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Background: Agrimonia pilosa Ledeb (APL) has showed anticoagulant and antithrombotic activities in some
studies, whereas its actual effects on blood coagulation are still unclear. This study was designed to observe the in
vitro effects of APL aqueous extracts on blood coagulation, as well as to investigate the underlying mechanisms.
Methods: Studies were divided into four groups: 0, 4, 20, and 80 g/L of APL aqueous extracts mixed with plasma
or whole blood samples. Clotting time of whole blood, plasma coagulation tests, activities of plasma coagulation
factors, plasma calcium ion, platelet aggregation test, and platelet fibrinogen receptor as well as the blood viscosity
were measured.

Results: It was observed that the APL aqueous extracts in 4 g/L significantly prolonged the whole blood clotting
time and activated partial thromboplastin time, shortened prothrombin time, decreased activities of coagulation
factor VIII, IX and XI, and levels of platelet aggregation and fibrinogen receptor expression. However, coagulation
factor VII activity, and blood viscosity were increased after the extracts treatment. And the effects of APL extracts
were in a concentration-dependent manner (0-80 g/L).

Conclusions: The results suggest that APL aqueous extracts have a total anticoagulant activity, whereas they

exhibit opposite effects of greater anticoagulant activity than pro-coagulant activity.
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Introduction

The hemostatic system has several important functions
preventing individuals from thrombosis or bleeding, and
normal physiology constitutes a delicate balance between
procoagulant and anticoagulant properties of this system,
and a deficiency or exaggeration of any one may lead to
either hemorrhage or vascular thrombosis, respectively (1).
Hemostasis requires both platelets and the coagulation
system, and platelet, coagulating factors and blood flow are
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all contributed to hemostasis and thrombosis (2). However,
activation of platelet and coagulation factors, and abnormal
flow velocity or vascular wall, tissue factor expression,
interaction of platelet with other factors may play important
roles in abnormal blood coagulation and the process of
thrombosis (3). Normal blood clotting and thrombosis are
thought to occur by the same pathway (4). On the other
hand, besides abnormal platelet function, the deficiencies of
extrinsic, intrinsic or common pathways are the important
causes of hemorrhagic disorders (4).
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For the prevention and treatments for bleeding or
thrombosis, lots of drugs have been used as hemostatic
or antithrombotic agents. Recently, plant derived natural
products possessing huge ethnopharmacological have given
priority to treatments for thrombosis and bleeding (5,6).
In China and other Asian countries, Agrimonia pilosa
Ledeb (APL) has been used traditionally for treatments of
abdominal pain, sore throat, headaches, bloody discharge,
parasitic infections and tumor since several centuries (7).
Moreover, for thousands of years, APL also has been
widely used as a hemostatic agent in bleeding patients
with traumatic injury in China (8), which reveals that APL
can promote blood clotting, and also suggests that it has
effect on blood coagulation function. On the other hand,
some studies have found that APL has in vitro antiplatelet,
anticoagulation and antithrombosis effects (9,10). These
studies seem to demonstrate contradictory results about the
effects of APL on blood coagulation.

As the easily gained and important extracts, APL aqueous
extracts are rich of some active ingredients including ionized
calcium, phosphate, trace elements, flavonoid compounds and
phenols (9,11,12). Therefore, much of the active ingredients
may be potential materials influencing coagulating process,
and there may be important significance to make their
effects clear. Although many studies have provided evidences
of either anticoagulant or procoagulant effects of APL in
different sides, we still do not know the actual effects on
coagulation function. Moreover, these studies did not fully
clarify the specific mechanisms, thus the mechanisms remain
unclear. In this study, we systematically examined and
observed the i vitro effects of APL aqueous extracts on some
tests and parameters related to coagulation function, and
identified the preliminary mechanisms.

