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Extraction of the pulp of ripe berries of Bryonia lacinosa with 1% aqueous acetic acid yielded a polysaccha-
ride material, having p-glucose, p-mannose and L-arabinose in the molar ratio of. 5.00:3.01:4.00. Hydro-
lysis of the fully methylated polysaccharide furnished 2,3,4,6-tetra-O-methyl-p-glucose, 2,3-di-O-methyl-
p-glucose, 2,3,6-tri-O-methyl-p-mannose, 2,3-di-O-methyl-p-mannose and 2,3,5,-tri-O-methyl-L-arabi-
nose in 1:4:2:1:4 molar ratio. Partial hydrolysis of the polysaccharide furnished; mannobiose, epicellobi-
ose, 6-0-B-L-arabinofuranosyl-p-glucose, 6-O-o-mannopyranosyl-p-mannose and epimaltose along with
the component monosaccharides. On metaperiodate oxidation studies, 100 g of the polysaccharide liber-
ated 0.055 mol of HCOOH consuming 0.7127 mol of periodate, indicating about 8.33% of the end groups.
On the basis of the above results, a structure for the repeating unit of the polysaccharide has been pro-
posed. The polysaccharide was tested for the microbial activity and was found to be active against Esch-
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erichia coli with a minimum dose of 6.25 mg/mL.

© 2008 Published by Elsevier Ltd.

1. Introduction

Bryonia lacinosa syn Bryonopsis lacinosa (N.O. Cucurbitaceae)
plant is distributed throughout India and locally known as
“Shivlingi” and “Gargumaru.” It is an annual climber with bright
red fruits and is reported to be highly medicinal (Kirtikar & Basu,
1987). Locally in India its seeds are being used for promoting
conception in women. Plant as a whole is bitter, tonic and mild
laxative. Its leaves are used on inflammations. Roots with roots
of Michelia champaca is given against asthma and promotes con-
ception. Plant is also used against snake-bite (part not specified).
From leaves a bitter principle, bryonin, has been reported (Cho-
pra, Chopra, & Chopra, 1956). Bryonia alba is well established
homeopathic medicine, while B. lacinosa is being used as trivial
medicine since long in India, but not much work has been done
on the plant except fatty acids from fruit, sugars and a gluco-
mannan from seeds (Paul & Hem Raj, 1960; Singh & Malviya
2006) have been reported. In the present communication we re-
port on the polysaccharide isolated from the mucilaginous con-
tents of the B. lacinosa fruit berries and its activity against
Escherichia coli and fungi were tested.
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2. Materials and methods

Fruits of B. lacinosa (N.O. Cucurbitaceae) were locally collected
in Allahabad, India, and were identified at Botanical Survey of In-
dia, Allahabad. All the solutions were concentrated under reduced
pressure, melting points are uncorrected and all the optical rota-
tions are equilibrium values. Infra red (IR) spectra were recorded
on a Nicolet 5700 of FTIR spectrophotometer using KBr pellet. Pa-
per chromatography was done using following solvent systems. A;
5:1:4 1-butanol: ethanol: water (Hirst & Jones, 1949), B; 11:6:3 1-
butanol: isopropanol: water (Rizvi, Gupta, & Kaul, 1971); C; 10:4:3
ethylacetate: pyridine: water (Aspinall, Begbie, & Mackay, 1962);
D; 2:1:2 ethylacetate: pyridine: water (Meier, 1960). Spots were
located with the help of aniline hydrogen phathalate. GLC was car-
ried out using Neukon 5700 Gas Chromatograph equipped with
flame ionization detector at 190 °C with a Superleco SP 2380 col-
umn (3.0 x 0.53 mm), the carrier gas is nitrogen. Viscosity of the
polysaccharide solution was measured with Brookfield LVDVE vis-
cometer at 30 °C using small sample adapter (spindle S-18). Endo-
tracheal aspirates were obtained from critically ill patients of local
tertiary care centre and the samples were processed for micros-
copy, culture and antibiogram. For microbial activity testing all sol-
vents used were triply distilled and autoclaved prior to use.
Bacterial samples were obtained from the chest of critically ill pa-
tients as per direction of the consultants. Hinton Agar (M173), Sab-
ouraud Dextrose Agar (M 1313) and sterile disc (SD067) were
purchased from the Hi Media Laboratory Pvt. Ltd., Mumbai, India.
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Sigma Aldrich Disposable dialyzer (pore size 3,500 Da MWCO) was
used for dialysis.

