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ABSTRACT

This study aimed to investigate the possible anticoagulation activities and fibrinolytic properties of aqueous
and sulfated extracts of licorice. Aqueous extraction of licorice leaves were carried out at 85 °C under acidic,
neutral and alkaline conditions. The sulfation of crude extracts was carried out by chlorosulphonic acid as
sulfating agent in formamide. The anticoagulation and fibrinolytic properties of the crude extracts as well as of
their sulfated derivatives, at 2 mg/ml of extract, were tested. The results showed that most of the studied sulfated
aqueous extracts have anticoagulation activities. The highest one for clotting times were found by using the
sulfated both alkaline and neutral extract of G.glabra var. glabra at a concentration of 400pug/ml. On the other
hand, the results showed that most of the aqueous extracts and their sulfated extracts of licorice leaves (G.glabra
var. glabra and var.glandulifera) have fibrinolytic activities higher than standard (hemoclar), preparation at
concentration of (2000 ug/ml). To our knowledge, this is the first report investigating the fibrinolytic activities
of isolated extracts.

Key words: Licorice, anticoagulation activity, fibrinolytic activity, sulfated extracts , Glycyrrhiza glabra var.
glandulifera and Glycrrhiza glabra var.glabra.

Introduction

Licorice is the root and rhizome of the Glycyrrhiza plant, which belongs to the family Leguminosae. This
plant has been recognized worldwide as an important medicinal herb since ancient times (Nieman,1959;
Gibson,1978 and Shibata, 2000). Glycyrrhiza glabra is one of the most frequently employed botanicals in
traditional medicine.

The Dbeneficial heath properties altributed to licorice include anti-inflammation, laxative,
immunomodulatory, anti-ucler, anti-tussive, antipyretic and vasorelaxant (Takahara et al., 1994 , He et al.,
2001and , Yazdi et al., 2011). There are many useful compounds licorice root such as, glycyrrhizin (saponin-
like glycoside) and its aglycone , glycyrrhetinic acid . Glycyrrhizic acid is approximately 50 times sweeter than
sugar (Indian Herbal Pharmacopoeia, 2002). Glycyrrhizin is used as remedy for chronic hepatitis and has anti-
cancer, anti-bacterial, anti-spasmolytic and anti-viral activities, the latter against both DNA and RNA viruses
(Fiore et al., 2008).

In particular, it has been found to be highly active in inhibiting replication of the severe acute respiratory
syndrome (SARS)-associated virus as well as a potential therapeutic agent for chronic hepatitis and acquired
immunodeficiency syndrome (AIDS) ( Cinatl et al., 2003; Tto et al., 1987).

The antimicrobial activities of ethanolic and aqueous extracts from licorice leaves were studied compared
to root extracts activities. (Mahboubeh et al., 2010) reported that the ethanolic extract of the leaves was the most
active extract against gram-positive bacteria .

Yazdi et al. (2011) evaluated the anticonvulsant activities of leaves of G.glabra var.G. glandulifera grown
in Iran. Their study showed that the ethanol extract and fractins contain triterpene , sterols , flavonoids,
alkaloids, anthraquinones and tannin. On the other hand, chemical variations in leaves of Glycyrrhiza plants
were repoted by (Hayashi et al., 1996) and also among the various strains of G. uralensis ( Hayashi et al., 2003).

The aim of the present study was to investigate the possible anticoagulation activities and fibrinolytic
properties of aqueous and their sulfated extracts of licorice.

Materials and Methods
Material:
Two varieties Glycyrrhiza glabra were used in this study : G. glabra var. glandulifera and var. glabra.

Leaves of both varieties were collected from the farm of the faculty of Pharmacy of Cairo University were
utilized in this study.
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Glycyrrhetinic acid, Glycyrrhizic ammonium salt and Glycyrrhizin standard authentic samples were
purchased from Sigma company.

