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A b s t r a c t

Introduction: The aim of the study was to investigate the effects of met-
formin and sitagliptin on glycolipid metabolism in type 2 diabetes after dif-
ferent diets.
Material and methods: Seventy Male Sprague Dawley rats were fed with 
a  high fat diet followed by streptozotocin treatment to induce type 2 di-
abetes. Then all rats were randomly divided into a  control group, a  met-
formin group (200 mg/kg), and a sitagliptin group (10 mg/kg). Each group 
was further divided into 4 groups receiving one load of high carbohydrate 
diet (45% glucose, 4.5 ml/kg), high fat diet (20% lipid emulsion, 4.5 ml/kg), 
high protein diet (20% whey protein, 10 ml/kg) or mixed meal, respectively. 
The caloric densities were all 33 kJ/kg. Postprandial blood glucose (P2BG), 
triglyceride (TG), glucagon-like peptide-1 (GLP-1), glucagon and insulin lev-
els were measured.
Results: In the high carbohydrate group, sitagliptin was more efficient in 
lowering P2BG compared with metformin (p < 0.05). In the high-fat group, 
metformin was more powerful in lowering TG (p < 0.05) and P2BG (p < 0.05) 
levels because of its improvement of insulin sensitivity. In the high protein 
diet group, metformin did not reduce the P2BG level (p > 0.05), although it 
did reduce the TG level (p < 0.05). In the mixed diet group, metformin was 
more efficient in lowering P2BG (p < 0.05) but had a  similar effect on TG  
(p > 0.05) compared with sitagliptin.
Conclusions: In the type 2 diabetic model, metformin and sitagliptin have 
different effects on glycolipid metabolism after different diets. If it is proved 
in type 2 diabetic patients, then different medicines may be recommended 
according to different diets in order to improve glycolipid metabolism.

Key words: type 2 diabetes, diet intervention, glycolipid metabolism, 
metformin, sitagliptin.

Introduction

With the rapid development of the economy, diabetes mellitus has be-
come an important public health problem worldwide. According to figures 
released by the International Diabetes Federation (IDF), in 2011 there 
were 366 million people with diabetes, and this is expected to rise to 552 
million by 2030. Most people with diabetes live in low- and middle-income 
countries, and these countries will also see the greatest increase over 
the next 19 years [1, 2]. Approximately 5.1 million people aged between  
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20 and 79 years died from diabetes in 2013, account-
ing for 8.4% of global all-cause mortality among peo-
ple in this age group. Global health spending to treat 
diabetes and manage complications totaled at least 
USD 548 billion in 2013. By 2035, this number is pro-
jected to exceed USD 627 billion [3, 4].

Although type 2 diabetes is a multi-genetic dis-
ease, and many genes have a  close relationship 
with type 2 diabetes such as TCF7L2, peroxisome 
proliferator-activated receptor g (PPARg), S-transfer-
ase P1, etc, environmental factors such as high fat 
diet play more important roles in the development  
of this disease [5–7]. Medical nutrition therapy 
(MNT) for the management of diabetes plays an im-
portant role in preventing complications associated 
with diabetes, especially the management of met-
abolic control and optimal weight [8, 9]. The Amer-
ican Diabetes Association recommends that diabe-
tes treatment should include a balanced diet low in 
fat and carbohydrate and a reduction in calories, in 
order to reduce cardiovascular risk factors and in-
crease insulin sensitivity [10, 11]. But diet interven-
tion is extremely difficult, and there is a lack of com-
pliance for most of our patients. Different patient 
has different eating habit, and in some situations 
patients tend to eat unbalanced food with an irratio-
nal proportion of diet ingredients, such as a high fat 
diet, a high protein diet or a high carbohydrate diet. 
These unbalanced food will cause insulin resistance 
and weight gain, and finally increase the risk of car-
diovascular diseases [12, 13]. Therefore, how to min-
imize the harmful effects of these irrational diets is 
of great importance. Until now, different hypoglyce-
mic agents are increasingly developed to treat type 
2 diabetes including sulfonylureas, thiazolidinedi-
ones, non-sulfonylurea insulin secretagogues, met-
formin, glycosidase inhibitors, and newly developed 
medicines (such as glucagon-like peptide-1 (GLP-1) 
analogues, dipeptidyl peptidase(DPP)-IV inhibitors, 
sodium-glucose co-transporter 2 inhibitor) [14–17]. 
The classes vary by mechanism of action, and may 
offer specific advantages that make it possible to 
use these medicines to improve glycolipid metab-
olism according to different diets. In the present 
study, we first analyzed the characteristics of glyco-
lipid metabolism of different diets (high protein diet, 
high fat diet, high protein diet or mixed diet), then 
we compared the intervention effects of metformin 
(as a traditional medicine) and sitagliptin (as a new 
medicine) on glycolipid metabolism in type 2 diabet-
ic (T2DM) rats on different diets.

