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Abstract: Objective To predict the potential targets and signaling pathways of chlorogenic acid in the treatment of cerebral ischemia-
reperfusion injury (CIRI) based on network pharmacology and molecular docking, and to validate whether chlorogenic acid exerts
neuroprotective effects by regulating the epidermal growth factor receptor (EGFR)/phosphatidylinositol 3-kinase (PI3K)/protein kinase
B (Akt)/mammalian target of rapamycin (mTOR) signaling pathway through in vivo experiments in rats. Methods The intersection

of chlorogenic acid action targets and CIRI disease targets was screened using Traditional Chinese Medicine Systems Pharmacology
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Database and Analysis Platform (TCMSP), GeneCards and other databases. The protein-protein interaction (PPI) network was
constructed using STRING, GO and KEGG enrichment analyses were performed using DAVID, and molecular docking was validated
using AutoDock. The middle cerebral artery occlusion/reperfusion (MCAO/R) model was established using the filament method. The
neuroprotective effects of chlorogenic acid and its influence on the EGFR/PI3K/Akt/mTOR pathway were evaluated through
neurological function scoring, 2,3,5-triphenyltetrazolium chloride (TTC) staining, pathological observation, Western blotting analysis
immunohistochemistry, and TUNEL staining. Results Network pharmacology analysis identified 64 intersection targets, with EGFR,
CASP3, SRC, and ERBB2 as core targets, which were mainly enriched in the PI3K/Akt signaling pathway and apoptosis pathway.
Molecular docking showed good binding affinity between chlorogenic acid and core targets (binding energies ranging from —23.4 to
—33.9 kJ'mol™"). Animal experiments demonstrated that compared with the model group, chlorogenic acid treatment significantly
improved neurological dysfunction, reduced cerebral infarction volume, and ameliorated neuronal pathological damage;
Downregulated p-EGFR expression while upregulating p-PI3K, p-Akt, and p-mTOR levels; Decreased the expression of pro-apoptotic
proteins Bax and Cleaved-Caspase-3, increased anti-apoptotic protein Bcl-2 expression, and reduced neuronal apoptosis in a dose-
dependent manner (P < 0.05, 0.01). EGF agonist partially reversed the neuroprotective effects of chlorogenic acid (P < 0.05, 0.01),
exacerbated brain injury, upregulated p-EGFR, and inhibited the downstream PI3K/Akt/mTOR pathway. Conclusion Chlorogenic
acid exerts neuroprotective effects against cerebral ischemia-reperfusion injury by downregulating EGFR expression, activating the
PI3K/Akt/mTOR signaling pathway, and inhibiting neuronal apoptosis. The EGFR agonist can partially block the neuroprotective
effects of chlorogenic acid, confirming that EGFR may be the key upstream target through which chlorogenic acid exerts its effects.

Key words: chlorogenic acid; network pharmacology; molecular docking; EGFR/PI3K/Akt/mTOR signaling pathway; cerebral

ischemia-reperfusion injury; neuroprotection
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Fig. 4 Chlorogenic acid-target-CIRI pathway network



FE49EESH 2026FE5H

{;35;%4-'[4 ER Drug Evaluation Research

Vol. 49 No.5 May 2026 = 1597 -

s4rhe/(KI-mol )

#hi 4 ft/(kT-mol ™!

el . —28.22

-25.08
—-29.26
-27.17 -30.31
SRR R P -31.35
-32.40
—31.35 —33.44
-34.49

-33.44

CASP3 EGFR ERBB2 MMP2 MMP9 SRC Aktl MTOR  PI3K
B 5 RFERSZOEBLNS FREESERE

Fig.5 Heatmap of molecular docking binding energies between chlorogenic acid and core targets

L5 G RERAK (=33.9k)-mol ™), Z5&SEM T jixom, ¥
A E RS SR /N 293k mol !, FHHSG R HIR
N MMP9 (=322 kJ-mol™") Il EGFR (—30.9 kJ-mol™);
Bk SRC (—23.4kJ-mol™") #b, H4& 5 /MRS iR
MBABSRNGEE ). o, SER
5 MTOR Hg5&Remfk (=35.1 kI'mol™), Z5G 3%
Al fesm; HVkON PIBK (—=31.8 kI'mol™!) Fl Aktl
(=272 kKJ'mol™"), 3 MELAMHMBSEGREY/NT
=25.1 kI'mol™', #& 7~ &% Ji R Al A A H T
PI3K/Akt/mTOR 18 #% 1) B 17 o Rt AR = A
(E 6) g5 R BIREGRIR S Aktl 45547 534 & ASN-
54. GLN-79. ASN-53. LYS-14. ARG-86. ARG-23.
TYR-18 & ILE-19 %52/ Hpktt, ZHIEEAN
1.8~29A (1A=0.1nm); 5 MTOR 45507 &
ARG-73. GLU-2038. GLU-2032 /% SER-2035 £&%%
B, SHEEEEN 1.2~22 A; 5 PBK 456 h &

