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ABSTRACT

Salvianolic acid B (SalB) is a major water-soluble phenolic compound
with reported antioxidant and metabolic regulatory properties. We
investigated its hepatoprotective effects in AML12 cells exposed to high
glucose and palmitic acid (HG-PA), an in vitro model of diabetes-associated
non-alcoholic fatty liver disease. SalB showed minimal cytotoxicity and
significantly improved cell viability after HG-PA challenge. It reduced
mitochondrial reactive oxygen species and 4-hydroxynonenal
accumulation, indicating attenuation of oxidative stress and lipid
peroxidation. SalB also restored MitoTracker fluorescence and intracellular
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ATP levels, consistent with improved mitochondrial function and cellular
bioenergetics. HG-PA increased cereblon (CRBN) expression and
suppressed AMPKa phosphorylation, whereas SalB partially reversed both
changes. These findings suggest that SalB protects hepatocytes from
glucolipotoxic injury by limiting oxidative damage, preserving mitochondrial
function, and restoring CRBN-associated AMPK signaling.
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1. Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD), formerly termed non-alcoholic fatty liver
disease (NAFLD), is the most common chronic liver disorder worldwide and is strongly associated with obesity
and type 2 diabetes mellitus (T2DM) [1, 2]. More than half of patients with T2DM are estimated to have
NAFLD/MASLD, and diabetes is associated with greater risks of steatohepatitis, advanced fibrosis, and
adverse liver-related outcomes [3, 4]. Thus, diabetes-associated hepatic injury represents an important target
for mechanistic investigation and therapeutic intervention.

A key mechanism linking diabetes to liver injury is glucolipotoxicity, caused by sustained exposure to excess
glucose and free fatty acids. Palmitic acid, a major circulating saturated fatty acid, promotes oxidative stress,
lipid peroxidation, mitochondrial dysfunction, endoplasmic reticulum stress, and hepatocyte injury [5, 6]. High
glucose further potentiates palmitate-induced toxicity, making combined high-glucose and palmitate exposure
a relevant in vitro model of diabetes-associated metabolic liver injury [5]. Mitochondrial dysfunction is central
to this process because excessive reactive oxygen species generation and impaired ATP production
compromise hepatocyte viability and metabolic homeostasis [2,6]. These disturbances are increasingly
recognized as key drivers of progression from simple lipid accumulation to inflammatory and fibrotic liver
disease, particularly in the setting of insulin resistance and T2DM. AMP-activated protein kinase (AMPK) is a
key energy sensor governing hepatic lipid and energy metabolism. Cereblon (CRBN) negatively regulates
AMPK, whereas CRBN deficiency enhances hepatic AMPK activity and improves metabolic homeostasis [7,
8]. However, the role of CRBN/AMPK signaling in hepatocyte glucolipotoxicity remains unclear.

Salvianolic acid B (SalB) is a major water-soluble polyphenolic constituent of Salvia miltiorrhiza Bunge
(Danshen), a medicinal herb widely used in traditional Chinese medicine. Sal B has been reported to exert
antioxidant, anti-inflammatory, anti-apoptotic, and anti-fibrotic effects in various experimental models. Previous
studies have shown that SalB preserves mitochondrial function, attenuates liver fibrosis, inhibits hepatocyte
ferroptosis, and improves experimental MASLD/MASH through mechanisms involving SIRT1/p53 and Piezo1-
mediated calcium signaling [9-12]. Despite these findings, the protective effects of SalB under combined
hyperglycemic and lipotoxic conditions, which closely resemble the metabolic stress associated with diabetes-
related liver injury, remain incompletely characterized. In particular, how SalB influences oxidative damage,
mitochondrial bioenergetics, and metabolic stress-responsive signaling in hepatocytes requires further
investigation. Therefore, this study evaluated the effects of SalB in AML12 hepatocytes exposed to high
glucose and palmitate and explored potential molecular targets that may contribute to its mechanism of action.

2. Materials and Methods

2.1. Cell lines and culture

Alpha mouse liver 12 (AML12) cells (ATCC, Manassas, VA, USA) were cultured in Dulbecco's modified
Eagle's medium/Ham's F-12 (DMEM/F12) supplemented with 10% fetal bovine serum (FBS), insulin—
transferrin—selenium (ITS), 40 ng/mL dexamethasone, and 1% penicillin—streptomycin. Cells were maintained
at 37 °C in a humidified atmosphere containing 5% CO, and were subcultured before reaching complete
confluence. Cells within a consistent passage range were used throughout the experiments.

