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Background: This study uses the tandem mass tag (TMT)-labeled quantitative proteomic analysis to
identify potential therapeutic protein targets of a Chinese prescription called Tang-Yi-Ping (TYP) for the
treatment of impaired glucose tolerance IGT) in rats.

Methods: A total of 31 specific-pathogen free (SPF) male Wistar rats were used in our study. Ten were
randomly selected as a control group, while 21 received a high-sugar and high-fat diet combined with
an intraperitoneal injection of streptozotocin to establish IGT subjects. After eliminating 2 rats without
successful modeling, 19 were randomly divided into a TYP group (n=9) and IGT model group (n=10).
The TYP group was given a TYP decoction of 6.36 mg/kg-1/d-1. After 8 weeks of intervention, blood
glucose-related indicators were measured, and cell morphology was observed by hematoxylin and eosin (HE)
staining. TMT-labeled proteomic analysis was applied to detect the differentially expressed proteins (DEPs)
in the pancreases of the three groups. The intersection of the DEPs in both the TYP group and IGT model
group underwent Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
analyses to identify the related biological functions and signal transduction pathways. Finally, western blot
(WB) was used to verify the TM'T proteomics results.

Results: TYP can effectively reduce blood glucose and improve islet morphology in IGT rats. We
identified a total of 16 potential therapeutic protein targets of TYP, 4 of which were upregulated, while
12 were downregulated, including Rbp4, Fam3b, Flot2, etc. [fold change (FC) >1.1, P<0.05]. The
significant signal transduction pathways included arginine and proline metabolism, glyceride metabolism,
glycerophospholipid metabolism, mTOR, Wnt, and insulin signaling pathways.

Conclusions: For anti-IGT therapy, we found TYP regulates 16 protein targets, multiple biological
functions, and multiple signal transduction pathways. This study thus makes a significant contribution to

identifying new potential therapeutic targets for treating IGT.
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Introduction

The term “pre-diabetes” is used to describe a condition
that involves impaired glucose tolerance (IGT) or impaired
fasting glucose (IFG). IGT and IFG are intermediate
states in glucose metabolism that exist between normal
glucose tolerance and overt diabetes (1). Studies have
shown that people with pre-diabetes tend to develop type 2
diabetes mellitus (T2DM) within 10 years of its diagnosis.
Even before developing diabetes, these people also have
an increased risk of cardiovascular disease and death. In
the 9" edition of the International Diabetes Federation
(IDF) Diabetes Atlas [2019], it is estimated that worldwide
there are 373.9 million adults aged 20-79 years (7.5% of
the adult population) who have IGT. In China, there are
approximately 54.5 million adults with IGT (2). At present,
it is recognized by the medical community as a necessary
stage in the pathogenesis of T2DM, and also the only stage
of T2DM that can be controlled and reversed (3). For this
reason, taking appropriate measures to prevent IGT from
developing into T2DM can reduce the burden of medical
treatment, which is of great significance to both patients and
society. The etiology and pathogenesis of IGT are yet to be
fully elucidated, and insulin resistance (IR) and functional
deficiency of pancreatic B-cells are the primary pathological
basis of IGT (4). IGT is the earliest manifestation of a
glucose metabolism disorder and involves the secretion
of insulin after meals, and is often accompanied by other
protein and fat-metabolism disorders. Currently, there are
very few drugs used for treating IGT, the main ones being
metformin and acarbose. However, these treatments have
certain limitations due to side effects, such as hepatorenal
toxicity, gastrointestinal reactions, and so on (5-7).
Therefore, the medical community is now actively searching
for more complementary and alternative drugs that are safe,
effective, and have little side effects. A series of studies have
confirmed that the Chinese prescription, Tang-Yi-Ping
(TYP), which is made from Astragalusmembranaceus, Rhizoma
Dioscoreae, Atractylodes Lancea, Radix Bupleuri, Radix Paconiae
Alba, Rhizoma Coptidis, Eupatorium fortune Turcz, Radix
Scropbulariae, Puerarialobata, and Ramulus Euonymi, can
treat IGT effectively and safely, improve the proliferation of
pancreatic B-cells, and protect the number and function of
B-cells. Previous studies have shown that TYP’s mechanism
relates to the downregulation of the thioredoxin interacting
protein (TXNIP), and the promotion of the expression of
the musculoaponeurotic fibrosarcoma oncogene homolog
A (MaFA) gene (8,9). Owing to the multiple components
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and targets characteristic of traditional Chinese medicine
for treating diseases, it is necessary to use tandem mass
tag (TMT)-labeled quantitative proteomic technology to
identify all the protein targets of TYP in treating IGT.
Elucidating the potential targets and signaling pathways of
this prescription can thus provide a basis for finding new
potential therapeutic targets for treating IGT, which holds
great research value.

