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mRNA F A KT 5 KA & G R S PP 1 kA K R ARM = UAY 22 2848 F CGRP NLRP3,ASC & caspase-1 #9%& & £k K-F, &
R ERAT 3.1 d, SR AAA B, 2 3 Rt FEL(P>0.05) ; 245 1.3 d, 5RF R A M X AARR
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Effects of Berberine Hydrochloride on Trigeminal Neuralgia in Rats Based on NLRP3
Inflammatory Signaling Pathway”

LIANG Zifei', WU Anshi’, SHEN Wenzhen®, WEI Changwei’( 1. Dept. of Anesthesiology, Beijing
Chaoyang Emergency Center, Beijing 100020, China; 2. Dept. of Anesthesiology, Beijing Chaoyang
Hospital Affiliated to Capital Medical University, Beijing 100020, China)

ABSTRACT OBJECTIVE: To probe into the effects of berberine hydrochloride on the inflammatory signaling
pathway of NOD-like receptor protein 3 (NLRP3) in rats with trigeminal neuralgia (TN) and its protective effect on
TN rats. METHODS: TN rat model was made by chronic constriction injury of infraorbital nerve model (ION-CCI)
method. The successfully modeled rats were randomly divided into the model group, low-dose group, medium-dose
group and high-dose group of berberine hydrochloride (25 mg/kg, 50 mg/kg, 100 mg/kg), with 15 rats in each
group. Another 15 rats (only the infraorbital nerve was isolated, without ligation) were taken as the sham operation
group. The sham operation group and the model group were given the same amount of normal saline by gavage. The
other groups received the corresponding dose of berberine hydrochloride by gavage with the volume of 10 ml/kg, once
a day for 14 d. The mechanical pain threshold of facial innervation at different time points were measured by electronic
pain tester. The levels of interleukin-1B (IL-1B) , tumor necrosis factor-a ( TNF-a) in trigeminal ganglia of rats were
detected by enzyme-linked immunosorbent assay ( ELISA). The expression level of calcitonin gene-related peptide
(CGRP), NLRP3, apoptosis-related speckle-like protein ( ASC) and caspase-1 mRNA in the trigeminal ganglion
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tissues of rats were detect by real-time fluorescent quantitative polymerase chain reaction ( qRT-PCR). And the
expression level of CGRP, NLRP3, ASC and caspase-1 protein in trigeminal ganglia were detected by Western Blot.
RESULTS: Before modeling of 3 d and 1 d, there was no statistically significant difference in mechanical pain
threshold among four groups (P>0.05). After modeling of 3 d and 1 d, compared with the sham operation group, the
mechanical pain threshold in the model group decreased, with statistically significant difference (P<0.05), and there
was no statistically significant difference between the model group and low-dose group, medium-dose group and high-
dose group of berberine hydrochloride ( P>0.05). After modeling of 5 to 14 d, compared with the sham operation
eroup, the mechanical pain threshold in the model group decreased, with statistically significant difference (P <
0.05) ; compared with the model group, the mechanical pain threshold of low-dose group, medium-dose group and
high-dose group of berberine hydrochloride increased in turn with dose-dependent ( P<0.05). On the 15th d after
surgery, compared with the sham operation group, the level of IL-13, TNF-o and the expression level of mRNA and
protein in CGRP, NLRP3, ASC and caspase-1 in trigeminal ganglion tissue of the rats in the model group increased,
with statistically significant difference ( P<0.05) ; compared with the model group, the level of IL-1B, TNF-a and the
mRNA and protein expression level of CGRP, NLRP3, ASC and caspase-1 in the trigeminal ganglion tissue of the rats
in the low-dose group, medium-dose group and high-dose group of berberine hydrochloride decreased in turn with dose-
dependent (P<0.05). CONCLUSIONS: Berberine hydrochloride may reduce the release of inflammatory factors by
down-regulating the signal pathway of NLRP3 inflammatory corpuscle, decrease the expression level of CGRP in
trigeminal ganglion tissues, and increase the mechanical pain sensitivity threshold of the neurofacial sensory area, so as
to reduce the injury of TN on rats.