Methods
Participants

Thirty healthy volunteers including 17 males and 13 females
aged from 20 to 27 years old, were recruited for this study, and
all subjects had taken no medicine in two weeks before samples
collecting. For experimental requires, 15 to 25 milliliters
venous blood from each volunteer was collected in the
morning after fasting for 8 hours or more according to
routine procedures. This study was approved by local ethics
committee on the use of clinical human samples for research
of the hospital (ID of ethics approval: 2014KY011), and has
the written informed consent of all volunteers.
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Materials, reagents and chemicals

APL was collected from the medicinal garden of Zhejiang
University of Technology. APL aqueous extracts (1.25 g raw
herbs /mL) prepared as described (13). Mouse anti-human
PAC-1-FITC, matching isotype controls (Immunotech
Company, Beckman-Coulter). Adenosine diphosphate
(ADP) (Sigma-Aldrich Company). Thromboplastin kit
(for Prothrombin time, PT), Cephaloplastin kit (for activated
partial thromboplastin time, aPT'T), Test thrombin kit
(for thrombin time, TT), Thrombin reagent kit (for
fibrinogen, Fbg), coagulation factors (factor VII, VIII, IX,
X, XT) deficient plasma, and 0.025 mol/L calcium chloride
solution (Siemens Healthcare Diagnostics Products
GmbH). ZLC cleaning and rinse solution (Beijing ZONCI
technology, China). Other chemicals (Analytical grade,
Hangzhou Huadong Pharmaceuticals, China).

Preparation of buman platelet-rich and platelet-poor plasma
Human platelet-rich (PRP) and platelet-poor plasma (PPP)

was prepared as described previously (14). In brief, venous
blood was collected with siliconized tubes (Gongdong
Medical Technology Company, Taizhou, China), and was
mixed with 3.8% tri sodium citrate solution (9:1, v/v) ,
which was used to prepare PRP by centrifugation at 200 g
for 10 minutes at room temperature. Simultaneously,
6.0 IU/mL Lithium heparin was mixed with 5 mL blood
sample. And PPP was obtained from the blood with the
two types of anticoagulants by centrifugation at 1,500 g for
10 minutes at room temperature.

Groups and sample treatments

Referring to the study which there was significant inhibitory
effect of 16 g/LL APL aqueous extracts on Ecal 109 cells (15),
we divided groups into 0, 4, 20, and 80 g/L according to
final APL aqueous extracts concentration, respectively. And
all the experiments started within one hour after sampling.
PRP, PPP and whole blood were mixed with saline solution
or APL extracts in cuvettes, respectively. Prior to all tests,
the capped samples were incubated for 15 minutes at 37 °C
in water bath (repeating 6 times independent experiments
with blood samples from 6 volunteers, respectively).

Measurements of clotting time of whole blood

Clotting time (CT) of whole blood was measured in the
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siliconized tube referring to ACT measurements described
previously (16). Six volunteers (3 males and 3 females)
participated in 6 times independent experiments. In
each experiment, 15 milliliters blood sample from each
volunteer was collected, and 3 milliliters aliquot sample
was immediately mixed with different concentrations of
APL aqueous extracts in siliconized tubes, respectively.
The complete blood coagulation time (in seconds) was
recorded, which was CT. All the recorded time was not
more than one hour.

Measurements of plasma coagulation tests, activities of
coagulation factors, and calcium ion

Total 15 milliliters blood sample from each volunteer
(total 4 males and 2 females) , was collected to determine
plasma coagulation tests and coagulation factors activities,
and another six volunteers (3 males and 3 females) who
were sampled the same volume of blood participated in the
measurements of calcium ion in the four groups, respectively.
In single test, 3 milliliters aliquot blood sample was used. The
citrated PPP incubated with different concentrations of APL
aqueous extracts cooled for 5 minutes at room temperature,
then PT, aPT'T; T'T;, and Fbg levels, as well as the activities
of coagulation factors were immediately measured using
the matched kits by automatic coagulation analyzer Sysmex
CA-7000 as reported (17), And calcium ion (Ca’™) was
determined by ABL-800 blood-gas analyzer (Rador,
Danmark) within one hour.

Platelet aggregation tests

Four male and two female volunteers participated in 6
times of independent experiments in this part, respectively,
and 15 milliliter venous blood was sampled from each one.
Platelet aggregation tests were performed using aggregation
analyzer (Model AggRAM, Helena Laboratories, USA) as
described previously (18). In brief, 3 milliliter blood sample
was used for each test, and platelet count in incubated PRP
with different concentrations of APL aqueous extracts was
adjusted to 200x10’/L with its own PPP, 250 pL of PRP was
pipetted into test tube, and 25 pL. ADP (final concentration
was 5 pmol/L, not pipetting ADP at rest group) was
then added to induce platelet aggregation. The data was
represented at the maximal aggregation percent calculated
by taking ADP-induced aggregation of untreated platelet as
100%. The inhibitory percent of platelet aggregation was
calculated in different concentrations of APL extracts.
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Measurements of fibrinogen receptor expression

