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Study on Naoxintong Capsules alleviating cerebral ischemia-reperfusion injury in
rats by ferroptosis mechanism

HUANG Guijinfeng, SHANG Jinfeng, WEN Yinlian, ZHANG Xiaolu, WANG Bohong, WEI Wanting, LIU Xin
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To investigate how Naoxintong Capsule reduces cerebral ischemia-reperfusion injury in rats by inhibiting
ferroptosis. Methods Male SD rats were randomly divided into sham operation group, model group, Naoxintong (110.0 mg/kg) group,
Ginaton (21.6 mg/kg) group, p53 inhibitor (25.0 mg/kg) group and p53 inhibitor (25.0 mg/kg) + Naoxintong (110.0 mg/kg) group. The
cerebral ischemia-reperfusion injury rat model was prepared by transient middle cerebral artery occlusion, and the parameters were
evaluated and sampled 24 h after operation. Nerve function score was used to detect nerve function. The infarct size was measured by
2,3,5-triphenyltetrazolium chloride solution (TTC). Hippocampal morphological structure was observed by hematoxylin-eosin (HE)
staining. The ultrastructure was observed by transmission electron microscope. The contents of ferrous and lipid peroxides in hippocampus
were detected by biochemical reagents. The mRNA and protein expression levels of p53, SLC7A11, GPX4 and ACSL4 in hippocampus
were detected by RT-qPCR, Western blotting and immunohistochemistry. Results Compared with the model group, the neurological
function score and cerebral infarction rate of rats in Naoxintong group were decreased (P < 0.01), the histopathological changes in
hippocampus were alleviated, the total iron and lipid peroxides in hippocampus were significantly decreased (P < 0.05), and the mRNA
and protein expressions of SLC7A11 and GPX4 were significantly increased (P < 0.01). The mRNA and protein expression of p53 and
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ACSLA4 were significantly decreased (P < 0.01). pS3 inhibitor can inhibit the expression of p53, restore the nervous function of rats, reduce

the rate of cerebral infarction, reduce iron overload, and inhibit the occurrence of ferroptosis (P < 0.05), which has a synergistic effect with

Naoxintong capsule. Conclusion Naoxintong Capsule can reduce ferroptosis in cerebral ischemia-reperfusion injury in rats by inhibiting p53.

Key words: cerebral ischemia-reperfusion injury; Naoxintong Capsule; ferroptosis; p53; SLC7A1l
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Mo AT Codt B BRI 2 BRMLA, At Fis FH K R
FE 8 14K 30k 41 %€ (transient middle cerebral artery
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Table 1 Primer sequences

5144 Fk SIS (5-3°)
p53 F: TGCCCACCAGCACAAGCTC
R: CAGCTCTCGGAACATCTCGAAG

SLC7Al11 F: AAATTCTCATTAGCAGTCCCGAT
R: CAGCAAACACACCACCGTT
ACSL4 F: TAAGTACAACTTTCCGCTTGTG
R: ATAGGAAGCCTCAGACTCA
GPX4 F: CCCATTCCCGAGCCTTTCAACC
R: ATCGATGTCCTTGGCTGCGAAT
GAPDH F: AAGATGGTGAAGGTCGGTGT

R: GATCTCCTGGAAGATG

H Image-J #AFTHE O (4D EAE AR B
I E .
2.9 Western blotting & R HIRIAE

BB R D CAL X510, IREURE
H, WEEEPKRE, EAFEME T e miien-
RN B vk, %2 PVDF i, & MH. %k
RS, 5 —3i & HRP FRiC i Pt T E .« &
. UL GAPDH £~ N2, ] Image-J A4 1H5 p53.
SLC7A11. ACSL4. GPX4 & H AN RIEK T,
2.10 ZHiHESH