Material and methods

Animals and protocol

Type 2 diabetes mellitus was induced in male 
Sprague Dawley rats (7–8 weeks of age, 200–250 g)  
using streptozotocin (STZ) according to Bi et al. 
[17]. Briefly, the rats were fed for 8 weeks with 

a high-fat diet (63% of calories as fat), which was 
prepared by supplementing normal chow with 
10% (w/w) lard, 10% (w/w) sucrose, 1% (w/w) 
cholesterol, and 0.3% w/w bile acid (sodium salt). 
This was followed by a single low-dosage i.p. injec-
tion of STZ (30 mg/kg; Sigma) after 12-h fast. Plas-
ma glucose in diabetic rats increased to at least  
16.7 mmol/l (300 mg/dl) within 3 days after STZ in-
jection and remained at least at this level through-
out the experiment. A  group of nondiabetic rats 
fed solely on chow diet was used as the control.

Grouping and intervention

Rats were randomly divided into a  control 
group (n = 20), a  metformin intervention group 
(n = 20) and a  sitagliptin intervention group  
(n = 20). Then each group was further divided into 
a high carbohydrate group (n = 5), a high fat group 
(n = 5), a high protein group (n = 5) and a mixed 
meal group (n = 5). Briefly, after fasting for 14 h,  
rats in metformin groups were gavaged by 
200  mg/kg metformin combined with 45% glu-
cose (4.5 ml/kg), 20% lipid emulsion (4.5 ml/kg),  
20% whey protein (10 ml/kg) or mixed meal  
(1 : 1 : 1 of above diet ingredients). The ingredients 
of lipid emulsion were: 20% soybean oil, 1.2% egg 
yolk phospholipids and 2.25% glycerin. The ingre-
dients of whey protein were: α-lactalbumin 11.3–
16.5%, β-lactoglobulin 38–49%, immunoglobulin 
5.0–8.0%, glycomacropeptides 15.0–20.0%, lacto-
ferrin 1.3–1.8%, bovine serum albumin 3.0–5.0%. 
Rats in sitagliptin groups were gavaged by 10 mg/
kg sitagliptin combined with 45% glucose (4.5 ml/
kg), 20% lipid emulsion (4.5 ml/kg), 20% whey 
protein (10 ml/kg) or mixed meal (1 : 1 : 1 of above 
diet ingredients). All diets used were isocaloric 
with a caloric density of 33 kJ/kg.

Fasting and postprandial blood glucose (P2BG) 
were measured from the tail vein using a  glu-
cose meter (Johnson & Johnson Medical Ltd, New 
Brunswick, NJ, USA); and venous blood was ob-
tained from the inner canthus to determine levels 
of triglyceride (TG), GLP-1, glucagon and insulin 
by enzyme-linked immunosorbent assay (ELISA, 
Assay Biotechnology, USA). Homeostasis mod-
el assessment insulin resistance (HOMA-IR) was 
calculated as an indicator of insulin resistance ac-
cording to the formula: HOMA-IR = fasting glucose 
[mM] × fasting insulin [mU/ml]/22.5.

