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Abstract

In tradition system of medicines the Vibernum grandiflorum is widely practiced as antipyretic in the treatment of
malaria and typhoid. The current study was designed for scientific validation of antinociceptive, anti-inflammatory
and antipyretic effect of V. grandiflorum with reference to its chemical composition. The crude ethanolic extract
and isolated compound was tested for its antinociceptive effect using acetic acid and hot plate pain models. The
anti-inflammatory potential was investigated through carrageenan induced oedema and antipyretic effect was
determined using brewer’s yeast induced pyrexia. Beside the isolation of B-sitosterol, ursolic acid and betulin, a
benzofurane derivative, 2-(-4’-hydroxy-3’-methoxy-phenyl)-5-(3”-hydroxy-propyl)-3-hydroxy-methyl-7-hydroxy-2,
3-dihydrobenzofuran was first time isolated from the roots of V. grandiflorum. The crude extract and compound 1
were found to be active in protection of induced writhing (70.45 and 82.11%), inhibition of increase in paw volume
(71.34 and 54.47%), and attenuation of pyrexia (71.78 and 41.68%). It is concluded that the significant inhibition of
acetic acid induced writhing, protection of carrageenan induced paw oedema and attenuation of induced pyrexia by
isolated compound 1 strongly supports the antinociceptive, anti-inflammatory and antipyretic effect of the roots of
V. grandiflorum. This research work also provides scientific rationale to the folkloric use of V. grandiflorum as pain

killer and antipyretic.
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Introduction

Viburnum, a genus of the family Adoxaceae (formerly
Capripoliaceae), consists of more than 230 species, mostly distributed
in the temperate or subtropical zones from South America to Southeast
Asia and the majority of them are endemic [1]. Six species of the genus
Viburnum distributed in various localities of Pakistan [2]. The genus
Viburnum is well known in folk medicine for their spasmolytic, sedative
and anti-asthmatic properties. Viburnum prunifolium specifically used
for menstrual cramps, as anti-abortive agent and for prevention of
postpartum bleeding [3]. Viburnum grandifluram is locally used as
purgative, abdominal pain [4], diuretic, and antimalarial [5]. It is also
used for the wound healing [6], stomachache [5,7], whooping cough and
respiratory diseases, toothache, typhoid [8] and analgesic [9]. Recently,
we have tested V. grandifluram for its various in-vitro pharmacological
activities and proved good antifungal, antibacterial and phytotoxic [2].
The present studies was designed to employ bioassy fractionation for
the isolation of analgesic, anti-inflammatory and antipyretic agents
from the roots extract of V. grandifluram.

Materials and Methods

All the studies were strongly approved by the ethical committee of
University of Peshawar, Peshawar, Pakistan (1367/UOPEC/2011).

Plant material

V. grandiflorum roots were collected from Tandyani district Hazara,
Khyber Pakhtunkhwa, Pakistan in the month of July 2009. Plant was
identified by an eminent taxonomist of Botany Department of Hazara
University and a specimen voucher was deposited in the University
Herbarium.

Chemicals

All the solvents used were of chromatographic analytical grade,

paracetamol (purity >99%) was donated by Global Pharmaceuticals
(Pvt) Ltd., diclofenac sodium (Purity >99%) was donated by Madicraft
Pharma (Pvt) Ltd., tramadol, acetic acid, normal saline, Brewer’s yeast,
carrageenan were purchased from E. Mark (Pvt). Ltd.

Animals

NMRI mice and Wistar rats of either sex were used for all
experiments. Animals were maintained under standard laboratory
conditions (12/12 h day night light and dark, 22 + 3°C. Standard food
was supplied and fresh water were ad labitum.

