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Intervention Effect of Ruyi Zhenbao Pills on Mice with Central Pain After Thalamic Stroke
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[ Abstract] Objective: To observe the intervention effect of Ruyi Zhenbao pills (RYZBP) on central
pain after thalamic stroke in mice and explore the underlying mechanism. Method: The central post-stroke pain
syndrome (CPSP) model was induced by stereotactic injection of type IV collagenase into the hypothalamus in
mice. The mice were divided into a sham group, a model group, low-, medium-, and high-dose RYZBP groups
(0.65, 1.3, 2.6 g-kg'), and a pregabalin group (0.075 g-kg"). Seven days after modeling, the mice in the

groups with drug intervention were administered with corresponding drugs by gavage according to the body
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mass, once per day for 25 days, while those in the sham group and the model group received an equal volume of
normal saline. During this period, mechanical pain and cold pain were detected at different time points, and the
apoptotic state of brain tissue cells was detected by in situ terminal deoxynucleotidyl transferase-mediated dUTP
nick end-labeling (TUNEL). The 36 classical broad-spectrum inflammatory factors were quantitatively analyzed
by liquid-phase chip technology, and differential molecules were screened out and verified by Western blot and
enzyme-linked immunosorbent assay (ELISA). Result: Compared with sham operation group, mechanical pain
threshold and cold sensitive pain threshold in model group were significantly changed (P<0.01). TUNEL results
showed that apoptosis of brain cells was obvious. Western blot and ELISA results showed that the expressions of
interleukin-la (IL-la) and chemokine ligand 5 (CCL5) increased in hypothalamus tissue and serum, while the
expressions of Ang-2, granulocyte-colony-stimulating factor (G-CSF) and IL-4 decreased significantly (P<0.01).
Compared with model group, RYZBW dose groups significantly increased mechanical pain threshold, decreased
cold sensitivity pain threshold, decreased hypothalamus cell apoptosis ratio (P<0.01), decreased the expression
of IL-1a and CCLS5 in hypothalamus tissue and serum, while the expression of ANG-2, G-CSF and IL-4 were
significantly increased (P<0.05). Conclusion: RYZBP can relieve hyperalgesia in CPSP mice, and its

mechanism is related to the regulation of the expression of pro-/anti-inflammatory factors IL-1ae, CCL5, IL-4,

G-CSF, and Ang-2.
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%1 RYZBW3Xf CPSP/NRHMBEHERNRIE (x£5,n=10)
Table 1

R E b RYZBW R ESS 22 h
Jei B AR RO B BH S, 2 SRR SR [ 29 O 4 by e
SE B B ML 1 (ARG TN RS ] e PR YA 2
JT 2 h, 45 9 B R L RYZBW 4% #) & 2 Hr 41 45 24
25 d Al 4 F5 AH LY BUR AR 5 1 PGB A T HL AR
M ER R AR TSI EE L, LR
M2,

Effect of RYZBW on mechanical pain threshold in CPSP mice (x+s,n=10)

