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Abstract: The pantropical genus Artocarpus have been extensively investigated and is well-known to be
rich in isoprenylated phenolic secondary metabolites. In the present study the chemical examination of
Artocarpus hirsuta roots, on conventional extraction and various chromatographic methods led to the
isolaton of stigmasterol, lupeol, cyclomorusin, cycloartomunin and betulinic acid. All the compounds were
characterized by 2D NMR and MS spectral data and comparison with published data for the known
compounds. The compound cyclomorusin is new to the genus Artocarpus and all the compounds were
reported for the first time from the roots of this species. The work was further extended to test the crude
extracts for antibacterial and antifungal activities. The results from the present study have shown that the
species have considerable activity against selected bacterial and fungal strains which can be attributed to
the presence of steroidal and phenolic compounds in the crude extracts of Artocarpus hirsuta.
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INTRODUCTION
Species of the family Moraceae have a long story
of use in traditional medicine, agriculture, and industry
(lumber and fabrics), especially in Asia. This plant
family, which is distributed in the tropical and
subtropical regions of Asia, comprises of around 1400
species divided among 60 genera (1,2). The genus
Artocarpus, which comprises about 50 species, is native
to South and South-East Asia, New Guinea, and the
southern Pacific, distributed in Sri Lanka, India,
Pakistan and Indo-China. (3), and are been used for
their edible and succulent fruits. Many species are also
being used as a source of good and durable timber and
some of them are also used in traditional medicine
preparations for the treatment of various diseases
(4,5,6,7). Artocarpus species have been extensively
investigated and are well-known to be rich sources of
the isoprenylated phenolic secondary metabolites,
including flavones, isoflavones, chalcones, xanthones,
2-arylbenzofurans, and stilbenes (8,9,10,11,12,13,14,15).
Further many species of Artocarpus have been
reported to exhibit activities like carcinogenic, antiinflammatory, antioxidant; anti-bacterial, anti-fungal;
anti-viral, anti-malarial, and pesticidal activities
(16,17,18,19,20,21,22,23).
Artocarpus hirsuta Lam., is a very large ever green
tree growing in the West Coast forests from sea level
to 3,500 feet, extending from Annamali to Travancore
(India). In the recent years, an abiding interest has
been developed in these classes of natural products, as
they possess an attractive combination of structural
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uniqueness, simplicity, and important biological
activities. As part of an intensive and systematic study
of the bioactive metabolites from moraceous plants,
the present work has been carried out in Artocarpus
hirsuta, since no previous phytochemical and
antimicrobial investigation had been reported in the
roots of this species.

MATERIALS AND METHODS
Plant Material:
The roots of Artocarpus hirsuta were collected and
authenticated by Prof. T. Pulliah, Taxonomist,
Department of Botany, Sri Krishnadevaraya University,
Anantapur, India. A voucher specimen has been
deposited at the Herbarium, Department of Botany,
Andhra University, Visakhapatnam, India. All chemicals
and solvents used were of analytical grade and
obtained from Ranbaxy Fine Chemicals and Merck Ltd.,
Mumbai.
Extraction and Isolation:
The roots of A. hirsuta (2kg) were air dried,
powdered in a Willey mill and was later extracted with
chloroform and subsequently concentrated under
reduced pressure to get their corresponding residue
(15gm.) under vaccum. The crude extract gave positive
colour reactions with Ferric chloride solution (green
colour) and Shinoda’s test (orange color) indicating the
presence of phenolic constituents especially
flavonoids. It also gave Lieberman-Burchard reaction
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for triterpenes and sterols. Hence, the extract (15gm.)
was column chromatographed over silica gel (>100gm),
eluting with solvents petroleum ether, benzene,
chloroform and methanol mixtures in the order of
polarity. Fractions of 250 ml each were collected and
monitored on the TLC (Acme-Silica gel was used for
thin layer chromatography) and the spots on
chromatogram were detected under UV light (254 and
365 nm) and by spraying with 5% H2SO4 in methanol.
The compounds stigmasterol, lupeol, cyclomorusin,
cycloartomunin and betulinic acid were isolated and
identified by chemical tests and spectral analysis.
Characterization of the compounds:

12H), 7.82(1H,d,J =9H2,C-6’H). This data suggested that
the compound was cyclomorusin, It was further
confirmed by comparison with the authentic sample,
Co.TLC and m.m.p.

