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The aerial parts of extensively used ethnomedicinal plant Mikania cordata (Burm. f.) Robinson growing
wild in Bangladesh were investigated to isolate and characterize compounds responsible for the bioactiv-
ities of the plant. In the present study, a new derivatives of betulinic acid, 16-hydroxy betulinic acid [3
b,16-dihydroxy-lup-20(29)-en-28-oic] was isolated and the structure of the compound was determined
by NMR spectroscopic means and comparing with available literature data. The isolated compound was
then investigated for different pharmacological activities including antibacterial, antifungal, analgesic,
anti-inflammatory and antipyretic potential employing different methods. The compound showed potent
antibacterial activity with inhibition zone of diameter ranging from 12.0 to 17.5 mm and antifungal activ-
ity with mycelial growth inhibition ranging from 37.6 to 54.5%. The MIC values for antibacterial and anti-
fungal activities ranged from 31.5–125 and 250–1000 lg/mL respectively. The compound (50 and 100
mg/kg body weight) showed potent peripheral and central analgesic activity with 55.19% and 41% of wri-
thing inhibition at 90 min after administration of the compound and the highest 55.98%, 79.18% elonga-
tion of reaction time, respectively. In anti-inflammatory activity screening, the compound (100 mg/kg b.
w.) revealed the highest 77.08% edema inhibition at 4 h after administration of carrageenan. In antipyre-
tic assay, 16-hydroxy betulinic acid displayed a strong antipyretic effect in yeast-induced rats. From the
present study it is apparent that 16-hydroxy betulinic acid might play vital role to establish M. cordata as
ethnomedicinal plant to treat wound, cuts and fever.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Mikania cordata (Burm. f.) Robinson belongs to the family Aster-
aceae is a climbing herb and distributed in tropical Asia, the Philip-
pines, Papua New Guinea and tropical Africa (Ahmed et al., 2008).
Presence of cordate leaves, capitulum inflorescence, whitish
flowers, and narrowly oblong cypsela with white pappus distin-
guishes the species from remaining members of the Asteraceae.
In Bangladesh, M. cordata is widely distributed throughout the
country and used as an ethnomedicinally important plant in the
treatment of cuts and wounds. Leaf decoction is applied for treat-
ment of dysentery, indigestion and gastro-intestinal sore (Ghani,
2003). The plant is also used as leafy vegetable and applied against
coughs, eye sores and gastro-intestinal disorders.

Different ethnic communities residing in different districts of
Bangladesh use leaves ofM. cordata for treating cuts, wounds, fever
and pain. The Garo tribal people residing in Netrokona district
employ leaves of this species in cuts and wounds (Rahmatullah
et al., 2009a). In order to treat gastric pain fried leaves of this spe-
cies are eaten by the Mandi tribal people in Tangail district (Partha
and Hossain, 2007). The Santals tribal people residing in Thakur-
gaon district use the leaf of M. cordata for the treatment of cuts
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and wounds, and as remedy of dengue fever (Rahmatullah et al.,
2009b).

M. cordata has already been investigated and reported to exhibit
different pharmacological activities. Mosaddik and Alam (2000)
showed psycho-pharmacological, neuro-pharmacological, antimi-
crobial and therapeutic properties of M. cordata against pain,
inflammation, hyperthermia, ulcer as well as carcinogenesis. The
CNS depressant activity with potential antioxidant properties of
M. cordata was found (Hasan et al., 2009), while crude ethanolic
extract ofM. cordata presented analgesic, cytotoxicity, and antibac-
terial activities (Nayeem et al., 2011). Very recently, chloroform
extract of the aerial parts of M. cordata was found very bioactive
in nature (Siddiqui et al., 2017). To provide scientific support to
traditional and folklore usage of M. cordata in Bangladesh for the
treatment of different ailment, in this study, we aimed to explore
and identify the chemical compound(s) from M. cordata and evalu-
ate the role of the compounds behind bioactivities of the species. In
this view, we subjected chloroform extract for investigation to iso-
late bioactive compounds and as a consequence, a pentacyclic
triterpenoid, 16-hydroxy betulinic acid (16 HBA) was isolated,
identified and characterized for the first time from M. cordata.
The isolated 16-hydroxy betulinic acid was further studied exten-
sively for its antimicrobial, analgesic, anti-inflammatory and anti-
pyretic activities.
2. Materials and methods

2.1. Plant material

Mikania cordata was collected from Bhabrasur of Muksudpur
upazila under Gopalganj district, Bangladesh in 2010. The aerial
parts were plucked from the collected specimens. The habit and
inflorescence of the plant are shown in Fig. 1. The voucher speci-
men has been prepared and deposited in Bangladesh National Her-
barium for further reference (Voucher No. 37894).
2.2. Drugs and chemicals

