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Effect of phillyrin on neuronal apoptosis in neonatal rats with hypoxic-ischemic
encephalopathy based on Nrf2/NF-kB signaling pathway
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Abstract: Objective To investigate the effect and mechanism of phillyrin on neuronal apoptosis in neonatal rats with hypoxic-
ischemic encephalopathy (HIE). Methods Rice Vannucci method was used to construct a neonatal rat model of HIE, and 72
successfully modeled neonatal rats were stochastically separated into model group, phillyrin low-, high-dose (25, 50 mg/kg) groups
and phillyrin (50 mg/kg) + nuclear factor erythroid 2-related factor 2 (Nrf2) inhibitor brusatol (0.4 mg/kg) group. Another 18 newborn
rats were regarded as sham group. Drugs were continuously given for 20 d, after 12 h of the last intervention, neurological scores were
applied to evaluate changes in neurobehavioral function of rats; Hematoxylin-eosin (HE) staining was applied to detect pathological

damage in ischemic hippocampus of rats; TUNEL staining was used to measure apoptosis of hippocampal neurons on ischemic side;
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ELISA method was used to detect the levels of inflammatory factors interleukin-6 (IL-6), IL-1p and tumor necrosis factor-a (TNF-a)
in ischemic hippocampal tissue; Colorimetric method was applied to detect the oxidative stress indicators of superoxide dismutase
(SOD), catalase (CAT) activities and malondialdehyde (MDA) level in ischemic hippocampal tissue; Western blotting was applied to
detect the expressions of Nrf2/nuclear factor-kB (NF-kB) pathway related proteins in ischemic hippocampus of rats; Co-localization
of Nrf2 and NF-«B in ischemic hippocampal tissue was detected by immunofluorescence. Results Compared with sham group, the
neurological function score, neuronal apoptosis rate, levels of IL-1f, IL-6, TNF-o and MDA, and nuclear NF-«B p65 protein expression
level in hippocampal tissue of neonatal rats in model group were significantly increased (P < 0.05), activities of SOD, CAT and nuclear
Nrf2, inhibitor o of NF-«B (IkBa) and heme oxygenase-1 (HO-1) protein expression levels in hippocampal tissue were significantly
decreased (P < 0.05), the fluorescence intensity of Nrf2 and NF-kB colocalization was decreased; Compared with model group, the
neurological function score, neuronal apoptosis rate, levels of IL-1f, IL-6, TNF-o and MDA, and nuclear NF-«xB p65 protein expression
level in hippocampal tissue in phillyrin groups were significantly decreased (P < 0.05), activities of SOD, CAT and nuclear Nrf2, IkBa
and HO-1 protein expression levels in hippocampal tissue were significantly increased (P < 0.05), the fluorescence intensity of Nrf2
and NF-kB colocalization was increased; Nrf2 inhibitor was able to attenuate the aforementioned effects of phillyrin. Conclusion
Phillyrin could reduce inflammation and oxidative stress, inhibit neuronal apoptosis, and alleviate nerve damage in neonatal rats with
HIE. Its mechanism may be related to promoting nuclear metastasis of Nrf2 and inhibiting NF-kB pathway.

Key words: phillyrin; hypoxic-ischemic encephalopathy; neuronal apoptosis; inflammatory response; oxidative stress; nuclear factor

erythroid 2-related factor 2; nuclear factor-xB
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(Jit5 ab32536). NF-kB #ii|Z 1 o (inhibitor a of
NF-«B, IkBa) Rt (5 ab32518). B-actin G
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HAEA e, MaxfiERFNL (P<0.05); 5
MR e TR 2 B, AR 4 Nrf2 0| 4L 5
HARBIINE, MZLTCHIIRAEL M uE
BERHD (P<0.05).
£1 SEFEXRREDETILE (X£s,n=12)

Table 1 Comparison of neural function scores of newborn

rats in each group (X £ s, n=12)

A5 FEAmgkg)  FHEDIREVE S
[EEZN — 0.0040.00
Y — 2.82+0.25%
pUiiNes 25 2.134+0.21°
50 1.4440.18"
FESMEF -+ Nrf2 0817 5040.4 2.50+0.234

ERFF 25 mg-kg™!