This study is the first report to use TMT-labeled
quantitative proteomics technology and bioinformatics to
identify the protein targets, biological processes (BPs), and
related signaling pathways involved in the treatment of IGT
model rats with TYP. The workflow of this study is shown
in Figure 1. We present the following article in accordance
with the ARRIVE reporting checklist (available at https://
dx.doi.org/10.21037/atm-21-4257).

Methods
Model preparation and grouping

All animal experiments protocol were performed strictly
in compliance with Chinese guidelines, including the
Standards for Laboratory Animals (GB14925-2001) and
the Guideline on the Humane Treatment of Laboratory
Animals (MOST 2006a), and all animal procedures
were approved by the Animal Ethics Committee of
Shandong University of Traditional Chinese Medicine
(No. SDUTCM20190520001). A protocol was prepared
before the study without registration. Thirty-one specific-
pathogen free (SPF) male Wistar rats were purchased
from Jinan Pengyue Biological Breeding Co. Ltd. (No.
1107261911005606, China). They were 5 weeks old,
weighed130 g, and were raised and observed in the barrier
system of the Animal Experimental Center of Shandong
University of Traditional Chinese Medicine at a room
temperature of 21+2 °C (humidity 50-70%), with regular
day and night hours (12-12 h). All rats were adaptively fed
for one week. Our study began by randomly selecting 10
rats as the control group, while 21were fed a high-sugar
and high-fat diet (diet formula: 67% rat maintenance diet +
10.0% lard + 20.0% sucrose + 2.5% sodium cholate + 2.5%
cholesterol) for 4 weeks. After overnight fasting, they were
weighed and given a one-time intraperitoneal injection of
15 mg/kg streptozotocin (#18883-66-4, Sigma-Aldrich, St.
Louis, MO, USA). In line with previous literature (10,11),
an oral glucose tolerance test (OGTT) was carried out, and
the blood glucose value was measured from the tail vein of
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Figure 1 The main flow chart of this study. Rbp4: *, P<0.05, vs. Control; *, P<0.05, vs. IGT. Flot: *, P<0.05, vs. Control; *, P<0.05, vs. IGT.

IGT, impaired glucose tolerance.

rats. To be included in the study, IGT rats were required
to meet the following OGTT test criteria: fasting blood
glucose (FBG) <7 mmol/L, and 2-hour plasma glucose
(2hPG) between 7.8 and 11.1 mmol/L. After removing two
unsuccessful modeling rats, the remainder were randomly
divided into a TYP group (n=9) and IGT model group
(n=10). TYP is composed of Astragalus membranaceus,
Rhizoma Dioscoreae, Atractylodes Lancea, Radix Bupleuri, Radix
Paeonine Alba, Rhizoma Coptidis, Eupatorium fortunei Turcz,
Radix Scrophulariae, Pueraria lobata, and Ramulus Euonymi.
All these Chinese medicine granules were provided by
Jiangyin Tianjiang Pharmaceutical Co., Ltd. (#19030041;
#19100322; #19121971; #19110591; #19021711;
#19110471; #1910024; #19111441; #19110761; and
#19110971, China). Based on the results of our previous
study and pre-experiment, the TYP group was given the
Chinese medical decoction (6.36 mg-kg™-d™") by gavage (3
mL each time). Meanwhile, the control and IGT model
groups were given the same amount of distilled water by
gavage. The body weight and OGTT test results (FBG and
2hPG) of each group were measured at a fixed time every
week. After 8 weeks, the rats were anesthetized after fasting
for 12 hours. The pancreatic tissues were then taken out to
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detect a series of related-indicators, including hematoxylin
& eosin (HE) staining, TMT-labelled quantitative
proteomic analysis, and western blot (WB) detection.

