British Journal of Pharmacology (2007) 151, 285-291 @
© 2007 Nature Publishing Group ~ All rights reserved  0007-1188/07  $30.00

www.brjpharmacol.org

RESEARCH PAPER

Oral administration of Ginkgo biloba extract,
EGb-761 inhibits thermal hyperalgesia in rodent
models of inflammatory and post-surgical pain

L Biddlestone, AD Corbett and S Dolan

Department of Biological and Biomedical Sciences, Glasgow Caledonian University, Glasgow, UK

Background and purpose: Studies in vitro suggest that the standardised extract of Ginkgo biloba, EGb-761 has
anti-inflammatory properties and modulatory effects on key pain-related molecules. This study investigated the analgesic
and anti-inflammatory effects of EGb-761 on carrageenan-induced inflammatory and hindpaw incisional pain.
Experimental approach: Adult male Wistar rats (n=6-10/group; 250-420 g) were injected intradermally with carrageenan
into the left hindpaw or anaesthetised with isoflurane (2%) and a longitudinal 1 cm incision was made through the skin, fascia
and plantaris muscle of the hindpaw. EGb-761 (3, 10, 30, 100 or 300 mg kg~ "), diclofenac (5 mg kg~ ') or drug-vehicle was
administered 3 h post-carrageenan/post-surgery. Hindpaw withdrawal latency (in seconds) to thermal stimulation, response
threshold (in grams) to mechanical stimulation and paw volume were measured.

Key results: Carrageenan induced significant mechanical allodynia, thermal hyperalgesia and paw oedema at 6 h post-
carrageenan, while paw incision surgery induced significant mechanical allodynia and thermal hyperalgesia at 6 and 24 h post-
surgery. Administration of EGb-761 dose-dependently inhibited thermal hyperalgesia and was equally effective as diclofenac
(5 mg kg™ ") in both the carrageenan and hindpaw incision model. EGb-761 had no effect on carrageenan- or incision-induced
mechanical allodynia or paw oedema. Diclofenac significantly reduced mechanical allodynia in both models and carrageenan-
induced paw oedema.

Conclusions and Implications: EGb-761 dose-dependently alleviates acute inflammatory and surgically induced thermal
hyperalgesia and is comparable to diclofenac, a commonly prescribed non-steroidal anti-inflammatory drug. This indicates that
EGb-761 has analgesic potential in acute inflammatory pain.
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Introduction

Medicinal herbs are commonly used to treat a variety of
illnesses with little or no understanding of their mechanism
of action. Pharmacological assessment of these herbs is often
made difficult as typically extracts are not standardized or
may contain multiple constituents that induce several effects
and interact in a synergistic, antagonistic or additive way
(Maclennan et al., 2002). A patented extract derived from
the leaves of the Ginkgo biloba tree, EGb-761, is commonly
used in dietary supplements for ailments, such as peripheral
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arterial disease, Alzheimer’s disease, short-term memory loss,
depressed mood and anxiety (Kleijnen and Knipschild, 1992;
Curtis-Prior et al., 1999; Watanabe et al., 2001). In Germany,
EGDb-761 has been approved to treat cerebral insufficiency in
the elderly (marketed as Tebidon by Schwabe Pharmaceu-
ticals, Germany).

Recent evidence suggests that this extract may have neuro-
modulatory effects in the central nervous system. Mice
given food supplemented with EGb-761 for 4 weeks showed
transcriptional alterations in transthyretin, AMPA-2 receptor
channels and neuronal tyrosine/theonine phosphatase 1
mRNA in hippocampus and cortex, all of which are thought
to have neuroprotective roles (Watanabe et al., 2001). Ginkgo
biloba has also been reported to have anti-inflammatory
properties mediated through modulation of key pain-related
signalling molecules, such as cyclooxygenase-2 (COX-2),
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tumour necrosis factor-o (TNF-x), inducible nitric oxide
synthase (iNOS) and nitric oxide (NO). For instance, studies
in vitro using lipopolysaccharide (LPS) stimulated RAW264.7
macrophage cells have demonstrated that pretreatment with
EGb-761 dose-dependently inhibits TNF-¢, NO release and
iNOS protein expression (Wadsworth and Koop, 2001a, b). A
dose-dependent decrease in NO and TNF-o concentration
has also been demonstrated in serum samples in response
to LPS challenge in rat (Wadsworth and Koop, 2001a, b).
In addition, treatment with a Ginkgo biloba extract,
similar in composition to EGb-761, was reported to reduce
carrageenan-induced hindpaw oedema and capsaicin
induced hindpaw licking in rat (Abdel-Salam et al., 2004),
indicating that such extracts may have anti-inflammatory
and analgesic properties.

