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antipyretic activities of the extracts from the rhizome
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Abstract
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experimental animals
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The effects of the ethanol and aqueous extracts from the rhizome of Dioscorea membranacea Pierre
(D. membranacea) on inflammatory response using carrageenin-induced paw edema in rats, were examined.
Antinociceptive activity using writhing, hot plate and formalin test in mice and the antipyretic activity in
yeast-induced fever in rats, were also examined. Oral administration of the ethanol extract at the dose of
1600 mg/kg significantly decreased the paw edema induced by carrageenin in rats. The aqueous extract
(1600 mg/kg) also significantly suppressed the carrageenin-induced paw edema in rats. The ethanol extract
had no significant effects on antinociceptive response in writhing, formalin and hot plate tests and antipyretic
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activities in yeast-induced fever in rats. No significant effects on writhing test and yeast-induced fever were
observed after oral administration of the aqueous extract in experimental animals. These results suggest
that the ethanol and aqueous extracts of D. membranacea rhizome possess anti-inflammatory action but no
analgesic or antipyretic actions and their anti-inflammatory action may act at some site(s) of action or inhibit
of some inflammatory mediators, which is different from the action of aspirin.
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Dioscorea membranacea Pierre (D.
membranacea), family Dioscoreaceae, is known
in Thai as Hua-Khao-Yen. It has been long used
as common ingredients in several preparations,
including those used in the treatments of in-
flammatory diseases e.g., arthritis, lymphopathy,
dermopathy, venereal diseases, leprosy and cancers.
Hua-Khao-Yen is available as drugs in traditional
drug stores throughout Thailand (Boonyaratana-
kornkit and Chantarateptavan, 1993).

Several compounds have been isolated and
identified from Dioscorea spp. rhizome. For
examples, glycosides and steroidal saponins were
isolated from D. futschauensis, D. spongiosa and

Dioscorea panthaica (Liu et al., 2003; Yin et al.,
2003; Dong et al., 2004).

In addition, many pharmacological activi-
ties of Dioscorea spp. Rhizome have been studied.
The antiosteoporotic, antifungal, anti-hyper-
cholesterolemia and anticancer activities from
Dioscorea spp. rthizome have been reported (Yin et
al., 2004a; Yin et al., 2004b; Sautour et al., 2004;
Kwon et al., 2003; Ma et al., 2002; Wang et al.,
2004). The extract of Dioscorea rhizome protected
against acute kidney and liver injuries in rats
induced by acetaminophen and ethanol (Lee ef al.,
2002a; Lee et al., 2002b). The methanol extract of
D. tokoro Makino root reduced the proliferation
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of human fibroblast-like synovial cells stimulated
by interleukin-1 beta and tumor necrosis factor-
alpha (Kim ez al., 2004).

However, only few studies of D. membran-
acea rhizomes have been reported. Dioscorealides
A and B and 1.,4-phenanthraquinone, dioscorea-
none, compounds from D. membranacea rhizome,
were isolated and identified (Itharat ez al., 2003).
Recently, it has been reported that the ethanol
extract from D. membranacea rhizome was
potently cytotoxic against cancer cell lines (Itharat
et al.,2004).

In the present study, in order to evaluate the
potential anti-inflammatory effect of the extract of
D. membranacea rhizomes, we investigated the
anti-inflammatory activity in experimental animal
model using carrageenin-induced paw edema in
rats. The analgesic and antipyretic activities were
also examined using the writhing, hot plate and
formalin tests in mice and yeast-induced fever in
rats, respectively.

Materials and methods

Plant material

The rhizomes (Hua-Khao-Yen) of D.
membranacea Pierre (Dioscoreaceae) were collect-
ed from Amphor Pa-tue, Chumporn Province.
Authentication of plant material was carried out
at the herbarium of the Department of Forestry,
Bangkok, Thailand, where the herbarium voucher
has been kept. A duplicate set has been deposited
in the herbarium of Southern Center of Thai
Medicinal Plants at Faculty of Pharmaceutical
Sciences, Prince of Songkla University, Songkhla,
Thailand. The voucher number is SKP
A062041305.

