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The incidence of liver-related complications in type 2 diabetes mellitus (T2DM) is rapidly increasing, which affects the physical
and mental health of T2DM patients. Mulberry leaf flavonoids (MLF) were confirmed to have certain effects on lowering blood
glucose and anti-inflammation. In this study, the high-fat diet (HFD) + STZ method was used to establish T2DM rat model and
the MLF was administered by gavage for eight weeks. During the experiment, body weight and blood glucose level were measured
at different time points. The pathological changes of rat liver were observed by H&E staining. The serum glucolipid metabolic
indicators of serum, fasting insulin (FINS), and inflammatory factors levels were detected by ELISA. The expression levels of toll-
like receptor 4 (TLR4), TNF receptor-associated factor 6 (TRAF6), myeloid differentiation factor 88 (MyD88), inhibitor of NF-«B
alpha (IxBa), p-IxBa, and nuclear factor kappa-B (NF-«B)/p65 protein in liver tissue were measured by Western Blot. After 8
weeks” MLF treatment, the blood glucose of rats showed a downward trend; glycolipid metabolism level and insulin resistance
were improved, which suggested that MLF could improve the disorder of glucose and lipid metabolism. The pathological damage
and inflammation of the liver in T2DM rats were significantly improved, the levels of related serum inflammatory factors were
reduced, and the expression of liver tissue-related proteins was downregulated. Our results indicated that MLF could reduce blood
glucose and inhibit the development of liver inflammation. The mechanisms may be associated with the activation of TLR4/
MyD88/NF-«B signal pathway to reduce the levels of inflammatory factors in serum.

1. Introduction

Diabetes is the third major disease that seriously threatens
human health at present. Because of its high morbidity,
mortality, and disability rate and multicomplications, it
seriously threatens patients’ lives and brings heavy psy-
chological and economic burdens to families and society [1].
According to the ninth edition of diabetes map of the In-
ternational Diabetes Federation in 2019, there are about 463
million diabetes patients in the world at present, and it is
estimated that the number will reach 700 million by 2045 [2].
The main types of diabetes are type 1 diabetes mellitus

(T1DM), type 2 diabetes mellitus (T2DM), and gestational
diabetes mellitus (GDM). Among them, T2DM accounts for
over 90% of the total number of diabetes mellitus [3]. T2DM
is a common chronic metabolic disease, and it is generally
believed that its pathogenesis is related to decreased islet
function and insulin resistance (IR) [4]. However, because of
its diverse etiology and complex pathogenesis, there is no
radical cure drug at present. Therefore, it is crucial to study
the mechanism of T2DM and its complications to find new
therapeutic approaches for T2DM.

The liver is one of the main organs for controlling
metabolic homeostasis; it is also a major target tissue for
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insulin to exert its effect, which is involved in maintaining
the balance of blood glucose, as well as an effective organ for
inflammatory mediators [5]. T2DM is apt to cause hepatic
diseases, such as nonalcoholic fatty liver, liver inflammation,
liver fibrosis, and so on [6]. More than 50% of diabetic
patients suffer from liver diseases, and 60-70% of T2DM
obese patients are prone to liver steatosis. However, re-
searchers pay little attention to diabetic liver injury, espe-
cially inflammatory lesions [7]. Toll-like receptor (TLRs) is a
kind of pattern recognition receptors, and TLR4 is an im-
portant member of TLRs family, which mediates the in-
flammatory response of the body [8]. When the body is
damaged, TLR4 is activated. TLR4 is transmitted through
MyD88-dependent pathway, which promotes the binding of
phosphorylated IL-1 receptor associated kinase (IRAK) to
TRAF6 and activates inhibitor of nuclear factor kappa-b
kinase (IKK), thus activating NF-«B [9]. Activated NF-xB
can promote the release of TNF-a, IL-1f, and IL-6. The study
has confirmed that mulberry leaves can inhibit the pro-
duction of NF-«xB by regulating TLR4 signaling pathway,
thus inhibiting the release of inflammatory factors [10].

