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Abstract

Objectives : DaeBangPungTang(DBPT) is one of the prescriptions used for the treatment of knee
arthritis in oriental medicine. The present study aimed to examine the analgesic effect of DBPT on a
rat model of carrageenan-induced arthritis, and the relations between DBPT-induced analgesia and
endogenous nitric oxide(NO) and inducible NO synthase (iNOS), cyclooxygenase-2 (COX-2), and c-Fos
protein expression in the spinal cord.

Methods : Carrageenan-induced arthritis rat model was used to test the effect of DBPT as a
chronic pain model. After the induction of arthritis, rats subsequently showed a reduced stepping force
of the affected limb for at least the next 4 days. The reduced stepping force of the limb was
presumably due to a painful knee, since oral injection of indomethacin produced temporary
improvement of weight bearing. DBPT dissolved in normal saline was injected several acupoints. After
the treatment, behavioral tests measuring stepping force were periodically conducted during the next 12
hours.

Results : DBPT produced significant improvement of stepping force of the hindlimb affected by
the arthritis lasting at least 9 hours.

The magnitude of this improvement was equivalent to that obtained after an oral injection of 3
mg/kg of indomethacin and this improvement of stepping force was interpreted as an analgesic effect.
DBPT produced the improvement of stepping force of the affected hindlimb in a dose-dependent
manner. Both NO production and iNOS, COX-2 protein expression increased by arthritis were
suppressed by DBPT. DBPT on combination with electroacupuncture (EA) produced more powerful and
longer lasting improvement of stepping force of the hindlimb affected by the arthritis than either DBPT
or EA did.

Conclusion : The present study suggest that DBPT produces a potent analgesic effect on the
chronic knee arthritis pain model in the rat and that DBPT-induced analgesia modulate endogenous
NO through the suppression of iNOS/COX-2 protein expression.
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Table 1. -39 g4
(Prescription of DaeBangPungTang)

greby Aok g £%
B Rhizoma Rehmanniae 6g
BF A Radix Ledebouriellae Ag
% B Radix Angelicae Gigantis 4g
B3 Radix Paeoniae Lactiflorae 4g
#H #  Cortex Eucommiae 4g
& i Radix Astragali 4g
fftf ¥ Radix Aconiti 2g
)1 ¥ Rhizoma Cnidii 2g
4 B Radix Achyranthis 2g
38 % Radix Osterici Koreani 2g
AN 2 Radix Ginseng 2g
H # Radix Glycyrrhizae 2g
s % 33g
4) <3

KRS #22S BEAgol 100 meg/ml
EE 10 mg/ml 9 5% §3)A7 F pHE 65

2 o] ARSI A FYL de™ FA
7105 cc, 29 gauge 1/2")5 AHg3le A&, &
= FE 8= TEME 200 w 4 4 F¢
SHA

5 d3

A7 0.25 mm, stainless-steel 29 3t %2
AL AZ ZA4YSTwA AYstad. &0
A AL Agre] A8 Aol A-&ste £91
22819t AL pulse generator(stimulator)o]
oA =|o] 1 ms duration, 4 pulse?] train (1 ms
9] AAbzba}, 100 Hz9 intra-train frequency)©|
299t At T AraEe] Faba(fr-
equencies)= 2 Hz7} 2o, 7% (intensity)
L 2 mA(muscle twitch threshold®] 108]# =
9] Zy= 24, muscle twitch threshold:= X &
200 uA Zolthel AFH=E AHSstgh
Z(+,—)S Ao} BI(polarization)S 7]
3 12nich JA=EIch A A7 2 A
o3 ZgEglon 5~108 W 5E2 ¢4A
3 Aot AAH R EF37] AFsT F
AZFA 7 308 gk TEIRHA
weight bearing force: A7]& A= & 3x)7L,
6417, 9AIZL, 1247t A8t ot

6) k&

KRS FAo AFaET FLE H|ALs})
3}, indomethacing £ 3% +=1, indome-
thacin(Sigma, St. Louis, MO)& Eo] 83jA]A
1 mg/kg, 3 mg/kg?] T LR FHOE Fo53
=

