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Abstract: Sitagliptin improves glycemic control in type 2 diabetes mellitus (T2DM) patients 

but its side effects are undesirable. Chitosan oligosaccharide (COS) is expected to improve 

the therapeutic result as a natural product. A total of 200 elderly T2DM patients were evenly 

assigned into four groups: sitagliptin group (SG), receiving sitagliptin 100 mg/day; COS 

group (CG), receiving COS 100 mg/day; combination therapy of sitagliptin and COS group 

(SCG), receiving both sitagliptin and COS 100 mg/day; and placebo group (PG), receiving 

placebo 100 mg/day. After 42-week therapy, biochemical indices and clinical parameters for 

the alterations from start points were analyzed. The related molecular mechanism was tested 

by quantitative real-time polymerase chain reaction (qRT-PCR) and Western blot at cell level. 

Lower risk of hypoglycemia was found in the SCG group when compared with SG and other 

groups (P,0.05). More patients from the SCG group than other groups attained hemoglobin 

A1c (HbA1c) reduction .2.5% (P,0.05). Weight reduction of 1.2±0.9, 2.6±0.8, 4.7±1.3, 

and 0.9±0.6 kg was observed in the patients from SG, CG, SCG, and PG groups, respectively 

(P,0.05). The combined treatment of COS and sitagliptin presented better therapeutic results 

by improving insulin sensitivity, lipid profile, adiponectin levels, and glucagon-like peptide 1 

and reducing side effects, insulin resistance, HbA1c, body mass index, resistin, tumor necrosis 

factor (TNF)-α, and C-reactive protein (CRP) (P,0.05). qRT-PCR and Western blot analysis 

also showed that COS treatment reduced the levels of resistin, TNF-α, and CRP, and increased 

the level of adiponectin. The combination of COS and sitagliptin provided better glycemic 

control with fewer side effects and with more weight reduction in the elderly participants 

with T2DM.

Keywords: C-reactive protein, glucagon-like peptide 1, chitosan oligosaccharide, sitagliptin, 

type 2 diabetes mellitus, insulin sensitivity, adiponectin

Introduction
Type 2 diabetes mellitus (T2DM) is prevalent in the elderly population, has been 

widely reported, and increases with human aging.1 The number of T2DM patients 

in the elderly population is expected to reach 120 million by 2030.2 It has been well 

known that poor glucose control is associated with elderly T2DM patients. However, 

glycemic control in the elderly population proposes a big challenge. In this population, 

the incidences of hypoglycemia increase while hypoglycemia is related to increasing 

morbidity,3,4 which significantly affects the quality of life of patients. 

In the therapy of elderly T2DM patients, insulin and oral antidiabetic drugs have 

occupied a high proportion of adverse event-related drugs. Sitagliptin, an important 

dipeptidyl peptidase-4 inhibitor,5 improves glycemic control, and is often combined 
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with metformin6 or pioglitazone.7 In the study of elderly 

patients with T2DM, glycemic controls can be achieved by 

using sitagliptin.8

There are some side effects for sitagliptin therapy of 

T2DM although it has been widely used. T2DM patients 

using sitagliptin may develop rhinorrhea, cough, dyspnea, 

and tiredness and these symptoms disappear immediately 

after the medicine is stopped.9 Furthermore, although sita-

gliptin can lower glucose concentration effectively, its long-

term use can cause some adverse effects, such as infections, 

depression, and cancer.10

Chitosan oligosaccharide (COS), as a depolymerized prod-

uct of chitosan, has received much attention in the biomedical, 

food, pharmaceutical, and environmental industries because 

of its biocompatible and biodegradable properties.11 COS 

has antioxidative,12 anti-inflammatory,13 and antibacterial 

bioactivities.14 It has the potential to treat age-related dysfunc-

tions including oxidative stress and chronic inflammation.15 

Catheter-induced infection and healthcare-related infection 

increase the mortality rate and hospital charges. COS is found 

to control the incidence of healthcare-associated infection.16 

A number of publications have been devoted to the antidi-

abetic effect of COS. For instance, low molecular weight 

COS has the potential for hyperglycemia management and 

provides a strong rationale for T2DM prevention via COS.17 

COS can help control postprandial glucose in subjects with 

prediabetes.18 COS demonstrates its antidiabetic effect by 

inhibiting the expression of intestinal α-glucosidase, glucose 

transporters, and peroxisome proliferator-activated receptor 

γ.19 More importantly, COS can be widely used as a medi-

cine delivery system with fewer side effects.20 Therefore, it 

is believed that COS may improve the therapeutic results of 

sitagliptin in the therapy of elderly patients with T2DM.

