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Effects of Zingiberis Rhizoma Pharmacopuncture Injected at
GB30 and ST36 on Neuropathic Pain in Rats

Min Sub Hwang

Department of Acupuncture & Moxibustion, College of Korean Medicine, Dongguk University

Objectives : The objective of this study was to investigate the effects of Zingiberis Rhizoma Pharmacopuncture(ZP) at GB30 and
ST36 in neuropathic pain induced SD rats by the block of Transient Receptor Potential Vanilloid 1(TRPV1). Methods : Neuropathic
pain in rats was induced by tibial and common peroneal nerve transection of right leg. The rat subjects were divided into 6 groups
: normal(Nor, n=5), control(Con, n=5), neuropathic pain plus 2 mg/kg ZP injection at GB30 and ST36(ZP-A, n=5), 10 mg/kg
7ZP(ZP-B, n=5), 20 mg/kg ZP(ZP-C, n=5) and 0.45 mg/kg Tramadol(Tra, n=5). Three days after the surgery, injections were
administered once a day for 17 days. Withdrawal response of neuropathic rats’ legs were measured by stimulating the paw of Right
leg with von frey filament, acetone and radient heat on day 3, 7, 11, 15, 19 after surgery. After all treatments were completed, c-Fos
in the midbrain central gray and TRPV1 & TRPA1 of DRG(L5) were analyzed. Results : Groups ZP-B and ZP-C showed a meaningful
decrease in the withdrawal response of mechanical allodynia, thermal hyperalgesia and cold allodynia compared to the control
group(p<0.05, p<0.01, p<0.001). Groups ZP-B and ZP-C showed a meaningful decrease in the expression of c-fos and TRPV1
protein level compared to the control group(p<0.05, p<0.01, p<0.001). Conclusions : These results suggest that Zingiberis
Rhizoma Pharmacopuncture at GB30 and ST36 could decrease mechanical & cold allodynia and thermal hyperalgesia by block the
TRPV1 on the model of neuropathic pain.
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Effects of Zingiberis Rhizoma Pharmacopuncture

D) oA 2 A%of] AR 217 FEEA R AL R o R s
B FFOHE Yste] R Azl ARSIt

2) Al 9 77): 2 Allof] ARl A|9FO R Fetal bovine
Serum(FBS; Gibco, Maryland, USA), Dulbecco;s Modified
Eagle’s Medium(DMEM; Gibco, Massachusetts, USA), QIAfilter
Plasmid Midi Kit(Qiagen, Hilden, Germany), Penicillin-
streptomycin, Transfection reagent, Capsaicin, Capsazepine
Allyl isothiocyanate(AITC) and HC-030031(Thermo Fisher
Scientific, Massachusetts, USA), RIPA buffer and Bradford’'s
protein assay(Bio-Rad Laboratories, Philadelphia, USA), Tissue
protein lysis buffer(Thermo Fisher Scientific, Massachusetts,
USA), Protein assay dye reagent, Precision plus dual color
standards, Acrylamide/Bis solution 30% 29:1, Ammonium per-
sulfate, Temed, Tris/Glycine buffer, Tris/Glycine/SDS buffer,
Goat-anti-mouse, Goat-anti-rabbit and Clarity western ECL
substrate(Bio-Rad Laboratories, California, USA), anti-TRPV1
antibody and anti-TRPA1 antibody(Novus Biologicals, Colorado,
USA) anti- 8 -actin antibody(sigma aldrich, Missouri, USA),
anti-c-Fos antibody(Cell signaling Technology, Massachu-
setts, USA) Gold, Ado]| A8H 7|)7|2& F%7|(Daihan
saientific, Korea), 214417195 5=71(Eyela Co., Ltd, Japan), &
A7%7)shin Lab Co., Itd, Korea), Protein A7]9%54,
Transferd], ChemiDoc™MP imaging system (Bio-Rad Labo-
ratories, California, USA), Precise Tactile Sensory Evaluator
(Ugo basile, Varese, Italy) 5= ARSI