2.1. Isolation and purification

2.1.1. Extraction of the polysaccharide

Pulp (1 kg) of B. lacinosa berries was suspended in 1% aqueous
AcOH overnight. The filtrate of the 1% solution was stirred well
and precipitated with 4 volumes of 95% EtOH and the dissolution
and precipitation was repeated six times to give a white amor-
phous product. The crude polysaccharide was collected, washed
with ethanol and dried (yield 20 g/kg). The crude polysaccharide
was purified through barium complexing (Singh, Srivastava, pan-
dey, Sethi, & Sanghi, 2003) by preparing 2.5% (w/v) solution of
the gum by continuous stirring for 12 h at 60 °C and precipitating
with saturated barium hydroxide solution. The complex was sepa-
rated by centrifugation and taken in 50 mL of 1 M CH5COOH, stir-
red for 8 h, centrifuged and precipitated with EtOH. It was washed
with 70%, 80%, 90% and 95% ethan*ol. The sample was finally puri-
fied by dialysis using Spectra/Por 3 Dialysis Membrane (MWCO
3500) and filtration through Standard MF-Millipore Membranes
(0.45 pm) filters. The pure polysaccharide was a non-reducing,
white, amorphous material with ash content 0.34% and
[2]p>°—30° (water).

2.2. Investigation of the structure of the polysaccharide

The pure polysaccharide was completely hydrolyzed with 1 M
trifluoroacetic acid (4 h at 100 °C). Paper chromotography (solvent
B) of the hydrolyzate revealed the presence of p-glucose (Smith &
Montgomery, 1959a) (R; 0.09 cm) and p-mannose (R¢ 0.11 cm)
and r-arabinose (R¢ 0.23 (Solvent D). Identities and configurations
of the monosaccharides were confirmed by co-chromatography
with authentic samples and preparation of derivatives (Clarke,
1970); p-glucose, mp 148 °C, [o]p>°+53.1° (water); p-glucosazone
mp 205 °C; p-mannose, mp 131 °C, [a]p>°+14° (water); p-mannose
phenyl hydrazone, mp 198 °C. L-arabinose, mp 160 °C, [«]p>%+170-
190° (Clarke, 1970), phenylosazone, mp 156 °C .The ratio of the
constituent monosaccharides was determined by GLC (Kapoor, He-
neri, & Travel, 1995). The complete hydrolyzate of the polysaccha-
ride was evaporated, the residue was reduced with sodium
borohydride and the products acetylated with pyridine-acetic
anhydride (1:1v/v, 1 h at 100 °C). The resulting alditol acetates
were analyzed by GLC (Kapoor et al., 1995), taking 2,3,4,6-tetra-
O-methyl glucose as standard. The ratio of p-glucose, p-mannose
and L-arabinose was found to be 5.00:3.01:4.00.

Graded acid hydrolysis of the polysaccharide (Smith & Mont-
gomery, 1959b) was done with 25 mM H,SO,4 at 100 °C for 6 h
and the sequential paper chromatographic separation of the hydro-
lyzate at various time intervals indicated that p-glucose was re-
leased first 15 min, p-mannose and L-arabinose were detected
only after 40 min. On metaperiodate oxidation studies 100 g of
the polysaccharide liberated 0.055 mol of HCOOH consuming
0.7127 mol of periodate, indicating about 8.33% of the end groups.