Methods
Mass analysis of COS using matrix-
assisted laser desorption/ionization–time-
of-flight (MALDI-TOF)
COS, with a mean molecular weight of 5 kDa and deacety-

lated degree .90%, was prepared as per earlier reports.21 

Briefly, 100 g shrimp shell was deproteinized in 1 L NaOH 

solution (1 M) for 1 day, and then demineralized in HCl (1 M) 

for 1 day. Pigments and lipid were removed by using 95% 

ethanol at 70°C. Chitin was deacetylated in 50% (w/w) NaOH 

solution until 90% degree of deacetylation was obtained. 

Low-level degree of polymerization (DP) of COS was pre-

pared according to a previous report with some modification.22 

Chitosan (100 mL, 1% [v/w], pH 6.0) was added with 20 µL 

recombinant chitosanase. After incubation for 30 minutes at 

39°C, hydrolysis reactions were terminated by boiling for 

15 minutes, cooling, and centrifugation to remove insoluble 

chitosan. Samples (1 µL) and 2 µL 2,5-dihydroxybenzoic 

acid (15 mg/mL) were added to 30% ethanol. Mass spectra 

were observed on an Agilent 6530 accurate-mass system 

(Agilent Technologies, Santa Clara, CA, USA). The spectrum 

was examined via external calibration.

Participants
All procedures were confirmed and approved by the Ethics 

Committee of General Hospital of Daqing Oil Field (approval 

no DQ201305X26) on April 6, 2013. All steps were per-

formed according to the Declaration of Helsinki.23 From 

May 2013 to August in 2014, 416 elderly T2DM patients 

($60 years) were recruited.

Inclusion criteria
Patients were included if 1) they had T2DM for .5 years; 

2) their hemoglobin A1c (HbA1c) ,10.5%; 3) their body 

mass index (BMI) .25 and ,39 kg/m2; 4) they had stable 

weight for .3 months before the present experiment; 5) they 

had no other serious diseases; 6) their fasting plasma glucose 

(FPG) was .130 or ,240 mg/dL.

Exclusion criteria
Patients were excluded from the study if they 1) had T1DM; 

2) had renal function impairment; 3) had an FPG .270 mg/dL; 

4) achieved weight loss by using medicines within 3 months 

before the present experiment; 5) had a family history of 

T2DM; and 6) if it was hard to chat with them.

Grouping
After selection using the above criteria, 200 elderly T2DM 

patients $60 years of age were finally selected and random-

ized to consume sitagliptin 100 mg/day (sitagliptin group 

[SG]), COS 100 mg/day (COS group [CG]), the combination 

of sitagliptin 100 mg/day and COS 100 mg/day (sitagliptin 

and COS group [SCG]), or placebo 100 mg/day (placebo 

group [PG]), respectively. HbA1c data from all patients 

were recorded at the start of the study and all subjects were 

randomized and subjected to double-blind studies. All 

patients provided written informed consent to participate in 

the experiment.

Clinical characterization
Patients’ BMI was calculated by dividing weight (kg) by the 

square of height (m2). Other elements, such as weight, age, 
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gender, lifestyle, and hypertension, were also noted in the 

present experiment. 

Biochemical analysis
Capillary whole blood glucose levels were measured in 

all patients. Those with a capillary whole blood glucose 

level .6.1 mM were a higher risk of diabetes.24 The con-

centration of glucose and the level of HbAlc were tested 

after 2  hours following glucose intake. Serum glucose 

levels, basal blood glucose (BG), and fasting blood glucose 

(FBG) were measured by an EMP Medical-Chemistry 

Analyzer (Shenzhen Emperor Electronic Technology Co, 

Ltd, Shenzhen, China). HbAlc levels were measured by 

using affinity chromatography (GE Healthcare [Shanghai] 

Co, Ltd, Shanghai, China). Levels of total cholesterol 

(TC), high‑density lipoprotein‑cholesterol (HDL-c) and 

low‑density lipoprotein‑cholesterol (LDL-c) were examined 

by using an assay kit (cat no ab65390; Abcam, Shanghai, 

China). Triglyceride (TG) levels were determined by using 

a Triglyceride Quantification Assay Kit (cat no ab65336; 

Abcam). Serum insulin was tested by Abcam’s Insulin Simple 

Step Kit (cat no ab200011). Serum basal insulin (BINS) and 

fasting insulin (FINS) were examined by a radioimmunoas-

say kit (Shanghai Traditional Medicine University, Shanghai, 

China). Insulin resistance (HOMA‑IR) indexes were calcu-

lated as HOMA‑IR = FBG × FINS/22.5. Insulin secretory 

(HOMA‑IS) activity was measured as HOMA‑IS =20× 

FINS/(FBG-3.5). HOMA of β-cell activity (HOMA-B) was 

calculated as HOMA-B =20× BINS/(BG-3.5).