Analytical Methods:

For each studied varieties, chemical properties of moisture, ash, crude protein and crude lipids were
performed according to (AOAC, 1995).Total carbohydrates were determined after complete acid hydrolysis
(Dubois et al., 1956).The resulted acid hydrolysates were examined by PC using n-BuOH-MeCO-H20 (4:5:1)
(Jayme and Knolle, 1956) and aniline phthalate (Partridge, 1949) as spraying reagents. Quantitative
determination of the separated sugars was carried out according to (Wilson, 1959).Total nitrogen of the
investigated samples (0.3gm) was determined by adopting the usual micro-Kjeldahl’s method (AOAC, 1995).
The crude protein was calculated by multiplying the total nitrogen by 6.25 (Conklin-Brittain et al., 1999).

Preparation of aqueous extracts:

Extraction process was carried out by (Jindal, and Mukherjee, 1970) at different pH conditions for each
investigated variety sample either with HC1 (pH3), water (pH7), or NaHCO; (pH10). Briefly, defatted powdered
plant material (5gm) was extracted with 200 ml of extracting solvents at 85°C for 3h. After filtration, the
extracts were neutralized and dialyzed against distilled water for 48h., dried and weighed. The chemical
characterization of the extracts was achieved by determining their total carbohydrates and the monosaccharide
constituents of extracts hydrolyzed. The methods used for this analysis were previously mentioned (Dubois et
al., 1956; Wilson, 1959). Soluble protein was determined by Lowry method (Lowry et al., 1951).

Preparation of Sulfated Extracts:

This performed by the method reported by (Yang et al., 2005) with some modification. The sulfation of the
extract was performed as follows: 0.1g of each extract was suspended in 0.5 ml dry formamide, and the mixture
was stirred at room temperature for 24h. In order to disperse it into the solvent. A sulfating agent was prepared
by dropping 1ml of HCISO; in 4ml of formamide under cooling in an ice-water bath and then added to the
extract. The reaction was cooled in ice, neutralized by 30% NaOH solution, and dialyzed against running water
for 48h and then lyophilized.

Biological activities:
Anticoagulation activity:

Anticoagulation activities of the various extracts (crude and sulfated) preparations were determined
according to the time for clot formation was recorded (colman et al., 1994) and compared with that of standard
heparin sodium preparation.

Fibrinolytic Activity:

Fibrinolytic activities were assayed according to the method (USA. 1960) as lysis percentages of the plasma
clots when incubated at 37°C with the investigated extracts. For comparison, a standard preparation of Hemoclar
(pentosan sulfonic polyester) was used.

Extraction and determination of ingredients content:
Extraction:

40 grams dry weight of each one of the two varieties of G. glabra were extracted with 1 ml of 80%
methanol at 60°C for 6 h. Extraction were then centrifuged at 4000 rpm for 15 min at room temperature. The
supernatant was transferred with a Pasteur pipette to a new tube and filtered through 0.2 um filter. The resultant
extracts were then used for subsequent HPLC analyses.

Solvent system:

The solvent gradient was as follows: condition: mobile phase; acetonitrile: H,O: acetic acid with ratio
(40:60:1) at flow rate 1 ml/min.
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Chromatograph:

HPLC analysis of glycyrrhizin was performed according to the method reported by (Hayashi et al., 2003).
A 20-ul aliquot of the extract was analyzed by HPLC at 30°C. The HPLC system consisted of Zorbas 300SB
C18 column (4.5 X 250 mm), 2478 detector. The separation was performed at a flow rate of ml/min with UV
absorption detection at wave length of 254 nm for separation. Routine sample calculations were made by
comparison of the peak area with that of the standard.

Results and Discussion
Chemical composition of licorice (G. glabra) plant:

Two varieties of studied plants were analyzed their contents of ash, lipids, total carbohydrates, crude protein
and their monosaccharide constituents. Perusal of the data in (Table 1) and (Fig. 1) showed that variation in the
content of each of ash, total carbohydrates, protein, and lipids. The variations were also observed in the sugar
units compared to the plant species.

The contents of ash, lipids, carbohydrates, and protein were measured as gm/100 gm dry weight. As shown
in (Table 1), chemical composition of the leaves of G.glabra var. glandulifera were characterized by its highest
values of ash (10.3%) , while the lowest value was recorded in G.glabra var. glabra (7%). Total ash value of
plant materials indicated the amount of minerals and earthy materials attached to the plant material (Meena et
al., 2010). Determination of lipid contents of the investigated plant samples in Table (1) showed variation in the
proportions of this constituent, in var. glandulifera contained 10% from dry weight of the lipid component, but
var. glabra contained 7.3%.

