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Valeric acid inhibits gastric cancer growth and inflammatory

response by activating the nrf2 pathway: an experimental study

SHANG Qing', WANG Jing’, WANG Xiaolei'

(1. Department of General Surgery I 2. Department of Laboratory Medicine I, Xinxiang Central Hospital, Xinxiang, Henan 453000,

China)

Abstract
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Background and Aims: Valeric acid activates the nuclear factor E2-related factor 2 (Nrf2) pathway.
Recent studies have demonstrated its potent antitumor activity in breast and oral cancers. However, its
role in gastric cancer treatment remains unclear. This study aimed to investigate the effects of valeric
acid on inflammatory responses and survival in a gastric cancer xenograft model in nude mice and to
explore the potential underlying mechanisms to provide new insights for gastric cancer therapy.
Methods: A xenograft model was established by subcutaneous injection of human gastric cancer MKN-
45 cells into 80 Balb/c nude mice, which were then equally randomized into four groups: control and
low-, medium-, and high-dose valeric acid groups (10, 20, and 40 mg/kg, respectively). The mice
received daily intraperitoneal injections of either saline or valeric acid for 30 days. Tumor growth was
monitored during the treatment period. Twelve hours after the final administration, five mice from each
group were sacrificed by cervical dislocation; blood was collected via eyeball removal, and tumors were
excised and weighed. Histopathological changes in the tumors were observed by HE staining. Serum
levels of macrophage inflammatory protein-2 (MIP-2), interleukin-10 (IL-10), and tumor necrosis factor
o (TNF-a) were measured by ELISA. mRNA and protein expression levels of Nrf2 and its downstream
molecules, quinone oxidoreductase-1 (NQO-1) and heme oxygenase-1 (HO-1), were assessed in tumor
tissues using qRT-PCR and Western blot. The remaining 15 mice per group were monitored for survival
analysis.

Results: Compared with the control group, all valeric acid-treated groups showed a significant reduction
in tumor volumes at all observation time points and final tumor weight (all P<0.05), with a dose-
dependent trend. HE staining revealed densely arranged tumor cells with high cell density in the control
group, while various degrees of tumor necrosis and reduced cell density were observed in valeric acid-
treated groups, most pronounced in the high-dose group. ELISA results showed that serum levels of MIP-
2 and TNF-a were significantly decreased, while IL-10 levels were significantly increased in valeric acid-
treated groups compared to controls (all P<0.05), exhibiting dose dependence. qRT-PCR and Western
blot analyses demonstrated that the mRNA and protein expression levels of Nrf2, HO-1, and NQO-1 in
tumors were significantly elevated in the valeric acid groups compared with the control group (all P<
0.05), also showing dose dependence. Survival analysis indicated that the median survival times were
47 d (control), 68 d (low dose), 81 d (medium dose), and 90 d (high dose), with all valeric acid groups
having significantly prolonged survival compared to the control group (all P<0.05).

Conclusion: Valeric acid effectively inhibits the growth of gastric cancer xenografts, attenuates systemic
inflammatory responses, and prolongs the survival of nude mice, possibly through activation of the Nrf2
pathway and modulation of the tumor microenvironment.

Stomach Neoplasms; Xenograft Model Antitumor Assays; Valeric Acid; Inflammation; NF-E2-Related Factor 2
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BLOAL (8 E SCAFEA ) . KHBST-360 i Fr {X
(LR Y TRERMARAR) . 165-8001 %Y
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) SR REAS B DT VR ) MR, — L,
ANERY OB KR B4 10~30 H, X T 39256 %
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WF 7345 80 HL A A5 A Ty AR BB ML 43 Sk Xof R4 B AIK
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B2, PRI S, Ry, —1
AT G 82 HE e 4 W %%, O3 — 1)y #F 17 qRT-PCR |
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W14 & AL cDNA, L cDNA 4 5 A #F 47 PCR ¥ 34
Be il S Wi 2 ;10 wL SYBR Greenl+1 wL | F 5]
Pr+2 WL Tap B & BF+30 wL 28187k , R J5 76 PCR X
AT, A 95 °C 10 min, 95 °C 15s,
70 °C 30s, 60 C20s, 40EI . LUH s 3-8
12 i B (glyceraldehyde 3-phosphate dehydrogenase ,
GAPDH) AHNZ, 27835 N2, NQO-1, HO-1
EH. SIWFES . N2 Eif: 5-AGC ACC CAC
CCT GGA AGC CA-3' R i : 5-CAG CAA TCC GGG
CAA GGC CA-3'; NQO-1 L : 5-GCG CCT ACG
GCA TGG TTT GTT CT-3', Fiif: 5'- TGC AAC ACG
GGC AAG GCC AA-3'; HO-1 [¥if: 5'-CCT TGA GGC
CTT TCT TAC CC-3', Fif: 5-ATG TTG GAG GGC
TTG ACA TC-3'; GAPDH L i : 5-ACA GCA ACA
GGG TGG TGG AC-3', Filf: 5-TTT GAG GGT GCA
GCG AAC TT-3', B[ A B 2 205 bp.
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80 V, SRJ5 R 12% SDS-PAGE #E47 Hi Tk , 7 i 4
FELTR AR B 1 b, SRR AR 5K 01 2 ho VTR
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SPSS 22.0 # {4 A 4 Hr ¥ dl . A7 & A At
HWR LB AL (R +s) T, 2410
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Figure 1 Tumor growth in each group of gastric cancer xenografts