Enzyme-linked immunosorbent assay 
(ELISA) tests
The serum concentrations of target proteins were measured 

by using ELISA kits. Human C‑reactive protein (CRP; cat 

no ab99995), human tumor necrosis factor‑α (TNF‑α; cat 

no ab46087), human adiponectin (cat no ab99968), human 

resistin (cat no ab100634), and human glucagon-like 

peptide 1 (GLP-1; cat no ab184857) were purchased from 

Abcam and analyses were performed. 

Analysis of side effects at endpoints
The endpoint analysis included changes of HbA1c, FPG, and 

BMI from baseline. Side effects (fatigue,9 cough,9 headache,25 

hypoglycemia,26 loss of consciousness,26 constipation,27 nausea,27 

vomiting,27 and diarrhea28) were measured. All patients had no 

such side effects before this study. Side effect scales were evalu-

ated based on the frequency of experiences on a 5-point scale: 

never, seldom, sometimes, very often, and permanently.

Cell culture 
Adipocytes 3T3-L1 and 3T3-F442A were obtained from 

Cell Bank of Shanghai Institute of Cell Biology, Chinese 

Academy of Sciences (Shanghai, China). All cells were cul-

tured with Dulbecco’s Modified Eagle’s Medium (DMEM) 

in a 37°C incubator with 5% CO
2
. 3T3-L1 and 3T3-F442A 

cells were treated with 1 mg/L sitagliptin (SG), 1 mg/L 

sitagliptin and 1 mg/L COS (SCG), and cultured in DMEM 

for 72 hours.

Quantitative real-time polymerase chain 
reaction (qRT-PCR)
All cells were collected and RNA was isolated with an 

RNA purification kit (cat no KIT0312-I; Fisher Scientific, 

Waltham, MA, USA). The primers were designed as fol-

lows: CRP forward primer, 5′-ctgtcctcgacccggggtac-3′; CRP 

reverse primer, 5′-tgtgtactggagctactgtg-3′ (160 bp); TNF‑α 

forward primer, 5′-tattatacccagccagcgcc-3′; TNF‑α reverse 

primer, 5′-agccaggtcagagcaccggc-3′ (170 bp); adiponectin 

forward primer, 5′-ggtgaaaccggagtacccgg-3′; adiponec-

tin reverse primer, 5′-tggtaaagcgaatgggcatg-3′ (160  bp); 

resistin forward primer, 5′-ctgtgctccatggaagaagc-3′; resis-

tin reverse primer, 5′-ggtgacggcgaagcctcggg-3′ (130 bp); 

and GAPDH forward primer, 5′-gtggtggctgtgaatgatcc-3′; 
GAPDH reverse primer, 5′-accacgtaggggctcccgac-3′ 
(200 bp). PCR was performed using the following protocol: 

denaturation at 94°C for 20 seconds, annealing at 55°C for 

20 seconds, and extension at 72°C for 20 seconds, 40 cycles. 

PCR products were compared between SG and SCG.

Western blot analysis
Cell lines 3T3-L1 and 3T3-F442A were disrupted by hypo-

tonic lysis in sterile water. Human CRP antibody AF1707, 

human TNF-α  antibody  MAB210-100, human adiponec-

tin/Acrp30 antibody (AF1065), human resistin antibody 

MAB13591-100, and human GAPDH antibody MAB5718 

were from R&D Systems (Minneapolis, MN, USA).

Statistical analysis
The COS effect was evaluated at a two‑sided P,0.05. 

Fisher’s exact test was performed to compare categorical 

variables, including side effects events and incidences 

of hypoglycemia. Predefined analysis was performed to 

investigate variations in HbA1c and FBG. All data were 

presented as mean ± standard deviation and analyzed by 

SPSS statistics 20.0 (IBM Corporation, Armonk, NY, USA). 

A P-value ,0.05 was considered significant.
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Results
COS analysis
MALDI-TOF mass spectrometry was used to analyze COS 

and the results showed that the main products for DP were 

DP3, 4, and 5 when potassium adduct ions were calculated 

in MALDI-TOF (Figure 1).

Baseline characters of all participants
After selection, 200 T2DM elderly patients were selected. 

Fifty participants each in 4 groups received sitagliptin, COS, 

the combination of sitagliptin and COS, and placebo, respec-

tively (Table 1). The mean ages were 69.1±8.4, 67.8±7.5, 

68.9±8.8, and 68.5±8.0 years in SG, CG, SCG, and PG 

groups, respectively. There was no statistical significance 

of differences for baseline characteristics among the four 

groups (P.0.05). 

More weight loss in SCG group
Table 2 showed that the combination therapy was superior 

than only sitagliptin and other groups (P,0.05). Subjects 

in the SCG group had more weight loss (P,0.01), with 

mean weight decreases of 1.2±0.9, 2.6±0.8, 4.7±1.3, and 

0.9±0.6 kg in SG, CG, SCG, and PG groups, respectively 

(Table 2). Similarly, patients demonstrated more BMI loss 

in the SCG group than in SG and other groups (P,0.05) 

(Figure 2A). For alterations in HbA1c after the 42‑week 

trial, decreases occurred in the SCG group than in SG and 

other groups. There were significant differences for HbA1c 

levels between SCG and SG or other groups after 12-week 

therapy (Figure 2B, P,0.05).

