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Abstract The sulphated polysaccharide from the widespread Tridax procumbens plant was
studied for the anticoagulant, antiherpetic and antibacterial activity. The anticoagulant
activity was determined by the activated partial thromboplastin time assay. The sulphated
polysaccharide from 7. procumbens represented potent anticoagulant reaching the efficacy
to heparin and chondroitin sulphate. Moreover, the sulphated polysaccharide extracted from
T. procumbens was found non-toxic on Vero cell lines up to the concentration of 200 pg/ml.
Sulphated polysaccharide exhibited detectable antiviral effect towards HSV-1 with ICsq
value 100-150 pg/ml. Furthermore, sulphated polysaccharide from 7. procumbens was
highly inhibitory against the bacterial strains Vibrio alginolyticus and Vibrio harveyi isolated
from oil sardine.
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Introduction

From very early times, medicinal plants have been a rich source of biologically active
compounds and play an important role in drug discovery. Researchers have cast a
sharper eye on natural products to get medicinally important compounds from plants.
Mehta et al. [1] reported antioxidant elements from seeds of Emblica officinalis as
detected by laser-induced breakdown spectroscopy. It was found that E. officinalis
extract effected antioxidant enzymes and has the potential acted as an agent to boost the
antioxidant system in the diabetic animal model. Rai et al. [2] proved that freeze-dried
rhizome powder of Curcuma longa dissolved in milk increased high-density lipoprotein
and haemoglobin with significant decrease in the levels of blood glucose, lipid profile
and hepatoprotective enzymes in diabetic rats and therefore can be used as antidiabetic
dietary supplement. Rai et al. [3] explored flavonoids from aqueous extract of medicinal

S. Y. Naqash - R. A. Nazeer (0<)

Department of Biotechnology, School of Bioengineering, SRM University,
Kattankulathur 603203 Tamil Nadu, India

e-mail: ra_nazeer@yahoo.com

@ Springer



Appl Biochem Biotechnol (2011) 165:902-912 903

plant Cynodon dactylon with marked antioxidant efficacy on diabetes-induced diabetic
rats. Furthermore, aqueous extract of C. dactylon showed protective role against
carbofuran-induced oxidative stress thereby inhibiting level of acetylcholinesterase in
the brain of model rats [4]. Moreover, ethanolic extract of C. dactylon finds its
application as antidiabetic agent of high potential in diabetic models against hepatic
complications [5].

Many medicinal plants have been reported with hypoglycaemic effects as they
contain terpenoids, iridoid, glycosides, flavonoids and other phenolic compounds [6]. It
was reported that aqueous extract of Trichosanthes dioica showed remarkable effect on
severe diabetes mellitus by decreasing blood glucose, postprandial glucose, aspartate
aminotransferase, alanine aminotransferase, alkaline phosphatase, creatinine, urine sugar
and urine protein [6]. Researchers have extensively explored antidiabetic effect of
aqueous extract of I0 dioica fruits in diabetic rats by inhibiting CYP450 metabolising gene
expression levels [7]. Various reports have also suggested that polyphenolic compounds,
such as flavonoids, flavonols and terpenoids of plant origin, possess antioxidant activity
and find the application in place of the synthetic antioxidants. Sharma et al. [8] reported
that aqueous extracts of leaves of some medicinal plants such as 7. dioica, fruits of
Moringa oleifera and Ficus benghalensis as well as seeds of E. officinalis were rich
sources of phenolics, flavonoids and flavonol contents and hence proved good candidates
as natural antioxidants.

Different plant parts like root, stem, flower, fruit, twigs exudates and modified plant of
medicinal plants represent a rich source of antimicrobial agents. Mishra et al. [9]
investigated antioxidant and antistaphylococcal activities of different solvent extracts of
Bauhinia variegata, Tinospora cardifolia and Piper longum and found that phytochemicals
play as potential antioxidants and antimicrobials. Further, they reported that acetone extract
of bark and petroleum ether and ethanol extract of leaf of Cinnamomum zeylanicum
exhibited complete inhibition of growth of two species of dematiaceous moulds, Alternaria
solani and Curvularia lunata [10].

Sulphated polysaccharides are a class of molecules characterised by a plethora of
biological activities with often favourable tolerability profiles in animals and humans.
Sulphated polysaccharides are widely distributed among marine plants and animals.
Sulphated polysaccharides have a broad range of important bioactivities comprising
antioxidant, anticoagulant and antithrombotic activities. They are also known to increase
the resistance to some virus and inhibit some tumour development [11]. These properties
mainly depend on the presence and spatial positioning of their sulpho groups.