This study was approved by the Tianjin Medical 
University Animal Committee, and the rats were 
maintained in accordance with the Tianjin Med-
ical University guidelines for the care and use of 
laboratory animals.

Statistical analysis

Results are presented as the mean and S.E.M. 
The statistical significance of differences was an-
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alyzed by one-way ANOVA followed by post hoc 
Bonferroni’s multiple comparison tests or Kru-
skal-Wallis for nonparametric data followed by 
Dunn’s multiple comparison tests. The analyses 
were performed using SPSS for Windows version 
17.0, and p < 0.05 was considered to be statisti-
cally significant.

Results

The plasma glucose in diabetic rats increased 
greatly compared with normal rats (24.0 ±3.1 vs. 
5.1 ±0.3 mmol/l, p < 0.01) 3 days after STZ injec-
tion, and was stabilized at a steady high level after  
7 days. Compared with normal rats, diabetic rats 
had a significantly higher level of blood glucose (27.7 
±1.9 vs. 5.4 ±0.4 mmol/l, p < 0.01), plasma insulin 
(42.34 ±6.31 vs. 18.11 ±4.36 mU/ml, p < 0.01), and 
HOMA-IR (54.59 ±13.93 vs. 4.15 ±1.01, p < 0.01).

Characteristics of postprandial glycolipid 
metabolism after one load of different diets

Compared with fasting glucose, P2BG increased 
greatly after a high carbohydrate diet (22.50 ±1.04 
vs. 29.82 ±2.52 mmol/l, p < 0.01) and a high fat 
diet (23.12 ±2.17 vs. 29.90 ±3.96 mmol/l, p < 0.01), 
but not in the high protein diet (21.98 ±1.00 vs. 
22.46 ±1.48 mmol/l, p > 0.05) and mixed diet 
groups (22.72 ±2.04 vs. 23.29 ±2.39 mmol/l,  
p > 0.05). P2BG in the high carbohydrate diet and 
high fat diet groups was higher than that in the 
high protein group and mixed group, but there was 
no difference between the high carbohydrate group 
and high fat group. In the high protein group, P2BG 
was lower compared with other groups (Figure 1).

The postprandial TG level in the high lipid 
group was higher than that in other groups, and 
there was no difference between the high protein 
group, the high carbohydrate group and the mixed 
group. The GLP-1 did not differ between different 
groups. Glucagon in the high protein group was 
significantly higher than that in other groups, fol-
lowed by the high carbohydrate group, the mixed 
diet group, and the high lipid group. Insulin lev-
el in the high lipid group was higher than that in 
other groups, followed by the high protein group 
and the high carbohydrate group, and no differ-
ence was found between the high carbohydrate 
diet and the mixed diet (Figure 2).

Effects of metformin and sitagliptin on 
glycolipid metabolism after different diets

Effects of metformin and sitagliptin 
on glycolipid metabolism after high 
carbohydrate diet

Rats in the high-carbohydrate group had 
a higher level of glucagon but lower level of insulin 

among the four diet groups. P2BG but not TG was 
decreased in the metformin intervention group. 
Glucagon level was decreased whereas GLP-1 
and insulin level were not changed by metformin 
treatment. Sitagliptin was efficient in lowering 
the P2BG by inhibiting the glucagon level and in-
creasing insulin and GLP-1 secretion. Triglyceride 
did not change after sitagliptin intervention in the 
high carbohydrate group. Sitagliptin treatment 
led to a greater decrease of P2BG and glucagon, 
and a greater increase of insulin and GLP-1 secre-
tion compared with metformin. No difference was 
found for TG between the metformin and sita-
gliptin group (Figure 3).