Glucose values in SCG compared to 
SG group
As Table 1 shows, at 42-week trial, all subjects from the SCG 

group had lower mean glucose values than the ones from SG 

or other groups before breakfast and 2 hours post‑breakfast 

(P,0.05). The findings imply that COS decreases the 

glucose values before breakfast and 2 hours post-breakfast.

Analysis of fasting c peptide (FCP) and 
2-hour postprandial c peptide (PCP)
Results showed that there was no significant change for FCP 

and 2-hour PCP in the participants from SG to SCG groups 

(P.0.05) (Table 2). The findings imply that COS cannot 

effect FCP and PCP.

Changes for resistin, CRP, TNF‑α, and 
adiponectin
The levels of resistin, CRP, TNF‑α, and insulin resistance 

were lower in the SCG group than in SG and other groups 

(P,0.05) (Table 2). Resistin is an important marker for 

diabetes. It increases in fat persons and anti‑resistin therapy 

reduces blood sugar and increases insulin in animal models. 

Combined treatment resulted in a higher reduction in resis-

tin concentration from the SCG group than from SG and 

other groups (P,0.05). There were significant differences 

Figure 1 MALDI-TOF MS analysis of COS. 
Note: The main products for DP were DP3, DP4, and DP5 when potassium adduct ions were calculated in MALDI-TOF.
Abbreviations: MALDI-TOF, matrix-assisted laser desorption/ionization–time-of-flight; COS, chitosan oligosaccharide; DP, degree of polymerization; MS, mass spectrometry.
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Table 1 Baseline characteristics

Characteristics of patients SG (n=50) CG (n=50) SCG (n=50) PG (n=50) P-value

Age (years) 69.1±8.4 67.8±7.5 68.9±8.8 68.5±8.0 0.246
Gender, male, n (%) 29 (58) 31 (62) 30 (60) 32 (64) 0.683
Race, n (%)

Han zhu 44 (88) 43 (86) 44 (88) 43 (86) 0.766
Manchu 4 (8) 5 (10) 4 (8) 5 (10) 0.727
Mongolians 1 (2) 1 (2) 1 (2) 1 (2) 1.000
Tibetans 1 (2) 1 (2) 1 (2) 1 (2) 1.000

Weight (kg) 85.6±16.4 84.7±14.6 86.7±15.8 86.1±15.0 0.145
BMI (kg/m2) 28.2±2.9 27.8±2.6 28.5±2.7 28.9±2.4 0.532
Hemoglobin A1c (%) 7.6±0.9 7.9±0.9 7.5±0.8 7.6±0.7 0.107
Duration of diabetes (years) 5.8±4.6 5.5±4.2 5.6±4.9 5.7±4.2 0.642
HR (beats/minute)

24-hour 76.8±14.2 78.4±14.0 77.4±15.1 76.4±14.6 0.728
Daytime 81.2±12.3 80.2±11.5 80.8±13.5 80.4±12.1 0.859
Nighttime 69.4±8.6 67.6±9.0 68.9±9.5 66.5±8.4 0.678

SBP (mmHg)
24-hour 141.7±12.6 130.6±11.2 139.5±11.9 134.5±10.3 0.554
Daytime 151.4±13.7 153.2±13.2 150.6±12.8 147.6±11.9 0.762
Nighttime 140.8±14.2 140.5±13.3 142.4±13.6 145.5±11.8 0.331

DBP (mmHg)
24-hour 85.6±8.2 86.6±7.5 86.0±7.3 86.7±7.1 0.426
Daytime 87.5±8.0 86.2±7.4 89.1±7.8 85.9±7.2 0.584
Nighttime 79.4±8.2 77.4±6.9 78.9±6.6 78.0±6.1 0.252

Failing with single-drug treatment, n
BIA 17 19 17 19 0.677
Exenatide 15 16 15 16 0.829
MET 14 13 13 14 0.822

Notes: Chi-square test and t-test were performed to compare the variance between two groups. There are significant statistic differences at P,0.05. Data presented as 
mean ± SD unless indicated otherwise.
Abbreviations: SCG, sitagliptin and chitosan oligosaccharide group; CG, chitosan oligosaccharide group; SG, sitagliptin group; PG, placebo group; BMI, body mass index; 
HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; BIA, biphasic insulin aspart; MET, metformin.

