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Abstract

Physcion-8-O-B-D-monoglucoside (PMG) is one of the active
ingredients of Radix et Rhizoma Rhei, which has been used for
treating liver disorders for hundreds of years in China. However, the
hepatoprotective effects of PMG remain poorly understood. This

study aimed to investigate the mechanism of the protection effects
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of PMG on Tumor necrosis factor-a (TNF-a)-induced hepatotoxicity.
We developed both in vitroand in vivo models of liver injury to assess
the protective effects of PMG against TNF-a-induced hepatotoxicity.
The in vitro model employed TNF-a/actinomycin D in AML-12 cells,
while the in vivo model utilized intraperitoneal injection of carbon
tetrachloride (CCly) in mice. Interactions of PMG and TNFR1 (the
receptor of TNF-a) were explored by molecular docking. AAV
resuspension was administered before PMG treatment via
intravenous injection to overexpress TNF-a in the CCls-induced mice.
The effects of PMG on liver injury were assessed via CCK-8 assay,
AST/ALT level measurement, and HE staining. Cell apoptosis was
detected by Hoechst staining, TUNEL staining, and the levels of
cleaved caspase-3. mRNA expression of TNF-a and IL-6 was
quantified using real-time PCR, while the related proteins were
detected by Western blotting. The protein localization of TNF-a was
visualized by immunofluorescence assays. PMG effectively protected
against hepatotoxicity in vitro and in vivo by restoring cell survival,
decreasing AST, ALT, and reducing apoptosis. TNF-a overexpression
counteracted the hepatoprotective effects of PMG, thereby
attenuating its regulatory impacts apoptosis and the dysregulation
of the PI3K/AKT/NF-kB signaling pathway. Notably, PMG

ameliorated hepatotoxicity by restoring the TNF-a-mediated



signaling pathway, supporting its potential as a novel therapeutic for
acute liver injury.
KEY WORDS Acute liver injury; TNF-a; PMG; Hepatoprotection;

PI3K/AKT

Abbreviationst PMG, physcion-8-O-p-D-monoglucoside; TNF-a,
tumor necrosis factor-a; CCly, carbon tetrachloride; AST, Aspartate
aminotransferase; ALT, alanine aminotransferase; HE, Hematoxylin
and Eosin; PI3K, phosphatidylinositol 3-kinase; AKT, protein kinase
B; NF-kB, nuclear factor kappa-B; ICAM-1, intercellular adhesion

molecule-1; IL-6, interleukin-6.



Introduction

Liver disease is a widespread clinical disease that poses a
significant global healthcare challenge. Acute liver injury is the
initiating condition of almost all the liver diseases, with persistent
liver injury potentially leading to liver cirrhosis and liver cancer!.
These liver diseases, which have varying etiologies, rapid
progression, and serious consequences, will cause liver failure and
hepatic encephalopathy if not treated promptly.

Acute liver injury represents an inflammation-mediated process
of hepatocellular damage, marked by hepatocyte necrosis and
inflammation instigated by immune responses?. The immune
response mediator, tumor necrosis factor-a (TNF-a), assumes a
crucial role in inflammation through its interaction with receptors3.
TNF-a binding to its receptor, TNFR1, induces hepatocyte apoptosis
and inflammatory responses, contributing significantly to the
occurrence and progression of acute liver injury%>.

Modern pharmacological studies have showed the
hepatoprotective effects of Radix et Rhizoma Rhei, a Chinese herb
that has been widely used for centuries in treating liver disorders®.”.
Aloe-Emodin and physcion, the active ingredients of Radix et
Rhizoma Rhei, have been reported to exhibit therapeutic effects on

acute liver injury, but their poor oral bioavailability limits clinical



applications®?. Physcion-8-O-B-D-monoglucoside (PMG) represents
the glycosides form of physcion (Fig. 1A), demonstrating higher
blood concentrations following oral administration compared to
aloe-Emodin and physcion!9. Our SPR analysis confirmed that PMG
exhibits reversible binding to TNFR1 with a dissociation constant
(Kd) of 376 nM through SPR, while also inhibiting TNF-a-induced
cytotoxicity and apoptosis in 1929 cellsll. Whatever, the
hepatoprotective effects of PMG in acute liver injury remains
unexplored. Our previous study demonstrated that PMG mitigated
carbon tetrachloride (CCly)-induced acute liver injury in murine
models!2,

