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1, Keapl). Nrf2. IM4LZE NN (heme oxygenase, HO-1). AEIE-FMEA R IE BT I (glutamate - cysteine ligase
catalytic subunit, GCLC). #ARMR-V-MEIRIEEH AW (glutamate-cysteine ligase modifier subunit, GCLM). ER& LT
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Abstract: Objective To explore the prophylactic effect and mechanism of protocatechuic aldehyde (PCA) against cyclophosphamide
(CPA)-induced acute liver injury. Methods Mice were orally treated with PCA at dosages of 15, 30 mg/kg or diammonium
glycyrrhizinate (DG) at 67.5 mg/kg once daily for 14 days, followed by a single intraperitoneal injection of CPA at 200 mg/kg to
establish an acute liver injury model. The serum and liver tissue were collected on the next day. The levels of alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) in mice serum and superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase
(GSH-Px) and malondialdehyde (MDA) in liver tissue homogenate were detected by biochemical kit. Hematoxylin eosin (HE) staining
was used to observe the pathological changes of liver tissue. The apoptosis of liver cells was detected by dUTP nickel end-labeled
fluorescent staining (TUNEL) mediated by terminal deoxynucleotide transferase. The expression of reactive oxygen species (ROS) in
hepatocytes was detected by superoxide anion fluorescence staining. Immunohistochemical staining was used to detect the translocation
of nuclear factor erythroid 2-related factor 2 (Nrf2) in mouse hepatocytes. Western blotting was adopted to detect the protein expression
of B cell lymphocyte 2 (Bcl-2), Bcel-2-associated X protein (Bax), cysteine containing cysteinyl aspartate-3 (Caspase-3), Kelch-like
ECH-associated protein 1 (Keapl), Nrf2, heme oxygenase-1 (HO-1), glutamate-cysteine ligase catalytic subunit (GCLC), glutamate-
cysteine ligase modifier subunit (GCLM) and NAD(P)H quinone oxidoreductase (NQO1). Results PCA could increase liver index,
decrease serum ALT and AST levels, reduce cell space and cell swelling in liver tissue, and alleviate CPA-induced liver injury in a
dose-dependent manner (P < 0.05, 0.01, 0.001). PCA significantly decreased the intensity of TUNEL fluorescence staining (P < 0.001).
In addition, western blotting results showed that PCA could increase the expression of Bel-2 (P < 0.001) and decrease the expression
of cleaved Caspase-3 and Bax (P < 0.05, 0.001), indicating that PCA could effectively inhibit hepatocyte apoptosis. The results of
oxidative stress index showed that PCA increased the levels of SOD, CAT and GSH-Px (P < 0.05, 0.01, 0.001), and decreased the
levels of ROS and MDA (P < 0.01, 0.001). It is worth noting that PCA could decreased Keapl expression (P < 0.01, 0.001), induce
nuclear translocation of Nrf2 and increase the expression of Nrf2 and downstream antioxidant proteins (P < 0.05, 0.01, 0.001).
Conclusion PCA could prevent CPA-induced acute liver injury, which might be attributed to inhibiting oxidative stress and apoptosis.
Key words: protocatechuic aldehyde; liver injury; cyclophosphamide; oxidative stress; cell apoptosis; Keapl/Nrf2/HO-1 signaling
pathway
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i ) S B AR NPT 254, IEIIE 2 CPA BUE 1
AU 2L, R A A B U2, i)
R BR | T FEI PR S AR T RCRB), CPA mlid s
75 A SO A H R T R . R, RS
RS CPA S A IR A B R VPAN 254
MR HE R, CPA i 3 k= A i s 1
% (reactive oxygen species, ROS), T-#HFIEPIE
Bt R G HER, AT b E e RE 7, i
FEAL LG, AR IO 52 40 B T A E A
FZ—. IEM ROS A UMHIBHT-EE B #kE
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R (EHE Scilogex AF] ).
2 FE
2.1 . ERNHBT

