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8 ZE:BH KPS POE Corydalis saxicola %1 H4H: JLsiIH4L R MAE (neonatal hyperbilirubinemia, NH) K iR #§ lE# C(phospholipase
C, PLC) /BEIEE (inositol triphosphate, IP3) JH# KW R, FiE 7 d ¥ SD KR 50 X, FBVLECT
R NS IRA . BRI N AT EMR. . SR (40, 80, 160 mg/ke) 4, 4 10 X BRXHRA ip EFIEhKAN, Hi
FH K BRIH% 200 pg/g IR ip PR R 7 NH KRR, GRS, XTIRAMBIRIA ig 44T 10 mL/kg MAEBEERK, HHIE
BFIE ig 4B TN A ERDY), SHEAWAH 1 d, 3 Wd. KIRGZE2 h G, WEKR—BAT R, AT
Wi 1% K AL (auditory brainstem response, ABR) FUIMLIE KN T4 H& & HE Yol & HIRIZ A SUREAR A S
ANG RN S I IZ H 53 (calcium, CaM) i M5 8 ) 5% BN RV (Western blotting ) i+ 2 2382 1€ PLC (p-PLC).
IP3 BEEARILKF. R SXFREMLL, BAH AR B IR E R, Bz A 40T TLah 28 40 i K S50 34245
ABR B BAZAH CaM HPERIZ R, MiE AN THLHARSETE (P<0.05), 1. II. M EFHERHAEEK (P<
0.05), MiT4HZR p-PLC. IP3 HEHFRIARE (P<0.05); HBAVAMI, FHIEML. P SHERKR ERHEREIT K
HOAZ A U5 B 15 B 2R AR, ABR RIME. HIAZ AL CaM [EMERE S Mg LT HLPH RS RIEK (P<0.05),
I. II. II AR B 4658 (P<<0.05), MiT-4H4 p-PLC. IP3 R AXRIET A (P<0.05), HAHERIEN/EH EH A
KtE. £ AWIETELS NH KR ERZ 44 PLC/IP3 MM E ARIE, WERBLZWN IR & 251HE, &K
# NH KR .
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Effects of Corydalis saxicola on auditory system damage in rats with neonatal
hyperbilirubinemia based on PLC/IP3 pathway
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Abstract: Objective To investigate the effects of Yanhuanglian (Corydalis Saxicola) on phospholipase C (PLC)/inositol phosphate
(IP3) pathway and auditory system damage in neonatal hyperbilirubinemia (NH) rats. Methods A total of 50 7-d-old SD rats were
randomly divided into control group, NH model group (NH group), C. saxicola low (40 mg/kg), middle (80 mg/kg) and high (160
mg/kg) dose groups, with 10 rats in each group; Except the control group, which was intraperitoneally injected with normal saline,
the rats in the other groups were intraperitoneally injected with bilirubin at the dose of 200 pg/g to establish NH rat model. After
modeling, the control group and NH group were given 10 mL/kg normal saline by gavage, and C. saxicola groups were given the

corresponding dose of C. saxicola extract by gavage, and each group was given medicine for 1 d, 3 times a day. Two hours after the
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last administration, the general behavior and auditory brainstem response (ABR) were observed; The content of bilirubin in serum
and brain stem tissue was detected by absorbance (A450); HE staining was used to observe the pathological changes of cochlear
nucleus; The activity of calcium (CaM) in cochlear nucleus was observed by immunohistochemistry; Moreover, Western blot was
used to detect the expression levels of p-phospholipase C (PLC) and IP3 in brain stem. Results Compared with those in control
group, the rats in NH group had abnormal nervous behaviors such as irritability, and pathological damage such as nerve cell swelling
in cochlear nucleus tissue, ABR threshold, CaM positive expression rate in cochlear nucleus and bilirubin content in serum and brain
stem tissue were higher (P < 0.05), the latencies of waves [, Il and III were significantly prolonged (P < 0.05), and the expressions
of p-PLC and IP3 proteins in brain stem tissue were lower (P < 0.05); Compared with those in NH group, the above abnormal
behaviors and pathological damage of cochlear nucleus in C. saxicola low, middle and high dose groups were alleviated, ABR
threshold, CaM positive expression rate in cochlear nucleus and bilirubin content in serum and brain stem tissue were lower (P <
0.05), the latencies of waves I, II and III were significantly shortened (P < 0.05), and the expressions of p-PLC and IP3 proteins in
brain stem tissue were higher (P < 0.05), and the C. saxicola group exerted the effect in a dose dependent manner. Conclusions C.
saxicola can activate the expression of PLC/IP3 pathway protein in cochlear nucleus of NH rats, reduce the toxicity of bilirubin to the
auditory nervous system of cochlear nucleus, and improve the hearing of NH rats.

