2005 46 H 5
2005 Jun;

19(3):169 - 174
19(3):169 - 174

TEGREL FRFRE
Chin J Pharmacol Toxicol

+ 169 -

Antinociceptive effect of glucosides of Chaenomeles speciosa
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Abstract: AIM  To observe the antinociceptive effects of
glucosides of Chaenomeles speciosa (GCS) and to study
their relative mechanism. METHODS  The effects of
GCS on normal and inflammatory animals were observed in
mouse acetic acid writhing test, mouse formalin test and
arthritic flexion test of adjuvant arthritis (AA) rats; the
concentration of prostaglandin F,(PGE,) and tumor necro-
sis factor-a (TNF-a) secreted by the synovial cells of AA
rats were measured by radioimmunoassay. RESULTS
Different doses of GCS (60, 120, 240 mg- kg™ for mice
and 30, 60, 120 mg'kg’1 for rats, ig) inhibited mice’s
writhing response and second phase of formalin response.
It also suppressed the increased arthritic flexion scores in
AA rats. On 28 d after inflammation induction, GCS (60,
120 mg- kg™ ') decreased the concentration of PGE, and
TNF-a of synovial cells in the AA rats. CONCLUSION
GCS have antinociceptive effects, which related to its in-
hibitory effects on peripheral inflammatory mediators.
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Fructus Chaenomeles (also called Chaenome-
les fruit) is the ripe fruit of Chaenomeles speciosa
(Sweet) Nakai, which grows mainly in Xuancheng,
Anhui Province, China. According to Traditional
Medicine ( TCM )

Chaenomeles could subdue liver-gi and lessen con-

Chinese theory,  Fructus

tracture, regulate stomach function and dispel
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dampm. In TCM clinical practice, it has been
widely used in the treatment of rheumatoid arthri-
tis, prosopalgia and hepatitis. Modern pharmaco-
logical studies have also demonstrated its anal-
gesic, anti-tumor, antibacterial and immuno-regu-
latory effects >3 .

From the fruit of Chaenomeles speciosa
(GCS), glucosides were extracted with ethanol
and purified for the first time in our lab. The
identified components include stearic acid, -
sitosterol, palmitic acid, ursolic acid-3- O-behen-
ate, ursolic acid, 3-acetyl ursolic acid, 3-acetyl
pomolic acid, daucosterol and betulinic acid. In
previous study, we found that GCS has anti-
inflammatory and immuno-regulatory properties. It
can obviously ameliorate the inflammation in adju-
vant arthritis (AA) and collagen-induced arthritis
( CIA) (4,5] )

antinociceptive profile of GCS, several pain mod-

rats In order to investigate the
els, acute as well as chronic, were applied in the
study .

1 MATERIALS AND METHODS

1.1 Plant material, preparation of extracts,
fractions and phytochemical analysis
Botanical material was collected in Xu-
ancheng, south of Anhui Province. The optimum
preparation process of GCS was found out by using
orthogonal design. GCS was determined by color-
metric method. The optimum ethanol-extracting
factors were 8-fold as refluxing and extracting in
80% ethanol for 1 h, and repeating for 3 times.
The extract rate of the crude product from the herb
is about 10. 37% .

ethanol-extracts was absorbed for 1 h with a col-

The water solution of the

umn of macroporous resin (1.5 em x 16 ¢cm) and

the resin was washed with 100 ml of distilled



- 170 -

Chin J Pharmacol Toxicol 2005 Jun; 19(3)

water, then washed with 100 mL of 20% ethanol .
After that, 5.09% of the purified product was
obtained. The content of GCS in this purified
solid is about 61.33% .
1.2 Animals

Sprague-Dawley (SD) rats (male, 160 —
200 g, Grade [, Certificate No006) and Kun-
ming mice (male and female, 18 — 22 g) were
obtained from the Animal Department of Anhui
Medical University, China. All rats and mice
were acclimatized under standard laboratory condi-
tions for at least 3 days before testing. During the
experimental period, tap water and commercially
available food were given freely. The lighting du-
ration in the breeding room was 12 h (7:00 to
19:00) . Experiments were performed in accor-
dance with current guidelines for the care of labo-
ratory animals and the ethical guidelines for pain
experiments in conscious animals'®’ |
1.3 Acetic acid writhing test

