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ABSTRACT

Objective: To investigate the clinical efficacy of Sangzhi total alkaloid tablets in the treatment of pre-type 2 diabetes mellitus 
(T2DM) and the effect on serum glucose transporter 4 (GLUT4) and nesfatin-1. 

Methods: A total of 100 patients with pre-T2DM who were admitted to our hospital from June 2021 to June 2022 were selected 
and divided into the control group and the observation group according to the random number table method, with 50 cases in each 
group. Patients in the control group were given basic treatment, and patients in the observation group were treated with Sangzhi total 
alkaloid tablets on the basis of the control group. The clinical efficacy, TCM symptom and serological indexes were compared between 
the two groups, and the incidence of complications was compared between the two groups. 

Results: The total effective rate of treatment in the observation group was significantly higher than that in the control group 
(P<0.05). After treatment, the thoracic abdominal distention, fullness after eating, obesity, chest tightness, nausea, fatigue, limb heavy, 
stool viscosity scores in the observation group were strikingly lower than those before treatment and the control group (P<0.05). 
After treatment, the levels of FPG, HbA1c, 2h PG, and HOMA-IR in the two groups were markedly lower than those before treatment 
(P<0.05), and those of the observation group was obviously lower than the control group (P<0.05). After treatment, the levels of TG, 
TC and LDL-C in the two groups were significantly lower than those before treatment (P<0.05), and those of the observation group 
was significantly lower than the control group (P<0.05). After treatment, the GLUT4 level in the two groups were significantly higher 
than that before treatment, and that of the observation group was remarkably higher than the control group (P<0.05). The level of 
nesfatin-1 in the two groups were dramatically lower than that before treatment, and that of the observation group was significantly 
lower than the control group (P<0.05). The incidence of complications in the observation group was significantly lower than that in 
the control group (P<0.05). 

Conclusions: Sangzhi total alkaloid tablet has good clinical efficacy in the treatment of pre-T2DM patients, which can effectively 
reduce insulin resistance, increase insulin sensitivity, reduce serum nesfatin-1 level, elevate serum GLUT4 level, and alleviate clinical 
symptoms of patients.
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Introduction

With the improvement of people’s living 
standards and the change of living habits, the 
incidence of diabetes patients in our country is on the 
rising trend, with type 2 diabetes (T2DM) accounting 
for more than 90% of patients with diabetes, about 1 
in 10 people with T2DM(1). Pre-T2DM, also known 
as impaired glucose regulation, is a transition stage 
from normal glucose metabolism to diabetes. The 

blood glucose value of patients increases, but has 
not reached the abnormal state of the diagnostic 
criteria for diabetes. As the reserve army of diabetes 
patients, pre-T2DM is also an important risk factor 
for cardiovascular and cerebrovascular diseases. 
Early diagnosis and treatment of pre-T2DM patients 
at this time is of great significance to prevent and 
delay the occurrence and development of lesions and 
reduce the incidence of T2DM(2). At present, non-
drug therapy is mainly used in clinical intervention 
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for patients with pre-T2DM, such as diet control and 
strengthening exercise, but the efficacy of non-drug 
therapy is limited and the overall therapeutic effect 
is limited. Therefore, the comprehensive therapy 
of traditional Chinese medicine combined with 
non-drug therapy is gradually adopted in clinical 
treatment for patients with pre-T2DM(3). 

The Sangzhi total alkaloid is the extract of 
mulberry branch, which is the main active ingredient 
of polyhydroxylated alkaloids obtained from 
mulberry branch in the process of mulberry planting 
and silkworm rearing by extraction, separation and 
purification(4-5). The previous study showed that the 
Sangzhi total alkaloid had strong α-glucosidase 
inhibitory activity. The clinical application of 
Sangzhi total alkaloid is similar to acarbose, 
which can be used as α-glucosidase inhibitor to 
inhibit the competition between small intestinal 
wall cells and oligosaccharides, slow down the 
hydrolysis of oligosaccharides and disaccharides to 
monosaccharides, thereby delaying the degradation 
of carbohydrates and reducing and delaying the rise 
of postprandial blood glucose(6). 