Key words: Corydalis saxicola Bunting; hyperbilirubinemia; phospholipase C/inositol triphosphate pathway; auditory system

damage; bilirubin

B4 )L m MH 40 K Il fE ( neonatal
hyperbilirubinemia, NH) XFRHTAJLFE, 2&FHH
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LT RE, BRI, CEHEFENAE LA
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ARG IR = R e AN iR 2. ik
KWt &I, BEFRES C (phospholipase C, PLC) /
—WEFRLEE (inositol triphosphate, IP3) i i A /)
S T T R AR AR e Y, HLAE
fidk R P J5T P AR TS, AR A DR R A I A B %
I PR i = B R IR FF (adenosine triphosphate, ATP ),
VAT P S WP S5 A B ). WORF 7 PLC/IP3
S TE NH 3 BRI RE A L], X B T 5 45
FH PR A B EALH A EIRIRNE. st
YA HIE Corydalis saxicola Bunting & & A=W, I
IR B TR S . REEER . s
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111 3 7 d GRS SD KR 50 R, A&
15~20 g, WEHEARIR, ZhWs5 B 2L 2518 A &
SRME R RS, W ARB RSSO,

AFEVFATIES A SCXK (B) 2018-0002. T KB
TARBESY G5 TE, BRI, BBRE. UK,
JE 25 C, MAHEE 50%, B2ELT 80 dB, 1#¥F
SRS K R AEIGE T . iR . ALRAELIET
HD EBEASBEZS ki (HEHES ZMD-20200109
0034), SEERENYITTE 3R R,

112 FZEEGH A AFEN LM (k5
A-121416-1g) W H FiEWNAMRH AR A, &
FOEmh OER AL IMEENEEE C
saxicola Bunting; AHZLZ (775 QNO0823-PFQ, 5
RO S 1 E AL E BEESRE R A TR
ANFEs BHAKE-PLL (HE) JetaikF & (385 G1120)
T EACE ZEEREARAR . KR IELL R
H B (ELISA) 77 & (175 DIBR-180) Ji/H
R AN AR AR AE: 5% (calcium,

