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ABSTRACT

Background: Canna warszewiczii (A. Dietr) Nb. Tanaka has been
traditionally used to treat heart diseases in Vietnam, but there is a lack
of scientific evidence. Objectives: This study investigated the inhibitory
effect on human platelet aggregation, antioxidant activity, and main
phytochemicals of fractions from the aerial and rhizome parts of the plant.
Materials and Methods: Human platelets were prepared and incubated
with different fraction doses (0.33, 0.75, and 1.5 mg/mL). Plateletaggregation
was triggered by different agonists (adenosine diphosphate [ADP],
collagen, and ristocetin). 2,2-diphenyl-1-pycrylhydrazyl (DPPH) and
2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assays were
done to test the free-radical scavenging activities. Spectrophotometry
assays using Folin—Ciocalteu and aluminum chloride were used to determine
total flavonoid content (TFC) and total polyphenol content (TPC). The
phytochemical screening was also implemented. Results: The n-hexane,
dichloromethane, and ethyl acetate (EA) fractions from both the rhizome
and aerial parts significantly inhibited ADP-, collagen-, and ristocetin-platelet
aggregations and decreased significantly the area under the platelet
aggregation curve and aggregation velocity in a concentration-dependent
manner, but the water fractions did not. The EA fractions showed the
strongest DPPH and ABTS scavenging activity and highest TPC and TFC.
Organic fractions contained variable bioactive compounds: flavonoids,
polyphenols, glycosides, cardiac glycosides, coumarins, steroids, emodols,
tannins, and cholesterols. Conclusion: The plant extracts or fractions
could be used in the preparation of functional foods or supplements with
antioxidant and antiplatelet activity. It is also a good candidate for searching
novel bioactive compounds used in pharmaceutical industries for the
development of antiplatelet and antioxidant agents to prevent and/or treat
heart and oxidative stress-related diseases.
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SUMMARY

e The n-hexane, dichloromethane, and ethyl acetate (EA) fractions from both
the rhizome and aerial parts of Canna warszewiczii A. Dietr significantly
inhibited platelet aggregation in a concentration-dependent manner

e The EA fractions showed the strongest 2,2-diphenyl-1-pycrylhydrazyl and
2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) scavenging activity and
highest total polyphenol and flavonoid content

e Organic fractions contained variable bioactive compounds: flavonoids,
polyphenols, glycosides, cardiac glycosides, coumarins, etc.

INTRODUCTION

Platelet aggregation is the clumping together of platelets in the normal
process of hemostasis to prevent further bleeding of injured blood vessels.
Unusual coagulation may lead to various cardiovascular diseases (CVDs).
Synthetic antiplatelet drugs are beneficial to treat and prevent thrombus
formation. However, they are accompanied by limited actions, serious
side effects, and therapeutic resistance.!" The use of herbal medicines has
been considered as an alternative to synthetic drugs with alleviates side
effects. Searching new sources and new antiplatelet compounds from
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e C. warszewiczii A. Dietr is a good candidate for searching antiplatelet and
antioxidant agents to prevent and/or treat heart and oxidative stress-related
diseases.

Phytochemical screening

Canna warszewiczii A. Dietr
fractions of aerial and rhizome parts

Organic fractions contained variable
bioactive compounds: flavonoids,
polyphenols, glycosides, cardiac

glycosides, coumarins...

Antiplatelet aggregation activity

Organic fractions significantly
inhibited ADP-, collagen-, ristocetin-
platelet aggregation but the water
fractions did not.

Phytochemicals and
Biological activities

Antioxidant activity

The ethyl acetate fractions showed
the strongest DDPH and ABTS
scavenging activity and highest

flavonoids and polyphenols content

Abbreviations Used: EA-A:  Aerial ethyl acetate fraction;
EA-R: Rhizome ethyl acetate fraction; DCM-A: Aerial dichloromethane
fraction; DCM-R: Rhizome dichloromethane fraction; H-A: Aerial n-hexane
fraction; H-R: Rhizome n-hexane fraction; W-A: Aerial distilled water fraction;
W-R: Rhizome distilled water fraction; TPC: Total polyphenol content;
TFC: Total flavonoid content; GAE: Gallic acid equivalent; QE: Quercetin
equivalent; DPPH: 2,2-diphenyl-1-pycrylhydrazyl; ABTS: 2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid).
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potential medicinal plants for the prevention and/or treatment of CVDs
is a topic of interest to the researchers.”

