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This study investigates the effectiveness of Shenling Baizhu powder in managing non-alcoholic fatty liver dis-
ease (NAFLD) during pregnancy and its mechanism through the PI3K/AKT/mTOR signaling pathway. Eight
healthy male and 24 female Sprague-Dawley rats were used. After acclimatization, 6 female rats were fed nor-
mal chow, and 18 female rats were fed high-fat chow to induce NAFLD. After 8 weeks, female rats were mated
with males to create a pregnant NAFLD model. The rats were divided into four groups: normal feeding, high-
fat diet with saline, high-fat diet with 1.6 g/kg Shenling Baizhu powder, and high-fat diet with 4.8 g/kg Shenling
Baizhu powder. Maternal body weight, serum and liver levels of aspartate aminotransferase (AST), alanine
transaminase (ALT), triglyceride (TG), total cholesterol (TC), low density lipoprotein cholesterol (LDL-C),
high density lipoprotein cholesterol (HDL-C), related inflammatory indexes interleukin-1 β (IL-1 β), tumor
necrosis factor-α (TNF-α) and interleukin-6 (IL-6) were measured. Liver tissue was examined using hema-
toxylin eosin, and oil red O staining, and protein expression related to the PI3K/AKT/mTOR pathway was
assessed via Western blotting, immunohistochemistry and RT-PCR. Results showed significant weight gain and
increases in ALT, AST, TG, TC, LDL-C, IL-1β, TNF-α, and IL-6, along with decreased HDL-C in NAFLD rats
compared to controls. The high and low-dose Shenling Baizhu powder groups exhibited improvements in body
weight, liver histopathology, and reductions in serum TG, TC, LDL-C, ALT, AST, IL-1β, TNF-α, and IL-6,
with increased HDL-C levels. Notably, the high-dose group showed greater efficacy in reducing hepatic fat
accumulation, liver function markers, blood lipids, and inflammatory indexes, and decreased expression of hep-
atic PPARγ mRNA, SREBP1 mRNA, AKT mRNA, and related proteins. Shenlin Baizhu powder demonstrates
potential in ameliorating high-fat diet-induced NAFLD in pregnant rats, likely through modulation of the
PI3K/AKT/mTOR pathway, suggesting its therapeutic potential for gestational NAFLD.
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Introduction
Non-alcoholic fatty liver disease (NAFLD) is characterized by

hepatocyte steatosis exceeding 5%. Although the pathological pres-
entation resembles that of alcoholic fatty liver disease, patients with
NAFLD typically consume minimal to no alcohol, instead develop-
ing liver steatosis due to alternative factors, resulting in ongoing
liver injury. Metabolic stress-induced liver injury is closely linked to
obesity, insulin resistance, metabolic syndrome, as well as genetic
and lifestyle influences. This association is particularly notable in
cases of insulin resistance and genetic predisposition.1 NAFLD is a
prevalent liver disorder globally, impacting approximately 20-30%
of the population,2,3 with a rising incidence observed annually. The
incidence of NAFLD in China has reached 32.9%.4 NAFLD encom-
passes a diverse clinicopathologic range, from non-alcoholic fatty
liver to non-alcoholic steatohepatitis and advancing fibrosis, poten-
tially resulting in end-stage liver conditions such as cirrhosis and
hepatocellular carcinoma.5-7 Research has indicated that mortality
rates related to NAFLD increase in the elderly population among
both men and women, as well as in specific racial groups.8 Limited
research has been conducted on the impact of NAFLD during preg-
nancy. Several studies9-14 have indicated that pregnancy complicated
by non-alcoholic fatty liver is linked to negative pregnancy out-
comes, including gestational diabetes mellitus, hypertensive disor-
ders, postpartum hemorrhage, low birth weight, and macrosomia. At
present, no medications have received approval from the Food and
Drug Administration (FDA) or the European Medicines Agency
(EMA) for the treatment of NAFLD. However, certain hypo-
glycemic drugs, as well as other medications such as vitamin E,
statins, and pentoxifylline, have demonstrated efficacy in managing
NAFLD. Recent research has expanded to include the application of
traditional Chinese medicine in the treatment of pregnancy compli-
cated by NAFLD, aiming to enhance therapeutic outcomes.
Traditional Chinese medicine is characterized by its ability to target
multiple pathways and targets. NAFLD is classified in traditional
Chinese medicine as “plumpness”, “accumulation”, “fatness”,
“hypochondriac pain” and “liver addiction”. Traditional Chinese
medicine has demonstrated efficacy in addressing the etiology and
clinical manifestations of NAFLD. Shenling Baizhu powder
(SLBZ), derived from the prescriptions of peaceful benevolent dis-
pensary, comprises a combination of medicinal ingredients includ-
ing Ginseng, Atractylodes macrocephala, Poria cocos, Yam, Semen
Coicis, Lentinus edodes, Semen Armeniacae, Platycodonis, Lotus
Root Meat, and Glycyrrhiza uralensis. Several of these components
are commonly consumed as food in everyday life. The serine/threo-
nine kinase known as mammalian target of rapamycin (mTOR)
serves as a pivotal signaling molecule within the cell, governing
processes such as cell growth cycle progression, protein synthesis
and degradation, membrane protein transport, and protein kinase
signaling. The mTOR pathway consisted of two distinct complexes,
mTORC1 and mTORC2.15,16 While mTORC2 was characterized by
a relatively straightforward signaling pathway, mTORC1 is recog-
nized for its more significant functional role. Multiple recent stud-
ies17-19 have explored the SLBZ impact on pathways associated with
NAFLD, revealing its potential efficacy as a treatment for this con-
dition. The findings underscore the importance of SLBZ in the man-
agement of NAFLD. SLBZ exhibit potential in ameliorating symp-
toms in patients with NAFLD, including reducing blood lipids, alle-
viating liver inflammation, and preventing fatty liver. Nonetheless,
research on NAFLD during pregnancy remains limited.20,21