Effects of metformin and sitagliptin on 
glycolipid metabolism after high fat diet

In the high-fat group, postprandial glucose and 
TG level were the highest in the four groups, where-
as its insulin level was also the highest in the four 
groups. Metformin was efficient in lowering P2BG 
and TG level. Insulin level was also decreased af-
ter metformin treatment. The GLP-1 and glucagon 
did not change after metformin intervention. Sita-
gliptin was efficient in lowering P2BG and TG lev-
els. Sitagliptin treatment also led to an increase 
of GLP-1 but a decrease of glucagon. Insulin was 
not changed after sitagliptin treatment. Sitagliptin 
treatment led to a greater decrease of P2BG, but 
metformin treatment caused a greater reduction 
of TG level. In the meantime, insulin was lower in 
the metformin group than in the sitagliptin group 
(Figure 4).
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Figure 1. Postprandial blood glucose in type 2 di-
abetic rats receiving one load of different diets. 
After fasting for 14 h, type 2 diabetic rats were ga-
vaged respectively by 45% glucose (4.5 ml/kg, HCD 
group), 20% lipid emulsion (4.5 ml/kg, HLD group), 
20% lactalbumin (10 ml/kg, HPD group) or mixed 
meal (1 : 1 : 1 of above diet ingredients, MD group). 
The energy was 33 kJ for all the diets

HCD – high carbohydrate diet, HLD – high lipid diet, HPD 
– high protein diet, MD – mixed diet, FBG – fasting blood 
glucose, P2BG – postprandial blood glucose, *compared 
with HCD group p < 0.05; #compared with HLD group  
p < 0.05, Δcompared with HPD group p < 0.05.
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Effects of metformin and sitagliptin on 
glycolipid metabolism after high protein diet

In the high-protein group, the postprandial glu-
cose and lipid levels were the lowest among the 
four groups. The glucagon level in this group was 
higher than in other groups. Metformin had no ef-
fect on P2BG after a  high protein diet compared 
with the control group, although it reduced the level 
of TG. Metformin did not change the level of GLP-1 
and glucagon. Insulin decreased in the metformin 
intervention group after a high protein diet. Sita-
gliptin significantly reduced the level of P2BG, but 
had no effect on TG level. Moreover, sitagliptin in-
creased the level of GLP-1 and insulin, but reduced 
the level of glucagon. After a high protein diet, sita-
gliptin was more efficient in lowering P2BG, where-
as metformin was more efficient in lowering TG. 
The insulin level in the metformin group was lower 
than that in the sitagliptin group (Figure 5).

Effects of metformin and sitagliptin on 
glycolipid metabolism after mixed diet

After a mixed diet, the P2BG was lower than 
the high carbohydrate group and the high lipid 
group, and higher than the high protein group; the 

TG level was lower than other groups. Metformin 
treatment reduced P2BG and TG significantly. 
Metformin also reduced the level of glucagon 
and insulin, although it did not change the level 
of GLP-1. Sitagliptin treatment reduced P2BG and 
TG significantly. Sitagliptin also reduced the glu-
cagon level, but increased the insulin level after 
a mixed diet. After a mixed diet, metformin was 
more powerful in lowering P2BG but had a similar 
effect on TG compared with sitagliptin. Glucagon 
decreased more in the sitagliptin group, whereas 
insulin decreased more in the metformin group. 
GLP-1 did not differ between these two groups 
(Figure 6).

Discussion

Challenged by the high prevalence of type 2 
diabetes, different hypoglycemic agents are in-
creasingly developed to treat type 2 diabetic pa-
tients, including sulfonylureas, thiazolidinediones, 
non-sulfonylurea insulin secretagogues, met-
formin, glycosidase inhibitors, and newly devel-
oped medicine such as GLP-1 analogues, DPP-IV 
inhibitors, and sodium-glucose co-transporter 2 
inhibitor [18–21]. Until now, large studies have 
focused on the effects of different medicines on 
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Figure 2. Postprandial blood TG (A), insulin (B), glucagon (C), and GLP-1 (D) level in type 2 diabetic rats 
receiving one load of different diets. After fasting for 14 h, type 2 diabetic rats were gavaged respectively by 
45% glucose (4.5 ml/kg, HCD group), 20% lipid emulsion (4.5 ml/kg, HLD group), 20% lactalbumin (10 ml/kg, HPD 
group) or mixed diet (1 : 1 : 1 of above diet ingredients, MD group). The energy was 33 kJ for all the diets