This study aims to investigate the clinical 
efficacy of Sangzhi total alkaloid tablets in the 
treatment of pre-T2DM and its effect on serum 
GLUT4 and Nesfatin-1, in order to provide reference 
for clinical treatment.

Data and methods

Research object
A total of 100 patients with pre-T2DM who 

were admitted to our hospital from June 2021 to 
June 2022 were selected and divided into the control 
group and the observation group according to the 
random number table method, with 50 cases in 
each group. There was no significant difference in 
the general data between the two groups (P>0.05), 
which was comparable, as shown in Table 1. This 
study was reviewed and approved by the ethics 
committee of our hospital, and all patients signed 
informed consent. 

Inclusion criteria: 
• Patients were diagnosed as pre-T2DM by 

clinical symptoms, signs and serological indicators(7); 
• Patients with good treatment compliance; 
• Patients with complete clinical medical 

records. 
Exclusion criteria: 
• Patients combined with ketoacidosis and 

other serious diabetic complications; 

• Patients with other endocrine diseases; 
• Patients with severe cardiac, hepatic and renal 

insufficiency; 
• Patients with a previous history of drug 

allergy.

Methods
Patients in the control group were given basic 

treatment after admission: patients were instructed 
to control diet, exercise properly, quit smoking and 
limit alcohol, and closely monitor blood glucose, etc. 
On the basis of the treatment of the control group, 
patients in the observation group were treated with 
Sangzhi total alkaloid tablets 1 tablet/time in the 
first 4 weeks, and then adjusted to take Sangzhi total 
alkaloid tablets 2 tablets/time in the last 12 weeks. 
Patients chew it up and take it with the first bite or a 
few bites of food, 3 times a day for 16 weeks. 

Observational indicators 

Clinical efficacy
At the end of treatment, the clinical efficacy 

of the two groups of patients was evaluated. 
Significantly effective: If TCM syndrome score 
reduced by more than or equal to 70%, the clinical 
symptoms and signs were significantly improved. 

Effective
If the TCM syndrome score decreased by more 

than or equal to 30%, the clinical symptoms and 
signs were improved. 

Ineffective
If the TCM syndrome score decreased by less 

than 30%, it indicated that the clinical symptoms 
and signs did not improve, and even tended to 
worsen. Total effective rate = (significantly effective 
+ effective) number of cases/total number of cases 
×100%(8).

TCM symptom score
TCM symptoms of pre-T2DM patients were 

Groups n
Gender (n)

Age 
(x̅±s, years old)

Body mass index 
(x̅±s, kg/m2)Male Female

Control group 50 31 19 53.11±9.69 27.32±5.23

Observation 
group 50 32 18 52.64±10.53 27.06±5.56

t/χ² 0.043 0.232 0.241

P 0.836 0.817 0.810

Table 1: Comparison of the patient's clinical data.
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evaluated according to TCM symptom score scale(9). 
The main symptom scoring criteria included chest 
distension and postprandial fullness, and the score 
ranged from 0 points to 6 points. The higher the 
score, the more serious the symptoms of the patient. 
The score criteria for the secondary symptoms 
included obesity, chest tightness, nausea, fatigue, 
limb heavy, and stool viscosity, and the score ranged 
from 0 points to 3 points; the higher the score, the 
more severe the symptoms.

Serological indicators
In the morning before and after treatment, 5 ml 

of fasting peripheral venous blood was taken from 
the two groups, centrifuged at 3000 R/min, and the 
supernatant was collected and stored in a refrigerator 
at 4℃ for further detection. Fasting blood glucose 
(FPG) and 2h postprandial blood glucose (2h 
PG) were detected by radioimmunoassay, fasting 
insulin (FINS) was detected by enzyme-linked 
immunosorbent assay, and insulin resistance index 
was calculated by [HOMA-IR= (FPG × FINS)/22.5]. 
All kits were provided by Shanghai Enzyme-linked 
Biotechnology Co., Ltd., and operated in strict 
accordance with the kit instructions. The levels of 
triglyceride (TG) and total cholesterol (TC) were 
detected by enzyme-linked immunosorbent assay. 
The levels of low density lipoprotein cholesterol 
(LDL-C) were detected by surfactant clearance 
method. Serum GLUT4 and nesfatin-1 levels were 
detected by enzyme-linked immunosorbent assay.