Nevertheless, the precise mechanism underlying pregnancy in indi-
viduals with NAFLD remains unclear. Hence, our research focused
on investigating the potential role of the PI3K/AKT/mTOR signal-
ing pathway in mediating the SLBZ effects on the pathogenesis of
NAFLD during pregnancy.

Materials and Methods

Experimental animals
A total of 32 Sprague-Dawley rats, consisting of eight male

and 24 female rats, aged 8 weeks and weighing approximately 
220 g, were procured from the Experimental Animal Center of
Yangzhou University [SCXK (Su) 2022-0009] and used for the
experiments after a one-week period of acclimatization to the feed-
ing conditions. The rats were housed in a specific pathogen-free
(SPF) environment, the room temperature being 24±2°C, a 
12-h light/dark cycle, and humidity maintained between 40-60%.
All experiments and the protocol were approved by the Ethical
Committee of The 904 Hospital of the People’s Liberation Army
joint Logistic Support Force (approval number: 20231201), and all
operations and handling procedures were conducted in accordance
with the National Research Council Guide for the Care and Use of
Laboratory Animals.

Modeling method
The control group of rats received a standard basal diet, while

the remaining three groups were provided with a high-fat diet in
order to induce the NAFLD model.22 The specific dose of each rat
was converted according to the number of animal model system.
The high-fat diet consisted of 88% basal feed, 10% lard, 1.5% cho-
lesterol, and 0.5% bile salt. This diet was administered once daily
for a duration of 8 weeks. Blood samples were obtained from the
orbital veins of six randomly selected female rats that were fed a
high-fat diet, as well as six female rats that were fed a normal diet.
The levels of TG, TC, ALT, and AST were measured in order to
validate the efficacy of the NAFLD model. Female and male rats
were housed together in a ratio of 3:1. Daily observations were
conducted to detect the presence of a pubic embolus, which con-
firmed pregnancy and established the NAFLD combined pregnan-
cy model.

Grouping method
The rats were allocated into four groups using random assign-

ment: a control group (receiving normal feeding after cage clo-
sure), a model group (receiving a high-fat diet after cage closure
and intragastric administration of normal saline), a SLBZ low-dose
group (receiving a high-fat diet and 1.6 g/kg intragastric adminis-
tration of SLBZ), and a SLBZ high-dose group (receiving a high-
fat diet and 4.8 g/kg intragastric administration of SLBZ after cage
closure). The grouping information was listed in Table 1. 

Intervention methods
The model of NAFLD combined with pregnancy was estab-

lished. The pregnancy combined with NAFLD group and NAFLD
group were administered a medicinal solution of SLBZ at a dosage
of 10 mL per kilogram of body weight, while the blank group and
normal model group received drinking water.