Flavonoids are one of the natural active components in
mulberry (Morus alba L.) leaves, accounting for 1% ~ 3% of
the dry weight of mulberry leaves [11]. Studies have shown
that total flavonoids of mulberry leaves have pharmaco-
logical effects, such as antioxidant, hypoglycemic, hypo-
lipidemic, and antitumor [12]. Our previous study found
that the hypoglycemic effect of mulberry leaf is related to the
inhibition of a-glucosidase [13], the immune inflammation
induced by TLRs signaling pathway, the regulation of insulin
signaling pathway [14], and the regulation of brown fat
metabolism [15]. However, more early researches paid more
attention to the total mulberry leaf extract, and less research
focused on the total flavonoids in mulberry leaves and the
impact on the liver inflammation. To further enrich the
pharmacological effects of total flavonoids from mulberry
leaves, this study observed the effects of total flavonoids from
mulberry leaves on blood glucose and liver inflammation in
T2DM rats and preliminarily explored its anti-inflammatory
mechanism based on TLR4-MyD88-NF-«B signaling
pathway.

2. Materials and Methods

2.1. Preparation of Total MLF. The dried mulberry leaves
were purchased from Beijing Bencao Fangyuan Pharma-
ceutical Group Co., Ltd. (20200630). Mulberry leaves were
crushed by a pulverizer, sieved with 40 mesh sieve, and
ultrasonically treated with 80% ethanol (output power
500 W, temperature 50°C, and ratio of material to liquid 1:
25 g/ml) for 75 min. Anhydrous ethanol was added at a ratio
of 1:8g/mL, and precipitating with ethanol was carried out
for 2 times, 12 hours each time. The supernatant was purified
by AB-8 macroporous resin. The eluate was evaporated with
a rotary evaporator until no ethanol smell was found, and
freeze-drying method was used to obtain mulberry leaf total
flavonoids. By the quantitative determination of our re-
search group, the average content of mulberry leaf was
58.29%. UHPLC-Q Exactive MS technology results
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confirmed that various flavonoid components such as rutin,
isoquercetin, and astragalin were present in the MLF of this
experiment. The HPLC results confirmed that the contents
of flavonoids rutin, isoquercetin, and astragalin in the extract
(MLF) were 5.26 mg/g, 4.82mg/g, and 2.63 mg/g.

2.2. Animals and Treatments. Forty male SPF SD rats, with
weight of 180g~200 g, were purchased from Beijing Sibeifu
Biotechnology Co., Ltd., and the experimental animal
production license number was SYXK (Jing) 2019-0010. The
rats were raised in a specific pathogen-free animal laboratory
affiliated to the Experimental Animal Center of Beijing
University of Chinese Medicine, License no. SCXK (Jing)
2016-0038. The animal protocol in this study was reviewed
and approved by the medical and experimental animal ethics
committee of Beijing University of Chinese Medicine (no.
BUCM-4-2020091504-3153).

After one week’s adaptive feeding, 6 rats were randomly
selected as normal groups according to their body weight
and fed with normal maintenance feed. The rest of the rats
were given high-sugar and high-fat diet for 4 weeks, then
fasted for 12 hours, and intraperitoneally injected with 1%
STZ sodium citrate buffer at 35mg/kg, while the normal
group was intraperitoneally injected with 1% sodium citrate
buffer. After 72 hours, blood was collected from tail vein to
measure their fasting blood glucose. Taking blood gluco-
se>11.1 mmol/L as the modeling standard, 4 unqualified
rats were excluded. The model rats were randomly divided
into T2DM group, metformin (200 mg/kg) group, high-dose
group of mulberry leaf flavonoids (HMLF, 300 mg/kg),
medium-dose group of mulberry leaf flavonoids (MMLEF,
150 mg/kg), and low-dose group of mulberry leaf flavonoids
(LMLF, 75 mg/kg). MLF was dissolved with 0.5% sodium
carboxymethyl cellulose, and rats in each treatment group
were given MLF by gavage. The administration volume is
1 mL/100 g body weight. Rats in other groups were given the
same amount of sodium carboxymethyl cellulose once a day
for 8 weeks.

2.3. Glucose Tolerance Tests. The fasting weight and blood
glucose of rats in each group were measured every week. One
week before the end of the experiment, after fasting for 12 h,
50% glucose (2 g/kg) was gavaged. The blood glucose at 0, 15,
30, 60, and 120 min was measured, respectively, and the area
under the curve (AUC) was calculated based on the blood
glucose curve:

AUC (mmol/h-L)=(BG 0min+BG 15min)x1/4x1/
2+ (BG 15min + BG 30 min) x 1/4x 1/2 + (BG 30 min + BG
60 min) x 1/2 x1/2 + (BG 60 min + BG 120 min) x 1/2 (BG is
the blood glucose value at each time point).