HE staining to observe the morphology and structure of the
pancreas in the 3 groups

An appropriate amount of rat pancreatic tissue was fixed
in 10% formaldehyde solution for 12 hours, dehydrated
in ethanol, rendered transparent in xylene, embedded in
paraffin, cut into sections with a thickness of 4 pm, dried
at 45 °C, and sealed with HE staining. The morphology of
the pancreas and the distribution of islet cells were then
observed under microscope.

TMT-labeled quantitative proteomics analysis

To obtain the difference in protein expressions between
the groups, we used TMT-labeled quantitative proteomics
technology. This analysis process mainly involved
protein extraction, peptide digestion, TMT labeling,
chromatographic fractionation, liquid chromatography-
tandem spectroscopy (LC-MS/MS) data acquisition,
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database searches, GO and KEGG biological enrichment
analysis, and other steps.

For our study, we first randomly selected three pancreas
samples separately from the three groups. The protein was
extracted and quantified for each sample, and the filter aided
proteome preparation (FASP) method was used for trypsin
digestion, desalting, and peptide quantification. Next, 100
pg of peptide was extracted from each sample, and labeled
strictly by the instructions of the TMT labeling kit (Thermo
Fisher Scientific Inc., Waltham, MA, USA). The labeled
peptides of each group were mixed in equal amounts,
and fractionated using the High pH Reversed-Phase
Peptide Fractionation Kit (Thermo Fisher Scientific Inc.).
We then performed LC-MS/MS data acquisition. Each
sample was separated by an ultra-high performance EASY-
nLC system with a nanoliter flow rate, and the sample
was chromatographed and underwent mass spectrometry
analysis by a Q-Exactive mass spectrometer (Thermo Fisher
Scientific Inc.). The differentially expressed proteins (DEPs)
between the groups were selected with the following
criteria: fold change (FC) >1.1, P value <0.05. Hierarchical
cluster analysis and subcellular location analysis were also
performed on DEPs between (IGT model group vs. control
group) and (TYP group vs. IGT model group). From these
DEPs, we identified protein targets that had an abnormal
expression after IGT onset, and normal expression
after TYP treatment. Through this, we determined
the therapeutic targets of TYP for treating IGT. More
specifically, the upregulated DEPs (IGT model group vs.
control group) were intersected with the downregulated
DEPs (TYP group vs. IGT model group), making them the
specific targets for upregulated IGT after onset, and normal
expression after TYP intervention. Furthermore, the
downregulated DEPs IGT model group vs. control group)
were intersected with the upregulated DEPs (T'YP group
vs. IGT model group), making them the specific targets of
downregulated IGT after onset, and normal expression after
TYP treatment. To conclude the analysis, the intersection
of the DEPs in the IGT model group, as well as the DEPs
in the TYP group, were taken to perform Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analyses to identify the related biological
functions and signal transduction pathways. Only functional
categories and pathways with P values below the threshold
of .05 were considered significant.
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Randomly selecting IGT targets treated with TYP for
follow-up WB verification

To verify the accuracy of the proteomics results, WB was
used to randomly verify the expression levels of 16 protein
targets involved in the TYP treatment of IGT. For example,
the expression levels of Rbp4 (boster, #PB0368, China)
and Flot2 (boster, #PB0663, China) in the 3 groups were
calculated with GAPDH (boster, #8M 1623, China) as an
internal reference.

