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KEYWORDS Abstract  Pergularia daemia (Forsk.) chiov., is a milk weed of Asclepiadaceae family. In the present
Pergularia daemia; study B-sitosterol, B-amyrin, a-amyrin and lupeol were identified in the leaf by GC-MS. Molecular
Snake venom; docking studies were performed to evaluate their activities on phospholipase A2 (PLA2) and
Phospholipase A2; L-amino acid oxidase enzymes which constituted a rich source in snake venoms (Naja naja). Snake
L-Amino acid oxidase; venom Phospholipase A2 with PDB code 1A3D devoid of co-crystallized ligand was extracted from
Molecular docking Protein Data Bank. Using Molegro Virtual Docker two cavities are formed by cocrystallization.

L-Amino acid oxidase (PDB code 4E0V) was a receptor model with a co-crystallized ligand
FAD. Among the phytochemicals analysed, B-sitosterol displayed high affinity of binding to the
active site regions of phospholipase A2 and L-amino acid oxidase, respectively. The affinity of bind-
ing was —125.939 and —157.521 kcal/mole identified by gold scores. a-Amyrin and B-amyrin had
two hydrogen bond interactions with PLA2. Hence this study suggests that p-sitosterol identified
in P. daemia can antagonize PLA2 and LAAO activities and forms a theoretical basis for the folk

use of the plant against snake venom.
© 2015 Production and hosting by Elsevier B.V. on behalf of Academy of Scientific Research &
Technology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0)/).

1. Introduction are known to possess anti-emetic and expectorant properties

[1]. Singh et al. reported the probable use of plant parts as
Pergularia daemia is also called as Yugmaphala a perennial, anti-asthmatic, rheumatic swellings 'an'd anti snake ve;nin 2]
small, twining herb with major pharmacological activities Th? plant also acts as an Athelmlr.mc and.qntlseptlc [3-3]).
being reported on different parts of the plant. Arial shoots Dried leaves are Anti rheumatic, anti bronchitic, have wound

healing properties, reduce body pains, infantile diarrhoea,
amenorrhoea and dysmenorrhoea [1,6-8]. Fresh root is used
E-mail addresses: stvraghavamma (@ gmail.com (S.T.V. Raghavamma), as abo.rtlfament and can treat gonorrhoea [.10]’ ShOOFS treat
nadendla2000@yahoo.co.in (N. Rama Rao), drgdr@kvsrsiddhartha- Whooplng cough.[‘).l 1],’ stem bark af:ts against malaria, and
pharma.edu.in (G. Devala Rao). twig as an antipyretic and appetizer [12,13]. Moreover,
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leaves exhibited significant analgesic, antipyretic activities and
antibacterial properties [14,15]. Phytochemicals like glucosides
and cardenolides (calotoxin, calotropagenin,  dihy-
drocalotropagenin, calotropin, uscharidin) in seed, coroglauci-
genin, corotoxigenin, uscharidin and uzarigenin in stem are
identified [16]. Roots were reported to contain B-sitosterol,
lupeol, lupeol acetate, o, B-amyrin and its acetate [17-19].
Apart from this, Jalalpure et al. reported leupol-3-B-
transcrotonate along with the acetate of a-amyrin, B-amyrin,
oleanolic acid and B-sitosterol from the hexane extract of
whole plant [15]. Organic esters, fatty acids and phenolic com-
pounds were identified by GC MS analysis of the ethanolic
extract of the plant [20].

Though the literature shows the folk use of the plant to
treat snake bite, there exists no theoretical evidence. The pre-
sent work, reports the isolation and structural elucidation of
B-sitosterol, PB-amyrin, a-amyrin and lupeol simultaneously
from the leaf powder of P. daemia using GC-MS for the first
time. Further computer-aided analysis was initiated to evalu-
ate the activity of these compounds against snake bite after
their in vitro studies thus aiming at developing a theoretical
evidence for folk use of the plant.

2. Material and methods

2.1. General experimental procedure

All the chemicals in the study were purchased from Sigma and
Merck Pvt. Ltd and are used without further purification. The
venom was purchased from Calcutta Snake Park, Calcutta,
India, in its pure form. GC-MS, column, protein data, docking
was performed in Ohmlina Centre for Molecular Research,
India. The whole plant of P. daemia (Forsk) chiov., was collected
in the month of August, 2010, from Krishna district, India. The
sample was identified using trnL-trnF intergenic spacer
sequence based phylogenetic tree (Fig. 2) and a voucher
specimen No. 02 was deposited in the herbarium of Chalapathi

Figure 1 Twig of Pergularia daemia bearing flowers and fruit.
The leaves are almost glabrous above and velvety below. The
flower corolla forms a greenish-yellow or dull white tube. The
fruits release ovate seeds covered with velvety hairs.

