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ABSTRACT
The aim of this study is to isolation, identification and characterized the bioactive compounds from 
the rhizomes of Arisaema utile. Preliminary phytochemical screening of the rhizome extract of A. utile 
revealed the presence of steroids, terpenoids, flavonoids, alkaloids, saponins, carbohydrates, and 
fatty acids. The air-dried rhizomes were pulverized to a powder, subjected to Soxhlet extraction and 
compound isolation. The isolated compound was colorless crystalline, which was further subjected to 
IR,13CNMR, and 1HNMR for proper characterization and elucidation of the structure. The compound was 
concluded as water-soluble disaccharide–Sucrose (2R,3R,4S,5S,6R)-2-[(2S,3S,4S,5R)-3,4-dihydroxy-
2,5-bis(hydroxymeth-yl)oxolan-2-yl]oxy-6-(hydroxymethyl)oxane-3,4,5-triol, antioxidant activity of 
the isolated compound was measured by 2,2-Diphenyl-1-picrylhydrazyl assay under in vitro condition. 
The isolated compound showed the most promising radical scavenging activity at a concentration of 
10 μg/ml. Antifungal activity of the isolated compound was investigated against five fungal strains 
(Candida albicans, Candida glabrata, Candida paropsilosis, Candida tropicalis, and Candida krusei), 
using MIC80 assay. The most susceptible strains were Candida paropsilosis (MIC80 = 128 µg/mL).
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INTRODUCTION

A substantial part of all drugs is still based on 
compounds originally isolated from nature. The 
plant kingdom is a treasure house of potential 
drugs, and in recent years, there has been an 
increasing awareness about the importance of 
medicinal plants. Drugs from the plants are easily 
available, less expensive, safe, and efficient and 
rarely have side effects. Arisaema is a genus of 
about 150 species in the flowering plant family 
Araceae, native to Eastern Africa, Central Africa, 
Asia, and Eastern North America. Asiatic species 
are often called cobra lilies, while western species 
are often called jack-in-the-pulpit. It can be found 
growing on rocky slopes at an altitude of 2400–
4600 m. It grows in shady, moist, well-drained, 
and fertile soil. Arisaemas are tuberous perennials 
that die back to the ground in winter. Arisaema 
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utile emerges in spring. Most of the species 
from genus Araceae have a history of use in folk 
medicine for the treatment of various infectious 
diseases. Rhizomes of few species of Arisaema 
have a long history of use in traditional medicine, 
especially in Asian countries such as Arisaema 
jacquemontiana for Muscular strength and Skin 
infections and Arisaema propinquum for Skin 
eruption or rashes.[1] Many medicinal plants have 
been screened extensively for their antimicrobial 
potential worldwide.[2-4] Further, plant phenolic 
compounds have been found to possess potent 
antioxidant,[4-9] antimicrobial, and anticancer 
activities.[10,11] As an individual plant, A. utile is 
used for treating various infections in the blood, 
liver, and bile which correlates to the signs and 
symptoms of parasitic and microbial infections, 
cancer and inflammatory conditions. A lectin was 
also purified from tubers of Himalayan cobra lily 
A. utile.[12] One of the most exciting properties 
resulting out of the interaction of lectins with 
lymphocytes is mitogenicity, i.e., the triggering 
of quiescent and non-dividing lymphocytes into 
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a state of growth and proliferation. The discovery 
of first mitogenic lectin Nowell[13] led to the 
detection of many other such lectins, most notably 
concanavalin A,[14] wheat germ agglutinin,[15] and 
pokeweed mitogen.[16] The crude extracts of this 
plant as mentioned above showed significant 
antimicrobial, antioxidant, and prominent 
cytotoxic activities against few cancer cell lines. 
The plant has reports of being used in traditional 
medicines by the tribal people of Jammu and 
Kashmir for curing various diseases. Keeping in 
view global and national scenario of medicinal 
plants, encouraged by these finding, we carried 
out in-depth phytochemical isolation and further 
investigated the antifungal and antioxidant 
activities of the isolated compound from A. utile, 
especially existing at high altitudes of Jammu and 
Kashmir with proven folklore medicinal claim.

MATERIALS AND METHODS

Collection of plant material and processing

The A. utile plant material was collected in the 
month of July from Gulmarg area of district 
Budgam of Jammu and Kashmir state, India. 
Voucher specimen of A. utile bearing specimen 
no 27911 was identified and deposited at KASH 
herbarium in center of biodiversity and plant 
taxonomy, University of Kashmir, Srinagar, 
Jammu and Kashmir, India. The rhizomes of 
the plant were shade dried, then pulverized into 
powder with the aid of grinder. The powder 
obtained from the plant was then used for the 
isolation of constituents using Soxhlet extraction 
and column chromatography.

