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ABSTRACT

In this study, polyphenols (LSP) were obtained from the fermentation broth of Lachnum
singerianum. Two fractions were isolated by Sephadex LH-20 chromatographic column, and
the primary fraction (LSP-1) was collected. The comprehensive physicochemical properties
of phenolic acids and polyhydroxy phenolic compounds of LSP-1 were determined by UV-
visible spectroscopy, Fourier transform infrared spectroscopy, and gas chromatography
—mass spectrometry. Results of anticoagulant activity assay in vitro showed that LSP-1
could lengthen prothrombin time, activated partial thromboplastin time, and thrombin
time of mouse plasma. In addition, anticoagulant activity results in vivo showed that high
dose of LSP-1 could significantly prolong bleeding time, coagulation time, prothrombin
time, activated partial thromboplastin time, and thrombin time of hypercoagulable mice

polyphenols induced by adrenaline, reduce the content of fibrinogen and enhance antithrombin III
activity. All results indicated that the LSP-1 could serve well as an anticoagulant, and might
be used as a potential natural drug candidate for thrombosis.

Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

anticoagulation systems are maintained in dynamic equilib-

1. Introduction

Prevention and treatment of thrombotic diseases has become
one of the demanding tasks in medicine as thrombosis be-
comes the main cause of acute myocardial infarction, cerebral
infarction, and other cardiovascular diseases [1].

rium in organisms. Inhibition of blood coagulation can be used
as an important means to prevent formation of thrombosis
[4,5]. Coagulation process is complex in the human body, and
the key step for coagulation formation is to transform fibrin-
ogen into fibrin, which is catalyzed by thrombin [6].
Polyphenols are widely distributed in fruits, vegetables,

Formation of thrombus is mainly attributed to the damage
of the cardiovascular wall, changes of blood state, and phys-
icochemical properties [2,3]. Generally, the coagulation and

nuts, seeds, flowers, and saprophytic fungi [7,8]. Epidemio-
logical studies have indicated that polyphenols could prevent
the occurrence of cardiovascular diseases and maintain the
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integrality of blood vessels [9—12]. Curcumin, one of the
polyphenolic compounds, can significantly prolong activated
partial thromboplastin time (APTT) and prothrombin time
(PT), and suppress activity of thrombin and the production of
factor Xa. Therefore, curcumin can inhibit blood coagulation
and formation of thrombus by endogenous and exogenous
pathway [5]. Flavonoids in purple grape juice could inhibit
platelet aggregation, increase endogenous platelet-derived
nitric oxide, thus reducing endogenous peroxides [13]. Poly-
phenols of grape seed and Aronia melanocarpa can prolong the
blood coagulation time [APTT, PT, thrombin time (TT)] and
reduce the maximal velocity of fibrous protein aggregation
[14].

Lachnum is a genus of saprophytic fungi in the family
Hyaloscyphaceae which is distributed throughout the world
[15]. So far, more than 250 species of Lachnum have been re-
ported [16] and some can produce a variety of active metab-
olites such as polysaccharide [17], pigment [18], and lipid [19].
Previous studies have also found that Lachnum could produce
polyphenols, which have antioxidation, antibacterial, and
other biological activities and play an important role in food
quality [20,21]. The aims of the study were to evaluate the
physicochemical properties, anticoagulant effect and explore
the mechanism of polyphenols.

2. Materials and methods
2.1. Materials

The fruiting bodies of Lachnum singerianum YM296 were
collected from Huangshan, Anhui, China and then separated
and preserved in the Microbial Resource and Application
Laboratory of Hefei University of Technology.

Fibrinogen (FIB) kit, PT kit, TT kit, antithrombin III (ATIII)
kit, and APTT kit were purchased from Nanjing Jiancheng
Technology Co., Ltd (Nanjing, China). Aspirin enteric-coated
tablets was purchased from Shenyang Aojina Pharmaceu-
tical Co., Ltd (Shenyang, China). Sephadex LH-20 was pur-
chased from Sigma Chemical Co., iMark ELIAS (Bio-Rad,
Hercules, CA, USA).

