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Abstract13)

In th is study, w e a im ed to de term ine the
antinocicep tive and/or anti-in flamm atory e ffect o f
Bang-P oong (B P , Ra dix Led ebouriella e) on Freund 's
adjuvant-induced arthritis in ra ts. Traditionally , B P
has been used to trea t severa l in flam m atory diseases
such as arthritis . Whole B P is ex trac ted in to tw o
frac tions that w ere e thylace tate and hexane-so luble
frac tions . Adult Sprague -Daw ley ra ts (n=30, 130-150 g)
w ere subcutaneously adm in iste red by the Freund's
com ple te adjuvant (FCA) in to the plantar surface of
righ t h indpaw . Tw elve days a fter the in jec tion of
FCA, the rats in itia lly show ed typ ica l in flam m atory
edem a and arthritis -re la ted sym ptom s on the con-
tralateral side (i .e . left hindpaw ). Both antinociceptive
(eva lua tion of me chan ica l, thermal pa in thresho ld
and ana lysis of sp inal Fos express ion ) and anti- in -
flam m atory (evaluation of paw edem a, serum
interleukin -6 le ve l and x-ray ana lysis ) e ffec t of BP
extrac ts w ere exam ined . The e thy lace ta te frac tion of
BP (B P E) sign ificantly suppre ssed the FCA-induced
paw ede ma as w e ll as the serum leve l of in terleuk in -6
and it allev iated the radio logical change s. More over,
bo th m e ch an ic a l an d th e rm al h y pe ra lg e s ia w e re
atte nuated by the trea tme nt o f B P E. In add ition ,
sp inal F os express ion that w as increase d by F CA-
in jec tion w as suppre ssed in B P E group . There fore ,
th is study show ed that BP E produced s ign ificant both
antinociceptive and anti-inflammatory e ffects on F CA-
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induced arthritis in rats , w h ile hexane fraction of BP
did not show these e ffe cts . In conc lus ion , it is
sugges ted that the e thy lace ta te frac tion of B P is
recommended to alleviate the arthritis-related sym ptom s
in hum an accord ing to the resu lts o f th is s tudy .

Key w ords : Bang-Poong, Radix Ledebouriellae, anti-
nociception, anti-inflammation, arthritis, rat .

Introduction

Clinically Bang-Poong (BP, Radix Ledebouriellae) has
been widely used to treat several inflammatory diseases
such as arthrit is in oriental medicine. Although the anti-
inflammatory effect of BP has not been crit ically examined,
numerous studies have been performed to determine the
anti-inflammatory effect of Radix herb (4, 12, 14, 15). It is
reported that Radix astragali extract suppresses interleukin-6
elevation, tumor necrosis factor-alpha productions, prostaglandin
E2 biosynthesis, and leukotrien C4 production from lipopo-
lysaccharide-st imulated human amnion cells (14). Moreover,
topically treated wogonin (5,7-dihydroxy-8-methoxyflavone),
isolated from Radix scutellaria, inhibits cyclooxygenase 2
expression and prostaglandin E2 production induced by
mult iple treatments with 12-O-tetradecanoylphorbol-13-
acetatein (TPA) in mouse skin (12). In addit ion, it is also
reported that Radix glycyrrhizae produces suppressive effect
on TPA-induced inflammation and TPA-induced tumor promotion
in two-stage carcinogenesis in mouse skin (15). In oriental
medicine, there are several acupunctural techniques such as
manual acupuncture, acupressure, electroacupuncture, and
moxibustion. One of acupunctural techniques, herbal acu-
puncture has been widely used to treat several diseases.
Herbal acupuncture is acupoint stimulation by inject ion of
medical herb extract into acupoint . Because of pharma-
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cological effect of medical herb with tradit ional acupuncture
effect , the application of herbal acupuncture has been
gradually increased. BP is known to be one of effect ive
medical herbs on human inflammatory diseases. In this
study, we demonstrated that the anti-arthrit ic effect of
herbal acupuncture with BP in rats.