2.4. Biochemical Analysis. Blood was collected from ab-
dominal aorta of rats, and serum was separated by centri-
fugation. TC, TG, HDL-C, and LDL-C were measured by
biochemical method. Serums IL-1p, IL-6, and TNF-« were
detected by ELISA.
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2.5. Histological Staining. The rat liver tissue was fixed with
4% paraformaldehyde solution for 24 hours, and dehydra-
tion, embedding, slicing, and H&E staining were performed
successively. Pathological changes of liver tissue were ob-
served under light microscope.

2.6. Western Blot Analysis. 'The liver was weighed and ground
with liquid nitrogen. The milled tissue powder was added into
lysis solution containing RIPA (tissue weight: volume of lysis
solution 20 mg:150-250 uL) for lysis. BCA protein detection
kit was used to detect protein concentration. The total protein
(10 ug) of each sample was added to SDS-PAGE gel elec-
trophoresis to separate the protein and transferred to PVDF
membrane (Millipore). The PVDF membrane containing
protein was incubated in a closed solution for 2 hours and
then incubated in the required primary antibody, including
TLR4 antibody (1:500, ab13556; Abcam), MyD88 antibody
(1:1000, ab219413; Abcam), TRAF6 (1:1000, ab33915;
Abcam), IxB antibody (1:2000, ab76429; Abcam), P-IxB
antibody (1:1000, 2859 S; Abcam), NF-«B antibody (1 : 2000,
ab16502; Abcam), and f-actin antibody (1 :10000, 20536-1-
AP; Proteintech), incubated at 4°C overnight. After incu-
bating with HRP-conjugated AffiniPure Goat Anti-Rabbit
IgG (H+L) (1:5000, SA00001-2, Proteintech) and HRP-
conjugated AffiniPure Goat Anti-Mouse IgG (H +L) (1 : 5000,
SA00002-1, Proteintech) for 1h, the PVDF membrane was
washed with solution TBST, treated with chemiluminescence
reagent, taken photos by exposure, and performed quanti-
tative analysis with Image-Pro Plus 6.0.

2.7. Statistical Analysis. All the data in this study were
statistically analyzed by SPSS 25.0 software and were
expressed as mean+ SD. The differences between the two
groups were analyzed by independent t-test, and multiple
groups were analyzed by using the one-way analysis of
variance (ANOVA) followed by SNK-q test. p value< 0.05
was considered as statistically significant.

3. Results

3.1. Effect of MLF on Body Weight and Liver Index of T2DM
Rats. Compared with the normal group, the weight of rats
in the model control group decreased significantly
(p<0.01). Compared with the model group, there was no
statistical difference in the weight of rats in each ad-
ministration group (Figure 1(a)). Compared with the
normal group, the liver index in T2DM group was sig-
nificantly enhanced (p<0.01). Compared with T2DM
rats, the liver index of HMLF, MMLF, and LMLF rats
decreased significantly (p<0.01) (Figure 1(b)). It is
suggested that the total flavonoids of mulberry leaves
could reduce the body weight and liver index of T2DM
rats.

3.2. Effect of MLF on Glucose Metabolism in T2DM Rats.
As shown in Figure 2(a), compared with the normal group,
the rats in T2DM group were in hyperglycemia state during

the experiment (p < 0.01). Compared with T2DM group, the
fasting blood glucose of rats in metformin group signifi-
cantly decreased from the 4th week to 8th week (p < 0.05 or
p <0.01). The fasting blood glucose of rats in HMLF group
and MMLF group decreased significantly from the 5th to 8th
week (p <0.01). The fasting blood glucose of rats in LMLF
group significantly decreased from the 5th to 8th week
(p<0.05).

As shown in Figures 2(b) and 2(c), the blood glucose
increased obviously after being given 50% glucose and
reached the highest value at 30min in each group and
showed a downward trend. Compared with the control
group, the AUC of OGTT in T2DM group increased sig-
nificantly within 0-120min (p <0.01). Compared with
T2DM group, metformin, HMLF, MMLF, and LMLF groups
decreased significantly at Omin (p<0.01), and AUC de-
creased significantly (p <0.01 or p<0.05). It is suggested
that MLF could reduce blood glucose and maintain glucose
tolerance in T2DM rats.

3.3. Effect of MLF on Insulin. Serum insulin level was mea-
sured by enzyme labeling method in rats of each group after
8 weeks of administration. As shown in Figures 3(a) and 3(b),
compared with the normal group, the fasting insulin level and
HOMA-IR in T2DM group were significantly higher
(p <0.01). Compared with T2DM group, fasting insulin level
in normal group and each administration group decreased,
and HOMA-IR value decreased significantly (p <0.01). It is
suggested that total flavonoids of mulberry leaves could
improve insulin sensitivity in T2DM rats.