HCD – high carbohydrate diet, HLD – high lipid diet, HPD – high protein diet, MD – mixed diet, *compared with HCD group  
p < 0.05, #compared with HLD group p < 0.05; Δcompared with HPD group p < 0.05.
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glycolipid metabolism and their underlying mech-
anism, but less have compared their effects in 
patients with different diet structures or taking 
different food. In a  recently published systemat-
ic meta-analysis, the investigators found that the 
hypoglycemic effect of acarbose is superior in pa-
tients consuming an Eastern diet than in those 
consuming a Western diet and is similar to that of 
sulfonylureas, metformin, and glinide drugs [22]. 
However, because the author found no study that 
has directly compared patients consuming differ-
ent types of diet, they used fixed- and random-ef-
fect models to indirectly compare the hypogly-
cemic effect of acarbose monotherapy with that 
of placebo and/or comparator drugs in patients. 
Therefore, our study is important because we for 
the first time directly compared the effect of met-
formin and sitagliptin on glycolipid metabolism in 
type 2 diabetic rats on different diets.

In our study, we found that P2BG level de-
creased more in the sitagliptin group than in the 
metformin group after a high carbohydrate diet. 
The underlying mechanism is not clear. As shown 
in our study, rats in the high-carbohydrate group 
had a higher level of glucagon but a lower level 
of insulin among the four diet groups, and sita-
gliptin had more profound effects on glucagon 
inhibition and GLP-1/insulin secretion compared 
with metformin, which might explain its supe-
riority in controlling P2BG after a high carbohy-
drate diet. Sitagliptin is an oral anti-diabetic drug 
of the DPP-IV inhibitor class. It works to compet-
itively inhibit the enzyme DPP-IV, which breaks 
down the incretins GLP-1 and gastric inhibitory 
polypeptide, gastrointestinal hormones released 
in response to a meal. They are able to increase 
the secretion of insulin and suppress the release 
of glucagon by the α cells of the pancreas [23]. 
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Figure 3. Effects of metformin and sitagliptin on 
glycolipid metabolism after one load of high car-
bohydrate diet. Rats in metformin groups were 
gavaged by 200 mg/kg metformin or 10 mg/kg  
sitagliptin before being gavaged by 45% glu-
cose (4.5 ml/kg, HCD group), 20% lipid emulsion  
(4.5 ml/kg, HLD group), 20% lactalbumin (10 ml/kg,  
HPD group) or mixed diet (1 : 1 : 1 of above diet 
ingredients, MD group). The energy was 33 kJ for 
all the diets

HCD – high carbohydrate diet, HLD – high lipid diet,  
HPD – high protein diet, MD – mixed diet; *compared 
with control group p < 0.05; #compared with met- 
formin group p < 0.05.
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Our results agree with another study in healthy 
volunteers [24]. Therefore, for patients taking 
high carbohydrate food, sitagliptin may be supe-
rior to metformin.