Institute of Pharmaceutical Sciences, Lam, Guntur, India
(Fig. 1).

2.2. Extraction, isolation and analysis by GC-MS

As the plant was selected based on the traditional use, the ini-
tial extract was prepared as described by the traditional healer.
10 gms of the leaf powder was extracted using 200 MilliQ-
water at 50 °C for 4h and cooled to room temperature, filtered
and treated with methylene chloride (3 x 100 ml) to extract
more lipophilic components. The Leaf residue (remained on
filter paper) was dissolved in 200 mL of n-Hexane and soni-
cated for 30 min to dissolve any lipophilic substance that is
not removed from the leaf powder [21,22]. Methylene chloride
and n-Hexane extracts are combined and passed through a
sodium sulphate plug. The combined extract was concentrated
in a rotary evaporator up to 10 mL and then further upto 1 mL
using nitrogen concentrator and was analysed using GC-MS
(5975C Inert MSD) system equipped with a splitless capillary
injection port using HP-5SMS, 0.25 mm X 0.25 pm x 30 m col-
umn [23]. Helium (99.999%) was used as a carrier gas at a con-
stant flow of 1 mL/min and an injection volume of 0.5 EI was
employed with an injector volume of 1puL under splitless
mode. lon source temperature was maintained at 280 °C.
The oven temperature was programed from an initial temper-
ature of 70 °C hold for 5.0 min with an increase of 10 °C/min
to 320 °C for a total run time of 40 min. Mass spectra were
taken at 70 eV, a scan interval of 0.5 s and with MS scan mode
from 25 to 550 m/z. The chromatograms thus obtained were
recorded (Fig. 4).

2.3. In-vitro tests for the inhibition of PLA2 activity

PLA2 activity of N. naja venom was performed using an indi-
rect haemolytic assay on agarose—erythrocyte—egg yolk gel
plates [24]. Increasing doses of the venom were added to the
wells in the agarose gels with 1.2% sheep erythrocytes, 1.2%
egg yolk as a source lecithin and 10 mM CaCl,, incubated at
37°C overnight and haemolytic haloes were measured
(Fig. 3). Control wells contain 15 puL of saline. The minimum
indirect haemolytic dose (MIHD) corresponds to the dose that
induced a haemolytic halo of 20 mm diameter. 1 MIHD of
N. naja venom was used. Test solutions and dose of venom
(0.005 mL each) were pre-incubated for lhour at 37 °C. After
centrifugation at 10,000 rpm for 10 min, the supernatant
(20 uL) was tested for PLA2 activity by incubating the plates
at 37 °C for 20 h. Results were expressed as percentage inhibi-
tion of enzymatic activity (Table 1 and Fig. 7), where 100%
inhibition produced no clear zone. The total phenol and flavo-
noid content of the extract was estimated using tannic acid and
quercetin standard graphs (Figs. 5 and 6).

