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[Abstract] Objective: To observe the anti-swelling and analgesic effects of Jianpi Tongluo prescription
(JPTL) and to explore its mechanism initially. Methoed: A total of 120 ICR mice were divided into normal
group, model group, JPTL low- , medium- and high-dose groups (5, 10, 20 g-kg') and positive drug
(celecoxib, 0.03 g-kg') group, with 10 in each group (po,once a day). Complete freund's adjuvant (CFA) was
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used to induce the model of chronic inflammatory pain, and xylene-induced ear swelling test, hot plate test and
acetic acid writhing test were performed to observe the anti-swelling and analgesic effects of different doses of
JPTL in these four acute and chronic models. Further, enzyme-linked immunosorbent assay (ELISA) was used
to detect the expressions of prostaglandin E, (PGE,) , interleukin-18 (IL-18) , interleukin-6 (IL-6) and tumor
necrosis factor-a (TNF-a) in serum and inflammatory paw of mice with chronic inflammatory pain, and the
expressions of aquaporin 1 (AQP1), aquaporin 3 (AQP3), cyclooxygenase 1 (COX1), cyclooxygenase 2
(COX2) and mitogen-activated protein kinases (MAPKs) in inflammatory paw were detected by Western blot,
to explore the preliminary mechanism of JPTL. Result: Compared with the conditions in the normal group,
there was a significant increase in the ear swelling of xylene-induced model mice, a shortened paw withdrawal
latency in the hot plate test (P<0.01). Compared with the model group, JPTL remarkably increased the
inhibition rate of xylene-induced ear swelling (P<0.05, P<0.01), prolonged the latency period of writhing
caused by acetic acid and reduced the number of writhing (P<0.05, P<0.01). Compared with normal group, the
degree of feet swelling in chronic inflammatory pain mice was significantly increased, the threshold of
mechanical pain was decreased and the threshold of cold pain was increased (P<0.05, P<0.01), the protein
contents of AQP1 and AQP3 in inflammatory feet were increased, and the contents of IL-18, IL-6, TNF-a,
PGE, and COX2 in inflammatory feet were increased in serum and/or inflammatory feet. The protein expression
levels of p-p38 MAPK, p-JNK and p-ERK in inflammatory feet were increased (P<0.01). Compared with the
model group, JPTL relieved paw swelling of mice with chronic inflammatory pain, elevated mechanical
withdrawal threshold while decreased cold withdrawal threshold, with analgesia lasting for 4 h and the optimal
time point for analgesia being 2 h after administration (P<0.05, P<0.01). Moreover, JPTL down-regulated
AQPI, AQP3, COX2, p-p38 MAPK, p-JNK and p-ERK in inflammatory paw of mice with chronic
inflammatory pain and reduced IL-183, IL-6, TNF-«, and PGE, in serum and/or inflammatory paw, but it had no
significant effect on COX1 (P<0.05, P<0.01). Conclusion: JPTL has anti-swelling and analgesic effects, and
its mechanism is related to inhibiting the production of cytokines and inflammatory mediators via the down-regulation of
MAPKSs signaling pathway, which provides an experimental basis for the clinical application of JPTL.

[Keywords] Jianpi Tongluo prescription; detumescence; analgesia; anti-inflammation; aquaporins;

inflammatory mediator; mitogen-activated protein kinases (MAPKs)
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F1 EREBEZAN_BEEBUNREMKOZNE (=10)
Table 1 Effect of Jianpi Tongluo prescription on xylene-induced

ear swelling in mice (n=10)
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Fig. 1 Effect of Jianpi Tongluo prescription on ear swelling in
mice caused by xylene and feet swelling in mice with chronic

inflammatory pain
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x2 REBLFTWEEREERNREMKENIZIE (1=10)
Table 2 Effect of Jianpi Tongluo prescription on swelling degree

of feet in mice with chronic inflammatory pain (n=10)
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Table 3 Effect of Jianpi Tongluo prescription on latency of heat-shrinking feet in mice (x+s,n=10) S
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n=10)
Table 4 Effect of Jianshu Tongluo prescription on number of