Oxidative stress is involved in the pathogenesis of atherosclerosis, and
antioxidants are supposed to decrease the risk of atherothrombotic
CVDs. Cardiovascular protection has been shown to be associated with
dietary patterns high in antioxidants (from fruit and vegetables), and
natural plant antioxidants can serve as a type of preventive medicine.
Recently, the use of natural plant antioxidants has become of special
interest due to their presumed safety and nutritional and therapeutic
values.®

Canna is the only genus in the family Cannaceae, and its starchy
rhizomes have long been used for food. Several species have been
traditionally used for the treatment of various diseases such as
fever, pain, hepatitis, cancer, gonorrhea, and heart diseases.!*! Canna
indica and Canna edulis have been reported to possess bioactivities
such as antioxidant activity, live protective effect,’*s increasing
the activity of glucose transporter in muscle cells, or inhibiting the
productions of NO, interleukin-1f, and prostaglandin E2 (PGE2)
from lipopolysaccharide (LPS)-induced RAW 264.7 macrophages
and inhibiting high glucose (HG)-induced inflammatory mediator
expression.”*! Recently, lignin isolated from C. edulis was shown to
inhibit o--D-glucosidase; arabinoxylan extracted from its by-product
was reported to have inhibitory effects on pepsin and lipase activities."!
Currently, no study investigates the potentials of this genus in the
treatment and prevention of CVDs.

In Vietnam, Canna warszewiczii (A. Dietr) Nb. Tanaka, whose
synonym is C. indica var. warszewiczii (A. Dietr) Nb. Tanaka, is
a medicinal plant recently detected with the local name of purple
arrowroot. It grows in some mountainous provinces in Vietnam,
China, and South America. In our country, it is usually cultivated
for medicinal purposes and traditionally used to treat gastric ulcer,
chest and bone pain, and heart diseases. Despite the lack of scientific
evidence, several supplement products from the plant extracts are
supplied into the Vietnam market to support the treatment of heart
diseases.

Given the lack of scientific evidence, this study aimed to investigate
the antiplatelet aggregation activity induced by different agonists and
antioxidant activity of this plant. Total flavonoid content (TFC), total
polyphenol content (TPC), and the phytochemical screening were also
implemented to study the main phytoconstituents of the plant. This
study is of important to introduce new sources for further searching
novel bioactive natural compounds to prevent and/or treat CVDs and
oxidative stress-related diseases.

EXPERIMENTAL

Plant materials and chemicals

C. warszewiczii (A. Dietr) Nb. Tanaka, identified by the plant
researcher Thi Thanh Huong Le - Thai Nguyen University of
Sciences, was obtained from Vo Nhai district, Thai Nguyen Province,
Vietnam.

The agonists (adenosine diphosphate [ADP], collagen, and
ristocetin) were purchased from Chrono-Log Corporation (USA).
Aspirin, heparin, 2,2-diphenyl-1-pycrylhydrazyl (DPPH),
2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS; 2,2e
purchased from Chrono-Log Corporation (USA acid), potassium
peroxodisulfate, dimethyl sulfoxide (DMSO), gallic acid, trolox, Folin-
Ciocalteu’s phenol reagents, and other reagents were obtained from
Sigma-Aldrich (USA). Thromborel S, Actin FS, calcium chloride, and
thromboclotin reagent were purchased from Dade Behring Marburg
GmbH (Marburg, Germany).
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Preparation of plant fractions

The plant was separated into two parts: aerial (A) and rhizome (R)
parts. The dried powder was extracted with ethanol 96% and then
consecutively fractionated with n-hexane (H), dichloromethane (DCM),
ethyl acetate (EA), and water (W) to obtain different fractions: aerial
ethyl acetate fraction (EA-A), rhizome ethyl acetate fraction (EA-R),
aerial dichloromethane fraction (DCM-A), rhizome dichloromethane
fraction (DCM-R), aerial n-hexane fraction (H-A), rhizome n-hexane
fraction (H-R), aerial distilled water fraction (W-A), and rhizome
distilled water fraction (W-R).

