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Abstract

Objective: The main aim of this study was to find out, antibacterial, antioxidant and cytotoxic activities and also screen the phy-

tochemicals in n-hexane, dichloromethane and methanol extracts of Caragana sukiensis for first time.

Methods: Aerial parts of C. sukiensis were extracted out by solvents of increasing polarity. Preliminary Phytochemical screening of
extracts was carried out using standard procedures. Furthermore, extracts were also evaluated for (i) antibacterial assay, (ii) brine
shrimp lethality bioassay and (iii) antioxidant assay. American Type Culture Collection (ATCC) strains six bacteria, one gram-positive
(Staphylococcus aureus ATCC 25525), five gram-negative (Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, Kleb-
sella pneumonia ATCC 700603, Serratia marcescens ATCC 13880 and Salmonella Typhimurium ATCC 14028 were used to evaluate
its antimicrobial activity. Brine shrimp lethality assay was done on the extracts for cytotoxic. For the antioxidant test, 2, 2- Diphenyl
1, picrylhydrazyl (DPPH) free radicals scavenging assay was done.

Results: The phytochemical analysis indicated the presence of alkaloids, flavonoids, saponins, and terpenoids in aerial parts of C.
sukiensis. In the case of the antibacterial, different extracts showed 9-13 mm and 0-15 mm zone of inhibition in diameter against
gram positive bacteria S. aureus and gram-negative bacteria (E. coli, P aeruginosa, K. pneumonia, S. marcescens and S. Typhimurium).
This inhibition was found less in comparison to the standard compounds, Chloramphenicol (26£0.5mm to 32+0.5mm) and Gentami-
cin (26 = 0.5mm to 30+0.5mm) antibiotics. Similarly, in brine shrimp lethality assay, methanol extracts showed a potent lethal effect
against the brine shrimp nauplii with LC, of 28.18+2.6pug/ml. In the DPPH free radical scavenging assay, the extracts showed strong
antioxidant activity in the order: methanol extract> dichloromethane extract> hexane extract, however all the extracts little less ac-
tive than the standard compound, ascorbic acid. Methanol extract showed the highest DPPH free radical scavenging with IC value
of 6.47 £ 0.01 pg/ml.

Conclusion: The present study suggests the potentiality of C. sukiensis to become a natural source of antioxidant for the protective

as well as prevention of diseases.
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Introduction

Natural products have been one of the important sources to obtain
useful drugs since last two centuries. The realm of drugs obtained
from plants is vast wider than any other source of natural products.
Plants also form the basis for the treatment in the traditional me-
dicinal systems and practices such as the Ayurveda, Chinese Tradi-
tional Medicine, the Unani, Kampo, Yaku and others. Folk medicine
also employs a wide variety of the plants as medicines. Therefore, it
can be safely said that plants still hold promise for providing useful
medicines. The compounds are found in various plant parts such as
stems, roots, leaves, bark, flowers or fruits and seeds and include
alliin/allicins, isothiocyanates, plant pigments, proteins, essential

oils, and phytoalexins or phenolic compounds [1,2].