2.4. In vitro tests for the inhibition of protease activity of the
venom

Venom Proteolytic activity was assayed as described by
Ibrahim et al. [25] with a slight modification. 1 mL of N. naja
(102500 pg) with 1 mL of 1% casein in 0.1 M Sorensen’s
phosphate buffer of pH 7.6 was incubated for 30 min at
37 °C. Undigested casein was precipitated and the reaction
was terminated by adding 3 ml of 5% trichloroacetic acid
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Calotropis procera chloroplast partial tmL-tmF intergenic spacer, specimen voucher Huber sn. (UBT)
| Kanahia laniflora chlorcplast tmL-trnF intergenic spacer, specimen voucher Liede & Newton 3211 (ULM)
* Kanahie laniflora chloroplest tmL-tmF intergenic spacer, specimen voucher Mangelsdorff 116 (UBT)
Tylophera flexuosa var. perrottetiana chloroplast partial tmL-mF intergenic spacer
* Tylophera flexuesz chloroplast partial tmlLtmF intergenic spacer, specimen voucher Schneidt JS 95-84 (ABD)
Bionida henryi chloroplast partial tmL-tmF intergenic spacer, specimen voucher Deng 90203 (MO)
' Vincetoxicurn rossicumn plastid, partial genome
Vincetoricum hirundinania chloroplast partial tmL-tmF intergenic spacer, specimen voucher Meve s.n. (UBT)
" Tylophora sylvatica chleroplast partial trnl4mF intergenic spacer, specimen voucher Valek sn (UBT)
+ Tylophora conspicua chleroplast pattial tmLtrF intergenic spacer, specimen voucher Liede & Meve 3366 (B, UBT)
' Vincetoxicum ztratum genomic DNA containing partial tmL gene, tmL-tmF IGS and partial tmF gene, specimen voucher MO:Chen et al. 9¢
Cynanchum repandum chloroplast partial tmL-tmF intergenic spacer, specimen voucher Liede et al 2867 (MSUN, TAN)
- Cynanchum sessiliflorum chloroplast partial tmL-tmF intergenic spacer, specimen voucher Mengelsdorff 13 (UBT)
Cynanchumn rossii chleroplast partial tmL-tmF irtergenic spacer, specimen voucher Rauh sn. (UBT, Z8S)
* Cynanchurn verrucosum chloroplast partial tmL-tmF intergenic spacer
| Cynenchumtelian chloroplagt partial tmL-tmF intergenic spacer, specimen voucher McPherson 14770 (MO)
- Cynanchum comorense chloroplast partial tmL-tmF intergenic spacer, specimen voucher Pignal 1104 (P)
Cynanchum pymoneuroides chloroplast partial tmL-tmF irtergenic spacer, specimen voucher Service Forestier 26466 (P)
* Cynanchum pzchyeladon chleroplast partial tmL-trnF intergenic spacer, specimen voucher Liede et al 2741 (TAN, UBT)
Cynanchurn eucullatum chlereplast partial tmLtmF intergenic spacer, specimen voucher Liede & Conrad 2868 (MO, MSUN, P)
- Cynanchum chouxii chleroplast trmL-F ntergenic spacer
Cynanchum pearsonianum chl oroplast partial tmL-tmF intergenic spacer
Scyphostelma beckii chloroplast partial tmL-F intergenic spacer
* Scyphostelma microphyllum genomic DNA containing tmL-tmF IGS, specimen voucher B: Weigend et al. 5821
Scyphostelma ecuadarense genomic DNA containing tmL-tmF IGS, specimen voucher S: Harling & Stahl 26512
Araujia sericifera chloroplast partial tmL-imF intergenic spacer, specimen voucher Liede & Conrad 3007 (ULM)
| Oxypetalum sylvestre chloroplast partial trnL-tmF intergenic spacer, specimen voucher Liede & Conrad 3024 (X, MC, MSUN, ULM
- Oxypetalum pentasetum chloroplast partizl rnl.-F intergenic spacer
' Diplolepis sp. SL3-2010 tmL-F intergenic spacer, specimen voucher E Teillier §78
" Diplolepis diemii chloroplest partial trnL-F intergenic spacer, specimen voucher Naumann 1347 (MB)
Schizostephanus alatus chloroplast partial tmL-trrF intergenic spacer, specimen voucher Noltee s.n. sub IPPS 8111 (UBT)
Cynanchum crassipedicellatum chleroplast trmLL-F intergenic spacer
* Cynanchum mevei chloroplast partial trL-tmF intergenic spacer, specimen voucher Teissier 215 (UBT)
| Cynandmm cermpzcium chloroplast partial trnL-imF intergenic spacer
- Cynanchum radiatum chloroplast tril.-F intergenic spacer
Cynanchum gerrardii chloroplast partizl tmL-tmF intergenic spacer, specimen voucher Liede et al 2797 (MSUN)
* Cyranchum folotsioides chloroplast tmlL-F intergenic spacer
Cynanchum madagzseariense chloroplest partial tmL-imF intergenic spa cer, specimen voucher Liede et &l. 2756 (UBT)
- Cynanchum rungweense chloroplast partiel tmL-tmF intergenic spacer, specimen voucher Mwasumbi 16518 (MO, K, MWC 8415)
Cynanchum floribundum chloroplast partial tmL4rnF intergenic spacer, specimen voucher Latz 12579 (MO)
Cynanchum obtusifelium chlereplast partial tml-tmF intergenic spacer, pecimen veucher Liede 2925 (UBT)
- Cynanchum auriculatum tRNA -Leu (trnL.) gene, partial sequence; tmltmF intergenic spacer, complete sequence; and tRNA-Phe (tm
Cynanchum wilferdii tRNA-Leu (tml) gene, partial sequence; trnL-tmF irtergenic spacer, complete sequence; and tRNA-Phe (tmF) gene, pi
- Cynanchum praecox chloroplest partial tmL-irnF intergenic spacer, specimen voucher Goyder et al. 2828 (PRE)
* Cynanchum falcatum chloreplast partial tmLtmF intergenic spacer, specimen voucher Friis 3169 (K; MWC 8410)
Cynanchum falcatum chloroplast trmil.-F intergenic spacer
* Cynenchum ellipticun chleroplast partial tmlL-tmF intergenic spacer
Cynanchum abyssinicum chloroplast partial tmL-rnF intergenic spacer, specimen voucher Liede & Meve 3373 (UBT)
Pergularia daemia tml-tmF intergenic spacer, partial sequence; plastid
. Pergularia daemia chloroplast partial tmL-tmF intergenic spacer
- Pergularia tamentosa plastid genomic DNA containing tmL (UAA)-tmF (GAA) IGS, specimen voucher ISLNaz012