Rheumatoid arthrit is (RA) is a degenerative disease in
human that is characterized by degenerative joint destruct ion,
deformity and inflammatory pain in most cases. Currently
non-steroidal anti-inflammatory drugs (NSAIDs) such as
indomethacin are commonly used to cure the RA. Although
the strong alleviative effect of NSAIDs on inflammatory
diseases, those use to human is str ict ly limited because
those produce severe adverse effect including gastric ulcer
and dysfunction (2). For this reason, BP remedy is st ill
performed because it produces strong curat ive effect with
just a few adverse effects in human. To find effective
component of BP on inflammation, ethylacetate fraction of
BP (BPE) and hexane fraction of BP (BPH) were extracted
from whole BP and antinociceptive and anti-inflammatory
effect on experimentally evoked RA in rats was demonstrated.

Materials and Methods

Anim als
Male Sprague-Dawley rats (the Laboratory Animal Research

Center of Seoul National University, Seoul, Korea, n=30)
weighing 130-150 g were used in this study. Animals were
housed in colony cages with free access to food and water.
The food was given on the wooden bed for animals under
pathological state to take easily. They were maintained in
temperature and light controlled rooms (23±0.5 , 12/12h
light/dark cycle with lights on at 07:00). All of the methods
used in the present study were approved by the Animal
Care and Use Committee at SNU and conform to NIH
guidelines (NIH publicat ion No. 86-23, revised 1985). The
ethical guidelines of the International Associat ion for the
Study of Pain (16) for invest igat ing experimental pain in
conscious animals was also followed.

The induction of arthritis
Arthritis was induced as previously used method by

Kwon et al. (9). Animals were initially anesthet ized with 3
% isoflurane in a mixed N2O/O2 gas. Then Freund's complete
adjuvant (FCA) containing heat-killed Mycobacterium butyricium
(Difco Laboratory, MI, USA) suspended in sterile mineral oil
(20 mg/ml) was single injected subcutaneously into the
plantar surface of right hindpaw at a volume of 50 ㎕.

BP treatm ents and experime ntal groups
Whole BP is extracted to two fract ions such as BPE and

BPH in Natural Products Research Inst itute of Seoul
National University (Seoul, Korea). The air-dried roots of
BP (500 g) were extracted with methanol during 3 days. The
methanol extracts were evaporated using rotary evaporator,

suspended in water and fract ionated successively with
n-hexane and ethyl acetate respectively.

To invest igate curative effect of BPE and BPH, we
preliminarily examined the suppressive effect of these
fract ions in arthrit ic rats with various doses of BPE and
BPH (data not shown). As a consequence of preliminary
study, both BPE and BPH with a dose of 1mg/kg/day were
showed the most significant effect on arthritis. Experimental
groups were divided into 3 groups; (1) control group treated
by saline/ethyl alcohol (9:1, vol/vol) (RA-vehicle, n=10), (2)
BPE treatment group (RA-BPE, n=10), and (3) BPH treatment
group (RA-BPH, n=10). BPE (1 mg/kg/day) and BPH (1
mg/kg/day) were dissolved in saline and ethyl alcohol solution
with rat io of 9:1 (vol/vol), respectively and administered
subcutaneously and bilaterally into lateral side of the knee
that was adjacent site of inflammation. BP treatment was
started the day after adjuvant inject ion and animals were
injected daily for 3 weeks. All algesiometric assays were
performed beginning 9 days after adjuvant inject ion at the
time of induction of systemic arthrit is (13).

The evaluation of antinoc icep tive e ffec t of B P E and
B P H
Mechanical hyperalgesia test
The analgesy meter (LETICA, LE7356) was used to

evaluate mechanical hyperalgesia in arthritic animals (Randall-
Selit to method). A graded mechanical force (g) was delivered
onto the convex surface of the left paw. Mechanical threshold
was determined by these two indices; (1) withdrawal behavior
or (2) vocalizat ion. The mechanical threshold in normal
animal was ranged from 140 to 160 g. The test was duplicated
at 5 min intervals and mean value was applied to analyze.

Thermal hyperalgesia test
To determine the thermal hyperalgesia of arthritic animals,

Hargreaves' method was used as previously described (5).
Rats were acclimated in a plast ic chamber with a glass floor
for 5 min. Then a radiant heat was focused under glass floor
beneath the hind paw. The withdrawal latency (sec) was
measured using photosensit ive cell connected to a digital
clock. The intensity of light source was calibrated to produce
withdrawal within 9-10 sec in normal animals. The test was
duplicated at 5 min intervals and mean value was applied
to analyze.