Preparation of the extract from the rhizomes of
D. membranacea

The small pieces of the rhizome of D.
membranacea were dried at 50°C, powdered and
extracted by methods corresponding to those
practised by Thai traditional doctors. For the
ethanolic extracts, dried ground rhizome of D.
membranacea (100 g) was percolated with 95%

ethanol, then concentrated to dryness under reduced
pressure. The water extract was obtained by boil-
ing dried ground rhizome of D. membranacea (100
g) for 30 min in distilled water (300 ml), all
extracts being filtered and freeze dried. The
percentage yields of the ethanol and aqueous
extracts were 3.4% and 21.9%, respectively. The
ethanol and aqueous extracts were dissolved in
cosolvent solution (propylene glycol : tween 80 :
water = 4:1:4) and used as the test extract. All
doses are expressed in terms of crude extract (mg/
kg body weight).

Animals

All animals were obtained from the Animal
House, Faculty of Sciences, Prince of Songkla
University, Hat Yai, Songkhla, Thailand. Animals
used in this study were male Swiss albino mice,
weighing 30-38 g and Wistar rats with the weight
ranging from 150-210 g. The animals were housed
for at least one week in the laboratory animal room
prior to testing. Food and water were given ad
libitum unless otherwise specified. All experi-
mental protocols were approved by the animal
ethics committee of Prince of Songkla University.

Carrageenin-induced paw edema

According to the method described by Winter
et al. (1962), the initial right hind paw volume of
the rats was measured using a plethysmometer
(Ugo Basile) and then 0.1 ml of 1% (w/v)
carrageenin was subcutaneously injected into the
subplantar region of the right hind paw. The
volume of the right hind paw was measured at 1,
2, 3, 4 and 5 hr after carrageenin injection and
the edema volume was determined. Cosolvent, the
extract or aspirin was orally administered 30 min
before carrageenin injection.

Antinociceptive Activity
1. Writhing test
Writhing behavior was tested, in which
0.6% acetic acid solution (10 ml/kg body weight)
was injected intraperitoneally and the number of
writhings and stretchings was counted over a 20
min period as previously reported (Koster et al.,
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1959; Hendershot & Forsaith, 1959). The plant
extract (400, 800 and 1600 mg/kg), a reference
analgesic drug, aspirin (200 mg/kg), or cosolvent
was orally administered 30 min before intra-
peritoneal injection of acetic acid.
2. Hot plate test

The hot plate test was carried out accord-
ing to the method described by Woolfe & Mac
Donald (1944). Mice were placed on a hot plate
maintained at 55°C £ 1°C. Latency of nociceptive
response such as licking of a hind limb or jumping
was measured. Starting thirty minutes after oral
administration of the test agents except morphine
(15 min after administration), the nociceptive
response was measured every 15 min over a 60
min period. Morphine sulfate was injected sub-
cutaneously. The cut-off time was 45 sec. Only the
mice that showed nociceptive responses within
15 sec were used for the experiments.

3. Formalin test

Thirty minutes after oral administration
of the extract (400, 800 and 1600 mg/kg), aspirin
(200 mg/kg) or cosolvent except morphine (15
min after administration), 20 pl of 2.5% formalin
in saline was injected subcutaneously to a hind
paw of the mice. Morphine sulfate was injected
subcutaneously. The time spent licking the injected
paw was recorded and the data were expressed as
total licking time in the early phase (0-5 min) and
the late phase (15-30 min) after formalin injection
(Hunskaar et al., 1985)

Antipyretic activity

Antipyretic activity of drug was measured
by slightly modifying the method described by
Adams et al. (1968). Male Wister rats were fasted
overnight with water ad /ib before the experiments.
Pyrexia was induced by subcutaneously injecting
20% (W/V) brewer's yeast suspension (10 ml/kg)
into the animal's dorsum region. Seventeen hours
after the injection, the rectal temperature of each
rat was measured using a digital thermometer (SK-
1250 MC, Sato Keiryoki Mfg. Co., Ltd., Japan).
Only rats that showed an increase in temperature
of at least 0.7°C were used for experiments. Test
agent or cosolvent was administered orally and the

temperature was measured at 1, 2, 3, 4, and 5 hr
after drug administration.

Statistical analysis

Data are expressed as mean + SEM and
were analyzed statistically by one-way ANOVA
procedures, followed by using Dunnett's test. A
difference was considered significant at p<0.05.

Results

Effect of the ethanol and aqueous extract of
D. membranacea and aspirin on carrageenin-
induced paw edema in rats.