3.4. Effect of MLF on Lipid Metabolism. As shown in Figure 4,
compared with the normal group, the levels of TC, TG, and
LDL-C in T2DM group were significantly increased
(p <0.01), while the levels of HDL-C were significantly de-
creased (p < 0.01). Compared with T2DM group, the levels of
TC, TG, and LDL-C were significantly decreased (p <0.01)
and HDL-C was significantly increased (p < 0.01). The results
showed that total flavonoids of mulberry leaves could im-
prove the disorder of blood lipid metabolism in T2DM rats.

3.5. Effects of MLF on Pathological Sections of Liver.
Pathological sections of the liver were stained with H&E
staining. As shown in Figure 5, the results showed that no
obvious abnormality was found in the overall morpho-
logical structure of liver in the control group, each ad-
ministration group and hepatocytes, and no obvious
abnormality was found in the morphological structures
of hepatic lobular, central vein, and portal area. Micro-
scopic examination of the liver in the T2DM group
revealed vacuolar degeneration, which was characterized
by the presence of vacuoles in the hepatocytes,
with incomplete fragmentation of the cytoplasm, which
were widely distributed in the liver, ranging from mild
to severe. There was also lymphocyte infiltration, which
was characterized by scattered or small aggregates
of lymphocytes, with a small number of neutrophils
partially observed.
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3.6. Effects of MLF on Inflammation Indicators. As shownin  expression levels of IL-6, IL-1f, and TNF-« in each ad-
Figure 6, compared with the normal group, the levels of IL-6,  ministration group were significantly reduced (p <0.01).
IL-1B3, and TNF-« in the T2DM group were significantly =~ The results suggested that MLF could reduce the inflam-
increased (p <0.01). Compared with the T2DM group, the ~ mation level of liver in T2DM rats.
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FiGure 5: Effect of MLF on pathological sections of rat liver. (a) Control group. (b) T2DM group. (c) Metformin group. (d) HMLF group.
(e) MMLF group. (f) LMLF group.
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3.7. Effects of MLF on Protein Expression of TLR4, MyD88,
TRAFS6, IxB, p-IxB, and NF-«B in Liver. As shown in Fig-
ure 7, compared with the normal group, the protein
expression levels of TLR4, MyD88, TRAF6, IxB, p-IxB,
and NF-xB in the model group were significantly in-
creased (p<0.01). Compared with the T2DM group, the
expression levels of TLR4, MyD88, TRAF6, and NF-«B
proteins in the HMLF group were significantly down-
regulated (p <0.01). Meanwhile, after MLF treatment, the
ratio of p-IxkB/IxB was also significantly reduced
(p<0.01). The results confirmed that MLF can inhibit
liver inflammation in T2DM rats by regulating the TLR4/
MyD88/NEF-«B pathway.

4, Discussion

T2DM is a common chronic metabolic disease, with various
pathogenic factors and complex pathogenesis, which poses a
serious threat to human health. Liver lesions are one of the
common complications of diabetes. In the state of T2DM, fat
accumulates in the liver and gradually forms the liver in-
flammation [16]. The inflammatory reaction in the liver
further accelerates the development of T2DM, and the two
diseases promote each other, eventually causing irreversible
damage to the body. Flavonoids are one of the main active
components of mulberry leaves, mainly including quercetin,
rutin, isoquercetin, kaempferol, and astragalin. Studies have
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confirmed that MLF can scavenge oxygen free radicals,
regulate energy homeostasis, repair damaged islet cells,
promote insulin secretion, and regulate glucose metabolism
[17]. MLF have been demonstrated to effectively reduce
blood glucose levels in diabetic mice by regulating intestinal
microecological disorders [18]. Rutin could facilitate signal
transduction and activated state of insulin IRS-2/PI3K/Akt/
GSK-3p signal pathway, promote hepatocyte proliferation,
reduce blood glucose level and generation of AGEs, and
improve liver damage in T2DM mice. In addition, the
previous study of our research group found that rutin has
potential therapeutic implications for the treatment of
obesity and T2DM. Rutin decreased blood glucose in db/db
mice, inhibited hepatic lipid accumulation, and improved
glucose and lipid metabolism disorders; these pharmaco-
logical effects may be related to the promotion of the mRNA
expression of the adipocyte thermogenic genes MCTI,
MCT1, ACSM3, CPT-1a, and CPT-1p, activation of BAT
and induction of browning of IWAT, and increasing the
concentration of SCFA-producing enzymes, promoting the
production of SCFA [19]. Isoquercetin has been shown to
reduce serum ALT, AST, improve IR, increase HDL-C,
reduce degeneration, necrosis, and apoptosis of liver tissue,
and prevent liver damage caused by T2DM [20]. Moreover,
isoquercetin in MLF has significant antidiabetic effects by
increasing glucose uptake and differentiation in HepG?2 cells
by regulating AGEs/RAGE and p38 MAPK/NF-«xB path-
ways, increasing PPARy, C/EBPa, and SREBP-1 expression
in 3T3-L1 cells, and inhibiting AGEs-induced damage and
apoptosis by glutathione cells [21]. The results of this study
have shown that MLF can regulate the inflammatory re-
sponse in the liver, by improving the glucolipid metabolism
disorder in T2DM rats, and provide the experimental basis
for the hypoglycemic effect of MLF and the inhibition of
inflammatory injury in the liver.

