needed to confirm whether
the tannin separation affects the activity. The previous study
showed that tannins removal impaired in vitro antithrombosis
activity of several plant extracts.®”” An effective tannins
removal method could be done by dissolving the CSME in
methanol-water mixture (3:1) and subjected to a liquid-liquid
partition using dichloromethane to yield tannin-free extract. !
Re-evaluation of the in vitro antiplatelet activity of the tannin-
free extract of CSME will reveal whether tannin is the compound
responsible for the antiplatelet activity. Although tannin is a
major component in the CSME, the contribution of non-tannin
compounds in the antiplatelet activity of CSME could not be
ruled out. Thus, we analyzed the non-tannins constituent of
CSME to get insight into the non-tannin compounds that might
be responsible for the antiplatelet activity. Our phytochemical
investigation using gas-chromatography revealed that CSME
contains 10 non-tannin compounds [Figure 5]. However,

intensity TIC
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Figure 5: Non tannin components of CSME. The phytochemicals analysis was performed using gas chromatography. Ten compounds were
detected in CSME: (1) 3-allyl-6-methoxyphenol; (2) Methyl eugenol; (3) Cis-methyl isoeugenol; (4) P-acetamidophenol; (5) Methyl myristate;
(6) Methyl palmitate; (7) Methyl linoleate; (8) Methyl octadec-9-enoate; (9) Methyl stearate; (10) Methyl 11-eicosenoate. Methyl palmitate (6)

and Methyl octadec-9-enoate (8) are the major compound.
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none of these 10 identified compounds were reported to have
antiplatelet or antithrombosis activities.

CONCLUSIONS

We found that CSME demonstrated in vitro antiplatelet
activity (IC,: 117.9 = 8.8 ug/mlL) in platelet induced by
epinephrine. However, CSME failed to exert antithrombosis
activity in the in vivo experiment indicated by its inability
to protect thrombotic mice from paralysis and death due to
thromboembolism.

ACKNOWLEDGEMENT

The authors thank the Ministry of Research, Technology,
and Higher Education of the Republic of Indonesia for the
financial support (PUPT grant number 2401/UN1.PIIIl/DIT-
LIT/LT/2017, and to the Research Unit for Natural Product
Technology, Indonesian Institute of Sciences for the opportunity
of taking master program (T.W.). The data published in this
article was used by TW and A.R.P to obtain their academic
degrees in the Faculty of Pharmacy, Universitas Gadjah Mada,
Indonesia.

REFERENCES

1. Bentzon JE Otsuka E Virmani R, Falk E. Mechanisms of plaque
formation and rupture. Circ Res 2014;114:1852-66.

2.  Zhou L, Schmaier AH. Platelet aggregation testing in platelet-
rich plasma: Description of procedures with the aim to develop
standards in the field. Am J Clin Pathol 2005;123:172-83.

3. Srisom B Sotanaphun U, Luechapudiporn R. Antiplatelet effects
of Angelica dahurica extracts in rat platelets. Thai J Pharm Sci
2016;40:1-4.

4. PasalaT, Sattayaprasert B Bhat PK, Athappan G, Gandhi S. Clinical
and economic studies of eptifibatide in coronary stenting. Ther
Clin Risk Manag 2014;10:603-14.

5. Spalding A, Vaitkevicius H, Dill S, MacKenzie S, Schmaier A,
Lockette W, et al. Mechanism of epinephrine-induced platelet
aggregation. Hypertension 1998;31:603-7.

6. Pozgajova M, Sachs UJ, Hein L, Nieswandt B. Reduced thrombus
stability in mice lacking the alpha2A adrenergic receptor. Blood
2006;108:510-4.

7.  AlgahtaniE Clinical use of vorapaxar as an emerging antithrombin
agent: A literature review of current evidence. J Appl Hematol
2017;8:127-34.

8. Yeung J, Holinstat M. Newer agents in antiplatelet therapy:
A review. J Blood Med 2012;3:33-42.

9. WHOCC. Antithrombotic Agents. WHOCC-ATCDDD Index;
2016. Available from:  https://www.whocc.no/atc_ddd
index/?code=B01A&showdescription=yes. [Last accessed on
2017 Mar 21].

10. Latkovskis G, Urtane I, Knipse A, Peculis R, Cakstina I, Klovins J,
et al. Role of genetic factors on the effect of additional loading
doses and two maintenance doses used to overcome clopidogrel
hyporesponsiveness. Medicina (Kaunas) 2014;50:19-27.

11. Sikka B Bindra VK. Newer antithrombotic drugs. Indian J Crit
Care Med 2010;14:188-95.

12. Hidayati E Irawan B, Mumpuni H. Aspirin and clopidogrel
resistance in coronary artery disease. Acta Cardiol Indones
2017;3:33-44.

13. Killday KB, Davey MH, Glinski JA, Duan B Veluri R, Proni G, et al.
Bioactive A-type proanthocyanidins from Cinnamomum cassia.
J Nat Prod 2011;74:1833-41.

14. Dong HB Wu HM, Chen SJ, Chen CY. The effect of butanolides

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

from Cinnamomum tenuifolium on platelet
Molecules 2013;18:11836-41.

Yu SM, Ko FN, Wu TS, Lee JY, Teng CM. Cinnamophilin, a novel
thromboxane A2 receptor antagonist, isolated from Cinnamomum
philippinense. Eur J Pharmacol 1994;256:85-91.