Detection method
Body weight fluctuations in female rats were documented at

various stages of gestation. The serological indexes were detected
by collecting blood from the heart of female rats prior to euthana-
sia. The blood was allowed to sit for 4-6 h, and then centrifuged at
12,000 rpm for 20 min, and the resulting supernatant was aspirat-
ed. The serum underwent analysis for TG, TC, LDL-C, and HDL-
C, as well as ALT, AST, and inflammatory markers including IL-
1β, TNF-β, TNF-α, and IL-6, along with the assessment of liver
TG and TC levels in the organs.
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Histopathological examination of the liver 
The liver histopathology involved fixation of tissue in 10%

formaldehyde for 48 h, followed by embedding in paraffin and sec-
tioning to a thickness of approximately 4-5 μm. The hematoxylin
and eosin (H&E) staining was conducted as per the traditional pro-
cedure for dewaxing, involving rehydration, immersion in hema-
toxylin solution, repeated rinsing, further immersion in eosin solu-
tion, and subsequent dehydration. Following sealing, the cells were
examined under an OLYMPUS microscope (IX71) and pho-
tographed for documentation. Oil Red O staining was performed
on tissue that had been embedded in OCT and frozen sectioned at
a thickness of approximately 8 µm. The sections were stained with
Oil Red O for 30 min, followed by washing of the staining solu-
tion. The slices were then sealed with glycerol, examined under a
microscope, and photographed.

Immunohistochemistry 
Following standard procedures for dewaxing and rehydration,

specimens were thoroughly rinsed three times with phosphate-
buffered saline (PBS) solution. Subsequently, an antigen retrieval
solution was applied, and the specimens were subjected to heat-
induced epitope retrieval at 98°C for 20 min. This process used a
citrate buffer (pH 6.0) for antigen retrieval. The blocking agent,
3% hydrogen peroxide, was then added dropwise, and the solution
was allowed to stand at room temperature for 20 min. The samples
were washed by rinsing them three times with PBS. Next, the pri-
mary antibody was added at a concentration of 2% bovine serum
dilution, and the samples were incubated at either 37°C for 2 h or
at 4°C overnight. Following the incubation with the primary anti-
body, the samples were washed three times with PBS. A secondary
antibody solution containing a 2% concentration of bovine serum
was then added dropwise. The incubation of the secondary anti-
body was carried out at 37°C for 1 h, while being shielded from
light. After incubation, the washing process was repeated three
times with PBS, followed by the addition of 3,3’-diaminobenzi-
dine (DAB) for color development over a period of 15 min.
Hematoxylin was applied to counterstain the nuclei for 10 min, fol-
lowed by dehydration and sealing of the sections. The cells were
then examined under a microscope to observe each tissue section.
Negative controls were performed by omitting the primary anti-
body and replacing it with PBS. Details of the antibodies used are
provided in Table 2. The immunolabelling was assessed quantita-
tively by evaluating the staining intensity and the percentage of

positive cells. For each sample and condition, at least five random-
ly selected fields were examined under a microscope at 400x mag-
nification. The stained sections were analyzed using ImageJ soft-
ware to quantify the staining intensity and the area covered by the
staining. This quantitative analysis ensured an objective assess-
ment of the immunolabelling results. 

Western blotting 
Western blotting was employed to identify variations in protein

expression, with the target tissues being isolated using pre-cooled
instruments. The tissues were then separated with pre-cooled tools
and kept on ice to minimize hydrolysis by protease. Approximately
200 μL of pre-cooled lysate, with protease and phosphatase inhibitors
added beforehand, was added per 10 mg of tissue. The homogeniza-
tion process took place in an ice bath, followed by a 2 h incubation at
4°C with agitation. It was essential for the volume of lysate to corre-
spond to the volume of the tissue sample. The protein sample was
centrifuged at 4°C for 12000 rpm for 20 min. The supernatant was
carefully aspirated, and the protein sample was subsequently trans-
ferred to a fresh, pre-cooled microcentrifuge tube and placed on ice,
while the precipitate was discarded. The protein concentration was
determined using the BCA method, and protein electrophoresis was
performed via SDS-PAGE. The transfer of proteins onto the PVDF
membrane was conducted using a constant current of 200 mA for
approximately 40 min, with variations in transfer time depending on
the size of the proteins, typically around 1 min per 1 kD. The PVDF
membrane was immersed in a solution containing 5% skimmed milk
powder and agitated gently at ambient temperature for a duration of
1 h. Subsequently, the membrane was rinsed and the primary anti-
body was diluted in the milk powder solution as per the recommend-
ed dilution ratios provided in the antibody instructions. The mem-
brane was then incubated at 4°C overnight in a light-protected envi-
ronment, followed by multiple washes with TBST solution, each last-
ing 10 min and repeated thrice. The second antibody was diluted to a
concentration of 1:2000 using blocking solution, and the PVDF
membrane containing the transferred protein was subjected to agita-
tion and incubated for a duration of 2 h. Subsequently, the membrane
should be washed with TBST, undergoing a total of 5 washes, each
lasting 15 min. Following the washing of the membrane, luminescent
liquids (liquid A and liquid B) should be added in a 1:1 ratio, taking
care to minimize exposure to light. Using a pipette, the appropriate
volume of luminescent liquid should be applied to cover the PVDF
membrane. Subsequently, the membrane should be exposed on an
ECL luminometer to capture an image.