3) APEE: & Ao AR AdEES 6577 Sprague-
Dawley(SD)A| 72 Rat(170~190 gr& (F)FoEI(7E71%, o)
OrHE Flol 1329 2t SOl & FERE ARt AR
Sl AE7IREER AAREe] ATFARR(200 @9k B E(500
ml)S A3AH o, S 12417KDay light 08:00~20:00)
7|2, 23+2°C] AUEe} 50+10%2] 8 FAIsk] AEFE
B7HA] QAR AReRE AR B AT ES FERT
W 132 % Fieha F=AY &9 AolIACUC-2018-
04)°f w} Felsiict.
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2) TRPV1, TRPA1S] %8 3l °f&X2): Human embryonic
kidney(HEK) 293T cells(American Type Culture Collection,
Manassas, VA, o= TRPV1 L& ¢8fjA HEK293T Al ¥+
10% FBS®} 1% penicillin-streptomycin®] g2 DMEMS- 7]
iRyl o & Bje] 37°C, 5% CO, Al vl 15 oF8le] Hijeksisict.

kg X2l2 $I8to] HEK293T AZE 4.0%10°/well®] FEs
6-well cell culture plateo]] 5510 24A17F vljoFst & Bacterial
colonyollAl SZ8lIH TRPV1, TRPA1 complementary DNAS
lipofectamine 2000 transfection reagent(Invitrogen, T]=)2} Hj
Adsto] 4 ug/mle] FEE 24A17F EF aieFeilck

TRPVIE A2I8t Aol 275+252(0.1, 0.5 mg/mD¥} TRPV1
agonist®l capsaicin 10 £M& 782} Xefslal, TRPA1S A2t
Aol A7352E(0.1, 0.5 mg/mD¥} TRPA1 agoniste! AITC 10
uME ZFZE AEf3E & 24A17F F9F vioFAIHL

3) AFHEFA BF TEE@AR (spared nerve injury(SNI)
model): TFE isoflurane 2.5%F £, FAMEE] & 9= 1k
F20| uRE wEskal A7H%k % biceps femoris muscle Afo]9]
sciatic nerve ol tibial nerve®t common peroneal nerve 3
sural nerveZ 2013+ I microforcep & FHZA 9l gytog
HE EejAF) o]F sural nerve:= WAT, tibial nerve £F

common peroneal nerve:= 5.0 silk thread® 2%t & 71 ek
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A3t 273 FIBEKZP-B, n=5), 20 mg/kgs A3 A7eRIC
THZP-C, n=5), Tramadol 0.45 mg/kg& 5t Tramadol Al&
HTra, n=5), 22 L}=3ich

5) BUX § oBd A& $E(GB30)9] 82 hind limbellAl
femur®] greater trochanter?} superior anterior iliac spine AR°|
FArOE Folglon, Z412(ST36)2] HE2 &34 ol tibialis
anterior muscle¥} extensor digitorum longus muscle Afole]] &t
T Qo] 88k FRI= FHolith o Al insulin syringe
(31 GX8 mm, BD, USAYE ARgslo] AEBSA 55 7 39
FHE 1994714 wid 1314 - 17315 $=(GB30)2F <4t
(ST36)°ll 212+ 0.05 ml2] oS 5 mm Zo]= Akydste] AlB=]S)
=2

6) Von frey filament$} radiant heat 3 Acetone A1=0& &
dhel o]A% &3 7|44 o]A%(Mechanical allodynia)= Von
7z
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drawal response)}e 7%t F $=0190H, e ¥ 3UARH
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@D 71414 o] A% HAR= Von frey filament(Touch test 4.93,
north coast medical Inc, F=DE ol-§sto] o] E2|&31
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Fig. 1. Preparation of neuropathic
pain induced rats.
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7) Western blot analysis

(1) TRPV1 & TPPAl-transfected HEK 293T cells: 10&’5?—.:
o NIAZE =713)al RIPA bufferE ol-gsto] TS Halg
cha210] okS: Bradford’s protein assay S0 & é—xé’é}i 30
rg® whilzlS SPS-PAGE separation A1Z] ¥ nitrocellulose
membrane®] transferstitl. Membrane 5% skim milk in
Tris- buffered saline with 0.1% Tween 20(TBST)ol| 3AIZFg<t
blockinget & anti-TRPV1, anti-TRPA1, anti- 8-actin®]
incubation AlZ1 H 4°Cof|A overnight B--AIFTE TBST=E 33
AJASE 3 HRP-conjugated secondary antibody-8-Hof] ARe-oflA]
3AIZFEST incubation 8 & Chemi Doc o850 X-ray 24°%
AA il dice] WETE Folglyn) 7z Hics Image ]
program: 85107 densityS 4okl B -actind$ef| ofel vl
47 AXRlo] A3= Graph Pad Prisme 831 Histogram}
mean+SDE YER STt

