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Abstract: The aqueous extraction of neem leaves, seeds and seed hulls were carried out at 80 °C under

acidic, neutral and alkaline conditions. The sulphation of nine crude extracts is carried out by
chlorosulphonic acid as sulfating agent in formamide. Anticoagulation and fibrinolytic activities, as well

as antimicrobial effect of aqueous extracts and their corresponding sulphates are demonstrated. The
anticoagulation and fibrinolytic properties of total 9 crude extracts as well as their sulfated derivatives at

2mg/ml of extract were tested.  No one of native and modified extracts showed anticoagulation activity.
On the other hand, native water seed extract, and alkaline extracts of seed, seed-hulls and leaves as well

as sulfated extracts activate the fibrinolytic processes. In addition, all of these native extracts and their
corresponding sulfates at concentration of 20 ìg/disc gave various inhibition activities against the Gram-

positive bacteria Staphylococcus aureus, the Gram-negative bacteria Escherichia coli, the yeasts Candida
albicans, yeast-like Fungus) the fungi Aspergillus niger and Penicillium citrinum . In the light of these

results we conclude that level of fibrinolytic and antimicrobial activities of the various extracts depends
on both the protein and carbohydrate contents. Generally, the high level of protein and carbohydrate

contents of extract had better fibrinolytic and antimicrobial activities. Moreover, the sulfated extracts
increase with the respect of the sulphate groups present.

Key words: Neem tree, Anticoagulation activity, Fibrinolytic activity, Antimicrobial activity, Sulfated

extracts

INTRODUCTION

Neem tree (Azadirachta indica) of family
meliaceae is evergreen tree found in most tropical

countries.  Almost every part of the tree has been in
use since ancient times to treat a number of human

ailments and also as a household pesticide .[1-3]

The extract from bark, leaves, fruits and root have

been used to control leprosy, intestinal helminthiasis
and respiratory disorders in children . The bark[4 ,5]

extract is also used as tonic, astringent and useful in
relieving fever, thirst, nausea, vomiting and skin

diseases .[6]

The immunomodulatory activity of the neem-bark

extract has also been reported . The medicinal and[7]

industrial  uses of various parts of neem tree and the

compounds isolated have been reviewed . The bark[8]

powder contains sugar, proteins, amino acids and oil .[9]

Polysaccharides such as arabinofucoglucanes and
fucogalactoglucoarabinanes  have  also  been isolated

from neem bark .Flavonoids, flavonoglycosides,[10] 

dihydrochalocones,  tannins  and  others are also

important constituents of bark, leaves, fruits and
flowers of neem .The biological activities and[11]

medicinal properties of neem have recently been
reported .[ 12]

In the present study, we report in vitro study of
the potential of aqueous isolates and their sulphates to

inhibit bacterial and fungal activities and to enhance
the fibrinolysis process of blood clot.

MATERIALS AND METHODS

Plant M aterial: Fresh fruits, leaves of plant used in

this work were collected from Dubai (United Arab
Emirates). Fruits were manually separated into their

seeds and seed hulls (kernels) and milled prior to
extraction.

Chemicals: Hemoclar (pentosan sulfuric polyester) was

purchased from the Nile Co, for Pharmaceuticals,
Cairo, Egypt. Heparin was purchased from Sigma Co.

Plasma was purchased from the Egyptian Organization
for Biological Products and Vaccine Production.

Control antibiotic discs were purchased from Oxoid.
Other chemicals were purchased from BDH, Merck and

Fluka Company.

Analytical  Methods: The following chemical
properties; moisture, ash, crude protein and crude lipids
were determined according to . Total carbohydrates[13]

were determined  after  complete acid hydrolysis .[14]
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The resulted acid hydrolysates were examined by PC

2 2using n-BuOH-Me CO-H O (4:5:1) , and aniline[15] 

phthalate as sp raying  reagents .Q uantitative [ 1 6 ]  

determination of separated sugars was carried out
according to  .Total nitrogen of the investigated[17]

samples (0.3gm) was determined adopting the usual
micro-Kjeldahl’s method .The crude protein was[13]

calculated by multiplied the total nitrogen by 6.25 .[18]