2.2. Experimental animals

Forty male Kunming mice, weight 25 + 1 g, were provided by
the Experimental Animal Center of Anhui Medical University
(Certificate number: No. 1 license of the Medical Laboratory
Animal of Anhui). The mice were kept at 23 + 2°C with hu-
midity of 55 + 5%, and cultured in a 12 h:12 h light—dark cycle.
All procedures involving animals were conducted in accor-
dance with the guidelines of Regulations for the Administra-
tion of Affairs Concerning Experimental Animals of
Institutional Animal Care and Use Committee (IACUC).

2.3. Extraction and purification of L. singerianum
polyphenols

L. singerianum was incubated at 26°C, 160 rpm for 8 days. The
composition of cultivated broth is 20 g/L sucrose, 5 g/L
peptone, 0.8 g/L MgCl,, 0.01 g/L tyrosine, and natural pH. After

the completion of fermentation, the broth was concentrated
by vacuum rotary evaporation. Three times the volume of 70%
ethanol was added, and the solution was placed at 4°C for
24 hours. The supernatant was collected and evaporated to
eliminate ethanol. The solution was extracted with iso-
volumetric ethyl acetate and evaporated to remove organic
phase. The crude polyphenols were lyophilized at —40°C for
24 h and isolated by Sephadex LH-20 chromatographic col-
umn. The loading concentration of the sample was 20 mg/mL.
The eluent was methanol at a flow rate of 1 mL/min and was
detected at 280 nm by spectrophotometer. The main fraction
was gathered, concentrated, and lyophilized to obtain L.
singerianum polyphenol (LSP)-1 [22].

2.4. Physicochemical characterization of LSP -1

2.4.1. UV and Fourier transform infrared spectroscopy
characterization

LSP-1 was dissolved in methanol and recorded by a UV spec-
trophotometer with scanning range of 200—800 nm.

The IR absorption of LSP-1 was measured with KBr pellet
(mass ratio 1:100) by Fourier transform infrared spectroscopy
(FT-IR) spectrometer Nicolet 67 with the scanning range of
400—4000/cm.

2.4.2. Gas chromatography—mass spectrometry analysis
The method of Masek et al [23] was used with minor amend-
ments: 50 mg LSP-1 was dissolved in 2 mL methanol to make a
clear solution. After being dried with N,, 100 uL N,O-bis(-
trimethylsilyl)trifluoroacetamide and 50 pL pyridine were
added to the solution. Then the mixture was oscillated for
0.5 min and derived in the oven at 70°C for 45 min. Spectro-
gram was analyzed by the NIST 11 MS Database and MS
Search Program 2.0.

Gas chromatography—mass spectrometry (GC-MS) anal-
ysis conditions are as follows: Quartz capillary column HP-5
(30 m x 0.25 mm x 0.25 um), 1 uL of the derived solution was
injected into injection port. Temperature programming was
selected for column temperature which was increased from
50°C to 250°C at rate of 10°C/min. Temperature of the injection
port was 280°C, while flow rate of He was 1 mL/min. The ion
source was electrospray ionization and the electron bombing
energy is 70 eV.

2.5.  Anticoagulant activity assay in vitro

The mice were hocused with pentobarbital sodium solution
before the eyeballs of mice were picked out to obtain the
sample blood which had been exposed to the drug for 10 mi-
nutes. The sample blood was put into the centrifuge tube
which contained 3.8% sodium citrate (whole blood:
anticoagulant = 9:1, v/v), and was gently blended uniformly.
After being centrifuged at 960 g for 10 minutes, the superna-
tant of the sample blood was collected and tested within
2 hours. Aliquots of 50 L of plasma were added into 25 uL LSP-
1 solutions with concentrations of 50 mg/L, 100 mg/L, 150 mg/
L, and 200 mg/L. To the negative and positive control groups,
other than plasma, the same amount of saline and 50 mg/L
aspirin were added, respectively. APTT, TT, and PT were
determined according to the instructions of the enzyme-
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linked immunosorbent assay kit. All experiments were carried
out in parallel three times.