(2) Dorsal Root GangliaORG): A8 = & = Ads=S
J"”*Vl_’ AlE FHEE) He347d8(dorsal root ganglia,
DRG):S A&sto] U229 g UAH 4H—‘§~§(trans1ent
receptor protein, TRP)S! TRPV1¥} TRPA12] W W3S g0
oF7] $Jofl Western blotting analysiss oF%ith.
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TE}71(ho-
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)

mogenazer)g ©-8-5to] 2AME FEeot 2 14,000 rpmOE 20
1 AEefslo] S AIRE ARSIGITE ThilEo) ok
Protein assay dye reagent 8005 24}l 3 30 ug THEidS
SDS-PAGE ®og H nitrocellulose  membrane®]|
transferdtich. Membrane 5% Skim milk 8912 o]-g-5lo] A1
2oA TARRE BISOHR3-& AASE] $12F blockings HAIBHL
AL, TRPV1¥} TRPATOY tiet 14 @AIE(TRPV, 1:500, Novus;
TRPAL, 1:500, Novus) Wil 4°CollA] sBzst ¥kAIFT o5
TBST buffer(Tris-buffered saline with 0.1% Tween 20, pH 7.5)
2 33] AJX3t 3 HRP-conjugated 24 3F4|(Goat-anti- mouse,
1:2000; Goat-anti-rabbit, 1:2000)2} A&of|A] 3AIZE HEGATA
t}. o}2 thA] TBST buffer® 33] HX2t 3 ChemiDoc™MP
imaging systeme& ol-gsto] HlE AHE s3It

(3) Brain(central gray matter): A% F5 & L= AdFES
SPIAZIAL MRS A% & B 5 o] AS AASH] flélo]
phosphate buffered saline& ol8ste] 13] AIH &
protein lysis buffers Wil tR7|E o] 8dto] 22S Fafjsto]
14,000 rpm o= 2087+ YAlEE]slo] ARSI A8 & ARSI
o}, Thlg o] kS Z4stl, ¥ 20 1g A SDS-PAGE
o3 EE$t & nitrocellulose membrane®]  transferdt
Membranes 5% Skim milk -89 ol-g3lo] Ao 147 H]
A7) 913t blockingS AASIRAL, 14} HIE
(C FOS, 1:500, Cell signaling) @1 4°CollA] s}524F BES-AIZTh
o]& TBST buffer(Tris-buffered saline with 0.1% Tween 20,
pH 7.5)= 33] Al4det & HRP-conjugated 24} 34| (Goat-anti-
mouse, 1:2000; Goat-anti-rabbit, 1:2000)2} Ao 3A17F 1t
SAZiL) o2 thA] TBST buffer® 33] 143t 2 ChemiDoc™
MP imaging system ©l-8sto] HiE {55 IS

Z} Y=+ Image ] program(NIH, USA)=- o|-85}¢] densityS
Z7st0] B -actin ‘WAl et A vleE Aklsie] 33 HEE
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ot FFH  mean+SD)E WERHSLoH, SAISH] o)
GraphPad Prism 5.0 432 7130(GraphPad Software, CA,
USA)XS- o]8310] two-way ANOVA(Bonferroni post hoc multiple
comparison test) and one-way ANOVA(Tukey's test)E o83}
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Qkokct. olof| Hslo] TRPVI agonist$] Capsaicin(10 « M)y X2
oF AlZollA= fomfet i Asa HEHSITKEg. 2).