General experimental procedures

Flash column chromatography: silica gel 60 (Merck, 0.063-0.200
mm). Prep TLC: glass plates precoated with silica gel 60 GF,,, (0.5 mm
thickness, Merck); detection with I, spray. Optical rotations: JASCO-
DIP-360 digital polarimeter. UV: SECOMAN spectrophotometer
ANTHJRPC Version 4.1h. 1-D and 2-D NMR: Bruker Avance 600
spectrometer (600 MHz); EI-MS: Varian MAT 312 mass spectrometer.
EI source at 250°C and 70 eV; m/z (rel.%). The HREIMS spectrum was
recorded on Jeol JMS-600H mass spectrometer. CI-MS; Jeol JMS-HX
110. CI carrier gas used was CH,.
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Isolation of constituents

Shade dried roots of V. grandiflorum (14.5 Kg) were repeatedly
extracted with ethanol (x3) at room temperature. Solvent was removed
under vacuum to obtain brownish gummy residue (VGCE; 568.4 g)
which was treated with n-hexane to yield n-hexane soluble (15.4 g)
and insoluble fractions. The n-hexane insoluble fraction was further
treated with chloroform to get chloroform soluble (125 g) and insoluble
fractions. The latter was again treated with ethyl acetate to yield ethyl
acetate soluble and insoluble fractions. The ethyl acetate soluble solvent
freed fraction (30 g) was subjected to gravity CC (n-hexane, n-hexane-
EtOAc and EtOAc in increasing order of polarity). As a result; 256
fractions were obtained and compiled on the basis of TLC proflie to
afford 21 sub-fractions. The fraction 1 (0.5 g) was subjected to CC and
subsequently to precoated TLC resulted a pure compound 1 (12.5 mg)
along with S-sitosterol, ursolic acid and betulin compounds. The crude
ethanolic extract (VGCE) and isolated compound 1 were evaluated for
their antinociceptive, anti-inflammatory and antipyretic effects.

Acute toxicity

The acute toxicity test [10] was carried out for VGCE to evaluate
any possible toxicity. NMRI mice (n=6) of either sex were treated with
different doses (500, 1000 and 2000 mg/kg, p.o.), while the control
group received saline (10 ml/kg). All the groups were observed for any
gross effect for first 4 h and then mortality was observed after 24 h.

Analgesic activity

Acetic acid induced writhing test: All the animals (18-22 g) of
either sex were withdrawn from food 2 h before the start of experiment
and divided in various groups. Group I was injected with normal saline
(10 ml/kg) as control, Group II received standard drug diclofenac
sodium (10 mg/kg) while the remaining groups were administer the
VGCE (50, 100 and 150 mg/kg) and compound 1 (5 and 10 mg/kg).
After 30 min of above administration, the animals were treated i.p. with
1% acetic acid, for induction of writhing. The number of abdominal
constrictions (writhes) were counted after 5 min of acetic acid injection
for the period of 10 minutes [10].

Hot plat test: Mice of either sex (n=6) weighing 18-22 g were
acclimatized to laboratory conditions one hour before the start of
experiment with food and water ad libitum. Animals were then
subjected to pre-testing on hot plate (Havard apparatus) maintained
at 55 = 0.1°C. Animals having latency time greater than 15 seconds
on hot plate during pre-testing were rejected (latency time) [11]. All
the animals were divided in various groups each of six mice. Group I
was treated with saline (10 ml/kg), group II was treated with tramadol
(30 mg/kg i.p) and rest of the groups were treated with VGCE (50, 100
and 150 mg/kg) and compound 1 (5 and 10 mg/kg, i.p). After 30 min,
the animals were placed on hot plate and the latency time (time for
which mouse remains on the hot plate (55 + 0.1°C) without licking or
flicking of hind limb or jumping) was measured in seconds. In order to
prevent the tissue damage a cut-off time of 30 seconds were imposed
for all animals. To find out the opiodergic mechanism in the analgesic
activity of VGCE and 1, a number of groups were treated with naloxone
(0.5 mg/kg s.c.), VGCE (100 and 150 mg/kg, i.p) and 1 (5 and 10 mg).
After 10 min, these groups were treated with tramadol (30 mg/kg i.p.)
and naloxone injection. The latency time for all groups was recorded
at 0, 30, 60, 90 and 120 min. Percent analgesia was calculated using the
following formula:

% Analgesia=(Test latency-control latency)/(Cut-off time-control
latency)x100

Anti-inflammatory activity

The anti-inflammatory activity was performed on Wister rats of
either sex (150-290 g). The animals were randomly divided in various
groups each of six animals [12]. Group I was treated with normal saline
(10 ml/kg) while group II with diclofenac sodium (10 mg/kg) and rest
of the groups were treated with VGCE (50, 100 and 150 mg/kg, i.p) and
1 (5 and 10 mg/kg). After thirty minutes of the above intraperitoneal
administration, carrageenan (1%, 0.05 ml) was injected subcutaneously
in the sub- plantar tissue of the right hind paw of each rat. The
inflammation was measured using plethysmometer (LE 7500 plan lab
S.L) immediately after injection of carrageenan and then 1,2,3,4and 5 h.
The average foot swelling in drug treated animal as well as standard was
compared with control and the percent inhibition (anti-inflammatory
activity) of edema was determined using the formula.

Percent inhibition=A-B/Ax100, where A represent edema volume
of control and B as paw edema of tested group.

Antipyretic test

The antipyretic activity was evaluated for VGCE (50, 100 and 150
mg/kg) and 1 (5 and 10 mg/kg) using mice (25-30 g) of either sex.
The selected animals were healthy and were acclimatized to laboratory
conditions before the start of experiment. The animals were divided into
various groups each of six rats. The normal body temperature of each rat
was recorded using digital thermometer and then pyrexia was induced
by injecting 20% aqueous suspension of brewer’s yeast (10 ml/kg s.c.).
All groups were fasted overnight but allowed free accesses to drinking
water and after 24 h rectal temperature of each mouse was recorded.
The induction of pyrexia was confirmed by rise in temperature more
than 0.5°C, while animals showed rise in temperature less than 0.5°C
were excluded from experiment [13]. Group I received saline (10 ml/
kg) as a negative control and group II received paracetamol (150 mg/
kg) as a standard drug while the remaining groups were treated with
VGCE (50, 100 and 150 mg/kg) and 1 (5 and 10 mg/kg). After drugs
administration, rectal temperature was again recorded periodically at 1,
2,3,4and 5 h of drugs administration. The percent reduction in pyrexia
was calculated by the following formula.

Percent reduction=(Ta-Tb)/Tbx100

Where, Ta represents normal body temperature; Tb temperature
after yeast injection

Statistical analysis

The results obtained were expressed as mean = SEM (Standard
error of mean) of six animals. For statistical analysis, ANOVA was
followed by post hoc Dunnett’s test for multiple comparisons. Effects
were considered to be significant at the P<0.05 level.