The genus Caragana belongs to the family Fabaceae and comprises
over 80 species distributed in Asia and Europe [3]. Among them 14
species are available in the central and western Nepal [4]. Dense
populations of Caragana species have been reported in the lower
and upper Mustang, Annapurna Conservation Area of Nepal. Many
species of this genus have been used in the Traditional Chinese
Medicine for the treatment of hypertension, irregular menstruation
and fatigue [5]. The major constituents of Caragana species were
reported to be the flavonoids and stilbenoids [5]. Several novel
compounds have also been isolated from species of Caragana and
they are shown to possess anti-tumor, antivirus, anti-inflammation,
sedative, acetyl cholinesterase inhibitory, immunosuppressant ac-
tivities phytoestrogenic and anti-HIV activities [6-8]. The ethnop-
harmacological importance and wide traditional therapeutic values
of Caragana genus have prompted us to carry out the phytochemical
studies on C. sukeinsis found in Nepal. Among the Caragana species,
C. sukiensis is found generally in open dry slopes; 2100- 4200 m,
abundant in Mustang, Annapurna conservation area, and Manaslu
conservation area and also other parts of Central Nepal [9]. Ethanol
extract has been reported to be antimicrobial activity against fun-
gus Cryptococcus neoformans [10]. Though the shrub is used for
different purposes, few phytochemical as well as bioactivity studies
have been reported sukienside A (1), sukienside B (2) [11], sukien-
side D (3), sukienside E (4), sukienside F (5),20(R), 24(S)-epoxy-
cycloartane-3b,6a,16b,25-tetraol-3b-0-D-(2-0-acetyl)-xylopyrano-
side (6), 3-0-b-D-xylo cyclo siversigenin (7), cyclosiversigenin (8),
3b-hydroxy-25-methylenecycloartan-24-ol (9), b amyrin (10), soy-
asapogenol B (11), melilotigenin C (12)[12]and sukienside C(13)
[11]. The present study describes the phytochemical screening as
well as the antimicrobial, antioxidant and brine shrimp lethality

test of various fractions from C. sukeinsis.

Figure 1: Isolated compounds from aerial parts

of Caragana sukensis.

Materials and Methodology

Plant material and preparation of extracts

An aerial part of C. sukiensis was collected from an altitude 2249m,
Prok VDC in the Manaslu Conservation Area, Nepal in July 2011.
The respective herbariums were identified by a plant taxonomist,
Rita Chhetri, National Herbarium and Plant Laboratory, Godavari,
Lalitpur, Nepal. Voucher number of C. sukiensis, was 201179. The
aerial parts were dried under shade for one month. The plant ma-
terial was grounded into a fine powder. The powder sample was
subjected to the successive extraction using different solvents with
increasing polarity-hexane, dichloromethane, methanol two times
heating each for 12-18 hr respectively. The extracts were then fil-
tered through a cotton plug. The filtrates were dried under vacuum
in a rotary evaporator. The hexane, dichloromethane, methanol ex-
tracts were collected, stored at 4°C and used for further investiga-

tion for the phytochemical as well as bioassay studies.

Preliminary Phytochemical Screening

The different extracts collected after successive extraction of the
aerial part of C. sukiensis were subjected to qualitative chemical
analysis for the identification of different phyto-constituents [14,
15]. Alkaloid detection was carried out by addition of 2N HCI to
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different extracts collected by extraction in 1:1 ratio and then treat-
ing the filtrate with Meyer’s and Wagner’s reagents. The samples
were scored positive on the basis of turbidity or precipitation. Fla-
vonoids were tested by treating extracts with 1 ml dilute ammonia.
A yellow coloration demonstrated positive test for flavonoids. The
presence of tannins was confirmed by boiling extracts with 6 drops
of 5% FeCl, to the filtrate. Development of brownish-green or blue
black colorations was taken as positive for the presence of tannins.
Detection of saponins: Saponins content was determined by shak-
ing the different extracts vigorously to record froth formation. Car-
diac glycosides were identified by treating different extracts with 1
ml glacial acetic acid containing 1 drop of 5% FeCl, solution. This
solution was carefully transferred to surface of 0.5 ml conc. H,SO,.
The formation of reddish-brown ring at the junction of two liquids
was indicative of cardenolides/cardiac glycosides. Terpenoids was
determined by adding 2ml of chloroform with 5 ml (1 mg/ml) of
extracts in a test tube then 3 ml of concentrated H,SO, was added
to develop the color. Exhibition of reddish-brown coloration at the

interface confirmed the presence of terpenoids.

Antimicrobial Activity

Microbial strains

The collected extracts of C. sukiensis were tested for their antibacte-
rial activities against six bacterial strains namely Staphylococcus
aureus ATCC 25923), Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853, Klebsella pneumonia ATCC 100603, Ser-
ratia marcescens ATCC 13880 and Salmonella Typhimurium ATCC
14028. These strains of bacteria were gift from National Public
Health Laboratory, Teku, Nepal and Institute of Medicine, Tribhu-

van University, Maharajgunj, Nepal.