(2) TRPATS TEAIZ] HEK 293T cello]l ZREO.1 mg/ml),
ZRE0.5 mg/mD), AITC(10 ~M)& 247t Xejgt 3 244171 vlek
Foll Western blot F¢l W FE 23T 23t TRPAL thx
=l vlgl ZREO.1 mg/mDat ZREO.5 mg/mle H2]eh AlEofA]

U S epglou SAFSR fomfdt 52 o itk
olo]] ¥Fs}o] TRPAL agonist®] AITC(10 M) X2]gt All3zof|A]
frejulet Ul S UehiSlckFig. 3).

ZRE0.5 mg/ml), Capsaicin(10 «M)& 27} XHe]st & 24A17F
Hi el Western blot ¢l ¥ H=E w3 A3t TRPVL
thztoll BJeh ZREO.1 mg/mD¥t ZREQ.5 mg/mlyE Aot Al
oA frofulgt WE oIS vehfiglon, sl Aol HEREA|

1
-

1.0-
z 0.8-
=
g 0s-
2
T 0.4-
Con  ZRE(0.1) ZRE(0.5) Cap g . -
TRPVI === - - - — F oo —
B-actin - . O S 0.0- ; ;
Con ZRE(0.1) ZRE(0.5) Cap

Fig. 2. Effects of Zingiberis Rhizoma Extract on the expressoin of TRPV1 levels in TRPV1-transfected HEK 293T cells.
TRPV1-transfected HEK 293T cells were treated with ZRE(0.1 mg/ml), ZRE(0.1 mg/ml) and Capsaicin(10 «M) for 24 h, and Western
blots were performed. Con : TRPV1 expressing HEK239T cells, ZRE(0.1) : Zingiberis Rhizoma Extract(0.1 mg/ml), ZRE(0.5) : Zingiberis
Rhizoma Extract(0.5 mg/ml), Cap : Capsaicin(10 «M). *p<0.05, **p<0.01 compared with control group(one-way ANOVA with Tukey’s
multiple comparison test).

1.5+
&
o 1.04
<
s 1 |
Con ZRE(0.1) ZRE(0.5) AITC < 05-
TRPA1 _— e e P E
B-actin - - - - 0.0- T r
Con  ZRE(0.1) ZRE(0.5) AITC

Fig. 3. Effects of Zingiberis Rhizoma Extract on the expressoin of TRPA1 levels in TRPA1-transfected HEK 293T cells.
TRPA1-transfected HEK 293T cells were treated with with ZRE(0.1 mg/ml), ZRE(0.1 mg/ml) and AITC(10 ~M) for 24 h, and Western
blots were performed. Con : TRPA1 expressing HEK239T cells, ZRE(0.1) : Zingiberis Rhizoma Extract(0.1 mg/ml), ZRE(0.5) : Zingiberis
Rhizoma Extract(0.5 mg/ml), AITC : AITC(10 «M). *p<0.05 compared with control group(one-way ANOVA with Tukey's multiple
comparison test).

www.kjacupuncture.org




KOREAN JOURNAL OF

ACUPUNCTURE

2. Von frey filament A=30f| 2|5t Mechanical allo-
dynia0j| 0|z|= &3}

TGRS EATIST30)0l Al 7173eFdo] tibial &
common peroneal nerve2] WS A Ast] AHHSA 55
5 G ¥F9] Von frey filament AFC & G4kl 71412 o] 2
ol vX= GRS vl PR A3}, Rk RS
w, Tramadolt B /<ol B[sf Julgks X7} fLjulstA|
ol Aog yepith

ARt} tixtate] HlwollA= ZP-Buke 794 21,60+
6.02, 11¢4 21.60£6.02% 3Jujikg- Hx|o] [ofufdt Fog B
AL, ZP-Ca-2 1194] 39.6+18.62, 15U4] 29.20+18.9, 19
A 30.6£17.112 FoulsiAl F7Istsict. webA, 71414 o4
S A7l Ails Al ZP-ATtolAs LERA] gigkom,
AR ol o F AkE Uehis 43RS B30tk Trama-
dolite 1594 19.40+9.84. 1997 20974 28.8+19.4% th=x

e H

o
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3. Radiant heat A}=0]| 2|5t Thermal hyperalgesiadi|