twists and latency of twists in mice (x+s,7=10)
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x5 BEREKAEBMERERNBIMBERENIEE (X+s,n=10)
Table 5 Effect of Jianpi Tongluo prescription on mechanical pain sensitivity in mice with chronic inflammatory pain (x+s,n=10) g
20 51 il /g ke 0h 0.5h 1h 2h 3h
EHEA 0.95+0.28 0.97+0.08 0.95+0.28 1.01£0.25 0.95+0.28
LT 2] 0.02+0.00 0.04+0.02 0.02+0.00 0.02+0.00" 0.02+0.00
I 38 2 7 IR 4 5 0.05+0.02 0.03+0.01 0.10+0.05 0.35+0.10" 0.20+0.09
{38 2 bR A 10 0.05+0.02 0.10+0.10 0.44+0.13 0.61+0.23% 0.29+0.06
feke e 45 e ) R A 20 0.03+0.01 0.08+0.03 0.52+0.15 0.97+0.06* 0.59+0.09
TEA A A 4 0.03 0.04+0.01 0.05+0.03 0.28+0.10 0.53+0.00" 0.05+0.00
21 51 il /g kg 4h 5d 7d
IEH 4 0.95+0.28 0.93+0.00 0.99+0.14 0.98+0.15
LR 241 0.02+0.00 0.05+0.00" 0.03+0.01" 0.03+0.02"
ekt Mo 25 7 AR R A 5 0.02+0.00 0.18+0.13% 0.10£0.02% 0.16+0.01"
ekt ML 45 7 v 7 R A 10 0.05+0.00 0.56+0.11% 0.51:0.04% 0.57+0.07"
ekt ML 45 7 v 7 R A 20 0.05+0.01 0.88+0.11% 0.92:£0.06 0.86+0.15"
JER AT 0.03 0.05+0.00 0.51+0.05% 0.49:0.05 0.53+0.14%

Fo RBEPEEAMEMREBINRCBREBH MBI (3£5,2=10)

Table 6 Effect of Jianpi Tongluo prescription on cold nociceptive hypersensitivity in mice with chronic inflammatory pain (¥+s,n=10) 43

21 51 4t /g kg 0h 0.5h 1h 2h 3h
1EH 4 0.75+0.50 1.00+0.00 0.75+0.50 1.00+0.00 1.00£0.00
(R 2.93+0.15 3.00+0.00 2.93+0.15 3.00+0.00" 2.93+0.15
A 5 38 245 7 IR k2 5 2.87+0.18 2.67+0.33 2.73+0.28 2.60+0.28 2.60+0.43
A 538 45 bR A 10 2.67£0.33 2.73+0.28 2.40+0.28 2.27+0.28" 2.40+0.37
A 1938 45 7 e R i A 20 2.87+0.18 2.33+0.33 1.87+0.30 1.33+0.24" 2.33+0.24
SER A 0.03 2.87+0.18 2.47+0.18 2.53+0.38 2.13+0.18" 2.27+0.28
21 51 il /g kg 4h 6d 8d
IE % 40 0.75%0.50 1.000.00 0.89+0.19 0.92+0.17
AL 2.9340.15 2.83+0.20” 2.83+0.20” 2.92+0.17”

e L3 245 7 A AR A 4 5 2.73%0.15 2.11+0.19% 2.00+0.47Y 2.00+0.27Y

feke L 25y v 7 R A 10 2.4240.17 1.89+0.51% 1.83+0.71% 1.67+0.00%

feke ML 45 v 7 o A 20 2.33%1.73 1.25+0.327 1.17+0.33% 1.17+0.19%

FEk B A 4l 0.03 2.7340.43 1.78+0.51% 1.67+0.58" 1.78+0.38%
P<0.01),

29 kD
eSOy O

ros - - 2o
o (D - -

A B C
B2 EHEXRiEmE,REEHRE D AQPLIAQPIEH R IA MK
Fig. 2 Electrophoresis of AQP1 and AQP3 proteins in

inflammatory feet of chronic inflammatory pain mouse model

WA %2 5 X (P<0.05,P<0.01), %ﬂé SRR

R A /N B I 3 AR R P PGE, & & (P<0.05,
. 90.