In addition, total carbohydrates as shown in (Table 1) of the investigated plant samples constituent 24.6%
from the dry weight of var. glandulifera. However, the lowest one of carbohydrates content was 11.8% recorded
in var. glabra.

The results in (Table 1) also indicated that protein another constituent of most of the investigated plant
samples since the highest value (24.1 % of dry weight) was recorded in var.glandulifera. However, the lowest
one of protein content, being 19.8% recorded in var. glabra.

Table 1: Ash, lipids, total carbohydrates, Protein and their monosaccharide constituents of crude extracts of varieties,var.glandulifera and

var.glabra of G.glabra as (W/W%).
Plant Ash Total Lipid Total Protein Monosaccharide Composition* (%ow/w)
(wiw (W/w %) Carbohydrates (W/w%) UA Gal Gluc Man Arab Xyl
%) (W/w%)
Leaf-1 10.3 10.0 24.6 24.1 26.0 21.7 20.0 Traces 15.8 16.5
Leaf-2 7.0 7.3 11.8 19.8 16.0 13.2 50.4 7.4 7.0 6.0

Leaf-1 (G. glabra var.glandulifera), leaf-2 (G.glabra var. glabra ). *U.A (uronic acid),Gal. (Galactose), Glu. (Glucose), Man. (Mannose),
Arab.(Arabinose) and Xyl. (Xylose).
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Fig. 1: Chemical composition of investigated two varieties.

It was of interest to have more detailed information about the structural constituents of the polymeric
carbohydrate portions of the investigated varieties. This was achieved after acid hydrolysis choice for most
carbohydrate analysis due to its effectiveness at hydrolyzing glycosidic bonds (Wang and fang, 2004), paper
chromatography (Jayme and Knolle, 1956) of the resulted hydrolysates and determination (Wilson, 1959) of the
monosaccharide constituents. As shown in the Methods part, the demonstrative chromatogram of the hydrolysis
products of the investigated plants is shown (Fig. 1).
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Complete hydrolysis followed by paper chromatography of the licorice leaves revealed the presence of six
monosaccharide (uronic acid, glucose, galactose, mannose, arabinose and xylose).The results showed also that
uronic acid, galactose, arabinose and xylose monosaccharide were higher in hydrolysate leaves of var.
glandulifera compare with those of var. glabra. In contrast, the compositions of glucose and mannose
monosccharides were higher in crude extract of var. glabra.
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Fig. 2: Monosaccharide constituents of acid hydrolysis of investigated two varieties.
Chemical composition of licorice (G. glabra) extracts:

Generally, the data of (Table 2) and (Fig.3) showed a wide range of variation in the yield of the investigated
two var. glabra leaves. From these results, it can be seen that the highest yield (23.5%) was found in acid exract
of var. glandulifera and the lowest content in its neutral extract (1.6%). The highest total carbohydrate (79 %)
was recorded in neutral extract of var. glandulifera and lowest content in acidic extract of var. glabra (5.5%).
The highest soluble-protein was observed in the neutral extract of var. glandulifera (55.8%), while the lowest
content in the neutral extract of var. glabra (25.8%).

Chromatographic analysis of the acid hydrolysates of various aqueous extracts revealed the presence of
uronic acid, galactose, glucose, mannose arabinose and xylos.

As shown in (Table 2) and (Fig. 4), the highest value of uronic acid (31.7%) was in acid extract of var.
glandulifera and the lowest value (2.4%) in the neutral extract of var. glabra but absent in neutral extract of var.
glandulifera.The highest values of galactose (24.7%) in alkaline extract of var. glandulifera and lowest value in
acidic extract of var. glabra (4%). The highest value of glucose (69.1%) in neutral extract of var. glabra and
lowest value (28.1%) in alkaline extract var. glandulifera. The highest values of mannose (17.5%) in leafl-2,
but lowest value in neutral extract of var. glabra (5.9%) and absence in acidic extract of var. glandulifera. The
highest value of xylose (14.2%) in acidic extract of var. glabra, and lowest value of xylose (4.5%) in alkaline
extract of var glabra. In the same time the lowest value of arabinose (1.8%) in neutral extract of var. glabra and
the highest values of arabinose (8.2%).