Acetic acid writhing test was carried out by
intraperitoneal injection of acetic acid (0.6% ),
resulting in a contraction of abdominal muscle to-
gether with a stretching of hind limbs. Mice were
pretreated intragastrically once a day with vehicle
(0.5% sodium carboxymethylcellulose, CMC-
Na), GCS (60, 120 and 240 mg ° kg_l) or
ibuprofen (50 mg * kg™') for four consecutive
days. All of the drugs were administrated at 0.02
mL+g™'. On the last day of drug administration,
acetic acid was injected intraperitoneally 1 h after
drug administration. Then, mice were placed in
separated boxes and the number of abdominal con-
strictions was cumulatively counted over a period
of 15 min. All the experiments were carried out at
20-22°C.
1.4 Formalin test

Mice were divided into five groups, which
were respectively administered ig with vehicle
(0.5% CMC-Na) and GCS(60, 120 and 240 mg*
kg™!') once a day for four consecutive days or hy-
drochloric pethidine (20 mg+kg™') only once on
the last day. All of the drugs were administrated
at 0.02 mL-g~". One hour before the last admin-
istration, Formalin (2% formaldehyde diluted in

saline) was injected subcutaneously into the plan-
tar of the right hind paw of mice. Animals were
observed from 0 — 60 min after injection. The time
spent for licking the injected paw was timed with a
chronometer and was considered as an indication
of pain. The first or early phase occured 0 — 5
min after the Formalin injection. The second or
late phase occured 15 — 60 min after injection.
1.5 Adjuvant arthritis induction and evalua-
tion

Adjuvant arthritis was induced on d 0 by in-
tradermal injection of complete Freund's adjuvant
(CFA), containing 10 mg heat-inactive BCG in 1
mlL paraffin oil, into the rats’ left hind paws, 0.1
mL for each rat.

The rats with AA were divided randomly into
five groups which were AA model group, GCS
(30, 60, and 120 mg-kg™') groups and ibupro-
fen(25 mg-kg™') group. GCS or ibuprofen were
given intragastrically, once a day from d 17 to
d 24 after AA induction, while an equal amount
of vehicle was given to the control normal and AA
model groups. All of the drugs were administrated
at 10 uL-g™".

The ankle flexion procedure was applied to
evaluate the hyperalgesic state. It involved hold-
ing the rat comfortably and gently extending the
right hind paw metatarsally. The test was repeated
5 times at 5 s intervals; a score of 1 or O was giv-
en according to whether the animal vocalized (1)
or not (0). For each rat, the total score was cal-
culated by the accumulated times of the animal
vocalizing, thus it was ranged from O to 51781
1.6 Synoviocyte culture

Rats were sacrificed on d 28 after AA induc-
tion. Synoviocytes from rat knees were excised
and dispersed with sequential digestion of 0.4 %
(W/V) collagenase type [ and 0.25% (W/V)
trypsin. Synoviocytes were resuspended in RPMI-
1640 medium at a concentration of 1 x 10° L™".
The cells suspension 500 pL. and lipoplysaccharide
(LPS, mediator) 500 pL with the final concentra-
tion of 10 mg*L™" were added to 24-well plate.
After incubation at 37°C in 5% CO, atmosphere
for 48 h, the supernatant containing TNF-a and
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PGE, was collected and then stored at — 20°C "
1.7 Prostaglandins E, (PGE,) and tumor
necrosis factor-o. ( TNF-0.) radioimmunoassay
(RIA)

TNF-a and PGE, in supernatant produced by
cultured synoviocytes were measured according to
the procedures offered in TNF-a and PGE,'*1 RIA
kits(Spring Bioscience Co., USA).