Western blot £ Jll 2% 5 & 7~ , 50 59 20 /)N B3R 2
COX1 fil COX2 i M1 & & b & J+ /= (P<0.01) ; 5 HL
RYLH PR, A TP 2% 5 45 0] o 21 9 ok A 4 4 g
AN [) B DA/ BB R 2 COX2 I 2 1 % & (P<
0.01),1M COX1 Z R LG4 L. WK K3,
3.7 XA M S M e B B D B R R b p-p38
MAPK . p-JNK fl p-ERK # (1R B M 5 I1EH
4L R, B A A BB R 2 p-p38 MAPK/p38
MAPK ., p-INK/INK F1 p-ERK/ERK % # JI & (P<
0.01) ; S5ACRYZH LA, £t ALia 45 Oy 25 7 d 2 ZE ok
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x7 BEBEZGTIEEREREDREIZRE R AQP1FI AQP3
EESENHEM (i+s,n=3)

Table 7 Effect of Jianpi Tongluo prescription on AQP1 and AQP3
proteins in inflammatory feet in mice with chronic inflammatory

pain (x+s5,n=3)

aa /:-Hli" /éfpljl)lﬂ /(;AAQPPD3H
A5 70 24 2.40£0.317  1.52+0.16"
At 3 265 7 A% 77 4k 2 5 2.27+0.30 1.43+0.04
el IV 2% 7 P k2 10 1.7740.29”  1.05+0.10"
At IG5 245 7 3 79 4k 2 20 1.09£0.17"  1.01£0.03"
S A1 0.03 0.61£0.11¥  0.80+0.08"

T BOE W H AR R AR IB A 1

fi #H p-p38 MAPK/p38 MAPK. p-JNK/INK F#l
p-ERK/ERK ¥ i # F&{IK (P<0.01) . WL 10 & 4,
4 itig

e ik 0 9 R e R B O R A I R DL IR A
HaMrREMERRIL NEL . CFAERN Y18
P 98 VIR T DUBEHRLIG PR IR B 561 R 14 02 M 48 E b
K PSR AL B o T UL (g L 4% e M R T
oA P9 T e R BELSR VR L A S 36 R FH CFA 5 518 1 4%
PRI /N BRUBERL AT B9 . 45 A W fE ALE 45 O
AN P 8 P o /0 BRUAR P ik 4 SO T 43 1Y ) B 4
v AL B B, 45 24 2 h o S AR I fR) 5, EL X AL
PG R ¥4 BECTRS 1%) B N TR) A B4R 2L 4 h A4 h DL |,

xS EREBERAXNEMHEXMEBEEINRBLXEPIL-18.IL-6F1 TNF-a EEM M (x+s5,7=10)

Table 8 Effect of Jianpi Tongluo prescription on IL-18,IL-6 and TNF-« in mice with chronic inflammatory pain (x+s,7=10) ng L'
IL-18 IL-6 TNF-a
2H 531 Fl /g k!
1M 75 Bk 1fit R B 1fit 7 HR R
I # 4l 9.56+1.68 5.03+1.28 7.47+1.56 5.05+1.07 56.04+8.01 42.73+7.74
A 70 24 17.12+2.83%  11.50+2.39%  18.28+1.61>  14.06+2.58%  120.83+2.77% 96.67+6.60%
ekt L3 4 J7 AR 2 5 12.17£2.26  10.01£2.30 13.45+1.51> 9.77+1.33 89.91+8.17" 83.11+9.75
e FALIT 2% 07 Hh 7 41 10 11.95+1.29% 9.85+1.19 12.29+1.97% 9.53+1.31% 88.3+£12.41% 67.13+4.29"
e JULI 2% 7 v 7 B 41 20 10.99+1.03% 9.42+1.37 11.34+3.35" 8.60+2.12Y 82.27+4.25" 62.56+13.75"
FERAE AL 0.03 10.72+2.96% 8.94+2.01 10.76+2.54" 8.77+2.47Y 75.82+14.93% 80.52+3.74

