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Abstract

Topic Description: The anticoagulant potential of some medicinal plants such as Panax ginseng is attracting the
interest of many studies

Objectives: The current study aims to investigate the anticoagulant potential of Panax ginseng in vitro.
Methods: We assessed and compared variations in platelet levels, prothrombin time, and activated partial
thromboplastic time in 68 Mus musculus mice divided into three groups: force-fed with Panax notoginseng
distilled water, and rice flour (450mg/kg).

Results: Our results showed a significant prolongation of the activated partial thromboplastin time following
prolonged force-feeding with Panax ginseng solution: AtT0 13.6+1.3 sec vs 22.6+1.5 sec (Z Wilcoxon=-4.19 / p
<0.01) at the end of the force-feeding period. The active prothrombin time was 12.5 sec at the beginning of the
experiment and 20.45 sec after 45 days of ginseng gavage (Wilcoxon=-4.27 / p<0.01).Furthermore, the platelet
count did not differ significantly across all groups or over the course of the experiment (Z Wilkoxon=-4.14 /
p=0.11).

Conclusion: This study concluded that Panax ginseng has a strong anticoagulant potential. Further research into
the antiplatelet potential of Panax ginseng should be conducted using other biological indicators, specifically the
effect of Ginseng on platelet functions.
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EFFET DE L'ADMINISTRATION DE LA SOLUTION DE PANAX GINSENG SUR
LES PARAMETRES DE LA COAGULATION SANGUINE CHEZ UNE
POPULATION DE SOURIS (MUS MUSCULUS)

Résumé

Description du sujet : Le potentiel anticoagulant de quelques plantes médicinales tel que le Panax ginseng suscite
I’intérét de nombreuses études

Objectifs : L'étude actuelle vise a étudier le potentiel anticoagulant du Panax ginseng in vitro

Méthodes : Nous avons évalué et comparé les variations des taux de plaquettes, du temps de prothrombine et du
temps de thromboplastie partielle activée chez 68 souris Mus musculus divisées en trois groupes : gavées a 1’eau
distillée, de Panax notoginseng et de farine de riz (450mg/Kkg).

Résultats : Nos résultats ont montré une prolongation significative du temps de thromboplastine partielle activée
aprés un gavage prolongé avec une solution de Panax ginseng : AtT0 13,6+1,3 sec vs 22.6+1.5 sec (Z Wilcoxon=-
4,19 / p <0,01) a la fin de la période de gavage. Le temps de prothrombine active était de 12,5 sec au début de
I'expérience et de 20,45 sec apres 45 jours de gavage au ginseng (Wilcoxon=-4,27 / p<0,01). De plus, la numération
plaquettaire ne différait pas significativement dans tous les groupes ou au cours de I'expérience (Z Wilkoxon=-
4,14/ p=0,11).

Conclusion : Cette étude a conclu que le Panax ginseng a un fort potentiel anticoagulant. D'autres recherches sur
le potentiel antiplaquettaire du Panax ginseng devraient &tre menées en utilisant d'autres indicateurs biologiques,
notamment I'effet du Ginseng sur les fonctions plaquettaires.

Mots clés: Ginseng, coagulation sanguine, souris, propriétés anticoagulantes, agent antiplaquettaire

*Auteur correspondant : AISSIOU Mohammed Yehya El Amin, E-mail:aissiou@essaia.dz
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INTRODUCTION

Numerous studies on the therapeutic properties
of medicinal plants have been conducted in
recent years [1]. Ginseng is a medicinal plant in
the Araliaceae botanical family [2], known for
its therapeutic potential against a variety of
diseases, including pleiotropic beneficial effects
on the cardiovascular system [1, 3], central
nervous system [3, 4], diabetes prevention, and
immune system [3, 5]. Ginseng, specifically
Panax ginseng, has also been linked to
anticoagulant properties [5, 6, and 7] and is
sometimes recommended as a way to improve
the comfort of patients taking anticoagulants
[8]. However, its mechanism of action on the
coagulation cascade remains highly debated in
this regard [9]. Few in-vitro studies have been
conducted to determine which coagulation
pathways (intrinsic or extrinsic) are influenced
by ginseng-based treatments [2, 3]. According
to other authors, this anticoagulant potential is
primarily associated with an anti-platelet
aggregation effects [6, 7, 10 and 11]. Following
this bath, our study aimed to investigate the
effect of Ginseng administration on the
coagulation process by analyzing the evolution
of intrinsic and extrinsicafter forced-feeding of
Panax ginseng.

MATERIEL AND METHODS

1. Experimental study

The study's experimental protocol adheres to
the National Committee for Research Ethics in
Science and Technology's ethical guidelines for
the use of animals in research [12].

The ginseng solution was obtained by
homogenizing the powder root part of the
Panax Ginsengplant with distilled water. The
panax ginseng sample used is packaged and
marketed in Algeria and comes from the
cultures of Changbai Mountain area in the
Northeast Chinese provinces of Heilongjiang,
Jilin and Liaoning. After grinding to a fine
particles size only less than 1.5 mm were saved,
the powder was homogenized for 35 minutes at
25°C wusing a magnetic stirrer. To avoid
clogging the feeding probe, all solutions (rice
flour and Ginseng solution) were filtered with
wattman paper and stored between 4 and 6°C.
Ginseng and rice flour were administered at a
dose of 450 mg/kg.