In the high-lipid group, postprandial glucose 
and TG level were the highest in the four groups. 
The glucagon level in this group was lower but 
the insulin level was higher than any of the other 
groups, which suggests that a high fat diet induc-
es significant insulin resistance. It was found that 
overnight infusion of 20% intralipid in healthy 
adolescents resulted in significantly increased 
fasting insulin and C-peptide levels and decreased 
hepatic and peripheral insulin sensitivity. A 40% 
reduction in glucose uptake in the soleus muscle 
was noted after a  4-h intralipid infusion in an-
other study in healthy adults. By contrast, acutely 
normalizing the chronically elevated plasma free 
fatty acid (FFA) levels with acipimox, a long-acting 

antilipolytic drug, resulted in a two-fold increase in 
insulin sensitivity and a 30% decrease in glucose 
and insulin area under the curve during an oral 
glucose tolerance test in obese subjects with and 
without type 2 diabetes. Taken together, these ob-
servations provide evidence that acute increased 
plasma FFA level is an important contributor to the 
development of insulin resistance in healthy indi-
viduals and obese patients with and without T2DM 
[25–27]. Although the mechanism is not fully clar-
ified, apparently any medicine targeting insulin 
resistance might be helpful in lowering postpran-
dial glucose and TG level. In our study, we found 
although metformin and sitagliptin had a similar 
effect on P2BG, metformin had a profound role in 
lowering the TG level. In the metformin group, al-
though the GLP-1 and glucagon did not change, 
the insulin level decreased significantly compared 
with the control group and sitagliptin group. Met-
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Figure 4. Effects of metformin and sitagliptin on 
glycolipid metabolism after high lipid diet. Rats 
in metformin groups were gavaged by 200 mg/kg 
metformin or 10 mg/kg sitagliptin before being ga-
vaged by 45% glucose (4.5 ml/kg, HCD group), 20% 
lipid emulsion (4.5 ml/kg, HLD group), 20% lactal-
bumin (10 ml/kg, HPD group) or mixed diet (1 : 1 : 1  
of above diet ingredients, MD group). The energy 
was 33 kJ for all the diets

HCD – high carbohydrate diet, HLD – high lipid diet, HPD 
– high protein diet, MD – mixed diet; *compared with 
control group p < 0.05; #compared with metformin group 
p < 0.05.
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formin is generally recommended as first-line 
treatment in type 2 diabetes, especially in over-
weight patients. Metformin has been found to be 
safe and efficacious both as monotherapy and in 
combination with all oral antidiabetic agents and 
insulin. Moreover, metformin is increasingly used 
in non-alcoholic fatty liver disease, polycystic ova-
ry syndrome and cancer [28]. Metformin reduces 
hyperglycemia primarily by inhibiting hepatic glu-
coneogenesis. It also increases insulin sensitivity, 
enhances peripheral glucose uptake (by inducing 
the phosphorylation of GLUT4 enhancer factor), 
and reduces insulin-induced suppression of fatty 
acid oxidation [29, 30]. Although sitagliptin also 
reduced P2BG and TG in the high lipid group, sita-
gliptin treatment lead to a further increase of in-
sulin level compared with the control group, which 
might aggravate insulin resistance in the high-lip-
id group. Therefore, for a high fat diet, metformin 

is more beneficial in improving postprandial glyco-
lipid metabolism and insulin resistance. 

In the high protein group, the postprandial 
glucose and lipid levels were the lowest among 
the four groups. The glucagon level was signifi-
cantly higher than that in other groups. This sig-
nificant increase in glucagon would be expected 
to result in stimulation of gluconeogenesis and 
glycogenolysis and a  subsequent increase in cir-
culating plasma glucose concentrations. However, 
the glucose response was smaller with the high 
protein diet. The mechanism is not clear. The de-
layed gastric emptying, which will affect incretin 
secretion, may be a reason. Although in our study 
we did not find a significant difference of GLP-1 
level between different diets, this cannot be ap-
plied to other incretin such as gastric inhibitory 
polypeptide (GIP) [31, 32]. In our study, we found 
that sitagliptin was effective in reducing both 
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Figure 5. Effects of metformin and sitagliptin on 
glycolipid metabolism after high protein diet. Rats 
in metformin groups were gavaged by 200 mg/kg 
metformin or 10 mg/kg sitagliptin before gavaged 
by 45% glucose (4.5 ml/kg, HCD group), 20% lipid 
emulsion (4.5 ml/kg, HLD group), 20% lactalbumin 
(10 ml/kg, HPD group) or mixed diet (1 : 1 : 1 of 
above diet ingredients, MD group). The energy was 
33 kJ for all the diets