1.8 Statistical analysis

x = s were calculated for quantitative data.
Statistical analysis of the quantitative data for mul-
tiple comparisons was performed by one-way anal-
ysis of variance (ANOVA) followed by Duncan’s
test. The frequency data such as the hyperalgesic
scores were also expressed as x = s, but statisti-
cal analysis of them was compared using Kruskal-
Wallis rank sum test. A level of P < 0.05 was
accepted as statistical significant.

2 RESULTS

2.1 Effect of GCS in writhing test

After ig administration of GCS (60, 120 and
240 mg-kg™") for 4 d, mice’s writhing responses
were decreased significantly (Fig 1). And this ef-
fect of GCS was dose-independent. The GCS at 240
mg * kg™ has the similar inhibitory effects as
ibuprofen (50 mg-kg™'). Irritation or repression
was not observed in mice after drug administration.
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Fig 1. Effect of glucosides of Chaenomeles speciosa
(GCS) on mouse writhing test. Mice were pretreated intra-
gastrically with vehicle (0.5% CMC-Na), GCS or ibuprofen (50
mg-kg™!) once a day for four consecutive days. Mice's abdominal
constrictions were cumulatively counted over a period of 15 min.
x+s, n=10. " P <0.01, compared with vehicle group;
4% P <0.01, compared with GCS 120 mg-kg™!.

2.2 Effect of GCS in Formalin test

The results of Formalin test has been summa-
rized in Fig 2. After four-day ig administration of
GCS(120 and 240 mg-kg™ '),

responses in Formalin test were reduced compared

the second-phase

with vehicle group, but GCS failed to exert any
antinociceptive effect in the first phase. Irritation
or repression was not observed in mice after GCS
administration. Different from GCS, hydrochloric
pethidine could inhibit both the first and the sec-
ond phase of formalin test, and it reduced mice’s

1 240 Pethdme
GCS/mg-kg’!
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Fig 2. Effect of GCS in mouse Formalin test. Sece
Fig 1 for vehicle and GCS treatments. Hydrochloric pethidine (20
mg-kg™!) was given only once. The time spent for licking the in-
jected paw was timed. 0 — 5 min after Formalin injection first or
early phase. 15 — 60 min after injection was the second or late

*P<0.05, " P<0.01, compared with

phase. x = s, n=10.

vehicle group.

2.3 Effect of GCS on ankle flexion in AA
rats

In AA rats, the scores in arthritic flexion test
were remarkably higher than that in normal rats
beginning on 14 d after AA induction. The scores
increased consecutively and peaked on the d 24.
However, from 17 d to 24 d after AA induction,
the scores of GCS (30, 60 and 120 mg- kg_l)
groups were remarkably lower than that of AA
model groups(Fig 3) .
2.4 Effect of GCS on PGE, and TNF-a level

In AA rats, on d 28 after AA induction, the
concentrations of PGE, and TNF-a in synovial
cells were both decreased. GCS (60, 120 mg -
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kg™!') induced the levels of PGE, and TNF-a in
GCS groups. Ibuprofen (25 mg-kg™") showed the
stronger inhibitory effects on PGE, and TNF-a
than GCS(Fig 4 and Fig 5) .

4 -
O Normal
@ AA

34 A GCS(30 mgkg™)

A GCS(60mgkg")
O GCS(120 mgkg™!)
W Ibuprofen

Pain response score
[\S}
.

Time/d

Fig 3. Therapeutical effects of GCS on pain response
in adjuvant arthritis rats. The rats were treated with drugs
from d 17 to d 24 after acetic acid(AA) induction. The test was re-
peated 5 times with 5 s intervals; score 1 or O was recorded for vocal-
izing or not. The pain response score was the accumulated vocalizing
times of the animal. x + s, n=8-10. P <0.01, compared
with normal group; *P<0.05, ** P<0.01, compared with AA
model group by Kruskal-Wallis rank sum test.