SRFARALE: *P<0.05; SHAMHLLE: "P<0.05; SEWF
FREALLE: 4P<0.05, TR,

#P < 0.05 vs sham group; "P < 0.05 vs model group; *P < 0.05 vs
phillyrin high-dose group, same as below tables.

JERTEF 50 mg-kg! FESEF N2 $#H1 57

ARG SRS A 27w S 711 I Lo =
Red arrows indicate disordered neuronal arrangement, neuronal atrophy.
B 1 FEFERREBMNEDELFIEFEETN (HE, X200)

Fig. 1 Histopathological changes in ischemic hippocampus of newborn rats in each group (HE, x 200)

R2 FEAFEARRMMEDHETHEMATELE (X£s5,n=6)
Table 2 Comparison of number and apoptosis rate of hippocampal neurons on ischemic side of newborn rats in each group
(X+s,n=06)

2 531 FiE/(mg-kg ™) 2 TR AT TR %
BRFER — 113.17+11.02 2.1540.40
FETY — 42.67+5.68" 26.73+1.22%
LTINS 25 69.17+8.82" 18.4441.09*
50 104.33+10.86" 9.6040.85"
FE R 4 Nrf2 $0) 71 504-0.4 59.17+6.114 21.38+1.144

3.3 ZEFTE AR EMMEDHMZ TTA TR 3.4 BEFEAKRRERMMEDLHL IL-1ps IL-6 F1

Wi 2 M 2 fos, H5EFARAE, BAH
FrAERBAZE T REETE (P<0.05); S
RUZH LU, SRR SRS n T R B R
IR(P<<0.05); 53R H =y 2 A LU, 1 +Nrf2
R FIHZ T T R R E R (P<0.05).

TNF-a 7K FEEER

N 3 fin, SEFRALE, BAHRE DA
ZUIL-1B+ IL-6 Al TNF-o /K2 T (P<<0.05);
EROA LA, R R4 IL-1B. 1L-6 Fl
TNF-a KT EERM (P<0.05); SiEMTF &7
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FLAHFTE AREBIMMEDMAZ TTATIER (TUNEL, X200)
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FESIAF +Nrf2 30177

Fig. 2 Apoptosis of hippocampal neurons on ischemic side of newborn rats in each group (TUNEL, x 200)

X3 REFHEARSKRMMEDLELE IL-1p. IL-6 F1 TNF-0 )KFEELIR (X+s,n=6)

Table 3 Comparison of IL-1p, IL-6 and TNF-a levels in ischemic hippocampal tissue of newborn rats in each group

(Xts,n=06)

2H 51 5l &/(mg-kg™) IL-1B/(pg'mg™") IL-6/(pg-mg™") TNF-o/(pg-mg™")
[EEN — 10.28 +1.73 32.50+5.18 21.79+3.42
TR — 63.54+3.09* 147.26+£9.17* 88.35+6.16%
U diNes 25 47.36+2.82" 99.43+8.04" 64.20+5.59*
50 26.80+2.17 50.71+6.35" 39.651+4.80"
TERNTFF + N2 06157 5040.4 53.25+2.944 123.09+8.864 741145734

A EL A, T 4 Nrf2 4 754 IL-1BIL-6 F1 TNEF-
o K RETE (P<0.05),
35 HEMEKRREBRMMEDSEE MDA KFEF
SOD. CAT ;&M%

mk 4 fion, SEFARALE, #EAUHKRIE

L 20 MDA 7K-F i 2 F+ 75 (P<<0.05), SOD #1 CAT
PR R (P<<0.05); SRR LR, EMTE
ik, EREAESHLS MDA KFEEFRK (P<
0.05), SOD Fl CAT &M & & (P<0.05); 5
R 7 2 A, R N2 $ 7720 MDA