Anticoagulant activity is the most widely studied properties of sulphated polysacchar-
ides. Sulphated polysaccharides are either extracted from marine algae [12], invertebrates
[13] or obtained by chemical sulphation of natural polysaccharides.

Tridax procumbens L. (Asteraceae) is best known as a widespread weed and pest plant. It
is widespread throughout India and is employed as indigenous medicine for a variety of
ailments, including jaundice and liver disorders [14]. It is commonly known as “Ghamra”
in Hindi and in English “Coat buttons” because of the appearance of its flowers. It has been
extensively used as Indian traditional medicine as antifungal, antibacterial and insect
repellent in bronchial catarrh, diarrhoea and dysentery [15]. It possesses wound healing
activity and promotes hair growth [14]. It has also been known for antioxidant properties
[16] and antidiabetic properties [17]. Aqueous extract of 7. procumbens has been studied for
decreasing arterial blood pressure at greater level.

The objective of the study was to demonstrate that terrestrial plant 7 procumbens exhibit
potent anticoagulant, antiviral and antibacterial properties. Therefore, in the present study,
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the chemical structure, anticoagulant, cytotoxic, antiviral and antibacterial properties of
sulphated polysaccharides isolated from 7. procumbens were studied.

Materials and Methods
Materials

T. procumbens L. (Asteraceae) leaves were collected from the fields of SRM University
washed and dried at room temperature. Standard heparin, chondroitin sulphate and
dermatan sulphate were purchased from the Sigma-Aldrich Chemie (Steinheim, Germany).
Platelin L-activated partial thromboplastin time (aPTT) reagent was from Biomed (H.P.,
India) and toluidine blue and 1,3-diaminopropane were purchased from Himedia (Mumbai,
India). All other solvents and chemicals were of analytical grade. HSV-I viruses were
obtained from National Institute of Virology, Pune, India, and Vero cell lines were obtained
from National Center for Cell Sciences, Pune, India.

Extraction and Purification

The procedure of Holick et al. [18] was followed in the present study to extract sulphated
polysaccharides from the leaves of T. procumbens by treating it with cetylpyridinium
chloride (CPC). One hundred grams of dried sample were ground and incubated with 2 1
of 0.4 M sodium sulphate (Na,SO,) at 55 °C for 1.5 h. The pH was maintained at 11.5
using sodium hydroxide (NaOH). After incubation, aluminium sulphate (Al,SO4) was
added to bring down the pH to 7.7 and heated to 95 °C for 1 h. The sample was then
filtered through a cheese cloth and treated with CPC. To the collected filtrate, 135 ml of
3% CPC in 0.8 M sodium chloride (NaCl) was added. The suspension was incubated at
37 °C for 18 h, and a white precipitate was formed. It was then centrifuged at 3,000xg for
30 min at 4 °C in a refrigerated centrifuge to collect the crude sulphated polysaccharide
complex. The precipitate was redissolved in 135 ml of 2 M NaCl (40 °C) to remove
pyridinium salts from the compound. The mixture was filtered through a Whatman no. 1
filter paper and three volumes of 95% ethanol to precipitate the crude sulphated
polysaccharides followed by centrifugation at 3,000 rpm at 4 °C for 30 min. The
precipitate was washed twice with 99.9% methanol and diethyl ether and dried by keeping
in vacuum desiccators.

Acetone fractionation was used for further purification. Crude polysaccharide extract
(50 mg) was dissolved in 1 ml of 0.15 M NaCl. After centrifugation, acetone (400 ul) was
added to the supernatant. The resulting solution was kept in 5 °C for 24 h, and the
precipitate formed was collected and dried [19].

Gel Electrophoresis

The sulphated polysaccharide from 7. procumbens was analysed by agarose gel
electrophoresis as described by Santos et al. [20]. The samples (50 pg) were applied to a
0.5% agarose gel in 0.05 M 1, 3-diaminopropane/acetate buffer (pH 9) and run for 1 h at
110 V. After electrophoresis, the sulphated polysaccharides in the gel were fixed with 0.1%
cetyltrimethylammonium bromide solution. After 12 h, the gel was dried and stained with
0.1% toluidine blue in acetic acid/ethanol/water (0.1:5:5, v/v) and destained with the same
solution without toluidine blue.
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Sulphate Estimation

Total sulphate content was measured by the BaCl,/gelatine method [21].