Table 2: Yield, total carbohydrates, protein and their monosaccharide Constituents of aqueous extracts from licorice leaves.

Extract* Yield Total Carbohydrates Protein Monosaccharide Composition (Yow/w)**

(W/w%) (W/w%) (W/w%) UA Gal Gluc Man Xyl Arab
Leafl-1 23.5 27.0 29.8 31.7 17.0 342 Traces 10.0 7.1
Leafl-2 1.6 79.0 55.8 Traces 21.5 50.0 7.8 14.0 6.7
Leafl-3 7.6 6.2 28.7 14.6 24.7 28.1 14.2 10.2 8.2
Leaf2-1 19.2 5.5 25.8 9.5 4.0 50.7 17.5 14.2 4.1
Leaf2-2 13.0 5.9 28.9 2.4 13.5 69.1 5.9 7.3 1.8
Leaf2-3 11.8 36.0 27.7 9.7 13.8 59.1 8.9 4.5 4.0

Leafl-1 (Acidic extract ), leafl-2-(Neutral extract ) and leafl-3 (Alkaline extract ) of var. Glandulifera.. Leaf2-1 (Acidic extract ), leaf2-2-
(Neutral extract ) and leaf2-3 (Alkaline extract) of var.glabra. ** U.A (uronic acid) Gal. (Galactose),Glu. (Glucose), Man. (Mannose), Xyl.
(Xylose). and Arab. (Arabinose).

High Performance Liquid Chromatography (HPLC):

High Performance Liquid Chromatography (HPLC) is an analytical technique for the separation and
determination of organic and inorganic solutes in samples. The technique is particularly applicable to
biological,pharmaceutical, food, environmental, and industrial analyses.

Chromatographic analysis of samples and references described in the experimental procedure took less than
10 minutes for total elution.
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Fig. 3: Yield, protein and total carbohydrates of licorice aqueous extracts from leaves.
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Fig. 4: Monosaccharide constituents of acid hydrolysis of licorice aqueous extracts from leaves as (W/W %).
The baseline of the analytes was separated under the given chromatographic conditions for the two different

standards. The contents of glycyrrhizin, soyasaponins, and betulinic acid in various organs of var. glabra were

determined by HPLC (glycyrrhizin) and GC (soyasaponins and betulinic acid) (Hayashi et al., 1993, 2004).

Table 3: High Performance Liquid Chromatography (HPLC) for Glycyrrhiza glabra of var. glandulifera and var.glabra leaves as pg/pl.

Sample varieties Glycyrrhetinic acid pg/ul Glycyrrhizic ammonium salt pg/ul
Var.glandulifera 19.7 18.8
Var.glabra 16.2 15.5

Two varieties in (Table 3) and (Fig. 5) showed the different in concentrations of the marker component for
the two different standards. The concentration in var.glandulifera was higher than var.glabra for glycyrrhetinic
acid (GA). Glycyrrhizic ammonium salt detected in var. glandulifera was higher than var. glabra. The HPLC
profiles of methanol extracts of var. uralensis leaves of 10 strains, were reported by (Hayashi et al., 2005) found
that there is a slight correlation between the HPLC profiles of leaf extracts and the morphologic features of
leaves.

Biological activities:

A part of the present work was to invesigate the anticoagulation and fibrinolytic activities of the aqueous
extracts of Glycyrrhiza glabra leaves. Thus, further investigation was directed towards the promotion of these
biological activities (anticoagulation and fibrinolytic) throughout chemical modification of the native aqueous
extracts. This was achieved by introducing sulphate ester groups on carbohydrate moieties of aqueous extracts.
Glycyrrhizic acid and its aglycone glycyrrhetinic acid present in the root extract are responsible for the
biological activities (Gibson, 1978; Norman et al., 1995).

