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Sodium 4-phenylbutyrate alleviates H9c2 cell apoptosis induced by high
glucose by inhibiting the endoplasmic reticulum
stress-MAMs-mitochondrial calcium overload axis

JI Yanwei, WEN Xinyu, TANG Hepeng, SU Wating, XIA Zhongyuan, LEI Shaoqing
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Abstract

Objective: To investigate how the endoplasmic reticulum stress inhibitor 4-phenylbutyric acid

(4-PBA) effectively reduces mitochondrial calcium overload by inhibiting endoplasmic reticulum
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stress, thereby preventing subsequent cellular damage and apoptosis. Methods: H9¢2 cells were cul-
tured in vitro and divided into three groups (six replicate wells in each group) according to a random
number table: the low glucose control group (LG group), the high glucose injury group (HG group),
and the high glucose injury + 4-PBA group (4-PBA group). Cells in the LG group were cultured in a
medium containing 5. 5 mmol-L. ' glucose, while cells in the HG group were treated with a medium
containing 35 mmol-L. "' glucose for 48 hours. Cells in the 4-PBA group were pretreated with 4-PBA
for 2 hours prior to high glucose treatment. Cell viability was assessed using the Cell Counting Kit
(CCK-8), and lactate dehydrogenase (LDH) levels in the cell culture fluid were measured using the
enzyme-linked immunosorbent assay (ELISA) method. The Rhod-2 cell-permeable calcium ion fluo-
rescent probe method was employed to detect mitochondrial calcium ion levels, and the 2, 7-dichloro-
fluorescein diacetate (DCFH-DA) fluorescent probe method was used to assess intracellular reactive
oxygen species (ROS) levels. The mitochondrial membrane potential was evaluated using the 5, 5,
6, 6'-tetrachloro-1, 1', 3, 3"-tetraethylbenzimidazolecarbocyanine iodide (JC-1) method, and mito-
chondrial morphology was examined using a mitochondrial red fluorescent probe. The activation level
of MAMs and the extent of mitochondrial damage were assessed using transmission electron microsco-
py. Flow cytometry was utilized to evaluate the level of cell apoptosis, while Western Blot analysis
was conducted to determine the expression levels of endoplasmic reticulum stress marker proteins
(BIP/GRP78 and CHOP) and mitochondrial-associated endoplasmic reticulum membranes (MAMSs)
marker proteins (IP3R, GRP75, and VDAC). Results: Compared to the LG group, the HG group
showed a significantly decreased cell survival rate, increased LDH levels, and elevated expression of
BIP/GRP78, CHOP, IP3R, GRP75, and VDAC (all P<<0.05). Additionally, HG increased MAM
activation, mitochondrial calcium ion levels, mitochondrial damage ratio, ROS levels, and cell apop-
tosis rate (all P<C0.05). In contrast, the 4-PBA group exhibited increased cell survival rate, de-
creased LDH levels, and reduced expression of BIP/GRP78, CHOP, IP3R, GRP75, and VDAC
compared to the HG group (all P<C0.05). Furthermore, 4-PBA attenuated MAM activation, mito-
chondrial calcium ion levels, mitochondrial damage ratio, ROS levels, and cell apoptosis rate (all
P<C0.05). Conclusion: 4-PBA can inhibit high glucose-induced apoptosis in H9¢2 cells by targeting
the endoplasmic reticulum stress-M AMs-mitochondrial calcium overload axis.