2.2. Main reagents

The reagents used in the study including Salvianolic acid B (purity 298%, HY-N1362, MedChemExpress),
D-Plus™ CCK cell viability assay kit (CCK-3000, Dongin, Korea), ATP assay (ab83355, Abcam), 4-
hydroxynonenal (4-HNE) assay kits (ab238538, Abcam), MitoTracker (M22426) and MitoSOX Red (M36008)
were purchased from Thermo Fisher. Primary antibodies against cereblon (CRBN), phospho-AMPKa (Thr172),
total AMPKa, and HSP90 were obtained from Cell Signaling with catalog number: 71810S, 25358S, 5831S, and
4877S, respectively. Horseradish peroxidase (HRP)-conjugated secondary antibody (LF-QC0101) was
obtained from Abfrontier.

https://tapchisinhlyhoc.com.vn/ |48| DOI: 10.54928/vjop.v30i4.637



https://tapchisinhlyhoc.com.vn/

Vietnam Journal of Physiology, Vol.30(4), 11/2026 ISSN: 1859 — 2376
2.3. Cell treatment

To establish an in vitro model of diabetes-associated hepatocellular glucolipotoxicity, AML12 cells were
exposed to high glucose (HG; 35 mM) and PA (200 uM) for 24h as previously described [13]. Control cells
received the corresponding vehicle treatment. The cytotoxicity of SalB was initially evaluated over a
concentration range of 0 - 400 yM. To determine its protective concentration, HG-PA-treated cells were
exposed to 5, 10, or 20 uM SalB. The optimal SalB concentration for subsequent mechanistic experiments is
selected based on the best cell survival results. The principal experimental groups were: (1) control, (2) HG-
PA, and (3) HG-PA + 10 uM SalB. SalB was administered concurrently with HG-PA exposure.

2.4. Cell viability

Cell viability was determined using the D-Plus CCK assay. AML12 cells were seeded into 96-well plates at
5 x 103 cells and allowed to adhere overnight. For the cytotoxicity experiment, cells were treated with SalB at
0, 5, 10, 20, 40, 80, 100, 200, or 400 uM. Following treatment, D-Plus CCK reagent was added to each well
according to the manufacturer's instructions, and cells were incubated at 37 °C for 1h. Absorbance was
measured at 450 nm using a microplate reader. Cell viability was calculated relative to the untreated control
and expressed as a percentage of control.

2.5. ATP level assay

Intracellular ATP levels were determined using a commercial ATP assay kit according to the manufacturer's
protocol. Following treatment, AML12 cells were collected and lysed under conditions recommended for the
assay. Cell lysates were centrifuged to remove insoluble material, and ATP content in the supernatant was
measured using colorimetricdetection. ATP concentrations were calculated from a standard curve and
normalized to total cellular protein content, determined using the BCA protein assay. ATP levels were
expressed as nmol/mg protein.

2.6. Measurement of 4-HNE levels

Lipid peroxidation was assessed by measuring cellular 4-HNE levels using a commercial kit. After
treatment, cells were harvested, lysed, and centrifuged, and the resulting supernatants were analyzed
according to the manufacturer's instructions. Absorbance was measured using a microplate reader at the
wavelength specified by the assay manufacturer. 4-HNE concentrations were determined from a standard
curve, normalized to total protein content, and expressed as pyg/mg protein.

2.7. Mito Tracker staining

Mitochondrial status was evaluated using MitoTracker staining. Following treatment, AML12 cells cultured
on imaging plates were washed with pre-warmed phosphate-buffered saline (PBS) and incubated with 150 nM
MitoTracker at 37 °C for 30 min in the dark. Cells were then washed with PBS and counterstained with DAPI
to visualize nuclei. Fluorescence images were acquired using a confocal microscope under identical
acquisition settings for all experimental groups. MitoTracker fluorescence intensity was quantified using
ImagedJ software and normalized to the control group.