Jantan [, Rafi IA, Jalil J. Platelet-activating factor (PAF) receptor-
binding antagonist activity of Malaysian medicinal plants.
Phytomedicine 2005;12:88-92.

Putra AR. Screening of Antiplatelet Activities of Selected Plant
Extracts Induced by ADP and Epinephrine [Thesis]. Yogyakarta:
Faculty of Pharmacy, Universitas Gadjah Mada; 2016.
Sotanaphun U, Luechapudiporn R, Pradmeeteekul B Burana-
Osot J, Phattanawasin B Soonthornchareonnon N, et al. Anti-
platelet aggregation activity and chemical analysis of raw and
wine stir-fried chuanxiong rhizoma (kot-hua-bua). Thai J Pharm
Sci 2015;39:89-93.

Wiyono T. Antiplatelet and Antithrombosis Activity Test from Bark
of Cinnamomum Sintoc Blume [Thesis]. Yogyakarta, Indonesia:
Faculty of Pharmacy, Universitas Gadjah Mada; 2018.

Bele AA, Jadhav VM, Kadam VJ. Potential of tannnins: A review.
Asian J Plant Sci 2010;9:209-14.

Kasim MJ, Hussin MH, Achmad A, Dahon H, Suan TK,
Hamdan HS, et al. Determination of total phenol, condensed
tannin and flavonoid contents and antioxidant activity of Uncaria
gambir extracts. Indones J Pharm 2011;22:50-9.

Singh KL, Bag GC. Phytochemical analysis and determination
of total phenolics content in water extracts of three species of
Hedychium. Int J Pharm Tech Res 2013;5:1516-21.

Ping L, Pizzi A, Guo ZD, Brosse N. Condensed tannins
extraction from grape pomace: Characterization and utilization
as wood adhesives for wood particleboard. Ind Crops Prod
2011;34:907-14.

Singh P Hand Book of Phytochemical, Pharmacognostical
Water and Edible Oil Analysis. New Delhi, India: Educreation
Publishing; 2019.

Tsoupras A, Zabetakis I, Lordan R. Platelet aggregometry assay
for evaluating the effects of platelet agonists and antiplatelet
compounds on platelet function in vitro. MethodsX 2019;6:63-70.
Matsuda H, Matsuda R, Fukuda S, Shiomoto H, Kubo M. Anti-
thrombic actions of 70% methanolic extract and cinnamic
aldehyde from cinnamomi cortex. Chem Pharm Bull (Tokyo)
1987;35:1275-80.

Lorigooini Z, Ayatollahi SA, Amidi S, Kobarfard E Evaluation of
anti-platelet aggregation effect of some Allium species. Iran J
Pharm Res 2015;14:1225.

Mesa MG, Piccinelli AL, Valiente MA, Pinto A, Fazio A, Rastrelli L.
Inhibition of human platelet aggregation in vitro by standardized
extract of Wendtia calycina. Rev Bras Farmacogn 2011;21:884-8.
Dizdarevic LL, Biswas D, Uddin MD, Jgrgenesen A, Falch E,
Bastani NE, et al. Inhibitory effects of kiwifruit extract on human
platelet aggregation and plasma angiotensin-converting enzyme
activity. Platelets 2014;25:567-75.

Koupenova M, Kehrel BE, Corkrey HA, Freedman JE. Thrombosis
and platelets: An update. Eur Heart J 2017;38:785-91.

Wiyono T, Nurrochmad A, Widyarini S, Fakhrudin N. The tannin
content and anti platelet-aggregation activity of Cinnamomum
sintoc extract. AIP Conf Proc 2018;2021:030017.

Mekhfi H, ElHaouari M, Bnouham M, Fakhrudin N. Effects of
extracts and tannins from Arbutus unedo leaves on rat platelet
aggregation. Phytother Res 2006;20:135-9.

Stoupi S, Williamson G, Viton E Barron D, King LJ, Brown JE,
et al. In vivo bioavailability, absorption, excretion, and
pharmacokinetics of [14Clprocyanidin B2 in male rats. Drug
Metab Dispos 2010;38:287-91.

Ou K, Gu L. Absorption and metabolism of proanthocyanidins.
J Funct Foods 2014;7:43-53.

Williamson G, Clifford MN. Role of the small intestine, colon and

aggregation.

225 http://www.tjps.pharm.chula.ac.th

TJPS 2019, 43 (4): 219-226



Fakhrudin, et al.: Antiplatelet and antithrombosis activities of Cinnamomum sintoc

microbiota in determining the metabolic fate of polyphenols. anticoagulant and anticancer activities of selected medicinal
Biochem Pharmacol 2017;139:24-39. plants from South Africa. Afr J Biotechnol 2008;7:217-23.

36. Zhang L, Wang Y, Li D, Ho CT, Li J, Wan X, et al. The absorption, 38. Picker B Vogl S, McKinnon R, Mihaly-Bison J, Binder M,
distribution, metabolism and excretion of procyanidins. Food Atanasov AG. Plant extracts in cell-based anti-inflammatory
Funct 2016;7:1273-81. assays-pitfalls and considerations related to removal of activity

37. KeeNL, MnonopiN, Davids H, Naudé RJ, Frost CL. Antithrombotic/ masking bulk components. Phytochem Lett 2014;10:41-7.

226 http://www.tjps.pharm.chula.ac.th TJPS 2019, 43 (4): 219-226