Morphine manufactured by Gonoshasthaya Pharmaceuticals
Ltd, Dhaka, and Diclofenac sodium manufactured by ACI Pharma-
ceutical Ltd., Dhaka Bangladesh were used for the experiments.
In addition, acetic acid (Merck, Germany) and carrageenan (BDH,
UK.) were employed in this study. For other chemicals, only the
analytical grade chemicals (Sigma and Merck) were used in the
experiments.
Fig. 1. Habit and inflorescence of Mikania cordata; A. Habi
2.3. Experimental animal models

Swiss albino mice of 25–30 g andWister albino rats of 150–200
g were employed in the experiment which were collected from
ICDDR, B (International Centre for Diarrhoeal Diseases and
Research, Bangladesh). The animals were kept at 25 ± 1 �C with
60–70% humidity and normal day/night cycle (12 h each) in stan-
dard polypropylene cages. Standard pellets as basal diet (ICDDR,
B formulated) and water ad libitum were provided to the animals
for one week. After fasting for overnight, the animals were
weighted prior to run the experiment. During carrying out the
experiments, the guidelines of the National Institute of Health for
the Care and Use of Laboratory Animals (NIH Publication revised
in 1996) were strictly followed.

2.4. Preparation of chloroform extract

After air drying, the collected leaves of M. cordata were crushed
to make leaf powder. Then 200 g of the powder was subjected to
extraction by 1000 ml of chloroform at room temperature for 7
days. After filtration, the solvent was evaporated from the solution
with the help of rotary evaporator operated at 50 �C which yielded
7 g of extract.

2.5. Isolation of compound from chloroform extract

Chloroform extract (7 g) was subjected to silica gel column
chromatography (364 g, Kieselgel 60, 230–400 mesh, Merck) and
in this case, the mobile phase was started with 100% n-hexane
on fraction 1; Hexane-CHCl3 (8.5:1.5) solvent systems on fraction
2; Hexane-CHCl3 (7.5:2.5) on fraction 3; Hexane-CHCl3 (5:5) sol-
vent systems on fraction 4; Hexane-CHCl3 (3:7) solvent systems
on fraction 5; CHCl3 (100%) solvent systems on fraction 6; CHCl3-
MeOH (9:1) solvent systems on fraction 7; CHCl3-MeOH (8:2) sol-
vent systems on fraction 8; CHCl3-MeOH (7:3) solvent systems on
fraction 9–10; CHCl3-MeOH (5:5) solvent systems on fraction 11–
12; CHCl3-MeOH (3:7) solvent systems on fraction 13 and MeOH
solvent on fraction 14–15. A total of 15 fractions were collected
and based on their TLC profiles, some of the fractions were com-
bined with each other. The fraction 3 obtained from first column
chromatography was then subjected for further column chro-
matography using same silica gel for fractionations. The starting
solvent system was petroleum ether on fraction 1; Pet.ether-
EtOAc (9:1) solvent system on fraction 2; Pet.ether-EtOAc (8:2)
solvent system on fraction 3; Pet.ether-EtOAc (7:3) solvent system
on fraction 4; Pet.ether-EtOAc (6:4) solvent system on fraction 5;
t showing cordate leaves; B. Capitulum inflorescence.
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Pet.ether-EtOAc (5:5) solvent system on fraction 6; Pet.ether-
EtOAc (4:6) solvent system on fraction 7–8; Pet.ether-EtOAc (3:7)
solvent system on fraction 9–10; EtOAc (100%) solvent system on
fraction 11; EtOAc-MeOH (9:1) solvent system on fraction 12;
EtOAc-MeOH (8:2) solvent system on fraction 13; EtOAc-MeOH
(6:4) solvent system on fraction14; EtOAc-MeOH (5:5) solvent sys-
tem on fraction 15; MeOH (100%) solvent system on fraction 16.
Fraction 2 was then subjected to prepare thin layer chromatogra-
phy using solvent system ethyl acetate: petroleum ether (6:4) as
mobile phase on silica gel 60 (mesh 230–400). The compound
16-hydroxy betulinic acid was separated from fraction 2 with the
Rf value of 0.66. The compound was characterized as 16-hydroxy
betulinic acid on the basis of 1H-NMR spectra recorded at room
temperature on a Bruker Avance 300 instrument operating at a fre-
quency of 300 MHz. The schematic diagram for isolation and
purification of 16 HBA is shown in Fig. 2.
2.6. Antimicrobial activity