T2DM, characterized by hyperglycemia, is a high-risk
metabolic disease involving metabolic disorders, such as
systemic glucose and lipid metabolism [22]. In this exper-
iment, the T2DM rat model was replicated by high-fat diet
feeding combined with intraperitoneal injection of STZ, and
the blood glucose, OGTT, and INS were measured. Blood
glucose values reflect the changes of instantaneous blood
glucose; OGTT reflects the body’s regulation of blood glu-
cose; and FINS and HOMA-IR reflect the ability of insulin to
decompose blood glucose [23]. The detection of three in-
dicators together could reflect the changes of blood glucose
level of diabetic rats more comprehensively and objectively.
The results showed that, compared with the control group,
T2DM group showed a significant increase in blood glucose.
The intervention of MLF significantly reduced blood glu-
cose, indicating that MLF has a certain hypoglycemic effect.
OGTT refers to oral glucose tolerance test, which is used to
understand the function of islet 5 cells and the body’s ability
to regulate blood glucose, and is widely used in the clinical
diagnosis of diabetes [24].

OGTT results showed that MLF can regulate blood
glucose status and improve abnormal glucose tolerance of
the body. FINS and HOMA-IR results showed that the
serum INS level in T2DM group was significantly higher

than that of control group, while the insulin resistance index
was significantly increased. Insulin resistance of T2DM rats
was significantly reduced in all administration groups. These
three results indicated that MLF can improve the insulin
resistance, reduce the level of blood glucose and insulin, and
improve glucose metabolism disorder. Lipid metabolism
disorders will cause dyslipidemia, 8 -cell insulin secretion
function is damaged, and excessive fatty acids hinder the
removal of glucose and eventually lead to T2DM [25].
Therefore, improving lipid metabolism is an important
means in the treatment of T2DM. In this experiment, TC,
TG, LDL, and HDL related indicators of lipid metabolism
were detected. The results showed that the related lipid
indicators were significantly reduced after administration of
MLF, confirming that MLF can improve lipid metabolism.
In summary, MLF can improve the glucolipid metabolic
disorders, thus affecting the occurrence and development of
T2DM.

The liver is an important organ involved in glycolipid
metabolism in the body and also the main target organ for
insulin resistance [26]. Hepatic insulin resistance increases
the free fatty acids, and the fat in the liver accumulates to
form fatty liver, which finally leads to inflammation, ne-
crosis, and fibrosis of the fatty liver. At the same time, it will
lead to decreased glycogen synthesis and enhanced gluco-
neogenesis, which will increase blood glucose and lead to the
occurrence of T2DM [27]. In this study, we found that the
liver index increased significantly in T2DM group, which
may be related to the lipid metabolism disorder caused by
T2DM leading to the accumulation of liver fat. After MLF
administration, the liver index in each group was signifi-
cantly decreased, and the results confirmed that MLF can
reduce IR, thereby affecting liver weight and improving liver
lipid metabolism disorder.