The aim of this study was to investigate the therapeutic
effects of EGb-761 on pain and inflammation. Specifically,
this study set out to investigate the effects of oral adminis-
tration of EGb-761 on hypersensitivity and inflammation in
a model of acute inflammatory pain and in the hindpaw
incision model of post-surgical pain in rat. Results show
that systemic administration of EGb-761 dose-dependently
inhibits carrageenan- and hindpaw incision-induced thermal
hyperalgesia but not mechanical allodynia or carrageenan-
induced paw oedema.

Methods

Animals

The study was approved by the Institute’s Ethics and Welfare
committee and all procedures were performed according to
the UK Animal Scientific Procedures Act (1986). Animals
were treated in accordance with the Ethical Guidelines for
Investigations of Experimental Pain in Conscious Animals as
issued by the International Association for the study of Pain.
Adult male Wistar rats (250-420g) were used in these
studies. Animals were bred in house and kept from birth in
pairs and subjected to a light/dark cycle of 12h with water
and food available ad libitum.

Carrageenan model

Adult male Wistar rats (n=6-10 per group) received a 50 ul
intradermal injection of carrageenan (3%) into the left
hindpaw and responses to thermal and mechanical hindpaw
stimulation and paw oedema were measured before (time 0)
and 2, 4, 6 and 24 h post-carrageenan. EGb-761 (3, 10, 30,
100 and 300 mgkg™"), diclofenac (5 mgkg™") or drug-vehicle
(30% ethanol: 70% water) was administered orally via a
gavage needle at 3 h after carrageenan. Distilled water (5 ml)
was administered orally to a separate group of animals (n=3)
to control for potential antinociceptive effects of vehicle
treatment.

Hindpaw incision model

Adult male Wistar rats (n=6 per group) were anaesthetized
with isoflurane (2%) and the incision site was sterilized using
a 10% povidone-iodine solution before surgery. The plantar
aspect of the left hindpaw was placed through a hole in a
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sterile paper drape and a longitudinal 1cm incision was
made through the skin, fascia and plantaris muscle of the
hindpaw, as described by Brennan et al. (1996). The wound
was closed using Nexabond surgical glue (Genusxpress, UK).
The whole procedure took 15min. Control animals were
subjected to anaesthesia only (AO) for 15min (n=7).
Responses to thermal and mechanical stimulation of the
hindpaws were taken before (time 0) and 2, 4, 6, 24, 48, 72
and 192 h (8 days) after surgery. EGb-761 (3, 10, 30, 100 and
300mgkg '), diclofenac (5mgkg~ ') or drug-vehicle (30%
ethanol: 70% water) was administered orally via a gavage
needle 3h post-surgery. Distilled water (5ml) was adminis-
tered orally to a separate group of animals (n=3) to control
for potential antinociceptive effects of vehicle treatment.

Hindpaw withdrawal responses to thermal and mechanical
stimulation

One week before treatment animals underwent acclimati-
zation to the testing environment by placing them in the
behavioural testing boxes for 30-60 min twice daily. During
this period, animals were habituated to the testing devices.
Baseline response thresholds to thermal or mechanical
stimulation of both hindpaws were taken on two occasions
the day before treatment and then at time O (immediately
before carrageenan injection/paw incision). A minimum of
three readings were taken on each paw at each time point.