Given the pivotal role of TNF-« and its receptor TNFR1 in liver
injury*°, elevated TNF-«a levels in acute liver injury can activate the
phosphatidylincsitol 3-kinase (PI3K)/ protein kinase B (Akt) signaling
pathway!3, which initiates and modulates inflammatory responses
and apoptotic programs in cell death!4. This study aims to elucidate
the contribution of TNF-a in the protective activities of PMG against
acute liver injury. Firstly, the ability of PMG to mitigate TNF-a-
induced hepatotoxicity was evaluated in vitro. Secondly, we explored
the contribution of TNF-a in the protective effects of PMG on CCly
injury mice by TNF-a overexpression, and further examined whether

PMG mitigates liver injury via the TNF-a-mediated PI3K/AKT/NF-kB



signaling pathway. Our findings demonstrate that PMG, a novel
chemical inhibitor, exhibits a potential candidate drug for acute liver
injury treatment.
Materials and methods
Animals and cells

Adult (25 g, 6-8 weeks of age) male ICR mice were acquired from
Shanghai SLAC Laboratory Animal Co. Ltd (Production License:
SCXK (Shanghai) 2022-0004). All animal studies were carried out in
strict accordance with the ARRIVE guidelines. The experimental
protocol received ethical approval fromn the Animal Ethics
Committee of Fujian University of Traditional Chinese Medicine
(ethics review number: FJTCM TACUC 2021097). All experiments
were performed in accordance with the relevant guidelines. The
alpha mouse liver 12 (AML-12) cells were obtained from Procell Life
Science&Technology Co., Ltd (Wuhan, China) and maintained in
DMEM medium supplemented with 10% fetal bovine serum for
optimal growth.
Adeno-Associated Virus (AAV) Injections in Mice

For in vivo gene transfer, mice were received a single tail vein
injection of 10001 AAV resuspension 2 weeks before PMG treatment.
AAV2/9-m-TNF (TNF AAV) and AAV2/9-Negative Control (NC AAV)

were provided by Hanbio (Shanghai, China) at a titer of 1.1*10712



vg/mL and 1.6*10712 vg/mL respectively. Infection efficiency in the
liver was verified by PCR and by Western blot.
Animals and treatments

The mouse model of acute liver injury was generated using
intraperitoneal CCls injection (0.1% in corn oil, 0.1mL/10g). PMG
(CAS. 26296-54-8) was purchased from Shaanxi Baoji Chenguang
Co., Ltd. (Baoji,China). Mice were grouped randomly (n=8 per
group): (1) control without any treatment, (2) CCly, (3) PMG (20
mg/kg) +CCly, PMG was intragastrically administered twice daily for
3 consecutive days before CCl, injection (4) AAV-TNF+PMG +CCly,
(5) NC-AAV+PMG +CCly, (6) 300 mg/kg bifendate (DDB, positive
control group). After 16 h CCl, treatment, blood was collected via
ocular extraction, after which the mice were euthanized by cervical
dislocation, and then the liver tissues were harvested.
Cell administration

Exponentially growing AML-12 cells were harvested and plated
in complete medium. After 24 hours of incubation, the culture
medium was removed, followed by 4 hours of serum starvation for
synchronization. And then cells were pretreated with PMG (80 nM,
40 pM, 20 pM, 10 uM) for 6 hours. TNF-a (20 ng/mL) and
actinomycin D (ActD) (10 ng/mL) were added after PMG treatment,

and the cells were incubated for another 24 hours.



Cell viability assay

Following cell treatment, 10 pL of CCK-8 solution was added to
each well of a 96-well plate, which was then incubated for 1 h at
37 °C. The absorbance at 450 nm was measured using an Infinite
200PRO microplate reader.
Detection of ALT and AST

Serum samples were collected from animal experiments. Cell
culture supernatants were collected from culture well plates at the
indicated time points. ALT and AST activity levels were determined
in both serum and supernatant using comnierciaily available assay
kits, according to the manufacturer’s instructions.
HE Staining

Liver tissues were fixed in 4% PFA and embedded in paraffin.
The embedded tissues were cut into 4 um slices. Then, the slices
were stained with hematoxylin and eosin (H&E) solution (Solarbio,
Nanjing, China) and observed under a light under the light
microscope.
Hoechst 33342 Staining