RO RBRIE L T X B M2

KRN RER BB RE P PGE,.COX2f1 COX1 ER S EMHM (F+s)

Table 9 Effect of Jianpi Tongluo prescription on content of PGE,, COX2 and COXI1 proteins in serum or inflammatory feet in mice with

chronic inflammatory pain (x+s)

PGE,/ng-L" PGE,/GAPDH COX1/GAPDH COX2/GAPDH
2 ) Fl /g kg

17 (n=10) R (n=3) R (n=3) R (n=3)
EH A 34.15+3.01 25.74+3.58 1.000.00 1.000.00
A 2 67.71+0.71% 50.39+11.54% 1.45+0.11% 1.43+0.02”
At L5 265 7 A ) 4 21 5 51.40+3.46% 44.78+4.80 1.30+0.01 1.32+0.01"
et 19 38 2% J7 v £ 4 10 48.87+3.44" 32.51+7.86" 1.26+0.13 1.14+0.00"
ke J19 388 2% Ty v ) 20 43.87+8.98" 32.58+4.08" 1.26+0.04 0.96+0.01"
FE kA A 0.03 44.60+8.19" 34.81+3.60% 1.40+0.11 1.30+0.03"

o
cox2 ------74kDa
A g - -

A B C D E F
3 BN RER S KR F PGE,.COX2 1 COX1
EARIEEK
Fig. 3  Electrophoresis of PGE,, COX2 and COXI1 proteins in serum

or inflammatory feet in mice with chronic inflammatory pain

7 B P 24 2 2 5 A DU 23 591 O 3 b R4 b, 312 i 5L 3
25 75 X Pk S R /N BROE AT R G B4 T M R B A
F EL5 2k A A L U SR 2 I . TR EL
S - iRk S 5 AR iﬁ;&%”‘%ﬂl@a?ﬂﬁ%&%‘%%
G VAR Y, n] LA SBUIRR 1 5 1Y 48 2k A A
i K A T 1 T PR 2 B Eﬁzk%ﬁuikﬁﬁﬁﬂz!xﬁld\
Sl - fie i 52 86 B AR S 6 R 2 IR AR L B, 0 — P
WL %% At ML 8 4% J7 Xk B SR 48 Sk A T R
YR o 2520 o, A I 2% J5 - PG AT 52 50 i
P Y I AR — T 2R B0/ BUCH b iR B2 S /D BB AR A2
. 91 .
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FR10 EREEZAFIHEMRER/DNRBRKE B p-p38.p-INKH p-ERK EHRIEWHM (¥+s5,n=3)
Table 10 Effect of Jianpi Tongluo on p-p38,p-JNK and p-ERK protein of inflammatory feet in mice with chronic inflammatory pain (x+s,

n=3)
2 5 it /g kg p-p38 MAPK/GAPDH p-ERK/GAPDH p-INK/GAPDH
I 241 1.26£0.05% 6.78+0.27% 3.17+0.03%
A 3 2% 7 A5 k2 5 1.00£0.05% 2.42+0.06" 3.03+0.06
{3 2% 7 v ek 2 10 0.88+0.08" 2.00+0.06" 2.73+0.07"
(AL 2% 1y e 7 k4 20 0.790.06" 1.83£0.04% 2.47£0.08"
FE AT 0.03 0.85+0.16" 0.93+0.06" 2.69+0.10"

T B IR LA TR AR 8 1 Rk ik 3 1

P MAPK s QD D D D G 0 1:

PINK s S S S e e 40 kDa

n - -

p-ERK S S e e e 42 kDa
B - o

caror (D G- ;7 0.