0|z|= &3t

7geRle] AV F5= et 9519 radiant heat A}
=l ofet Sjujdkg- A AR o] wiXe ks Eet Ax) i
T2 3974 5.08+0.95, 1194 6.02+0.84, 1544 5.60+0.63,
1994 6.19£0.772 Ueidjo] /el vle SJafykg- AR
of Fofm[stA HAasigith. ol Hlgle] ZP-Av-S 1194 8.52+
1.180& o oF Ho| fopufet A|AARE S7K5 Bl ZP-Bue
1594 8.11+0.76, 1994 9.13+1.56&, ZP-C-2 1194
8.82+0.49, 15¥#) 9.12+0.58, 19%4] 9.92+0.78°= ]ujut
& A¢rKto] izl Blsl fejufdt o s F7kslo] A 2t
IRIRES-S] 7MW ATE ER1e 4= Qlglom, o] Jafk A] §9]
ZE2(dose-dependent) 3] o= & 4= Uk Tramadol
2 1594 8.13+2.89, 1994 8.89+1.07% thzwto] HIg] <]
uJ$t Z715 Bk Table 2).

o] vl gelulsi] S7ksc Table 1)

Table 1. Effects of zingiberis rhizoma pharmacopuncture on the withdrawal threshold to mechanical allodynia on the neuropathic pain
in rats

Days group 0 3 7 11 15 19
Nor 60.00+0.00 53.2+15.21 46.4+18.62 53.2+15.21 53.2+15.21 53.2+15.21
Con 60.00+0.00 1.4+0.55" 2.96+1 42" 3.48+1.16" 0.84+0.36"" 44167
ZP-A 60.00+0.00 6.88+5 53" 15.4+7.09% 11.20+3.83 5.60+3.29% 18.2+23.84"
ZP-B 60.00+0.00 7.00+4. 58" 21,60+6,02%#" 21.60+6.02% 7.80+4.49""  1380+7.29"
ZP-C 60.00+0.00 9.60+5.13" 12.20+3.83" 21.6+6.02"% 20.20+8.32%#" 23.8+4.92""
Tra 60.00+0.00 1.32+0.58" 14.0+25.76" 9.60%9.53" 19.40+9.84"#" 28.8+19 4w
Nor : no treatment without spared nerve injury(SNI), Con : no treatment with SNI, Tra : SNI and Tramadol 0.45 mg/kg at GB30 &

ST36, ZP-A : SNI and Zingiberis Rhizoma pharmacopuncture 2 mg/kg at GB30 & ST36, ZP-B : SNI and Zingiberis Rhizoma
pharmacopuncture 10 mg/kg at GB30 & ST36, ZP-C : SNI and Zingiberis Rhizoma pharmacopuncture 20 mg/kg at GB30 & ST36.
Values are expressed mean=SE. " p<0.001 compared with normal group. *p<0.05, **p<0.001 compared with control group(two-way
ANOVA with Bonferroni post hoc multiple comparison test).

Table 2. Effects of zingiberis rhizoma pharmacopuncture on the withdrawal latency to thermal hyperalgesia at all groups in neuropathic
pain induced rats

Days group 0 3 7 11 15 19
Normal 8.15+1.83 10.74+2.43 8.10+1.41 12.34+1.36 10780+1.79 10.92+0.42
Control 9.36+2.48 5.08+0.95" 6.23+1.01 6.02+0.84" 5.60+0.63" 6.19+0.77"
ZP-A 9.11+1.13 6.14+1.50" 8.60+0.66 8.52+1.18"#" 7.94%1.40" 8.16+1.42"
ZP-B 10.24+1.84 7.03+1.52% 7.8%0.53 7.93+1.46"" 8.11+0.76"* 9.13+1.56%*
ZP-C 10.42+2.13 7.10+1.53% 7.82+1.34 8.82+0.49"* 9.12+0.58** 9.92+0.78%*
Tra 8.55+0.80 4.28+1 27" 8.63+2,18 7.79+1.63" 8.13+2.89%* 8.89+1.07*