CaM). M1k PLC (p-PLC). IP3 #ifk (15525
N abl181052. ab68148. ab252536), ¥ H % [H
Abcam 7] ; BCA 8 H € &l S i A g (1%
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RM2125RTS M FahieE AV Al (FEE Leica
ANFEDD; SMZ745 YR (HAREAFD;
1659001 7425 (4 HIJKAX . Trans-Blot SD }T-H#E[HAY
(%[ Bio-Rad A%]); GIS-500 BEIRRARAL (Wi kK
KAX 2845 PR/AF)); CHARTR EP/ASSR iT-i%5 /& H,
4% TDH-39 S 5 EHAHL (F}Z£ Interacoustics A H] ).
1.2 75k
12,1 CAEEAGEIE SR, S
ZiM BT, BUKSRRIRAE T8 (R TRy
A2 e 8 o), BT AR FE K 0.5+
1.0, 2.0 mg/mL (FH4 T4 25 4.0, 8.0+ 16.0 mg/mL)
I L 3 A 009 0.28~1.12 mg/mL)
1.2.2 NH KRB el b5%25 HAR 7 d
1) SD KE 50 R, RABENIECTRIE S Joxs AL
RV J o B AIG, R &flE (404 80 160 mg/kg)
41, B 10 H, BRxIRALh, HAeRdlEAE KR
RSBk TVEN 52200 pg/g BT ip IHZL K20
mg FARIELLEET 1 mL 0.05 mol/L S A ANER
i, IINZETEZK 9 mL, FH 0.05 mol/L [ #EER1H T pH
8.5, AJEIRE N2 mg/mL, 1% 1 mL/kg FIEL42)
gL NH B, 29007 E s fE THEdR . TERR AR IR
B EARWE 24 h, HWERRAITHES, = KK
HILGE . RIS, ROUERAT) . X IR AR R
ip SR IKEE T RFEZMTHE 24 he %4
YITESEL R )5 30 min FFUR4A 2, 1% 10 mL/kg ig
YT AR A IR LG, R AR R 4% 10
mL/kg ig 45 TAEREIK, #HWZLEZ1d, 3 K.
123 RE—BATHANE SKHRKRKRIKLGZ 2 h
Ja, WMEERKRALHE:. BE LR E AT
IES),  EER B A SRR SR R
1.2.4 KR Wr ¥ W+ & & (Cauditory brainstem
response, ABR) il &4 K E T WA Rl E
[AJE B A KT 30 dB 7 K2 (sound pressure
level, SPL) | #, Wkl )5, H TDH-39 RS S HAHL
Y7 IR EM K RANEE O, BB T R AT
B R S HONHTIB IR 100~3000 Hz, ff 10 ms,
BINX 1024 %, RIBGE ARG EE . WETESH
P8 S S P URIEAT IR, ABR BB ()50 W DA 1T
BARRAE, SR 90 dB SPL JF4f, 10 dB —
FHIE IR ZE T PAS TR0, FELL 80 dB. (148 B2 il
K BROBUEE 11 - 3 V85 R B RT 8 (R0 i 20 R R
gt 5 S L E S .

1.2.5  KBRUME & T H bR AR E L R 5 =

Mg B KRAENSE ABR J&, B8 EshikEUL 0.5
mL, BET=R 1h, BtfE, B4 CHFIRE, il
3%, 3000 r/min &> 10 min J&, BB BRI
RE R, FAHZ 2 ELISA 1565 1t B 45 5 246 I 1
ERAREE. HRRMEE, i, 470050
VAR ERK, R, MRS HEE 2 R
BERRZZ PP, SRS WSk AbFE, FFAEUNT4HZE, 59
W1 g J5&H, FIRMQEE T R [
E AR g i F4H2i9 BT HL 0.5 g, in 0.5 mL
VKEEBR S 5 TN 0.5 mL PHERYE S, T 3000 r/min
B0 10 min J5H_EEWR 0.2 mL, f%AHZT K ELISA
RV BOERS IS RS2, R T
HAURH E T—80 CUKIHIRAT
1.2.6 KR HEEZARASE K& HE CaM S 21k 4
R B “1.2.57 TUF 4%% B 2 1
BRI THS, KWK, EH. AiEai)E, 2
PR ) JE ARV, R 7 pm, HUA
IR M B W R, 3% 2 &, —ERE
HE 56 3T HE Jett, 76 Bk R
MV, H—BEH ZHRBE . 3%d FEH
HENEEE S, W01 500 F) CaM $iik, 1T
CaM i Zifbgets, EILRAERFE MY
ARG, K Image-pro plus 5 S G 4L s
HOAMBEH, it caM A RA R, H
W% RE L B R R SEI S AR 7 ) [
R AR HIRZ RS 2 5emt) DT,

CaM PHH: 20 i 2 38 22 = e Fofr 2 65 20 i 250/ 4 P e
1.2.7 Western blotting yZ:45 I fixi T-2H 23 p-PLC. 1P3
EEMAEEE B “1.2.57 Wd—80 CHRAEHI M
THH, T 4 COKFHREG, A2 885%,
B e e, BCEIEWR, HE ARG E SR E
H, |HER BCA R GlEDSKREE, B
50 pg BEE BFE, AT HVKFIFE IR B, TBST B
BV, A S%BARAE Y= F &P 1 h, TBST
WIEYE 3 W, IMA—Pt [p-PLC. IP3. B-actin
(WZ)] bk, MBS 779 1210004 1 © 1000+
1:2000), 4 CRIKZRFE LK, TBST HR¥k/E
BN HRP 2P — Pt (FRBEARTEL 1 20000, 37 C
PRSI E 1 h, TBST IEWE 3 WG, RAMRIL
FRIGERA, DB SO g & R, If
PL Image-J BRAF 40T & 4B AU AT R IE = .
1.3 GitZESHh