i %Ulﬂi,l 0h lh 2h 3h 4h 5h 24 h
/mg-kg
BT AR4H 1.054+0.272  1.067+0.297 1.05440.272  1.054+£0.272  1.100+£0.242  1.054+0.272  1.100+0.242
LA 41 0.040+0.011"  0.050+0.008"  0.044+0.005"  0.047+0.010" 0.047+0.020" 0.040+0.011"  0.040+0.011"
RYZBW {7 & 41 65  0.037+0.012  0.102+0.078  0.333+0.112> 0.191£0.071  0.085+0.043  0.037+0.012  0.037+0.012
RYZBW 5] 4 41 130 0.041£0.010  0.097+0.072  0.916+0.443> 0.243£0.122  0.093£0.029  0.041£0.010  0.041+0.011
RYZBW & Hl44] 260  0.041+0.012  0.103+0.074 1.036£0.464  0.279+0.160  0.095+0.055  0.041+0.012  0.044+0.014
PGB 41 75 0.039+0.021  0.182+0.068  0.714+0.078%  0.347+0.170° 0.049+0.024  0.039+0.021  0.047+0.048
125 Sham 41 1L 45 V' P<0.01; 5 Model 41 Fe 4% 2 P<0.05,%P<0.01( 3 2-% 7[d])
%2 RYZBW3Xf CPSP/MR L EBER RN (x+s,7=10)
Table 2 Effect of RYZBW on mechanical pain threshold in CPSP mice (X+s,n=10)
2 5] it /mg- kg 5d 7d 9d 11d 13d 15d
BF A4l 1.054+£0.272 1.100+£0.242 1.145+0.358 1.100+0.242 1.070+£0.297 1.070+£0.297
TR 4] 0.039+0.012"  0.036+0.019”  0.036+0.011"”  0.043+0.019"  0.039+0.012"  0.040+0.012"
RYZBW {If 5] & 41 65 0.306=0.100”  0.341+0.144%  0.295+0.165%  0.295+0.165*  0.321£0.057°  0.403+0.104%
RYZBW Hi7il it 21 130 0.756£0.099  0.809+0.109"  0.768+0.145%  0.771+0.129")  0.792+0.057"  0.738+0.052%
RYZBW f 7l 4t 21 260 0.957£0.126”  0.980+0.266"  0.892+0.164"  0.924+0.118% 0.915£0.101"  0.907+0.211%
PGB 4 75 0.259+0.125  0.301+0.111 0.156+0.154 0.164+0.070 0.154+0.077 0.141+0.068
2 51 Fl it /mg- k! 17d 19d 21d 23d 25d
B F AR 4L 1.090+0.274 1.095+0.381 1.031+0.262 0.999+0.288 1.057+0.280
TR 4] 0.050+0.023"  0.041+0.011"  0.045+0.016"  0.043+0.019"  0.047+0.021"
RYZBW {7 ft 21 65 0.402+0.095”  0.420+£0.101>  0.457+0.094  0.420+0.101>’  0.407+0.119%
RYZBW 5] 1 2] 130 0.798+0.145  0.776+0.155>  0.808+0.261 0.829+0.119" 0.771+0.126%
RYZBW & 7| 4 260 0.882+0.227"  0.917+0.338"  0.970+0.313¥ 0.931+0.480> 0.961+0.485>
PGB 41 75 0.110+£0.030  0.177+0.143 0.133+0.075 0.128+0.079 0.127+0.089

3.2 %F FE i Il CPSP /)N BV SO B A 52 e T
IV i 5 75 /N L CPSP AR R %X RY ZBW 4% 7
WA 0.1.2.3.24 h Z w0 /N RUA 5 R %
B B EA L, LRERER, 5SBRFARAALE,
Y 21 Ve SO0 B (B Y 2 T i (P<<0.01) , 48 7S G D il
P T B i T Sl s BV BUR RN, RYZBW
YEF G 7T LA RS AR CPSP A5 A4 /)N R ¥4 S0 99 i (P<
0.05,P<0.01), H 2 7l 4k, i, RYZBW i 5l

HATE LS 24 1 b 00 B RN e W), 24 AR AL
(] 2954 3 hy Jm 22 H v B0 1 RG: 00 B[R] 50 28 5 7
HEHEAZEM 1 h, 45 R B8, RYZBW 45 7] 2 5 42
252} 24 d BE 2 35 AH 0L AY BEU RO s PGB X I 46 S
1ot PRI /0N B ¥ B0 1 LR AR I 55 T RYZBW X
Ry, WER3FEK 4,

3.3 % E i i CPSP /)y BRUAN 28 20 4 B 0 1 Y 5
M SRR R AR/ B ik 4 240
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% 3 RYZBW X CPSP/NRABEEEN M (X+s5,n=10)
Table 3 Effect of RYZBW on cold sensitivity and pain threshold of CPSP mice (x+s5,7=10)
i ﬁl@,l 0h 1h 2h 3h 24 h
/mg-kg

BT AR 1.111£0.172 1.056+0.136 1.093+0.148 1.111£0.172 1.111+0.172
TR 4] 2.833+0.192" 2.917£0.167" 2.86120.167" 2.833+0.192" 2.833+0.192"
RYZBW i3] s 41 65 2.889+0.172% 2.111£0.272% 2.630+0.135’ 2.889+0.172% 2.889+0.172%
RYZBW w54 £ 130 2.778+0.272% 1.944+0.390> 2.500+0.251% 2.778+0.272% 2.778+0.272%
RYZBW &7l 4 260 2.778+0.272% 1.556+0.344> 2.370+0.269° 2.778+0.272Y 2.733+0.279”
PGB 41 75 2.778+0.272% 1.944+0.390% 2.500+0.251% 2.778+0.272% 2.778+0.272%

& 4 RYZBW I CPSP/NRA B M EKF I (f+5,n=10)
Table 4 Effect of RYZBW on cold sensitivity and pain threshold of CPSP mice (x+s5,n=10)

