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Abstract: Cardiovascular diseases are a leading cause of worldwide death and excessive platelet is closely related with their pathogenesis. Different plants and

natural compounds have demonstrated anti-platelet effects. The aim of this study was to report the high-performance thin-layer chromatography (HPTLC) finger-
printing and anti-platelet-aggregation activities of different leaf extracts (n-hexane, chloroform, ethyl acetate, methanol and aqueous) of Prosopis farcta (Syrian
mesquite) plant. The results showed a 100% inhibition of aggregation activity after plasmatic adenosine diphosphate (ADP) aggregation activation of ethyl acetate,
ethanolic, methanolic and aqueous extracts, at 60 mg/mL concentration. The IC,; ADP value of these extracts ranged between 4.07 and 11.39 mg/mL. Moreover,

these extracts reported the highest amounts of phenolic and flavonoid contents. In conclusion, phytochemicals present in P, farcta leaves have anti-platelet-aggre-

gation activities. Future studies are needed to identify the compounds with anti-platelet potential present in P. farcta.
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Introduction

Cardiovascular diseases (CVD) are a leading cause
of worldwide death. Thrombosis provoked by increased
platelet activity and triggering platelet aggregation is
one of the CVD causes (1). Platelets halt blood loss af-
ter tissue plasma but excessive platelet aggregation also
plays a crucial role in various CVD such as hyperten-
sion, arterial disease, heart failure, stroke and atheros-
clerosis (2, 3). Food intake is directly associated with
CVD and epidemiological studies suggest that regular
consumption of flavonoids is inversely associated with
CVD risk (4, 5). Flavonoids have an important role to
inhibit blood clot formation and in the reduction of risk
factors of CVD (6, 7). This protective effect of flavo-
noids against CVD complications may be related to dif-
ferent mechanisms including anti-platelet properties.

Prosopis farcta (Banks & Sol.) J.F.Macbr. (Faba-
ceae or Leguminosae family), commonly known as the
Syrian mesquite, is native northern Africa, and Asia (8)
and is distributed from India to Iran (9, 10). In traditio-
nal medicine, P. farcta has been used for the treatment

of some diseases (11, 12) such as constipation and to
reduce fever (13), treatment of inflammation, diabetes
(14) and cardiac or chest pain (15). Moreover, in-vitro
biological activities have been attributed to this genus
such as antioxidant, antimicrobial and anticancer (11,
16, 17). Antioxidant and anticancer activities of P. farc-
ta has been correlated with its high content in phenols
and flavonoids (18). Harzallah-Skhiri and BenJannet
(19) reported that P. farcta has a rich phenolic and fla-
vonoid content such as rutin, myricetin and caffeic acid
derivatives. In-vivo studies of P. farcta have reported
antimicrobial effects (20), effects against cardiovascular
disorder (10, 21-24) and neuroprotective effects (20).
Several food plants extract exhibit anti-platelet acti-
vity (6), however, no anti-platelet activities have been
documented for P. farcta extracts. The present study
aimed to determine anti-platelet-aggregation activities
of this plant and report high-performance thin-layer
chromatography fingerprinting. To the best of our
knowledge, this is the first report of high-performance
thin-layer chromatography (HPTLC) fingerprinting and
anti-platelet-aggregation activities of different leaf ex-
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tracts of P. farcta.
Materials and Methods

Preparation of Prosopis farcta extracts

Fresh leaves of P. farcta plants were collected from
Tehran, Iran in July 2018 (Figure 1). A botanist from the
Department of the Faculty of Pharmacy, Alborz Univer-
sity of Medical Sciences of Iran, identified taxonomi-
cally the plants. Leaves were washed three times with
distilled water and then dried at 25 £ 5 °C for one week.
The dried leaves were powdered by a mechanical grin-
der and then 400 g of powdered leaves was dissolved in
800 mL of 85% ethanol using a shaking water bath (90
rpm) at room temperature for 24 h. Then, filtering was
performed (Whatman No. 1 filter paper) and this was
concentrated with a rotary evaporator (Laborota 4000,
Heidolph, Germany) at 40 °C for 30 min. This act per-
formed three times to achieve maximum extraction with
ethanol. The solid residue (i.e., the extract) was stored at
4 °C until further analysis.