LYS-636. ILE-663 } ASP-761 %55k, SHEIHE N
1.9~2.7 A, R\LFEL T 5 EGFR/PI3K/Akt mTOR
%2 A CEAE SO AR T ESEA BAE R, R
FHonTRe s S 1@ S R HE T CIRT RPER

3.2 SCIGIIFLER
3.2.1 SHERAT MCAO/R KR, mNSS 14318200

ARIGE 1. 3. 5+ 7 KKRH mNSS Pl K R A& Th e
(E 7). XTRAKBICMETIRE B, 250 8]
mNSS VP38 0, SxTRRZAHEL, BRI K RAES
IF ] 55 mNSS PR (P<0.001), FKEHH
YL E [ 2 TR . AR EL, SRR T
BEPBILT mNSS W5y, HEHRRR 7R SEE
FARTFARAEAL, EHURH 77 AT ) A e 1k
. 5|\ EGFR #3hiJ5, EGF 1P/ ietiaig]
— B FtE (P<0.05); [}, EGF &35 1 425 IR
IR G E ] (54 E R mT E LA L,

=

. o ) ) p 4‘» y “ o &
S A% et Q{%&’{E‘ u? s\l‘rﬂy
WS S S 5P L5
; [ i . ~ =

CASP3 EGFR ERBB2
~ ‘ o))
A X5d - 8% $
Whal || gl »
MMP2 MMP9 SRC
-
@ @ P ,
&, — S BES B Y 1 £
F s ‘ 7 T (D‘g - R e
B o 2 A o Q% o, egye @ 3 m&m
pt! A

Akt mTOR

PI3K

El6 REREBSHUERNSFIHEEEERRNK

Fig. 6 Molecular docking interaction diagrams of chlorogenic acid with core targets
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Fig. 8 Effects of chlorogenic acid and EGFR agonist on cerebral infarct volume in MCAO/R rats ( X X5, n=6)
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MCAO/R rats ( X s, n=6)



- 1602 * LAOBELBSH 202645 H  L¥4a A Drug Evaluation Research Vol 49 No. 5  May 2026
A N :_“_‘ <, B
A W 100 -
AR o 80- i
5 . N *kk
a ﬁ ——
2540 SR e : & 601 *k } I A
A i # -
xf e Z})5% 25 mg-kg ! = 40 ** gy L X
& * | w—
#H 201 '
=
0 ——r— T T l T ‘ T
SHER MR 25 50  EGF 4tEEZ +EGF
. A S )57/ (mg-kg 1)
ZR)E R 50 mg-kg ! EGF 4% 5% +EGF

A- KR4 TUNEL %45 (X400); B-TUNEL FEMEANARE /b SXERRZALLE: "P<<0.05 “P<<0.01 "™P<0.001; SRAALLE: #P<0.05

#p<0.01; SEEIREREALE: “P<0.05.

A-TUNEL staining images in brain tissue of rats (x400); B-percentage of TUNEL-positive cells; "P < 0.05 "P<0.01 P <0.001 vs control group;
#P<0.05 P <0.01 vs model group; “P < 0.05 vs high-dose chlorogenic acid group.

14 ZREEST MCAO/R AR INLBLEMIAT RN (X L5, n=6)
Fig. 14 Effect of chlorogenic acid on cell apoptosis in brain tissue of MCAO/R rats ( X s, n=6)

it KRG HA R EH . Kim SRR K
P, 2% 5 I T e g ) /0 P2 Jo 4 L v A AR 2 e
B, PR 2 WS FRIME JORE. Shen SERURIH,
o R EE L BOEAZ R T B2 SRR T 2 (Nrf2) /i
LA AT 1 (HO-1) @ %, iz AL M, X CIRI
HAERYIER. R, SRR RN LR 1E 1)
ST HLE AR TS A B, PR T ISR .
W 2% ZJ BT RG AW AL S BT B R, B
B SRR EAER, &R
“LRGY. ZHS . 2B WIERRE S, R
Z5/E FMLEIER AL 78 BB U0, AHI 57 i S i i 9 2%
T, RATINEEEREYT CIRT [ 7R
MAEREEE . 45RER, SJRRS CIRI JLH 64
ANIZEREE S, PPI Z% M e Y EGFR. CASP3.
SRC. ERBB2. MMP9. MMP2 &A% 08l 5, $27R
X LR AR R ERIG YT CIRT R IESCEE A . GO
e E R R, RS EES 541
YRR A SBERAIE . AT
R IE RS et e, X5 CIRT [ AL
mEWY)E . KEGG B &£ iein, CHEEAE
=8 EAE PIBK-Akt {5518 . MAPK 15 5@ 4
TNF {5588 408 @ M 4%, Hrh PI3K-Akt i@
M R, RNZIERESERRIGIT CIRT H
RAIERZOAEH -

I3 TR ER AR BT 53 T /K V- A% 245 4 5 0 55
L5 A RE ST, TR X 28 24 B 2 TR0 25 SR i) ] ke
AL RN, 48525 EGFR.ERBB2.CASP3,
MMP2. MMP9. SRC 5% i35 B A R UF 1) 45