Our sample study began with 70 male mice
(Mus musculus) delivered by the animal
Department of the Pasteur Institute of Algeria,
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which two of them died before the experiment
began, their average weight in males was 33.1 g
[30-36 gr] against 29.5 g [26-32 gr] in females .
The 68 male mice used in this study were
divided into three groups: (i) Group 1, control
group of 22 mice was force-fed with distilled
water. (ii) Group 2, the 23 mice were force-fed
with rice flour depleted in minerals and
vitamins. (iii) Group 3, 23 mice were force-fed
with ginseng solution. All the solutions were
administered one day over two. The feeding
probe used is reusable and made of stainless
steel (Instech Laboratories, Inc. 22Ga) (0.5x0.9
mm). After each use, the probes are cleaned and
sterilized. Blood samples were collected at
ESSAIA in Algiers using two methods: the first
via the retro-orbital sinus and the second via the
mandibular vein over a ten-day period, from
May 10 to June 21, 2021. TO: at the beginning
of the experiment, T1: after 15 days of the first
sampling, T2: after one month of the first
sampling, and T3: after 45 days of the beginning
of the experiment.

The following coagulation parameters were
measured: thrombocytes, prothrombin time
(TP), and activated cephalintime (ACT) (TCA).
Prothrombin time is a semi-global coagulation
test that allows for the ex vivo investigation of
factors in the tissue factor pathway, also known
as the extrinsic coagulation pathway (factors
VII, X, V, Il, and fibrinogen) [13]. It was
determined after centrifuging the sample for 10
minutes at 4000 rpm in citrated tubes containing
excess tissue factor (thromboplastin) and Ca™
[14, 15]. However, the activated cephalin time
(TCA) was measured in the presence of a
phospholipid suspension, an activator (Kaolin),
and calcium [16]. At the Central Laboratory of
Biochimie, thrombocytes were counted using a
hematological counter (CHU Mustapha Bacha,
Algiers).

2. Statistical analysis

The data was entered into an excel spreadsheet
and analyzed with SPSS version 22 statistical
software. The Kolmogorov Smirnov testis used
to investigate the distribution of variables. All
variables presented as medians and interquartile
ranges. The Wilcoxon Comparison Test used to
perform a comparative analysis on paired
samples. However, after using a non-exhaustive
comparative analysis Kruskal Wallis H test, a
post hoc Mann-Whitney U test comparison
performed for the independent samples. If the
obtained P is less than 0.05, the probability is
considered significant.
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RESULTS where the amount of thrombocyte little
bitvaried, with a median value of
569.168.13x10%/mm? at TO and
527.24x10°/mm? at T3.

When we analyzed the activated partial
thromboplastin time values, in both control
groups 1 and 2 we did not find a remarkable
variations between through the period of
experiment. The median values for group 1
were 13.151.15 sec [CI95 %: 12.77; 13.39] at
TO, and 13.30.955 sec [CI95 %:12.88-13.42]
after 45 days of force-feeding. In comparison to
the control group, the activated partial
thromboplastin time values of group 2 did not
vary, with a median value at the end of the
experiment equal to 12.850.92 sec [CI95 %:
12,60-13.12] versus 12.801.20 sec [CI95 %:
12.52-13.11] at the start. However, in group 3
the median values of activated partial
thromboplastin time were gradually lengthened
as the period of force-feeding is longer, with:
12.51.55sec [CI95 % :12.50 ; 13.12] at TO,
16.11.6 sec [CI19 %: 15.53-16.5] at T1, 17.71.53
sec [CI95 %: 17.44-18.20] at T2, and 20.454 sec
[C195 % : 19.81-2197] (Table 1).

Table 1: Descriptive Study of Blood coagulation parameters

The statistical analysis revealed that the
distribution of thrombocyte values in the
control group was significantly different from
the Gaussian curve (KS=0.245; p<0.05). The
variable's descriptive study revealed that at TO,
the median was 561.24.30 x10° /mm?® [C195 %:
561.45; 594.47]. Its values ranged from 557 to
660.9 10° /mm?®. The median at T1 was 558.16.1
x10° /mm? / L [CI 95 %: 551.03; 571.47]. T2
and T3 showed slight variations, with values of
551.28.3x10° /mm?® [CI95 %: 556.84; 566.24]
and 547.316x10° /mm3 [CI95 percent: 546.85;
559.23]. In groups 2 and 3, the distribution
pattern of all thrombocyte values (at T2, T3)
was significantly different from a normal
distribution, as compared to the control group
(Table 1). The median values of thrombocytes
in group 2 showed low variations between the
start of force-feeding and the end of the
experiment, with 560.225x10° /mm? [C195 %:
558.31 ; 560.41] at TO and 54716x10° /mm?
[CI95 %: 516.67-548.93] at T3. The same
observation was signaled for the group 3,

T0 T1 T3

Parameters MediantlQR  K.S/p _ MediantlOR  K.S/p  MediantlOR _ K.S/p _ Median+IOR _ K.S/p