Table 1. Experimental grouping summary of rats in the study.

Group name       Number of rats            Sex              Diet type                Treatment

Control group                        6                         Female           Normal chow               None
Model group                          6                         Female           High-fat diet                Mated with males to induce NAFLD model
SLBZ low group                   6                         Female           High-fat diet                NAFLD model and administered 1.6 g/kg Shenling Baizhu powder
SLBZ high group                  6                         Female           High-fat diet                NAFLD model and administered 4.8 g/kg Shenling Baizhu powder

SLBZ, Shenling Baizhu powder.

Table 2. Immunohistochemistry antibodies details.

Primary antibodies     Manufacturer    Article number   Dilution rate     Species   Corresponding secondary antibody    Dilution rate

P-MTOR                                 Proteintech               67778-1-1g                 1:500                   M                          Servicebio GB23301                             1:500
P-PI3K                                       Affinity                     AF3241                    1:100                   R                           Servicebio GB23303                             1:500
P-AKT                                  Cell signaling                 4060p                     1:100                   R                           Servicebio GB23303                             1:500
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RT-PCR detection
Liver tissues of suitable dimensions were obtained and total

RNA was isolated utilizing an RNA kit. The total RNA was then
extracted using the Vazyme HiScript II Q SuperMix for qPCR
Reverse Transcription Kit, followed by reverse transcription using
the same kit. Subsequently, PCR amplification was conducted and
the results were automatically analyzed using a real-time fluores-
cence quantitative PCR instrument. The threshold and baseline
were calibrated relative to the negative control to ascertain the Ct
value for each sample, with the efficacy of the Ct value being
assessed based on the melting curve analysis. Subsequently, the
relative expression of the target gene mRNA was computed, with
the specific primer sequences detailed in Table 3.

Statistical methods
In this research, statistical analysis was conducted using SPSS

27. Means and standard deviations were utilized for continuous
variables that followed a normal distribution, while quartile spac-
ing M (Q25, Q75) was employed for continuous variables that did
not adhere to a normal distribution. Frequency percentages were
used for non-continuous variables, and one-way ANOVA was
applied for comparing multiple groups of continuous variables that
followed a normal distribution. Variables that do not adhere to a
normal distribution were compared across multiple groups using
nonparametric tests, and between discontinuous groups using chi-
square tests. A significance level of p<0.05 was utilized to deter-
mine statistical significance. In the figures, CK represents Control
group, M represents Model group, Low represents SLBZ low
group, High represents SLBZ high group.

Results

Comparison of body weights of rats in each group
The findings of the study revealed that at 8 weeks, the weight

of the control group was 311.13±7.26 g, the model group weighed
361.17±10.63 g, the SLBZ low-dose group weighed 363.95±4.07
g, and the SLBZ high-dose group weighed 361.04±3.30 g.
Statistical analysis indicated a significant increase in weight in the
model group compared to the control group, with a statistically sig-
nificant difference (p<0.0001). The body weights of the SLBZ
low- and high-dose groups were found to be comparable to that of
the model group, with no statistically significant difference
observed. Additionally, within the SLBZ high-dose group, there
was no statistically significant variance in body weight when com-
pared to the low-dose group (p>0.05) (Figure 1).