Table 2 Parameter changes after 42-week trial

Parameters SG (N=50) CG (N=50) SCG (N=50) PG (N=50) t-value P-value

Weight (kg) 84.4±15.7 82.1±14.9 82.0±17.6 85.2±14.0 1.79 0.015
BMI (kg/m2) 26.4±1.2 26.8±1.4 24.5±1.5 28.6±1.9 1.23 0.027
FBG (mmol/L) 7.9±1.1 8.0±1.0 7.3±1.0 8.6±1.3 2.01 0.018
2hPG (mmol/L) 12.4±1.5 13.5±1.9 10.4±1.7 14.4±1.8 0.85 0.022
HbAlc (%) 7.5±0.9 7.0±0.8 6.8±0.9 8.7±0.8 0.74 0.037
TG (mmol/L) 2.2±1.3 2.4±1.1 1.8±1.0 2.6±1.3 0.75 0.030
TC (mmol/L) 5.2±2.3 5.5±1.8 4.5±1.6 6.0±1.9 0.63 0.021
HDL (mmol/L) 1.5±0.8 1.4±0.6 1.6±0.5 1.4±0.3 0.23 0.143
LDL (mmol/L) 3.9±1.7 3.6±1.1 2.8±1.0 4.5±1.2 0.81 0.042
FINS (pmol/L) 124.6±45.7 127.6±39.3 119.4±37.9 138.5±36.4 0.97 0.025
HOMA-IR 5.8±2.4 6.0±2.4 4.5±2.5 6.3±2.9 1.08 0.031
HOMA-IS 80.3±54.2 78.3±50.9 91.6±43.8 70.3±52.3 2.97 0.016
Fasting c peptide (nmol/L) 1.2±0.5 1.1±0.4 1.1±0.3 1.1±0.4 0.11 0.092
2-hour postprandial c peptide (nmol/L) 2.57±1.1 2.84±1.2 2.73±1.2 2.86±1.3 0.44 0.074
Resistin (ng/mL) 11.34±0.51 13.18±0.44 7.15±0.36 16.22±0.38 3.21 0.001
Adiponectin (pg/mL) 158.5±7.6 142.5±8.5 172.1±10.8 123.4±7.6 1.22 0.044
C-reactive protein (mg/L) 5.1±0.6 5.4±0.5 4.2±0.4 6.2±0.5 3.64 0.007
TNF-α (pg/mL) 312.7±19.9 326.4±17.3 280.1±16.4 345.6±18.2 3.89 0.005

Notes: ANOVA was performed to compare the variance among four groups. Data presented as mean ± SD. There are significant statistic differences at P,0.05.
Abbreviations: SCG, sitagliptin and chitosan oligosaccharide group; CG, chitosan oligosaccharide group; SG, sitagliptin group; PG, placebo group; ANOVA, analysis of 
variance; SD, standard deviation; BMI, body mass index; FBG, fasting blood glucose; HbAlc, hemoglobin A1c; TG, triglyceride; TC, total cholesterol; LDL, low‑density 
lipoprotein; HDL, high‑density lipoprotein; FINS, fasting insulin; HOMA-IR, insulin resistance index; HOMA-IS, insulin secretory activity; TNF, tumor necrosis factor; 2hPG, 
two-hour plasma glucose.
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for resistin concentration among the four groups since the 

24th week (Figure 3A, P,0.05).

CRP is associated with inflammation and an important 

biomarker for the development of diabetes.29 In this study, 

combined treatment resulted in a higher reduction in the 

CRP concentration in SCG than in SG and other groups 

(P,0.05). There were significant differences for CRP levels 

between SCG and SG and/or other groups since the 24th week 

(Figure 3B, P,0.05).

TNF‑α is an inflammatory cytokine and plays a critical 

role in insulin resistance. It is found to be at a higher level 

in lipid tissue.30 Combined treatment resulted in a greater 

Figure 2 Changes of mean values of (A) BMI and (B) HbAlc (%) between SCG and SG T2DM patients in a 42-week follow-up. 
Note: *P,0.05 versus PG.
Abbreviations: BMI, body mass index; HbAlc, hemoglobin A1c; SCG, sitagliptin and chitosan oligosaccharide group; CG, chitosan oligosaccharide group; SG, sitagliptin group; 
T2DM, type 2 diabetes mellitus; PG, placebo group.

α

Figure 3 Changes of mean concentrations of (A) resistin (ng/mL), (B) C-reactive protein (mg/L), (C) TNF-α (pg/mL), and (D) adiponectin (pg/mL) between SCG and SG 
groups in a 42-week follow-up. 
Note: *P,0.05 versus PG.
Abbreviations: SCG, sitagliptin and chitosan oligosaccharide group; CG, chitosan oligosaccharide group; SG, sitagliptin group; PG, placebo group; TNF, tumor necrosis factor.
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reduction of TNF‑α in SCG than in SG and other groups 

(P,0.05). There were significant differences for TNF‑α 

between SCG and SG and/or other groups at 24th week 

(Figure 3C, P,0.05).