The embedded liver tissues were cut into 4 pym slices. Then the
slices were dewaxed in water, rinsed twice with PBS, and stained
with Hoechst 33342 staining solution (diluted at 1:100). The number

of positive cells were observed and counted under a laser scanning



confocal microscope.
TUNEL Staining and TNF-a Immunofluorescence Analysis

Embedded tissues were cut into 4-uym sections. Then the slices
were dewaxed in water, rinsed twice with PBS, and stained with DAB
substrate. TUNEL staining was performed using an apoptosis assay
kit (KeyGEN BioTECH, Nanjing, China). After washing with PBS, the
sections were then blocked with BSA and incubated with TNF-«
primary antibodies diluted at 1:200 (Proteintech, Wuhan, China, cat.
No0.17590-1-AP) at 4°C for 24 hours and then stained with
fluorophore-conjugated secondary antibodics for i hour. The sealed
sections were then observed under a Leica fluorescence
microscope.
Isolation of total protein and nucleoprotein

The liver tissue was lysed in RIPA lysis buffer for total protein of
extraction: total protein in the supernatant was collected after
samples were centrifuged. Nucleoprotein were extracted according
to the instructions of the nucleoprotein extraction kit (KeyGEN
BioTECH, Nanjing, China): The tissue samples was homogenized in
Buffer A and then centrifuged. The supernatant was removed, and
Buffer C was added. After mixed thoroughly by vortexing, the
samples were centrifuged, and the nucleoprotein in supernatant was

collected. The concentration of the isolated protein was measured by



BCA assay.
Western blot analysis

Protein samples were separated by 10% SDS-polyacrylamide gel,
and then transferred onto polyvinylirdenediflouride (PVDF)
membranes. The blocked membranes were incubated with the
indicated primary antibodies: Anti-TNFa (1:1000; cat. No. CPA2174),
anti- IL-6 (1:1000; cat. No. CPA4914), anti-AKT (1:1000; cat. No.
CPA3481), anti-AKT (pT308) (1:1000; cat. No. CPA1032), anti-PI3K
p85 alpha (1:1000; cat. No. CPA3286) and anti- PI3K p85 alpha
(pY607) (1:1000; cat. No. CPA7142), anti-PCNA (1:2000; cat. No.
CPA9205) and anti-B-actin (1:1000; cat. No. CPA9100) antibodies
were obtained from Cohesion Biosciences Limited, and anti-
Caspase-3 (1:1000 cat. N6.9662), anti- NF-kBp65 (1:1000; cat. No.
8242), anti-IkB (1:1000; cat. No. 4814), anti- pIkB (Ser32) (1:1000;
cat. No.2859) were purchased from Cell Signaling Technology, Inc..
Membranes were incubated with the appropriate secondary
antibody second antibody on the next day. The bolts were visualized
with enhanced chemiluminescence (ECL) staining. Image Lab 4.1
software was used to analyze gray values quantitatively.
Quantitative real-time PCR (qRT-PCR)

RNA samples were obtained from cell or liver tissue sources

using Trizol reagent (Vazyme, China). After extraction, the purity of



the RNA was evaluated. cDNA synthesis was generated with the QRT
SuperMix for qPCR (+gDNA wiper) kit following the manufacturer's
protocol. Relative mRNA expression levels were determined using
the 2-AACt method, with B-actin as a normalization control. The qRT-
PCR was performed using the ChamQ SYBR gPCR Master
Mix (Vazyme) and the Applied Biosystems 7900HT real-time PCR
system. The primer sequences are shown in Table 1.
Molecular docking of the PMG and TNFR1

To further substantiate the interaction between PMG and TNFR1,
we conducted a molecular docking analysis of these two components.
Initially, we obtained the 3D protein structure of TNFR1 from the
RCSB PDB database. The 2D structure of PMG was generated using
ChemBioDraw. Subsequently, molecular docking was conducted
with the prepared ligands and proteins utilizing the CDOCKER
algorithm within Discovery Studio. Binding affinities of the ligands
within the active site were determined using CDOCKER energy
scores. Scoring functions, including hydrogen bond counts and
distances, CDOCKER energy, and CDOCKER interaction energy,
were initially calculated.
Statistical analysis

Data were analyzed statistically using SPSS 20.0 software

(Chicago, IL, USA), with results presented as means = SDs. A



comparison of the results was performed with one-way ANOVA. Data
with normal distribution and homogeneity of variance were
compared by LSD test, and the other data were analyzed by Games-
Howell test.
Correlation analysis was performed using Spearman’s rank correlat
ion coefficient. A P value <0.05 was considered statistically
significant.

Results

PMG rehabilitates TNF-a-induced injury in AML-12 cells

The AML-12 cell line, derived fromi normal mouse liver
hepatocytes, serves as a valuable mode! for toxicology research. The
in vitro model of TNF-a-induced hepatocytes injury model was used
to investigate the hepatoprotection efficacy of PMG. Hepatotoxicity
of AML-12 induced by TNF-a was sensitized by RNA synthesis
inhibitors actinomycin D.