Statistical analysis

All data in this study were analyzed by SPSS 22.0 software.
All results were presented as mean + standard error of the
mean (SEM). Data were analyzed by one-way ANOVA,
with Bonferroni’s correction or Student’s #-test. P values
<0.05 were taken to indicate statistical significance.

Results

Comparison of the body weight and OGTT test vesults (FBG
and 2bPG) in the 3 groups

As shown in Figure 2A, at the 8th week of intervention,
the body weight of the TYP group was lower than that of
the IGT model group (P<0.05). The results indicated that
TYP could reduce the weight of IGT rats and improve
their obesity status. As shown in Figure 2B,2C, when
compared with the IGT model group, FBG in the TYP
group showed a downward trend after treatment, but there
was no statistical significance (P>0.05). However, when
compared with the IGT model group, 2hPG in the TYP
group decreased (P<0.05). It can be concluded that TYP
can effectively reduce the 2hPG of IGT in rats.

Observing the morphology of the pancreas by HE staining

As shown in Figure 2D, the shape of pancreatic islets in the
control group was regular, with round cell mass scattered
between pancreatic acini. The shape of islet cells was also
regular, with a clear boundary and orderly arrangement.
Compared with the control group, the islets in the IGT
model group had an irregular shape, were atrophied, and
had invaded some of the exocrine gland. Furthermore, the
size and shape of islet cells were different, the boundary was
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Figure 2 Effects of TYP on weight, blood glucose, and pancreatic morphology after long-term treatment in rats. (A) Weight levels during
8 weeks of administration. (B) FBG levels during 8 weeks of administration. (C) 2hPG levels from the OGTT test during 8 weeks of
administration (P<0.05, vs. IGT). (D) Representative microphotographs of pancreatic sections stained with HE (Scale bar, 50 pm). **,
P<0.05, vs. IGT. arrow, islet cells. TYP, Tang-Yi-Ping; FBG, fasting blood glucose; 2hPG, 2-hour plasma glucose; OGT'T, oral glucose

tolerance test.

unclear, the arrangement was disordered, and the number of
islets were reduced. Compared with the IGT model group,
the islets in the TYP group were more regular in shape,
the boundary was clear, the arrangement was relatively
neat, and there were a higher number of islets. This result
showed that TYP could improve the morphological damage
of the pancreas in rats with IGT, with obvious effects.

Analysis of TMT proteomics results

Quality control analysis

For this experiment, we used a Q-Exactive mass
spectrometer (Thermo Fisher Scientific Inc.) with high-
quality precision and high resolution, which could keep
good quality deviation in the process of data acquisition,
and obtain high-quality MS1 and MS2 spectra. As shown in
Figure 34 below, the mass deviation of all identified peptides
was mainly within 10 ppm, which indicated that the mass
deviation of this experiment was low, and the identification
results were accurate and reliable. Combined with the strict
Mascot analysis tool, the MS data were analyzed to further
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obtain the score of each MS2. The following Figure 3B
shows that the Mascot score of MS2 was ideal, with more
than 51.31% of peptides scoring over 20 points. With a
median score of 21 points, it indicated that the quality of the
MS experimental data was high. Figure 3C shows that the
abundance ratio of most proteins in the IGT model group
vs. control group) and (TYP group vs. IGT model group)
of equally labeled samples was close to 1. Overall, the above
results showed that good quality deviation was maintained
throughout the experiment, and the collected experimental
data were reliable.