Extraction and purification

About 800 g of the powdered rhizome of A. utile 
was subjected to sequential extraction using 
Soxhlet apparatus from nonpolar to polar solvents 
such as n-hexane < ethyl acetate < methanol. The 
solvent was recovered under reduced pressure 
using rotary evaporator under vacuum condition, 
and the residue was stored in the refrigerator. 
Methanolic extract was chromatographed on 
a silica gel column and eluted with solvent 
mixtures of increasing polarity, composed of 
hexane, ethyl acetate, and methanol. All the 
fractions were monitored on TLC. Fractions 

collected with methanol:ethyl acetate (40:60) 
were pulled together as these fractions showed 
a single spot on TLC. Further, these combined 
fractions were kept in the refrigerator overnight 
for crystallization which resulted in the formation 
of crystalline compound 3. The structure of the 
isolated compound was established on the basis 
of elemental analysis and spectroscopic evidence 
(IR,1HNMR, and 13CNMR). The structure was 
simulated using ACD/NMR program to obtain the 
chemical shifts of both proton and carbon.

Spectroscopic characterization of compound 3

The various spectroscopic methods such as FT-IR, 
DEPT,1H-NMR, and13C-NMR were used to elucidate 
the structure of isolated compounds. The Fourier 
transform-infrared (FTIR) spectroscopy was carried 
out on a PerkinElmer FT-IR fitted with Spectrum 
software version 10.3.2 using a liquid sampler.1H-
NMR (400MHz) and 13C-NMR (400MHz) were 
recorded using CDCl3 as a solvent in MeOD on 
Bruker, Avance (400MHz) NMR spectrometer.

Determination of antioxidant activity of 
compound 3

The in vitro antioxidant potential of the isolated 
compound 3 was measured in terms of hydrogen 
donating or free radical scavenging ability using 
the stable radical 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) according to the standard procedure.[17] 0.1 
mM solution of DPPH in methanol was prepared 
and 1.0 ml of this solution was added to 1.0 ml 
of the test solution in methanol at different 
concentrations of isolated compounds (2, 4, 8, 
10, and 12 µg/mL). The reaction mixture was 
incubated at 37°C for 30 min in darkness. The 
absorbance of the sample at 517 nm was measured 
and then compared with that of a control solution 
containing the reaction mixture amended methanol 
instead of isolated compounds. Ascorbic acid (2, 
4, 8, 10, and 12 µg/mL) was used as the standard 
reference compound, and the percentage of DPPH 
free radical scavenging activity was calculated 
using the following equation:
% Scavenging activity = ((A0−A)/A0×100).
Where A0 was the absorbance of the control (blank, 
without compound) and A was the absorbance of 
the reaction mixture. All the tests were performed 
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in triplicate, and the graph was plotted with the 
mean values.

Antifungal activity of compound 3

Microtiter assay
All the fungal strains of Candida used in this 
study were grown for 48 h at 30°C to obtain single 
colonies, which were resuspended in a 0.9% normal 
saline solution to give an optical density at 600 nm 
(OD600) of 0.1. The cells were then diluted 100-fold 
in YNB (yeast nutrient broth) medium containing 
2% glucose and the respective auxotrophic 
supplements. The diluted cell suspensions were 
added to the wells of round-bottomed 96-well 
microtiter plates (100 µl/well) containing equal 
volumes of medium (100 µl/well) and different 
concentrations of isolated compound 3. A drug-
free control was also included. The plates were 
incubated at 30°C for 48 h. The MIC test endpoint 
was evaluated both by eye and by reading the 
OD620 in a microplate reader and is defined as 
the lowest drug concentration that gave ˃80% 
inhibition of growth compared with the growth of 
the drug-free controls (the MIC at which 80% of 
isolates are inhibited [MIC80]).

[18]

RESULTS AND DISCUSSION

FTIR spectroscopy

The IR absorption spectrum of compound 3 
showed absorption peaks at 3429.2 cm-1 (O-H 
stretching.); 2996.8 cm-1 and 2914.8 cm-1 (aliphatic 
C-H stretching); 1654.9 cm-1 and 1431.3 cm-1 
(C=C absorption peak); 1312.0 cm-1 (OH def) and 
1013.8 cm-1 (Ether); and 954.2 cm-1 (C-H bond) 
[Figure 1]. The compound is a colorless crystalline 
compound. On subjection to IR spectroscopic 
analysis, absorptions bands appeared between 
3570.36 and 3186.51 cm-1 that is characteristic 
of O-H stretching, 2997.8 and 2914.8 cm-1 
are due aliphatic or C-H stretching or (CH3), 
1654.9 and 1431.3 cm-1 due to double (C=C) 
stretching, 1043.7 cm-1 due to Ethers or (C-O). 
Other absorption frequencies include 1379.1cm−1 
are a bending frequency for cyclic (CH2)n. The 
absorption frequency at 864.7 cm-1 signifies (CH 
deformation) cycloalkane. These absorption 
frequencies resemble the absorption frequencies 
observed for sucrose as resembled data published 
by Mohamed et al.[19]