Cell viability, expressed as a percentage relative to control cells,
was not significantly affected by the PMG exposure (Fig. 1B). AML-
12 cells treated with TNF-a (20 ng/mL) and actinomycin D (10 ng/mL)
for 24 hours significantly decreased the cell survival rate compared
to the control group, while treatment with 80pyM PMG notably
increased cell viability after 24 hours (Fig. 1C).

As shown in Fig. 1D, the normal AML-12 cells exhibited



characteristic hepatocyte morphology, including the presence of
peroxisomes and bile canalicular like structure. However, exposure
to TNF-a, sensitized by actinomycin D, resulted in the irregular
shape, cell shrinkage of AML-12 cells. Notably, PMG effectively
reversed these morphological changes, restoring cell shape and
structure. PMG at a concentration of 80 [JM significantly protected
cells against TNF-a-induced cell death.

Aspartate transaminase (ALT) and alanine transaminase (AST)
are crucial indicators used to assess liver function and determine
liver damage. The model group exhibited sigunificantly elevated ALT
and AST levels in culture supernatanis compared to the control
group. Both 80pM and 40puM PMG treatment significantly reduced
ALT and AST levels (Fig. 1E, F), suggesting a protective effect
against TNF-a-mediated injury in AML-12 cells.

Treatment with TNF-a and actinomycin D induced a substantial
increase in apoptosis in AML-12 cells, manifested by a marked
upregulation of the apoptotic marker cleaved caspase-3.
Interestingly, a significant decrease in cleaved caspase-3 levels was
observed in AML-12 cells following 24-hour treatment with either 80
uM or 40 pM PMG (P < 0.05) (Fig. 1G).

Validation of the PMG-TNFR1 interaction by molecular

docking



Molecular docking was used to assess the binding interaction
between PMG and TNFR1. The PDB code (3T6Q) of TNFR1 was
acquired from RCSB. The binding energy of the PMG-TNFRI1
interaction (CDOCKER ENERGY: 33.3411 kcal/mol) indicated robust
binding activities (Fig. 2A-B). The coordination of PMG to TNFRI1
was stabilized by hydrogen bonds with residues (Fig. 2C).

TNF-a overexpression abolished the hepatoprotective effects
of PMG in CCls-induced liver injury in mice

HE staining shows intact hepatic lobule structures and clear
central veins in control mice. In contrast, the model group exhibited
destruction of the hepatic lobule structure, accompanied by massive
hepatocellular necrosis and significant inflammatory cell infiltration.
These pathological changes in liver tissue were improved after PMG
treatment, and the effect of PMG was reversed by TNF-«
overexpression (Fig. 3A)

ALT and AST levels in serum were observed significantly
increased in the CCly group when compared to the control group.
However, PMG pretreatment significantly reduced these activities.
And the effects of PMG on serum AST and ALT were abolished in
mice of TNF-a overexpression by AAV-TNF injection (Fig. 3B[]C),
while there were no changes in the NC-AAV group.

The level of TNF-a and IL-6 in CCls mice liver



Our results showed significantly elevated protein and mRNA
levels of TNF-a and IL-6 in CCls-induced liver injury. However,
pretreatment with PMG inhibited these increases. Furthermore,
TNF-a overexpression was successfully achieved in the TNF-AAV
group, in contrast to the NC-AAV group. Interestingly, the inhibitory
effect of PMG on TNF-a and IL-6 production was reversed by TNF-«
overexpression (Fig. 3D-E).

TNF-a overexpression blocked the inhibition of PMG on CCl,-
caused hepatocyte necrosis

The Hoechst 33342 staining assay were conducted to determine
whether TNF-a overexpression inhibited the effects of PMG on cell
apoptosis in CCls-induced acute liver injury in mice. PMG inhibited
CCly-induced cell apeptosis and nuclear condensation in liver, while
TNF-a overexpression blocked the effect of PMG (Fig. 4A, B).

The Tunnel staining and TNF-a immunofluorescence analysis
revealed a significant increase in both the number of TUNEL-positive
cells and TNF-a expression, while PMG pretreatment effectively
mitigated these effects. The number of TUNEL-positive cells was
significantly positively correlated with TNF-a fluorescence intensity
(Pearson=0.935). Furthermore, TNF-a overexpression reversed
these protective effects of PMG (Fig. 4C, D).