Total 225 pLL PRP treated with the APL aqueous extracts
and activated by ADP in platelet aggregation test was fixed
with 3% paraformaldehyde (1:1, v/v) for 15 minutes at
room temperature in dark place, then mixed with TEN
(Tris-EDTA-NaCl) buffer solution (1:3, v/v). The treated
samples were stained with equal volume of PAC-1-FITC
mAbs or a matching isotype control for 10 minutes at room
temperature. A flow cytometer (NAVIOS, Beckman-Coulter)
was used to measure the expression of fibrinogen receptor
(FIB-R) in 10, 000 cells, and the data was represented at
the percent of positive cell. At the same time, the inhibitory
percent was calculated.

Measurements of whole blood and plasma viscosity, and red
cell aggregation index

Fifteen milliliters venous blood was sampled from each
volunteer (total 3 males and 3 females), and 3 milliliters
aliquot blood sample was used in each test. After the cone-
plate viscometer (Beijing ZONCI technology, China) was
warmed to 37 °C, heparinized whole blood with different
concentrations of APL aqueous extracts was used to
measure the whole blood viscosity (1, and 1) in shear rates
of 1/s and 200/s. And the plasma viscosity was measured
with the PPP. According to manufacturer’s instruction, red
cell aggregation index (Izc,) was calculated following the
formula: Ipca=n,/M200-

Statistical analysis

Data of the results was analyzed by one way analysis of
variance (ANOVA). If this analysis indicated significant
differences among the group means, each group was
compared using Student-Newman-Keuls (SNK) test. P value
of less than 0.05 was considered statistically significant.

Results
Effects of the APL aqueous extracts on clotting time

The effects of different concentrations of APL aqueous
extracts on CT are presented in Figure 1. The results
demonstrated that the extracts at 4 g/L significantly prolonged
CT (1,100+120 seconds vs. 310+51 seconds at 0 g/L), and
80 g/L group, whole blood exhibited no coagulation after one
hour. Moreover, CT increased in concentration-dependent
manner (0-80 g/L of APL aqueous extracts).
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Figure 1 Effects of Agrimonia pilosa Ledeb aqueous extracts on
clotting time of whole blood. Results are presented as the mean
value = SD (standard deviation, n=6), data (over 3,600 seconds)
at 80 g/L group does not show = SD. The error bars show that
the standard deviation from the mean and statistical significance
was carried out using ANOVA followed by SNK test. Bars with
superscript symbols (* and **) are significantly different at P<0.01
and P<0.001 compared with that at 0 g/L group, respectively.

Table 1 Effects of Agrimonia pilosa Ledeb aqueous extracts on TT
and Fbg

Group Concentration (g/L) TT (seconds) Fbg (g/L)
Saline 0 19.9+0.9 2.20+0.10
APL Extracts 4 21.4+3.1 2.15+0.09
APL Extracts 20 22.2+3.5 2.16+0.10
APL Extracts 80 21.5+4.3 2.13+0.11

Results are presented as the mean value + SD (standard
deviation, n=6). Four groups show no significant difference for
TT, and Fbg levels at P>0.05 using ANOVA.
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Effects of the APL aqueous extracts on coagulation tests,
activities of coagulation factors, and calcium ion

The effects of different concentrations of APL aqueous
extracts on coagulation tests showed that the extracts
at concentration of 4 g/L significantly shortened PT
(11.3£1.1 ws. 11.9x1.2 seconds at 0 g/L), but significantly
prolonged aPTT (35.5+8.8 ws. 25.5+5.1 seconds at 0 g/L),
and the extracts concentration-dependently (0-80 g/L)
shortened PT and prolonged aPT’T. Whereas TT and
Fbg levels were not significantly affected by the extracts.
Detailed results are summarized in Table 1 and Figure 2. In
Table 2, the results showed that the APL aqueous extracts
did not significantly affect Ca’* concentration, and the
coagulation factor X activity, but concentration-dependently
(0-80 g/L) increased the activity of coagulation factor VII,
and decreased the activities of coagulation factor VIII, IX,
and XT.