B, A ALY /N T—29.26 kI'mol™!, Hi 5
ERBB2 [f)45 & REA% (—33.86 kI'mol™"), H:IK N
MMP9 (—32.19 kJ-mol™) #ll EGFR (—29.26 kJ-mol™").
AR oM R, SRR R 3 B i A R B K A
AR S8 E AR S A, WS, i
G NAY T KT S T R4 24 B A T e A S
NG B P SEIR IR UFFR M T B AR

EGFR/PI3K/Akt/mTOR 15 5 1 1% /& 1 2 41 Jig
AAEL BEEE. MERIET A B, FHERS
HH R 1 BB Y, EGFR 2 52 R U R Ity 53 e
B, HTE ARG AT I 2 BROL R 2 R A S
. EGFR B FERUE S 2 i BURZASAH G2, 18
CIRL i #2, EGFR 5 0 v] seid i i s spl
HIF0 4] N9 PI3K/Akt/mTOR & B 1 1E 7 ThAE, T
TP TCI0 %5 . PI3K A& 40 0 N 35 B 45 5 5 S 40
T SRS AR IR BELEE-3,4,5- = B,
PI(3,4,5)P; (PIP3), HZEF0G Akt. 1L p-Akt
R 2 R R ST TR R, BSOS
mTOR. e I8 125 [ Bad. G % %1 CREB
25024, mTOR A& 20 A K AR H O T R 7
p-mTOR A28 [ %, 4 TR, F i,
YE¥F PI3BK/Akt/mTOR 8 i [ 38 BE V% X & oo AT
TERKEEL,

E B 1) 52 56 56 I 58 43, AS B FL R & L)
MCAO/R HERIAFHL I AR A4 oG 2 o, 1A 3 SR R
pr e R EH R H o FHLE . AR ER,
MCAO/R HEBLK FR AR I H B 2 R pi 2 D e sl bt o i
FEAEARRRIE R . PR eI T8, s Ih &



FE49EESH 2026FE5H

{;Xﬁ«i&'{ﬂﬁ R Drug Evaluation Research

Vol. 49 No. 5 May 2026 » 1603

T CIRI PR ERRHIE . SRIFEE T JUH 2 M &)
BE NS mNSS, ZE/MNAEIEAF, AR TR
i, AR TR T, KRB B E R/ ER,
HEFEARME . X5 SCRIRIE SR R 2 IR
1 F— 526271,

HLAIWTFC 71, Western blotting A28 2H 4k 45
&R, MCAO/R J& K SRR TN 5 = p-EGFR/EGFR
©ETH S, M N UE p-PIBK/PI3K. p-Akt/Akt. p-
mTOR/mTOR ¥4 #F[#(IK. X —25 5 438/R, CIRI 7]
755 BEGFR i FEW0E , 31 i i SRR L i 4 i) Ui
PIBK/Akt/mTOR A A#15 FilEE, fEitma ol .
SR T )5, p-EGFR/EGFR HAE .35 MR, [t
RS R AR A K B F A, H RS OR
e T EARNERER, SRR EE N RE
JAT-8 [ Bax fll cleaved-Caspase-3 Fix, _i$TH
T8 A Bel-2 &Ik, FH& Bel-2/Bax. iR K,
SRR ER T B H0H] EGFR I FEBERR LIRS, ARk
XU 5 I8 S R, YK 5 PIBK/Akt/mTOR 8 i
(IR E AL 2 DhRE, I AE & [EREE
(2, e st B8 BoRE R R T 75 EGFR &
AR ECA BT N, ATREIETLUR 2 Fhie s
Bl (D (REZAENTEEM: SEKRS EGFR
ZiaIE, RN T H B TE Y (PR p-
EGFR), I8 7] figill id 24 4% EGFR fI# %, iNi& EGFR
ZRMIN AR, F 91 FHEE NSRS AT B AR
T 5 385 40 L 2 T A% b EGFR 25 A 7K T (4 [e281,
(2) gt sy o) RIS 0 EGFR
() S s, BELBT 1 T (R S B MR A e s R [
PG EA-1 (AP-1). #Z K T-«B (NF«B) Bi{5 5%
S RO R T (STAT) KRR G 1 HEfL, F
IR 2 53 TR -3 1 ) PRI T B SS 1 X EGFR B [A]
JR BT IR ) S SR, TR S KSP b P= A 47
S, 53 EGFR mRNA M A 215 B 4k & T
AL F5 Ja B s 4 s 30— D I0ED .

ik — 556 EGFR 75 43 5 FR A 42 A 3 1 i v
ook iRy, ARF T E EGFR 37
EGF TR FEATHLHI LA . 45 5 2R, EGF 75,
p-EGFR/EGFR ikt — T, Tl EE K
FiE— BRI, mNSS FhiE, MAESEAARRIE R,
2T INE, YESZ EGFR i ¥ 0% vl i & CIRI.
WOREE R, S5R SR +HEGF BE HAHYS
Al SR R R T LA L, EGF 300010 4% 1 45 R
MR ER, RIN p-EGFR /KFEIFF. T

FABRAKT N EAE G INE. FiRERE
JTUERA, &% )5 R 2 8 i i) EGFR i B2 BRI B0
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