KEYWORDS Berberine hydrochloride; Trigeminal neuralgia; NOD-like receptor protein 3 inflammatory corpuscle

signaling pathway; Calcitonin gene-related peptide
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A3 AT DRI R T 32 3 5 Ll B R, G S DRI B A 5
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[t {55 ( enzyme-linked immunoadsordent assay, ELISA ) 357 & |
TNF-o ELISA 7 £ ( 35 [® Sigma 2\ A, #it 5 5 RAB3219,
RABO0328) ; RNA fli#8iR57) & (b st RAR A LB A BR A A L 4t
504 DP419) ; Wi #% sl Rl & ( H A TaKaRa 2 H], #6555 K
RRO37 A); 55 B 3% % & & B & M 8% =X X B (real time
fluorescent quantitative polymerase chain reaction, qRT-PCR) iz
7B (32 E Genecopoeia /A &, L5 4 QP115) ; & H #E HUA
& BCA 1 & & i1l 37 & (£ [E Thermo 2 &), #5431 K
510003 .,€503021) ; fit BT Bl CGRP \NLRP3 , ASC . caspase-1 J
B-Nah & H ( B-actin) — BT (5 [H Abcam 2% &), #L 5 451 4
ab5419 ,abh3520, ab3518 ., abB3517 K ab3508) ; % fif i Z
(PVDF) I CEHTR 1gC 90 ( il T A9 TR FRA AL it
B35k F619537 .D110098)

1.1.3  3h¥).SPF Wik gttt SD KB 75 H, At 8~9 A ik
1 220~250 g, Mg FWi 7L Bs 245 K 2= sh ) SE 56 vpos , sh W A 7
VFA[IES 2 SCXK (#7)2019-0012 , 8548 FH 4 AT HIE 5 SYXK
(#7)2019-0031, S i i A& UES R 191103057,
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T IO P R R S A 2 S i DX R o K B 7 R > 26,
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T BV v 5 K A A BE (3 ml/ke) 100 g/L BRI, B IR K R
A TE R 42 RO TR N, TRRIE T2 3~4 mm
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TR /N B ) B 2 R R /N B e R A, f 15 H,
1% /NBERAIG | EP&WIJ% KRS ) T LA R R /DS B e T
25.50 % 100 mg/ke #EH "0 5T A 2H R R 4 K RN 43 1)
TUHE 0.9% AL FERMES , ¥ H A 10 mikg, 1 H
LR HE425 14 d, FAREE A, It Y M8 &R KE, KRG
R SR

1.2.2 AU B B A 5E - 45 4R BRI 7 AT 3 d A
HI 1 d ATHUBRNGE B, BB 1 d JFR, BEmEbE 1 d Fd
IS SR B b 22 A X3 R R R R 6 Wk, 4
WIEIFE 1 min, 4K BB N AT —Fp AT A 22 AR FL BHE R
BRPE R, OIR 45 2 07 , 32 Hil 355 sh iy R 3 R P /e 3R ; @1%
AT , SR I 3 0 38 X 38, T 47 0, K R P I B
Tl i e Bh AV . WLER H IR (OB, T SR R L
Az BE A ISR 5 R e/ ML, Enm:{wwﬂzmﬂﬁ

1.2.3  REARM =M HLGRE RJG56 15 B, W
W SE R A AR FﬁH’EH’L{Iﬁﬂ‘T‘LEtKﬁ%ﬁ]G ml/kg) 100 g/L
R, SEHEE SR BT, 43 B T AR R AR = X 4 & dH 41, °F
¥4y 3 03 3B T - 80 CARAE, 20 9 T Ja 4k ELISA\qRT-
PCR A 4 51 50,02 E[V375 ( western blot, WB) SZIG 5T

1.2.4  ELISA 45 510 5 A M = A 2945 4L 80 10-18
TNF-o &5t A“1. 2. 3" T -80 C kAR 1 3 AR M =X
ALY vk ERL, FH 0 °C 0. 9% S AL 4075 38 i 5% %)
)G, T4 C . 1200 v/min F &0 15 min, B EH R, HAAE
VEA PR ELISA 170 & U A5 AT 454 M A AR 490 nm Ak