PL SPSS 22.0 #Ahxf seie B kAT et 7 drs
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HERRLLX +5 £, ZAE BT BRI R %
G3MT, 2B (] LT Snk-g £236, P<<0.05
FORERB R FE L.
2 #HR
2.1 FBHEKBR—MRITAH

ST K BRAT AIEEIIE S, . B LR
VSRR PR RAT OIS, BRI BN AR SR
MR SRR, R R DU B
TR AR S 5 AT s 3, HLE R RS Joxf o
FRIB NOR R, SRR, A EEM. .

2R BB BV SR AR S5 7 M AT N
Bk, HUH R S RO A I e SR B IR
RAFBIAS[FIREE 2035
2.2 RLAKFE ABR B BREAL HE

Ext A, A KR ABR HRI{E &
(P<<0.05), 1. II. II S ARSI B AE K (P<<0.05);
ERMAM, AREK. P mAEAAKR ABR
A PG (P<<0.05), 1. II. III 3 AR 3090 2 4 4
(P<<0.05), HAESFIRA LR iEhs 274
P, IR 1.

=1 FBHEKXR ABR ZRBREARSEE (x+s,n=10)
Table 1 Incubation period and threshold of ABR wave in each group (X+s n=10)

7/ AR HH/ms
Uik ! B {f/dB SPL
(mg'kg ) I % 119 1154
X R — 1.0940.02 1.51+0.04 2.52+0.03 16.66+1.29
R — 1.39+0.04 2.31+0.05° 3.4140.04° 5423+1.51°
HHEE 40 1.3140.03® 2.0140.04® 3.11£0.03® 40.3241.42%
80 1.2240.02%¢ 1.7740.03%¢ 2.8140.04%¢ 29.6741.36™
160 1.1140.025 1.6240.03% 2.5440.03% 19.08 4 1.225¢

xR *P<0.05; SHMALE: P<0.05; SHEERABALE: P<0.05; 5HEETHBARE: P<0.05, FTEM

#P<<0.05 vs control group; ®P<0.05 vs model group; °P<<0.05 vs C. saxicola low-dose group; *P<<0.05 vs C. saxicola medium-dose group, same as

below tables

23 FBHREKRIMBERMTHELPEIRZEE

St HRAA L, AR A KRR I i A T L4
RGeS (P<0.05); SHAMAMLIL, HiEE
fiKs W mAEARRLE N THIEIR S &
AR (P<<0.05), HIA oI% &7 S 41 i K w4
SR RS EENEMRME, WK 2.
24 FBHREKFREIRIZELS HE 6

SRR R B IRAZ AL SRR, Jetady ). 5t

#z2 FHEXRRMBERMTHALELIEZEESE (x+s,n=10)
Table 2 Content of bilirubin in serum and brain stem

tissue of rats in each group (x+s,n=10)

15 %U%{ 1 Jmi%ﬁﬂél%/ EEJF?H@RHB%II%E/
(mg-kg ) (ummol-L) (nmmol-L )
it HE — 15.0941.92 0.00%0.00
it - 511.394+10.24° 4.01%0.15
Foy pes 40 301.314£9.93% 3.21£0.14%
80 102.22+8.02%° 1.0740.03"°