Results
Identification of isolated compound

The purification of the ethanollic curde extract of V. grandiflorum
roots (VGCE) afforded hitherto unreported benzofuran derivative
1 as brownish amorphous powder together with f3-sitosterol, ursolic
acid and betulin. The IR spectrum exhibited major absorption bands
at 3340 and 1610-1415 cm™ indicating the presence of hydroxyl group
and aromatic carbon-carbon double bond, respectively. The molecular
ion peak was observed at m/z 346 in the EI-MS of compound 1 and
its molecular formula was assigned C  ;H, O, by HREI-MS which gave
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exact molecular mass as m/z 346.1464. The proton NMR spectrum
(Table 1) of compound 1 showed the characteristics signals of five
aromatic methines at 8H 6.96 (‘H, s), 6.83 (1H, d, ] 7.2), 6.76 ("H, d, ]
7.8), 6.59 (*H, s), and 6.55 ('H, s) indicating two substituted aromatic
rings. These signals were assigned to H-2), H-6}, H-5, H-4 and H-6 and
the *C signals at §_ 110.3 (C- 2°), 119.6 (C- 6), 116.0 (C-5), 116.6
(C- 4), and 116.9 (C- 6) respectively by HMQC analyses. The proton
NMR spectrum further showed an O-methines and a methines at
8, 5.48 ('H d, ] 6.0, H-2) and 3.43 ('H, t, ] 6.6, H-3). These signals
showed connectivities with C-2 and C-3 at §_88.6 and 55.7 respectively,
suggesting a substituted benzofuran derivative. A hydroxy methylene
signal was also observed at 6H 3.73 (*H, dd, ] 10.8, 7.8), 6c 65.0 (C-
17). The observed correlation in HMBC (Table 1) between the methoxy
protonsat§, 3.80 and the *Cssignal at § . 149.0, which showed cross peak
with the'H s1gna1 at§, 6.96 (H-2} N, 1nd1cated that the methoxy group
must be vicinal to C- 2. Two aromatic hydroxy groups were confirmed
by the observed correlations between the 'H signal of H-6" at §,, 6.83
and the "C signals of C-2’ (§. 110.3), C-4’ (5, 147.3) and C-5 (8. 116)
which indicated that one hydroxyl group to be located at C-4 Slmllarly,
'H signal of H-6 at §, 6.55 and the *’C signals of C-4 (5. 116.6), C-6
(8. 116.9) and C-7 (8 146.4) suggested that another hydroxyl group
to be located at C-7. Moreover, the existence of a correlation between
the 'H signals at §,, 6.59 (H-4) and 6.55 (H-6) with the °C signal at
0C 32.7 suggested a methylene substituent at C-5. This methylene
substituent indicated the presence of a structural unit, -CH,-CH,-
CH,-OH at C-5 (8, 2.55, t, ] 7.2 Hz, 8 32.7, C-1; §,, 1.78, m, §_ 35.5,
C-275 8, 3.54, t, ] 6.6 Hz, §_ 62.2, C-3”). This substitution pattern was
further supported by the HMBC correlation between H-4 and H-6 with
C-1”. The substitution of -CH20H was also confirmed by the HMBC
correlation at C-3 between H-1” with C-2 and C-3 (Figure 1). The
substitution pattern and structure of 1 was further confirmed with the
help of NOESY and 'H-'H COSY correlations (Figure 1). Thus, on the
basis of these facts the structure of 1 was elucidated as cedrusin [14] (2-
(-4’-hydroxy-3’-methoxy-phenyl)-5-(3”-hydroxy-propyl)-3-hydroxy-
methyl -7-hydroxy-2, 3-dihydrobenzofuran) hitherto unreported from
V. grandiflorum. The detailed 1D and 2D NMR spectroscopy study of 1
was also reported first time.

Position | §%C,mult  §'H,m,J (Hz) HMBC ('H - ©3C)
2 88.6, CH 5.48,d,6 3,1", 2", 3a,1,7a
3 55.7, CH 3.43,1,6.6 1" 3a, 1,2
3a 129.7,C -

4 116.6, CH 6.59, s 1" 3,6, 7a

5 1367, C -

6 116.9, CH 6.55, s 1" 4,7, 7a

7 141.8,C -

7a 146.4, C -

1 135,C -

2 110.3, CH 6.96, s 2,3, 46

3 149, C -

4 147.3,C -

5 116, CH 6.76,d, 7.8 1,4 6'

6' 119.6,CH | 6.83,d,7.2 2,24

1" 327,CH2 255172 2".3" 5,4

2" 35.5,CH2  178,1,7.2 1" 3" 5

3" 62.2,CH2 = 3.54,1,66 1" 2"

1" 65, CH2 3.73,1,7.8 2,3,3a
OCH3 56.2, CH3 3.8, s 3'

Table 1: NMR data of 1 (600 MHz, in CD,0D).

Antinociceptive effect

VGCE and compound 1 were scrutinized for their antinociceptive
potentials using chemical and thermal induced pain paradigm. The
antinociceptive results (Table 2) revealed VGCE (150 mg/kg) and
compound 1 (10 mg/kg) were found to be active in attenuating (70.45
and 82.11%) the acetic acid induced writhing in mice. In comparison
with the analgesic effect (87.23%) of diclofenac sodium (10 mg/
kg) the effect of VGCE was somewhat lesser while 1 was dominant
antinociceptive. In addition to the pain protected in acetic acid induce
experiment both of the tested samples were failed (data not presented)
to increase the latency time of mice in hot plate pain model.