Animals were placed in an elevated transparent perspex
box and thermal hyperalgesia measured using the Ugo Basile
Plantar Test (Hargreaves test), which directs an infrared beam
onto the plantar surface of the hindpaw, until a withdrawal
reflex is evoked. As the rat withdraws its paw, the sudden
drop in reflected energy stops the timer. Withdrawal latency
is recorded (to the nearest 0.15s). A cutoff of 25s was applied
in the absence of a response.

Two types of allodynia have been characterized after the
type of stimulus that leads to their induction, dynamic
allodynia elicited by light stroking, or static allodynia elicited
by steadily applying gentle pressure (Ochoa and Yarnitsky,
1993), such as that applied by von Frey probes. Static
allodynia was assessed in the present study using a dynamic
plantar aesthesiometer (Ugo Basile, Italy). Animals were
placed on an elevated wire mesh bottom cage and responses
to punctate mechanical stimulation assessed using the
aesthesiometer. The unit raises a straight metal filament
(0.5 mm diameter) until it touches the plantar surface of the
hindpaw and begins to exert an upwards force until the paw
is withdrawn or the preset cutoff is reached (50 g). The force
required to elicit a withdrawal responses is measured in
grams.

Paw oedema

Paw oedema following carrageenan injection was measured
using a plethsysmometer (Ugo Basile, Italy), which measures
water displacement when the paw is submerged into a water
cell and enables calculation of paw volume (cm®). The
volume of both paws was measured and data represented as
the percentage difference in volume between the ipsilateral
and contralateral paws.



Statistical analysis

Data are represented as the means+standard error of the
mean (s.e.m.). Threshold response data were analysed using
two-way mixed factorial analysis of variance (ANOVA) (SPSS,
v12, USA), where treatment is the between-subject factor and
time post-carrageenan/surgery is the within-subjects (re-
peated measures) factor. Mean differences were calculated
using simple effects analyses, applying Bonferroni adjust-
ment factor for multiple comparisons. The maximum effect
(Emax: represented as a percent according to the formula:
(maximal decrease in withdrawal threshold after treatment—base-
line withdrawal threshold)/baseline withdrawal threshold x 100),
and time to maximum effect (T,a.x) Were also calculated for
each animal as the maximum change in withdrawal thresh-
old (after carrageenan or surgery) from baseline responses
and the time of measurement of the E,,x, respectively. These
data were analysed using one-way ANOVA with post hoc
Tukey’s test (SPSS, v12).

Drugs

Carrageenan (4-carrageenan type IV; Sigma, UK) was dis-
solved in saline to make a 3% solution 24 h before the start
of each study and stored at 4°C. The standardized extract
of Ginkgo biloba (EGb-761) was a gift from Dr Schwabe
Pharmaceuticals, Germany. It was dissolved in (70% water:
30% ethanol) to give doses of 3, 10, 30, 100 and 300 mg kg !
in a dose volume of 5 ml. EGb-761 was solubilized by heating
and vortexing and stored at 4°C for 24 h before administra-
tion. The extract EGb-761 contains 24% flavone glycosides
(quercetin; kaempferol; isorhamnetin) and 6% terpenoids
(2.8-3.4% ginkgolides A, B and C; 2.6-3.2% bilobalide).
Diclofenac (Sigma, UK) was dissolved in (70% water: 30%
ethanol) to give a dose of 5mgkg ' in a dose volume of 5ml.

Results

Carrageenan-induced hypersensitivity

Animals injected with carrageenan and treated with
drug-vehicle displayed significant thermal hyperalgesia,
mechanical allodynia and paw oedema in the injected paw.
No change in thermal or mechanical responses or paw
volume was observed in the contralateral non-injected
paw at any point during the recording period. There was
no significant difference in the magnitude or duration of
thermal hyperalgesia, mechanical allodynia or paw oedema
between drug-vehicle and water treatment groups (data not
shown).