2.6.1. Disc diffusion assay for antibacterial activity
Bacillus subtilis IFO 3232, Sarcina lutea IAM 1671, Escherichia

coli IFO 3007, Klebsiella pneumoniae ATTC 10031, Xanthomonas
Fig. 2. Schematic diagram for isolation and p
campestris IAM 1671 and Pseudomonas sp. ATCC 13867 were used
in this study. For this assay, the method of Murray et al. (1995)
was followed. 100 lL of standardized inoculums suspension con-
taining 107 CFU/mL of bacteria was used. Dimethylsulfoxide
(DMSO) was used in preparing 16-hydroxy betulinic acid sample
by dissolving in it and the concentration of this solution was main-
tained at 10 mg/mL. Then 10 lL from the solution (containing 100
lg) were soaked on discs (6 mm diameter) made of sterilized
Whatman No.1 filter paper and applied on the inoculated LB agar
medium. DMSO (used in dissolving samples) was taken as negative
control. Kanamycin (30 lg/disc) sourced from Sigma-Aldrich Co.
(St. Louis, MO, USA) was employed in the experiment as positive
control. All the assays were replicated thrice.
2.6.2. Minimum inhibitory concentration (MIC) against tested bacteria
TheMIC values of 16 HBA against the tested bacteria were deter-

mined by the method developed by Chandrasekaran and
Venkatesalu (2004). At first, the 16 HBA sample was mixed with
LB medium in a way that different concentrations ranging from 0
to 1000 lg/mL can easily be obtained. The experiment was done
by transferring 20 lL inoculums of bacteria strain (107 CFU/mL) to
the tube and the final test volume was 2 mL. For control tube, the
urification of 16-hydroxy betulinic acid.
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test was run using only bacteria strain without samples. The incu-
bation of the culture tubes was carried out at 37 �C over 24 h. The
growth of the bacteria was observed by microscopic evaluation.
The lowest inhibiting concentration (MIC) was expressed as lg/mL.

2.6.3. Preparation of spore suspension and test samples
The 5–10 days old spore suspension of Rhizoctonia solani AG-1

(IB) KACC 40111, R. solani AG-2 (IV) KACC 40132, Pythium gramini-
cola KACC 40155 Tricoderma harzianum KACC 40791 and Fusarium
oxysporum KACC 40052 were homogenized with sterile distilled
water to prepare the suspension of 105 spore/ml. 16 HBA was dis-
solved in DMSO to prepare the stock solution which was further
diluted to prepare test samples.

2.6.4. Determination of antifungal activities
Petri dishes (9 cm in diameter) containing 20 ml of potato dex-

trose agar (PDA) medium were used for assessing antifungal activ-
ity using disc diffusion assay (Duru et al., 2003). Sterile Whatman
paper discs (6 mm in diameter) impregnated with 100 lL (1000
lg/disc) of 16 HBA were placed at equidistant and near the border
of the petri dishes. A disc of fungal inoculum of 6 mm in diameter
was placed upside down in the centre of the petri dishes. Then the
incubation of the petri dishes at 28 ± 2 �C was continued till the
growth of control slates unto the corner of the plates. The plates
were used in triplicates for each treatment. Growth inhibition
was calculated using the following formula:

Inhibition ratio ð%Þ
¼ f1-mycelium growth of treatment ðmmÞ=
mycelium growth of control ðmmÞg � 100
2.6.5. Minimum inhibitory concentration (MIC) against tested fungi
Two-fold dilution method (Murray et al., 1995) was used in this

assay. Different sequential concentrations of 125, 250, 500 and
1000 lg/ml of 16 HBA were obtained by serial dilution with DMSO
and subsequent adding to PDB medium. The minimum concentra-
tions (MIC) which completely inhibit fungal growth were deter-
mined by inoculation of 10 ll spore suspension in the test tubes
containing specified concentrations of test sample, followed by
incubation for 5–7 days at 28 ± 2 �C. The control tubes containing
PDB medium were inoculated only with fungal suspension. The
MIC values were expressed as lg/mL.

2.7. Analgesic activity study

2.7.1. Analgesic activity against peripheral nociceptive pain
Evaluation of 16 HBA for analgesic activity against peripheral

nociceptive pain was performed using the method of Koster et al.
(1959). Each group included five randomly selected mice and
two different groups were received suspension of 50 and 100
mg/kg b.w. (body weight) of 16 HBA. After 30 min, each treatment
group received 3% acetic acid to induce pain and then the writhing
count was started from 5 min and continued for 20 min. Diclofenac
sodium (40 mg/kg b.w.) was used as standard reference drug,
whereas the control group received only 5% Tween 80 in normal
saline (10 ml/kg b.w.). The percentage of inhibition was calculated
as per following equation:

% Inhibition

¼ Mean writhing count ðcontrol group� treated groupÞ � 100
Mean writhing count of control group
2.7.2. Analgesic activity against central nociceptive pain
For hot plate experiment, the method of Ojewole (2006) with

slight modification was followed. The hot plate temperature was
kept at 55 ± 1.0 �C and mice were selected based on their response
to hot plate thermal stimulation after 4 s. Suspension of 16 HBA of
50 and 100 mg/kg b.w. and morphine (10 mg/kg) as a positive con-
trol were given to mice. The negative control group received only
5% Tween 80 in normal saline (10 ml/kg b.w.). Each group of mice
was assayed for reaction time at 30, 60, and 90 min after treatment
with test samples or morphine. To avoid tissue impairment a
latency period of 30 s was considered as complete analgesia cut
off time.