Liquid-Liquid Extraction Procedure

The crude extract (100 g) was solved in 100 mL of
ethanol and then was added 100 mL of distilled water and
500 mL of n-hexane. After separation of the n-hexane
fraction, the remaining solution was extracted with 500
mL chloroform to give a chloroform fraction, and then
with 500 mL of ethyl acetate and 500 mL of methanol.
All five of the fractions, including the aqueous fraction,
were concentrated using rotary evaporation (25). The
fractions so obtained were n-hexane, chloroform, ethyl
acetate, methanol and aqueous. Scheme used in fractio-
nation of crude ethanol extract is summarized in Figure
2.

Plant fingerprinting with high-performance thin-
layer chromatography (HPTLC)

HPTLC was conducted on Silica gel 60 F 254
HPTLC Plate 10*10 (Merck, Germany) as the sta-
tionary phase. A total of 20 mg each of the different
extracts were spotted. For terpenoid compounds
identification the mobile phase was toluene:ethyl
acetate:acetone:methanol  (50:25:25:5) and  ani-
saldehyde-sulfuric acid reagent was used for derivati-
zation. For flavonoid compounds identification the mo-
bile phase was ethyl acetate:water:methanol:n-heptane
(16:1:3:2) and derivatization reagent was natural pro-
duct reagent. For antioxidant activity by 1,1-diphenyl-
2-picrylhydrazyl (DPPH) the mobile phase was ethyl
acetate:water:methanol:n-heptane (16:1:3:2) and deri-
vatization reagent was DPPH. Chromatography bands
were observed under UV, fluorescence and visible lights.

Total phenolic compounds

The total phenolic contents (TPC) of the different ex-
tracts were determined by spectrophotometric method
(UV-1800, Shimadzu, Japan) using Folin-Ciocalteu
reagent following Nickavar, Alinaghi (26) protocol.
Linear calibration curve (absorbance versus concentra-
tion) for 25, 50, 75, 100, 150, and 200 pug/mL rutin solu-
tion in ethanol was developed (Figure 3). The results
were expressed as rutin equivalents (pg rutin equiva-
lents/mg of the extract).
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Figure 1. Prosopis farcta plant used for extract analys.és ir-1 this
study.
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Figure 3. Rutin standard curve for total phenolic compounds.

Total flavonoids content

The total flavonoid contents (TFC) of the different
extracts were determined by colorimetric method (UV-
1800, Shimadzu, Japan) using AICI, reagent following
Nickavar, Kamalinejad (27) protocol. Linear calibration
curve (absorbance versus concentration) for 25, 50, 75,
100, and 150 pg/mL rutin solution in ethanol was deve-
loped (Figure 4). The results were expressed as rutin
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Figure 4. Rutin standard curve for total flavonoids content.

equivalents (mg rutin equivalents/mg of the extract).

Blood collection for platelet aggregation test

Blood to obtain plasma was collected from healthy
volunteers in fasting conditions in Falcon tubes with so-
dium citrate. The participants not take any medication
two weeks prior to blood collection. Platelet rich plasma
(PRP) was obtained after blood centrifugation (100g for
10 min). After, the residual blood was centrifuged (1500
g for 15 min) to obtain platelet poor plasma. PRP was
diluted with PPP to obtain a platelet count adjusted to
250 £ 25 x 10°/L (counted under microscope).