SRR BEAE, ARAEARE I 2525 AR B = SO & 1y 4 40 IL-
18 . TNF-a &2,
1.2.5 qRT-PCR & & il AR M = 3 #2895 41 1 b CGRP |

NLRP3 ,ASC } caspase-1 mRNA iR HH: 1. 2. 37 T [
-80 CUKAGHUH 1 4y R = X b 237 4040, vk b afk, %
RNA fili4 120500 G B B 21 K BUbf 2615 4L 40 RNA | T e 5t
KA &5 cDNA, L cDNA AR, # ## qRT-PCR 13057 £ U
B E PCR MK Z , Bl 2xSYBR mix 10 wl,H,0 8 ul, I
RS P45 0.5 wl, 10xcDNA BEAR 1 pl, [ R SR R
95 °C FilA:PE 5 min, 95 CAE 15 5,60 CiR k 50 5,40 MG,
72 CHEMf 10 min, 3510 GAPDH /59N E: MR 2744 Ak

®2 BAXREREE

44 mRNA # ik K F,
GAPDH 51¥1)¥FI W2 1,

%1 qRT-PCR 3|57
Tab 1 qRT-PCR primer sequence

CGRP ., NLRP3, ASC . caspase-1 &

L/ il F#3(5-3')

CGRP F CTCTAGTGTCACTGCCCAGAA
R CTTCAGACCCCACATTGGT

NLRP3 F CTGGTCTGCTGGATTGTGTG
R GTCCACCTCCTTCTGGAACA

ASC F TGGAGTCGTATGGCTTGGAG
R TGTCCTTCAGTCAGCACACT

caspase-1 F ACTCGTACACGTCTTGCCCTC
R CTGGGCAGGCAGCAAATTC

GAPDH F AAATGGTGAAGGTCGGTGTG
R TGAAGGGGTCGTTGATGG

1.2.6  WB A il AR = 44 295 4 21 CGRP , NLRP3,
ASC K caspase-1 EE%‘:{LH% M“l 2. 3”Iﬁ':F'E/J—80 CUKF
B 1A R AR = S 2 2 B BUR AR O X AR
TER, *W%W%@%W@%Eﬁa MYk o B 2R H L, 7 PVDF %,
4 °C FI#In—¥t CGRP \NLRP3  ASC .caspase-1 F B-actin RN
(20 1:500) W H TR, Ve IRINEPLR 16 390 (R
Lt 1:5 000) #iEMFE 2 h, LA B-actin HPIZ, K H Tanon 600
EME 534 2 8550 CGRP NLRP3 ,ASC % caspase-1 £ H 7K,
1.3 SitEHRZE

ABIGE S BUR 4R H] SPSS 22. 0 #4750 1t iR %
REAYIE bR 25 (x2s ) Foom , Z 4 0] FL R FH AR 205 244y
M, I —25 P LR B SNK-g #6865 P<0. 05 22 A 4e it
2 #ZR
2.1 BAXBRBEEVHBRELE

HEBIET 3 d, & 41K AL BB L3R, 2 R g i =
S(P>0.05) ; 85 1.3 d, S5IRF AR AL BRI K AR
A BIERER, 22 58 St 22 B L (P<0.05) , B 5 20 F 4R e
INBERGAR | o B 30 e K R LB i 22 RS R R X
(P>0.05) ; BT 5~ 14 d, 5{RFARL e, BEHI 4 K BT
I BB RIS , SR A Lh A, R R /N BE RGP B 7 4R
SRR B (EAR vk T, R ME , 2 R WA SR L
(P<0.05) , L3 2,

ML B L 32 (X +s)

Tab 2 Comparison of mechanical pain threshold among four groups (xzs)

| iR/ - - ] ] f@ﬁ%ﬁﬁ@ﬂ{ﬁ/g — — . %
(mykg) BRI ] AT Ld O EEE 1] EERE3d . EEESd HBUR 7d EEEd  EBIEId EEE 14
BFAR4(n=15) 0 27.03+2.01  26.9843.27 27.03:3.01 27.1243.72  27.11#3.16  26.96:2.84  26.98:2.68  27.10:2.90  27.17s2.73
B (n=15) 0 26.93£2.37  27.01:3.05  12.93:2.99* 10.14£2.85* 10.07+1.03"  9.81:0.97"  9.03:0.89"  8.78x0.88"  8.2420.92°
YNGR =4 (n=15) 25 26.97¢3.25  27.01£3.31  12.09+2.87 10.13:1.98  11.95¢3.07"  15.34:1.67°  18.3422.00"  22.37¢3.07"  24.09:2.54"
R/ NERUT AL (n=15) 50 26.91£3.02  27.00£2.31 1191201  10.44£2.17  13.36:1.21"  17.68+1.17°  21.09£2.39"  24.37:2.51"  25.04£2. 04"
RN L (n=15) 100 27.03£3.01  26.93+2.97  12.14%3.24  10.59£2.71  15.03£3. 16”9 18.65:1.92"¢ 22.37:2.90"! 26.37:3.22"1 26, 58+3. 47"