WIBAERFFRLE N ERTE 1 S, K 40 HN
SR AL ot R ZH . BEARLZH N PCA 1% 7 (15,
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JEE T o 8 A POl P il = IR 40 min,
SRJE 591 Keapl (1 :5000). Nrf2 (1 :2000). HO-
1 (1:1000). GCLC (1 :1000)» GCLM (1 : 1000)-
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(P<0.01), HEJTEREAMHE. W& 1-D i,
SFHEZH /N SR PR 540 50 8, IR A P 51 R %
xR b, BN R A B, RS
IR i O A Y T 5y NP R R U
YHfIRIE . SRIRA LR, SR 2N R 2
FIIEHTE R, AU BRI, A MK s,
H PCA =7 B4R DG 4102058 5 1 & .
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PR (P<<0.001). HEIALLEL, cleaved-Caspase-3
Al Bax HHFIABEZEFRIL (P<0.05), Bel2 HHH
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Fak. WK 5-A FoR. SRR, BRI/ R



- 7718 - PED 2024FE 11 5 5% $ 228 Chinese Traditional and Herbal Drugs 2024 November Vol. 55 No. 22

A B
0.06 200 7
*% .
58w * #it
~ e == 150 -
W 0044 _:
] T
=4 2 100 A —
P 5
H 0.02 4 =
== 50 -
0 . . 0
X A 1S 30 DG
PCA/(mg-'kg™")

I

T
X R 15 30 DG
PCA/(mg-'kg™)

C
200 ik
150 - * *x
o sk *k P 5 o
= o I L
2 100+
=
w0
<
50
0

T T T
XHHE B 15 30 DG
PCA/(mg-'kg™")

PCA/(mg-'kg™)

S5xtiRgLt: "P<0.05 #P<0.01 *P<0.001; SHBIALE: "P<0.05 P<0.01 **P<0.001, FEIF.

P<0.05 "P<0.01 **P<0.001vs control group; "P < 0.05

"P<0.01 **P<0.001 vs model group, same as below figures.

1 %t CPA FREIAT#Hif5/ N RATAEIEEL (A). BFINEE (B C) RFIBIASEFE (D) MM (Xts,n=8)
Fig. 1 Effect on liver index (A), liver function (B, C) and pathological morphology (D) in CPA-induced mice (X s, n =8)
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gy, BRI, RETEESR. AR RPDEE 2R
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PED 2024FE 11 5 5% $ 228 Chinese Traditional and Herbal Drugs 2024 November Vol. 55 No. 22 - 7719 -

A

TUNEL

DAPI

MERGE

PCA/(mg'kg™)

HitH

RRC P

0.5 *kk

Hkox

g OB 15 30 DG
PCA/(mg-kg™)

A-TUNEL 58654t (X20); B-FE50mME .
A-TUNEL fluorescent staining (x 20); B-average fluorescence intensity.
2 Xf CPA FREUAHRA MR ATAE AR T AR (X ts,n=4)

Fig. 2 Effect on apoptosis of liver cells in CPA-induced liver injury mice (X £ S, n =4)
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A-Caspase-3, cleaved Caspase-3, Bcl-2 and Bax protein immunoblot bands; B—D-results of semi-quantitative analysis.
3 %f CPA FRBIATIR A/ R ATBE P AT HEXERRIENENM (XLs,n=4)

Fig. 3 Effect on expression of apoptosis-related proteins in liver of mice with CPA-induced liver injury (Xt s, n=4)
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4 XJ CPA FRBUFHRA/NRFTAEE W RHBIFM (X ts,n=4)
Fig. 4 Effect on hepatic oxidative stress in CPA-induced liver injury mice (X £ S, n=4)
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Fig.5 Effect on expression of Keap1/Nrf2/HO-1 signaling pathway in mice with CPA-induced liver injury (X £ s, n=4)
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