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Abstract
● AIM: To explore the established method of the diabetic 
mouse blood glucose control model and preliminary 
observation of its influence on the retinas of diabetic mice. 
● METHODS: The db/db BKS-DB (Leprko/ko) mice were 
randomly divided into two groups: the poor blood glucose 
control group (PG group, n=18) and the stable blood glucose 
control group (SG group, n=12), with BKS-DB (Leprwt/wt) as 
the normal blood glucose control group (NG group, n=18). 
According to the blood glucose values for 5 intervals which 
were monitored during the period of adaption, the PG group 
was injected with insulin aspart twice daily, fasted for 2h 
and then returned to normal. The SG group was injected 
with insulin aspart twice and insulin glargine once daily and 
fed with a quantitative ration. Fundus images were collected 
after eight weeks. The glycosylated hemoglobin (HbA1c), 
mean blood glucose level (MBG), standard deviation of 
blood glucose (SDBG), coefficient of variation of blood 
glucose (CVBG), and mean amplitude of glycemic excursion 
(MAGE) in each group were examined and calculated. 
● RESULTS: The HbA1c, MBG, SDBG, CVBG, and MAGE 
levels in the PG group were significantly higher than those in 
the NG and SG groups (all P<0.05). MBG, SDBG, CVBG, and 
MAGE levels in the SG group were higher than those in the 
NG group (all P<0.05). There was no significant difference 
in HbA1c levels between the NG and SG groups (P>0.05). 
Preliminary observation of fundus images in the PG group 

and SG groups showed scattered retinal bleeding spots, 
while bleeding was more obvious in the PG group. 
● CONCLUSION: The blood glucose control model of type 
2 diabetes mellitus mice can be successfully established by 
subcutaneous injection of insulin aspart insulin glargine and 
rationed food, which is valuable for studying the mechanism 
of blood glucose fluctuations in diabetic complications in vivo. 
● KEYWORDS: type 2 diabetes; blood glucose control; 
animal models
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INTRODUCTION 

T ype 2 diabetic mellitus (T2DM) is an epidemic that 
affects more than 246 million people worldwide[1]. 

Diabetic retinopathy (DR) is a common microvascular 
complication of diabetes[2]. The risk of microvascular 
complications is significantly higher in uncorrected 
glycemic control than in stable control[3]. In our clinical 
work, we have found that many patients with diabetes have 
poor blood glucose control and large fluctuations in blood 
glucose levels. Moreover, the results of the United Kingdom 
Prospective Diabetes Study showed that there was a significant 
microvascular benefit in reducing glycosylated hemoglobin 
(HbA1c) to 7% after hypoglycemic treatment. A follow-
up study also found that the risk of macroangiopathy and 
microangiopathy in the hypoglycemic group was significantly 
reduced, indicating a benign metabolic memory effect[4]. It 
was formerly reported that many animal models of T2DM 
have been established, including spontaneous diabetic mouse 
models, experimental type 2 diabetic mouse models and genetic 
engineering diabetic mouse models[5-9]. However, previous 
animal models have been inconsistent with the characteristics 
of blood glucose fluctuations in patients and the purpose of 
treatment. Most animal studies on diabetes have focused on 
the effects of chronic persistent or acute hyperglycemia. Few 
studies have focused on models of blood glucose fluctuations 
in diabetic mice[10-12]. In addition, most animal models are type 
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1 diabetes mellitus (T1DM), while T2DM accounts for 90%–
95% of all cases of diabetes mellitus[13]. Furthermore, some 
drug studies have improved glycemic control in db/db mice, but 
the exact level of glycemic control has not been specified[14]. 
Therefore, we aimed to establish a reproducible model of poor 
and stable blood glucose levels in diabetic mice, which is more 
reflective of the characteristics of blood glucose fluctuations in 
patients with diabetes in clinical practice. Our study provides 
a basis for further research on the impact and treatment of 
glycemic control on the underlying pathogenesis and treatment 
of diabetic microangiopathy.
MATERIALS AND METHODS         
Ethical Approval  All animal experiments strictly adhered 
to the provisions and general recommendations of the Chinese 
Laboratory Association and were fully abided by the Institutional 
Animal Care and Committee of Anhui Medical University. 
Animals  Thirty db/db mice [C57 BKS-DB (Leprko/ko), male, 
8 weeks old] and eighteen healthy normal control mice [C57 
BKS-DB (Leprwt/wt), male, 8 weeks old] were obtained from 
Gempharmatech Co., Ltd. All the mice were housed in a well-
ventilated environment. The animal room was kept on a 12-
hour light/dark cycle at a constant temperature (23±3)°C and 
relative humidity of 55%–65% throughout the experimental 
period, with free access to water. 
Experimental Design for Animal Model  To understand the 
fluctuation of daily blood glucose in diabetic mice, six db/db 
mice and six normal mice were randomly selected five times 
daily (8:00, 10:00, 12:00, 16:00, and 18:00) for blood glucose 
examination by tail sampling using a glucometer (Roche, 
Germany). The db/db mice were randomly divided into two 
groups: the poor blood glucose group (PG group, n=18) and 
the stable blood glucose group (SG group, n=12), with BKS-
DB (Leprwt/wt) as the normal blood glucose control group 
(NG group, n=18). The mice in the NG group had ad libitum 
access to a normal diet and were subcutaneously injected with 
phosphate buffered solution (PBS). Mice in the PG group received 