Thrombocytes x103/mm3

Group 1(22) 561+4.30  0.24/0.01 558.1+6.1  0.42/0.02 551.2+8.3 0.36/0.01 547.18+16  0.39/001
Group 2(23) 560.2+25  0.23/0.01 557.7#3.1  0.15/0.19 544455 0.14/0.02  547.1+16  0.13/0.02
Group 3(23) 569.1+68 0.14/0.2 543.2+62  0.20/0.01  538+57.1  0.18/0.04  527.2424  0.26/0.01
TCA (seconds)

Groupl 13.15+1.15  0.12/0.2 13.25+1 0.14/0.2 13.2+1 0.13/0.2 13.3+0.95  0.17/0.06
Group 2 12.8+1.2 0.10/0.2  12.8#0.97  0.10/0.1  12.9+0.97 0.12/0.2 12.85+0.92 0.10/0.2
Group 3 12.5¢1.25  0.2/0.09 16.1+1.6 0.1/0.2 17.7£1.53  0.14/0.2 20.45+4 0.17/0.06
Prothrombine Time (seconds)

Group 1 13.45+1.2  0.09/0.2 13.5+1 0.09/0.2  13.6£1.27  0.11/0.2  13.55+1.17 0.11/0.2
Group 2 13.1+0.85  0.12/0.2  13.05+0.7 0.17/0.01 13.25+1.18 0.15/0.13  13.4+0.9 0.13/0.2
Group 3 13.6£1.3 0.09/0.2 16.1+1.6  0.19/0.02  18.1+1.8 0.14/0.2 22.6+1.5  0.16/0.09

Group 1: (control groupe) force-fed throughout the experiment with distilled water ; Group 2: Forced fed with Rice; Groupe 3: force-fed with a solution of
ginseng 5%; KS: Komogorov Smironov Test:,p: significance value ; TO: the beginning of the forced-feeding ; T1: 15days of forced-feeding ; T2:30days of forced
feeding ; T3: 45days of forced-feeding

We found no effect even for prolonged force- %: 13.29-13.92] at TO to 22.61.5 sec [CI95 %:
feeding with rice flour solution on the median 21.89-23.14] at T3.

values of prothrombin time, as we did with The preliminary comparative study at TO using
activated partial thromboplastin time. At TO and the Kruskal Wallis (KW) test revealed no
T3, the median values of this variable in the significant difference in thrombocyte values
control group were 13.451.20 sec [CI95 %: (G1lvsG2 vs G3: KW=2/p=0.72). There is no
13.10-13.86] and 13.551.17 sec [CI95 %: discernible difference throughout force-
13.33-13.97], respectively. The median feeding. For the other coagulation parameters,
activated partial thromboplastin time for group the comparative study revealed significant
2 varied slightly, with median values of differences in  the activated partial
13.451.2 sec [CI195 %: 13.10-13.86] at TO and thromboplastin time at T2 and T3 with
13.551.17 sec [CI95 %: 13.33-13.97] at the end G1lvsG2vsG3: KW=2/p=0.02 and
of the experiment. On the other hand, the KW=2.2/p=0.013). The prothrombin time
activated partial thromboplastin time, was values differed significantly across all groups as
prolonged in the ginseng solution group, with well.

median values ranging from 13.61.3 sec [CI195
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These differences are more visible with the
Mann-Whitney test as a post hoc analysis.
During the experiment, a difference is mostly
observed between the group that received the
ginseng solution and the other groups. It is only
from T1 that the rate of group 3 prothrombin

Table 2 : Post hoc analysis with Mann Whitney

test

Revue Agrobiologia (2022) 12(1) : 2810-2818

time remain is significantly different from
group 1 and 2 rate’s (U=32/p=0.01 at T2
U=33/p=0.02 at T3 and T3). At T2 and T3, the
prothrombin time values in groups 1 and 3
remain significantly different (Table 2).

Activated Partial

Thrombocytes  Prothrombin time (PT) thromboplastic time (aPPT)
U test p U Test p U test p
Group 1 vs Group 2
At TO 235 0.53 217 0.14 224 0.18
AtT1 254 0.82 208 0.10 213 0.124
AtT2 215 0.28 216 0.14 208 0.191
At T3 231 0.46 205 0.10 206 0.19
Group 1vs Group 3
AtTO 250 0.75 267 0.67 229 0.226
AtT1 228 0.42 32 0.01* 13.5 0.02*
AtT2 219 0.32 1.1 0.012* 1.4 0.015*
AtT3 188 0.10 0.05 <0.01** 0.9 0.001**
Group2vs Group3
AtTO 237 0.56 186 0.36 279 0.86
AtT1 258 0.89 33 0.02* 8 0.01*
AtT2 240 0.59 17.5 0.011* 0.2 0.01*
AtT3 173 0.10 1.5 <0.01** 15 0.01*

U test : Man Whitney Test ; p : Signification level: TO: T1; T2 T3

The same finding for the activated partial
thromboplastin ~ time,  with  significant
differences between groups 1 and 3 at T1
(U=13.5/p=0.02), T2 (U=1.4/p=0.015), and T3
(U=0.9/p=0.01) (Table 2). At T1, T2, and T3,
the activated partial thromboplastin time values
differed between the groups that received rice
powder (Group 2) and the Ginseng solution
(Group 3).