Occurrence of complications
The complications of the two groups were 

observed and recorded, including flatulence, 
hyperactivity of bowel sounds, nausea and vomiting, 
hypoglycemia, etc.

Statistical methods
SPSS 20.0 software was used for statistical 

analysis. The counting data were compared by 
χ2 test. The measurement data were expressed as 
mean ± standard deviation (x̅±s), and comparison 
was performed by t test. P<0.05 was considered the 
difference was statistically significant.

Results

Comparison of treatment effect between two 
groups

The total effective rate of the observation 
group was significantly higher than that of the 

control group (P<0.05). The results are shown in 
Table 2.

Comparison of TCM symptom scores 
between the two groups

Before treatment, there was no significant 
difference in TCM symptom scores between the two 
groups (P>0.05). 

After treatment, the thoracic abdominal 
distention, fullness after eating, obesity, chest 
tightness, nausea, fatigue, limb heavy, stool viscosity 
scores in the observation group were strikingly 
lower than those before treatment and the control 
group (P<0.05). The results were shown in Table 3.

Comparison of blood glucose indexes between 
the two groups before and after treatments

Before treatment, there was no significant 
difference in blood glucose indexes between the two 
groups (P>0.05). 

After treatment, the levels of FPG, HbA1c, 2h 
PG, and HOMA-IR in the two groups were markedly 
lower than those before treatment (P<0.05), and 
those of the observation group was obviously lower 
than the control group (P<0.05). The results were 
shown in Table 4. 

Groups Cases Significantly 
effective Effective Ineffective Total 

effective rate 

Observation 
group 50 16 (32.00) 25 (50.00) 9 (18.00) 41 (82.00)

Control 
group 50 9 (18.00) 21 (42.00) 20 (40.00) 30 (60.00)

χ2 5.877

P 0.015

Groups Cases Time
Thoracic 

abdominal 
distention

Fullness 
after eating Obesity 

Chest 
tightness, 

nausea 

Fatigue, 
limb 

heavy 
Stool 

viscosity 

Observation 
group 50

Before 
treatment 4.13±1.24 4.24±0.38 1.92±0.62 1.75±0.45 2.03±0.55 1.94±0.48

After 
treatment 0.94±0.20* 1.85±0.56* 0.64±0.15* 0.55±0.12* 0.95±0.26* 1.05±0.20*

t 17.959 24.972 14.189 18.220 12.553 12.102

P 0.000 0.000 0.000 0.000 0.000 0.000

Control 
group 50

Before 
treatment 4.20±1.16 4.18±0.45 1.88±0.57 1.80±0.53 1.97±0.64 1.90±0.51

After 
treatment 1.44±0.52 2.43±0.67 0.98±0.24 0.94±0.22 1.32±0.37 1.41±0.25

t 15.352 15.332 10.290 10.597 6.217 6.100

P 0.000 0.000 0.000 0.000 0.000 0.000

Table 2: Comparison of treatment effect between two 
groups [cases (%)].

Table 3: Comparison of TCM symptom scores between 
the two groups. 
Notes: compared with the control group: *P<0.05.
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Comparison of blood lipid indexes between 
the two groups before and after treatment

Before treatment, there was no significant 
difference in blood lipid indexes between the two 
groups (P>0.05). After treatment, the levels of TG, 
TC and LDL-C in the two groups were significantly 
lower than those before treatment (P<0.05), and 
those of the observation group was significantly 
lower than the control group (P<0.05). The results 
are shown in Table 5. 