6–8 U insulin aspart (Novo Nordisk, Denmark) subcutaneous 
injection each day at 8:00 and 16:00, and fasting for 2h. Mice 
in the SG group received 4–8 U insulin aspart subcutaneous 
injection at 8:00 and 12:00 daily, 6–10 U insulin glargine 
(Sanofi, France) via subcutaneous injection at 16:00, and 
were fed regularly and quantitatively (2–5 g/animal). All mice 
had access to water ad libitum. Blood glucose concentration 
was measured by tail sampling using a glucometer at 8:00, 
10:00, 12:00, 16:00, and 18:00 three times a week. During the 
experiment, mice were weighed weekly. After 8wk, the mice 
were anesthetized with 10% chloral hydrate solution and the 
abdominal aorta was bled and preserved (Figure 1).       
Determination of Indexes  We used the mean blood glucose 
level (MBG), standard deviation of blood glucose (SDBG), 
coefficient of variation of blood glucose (CVBG), and mean 
amplitude of glycemic excursion (MAGE) to quantify the 
blood glucose stability of mice in each group. After 8wk, body 
weight, MBG, SDBG, CVBG, and MAGE in each group were 
calculated and analyzed. Fundus photos of the three groups 
of mice were automatically obtained using ultra-wide field 
scanning laser ophthalmoscopy (Optomap, Scotland, UK). The 
HbA1c content (expressed as absorbance per 10 g hemoglobin) 
of the preserved post-mortem blood was measured using 
an HbA1c kit (Nanjing Jiancheng Biological Engineering 
Research Institute, China). 
Computational formula:  Mean=(x 1+x2+x3……x n) /n, 
SD=√[Σ(xi–x)2/(n–1)], CV=SD/Mean, MAGE=Σλ/x, if λ/x > v, 
where λ is the blood glucose change from peak to nadir, x is 
the number of valid observations, and v is 1 SD of the mean 
glucose for a 24-hour period. 
Statistical Analysis  All data were statistically analyzed using 
SPSS 25.0 (SPSS, Inc, Chicago, Ill, USA). Normality of the 
data was assessed using the Shapiro-Wilk test. All data are 
shown as mean±SD. For the measurement data conforming 
to the normal distribution, the one-way ANOVA was used for 
the comparison between groups, and the LSD test was used 

Figure 1 A brief description of the experimental design for an animal model.
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for multiple comparisons between groups. Differences were 
considered statistically significant at P<0.05.
RESULTS 
General Symptoms  Mice in the NG group had a normal diet, 
silky hair, and agile movement. Compared to the NG group, 
mice in the PG and SG groups showed mental depression, slow 
movement, negative response, dull hair, high water intake and 
urine output, aggravated urine smell in all mice, and urinary 
tract infection in some mice. Symptoms in the PG group were 
more obvious, and some mice showed crystal opacity. After 
8wk, one mouse in the NG group, two in the PG group, and 
one in the SG group died.            
Body Weight  Initially, the mean body weight of the NG group 
was 20.38±1.62 g and the db/db group was 40.58±4.32 g. At 
the end of the study, the mean body weights were 23.85±2.38 
g (NG group), 48.14±4.22 g (PG group) and 47.28±2.24 g (SG 
group; Figure 2A). During the experiment, the mean body 
weights of the NG and PG groups increased continuously 
(Figure 2B). In the SG group, the mean body weight increased 
during the first five weeks and then slowly decreased (Figure 2B).  
Glycaemia Measurements  Before modeling, six db/db mice 
and six normal control mice were randomly selected and 5 
moments (8:00, 10:00, 12:00, 16:00, and 18:00) for blood 
glucose examination by tail sampling using a glucometer 
(Roche, Germany) for one week. The MBG of the NG 
group was 6.71±0.28 mmol/L and the db/db group was 