Preparation of Crude Aqueous Extract: Extraction of
plant parts was singly carried out with 0.5N HCl,
water, or 0.5N NaOH. Briefly, plant-part (5gm) was
extracted with 200 ml of extracting solvent at 80 C foro

3hr. After filtration, the extracts was neutralized and
dialyzed against distilled water for 48hr 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 these analysis were
previously mentioned  .Soluble protein was done by[14-17]

Lowry method .[19]

Preparation of Sulfated Extracts: By adopting the
method reported in  with some modification, the[20]

sulfation of the water-free extract was performed as
follows:  0.1g  of  water-free  extract was suspended
in 0.5 ml dry formamide, and the mixture was stirred
at room temperature for 24hr in order to disperse it
into the solvent. A sulfating agent was prepared by

3dropping 1ml of  HClSO   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 48hr and then lyophilized.

Determination of sulfate-ester groups: The sulfated
extracts  were  hydrolyzed  with  HCl    and  the[21]

liberated sulfate ions were assayed turbidmetrically
according to .[22]

Anticoagulation activity: Anticoagulation activities of
the various extracts preparations were determined
according to and compared with that of standard[23] 

heparin sodium preparation.

Fibrinolytic Activity: Fibrinolytic activities were
assayed according the method  as lyses percentages[23]

of the plasma clots when incubated at 37 C with theo

investigated extracts. Preparation of plasma clots was
achieved under the same conditions previously applied
in the blank -tests throughout the determination of
anticoagulation activities . For comparison, a standard [23]

preparation of Hemoclar (pentosan sulfonic polyester)
was used as a control.

Antimicrobial activities
Tested microorganisms and culture media:
Antimicrobial activity of crude extracts was tested
against  the  Gram-positive  bacteria: Staphylococcus

aureus the Gram-negative bacteria: Escherichia coli,
the fungi Candida albicans , the fungi Aspergillus
niger  and Penicillium citrinum .

The stock cultures of bacteria were maintained on
nutrient agar (NA; Difco, Detroit, Ill.) slants, yeasts
and fungi on potato dextrose agar (PDA; Difco,
Detroit, Ill) slants at 4°C.

Antimicrobial screening (Agar diffusion method):
The agar diffusion method was used to evaluate the
antibacterial effect of the isolated extracts and sulphates
as well as well as to test the antifungal activity.

Briefly, an inoculum of each of the bacterial strain
was suspended in 2 ml of nutrient broth and incubated
overnight at 37°C. The culture was then diluted with
nutrient broth (1:9). To screen for antibacterial activity,
sterile  nutrient agar plates were used according to the
disc diffusion assay .A bent glass rod was used for [24] 

spreading  diluted  cultures  on the plate after which
sterile paper discs of 20 ìg of extract in 0.1mL of
water was placed on the inoculated surface. Plates were
incubated at 37°C in the dark. Zones of inhibition were
examined after 24hr.

Fungi were grown at 30°C and maintained at on
potato dextrose (PD) medium. lnoculum of each strain
was  prepared  from  an overnight. The culture was
diluted in potato dextrose medium (1:200). Fungal cell
suspension (100 ìL) was spread onto agar plates with
a bent  glass  rod  prior for application to 6.5 mm
paper disc-impregnated with 200 ìg extract, as
described above. Zones of inhibition of fungi were
measured after 48-72 hours incubation at 30°C. For
positive controls, ampicillin as antimicrobial agent was
used. In addition, for negative controls, dried discs that
had been soaked in sterile water served as carrier
control. The inhibition zone was measured around the
disk.

RESULTS AND DISCUSSIONS

Chemical  Analysis:  The results of chemical analyses
are represented in Tables 1 and 2. Table 1 shows the
chemical compositions of the defatted hull-free seeds,
seed-hulls and leaves. Table 2 illustrates the chemical
compositions of the aqueous extracts. The contents in
ash, carbohydrates and lipids were measured in grams
per 100 grams of dry weight (g/100 g dry weight). As
can be seen from Table 1, chemical composition of
neem leaves was characterized by its highest values of
ash (9.8%), protein (15.5%) and low values of lipid
and total carbohydrates (17.4, 20%), respectively. In
contrast, The high lipid content was recorded in seeds
and seed-hulls  (46.4, 38.2 %), respectively. Similarly,
highest carbohydrate content (48%) and lowest ash
(4.1%) were observed in hull-seeds. Complete
hydrolysis  followed  by  paper  chromatography  of
the  neem  leaves  revealed  the  presence  of   three
major  monosaccharides    (glucose,   galactose  and
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Table 1: Ash, total Carbohydrate, Protein, and M onosaccharide Composition of leaves, seeds and seed-hulls of Neem plant.