2. M=z
1) 389 |

WAH-L enflurane(llsung pharmaceuticals.
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3 ouliFel Fa o HaA
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Fig. 1. Time course of carrageenan-induced
arthritis model.
Post-injection time is expressed as
hours(h) and days(d) after Carrageenan
injection. Pre-injection control was taken
one day before the injection (Pre).
Asterisks indicate values significantly
different from the pre-injection control
value by one-way ANOVA followed by
the Dunnett’s post-hoc test (n=10)
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Fig 2. Effect of DBPT on foot stepping force in
a Carrageenan—induced arthritic rats.
All animals were subjected to the inje-
ction of carrageenan into the knee joint
on the right side of rats and showed a
reduced stepping force of the ipsilateral
limb of the knee affected by arthritis as
evidenced by a dramatic lowering of foot
stepping force when compared to the
preoperative value. DBPT (100mg/ml, 200
u0) or normal saline (SAL) was injected
to ipsilateral STss point of the rats (n=8).
After the termination of the treatment,
behavioral test measuring foot stepping
force was periodically conducted at 3h,
6h, Sh, 12h. DBPT showed a significant
improvement of stepping force of the
limb at 6h and Sh after DBPT injection.
Asterisks indicate the values that are
significantly different from the pre-treat-~
ment baseline value (p<0.05) by the one
way repeated measure Analysis of Vari-
ance(ANOVA) followed by Dunnett's
post~hoc test.
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Fig. 3. Effect of Indomethacin on weight bearing
force in carrageenan- induced arthritis.
All animals were subjected to the injection
of carrageenan into the knee joint on the
right side of rats and showed a reduced
stepping force of the ipsilateral limb of the
knee affected by arthritis from 1 day after
the induction of arthritis as evidenced by
a dramatic lowering of foot stepping force
when compared to the preoperative value.
Indomethacin 1 mg/kg and 3 mg/kg were
orally administrated. After the termination
of injection, behavioral test measuring foot
stepping force was periodically conducted
at 1h, 2h, 3h, 4h. Control group orally
administrated only water (n=8). Indome-
thacin 1mg/kg and 3 mg/kg showed a
significant improvement of stepping force
of the limb affected by arthritis. Asterisks
indicate the values that are significantly
different from the baseline value (p<0.05)
by the one way repeated measure Analysis
of Variance(ANOVA) followed by Dun-
nett’s post-hoc test.
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Fig. 4. Dose dependent effect of DBPT injection
on carrageenan-induced arthritis.
Two doses of DBPT (10 mg/ml, 100 mg/
ml) or normal saline (SAL) was injected
to rats. After the termination of the treat—
ment, behavioral test measuring foot ste-
pping force was periodically conducted at
Oh, 3h, 6h, 9h, 12h. In 8 rats with arthritis,
water only and two doses of DBPT disso-
Ived in saline were applied after the in-
duction of arthritis in random order and a
single-blind manner. Asterisks indicate
values significantly (p<0.05) different
from the pre-treatment baseline value by
one way repeated measure Analysis of
Variance(ANOVA) followed by the Dun-
nett’s post-hoc test.
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S S A At
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Fig. 5. Effect of EA, DBPT, and co-treatment of
EA and DBPT on carrageenan—induced
arthritis.
Eight rats were divided into 3 groups on
random order. One group applied EA to the
ST acupoint of contralateral hindlimb. In
the other group, DBPT (100 mg/ml, 200u8)
was injected ipsilateral STss. In the third
group, DBPT was injected after EA
stimulation. WBF was measured at Oh, 3h,
6h, Sh and 12h after the treatment. Each
experiment was applied for 3 days after the
induction of arthritis in a single-blind
manner. Asterisks indicate the values that
are significantly different from the baseline
value (p<0.05) by the one way repeated
measure Analysis of Variance(ANOVA)
followed by Dunnett’s post-hoc test.
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Fig. 6. Effect of DBPT injected into unilateral
STz on carrageenan-induced arthritis.
Eight rats were divided into 2 groups on
random order. In one group, DBPT(100
mg/ml, 200 uf) was injected to contral-
ateral STs acupoint of knee joint. In the
other group, same concentration and
volume of DBPT was injected ipsilateral
ST, WBF was measured at Oh, 3h, 6h,
9h and 12h after the treatment. Each
experiment was applied for 2 days after
the induction of arthritis in a single-bli-
nd manner. Asterisks indicate the values
that are significantly different from the
baseline value(p<0.05 by the one way
repeated measure Analysis of Variance
(ANOVA) followed by Dunnett’s post-
hoc test.
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10 1

Full Recovery Rate (%)

-10 T T — T T
Oh 3h 6h 9h 12h

Post-Injection Time

Fig. 7. Effect of DBPT injected into STs or
ST on carrageenan-induced arthritis.
Eight rats were divided into 2 groups on
random order. In one group, DBPT(100
mg/ml, 200 u¢) was injected to ipsila-
teral STs acupoint of hind limb. In the
other group, same concentration and vo-
lume of DBPT was injected ipsilateral
STss. WBF was measured at Oh, 3h, 6h,
9h and 12h after the treatment. Each
experiment was applied for 2 days after
the induction of arthritis in a single-
blind manner. Asterisks indicate the
values that are significantly different
from the baseline value(p<0.05 by the
one way repeated measure Analysis of
Variance(ANOVA) followed by Dun-
nett’s post-hoc test.
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Fig. 8. Effect of DBPT on the nitrite/nitrate
levels of spinal cord in the different
experiment groups. NO production on the
spinal cord was measured by Griess
reaction assay method as described in
the Methods section. Arthritis group was

* mot performed any other treatment except

- for water adminatration. Data are expre-
ssed as meantSEM. ##* p<0.01, com-

" pared with ‘the ‘untreated ‘control group.
+++ p<0.01, compared with the arthritis
group.

%)7tA 2| %= Yk (Fig.7).