The platelet aggregation assay

The study was approved by the Ethics Committee, School of Medicine
and Pharmacy, Vietnam National University, Hanoi, Vietnam. Human
volunteers had been given informed consent. Blood was taken from
healthy volunteers who were fasting overnight and had taken no
medication for 2 weeks and transferred to a 3.2% sodium citrate test tube.
Then, it was centrifuged at 500 rpm for 10 min to collect the platelet-rich
plasma (PRP) and at 3000 rpm for 10 min to obtain platelet-poor plasma.
Platelets were counted under microscope, and the platelet count was
adjusted to 250 + 25 x 10°/L in PRP. A complete blood count was tested
before platelet aggregation experiments to ensure that volunteers had
normal blood cell counts.

The platelet aggregation tests were performed in triplicate using the
turbidimetric method."” Briefly, 450 ul PRP was preincubated at 37°C
for 3 min with 50 ul fractions at final concentrations of 0.33, 0.75, and
1.5 mg/mL in DMSO 0.1%. Platelet aggregation was induced by ADP
10 puM, collagen 2 pg/mL, and ristocetin 1.25 mg/mL, respectively.
The sample without fractions and aspirin was used as a negative and
positive control, respectively. Results were recorded as amplitude-time
curves over 6 min, including maximum aggregation, maximum slope
of the curve (velocity of aggregation), and most importantly, the area
under the platelet aggregation curve (AUC). The inhibition percentage

of platelet aggregation was calculated as % Inhibition = % 100% ,

X is maximum aggregation of the negative control and Y is maximum
aggregation of tested fractions.

2,2-diphenyl-1-pycrylhydrazyl antiradical activity

The DPPH assay was carried out in triplicate according to the method
described previously."! The absorbance was read at 517 nm. Ascorbic
acid (10, 25, and 50 ug/mL) was used as the positive control. The
percentage of radical inhibition was calculated as % Inhibitio n = 100

OD
a (ODS x IOO%J , OD, is an average optical density of the sample and

c

OD _is an average optical density of the control. Half-maximal inhibitory
concentration (IC_)) values were determined as the concentrations
needed for 50% inhibition of the radicals.

2,2"-Azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid) antiradical activity

This experiment was done in triplicate following the method
described by Re et al. with some modifications.'” The radicals were
generated by mixing potassium persulfate (2.45 mM) and ABTS (7
mM) and incubating the mixture in the dark at room temperature
for 12-16 h. The working solution of ABTS* was further diluted in
ethanol to give an absorbance of 0.70 + 0.02 at 734 nm. Then, 190
UL of the diluted solution of ABTS* was mixed with a 10 uL sample
at room temperature for 10 min in the dark, and the absorbance was
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measured at 734 nm. Trolox (50, 100, and 200 ug/mL) was used as
the positive control. The capacity to inhibit the radical and IC_  was
calculated as described above.

Analysis of total phenolic content

The TPC of plant fractions was performed using the Folin-Ciocalteu
assay as described previously."” The absorbance was read at
765 nm. A standard curve of gallic acid at 0, 100, 250, 500, 1000, and
2000 pg/mL was used to measure the TPC in fractions of interest. This
was expressed as grams of gallic acid equivalent per 100 g of the sample
(g GAE/100 g sample).

Analysis of total flavonoid content

The TFC of plant extracts was determined using the method described
by Mishra et al. with some modifications.!"" Fractions were prepared at
concentrations from 1000 to 5000 ug/mL in methanol and then 240 uL
of each solution was mixed with 40 uL of 5% NaNO,, and the mixture
was incubated for 6 min at 25°C and then 40 uL of 10% AICI, was
added before the same incubation. The reaction mixtures were treated
with 400 UL of 1 M NaOH and 280 uL of 30% ethanol and incubated at
room temperature for 15 min. The absorbance was measured at 510 nm.
A standard curve of quercetin at 0, 10, 50, 100, and 200 pg/mL was used
to estimate the TFC in the fractions. This was expressed as grams of
quercetin equivalent per 100 g of the sample.