Comparison of hepatic steatosis and AST and ALT
levels in serum and liver tissues of female rats in
each group

The normal liver tissue exhibited a dark brown hue, while the
livers of female rats with pregnancy-induced NAFLD displayed a
pale, fatty appearance lacking in luster compared to the control
group. This observation suggests the successful establishment of
pregnancy-induced NAFLD in the female rats (Figure 2).
Furthermore, the consecutive administration of both high and low
doses of SLBZ significantly improved high-fat diet-induced hepat-
ic pathological changes and restored the healthy appearance of the
livers. The histological examination using H&E staining revealed
that the liver lobes of the control rats exhibited structural integrity
and clarity. The hepatocytes were organized radially around the
central vein, with no evidence of hepatocyte swelling or fatty
degeneration. Additionally, there was an absence of inflammatory

cell infiltration in the confluent area. In the experimental group,
the hepatocytes of the rats exhibited predominantly vesicular
steatosis and balloon-like lesions, accompanied by inflammatory
cell infiltration and occasional scattered punctate necrosis in the
confluent area and hepatic sinusoids. The severity of these lesions
was reduced in the low-dose group, while in the high-dose group,
the lesions more closely resembled those observed in the control
group (Figure 3). Additionally, lipid droplet accumulation was ver-
ified through Oil Red O staining in the presence of SLBZ high- and
low-doses (Figure 4). The findings of this study indicate that

Figure 1. Body weight of mice in each group in different week.
CK, control group; M, model group; Low, Shenling Baizhu pow-
der low group; High, Shenling Baizhu powder high group;
**p<0.01 compared with control group; #p<0.05 compared with
model group.

Table 3. PT-RCT primer sequence.

Gene name                                      Gene sequence 5’-3’

PPARγ RAT-F                                 GGTGAAACTCTGGGAGATCCT
PPARγ RAT-R                                  GGTCCACAGAGCTGATTCCG
SREBP1c RAT-F                              TTAACGTGGGTCTCCTCCGA
SREBP1c RAT-R                             CCAGCATAGGGGGCATCAAA
PPARα RAT-F                                  GGCTCTGAACATTGGCGTTC
PPARα RAT-R                                 CAAGGGGACAACCAGAGGAC
Pi3K RAT-F                                        CCCGAAGGCAGCAGGAG
Pi3K RAT-R                                      TCACAGCCCCCATTTCAGTC
AKT RAT-F                                      GAGACGATGGACTTCCGGTC
AKT RAT-R                                      TGGCAACGATGACCTCCTTC
MTOR RAT-F                                   GCAATGGGCACGAGTTTGTT
MTOR RAT-R                                  AGTGTGTTCACCAGGCCAAA
NF-KB- RAT-F                                 TGCGTTTCCGTTACAAGTGC
NF-KB- RAT-R                                 GTCTGGATGCGCTGGCTAAT
IKRα- RAT-F                                   GAAGGCACAGTAACCCCTCC
IKRα- RAT-R                                    TGCTAACGTCTCGCACACAT
ACTIN-RAT-F                                  TGGCAACGATGACCTCCTTC
ACTIN-RAT-F                                  TGGCAACGATGACCTCCTTC
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female rats in the model group exhibited significantly elevated
serum levels of ALT/AST compared to those in the control group
(p<0.0001). Furthermore, the liver function of rats in the SLBZ
low-dose group, as well as both the low- and high-dose groups,
was found to be lower than that of the model group (p=0.014).
Notably, the SLBZ high-dose group of demonstrated a more pro-
nounced decrease in liver function (ALT/AST) compared to the
low-dose group, with this difference being statistically significant
(p<0.0001).

Comparison of serum lipid levels in female rats in
each group

The findings of this study indicated that female rats in the
model group exhibited significantly elevated serum levels of LDL-
C, TC, and TG, as well as significantly reduced HDL-C levels
compared to those in the control group (p<0.0001). In comparison
to the control group, female rats in the SLBZ low- and high-dose
groups exhibited significantly reduced serum levels of LDL-C,
TC, and TG, as well as a notable increase in HDL-C levels
(p<0.0001). In comparison to the SLBZ low-dose group, the high-
dose group of female rats exhibited a significant decrease in serum
levels of LDL-C, TC, and TG, along with an elevation in HDL-C
levels (p=0.0008). (Figure 5).