Fourier Transform-Infrared Spectroscopy

The Fourier transform-infrared spectrum (FT-IR) is recorded with a RX1, Perkin Elmer
Spectrometer between 400 and 4,000 cm™'. The samples (10 mg) are analysed as a KBr
pellet [22].

Pharmacological Properties
Anticoagulant Activity

Anticoagulant activity was determined by measuring the activated partial thromboplastin
time of normal human plasma supplemented with standard heparin and sulphated
polysaccharide from 7. procumbens. The aPTT was measured by incubating 100 pl of test
plasma (normal human plasma+7. procumbens extract) with 100 pl of platelin L aPTT
reagent for 5 min at 37 °C. Clotting time was measured after addition of 100 ul of 0.025 M
calcium chloride [23].

Cytotoxicity Assay

Vero cell viability was measured by the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl
tetrazolium bromide (MTT; Sigma-Aldrich) method. Confluent cultures in 96-well plates
were exposed to different concentrations of the polysaccharides, with three wells for each
concentration, using incubation conditions equivalent to those used in the antiviral assays.
Then 10 pl of MM containing MTT (final concentration 0.5 mg/ml) was added to each
well. After 2 h of incubation at 37 °C, the supernatant was removed and 200 pl of ethanol
was added to each well to solubilize the formazan crystals. After vigorous shaking,
absorbance was measured in a microplate reader at 595 nm. The cytotoxic concentration
50% (CCsp) was calculated as the compound concentration required reducing cell viability
by 50%.

Antiviral Assay

Different non-toxic concentrations of test drugs, i.e. lower than CTCs,, were checked for
antiviral property by cytopathic effect (CPE) inhibition assay [24] against different virus
challenge doses. In CPE inhibition assay, cells were seeded in a 24-well microtitre plate
with 10,000 cells per well, incubated at 37 °C in a humidified incubator with 5% CO, for a
period of 48 h. The plates were washed with fresh MEM and challenged with different virus
challenge doses and incubated at 37 °C for 90 min for adsorption of the virus. The cultures
were treated with different dilutions of sulphated polysaccharide from 7. procumbens in
fresh maintenance medium and incubated at 37 °C for 5 days. Every 24 h the observation
was made and cytopathic effects were recorded. Anti-HSV-1 activity was determined by the
inhibition of cytopathic effect compared with control, i.e. the protection offered by the test
samples to the cells was scored. In virus yield assay, reduction in the yield of virus when
cells were treated with the sulphated polysaccharide extracts was determined.
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Bacterial Isolation and Identification

Bacterial strains (Vibrio alginolyticus and Vibrio harveyi) were isolated from the gills of
oil sardine (Sardinella longiceps) purchased from the Royapuram fishing harbour (latitude
13°06" N, longitude 80°18" E) north of Chennai, India. Gills were crushed and plated on
thiosulphate citrate bile salt sucrose agar (TCBS; Difco), selective to Vibrionaceae. Plates
were incubated for 24 h at 30 °C and the colonies were isolated on tryptone soy agar to
obtain a pure culture for identification, and biochemical tests were performed by the
methods of Bergey’s manual of systematic bacteriology [25].

Antibacterial Susceptibility Test

The antibacterial susceptibility test was performed to check antibacterial effect of sulphated
polysaccharide isolated from T. procumbens against V. alginolyticus and V. harveyi.
Antibacterial assay was performed by the disc diffusion method [26], and fresh overnight
cultures of inoculum (0.1 ml) of each culture were spread on Muller—Hinton agar medium
plate. One hundred micrograms of fractions was impregnated onto a small disc of sterile
filter paper (diameter 5 mm) and placed on top of the seeded medium. In order to compare
the activity of the test material, 10 pg norfloxacin disc was used. After overnight incubation
at 37 °C in the incubator, the zones of inhibition were measured.

Statistical Analysis

Results are presented as mean=standard deviation (n=3). Student’s ¢ test was used to
determine the level of significance (p<0.05).