Stigmasterol:
It was crystallized as colorless feathery needles
from alcohol, m.p. 169-170, [α ]30
(chloroform). It gave a
D
play of colors in Lieberman-Burchard reaction
characteristic of sterols. It was analysed for the
formula C29 H48 O (M+412). The IR spectrum showed
absorption bands at: 3450 (OH), 1170, 1132, 1074, 991,
971 cm (Trans double bond). It formed a monoacetate,
C31 H50O2, m.p. 136-1380, [α ]30
-39.2 (chloroform) and a
D
mono benzoate, C36 H52 O2, m.p. 149-153, (α) -39.2
(chloroform). Thus the evidence obtained through IR
and mass spectral data, pointed out that the sterol may
be stigmasterol and its identity was confirmed by
comparison with an authentic sample and through
super imposable IR.

Cycloartomunin:
It was obtained as yellow needles from methanol
m.p.278-2800. It showed olive green color with Ferric
chlonride and positive (orange color) with Shinoda’s
test. The UV spectrum showed absorptions at
MeOH
nm (logЄ):211 (4.72), 280(4, 28), 400 (3.65). The
UVmax

Lupeol:
It was crystallized from chloroform- methanol as
needles, m.p. 212-213o, [α ]30
+240 (chloroform) and
D
analyzed for the formula C30H50O. It gave pink color in
Lieberman Burchard reaction and yellow color with
tetranitromethane. The IR spectra showed bands at
3540 (-OH), 1380and 1390(gem dimethyl) and at 890
cm-1 (venylmethlenes). It formed a monoacetate,
m.p.214O, [α ]30
+260(chloroform), 1HNMR exhibited
D
signals at (90 MHz, CDCl3, ό), 0. .78, 0.80, 0.83, 0.90
and 1.02 (18H, s, 6/Me) 1.63 (3H, s, CH3-c’=CH2), 2.25
(1H, d, 19- ), 3.15(IH, m, 3α-H), 4.51(2H, d, CH2). The
above data was in good agreement with that of lupeol
and the identity was confirmed by comparison with an
authentic lupeol (mmp and co-TLC).
Cyclomorusin:
It was obtained as yellow crystals from methanol,
D
m.p 242-244OC, [α ]30
+20O (C= 0.01 in methanol). The
compound showed UV absorptions at 223 (4.4), 225
(4.29), 283(4.42), 383 (4.18) nm. It showed IR bands at
3500, 1660, 1620 and 1590 cm-1. The 1HNMR in (CD3)2
Co,90 MHz) showed signals at δ 1.59 (64,S, c-14-(CH3)2),
1.72, 1.98 (each 3H,S,C-H,CH3 x2),5.49(1H d,J=10H2, C104), 5.78 (1H,d, J= 10 H2, C-13H), 6.17 (1H, s,C64),6.24(1H,d,J=10H2,C-9H), 6.45(1H,d,J=2H2, C-3’H),
6.67 (1H,dd, J=2 and 9H2,C-5’H), 6.95(1H, d, J=10H2,C-
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HNMR showed two chromenmetho groups at δ1.45
and two doublets at 85.58 and δ5.76(J=10Hz) indicated
the presence of a 2.2- diamethylchromen moiety. Two
vinyl methyls at δ1.69 and 1.97 together with two
doublets (I=9Hz) at δ5.46 (H-12) and 5.21 (H-11)
suggested that 21 – hydroxyl group of the ‘B’ring in the
flavonoid has been oxidativelyclyclized with the allylic
methylene of a prenyl chain in the 3- position. The
spectrum also showed three singlets at δ6.24, 6.49 and
7.27 assigned to the protons located at C-C, C-31 and CC1, a methoxyl signal at δ3.91 and a chelated hydroxyl at
δ12.80. Based on the data together with the presence
of a bathochromic shift with AlCl3 and the absence of
bathochromic shift with NAOAc-H3 BO3 and NAO Me
indicated that the compound was cycloartomunin.
1