29.28±3.75 mmol/L (Figure 3A). Blood glucose levels were 
high level at 8:00, 10:00, 16:00, and 18:00 in db/db mice. 
Blood glucose displayed a downward trend after 8:00, dropped 
to the lowest point at noon, and then showed a gradual upward 
trend. The highest level of blood glucose at 18:00 and the 
lowest point at 12:00. Normal control mice remained stable. 
During the experiment, each group of mice was treated with 
different insulin and diets, and blood glucose fluctuations 
varied (Figure 3B). After modelling, the blood glucose value of 
the PG group was high at 8:00, decreased to the lowest point at 
10:00, increased to the highest level at 12:00, maintained until 
16:00, and then decreased to the lowest level at 18:00. The 
blood glucose level in the SG group was the lowest at 8:00, 
increased to 10:00, and then maintained at a relatively stable 
level until 18:00. The blood glucose levels of the mice in the 
NG group remained stable.
Comparison of Glucose Variability Parameters Among 
the Three Groups  According to the results in Table 1, the 
MBG, SDBG, CVBG, and MAGE in the PG group were 
significantly higher than those in the SG and healthy NG 
groups (all P<0.0001; Figure 4A–4E). MBG, SDBG, CVBG, 
and MAGE in the SG group were higher than those in the NG 
group (all P<0.0001; Figure 4A–4E). HbA1c levels in the PG 
group were significantly higher than those in the SG and NG 
groups (P<0.05). However, there was no significant difference 
between the SG and healthy NG groups (P>0.05; Figure 4F). 

Figure 2 Changes in body weight of mice among three groups before, after and during modeling   A: The mean weight at 11 and 18 weeks 
old; B: Evolution of body weight in grams. The results of comparison between groups showed that there was significant difference in body mass 
between the NG, PG, and SG groups (P<0.0001), but not between the PG and SG group (P>0.05). aP<0.0001. NG: The normal blood glucose 
control; PG: The poor blood glucose; SG: The stable blood glucose. 

Figure 3 The daily blood glucose trend in db/db mice and controls before modeling (A) and in three groups after modeling (B).  NG: The 
normal blood glucose control; PG: The poor blood glucose; SG: The stable blood glucose. 
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Fundus Photography  Preliminary observation of retinal 
lesions associated with glucose fluctuation was performed 
using wide-field fundus photography of the mice in each 

group. Mice in the PG and SG groups showed scattered retinal 
bleeding spots, which were more obvious in the PG group 
(Figure 5). 

Table 1 Comparison of glucose variability parameters among the three groups after eight weeks of modeling

Parameters NG (n=18) PG (n=18) SG (n=12) F P
MBG (mmol/L) 6.69±0.25 23.05±1.23 7.84±2.11 7935.68 <0.0001a

SDBG (mmol/L) 0.48±0.26 12.04±1.09 2.18±1.24 10199.76 <0.0001a

CVBG (%) 7.14±3.71 52.50±6.16 27.71±12.70 3526.48 <0.0001a

MAGE (mmol/L) 1.17±0.69 25.93±2.30 5.32±2.97 7274.83 <0.0001a

HbA1c (%) 28.06±2.71 42.54±4.6 32.53±1.67 15.43 <0.05b

NG: The normal blood glucose control; PG: The poor blood glucose; SG: The stable blood glucose; MBG: Mean blood glucose 
level; SDBG: Standard deviation of blood glucose; CVBG: Coefficient of variation of blood glucose; MAGE: Mean amplitude of 
glycaemic excursion; HbA1c: The glycosylated hemoglobin. aMultiple comparisons are tested using One-way ANOVA with LSD 
test, NG<PG (P<0.0001), NG<SG (P<0.0001), SG<PG (P<0.0001); bMultiple comparisons are tested using One-way ANOVA 
with LSD test, NG<PG (P=0.002), NG<SG (P=0.145), SG<PG (P=0.011).