Phytochemical screening for secondary metabolites

Each fraction was screened for the following phytochemicals: glycosides,
cardiac glycosides, flavonoids, saponins, coumarins, emodols, steroids,
cholesterols, and tannins using standard phytochemical methods
described by Harbourne."!

Statistical analysis

Data were expressed as mean * standard deviation and analyzed by
the SPSS 23.0 (IBM corporation, Armonk, New York, USA) software
using one-way ANOVA and independent sample t-test. Pearson’s
correlation coefficient (r) was calculated to determine the relationship
between variables. P < 0.05 was considered as statistically significant.

+

RESULTS

Antiplatelet aggregation activity of Canna

warszewiczii A. Dietr fractions
Percentage inhibition of platelet aggregation

The inhibitory effect on platelet aggregation induced by ADP, collagen,
orristocetin of EA, DCM, and H fractions of both the aerial and rhizome
parts was positively correlated with fraction concentration (r > 0.8 and
P < 0.05 for all fractions). However, the water fractions of both plant
parts showed very low percentage inhibition of platelet aggregation
at all concentrations tested compared to others (P < 0.05). At 1.5 mg/
mL, all EA, DCM, and H fractions inhibited strongly platelet
aggregation (percentage inhibition ranged from 74.6% to 100%) and
showed significantly higher percentage inhibition than the positive
control (P < 0.05) [Figure 1].

Area under the platelet aggregation curve and aggregation slope

When different platelet activators (ADP, collagen, and ristocetin) were
used, the AUC of all EA, DCM, and H fractions of both the aerial and
rhizome parts at 0.75 and 1.5 mg/mL decreased significantly compared
to the negative control (P < 0.05). Especially, at 1.5 mg/mL, all these
organic factions yielded significantly lower AUC than the positive control
(P < 0.05). In general, a negative association between AUC and fraction
concentrations was observed in these fractions (r < -0.8, P < 0.05).
The water fractions (W-A and W-R), however, had much higher AUC
than the others (P < 0.05) and showed no difference from the negative
control (P> 0.05) in all cases of agonists used [Figure 2].

Similarly, the aggregation slope of EA, DCM, and H fractions of both
the aerial and rhizome parts at all concentrations, except for the EA-A,
EA-R, and DCM-R faction at 0.33 mg/mL, decreased remarkably
compared to the negative control (P < 0.05) when any of the agonists
ADP, collagen, or ristocetin was used. The slopes produced by these
fractions at 1.5 mg/mL were even significantly lower than that of aspirin
(P < 0.05). This parameter also showed a concentration-dependent
manner (r < 0.7, P < 0.05). However, the water fractions did not show
any difference in slope compared to the negative control, except for the
W-R fraction in the case of ristocetin (P > 0.05) [Figure 3].

_ 120
< 100 < 100
= = 80
S S 60
Z 50 £ 40
= = 20
£ 0 Z o0
ryFryrYx&IxrSFNr e YIS
Py N VRS Fel oF o T QTQTQ$
g LS & g LS o
100
&
5 50 0.33 mg/mL
g ® 0.75 mg/mL
- 0 ®1.5mg/mL
BT 2 G . G UG PR
Py oW R QT §
¥ QQ; Q(’ YgQ

Figure 1: Percentage inhibition of platelet aggregation induced by (a) ADP, (b) collagen, or (c) ristocetin of fractions (*P < 0.05 compared to aspirin 0.01 mg/mL
(collagen) or aspirin 0.1 mg/mL [ADP or ristocetin]). EA-A: Aerial ethyl acetate fraction; EA-R: Rhizome ethyl acetate fraction; DCM-A: Aerial dichloromethane
fraction; DCM-R: Rhizome dichloromethane fraction; H-A: Aerial n-hexane fraction; H-R: Rhizome n-hexane fraction; W-A: Aerial distilled water fraction;