B BT AL, P<0.05; GEAALILE, "P<0. 05; SERUNERIRA A LA, °P<0. 05; SEBUNERT A RA LA, P<0. 05,

Note; vs. the sham operation group, *P<0.05; vs. the model group, "P<0.05; vs. the low-dose group of betberine hydrochloride, °P<0.035; vs. the medium-dose group of herberine hydrochloride,

4p<0.05

2.2 HE/MEEIMNAR=NHETHLSH IL-1B 71 TNF-«
SENZN

EBFARA e, A4 R R = X2 A 80p TL-18,
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#3 BSEAR=XN#HEFTHLAS IL-18.INF-a BE
Lb % (x+s,ng/L)
Tab 3 Comparison of IL-13 and TNF-« in trigeminal

ganglion tissues among four groups (x+s, ng/L)

40 AR/ (mg/ke) 1-18 TNF-a
BFA4 (n=15) 0 1.210.32 2.47+0.38
TR (n=15) 0 9.39+0. 40° 17. 350, 54°
IR NERRATA 4L (n= 15) 25 6.72+0.38" 12.59:0.51"
RN AL (n= 50 4.87£0.31% 7.7410. 50"
RN R A R (n= 15) 100 2.19+0.34>4 3 670, 48"

T SR TFARALILE, P<0.05; SHBLLILE, "P<0.05; 5 8BNS RATH)
P<0. 05; SRR NERA AL, 0. 05,
Note; vs. the sham operation group, *P<0.03; vs. the model group, "P<0.05; vs. the low-

HAILE,

dose group of berberine hydrochloride,
hydrochloride, “P<0. 05

‘P <0.05; vs. the medium-dose group of berberine

2.3 HEB/NEERNAKR=ZXMEFTHLAH CGRP.NLRP3,
ASC ¥ caspase-1 B mRNA . & B KX B0

ERF AR AL, BEAH K R = SO 221 4L CGRP
NLRP3 ,ASC } caspase-1 mRNA Zik/KF B & TH 5 51:%91‘—1] #H
LA, Eh R /N BERR AR | B v ) R 2H KRR = SO s T 2 41
CGRP .NLRP3 ASC ;& caspase-1 mRNA i%1_7j<¥1&0\[5%1& =
FEARHE 2RI A SR L (P<0.05) , LK 4, H5RF
AR L BRI R B = XM 235 4141 CGRP NLRP3ASC
K caspase-1 8 [H LB KF B E T 5 '51‘%5‘!% Hedss, Eh g /N EE
BRI K e 79 ek 2K R = Sl 22 1 4 U CGRP  NLRP3 |
ASC J% caspase-1 EE?§J$7K¥WU\F§TEE SRR, 25
P gt 2# 8 L (P<0.05) , W& 5 & 1,

T4 BAABRZXWEZTHLAH CGRP NLRP3,ASC ¥ caspase-1 #] mRNA FTiAK T LB (xs)
Tab 4 Comparison of expression levels of mRNA in CGRP, NLRP3, ASC, and caspase-1 in trigeminal
ganglion tissues among four groups (x=+s)

45 AR/ (my/kg) CGRP mRNA NLRP3 mRNA ASC mRNA caspase-1 mRNA
BFARH (n=15) 0 0.97+0. 10 1.030. 11 0.98=0. 13 0.95£0. 10
TR (n=15) 0 3.10£0. 32° 2.48+0. 26" 2.290.2° 2.02+0.21°
R/ NERATR AL (n=15) 25 2.26£0.25" 1.91:0.21" 1.5820.17" 1.49:0. 15"
EE/ NP AL (n=15) 50 1.58+0. 17" 1.46+0. 16" 1.26£0. 14> 1. 1820, 13"
AN R AL (n=15) 100 1.0520. 1174 1. 12:0. 12" 1.07:0. 11" 1.0320. 12"