Figure 2 By using the Pergularia daemia trnL-trnF intergenic spacer, partial sequence; plastid a phylogenetic tree was constructed.
Maximum likelihood phylogram was discovered in 8 independent ratchet analyses. Note the broken branch to the outgroup, Cynanchum,
with the exception of a few weakly supported nodes, this topology is identical to the strict consensus of most parsimonious trees
discovered.

centrifuged at 5000 rpm for 15 min, the absorbance of the
supernatant was measured at 366 nm. The activity of protease
was defined as the amount of enzyme that hydrolyses 1 umol
of amino acids (in terms of tyrosine) from casein per minute
under the standard assay conditions. P. daemia extract was
evaluated for its anti-proteolytic potential against the venom
by incubating each 0.5 mL of the test solution (100, 250, 500,
1000 pg w/v) with 200 uL of venom for 1 h at 37 °C. Blanks
containing only the buffer and extract were run in parallel.
The optical density was measured at 366 nm (Table 2 and
Fig. 8).

2.5. Inhibition of hyaluronidase activity

Inhibition of hyaluronidase enzyme activity was determined Figure 3  In-vitro PLA2 activity of the extract in agarose gel

turbidometrically [26]. NN venom (25-1000 pg) in phosphate
buffer saline (PBS) of pH 7.4 was incubated with 50 pg of hya-
luronic acid in 1 mL 0.2 M sodium acetate buffer (pH 5) with
0.15 M sodium chloride for 25 min at 37 °C. The reaction was

impregnated with 1.2% sheep erythrocytes and 1.2% egg yolk and
10 mM CaCl,. 1-8 Cavities show inhibition of haemolytic activity
of naja venom by increasing dose of plant extract (5, 10, 15, 20, 25,
30, 35, 40 pl of plant extract) in series.
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Figure 4 GC-MS chromatogram of P. daemia leaf extract showing B-sitosterol, a-amyrin, f-amyrin and lupeol Chromatogram b, ¢, d, e

shows compounds identified compared to inbuilt NIST library.

stopped by adding 2 mL of 2.5% cetyl-trimethyl-ammonium
bromide in 2% sodium hydroxide. Optical density was read
at 400 nm after 30 min against blank. Turbidity-reducing
activity was expressed as a percentage of the remaining hya-
luronic acid, taking the absorbance of the blank as 100%.
The venom concentration that produced a reduction in turbid-
ity of ~50% was used in inhibition experiments. The percent-
age inhibition of venom hyaluronidase activity by the extracts
was determined after pre-incubating an equal volume (100 pL)
of each test sample in acetate buffer with NN venom in PBS
[0.01-100 pg] for 30 min at 37 °C, then hyaluronidase activity
was measured. Blanks were run in parallel (Table3 and Fig. 9).

2.6. Molecular docking studies

The potential binding site of the target protein and lead candi-
dates are identified by a molecular docking algorithm Mol
Dock, based on a novel search algorithm that combines differ-
ential evolution techniques with a cavity prediction algorithm.
Genetic algorithm, Mol Dock SE with default parameters such
as 1500 iterations, population size 50, with maximum 300
steps was used. The scoring scheme was derived from PLP

(Piecewise Linear Potential) scoring functions [27]. The com-
pounds used for docking are drawn as 2-D structures using
ISIS Draw software and converted to 3-dimensional Mol?2 files
using ProDRG2 server [28]. We tested three different scoring
functions such as GOLD score, M E Dock server and Mol
Dock score of Molegro software were tested. The X-ray crystal
structures of Phospholipase A2, 1A3D, L-amino acid oxidase
and 4EQ0V were downloaded from PDB database [29-32].
Ligand cavities were detected in all enzymes and by default
the major cavity was selected for analysis before docking
(Tables 4 and 5 and Figs. 10 and 11).