Oral administration of the ethanol extract at
the dose of 1600 mg/kg significantly suppressed
the paw edema at 2 and 3 hr after carrageenin
injection in rats. The aqueous extract (1600 mg/
kg) also significantly decreased the carrageenin-
induced paw edema at 2, 3, 4 and 5 hr after
carrageenin injection in rats. Aspirin (200 mg/kg),
the standard control, also reduced paw edema in
this test (Table 1).

Effect of the ethanol and aqueous extracts of
D. membranacea and aspirin on acetic acid-
induced writhing in mice.

Neither the ethanol nor aqueous extract of
D. membranacea rhizome affected the numbers
of writhings and stretchings induced by intra-
peritoneal 0.6% acetic acid after oral administra-
tion (400, 800, 1600 mg/kg) in mice. However,
the reference drug aspirin (200 mg/kg) produced
significant protective effects towards the acetic
acid induced pain (Table 2).

Effect of the ethanol extract of D. membranacea,
aspirin and morphine on hindpaw licking in the
formalin test in mice.

The ethanol extract of D. membranacea
rhizome (400, 800 and 1600 mg/kg, p.o.) had no
significant suppression of the licking activity in
both phases of the formalin-induced pain in mice.
Aspirin (200 mg/kg) reduced the licking activity
only in the late phase. In contrast, the reference
antinociceptive drug morphine sulfate (10 mg/kg,
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Table 1. Effect of the ethanol and aqueous extract of D. membranacea and aspirin on carrageenin-
induced paw edema in rats.

Dose Paw volume (ml)
Drug
(mg/kg, p.0.) ¢ npr 1hr 2 hr 3hr 4 hr 5hr
Cosolvent - 3.9340.16 4.8140.17 5.2620.16 6.0620.15 6.67£0.14 6.82+0.15
Aspirin 200 3.5540.07 3.9240.12% 3.99+0.12% 4.10£0.14% 4.32+0.10% 4.59+0.08%
D. membranacea 400 3.7740.14 4.45+027 5.0120.25 5.98+0.25 6.29+0.27 6.34+0.28
(ethanol) 800 4.0340.12 4.70£0.30 5.49+027 5.91+0.33 6.4320.18 6.55+0.19
Cosolvent - 43840.17 5514024 6.89+0.24 7.59+0.13 8.27+0.15 8.19+0.17
Aspirin 200 4.5740.10 5.04+0.18 5.20+0.22% 5.36+0.28% 5.6420.28% 5.81+0.25%
D. membranacea 1600 4.60£0.07 5.35+0.17 6.10+£0.25% 6.53+0.35% 7.2420.42 7.50+0.51
(ethanol)
Cosolvent - 4.4940.13 5.5740.18 6.2240.14 6.94+026 7.5240.25 7.77+0.20
Aspirin 200 4.60£0.07 4.96+0.13% 5.01£0.13% 5.21+0.15% 5.63+0.08* 5.76+0.08*
D. membranacea 400 4.4620.10 5434025 6.124029 6.5240.21 7.2720.32 7.50+0.40
(aqueous) 800 43340.06 5.31+0.19 6.05+0.18 6.77+0.21 7.2840.21 7.59+0.20
1600 4.4940.19 5.1240.17 5.53+0.19% 5.89+0.30% 6.20£0.37* 6.29+0.47*

The initial hind paw volume of the rat was determined volumetrically. Thirty min after test agent administration
(p.0.), 1% carrageenin in saline was subcutaneously injected in a volume of (.1 ml into the right hind paw at time
0 and the paw volume was measured at 1 hr intervals for 5 hr. Each point represents the mean+S.E.M of 6 rats.
*p<0.05, compared with the control group (Dunnett's test).

Table 2. Effect of the ethanol and aqueous extracts of
D. membranacea and aspirin on acetic acid-
induced writhing in mice.

Drug Dose No. of writhing
(mg/kg p.o.) (counts/20 min)
Cosolvent - 57.814.0
Aspirin 200 15.3£3.7*
D. membranacea 400 61.31+4.5
(ethanol) 800 58.313.6
1600 57.5£5.0
Cosolvent - 59.5%5.5
Aspirin 200 28.4+4.2%
D. membranacea 400 60.6£6.8
(aqueous) 800 59.244.5
1600 72.7+5.4

The ethanol extract and aqueous extract of D. membranacea were
orally administered. After 30 min, 0.6% acetic acid solution (10
ml/kg) was intraperitoneally injected in mice. Immediately after
injection, the number of writhings was counted over a 20-min
period. Each datum represents the mean * S.E.M. of 10 mice. * p<
0.05 compared with the control group (Dunnett's test)
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s.c.) significantly inhibited the licking activity in
both phases of formalin-induced nociception
(Table 3).