W-R: Rhizome distilled water fraction; ADP: Adenosine diphosphate
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Figure 2: Area under the platelet aggregation curve induced by (a) ADP, (b) col
ethyl acetate fraction; EA-R: Rhizome ethyl acetate fraction; DCM-A: Aerial dich

lagen, or (c) ristocetin of fractions (*P < 0.05 compared to DMSO). EA-A: Aerial
loromethane fraction; DCM-R: Rhizome dichloromethane fraction; H-A: Aerial

n-hexane fraction; H-R: Rhizome n-hexane fraction; W-A: Aerial distilled water fraction; W-R: Rhizome distilled water fraction; DMSO: Dimethyl sulfoxide; ADP:

Adenosine diphosphate; AUC: Area under the platelet aggregation curve
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Figure 3: Aggregation slope induced by (a) ADP, (b) collagen, or (c) ristocetin of Canna warszewiczii fractions (*P < 0.05 compared to DMSO). EA-A: Aerial

ethyl acetate fraction; EA-R: Rhizome ethyl acetate fraction; DCM-A: Aerial dich

loromethane fraction; DCM-R: Rhizome dichloromethane fraction; H-A: Aerial

n-hexane fraction; H-R: Rhizome n-hexane fraction; W-A: Aerial distilled water fraction; W-R: Rhizome distilled water fraction; DMSO: Dimethyl sulfoxide; ADP:

Adenosine diphosphate

Capacity of radical scavenging of Canna warszewiczii A. Dietr
fractions

For the aerial part, the EA fraction (EA-A) expressed the highest
capacity to scavenge both DPPH and ABTS radicals (IC, = 1.43 + 0.13
and 1.87 £ 0.28 mg/mL, respectively) (P < 0.01). The DCM-A and W-A
fractions showed the same scavenging effect, followed by the H fraction
with the lowest activity (IC,) = 22.77 + 0.12 mg/mL) against DPPH
radical (P < 0.01) [Table 1].

For the rhizome part, the EA fraction was also the strongest
scavenger against DPPH (IC, = 0.14 = 0.02 mg/mL) and ABTS
(IC,, = 0.36 + 0.08 mg/mL) (P < 0.01). The other fractions were
in a decreasing order of ability as follows: DCM-R, H-R, and
W-R [Table 1].

50

Total polyphenol and flavonoid content

The highest TPC and TFC were observed in the EA fractions compared
with others from the same plant part (P < 0.01). The EA-R fraction
significantly exhibited maximum phenolic and flavonoid content with
59.25% + 7.56% and 60.00% * 5.37%, respectively (P < 0.05). The
DCM-R fraction approximately had two times higher in TPC and TFC
than the DCM-A fraction. However, the H-A fraction had about two
times higher in TFC than the H-R fraction (34.87% + 3.77% vs. 17.57%
+2.15%). Finally, the water fractions contained the lowest TPC and TFC
in both the aerial and rhizome parts of the plant (P < 0.05) [Table 1].

Chemical screening of Canna warszewiczii A. Dietr fractions

It was evident that all the organic fractions were found to contain selected
analyzed phytochemicals. Both the aerial and rhizome parts contained

Pharmacognosy Research, Volume 12, Issue 1, January-March, 2020
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Table 1:1C,  (mg/mL) values for 2,2-diphenyl-1-pycrylhydrazyl and 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) assays, total phenolic content, and