Monosaccharide Composition ratio (%)

Total ---------------------------------------------------------------

Plant origin Ash (%) Carbohydrates(%) Protein (%) Lipids (%) UA* Gal Glu Arab Xyl Rham

Leaves 9.8 20 15.5 17.4 Tr 27 37.5 30.1 5.4 -----a b

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seeds 4.7 14 9.7 46.4 5.7 1.1 75.9 7.3 10 Tr

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seed-hulls 4.1 48 12.0 38.2 19 8.8 69.3 2.7 Tr Tr

a) Percentages lower than 1% are considered as traces (Tr.).       b) Absent.

* UA( uronic acid), Gal.( galactose) , Glu.(glucose), Arab.(arabinose). Xyl.(xylose) and Rham.( rhaminose).

Table 2: Yield, total Carbohydrate, Protein, and M onosaccharide Composition of the chemically m odified aqueous neem seeds, seeds-hulls

and leaves extracts

Monosaccharide Composition ratio (%)

Plant --------------------------------------------------------------------------------

origin Extractant Yield (%) Carbohydrate (%) Protein (%) UA Gal Glu Arab Xyl Rahm

Leaves 0.5N HCl 6.2 49.3 21.9 3.3 36 8.7 48.7 3.3 Tr

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

2H O 6.8 41.4 32.1 6.6 40.9 17.1 27.1 8.3 Tr

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.5N NaOH 9.1 41.9 46.3 Tr 5.4 25.6 40.6 28.4 Tr

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seeds 0.5N HCl 28.4 9.4 47.2 Tr 31.1 43.6 23.6 Tr 2.0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

2H O 6.1 21.4 39.8 1.9 48.3 22.5 28.1 Tr tr

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.5N NaOH 33.1 15.5 80.5 Tr 32.2 63.6 3.4 Tr Tr

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seed-hulls 0.5N HCl 8.1 39.2 37.9 21.6 14.1 16.1 37.3 10.9 Tr

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

2H O 8.6 34.6 14.2 21.1 17.8 31.2 12.8 17.1 Tr

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.5N NaOH 10.3 40.5 53.5 Tr 9.1 44.2 23.5 23.2 Tr

arabinose) were found by paper chromatography. In
contrast, glucose represented the major monosaccharide
in the hyrolysates of seeds and seed-hulls.

Before the extraction, the plant material was
pretreated with n-Hexane to remove lipids and oils.
Using  the  procedure described in the experimental
part, aqueous extraction of leaves, seeds and seed-hulls
was carried out with 0.5N HCl,  water and 0.5N NaOH
solution with significant yield variation (Table 2). To
eliminate low-molecular-weight substances, extracts
were dialyzed against distilled water for 2 days before
the lyophilization.

From these results, it can be seen that the highest
yield (33.1%) in 0.5N NaOH seed-extract.  the highest
total carbohydrate (49.3%) in 0.5N HCl leaf-extract
and  lowest in 0.5N HCl seed-extract (9.4%). The
highest and lowest soluble-protein values were recorded
in 0.5N NaOH seed-extract and water hull-extract
(80.5%, 14.2%), respectively.

These results are compatible with , where the[25-26]

q u a li ta t ive  and  quan ti ta t ive  m o no sacch a r id e
compositions of the crude extracts isolated were
established after acid hydrolysis by means of paper
chromatography. The quantitative monosaccharide
compositions depended on the method of extraction and
the source of the extract.  In the 0.5N NaOH extracts
of seed-hulls and leaves, the main monosaccharides
were glucose, and arabinose, and xylose while in the
0.5N NaOH of seeds were glucose, and  galactose.

The  predominating monosaccharide of the 0.5N HCl
extracts both of leaves were galactose and arabinose
compared  with  corresponding  extract of seeds were
glucose, galactose and arabinose.  The presence of
uronic  acids  in  the 0.5N HCl and water extract of
seed-hulls showed that they contained acidic
polysaccharides.