* 4 FEIMEXRERDMEDLHEL MDA /KFEF SOD. CAT JEMLLER (X+s,n=6)
Table 4 Comparison of MDA level and SOD, CAT activities in hippocampus of ischemic neonatal rats in each group
(Xts,n=6)

2H 5 7§ /(mg-kg™) MDA/(nmol-mg™") SOD/(U'mg ™) CAT/(U-mg™)
RFEAR — 42.50+6.12 187.49+15.30 255.63+28.17
T — 133.79 £ 10.45% 66.30+9.22% 104.21416.94%
T 25 101.63+9.38" 98.85+10.37" 151.49+19.35"

50 67.15+7.27"
114.80+9.924

VERMEF +HNrf2 #0871 50+0.4

140.36 +12.50" 208.72+23.62°

KPS T E (P<<0.05), SOD F1 CAT i 1t 5.3 4
i (P<<0.05).
3.6 FEHFE AR BMMEDLHL Nrf2/NF-B 8
BIEXERRIALLR

Wl 3 MK s s, SERTFARAIE, BAA
K SRR 4 SR A% NF-xB p65 5 Rk K T B2
FHE (P<<0.05), A% Nrf2 A5 IkBo. HO-
1 BMAFRIEKTEZERE (P<0.05); SR
B TR w2 A% NF-«B p65
BARIEKT 53 EE (P<0.05), 40fUf% Nrf2
M)t IkBo. HO-1 HARBKTFEENG (P<
0.05); SIEMF A EA R, ZERMF +Nrf2 #H)
T T 4 240 MU A% NF-kB p65 25 %1k /KT 2 2

79.02+8.464 136.18+20.054

Nrf2 = — 6.8 X104
NF-«xB p65 = 6.5X104
Histone H3 «iis . - S e | 7 <[4
IkBo ~ — — 3.9%X10*

HO-1 w———

w—— 33X10*

B-actin NG G S A O < (¢
BFEAR B 25 50 A 4 Nri2 #HI5]
EME/(mg-kg ™)
3 BEFEAXRERMNEDLHELR Nrf2/NF-«B BEEX
EARIE
Fig. 3 Nrf2/NF-xB pathway related protein expressions in

ischemic hippocampal tissue of newborn rats in each group
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£S5 HEFERBFDMEDLEL Nri2/NF-kB BEREXEARIALLR (Xts,n1=6)
Table S Comparison of Nrf2/NF-kB pathway related protein expressions in ischemic hippocampal tissue of newborn rats in

each group (X+s,n=26)

ol 7 &E/(mg-kg™!)  Nrf2/Histone H3  NF-xB p65/Histone H3 IxBa/B-actin HO-1/B-actin

WFER — 0.63£0.08 0.16£0.03 0.85+0.07 0.574+0.05
T — 0.214+0.04% 0.48+0.06" 0.33+£0.04% 0.16£0.03%
pUINER 25 0.35+0.05" 0.36+0.04" 0.49+0.05" 0.304+0.04"
50 0.49+0.07* 0.24+0.03" 0.70£0.08 0.45+0.06"
FEREF -+ Nrf2 $01 75 5040.4 0.28+0.044 0.40+0.054 0.42+0.064 0.24+0.044

TE (P<<0.05), ZHMuAZ Nrf2 FIZHF IkBa. HO- A Nrf2 fl NF-xB JLE 28 YeomBiksy; Sk

1 R ARIEKPFREZERK (P<0.05). ML, EMEC. w7 EAH M S 2HZ Nef2 1 NF-

3.7 FHEKXREMMEDLEL Nrf2. NFxB ®E  «B ek sm g, SiEMimnsa i,

RIFEEMIF R HEREH +Nrf2 #7249 5 4H 2 Nrf2 A1 NF-«B 3
e 4 fior, SEFPARALE, BAHEDH A%,

Nrf2

(EERN

el

T 25 mgkg!