total flavonoid content of fractions from Canna warszewiczii A. Dietr

Fractions/ DPPH assay (IC, ) ABTS assay (IC, ) TPC (g GAE/100 g dried TFC (g QE/100 g dried
compounds sample or %) sample or %)
Aerial part
H-A 22.77+0.12 10.80+0.89 1.33+0.13 34.87+3.77
DCM-A 9.05%0.23 10.33+1.93 3.99+0.40 17.32+0.34
EA-A 1.43+0.13 1.87+0.28 10.57+1.29 47.15+0.86
W-A 9.52+1.48 10.82+1.43 1.34+0.05 1.57+0.17
Rhizome part
H-R 4.83+0.15 8.05+0.52 1.82+0.15 17.57£2.15
DCM-R 1.05+0.02 1.92+0.17 9.75+0.49 33.17+1.48
EA-R 0.14+0.02 0.36+0.08 59.25+7.56 60.00+5.37
W-R 37.55+1.78 44.57%2.71 0.43+0.09 0.42+0.08
Ascorbic acid 0.072+0.00
Trolox 0.11+0.01

EA-A: Aerial ethyl acetate fraction; EA-R: Rhizome ethyl acetate fraction; DCM-A: Aerial dichloromethane fraction; DCM-R: Rhizome dichloromethane fraction;
H-A: Aerial n-hexane fraction; H-R: Rhizome n-hexane fraction; W-A: Aerial distilled water fraction; W-R: Rhizome distilled water fraction; TPC: Total polyphenol
content; TFC: Total flavonoid content; g GAE/100 g dried sample: Grams of gallic acid equivalent per 100 g of the sample; g QE/100 g dried sample: Grams of quercetin
equivalent per 100 g of the sample; DPPH: 2,2-diphenyl-1-pycrylhydrazyl; ABTS: 2,2"-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid); IC, : Half-maximal inhibitory

concentration

Table 2: Phytochemical screening of different fractions of the aerial and rhizome parts of Canna warszewiczii A. Dietr

Fractions EA-A EA-R DCM-A DCM-R H-A H-R W-A W-R
Glycosides ++ ++ + + - = 5 —
Cardiac glycosides ++ ++ ++ ++ ++ ++ + +
Flavonoids ++ ++ + + - _ _ _
Polyphenols ++ ++ ++ ++ + ++ = —
Saponins - - = = - + + o
Coumarins - - ++ ++ + + - _
Emodols + + - A - + _ _
Tannins - - ++ ++ + + - -
Steroids + + + + ++ ++ - _
Cholesterol + + + + + + ++ ++

EA-A: Aerial ethyl acetate fraction; EA-R: Rhizome ethyl acetate fraction; DCM-A: Aerial dichloromethane fraction; DCM-R: Rhizome dichloromethane fraction;
H-A: Aerial n-hexane fraction; H-R: Rhizome n-hexane fraction; W-A: Aerial distilled water fraction; W-R: Rhizome distilled water fraction; —: Nondetected; +:

Detected; ++: Strongly detected

the major active phytoconstituents such as flavonoids, polyphenols,
glycosides, cardiac glycosides, coumarins, steroids, emodols, tannins, and
cholesterols. The water fractions showed few selective phytochemicals in
comparison to the others [Table 2].

DISCUSSION

We demonstrated for the first time the antiplatelet aggregation of
C. warszewiczii A. Dietr’s organic fractions induced by different
agonists through evaluation of three valuable parameters in assessing
platelet function: percentage inhibition of platelet aggregation that
represents the ability to inhibit platelet aggregation, AUC which is
considered the best parameter to indicate the overall platelet aggregation,
and the aggregation slope that indicates the aggregation velocity per min,
whereas many previous studies only reported the maximum platelet
aggregation or percentage inhibition of platelet aggregation yielded by
plant extracts.'*'® The study showed that the organic fractions from
both the rhizome and aerial parts significantly inhibited ADP, collagen,
and ristocetin-platelet aggregation and decreased significantly AUC and
aggregation velocity in a concentration-dependent manner compared to
both negative and positive controls. Especially, the percentage inhibition
of EA-A and EA-R was over 90% at 1.5 mg/mL, indicating the strong
platelet aggregation inhibition. In the study by Wu et al.l" the n-hexane
and the chloroform layer of the aerial part and the chloroform layer
of the root of Ruta graveolens showed antiplatelet aggregation activity.
Then, subsequent bioguided fractionation resulted in the isolation of 19

Pharmacognosy Research, Volume 12, Issue 1, January-March, 2020

known compounds and 6 compounds showed a significant antiplatelet
aggregation effect.” In this study, the EA, DCM, and H fractions had
a significant antiplatelet aggregation activity, whereas the W fractions
did not. This novel finding would be useful to bioguide the isolation of
antiplatelet components from this plant in further studies.