Nor : no treatment without spared nerve injury(SNI), Con : no treatment with SNI, Tra : SNI and Tramadol 0.45 mg/kg at GB30 &
ST36, ZP-A : SNI and Zingiberis Rhizoma pharmacopuncture 2 mg/kg at GB30 & ST36, GP-B : SNI and Zingiberis Rhizoma
pharmacopuncture 10 mg/kg at GB30 & ST36, GP-C : SNI and Zingiberis Rhizoma pharmacopuncture 20 mg/kg at GB30 & ST36.
Values are expressed mean+SE. *p<0.05, **p<0.001 compared with normal group. *p<0.05, **p<0.01, **p<0.001 compared with
control group(two-way ANOVA with Bonferroni post hoc multiple comparison test).
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Table 3. Effects of zingiberis rhizoma pharmacopuncture on the withdrawal duration to cold allodynia at all groups in neuropathic
pain induced rats

Days group 0 3 7 11 15 19
Nor 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Con 0.00+0.00 1.00+1.31 5.27+4.73 16.93+7.30 18.47+7.19% 23.73+8.21%
ZP-A 0.00+0.00 8.60+8.27 9.60+9.76 7.53+2.23 11.47+7.57" 10.07£7.53*
ZP-B 0.00+0.00 8.40+3.61 10.93+4.94" 7.27+3.77 10.40+6.05 9.60+12.77%*
ZP-C 0.00+0.00 3.93+4.68 2.60+4.21 9.80+11.15 10.40+10.81 8.60+6.63*
Tra 0.00+0.00 1.93+2.05 6.27+4.43 12.13+12.02" 11.87+10.64" 17.33+11.09"

Nor : no treatment without spared nerve injury(SNI), Con : no treatment with SNI, Tra : SNI and Tramadol 0.45 mg/kg at GB30 &
ST36, ZP-A : SNI and Zingiberis Rhizoma pharmacopuncture 2 mg/kg at GB30 & ST36, GP-B : SNI and Zingiberis Rhizoma
pharmacopuncture 10 mg/kg at GB30 & ST36, GP-C : SNI and Zingiberis Rhizoma pharmacopuncture 20 mg/kg at GB30 & ST36.
Values are expressed mean+SE. *p<0.05, **p<0.001 compared with normal group. **p<0.01 compared with control group(two-way
ANOVA with Bonferroni post hoc multiple comparison test).

1.5-
- #
F 1.0-
< T *
% —
iy iy
2 0.5 -
[] A d
o
c-FOS — D e S —
B-actin " e T S - 0.0 T T T T i—
Nor Con ZP.A ZPr.B ZP.C Tra

Fig. 4. Effects of Zingiberis Rhizoma pharmacopuncture on the activity of c—fos protein in the central gray of brain on the neuropathic
pain induced by spared nerve injury in rats.

Nor : no treatment without spared nerve injury(SNI), Con : no treatment with SNI, Tra : SNI and Tramadol 0.45 mg/kg at GB30 &
ST36. ZP-A : SNI and Zingiberis Rhizoma pharmacopuncture 2 mg/kg at GB30 & ST36, ZP-B : SNI and Zingiberis Rhizoma
pharmacopuncture 10 mg/kg at GB30 & ST36, ZP-C : SNI and Zingiberis Rhizoma pharmacopuncture 20 mg/kg at GB30 & ST36. *p<0.05
compared with normal group. *p<0.05, ***p<0.001 compared with control group(one-way ANOVA with Tukey’s multiple comparison
test).
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Effects of Zingiberis Rhizoma Pharmacopuncture
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Fig. 5. Western blotting analysis of TRPV1 and TRPA1 levels in ipsilateral L5 DRG in nor, con, ZP-A, ZP-B, ZP-C and Tra groups.

Nor : no treatment without spared nerve injury(SNI), Con :
ST36, ZP-A :

no treatment with SNI, Tra :
SNI and Zingiberis Rhizoma pharmacopuncture 2 mg/kg at GB30 & ST36, ZP-B :

SNI and Tramadol 0.45 mg/kg at GB30 &
SNI and Zingiberis Rhizoma

Eharmacopuncture 10 mg/kg at GB30 & ST36, ZP-C : SNI and Zingiberis Rhizoma pharmacopuncture 20 mg/kg at GB30 & ST36.
*p<0.01, ###p<0 001 compared with normal group. *p<0.01, **p<0.001 compared with control group(one-way ANOVA with Tukey’s

multiple comparison test).
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