Results and Discussion
Gel Electrophoresis

The electrophoretic migration of sulphated polysaccharide in the 1,3 diaminopropane/
acetate buffer depends on the structure of the polysaccharide, which forms the complex
with the diamino buffer. Therefore, different electrophoretic mobilities of sulphated
polysaccharides indicate differences in their structure. The sulphated polysaccharide from
T. procumbens was purified with acetone fractionation and subjected to agarose gel
electrophoresis which showed only one band migrated towards heparin standard, which
confirmed the homogeneity of the active compound and presence of heparin-like sulphated
polysaccharide (Fig. 1). The same results were reported in Ecklonia cava [27] where only
one spot confirmed the presence of sulphated polysaccharide. Therefore, presence of single
bands in electrophoretic system revealed their purity and homogeneity, which was
supported by other results found in other species.

Sulphate Estimation
The sulphate content was found to be 2% which is significantly (p<0.05) less when
compared to brown alga Laminaria cichorioides (2.19%) [28] and more than the E. cava

(0.95%) [18]. The results confirm the presence of sulphated polysaccharides with high
sulphate content. This may explain the high anticoagulant activity by the earlier reports as
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Fig. 1 The electrophoretic 1 2 3 4
migration of 7. procumbens. 1
heparin, 2 chondroitin sulphate, 3
dermatan sulphate, 4 7.
procumbens sulphated
polysaccharide

fucan sulphate with high sulphates and low uronic acid content are well documented for
high anticoagulant activity [29]. This proves that the sulphate content vary with species and
is responsible for anticoagulant activity.

Fourier Transform-Infrared Spectroscopy

The FT-IR spectroscopic analysis was performed for the characterisation of 7. procumbens
for the presence of different groups (Fig. 2). Infrared spectroscopy provides useful
information on the position of sulphate groups of polysaccharides. The IR spectrum of
sulphated polysaccharide from 7. procumbens showed an absorption band at 1,100—
1,200 cm ™', indicating the presence of sulphate esters. 7. procumbens showed absorbance
ranging from 3,160 to 3,640 cm™' that corresponds to (O—H) hydroxyl groups and peaks
between 600 and 1,700 cm ™" in the spectrum confirmed the presence of amide I group. The
results were confirmed by the reports of Silva et al. [30] in seaweed Padina gymnospora,
where absorption bands were observed at 1,264, 822 and 1,720 cm” !, Therefore, the
confirmation of chemical properties by different absorption peaks proves the presence of
sulphated polysaccharide.

Anticoagulant Activity

The anticoagulant properties of sulphated polysaccharide from 7. procumbens were assessed
by aPTT using human plasma. The normal values of aPTT for healthy human plasma were
32.5 s. Sulphated polysaccharides from 7. procumbens prolonged aPTT and reached 113 s at
100 pg/ml which was approximately 4.0-fold compared with the saline group (the control).
Higher concentrations of sulphated polysaccharide from 7. procumbens were required to
achieve (p<0.05) significantly the same effect as with heparin in the aPTT assay (Fig. 3).
Anticoagulant activity by aPTT assay in brown alga L. cichorioides and brown seaweeds P.
gvmnospora was reported 5-fold lesser than standard heparin [28, 30]. Therefore, sulphated
polysaccharide had aPTT effect, this being expected because of the presence of sulphate
groups necessary to provide anticoagulant effects, but also dependent on the position of the
sulphate groups as proved by other investigations.
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Fig. 4 In vitro cytotoxicity assay 100
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Cytotoxicity Assay

Sulphated polysaccharide from 7. procumbens leaves was initially evaluated for cytotoxicity
by assessing their effects on cell viability at concentrations ranging from 10 to 300 pg/ml
and results revealed that sulphated polysaccharide was non-toxic up to concentrations
200 pg/ml with CCso value 200 pg/ml (Fig. 4). The results of cytotoxicity studies thus
obtained indicate that the tested sample at different concentrations was cytotoxic only when
the cultures are exposed to very high concentrations. High concentrations of any
compound, under normal conditions, are cytotoxic to cell cultures [31]. Hence, the results
showed weak cytotoxic properties of the sulphated polysaccharide of 7. procumbens against
Vero cell lines. Thus, it was found that sulphated polysaccharides were non-cytotoxic at
lesser concentration.