IR RUUX £s KB AER, KA SPSS 20.0
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J& 2 B HECR B /N 3 22 ik s . B ARE
IERAETT AT, RAFESHRR .
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i OB A S CAL XIEF A MAE Frig %, 4
WGRREEEA BT, #h oo BRIl S, i
PR, H pS3 HIHI 7+ o Co 38 2 11 9 BE 45
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KRAIEF S cm B E R (P<0.01); S
UL, M CoBal. Sy 411 ps3 54K
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Kl 2-C Fiom, AT ALK BRI 2H 2R 4 i i 2R s
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H5BFARELLE: P<0.05 #P<0.01; SHEMMAHRE: *P<0.05 “P<001; 5p53 MElFI4HLE: “P<0.05 “°P<0.01; FE[E.
#P<0.05 *P<0.01 vs sham group; "P<0.05 **P<0.01 vs model group; “P<0.05 ““P<0.01 vs p53 inhibitor group; same as below figures.
1 BOERE. S4%H ps3 MFIFI KEKIEL R, HEHEETIHIEM (XLs,n=6)
Fig.1 Effect of Naoxintong Capsule, ginaton and p53 inhibitor on cerebral infarction rate and neurological deficit score of
rats (X s,n=6)
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A-HE Ze{0%5 8 (X400); B-1IEH L0, C-H

p53 TF[J%'J?‘IJ-‘:-HLJIL bii}

(X6000); MEOFLIERHEECE, BOFLR IR .

A-HE staining results (x400); B-number of normal neurons; C-electron microscope (x 6 000); black arrows indicate pathological changes, yellow arrows

indicate mitochondrial damage.

B2 RCiEEER ps3 HIHIFIX KRG DEY

S BHSHFMESHETHEN

=l (Xxs,n=3)

Fig.2 Effect of Naoxintong Capsule and pS53 inhibitor on morphology, ultrastructure and number of normal neurons in

hippocampus of rats (X £ s, n=3)

o FRGERFM, MBI TSP S
AT, 5 p53 R4 b RIBEREH .
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IKFEFFE KRR

W 3 fion, SHFERALE, #AHKRE
LK Fe¥ Ml LPO S8 EE I (P<0.05.
0.01); SHAIZHLLE:, MNCoamLA ps3 Hii FH)4H i
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0.01); 5 p53 MR ELEL, p53 Hl 7]+ v Lo
HARRIE LA Fe S5 &M LPO &8 0 &L
4 it
T; N .
£ v .
2

(=]

PR BAL 0 pS3  ps3 i+

ELUE I i

3 ReOiEAREAN p53 HIFITHIR A RIS DA R BKFAE KT A

(P<<0.05. 0.01). DL ES5RRHH, f.Codd IR 3 A1 p53
51 750 8 3 I PR AR R KSR LPO B & AT e
tMCAO K R4 -
3.4 BROBASFEFN ps3 MEIFI ARIEDELR
FET-HECHE A mRNA Fik7K T H S0

i O 3B R HE A pS3 I 5 6 KR pS3 s
SLC7411. GPX4. ACSL4 f] mRNA FRiE/KF 15
Wi 03K 2, ST ARHE, BAH KR p53.ACSL4
1] mRNA ik & 5 EH N (P<0.01), SLC7AII 1]
mRNA Fik & I K (P<0.01), GPX4 [f) mRNA

BFAR BE oiE  pS3  pS3 AR+

TR o

= (Xts,n=6)

Fig. 3 Effect of Naoxintong Capsule and p53 inhibitor on iron level and oxidation level in hippocampus of rats (X £ s, n =6)
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2 BORARFERN ps3 MHIFI KRG DAL KIE TR EE mRNA FRIXKFHIFME (X+s,n=3)

Table 2 Effect of Naoxintong Capsule and p53 inhibitor on mRNA expression of ferroptosis-associated genes of

hippocampus in rats (X £ s,n=3)

2H Fl&/(mg-kg™) p53 SLC7411 GPX4 ACSL4
WFER — 1.005+0.122 1.012+0.185 1.03140.077 1.001+0.042
T — 4.94340.382" 0.676+0.110* 0.61940.198 5.84240.297#
Ji 0238 110 1.767£0.270** 1.782+£0.225* 1.535+0.359* 2.221+1.055*
p53 il 7 25 0.7194+0.116™ 1.434+0.423* 1.426+0.079* 1.5814+0.042"
p53 HP T+ i Coie 254110 0.263+0.156" 2.4204+0.174°° 2.778 £0.464"" 1.105+0.049

SEFRALE: “P<0.05 #P<0.01; SHEMALLLE: *P<0.05 “P<0.01; ‘5 p53 MkFIALE: “P<0.05

44p<0.01; TR,

#P<0.05 #P<0.01 vs sham group; "P <0.05 **P <0.01 vs model group; 4P <0.05 22P < (.01 vs p53 inhibitor group; same as below tables.