T TR, P<0.05; SHRALIAL, PP<0. 05, SHBUNERITH R L, P<0. 05; SHBUNER AL, 'P<0. 05

Note; vs. the sham operation group, *P<0.05; vs. the model group, "P<0.05; vs. the low-dose group of betherine hydrochloride, °P<0.03; vs. the medium-dose group of herberine hydrochloride,

4p<0.05
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A. sham operation group; B. model group; C. low-dose group
of berberine hydrochloride; D. medium-dose group of berberine

hydrochloride; E. high-dose group of berberine hydrochloride

B1 WBZEKRNEHAR=NMETHLAH CGRP,
NLRP3,ASC ¥ caspase-1 FIE AR IZIER
Fig 1 Expression levels of protein in CGRP, NLRP3,
ASC and caspase-1 in trigeminal ganglion tissues
detected by WB
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232 5 B o IS, 5 R R BALET 3 d FET
1 d, 2K MU BE Y 22 5 ST 2 L (P>0.05) 5 T
BT 5~ 14 d, 5EFARE i, BRI K LA B (E 0 3%
WEE HEBEEE 15 B, 5BTARH LB, BRI A KB =

4 CGRP i mRNA IRk BE T, 5 AR
éﬁ%*ﬁﬁi“""“ L BLEH TN K BRUBE RIS A BT . 45T 30 R /N BB
YIRS SR ttﬁ,%ﬁ?ﬂﬁ/l\%%ﬁﬁm\ﬂlﬂ&%ﬂﬁéﬂkﬁ
BUBHE BB T &, = 47 44 CGRP ) mRNA (&
Ei’%ﬁﬁ@kﬁ*ﬁﬂzm AR, R ER RN BB AE A = X
PIZT A2 CGRP 1) mRNA B 3k i, /b pi 25 8] (9 9/
mﬁ%u_,ighn TN K BRALBUR B, 4 — 2 B LR KR A
% TN W R r 035

TR AT BT ST SE R R B, TN JE R Bl A2 TRl 5
A5 — A 2R AR AR, AT AE = SRR e AR v AR RE
SNE ST |4 2 e SO A R Al AR AR P | I A i A
RIS, = XA 275 SRE 52 I ) DG B it K 1 4%
KF kB(NF-«kB) A5 5 NLRP3 4%/ MAAE 5 18 5§ 098005 | 1%
3 % P i — AR LA R A G S R T AR g A
REMW, SBFARAIE, FHRARR =X HEHmag
IL-18 . TNF-o 753 5 35 19 55, #8278 NLRP3 55 /MA(F 538 %
R B RAE T IL-18 [ TNF-o 7E TN k4B &R G 4% 7 5
fEH ., NLRP3 I/ MR RENE S S MUK E A s, 5881 N
1&%%4’@1%%”1&%”“(&&& w}l |5 HBAE S, R R AE
HFr=a BRmEAES o BRSO B g 4 AR
B BET AP IL-18  TNF-oo 7691 28955 IR R B RS iR 14568
TG AVET . Ths R B T 45 5 R B, 2 NE T FL 1 S AR
KARAEH F IL-18 \ TNF-o AT il 35 K BTN B3, AR K I,
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x5

ZEHEXR=ZNHMEZTHLE DR CGRP NLRP3 ASC ¥ caspase-1 FIE B FRiAKF LB (x+s)

Tab 5 Comparison of expression levels of protein in CGRP, NLRP3, ASC and caspase-1 in the trigeminal
ganglion tissues among four groups (x=s)

45 i/ (mg/kg) CGRP B-actin NLRP3 B-actin ASC B-actin caspase-1 B-actin
BFAR4 (n=15) 0 0.25£0.03 0. 12£0.02 0. 14£0. 03 0.080. 01
A (n=15) 0 0.93£0.11* 0. 89:0. 09* 0.9820. 11 0.76+0. 08"
/NG R AL (n=15) 25 0.52£0. 06 0. 56£0. 06" 0.790. 08" 0.42:0. 05"
RN R A (n=15) 50 0.390. 04" 0.29+0. 03" 0. 43£0. 05" 0. 1920, 03"
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