Additionally, caspase 3 is a critical executioner of apoptosis, the



cleaved form of caspase 3 serves as a marker for activated caspase-
3 was analyzed by Western blot. The level of cleaved caspase-3
expression in the CCly group was significantly higher than the
control group. However, treatment with PMG significantly reduced
the expression of cleaved Caspase3. Interestingly, TNF-«
overexpression blunted these effects (Fig. 4E, F).
TNF-a overexpression blocks the inhibition of PMG on the NF-
KB activation through PI3K/ Akt signaling pathway

To elucidate the mechanism by which PMG protects against
CCls-induced hepatocyte necrosis, the invoivement of the
PI3K/Akt/NF-kB signaling pathway was investigated. CCls treatment
resulted in IkB kinase complex degradation and NF-kB p65 nuclear
translocation, thus indicating activation of the NF-kB pathway in the
in vivomodel of acute liver injury. PMG treatment markedly reduced
the intranuclear expression of NF-kB p65 (Fig. 5A) and decreased
IkB kinase phosphorylation (Fig. 5B, C). In summary, PMG
suppressed the nuclear translocation of NF-k B p65 and activation
of the NF-kB pathway.

Furthermore, the roles of PI3K and Akt in the inhibition of PMG
on NFkB activation were further investigated. PI3K and Akt
phosphorylation increased in CCls-induced mice. However, PMG

inhibited not only NF-kB activation but also PI3K/Akt



phosphorylation. Intriguingly, TNF-a overexpression abrogated the
modulation of PMG on PI3K/Akt/NFkB signaling pathway resulting
in increased PI3K and Akt phosphorylation (Fig. 5B, D, E), as well as
the activation of NFkB. Collectively, these data strongly support the
conclusion that PMG inhibits TNF-a-induced hepatocyte necrosis via
a mechanism dependent on the PI3K/Akt/NF-kB pathway.
Discussion

The inflammatory response is a key driver in liver injury
progression. TNF-a, a multifaceted cytokine primarily produced by
activated monocytes and macrophages, and extensively involved in
this process, influencing immune sysiem development, cell growth,
and hepatocyte deathl®>. The TNF receptors are abundant in liver,
makes the hepatocytes highly sensitive to TNF-a. TNF-a initiates
diverse biological effects through signaling pathways activated
TNFR116,

The application of Radix et Rhizoma Rhei in the treatment of
hepatic disorders dates back several centuries in traditional Chinese
medicine. PMG, a compound found in the extract of Rheum officinale
(one of the origins of TCM Rhizoma Rhei). DDB, a synthetic
schisandrin C analog and clinically used hepatoprotective agent
from Schisandra chinensis, serves as a positive control in

hepatoprotective research!’. 18, Our molecular docking analysis



revealed that PMG exhibited favorable binding affinity toward
TNFR1, with a CDOCKER interaction energy of -33.3411 kcal/mol.
To further investigate the protective effects of PMG against TNF-a-
induced liver injury, in vitro experiments were conducted to assess
its hepatoprotective activity. Our results demonstrated that the PMG
protects AML-12 cells from TNF-a-induced hepatotoxicity, as
evidenced by high cell viability, low AST and ALT level in
supernatants. And markedly downregulated the expression of the
apoptosis effector protein cleaved caspase 3. These suggest that
PMG exerts significant protective effects against TNF-a-induced
hepatocyte injury, which may be atfributed to its anti-apoptotic
activity through inhibition of caspase-mediated pathways.

To further validate the iole of TNF in the potential mechanisms
of PMG, we conducted in vivo experiments with TNF-«
overexpression. CCls-induced liver injury in rodents serves as a well-
established model for in vivo study. With the liver as the primary site
for plasmid DNA wuptakeld, tail vein injection of TNF-«a
overexpression virus selectively targets the liver. The
hepatoprotective efficacy of PMG was demonstrated by its ability to
attenuate CCls-induced pathological changes, including necrosis,
and reduce serum AST and ALT activities. However, these regulatory

effects of PMG were abolished by hepatic overexpression of TNF-a.



TNF-a-mediated apoptosis in liver injury was assessed using
Hoechst 33342 and TUNEL staining (with TNF-a fluorescence). The
results revealed that PMG significantly reduced CCls-induced
hepatocyte apoptotic cells and TNF-a fluorescence intensity,
accompanied with the downregulation of cleaved caspase-3
expression. Notably, the number of TUNEL-positive cells was
significantly positively correlated with TNF-a fluorescence intensity
(Pearson=0.935). The effects of PMG on apoptosis and TNF-a were
reversed by TNF-a overexpression. These findings suggest that PMG
exerts its anti-apoptotic effects in liver injury through a mechanism
involving TNF-a signaling.