3. Results and discussion

The resulting GC-MS chromatograms are compared with the
standard and were found to contain B sitosterol, o-amyrin,
B-amyrin and lupeol. About 5 pg of the N. naja venom pro-
duced 20 mm diameter haemolytic haloes that are considered
to be 1 U (U/5pug) in agarose sheep erythrocyte gel. This
confirms the PLA2 activity of naja venom. P. daemia extract
was capable of inhibiting PLA2 dependent haemolysis in a
dose dependent manner. 40 pL of plant extract corresponding
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Table 1 Percentage inhibition of PLA2 activity of venom by
plant extract using an indirect haemolytic assay on agarose—
erythrocyte—egg yolk gel plates method and corresponding
phenol content.

S.no Extract Concentration of phenols Inhibition
(k) (ng) (%)

1 5 2.5 50

2 10 5.0 50

3 15 7.5 55

4 20 10.0 61

5 25 12.5 61

6 30 15.0 66.6

7 35 17.5 72.2

8 40 20.0 83.3

Tannic acid standard graph

y=0.002x+ 0.084
R?=0.985.

ODat680nm
-
wn N
*

0 200 400 600 800 1000 1200

concentration of tannic acid

Figure 5 Tannic acid standard graph for the estimation of
phenols from Pergularia daemia extract using the Folins method.
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Figure 6 Standard graph of quercetin for the estimation of
flavonoids from Pergularia daemia extract.

to 20 pg of phenolic content inhibits 80% of haemolysis of
sheep RBC’s induced by naja venom. The EDsq of P. daemia
was found to be 5 pL corresponding to 2.5 ug of the phenolic
content. 250 pL of the extract shows 72% of activity. The inhi-
bition of protease activity at low concentration confirms the
basic role of triterpenes and sterols identified in the extract.
Snake venom Phospholipase A2 with PDB code 1A3D
extracted from Protein Data Bank was devoid of co-
crystallized ligand. Two cavities were detected using cavity
detection algorithm in Molegro Virtual Docker by comparing
the cavity formed by co-crystallized bound ligand of 4DBK.
Nearly 50% of residues in both the cases are identical.

PLA2 Inhibition

100

g
._g 80
S 60
£ 40 ——%
@20 INHIBITION
= 0
Ry
B 0 10 20 30
B Phenolic content (ug)

Figure 7 Graph shows percentage inhibition of PLA2 activity
corresponding to phenolic content of the extract.

Table 2 Venom (200 pL) protease inhibition activity in of
Pergularia daemia in terms of percentage.

S. Extract Concentration of O.D Inhibition
no pl phenols (ng) 366 nm (%)
1 100 —0.66 -
2 250 125 0.088 72
3 500 250 0.139 55.8
4 1000 500 0.191 39.3
PROTEASE INHIBITION
80

60 \

40 \

20 —o— % INHIBITION

0 T T 1
0 200 400 600

Phenolic Content (pg)

% of Protease Inhibition

Figure 8 Venom protease inhibition activity of Pergularia
daemia plotted against the corresponding concentration of the
phenolic component in the extract.

Table 3 Percentage inhibition of venom hyaluronidase activ-
ity of Pergularia daemia extract and its corresponding phenol
content.

S. no Concentration of phenols (pg) Inhibition (%)
1 0.01 8

2 0.1 20

3 1 45

4 10 70

5 100 75

Moreover, the volume of each cavity was 100.352 (1A3D)
and 197.12A (4DBK) respectively. Binding affinities
and probable mode of interactions of four ligands, viz.
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Inhibition of hyaluronidase activity
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Figure 9 Percentage inhibition of hyaluronidase activity of
Pergularia daemia plotted against corresponding concentration of
phenolic component in the extract.