Identifying DEPs in the 3 groups and the specific

protein targets of TYP to reverse the IGT pathogenesis
As shown in Figure 44, according to the FC and P values,
there was a total of 104 downregulated DEPs between
the IGT model and control groups, and 78 upregulated
DEPs between the TYP and IGT model groups. After
analyzing the intersection of the DEPs, there were 4
protein targets: Ppif, Slc6a9, Cyp51, and Rab3d. These 4
targets were downregulated after the onset of IGT, and
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restored to normal expression after the treatment of TYP.
Meanwhile, there were 519 upregulated DEPs between
the IGT model and control groups, and 59 downregulated
DEPs between the TYP and IGT model groups. After
analyzing their intersection, we found 12 targets: Man2bl,
C7, Tmem181, Chmp4c, Rbp4, Fam3b, Flot2, Macroh2al,
Azgp, Smnl, Ambp, and Minkl. These 12 proteins were
upregulated after IGT, downregulated after TYP treatment,
and returned to normal expression. We speculated that
the 16 proteins obtained from these 2 intersections were
the specific therapeutic targets that were abnormal after
the onset of IGT, and which tended to be expressed
normally after the intervention of TYP. The detailed
information of the 16 targets is shown in 7able 1. To show
the DEPs intuitively between the groups, a volcano map
was drawn using the FC and P value (t-test) (Figure 4B).
To classify the DEPs in the groups, a hierarchical cluster
algorithm was adopted to analyze the expression patterns
of samples between/within groups, to test the rationality
of the grouping, and to explain whether the changes in the
expression level of differential proteins could represent

© Annals of Translational Medicine. All rights reserved.

the significant influence of biological treatment on the
samples (Figure 4C). Subcellular organelle is a micro-organ
with a certain morphology and function in the cytoplasm
(such as mitochondria, endoplasmic reticulum, etc.), which
is an important place for proteins to perform different
functions (12). Different subcellular organelles often
perform different cellular functions, so the analysis of
the subcellular localization of proteins helps us to further
explore the functions of proteins in cells. The subcellular
localization analysis of all DEPs in our study was carried
out by using the subcellular structure prediction software
Cello. Figure 4D shows the number and distribution ratio of
proteins in each subcellular organelle. Of the DEPs in the
IGT model and control groups, 165 targets were located
in the nucleus, 124 in the cytoplasm, 58 in the plasma
membrane, 54 in the extracellular space, 51 in mitochondria,
8 in the lysosomes, and 7 in others (endoplasmic reticulum,
etc.). Of the DEPs in the TYP and IGT model groups, 68
proteins were located in the nucleus, 45 in the cytoplasm,
32 in the extracellular space, 25 in the plasma membrane, 15
in the mitochondria, 3 in the lysosome, and 2 in the Golgi
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apparatus. As shown in Figure 5B, the results of the KEGG

signaling pathway showed that the signaling pathways

Biological function analysis

As shown in Figure 54, the GO results of the BP
terms (according to P<0.05), showed that the BPs
involved in the treatment of IGT mainly included
glycerophosphatidylcholine biosynthesis (GO:
0046474), amino acid transport (GO: 0006865),
glycerophosphatidylcholine metabolism (GO: 0006650),
positive regulation of cell growth (GO: 0030307),
regulation of protein stability (GO: 0031647), glycerolipid
metabolism (GO: 0046486), cellular amino acid metabolism
(GO: 0006520), cellular response to oxidative stress (GO:
0034599), regulation of apoptosis signaling pathway (GO:
2001233), and serine peptidase activity (GO: 0008236), etc.

© Annals of Translational Medicine. All rights reserved.

involved in the TYP treatment of IGT included
arginine and proline metabolism, glyceride metabolism,
glycerophosphatidylcholine metabolism, mTOR signaling
pathway, glycolysis/gluconeogenesis, insulin signaling
pathway, and Wnt signaling pathway, etc. (P<0.05).