2.6.  Anticoagulant activity assay in vivo

After being kept for environmental adaptation for 1 week, the
mice were randomly and equally divided into six groups,
including normal control group, model control group, positive
control group (20 mg/kg aspirin, mixed with carboxymethyl
cellulose suspension), high-dose group (80 mg/kg LSP-1), me-
dium-dose group (40 mg/kg LSP-1), and low-dose group
(20 mg/kg LSP-1). The high coagulation models were built
successfully by injecting adrenaline hydrochloride into the
same place beneath the mice skin, after which the mice could
be further divided into model group, positive group, high,
medium, and low dose of LSP-1 groups. For the normal control
group, the mice were just continuously injected with equi-
voluminal saline for 14 days [24]. Adrenaline could make the
body in a hypercoagulable state, which was assessed by the
experiment diagnosis index: AT-III < 70%. In addition, TT,
APTT or PT, and APTT were shortened significantly [25].
After 15 days, each group was gavaged with corresponding
drug dose once a day. The mice in the normal and model
groups were injected with equivoluminal saline. Then, the
mice were successively administrated for 14 days. Drinking
water was freely available for mice during administration. By
the end of gavage, the mice fasted for 12 hours. Coagulation
time (CT) and bleeding time (BT) were measured 1 hour after
the last administration, and the mice were then hocused and
the blood was collected by removing their eyeballs. Fresh
whole blood was put into a centrifuge tube with sodium cit-
rate as anticoagulant (whole blood: anticoagulant = 9:1, v/v)
and was blended completely. After being centrifuged at 706 g
for 5 minutes, the centrifugal supernatant was collected,
which was used to measure PT, APTT, FIB, TT, and AT-III.

2.6.1. Determination of CT

One hour after the last gavage treatment, the mice were ho-
cused. According to the method [26], coagulation time of
whole blood was set. The tails of mice were sliced to obtain
blood and then a drop of blood was placed on a slide with the
timing starting. A syringe needle was used to stir the blood.
The time of fibrin filament formation was recorded. Blood that
was not provoked was used as control.

2.6.2. Determination of BT

The method of Cui et al [27] was used with minor amend-
ments. One hour after the last gavage treatment, tails of the
mice were wiped with alcohol to expand blood vessels. Af-
terwards, tails were cut at the point 0.5 cm away from the tip
with scissors, and time was recorded immediately. The blood
was sucked with filter paper every 20 s until the tails stopped
bleeding (the time of no blood on filter paper as the criterion),
and the BT was recorded.

2.6.3. Determination of FIB content

By the effect of excessive thrombin, soluble fibrinogen in
plasma was transformed into insoluble aggregates and then
formed into fibrin clots. Therefore, solidification time of
plasma was inversely proportional to FIB content.

For preparation of standard curve, FIB standards were
dissolved in deionized water to make a stock solution. The
stock solution was diluted with imidazole buffer at the pro-
portion of 1:5 (100 uL FIB: 500 pL imidazole buffer), 1:10, 1:15,
1:20, and 1:30 to make different concentrations. A 100-uL
sample of thrombin was added into 200 uL FIB working solu-
tions with different concentrations and the mixtures were
pretreated at 37°C for 3 minutes. The solidification time was
then recorded. A standard curve was drawn on log—log paper
with different concentration of fibrinogen standard (mg/dL) as
the abscissa and coagulation time as the ordinate.