A B C D E F
4 2HESIER /R B2 1 p-p38 MAPK . p-JNK 7l p-ERK &
B R Bk
Fig. 4 Electrophoresis of p-p38 MAPK, p-JNK and p-ERK
protein expression of inflammatory feet in mice with chronic

inflammatory pain

TR0 | 2 R S AR W R 30T N D A R R U B
P T LA 2t i i Fn A SR LA T i RN B9 (Ab
FERROE o R 3 % B0 1A% I I 45 20001 4
i N 3 2 7 A JE K /DN BRUEA A R ORI O T A 7
T A T 1A I PR S R B0 Bk 2 ok E A
7 JHL v MR L AR R R O T 2E R A

W 5% ¢ WK 38 & M AQPs KR T A Rl 26 1
2 i JE 1) 5 B K % iz, Horh AQP1 I AQP3 £
B T 2 ORI TR 4 A 403 5 RO A 1 A HLAE
ST 4 W I rp ) 2 3K Bl 4% RE R R N B O g
[F] B, AQP1 i /2 % 1 1 ¥4 MR J8% N 1Y) 2 2 4y
T 58U AT TNF-a 5528 46 2 E A 7, R
OB R U 1 T i R R AR R R S S A0 R
TKAR A 56, AR SCULER T 18 M R P /D BB A
T AQPs Y K ik K, 45 it /R AQP1 il AQP3 71 3K
R P BH P 2k T T R 4 M O 4% O 4% R i 4
2l Ji 5 700 A RO 1 A1 A MR D BB k2

.92 -

H AQP1 il AQP3 [ 2K 1 & £ , 2 7 filt JL 3 2% Jy /]
i I 7 2 46 T AQPT R AQP3 Y 75 i A 4% T i
FEE 1E -

B I 48 40 M K 7~ IL-18 . IL-6 Fll TNF-a 25 il i
TG A0 5 B R AE A 5, 51 R 4 RE BN AR
e BOR AT, COX2 4 i A6 A= U 4 B2 i A Ak
PGE,, /& 3 2 2 & A B0 7, 24 PGE, ik 88
I 2% B H R 26 R A 51 R IR () B 3 W] o 4 5
oA i JEK 7 28 o HL Al B0 DT B U A AT
HE— 20 L5 Ak 93 4 O T I R B R E 2R S
T 6 1 A 5 40 M DR 7 0 R RE A 5 ) kA O, AR
S WL EE T 18 Pk R P R /N BRI T R B R 2 Y
IL-183.1L-6 Fl TNF-a 1 PGE, [f) & &, B R £ 4 2 b
COX2 & & 1Y [A] B X} COX1 1k LW B, 5 1
P 24 JE K 5 A0 B AE FH AR AL, B2 7 LT i 2o 400 il A
J& 44 i [ F IL-18. IL-6 #l TNF-a 1 F # COX2/
PGE, & #5 11 i $5098 VB 1, 6] i R A7 COX1 41l i 5]
FEAEH]

MAPK 7] 8% 20 i K7 R 40 I 0 i Bt 2
S 2T R, MAPK K TR [
15 538 fif =2 8] 7 76 45 3 38 1 FUAH X 57 M L 5 S g
BT AL B MAPK DA 2 i 4 T 1% 326 1) 240 B A%, 38 in Af
o RAE L R 1 K GE R HE 2 R R E R 40 cOX 2.
PGE,.IL-18.1L-6 Fl TNF-a % i 73 W 2 o T Bk
— 25 WL B At 9L 388 4% 5 4100 ) 4 B DR R AR hE A BT
A BAE 2 & 545 MAPK A7 G, £ K 17 CFA
V5 148 1 28 VR /D BUBCR JE P p38 MAPK  p-JNK
M p-ERK H A IR Ko 45 0L iR | 4 i 9 2%
SRS, AT R O A A R o N BB R
JE 1 p-p38 MAPK, p-JNK Fl p-ERK fY & 1k /K °F | 12
71N Ak 1938 45 5 RT R 2o 98 45 MAPK K% & L %
EH o

At 938 265 J7 S i R 6 TR -1 55 48 R A ) B
9% figg 0 0 PO BHLUE 9 2 56 T, 5 2200 0 Ah BOHEIA
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