Microbial assay

The agar well diffusion assay was used to determine the antimicro-
bial activity of the extracts of C. sikeinsis [15, 16]. Mueller Hinton
agar (Himedia) was prepared as per the manufacturer’s protocol.
The sterile Mueller Hinton agar was poured into sterile petri dishes
and seeded with test microorganisms. The concentration of micro-
organism used was equivalent to McFarland solution (standard).
Seven holes (6mm diameter) were made by cutting out from agar
plates using a sterilized stainless-steel borer of 6mm. They were
bore and filled with 20ul (50 mg/ml) of the fraction. The plates in-
oculated with different bacteria were incubated at 37°C up to 48h.

The diameter of any resultant zone of inhibition was measured. For

each combination of extracts and the bacterial strain, the experi-
ment was performed in duplicate and repeated thrice. The antibac-
terial activity of different plant extracts was compared with two
commonly employed antibiotics was (i) Chloramphenicol (30png/
ml) and (ii) Gentamicin (10pg/ml) as positive control and DMSO as

negative control.

Brine shrimp lethality assay

About 1gm of brine shrimps (Artemia salina) eggs (Ocean Star In-
ternational, Inc., USA) was allowed to hatch in one liter of artificial
sea water. The temperature was maintained at 22-28°C in presence
of fluorescent lamp with continuous aeration for 48 hrs. This assay
was performed by using the method described by Meyer et al. [17-
18]. Stock solutions were prepared by dissolving 2mg of extract in
2ml of DMSO. Different concentrations of extracts: 10pug/ml, 100pg/
ml and 1000pg/ml in DMSO were used against brine shrimp larvae.
The experiment was in triplet. These vials were incubated for 24
hr. The survival rate of these larvae was observed against all con-
centration of test samples. For this purpose, 5 ml of brine and 10
shrimp in each vials containing of three replicates solutions with
0.5ml of each fraction was applied. These vials were incubated for
24 hr.

After 24 hr, the survivors were counted with the help of magnifying
glass. Percentage mortality was determined for three replications.
From this data, the % lethality of fraction was calculated for each
concentration. The LC,; of the extracts were obtained by plotting
percentage of shrimp killed against the logarithm of sample con-

centration.

Antioxidant activity evaluation using DPPH free radical scav-
enging activity

The DPPH radical-scavenging assay was performed as described
by Blois et al. [19] with some modification. DPPH solutions (50 pL,
100pg/ml) were added to the methanol solution of sample (200
uL, 12.5-100 pg/ml). After storage at the room temperature for 30
min in dark, the absorption of the reaction mixture was recorded at
517 nm in the spectrophotometer against the solvent. Inhibition of
DPPH radical scavenging activity in percent (1%) was calculated by
using the following equation [20].

% scavenging activity = (Absorbance of the control - Absorbance of the test sample) x 100

Absorbance of the control
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The inhibition curve was plotted for triplicate experiments and rep-
resented as % of mean inhibition with standard deviation. IC val-
ue was determined by interpolation from linear regression of plot
of percentage of inhibition against the logarithm concentration of
extracts, as the amount of extract needed to scavenge 50% of DPPH

radicals.

Statistical Analysis

All assays were carried out in triplicate. Results are expressed as
means * SD. The LC, and IC,, values were calculated by linear in-
terpolation between values above and below 50% activity by Mi-

crosoft excel analysis.

Result and Discussion
Qualitative phytochemical tests of C. sukiensis were performed for

collected extracts. The results of various chemical tests for the de-
tection of group of secondary metabolites were summarized in the
Table 1.