The regulatory effect of NF-kB signaling and anti-apoptotic
pathway on TNF-a was observed in acute liver injured model induced
by CCl420. 21, TNF-a-induced cell death requires the canonical NF-kB
signaling pathway#?. The PI3K/AKT signaling pathway plays a crucial
role in mediating TNF-a-induced inflammatory responses and
cellular damage?2-24, PI3K is activated upon interaction with growth
factor receptors or phosphorylated connexins, undergoing a
conformational change. The resulting production of PIP3 recruits
and activates Akt at the plasma membrane. Then, as a downstream
target of AKT, the NF-kB also shows increased activation.

This pathway centers on NF-kB, a nuclear transcription factor



regulating genes crucial for apoptosis and inflammation. In its
inactive form, cytoplasmic NF-kB is normally inhibited by IxB
proteins. TNF-a, a key activator, binds to its receptor TNFRI,
recruiting TRADD, which then recruits TRAF2 and NIK. NIK/MEKK1-
mediated phosphorylation of IKK1 and IKK2 subsequently leads to
IkB phosphorylation. Phosphorylation of IkB by the IKK complex
(IKK1/IKKa, IKK2/IKKb, and IKK3/IKKg) triggers IkB ubiquitination
and degradation, releasing NF-kB dimers to translocate to the
nucleus, bind DNA, and activate target genes?2®. This transcriptional
activation mechanism triggers expression of pro-inflammatory
mediators such as TNF-a and IL-626, which promote inflammatory
cell infiltration and exacerbate inflammatory responses. Additionally,
it upregulates caspase genes to activate caspase-dependent
apoptosis pathways<7. Caspases are key enzymes in apoptosis, with
caspase-3 being the most critical executioner protease in the
caspase cascade. Once activated, it cleaves (the cleaved caspase-3)
targets like DNA-PK to trigger cell death?28,

Our work demonstrated that overexpression of TNF-a blocked
the inhibition of PMG on the NF-kB activation, by altering several
key downstream events, including caspase-3 activation, PI3K and
Akt phosphorylation, and NF-kB nuclear translocation, implying that

induction of TNF-a was involved in the PMG regulation of PI3K/AKT/



NF-kB pathway. Therefore, our data revealed that TNF-
o/PI3K/Akt/NF-kB axis was the main mechanism of PMG alleviates
acute liver injury (Fig. 6). These data provide novel evidence on TNF-
o function in the therapeutic effect of PMG in acute liver injury.

Although the PI3SK/AKT pathway is implicated the protect effects
of PMG in TNF-a-mediated liver injury, the potential involvement of
alternative signaling pathways warrants further investigation in
subsequent studies to fully elucidate the molecular mechanisms.

5. Conclusions

In summary, PMG exerts a hepatoprotective eifect against TNF-
a-induced acute liver injury, primarily by suppressing TNF-
o/PI3K/Akt/NF-kB  signaling. These findings support the
development of PMG as a novel therapeutic agent for acute liver
injury.
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Fig. 1 PMG attenuated TNF-a-inducea injury in AML-12 cells.

A. The chemical structure of PMG. B. Effect of PMG (10-80 pM)
on AML-12 cell viability (n=6). C. The inhibitory effect of PMG on
TNF-a-mediated cell cytotoxicity (n=6). D. Brightfield microscopy
(200x magnification) of TNF-a-induced AML-12 cells pretreated
with PMG (10-80 uM) for 24 h. E-F. Effects of PMG on AST and ALT
levels in the culture supernatant (n=6). G. Western blot analysis of
the cleaved caspase-3 in AML-12 cells (n=3). All data are presented
as the means + SDs. */J0.01, *2]0.05 vs the Control group; ## M

0.01, #/]0.05 vs the TNF-a/ActD group.
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Table 1. The sequences of the primers used in quantitative real-

time PCR (qRT-PCR).

Gene Forward (3’-5’) Reverse (5’-3’)

GAPD ATCTTCTTGTGCAGTGCCAGCCT TTTGCCACTGCAAATGGCAGC
H C C

TNF-a TCATGCACCACCATCAAGGA GACATTCGAGGCTCCAGTGAA

IL-6 AACCACGGCCTTCCCTACTT TTGGGAGTGGTATCCTCTGTG
A