Comparison of the levels of inflammatory indices
in the serology of female rats in each group

The findings of this study indicate a statistically significant
elevation in serum levels of IL-6, IL-1β, and TNF-α in the model
group as compared to the control group (p<0.0001). The serum
levels of IL-6, IL-1β, and TNF-α in female rats in the SLBZ low-
and high-dose groups of exhibited a statistically significant
decrease compared to those in the model group (p=0.0484). In
comparison to the low-dose, the high-dose group exhibited signif-
icantly reduced serum levels of IL-6, IL-1β, and TNF-α (p=0.005)
(Figure 6).

Comparison of immunohistochemistry among
groups of female rats

In comparison to the control group, the hepatic tissues of
female rats in the SLBZ low- and high-dose groups were subjected
to immunohistochemistry analysis, revealing a decrease in P-AKT
and P-PI3K levels as indicated by assays (p=0.0035). In compari-
son to the SLBZ low-dose group, the liver tissues of female rats in
the high-dose group exhibited a notable reduction, as well as
decreased levels of P-AKT and P-PI3K detection (p<0.0001)
(Figure 7).

Figure 2. Liver image. CK, control group; M, model group; Low, Shenling Baizhu powder low-group; High, Shenling Baizhu powder
high-group.
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Comparison of liver protein levels of p-mTOR/mTOR,
p-pi3k/pi3k, and P-AKT/AKT in female rats of each
group

The findings of this study indicate that there was a statistically
significant increase in the protein levels of p-mTOR/mTOR, 
p-pi3k/pi3k, and P-AKT/AKT in female rats within the model
group as opposed to the control group (p=0.0057). In comparison
to the control group, the concentrations of p-mTOR/mTOR, 
p-pi3k/pi3k, and P-AKT/AKT proteins were found to be notably

reduced in female rats administered SLBZ low- and high-doses
(p=0.0221). In comparison to the low-dose group, the high-dose
group of female rats exhibited a significant decrease in protein lev-
els of p-mTOR/mTOR, p-pi3k/pi3k, and P-AKT/AKT (p=0.0041)
(Figure 8 A,B).

Comparison of mRNA expression levels of hepatic
genes in female rats in each group

The findings of this study indicate that there was a statistically

Figure 3. H&E staining and Oil Red O staining of liver sections of different group of rats.

Figure 4. Level of ALT and AST in serum and liver tissue. **p<0.01 compared with control group; ##p<0.01 compared with model group. 
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significant increase in the expression levels of PPARγ mRNA,
SREBP1 mRNA, PPARα mRNA, PI3K mRNA, AKT mRNA, NF-
κB mRNA and IKRα mRNA in the female rat model group com-
pared to the control group (p<0.0001). In comparison to the control
group, female rats in the SLBZ low- and high-dose groups exhib-
ited significantly reduced expression levels of PPARγ mRNA,
SREBP1 mRNA, PPARα mRNA, PI3K mRNA, AKT mRNA, NF-
κB mRNA and IKRα mRNA (p=0.0058). In comparison to the
SLBZ low-dose group, the high-dose group of female rats exhibit-
ed a significant decrease in the expression levels of PPARγ mRNA,
SREBP1 mRNA, PPARα mRNA, PI3K mRNA, AKT mRNA, NF-
κB mRNA and IKRα mRNA (p=0.0076) (Figure 9).

Discussion
Our study aimed to investigate the effects of a high-fat diet on

the development of NAFLD in pregnant rats and to evaluate the
therapeutic potential of SLBZ. This research contributes to the
understanding of NAFLD’s impact during pregnancy and explores
a traditional Chinese medicine approach to its management. Our
findings indicate that a successful model of combined NAFLD
during pregnancy can be achieved using a maternal rat model fed
a high-fat diet. This study also demonstrated that SLBZ effectively
improved lipid metabolism in the model group.

Figure 5. Comparison of the effects of Shenling Baizhu powder on serum lipids in NAFLD female rats. **p<0.01 compared with control
group; ##p<0.01 compared with model group. 