700 +
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The comparative analysis shows that the values
of thrombocytes in group 3 are remote values at
T1, T2, and T3 (Fig. 1), which justified the
spacing of points on the curves of the evolution
of  prothrombin and activated partial

thromboplastic time in this same group (Fig. 2
and Fig. 3).
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Figure 1: The evolution of plateletcount values in the experimental group
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Figure 3: Evolution of prothrombin time in group 3 (Foced fed with Panax ginseng) in group 3
(Forced fed with Panax ginseng)

The Wilcoxon paired sample test used to
investigate the evolution of the variables studied
during the experiment. This comparison
revealed that thrombocyte levels in the groups
did not change significantly throughout gavage,
although there was a slight but not significant
decrease in the group receiving ginseng from T2
and T3 (Z=-4.167/p=0.05) and
(Z=4.04/p=0.05), respectively (Table 3). The
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difference is observed significantly for the
values of prothrombin time and activated partial
thromboplastin time in the Ginseng group.
Indeed, a significant prolongation of
prothrombin time and partial thromboplastin
time, which is observed with T2 for the
prothrombin time (Z=-4.2/p<0.01) and from T1
for the partial thromboplastin time activated (-
4.28 / p<0.01) (Table 3).
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Table 3: A comparison of coagulation parameters using the Wilcoxon test

Activated Partial

Thrombocytes Prothrombin time (PT) thromboplastic time (aPPT)
Z (Wilkoxon)  p  Z (Wilkoxon) p Z (Wilkoxon) p

Group 1

TOvsT1 -2.58 0.29 -1.88 0.21 -1.13 0.22
T1vs T2 -2.93 0.3 -0.204 0.838 -1.117 0.26
T2vs T3 -2.49 0.1 -1.09 0.272 -1.16 0.24
TOvs T2 -3.65 0.1 -2.54 0.19 -1.52 0.128
TOvs T3 -4.04 0.19 -2.09 0.36 -1.703 0.09
Group 2

TOvsT1 -2.09 0.24 -0.79 0.62 -0.74 0.65
T1vs T2 -2.43 0.15 -0.46 0.646 -0.16 0.87
T2vs T3 -1.308 0.19 -0.60 0.79 -0.04 0.96
TOvs T2 -1.49 0.136 -0.628 0.53 -1.26 0.205
TOvs T3 -1.12 0.26 -1.43 0.152 -0.61 0.54
Group 3

TOvsT1 -3.28 0.08 -4.11 0.051 -4.31 0.03**
T1vs T2 -3.65 0.06 -4.16 0.05 -4.28 <0.01**
T2vs T3 -1.55 0.12 -4.2 <0.01** -4.29- <0.01**
TOvs T2 -4.167 0.05 -4.19 <0.01** -4.28 <0.01**
TOvs T3 -4.04 0.11 -4.19 <0.01** -4.27 <0.01**

Throughout force-feeding, this prolongation is and hepatoprotective effects [26, 27],

observed for both parameters significantly
(Table 3). They are clearly represented by
ladder curves in ginseng group (Fig. 2 and Fig.
3), in contrast to the almost overlapping
thrombocyte values (Fig.1).

DISCUSSION

The thrombocyte values for all combined
groups ranged from 454x10° / mm?® to 660x10°
/ mm®, remaining within the normal minimum
and maximum limits recommended for certain
rodents by Santos et al. [17] of 315x10° / mm®
to 758x10° / mm?® for the web star, 285 to
890x10° / mm?® for C57BL/6 mice, and 325 to
888 10° / mm? for Balb/c mice [17]. Although
significant variations in coagulation test values
may appear due to the animal's age and sex [17,
18, 19 and 20], prothrombin time values
fluctuated between 11.9 and 24.6 sec, remaining
relatively high compared to the data indicated
by Lemini et al. [18] with 7.9-14.5 sec for CD1
male mice, but close to the data from the Wistar
rat, which indicated prothrombin time values
between 13.9-21.1 sec [18]. The same
observation is made for of actived partial
thromboplastin time, where our data remain
close to the Wistar rats' (23.9-43.0 sec) and
CD1 mice's (15.5-23.1 sec) [18].