Betulinic Acid:
It was crystallized from chloroform-methanol as
shining silky needles, m.p. 294-2960, [α ]30
+8.5o
D
(chloroform) and analyzed for the formula CHO. It
gave pink colour in L.B. test. IR spectrum showed
absorptions at 3460(-OH), 1690 (carbonyl of COOH),
1640 (double bond), 1380 and 1390 cm (gem. dimethyl).
It formed a mono acetate, m.p. 287- 290o, [α ]D30 +12.2
(chloroform), a methyl ester acetate, with AC O/Py,
m.p. 195- 198o, (α) +14.2 (chloroform). The HNMR data
of the methyl ester acetate is given in the following
Table 1.
Table.1: H1 NMR data of the methyl ester acetate
Chemical Shift(δ)
0.83-1.60
1.70
1.96
3.60
4.65

Proton integration
15H
3H
3H
3H
2H

Multiplicity
S
S
S
S
D J=8H2

Assignment
5/CH 3
C=C-CH3
OCOCH3
COOCH3
Vinyl protons
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The above data agreed well with that of betulinic
acid and the identity was further confirmed by
comparison with an authentic sample, (mmp and coTLC0).
Biological Studies:
Some of the Artocarpus species were found to
contain antibacterial and antifungal activities. Species
of Artocarpus, A. heterophyllus, A. communis, A.
lakoocha, A. nobilis, A., champedon and A. rotunda (24,
25) exhibited proven antimicrobial activity. Hence, the
author has attempted to study the antimicrobial
activity of the chloroform extracts of the roots of A.
hirsuta.
Antibacterial activity:
Test Samples: Antimicrobial activity was carried
out by the cup- plate agar diffusion method (26). The
chloroform extract of the roots of A. hirsuta were used
in two dose levels of 100mg/ml and 300mg/ml.
Test Organisms: For testing the antibacterial
activity, the following Gram (+) ve (Bacillus subtilis,
Bacillus pumilis, Streptococcus pyogenes, Micrococcus
luteus) and Gram (-) ve (Escherichia coli, Klebsiella
pneumoniae, Proteus vulgaris, Enterococcus faecalis)
bacterial strains were selected.
Procedure: The Nutrient medium prepared was
inoculated with 18 hours old cultures of the above
mentioned test organisms and were transferred into
sterile 15cm diameter petridishes. The medium in the
plates were allowed to set at room temperature for
about 10 minutes and allowed to solidify in a
refrigerator for about 30 minutes. 5 cups of 5mm
diameter were made in each plate at equal distance.
Stock solutions of the test residual extract were
prepared in concentrations of 100mg/ml and
300mg/ml. 100µg/ml of each concentration were
placed in the cups by means of sterile pipettes. In each
plate one cup was used for control and standard.
Antibiotic Benzyl penicillin (100µg/ml) was used as
standard. The petridishes thus prepared were
incubated for 16hrs at 30°C and were later examined by
measuring the zones of inhibition. The experiments
were run in duplicate and the average diameter of the
zones of inhibition was recorded and the results were
tabulated in the table.2.