2.8. MitoSOX red staining

Mitochondrial reactive oxygen species (ROS) production was assessed using MitoSOX Red. Following the
indicated treatments, AML12 cells were washed with pre-warmed PBS and incubated with 200 nM MitoSOX
Red at 37 °C for 30 min in the dark. Excess probe was removed by washing with PBS. Fluorescence images
were acquired immediately using a confocal microscope with identical imaging parameters among groups.
MitoSOX fluorescence intensity was quantified using ImageJ and expressed as fold change relative to the
untreated control.
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2.9. Western blot analysis

Following treatment, AML12 cells were washed with ice-cold PBS and lysed in RIPA buffer supplemented
with protease and phosphatase inhibitors. Cell lysates were centrifuged at 12000 rpm for 15 min at 4 °C, and
protein concentrations were determined using a BCA protein assay. Equal amounts of protein were separated
by SDS-polyacrylamide gel electrophoresis and transferred onto nitrocellulose membranes. Membranes were
blocked with 5% skim milk in Tris-buffered saline containing 0.1% Tween-20 (TBST) for 1 h at room
temperature and subsequently incubated overnight at 4 °C with primary antibodies. After washing with TBST,
membranes were incubated with the appropriate HRP-conjugated secondary antibodies for 1 h at room
temperature. Protein bands were visualized using enhanced chemiluminescence and captured with a
chemiluminescence imaging system. Band intensities were quantified using Imaged software.

2.10. Statistical analysis

All quantitative in vitro experiments were performed in n=3-5 independent experiments. Data are presented
as the mean + SD. Statistical analyses were performed using GraphPad Prism version 8. Comparisons
between multiple groups were performed using one-way analysis of variance (ANOVA) followed by an
appropriate multiple-comparison Tukey’s test. A value of P < 0.05 was considered statistically significant.

3. Results

3.1. SalB protects AML12 hepatocytes against HG-PA-induced reduction of cell viability

The cytotoxicity of SalB was first evaluated in AML12 cells over a concentration range of 0-400 uM. SalB
alone did not significantly affect cell viability at any concentration tested, indicating minimal cytotoxicity under
the experimental conditions (Fig. 1A). Exposure to high glucose and palmitic acid (HG-PA) significantly
reduced cell viability compared with the control group (P < 0.0001). Treatment with 5 pM SalB did not
significantly improve viability, whereas 10 and 20 yM SalB significantly attenuated the HG-PA-induced
reduction in cell viability (both P < 0.01). No significant difference was observed between the 10 and 20 pM
SalB groups (Fig. 1B). Accordingly, 10 uM SalB was selected for subsequent experiments.
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Figure 1. The effect of SalB on the viability of AML12 liver cells with and without HG-PA
supplementation. (A) Effect of salvianolic acid B (SalB) on AML12 cell viability over the indicated
concentration range. (B) Effect of SalB treatment on cell viability in AML12 hepatocytes exposed to high
glucose and palmitate (HG-PA). Data are presented as mean = SD, n=5 independent experiments. Statistical
significance is indicated by **P < 0.01, ****P<0.0001, ns, not significant.

3.2. SalB attenuates HG-PA-induced mitochondrial oxidative stress and lipid peroxidation

Mitochondrial ROS production was assessed using MitoSOX Red staining. HG-PA exposure markedly
increased MitoSOX fluorescence compared with control cells (P < 0.0001), indicating enhanced mitochondrial
oxidative stress. SalB treatment significantly reduced the HG-PA-induced increase in MitoSOX fluorescence
(P < 0.01) (Fig. 2A, B). Consistent with increased oxidative damage, cellular 4-hydroxynonenal (4-HNE), a
marker of lipid peroxidation, was significantly elevated following HG-PA exposure (P < 0.001). SalB significantly
decreased 4-HNE levels compared with the HG-PA group (P < 0.05) (Fig. 2C). These findings indicate that
SalB attenuates oxidative stress and lipid peroxidation during hepatocellular glucolipotoxicity.
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Figure 2. Effects of SalB on mitochondrial ROS generation and lipid peroxidation in AML12 cells
under HG-PA condition.
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(A) Representative fluorescence images of mitochondrial reactive oxygen species (ROS) detected using
MitoSOX Red staining. (B) Quantification of MitoSOX fluorescence intensity. (C) Cellular 4-hydroxynonenal
(4-HNE) levels as an index of lipid peroxidation. Data are presented as mean + SD, n=3 independent
experiments. Statistical significance is indicated by *P < 0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001.