Several authors [5, 6, 7, 21 and 22] were
interested in the effect of ginseng biomolecules
on blood coagulation parameters. Although
ginseng is still widely used in traditional
Chinese medicine for cardiovascular disease
prevention (coronary heart disease, myocardial
infarction, angina pectoris, cerebral ischemia)
[23], antioxidant [24, 25],
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pharmacological studies on the coagulation
mechanism remain controversial [4, 6]. Lau et
al. [7] reported in 2009 that 500mg/kg of raw
and steamed Panax notoginseng, Panax
ginseng, and Panax quinquefolium inhibited
coagulation factors and increased bleeding time
[7]. Clearly, our findings are in line with the
observed effects, as we observed a decrease in
platelet counts among the Panax ginseng
solution group, though this was not statistically
significant. Other previous studies [28, 29 and
30], reported similar effects of platelet
aggregation inhibitors, which were attributed to
the saponins found in Panax ginseng, which
increase the fluidity of platelet membranes and
inhibit the collagen responsible for platelet
aggregation [7, 31]. Ginsenoside Rk1, Rgl, F4,
Rg3-RGE, Rp3, Rp4, and gintonin have
antiplatelet activity. Rp1 has also been shown to
inhibit granule secretion, mobilize calcium ions,
activate integrin 11b3, and increase CAMP levels
[11, 32]. Several other studies have found that
red ginseng directly inhibits platelet
aggregation via the nuclear factor-B and
mitogen-activated protein kinase signaling
pathways. [33]. However, in the current study,
the lack of a significant effect of Panax ginseng
on the antiplatelet potential could be attributed
to composition, in particular the proportions of
the fractions of saponins and non-saponins
contained in Panax ginseng, or to a short
duration of administration of ginseng . This
reduced the exposure time of thrombocytes to
ginseng and reduced the fluidification
mechanism of the platelet membranes.
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Other authors suggest that antiaggregant effects
is attributed to highly variable non-saponin or
lipophilic fractions (phenol compounds, acid
polysaccharides, and polyethylene, as well as
antiplatelet compounds such as guanosine and
ginsenoside [34]. While the anticoagulant
potential of ginseng has been widely
documented, it is worth noting that ginseng is
linked to a few cases of spontaneous bleeding,
but it is also linked to reports of subtherapeutic
INR and thrombosis in patients who were
previously stable on warfarin [35, 36].
However, interactions with anticoagulant drugs
remain highly controversial, as Chua et al. [37],
reported in a randomized, open-label, and
controlled study that taking ginseng (Panax
ginseng) had no effect on the pharmacological
action of warfarin [37]. Considering that,
ginseng's  antiplatelet  activity is  not
sytematically linked to thrombocytopenia [38].
We must also considered its pharmacokynetic
specificity and half-life [39], particularly the
metabolite Rq and its coumpound K [40]. The
study of platelet functions seems necessary to
better understand the effect and mode of action
of ginseng on platelets.

In contrast,our findings indicate a strong and
significant prolongation of the prothrombin
time following the force-feeding of mice with
Panax ginseng solution. Yun et al. [41] reported
the same finding, with the control group having
a prothrombin time of 14.7s 0.7 and the group
receiving 2mg / mL of Korean red ginseng
extract having a prothrombin time of 15.6s 0.0
[41]. Lau et al. [7] made the same
recommendations with the study of the
anticoagulant effects of Panax notoginseg [7],
despite differences in prothrombin time
prolongation isattributed to administered doses.
Indeed, a study on the effect of medicinal herbs
on platelet function and coagulation, found that
crude extracts of Panax notoginseng prolonged
prothrombin time proportionally to
concentration [42].

Prothrombin time PT prolongation is associated
with an influence of the extrinsic and common
pathway of coagulation [13, 43], with the
factors involved in this coagulation pathway
being | (Fibrinogen), Il (Prothrombin), and V
(Proaccelerin) [44]. For fibrinogens, Kim et al.
[45], found that rats fed ginseng berry extract
had higher levels of fibrinogen breakdown
products in serum [45]. Ginseng's effect on
proaccelerin (FactorV) is explained by the
inactivation of prothrombinase complex [46],
especially when coupled to the active form of
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the coagulation factor FX10 [5, 46], which
could inhibit the conversion of prothrombin to
thrombin.  Although the mechanism of
inhibition is unknown, Neville [46], reported
that the compounds ginsenoside Rg2, Rg3, and
protopanaxtriol, PPT are potential natural
inhibitors of FXa and may be involved in the
proaccelerin inhibition pathway.

Unlike prothrombin time, activated partial
thromboplastin =~ aPPT  time  primarily
investigates the intrinsic and common
coagulation pathway [16, 47], in which the
coagulation factors involved are primarily
factor XII, X1, IX, X, VIII, II, and | [48, 49].
Prolongation of activated partial thromboplastin
time after ginseng administration is reported,
particularly after administration of a high
concentration of Panax ginseng raw extract
(6.7mg/L) [7]. The inhibition of this pathway,
could be caused by the inactivation of the
conversion of Factor XII (a zymogen,
inactivated serine protease) into Factor XIIA
(activated serine protease) [50], which could
alter the catalysis of Factor IXA into Factor X
then into Factor Xa, at the end of the cascade
due to the inhibitory action of the triterpenoids
found in Panax ginseng.

CONCLUSION

The current study found that Panax ginseng has
a strong influence on coagulation parameters. In
contrast to previous research, our findings
suggested that Panax ginseng has an
anticoagulant rather than an antiplatelet effect.
However, this study has some limitations,
including a small sample size and the use of a
single experimental model, as well as the use of
the number of platelets as the only indicator of
the anti-aggregating effect of Panax ginseng.
The study is limited by the use of a single
variety of Panax ginseng, other varieties of
ginseng such as Panax notoginseng and Panax
guadfifolium were desirable to be used in other
experimental animal models as a variable dose
administration. While the coagulation cascade
has been extensively studied, the impact of
active compounds on the intrinsic and extrinsic
coagulation pathways has not yet been studied.
Toxicity and histological studies appear to be
required to provide additional elements of a
dose-anticoagulant  response. Two major
conclusions can be drawn from this work :
Panax ginseng may have potent anticoagulant
properties in vitro, although it is important to
undertake studies with large sample sizes to
characterize the health effects of its interactions.
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The antiaggregant effect of Panax ginseng
should be studied in more detail. Particularly in
the study of aggregate functions associated with
platelet count.