Comparison of serum GLUT4 and nesfatin-1 
levels between the two groups

Before treatment, there was no significant 
difference in serum GLUT4 and nesfatin-1 levels 
between the two groups (P>0.05). After treatment, 
the GLUT4 level in the two groups were significantly 
higher than that before treatment, and that of the 
observation group was remarkably higher than the 
control group (P<0.05). The level of nesfatin-1 in the 
two groups were dramatically lower than that before 
treatment, and that of the observation group was 
significantly lower than the control group (P<0.05). 
The results were shown in Table 6.

Comparison of the occurrence of complications 
between the two groups

The incidence of complications in the 
observation group was significantly lower than that 

in the control group (P<0.05). The results were 
shown in Table 7.  

Discussion

Diabetes mellitus is a group of metabolic 
diseases characterized by chronic elevated blood 
glucose levels, among which T2DM accounts 
for 90% of the disease population and is the 
main incidence population(10). T2DM has more 
complications, and high disability and mortality, 
which seriously threatens the life and health safety 
of patients(11). Pre-diabetes is a state between 
diabetes and normal blood sugar, which is 
considered a necessary stage of diabetes. Previous 
studies have shown that nearly half of people with 
impaired glucose tolerance develop diabetes within 
5 to 10 years. If reasonable intervention is carried 

Groups Cases
FPG (mmol/L) HbA1c (%) 2h PG (mmol/L) HOMA-IR

Before treatment After treatment Before treatment After treatment Before treatment After treatment Before treatment After treatment

Control group 50 8.45±1.24 7.29±0.98* 8.53±1.18 7.51±1.09 13.01±1.72 10.22±1.47* 3.86±0.72 2.87±0.55*

Observation group 50 8.32±1.07 6.57±1.01* 8.41±1.12 6.64±0.87 12.83±1.66 8.63±1.25* 3.77±0.67 2.43±0.48*

t 0.561 3.618 0.522 4.411 0.533 5.827 0.647 4.262

P 0.576 0.000 0.603 0.000 0.596 0.000 0.519 0.000

Table 4: Comparison of blood glucose indexes between the two groups before and after treatments (x̅±s). 
Notes: compared with patients in this group before treatment: *P<0.05.

Groups Cases

TG TC LDL-C

Before 
treatment

After 
treatment

Before 
treatment

After 
treatment

Before 
treatment

After 
treatment

Control 
group 50 2.57±0.61 1.97±0.42* 5.23±0.96 4.41±0.91 3.69±1.02 3.01±0.76*

Observation 
group 50 2.53±0.57 1.62±0.38* 5.21±1.13 3.94±0.77 3.63±0.95 2.65±0.41*

t 0.339 4.370 0.095 2.788 0.304 2.948

P 0.736 0.000 0.924 0.006 0.762 0.004

Groups Cases
nesfatin-1 (mg/ml) GLUT4

Before 
treatment

After 
treatment

Before 
treatment

After 
treatment

Observation group 50 5.62±1.14 4.24±1.18* 2.64±0.52 6.43±2.28*

Control group 50 5.70±1.52 4.92±1.73* 2.72±0.88 4.34±1.11*

t -0.298 -2.296 -553 5.828

P 0.767 0.024 0.581 0.000

Groups Cases

nesfatin-1 (mg/ml) GLUT4

Flatulence
Hyperactivity 

of bowel 
sounds

Nausea and 
vomiting Hypoglycemia Total

Observation 
group 50 1 (2.00) 1 (2.00) 1 (4.00) 0 (0.00) 3 (6.00)

Control 
group 50 5 (10.00) 3 (6.00) 1 (2.00) 1 (2.00) 10 (20.00)

χ² 4.332

P 0.037

Table 5: Comparison of blood lipid indexes between the 
two groups before and after treatment (x̅±s, mmol/L). 
Notes: compared with patients in this group before treatment: 
*P<0.05.

Table 6: Comparison of serum GLUT4 and nesfatin-1 
levels between the two groups. 
Notes: compared with the control group: *P<0.05.