Test n-Hexane Dichlo- Methanol | Aqueous
soluble | romethane | Soluble extract
extract Soluble extract

extract
Alkaloids - + + -
Terpenoids + + + +
Saponins - + + +
Tannins - + + +
Cardiac gly- - - + +
coside

Phenolics - - + -
Flavanoids - + + -

“,n «n

Note: “+” present; “-” absent

Table 1: Phytochemical constituents of the different extracts

in aerial part of C. sukiensis.

Plants were selected on the basis of a potentially useful phytochem-
ical composition by consulting ethnopharmacological and ecologi-
cal information [21-22]. Therefore C. sukiensis was selected as well.
Acceptance of medicines from such plant origin as an alternative
form of healthcare is increasing because they are serving as promis-
ing sources of novel antibiotic prototypes [23]. Tannins are known
to be useful in the treatment of inflamed or ulcerated tissues and
they have remarkable activity in cancer prevention and anticancer

[24]. Flavonoids have been shown to exhibit their actions through

effects on membrane permeability, and by inhibition of membrane-
bound enzymes such as the ATPase and phospholipase. The pres-
ence of these phenolic compounds in this plant contributed to their
antioxidative properties [25]. Flavonoids serve as health promoting
compound as a result of its anion radicals [26] and this property
may explain the mechanisms of antioxidative action of C. sukiensis.
These observations support the usefulness of this plant in folklore
remedies in the treatment of stress related ailments and as dress-
ings for wounds normally encountered in circumcision rites, bruis-
es, cuts and sores. Also, the plant extract was revealed to contain
saponins, known to produce inhibitory effect on inflammation and
are major ingredients in traditional Chinese medicine [27]. This
may be responsible for most of the observed biological effects, and
these tend to the use of C. sukiensis in traditional medicine. Strong
antifungal activity of C. sukiensis reported against Crytococcus neo-
formans. The result of phytochemical screening of plants indicated
the presence of flavonoids, terpenoids, tannins, alkaloids and sa-

ponins are response for the activity.

Aerial part of C. sukiensis showed antibacterial activity against dif-
ferent ATCC bacteria (Table: 2) as measured by zone of inhibition.
In antibacterial screening,the extracts showed less zone of inhibi-
tion (9-11 mm in diameter) were observed against gram positive
S. aureus and promising zone of inhibition (0-13 mm in diameter)
against gram-negative S. Typhimurium, K. pneumonia, S. marcescens,
P, aeruginosa. But extracts had not shown any sensitivity against
E. coli in comparison to standard Gentamicin and Chlorampheni-
col showed zone of inhibition 26-30mm. Methanol extract showed

more active against tested bacteria than other extracts.

%(138 —4—Hexane =ll=Dichloromethane ~Methanol
> 90l
2 80
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R
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Figure 2: Brine shrimp lethality bioassay of different

extracts of C. sukiensis.
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S.N | Samples/Standards Bacterial Inhibition zone
E. coli K. pneumo- S. Typhimu- S. marce- P. aerugino- | S. aureus
25922 niae 100603 | rium 14028 | scens 13880 | sa 27853 25923
1 Hexane soluble extract - 7.0+0.5 10.7+0.6 11.7+0.6 10.0+1.0 103 +0.6
2 Dichloromethane - 9.3+1.2 - 12.0+1.5 10.0+ 1.0 9.0+1.0
soluble extract
3 Methanol soluble - 13.0+ 1.5 11.3+1.5 10.3+1.5 12.7£1.5 10.7 £ 1.0
extract
Chloramphenicol 30.0+05 26.0+0.5 30.0+05 30.0+1.2 26.0%0.5 320+1.2
Gentamicin 26.0+0.5 30.0+1.2 30.0+0.5 26.0+0.5 30.0%0.5 26.0+0.5
Table 2: Antibacterial activities of different extracts of C. sukiensis evaluated using Agar well
(6mm) diffusion Assay at 20 pl per well.
All results are presented as mean * standard mean error of three 120 —4—Ascorbic acid —i— Hexane —a— Dichloromethane —<—Methanol
assays.
100 -
Inhibition zone produced around the well by adding 20 ul of ex-
tracts. Brine shrimp lethality is a general preliminary bioassay 80
which is indicative of some form of pharmacologic activities (Table: 2
2 60
3). £
®
40 -
The LC,, value (28.18 + 2.6 pg/ml) of methanol extract showed
maximum activity for the experimental shrimps in comparison to 20
its other extracts for C. sukiensis. Similarly, hexane extracts of C. .
sukiensis showed least cytotoxic effect with LC,; 70.79 + 5.5 ug/ml 0 0s L oncin fod-5 5 55