BIBLIOGRAPHIC REFERENCES

[1]. SALMERON-MANZANO, Esther, GARRIDO-

CARDENAS, Jose Antonio, et MANZANO-

AGUGLIARO, Francisco. Worldwide research trends

on medicinal plants. International  journal of

environmental research and public health, 2020, vol.

17, no 10, p. 3376-3395.

WU, Fenglian, ZHU, Jun, LI, Guoliang, et
al. Biologically synthesized green gold nanoparticles
from Siberian ginseng induce growth-inhibitory effect
on melanoma cells (B16). Artificial  cells,
nanomedicine, and biotechnology, 2019, vol. 47, no 1,
p. 3297-3305.

[3]. YUAN, Hai-Dan, KIM, Jung Tae, KIM, Sung

Hoon, et al. Ginseng and diabetes: the evidences from

in vitro, animal and human studies. Journal of ginseng

research, 2012, vol. 36, no 1, p. 27-39

LIU, Jungiu, NILE, Shivraj Hariram, XU, Guoliang, et

al. Systematic exploration of Astragalus

membranaceus and Panax ginseng as immune
regulators: insights from the comparative biological
and computational analysis. Phytomedicine, 2021, vol.

86, p. 153077-153093.

[5]. XIONG, Lingxin, QI, Zeng, ZHENG, Bingzhen, et
al. Inhibitory effect of triterpenoids from panax
ginseng on coagulation factor X. Molecules, 2017, vol.
22, no 4, p. 649-666.

[6]. LEE, Yuan Yee, KIM, Sung Dae, PARK, Seung-
Chun, et al. Panax ginseng: inflammation, platelet
aggregation, thrombus formation, and atherosclerosis
crosstalk. Journal of Ginseng Research, 2022 vol 46
,no 1, p.54-61

[7]. LAU, Aik-Jiang, TOH, Ding-Fung, CHUA, Tung-
Kian, et al. Antiplatelet and anticoagulant effects of
Panax notoginseng: comparison of raw and steamed
Panax notoginseng with Panax ginseng and Panax
quinquefolium. Journal of ethnopharmacology, 2009,
vol. 125, no 3, p. 380-386.

[8]. CHOI, Min-Koo et SONG, Im-Sook. Interactions of
ginseng with therapeutic drugs. Archives of pharmacal
research, 2019, vol. 42, no 10, p. 862-878.

[9]. PAIK, Doo Jin et LEE, Chang Ho. Review of cases of
patient risk associated with ginseng abuse and
misuse. Journal of ginseng research, 2015, vol. 39, no
2, p. 89-93.

[10]. JIN, Yong-Ri, YU, Ji Yeon, LEE, Jung-Jin, et
al. Antithrombotic and antiplatelet activities of Korean
red ginseng extract. Basic & Clinical Pharmacology &
Toxicology, 2007, vol. 100, no 3, p. 170-175.

[11]. IRFAN, Muhammad, LEE, Yuan Yee, LEE, Ki-Ja, et
al. Comparative antiplatelet and antithrombotic effects
of red ginseng and fermented red ginseng
extracts. Journal of Ginseng Research, 2021.In press

[12]. MIKKELSEN, @yvind, HARTVIGSEN, Steinar
Heldal, HAUGE, Kjellrun Hiis, et al. Guidelines for
Research Ethics in Science and Technology. Jahrbuch
fur Wissenschaft und Ethik journal, 2016.vol 1,n 02,p
.0021-2017

[2].

[4].

2817

Revue Agrobiologia (2022) 12(1) : 2810-2818

[13]. DEPASSE, Frangois, BINDER, Nikolaus B.,
MUELLER, Julia, et al. Thrombin generation assays
are versatile tools in blood coagulation analysis: a
review of technical features, and applications from
research to laboratory routine. Journal of Thrombosis
and Haemostasis, 2021. 2021;vol 01, no 01-,p.1-11.

[14]. NG, Valerie L. Prothrombin time and partial
thromboplastin time assay considerations. Clinics in
laboratory medicine, 2009, vol. 29, no 2, p. 253-263.

[15]. FAVALORO, Emmanuel J. Optimizing the
verification of mean normal prothrombin time
(MNPT) and international sensitivity index (ISI) for
accurate conversion of prothrombin time (PT) to
international normalized ratio (INR). In : Hemostasis
and Thrombosis. Humana Press, New York, NY,
2017.chapiter 4, vol 1646, p. 59-74.

[16]. POLLER, Leon et THOMSON, J. M. The activated
partial thromboplastin time (APTT). In : ECAT Assay
Procedures A Manual of Laboratory Techniques.
Springer, Dordrecht, 1992.vol 89,n 01 p. 35-40.