FIL B FTIRAK; SR RS, i Com4LAT ps3 #
HIFILH AR p53+ ACSL4 [f) mRNA Fik & 5 F K
(P<0.01), SLC7A11. GPX4 If) mRNA F£is& &
FHN (P<<0.01); 5 p53 A4 L, p53 il
55 O 2H K L p53 1 mRNA Rik & 3 %
ik (P<<0.05), ACSL4 If] mRNA ik & A fr %

BFA

pm 0

LRyl

pS3 4 S

pS3 I+ Ll

p5S3

fik; SLC7411. GPX4 [f) mRNA Kik& B Z N

(P<0.01).

3.5 BLBRSEFD ps3 HHIFIT KRGS HELAE
TR A ERFTEKFENZMm

Yo AL RN 4 F1Z6 3 s, 5T ARA
Eodse, A2 KRR pS3. ACSL4 ) 2K [ AR X ik

SLC7A11

GPX4

ACSLA

Ed4 BHERKREESHITHXERRRANKER (X400;1=23)

Fig. 4 Immunohistochemical results of ferroptosis related proteins in hippocampus of rats in each group (x 400; n = 3)

1

00 pm

*3 ROERERM ps3 MFIFIN ARG DARKETHRELERREKTHEMW (XLs,n=3)

Table 3 Effect of Naoxintong Capsule and p53 inhibitor on protein expression of ferroptosis-associated targets of

hippocampus in rats (X £ s, n=3)

2H ) HE/(mg-kg™) pS3 SLC7A11 GPX4 ACSL4
BFEA — 0.071+0.025 0.314+0.006 0.114+0.006 0.155+0.013
it — 0.3324+0.015%  0.211+0.009* 0.075+0.012% 0.301+0.026%
o 38 110 0.235+0.016™  0.305+0.010" 0.110+0.003" 0.146 +0.009™
p53 I 25 0.116+0.003"  0.327+0.010™ 0.138+0.008" 0.133+0.002*
p53 H R+ i 0 J8 254110 0.104+0.006 0.362+0.00644 0.189+0.00942 0.118+0.002
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EIFIE (P<0.01), SLC7All. GPX4 &
H A R IA B B FH R (P<0.01); SRV
bb, iioCodd ZHF0 pS3 i 77 44 K B p53+ ACSL4
()R A Rk & R FRIK (P<<0.01), SLCTAI11.
GPX4 M AT RIEEEE M (P<0.01); 5
p53 AR EL R, p53 0 7 4 i 0o i 2K R
p53 Al ACSL4 (1) 25 H A X R ik & F#AIK, SLCTATLL
GPX4 JHE A REE R EW I (P<0.01),
B &5 RuE 5 s, S5ETFARAE, BRH

1 0.15
)

5.0X10* ﬁ 0.10

py AR T

oo

=
SLCTATL e S e - - s 5 | %{0-05

4

o R >0

A -
e

BFAR B RO ps3 ps3 I+ >
IR 0 &

BFA B J0IE ps3 ps3 T

0
fBFAR U G0 ps3  ps3 MR+

K p53. ACSL4 [ FMXREREE R (P<
0.01), SLC7A11. GPX4 2 A AN A & B & %
& (P<<0.01); SRR, Wi CiBZA ps3 #
HIFAIZL R B pS3+ ACSL4 [ 8 A X 3Rk 2 2 35 %
ik (P<<0.01), SLC7A11l. GPX4 [ AN F£iLE
BEE (P<0.01); 5 ps3 iMI4LELE:, ps3 4
11751 -+ A oI ZH K B, pS3 Al ACSLA 2R A X R IA
B ERFL (P<0.01), SLC7AL1l. GPX4 [IEE A

XFRIEERFEM (P<0.01).
#H# i 06
» g% 04
sk AN 2RI
— et

1Eﬁ7k &i Vi p53 p53§‘f|]$ 7+
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