The polysaccharide was first methylated by Haworth’s method
(Haworth, 1915) followed by Hakomori’s method (Hakomori,
1964) to yield a fully methylated product [o]p*>—12.2° (chloro-
form). The completely methylated polysaccharide having no
absorption at 3600-3400 cm ' was boiled under reflux with 90%
aqueous HCOOH for 6 h then with 1 M H,SO4 for 14 h at 100 °C.
The products were fractionated on Whatman No. 3 MM paper (Sol-
vent A) to give following methylated sugars (1) 2,3,4,6-tetra-O-
methyl-p-glucose; (2) 2,3-di-O-methyl-p-glucose; (3) 2,3,6-tri-O-
methyl-p-mannose; (4) 2,3-di-O-methyl-p-mannose and (5)
2,3,5-tri-O-methyl-i-arabinose. GLC of the partially methylated
alditol acetates (Kapoor et al. 1998), taking alditol acetate of

2,3,4,6-tetra-0O-methyl-p-glucose as standard, revealed that
2,3,4,6-tetra-O-methyl-p-glucose, 2,3-di-O-methyl-p-glucose,
2,3,6-tri-O-methyl-p-mannose, 2,3-di-O-methyl-p-mannose and
2,3,5-tri-O-methyl-L-arabinose are in 1:4:2:1:4 molar ratio.

The polysaccharide was partially hydrolyzed with 50 mM H,SO4
for 12 hat 100 °C and the hydrolyzate was subjected to paper chro-
matography (solvent-D). Elution of different fractions with dis-
tilled water gave bp-glucose, L-arabinose and p-mannose along
with the following oligosaccharides: (1) Mannobiose
[BManp(1—-4)-p-Manp], mp 203-205°C, (from ethanol),
[¢]p?>—9° (water) cf. literature (Aspinall, Rashbrook, & Kessler,
1958) values, mp 202-203°, [a]p>>—5.2-8.2; derivative phenyl osa-
zone had mp 204 °C cf. literature (Srivastava & Singh, 1967) values
mp 203-206 °C (2) epicellobiose mp 180-182 °C, [«]p**+6.5° c.f.
literature (Meier, 1960) values mp 179-182 °C, [«]p?>+6° (3) 6-0-
B-L-arabinofuranosyl-p-glucose, (4) 6-0O-o-mannopyranosyl-p-
mannose, syrup, [a]p2>+71° c.f. literature (Jaroslav, Miloslav, & Jo-
sef, 1965, chap. XII) value 72° and (5) 4-O-o-glucopyranosyl-p-
mannose (epimaltose) mp 212 °C, [«]p?°+100-115° c.f. literature
(Jaroslav et al., 1965, chap. XII) value mp 215 °C, [o]p?> +96-115°.

2.3. Microbial activity of the polysaccharide

The antibacterial susceptibility test was done by determining
the zone of inhibition (Koneman, Allen, Janda, Schreckenberger, &
Winn, 1997). The polysaccharide was dissolved in water for pre-
paring stock solution (50 mg/mL) in sterile test tubes. Sterlized fil-
ter discs were socked with the stock solution and dried. Four
different bacterial broth cultures (1 mL) namely Staphylococcus
aureus, Klebsiella aerogenes, Escherichia coli, Streptococcus pyogenes
were added in the M.H. plates and spread with the sterile spreader.

B--L-Arbf 0.-D-Glep (1—-4)- o-D-Manp
1 1
{ {
6 6

—[—(4- B-D-Glep (1-)4-4) - B-D-Manp (1-54) - f-D-Manp-(1—1—],—>-

Fig. 1. Structure of the repeating unit of B. lacinosa pulp polysaccharide.

Fig. 2. Inhibition zone for E.coli growth by B. lacinosa fruit polysaccharide (A) and
the control (B).
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Charged sterile discs were placed aseptically over the inoculated
plates using the sterile forceps. All the procedures were done under
a Laminar flow. The plates were inoculated at 37 °C for 24 h and
the zone of the inhibition was measured. Amoxycillin-clavulanic
acid control was used for comparison (Bauer, Kirby. & Sherris,
1966) (Fig. 2).

For performing in vitro antifungal test, the solutions of the poly-
saccharide were prepared in water at initial concentration 25 mg/
mL. Candida and its species were isolated from the patients having
chest infection on sabouraud Dextrose Agar without antibiotics. A
standardized inoculum was prepared by counting mitochondria.
Cultures were grown on Sabouraud Dextrose Agar for 48 h at
37 °C. Sterile saline solution (0.85%) was added to the slant and
cultures were gently swabbed with cotton tipped applicator to dis-
lodge conidia from the hyphal mat. The suspension was transferred
to a sterile tube and volume was adjusted to 5 mL with sterile sal-
ine solution. Sabouraud Dextrose Agar was poured to depth of
5 mm in 90 mm Petri dishes and stored at 4 °C. The plates were
dried, standardized suspension was poured and uniformity spread
by means of swab sticks. The excess inoculum was examined.