B-sitosterol, B-amyrin, a-amyrin and lupeol with active site
residues of 1A3D resulted in dock scores between
—92.18 kcal/mol and —125.94 kcal/mol respectively (Table 4).
B-sitosterol displayed high affinity (—125.94 kcal/mol). How-
ever, this ligand and lupeol are without H-bond interactions.
Hydrophobic and steric interactions might exist. On the other
hand, ligand efficiency (moldock score divided by heavy
atoms) resulted in —4.198 kcal/mol of ligand efficiency for
B-sitosterol that was much better than the remaining ligands.
The energy contributions of active site residues with ligand
molecule, [B-sitosterol, are predominantly from Cys, Gly,
Phe, and Tyr amino acids.

L-Amino acid oxidase, 4EQV selected as receptor model has
a co-crystallized ligand, FAD with one cavity. Hence ligand
docking was initiated by choosing the cavity as active site.
The resultant dock scores (Table 5) suggest the fact that almost
all ligands present similar competitive inhibition (around
—133 kcal/mol) at the active site except [-sitosterol
(—157.521 kcal/mol). This high affinity of B-sitosterol might
be attributed to the ligand efficiency (—5.2507 kcal/mol) as
well as hydrogen bond interactions with Arg90 and Tyr372
respectively. The energy contributions of active site residues
with ligand molecule, B-sitosterol, were predominantly from
Gly, Thr and Tyr amino acids.

An attempt has been made to isolate a few compounds
from P. daemia that are expected to have inhibitory potential
against snake venom phospholipase A2 and L-amino acid oxi-
dase. The work complies with the literature, which states that
most of the phenolic acids, terpenoids, and flavonoids from the
plant extract are responsible for snake venom neutralizing abil-
ity [33]. There exists a strong correlation between total phe-
nols, flavonoids and their biological activities. Of the four
compounds, B-sitosterol, B-amyrin, a-amyrin and lupeol that
were identified by GC-MS, it was observed from molecular
docking studies that B-sitosterol has high affinity of binding
to the active site regions of alpha cobra toxin, phospholipase
A2 and r-amino acid oxidase. Computational analysis revealed

Figure 10 Energy contributions of active site amino acids of
1A3D with B-sitosterol. Atoms contributing energy are repre-
sented as spheres (size corresponds to the energy associated).

Il 430

Tyr3n2
' aCludpr ®

Cys 293

Figure 11  Energy contributions of active site amino acids of
4E0V with B-sitosterol. Atoms contributing energy are represented
as spheres (size corresponds to the energy associated).

the strength of binding and important amino acids that confer
the stability of B-sitosterol within the active site regions of
these enzymes. It is the abundant phyto-steroid isolated from
various plant sources which are identified for their anti-snake
venom activity like Aristolochia serpentaria (the Virginia snake
root) [34], Cissampelos glaberrima (snake liana in Brazil) [35]
Marsypianthes chamaedrys (snake plant) [36] and Ophiorrhiza
mungos (Ophiorrhiza is snake root in Latin) [37].

Table 4 Dock scores of four ligands against 1A3D with H-bond interacting residues and ligand efficiency (LE).

Ligands Mol Wt Mol Dock score (kcal/mol) H-bonding amino acids Heavy atoms Ligand efficiency (kcal/mol)
o-Amyrin 426.717 —92.1781 O-Tyr 27, Gly 29 31 —2.9735

B-Amyrin 425.709 —96.8369 O-Tyr 27, Gly 29 31 —3.1238

B-Sitosterol 414.707 —125.939 — 30 —4.1979

Lupeol 426.717 —93.8994 - 31 —3.029
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Table 5 Dock scores of four ligands against 4E0V with H-bond interacting residues and ligand efficiency (LE).

Ligands Mol Wt Mol Dock score (kcal/mol) H-bonding amino acids Heavy atoms Ligand efficiency (kcal/mol)
o-Amyrin 426.717 —133.106 O Met 43 31 —4.2937
B-Amyrin 425.709 —143.833 O Met 43, N Ser 44 31 —4.6398
B-Sitosterol 414.707 —157.521 N Arg 90, O Tyr 372 30 —5.2507
Lupeol 426.717 —131.528 O Met 43 31 —4.2428

4. Conclusion

Hence, it can be concluded that B-sitosterol isolated from
P. daemia is responsible for anti-snake venom potential of
the extract, provided, further experimental investigations on
this active principle would highlight the importance of this
compound.