A maximum decrease in thermal response latency of
64+ 6% was observed in the carrageenan-injected paw at
6h in animals treated with drug-vehicle (P<0.001 vs pre-
carrageenan response latencies). Oral administration of EGb-
761 significantly and dose dependently (10-300mgkg 1)
attenuated thermal hyperalgesia (Figure 1). E,.x data
revealed that 30, 100 and 300mgkg~! EGb-761 inhibited
thermal hyperalgesia (all P<0.001 vs vehicle; Figure 1b) with
similar efficacy to diclofenac (P<0.001 vs vehicle; Figure 1b).
The lowest effective dose of EGb-761, 10mgkg™~!, also signi-
ficantly attenuated thermal hyperalgesia at 6h (P<0.05 vs
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Figure 1 The effect of EGb-761 (Gb), or vehicle administered 3 h

post-carrageenan on thermal hyperalgesia. (a) The mean thermal
withdrawal latency (in seconds) measured in the ipsilateral hindpaw
in adult male rats (n=7-10 per group). Responses were measured
before, 2, 4, 6 and 24 h post-carrageenan. Arrow represents time of
Gb administration. The results show that 30 mg kg*1 (11) and
300mgkg™" (***) significantly attenuated hyperalgesia: P<0.001 vs
vehicle. (b) The effect of all doses of EGb-761 tested (3, 10, 30, 100
and 300mgkg™"), diclofenac (5mgkg~") or vehicle on thermal
hyperalgesia in both hindpaws. Maximum change in response
latency in the ipsilateral (ipsi) and contralateral (contra) paw post-
carrageenan is represented as mean % change (Emax %) from the
pre-carrageenan/baseline response thresholds. Significant attenua-
tion of hyperalgesia: *P<0.05; ***P<0.001 vs vehicle.

vehicle). EGb-761 and diclofenac had no effect on thermal
response latencies in the contralateral paw (Figure 1b).

A maximum decrease in mechanical response threshold of
60+ 4% was observed in the ipsilateral paw at 6 h in animals
treated with drug-vehicle (P<0.001 vs pre-carrageenan
response thresholds; Figure 2). Oral administration of EGb-
761 had no effect on carrageenan-induced mechanical
allodynia (Figure 2). In contrast, diclofenac (5mgkg ')
significantly inhibited mechanical allodynia (P<0.001 vs

British Journal of Pharmacology (2007) 151 285-291



Ginkgo biloba inhibits inflammatory hyperalgesia

288 L Biddlestone et al
a 50, —~-Veh
-o-Gb 3 mg kg™’
S -e~Gb 30 mg kg™
3 | -=Gb 300 mg kg™’
,§ 40
o
o
<
[
O 30
£
'_
©
Q
g 20
<
[$]
(0]
=
10 T : : : )
0 4 8 12 16 20 24
T Time (h)
Gb
b 80 —=— ipsi
20 —o- contra
60 +
50 |
R
& 40 -
IS
w 30 4 skskok
20 -
10§
0 T T T T )
N RPN &
c}o\
O\
Gb (mg kg™")

Figure 2 The effect of EGb-761 (Gb) or vehicle administered 3 h
post-carrageenan on mechanical allodynia. (a) The mean mechan-
ical threshold (in force/g) measured in the ipsilateral hindpaw in
adult male rats (n=7-10). Responses were measured before, 2, 4, 6
and 24 h post-carrageenan. Arrow represents time of Gb adminis-
tration. (b) The effect of all doses of EGb-761 (3, 10, 30 and
300mgkg™"), diclofenac (5mgkg~') or vehicle on mechanical
allodynia in both hindpaws. Maximum change in mechanical
response threshold in the ipsilateral (ipsi) and contralateral (contra)
paw post-carrageenan is represented as mean % change (Emax %)
from the pre-carrageenan/baseline response thresholds. EGb-761
had no effect on carrageenan-induced allodynia. Significant attenua-
tion of allodynia by diclofencac; ***P<0.001 vs vehicle.

vehicle; Figure 2b). EGb-761 and diclofenac had no effect on
mechanical response thresholds in the contralateral paw
(Figure 2b).