Figure 6. Comparison of the effects of Shenling Baizhu powder on the concentration of IL-6, IL-1 β and TNF- α in serum of NAFLD
female rats (pg/mL). **p<0.01 compared with control group; #p<0.05, ##p<0.01 compared with model group. 
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NAFLD, also known as metabolic dysfunction-associated fatty
liver disease, was widely recognized as the hepatic manifestation
of the metabolic syndrome.22,23 NAFLD was intricately linked with
obesity, glucose-lipid metabolism, dyslipidemia, and hypertension,
among other conditions, and may manifest prior to their onset. This
temporal relationship highlights the potential of NAFLD as an
early indicator for preventing various metabolic disorders. 23 A pre-
vious report examined the SLBZ impact on the liver ultrastructure
and mTOR, STAT3 protein phosphorylation in rats with NAFLD.24

Their findings suggest that SLBZ could enhance the condition of
rats in the model group, leading to a notable decrease in liver func-
tion levels. They also showed that female rats administered a high-
fat diet following SLBZ instillation experienced a significant
decrease in body weight and improvement in liver function as evi-
denced by reductions in AST and ALT levels in both serum and
liver tissues. Furthermore, these effects were more pronounced
with higher drug concentrations and are consistent with previous
research findings.

The lipid ratios TG/HDL-C and TC/HDL-C, established as
prognostic indicators of NAFLD severity,25 were found to be ele-
vated in our high-fat diet-fed rats, correlating with increased risk
for disease progression. This is consistent with the work of
Arakawa et al.,26 who identified a significant association between

inflammatory cytokines TNF-α, IL-1β, and IL-8 and NAFLD pro-
gression. Our study further demonstrates that SLBZ intervention
not only improves lipid profiles but also modulates inflammatory
markers, as evidenced by reduced serum levels of IL-6, IL-1β, and
TNF-α. Cai et al.27 conducted a study to examine the therapeutic
mechanism of SLBZ in modulating the TLR4/NLRP3 pathway in
alcoholic liver disease. The findings indicated that SLBZ was
effective in reducing hepatic lipid deposition, improving hepatic
function, and mitigating inflammatory responses in hepatic tissue.
Our findings parallel these results, with Oil Red O staining con-
firming the amelioration of hepatic steatosis following SLBZ treat-
ment. Notably, treatment with SLBZ intervention resulted in
improvements in lipid profiles and inflammatory markers. Lipid
droplet accumulation and hepatic lesion-like hepatic steatosis are
observable through Oil Red O staining of liver tissue. SLBZ effec-
tively ameliorated the lipid profile of female rats subjected to a
high-fat diet, resulting in notable improvements in hepatic steatosis
through reductions in triglyceride, total cholesterol, and low-den-
sity lipoprotein cholesterol levels, as well as a decrease in hepatic
inflammation.28

The modulation of genes within the PI3K/AKT/mTOR signal-
ing pathway, pivotal in lipid homeostasis, was significantly altered
in our study’s high-fat diet-fed rats. The downregulation of these
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Figure 7. Immunohistochemical detection of liver tissue of PI3K/AKT/mTOR signaling pathway. **p<0.01 compared with control group;
##p<0.01 compared with model group. 
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Figure 8. A) The hepatic PI3K/AKT/mTOR protein and mRNA expression. B) Western blot analysis of the expression of
PI3K/AKT/mTOR signal pathway. *p<0.05, **p<0.01 compared with control group; #p<0.05, ##p<0.01 compared with model group.

Figure 9. PT-PCR detection and comparison of protein expression of PI3K/ AKT/ mTOR signaling pathway. **p<0.01 compared with
control group; ##p<0.01 compared with model group.
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genes, including PPARγ29 and SREBP1, suggests a potential mech-
anism by which SLBZ exerts its therapeutic effects. The role of
PPARγ in mitigating hepatocellular injury and the regulatory func-
tion of SREBP-1 in lipid synthesis are well-documented, as exem-
plified by the study of Chyau et al.30 on Antrodan’s impact via the
AMPK/Sirt1/CREBP-1c/PPARγ pathway.

Despite the promising results, our study acknowledges several
limitations. Firstly, the use of a traditional Chinese medicine com-
pound formula necessitates additional exploration of its specific
active ingredients through pharmacological studies. Secondly, the
potential effects of traditional Chinese medicine on NAFLD
involving multiple pathways and targets require further validation
in future research. Lastly, as this study primarily consists of in vivo
experiments, the mechanisms underlying the impact of SLBZ on
NAFLD during pregnancy should be confirmed through subse-
quent in vitro experiments.

In conclusion, the current research has shown that SLBZ exerts
a protective influence on NAFLD during pregnancy. The potential
mechanism of action appears to be associated with the
PI3K/AKT/mTOR pathway, offering a foundation for further
investigation into the pathogenesis and treatment targets of
NAFLD in pregnancy.
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