Effects of the APL aqueous extracts on platelet aggregation
and platelet FIB-R expression

As shown in Figure 3 and Table 3, the platelet aggregation
percent, and the levels of Fib-R expression in 4 g/L were
significantly lower, but the inhibitory percent of the two
indicators was significantly higher than that in 0 g/L,
respectively. And following the extracts concentration
increasing, the platelet aggregation percent and levels of
Fib-R expression significantly decreased in concentration-
dependent manner (0-80 g/L).
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Figure 2 Effects of Agrimonia pilosa Ledeb aqueous extracts on PT (A) and aPTT (B). Results are presented as the mean value + SD (standard

deviation, n=6). The error bars show that the standard deviation from the mean and statistical significance was carried out using ANOVA

followed by SNK test. Bars with superscript symbols (* and **) are significantly different at P<0.01 and P<0.001 compared with that at 0 g/L.

group, respectively.
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Table 2 Effects of Agrimonia pilosa Ledeb aqueous extracts on Ca™ and coagulation factors
Group Dose (g/L)  Ca**(mmol/L) F VII:C (%) F VII:C (%) F IX:C (%) F X:C (%) F XI:C (%)
Saline 0 1.69+0.22 100.7+11.8 112.8+15.6 90.6+14.3 91.2+12.1 86.5+11.3
APL Extracts 4 1.72+0.20 138.5+15.1* 90.6+14.3* 76.6+10.7* 89.1+10.2 71.2+13.2*
APL Extracts 20 1.74+0.26 182.2+18.5™ 77.3+13.5™ 63.3+9.5™ 87.3+10.5 60.1+10.0"
APL Extracts 80 1.76x0.27 202.5+£22.6™ 50.1+8.9™ 46.2+8.1™ 86.4+11.7 53.8+9.4™

Results are presented as the mean value + SD (standard deviation, n=6). The standard deviation from the mean and statistical significance
was carried out using ANOVA followed by SNK test. Results with superscript symbols (* and **) are significantly different at P<0.01 and

P<0.001 compared with that at 0 g/L group, respectively.
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Figure 3 Effects of Agrimonia pilosa Ledeb aqueous extracts on platelet aggregation. Results are presented as the mean value + SD (standard

deviation, n=6). (A) The relation between platelet aggregation levels and APL extracts, a rest group is represented the nonactivated platelet,

and the 0g/L group is represented the 100% aggregation percent; (B) the relation between the inhibitory percent of platelet aggregation

and APL aqueous extracts, and the 0g/L group is represented a 0% of inhibitory percent. The error bars show that the standard deviation

from the mean and statistical significance was carried out using ANOVA followed by SNK test. Bars with letters (* and **) are significantly

different at P<0.01 and P<0.001 compared with that at 0 g/L group, respectively.

Table 3 Effects of Agrimonia pilosa Ledeb aqueous extracts on the
levels of Fib-R expression

Fib-R
Group Dose (g/L) Expression Inhibitory
percent (%) percent (%)
Saline 0 81.1+x12.3 0
APL Extracts 4 57.2+10.3" 30.2+5.2*
APL Extracts 20 37.7+7.4* 54.1+7.2*
APL Extracts 80 23.5+6.6** 72.1+7.3*

Results are presented as the mean value + SD (standard deviation,
n=6). The standard deviation from the mean and statistical
significance was carried out using ANOVA followed by SNK test.
Bars with letters (* and **) are significantly different at P<0.01 and
P<0.001 compared with that at 0 g/L group, respectively.

© Annals of Translational Medicine. All rights reserved.

Effects of the APL aqueous extracts on blood viscosity

The whole blood viscosity in shear rates of both 1/s and 200/s,
plasma viscosity, and red cell aggregation index significantly
increased in 4 g/L than that in 0 g/L, and following the
extracts concentration increasing, levels of all blood viscosity
indicators were elevated in concentration-dependent manner
(0-80 g/L). Detailed results are summarized in Figure 4.