Antiviral Assay

The extract was evaluated for antiviral activity against HSV-1 strain by a virus plaque
reduction assay at a concentration non-toxic to the cell line (Vero) used. There was a
cytopathic effect between 10 to 50 pg/ml concentrations, however exhibited detectable
antiviral effect towards HSV-1 with an inhibitory concentration for 50% (ICsy) at 100—
150 pg/ml (Table 1). The similar studies were carried in red microalga Porphyridium sp. in
which the polysaccharide was tested on HSV-1, the polysaccharide significantly inhibited
viral infection at 100 pug/ml and the polysaccharide extract was able to inhibit the

Table 1 Inhibition of HSV-I ] e
related CPE by using different Concentration (ug/ml) CPE inhibition (%)

concentrations of 7. procumbens

10 pg 0
25 ug 10
50 pg 22
100 pug 32
150 ng 60
200 pg 76
250 ng 80
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Table 2 Biochemical tests for 7/

alginolyticus and V. harveyi Biochemical tests Vibrio alginolyticus Vibrio harveyi
isolates from oil sardine
Gram staining Gram-ve, short rods Gram-ve, short rods
Growth on TCBS Yellow colonies Green colonies
Motility + +
Oxidase test + +
Catalase test + +

Amino acid decarboxylase test

Lysine + +
Arginine - -
Ornithine + +
Salt tolerance test (% NaCl)
0% -
4%

8%

10%

12%

Sugar fermentation test
Melibiose - +

Lactose - -

+ o+

+ o+ o+ o+

Sucrose + +
Dextrose - -
Xylose - -
Arabinose - -
Galactose

Mannose
+ positive effect, — negative Mannitol
effect

+ o+ o+

development of the cytopathic effect in HSV-infected cells [32]. The potency of the
sulphated polysaccharide in 7. procumbens proved the inhibitory effect on the HSV-1 in the
required concentration which was also strongly supported by earlier experiments carried out
using sulphated polysaccharides.

Isolation and Identification of Bacteria

The bacterial strains were isolated, maintained in pure culture and identified as V.
alginolyticus and V. harveyi by using the biochemical tests like, arginine decarboxylase,

Table 3 Results of antibacterial activity of sulphated polysaccharide of 7. procumbens

Bacteria Concentration (pg/disc) Zone of inhibition (mm)
Norfloxacin Extract Norfloxacin Extract

Vibrio alginolyticus 10 100 33+0.41 19+0.57

Vibrio harveyi 10 100 31+0.32 16+0.51

Results are triplicates of mean+SD
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ornithine decarboxylase, lysine decarboxylase, salt tolerance test and sugar fermentation
test (Table 2). It has been previously reported that bacteria-like genus Vibrio are frequently
isolated from marine fish such as V. alginolyticus in the gilthead seabream Sparus aurata
[33], V. harveyi in seabass Lates calcarifer [34] and in the summer flounder Paralichthys
dentatus [35]. Moreover, Alcaide et al. [36] reported V. harveyi from an outbreak in sea
horses, Hippocampus kuda.

Antibacterial Susceptibility Test

In present study, the sulphated polysaccharide extract at concentration (100 pg/disc) was
strongly inhibitory to V. alginolyticus and V. harveyi forming zone of inhibition with 19 and
16 mm, respectively (Table 3). Bacterial diseases in marine fishes caused by Vibrio sp. is
one of the most important causes of economic losses. This bacterium is normally found in
the marine environment, and the disease outbreaks occur when fish are exposed to
infectious agents in the presence of stress factors [37]. Vibrio sp. infections like
gastroenteritis, wound infections and septicaemia are common, and transmission of Vibrio
sp. infections is primarily through the consumption of raw or undercooked shellfish or
exposure of wounds to warm seawater [38]. Many reports have explained antimicrobial
activities of medicinal plants viz. solvent extracts of B. variegata, T. cardifolia and P,
longum have strong antimicrobial activity against staphylococcal activities [9].

Conclusions

The results present here revealed that the sulphated polysaccharides derived from T
procumbens showed excellent anticoagulant activity and can be useful in anticoagulant
therapy. The extract does not have any toxic effect on the cell viability of Vero cell lines.
The sulphated polysaccharide extract showed potent antiherpetic action against the HSV-I
strain with ICsy values between 150 and 170 pg/ml. Moreover, sulphated polysaccharide
from 7. procumbens was highly inhibitory to the bacterial against V. alginolyticus and V.
harveyi isolated from oil sardine. Further in vivo studies relating to the antiviral efficacy of
sulphated polysaccharide from 7. procumbens in animals need to be initiated to determine
their role as against HSV and Vibrio infections.
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