Carrageenan-induced paw oedema

Animals injected with carrageenan and treated with vehicle
displayed significant oedema in the ipsilateral paw 6 h post-
carrageenan (P<0.05 vs pre-carrageenan values; Figure 3).
Treatment with EGb-761 had no effect on carrageenan-
induced paw oedema. In contrast, diclofenac reduced
significantly paw oedema induced by carrageenan (P<0.05
vs vehicle; Figure 3).
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Figure 3 The effect of EGb-761 (Gb), diclofenac or vehicle
administered 3 h post-carrageenan on paw oedema. Paw volume
(cm?) was measured in the ipsilateral and contralateral hindpaws.
Paw oedema is represented as the % difference between the
ipsilateral and contralateral paw volume. Responses were measured
before, 2, 4, 6 and 24 h post-carrageenan. EGb-761 had no effect on
carrageenan-induced paw oedema. Significant reduction in paw
oedema by diclofenac: *P<0.05.

Hindpaw incision-induced hypersensitivity

No change in mechanical or thermal responses was detected
in animals subjected to AO at any time point during
the observation period (Figures 4 and 5). Hindpaw incision
induced thermal hyperalgesia (P<0.001 vs AO treated
animals) and mechanical allodynia (P<0.001 vs AO treated
animals) in the incised paw. No significant change in
thermal or mechanical response thresholds was observed in
the contralateral paw at any point during the recording
period. There was no significant difference in hindpaw
incision-induced thermal hyperalgesia or mechanical
allodynia between drug-vehicle and water treatment groups
(data not shown).

Thermal hyperalgesia was maximal 6h after surgery in
drug-vehicle-treated animals (P<0.001 vs pre-surgery re-
sponses) and persisted until 24h (P<0.05 vs pre-surgery
responses). Oral administration of EGb-761 significantly and
dose-dependently (10-300 mgkg ') attenuated thermal hy-
peralgesia (Figure 4a). E;,,x data revealed that 10, 30, 100 and
300mgkg ' EGb-761-inhibited thermal hyperalgesia (all
P<0.001 vs vehicle). Further analysis revealed that high-
dose EGb-761 (100 and 300mgkg™") inhibited thermal
hyperalgesia with greater effect than diclofenac (P<0.05 vs
100 and 300mgkg~! EGb-761; Figure 4b). The antihyper-
algesic effects of 30 and 100 mgkg ' EGb-761 and diclofenac
were still evident at 24 h post-surgery (all P<0.05). EGb-761
and diclofenac had no effect on thermal response latencies
in the contralateral paw (Figure 4b).

Mechanical allodynia was also maximal at 6h in drug-
vehicle-treated animals (P<0.05 vs pre-surgery responses)
and persisted until 24h (P<0.05 vs pre-surgery responses).
EGDb-761 had no effect on paw incision-induced mechanical
allodynia (Figure 5). In contrast, diclofenac treatment
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Figure 4 The effect of EGb-761 (Gb) or vehicle administered 3 h
post-surgery on thermal hyperalgesia. (a) The mean thermal
withdrawal latency (in seconds) measured in the incised paw
in adult male rats (n=6-7 per group). Responses were measured
before, 2, 4, 6, 24, 48, 72 and 192 h post-surgery. 30 mg kgf1 (G
and 300mgkg~' (***) significantly attenuated hyperalgesia:
P<0.001 vs vehicle. (b) The effect of all doses of EGb-761 (3, 10,
30, 100 and 300mgkg™"), diclofenac (5mgkg™") or vehicle on
thermal hyperalgesia. Maximum change in thermal latency in the
ipsilateral (ipsi) and contralateral (contra) paw post-surgery is
represented as mean % change (Emax %) from the pre-surgery/
baseline response thresholds. Significant attenuation of hyperalgesia:
**P<0.01; ***P<0.001 vs vehicle. AO, anaesthesia only.