160 17.11£2.02"¢  0.0940.03™¢

FR AL AE EL , AR TR 2H K B E A% 4 4 AT DR ZT RO,
FAZAR M . BOE D, MR AR B
BIERG, BRE RV Z, e R 250 B 5
FEH . AEEM. B mEA AR E
AR SGE . WK 1,
25 BHAKREIRZAL CaM REHNLRE
SRR SR AZ A A et 1%, oA B
SRITRR . SXTRRALA L, A5 4K R H A 4
LML Y vk, KRB AR BBRIE 2, CaM
FAPER AR (P<0.05); SHEERIZHME, &
A5 T R A B 0 Bl B R B R ek, H CaM BH
PER IR 2 EAH MK (P<0.05). WL 2 i
3.
2.6 FHEKBRETHEL p-PLC. IP3 ERFRIEE
XA, BAH KRN AL p-PLC,
IP3 AR L EEL (P<0.05); SHEAHMLE, &
FOEAC, . EERENT4Z p-PLC. IP3 &
HERETE (P<0.05), HAHESHEA KR
2048 p-PLC. IP3 Z[ARIAE BRI KM,
LK 3 FIER 4.
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1 FHHEKRREIRZELN HE REE (X400
Fig. 1 HE staining of cochlea nucleus tissue of rats in each group (x 400)

80
E T (mg-kg )

SRR BRI S HER A A I, o B ZH B B0 v ) B L R A SRR T e 0 ik, M SRR el iR, AR, TP

the arrow shows the cytoplasm of spherical and cone-shaped cells, the cytoplasm of control group and C. saxicola high-dose cochlear nucleus group is lighter,

the cytoplasm of model group is the most darker, and the cytoplasm of C. saxicola low-dose and medium-dose groups becomes lighter successively
2 FBHEKXR CaM REHELEERE (X400)

Fig.2 CAM immunohistochemical staining of rats in each group (x 400)

*3 BEAARFIRZEL CaM FAMFIEE (x+s5,n=10)
Table 3

nucleus of rats in each group (x + s ,n=10)

Positive expression rate of CaM in cochlea

R4 BEKXRIETLEL p-PLCIP3 EARIERE (x+5s,n=10)
Table 4 Expression levels of p-PLC and IP3 protein in

brain stem tissues of rats in each group (x + s n=10)

4 5] & /(mg-kg ") CaM PAMERIEZ/%
it — 10.0741.96
A - 90.19£4.09°
Fay-pes 40 60.87+3.04°

80 35.64+2.92"
160 13.7342.03>¢

P - e — — — 3.14X 10’
PPLC o ——— — e am— | 40 X |0’

B-actin  cmmm— — — —— 0( ¥ ("

KPR R 40 80 160
HE/(mgkg )

3 BEKRBINTFELR p-PLC. IP3 BEARIAGRZENEE
Fig. 3  Western blotting of p-PLC and IP3 protein

expression in brain stem tissues of rats in each group
3 g

NH #2814 ) U WAE , NH I i o] 78 Sk
W gogrA JLAET, BME R LA A R
Gy, IARZ RGH o W HRTxE

. Fiilk=v) : )
2H 5 . p-PLC/B-actin IP3/B-actin
(mg-kg )
T HR — 1.06+0.13 1.07£0.11
Jii - 0.15+0.10° 0.134+0.14°
HIRIE 40 0.46+0.12% 0.45+0.13%
80 0.76+0.11"  0.72+0.12a"
160 1.0240.10*  1.0140.15%

JIELL 2% A A B A Ao R P T G T P b A% 1] 3 2
W 345005 AL G AN B 40 107 542 ] .45
k%, M E A, MU R L, 2
Fie G EEE M — " ABR A& A T I R (K0
AR, AT A TR M 1 SR P RS T R
TR — RPN AL RN, AT BRI 754505
FERER A SRR RN s BT 3R A KR R AR ARG
(IR 73, PR 0 T a5 e 3 N i 2
A, IFESMAANERIEIER L&, JRIRER L4
i, MR 2 AR RE R AR . R AR R
fish RS 25 WA S I o 22 6 o 8 S I T {22 T A 2
A F R b 2 () dudl S oh g sz 4l ARy
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RO 7d KR ip 200 pg/g FIMHLT K 24 h, A[{EK
SRS MR LL 3% & B0 0, Hiix 44 HE
Yete n] DA 20 M A5 45 , G 9% 4H Ak S B T L CaM FH
PEFIENE NN, AN LT RGO T HA A e 240 i
SRk, AR Ca® AR, Ca® 5 CaM 45
R Ca*'-CaM B4, KRIFHMEEM, SHH
W% 15 B AR N D)2 B 52m & ABR BIE &
U IR AR By B A ST R 2K . ABFFLR 200
ng/g FRA K ip 7d #8 KR 24 h J5 KB, S X B4R
Eb, MR I . BV . FLJEE S AR ek
T, ST AN B IR BB TE i S B, HE A%
LK WAL AN MARAR K . Fi 4 d H & Je
PO IR /D . s N V05 2 S B R, ABR Y
BRI TR EL I I I BRI B K, i
KT HRR A 2R Tt Bzl 24 CaM FH
PR, PORE BRI .