24 5 Fl i /mg- kg 8d 10d 12d 14d
BF A4 1.056£0.136 0.889+0.172 0.889+0.172 0.889+0.172 0.889+0.172
IR 2 2.917+0.167" 3.000+0.000" 3.000+0.000" 3.000+0.000" 2.917+0.167"
RYZBW {i& 71 & 41 65 2.444+0.272% 2.500+0.183% 2.444+0.272% 2.167+0.408% 1.944+0.743%
RYZBW H 5l & 41 130 1.778+0.344> 1.667+0.365% 1.667+0.365> 1.722+0.328% 1.778+0.502%
RYZBW &5 7l & 41 260 1.533+0.380> 1.467+0.183% 1.533+0.183> 1.333+0.333% 1.267+0.149%
PGB 4 75 2.333+0.516% 2.167+0.408% 1.944+0.647% 2.056+0.534% 2.278+0.712%

2151 F 4 /mg - kg 18d 20d 22d 24d
BF A4l 0.833+0.183 0.722+0.251 0.722+0.251 0.722+0.328 0.733+0.365
H IR 2] 3.000+0.000" 2.833+0.192" 2.917+0.167" 3.000+0.000" 3.000+0.000"
RYZBW {i§ I & 41 65 2.222+0.502% 2.111+0.404% 2.000+0.596% 2.000+0.596% 2.056+0.574%
RYZBW Hr 5l 2 41 130 1.833+0.460> 1.833+0.548" 1.944+0.574> 1.778+0.656> 1.778+0.656%
RYZBW & 7l & 41 260 1.200+0.606° 1.133+0.558" 1.267+0.149> 1.133+0.183 1.200+0.183%
PGB 4 75 2.056+0.647% 2.222+0.502% 2.333+0.422% 2.278+0.443% 2.333+0.422%

JL YA T 2 (P<0.01) , $2 7% IV Y i Jiet 1l 475 /0N B Wil
A v A g BT GV SR L A A0 B T 5 R A 2
b4, RYZBW 45 45 24 21 ] BH S e 1K i 4 Ji 9 1~ 149
FEJZ (P<0.05,P<0.01) , H 5 5 &= K8 ¥ , PGB 28 Xt
o AV M 200 ML 9 T 9 VR 5 RYZBW o 5 S 4 AR Ok
WLFSHE L,

5 RYZBW X CPSP/MNE N4 A T R0 (X+5,7=10)

Table 5 Effect of RYZBW on apoptosis of brain cells in CPSP

mice (x+s5,n=10)

25 Fl i /mg- kg A JL I T /%
BF A4l 0.456+0.220
(R 4.283+0.721"
RYZBW fif 5l & 41 65 2.789+0.821%
RYZBW Hi it 4] 130 1.517+0.414%
RYZBW 5l & 41 260 1.008+0.198
PGB 75 1.496+0.565>

.86.

3.4 X F O CPSP /I BRARGE I sE ] R
Luminex ¥ A% 3% 05 i £ AR X CPSP /) BT B figi 4
LRy 36 Fh 2 L35 S 0E AH OC IR AT 8 B4 A,
ok 2 ) e #g, & PR IL-1a  IL-4 .CCL5 . Ang-2 .G-CSF
FSMRIENFHRHAEW R 2R P RA
ELISA 1f Western blot 3&iF .

ELISAZS R R, ST ARA R, BAAT i
i T I3 Ff TL-4 i 3 R AR (P<0.01) 5 ST 24 [
BL,RYZBW #5245 25 41T Frfigi A i i 1L-4 35 it W
5 TR (P<0.05,P<0.01) , PGB 41 IfiL 35 71 IL-4 55 &
FTHE (P<0.01) 1% F M H B E I W . S5
FAR YL e, RV ()T B Jil Al 7 G-CSF Y 3%
ik FE AR (P<0.01) s S BIA L] L # , RYZBW &
5 2 N oI A I 3 b G-CSF 10 26 3k &2 1 5 7
(P<0.05) ,RYZBW {I§ . 7 51| & 25 Fl PGB 41 IfiL i A1 F
Fefisith G-CSF 1Y & i 22 5 LG 12 2 L, R4/
LT i R I3 TP Y T - 1o 2 B R TR 2 3
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Merge

A B C D E
AR T AL BAHZ ; CRYZBW 0.65 g-kg' 4 ;D.RYZBW 1.3 g-kg"' 41 ;E.RYZBW 2.6 g-kg' 40 ; F.PGB 0.075 g- kg™ 41( I’El 2[d)
Bl 1 TUNELZ X EITMH RYZBW Xt CPSP /MR BN 40 BA T M M8 (TUNEL, x40)
Fig. 1 TUNEL fluorescent staining to evaluate effect of RYZBW on brain cell apoptosis in CPSP mice (TUNEL, x40)