% of elongation of reaction time

¼Average reaction time of test group�Average reaction time of control group
Average reaction time of control group

�100
2.8. Carrageenan-induced paw edema assay

The efficacy of 16 HBA in reducing induced inflammation was
evaluated by acute inflammation method in rats as designated by
Winter et al. (1962). The basal volume (Co) of the right hind paw
of each of the five rats of each group was measured by plethys-
mometer (model 7150, UgoBasile, Italy). After 30 min of treatment
with suspension of 16 HBA (50 and 100 mg/kg b.w.) and phenylbu-
tazone (100 mg/kg) as positive control, each of the rats of all
groups received 1% carrageenan (0.1 ml) into sub-plantar surface
of right hind paw. The control group received only 5% Tween 80
in normal saline (10 ml/kg b.w.). The volume of the right hind
paw edema was measured at 0 h, 1 h, 2 h, 3 h and 4 h. Inhibitory
activity was calculated by the following formula:

% Edema Inhibition ¼ ðCt� CoÞControl� ðCt� CoÞtreated
ðCt� CoÞControl � 100

where Ct refers to paw size after a specific time interval in hours
after carrageenan injection and Co denotes paw size before car-
rageenan injection.

2.9. Yeast-induced hyperthermia assay

After recording initial rectal temperature by digital electric
thermometer (EXACON, Denmark), the rats were given 20 ml/kg
(20%) brewer’s yeast suspension subcutaneously to induce pyrexia
(Turner, 1965). The rat groups (n = 5) which exhibited an increase
in temperature of 0.3–0.5 �C after 18 h, were further treated with
16 HBA (50 and 100 mg/kg b.w.) and paracetamol (100 mg/kg b.
w.) as standard drug, whereas the control group received only
0.3 ml of saline. Then the rectal temperature of the rats was mea-
sured at 1 h, 2 h, 3 h and 4 h. The average temperature of every
group was compared with mean temperature of the group treated
with standard drugs.

2.10. Statistical analysis

All data were analyzed by means of ANOVA test followed by
Student’s t-test. Significant levels were determined at P < 0.05
(95% confidence limit).

3. Results and discussion

3.1. Structure elucidation of the compound

Based on bio-assay, the chloroform leaf extract was selected for
the purification of compounds. The leaf extract (7 g) was subjected
to column chromatography over silica gel (230–400 mesh ASTM,
Merck, Germany) to give 15 fractions. The fraction 3 was then fur-
ther subjected to column chromatography over silica gel to give 16
fractions. Then the compound was obtained from fraction 2 by



Table 1
1H NMR spectral data of the 16-hydroxy betulinic acid (300 MHz, d, CDCl3) with
reference to Stefan and Dieter (2009).

Position dH Position dH

1 0.84 (s) 17
2 1.24 (m) 18 1.80 (m)
3 3.48 (t) 19 3.52 (m)
4 20
5 0.83 (m) 21
6 1.26 (m) 22 1.80 (m)
7 23 1.21 (s)
8 24 1.01 (s)
9 1.28 (t) 25 0.83 (s)
10 26 1.13 (s)
11 1.18 (m) 27 1.12 (s)
12 1.15 (m) 28
13 2.46 (m) 29 4.39(br.s)/4.41(br.s)
14 30 1.77 (s)
15 1.80 (m) COOH 7.53 (s)
16 5.18 (d) OH 7.74 (s)
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PTLC using suitable solvent system and was finally characterized as
16-hydroxy betulinic acid by 1H NMR spectroscopic data analysis.

16 HBA was obtained as yellowish oily liquid. It was insoluble in
water but highly soluble in chloroform, pyridine and acetic acid.
TLC examination showed that it to be a single compound with Rf

value of 0.66 in EtOAc: Pet. ether (6:4). It was appeared as a dark
spot on TLC plate (silica gel 60 GF254) under UV light at 254 nm
and after the development of the chromatoplates in closed iodine
chamber, it was appeared as yellow spot. The 1H NMR (CDCl3,
300 MHz) spectrum of the compound (Fig. 3) revealed the presence
of a lupine type carbon skeleton. It displayed signals attributable to
an exomethylene group at d 4.39 and 4.41 ppm (1H, each, br.s)
which together with an allylic methyl at d 1.77 that indicated an
isopropenyl function. The two olefinic protons H-29 (a) and H-29
(b) resonated at d 4.39 and d 4.41 ppm, respectively and their rel-
ative assignment could be made due to the vicinity of H-29 (a) to
the methyl group at C-30.