T 50 mg-kg!

HERITF 4+ Nrf2 $ 77

4 KESMME DAL Nrf2 71 NF-kB BT ERE (X200)

Fig. 4 Immunofluorescence colocalization of Nrf2 and NF-kB in ischemic hippocampal tissue of rats (x 200)
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FEZ20E], FHREARE WBENET. &
H IS P24, IR RSS tATRe, (RiEE
JCHET AR T, dEm R 2 508, thah, &
A REAT LIS JERE S R, 51 7S 2 i 40 i (1435 i
RIEAN IR #ORE/T R (40 TNF-a. IL-6+ IL-
1B 55) W EIEBREEH THE T, BuEMaTH
WA 5% F@a, (EdEma o2, ik
18, A4 )L HIE 5 H 485E R 1 IL-1BIL-6 ;2 TNF-
o KT, 29T IE R FRAGET A L HIE (i
T R R T, IR, St Ny,
AR, 2 T FUIE S B 32 U RIS 4
CINZRJFEERP), JeRl AR IO, NS BT Rg?) A
A XL HIE BRI ER o XL RIRAY B A BT
% PUEEAL. PUAT- RIS T RE T TIRRME, X e
PEWT A )L HIE BA W stas 7R o 1R =2 E
PRI — M A, BA R PR AP
TER . DR R, FERUEYRE # K R AR, %
SUFF AT PAAR K SR 41447 TNF-a IL-6. IL-1B 7K°F,
I8/ 9 AR M (VIR ek A 22y T i R 0L
VEE K RARALRT Ho0, AbHE KRR B Z 4 015
S A RO AR A S R I e )
A NI 22 O A R TR AR i A A 1 121, AR
AWEFed, HrA KR HIE A AU 234 TL-1B. IL-
6. TNF-a fll MDA /K F¥%)7F, SOD F1 CAT 3% %
BEAIS, Mo T T e, SRR R4 R —2
TV S8 AR K R HTE ARLA7-E BE 5510 98 0 AN AR AL
N 45 TIEERME TS, HA K HIE B8 ZH
191 IL-1B. IL-6. TNF-a Al MDA /K-FF#K, SOD
HCAT WM&, APE T TR BEG, PeniEE
AIRRAIR 2 P AOE R 7 13RI, SR P EA B TS 1%,
IR SN S BRI AGR, s o T, R
T R Bl I ek A SR A S IR 4 4 R 4 L R
FRIEN BRI, HfIE TR T E %S
WA, PEHZ TG, Mk T A KR HIE 1)
PR AR 118201,

NF-xB & — P2 8%+, JLUTAFET B
AU, fEFASYIY, NF«B 5 HAMH &
H IkBa & E AW, AAETA M H, LA ik
NN Y R ) b B B QY N = RS
B, NF-xB {5 518 B H0E, NF-xB A 40
%, NF-«xB #Z#Arnl et & K7 IL-1B. IL-6 K&
TNF-o fRIE. W7 RR, 78 HIE #iE KRES
CA1 X T A Z M % 5 NF-«B p65 #FH R IAA

Ji £ 5 IEAH SR80 0 Nrf2 S —Fh S B i P I AL

A7, I it A A TS B PR e 3ok B 1

SRR H N2 m S % NF-«B B E A,

Nrf2 HIBR SR NF-«B ik, SR & A

TR INRES, AR, LU

AT 28 254 AT 3 I WO Nrf2 45 5@ B 6742 )L HIE

RIFMERYERHRY, HO-1 2 Nrf2 [ R 7

Guo FFISIRHL, R rE s Lk Nef2 #2562, |

i HO-1 A5, Woik Nrf2 {55 B ek 42 g th i 45

PslER MM T AE R, RIPFIETT. B4

WEFeHr, R AT T R AR KRR HIE AR i ZH 2 o

1% Nrf2, 4UH kB HO-1 8 (IFRIEKTF, BEAL

% NF-kB p65 & H KA /K-, 1G5% Nrf2 F1 NF-«B

FHEAER]: H Nrf2 $]7) brusatol I IS5 40 )