Table 7: Comparison of the occurrence of complications 
between the two groups [cases (%)].
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out at this stage, the occurrence of diabetes can 
be reduced. α-glycosidase inhibitor is one of the 
clinical oral hypoglycemic drugs, often used in the 
treatment of T2DM patients, including acarbose, 
miglitol and other drugs. α-glucosidase inhibitors 
slow down the hydrolysis of oligosaccharides and 
disaccharides to monosaccharides by inhibiting the 
competition between small intestinal wall cells and 
oligosaccharides, thereby delaying the degradation 
of carbohydrates and reducing and delaying the rise 
of postprandial blood glucose(12). Studies have found 
that α-glucosidase inhibitors can reduce postprandial 
blood glucose in patients with T2DM. 

However, the long-term use of western 
medicines such as acarbose has a high incidence 
of adverse reactions, including flatulence, 
hyperactivity of bowel sounds, diarrhea, abdominal 
distension, etc., which limits its clinical application 
to a certain extent(13). In recent years, with the 
continuous progress and development of Chinese 
medicine, the use of traditional Chinese medicine 
to treat diabetes and other endocrine diseases has 
become a clinical treatment trend. Chinese herbal 
medicine is a treasure trove of natural products 
with original advantages in China. Combining with 
modern separation and analysis technology, the 
study of chemical composition and pharmacological 
activity can explore the innovative medicine from 
natural products. The Sangzhi total alkaloid is 
active ingredient obtained from mulberry branch 
in the process of mulberry planting and silkworm 
rearing by extraction, separation and purification. 
The Sangzhi total alkaloid has the advantages of 
clear composition, clear target and clear mechanism. 
In addition to highly selective inhibition of 
intestinal glycosidase, it also has a wide range 
of pharmacological effects, such as improving 
glucose-stimulated insulin secretion, protecting islet 
β-cells, regulating glucose and lipid metabolism 
and intestinal flora, and stimulating glucagon-like 
peptide-1 secretion(14).

The results of this study showed that the 
total effective rate of the observation group was 
significantly higher than that of the control group. 
After treatment, the thoracic abdominal distention, 
fullness after eating, obesity, chest tightness, 
nausea, fatigue, limb heavy, stool viscosity scores 
in the observation group were strikingly lower than 
those before treatment and the control group. After 
treatment, the levels of FPG, HbA1c, 2h PG, and 
HOMA-IR in the two groups were markedly lower 
than those before treatment (P<0.05), and those of 

the observation group were obviously lower than 
the control group. It is suggested that Sanzhi total 
alkaloid tablet has a good clinical effect in the 
treatment of patients with pre-T2DM, which can 
effectively improve the disorder of glucose and lipid 
metabolism and alleviate the clinical symptoms 
of patients. Modern pharmacological studies 
have found that the Sanzhi total alkaloid mainly 
include 1-deoxynojirimycin, methycoline and other 
components, among which the main hypoglycemic 
effect is 1-deoxynojirimycin. 1-deoxynojirimycin 
can act on small intestinal microvillus wall cells and 
reversibly bind to sucrase, isomaltase, maltase and 
lactase. Among them, it has the strongest inhibitory 
effect on sucrase, thereby inhibiting the activity of 
enzyme, delaying the degradation of carbohydrates, 
slowing down the absorption of intestinal glucose, 
reducing and delaying the rise of postprandial 
blood glucose, achieving the purpose of lowering 
blood glucose, effectively improving the disorder 
of glucose and lipid metabolism, and alleviating the 
clinical symptoms of patients(15).