and dichloromethane showed LC,  46.77 + 5.4pg/ml) respectively.
The LC, value of methanol extracts of C. sukiensis showed more le-

thality effect in comparison to other extracts.

S.N Samples LC,, (ng/mL)
1 Hexane soluble extract 57.00+5.4
2 Dichloromethane soluble extract 70.22 £5.5
3 Methanol soluble extract 29.05+2.6

Table 3: LC,, values against Brine shrimp mortality for

different extracts of C. sukiensis.

All results are presented as mean + standard mean error of three
assays

The antioxidant activity of the extract was assessed by the DPPH
free radical scavenging assay and their scavenging activity was
compared with the standard antioxidant ascorbic acid (Figure: 3).
This activity was increase by increase the concentration of sample

extract.

Figure 3: DPPH radical-scavenging activities of different
extracts of C. sukiensis in comparision to Ascorbic Acid.

Values were means * SD (n = 3).

DPPH antioxidant assay is based on the ability of DPPH, a stable free
radical, to decolorize in the presence of antioxidants. Both ascorbic
acid and extracts showed a dose dependent activity expressed in
IC,, value. The IC, value is defined as the concentration of a sub-
strate that causes 50 % loss of the DPPH activity and was calculated
by linear regression of plots of the percentage antiradical activity
against the concentration of the tested sample. The IC, values of
all the fractions were calculated and the results are given in Table
4. The lower the IC,  value, the higher is the scavenging potential.
Where, IC, value of ascorbic acid was 5.16 + 0.27 pug/ml. Methanol
extract of C. sukiensis showed maximum activity and IC50 value of
6.47 + 0.01 pg/ml. Similarly, dichloromethane and hexane extract
showed IC, value of 7.5 £ 0.22 pg/ml and IC, value of 7.9 + 0.95
pg/ml The DPPH radical has been used widely as a model system to
investigate the scavenging activities of several natural compounds

including phenolic compounds, flavonoids or crude mixtures of
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plants. The effect of antioxidants on DPPH was thought to be due
to their hydrogen donating ability. Free radicals from oxidative
stress are involved in many disorders like atherosclerosis, angina
pectoris, neurodegenerative diseases and cancer. Antioxidants due
to their scavenging activity are useful for the management of those
diseases. The IC_, values showed that high quantity of scavenging
substances are found to be in methanol extract of C. sukiensis in
comparison to other extract which plays the key role in showing

free radical scavenging activity of this plant.

S.N Samples IC,, of DPPH (ug/ml)
1 Ascorbic acid 5.16 £ 0.27
2 Hexane soluble extract 79+0.01
3 Dichloromethane soluble 7.5+0.22
extract
4 Methanol soluble extract 6.47 +0.95

Table 4: DPPH free radical scavenging activity
of different extracts of C. sukiensis

All results are presented as mean * standard mean error of three
assays

All assays were carried out in triplicate. Results are expressed as
means * SD. The LC,; and IC, values were calculated by linear in-
terpolation between values above and below 50% activity by Mi-

crosoft excel analysis.

Conclusion

Phytochemical screening and biological activities of aerial parts of
C. sukeinsis’s different extracts have been studied here for the first
time. Furthermore, the activity exhibited by the extracts may offer
scientific justification for the ethno medicinal uses of these plants.
More isolation of biologically active components and testing them

in advanced enzymatic bioassays are required.
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