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Exploring the effect of total flavonoids of patriniae radix on neuronal apoptosis in neonatal
rats with hypoxic-ischemic encephalopathy based on PKC/ERK pathway
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[Abstract] Objective: This study aims to explore the effect and mechanism of total flavonoids of patriniae radix on hippocampal
neuron apoptosis in neonatal rats with hypoxic-ischemic encephalopathy (HIE ). Methods : Seventy-two neonatal rats were divided into
sham operation group, model group, chelerythrine group (5 mg/kg) , and total flavonoids of patriniae radix low- (50 mg/kg) and high-
(100 mg/kg)dose groups, total flavonoids of patriniae radix + chelerythrine group (100 mg/kg total flavonoids of patriniae radix+35 mg/kg
chelerythrine) , with 12 rats in each group. The HIE model was constructed by ligating the right common carotid artery and hypoxic
treatment for 2.5 h. Rats in the chelerythrine group were intraperitoneally injected with chelerythrine, and the total flavonoids of
patriniae radix groups were given the corresponding doses of total flavonoids of patriniae radix by gavage. Rats in the total flavonoids of

patriniae radix + chelerythrine group were injected intraperitoneally with chelerythrine while giving total flavonoids of patriniae radix
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by gavage, once daily for 7 consecutive days. The neurological deficit score was used to detect the nerve function of rats. Hematoxylin-
eosin (HE) staining was used to observe the pathological changes in the hippocampus of brain tissue. TdT-mediated dUTP nick end
labeling (TUNEL )/neuronal nuclei antigen (NeuN) fluorescent double staining was used to observe the apoptosis of hippocampal
neurons. Western blot was used to detect the expression of protein kinase C (PKC)/extracellular signal - regulated kinase (ERK)
pathway and apoptosis-related proteins in brain tissue. Oxygen-glucose deprivation/reperfusion (OGD/R)was used to construct a cell
model. CCK-8 and lactate dehydrogenase (LDH ) assays were performed to analyze the neuronal effect of total flavonoids of patriniae
radix on primary hippocampal neurons. Cell apoptosis was analyzed by flow cytometry, and Western blot was used to detect the
expression of apoptosis-related proteins. Results: In the in vivo study, compared with the sham operation group, the rats in the model
group showed different degrees of neurological deficits, and the neurological deficit score, the numbers of NeuN "TUNEL" cells, the
expression of Bax and Caspase-3 in brain tissue increased significantly , while the expression of Bel-2, the ratios of p-PKC/PKC and
p-ERK,»/ERK reduced significantly (P < 0.05). The neurons in the CA1 area of the hippocampus were swollen and decreased in
number. Compared with the model group, the neurological function of the total flavonoids of patriniae radix low-dose and high-dose
group improved , and the neurological deficit score, the numbers of NeuN"TUNEL" cells, the expression of Bax and Caspase-3 in brain
tissue reduced significantly, while the expression of Bel-2, the ratios of p-PKC/PKC and p-ERK,»/ERK increased significantly (P <
0.05). The neurons in the CA1 area of the hippocampus were increased in density. And on the basis of the intervention of total
flavonoids of patriniae radix, combined with chelerythrine can significantly reduce the inhibitory effect of total flavonoids of patriniae
radix on hippocampal neuronal apoptosis after HIE. In an in vitro study, total flavonoids of patriniae radix increased cell viability after
OGD/R injury, reversed neuronal damage and reduced hippocampal neuronal apoptosis , while increasing hippocampal neuronal p-PKC/
PKC and p-ERK,» /ERK, ratio(P < 0.05) , verified the activation of PKC/ERK pathway by total flavonoids of patriniae radix in OGD/R-
induced primary hippocampal neurons. Conclusion: Total flavonoids of patriniae radix can inhibit hippocampal neuron apoptosis in
neonatal rats with HIE , and its mechanism may be related to the activation of PKC/ERK pathway.
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Figure 1 Histopathological changes of the hippocampus of rats in each group (HE, x200)
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Figure 2 Apoptosis of neurons in hippocampus of rats in each group (TUNEL, x200)



CRERE A U ISP S

XSS, S5 LT PKC/ERK A J 5 T IS0 A o )Xo dp e 42 e i A P i A6 R R e

"
20234FE6 H R0 ) ], BRI R A (B SRR ) , 2023 ,43(6) : 786-794 - 791 -

F2 HBEKXRBEDHELANeuN TUNEL AL
Table 2 The number of NeuN " TUNEL" cells in hippo-

campus of rats in each group (¥ +5,n=12)
. NeuN'TUNEL"
- PH 40 e K AR
BFARA 2.35£0.28
(e RIEE| 9.82 +1.04"
R 21 4 12.43 +1.17"*
DB e TG L 7.65 +0.817"44
B PR e 7 5.23+0.69"
U P+ 1 e S LT 7.41 £0.85744