significantly inhibited paw-incision induced mechanical
allodynia at 4, 6 and 72h (P<0.05 vs vehicle; data not
shown). EGb-761 and diclofenac had no effect on mecha-
nical response threshold in the contralateral paw (Figure 5b).
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Figure 5 The effect of EGb-761 (Gb) or vehicle administered 3 h
post-surgery on mechanical allodynia. (a) The mean mechanical
threshold (in force/g) measured in the ipsilateral hindpaw in adult
male rats (n=7-10). Responses were measured before, 2, 4, 6, 24,
48, 72 and 192h post-surgery. Arrow represents time of Gb
administration. (b) The effect of all doses of EGb-761 (3, 10, 30,
100 and 300mgkg™"), diclofenac (5mgkg™") or vehicle adminis-
tered 3 h post-surgery on mechanical allodynia in both hindpaws.
Maximum change in mechanical response threshold in the ipsilateral
(ipsi) and contralateral (contra) paw post-surgery is represented as
mean % change (Enax %) from the pre-surgery/baseline response
thresholds. EGb-761 had no effect on paw incision-induced
allodynia. AO, anaesthesia only.

Discussion and conclusion

The present study demonstrates that systemic administra-
tion of the standardized Ginkgo biloba extract, EGb-761,
dose-dependently inhibits thermal hyperalgesia induced
by carrageenan or hindpaw incision, but not the mechanical
allodynia or carrageenan-induced paw oedema. Of interest,
EGb-761 was as effective as or better than, diclofenac

British Journal of Pharmacology (2007) 151 285-291



Ginkgo biloba inhibits inflammatory hyperalgesia
290 L Biddlestone et al

(5mgkg™1) in inhibiting thermal hyperalgesia, but not
mechanical allodynia. This is the first report of EGb-761
reversing thermal hyperalgesia in models of acute inflam-
matory and post-incisional pain in rat.

There is little evidence in the literature of Gingko biloba
having analgesic properties. A study by Abdel-Salam et al.
(2004) reported that a Ginkgo biloba extract (50, 100mgkg )
reduced the time spent licking the hindpaw after capsaicin
injection. This group also reported that this extract
delays reaction time on the hot plate in normal animals.
Studies carried out in this laboratory have failed to show
any analgesic effect of EGb-761 on thermal or mechanical
nociception in normal animals (unpublished observations).
In the present study, EGb-761 did reverse thermal hyper-
algesia but not mechanical allodynia in both pain models.
Hyperalgesia and allodynia to tactile stimulation are classic
symptoms for individuals with inflammatory and post-
surgical pain (LaBuda et al., 2006). Tissue injury-induced
hyperalgesia and allodynia are directly associated with an
increase in sensitivity of peripheral nociceptor afferent
terminals at the site of damage and with an activity-
dependent increase in central neuronal excitability, resulting
in peripheral and central sensitization (Woolf and Chong,
1993). As EGb-761 was administered systemically, the site of
action cannot be determined. EGb-761 had no effect on paw
oedema, indicating that it may act centrally to produce
antihyperalgesic effects, although further studies are re-
quired to support this. The mechanism of action of Ginkgo
biloba extracts have not been fully determined but there is
considerable evidence to show that they block induction of
iNOS and release of NO in in vitro and in vivo models
(Wadsworth and Koop, 2001a, b; Ilieva et al., 2004). NO is
known to play a significant role in nociceptive processing in
the spinal cord (Meller and Gebhart 1993). For instance,
Meller et al. (1994) demonstrated that intrathecal adminis-
tration of the NO inhibitor N”-nitro-L-arginine methyl ester
(L-NAME) reversed carrageenan-induced thermal hyperalge-
sia but not mechanical allodynia. In models of neuro-
pathic pain, intrathecal administration of L-NAME was also
reported to block thermal hyperalgesia (Salter et al., 1996),
whereas administration of a NO donor, NOC-18, was
found to accelerate the development of thermal hyperalgesia
(Inoue et al., 1998). Interestingly, Linden and Seybold (1999)
reported that thermal but not mechanical hyperalgesia is
mediated by activation of the neurokinin 3 receptor in spinal
cord, and that this activity is blocked by pretreatment
with L-NAME, suggesting a role for NO. It is hypothesized,
therefore, that the blockade of thermal hyperalgesia by
EGDb-761 observed in the present study may be due, in part,
to blockade of NO in the spinal cord. Further studies are
underway to investigate this hypothesis.