Fos im munohistochemistry and im age analysis
Spinal Fos expression was performed to analyze the

antinociceptive effect of BP as previously described (9).
Briefly, animals were deeply anesthetized with isoflurane,
perfused transcardially with calcium-free tyrode's solution,
followed by a fixat ive containing 4 % paraformaldehyde and
0.2 % picric acid in 0.1M phosphate buffer (pH 6.9). Then
spinal cord was removed immediately, post-fixed in same
fixative and then cryoprotected in 30 % sucrose in phosphate
buffered saline (pH 7.4). Frozen serial frontal sections (40
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㎛) were cut through the lumbar L3-L5 spinal cord using a
cryostat (Microm, Germany). After quenching with 0.3 %
hydrogen peroxide and preblocking with 1 % normal goat
serum (0.3 % triton X-100/ PBS), the free floating sections
were incubated in polyclonal rabbit anti-Fos antibody
(Calbiochem, 1:10,000) at 4 overnight . The sections were
subsequently processed using the avidin-biotin-peroxidase
procedure previously described (11). Fos-like immunoreactive
(FLI) neurons were visualized using a 3-3 diamino-benzidine
react ion intensified with 0.2 % nickel chloride.

Tissue sections were examined using dark field microscopy
(Zeiss Axioscope, Germany) to determine the segmental
level according to Abbadie and Besson (1) as well as the
gray matter landmarks to define individual spinal cord
laminae. Individual sect ions were digitized with 4096 gray
levels using a cooled CCD camera (Micromax Kodak 1317,
Princeton Instruments, AZ, USA) connected to a computer-
assisted image analysis system (Metamorph, Universal
Imaging, PA, USA). Image analysis of spinal Fos expression
was followed by the method of Kwon et al. (9), as previously
described. The following four gray matter regions were
selected for analysis based on cytoarchitectonic criteria: (1)
superficial dorsal horn (SDH, laminae I and II); (2) nucleus
proprius (NP, laminae III and IV); (3) neck.(NECK, laminae
V and VI); and (4) the ventral horn (VENT, laminae VII-IX).

The e va luation of anti-in flam m atory e ffec t of B P E
and B P H
Paw volum e
Paw volume of left hind paw was measured by a water

displacement plethysmometer (UGO BASIL, Italy) every 3
day during 3 weeks after adjuvant inject ion. Paw volume
was measured by blind experimenter and performed twice
and mean value was recorded for analysis. Paw volume
measured just before the adjuvant inject ion was used as the
control volume (day 0).

X-ray analysis
All hind paws in each group were exposed to x-ray film

(10 mA sec, 40kV). Then these images were analyzed using
image analysis system (Metamorph, Universal Imaging
Corporat ion, PA, USA) by two categories such as soft tissue
swelling and bone proliferat ion. Each value was calculated
by these equations;

(1) Area of soft tissue = [whole area of paw] － [bone area]
(2) Area of soft t issue swelling = [area of inflamed soft

tissue] － [area of normal soft tissue]
(3) Area of bone proliferation = [area of proliferated bone]

－ [area of normal bone]

Serum concentration of interleukin-6
At the end of whole experiment, rats (n=10 each group)

were sacrificed and blood was collected by cardiac syringe
puncture. Collected blood samples were placed in temperature-
regulated chamber (37 ) for 1 hour. Then, this blood

samples were centrifuged (15,000 rpm) in 4 during 15 min
and supernatant serum was collected. The enzyme-linked
immunosorbent assay kit (cytoscreen, Biosource International
Inc., CA, USA) was used to determine the serum
concentration of interleukin-6 (IL-6). Blood samples of sham
animals (n=10) were simultaneously tested to compare the
normal and arthrit ic serum level of IL-6 in this experiment.

Statis tica l ana lysis
Thermal and mechanical hyperalgesia data were

expressed as percent change and compared to that of the
sham group at each time point. Data were expressed as the
mean SEM. Repeated measures ANOVA were performed to
determine the overall effect . Paired t-tests were then used
to determine probability values when repeated measures
ANOVAs indicated a significant drug effect . Throughout,
P<0.05 was considered to be stat ist ically significant .