Insulin sensitivity was significantly increased in SG 

and SCG groups (P,0.05). Adiponectin improves insulin 

sensitization and anti‑inflammation and the lower expressed 

protein increases the resistance of insulin in fat and diabetic 

persons.31 The levels of adiponectin are lower in T2DM 

patients than in healthy participants.32 The combined method 

resulted in a higher improvement of adiponectin concentra-

tion in SCG than in SG and other groups (P,0.05). Signifi-

cant differences were found between SCG and SG and other 

groups since the 24th week (Figure 3D, P,0.05).

Serum concentration of GLP-1
Figure 4 shows that there is no statistical significance of 

differences for serum concentration of GLP-1 among the 

four groups (P.0.05). Comparatively, sitagliptin and/or 

COS reduced the serum concentration of GLP-1 markedly 

(P,0.05). Furthermore, the combination of sitagliptin and 

COS reduced the serum concentration of GLP-1 more than 

the other groups (P,0.05). 

Changes of lipid profile
Lipid profile is an important parameter for health. As Table 1 

showed, TG, TC, and LDL was decreased in HDL was 

increased in SG, CG and SCG groups (P,0.05). Compara-

tively, higher decreases in the levels of TG, TC, and LDL 

were found in the SCG than SG group (P,0.05) (Table 2). 

The present finding suggests that combined treatment reduced 

the levels of TG, TC, and LDL more in SCG than in the SG 

group (P,0.05). COS improves the lipid profiles of elderly 

T2DM patients. In PG, there was no significant change for 

lipid profiles (P.0.05). 

Combination therapy improves HOMA-IS 
and HOMA-IR
The participants in SCG group showed improved β‑cell 

function. HOMA‑IS indexes were enhanced from 69.1±29.8 

(baseline) to 91.6±43.8 in the SCG group, from 68.4±37.4 

(baseline) to 80.3±54.2 in the SG group (P,0.05), from 

69.7±38.6 (baseline) to 78.3±50.9 in the CG group (P,0.05), 

and from 68.8±32.7 (baseline) to 70.3±52.3 in the PG group 

(P.0.05) after the 42-week trial. Conversely, Table 1 shows 

that the HOMA-IR indexes were reduced from 6.6±3.5 to 

4.5±2.5 in the SCG group, from 6.3±3.2 (baseline) to 5.8±2.4 

in the SG group (P,0.05), from 6.4±2.8 (baseline) to 6.0±2.4 

in the CG group (P.0.05), and from 6.5±3.0 (baseline) to 

6.3±2.9 in the PG group (P.0.05) after the 42-week trial. 

Combined treatment showed a better therapeutic result for 

β‑cell function by affecting the sensitivity and resistance 

of insulin.

Experiences of side effects
The side effect of sitagliptin was assessed according to 

the scales in Table 3. Patients experienced fatigue, cough, 

headache, hypoglycemia, loss of consciousness, constipation, 

nausea, vomiting, and diarrhea as reported in their interviews. 

Table 3 shows that the incidences of side effects were higher 

in the SG group than in SCG and other groups. COS reduces 

these side effects caused by sitagliptin.

qRT-PCR analysis
qRT-PCR analysis showed that the relative mRNA level 

of resistin was lower in SCG than SG after 1-day culture 

(P,0.05, Figure 5A). Comparatively, the relative mRNA 

level of CRP was lower in SCG than SG and other groups 

after 2-day culture (P,0.05, Figure 5B). Relative mRNA 

level of TNF-α was lower in SCG than SG and other groups 

after 1-day culture (P,0.05, Figure 5C). In contrast, the rela-

tive mRNA level of adiponectin was higher in SCG than SG 

and other groups after 1-day culture (P,0.05, Figure 5D).

Western blot analysis
Western blot analysis showed results similar to the qRT-PCR 

analysis. Relative protein level of resistin was lower in SCG 

than in SG and other groups after 1-day culture (P,0.05, 

Figure  6A). Comparatively, the relative protein level of 

Figure 4 Serum concentration of GLP-1 in different groups. 
Notes: Data presented as mean ± SD. aP,0.05 versus PG, bP,0.05 versus SG, 
cP,0.05 versus CG, and dP,0.05 versus SCG.
Abbreviations: GLP-1, glucagon-like peptide 1; SD, standard deviation; SCG, 
sitagliptin and chitosan oligosaccharide group; CG, chitosan oligosaccharide group; 
SG, sitagliptin group; PG, placebo group.
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CRP was lower in SCG than SG and other groups after 

2-day culture (P,0.05, Figure 6B). Relative protein level 

of TNF-α was lower in SCG than SG and other groups after 

1-day culture (P,0.05, Figure 6C). In contrast, the relative 

protein level of adiponectin was higher in SCG than SG and 

other groups after 1-day culture (P,0.05, Figure 6D).