3.3. SalB ameliorates HG-PA-induced mitochondrial dysfunction and ATP depletion

MitoTracker staining was used to evaluate mitochondrial status. HG-PA markedly reduced MitoTracker
fluorescence intensity compared with control cells (P < 0.0001). Treatment with 10 yM SalB significantly
restored MitoTracker fluorescence relative to the HG-PA group (P < 0.01) (Fig. 3A, B). HG-PA exposure also
significantly decreased intracellular ATP levels compared with the control group (P < 0.001), consistent with
impaired cellular bioenergetics. SalB treatment significantly increased ATP levels compared with HG-PA alone
(P < 0.05), although the values remained below those of untreated controls (Fig. 3C). Together, these results
suggest that SalB partially preserves mitochondrial function and energy production under HG-PA-induced
metabolic stress.
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Figure 3. Effects of SalB on mitochondrial status and cellular ATP levels in AML12 cells under HG-PA condition.

(A) Representative MitoTracker fluorescence images showing mitochondrial staining. (B) Quantification of
MitoTracker fluorescence intensity. (C) Intracellular ATP levels in AML12 hepatocytes. Data are presented as
mean = SD, n=3 independent experiments. Statistical significance is indicated by *P < 0.05, **P < 0.01, ***P

< 0.001, and ****P < 0.0001.
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3.4. SalB modulates CRBN/AMPK signaling in HG-PA-treated AML12 cells

To examine signaling pathways potentially associated with the protective effects of SalB, CRBN
expression and AMPK phosphorylation were analyzed by Western blotting. HG-PA significantly increased
CRBN protein expression compared with the control group (P < 0.01). SalB treatment significantly reduced
CRBN expression relative to HG-PA-treated cells (P < 0.05) (Fig. 4A, B). In contrast, phosphorylated AMPKa
was significantly reduced by HG-PA exposure (P < 0.01). Treatment with SalB significantly increased AMPKa
phosphorylation compared with the HG-PA group (P < 0.05) (Fig. 4A, C). Thus, the protective effects of SalB
against HG-PA-induced hepatocellular injury were accompanied by suppression of CRBN upregulation and
recovery of AMPK activation. Collectively, these findings demonstrate that SalB protects AML12 hepatocytes
against HG-PA-induced glucolipotoxic injury. This protection is characterized by improved cell viability, reduced
mitochondrial ROS and lipid peroxidation, preservation of mitochondrial function and ATP production, and
normalization of CRBN-associated AMPK signaling.
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Figure 4. Effects of SalB on CRBN expression and AMPK phosphorylation in AML12 cells.

(A) Representative Western blot images of cereblon (CRBN), phosphorylated AMPKa (p-AMPKa), total
AMPKa, and HSP90. (B) Densitometric analysis of CRBN protein expression normalized to HSP90. (C)
Densitometric analysis of AMPKa phosphorylation. Data are presented as mean + SD, n=3 independent

experiments. Statistical significance is indicated by *P < 0.05, **P < 0.01.

4. Discussion

This study demonstrates that salvianolic acid B (SalB) protects AML12 hepatocytes against high glucose—
palmitate (HG-PA)-induced glucolipotoxic injury. SalB improved cell viability, reduced mitochondrial reactive
oxygen species (ROS) and 4-hydroxynonenal (4-HNE), preserved mitochondrial status and ATP production,
and was associated with decreased cereblon (CRBN) expression and restoration of AMPK phosphorylation.

Glucolipotoxicity is a major mechanism linking diabetes to metabolic liver injury. High glucose can
exacerbate palmitate-induced hepatotoxicity through oxidative, metabolic, and integrated stress responses [5,
6]. Consistent with this concept, HG-PA markedly reduced AML12 cell viability in the present study. SalB
significantly attenuated this loss of viability, indicating protection against combined hyperglycemic and lipotoxic
stress.

Oxidative stress and mitochondrial dysfunction are central features of MASLD progression [2, 6]. HG-PA
increased mitochondrial ROS and 4-HNE while reducing MitoTracker fluorescence and ATP levels, indicating
oxidative damage and impaired cellular bioenergetics. SalB significantly reversed these alterations. These
findings agree with previous studies showing that SalB preserves mitochondrial function and limits oxidative
injury [9]. SalB has also been reported to inhibit hepatocyte ferroptosis and ameliorate experimental liver
fibrosis and MASH [10, 11]. More recently, SalB improved experimental MASLD by suppressing Piezo1-
mediated mitochondrial Ca?* overload, oxidative stress, and metabolic dysfunction [12]. Together, these
observations support mitochondrial and redox homeostasis as important components of SalB-mediated
hepatoprotection.