The main groups of triterpenoids are represented by tetra
cyclic and pentacyclic derivatives. Pentacyclic triterpenoids
are all based on a 30-carbon skeleton comprising five, six-
member rings (ursanes and lanostanes) or four six-member
rings and one five-member ring (lupanes and hopanes) [38].
Pentacyclic triterpenoids o-amyrin, betulinic acid and betuli-
naldehyde, and other related triterpenes such as oleanolic acid
(oleanic acid), ursolic acid, zeylasteral were reported to possess
anti-snake venom activity [39]. But Lupeol, a-amyrin and
B-amyrin belonging to this group isolated from P. daemia
showed less effectiveness on Naja venom. Hence the synergistic
activity of all the compounds in the extract might potentiate
the anti-venom activity of the plant in its folk use.

References

[1] V. Elango, L. Ambujavalli, E. Amala Basker, N. Sulochana,
Fitoterapia 56 (1985) 300-302.
[2] V.P. Singh, S.K. Sharma, V.S. Khare, Indian Drugs Pharm. Ind.
5 (1980) 7-12.
[3] A. Dutta, S. Ghosh, J. Pharm. Sci. 36 (1947) 250-252.
[4] S.N. Arseculeratne, A.A.L. Gunatilaka, R.G. Panabokke, J.
Ethnopharmacol. 13 (3) (1985), 323-3.
[S] Z.E. Selvanayahgam, S.G. Gnanevendhan, K. Balakrishna, R.
B. Rao, J. Herbs Spices Med. Plants 2 (1994) 45-100.
[6] H.K.N. Kakrani, A.K. Saluja, Fitoterapia 65 (5) (1994) 427—
430.
[7] P. Pushpangadan, C.K. Atal, J. Ethnopharmacol. 11 (1) (1984)
59-717.
[8] M.B. Reddy, K.R. Reddy, M.N. Reddy, Int. J. Crude Drug Res.
26 (4) (1988) 189-196.
[9] J.O. Kokwaro, Korean J. Pharmacogn. 12 (3) (1981) 149-152.
[10] G. Samuelsson, M.H. Farah, P. Claeson, M. Hagos, M. Thulin,
O. Hedberg, A.M. Warfa, A.O. Hassan, A.H. Elmi, A.D.
Abdurahman, A.S. Elmi, Y.A. Abdi, M.H. Alin, J.
Ethnopharmacol. 35 (1) (1991) 25-63.
[11] N. Nagaraju, K.N. Rao, J. Ethnopharmacol. 29 (2) (1990) 137
158.
[12] I. Kohler, K. Jenett Siems, C. Kraft, K. Siems, D. Abbiw, U.
Bienzle, E. Eich, Z. Naturforsch. Ser. C 57C (11/12) (2002)

1022-1027.
[13] L.S. Gill, C. Akinwumi, J. Ethnopharmacol. 18 (3) (1986) 259—
266.

[14] Savarimuthu Ignacimuthu, Manickam Pavunraj, Veeramuthu
Duraipandiyan, Nagappan Raja, Chellaiah Muthu, Asian J.
Traditional Med. 4 (1) (2009) 36-40.

[15] S.S. Jalalpure, P.V. Habbu, M.B. Patil, R.V. Kulkarni, C.C.
Simpi, C.C. Patil, Ind. J. Pharm. Sci. 64 (2002) 493-495.

[16] O.P. Mittal, C. Tammz, T. Reichstein, Helv. Chim. Acta 45
(1962) 907.

[17] A.S.N. Anjaneyulu, D.V.S.N. Raju, S.S. Rao, Ind. J. Chem. 37
(1998) 318-320.

[18] S. Rakhit, M.M. Dhar, N. Anand, M.L. Dhar, J. Sci. Ind. Res.
B 18 (1959) 422-426.

[19] S.P. Raman, A.K. Barua, J. Am. Pharm. Assoc. Sci. Ed. 47
(1958) 559-560.

[20] G. Sridevi, Prema Sembulingam, Sekar
Sembulingam, IOSR J. Pharm. 4 (5) (2014) 41-46.

[21] P. Cosa, A.J. Vlietinck, D.V. Berghe, L. Maes, .
Ethnopharmacol. 106 (2006) 290-302.

[22] M.A. Williams, Obtaining oils and fats from source materials,
in: Bailey’s Industrial Oil and Fat Products, fifth ed., John Wiley
& Sons, New York, 1996, pp. 106-138.

[23] Kadiyala Gopi, Kadali Renu, Gurunathan Jayaraman, Toxicol.
Rep. 1 (2014) 667-673.

[24] J.M. Gutierrez, C. Avila, E. Rojas, L. Cerdas, Toxicon 26 (1988)
411-413.