Inflammation is an important factor affecting the oc-
currence and development of T2DM. Inflammation can
cause IR and impaired islet f3 cell function. More and more
studies have suggested that T2DM is a “chronic low-grade
inflammation state” [28]. When IR is in the state, various
mediators related to metabolic syndrome in lymphocytes,
macrophages, endothelial cells, and adipocytes are activated,
and these cells can recognize the corresponding receptors,
activate the inflammatory pathway, and release a variety of
inflammatory mediators, including TNF-a, IL-6, and IL-1f
[29]. Under hyperglycemia, the production of IL-1p, IL-6,
and TNF-« is promoted, thereby accelerating the apoptosis
of islet 8 cells and inducing islet failure [30]. Compared with
other tissues, liver itself contains a large number of intrinsic
macrophages [31]. When inflammation occurs, the liver is
infiltrated by peripheral inflammatory cells, and macro-
phages are activated, constantly aggravating the develop-
ment of inflammation [32]. Therefore, in the T2DM state, it
will lead to inflammatory damage to the liver. In this ex-
periment, we studied the serum-related inflammatory in-
dicators, such as IL-1f, IL-6, and TNF-a, and found that
compared with the control group, the related inflammatory
indicators in the T2DM group were significantly expressed,
and the expression level of related inflammatory indicators
was significantly reduced after administration of MLF. The



experimental results confirmed that MLF effectively improve
liver inflammation caused by T2DM.

TLRs are pattern recognition receptors that can detect
and respond to specific conservative motifs related to mi-
crobial activity, recognize exogenous pathogens, induce the
activation of multiple rapid-response genes, and produce
multiple effector molecules to participate in the body’s
defense responses [33]. TLR4 plays a key role in the treat-
ment of diabetes and its complications [34, 35]. TLRs
stimulation signals are transmitted to MyD88 through in-
tracellular TIR regions. The linker protein of MyD88 in-
teracts with IRAK to phosphorylate IRAK [36].
Phosphorylated IRAK recruits TRAF6 to react, leading to
the activation of NF-xB inhibitory protein (IxK) and
phosphorylation of IxB to activate NF-«B, which enters the
nucleus [37].

NF-«B is a major transcription factor responsible for the
regulation of congenital and adaptive immune responses
and a key factor for the initiation of inflammatory response
and regulation of gene transcription. NF-«B is involved in
the occurrence and development of various diseases, such as
immunity and inflammation in the body [38]. NF-«B is a
heterodimer that contains two protein subunits, p65 and p50
[39]. Under normal conditions, NF-«B binds to protein IxB
in an inactive state. While under pathological conditions,
IxB kinase is phosphorylated by NF-«B-induced kinase and
transported to the nucleus through a series of pathways,
where it initiates gene transcription and releases cytokines
[40]. NF-«B has a strong transcriptional regulatory function,
which is able to expand the inflammatory process of the
disease by activating multiple inflammatory genes. After NF-
«B enters the nucleus, it induces the expression of specific
genes, synthesizes IL-18, IL-6, TNF-a, and other cytokines,
and releases them to the outside of the cell to aggravate the
inflammatory expression level in the body [41]. The results of
this experiment showed that MLF improves the liver in-
flammatory injury in T2DM rats by inhibiting proteins, such
as TLR4, MyD88, TRAF6, IxBa, p-IxBa, and NF-xB p65.

5. Conclusion

Inflammation plays an essential role in the development of
T2DM. T2DM aggravates the development of liver in-
flammation, which itself may also contribute to T2DM.
Therefore, how to alleviate liver inflammation in T2DM is
particularly important. This study demonstrated that MLF
can reduce blood glucose of T2DM, improve glucolipid
metabolism disorders, enhance insulin sensitivity, and exert
the pharmacodynamic activity of improving T2DM. At the
same time, MLF can also reduce the liver index of T2DM rats
and inhibit relevant inflammatory indicators, thereby reg-
ulating the development of liver inflammation in T2DM rats.
These effects may be related to the fact that MLF reduces the
levels of related inflammatory factors in the body by reg-
ulating the proteins related to TLR4, MyD88, TRAF6, I«B,
p-1xB, and NF-«B.

However, this study also has shortcomings. This study
mainly discusses the liver inflammatory reaction caused by
T2DM and MLF on its treatment, but the liver is an
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important metabolic organ; fat accumulation accelerated
liver inflammatory infiltration. In this study, only the serum
lipid metabolism indexes were determined, and the liver
lipid metabolism was poorly studied; we will increase the
liver lipid metabolism mechanism, further improving the
effect of MLF in improving T2DM liver damage. Further-
more, although MLF is already a kind of active ingredient in
mulberry leaves, it is unknown which monomer or which
monomers play the main hypoglycemic effect. We will carry
out further experimental studies on one or more monomers
in MLF.
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