Effect of the ethanol extract of D. membranacea,
aspirin and morphine on nociceptive response
induced by heat in mice.

The mean latency of nociceptive responses
to thermal stimuli is summarized in Table 4. Neither
the ethanol extract of D. membranacea rhizome
(400, 800 and 1600 mg/kg, p.o.) nor aspirin (200

mg/kg, p.o.) significantly exerted protective effects
on heat-induced pain in mice. By contrast, a
centrally acting analgesic drug, morphine sulfate
(10 mg/kg, s.c.) markedly increased pain latency.

Effect of the ethanol and aqueous extracts of
D. membranacea and aspirin on brewer's yeast-
induced fever in rats.

The ethanol and aqueous extracts of D.
membranacea rhizome (400, 800 and 1600 mg/
kg, p.o.) did not show any significantly effect on

Table 3. Effect of the ethanol extract of D. membranacea, aspirin
and morphine on hindpaw licking in the formalin test

in mice.
Drug Dose Early Phase Late Phase
(mg/kg, p.o.) (sec) (sec)
Cosolvent - 71.6x5.7 89.549.5
Aspirin 200 57.6+4.8 34.7+8.6*
Morphine 10 11.542.2%* 0.040.0%*
D. membranacea 400 63.946.2 82.3£11.0
(ethanol) 800 73.1£6.9 67.3£7.5
1600 68.4+8.0 66.5+9.6

Thirty min after test drug administration (p.o.), 2.5% formalin was sub-
cutaneously injected to a hindpaw in a volume of 20 pl. Each datum represents
the mean licking time + S.E.M. from 10 mice in the early phase (0-5 min)
and the late phase (15-30 min) after formalin injection. *p<0.05, **p< 0.01
compared with the control group (Dunnett's test)

Table 4. Effect of the ethanol extract of D. membranacea, aspirin and
morphine on nociceptive response induced by heat in mice.

Dose Latency of nociceptive response (sec)
Drug (mg/kg, p.o.) .
3 15 30 45 60 min
Cosolvent - 15.7¢1.2 13.9+0.7 12.7+0.8 12.020.7
Aspirin 200 14.942.1 16.5+1.7 14.1+£1.3 12.6+0.7
Morphine 10 28.5+¢1.7*  29.0£2.8*  29.8+1.4*  28.5+1.5%
D. membranacea 400 16.2+1.7 14.3+1.6 12.5+0.6 12.7+£0.9
(ethanol) 800 15.44£2.0 16.2+1.5 12.7£1.5 10.6+0.8
1600 15.3+1.2 13.3£1.6 12.6£1.2 11.440.5

Beginning 30 min after oral administration of test agents (or 15 min after morphine
injection, s.c.), the nociceptive response was measured every 15 min over a 60-min period.
Each datum represents the latency of nociceptive responses (sec) = S.E.M. (n=10) *p< 0.05
compared with the control group (Dunnett's test)
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yeast-induced fever in rats while the reference
drug aspirin suppressed fever induced by yeast in
rats (Table 5).

Discussion

The results demonstrate that the ethanol and
aqueous extracts obtained from D. membranacea
rhizome at the dose of 1600 mg/kg exhibited anti-
inflammatory activity by significant suppression
of the paw edema induced by carrageenin in rats
but they were less potent than aspirin (200 mg/
kg). It has been reported that the methanol extract
of Dioscorea tokoro rhizome reduced the pro-
inflammatory cytokines and mediators in the
synoviocytes of rheumatoid arthritis (Kim et al.,
2004). As the carrageenin-induced paw edema
model is used for evaluation of anti-inflammatory
activity of the compounds involving several chem-
ical mediators such as prostaglandins, serotonin,
histamine and bradykinin (Vinegar et al., 1987),
it is possible that some active compounds e.g.,
dioscorealides or dioscoreanone, isolated from D.
membranacea thizome (Itharat et al., 2003) and
an inhibition of some inflammatory mediators

may be involved in this activity. Nevertheless,
further experiments are needed to elucidate its
anti-inflammatory action.

The writhing test is generally used for
screening of antinociceptive effects (Koster et al.,
1959; Hendershot and Forsaith, 1959). Unfortun-
ately, the ethanol and aqueous extracts of D.
membranacea rhizome did not show any signific-
ant inhibition on acetic acid-induced writhing
response while the reference drug aspirin (200 mg/
kg) produced significant protective effects towards
the acetic acid-induced pain in mice.