[25] M.A. Ibrahim, A.B. Aliyu, A. Abusufiyanu, M. Bashir, A.B.
Sallau, Indian J. Exp. Biol. 49 (2011) 552-554.

[26] Carolina Campolina Rebello Horta, Barbara de Freitas
Magalhaes, Barbara Bruna Ribeiro Oliveira Mendes,
Anderson Oliveira do Carmo, Clara Guerra Duarte, Liza
Figueyredo Figueriredo Felicori, Ricardo Andrez Machado-
de-Avila, Carlos Chavez-Olartegui, Ecanguedes Kalapothakis,
PLos. Negl Trop. Dis. 8 (2) (2014) 1-14.

[27] R. Wang, Y. Lu, S. Wang, J. Med. Chem. 46 (2003) 2287-2303.

[28] R.D. Clark, A. Strizhev, J.M. Leonard, J.F. Blake, J.B.
Matthew, J. Mol. Graph. Model. 20 (2002) 281-295.

[29] D.B. Kitchen, H. Decornez, J.R. Furr, J. Bajorath, Nat. Rev.
Drug Discovery 3 (2004) 935-949.

[30] P.S. Charifson, J.J. Corkery, M.A. Murcko, W.P. Walters, J.
Med. Chem. 42 (1999) 5100-5109.

[31] B.W. Segelke, D. Nguyen, R. Chee, N.H. Xuong, E.A. Dennis,
J. Mol. Biol. 279 (1) (1998) 223-232.

[32] A. Ullah, T.A. Souza, J.R. Abrego, C. Betzel, M.T. Murakami,
R.K. Arni, Biochem. Biophys. Res. Commun. 421 (1) (2012 Apr
27) 124-128.

[33] V.S. Nazato, M.L. Rubem, N.A. Vieira, D.S. Rocha, M.G.
Silva, P.S. Lopes, et al, Molecules 15 (9) (2010) 5956-5970.

[34] J.A. Duke, Hand Book of Medicinal Herbs, CRC Press, Boca
Raton, F L., 1985.

[35] M. Pio Correa, Dicionario das plantas Uteis do Brasil e das
Exoticas Cultivadas, 6th vol, ministerio Da Agricultura, Brasil,
1927-1975.

[36] M. Freire Allemao, Materia Medica Brasiliense: O Paracary ou
Boia-caa, Gazeta Medica do Rio de Janeiro, 1863, pp. 81-82.

[37] R.P. Agrawal, M.M. Dhar, J. Sci. Ind. Res. B 18 (1959) 114—
115.

[38] J. Patocka, J. Appl. Biomed. 1 (2003) 7-12.

[39] Walter B. Mors, Maria Celia do Nascimento, Bettina M.
Ruppelt Pereira, Nuno Alvares Pereira, Phytochemistry 55
(2000) 627-642.

Suresh, K.


http://refhub.elsevier.com/S1687-157X(15)00045-1/h0005
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0005
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0010
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0010
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0015
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0020
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0020
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0025
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0025
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0030
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0030
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0035
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0035
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0040
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0040
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0045
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0050
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0050
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0050
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0050
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0055
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0055
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0060
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0060
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0060
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0065
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0065
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0070
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0070
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0070
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0075
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0075
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0080
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0080
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0085
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0085
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0090
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0090
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0095
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0095
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0100
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0100
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0105
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0105
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0110
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0110
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0110
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0110
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0115
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0115
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0120
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0120
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0125
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0125
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0130
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0130
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0130
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0130
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0130
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0130
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0135
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0140
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0140
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0145
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0145
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0150
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0150
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0155
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0155
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0160
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0160
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0160
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0165
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0165
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0170
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0170
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0170
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0185
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0185
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0190
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0195
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0195
http://refhub.elsevier.com/S1687-157X(15)00045-1/h0195

	Inhibitory potential of important phytochemicals from Pergularia daemia (Forsk.) chiov., on snake venom (Naja naja)Naja naja)--
	1 Introduction
	2 Material and methods
	2.1 General experimental procedure
	2.2 Extraction, isolation and analysis by GC–MS
	2.3 In-vitro tests for the inhibition of PLA2 activity
	2.4 In vitro tests for the inhibition of protease activity of the venom
	2.5 Inhibition of hyaluronidase activity
	2.6 Molecular docking studies

	3 Results and discussion
	4 Conclusion
	References