Table.2: Antibacterial activity of chloroform extract of
the roots of Artocarpus hirsuta
Extract/Compound
AHR (100mg/ml)
AHR (300mg/ml)
AHR (0.5µg/ml)
AHR (1.0µg/ml)
Benzyl pencillin
(19µg/ml)

B.S.
13
13
-

Gram +ve
B.P.
S.P.
20
15
20
15
11

M.L.
15
15
11

E.C.
21
21
-

Gram-ve
K.P.
P.V.
16
15
16
16
7
7
10
7

E.F
14
16
-

36

32

32

36

36

38

34

34

(Cup diameter = 6mm, AHR-Artocarpus hirsuta root, B.S-Bacillus
subtilis, B.P- Bacillus pumilis, S.P-Streptococcus pyogenes, M.L.
Micrococcus luteus, E.C- Eschericia coli, K.P- Klebsiella pneumoniae,
P.V- Proteus vulgaris, E.F- Enterococcus faecalis), Zone of inhibition
(mm)

Antifungal activity:
Test samples: The antifungal activity was assayed
using Agar cup plate method. The chloroform extracts
of the roots of A. hirsuta were used in two dose levels
of 100mg/ml and 300mg/ml.
Test organisms: For testing antifungal activity the
following fungal strains Aspergillus fumigans, Pencillium
excelsa, Pencillium chrysogenum, Saccharomyces
ceriviseae were used.
Procedure: The Nutrient PDA medium (Hi-media)
was prepared and inoculated with 0.5 ml of aqueous
suspension of the above mentioned test organisms,
which were prepared from 48 hour cultures, are thus
transferred into sterile petridishes. The medium in the
plates were allowed to set at room temperature for
about 10 minutes. 5 cups of 5mm diameter were made
in each plate at equal distances. Stock solutions of the
test residual extract were prepared in concentrations
of 100mg/ml and 300mg/ml. 100µg/ml of each of the
above stock concentrations were placed in the cups by
means of sterile pipettes. In each plate one cup was
used for control and standard. Nystatin (100µg/ml) is
used as reference standard. The petridishes thus
prepared were incubated for 48 hours at 37° C and
were later examined by measuring the zones of
inhibition. The experiments were run in duplicate and
the average diameter of the zones of inhibition was
recorded and the results were tabulated in the Table 3.
Table.3: Antifungal activity of chloroform extract of the
roots of A. hirsuta
S.NO
1.
2.
3.
4
5
7

Zones of inhibition (mm)
A.F S.C
P.E P.C

Extracts
AHR-Chloroform extract (100mg/ml)
AHR-Chloroform extract (300mg/ml)
AHR- (0.5ug/ml)
AHR- (1.0ug/ml)
AHR- (0.5ug/ml)
Nystatin (10μg/ml)

-

18
22
10
12

-

8
8
-

19

19

17

15

(Cup diameter: 6mm, AHR: A.hirsuta root extract, A.F, Aspergillus
fumigans, P.E Pencillium excelsa, P.C Pencillium chrysogenum, S.CSaccharomyces ceriviseae)
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RESULTS AND DISCUSSION
The Phytochemical examination of Artocarpus
hirsuta roots, on conventional extraction and various
chromatographic methods yielded five compounds:
stigmasterol, lupeol, cyclomorusin, cycloartomunin and
betulinic acid. All the compounds were isolated for the
first time from this species Artocarpus hirsuta and the
Isolation of cyclomorusin is the first time report from
the genus Artocarpus. The isolation of the above
bioactive chemical constituents renders the medicinal
significance of the species Artocarpus hirsuta, which
are presently been the subject of human curiosity and
need. Further the compounds such as morusin, morin,
cyclomorusin were earlier reported from Morus species
and the isolation of these compounds from A. hirusta is
quite interesting and supports chemo taxonomically
the relationship between Morus and Artocarpus
belonging to the family Moraceae.
The root chloroform extracts of A. hirusta showed
good activity against all the tested bacterial organisms.
They exhibited maximum activity against Bacillus
pumilis and E. coli when compared to other test
organisms. They displayed promising activity against
Saccharomyces Cerevisiae and showed no activity
against rest of the fungal organisms. The activity was
enhanced with increased dosage levels. The
antimicrobial properties exhibited by the plant could be
due to the presence of flavonoids and sterols which are
conspicuous constituents of the species belonging to
the Moraceae family.
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