The formalin test is another pain model,
which assesses the way an animal responds to
moderate continuous pain generated by injured
tissue (Tjolsen et al., 1992). The effects of drugs
on licking responses in the early and late phases
reportedly represent antinociceptive action on
sensory receptor stimulation and anti-inflamm-
atory action, respectively (Dubuisson and Dennis,
1977; Hunskaar and Hole, 1987). In the present
study, the ethanol extract of D. membranacea
rhizome had no significantly suppression of the
licking activity in either phase of the formalin-
induced pain in mice. Morphine significantly

Table 5. Effect of the ethanol and aqueous extracts of D. membranacea and aspirin on brewer's

yeast-induced fever in rats.

D Dose Average rectal temperature (°C)
rug
(mg/kg, p.0.) ¢ pr 1hr 2 hr 3hr 4 hr 5hr
Cosolvent - 38.1£0.2  37.6x0.1 37.6x0.2 37.44+02 374402 37.320.2
Aspirin 200 38.240.1  37.320.2  37.1£0.1 36.8 +0.2* 36.7£0.3* 36.5+0.3*
D. membranacea 400 38.5+£0.2 37.9+0.2 37.840.2 37.4%40.1 37.3£0.2  37.1£0.2
(ethanol) 800 38.3£0.2  37.840.2  37.5£0.2 37.5£0.1 37.440.2 37.240.2
1600 38.0£0.1 37.6x0.2 37.3x0.2 37.320.2 37.0£0.1  37.0£0.2
Cosolvent - 37.6£0.1  37.5+0.1 37.2+#0.1 37.0£0.1 37.0£0.2 37.1x0.2
Aspirin 200 37.62£0.1  36.8+0.1* 36.2+0.1* 36.3+0.1* 36.3+0.1  36.4+0.1*
D. membranacea 400 37.6x0.1 37.240.2  36.7+0.1 36.8+0.1 36.620.1 36.8+0.1
(aqueous) 800 37.840.1  37.5x0.1 37.0£0.2 372402 37.1£0.3  37.320.2
1600 37.5£0.1 37.240.1 36.840.2 36.9+0.2 36.7+0.2  36.9+0.1

Twenty percent of yeast suspension was subcutaneously injected into the dorsum region of rats. Seventeen hours
after injection, rectal temperature was measured (time 0) and then drugs were orally administered. The temper-
ature was again measured at 1, 2, 3, 4 and 5 hr after drug administration. Each datum represents the mean rectal
temperature (°C) = S.E.M. (n = 6) *p<0.05, compared with the control group (Dunnett'ss test).
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reduced the licking activity in both phases while
aspirin decreased the licking activity only in the
late phase.

Thermic painful stimuli are known to be
selective to centrally but not peripherally acting
analgesic drugs (Chau, 1989). In the present study,
morphine, a centrally acting analgesic drug,
produced an inhibitory effect on the nociceptive
response in this test, while the ethanol extract of
D. membranacea rhizome and aspirin failed to
affect the responses.

Neither the ethanol nor aqueous extract of
D. membranacea rhizome showed any significant
effect on yeast-induced fever in rats while the
reference drug aspirin suppressed fever induced
by yeast in rats by inhibiting the synthesis of
prostaglandin E2 (Dascombe, 1985; Vane, 1987).

The ethanol and aqueous extract of D.
membranacea rhizome suppressed the paw edema
induced by carrageenin in rats but had no signific-
ant effect on nociceptive response induced by
chemicals or heat in mice and fever induced by
yeast in rats, compared with aspirin, a nonsteroidal
anti-inflammatory drug, which possesses analgesic,
antipyretic and anti-inflammatory activities by
inhibition of prostaglandin synthesis via cyclo-
oxygenase activity (Vane, 1987). Thus, the anti-
inflammatory action of the extracts from D.
membranacea rhizome may act at some site(s) of
action or inhibit of some inflammatory mediators
that are different from those of aspirin.

Based on these results, we conclude that the
ethanol and aqueous extracts of D. membranacea
rhizome result in an anti-inflammatory activity,
and that its actions on inflammation may be have
a different mechanism from that of aspirin. How-
ever, further studies are needed to clarify the anti-
inflammatory mechanisms of the extracts of D.
membranacea rhizome.
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