A, SRos M ] el bR Nrf2 (A% A%

¥, $if] NF-«B JEH, XA KR HIE A2 0k

PER .
g3 b, R AT BRAR JOAE S M AN AL R, 4

HIFHZ T T, IREHTE KB HIE Fphadids,

YEF ML AT B S5 (21 Nrf2 (% A 4% ] NF-«xB

A Ko AHIF TR IR AT L 4% Nrf2/NF-

kB S HIE, RUIEMH A Ei0yT HIE fif

BT B ER T 3G o ARRUREALRE VPAlh i R

A2 K SR HIE J5 27 1M RN ) e R S5 me ket —

AISIEE M PRI . BEsh, EREXH

AR BR HIE JE IS AR IR Can gz =) 1527y

ARANIRTT o
FlBAR AR FRARAELEAZFR

SE R

[1] Ranjan A K, Gulati A. Advances in therapies to treat
neonatal hypoxic-ischemic encephalopathy [J]. J Clin
Med, 2023, 12(20): 6653.

[2] Arnautovic T, Sinha S, Laptook A R. Neonatal hypoxic-
ischemic encephalopathy and hypothermia treatment [J].
Obstet Gynecol, 2024, 143(1): 67-81.

[3] Wang Z, Zhang D, Zhang P, et al. Safety and efficacy of
therapeutic hypothermia in neonates with mild hypoxic-
ischemic encephalopathy [J]. BMC Pediatr, 2023, 23(1):
530.

[4] Rodriguez J, Li T, Xu Y R, et al. Role of apoptosis-
inducing factor in perinatal hypoxic-ischemic brain injury
[J]. Neural Regen Res, 2021, 16(2): 205-213.

[5] Pedroza-Garcia K A, Calderén-Vallejo D, Luis Quintanar

J. Neonatal  hypoxic-ischemic  encephalopathy:

Perspectives of neuroprotective and neuroregenerative



» 3584

FE B 2025FE58 $£56% B 108 Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 10

(6]

[7]

(8]

(4]

[10]

[11]

[12]

[13]

[14]

[15]

treatments [J]. Neuropediatrics, 2022, 53(6): 402-417.
Cheng S, Chen C, Wang L L. Gelsemine exerts
neuroprotective effects on neonatal mice with hypoxic-
ischemic brain injury by suppressing inflammation and
oxidative stress via Nrf2/HO-1 pathway [J]. Neurochem
Res, 2023, 48(5): 1305-1319.

Yang Y P, Li Y, Yang W Y, et al. Protecting effects of 4-
octyl itaconate on neonatal  hypoxic-ischemic
encephalopathy via Nrf2 pathway in astrocytes [J]. J
Neuroinflammation, 2024, 21(1): 132.

Zhao J,Yin L L, Jiang L, e al. PTEN nuclear translocation
enhances neuronal injury after hypoxia-ischemia via
modulation of the nuclear factor-«B signaling pathway [J].
Aging, 2021, 13(12): 16165-16177.

Zheng Y H, Li L Y, Chen B W, et al. Chlorogenic acid
exerts neuroprotective effect against hypoxia-ischemia
brain injury in neonatal rats by activating Sirt] to regulate
the Nrf2-NF-xB signaling pathway [J]. Cell Commun
Signal, 2022, 20(1): 84.

Li Y, Zhang J J, Chen R J, et al. Genistein mitigates
oxidative stress and inflammation by regulating Nrf2/HO-
1 and NF-xB signaling pathways in hypoxic-ischemic
brain damage in neonatal mice [J]. Ann Trans! Med, 2022,
10(2): 32.