Discussion

Clotting-time tests include PT, aPTT, TT, activated
clotting time (ACT), and so on. ACT measures the clotting
time of whole blood mixed with activating reagents such as
Kaolin and Calcium, and is usually used to quickly monitor
hemostatic function of patients undergoing heparin therapy
(19,20). In the present study, we replaced ACT with the
clotting time of whole blood without any activator (named

atm.amegroups.com Ann Transl Med 2017;5(7):157
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Figure 4 Effects of Agrimonia pilosa Ledeb aqueous extracts on whole blood viscosity (A,B), plasma viscosity (C), and red Cell Aggregation

Index (D). Results are presented as the mean value + SD (standard deviation, n=6). The error bars show that the standard deviation from the

mean and statistical significance was carried out using ANOVA followed by SNK test. Bars with letters (* and **) are significantly different at

P<0.05 and P<0.001 compared with that at 0 g/L group, respectively.

as CT) to assess the effects of APL extracts. As we know,
CT may reflect the in vitro total blood coagulating condition
in a large part, and exhibit the interacting result of most
ingredients involved in blood coagulating process excluding
contacting activator, which its clinical significance might be
similar to ACT. Therefore, we firstly observed the influence
of APL aqueous extracts on CT to verify the general effects
on coagulation function. The results demonstrated that
the CT was markedly affected by 4 g/L of APL aqueous
extracts, and significantly prolonged in a concentration-
dependent manner. Moreover, clotting was not observed
even at more than one hour treated by 80 g/L extracts.
These results indicated that the extracts may inhibit blood
coagulation. Therefore, APL aqueous extracts might have
an anticoagulating activity macroscopically in vitro, which
is probably the basic cause of the antithrombotic effect of
APL in practice. To understand the causes of prolonged CT,
we further investigated the effects of APL aqueous extracts
on coagulation factors, platelet, and blood viscosity, which
may contribute to the process of whole blood coagulating.
Activation of blood coagulation system can be achieved
through the extrinsic or intrinsic pathway which leads
activation of the common pathway and conversion of

© Annals of Translational Medicine. All rights reserved.

fibrinogen to fibrin for clot formation (21). As the first-
line coagulation tests in hemostasis laboratory, PT and
aPTT are usually used to monitor whether there are
deficiencies or abnormalities of extrinsic (i.e., factor VII)
and intrinsic (i.e., factor VIII, IX, and XI) coagulation
pathways, respectively (1,22,23). In this section, significantly
prolonged aPTT and shortened PT was observed
following elevated concentrations of APL aqueous extracts,
which indicated that the extracts may have an inhibitory
effect on intrinsic pathway of blood coagulation, and an
accelerating effect on extrinsic pathway, and the effects
were also in a concentration-dependent manner. Based on
the contradictory results, APL aqueous extracts seemed to
demonstrate both anticoagulant and procoagulant effects on
blood coagulation system, which was confusing extremely.
Although there were opposite effects on either intrinsic or
extrinsic pathway of coagulation, CT results indicated that
APL aqueous extracts actually has an anticoagulant effect
macroscopically, which was in accord with the alteration of
aPTT levels. Smythe ez a/. have reported that there was high
correlation ranging from r=0.64 to 0.67 between aPTT and
ACT (24), which further supported that there would be a
high correlation between CT and aPT'T mentioned above.

atm.amegroups.com Ann Transl Med 2017;5(7):157
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At the same time, although it was statistically significant,
the effect of the extracts on P'T may be trivial, and probably
not indicative of an important effect totally. Therefore, we
suppose that the leading effects of APL aqueous extracts are
to inhibit the coagulation system, which mainly contribute
to the total anticoagulant activity.

Ca'*is a key ingredient involved in blood coagulation (25). In
this study, Ca’ was not notably influenced in the presence
of APL aqueous extracts, which implied that the effects
of the extracts on CT, intrinsic and extrinsic coagulation
pathways may be unrelated to Ca™, and the extracts may
not be directly to interference with the action of Ca’™ in
coagulation process in vitro. In blood coagulation process,
coagulation factors play important roles, and they are
the important materials involved in second hemostasis
and blood coagulation. In this study, increased factor
VII activity, and decreased activities of factor VIII, IX,
and XI are in accord with shortened PT, and prolonged
aPT'T, respectively. Therefore, the activation of extrinsic
coagulation pathway may be mainly due to the increased
activity of factor VII, which is probably associated with
the hemostatic effect of some ingredients in the extracts.
On the contrary, inhibition of factor VIII, IX, and XI
activities might not contribute to the inhibition of intrinsic
coagulation pathway because the activities of the factors
almost were above 50% which may not cause a prolonged
aPT'T. Therefore, it is likely that the APL extracts affected
the color of the samples and aPTT measurements, and
hence led to a prolonged aPTT. However, the results are
confusing extremely. The activities of factors FX and FVII
demonstrated different changes from the factor XIII, IX,
and XI. Based on the confusing results, we thought that
decreased activities of factors and prolonged aPTT might
partly result from the effects of some ingredients in APL
extracts at least. However, we do not know whether the
extracts contain some ingredients that causes activation
of VII to VIla, which gives the appearance of increased
VII in plasma, and whether the extracts also contain some
ingredients that inhibits the activation of VIII, IX, and XI.
All above are uncertain, and worth further studying. In
summary, we suppose that the macroscopic anticoagulant
ability of the APL aqueous extracts may partly base on the
greater inhibitory effect on coagulation factor VIII, IX, and
XTI than that of increasing activity of factor VIL.