3. Results and discussion

The polysaccharide was isolated from defatted and decolorized
pulp by extracting them with 1% aqueous AcOH by followed by
precipitation with 4 volume of 95% EtOH in 2.0% yield. It was puri-
fied by barium complexing, dialysis and filtration through various
Millipore membranes. The pure polysaccharide had [¢]p?°—30°
(water), ash content 0.34% and negligible percentage of acetyl,
methoxyl and uronic acid (Adams & Castagne, 1951; Schultz,
1965). Viscosity 1% solution was 125.4 cP (at 5rpm 100 rpm at
20.9% Torque).

Complete acid hydrolysis yielded p-glucose, p-mannose and 1-
arabinose. The ratio of the constituent monosaccharides was found
to be 5.00:3.01:4.00, respectively, by GLC. Graded hydrolysis re-
sulted in the preferential release of p-glucose indicating their
peripheral position as end groups. Fully methylated polysaccharide
[#]p?°=12.2° (chloroform) on hydrolysis yielded 2,3,4,6-tetra-O-
methyl-p-glucose, 2,3-di-O-methyl-p-glucose, 2,3,6-tri-O-methyl-
p-mannose, 2,3-di-O-methyl-p-mannose and 2,3,5-tri-O-methyl-L-
arabinose. GLC of the alditol acetates of the methylated monosac-
charides taking 2,3,4,6-tetra-O-methyl-p-glucose as standard
showed them to be present in 1:4:2:1:4 molar ratios. On metape-
riodate oxidation studies 100 g of the polysaccharide liberated
0.055 mol of HCOOH consuming 0.7127 mol of periodate, indicat-
ing about 8.33% of the end groups.

Acid catalyzed partial hydrolysis of the polysaccharide gave oli-
gosaccharides (1) mannobiose (4-O-B-p-mannopyranosyl-p-man-
nopyranose) (2) epicellobiose  (4-0-B-p-Glucopyranosyl-p-
mannopyranose) (3) 6-0-B-L-arabinofuranosyl-b-glucose, (4) 6-0-
o-mannopyranosyl-p- mannose, and (5) 4-O-a-glucopyranosyl-p-
mannose (epimaltose) along with the component monosaccha-
rides p-glucose and p-mannose and r-arabinose.

Above results suggest the following structural pattern for the
repeating unit of the polysaccharide. (Fig. 1)

4. Microbial activity

The polysaccharide was tested for four different stains of bac-
teria for the antibacterial activity, namely Staphylococcus aureus,
K. aerogenes, S. pyogenes and E. coli. It was found to show activity
against E. coli. The polysaccharide was tested for four dilution,
1.25 mg/mL, 3.12 mg/mL, 6.25 mg/mL and 12.5 mg/mL and the
activity was observed at minimum concentration of 6.25 mg/
mL. (Table 1). While the control Amoxycillin-clavulanic acid

Table 1
Antibacterial testing for the fruit pulp polysaccharide of B. lacinosa

S.No Bacteria Serial dilution in mg/mL

12.5 6.25 3.12 1.25
1. S. aureus Nil Nil Nil Nil
2. K. aerogene Nil Nil Nil Nil
3. E. coli v v Nil Nil
4. Sterptococcus pyogenes Nil Nil Nil Nil
5. Amoxycillin-clavulanic acid control v Vv i Vv

was active over the concentration range studied. Zone of inhibi-
tion was measured to be 16-18 mm for both the BL as well as
control. The polysaccharide was inactive at all the dilution for
other bacterial strains studied. The antimicrobial activity of the
polysaccharide can be attributed to its interaction with the pro-
teins in the outer cell wall of the bacteria which largely consists
of porins which coexist with lipopolysaccharide (Nogami &
Mizushima, 1983; Ratledge and Dale, 1999). However a detailed
study is required to fully understand the mechanistic steps of
the interaction.

The polysaccharide also did not show any antifungal activity for
the tested stains of the fungi.
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