The sulfation process involves the adding sulfate
residue to hydroxyl or amino group to the biological
molecules leads to O-sulfated and N-sulfated
derivatives. The second part of the present study was
directed towards chemical sulfation of total native
crude extracts using chlorosulfonic acid as the sulfating
agent in formamide. Crude extracts were treated with
chlorosulfonic acid in anhydrous formamide at room
temperature for 24 hr.

As shown in Table 3, the chemical composition of
sulfated extracts shows lower sulfate content and a
decrease in three seed extracts. On the other hand, high
sulfate contents was found in sulfated extracts of 0.5N
HCl and 0.5N NaOH extracts of leaves and 0.5N HCl
and water extracts of seed-hulls.  It can be also seen in
Tables 2 and 3 that the monosaccharide constituents
ratios of acid hydrolyzates of native extracts  and their
sulfates showed small quantitative differences, which
indicated addition. The general characters of sulfated
0.5N NaOH seed-extract is the relatively higher
contents (64.4%) of proteins and lower contents of
carbohydrates (11.1%).
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Table 3: Yield, total Carbohydrate, Protein, Sulphate Contents and M onosaccharide Composition of the chem ically modified aqueous neem

seeds, seeds-hulls and leaves extracts.

Monosaccharide Composition ratio (%)

Sulfate Total ------------------------------------------------------------------

Sulfated Extract Yield (%) contents (%) Carbohydrates (%) Protein (%) UA Gal Glu Arab Xyl Rahm

Leaves 0.5N HCl 41.4 46 25.2 15.0 3.9 33.1 10.5 49.0 3.5 Tr

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2H O 60.0 29.2 34.1 26.0 5.2 41.9 20.6 25.1 7.7 1.0

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.5N NaOH 71.1 39.7 22.9 37.3 0.8 4.6 26.7 40.6 26.6 0.6

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seeds 0.5N HCl 50.1 28.9 7.9 42.7 0.9 30.5 40.0 22.6 4.1 1.9

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2H O 68.9 15.2 17.9 24.6 1.7 47.3 22.7 26.3 1.2 0.8

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.5N NaOH 80.4 19.0 11.1 64.9 Tr 30.1 62.6 3.3 4.0 Tr

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Seed-hulls 0.5N HCl 89.8 50.8 18.3 29.8 18.0 16.2 27.7 25.01 11.9 1.2

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2H O 82.2 34.8 20.5 15.0 20.2 17.9 32.2 12.0 18.5 Tr

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.5N NaOH 83.3 29.8 24.6 43.1 Tr 11.1 41.6 23.5 23.8 Tr

Table 4: Fibrinolytic activity of crude aqueous extracts and their

sulfated Derivatives of different parts of Azadirachta indica

Fibrinolytic activity

----------------------------------------------

Extract Native Extracts Sulfated Extracts

Leaves 0.5N HCl +3 +4

2H O +3 +6

0.5N NaOH +5 +7

Seeds 0.5N HCl +4 +5

2H O +6 +6

0.5N NaOH +6 +7

Seed-hulls 0.5N HCl +3 +6

2H O +4 +6

0.5N NaOH +6 +7

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

+3= Lysis of 25% of plasm a clot

Biological activities

A nticoa g u la t ion  and fibrinolytic activ it ies:

Azadirachta indica, is a common plant with rich

medicinal attributes. The aqueous extract is reported to

contain several active substances and is known to

posses anti-inflammatory, and immunomodulatory

activities .Despite other studies with several active [7]

compounds, so far no study claims for anticoagulation

and fibrinolytic activities  have been made. A search

for the biological activities of aqueous extracts and

their sulfates was, in vitro, done to evaluate them as

anticoagulants , fibrinolytic and antimicrobial agents.

The anticoagulation activity of total 9 crude

extracts as well as their sulfated derivatives at 2mg/ml

of extract was tested.  No one of native and modified

extracts showed anticoagulation activity. These

observation is acceptable on the basis of the previously

men tioned .  T hese  re su lts  confirmed  tha t[ 2 7 ]

anticoagulation activity is not only dependent on sulfate

contents but also on sulfation position, chemical

composition of carbohydrate and protein portions, and

the molecular weight of the macromolecules.