Platelets are critical for hemostasis both for the formation
of blood clots, as platelet aggregates are an essential
constituent of the arterial thrombus, and as a platform for
activation of coagulation proteins (4). The most important

© Annals of Translational Medicine. All rights reserved.
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characteristic of GP IIb/Illa is its affinity modulation of
binding to fibrinogen involved in platelet aggregation
(26,27). Binding of fibrinogen to the platelet surface can
mediate platelet aggregation, and GP IIb-IIla is an activation
dependent receptor for fibrinogen (28). Therefore, FIB-R
is formed from glycoprotein II,/III, complex of platelet,
and may represent the final common pathway of platelet
aggregation (29). In this section, the results indicated that
APL aqueous extracts can inhibit platelet aggregation
through the inhibition of Fib-R expression to reduce the
platelet activation probably involving in blood coagulation.
And the results further implies that reduced platelet function
may be the important reason of the inhibitory effects of APL
aqueous extracts on blood coagulation, and the inhibition of
platelet activation may be closely associated with the #n vitro
anticoagulant and antithrombotic effects of the APL aqueous
extracts.

In further study, we found that whole blood and plasma
viscosity, as well as Izcs, concentration-dependently
increased in the presence of APL aqueous extracts. This
disclosed that APL had the ability to elevate blood viscosity,
and might accelerate blood coagulation, and the elevated
levels of plasma viscosity, and red cell aggregation may
be the important causes of elevated blood viscosity in the
presence of APL aqueous extracts. The findings revealed
that elevated blood viscosity cooperating with increased
activity of coagulation factor VII might contribute to the
hemostatic effect of APL. Therefore, to some certain extent,
the results seemly elucidate the mechanism of hemostasis of
APL in part, and they may also provide some experimental
supports for this actual use of APL in clinical practice.

There are some limitations concerning our study. Firstly,
our study only assessed the in vitro effects of APL aqueous
extracts on the major parameters of coagulation function
because there were some difficulties to find appropriate
animal models to observe the in vivo effects, which
could not indicate the in vivo dynamic process of blood
coagulation. However, the results also revealed the summary
anticoagulant effects of APL extracts. Furthermore, the
effects of APL aqueous extracts below 4 g/L are unclear.
Therefore, in further study, lower concentrations of the
extracts should also be used to find a minimal potent dose.
Thirdly, we did not study the effects of APL extracts on
biological anticoagulants such as antithrombin, Protein
C, S, and TFPI, which might probably reveal the further
anticoagulant mechanism of APL extract. In further
study, we would perform these experiments to clarify the
mechanisms. Finally, APL extracts are the mix of various
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substances and this study does not identify the specific
factors which may influence coagulation. Therefore, we did
not know the difference between the effects of the extracts
and active ingredients. However, this study is only the
preliminary research on the effects of APL on coagulation
before further studying active ingredient from the extract.

Conclusions

In conclusion, this study suggests different concentrations of
APL aqueous extracts exhibit iz vitro opposite pharmacologic
effects in blood coagulation, which embodies in the effects
of anti-coagulation and pro-coagulation partly through
inhibition of intrinsic coagulation pathway and platelet
function, and activation of extrinsic coagulation pathway and
elevation of plasma viscosity, respectively. These findings
indicate that some active constituents derived from APL may
be beneficial in the prevention or treatments for abnormal
coagulation.
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