Platelet aggregation test

The platelet aggregation test were performed fol-
lowing the Lorigooini, Ayatollahi (28) protocol. The
sample extracts were dissolved in 1 mL of dimethyl
sulfoxide (DMSO) at 60 mg/mL concentration and
1% of polyvinyl alcohol (PVA) (Sigma-Aldrich, Che-
mie Gmbh, Germany), and the entire stock was filtered
using Syringe Filter PVDF 0.22 pm. After one hour of
the addition of PVA no particulate matter formed in the
solution. Figure 5 shows that a blank mixture of DMSO
and PVA in plasma did not affect the platelet aggrega-
tion process. Therefore, sample plant extract were pre-
pared in DMSO/PVA 1%. One pL of this DMSO solu-
tion was added to 200 pL of plasma, the final extracts
concentrations ranged to 0.3125 to 1.25 mg/mL.

Platelet aggregation activities of sample fractions
were monitored with turbidimetric method using an
optical aggregometer (APACT-4004, LABiTec, Ger-
many). Aliquots of 200 pL of PRP were incubated in
aggregometer chamber at 37°C after platelet aggrega-
tion activation with adenosine diphosphate (ADP) (Bio/
Data, Corp (Germany) or arachidonic acid (AA) (Bio/
Data, Corp, Germany) (29). Five min prior the platelet
aggregation activation, 1 pL of sample prepared with
DMSO and PVA was added to PRP. The platelet aggre-
gation inhibitory activity of extract samples was compa-
red with vehicle (PRP activated without sample extract)
(30). The anti-aggregation value of each extract was
expressed as either % inhibition or IC,  values. The IC_
values [inhibitory concentration (mg/mL)] were cal-
culated from logarithmic regression curve (1% against
sample concentration).

Statistical analysis
Statistical Package for Social Sciences (IBM SPSS
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Figure 5. Aggregograms obtained for DMSO (a), DMSO/PVA 1%
(b, c, d).

Statistics v.24 for Windows) was used to carry out sta-
tistics. Results were shown as mean + standard error of
mean and p < 0.05 was considered statistically signifi-
cant. All the experiments were carried out in triplicate.
One-way analysis of variance (ANOVA) followed by
Ducan’s post test was used to assess the significant dif-
ferences between the responses caused by the extracts.

Results

Plant fingerprinting with HPTLC showed the pres-
ence of terpenoid compounds in different extracts (Table
1). The highest presence of terpenoids was observed in
the n-hexane extract while the lowest presence was ob-
served in aqueous extract.

In Table 2 is showed the presence of flavonoid com-
pounds in different P. farcta leaf extracts by HPTLC
fingerprinting. Ethyl acetate extract showed the highest
presence of flavonoid compounds.

Antioxidant screening test using HPTLC method
is showed in Table 3. Ethyl acetate extract showed the
highest antioxidant activity based on this method.

Total phenolic and flavonoid contents of the studied
P, farcta leaf extracts are shown in Table 4. The highest
amounts of phenolic and flavonoids compounds were
present in the ethanolic extract. Ethanolic extract had
the highest phenolic content (491.78 + 2.51) followed
by ethyl acetate (331.07 £ 1.63), methanolic (300.71 £
3.84), aqueous (229.28 + 1.76), chloroform (170.35 +
3.24), and hexane (29.28 + 2.31 pg rutin/mg extract)
extracts. Ethanolic extract had the highest flavonoid
content (210.88 = 3.14) followed by ethyl acetate
(187.35 + 2.43), methanolic (109.41 + 1.48), chloro-
form (77.05+ 1.21), aqueous (31.47 + 0.82), and hexane
(15.29 + 0.92 pg rutin/mg extract) extracts.