* %

*%

T

#HAN

O

0 Normal AA 30 60 120 IPF
GCS/mg-kg!

PGEz/ng-L'l
MW A L N a0

Fig 4. Effect of GCS on prostaglandin E, (PGE,)
concentration in culture supernatant of synoviocytes
from adjuvant arthritis rats. IPF: Ibuprofen 25 mg-kg™'.
Synoviocytes were harvested from AA rat knee joints on d 28 after
AA induction and cultured in vitro. PGE, produced by cultured
synoviocytes were measured with PGE,'®1 RIA kits. % + 5, n =
4-6. """ P<0.01, compared with normal group; * P <0.05,
## P <0.01, compared with AA group; ©“ P <0.01, compared
with GCS 60 mg* kg~ ! group.

3 DISCUSSION

Fructus Chaenomeles has been traditionally
used in TCM to relieve pain and to treat inflamma-
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Fig 5. Effect of GCS on tumor necrosis factor-a
(TNF-0.) concentration in culture supernatant of syn-

oviocytes from adjuvant arthritis rats. See Fig 4 for ex-

perimental scheme. TNF-a concentration measured with TNF-o 1

RIA kits. x +s, n=4-6. “ " P<0.0l, compared with normal
group; * P<0.05, *# P <0.01, compared with AA group.

tory disease such as rheumatoid arthritis. In the
present study, the analgesic effects of GCS and its
possible mechanism were investigated.

Writhing test is a classical pain model which
has high sensitivity but low selectivity. In this
model, chemical stimulants are known to sensitize
primary afferents and to recruit silent nocicep-
tors 101 Our study showed that GCS(60, 120,
240 mg-kg™') decreased the mice’s writhing times
after acetic acid was injected intraperitoneally.
High dose of GCS(240 mg-kg™") showed the simi-
lar antinociceptive potency with a non-steroid anti-
inflammatory drug(NSAID), ibuprofen.

Formalin test is different from most tradition-
al tests in that it is possible to assess the way an
animal responds to moderate, continuous pain

2 s early phase

generated by injured tissue
(0 -5 min) was mediated by the central stimula-
tion on nociceptors and release of substance P or
bradykinin, and the late phase (15 — 60 min) was
mediated by the peripheral effect of some chemical
transmitters ( histamine,, serotonin, prostaglandins,

3141 I our study, after ig admin-

kinins, etc.)
istration of GCS, the second-phase responses of
mice but not the first-phase were reduced. No
obvious activity change was found. Therefore, the
result we obtained indicates that the antinocicep-
tive effect of GCS might be mediated by its pe-

ripheral action.
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Hyperalgesia in AA model, whose characte-
ristic is chronic, is similar to pain in RA pa-
tients. Arthritic ankle flexion test has been used
to monitor hyperalgesia and drug effects on pain in
AA rats in a simple way since 197055, But this
method has its own weakness that it can not be
carried out with a consistent pull strength, which
may result in uncertainty of the experimental data.
Anyway, the results of our study show that GCS
has the reducing effect on increased ankle flexion
scores in AA rats without any effect on rats’ regu-
lar activity. It suggested that GCS suppress the
chronic inflammatory pains like arthritic pain.

It is well known that products derived from
arachidonic acid via both the cyclooxygenase and
lipoxygenase pathways play a role in inflammatory
pain. For example, prostaglandins (PGs), par-
ticularly PGE,, contribute to the development of
16] Besides, the released TNF-a,
rather than the prostaglandins,

hyperalgesia[
mediates the
hyperalgesia by stimulating vagal afferents which

7] Since the result

induce the inflammatory pain
of Formalin test gave us the clues that GCS' s
analgesic effect is related to its peripheral action,
it is rational to attribute its antinociceptive effect
to these imflammatory mediators.

In this study, we focus on the synoviocytes
of ankle joint in AA rats. We found that increased
levels of PGE,; and TNF-a secreted by synoviocytes
in AA rats were both decreased by GCS in vivo .
This result confirmed our suggestion that the
antinociceptive effect of GCS is related to its
peripheral inhibitory action. However, the ques-
tion whether GCS affects these mediators directly
or indrectly is to be clarified and studies in this
respect are now under way .

In conclusion, GCS possesses antinociceptive
effects. In the arthritic pain model, this effect of
GCS might relate to its inhibition on peripheral
inflammatory cytokines.
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