Key Words 4-PBA; H9c2 Cells; Endoplasmic Reticulum Stress; MAMs; Mitochondrial

Calcium Overload ; Apoptosis

46 %

W DR 2 — b ™ Rl e A R Al B 4 18 1 1A
PRSI o HE AT S R, A B IR
ERE A 5 BB RN TE AT LT DUBE IR O
L% (diabetic cardiomyopathy, DCM ) Sy 4% 3 () . IfiL
ARG RO I T RO TR R A R PR E R
ToREZER KD DCM & HLH &2 2%, 5 8 Ak h
YL VAT O ORI D) RE RIS AR U T AR I R
B RS AR AR, N B A OB R Gk
IK - B8 B BN g 2 O L R AR S
It HL N 5T ) 38 RT LA A ok AR R G N B
(mitochondrial-associated  endoplasmic

membranes, MAMs) N5 B 1 ¥ 12 (1) 5 # #E 111 51 i

reticulum

LERLAARIG o DR, DR P JBT I L O A B
S DCM Al A %) T B 4R 3L T R4
(4-phenylbutyric acid, 4-PBA) & #% ik 5% 8 4% 38 £ 717
1l P JBE 7 8 ke 1R T A 2 B e 3 1 RS AY O JUL 4
W SR, HOET R R A B ST UE S5 4E DCM
4-PBA E % 38 i 100 h) A J5T 190 7 388k 2 15 2 1 ) £k
KL B 2 7% S 7 400 o) SRR 45 05 o AR BF 5 A kg PR
WA b, A 7S S H9c2 4h i 4 15 1 A B 4
W B 95 0 WL A AR SRS B 4R 1) 4-PBA BE 75 3 2o 410
1] A JBE 1 7 38 - VLA MEs 24 A 5 4 il . 25 0l 2 vy
LA R 0 LA B 45 05 L B AE  DCM 1Y L 13R
g/ v Y



12

SORENE A AL TR S Ak 4 P R T 8- MLA M s 2R R A R A il o s S R 1Y H9e2 A T 1531

1 HR5H®

1.1 BB SRFMER O HOc2 41 55 2 Fh 78
A 102 I 4 i (A 77 45 . S601P-500, SeraPro
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DMEM #7775 (4 774t 5 : GP24050180533 , I 3§
e R E W R A R A A, T 95% A
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FARAF) I TR B 95 CA& 10~15 minffi &
Hoe a2t Bl LR BRI BGE &9 & AR
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(EP=HE S 1 R2206151, B I FE 48 /R B W RHE A R
A ) WL A M A B, OF = T B E 30 min, B S
4 “ClE 5 2~4 h, LA 1000 remin '$5£% 5 min 19 & 148
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pus 2], H A SN £ k7 (R 2 .
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240
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220
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4-PBA4L A B
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A. Rhod-2/AM 4l il 7] 15 i3 45 &5 T 98 CHR AR YL 0 18 (X8 000) 5 B. 3 2H 4 Jifg 28 K K45 55 T /K F b #5555 LG 4 e %, “P<<0.01; 5 HG
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o, HG 2H 40 iig N ROS /K P i 2 T i, (B 2 Ze ki K
JE R 57 7K F B 3 R (2 P<<0.01) . 5 HG 40 #
b, 4-PBA 4140 i N ROS /KR B, 287 M Ji e 437
KT (¥ P<<0.01) ., WIE 3.
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Bk LA I M4 A N s HG 440k 1
LS § RN TN N S NS ES R TR N A Gl | I B
BRI 45 T 4-PBARIT IR DS T = B S 0 4R
BIRKIA . W4 K E 1B,

2.6 ATAKEILE HLCHAMMWEHEL,HG A
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4-PBA A AN 125 TR (P<<0.01)., WK 5.
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Tofr v B 452 43 10 G 4 R 3R L TR MA M, 1 A B T
AP JE ) i) R R Y B R R R iR
Sl HOc2 4N 8 7= . 4-PBA &b BRI T P4 5 )
7 8, TRY ERE I A T S A R 3 1 2 B O L R 3 D
il T AL BN HOc2 40 M A B T . X e 2 SRR
080 P B 98- MLA M s—2% Rz 1A% 55 88 48l 1T fE 2
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WA O L T AR AR R 80061 R
ATBIE TR S B AR P IR % 12 B A 2 P
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i B e, AT S ok (12 A fE B R H
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DL LB 455 48 B LDH Y 53 E T 32 7 B R0 ) 2 Y
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