The aggregometry test results are shown in Table 5.
The highest inhibition after AA aggregation activation
was observed in the ethanolic extract (55.8 + 1.5 %) fol-
lowed by aqueous (51.4 £+ 0.8 %), ethyl acetate (35.9 +
0.7 %), hexane (32.6 £ 0.9 %), chloroform (31.9 + 1.2
%), and methanolic (3.1 + 0.4 %) extracts at 60 mg/mL
concentration. After ADP aggregation activation, at the
same concentration, ethyl acetate, ethanolic, methano-
lic and aqueous extracts showed an inhibition of 100%,
chloroform and hexane extracts showed 36.0 + 7.0 and
17.0 + 4.0 % inhibition, respectively. IC, for ADP acti-
vation was obtained for ethyl acetate (11.39 + 0.27 mg/
mL), ethanolic (5.94 + 0.31 mg/mL), methanolic (4.07
+ 0.23 mg/mL), and aqueous (5.40 = 0.12 mg/mL) ex-
tracts. The lowest IC, value was obtained for methano-

50
lic extract and the highest value for ethyl acetate extract.
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Table 1. Terpenoid compounds present in Prosopis farcta extracts detected by HPTLC.

Ultraviolet Fluorescence Visible

Before derivatization

After derivatization

For each HPTLC plate the sample extract order (left to right) was aqueous, methanol, ethanol, ethyl acetate, chloroform, and
hexane. Anisaldehyde-sulfuric acid reagent was used for terpenoid identification. Terpenoids appeared as purple-blue lines after
spraying the plate with the reagent under the visible light.

Table 2. Flavonoid compounds present in Prosopis farcta extracts detected by HPTLC.

Ultraviolet Fluorescence Visible

Before derivatization

After derivatization

For each HPTLC plate the sample extract order (left to right) was aqueous, methanol, ethanol, ethyl acetate, chloroform, and
hexane. Natural product reagent was sprayed on the HPTLC plate for flavonoid identification. Sharp blue lines in fluorescent light-
and light-yellow spots at the visible spectrum reveal the presence of flavonoids.
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Table 3. Antioxidant activity identified in Prosopis farcta extracts detected by HPTLC.

Ultraviolet

Before derivatization

After derivatization

Fluorescence

Visible

For each HPTLC plate the sample extract order (left to right) was aqueous, methanol, ethanol, ethyl acetate, chloroform, and hexane.

DPPH reagent (1,1-diphenyl-2-picrylhydrazyl) was used for antioxidant screening test. Antioxidant activity appeared as yellow

spots on the purple background (visible).

Table 4. Total phenolic and flavonoid contents of the studied Prosopis farcta extracts.

Extracts Phenolic content (pg rutin/mg extract) Flavonoid content (g rutin/mg extract)
n-Hexane 2928 £2.31¢% 15.29+£0.92¢
Chloroform 170.35+3.24° 77.05+1.21°
Ethyl acetate 331.07+£1.63°¢ 187.35+£2.43¢
Ethanolic 491.78 £2.51¢ 210.88 = 3.144
Methanolic 300.71 +£3.84 ¢ 109.41 £1.48¢
Aqueous 229.28+1.76F 31.47+0.82°

Values are expressed as mean + standard error of mean of three measurements (n = 3). Statistical analysis: ANOVA one way followed by Duncan's

post test was used to assess the significant differences (p < 0.05). For each determination (phenolic or flavonoid content), samples connected by the

same symbol are not statistically different.

Table 5. Aggregometry test results of the studied Prosopis farcta extracts.

Extracts % Inhibition AA (at 60 mg/mL) % Inhibition ADP (at 60 mg/mL) IC_, ADP (mg/mL)
n-Hexane 326+09* 17.0+4.0* -
Chloroform 31.9+1.2® 36.0+7.0° -

Ethyl acetate 35.9+0.7° 100.0+0.0°¢ 11.39+£0.27*
Ethanolic 55.8+1.5¢ 100.0£0.0°¢ 5.94+0.31°
Methanolic 3.1+£04¢ 100.0 £ 0.0¢ 4.07+£0.23¢
Aqueous 51.4+£08¢ 100.0 £0.0° 540+0.12°

AA: arachidonic acid, ADP: adenosine diphosphate. Values are expressed as mean + standard error of mean of three measurements (n = 3). Statistical

analysis: ANOVA one way followed by Duncan's post test was used to assess the significant differences (p < 0.05). For each determination, samples

connected by the same symbol are not statistically different.