SEFARLAMLL, P <0.05; SEIAML, P <0.05; 5 FRE
LTI, *P < 0.05 5 15 W0 B s g sfl Bk 4 AT, AP < 0,05
(P<0.05) ; SRRV AR L, Wl S s IR | e 79 2
KUK 4H 4 Bax . Caspase-3 Y 263k B & FEAIK, Bel-2
fRIK 2 T (P < 0.05) , T SRZLHR L IR
20 21 Bax , Caspase-3 [ 31k i 2 T+, Bel-2 I KA
BEFEIE(P <0.05) ;5 FIUHACLTHRZA L, Weig g
B+ 9 i S 2108 2K BRI 2 2 Bax | Caspase3 )1k
RFEAT, Bel-2 RIK TR (P < 0.05) ; 5 W0H
S BT o ) B A L, DO s B R e 2 A
B+ 1 E S LA K BRI 2 2 Bax  Caspase-3 3R

2.5 AKX RSmMALE PKC/ERK 185448 % & G 09 F ik
SR AR LU L, B RS 21 R UG 21 2 p- PKC/
PKC . p-ERK.\o/ERK,» ) HL B i 2 AR (P < 0.05) 5 5
TR 2 AH L, T3 B 2 RIS o ) 4 R B 21 21
p-PKC/PKC . p-ERK/ERK,» 1) Ht {8 i 3 T (P <
0.05) , 1M [ Ji 32 21 5 41 K BRI 4 41 p-PKC/PKC
p-ERK»/ERK,» 11 FUH . 3 FEAR (P < 0.05) 5 5 F
SELTIRALAH b, W0 B F8 T+ P e S 20 2 R U
4 p-PKC/PKC . p-ERK,o/ERK > 1 U 1B & 3 Tt 15
(P <0.05) ;5 W o 88 i v 77 B 20 L, e
PR 751 - 2 R G  J  + 1 JE SE £0ii2h i 24
21 p-PKC/PKC . p-ERK o/ERK 4 HE A i E AR (P <
0.05,&4).
2.6 W B BT R DA 2 8 R A R
T 4 22 o F R [k (0.5.10.20. 40,
80 pmol/L) i M S B HAb ¥ 24 h, CCK-8 4521 I
7R, SR IRZEAR L, FH 5.10.20,40 .80 wmol/L T
S B A BHOXT A4H A TR R A B R (P>
0.05,145),
2.7 W R E B OGD/R #5609 JRAR & LAY £ 7T
20 Jiel & 71 69 % v

A ETHE, Bel-2 A L E IR (P < 0.05,K13) . 55%F BZHAH H , OGD/R 413 S ph 28 ST AN T )

A 1 234 56 R 1.0 PE s
Bel-2 M - e e - w26 kD2 - Ego.s . § ® « B
Box A € > (D, %1.0 , ® 06 4a ##AA %1.0 #A  HLA
Caspase-3 == S 9 e w— - 34 kDo = 0.5 . ##A foA 04 H ﬂﬂﬂ 705 H ﬂﬂﬂ
GAPDH - - - 36 kD2 = || |J_||‘||J_| . I-LI §O'§ |-L| NI &, |J_| AL
1 23 456 123 456 © 123 456

A: Western blot K45 2H 8 (323K s B: 4541 Bel-2 B I ZRIB W8 i AT 45 58 5 C: 2541 Bax B F A 19218 b 40 B4 2R s D - 4541 Caspase-3
BRI ERIITER . 1 ART AR 2 AR ;3 U SELIRA 5 4 W R B (PR de ] 5 5 « D0t S B ) v 751 o 2 5 6 DS B e il + P e 24
Wl SEFARAME, P <0.05; SHEAILIHILL, P < 0.05;5 R SELTIRAIALL, P < 0.05; S5MGE MR A EAIH L, P < 0.05(n=12).

B3 &KHEKRMEZLBcl-2,Bax, Caspase-3 & HRiA

Figure 3 Expression of Bcl-2,Bax and Caspase-3 proteins in brain tissue of rats in each group
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Figure 4 Expression of PKC/ERK pathway-related proteins in brain tissue of rats in each group



© 792 - i

N NI S

4355 6
20234F6 A

X\Tﬁ%iéﬂls fo 2'0 io 80
DK S BT (pmol/L)
ES5 WESERXEREDHETHBSMERNRNE (n=6)

The effect of total flavonoids of patriniae radix

Figure 5
on the cytotoxicity of primary hippocampal neu-

rons(n=6)

R (P<0.05) ; 5 OGD/R 40 L, I B il
(10,20.,40.,80 wmol/L) ZH 4 i3 1 77 1. 3 384 i (P <
0.05,6)., H T 20 wmol/L M% i B Y #h 28 [ 4
VEF IR, PRI A2 R B FH T B R AR SIS o

150 -
5
~ 100
¥ ;S
b #
& #
2 50 - "
) ’_T_‘
0 T T T T T T T
OGD/R - + o+ o+ 4+ o+ o+

M SR (umol/L) 0 0 5 10 20 40 80
X IRLAAILL P < 0.055 15 OGD/R HAH L, P < 0.05(n=6) .
Eleo M&ZEX OGDRFESHERESHETHIE
wsEAl
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Figure 7 Apoptosis of hippocampal neurons in each group detected by flow cytometry
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Figure 8 Expression of PKC/ERK pathway-related proteins in hippocampal neurons in each group
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