The fibrinolytic activity of water and ethanol

extracts from Paeonia lutea has been previously

investigated . As shown in Table 4, native water seed [28]

extract, and alkaline extracts of seed, seed-hulls and

leaves had higher activation than of the standard

(hemoclar). On the other hand, water extract of leaves

and the acidic extracts of leaves and seed-hulls

exhibited only weak activity. The acidic seed-extract

and water extract of seed-hulls showed the activity

similar to that of standard.  The fibrinolytic property of

native extracts is suggesting due to the carbohydrate or

protein talking into consideration similarity between

monosaccharide ratios .Chemical sulfation of native [28]

extracts improve the fibrinolytic activities. However the

fibrinolytic property of modified acidic extracts of

leaves and seed-hulls had higher higher activities,

comparable with their native extracts, similar to that of

standard.

Antibacterial and anti fungal activities: Dialysis of

plant acidic, aqueous, alkaline extracts allows removing

the low molecular weight molecules and the separation

o f  m a c r o m o l e c u l e ,  s u c h  a s  p r o te in s  a n d

polysaccharides. By this method, most of the

macromolecules will be found in the extract.

Proteins with antimicrobial activity were first

reported . Moreover, the aqueous extract of medicinal[29]

and food plants have been previously reported to show

antifungal activity .[30]

In the present study, the antibacterial and

antifungal activities of the native and chemically

modified extracts from seeds and seed-hulls and leaves.

Table 5 was evaluated   in   vitro   against   five 

microorganisms.  It is  obvious  that  all  of   these

 native   extracts  and  their corresponding sulfates at
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Table  5: Inhibitory response of natives crude extracts and their

sulfates on test Microbes in com parison with standard

antimicrobial and antifungal substances.

*Inhibition diameters in (mm)

------------------------------------------------------

Native Extracts Sulfated Extracts

------------------------- --------------------------

Extract *EC Sa Pc A n Ca Ec Sa Pc A n C a

Leaves 0.5N HCl 8 7 7 10 10 10 7 10 10 12

2H O 8 8 8 10 10 10 7 10 10 12

0.5N NaOH 8 7 8 10 10 10 20 10 10 12

0.5N HCl 8 10 10 8 10 10 7 8 12 12

2Seeds H O 8 10 10 10 9 10 7 10 12 12

0.5N NaOH 8 10 10 10 9 10 7 10 12 12

0.5N HCl 8 8 10 10 10 15 20 10 10 7

2Seed- H O 8 8 10 10 10 15 20 10 10 7

hulls 0.5N NaOH 8 10 10 10 10 15 20 10 10 7

Standard (Ampicillin) 7

(*) Conc. of control and samples (20 ìg/disc)

*Escherichia coli (Ec), Staphylococcus aureus (Sa), Penicillium

citrinum  (Pc) Aspergillus niger (An), and Candida albicans (Ca).

concentration of 20 ìg/disc gave various inhibition

activities against S. aureus, E. coli, C.albicans, A.

niger and P. citrinum , when compared with 20 ìg/disc

Ampicillin as a standard antimicrobial substance.

The three crude extracts of seeds-hulls and their

sulfates were, in general, the most active with the

biggest inhibition zone diameter (20 mm) against Sa

comparable to that of standard (7 mm). The sulfated

extracts seed and seed-hulls  had  the   smaller 

inhibition   zone  diameter (7 mm) against Sa-aureus

and An-iger,, respectively. Moreover, the sulfation of

alkaline extract of leaves improve activity against

studied bacteria and fungi.

In the light of these results we can conclude that

level of fibrinolytic and antimicrobial activities of the

various extracts was compared with the chemical

composition of each extract to determine the chemical

composition: activity relationship of each extract.

Generally, the high level protein and carbohydrate

content of extract had better fibrinolytic and

antimicrobial activities against. It is also proposed that

of the sulfated extracts increase with the respect of the

sulphate groups. 

Preliminary  observed structure-activity relationship

encouraged  us  to  further  purification  and

biological evaluation of the two major components

(protein,  carbohydrates),  which  will  be  published

in the future.   
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