Figure 1: Infrared absorption spectra of Compound-3

Figure 2: 1H-NMR absorption spectra of Compound-3
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Nuclear magnetic resonance (NMR) 
spectroscopy

1HNMR (CDCl3, 400MHz) of compound 3 has 
given signals at δ 4.01 (1H, m, H-1), 3.62 (1H, 
m, H-2), 3.98 (1H, m, H-3), 4.71 (1H, m, H-4), 
5.37 (1H, m, H-5), 5.36 (d, H-6), 4.18 (1H, m, 
H-9), 3.69 (2H, m, H-10), 4.16 (2H,m, H-11), 
4.03 (2H, m, H-12) ppm [Figure 2].
The chemical shift of the H-l resonance of 
the α-D-glucopyranosyl moieties is δ 4.01 for 
Compound-3. The chemical shifts of the H-3,4 
resonances of the β-D-fructofuranosyl moieties 

are diagnostic, namely, 3.98 (d) and 4.71 (t) for 
compound-3. Identification on the basis of these 
limited “H-n.m.r.” data are realistic. The above 
spectral features are in closed agreement to those 
observed for sucrose according to Jung et al.[20] 
and De Bruyn A and Van Loo.[21]

13CNMR and DEPT (CDCl3, 100MHz) of compound 
3 has given signal at 103.7(C-6), 92.2 (C-5), 81.2 
(C-9), 76.52(C-7), 74.07 (C-8), 72.64 (C-3), 72.46 
(C-1), 71.13 (C-4), 69.29 (C-2), 62.41 (C-12), 
61.45 (C-10), 60.20 (C-11) [Figures 3 and 4].
The presence of reducing D-glucose or D-fructose 
is indicated by the characteristic resonances 

Figure 3: 13C-NMR absorption spectra of Compound-3

Figure 4: DEPT absorption spectra of Compound-3

Table 1: 1H, 13C-NMR chemical shift values for Compound-3 in comparison with those reported in literature
Carbon 
atom

13C
Reported in 

literature

13C
Reported in 

literature

13CNMR
(Our report)

1HNMR
Reported in 

literature

1HNMR
Reported in 

literature

1HNMR
Our report)

Nature of 
carbon

C-1 70.7 72.62 72.8 4.01 5.20 t 4.01 CH

C-2 70.4 69.26 69.2 3.32 5.08 t 3.62 CH

C-3 70.9 72.45 72.6 3.93 4.96 dd 3.98 CH

C-4 71.9 71.13 71.1 4.75 4.59 d 4.71 CH

C-5 90.2 92.24 92.2 5.48 4.26 dd 5.37 CH

C-6 104.7 103.74 103.7 4.11 dd 5.36 C

C-7 75.5 76.39 76.4 5.46 3.68 m CH

C-8 74.0 74.02 74.07 5.45 3.2 br s CH

C-9 78.5 81.44 81.4 4.17 2.08 s 4.18 CH

C-10 63.6 61.35 61.45 3.55 2.05 s 3.69 CH2

C-11 62.7 60.14 60.17 4.28, 4.54 2.02 s 4.16 CH2

C-12 64.1 62.43 62.41 4.28, 4.39 2.00 s 4.03 CH2
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at δ 96.7 and 92.9 for C- 1 in a- and β-D-
glucopyranose, respectively, and at δ 102.3 and 
98.9 for C-2 of β-D-fructopyranose and β-D-
fructofuranose, respectively. These results are in 
according to the previous data of De Bruyn A, Van 
Loo[21] Table 1 shows the 1H-NMR and 13C-NMR 
values in comparison with the previous data 
available.[20,22,23]

Test for carbohydrates: Molisch’s test

To 2 ml of extract 2–3 drops of alpha naphthalene 
solution in alcohol was added, shaken for 2 min 
and 1 ml of concentrated sulfuric acid was added 
slowly from the sides of the test tube. A deep 
violet color at the junction of two layers indicates 
the presence of carbohydrates.
In this paper, we report the isolation of one 
compound, a disaccharide-sucrose [Figure 5]. 
This compound has earlier been isolated from 
other plant species but being reported from A. utile 
for the first time. Isolation of the compound was 
effected through the chromatographic technique, 
and its structure was established based on NMR 
spectroscopic data together comparison with other 
existing data [Table 1]. The isolated compound 
is soluble in methanol/DMSO and is colorless 
crystalline in nature.
Based on the related data (FT-IR, DEPT, 
1H-NMR, and 13C-NMR) also on comparison the 
experimental data matched with the simulated 

data, the structure of the isolated compound is 
proposed as:

BIOLOGICAL ACTIVITIES

Antioxidant activity

DPPH free radical scavenging capacity of the 
compound-3 was measured by DPPH assay under 
in vitro conditions. The ability of the examined 
compound 3 and its derivatives to act as a donor 
for hydrogen atoms in the transformation of DPPH 
radical into its reduced form DPPH2 was investigated. 
The examined samples were able to reduce the 
stable purple colored DPPH radical into yellow 
colored DPPH2 [Table 2]. Compound-3 showed 
the most promising radical scavenging activity at a 
concentration of 10 μg/ml. These results are plotted 
in the form of a graph [Figure 6]. Antioxidant activity 
of various disaccharides has already been reported 
by a number of workers. Antioxidant activity 
of O-glycosides shows significant inhibition,[24] 
antioxidative activity of porcine plasma protein-
sugars was reported by Benjakul et al.,[25] and 
antioxidative activities of water-soluble disaccharide 
chitosan derivatives were successfully carried out 
and reported by Lin and Chou.[26]

Antifungal activity

In this study, the antifungal activity of the 
compound-3 isolated from methanol extract of 
A. utile was tested. Antimicrobial activity was 
investigated against five fungal strains (C. albicans, 
C. glabrata, C. paropsilosis, C. tropicalis, and 
C. krusei), using MIC80 assay. The compound-3 
displayed weak antifungal activity against these 
fungal strains except for C. paropsilosis which 
was found to be most susceptible among these 

Table 2: Antioxidant activity of Compound-3
Concentrations 2 µg/ml 4 µg/ml 8 µg/ml 10 µg/ml 12 µg/ml
% Age inhibition Compound 3 27.5 19.16 31.66 37.5 26.66

% Age inhibition ascorbic acid 53.3 58.3 64.16 68.33 62.5

Figure 5: Structure of sucrose

Table 3: Antifungal activity of Compound-3
Strains drugs C. albicans C. glabrata C. paropsilosis C. tropicalis C. krusei
Compound-3 256 >256 128 >256 >256

FLC 4 4 4 4 64
C. albicans: Candida albicans, C. glabrata: Candida glabrata, C. paropsilosis: Candida paropsilosis, C. tropicalis: Candida tropicalis, C. krusei: Candida krusei
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strains. As shown in Table 3, these strains were 
found to be susceptible strains but at higher 
concentrations of the compound-3 as compared 
to the control drug used. The most susceptible 
strains were C. paropsilosis (MIC80 = 128 µg/mL) 
and for C. albicans C. glabrata, C. tropicalis, 
and C. krusei the MIC80 value was recorded at 
concentrations of 256 µg/mL and above.

MIC80 values (μg/ml) for each sample FLC is 
the positive control fluconazole

Antimicrobial activity of various disaccharides has 
already been reported by a number of researchers. 
Antimicrobial activity of water-soluble quaternary 
disaccharide chitosan N-betainates was determined 
against Escherichia coli and Staphylococcus 
aureus by Holappa et al.[27] Antibacterial activity 
of the water-soluble N-alkylated disaccharide 
chitosan derivatives against E. coli and S. aureus 
was reported by Manoharan et al.[28] The effects 
of mono- and disaccharides on the antimicrobial 
activity of the lactoperoxidase (LPO) system 
against Salmonella Enteritidis were investigated 
by Al-Baarri et al. The results clearly reveal 
that most of the sugars inhibit the antimicrobial 
activity of the LPO system and sucrose was the 
weakest inhibitor.[29]

CONCLUSION

In our study, a water-soluble disaccharide was 
isolated for the first time from rhizomes of A. utile 
and its antifungal and antioxidant potential 
was evaluated. The structure of the isolated 
compound was identified as sucrose on the basis 
of spectroscopic methods and by comparing their 
physical properties reported in literature. The 
isolated compound exhibited weak free radical 
scavenging activity using DPPH assay and weak 

antifungal activity against tested fungal strains 
except for C. paropsilosis which was found to 
be most susceptible among these tested strains. 
These strains were found to be susceptible 
strains but at much higher concentrations of the 
isolated compound – sucrose as compared to the 
control drug used. Sugar is a common foodstuff 
traditionally used for its sweetening properties, 
which might be accompanied by antioxidant 
properties arising from molecules (polyphenols, 
Maillard products) other than sucrose of the cane 
brown sugars. These findings provide a reason 
for weak antioxidant activity of isolated sucrose 
hence justifies our work on the antifungal activity.
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