Chen S, Zhang S, Wu H G, et al. Protective effect of
phillyrin against cerebral ischemia/reperfusion injury in
rats and oxidative stress-induced cell apoptosis and
autophagy in neurons [J]. Bioengineered, 2022, 13(3):
7940-7950.

Wei T, Tian W L, Yan H Y, et al. Protective effects of
phillyrin on H20z2-induced oxidative stress and apoptosis
in PC12 cells [J]. Cell Mol Neurobiol, 2014, 34(8): 1165-
1173.

Guo X, Cao PP, Lian X F, et al. The neuroprotective effect
of phillyrin in intracerebral hemorrhagic mice is produced
by activation of the Nrf2 signaling pathway [J]. Eur J
Pharmacol, 2021, 909: 174439.

Taniguchi H, Andreasson K. The hypoxic-ischemic
encephalopathy model of perinatal ischemia [J]. J Vis Exp,
2008(21): 955.

ARIE, AJePE. KRR FEL Nef2 B RYHTE KR

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

SRR SRR IR AR AL [J]. PIEZG2AAE, 2022,
37(4): 82-86.
Fu C C, Zheng Y H, Zhu J J, et al. Lycopene exerts
neuroprotective effects after hypoxic-ischemic brain injury
in neonatal rats via the nuclear factor erythroid-2 related
factor 2/nuclear factor-k-gene binding pathway [J]. Front
Pharmacol, 2020, 11: 585898.
Tregub P, Malinovskaya N, Hilazheva E, et al. Permissive
hypercapnia and hypercapnic hypoxia inhibit signaling
pathways of neuronal apoptosis in ischemic/hypoxic rats
[J]. Mol Biol Rep, 2023, 50(3): 2317-2333.
LiY, Chen L, Zheng D, et al. Echinocystic acid alleviated
hypoxic-ischemic brain damage in neonatal mice by
activating the PI3K/Akt/Nrf2 signaling pathway [J]. Front
Pharmacol, 2023, 14: 1103265.
MZLF5, ZFEIN*E. Omega-3 25 ANA g I R X ok L R 4
P 453497 41 B JRE AN BB T2 R BE IR (3] IR
MZSMRHRE, 2023, 20(2): 173-178.
TKHIGE, J7lE, Mt S5 NS R X4IRE KRG
AU I IR 8 4 R AR 2 R TR E R (0], TR
IR BEEERR, 2021, 42(5): 693-699.
WiE, F4ih, EIT, & BRI S AT E

BEAIE G AKX BT 48 )L HIE L35 RREH 7 A&
i B EAT NIREm (7], EE 4 BT AT, 2021,
32(11): 1649-1653.
X, ATRAH, ANEEES, SF. EMTFESY SphK1/S1P/
SIPRI A5 5 i % xof JAt % g 28 A 28 K B it 452 4% F 52 i
[7]. WP EIGPRZG B 2224 3, 2024, 40(3): 378-382.
ZIRAE, Mz EE . R 1 A R AR KRR
CAl [X NF-«B G SME0@T-HRR [1). | RE
22011, 32(1): 47-49.
AL, PO, BROEE, S5 WA T Nrf2/HO-
I/NF-«B {5 5 I8 IEHE () B R AR 1 g2 [J]. ) PaER
%, 2023, 45(11): 1316-1325.
Wardyn J D, Ponsford A H, Sanderson C M. Dissecting
molecular cross-talk between Nrf2 and NF-kB response
pathways [J]. Biochem Soc Trans, 2015, 43(4): 621-626.
Liu J X, Zheng D, Chen L, et al. Nuclear factor erythroid
2-related factor 2 as a potential therapeutic target in
neonatal hypoxic-ischemic encephalopathy [J]. J Integr
Neurosci, 2024, 23(5): 103.

(TR F 4]