Figure 4 Comparison in glucose variability parameters among three groups of mice 8wk after modeling The MBG (A), SDBG (B), and 
CVBG (C) in each group and weekly fluctuation of CVBG in each group (D). E: MAGE in each group. These indexes in the PG group were 
significantly higher than those in the SG and NG groups (P<0.0001). MBG, SDBG, CVBG, and MAGE in the SG group were higher than those 
in the NG group (all P<0.0001). F: Level of HbA1c in each group. HbA1c in the PG group was significantly higher than that in the SG and 
healthy NG groups (P<0.05). There was no difference between the SG and healthy NG groups (P>0.05). All data are expressed as mean±SD. 
aP<0.05, bP<0.01, cP<0.0001. NG: The normal blood glucose control; PG: The poor blood glucose; SG: The stable blood glucose; MBG: Mean 
blood glucose level; SDBG: Standard deviation of blood glucose; CVBG: Coefficient of variation of blood glucose; MAGE: Mean amplitude of 
glycaemic excursion; HbA1c: The glycosylated hemoglobin.

Figure 5 Scattered retinal bleeding points can be observed in the wild-field fundus photos of mice in the PG group and SG group, which 
is more obvious in the PG group  PG: The poor blood glucose; SG: The stable blood glucose.
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DISCUSSION           
In this study, we established a model that is consistent with the 
characteristics of blood glucose fluctuations in patients with 
diabetes in clinical practice.
The db/db mouse model is the most pertinent model for early 
and late glycation reactions of diabetic patients[5]. The db/db 
mice are not only obese but also hyperglycemic and intolerant 
to glucose. This is consistent with the results for weight and 
MBG in our experiments. The MBG results of our experiments 
showed that, initially, the healthy group had lower body 
weight and lower MBG than the db/db group. Previous studies 
have shown that the db/db mice are ideal animal models 
for exploring T2DM[15-16]. During the experiment, the mean 
weight of the NG and PG groups increased continuously. In 
the SG group, the mean weight increased during the first 5wk 
and then decreased slowly. However, the difference in weight 
between the PG and SG was not statistically significant. 
Previously published studies have shown that insulin therapy 
can significantly increase the body weight of db/db mice and 
may lead to insulin resistance[17]. In our study, the body mass 
ascended and then descended during the modeling process, 
considering that it was due to the short period of insulin 
glargine treatment or possibly as a result of our controlled diet. 
In addition, we noticed that subjects in the PG group responded 
more slowly or were even unresponsive to the outside world 
than those in the SG and NG groups. For instance, subjects 
in the NG group had evident feeding movements, while those 
in the PG had no obvious feeding movements when fed, and 
those in the SG group were intermediate. However, we did not 
perform an objective experiment for quantification. Follow-
up experiments were considered to include a tail suspension 
test or a forced swimming test to test whether the mice had 
depressive behaviors.
Insulin is usually adopted clinically in combination with short-
acting and long-acting preparations for diabetic treatment; 
Therefore, we used short-acting preparations to control 
postprandial hyperglycemia in the SG group in the pre-experiment 
and maintained their blood glucose levels between meals and 
at night with long-acting preparations. Moreover, in the PG 
group, medium-and long-acting insulin can keep the subjects’ 
blood glucose constant throughout the day while lowering 
the glucose, which can prevent fluctuations in blood glucose 
levels. Therefore, we chose short-acting insulin to establish a 
fluctuating blood glucose model. Our pre-experiment revealed 
that the blood glucose levels of subjects in the SG group could 
not be stably maintained by long-acting plus short-acting 
insulin only, and the blood glucose fluctuation of those in the 
PG group was slight after treatment with short-acting insulin 
only. The nature of the unrestrained diet in db/db mice was 
also considered. Therefore, we added a diet control. 