Tt (P<0.01) , RYZBW & 7 & 41 1fi 3% A1 R Fe i IL-la 1 & f B AR R 4 B 2 IR (P<0.01) . L3R 6.
%6 RYZBW 3t CPSP/NR T ER&AN N5 A IL-1a.IL-4 71 G-CSF E A K FER M (x+s5,n=10)
Table 6 Effect of RYZBW on protein levels of IL-1a,IL-4 and G-CSF in hypothalamus and serum of CPSP mice (x+s,n=10) ng-L"
- 4t IL-4 IL-1a G-CSF
/mg-kg’ T A 1 7% T i 1L 7% T i L
B F A4 89.34+1.62 85.51+0.50 21.34+3.89 23.84+4.00 601.29+80.57 589.27+40.16
H 10 2 63.26+2.79" 33.49+9.49" 36.12£0.04"”  37.17+0.66"  386.96+5.08" 376.30+51.93"
RYZBW {I§ 51| 1 2 65 80.53+0.53% 76.63+0.58 37.82+2.63 35.43+3.97 375.93+19.99 361.92+43.38
RYZBW H 5| 2] 130 77.51+7.53% 83.83+14.41% 36.70+1.57 35.03+3.42 371.72+2.14 377.75+8.34
RYZBW & 7 & 41 260 87.11+18.91% 86.53+12.31  27.98+2.53"  25.88+0.20  418.70+16.23”  473.12+31.23%
PGB 75 61.40+11.55 72.39+11.979 37.19+7.53 37.62+0.40 358.49+24.51 373.89+63.99

S5BFARA BRI A I 2P Ang-2 (3R i8
i E TR (P<0.01) s SRR L #R ,RYZBW 45 44
2541 Ang-2 (R IK 5 B EFFEIN(P<0.01) . S5HFA
4 b g, BRI YL AN 41 41 b CCLS By Rk & W 35 T

o -
-
GAPDH ..- - - . 36 kDa

(P<0.01) ; SHIRIZ L3, RYZBW 45 45 25 41 2 PGB CCLS repp—— 10 kDa

41 COLS ik it i SR (P<0.01). W2 %7, - S——

4 .L-{I- -I«/l’: GAPDH m-.- 36 kDa
Fr il VPL S7 AR SE A7 13 55 IV AL D i 2 57 1 A 2 B @ © B

W JE CPST LAY, HLAG il 7 7 5 Pedl  H & MRy,
HL5 & i B A Ak R0 P A B A 0L A 4
B ARSZIS A A28 /N B T X — AR R

2 CPSP/INRBAELA ] Ang-2 1 CCLS BB RIEB K
Fig.2 Electrophoresis of Ang-2 and CCLS in brain of CPSP mice

#57/ BLCPSP A A iy LR b, B SR B IR

A I AL A 0 R o B A /1N B CPSP A R
ik, 45 2R A R AR 7~32 d AR T /)N BROBL AR S B A E R
/N BT T i T A RO B R I 4R R D
VPL Hi I , 7T 51 A Ao o 280 B AR o A

RYZBW 1 L4711, LA PGB 2y BHAE X R, K

St i 00 3 ASC L AT TR SR SR AN ] ] A8 BT R R

R RNV 3 S I VE 43, PEH RYZBW 1) #8095 1 H 4

w45 SRR ,RYZBW 0.65~2.6 g-kg " i I7 )5 fiE 7
. 87 .
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&7 RYZBW Xf CPSP/NR G AL H Ang-2#1 CCLS ERARIEM
B (¥+s,n=3)
Table 7 Effect of RYZBW on Ang-2 and CCLS in brain of CPSP

mice (X+s5,n=3)

21 5 #4/mg-kg' Ang-2/GAPDH CCL5/GAPDH
e N 1.056£0.017  0.773+0.022
R 4] 0.604+0.007"  1.069+0.004"
RYZBW {IL 5 &t 41 65 0.791£0.017"  0.829+0.012%
RYZBW i 441 130 0.988+0.009%"  0.870+0.021%
RYZBW &7 4 41 260 1.09240.016”  0.785+0.019%
PGB 1 75 1.248+0.023%)  0.880+0.007%