Of interest in the present study was the relatively long
duration of action of EGb-761 in the hindpaw incision
model. For instance, thermal hyperalgesia was still blocked
at 24 h post-surgery, that is, 21 h after administration of EGb-
761. An extract of Ginkgo biloba is reported to have a half-life
of approximately 4.5h (Moreau et al., 1988) but the precise
half-life is complicated by the presence of multiple active
constituents in the whole extract (Maclennan et al., 2002).
For example, the half-lives of the terpenoids ginkgolide A, B
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and C are 1.7, 2 and 2.2h, respectively (Biber and Koch,
1999), whereas bilobalide has a half-life of 3h (Kleijnen and
Knipschild, 1992). Thus, the antihyperalgesia observed at
24 h is unlikely to be due directly to the constituents of EGb-
761 but rather to their effects on downstream targets, like
NO and COX-2, that were still present at 24 h post-surgery.

In the present study, EGb-761 had no effect on paw
oedema regardless of dose or time of administration. This is
in contrast to a study by Abdel-Salam et al. (2004) who
reported that oral administration of a Ginkgo biloba extract
similar to EGb-761 (50, 100mgkg™!), given 30min after
carrageenan, significantly reduced paw oedema. Variations
in extract composition could account for the contrasting
results. Studies investigating the anti-inflammatory proper-
ties of Ginkgo biloba have reported that treatment with Ginkgo
biloba extract (30-120 mgkg~'; per os) reduces inflammation
and acute colonic damage induced by acetic acid (Mustafa
et al., 2006). Other studies investigating anti-inflammatory
properties of flavanoids, quercetin and kaempferol 3-O-
sophoroside, have also demonstrated reduced carrageenan-
induced hindpaw oedema in mice (Rotelli et al. 2003; Toker
et al., 2004). An anti-inflammatory role for Ginkgetin, a
constituent of Ginkgo biloba has also been reported. Admin-
istration of Ginkgetin reduced joint inflammation by 86% in
a rat model of arthritis (Kim et al., 1999) and inhibited croton
oil induced ear oedema in mice (Kwak et al., 2002). The lack
of effect of EGb-761 on paw oedema in the present study
would suggest that EGb-761 does not have significant anti-
inflammatory properties in the carrageenan model. However,
the possibility of a more subtle regulatory effect on local
inflammatory mediators, such as iNOS, COX-2 and TNF-o in
the paw, is possible, as previous studies have shown that
Gingko biloba extracts inhibit induction of these mediators
(Wadsworth and Koop, 2001a, b; Ilieva et al., 2004).

Extracts of Ginkgo biloba contain two main groups of
active constituents: ginkgo flavone glycosides (flavanoids)
and terpene lactones. Recent in vivo evidence suggests
that flavanoids may be effective analgesics. For example,
oral administration of the flavanoid, quercetin, was reported
to reverse thermal hyperalgesia in a mouse model of diabetic
neuropathic pain (Anjaneyulu and Chopra, 2003) and
inhibit p-benzoquinone-induced writhing in mice (Toker
et al.,, 2004). Similarly, the flavanoid, kaempferol 3-O-
sophoroside, was also reported to have significant analgesic
activity in the acetic acid- and p-benzoquinone-induced
writhing test in mice (Palanichamy and Nagarajan, 1990;
Toker et al., 2004). This evidence suggests that the flavanoid
fraction of EGb-761 (which accounts for 24% of the
standardized extract) may contribute to the anti-hyperalge-
sic properties of EGb-761 observed in the current study.

In summary, the present study demonstrates that oral
administration of EGb-761 dose-dependently inhibits
thermal hyperalgesia induced by intradermal injection of
carrageenan into the hindpaw or hindpaw incision in rat to a
similar or greater extent than diclofenac. EGb-761 had no
effect on mechanical allodynia or paw oedema induced by
carrageenan. These data demonstrated that EGb-761 has
significant antihyperalgesic activity comparable with com-
monly used non-steroidal anti-inflammatory drugs in the
treatment of acute inflammatory pain.
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