The next signal in the proton spectrum at d 3.5 ppm integrated
for two protons which form their chemical shift, and were assigned
to H-19 and H-3. The signal of methyl group at C-30 attached to a
SP2 centre could be safely identified from its chemical shift of d
1.77. In addition, the compound showed five singlets at d 0.83
(3H, Me-25), 1.01 (3H, Me-24), 1.12 (3H, Me-27), 1.13 (3H, Me-
26) and 1.21 (3H, Me-23), each integrating for three protons which
assigned for five methyl groups in the compound.

The characteristic signal at d 5.18 was due to highly deshielding
suggested the presence of hydroxyl group at C-16. All other peaks
in 1H NMR data of 16 HBA also matching with literature values
(Stefan and Dieter, 2009) and are in good agreement with those
of 16 HBA. The 1H NMR (CDCl3, 300 MHz) data of 16 HBA acid is
shown in Table 1 and its chemical structure is presented in
Fig. 4. Betulinic acid and some of its derivatives have been isolated
Fig. 3. 1H NMR (CDCl3, 300 MHz) spect
from some other plant species (Yogeeswari and Sriram, 2005). M.
cordata has already been reported to contain some chemical com-
pounds e.g. vitamin A, B, and C, mikanin, friedelin, efifriedinol,
dilactones, etc. (Ghani, 2003), however, there is no report available
so far on isolation of betulinic acids or any of its derivatives from
this plant. This is the first report for isolation and purification of
a betulinic acid derivative i.e. 16-hydroxyl betulinic acid (a triter-
penoid) from the leaves of M. cordata.

3.2. Antimicrobial activity

The results of the assays for antibacterial activities of the 16-
hydroxy betulinic acid are shown in Table 2. The 16-hydroxy
rum of 16-hydroxy betulinic acid.
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Fig. 4. Structure of 16-hydroxy betulinic acid isolated from Mikania cordata.

Fig. 5. Effect of the treatment 16-hydroxy betulinic acid (50, 100 mg/kg), and
diclofenac sodium as control (40 mg/kg) on the intraperitoneal administration of
10 ml/kg of 3% acetic acid. Each group represents the mean of 5 animals. Values are
expressed as mean ± SEM, ⁄P < 0.05 and ⁄⁄P < 0.01 compared with control group.
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betulinic acid showed potent efficacy against all six bacteria. For all
the six bacteria, the zone of growth inhibition ranged from 12.0 to
17.5 mm. The present study revealed that the efficacy shown by
16-hydroxy betulinic acid is somewhat weaker than that of Kana-
mycin. The blind control showed no activity against the bacteria.
From the minimum inhibitory concentration (MIC) assay, it was
observed that the two gram positive bacteria, Sarcina lutea IAM
1671 and Bacillus subtilis IFO 3232 were very much susceptible to
16-hydroxy betulinic acid with lowest MIC 31.5 lg/mL values
(Table 2), whereas the gram negative bacteria, Escherichia coli IFO
3007, Klebsiella pneumoniae ATTC 10031, Pseudomonas sp. ATCC
13867 and Xanthomonas campestris IAM 1671 were found some-
what less susceptible to the 16-hydroxy betulinic acid with MIC
values (62.5–125) lg/mL. Our findings are in agreement with pre-
vious reports where some hydroxy derivatives of betulinic acid
were found to have antibacterial activities (Schuhly et al., 1999).

The 16-hydroxy betulinic acid exhibited a moderate antifungal
activity against all the tested fungi except Tricoderma harzianum
Table 2
Antibacterial activity and minimum inhibitory concentrations of 16-hydroxy betulinic aci

Bacteria Zone of growth inhibition (in mm

16-hydroxy betulinic acid

Bacillus subtilis IFO 3232 16 ± 0.7
Sarcina lutea IAM 1671 17.5 ± 0.4
Escherichia coli IFO 3007 14 ± 1.3
Xanthomonas campestris IAM 1671 14 ± 0.9
Klebsiella pneumoniae ATTC 10,031 12 ± 1.7
Pseudomonas sp. ATCC 13,867 14.5 ± 0.3

a Diameter of inhibition zones (mm) of the compound around the discs (6 mm) impre
b Kanamycin (30 lg). Values are given as mean ± S.D of triplicate experiment and con

Table 3
Antifungal activity and minimum inhibitory concentrations of 16-hydroxy betulinic acid.