Randomly verifying the 16 protein targets through WB

As shown in Figure 6, when compared with the control
group, the protein expression levels of Rbp4 and Flot2 in
the IGT model group were increased (P<0.05), and the
levels of Rbp4 and Flot2 in the TYP group were decreased
(P<0.05). The expression trend was generally consistent
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Table 1 Specific information on 16 protein targets in the treatment of IGT with TYP

Model/control TYP/model
Accession Protein name
FC P value FC P value

ENSRNOP00000014382 Ppif 0.799618888 0.026765252 1.121473691 0.040916102
ENSRNOP00000070161 Slc6a9 0.862959809 0.044551539 1.115364986 0.036861703
ENSRNOP00000009985 Cyp51 0.881842798 0.008739182 1.233366071 0.001162487
ENSRNOP00000015609 Rab3d 0.902926843 0.01424566 1.158792052 0.000893848
ENSRNOP00000030766 Man2b1 1.10381955 0.041683041 0.886356577 0.046484564
ENSRNOP00000074387 c7 1.138707872 0.028196734 0.890355364 0.014737899
ENSRNOP00000059824 Tmem181 1.140287738 0.008896276 0.890925864 0.037979174
ENSRNOP00000013720 Chmp4c 1.158515765 0.010724395 0.904323279 0.037605188
ENSRNOP00000021055 Rbp4 1.158746311 0.038383421 0.868641936 0.028369117
ENSRNOP00000067982 Fam3b 1.166409331 0.019821408 0.847555944 0.009330523
ENSRNOP00000014104 Flot2 1.169927871 0.017692665 0.90499017 0.017930674
ENSRNOP00000049143 Macroh2a1 1.16995789 0.000998637 0.90443785 0.02061381
ENSRNOP00000001801 Azgp1 1.182467595 0.014634497 0.903412472 0.025555703
ENSRNOP00000024456 Smn1 1.185581862 0.012332365 0.880428485 0.021372381
ENSRNOP00000009248 Ambp 1.33781637 4.962593205 0.90110222 0.012055731
ENSRNOP00000050929 Mink1 1.470655486 0.034716128 0.597123373 0.025847049

IGT, impaired glucose tolerance; TYP, Tang-Yi-Ping; FC, fold change.

with the results of TMT proteomics, indicating that the
result of proteomic analysis was reliable in this study.

Discussion

IGT-related postprandial hyperglycemia in the pre-
diabetic stage is associated with the onset and incidence
of T2DM (13). As the IGT stage is the only stage that
DM can be reversed and controlled, its prevention and
treatment is of great significance. The main pathological
characteristics of IGT are decreased glucose utilization
and tolerance, insulin resistance, and decreased function of
islet B cells, resulting in relative or absolute insufficiency
of insulin secretion and higher postpranpranal blood
glucose level. In addition, the pathophysiological changes
in IGT are manifested as both glucose metabolism
disorders, and abnormal protein and fat metabolism,
which are manifested as obesity, increased triglyceride
level, decreased high-density lipoprotein cholesterol (HD-
C), increased low-density lipoprotein cholesterol (LDL-C),
hyperuricemia, and hyper fibrinogen (4). The treatment of

© Annals of Translational Medicine. All rights reserved.

IGT includes both lifestyle and drug interventions. The
fundamental lifestyle intervention has to do with weight
loss in individuals with obesity or overweight, and the
key to weight loss is rational diet and moderate exercise.
Improving lifestyle is economical and effective, but many
IGT patients find it difficult to adhere to a strict diet
program for a long time. Therefore, drugs are also a useful
source of intervention in IGT. Currently, there are very
few drugs used in the treatment of IGT, the main ones
being metformin and acarbose. However, these treatments
have certain limitations due to some adverse side effects,
such as hepatorenal toxicity, gastrointestinal reactions, etc.
A series of studies have confirmed that TYP can invigorate
the spleen, relieve the depressed liver, treat IGT effectively
and safely, improve the proliferation of pancreatic p-cells,
and protect the number and function of B-cells. Based
on previous research, TYP’s mechanism relates to the
downregulation of TXNIP and the promotion of the
expression of MaFA (8,9).