NH Bty Jiph i dnre R A i, —
FURAASTIE W s 4, 2L R 58 F B #8 & B
WA NS5 5 ST IR YT, TE NH 53 i) 347
T B Em Y, kR R, A ERT
NH A 58U PR IT 808, A NH FE B RN RRSE
1], i) ol SOV B % R (R HEE Y T BB R
i, FRARK R SRR P RRVE AR, B IERR VT IR
i, TSR R T AR, SR
HARLL, AR . SRR R BE .
FLJE0 R bt A ) 8 e S SR A A5 B 5 0 O e, R
WA LU BRSS9, ABR MR FEAICHL T,
I, T AR A s, s A TR R & &
PEA%, HURAZAZ CaM PHIERIEFFE, H Lkt
PR FVEAR N, A %] FRCHT A NH KR
137 S i ZRRR 21 22 00, 9D B gz 21 2R CaM 3R
ik, RARIBLF N H WAL T & RS H EAE
o SR H BAR S FHLEE A LB .

Ca’ RMZ R G IEH G S P& R fih iR S0 &
BEME, PR, AT SRR A
IR B, FHEOE KEEAKER, SEREMES
TER/L S A R AR R BEAET- Y, WIS AH LD YT
T HARAZ R 2 A S b, (E AR B Ca™ A R
B, RESHaEERERE —", ek
Ca” B, A Ca® B E 51 L IRIE,
BNy AR SO RER T AAR G EF 2 Wik
YERI ) EZEHLH] 2 — . 1 PLC/IP3 3@ B (1 N 1N
FEERE, S 5004 5 ful )4 5 AR 22 70 AT 98 14 1R

T, Melo ZPVE L B2 k0 5 G &AM
BOE PLC, WS1LJE I PLC Ak IP3 IR, 5l
M SRS, R METTER. . HA7
(A AR o X522 TR A K SR g I 430
SN, RS ATP 7645 5 F 3R d, nI L
AT PLC-IP3 A2 fi 5 P Jo 405 PR R TS, ARtV TG
Rt VE R, T ATP DAZE IR 2R 5 3 A i
Gb, RS UrEE . HIRPN AL, HIR R IR
B E M A5 5 S, Luo 25UV TR B8 35 AT
% PLC/IP3/Ca™ & 42 Th v i 5 1k i 278 32 1 1
(brain derived neurotrophic factor, BDNF) /K-, #&
P RE AT 2 51 1 I A 48 R T R 4 B AR
F, T PLC/IP3 J8 i FH i 77 vl 45 ikl 22 265 NH B
A B IRPUER . AR, SX IR
b, AEAYZH K R TF2H44 p-PLC. IP3 HRHKIA
FAAK, $278 NH K RUIN T 2041 PLC/IP3 38 % i i,
AR Ca® B, SR A 5l R
BfE. MASERA KR, AREEMIK. P &
w2 p-PLC. IP3 HHAXRZEFEMNET &, R
B 5 0 AT BRI 0S PLC/IP3 JE%, 232t i 4%
B, HETTIRAR IR AL 2 TR S R i M Py A A, 2
T2

gE LRTR, A EIE TGS NH KRRz 4121
PLC/IP3 IBIRE AFRIL, ZARIEBL S5 H IR 1)
P RGN, R RE I B 5 B G S IR R
DU ST Sy & A E ML Rt — 2 2%, (1
BB RGBT B s LR R %, TRes AL
MR, B I B ARE D L R IRAE T

RBEAR FHEEYFARAEF B R

SE R
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