K P ) CPSP /N LAY ML A R D RO O
Xof AL IR 114 F5e A LR B 18] A 45 24 05 2 h, SRR AR AT
DARFEE B 25 25 4 h, % YRI5 & 98 09 B RS0 B 1) oy
GAJE L h, B AE T LLRF LB 4525 3 h, H
RYZBW 0.65 g-kg" 4 1E H L T FH % 25 PGB, #& /R
RYZBW XJ [t igi 1 1fiL J5 CPSP HLA B 4 iy #2008 1 7
WAL Z R L 45 25 24 d 5 I R 2 4% 55 25050 12 1) PGB X
CPSP /N BRUHL A JC BA S 5% i, HL 6 79 i 375 % 9 1)
B VR AN AT 5 RYZBW G 7 & 28 AH 3T, 48 R
RYZBW 7 % fift CPSP J7 ifii tt PGB B H 245 % 3¢,
M HL 2 B 25 W) ] e A8 A — R BRI BL . 25
WL £ B RY ZBW X A T 175 9 1) e AR A0 03 ) A8
LT O R |, 11 BRI 4 22 B 1) 48 T AL AR X — 4
AR ST B S AR ML A R IR IR R .
— 24 R H TUNEL & 7% W 4% T CPSP/NERLF
o F 33 S S A7 1 A B R T A L 2 R R IV AL
Ji 35 0T 2 A0S B e 3 S S A 1 4 g
T ,2 RYZBW 0.65~2.6 g-kg ¥4 7 5 fE 7 & 4K i b
B X —EH .

H i, 3¢ T CPSP (& Jm HL i A Ak ol 25
il A A 2 A A AR L T P R R R BT 5 R 1 K
AR AE P VR A 22 . 48 AE Y 1 R
PF 2 P 2 B R R YA T R ) R R L R
T T RYZBW J& 75 3l i Bt &2 & %R 97 CPSP (1E
A, 2 & A Luminex A& 7 5 HEARKEW T
CPSP/NEL R Fefii v 36 Fh R 4 I+ (I R IBIE L . 45
B R ,RYZBW BEVH T CPSP /ML T EE i P IL-1a
CCL5.IL-4 .G-CSF . Ang-2 (5% Fik MR T
RYZBW #] LLid i 22 #8 53 22 fi CPSP /N BT i ¢
JiE o L HTTL- Lo 2 1 20 95 B 5 0 b 28 AR i v 8
A 4% 4 M TR, BB A8 2 10 A0 B R AR T AR AE
7, 3 BE A% T BRL A I Ik 200 6 45 4 0 4 L PR A 4
TNF-a IL-1.1L-6 %" b A F CCLS #4a1k T 4i

. 88 .

JH0 | PR P A A L R I P R 4 B, O E 4 I )
R AL BE AR R B B AE T, L A2 R
CCRS K AHEAE T, 5 6 S5 40 M 305 Ak Fn i 22 40 Jifd 1) 52
TR RN AE A A2 I 5 P 28 B vh & 1 AR
FH o TL-4 BP0 7, 76 b 20 B O 1 & 45 3
Frp R AEAE IS G-CSF 32 A T vh Mok 41 i
Z 0l e R4, I8 VEGF, 52 & 5E 7 B
A ) B AE R R i i K e 55 0 v & HE AR A
PEFIY . Ang-2 S 42 i 45 A W PR 7, o] 9 4 il 3 5
RS AR I PR HE M i A BE R Y A D B R
Y, 7E CPSP W U AT A 5 1 45 AR % U AH o
W, AR 5256 R A ELISA FT Western blot X Ifil 1& #1
(80 F Fe i o b3 480 134T 1 Sk i 5T, 45
7R RYZBW A48 3 i ifi 35 F1/5% F Frfigi o IL- 1o Al
CCL5 i & &, A I 42 25 IL-4 1 G-CSF Ml Ang2 1) %
ik K, T PH A% 25 PGB X IL-1a Al G-CSF 7t B g 5%
M, #2758 RYZBW B AT RAF Pt RAEH , Hix —1EH
A BE & H 2% it CPSP Y Gk

g5 b ARSI T UGE ik IV R i R ST AR 7
S5 3 57 Fr i i S CPSP AR AL/INEL, UERH T RYZBW
X CPSP /)N B 0t 4o 40 4 22 e 1 P D Lo A i T — 4%
16 TT 2055 BEAE K9 25 PGB 10 25 R4 3 s itk — 2,
3 L) ARE P Y B A RIS IE , & B RYZBW
# CPSP ML 5 8 95 2 R /AT R K+ IL-1a .CCLS5 .
IL-4 . G-CSF Fll Ang-2 M R iE A K. AR 4R
i Ja SRR B 43T AL 58 48 AL S % LA A A
F RYZBW Ilj &R} 24 P9 WA 14 48 7%, S I DR B 3 o e
1) 1 R F12 A1 S 36K 4
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