The results of our study show that TYP has a
comprehensive effect on the regulation of weight loss and
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hypoglycemia in rats with IGT, and that it can improve the
morphology of rat islets with a definite curative effect. The
TMT technique, developed by Thermo Scientific in the
US, is one of the most commonly used high-throughput
screening techniques in quantitative proteomics. TMT
proteomics can identify and analyze changes in proteins
from a holistic perspective and can identify the occurrence
and development of diseases and all targets of drug action
by monitoring abnormal changes in the expression of the
protein. Currently, the application of this technology to
explore the mechanism of drug treatment in endocrine and
metabolic diseases including DM has become a major focus
in the medical field. Therefore, through TMT proteomics
in this study, we were able to identify the specific target
proteins, BPs, and main signaling pathways of TYP in
IGT rats. This indicates that TYP has the characteristics
of multiple targets and pathways in the treatment of IGT.
In light of the results of TMT proteomics, we found
many DEPs in the 3 groups. This shows that, to a certain
extent, TYP regulates the differential expression of 16
protein targets (PPif, Slc6a9, Cyp51, Rab3d, Man2bl, C7,
Tmem181, Chmp4c, Rbp4, Fam3b, Flot2, Macroh2al,
Azgpl, Smnl, Ambp, and Minkl) in the rat pancreas. From
our findings we have concluded that these 16 proteins are
the specific therapeutic targets that are abnormal after
IGT onset, and which tend to return to normal after TYP
intervention.

Several targets have been reported to be closely related
to the occurrence of DM, such as the retinol binding
protein 4 (Rbp4). A member of the retinol-binding protein
(RBP) family, Rbp4 is a newly discovered adipose-derived
circulating factor which is mainly expressed and secreted
in adipose tissue, can increase the susceptibility of DM,
and is related to obesity, IR, and insulin secretion (14).
Another target, Fam3b (PANDER), is a cytokine that
is specifically highly expressed in pancreatic p-cells
and is located in the same secretion granule as insulin.
Overexpression of Fam3b in islets leads to mass apoptosis
of islet B-cells. Previous experiments have confirmed that
high-doses of Fam3b can induce apoptosis in pancreatic
B-cells and inhibit both insulin secretion and insulin signal
transduction in hepatocytes. This suggests that Fam3b
may have a certain relationship with the occurrence and
development of T2DM (15). A previous study (16) has
shown that the overexpression of Fam3b in the liver of
C57 mice could quickly cause significant liver enlargement,
fatty liver, hyperlipidemia, IR, and other related metabolic
changes. These effects oppose that of Fam3a, which can
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improve metabolic status. Therefore, activating Fam3a
and/or inhibiting Fam3b from correcting the unbalanced
regulatory network between them is expected to become a
new strategy for the prevention and treatment of DM (17).
Zhang (18) found that Fam3b mediated the proliferation
and migration of VSMCs induced by high glucose through
inhibiting miR-322-5p. He also speculated that Fam3b
might become a new target for the treatment of DM-related
cardiovascular diseases. Furthermore, complement 7 (C7) is
closely related to Early Diabetic Nephropathy (EDN), and
may serve as a biomarker and molecular therapeutic target
for the detection and treatment of EDN (19). Some of the
other targets are closely related to lipid metabolism, such as
Azgpl and Flot2. Azgpl (zinc 02 glycoprotein) is a new type
of adipocytokine factor that exists in human plasma and
a variety of body fluids. Azgpl is not only involved in the
regulation of obesity and lipid metabolism but is also closely
related to T2DM. Their mechanism may be related to
increasing the tissue glucose metabolism rate, and through
binding to B3 adrenergic receptors (20). Flot2 is also a new
type of adipocyte factor, which is closely related to the
occurrence of high triglycerides, obesity, and DM. This
study verified the protein expression level of Flot2 through
WB, and the results showed that the expression level of
Flot2 in the IGT model group increased and decreased. The
expression trend was consistent with the TM'T proteomics
results. According to the results of GO analysis, the BPs
involved in TYP included a variety of lipid metabolic
processes, such as glycerophospholipid biosynthesis (GO:
0046474), glycerophospholipid metabolism (GO: 0006650),
glycerolipid metabolism (GO: 0046486), and so on. It is also
worth noting that among the 16 protein targets identified
as working against IGT after TYP, some of them, such as
Ambp and Minkl, have not previously been reported to be
closely related to the pathogenesis and treatment of DM.
From this we speculate that these targets are expected to
become new targets for DM, and will lead to new strategies
for the treatment of both IGT and DM. This is something
we will further verify in follow-up experiments.