Testing plasma was diluted with the imidazole buffer at
1:10 (100 pL plasma: 1000 uL imidazole buffer) to make a so-
lution which was pretreated at 37°C for 3 minutes. After 100 pL
thrombin was added into 200 pL solution, the solidification
time was measured. The content of FIB was determined ac-
cording to the standard curve.

2.6.4. Determination of AT-III activity

Chromogenic assays were used to determine the activity of
AT-III. When concentration of the thrombin in blood was too
high, thrombin could be combined with the AT-III in the
plasma and formed into a complex that had no clotting ac-
tivity. Unreacted thrombin would act on chromogenic peptide
substrate Chromozym P to promote release of paranitroani-
line, which has strong absorption at 405 nm. Thus, adsorption
intensity of paranitroaniline in 405nm was inversely propor-
tional to the activity of AT-IIL

2.7. Statistical analysis

All data were processed by SPSS 18.0 statistical software and
represented as mean + standard deviation. The t test analysis
and one-way analysis of variance were used to analyze the
differences between groups with p < 0.05 indicating a signifi-
cant difference and p < 0.01 a very significant difference.

3. Results and discussion

3.1. Isolation and purification of polyphenols from L.
singerianum

Polyphenols were isolated from L. singerianum extracted by
Sephadex LH-20 chromatographic column, and the primary
fraction (LSP-1) was collected (Figure 1A).

3.2. Physicochemical characterization of LSP -1

3.2.1. UV-visible characterization

As shown in Figure 1B, there were two obvious ultraviolet
absorption peaks at 222 nm and 269 nm (II belt) in the range of
200—300 nm. They were typical ultraviolet absorption peaks of
phenolic components with benzoyl structure [23,28]. In addi-
tion, there was no ultraviolet absorption in the range of
300—400 nm which represented the characteristic absorption
peaks of the flavonoids (I belt). Therefore, the primary content
of extract was not flavonoids [29] but polyphenols.
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Figure 1 — (A) Chromatogram of Lachnum singerianum
polyphenols on Sephadex LH-20 column and (B) UV-visible
spectrum of Lachnum singerianum polyphenols.

3.2.2. FT-IR characterization

In the FT-IR spectrum (Figure 2), a broad peak at 3350/cm was
assigned to the stretching vibration of —OH [30], while an
adsorption peak at 2948/cm was caused by stretching vibra-
tion of = C—H in the benzene ring [31]. The peak at 1700/cm
was resulted from stretching vibration of C=0 [30]. Two ab-
sorptions at 1560/cm and 1430/cm suggested that LSP-1 con-
tained stretching vibration of aromatic ring [32], while the
peak at 1200/cm was caused by the bending vibration of
phenolic hydroxyl group. These results indicate that LSP-1
was composed of phenolic acids or polyhydric phenolics.

3.2.3.  GC-MS analysis

Phenolic compounds of LSP-1 were identified by GC-MS [23].
Seven kinds of phenolic compounds and their corresponding
structures were determined by the NIST 11 MS Database and
MS Search Program 2.0 (Figure 3 and Table 1). The total ion
chromatogram of LSP-1 in Figure 3 indicated that the main
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Figure 2 — Fourier transform infrared spectroscopy of
Lachnum singerianum polyphenol-1.

ingredients of LSP-1 were phenolic acids, including 2,5-
dihydroxybenzoic acid (Compound 4), 4-methylsalicylic acid
(Compound 6), and 4-hydroxyphenyl lactic acid, ethyl ester
(Compound 7). The other ingredients were polyhydric phe-
nolics. The results of UV-vis and FT-IR also indicated that
compounds of LSP-1 were phenolic acid derivatives with
benzoyl structure.

3.3.  Anticoagulant activity assay in vitro

Coagulant and anticoagulant system in the body were in a
dynamic equilibrium. Disorder of the body balance could
cause the myocardial infarction, thrombosis, and other blood
coagulation with thrombus being a common disease among
the old. The activation of the anticoagulation system is an
important mechanism for antithrombosis.