Anti-inflammatory effect

The anti-inflammatory effect of VGCE (50, 100 and 150 mg/kg) and
1 (5 and 10 mg/kg) is presented in Figure 2 and Figure 3, respectively. A
dose dependant protection of paw edema was noticed with both tested
samples. VGCE (150 mg/kg) showed anti-inflammatory effect at first
(% protection, 60.33, 1* h) and second stage (% protection, 71.34, 4
h) of inflammation, while the anti-inflammatory potential of 1 (10 mg/
kg) was weaker than at both stages (% protection, 41.45, 1° h and 54.47
at 4™ h). Diclofenac sodium exhibited very strong effect as compared to
both tested samples.

Antipyretic effect

The maximum antipyretic effect (71.78%) was exhibited by VGCE
(150 mg/kg) at the 3" h of post treatment (Figure 4), while the pyrexia
reducing potential of 1 (10 mg/kg) at the same time was 41.68% (Figure
5). Both of tested samples demonstrated attenuation of temperature

Figure 1: a) Important HMBC ( ) correlations, b) 1H-1H COSY (— )
correlations and NOESY (¢~ ™) correlations observed for compound (1).

Sample Dose (mg/kg) Percent analgesia

Normal saline 10 mg/kg -

EAZ'S;”“ 10 87.23 + 0.44***

VGCE 50 23.26 + 1.43*
100 40.99 +2.98*
150 72.09 £ 2.11**

1 5 70.45 + 2.98**
10 82.11 £ 2.88***

Table 2: Antinociceptive activities of VGCE and 1 as determined by the acetic
acid induced writhing test in mice.
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Figure 2: Anti-inflammatory effect of VGCE against carrageenan paw oedema
in NMRI mice.
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Figure 3: Anti-inflammatory effect of 1 against carrageenan paw oedema in
NMRI mice.
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Figure 4: Antipyretic effect of VGCE against brewer’s yeast induced pyrexia
in NMRI mice.
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Figure 5: Antipyretic effect of 1 against brewer’s yeast induced pyrexia in
NMRI mice.

in fibril mice from the 1* h of post treatment which was maintained
throughout the experiment. The fever reducing effect of paracetamol
was higher than both of the samples.

Discussion

The crude ethanolic extract of the roots and isolated compound
was tested for their antinociceptive, anti-inflammatory, and antipyretic
effects. The chemical induced pain paradigm (acetic acid) is one
of well established procedure for exploring the medicinal plants
or any substance for its peripheral antinociceptive potential [15].
The thermal pain model is mostly practiced for finding the central
antinociceptive effect of the tested substances [16]. The reduction of
acetic acid induced writhing in mice by compound 1 and the failure
of 1 in increasing the latency time of mice clearly explain the that
VGCE has peripheral antinociceptive effect due to the presence of 1.
Carrageenan induced paw edema is one of the simple and well reported
method of testing substances for its anti-inflammatory effect. The first
phase of inflammation is mostly attributed to release of histamine
while the etiology of the second phase of inflammation is the release of
prostaglandins [15,17] which notorious for induction of inflammation.
The crude extract of the roots (VGCE) as well as its isolated compound
1 demonstrated parallel anti-inflammatory results i.e. the protection
of induced oedema was weak in the first phase of inflammation as
compared to the second phase. Regarding the antipyretic effect of
the crude and isolated compound, both significantly attenuated the
pyrexia of fibril mice dose dependently which is clearly indicated
that antinociceptive, anti-inflammatory and antipyretic effect of the
crude extract is strongly attributed to the presence of 1. The present
research work strongly supports the ethnomedicinal uses of this plant
as antipyretic and analgesic. Further the isolated compound 1 would
constitute a useful model for the development of a new class of plant
based analgesic, anti-inflammatory and antipyretic agents that would
be entitled to further investigation and derivatization reducing the
adverse effect of NSAIDs class of drugs.

Conclusion

The roots of V. grandifluram can be used safely in the treatment
of pain, inflammation, and pyrexia. The presence of 1, f-sitosterol,
ursolic acid and betulin further strengthens the uses of this plant in
aforementioned ailments.
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