Fungal strains Radial growth inhib

mma

Rhizoctonia solani AG-1 (IB) KACC 40111 2.1 ± 0.4c

Rhizoctonia solani AG-2-2 (IV) KACC 40132 2.7 ± 0.9c

Pythium graminicola KACC 40155 2.5 ± 0.9c

Tricoderma harzianum KACC 40791 nd
Fusarium oxysporum KACC 40052 1.9 ± 0.8c

a Radial growth of fungal pathogens.
b Percentage of radial growth inhibition.
c Values are given as mean ± S.D. (n = 3), and considered to be significantly different a
KACC 40791 and a low inhibition effect was observed against
Fusarium oxysporum KACC 41083. At the concentration of 10 ll
(1000 lg/mL), the 16-hydroxy betulinic acid showed a potent inhi-
bitory effect on the growth of Rhizoctonia solani AG-1 (IB) KACC
40111 (45.4%), R. solani AG-2 (IV) KACC 40132 (41.9%), Pythium
graminicola KACC 40155 (54.5%), and Fusarium oxysporum KACC
40052 (37.6%) as shown in Table 3.

In the MIC assay, 16-hydroxy betulinic acid was found most
effective against P. graminicola (250 lg/mL) as compared to those
of R. solani AG-1 and R. solani AG-2 (500 lg/mL), whereas the
MIC values were found lowest (1000 lg/ml) in Fusarium oxysporum
KACC 40052 (Table 3). Our result is congruent with some other
previous studies where betulinic acid and some other derivatives
of betulinic acid were reported to have antifungal effects (Shai
et al., 2008).

The antimicrobial activities of pentacyclic compounds having
lupane skeleton is well reported and the compounds were found
to exert their activities by initiating changes in membrane perme-
ability resulting from the leakage of reducing sugars, proteins and
reduction of respiratory chain dehydrogenase enzyme’s activity
d.

)a Minimum inhibition concentration (lg/ml)

Kanb

21.5 ± 0.7 31.5
16 ± 1.1 31.5
20.5 ± 1.2 62.5
24 ± 1.4 62.5
20 ± 0.6 125
20 ± 1.2 125

gnated with 10 lL/disc corresponding to 100 lg/disc.
sidered to be significantly different at P < 0.05.

ition Minimum inhibition concentration

(%)b (lg/ml)

45.4 ± 0.5c 500
41.9 ± 0.4c 500
54.5 ± 0.8c 250
nd nd
37.6 ± 0.9c 1000

t P < 0.05. nd: not detected of anti-fungal activity.



Table 4
Effects of 16-hydroxy betulinic acid on hot plate test in mice.

Treatment Dose (mg/kg) Reaction time (s)

30 min 60 min 90 min

Control (Vehicle) – 6.24 ± 0.61 6.28 ± 0.28 6.92 ± 0.34
Morphine 10 13.54 ± 0.49* 13.66 ± 0.39** 12.84 ± 0.56**

16-hydroxy betulinic acid 50 9.73 ± 0.19** 9.67 ± 021 10.39 ± 0.15**

100 12.35 ± 0.12** 12.75 ± 0.09** 13.1 ± 0.03**

Each value represents the mean (±S.E.M.) of five observations.
⁄P < 0.05 and ⁄⁄P < 0.01 compared with control group.
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(Sathya Bama et al., 2012). This mechanism can also be attributed
to 16-hydroxy betulinic acid for its antimicrobial activity.
3.3. Analgesic activity study

16-hydroxy betulinic acid showed analgesic efficacy against
peripheral nociceptive pain by reducing acetic acid induced wri-
thing in mice (Fig. 5). The percentage inhibition of writhing for
16-hydroxy betulinic acid at 50 and 100 mg/kg were 41% and
55.19%, respectively. The percentage inhibitions were determined
by comparing the writhing response of animals received test spec-
imen to the animals that received vehicle only. By comparison, 40
mg/kg diclofenac sodium was found to produce highest 52% anal-
gesic effect in this nociception model. In this study, the tested sam-
ples exhibited dose dependent analgesia.

In the hot plate study, the 16-hydroxy betulinic acid (50 and
100 mg/kg) elongated the reaction time at different time points.
All these elongation in the reaction time was determined by
comparing to the corresponding control groups (Table 4; Fig. 6).
* **

**

* **

** *

**

0

20

40

60

80

100

120

140

30 min 60 min 90 min

%
 o

f e
lo

ng
at

io
n 

of
 re

ac
tio

n 
tim

e

Time (hr)

Morphine
(10 mg/kg)
16-hydroxy betulinic acid
(50 mg/kg)
16-hydroxy betulinic acid
100 mg/kg

Fig. 6. Effect of the treatment with 16-hydroxy betulinic acid (50, 100 mg/kg) and
morphine as control (10 mg/kg) on the hot plate analgesic test. Each mouse is
served as its own control. Before treatment, the time for hind paw licking or
jumping on the heated plate of analgesiometer was determined thrice at 1 h
interval and mean of these were taken as the initial reaction time (control latency).
Mice in each group were tested 30, 60 and 90 min after drug treatment. Values are
expressed as mean ± SEM, ⁄P < 0.05 and ⁄⁄P < 0.01 compared with control group.