To assess the variability in blood glucose levels, we selected 
a more representative and simple calculation of MBG, 
SDBG, MAGE, and HbA1c[18-24]. Wu et al[12] showed that 
blood glucose in the poor glycemic control group was 
higher at 10:30, with a downward trend to the lowest level 
at 12:30; blood glucose continued to rise to a peak at 14:30, 
then dropped to 16:30, and then rose again. Wu et al[12] and 
Wu et al[25] both formed two significant intraday peaks and 
troughs. This was consistent with our study of blood glucose 
fluctuations in the PG group. The difference is that, first, all the 
above researchers used the hyperglycemic group as the control 
group. In addition, in our study, the MBG in the PG group 
fluctuated greatly throughout the day, exceeding 20 mmol/L 
between the highest and lowest points. The fluctuation in blood 
glucose in the PG group was more obvious than that in the NG 
and SG groups. The MBG of the SG group was maintained at 
approximately 10 mmol/L. The results of this study showed 
statistically significant differences in MBG, SDBG, CVBG, 
and MAGE between the three groups. Furthermore, we found 
that HbA1c levels in the PG group were higher than those 
in the NG and SG groups, whereas there was no difference 
between the NG and SG groups. This is different from the 
results of previous studies[12,25]. Fundus photography of the 
three groups showed that there were more retinal bleeding 
spots in the PG group than in the NG and SG groups. This 
result suggests three possible explanations. First, HbA1c is 
the product of the non-enzymatic glycation of hemoglobin, 
reflecting the previous 8–12-week average blood sugar level. 
This indicates that although the differences in blood glucose 
levels between the SG and NG groups were significant in the 
short term, glycemic control was good and meaningful in the 
long term. Second, poor blood glucose control can accelerate 
the progression of DR. Third, the method used in this study 
is meaningful for establishing a model of adverse and stable 
blood glucose in diabetic mice.
Two main methods for generating blood sugar fluctuations in 
diabetes models have been reported in the literature: simple 
intraperitoneal injection of high-dose streptozotocin (STZ) 
and a high-fat diet combined with low-dose intraperitoneal 
injection of STZ. Its main features are as follows: First, a 
simple intraperitoneal injection of high-dose STZ: the STZ 
injection model has the advantage of lower cost and has been 
widely used in experiments for making a model of T1DM. 
In contrast, according to a previous study, only 50% of the 
mice developed severe diabetes approximately 3wk after STZ 
injection, indicating that this method has a low success rate[26]. 
Furthermore, some animals die rapidly after STZ treatment 
due to fatal hypoglycemia caused by massive islet β-cell 
necrosis and the sudden release of insulin. Moreover, there is 
no consensus on the optimal dose of STZ, and different animal 
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strains have different sensitivities to STZ[26]. Second, diabetes 
models induced by hyperlipidemia and STZ are commonly 
used to induce T2DM in animal models. Hyperlipidemic 
diets associated with a certain dose of STZ showed positive 
results in establishing T2DM, but there were variations in 
diet composition, STZ doses, animal species, and age[27]. As 
mentioned previously, the db/db mice are ideal animal models 
for the exploration of T2DM[15-16]. Our mice more closely 
resembled the characteristics of clinical type 2 diabetes, with 
high success rates and low mortality rates. In contrast, most 
previous studies on modeling blood glucose fluctuations 
were performed with intraperitoneal or oral glucose and 
intraperitoneal insulin injections[11-12,28-29]. The control group 
consisted primarily of the normal and hyperglycemia groups. 
Our main advantage is that we chose to control glycemic 
fluctuations and maintain its stability with insulin and a 
controlled diet, with the main idea of excluding the effect 
of a high-fat and high-sugar diet on the results compared to 
previous studies. In addition, it is more consistent with the 
blood glucose fluctuations in clinical patients. The results 
showed that blood glucose was significantly higher and more 
volatile in the PG group, consistent with previous studies[12,25]. 
The differences in HbA1c levels between the NG and SG 
groups were not significant. The SG group had glycemic 
characteristics similar with those of clinical diabetic patients 
who had better glycemic control after standard treatment.
Based on the above description, the models in this study have 
the following advantages: first, the mouse models are more 
consistent with clinical blood glucose control. Second, the 
PG group had a remarkably increased and greatly fluctuating 
blood glucose level, whereas the SG group had better glycemic 
control. Third, it has lower mortality, a higher success rate, 
and better reproducibility. Naturally, our model has several 
limitations in our model, First, we only selected male mice 
for our experiments, but sex may influence the development 
of obesity in mice. And male mice tend to gain more weight 
and fat weight than females[30], which will be considered in 
future studies. Second, the mechanism by which blood glucose 
fluctuations influence DR remains unclear. We will do further 
study in follow-up experiments.
In conclusion, a blood glucose control model of T2DM mice 
can be successfully established by subcutaneous injection of 
insulin aspart, insulin glargine, and rationed food, which will 
be valuable for studying the mechanism of blood glucose 
fluctuation in diabetic complications in vivo. This should draw 
our attention in the future.
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