The results of the KEGG analysis indicated that the
signaling pathways involved in the treatment of IGT with
TYP mainly included arginine and proline metabolism,
glyceride metabolism, glycerophospholipid metabolism,
mTOR signaling pathway, glycolysis/gluconeogenesis,
insulin signaling pathway, and Wnt signaling pathway, etc.

The metabolic pathways of arginine and proline are
closely related to DM and other complications. The
GO enrichment analysis results of this experiment also
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showed that the BPs involved in TYP treatment included
amino acid transport (GO:0006865), cellular amino acid
metabolism (GO:0006520), and so on. Previous studies have
confirmed that a herb called BerberiskansuensisSchneid could
improve the pathological changes and pharmacodynamic
indicators of DM. The herb’s mechanism might relate to an
increase in the level of ornithine in the serum of DM rats,
and through its ability to aid the metabolism of arginine and
proline (21). This study confirmed that TYP may reduce
blood glucose and body weight by regulating arginine
and proline metabolism. Another signaling pathway,
The Wht, is closely related to the regeneration of islet
cells, hepatic glucose and lipid metabolism, and IR. The
inhibition of the Wnt signaling pathway has been noted to
be a risk factor for T2DM (22). Furthermore, experiments
by Dabern have shown that abnormalities in the Wnt/
B-catenin signaling pathway may cause disorders in glucose
metabolism, increase the risk of DM, and participate in
the transdifferentiation process of renal epithelial cells,
which are mediated by high glucose (23). The mTOR is a
serine-/threonine-protein kinase with a highly conserved
structure and function, which mainly exists iz vivo as a
complex of mMTORCI and mTORC2 (24). As a nutrient
sensor, mMTORCI is located at the center of a complex
signaling network and is a regulatory protein for a variety
of key signaling pathways in cells. mTORCI signaling is
highly related to pancreatic islet cell function and activating
mTORCI signaling in pancreatic islet epithelial cells leads
to upregulation of insulin levels and glucose stimulating
insulin (GSIS) (25). Yin (26) observed the therapeutic effects
of ShenzbuTiaopi Granules in DM rats and found that
they could invigorate the spleen, reduce IR, and eliminate
dampness and resolve phlegm. Yin’s results showed that
ShenzhuTiaopi Granules could significantly reduce FPG
levels in Goto-Kakizaki (GK) rats, improve liver fat
deposition, and IR. The mechanism of these granules was
related to the regulation of the AMPK/mTOR pathway.
This study confirmed that TYP can play a hypoglycemic
role in the treatment of IGT by regulating the mTOR
signaling pathway. All in all, in this study TYP can be seen
to have the characteristics of multiple targets and pathways
in the treatment of IGT.

Despite our findings, there are still some shortcomings
evident in our experiment. For example, due to time and
funding limitations, only 3 pancreatic samples were selected
for analysis in each group, and the 16 protein targets
screened in this experiment were only partially verified by
western blot. In our follow-up study, we will expand the
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scope of protein target verification.

Conclusions

This study is the first report to use TMT-labelled
quantitative proteomics technology and bioinformatics
to identify the protein targets, BPs, and related signaling
pathways involved in the TYP treatment of IGT in rats.
TYP regulates 16 protein targets and further regulates
multiple biological functions and multiple signal
transduction pathways for anti-IGT therapy. Our study
provides a new approach for finding potential therapeutic
targets to improve the treatment of IGT.
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