Table 5
Anti-inflammatory activities of 16-hydroxy betulinic acid and phenylbutazone (PBZ) on ca

Treatment Dose (mg/kg) Time (h)

0 1
EV (ml) EV (ml)

Control (saline) edema formation (mm) size – – 0.35 ± 0.
Phenylbutazone 100 – 0.24 ± 0.
16-hydroxy betulinic acid 50 – 0.31 ± 0.

100 – 0.29 ± 0.

EV: Edema volume. Values represent the mean ± S.E.M. (n = 5), ⁄P < 0.05 and ⁄⁄P < 0.01 c
Morphine significantly prolonged the reaction time of the animals,
e.g. 116.99%, 117.52% and 85.55% relative elongation of reaction
time at 30 min, 60 min and 90 min, respectively, confirming cen-
trally mediated activity. The compound 16-hydroxy betulinic acid
showed central anti-nociceptive activity in dose dependent man-
ner and the highest analgesia was induced at 100 mg/kg b.w. by
elongating the reaction time 97.97%, 103.11%, and 89.29% at 30
min, 60 min and 90 min, respectively.

The analgesic activity (both peripheral and central) of the test
specimens were investigated by applying two different methods.
The most suitable and widely used acetic acid induced writhing
method was applied to identify the peripheral effects, whereas
hot plate method was employed to detect analgesic activity against
central nociceptive pain of the test samples. Our findings clearly
indicated that 16-hydroxy betulinic acid possessed both peripheral
(writhe reduction) and central (thermal reaction time prolonga-
tion) analgesic effects.

In the peripheral nociception model, the pain is developed by
inducing local inflammatory sensation. Following inflammation,
there is biogenesis of prostaglandins from cyclooxygenase path-
way and leukotrienes from lipoxygenase pathway (Das et al.,
rrageenan-induced edema in the right hind-limb paw of rats.

Average edema formation

2 3 4
EV (ml) EV (ml) EV (ml)

04 0.41 ± 0.05 0.44 ± 0.050 0.48 ± 0.06 0.42
03 0.16 ± 0.05** 0.15 ± 0.03* 0.06 ± 0.04** 0.15
03 0.30 ± 0.01* 0.28 ± 0.1* 0.22 ± 0.07** 0.28
0* 0.25 ± 0.04** 0.19 ± 0.3** 0.11 ± 0.12** 0.21

ompared with control group.
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Fig. 7. Effect of the treatment with 16-hydroxy betulinic acid (50, 100 mg/kg) and
Phenylbutazone as control (100 mg/kg) on paw edema induced by intradermal
injection of carrageenan (1% 0.1 ml) in rats. Zero (time zero) corresponds to baseline
measurement of animals performed 24 h before the test. Each group represents the
mean of 5 animals, and the vertical lines indicate the SEM. ⁄P< 0.05 and ⁄⁄P < 0.01
compared with control group.



Table 6
Antipyretic activities of 16-hydroxy betulinic acid and paracetamol on brewer’s yeast-induced pyrexia in rats.

Treatment Dose (mg/kg) Rectal temperature

Before drug After drug

�18 h 0 h 1 h 2 h 3 h 4 h

Control (Saline) 0.3 ml 37.22 ± 0.20 38.106 ± 0.30 38.018 ± 0.28 38.00 ± 0.19 38.05 ± 0.19 38.05 ± 0.20
16-hydroxy betulinic acid 50 36.88 ± 0.32 37.92 ± 0.21 37.44 ± 0.15* 37.04 ± 0.11 36.85 ± 0.31** 36.77 ± 0.17**

100 36.84 ± 0.22 38.38 ± 0.15* 38.46 ± 0.12 37.62 ± 0.31* 37.04 ± 0.12** 36.66 ± 0.19**

Paracetamol 100 36.97 ± 0.28 38.19 ± 0.32 37.76 ± 0.12** 37.13 ± 0.19* 36.98 ± 0.05** 36.95 ± 0.09**