A: Appearance of nude mice in each group 12 h after the

final administration; B: Gross morphology of xenograft tumors in each group 12 h after the final administration;

C: Changes in tumor volume during the experimental period; D: Comparison of tumor weight in each group 12 h after the

final administration
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Figure 2 Histopathological observation of gastric cancer xenografts in each group (HE x200)

2.3 FHARBRMBFRERFKE

ELISA Kz U &5 3 WoR, S5XF A g, &40
B2 36 97 40 I 75 MIP-2 . TNF- o 7K °F ¥ B & &A%,
IL-10 ZKF-H B  FH & (33 P<0.05), H &2t — 5 1Y 7l
EAOEPE (1),

®1 BAFMBRMBERERFKELE (n=5, x +5)
Table 1 Serum inflammatory cytokine levels in tumor-
bearing mice of each group (n=5,x * s)

poyiiEiEl 2.04+0.12 102.19+13.28  436.12+39.15
BRRRIATT U
10 mg/kg 1.79+0.16"  214.39+25.07"  379.25+46.25"
20 mg/kg 1.26:0.11"  306.15+42.19"  315.09+43.12"
40 mg/kg 0.63+0.09"  387.24+59.24"  258.73+30.26"
F 12.784 9.267 12.928
P 0.000 0.000 0.000

T 1) 50 B e, P<0.01
Note: 1) P<0.01 vs. control group

2.4 HEBEBAHLANT2,HO-1.NQO-1 mRNA S

BEAFRIEEBER

qRT-PCR &5 R, SXFHEAL LR, 45 460 F
BIT MR T N2 . HO-1. NQO-1 mRNA % ik /K
SEH BT () P<0.05), H & — % By 5] AR
P (#2); Western blot &1 25 3 R, 45 41 B H
Ja P Nef2 . HO-1, NQO-1 2 H ik 28 b #a i 5
mRNA —F (K3) (£3),

®2 HEABEMENr2, HO-1. NQO-1 mRNA FKiAKFLL

B (n=5, x+s)
Table 2 The mRNA expression levels of Nrf2, HO-1, and
NQO-1 in xenograft tumors of each group (n=5,

x +5)
A M2mRNAHO-ImRNA  NQO-ImRNA_
Xof HR 41 1.04+0.15 1.05+0.22 0.98+0.11
SRRTRYAY T4
10 mg/kg 1.32+0.14" 1.31x0.26" 1.34x0.19"
20 mg/kg 1.51+0.23" 1.53+0.19" 1.56+0.12"
40 mg/kg 1.69+0.19" 1.77£0.21" 1.81x0.24"
F 6.895 5.988 7.964
P 0.000 0.000 0.000
T ) S XA LA, P<0.01
Note: 1) P<0.01 vs. control group
MR ERAYT 4L
XL 10 mg/kg 20 mg/kg 40 mg/kg

Nif-2

HO-1

NQO-1

GAPDH

3 Western blot #& il & HFZ # 8 * Nrf2, HO-1. NQO-1
EA=E 7
Figure 3 Detection of Nrf2, HO-1, and NQO-1 protein
expression in xenograft tumors by Western blot
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®3 FEBHEBNr2, HO-1, NQO-1 E B FRiEKFLLE

(n=5, x +s)
Table 3 The protein expression levels of Nrf2, HO-1, and
NQO-1 in xenograft tumors of each group (n=5,

x *s)
2151 Nif2 25 HO-18H NQO-14EH
X IR 0.17+0.02 0.12+0.01 0.21+0.03
M FRIRY T
10 mg/kg 0.38+0.05" 0.29+0.06" 0.45+0.05"
20 mg/kg 0.76+0.09" 0.61+0.08" 0.6620.09"
40 mg/kg 0.95+0.21" 0.92+0.03" 0.99+0.21"
F 15.627 17.369 9.263
P 0.000 0.000 0.000

TE: 1) 50 B LA, P<0.01
Note: 1) P<0.01 vs. control group
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0.05) ([&4).
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ﬂﬂ\ﬁi ]
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Eﬁ |
S AY AL
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0 50 100
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Figure 4 The survival curves of the tumor-bearing mice in

each group
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