Collagen, ADP, and ristocetin are used as agonists in routine platelet
aggregation studies.”’ ADP initiates platelet aggregation through the
activation of two major ADP receptors, P2Y, and P2Y .. Collagen binds
to the Glycoprotein VI (GpVI) and Gpla/Ila receptors and induces
granule release and thromboxane A2 (TXA2) generation and then
supports GPIIb-IIIa activation. Ristocetin produces platelet agglutination
through von Willebrand factor (vWF) and GPIb-IX-V complex. The
observed significant antiplatelet activity suggests that the plant organic
fractions present several compounds with antiplatelet activity with
different mechanisms of action, which could be either the inhibition of
thromboxane pathway, or the activation of P2Y, and,or P2Y , receptor, or
the interaction with GPIb and vWF. Further investigations are required
to better understand the mode of action of these fractions.

Medicinal plants are potential sources of lead compounds for further
discovery and optimization as new drugs. Phytochemical analysis of
C. warszewiczii A. Dietr revealed the presence of variable compounds
in the organic fractions including flavonoids, polyphenols, glycosides,
cardiac glycosides, coumarins, steroids, tannins, emodols, and
cholesterols. Polyphenols are an important family found abundantly in
plants with powerful antioxidant activity. Polyphenols and coumarins
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have been identified to inhibit platelet aggregation.”?!! Cardiac glycosides
are a unique group of secondary metabolites used during treatment of
heart failure.”” Flavonoids have been reported to inhibit atherosclerosis,
platelet adhesion, and platelet aggregation through inhibition of TXA2
mechanisms.®! This plant thus could be a potential source to explore
active components with new pharmacophores and novel drug targets
for the treatment and prevention of CVDs and oxidative stress-related
diseases.

Recently, antioxidant activity has been proven to be involved in the
mechanism of antiplatelet effect.?” An antioxidant agent, theoretically,
may have antiplatelet aggregation effect. In this study, the EA fractions
revealed a strong inhibitory effect of platelet aggregation and antioxidant
activity and contained the highest polyphenol and flavonoid content.
Several studies showed a high amount of phenolics in C. edulis.'**! In
C. edulis rhizome growing in China, 17.47 g GAE/100 g sample was
found.”! C. indica L. was also a good source of anthocyanins.**?”! Diets
rich in antioxidants can be effective for the treatment and protection
of CVDs. Our previous study proved the anticoagulant activity of the
EA fractions of C. warszewiczii A. Dietr.?® Thus, the EA fractions
might be utilized as real sources of the valuable phytochemicals used
in pharmaceutical industries for the development of anticoagulant,
antiplatelet, and antioxidant agents.

Moreover, since extracts sometimes have more powerful pharmacological
activities than pure molecules, there is a growing attention for the use of
plant extracts as a food supplement. This study also provided scientific
information that C. warszewiczii A. Dietr might be a good source of a
dietary supplement and functional food to protect and treat CVDs and
certain diseases in which free radicals are implicated.

CONCLUSION

This is the first experimental study to demonstrate that the organic
fractions of both the aerial and rhizome parts of C. warszewiczii
A. Dietr. showed dose-dependent effective antiplatelet aggregation and
antioxidant activity. Particularly, the EA fractions possessed the strongest
antioxidant properties in scavenging free radicals and contained the
highest TPC and TFC. The knowledge of antiplatelet and antioxidant
activity of this plant could contribute to the prevention of CVDs and
oxidative stress-related diseases. Its extracts or fractions could be used
in the preparation of functional foods or supplements with antioxidant
and antiplatelet aggregation activity. It is also a good candidate for
further in vitro and in vivo studies to identify the active molecules with
antioxidant and platelet antiaggregating activity and understand the
mechanisms for these actions.
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