Results

The antinociceptive e ffec t o f B P E and B P H
In RA-vehicle group, the mechanical threshold in left

hind paw was significantly decreased about 50 % as
compared with that of normal animal from 12 days after
adjuvant inject ion (Fig. 1). BPE treatment dramatically
increased the mechanical pain threshold and there was a
stat ist ical significance between vehicle and BPE treated
groups. In contrast , BPH did not produce an increase of
mechanical pain threshold in this test . The paw withdrawal
latency (PWL) of animals in RA-vehicle group significantly
decreased in thermal hyperalgesia test and the PWL of
RA-vehicle group was about 60% as compared with that of
normal animal (Fig. 2). Likely to mechanical hyperalgesia
test , BPE treatment strongly increased the PWL from 12
days after adjuvant inject ion to the end of this study.
However, BPH produced a similar level of PWL with that of
RA-vehicle group. Analysis result of spinal Fos expression
was represented in Fig. 3. In RA-vehicle group, Fos expression
was dramatically increased in the spinal cord such as 28.65
±3.40 in SDH, 14.20±1.70 in NP, 14.95±1.72 in NECK,
and 3.30±0.50 in VENT. BPE treatment significantly
decreased the number of Fos-posit ive neurons in SDH
(18.861.93) and NP (7.86±0.86) as compared to that of
RA-vehicle group. However, BPH treatment did not suppress
the number of Fos expression in every region of spinal cord
as compared with that of RA-vehicle group. The pattern of
spinal Fos expression was represented in Fig. 7.

The anti-in flam m atory e ffect o f BP E and B P H
Intraplantar inject ion of FCA rapidly produced typical

inflammatory swelling and redness in the injected right
hind paw. As time goes on, arthritis is transferred into
contrallateral left side, fore paws and tail. In the left hind
paw, paw volume was init ially increased 12 days after
adjuvant injection in systemic arthrit ic phase (Fig. 4). The
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Fig . 1. Effect of BPE and BPH on adjuvant-induced mechanical
hyperalgesia. Animals of RA-vehicle group showed the
significantly decreased level of mechanical pain threshold.
In contrast to this BPH did not increase the mechanical
pain threshold as compared with that of RA-vehicle group.
(Abbreviations) RA: rheumatoid arthritis, B P E : ethylacetate
fraction of Bang-Poong, BPH: hexane fraction of Bang-Poong.
**p<0.01, significantly different from that of RA-vehicle
group.

F ig. 2. This represented that the effect of BPE and BPH on
PWL in arthrit ic rats. BPE treatment significantly increased
the PWL, however, BPH did not produce this effect.
(Abbreviat ions) P WL: paw withdrawal latency. *p<0.05 and
**p<0.01, significantly different from that of RA-vehicle
group, respectively.

Fig . 3. Effects of BPE and BPH on spinal Fos expression.
BPE treatment significantly reduced the number of Fos-
posit ive neurons in SDH (18.861.93) and NP (7.860.86) of
the spinal cord, respectively (*p<0.05). However, BPH did
not reduce the number of spinal Fos-posit ive neurons in this
study. (Abbreviat ions) SDH : spinal dorsal horn, NP : nucleus
of proprius. *p<0.05, significantly different from that of
RA-vehicle group.

F ig. 4. This represents that the suppressive effect of BP on
adjuvant-induced paw edema of the left hind paw. BPE
significantly reduced the paw edema from 12 days after the
FCA inject ion except 15 day as compared with that of
vehicle control group. However, BPH did not suppress the
paw edema in this study. **p<0.01, significantly different
from that of RA-vehicle group.
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Fig . 6. Effects of BPE and BPH treatment on adjuvant-
elevated serum IL-6 level. Vehicle treated arthritic rats
significantly increased the serum IL-6 level as compared
with sham animal (p<0.001). BPE treatment significantly
reduced the level of IL-6 (p<0.001). However BPH did not
affect the adjuvant-elevated serum IL-6 level. (Abbreviat ions)
IL-6: interleukin-6

morbidity of arthrit is in the left hind paw was 100% (n=10)
in vehicle control group. BPE treatment significantly
suppressed the volume of paw swelling as compared with
that of vehicle control group except day 15. However, BPH
failed to suppress paw swelling during 21 days. This result
was consistent with the data of x-ray image analysis. The
soft t issue swelling was significantly inhibited by the
treatment only with BPE while BPH treatment did not
produced this suppressive effect (Fig. 5a, Fig. 7). In addit ion,
adjuvant inject ion-increased area of bone proliferat ion was
decreased by the treatment with BPE as compared with
vehicle control group (Fig. 5b). Likely to paw volume and
soft t issue swelling results, BPH failed to inhibit

arthritis-increased area of bone proliferat ion. Serum level of
IL-6 was 53.54±7.79 pg/ml in sham group (Fig. 6).
Adjuvant injection and vehicle treated animals showed the
significantly increased the serum IL-6 at a level of 161.44±
15.32 pg/ml. BPE treatment strongly suppressed the serum
level of IL-6 (73.44±3.87 pg/ml) as compared with vehicle
control group. However, BPH produced the similar high
level of serum IL-6 with that of RA-vehicle group.