In vitro testing of extracts for anticoagulation activity:

In this part of study, there was an important assay to evaluate the anticoagulation activity of aqueous
extracts (acidic, neutral, alkaline) and their corresponding sulphated derivatives.

The results showed that some of aqueous extracts have no anticoagulation activities at 2000 pg/ml
concentration under study. On the other hand, the results indicated that most of sulphated aqueous extracts have
anticoagulation activities. The highest one for clotting times were found by using sulphated alkaline extract and
neutral extract sulfated of var. glabra at concentration of 400pg/ml. The lowest one for clotting time was
reported by using sulfated alkaline extract of var. glandulifera at concentration (1000pug/ml) comparable to that
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of standard preparation of heparin sodium. This observation is acceptable on the basis of the previously
mentioned (Mauricio et al., 1997; Mendes-Silva et al., 2003). From these data, It was concluded that addition of
sulphate group into the extracts enhance the anticoagulation activities. Glycyrrhizin, an already known anti-
inflammatory compound, has also been found as the first plant based inhibitor of thrombin. It prolonged the
thrombin and fibrinogen clotting time and increased plasma recalcification duration (Harwansh et al., 2011).

a -Glycyrrhetinic acid

: c- var.glabra
b-var. glandulifera =

o R AN = T LT RS LS LU EY S A LR LY O T e L R LR ALY S A A S T b J OIS L EAD L S LA L e T W AR |

d- Glveyrrhizic ammonium salt

e- var.glandulifera " t~ var. glabr

Fig. 5: HPLC chromatograms of :a-d- Glycyrrhetinic acid and Glycyrrhizic ammonium salt as standard . b-e-
Extract for var.glandulifera. c-f- Extract for var.glabra

In vitro testing of extracts for fibrinolytic activity:

As part of our interest in this study was to various aqueous extracts and their corresponding sulphated
products against fibrinolytic activity compared with standard fibrinolytic, Hemoclar drug (Pentosan sulfuric
polyester, product of ClinMidy. Paris).

It is clear from the results in (Table 4) that the neutral extract of the sulfated var.glandulifera exhibited
fibrinolytic activitiy equivalent to double of the same amount of standard "Hemoclar" preparation at
concentration of (2000 pg/ml). The acidic extract of var.glandulifera exhibited fibrinolytic activities equals (+6)
from standard "Hemoclar" preparation at concentration of 2mg/ml.

In addition, the alkaline extract of var.glandulifera and var.glabra exhibited fibrinolytic activities (+7)
from standard "Hemoclar" preparation at same concentration (2 mg/ml). On the other hand, the acidic extract
and neutral extract of var.glabra showed fibrinolytic activities (+5).In addition, the sulfated extracts (acidic,
alkaline of var.glandulifera and acidic,alkaline of var.glabra) exhibited fibrinolytic activitiy equivalent to the
same amount of standard "Hemoclar" preparation at concentration of (2000 pug/ml). But, there no activity of the
neutral extract of var.glandulifera and neutral extract of sulfated var.glabra. The fibrinolytic property of crude
extracts is suggesting due to the carbohydrate or protein talking into consideration similarity between
monosaccharide ratios (Mendes-Silva et al., 2003). To our knowledge, this is the first report investigating the
fibrinolytic activities of isolated extracts.
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Table 4: Fibrinolytic activities of aqueous extracts and their corresponding chemically modified extracts of selected plants.

Extracts* Fibrinolytic activity
(2mg/ml)
Before Sulfation After Sulfation

var. glandulifera .1 +6 +4
var. glandulifera .2 -- +8
var. glandulifera .3 +7 +4

var. glabra.l +5 +4

var. glabra.2 +5 --

var. glabra.3 +7 +4

St. Hemoclar +4

*: var. glandulifera .1 and var.glabra.1 (Acidic extract); var. glandulifera .2 and var. glabra.2 (Neutral extract); var. glandulifera .3 and var.
glabra.-3(alkaline extract). of glycyrrhiza glabra.

Standard (Hemoclar) +4

-Extract concentration = 2 mg/tube

Over than +6 = nearly complete lysis of plasma clots.

+5 = Lysis of 75% plasma clots +4 = Lysis of 50% of plasma clots
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