Discussion
Glycemic control is an important issue for the therapy of 

T2DM. In the present experiment, the combination therapy 

of sitagliptin and COS shows better glycemic control 

efficacy in elderly patients with T2DM when compared 

with the usage of only one kind of medicine. Combination 

therapy causes significant decreases in BMI (Figure 2A) and 

HbA1c .2.0% (Figure 2B).

The use of a combined treatment improves glycemic and 

weight control in most subjects with T2DM. Meanwhile, the 

levels of C peptide, β‑cell function index, and adiponectin 

are also increased. Theoretically, although both groups have 

similar diabetes prevalence, there are significant statistical 

differences in adiposity, HOMA-IR and blood pressure, lipid 

profile, and other biochemical characteristics among the four 

groups, while SCG shows better therapeutic results than SG. 

All the changes are beneficial to the therapy of T2DM by 

using different treatment strategies.

The present findings indicated that combined therapy 

shows higher efficiency for controlling glucose level of 

patients in SCG than in SG. The results also suggest that 

COS can improve therapeutic results of sitagliptin for patients 

having glycemic levels that are difficult to control. Thus, 

combination therapy was superior in SCG for the elderly 

patients with T2DM when compared with the patients from 

the SG group. One important aspect that should be noted is 

that all subjects in the SCG group received combined therapy; 

however, combined therapy involves oral intake of the agents 

two times a day and reduces fasting and postprandial glucose. 

COS promotes glycemic control in T2DM subjects with diffi-

culty in controlling the glycemic value. It has complementary 

functions with sitagliptin in the therapy of T2DM.

Similarly, BMI reduction was also observed in com-

bined therapy (Table 1). On the other hand, HbA1c levels 

decreased more significantly in SCG than in the SG group 

compared with levels prior to the trial (Table 1); since this 

decrease was consistent with the reduction in body weight 

(Table 1), it indicated that the observed weight reduction 

is a reliable means to achieve glycemic control effectively. 

Weight loss occurred continuously in the SCG group that 

received combined therapy. Meanwhile, better glycemic 

control and overall system effect were also observed. Con-

sidering the key factor of obesity in the pathophysiology of 

T2DM,33 it is necessary to reduce the risk factor by lowering 

the glucose level.

The combination therapy reduced the concentration of 

resistin, CRP, and TNF-α when compared with PG (Figure 3, 

P,0.05). On the other hand, it increased the concentration of 

Table 3 Side effects after 42-week trial

Never 
n (%)

Rarely 
n (%)

Sometimes 
n (%)

Very often 
n (%)

Always 
n (%)

Fatigue
SG 8 (16) 12 (24) 14 (28) 16 (32) 0 (0)
CG 24 (48) 18 (36) 5 (10) 3 (6) 0 (0)
SCG 10 (20) 16 (32) 15 (30) 8 (16) 1 (2)
PG 20 (40) 16 (32) 10 (20) 4 (8) 0 (0)

Cough
SG 20 (40) 10 (20) 15 (30) 5 (10) 0 (0)
CG 35 (70) 10 (20) 4 (8) 1 (2) 0 (0)
SCG 25 (50) 12 (24) 11 (22) 2 (4) 0 (0)
PG 30 (60) 12 (24) 6 (12) 2 (4) 0 (0)

Headache
SG 16 (32) 8 (16) 20 (40) 4 (8) 2 (4)
CG 27 (54) 17 (34) 5 (10) 1 (2) 2 (4)
SCG 19 (38) 10 (20) 15 (30) 4 (8) 2 (4)
PG 25 (50) 15 (30) 7 (14) 2 (4) 2 (4)

Hypoglycemia
SG 22 (44) 10 (20) 9 (18) 6 (12) 3 (6)
CG 30 (60) 14 (28) 3 (6) 2 (4) 1 (2)
SCG 26 (52) 12 (24) 9 (18) 2 (4) 1 (2)
PG 31 (62) 15 (30) 1 (2) 2 (4) 1 (2)

Loss of consciousness
SG 29 (58) 10 (20) 11 (22) 0 (0) 0 (0)
CG 33 (66) 12 (24) 5 (10) 0 (0) 0 (0)
SCG 34 (68) 10 (20) 6 (12) 0 (0) 0 (0)
PG 36 (72) 12 (24) 2 (4) 0 (0) 0 (0)

Constipation
SG 16 (32) 12 (24) 10 (20) 9 (18) 2 (4)
CG 20 (40) 16 (32) 10 (20) 4 (8) 1 (2)
SCG 18 (36) 15 (30) 10 (20) 5 (10) 2 (4)
PG 19 (38) 17 (34) 12 (24) 1 (2) 1 (2)