[17]. SANTOS, Ed Wilson, DE OLIoVEIRA, Dalila
Cunha, HASTREITER, Araceli, et al. Hematological
and biochemical reference values for C57BL/6, Swiss
Webster and BALB/c mice. Brazilian Journal of
Veterinary Research and Animal Science, 2016, vol.
53, no 2, p. 138-145.

[18]. LEMINI, Cristina, JAIMEZ, Ruth, et FRANCO,
Yanira. Gender and inter-species influence on
coagulation tests of rats and mice. Thrombosis
research, 2007, vol. 120, no 3, p. 415-419.

[19]. OHKURA, Naoki, OISHI, Katsutaka, et ATSUMI,
Gen-ichi. Blood coagulation and metabolic profiles in
middle-aged male and female ob/ob mice. Blood
Coagulation & Fibrinolysis, 2015, vol. 26, no 5, p.
522-526.

[20]. YAQUB, L. S., KAWU, M. U,, et AYO, J. O.
Influence of reproductive cycle, sex, age and season on
haematologic parameters in domestic animals. Journal
of Cell Animal Biology, 2013, vol. 7, no 4, p. 37-43.

[21]. QI, Lian-Wen, WANG, Chong-Zhi, DU, Guang-
Jian, et al. Metabolism of ginseng and its interactions
with drugs. Current drug metabolism, 2011, vol. 12,
no 9, p. 818-822.

[22]. SHIN, Soo Jung, PARK, Yong Ho, JEON, Seong
Gak, et al. Red ginseng inhibits tau aggregation and
promotes tau dissociation in vitro. Oxidative medicine
and cellular longevity, 2020, vol. 2020.p.9842-9853

[23]. LIU, Meiyan, LIU, Jianyang, ZHANG, Lijun, et
al. Antidepressant-like effects of ginseng fruit saponin
in myocardial infarction mice. Biomedicine &
Pharmacotherapy, 2019, vol. 115,n 02 p. 108900-
108907

[24]. KITTS, David D., WIJEWICKREME, Arosha N., et
HU, Chun. Antioxidant properties of a North
American ginseng extract. Molecular and cellular
biochemistry, 2000, vol. 203, no 1, p. 1-10.

[25]. Chan, P., Thomas, G.N., Tomlinson, B., 2002.
Protective effects of trilinolein extracted from Panax
notoginseng against cardiovascular disease. Acta
Pharmacologica Sinica vol 23,no 03, 1157-1162

[26]. NING, Chenging, GAO, Xiaoguang, WANG,
Changyuan, et  al. Hepatoprotective  effect  of
ginsenoside Rgl from Panax ginseng on carbon
tetrachloride-induced acute liver injury by activating
Nrf2 signaling pathway in mice. Environmental
toxicology, 2018, vol. 33, no 10, p. 1050-1060.


https://www.degruyter.com/journal/key/jfwe/html
https://www.degruyter.com/journal/key/jfwe/html

AISSIOU et al.

[27]. IGAMI, Kentaro, SHIMOJO, Yosuke, ITO,
Hisatomi, et al. Hepatoprotective effect of fermented
ginseng and its major constituent compound K in a rat
model of paracetamol (acetaminophen)-induced liver
injury. Journal of Pharmacy and Pharmacology,
2015, vol. 67, no 4, p. 565-572.

[28]. LEE, Jin Gyun, LEE, Yong Yook, WU, Bo, et
al. Inhibitory activity of ginsenosides isolated from
processed ginseng on platelet aggregation. Die
Pharmazie-An International Journal of
Pharmaceutical Sciences, 2010, vol. 65, no 7, p. 520-
522.

[29]. LEE, Dong-Ha, CHO, Hyun-Jeong, KIM, Hyun-
Hong, et al. Inhibitory effects of total saponin from
Korean red ginseng via vasodilator-stimulated
phosphoprotein-Ser157 phosphorylation on thrombin-
induced platelet aggregation. Journal of ginseng
research, 2013, vol. 37, no 2, p. 176.

[30]. QI, Lian-Wen, WANG, Chong-zhi, DU, Guang-
Jian, et al. Metabolism of ginseng and its interactions
with drugs. Current drug metabolism, 2011, vol. 12,
no 9, p. 818-822.

[31]. TSUCHIYA, Hironori. Membrane interactions of
phytochemicals as their molecular mechanism
applicable to the discovery of drug leads from
plants. Molecules, 2015, vol. 20, no 10, p. 18923-
18966.

[32]. SON, Young-Min, JEONG, Da-Hye, PARK, Hwa-
Jin, et al. The inhibitory activity of ginsenoside Rp4 in
adenosine diphosphate-induced platelet
aggregation. Journal of ginseng research, 2017, vol.
41,n0 1, p. 96-102.

[33]. HAN, Sang Yun, KIM, Juewon, KIM, Euniji, et
al. AKT-targeted anti-inflammatory activity of Panax
ginseng calyx ethanolic extract. Journal of Ginseng
Research, 2018, vol. 42, no 4, p. 496-503.