Resulting from a series of enzymatic reactions, coagulation
process in the body could be divided into three stages: forming
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Figure 3 — Total ion chromatogram of Lachnum singerianum
polyphenols.
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Table 1 — GC-MS analysis data of Lachnum singerianum polyphenol-1.

Retention time (min)

Name Structure

1 17.18 Hydroquinone
‘aa
2 18.31 5-tert-Butylpyrogallol %“"
3 20.09 3,5-Dimethoxycinnamic acid —o.
§ F o
4 21.62 2,5-Dihydroxybenzoic acid o,
5 23.51 3-Methyl-hydroxybenzoic benzoic acid ; 0
6 26.57 4-Methylsalicylic acid i
7 28.12 4-Hydroxyphenylactic acid, ethyl ester =
o/

of thrombin activator; activation of prothrombin to thrombin;
and transforming of fibrinogen into fibrin [33]. Initiated by
different procedures, the coagulation process could be divided
into exogenous and endogenous coagulation pathway. APTT
extension reaction was caused by intrinsic coagulation and
common coagulation pathways. PT extension reaction repre-
sented the exogenous coagulation pathway [34,35]. The TT
extension reaction reflected both exogenous and endogenous
coagulation pathways.

LSP-1 (100 mg/mL, 150 mg/mL, 200 mg/mL) could prolong
APTT, PT, and TT significantly (p < 0.01). In addition, with the
increased dose, APTT, PT, and TT were lengthened, exhibiting a
dose-effectrelationship (Table 2), which was similar to previous
results [5]. The results showed that LSP-1 had inhibition effects
on both endogenous and exogenous coagulation systems.

3.4.  Anticoagulant activity assay in vivo

3.4.1. Determination of CT and BT

Adrenaline could facilitate the peripheral vascular to contract
and increase the load on the heart. In addition, it increases the
consumption of myocardial oxygen and decreases the cardiac
function, causing blood circulation disorders. The mice were
injected into adrenaline repeatedly which could simulate
longer depression, causing higher viscosity and convert
mouse blood to a hypercoagulable state [24]. CT and BT are
basic indices to evaluate anticoagulation in vivo. BT related to

Table 2 — Effect of Lachnum singerianum polyphenol-1

(LSP-1) on activated partial thromboplastin time (APTT),
prothrombin time (PT), and thrombin time (TT).

Group Dose (mg/L) APTT (s) PT (s) TT(s)
Control 25.67 +2.75 14.60 + 1.05 19.4 +0.95
LSP 50 32,57 +2.93* 17.37 +0.85 26.7 + 1.25°
100 54,93 + 1.88° 23.27 + 1.60° 30.43 + 1.86°
150 67.57 + 3.89° 27.50 £ 2.10° 37.07 + 1.90°
200 87.03 + 2.53° 32,17 + 2.48" 58.83 + 2.25°
Asp 50 119.23 + 3.55° 39.73 + 2.60° 85.20 + 2.72°

3p <0.05,° p < 0.01, compared with the control group.

the number and the function of platelet, the function of tissue
factor, the function of the capillary, etc. CT can reflect the
anticoagulation factor activity and the coagulation factor
function [36].

Compared with the normal group, CT and BT in the model
group were reduced significantly (p < 0.01). Compared with the
model group, CT and BT in the dose group and aspirin group
were extended differently. With the increasing of dose, CT and
BT also increased, showing a dose-effect relationship to a
certain extent. CT and BT were significantly prolonged in
middle- and high-dose groups (p < 0.01). CT and BT in normal
group and high-dose group had no significant differences
(Figure 4).
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3.4.2. Determination of APTT, PT and TT

As shown in the Figure 5, compared with normal group, PT,
APTT and TT in model group were decreased significantly
(p <0.01). The result showed that adrenaline could convert the
blood of mice to a hypercoagulable state. Therefore, the model
was established successfully. PT, APTT, and TT in the poly-
phenol dose groups were prolonged. The results between
middle- and high-dose groups were compared and the effects
of LSP-1 on PT, APTT, and TT were significant (p < 0.01).
Overall, the results in vivo and in vitro indicated that LSP-1 had
a synergic anticoagulant effect by endogenous and exogenous
pathway [37].