Discussion

Freund's complete adjuvant (Mycobacterium butycirium )
is generally used to induce arthrit is in animal models (8,
13). In this study, intraplantar inject ion of adjuvant into
right hind paw rapidly induced paw swelling and redness
and from 12 days after the secondary arthritic symptoms
were observed in the contralateral left hind paw. Paw
volume of left hind paw was increased significantly in
RA-vehicle group and other inflammatory signs such as
radiological changes and serum IL-6 levels. In addit ion, both
mechanical and thermal pain threshold of RA-vehicle group
was strongly decreased (Fig. 1, 2). Fos expression was also
increased in both ipsi- and contra-lateral side of the spinal
cord in RA-vehicle group. Fos expression was usually
applied as a neuronal activity marker (6). Hunt and his
co-workers reported that the peripheral noxious st imulat ion
increases the spinal Fos expression and it is reported that
morphine, one of potent analgesics, reduces the spinal Fos
expression that was elevated by noxious st imulat ion (3).
These results indicate that the Fos protein can be used as
a neuronal marker of nociception. Therefore reduced spinal
Fos expression by the treatment of BP in this study
suggested that the antinociceptive effect of BP on adjuvant-
induced arthritis in rats.

To invest igate the anti-inflammatory effect of genus
Radix medical herb, numerous studies has been performed.

F ig. 5. Graph showing the x-ray analysis data in each group, (a) soft t issue swelling and (b) area of bone proliferat ion. BPE
suppressed both soft t issue swelling and bone proliferat ion. In contrast to this, BPH failed to reduce these
inflammation-related symptoms as compared with those of RA-vehicle group. *p<0.05 and **p<0.01, significantly different
from that of RA-vehicle group, respectively.
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Fig . 7. Effects of BPE and BPH treatment on radiological changes and spinal Fos expression. In vehicle control group, soft
t issue was significantly swelled and newly proliferated bone was observed (A) and spinal Fos expression was increased (D).
Treatment with BPE significantly suppressed adjuvant-induced radiological changes (i.e. soft tissue swelling and bone
proliferation) (B) and spinal Fos expression in SDH and NP (E). In contrast to this, BPH did not inhibit these
arthrit is-related changes (C and F ).
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It was reported that several extracts of oriental herbal
medicines including radix of Aralia continentalis inhibits
interleukin-8 induction in lipopolysaccharide-activated rat
macrophages (10). In addit ion Radix ginseng is well known
to produce curat ive effect on several disease states (10). In
this study, daily treatment of BPE at a dose of 1 mg/kg/day
significantly suppressed arthrit is-related symptoms. BPE
suppressed the adjuvant-induced paw edema during 3
weeks in contralateral left hind paw and it also inhibited
soft tissue swelling. In RA-vehicle group, proliferated bone
area and deformed joint were observed, whereas BPE
treated animals dramatically reduced both soft t issue
swelling and radiological changes as compared with that of
RA-vehicle group. Moreover serological inflammatory marker,
IL-6 level of serum was also inhibited by treatment of BPE.
In nociceptive tests, BPE also produced a suppressive effect
on mechanical and thermal hyperalgesia. Moreover, spinal
Fos expression evoked by adjuvant injection also decreased
by BPE treatment. However, BPH treatment failed to reproduce
these suppressive and curative effects on adjuvant-induced
arthrit is in this study. Although the significant suppressive
effect of BPE on arthrit is in rats was demonstrated in this
study, the most effect ive component of whole BP is st ill
unknown. To find the most effective component of BPE and
suppressive mechanism of BP on arthrit is, further study is
required. In conclusion, it is suggested that BPE had a
anti-inflammatory effect on FCA-induced arthritis in rats.
However, effective component of BP and its anti-inflammatory
mechanism could not be elucidated in this study.
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