Values are mean ± S.E.M. rectal temperature (n = 5), ⁄P < 0.05 and ⁄⁄P < 0.01 compared with control group.
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2012). The released prostaglandins, mainly prostacyclin (PGI2),
and to a lesser extent, prostaglandin E, are supposed to induce pain
and abnormal contraction of mice body that is termed as ‘wri-
thing’. Several lupane triterpenoids found to prevent the biogenesis
process of lipooxygenase and/or cyclooxygenase which in turn,
affect the formation of PGE2 (Taiwe et al., 2011). Thus, the lupane
triterpenoids under investigation (16-hydroxy betulinic acid)
might suppress transformation mechanism in the nociceptor
which results in reduced or no pain perception. Therefore, to eval-
uate the actual analgesic activity, another test model e.g. hot plate
thermal stimulation in combination with the acetic acid induced
writhing model is generally suggested. Likewise, 16-hydroxy betu-
linic acid was also found to prolong reaction time in hot plate ther-
mal stimulation test. The effect of 16-hydroxy betulinic acid is
comparable with that obtained by morphine. Central nervous sys-
tem depression properties of morphine resulted in reduced behav-
ioral activities. Previous studies revealed that pentacyclic lupane
triterpenoids might be able to produce locomotors depressant,
muscle relaxant and sedative potential effect which, in turn, leads
to the conclusion that those compounds have some central nervous
system depression properties (Taiwe et al., 2011) and all those
observation can help in explaining central analgesic activity of
16-hydroxy betulinic acid in hot plate analgesic model.
3.4. Carrageenan-induced rat paw edema assay

Results of the anti-inflammatory effects of 16-hydroxy betulinic
acid are presented in Table 5 and Fig. 7. Dose dependent paw
edema inhibition effect was observed and the highest inhibition
of paw edema (77.08%) was recorded at 100 mg/kg of 16-
hydroxy betulinic acid at 4 h.

The anti-inflammatory activity of 16-hydroxy betulinic acid can
be explained based on previous studies. IL-10, a cytokine with
potent anti-inflammatory properties, inhibits TNF-a release
(Fiorentino et al. 1991). It has been reported that the betulinic acid
(BA) increase in the levels of serum IL-10 (Costa et al., 2014). Viji
et al. (2011) showed that BA inhibits the expression of cyclooxyge-
nase 2 (COX-2) in cultures of human peripheral blood mononuclear
cells, leading to a decrease in PGE2 production. The increase in IL-
10 induced by betulinic acid might be related to the inhibition of
PGE2 production, another inflammatory mediator, since IL-10 is
known to inhibit COX-2 expression (Niiro et al., 1995) which play
a vital role against inflammation conferred by betulinic acid. How-
ever, the fact that betulinic acid modulates IkBa phosphorylation
(Viji et al., 2011) suggests that its action on TNF-a inhibition
may also be related to alterations in signaling pathways, such as
NF-kB activation. Moreover, it has been observed that betulinic
acid inhibits the production of inflammatory mediators, such as
NO and TNF-a (Costa et al., 2014). All these effects of betulinic acid
in suppressing inflammatory mediators and increasing anti-
inflammatory cytokines might be applicable for the 16 hydroxy
betulinic acid, a derivatives of betulinic acid, to explain its anti-
inflammatory effects.
3.5. Yeast-induced hyperthermia assay

The antipyretic results of 16-hydroxy betulinic acid are pre-
sented in Table 6. Administration of brewer’s yeast to rats pro-
duced a noticeable increase in rectal temperature after 18 h of
yeast injection (Table 6). In this study, although 16-hydroxy betu-
linic acid reduced the rectal temperature right from 1 h onward
but the weaker antipyretic effect was observed in comparing to
paracetamol (100 mg/kg orally) which significantly reduced the
temperature (Table 6).

The drugs or medicinal compounds bearing the suppressing
effect on biogenesis of prostaglandin generally have antipyretic
properties (Vane, 1987). In our study, 16-hydroxy betulinic acid
was found to inhibit pyrexia considerably developed by yeast
administration. As discussed earlier, 16-hydroxy betulinic acid
have impacts on central nervous system and likely to inhibit the
synthesis of prostaglandin E2 and thus lessen hyperthermia. In this
case, 16-hydroxy betulinic acid might exert some inhibitory effect
by its action on COX-3 which decrease the amount prostaglandin
E2 in the hypothalamus region of brain (Botting and Ayoub,
2005). There is another possibility in which the tested compounds
might have some positive influence to increase the secretion of
vasopressin and arginine like antipyretic agents within the body
(Chandrasekharan, 2002).

4. Conclusion

The present study confirmed that 16-hydroxy betulinic acid iso-
lated from M. cordata has potent antimicrobial, analgesic, anti-
inflammatory and antipyretic properties. In the recent past, betuli-
nic acid and its different derivatives have attracted great research
interest in the field of drug discovery. Our findings will not only be
a support to bolster the research efforts on betulinic acids to
emerge new commercial therapeutic agents from betulinic acid
and its derivatives but also attract researchers to study structural
and functional relationship of 16 hydroxy betulinic acid. Our
results can also be seen as scientific support for the traditional
and folklore usage of Mikania cordata in Bangladesh for the treat-
ment of different ailments and provide opportunities to explore
this plant as a source of bioactive compounds for biochemical
and pharmaceutical industries.
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