3.4.3. Determination of FIB content

FIB is one of the highest concentration coagulation proteins in
plasma. By the action of thrombin, FIB can form insoluble
fibrin, which played an important role in the agglutination
process of platelets [38]. Increasing fibrinogen levels can
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Figure 4 — Effects of Lachnum singerianum polyphenol-1 on
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Figure 5 — Effects of Lachnum singerianum polyphenol-1 on
(A) activated partial thromboplastin time, (B) prothrombin
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control group; B = model control group; C = low-dose
group; D = middle-dose group; E = high-dose group;
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increase blood viscosity and retard blood flow, and is an in-
dependent risk factor for blood in a hypercoagulable state [39].
As can be seen from Figure 6, the fibrinogen content of the
model group was significantly higher than that of the normal
group (p < 0.01). Higher fibrin content could be found in me-
dium- and high-dose groups. The dose groups had significant
differences compared the model group. The result suggests
that Lachnum polyphenols might accelerate the cleavage of
FIB, inhibit the aggregation of platelet, and adjust the rheology
of blood by activating the fibrinolytic system.

3.4.4. Determination of AT-III activity

AT-III, synthesized by liver cells, macrophages, and endothe-
lial cells, is a single-chain glycoprotein and a multifunctional
serine protease inhibitor, playing an important role in the
anticoagulation system. It can form a complex with heparin,
which could accelerate inactivation of thrombin and thus
inhibit the coagulation of blood [6].

As shown in Figure 7, compared with the normal control
group, the AT-III activity of the model group was significantly
decreased. The underlying reason might be that adrenaline
activated the coagulation factors in mice, which caused to
produce large amounts of thrombin, and thus a lot of AT-III
was consumed. Compared with the model group, AT-III ac-
tivity of the positive control group was increased, but
compared with the model group, there were no significant
differences. The activity of AT-III in the high dose group was
significantly enhanced. Possible reasons include that LSP-1
could significantly reduce the content of FIB, leading to
decrease of the binding of fibrinogen and thrombin. In addi-
tion, after LSP-1 is absorbed into the blood stream, carboxyl of
LSP-1 might reaction with metal ions to form a pendant group
containing a carboxylate that could increase the anticoagu-
lant III activity by modifying the affinity of AT-III proteins [40].
The exact mechanism underlying the enhancement of AT-III
activity by LSP-1 needs further research.
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Figure 6 — Effect of Lachnum singerianum polyphenol-1 on
fibrinogen of the model mice. A = normal control group;
B = model control group; C = low-dose group; D = middle-
dose group; E = high-dose group; F = positive control
group.
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Figure 7 — Effect of Lachnum singerianum polyphenol-1 on
the antithrombin-III activity of the model mice. A = normal
control group; B = model control group; C = low-dose
group; D = middle-dose group; E = high-dose group;

F = positive control group.

4, Conclusion

In this study, we evaluated the physicochemical properties and
anticoagulant activity of the primary fraction (LSP-1) of poly-
phenols obtained from the fermentation broth of L. singerianum
for the first time. Phenolic acids and polyhydroxy phenolic
compounds of LSP-1 were determined. The results showed that
LSP-1 had an inhibition effect on endogenous and exogenous
coagulation system in vitro. In-vitro tests indicated that LSP-1 had
significant anticoagulant activity compared to normal group.
The mechanism of anticoagulation might be related to the
improvement of AT-III activity induced by LSP-1. All these pos-
itive results suggest that LSP-1 is very promising for the future
developmentofan anticoagulantdrugcandidate for thrombosis.
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