Currently, it is generally believed that insulin 
resistance and/or insulin secretion dysfunction 
of islet β-cells are the pathogenesis of T2DM(16). 
Insulin resistance is a condition in which the body’s 
liver, adipose tissue and skeletal muscle respond 
less to insulin due to various reasons, resulting in 
the production of a normal dose of insulin than the 
normal biological effect. Insulin resistance in T2DM 
is manifested by impaired liver glycogenolysis and 
impaired absorption of blood glucose by fat and 
muscle tissues, resulting in increased blood sugar 
content and further deterioration of islet β-cell 
function caused by hyperglycemia(17). The results 
of this study found that after treatment, the levels 
of TG, TC and LDL-C in the two groups were 
significantly lower than those before treatment, and 
those of the observation group was significantly 
lower than the control group. It is suggested that 
Sanzhi alkaloid tablet is beneficial to reduce insulin 
resistance, increase insulin sensitivity and improve 
insulin secretion function in the treatment of patients 
with pre-T2DM. Studies have found that long-term 
treatment of Sanzhi total alkaloid in pre-diabetic 
HFC57 mice can increase the responsiveness of 
mouse islet β cells to glucose to a certain extent, 
increase insulin sensitivity, improve glucose-
stimulated insulin secretion function, and thus 
reduce fasting serum insulin level(18).

Studies have shown that GLUT4 and nesfatin-1 
are associated with the development of islet β-cell 
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abnormalities in diabetic patients. Nesfatin-1, a 
sensitive secreted peptide of insulin, is composed of 
82 amino acids and is widely expressed in the central 
nervous system, pancreatic islet cells, adipose tissue, 
stomach, pituitary and other organs and tissue cells. It 
plays a role in promoting insulin secretion by acting 
on L-type Ca2+ channels and kinase A in pancreatic 
islet β cells(19)]. 

In addition, nesfatin-1 increased glucose uptake 
and improved insulin sensitivity in skeletal muscle 
cells. Besides, nesfatin-1 can inhibit food intake. As 
an inhibitory factor of gastric emptying, nesfatin-1 
can inhibit gastric emptying, thereby reducing 
energy intake and indirectly lowering blood glucose 
in the body. Studies have found that a high glucose 
level in the body can stimulate the secretion of 
nesfatin-1 by rat pancreatic β-cells(20). Other studies 
have found that nesfatin-1 mRNA expression is 
decreased in pancreatic cells of patients with T2DM, 
thus it is speculated that nesfatin-1 may be related to 
insulin resistance(21). The results of this study found 
that the level of nesfatin-1 in the two groups was 
dramatically lower than that before treatment, and 
that of the observation group was significantly lower 
than the control group. These results suggested 
that Sangzhi total alkaloid tablets can effectively 
reduce the serum nesfatin-1 level in patients with 
pre-T2DM. This may be because the Sangzhi total 
alkaloid effectively inhibits α-glucosidase activity 
in the small intestine, reduce and delay the rise of 
postprandial blood glucose, achieve the purpose 
of lowering blood glucose, and then reduce the 
compensatory effect of nesfatin-1, thus effectively 
reducing the serum nesfatin-1 level(22).

GLUT4 is a transmembrane glucose transporter 
localized in some vascular smooth muscle, 
glomeruli and medullary thick ascending limb, 
which is an insulin-regulated glucose transporter. 
GLUT4 plays an important role in maintaining 
glucose homeostasis by assisting glucose to freely 
pass through the cell membrane, and its expression 
changes can affect the regulation of blood glucose(23). 
Studies have found that impaired GLUT4 function 
or dysregulated expression can lead to insulin 
resistance in the body, resulting in decreased insulin 
sensitivity, so the decreased GLUT4 level is related 
to the pathogenesis of T2DM(24). The results of this 
study found that after treatment, the GLUT4 level 
in the two groups were significantly higher than 
that before treatment, and that of the observation 
group was remarkably higher than the control group. 
These results suggest that Sangzhi total alkaloid 

tablets can effectively increase serum GLUT4 level 
in patients with pre-T2DM. Sangzhi total alkaloid 
can up-regulate GLUT4 expression, but the specific 
mechanism of how to regulate GLUT4 expression 
has not been determined, which may be related to 
the improvement of insulin resistance, which needs 
further study(25).

In conclusion, Sangzhi total alkaloid tablet 
has good clinical efficacy in the treatment of pre-
T2DM patients, which can effectively reduce insulin 
resistance, increase insulin sensitivity, reduce serum 
nesfatin-1 level, elevate serum GLUT4 level, and 
alleviate clinical symptoms of patients.
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