A notable finding of this study was the reciprocal regulation of CRBN and AMPK. CRBN is a negative
regulator of AMPK, and CRBN deficiency enhances hepatic AMPK activity and improves metabolic
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homeostasis [7]. Mechanistically, CRBN can inhibit AMPK through ubiquitin-dependent degradation of the
AMPK vy subunit [8]. In the present study, HG-PA increased CRBN expression and reduced AMPK
phosphorylation, whereas SalB decreased CRBN and restored AMPK phosphorylation. This pattern suggests
that modulation of CRBN-associated AMPK signaling may contribute to the metabolic protective effects of
SalB. However, these findings demonstrate association rather than direct causality. CRBN knockdown or
overexpression and pharmacological manipulation of AMPK will be required to establish a causal SalB—
CRBN-AMPK pathway.

This study has several limitations. The study was restricted to AML12 cells, and mitochondrial function was
assessed indirectly using MitoTracker staining and ATP levels. Additional analyses of mitochondrial respiration,
membrane potential, lipid accumulation, and fatty acid oxidation, together with primary hepatocyte and in vivo
validation, would strengthen the mechanistic conclusions.

5. Conclusion

SalB attenuates HG-PA-induced hepatocellular glucolipotoxicity by reducing oxidative stress and lipid
peroxidation while preserving mitochondrial function and cellular ATP levels. These effects are accompanied
by suppression of CRBN upregulation and recovery of AMPK phosphorylation. The findings identify CRBN-
associated AMPK signaling as a potential mechanism underlying SalB-mediated hepatoprotection and support
further investigation of SalB as a candidate therapeutic strategy for diabetes-associated metabolic liver
disease.
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HOI SINH LY HOC VIET NAM

AXIT SALVIANOLIC B LAM GIAM STRESS OXY HOA VA ROI LOAN

ﬁiﬁé@? Cl:I’U’(‘I NANG TY THE DOAD(_)C TINH (;ALUCQSE-!,IPIDAGAY RA TRONG
) TE BAO GAN AML12 THONG QUA DIEU HOA TIN HIEU CRBN/AMPK

Vietnam Society Of Physiology - VJOP
Pham Trong Kha", Vii Thi Thu?, Bui Thi Thwong?, Ngd Thi Hai Yén3, Pham Thj Bich?, Lwu Thj Thu Phuwong!
1Trwong Pai hoc Khoa hoc Tw nhién, Pai hoc Quéc gia Ha Noi

°Pai hoc Hai Phong

3Trwong Dai hoc S pham Ha Ngi 2

TOM TAT

Axit salvianolic B (SalB) 1a mét hop chét phenolic tan trong nwéc, dwoc ghi nhan cé déc tinh chéng oxy
héa va diéu hda chuyén héa. Chung t6i da nghién cru tac dung bao vé gan clia hop chat nay trén té bao
gan AML12 duogc xt ly bang glucose va axit palmitic néng do cao (HG—PA), mét mé hinh in vitro mé phéng
bénh gan nhiém m& khéng do rwou lién quan dén dai thao duong. Két qua cho thay SalB thé hién doc tinh
té bao khong dang ké va lam tang dang ké kha ning séng cla té bao sau khi tiép xuc véi HG-PA. SalB lam
gidm cac gbc oxy hdéa hoat dong (ROS) trong ty thé va sw tich tu 4-hydroxynonenal, cho thay kha n&ng lam
gidm stress oxy héa va qua trinh peroxy héa lipid. SalB ciing phuc héi cwérng d6 huynh quang MitoTracker
va ham lwong ATP ndi bao, phu hop véi sw cai thién chirc ndng ty thé va chuyén hoéa nang lwong cla té
bao. HG—PA lam tang biéu hién cereblon (CRBN) va (¢ ché qua trinh phosphoryl héa AMPKa, trong khi
SalB ddo ngwoc mot phan ca hai thay déi nay. Nhirng phat hién trén cho thay SalB bao vé té bao gan khdi
tdn thwong do doc tinh glucose—lipid bdng cach han ché tén thwong oxy héa, duy tri chirc néng ty thé va
khoi phuc tin hiéu AMPK lién quan dén CRBN.
T khéa: Axit Salvianolic B, doc tinh glucose-lipid, stress oxy héa, chirc nang ty thé, cereblon (CRBN),
AMP-activated protein kinase (AMPK)
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