8. H%oM NO 24

SWEZW 2 % carrageenan 50 WS F¢I38k
o BEHE LA F 100 mg/ml =9 Xk
MRA&ES &2 Sulo] 200 e o3 x=2g =
o LFF Aol oA NOo vl
FE AT TEIEE A T O

Q.

g %W FUL A 6 Fof H4 237
&3t NOE £48H91th. Fig. 8¢ Rol&

WLEFLS AXGE 5259
Aeld da, @AY A5 E(1349+
0.36 nmol/mg)o] Hj3] NO2| Aito] §-o|5tA
74619 21 (27.62+1.42 nmol/mg), thZES

>

+«——130kD INOS

CON ARTH ARTH+DBPT

Relative Expresion of INOS (%)
{Arbitrary Units)

Western blot (A) and densitometric (B)
analysis of iNOS expression in the spinal
cord samples from the several groups.
Arthritis group was not performed any
other treatment except for enflurane
anesthesia. Control group (CON) were
not applied any other treatment. The
molecular weight of the protein band
corresponded well to that of iINOS. The
iNOS signal was enhanced in the sample
from the carrageenan-induced arthritis
when compared with that from the
untreated control group and attenuated in
the samples from DBPT-treated arthritis
group when compared with that from the
arthritis group (ARTH). Each lane was
loaded with 60 ug protein. Data are
expressed as mean*SEM. =#x p<0.0l,
compared with the untreated control
group. +++ p<0.01 compared with the
arthritis group.

Fig. 9.

AT eBEd FES BHA FEA WA #

9814 NO7} 743 th(1857+1.25 nmol/mg).

9. H=ollA iINOS THFojl cHEt Westem

blot &4

£ A7 2 % carrageenan 50 W& =938}
o FHAE FLAZ £ 100 mg/ml 529 X
FiRSS 32 Sulo 200 s 43 A5S =
o] diFZF ok3lo] HofjA] INOS U n
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Fig.10.Effect of DBPT on the
expression in the spinal cord.
Western blot (A) and densitometric (B)
analysis of COX-2 expression in the
spinal cord samples from the several
groups. Arthritis group was not perform-
ed any other treatment except for enflu-
rane anesthesia. Control group (CON)
were not applied any other treatment.
The COX-2 signal was enhanced in the
sample from the carrageenan-induced
arthritis when compared with that from
the untreated control group and attenuat-
ed in the samples from DBPT-treated
arthritis group when compared with that
from the arthritis group (ARTH). Each
lane was loaded with 60 g protein. Data
are expressed as meanzSEM. #x*
p<0.001, compared with the untreated
control group. +++ p<0.00l compared
with the arthritis group.

COX-2

ol Dlxls B8
o) wralo] 7HABHATHIAL45:2490 %). (Fig9)

10. Z{$=ollA COX-2 =ufi=ofl cist West-
em blot &4

&AW 2 % carrageenan 50 Wl E FYUst
of HAGL §HA F 100 mg/ml =2 K
RES 33 Eulo) 200 wE ¥ AFE F
of thhEg of3o] 2404 COX-2 & v
A= 9FE AT BEEE A
ouEe oF F91E Sk 6A7E Fof A
g A&sto] COX-2 LS 2439t 3
SES BHGEE € #EE f= F UT
2 AN FEEY HFolA COX-2 A
A Ay, #dY9 FES F45E v
L3-S1 £9]9] oA COX-29 W#Eo] ¢
3}A) ——7}0}210D1(149 23£7.30 %), WYEHS
A% £WAY FES BEG TE WA &
o314 COX-29] w@o] 43 rh(122.39+
8.05 %). (Fig.10)

T ol ox N o

11. H$olM c-Fos =HujZof| cHst West-
em blot &4

£ A 7Y 2 % carrageenan 50 W E FU3}
o BAFL FTA7 F 100 mg/ml =2 K

BiAES 33 Suld 200 L€ FH A=S F
ol qEE 9!:%01 2429 A c-Fos &@e| 1
Ae TS AU WEAE AL F
NFFY ok FYL 36X T A 2
A& H&3o} c-Fos T@E ZH3IATh B4
FENG WEAETE 4 ¥ f= ¥ UYIT
& AT FEES AHolA c-Fos ¥dE &

He Az, BEY FES FASE 3
L3-S1 %44 B0 M c-Fose] W] $o/3}
©m(123.13+4.48 %), W=
2y FES BHA FEo| Hlg
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ARTH+DBPT

Relative Expresion of c-Fos (%)
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g

CON ARTH

ARTH+DBPT

Fig. 11. Effect of DBPT on the c-Fos expression
in the spinal cord.
Representative Western blot (A) and
densitometric analysis (B) of c-Fos in
the spinal cord in rats with control
(CON), carrageenan-induced arthritis
(ARTH), and DBPT ftreatment with
arthritis (ARTH+DBPT). Each lane was
loaded with 60 ug protein. Each data
represents meantSEM of 5 experiments.
* p<0.05, compared with control.
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