Nausea
SG 25 (50) 15 (30) 6 (12) 2 (4) 2 (4)
CG 32 (64) 14 (28) 4 (8) 0 (0) 0 (0)
SCG 28 (56) 16 (32) 3 (6) 2 (4) 1 (2)
PG 38 (76) 11 (22) 1 (2) 0 (0) 0 (0)

Vomiting
SG 26 (52) 11 (22) 7 (14) 4 (8) 2 (4)
CG 38 (76) 9 (18) 3 (6) 0 (0) 0 (0)
SCG 35 (70) 10 (20) 5 (10) 0 (0) 0 (0)
PG 40 (80) 8 (16) 2 (4) 0 (0) 0 (0)

Diarrhea
SG 20 (40) 15 (30) 8 (16) 4 (8) 3 (6)
CG 24 (48) 16 (32) 5 (10) 3 (6) 2 (4)
SCG 22 (44) 14 (28) 9 (18) 4 (8) 1 (2)
PG 32 (64) 10 (20) 4 (8) 3 (6) 1 (2)

Notes: Before the experiments, all patients had no side effects. There are significant 
statistic differences at P,0.05.
Abbreviations: SCG, sitagliptin and chitosan oligosaccharide group; CG, chitosan 
oligosaccharide group; SG, sitagliptin group; PG, placebo group; SD, standard deviation.
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Figure 5 Real-time qPCR analysis of relative mRNA levels of (A) resistin, (B) C-reactive protein, (C) TNF-α, and (D) adiponectin between SCG and SG groups in human 
pancreatic cancer cell lines 3T3-L1 and 3T3-F442A. 
Note: aP,0.05 versus PG, bP,0.05 versus SG, cP,0.05 versus CG, and dP,0.05 versus SCG.
Abbreviations: SCG, sitagliptin and chitosan oligosaccharide group; CG, chitosan oligosaccharide group; SG, sitagliptin group; PG, placebo group; qPCR, quantitative 
polymerase chain reaction; TNF, tumor necrosis factor.
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Figure 6 (Continued)
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adiponectin and GLP-1 (Figures 3D and 4, P,0.05). Resistin 

level is associated with oxidative stress, thromboxane-

dependent platelet activation and inflammatory activities, 

and a key determinant of atherothrombosis. Its evaluated 

level may increase the risk of diabetes.34 High-level CRP 

and TNF-α are also important risk factors of diabetes.35,36 

Adiponectin is one kind of adipokines that play a critical role 

in regulating insulin secretion and glucose and lipid metabo-

lism in diabetic patients.37 GLP-1 promotes insulin secretion 

and demonstrates a protective effect for T2DM patients by 

controlling oxidative stress generation.38 The combination 

of sitagliptin and COS may ameliorate diabetes by affecting 

the levels of these molecules.

Comparatively, sitagliptin and COS show similar efficacy 

for glycemic control in elderly patients with T2DM when 

compared to patients in the PG group (Table 2). There are no 

significant differences for the decreases in BMI (Figure 2A) 

and HbA1c .2.0% (Figure 2B) between SC and CG groups. 

In similar cases, there are no significant differences for CRP 

and TNF-α either (Table 2). Resistin level is higher in CG 

than in SG while the adiponectin level is higher in SG than 

in CG (Table 2, P,0.05). COS is therefore not superior to 

sitagliptin in diabetes therapy but it can improve the thera-

peutic results of sitagliptin.

After long-term use of sitagliptin, most elderly T2DM 

patients experienced side effects including fatigue, cough, 

headache, hypoglycemia, loss of consciousness, constipation, 

nausea, vomiting, and diarrhea. These symptoms were in 

agreement with previous reports that side effects of fatigue,9 

cough,9 headache,25 hypoglycemia,26 loss of consciousness,26 

constipation,27 nausea,27 vomiting,27 and diarrhea28 are 

associated with long-term sitagliptin therapy. COS reduces 

these side effects and is beneficial to medical therapy 

of T2DM.

To explore the molecular mechanism for the functions of 

COS in the therapy of T2DM, human pancreatic cancer cell 

lines 3T3-L1 and 3T3-F442A were treated with sitagliptin or 

COS. Results showed that COS reduced the levels of resis-

tin, CRP, and TNF-α and increased the level of adiponectin 

(P,0.05, Figures 5 and 6). Combined with the results from 

the clinical test, these findings suggest that COS may ame-

liorate T2DM by affecting the levels of resistin, CRP, and 

TNF-α, and increasing the level of adiponectin.

Conclusion
We explored the role of COS in elderly T2MD patients 

who received sitagliptin. SCG group showed better results 

than SG and other groups for controlling glycemic values. 

The combined treatment resulted in a higher increase in 

the concentration of adiponectin and higher decrease of the 

concentrations of CRP, resistin, and TNF‑α in SCG than in 

the SG group (P,0.05). This combined treatment showed 

effective therapeutic results for elderly T2DM patients and 

should be developed as a potential option for their T2DM 

therapy.
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