HCD – high carbohydrate diet, HLD – high lipid diet, HPD 
– high protein diet, MD – mixed diet; *compared with 
control group p < 0.05; #compared with metformin group 
p < 0.05.
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Figure 6. Effects of metformin and sitagliptin on 
glycolipid metabolism after mixed diet. Rats in 
metformin groups were gavaged by 200 mg/kg 
metformin or 10 mg/kg sitagliptin before gavaged 
by 45% glucose (4.5 ml/kg, HCD group), 20% lipid 
emulsion (4.5 ml/kg, HLD group), 20% lactalbu-
min (10 ml/kg, HPD group) or mixed diet (1 : 1 : 1  
of above diet ingredients, MD group). The energy 
was 33 kJ for all the diets

HCD – high carbohydrate diet, HLD – high lipid diet, HPD 
– high protein diet, MD – mixed diet; *compared with 
control group p < 0.05; #compared with metformin group 
p < 0.05.

A

E

C

B

D

postprandial glucose and lipid levels by promot-
ing insulin and the GLP-1 level and by inhibiting 
the glucagon level. However, it is interesting that 
metformin treatment did not reduce the P2BG 
level, although it did reduce the TG level after 
a high protein diet. The molecular mechanism of 
metformin is incompletely understood. AMPK is 
an enzyme that plays an important role in insulin 
signaling and in the regulation of whole body en-
ergy balance [33]. A study in 2001 suggested that 
activation of AMPK was required for metformin’s 
inhibitory effect on the production of glucose by 
liver cells [34]. Research published in 2008 further 
showed that activation of AMPK was required for 
an increase in the expression of SHP, which in turn 
inhibited the expression of the hepatic gluconeo-
genic genes PEPCK and Glc-6-Pase [35]. However, 
researchers found that in rats fed a high protein 
diet for 14 days, the hepatic p-AMPKα level was 

lower than in rats receiving a normal protein diet. 
In primary cultured hepatocytes, a  high concen-
tration of amino acids reduced AMPKα phosphor-
ylation [35]. In another study, it was found that 
a high protein diet reduced AMPK activity in the 
hypothalamus in normal rats and in ob/ob mice 

[36]. Therefore, a high protein diet may counteract 
the activation of AMPK by metformin. However, in 
our study, we used whey protein to mimic a high 
protein diet, and further studies are needed to de-
termine whether these results can be applied to 
other proteins.

In a  mixed diet (containing 33.3% carbohy-
drate, 33.3% protein, 33.3% lipids), the P2BG was 
lower than that in the high carbohydrate group 
and the high lipid group, and just a  little higher 
than the high protein group; the TG level was low-
er than other groups. The insulin level was lower 
than that in other groups. Therefore, a mixed diet 
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is good for the control of glycolipid metabolism, 
and also causes fewer burdens on islet function. 
It is reasonable to recommend a balanced diet for 
type 2 diabetic patients. In this group, metformin 
was more efficient in controlling P2BG and TG lev-
els compared with sitagliptin.

However, our study has a limitation in using sin-
gle dietary ingredients to represent different diets, 
considering the large variability of different diet 
structures or different foods. Second, we used glu-
cose to represent a  high carbohydrate diet, used 
lipid emulsion to represent a high fat diet and used 
whey protein to represent a high protein diet; our 
results may not be applied to other ingredients. 
Therefore, more studies are needed in order to gain 
more precise results for the patients to choose the 
most suitable medicine according to different foods.

In conclusion, in the type 2 diabetic model, met-
formin and sitagliptin have different effects on gly-
colipid metabolism after different diets. If it is proved 
in type 2 diabetic patients, then different medicines 
may be recommended according to different diets 
in order to improve glycolipid metabolism.
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