[34]. LUO, Bang-Yue, JIANG, Jia-Li, FANG, Yi-Fan, et
al. The effects of ginsenosides on platelet aggregation
and vascular intima in the treatment of cardiovascular
diseases: From molecular mechanisms to clinical
applications. Pharmacological research, 2020, vol.
159,no0 3, p. 105031-105087

[35]. LIN, Juan-Fang, FAN, Lu-Lu, LI, Bo-Wen, et al. A
study to evaluate herb-drug interaction underlying
mechanisms:  An investigation of ginsenosides
attenuating the effect of warfarin on cardiovascular
diseases. European Journal of Pharmaceutical
Sciences, 2020, vol. 142,n0 1 p. 0928-0987

[36]. LEE, Sang-Hun, AHN, Young-Min, AHN, Se-
Young, et al. Interaction between warfarin and Panax
ginseng in ischemic stroke patients. The Journal of
Alternative and Complementary Medicine, 2008, vol.
14, no 6, p. 715-721.

[37]. CHUA, Yan Ting, ANG, Xiang Ling, ZHONG, Xi
Ming, et al. Interaction between warfarin and Chinese
herbal medicines. Singapore medical journal, 2015,
vol. 56, no 1, p. 11-18.

[38]. GAUER, Robert et BRAUN, Michael M.
Thrombocytopenia. American family physician, 2012,
vol. 85, no 6, p. 612-622.

[39]. KIM, Hyung-Ki. Pharmacokinetics of ginsenoside
Rbl and its metabolite compound K after oral
administration ~ of  Korean Red  Ginseng
extract. Journal of ginseng research, 2013, vol. 37, no
4, p. 451-456

2818

Revue Agrobiologia (2022) 12(1) : 2810-2818

[40]. JIN, Sojeong, JEON, Ji-Hyeon, LEE, Sowon, et
al. Detection of 13 ginsenosides (Rb1, Rb2, Rc, Rd,
Re, Rf, Rgl, Rg3, Rh2, F1, Compound K, 20 (S)-
Protopanaxadiol, and 20 (S)-Protopanaxatriol) in
human plasma and application of the analytical
method to human pharmacokinetic studies following
two week-repeated administration of red ginseng
extract. Molecules, 2019, vol. 24, no 14, p. 2618-2635

[41]. YUN, Yeo-Pyo, DO, Jae-Ho, KO, Sung-Ryong, et
al. Effects of Korean red ginseng and its mixed
prescription on the high molecular weight dextran-
induced blood stasis in rats and human platelet
aggregation. Journal of Ethnopharmacology, 2001,
vol. 77, no 2-3, p. 259-264.

[42]. SO, Seung-Ho, LEE, Jong Won, KIM, Young-
Sook, et al. Red ginseng monograph. Journal of
ginseng research, 2018, vol. 42, no 4, p. 549-561.

[43]. CAPOOR, Manu N., STONEMETZ, Jerry L.,
BAIRD, John C, et al. Prothrombin time and
activated partial thromboplastin time testing: a
comparative effectiveness study in a million-patient
sample. PloS one, 2015, vol. 10, no 8, p 0133317-
0133326.

[44]. PERIAYAH, Mercy Halleluyah, HALIM, Ahmad
Sukari, et SAAD, Arman Zaharil Mat. Mechanism
action of platelets and crucial blood coagulation
pathways in hemostasis. International journal of
hematology-oncology and stem cell research, 2017,
vol. 11, no 4, p. 319-327.

[45]. KIM, Min Hee, LEE, Jongsung, JUNG, Sehyun, et
al. The involvement of ginseng berry extract in blood
flow via regulation of blood coagulation in rats fed a
high-fat diet. Journal of ginseng research, 2017, vol.
41, no 2, p. 120-126.

[46]. NEVILLE, Kevin. The Basics of Antithrombotic
Medications: How Do They Work and Why Should
We Care?. Topics in Geriatric Rehabilitation, 2019,
vol. 35, no 1, p. 55-71.

[47]. RIANO, Ivy et PRASONGDEE, Klaorat. A Rare
Cause of Isolated Prolonged Activated Partial
Thromboplastin Time: An Overview of Prekallikrein
Deficiency and the Contact System. Journal of
Investigative Medicine High Impact Case Reports,
2021, vol. 9, no 02, p 1-7.

[48]. FAVALORO, Emmanuel J., KERSHAW, Geoffrey,
MOHAMMED, Soma, et al. How to optimize
activated partial thromboplastin time (APTT) testing:
solutions to establishing and verifying normal
reference intervals and assessing APTT reagents for
sensitivity to heparin, lupus anticoagulant, and clotting
factors. In : Seminars in thrombosis and hemostasis.
Thieme Medical Publishers, 2019. p. 022-035.

[49]. CHNG, W. J., SUM, C., et KUPERAN, P. Causes of
isolated prolonged activated partial thromboplastin
time in an acute care general hospital. Singapore
medical journal, 2005, vol. 46, no 9, p. 450-456.

[50]. RENNE, Thomas et STAVROU, Evi X. Roles of
factor XIlI in innate immunity. Frontiers in
immunology, 2019, vol. 10, p. 2011-2019