Discussion

Anti-platelet aggregation activity is widely reported
in plant extracts. In this study we reported for the first
time the anti-platelet aggregation activities of different
extracts of P. farcta leaves, the phenolic and flavonoid
content and the presence of terpenoids and flavonoids

on them and their antioxidant activity by HPTLC
method. The ethyl acetate, ethanolic, methanolic and
aqueous extracts, obtained by a liquid-liquid extraction
procedure, reported a 100% of inhibition of aggregation
activity after plasmatic ADP aggregation activation at
60 mg/mL extract concentration. For these extracts, the
IC,, ADP value ranged between 4.07 and 11.39 mg/mL.
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Moreover, these extracts reported the highest amounts
of phenolic and flavonoid contents. Phytochemicals
concentrations are closely related with the anti-platelet
aggregation activities reported in extracts (31, 32).

In a previous study we reported the phytochemical
screening of P. farcta leaf methanolic extract, reporting
the presence of saponins, glycosides, alkaloids, tannins
and flavonoids (17). In another study, Harzallah-Skhiri
and BenJannet (19) reported the presence of tannins,
galloyl tannin, vicenin-2, luteolin C-glycoside, apige-
nin C-glycoside, iso-orientin, myricetin 3-O-glucoside,
vitexin, caffeic acid derivative, isovitexin, rutin, kaemp-
ferol 3-O-glucoside, isorahmnetin = 3-O-glucoside,
chrysoeriol 7-O-glucoside, kaempferol 3-O-rutinoside
and isorhamnetin 3-O-rutinoside

in P, farcta leaves by high performance liquid chro-
matography (HPLC) method. In our study, we found
the highest amounts of phenolic and flavonoid content
in ethanolic extracts. Faggio, Sureda (33) reported that
the inhibitory activity of phenolic compounds greatly
depends on the phenolic class and is mainly due their
anti-inflammatory and antioxidant capacities.

The aqueous extract of P. farcta leaves reported an
IC,, ADP value of 5.40 + 0.12 mg/mL and the presence
of phenolic and flavonoid compounds (229.28 + 1.76
and 31.47 + 0.82 pg rutin/mg extract, respectively). In
rats, parsley aqueous extract of leaves significantly inhi-
bited platelet aggregation activity induced by ADP (IC,,
5.6 mg/mL) (34). Another example is the case of Allium
species in which the inhibitory platelet aggregation acti-
vity has been widely reported (28, 35). Hirsch, Viecili
(36) reported several plants with anti-platelet activity,
which include saffron (Crocus sativus L.), garlic (4/lium
sativum L.), green tea (Camelia sinensis (L.) Kuntze),
St. John's wort (Hypericum perforatum L.), ginger (Zin-
giber officinale Roscoe), Ginkgo biloba L., ginseng (Pa-
nax ginseng C.A.Mey.), and guaviroba (Campomanesia
guaviroba (DC.) Kiaersk.). In their review they report
that phytochemical components such as flavonoids, cur-
cumins, catechins, terpenoids, polyphenols, and sapo-
nins present in the plants reported are directly related
to anti-platelet activity. Beneficial effects of flavonoids
on CVD have been extensively studied and effects on
lipid metabolism, capability to reduce cell adhesion and
anti-platelet effects have been attributed to them (33).
Some mechanisms of platelet aggregation inhibition of
flavonoids include the AA pathway inhibition, cytoplas-
mic Ca*" increase suppression, degranulation blockage,
integrin allbf 3-mediated signaling inhibition, platelet
granule secretion inhibition and thromboxane formation
inhibition (33).

In conclusion, phytochemicals present in P. farcta
leaves have anti-platelet-aggregation activities. The ex-
tracts with highest anti-platelet-aggregation activities
also reported the highest phenolic and flavonoid con-
tents. Future studies are needed to identify the indivi-
dual compounds with anti-platelet potential present in
P farcta.
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