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 Both diabetes mellitus (DM) and obesity are characterized by 

hyperinsulinemia and higher incidence of microvascular complication, 

cardiovascular disease, and many kinds of cancer. Obesity and constant 

hyperglycemia increase oxidative stress and inflammation, resulting in 

loss of balance between DNA double strand break (DSB) and DNA 

damage response (DDR), and various clinical diseases such as diabetic 

complication, cardiovascular disease and cancer can occur. 

 When cells are exposed to harmful stimuli, DSB occurs and 

DDR begins. Mammalian eukaryotic cells repair DSBs primarily by two 

mechanisms of DDR; non-homologous end-joining (NHEJ) and 

homologous recombination (HR). NHEJ, which appears at the time of 

metabolic damage, use many proteins such as Ku, DNA-dependent 

protein kinase catalytic subunit, XRCC4, DNA ligase IV, and 

XRCC4-like factor. 

 Glucagon-like peptide-1 (GLP-1) not only shows anti-diabetic 
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effect, but also shows multiple organ protective effects such as 

neuroprotection in brain and kidney protection in recent studies. 

Dipeptidyl peptidase-IV (DPP-IV) inhibitor, which inhibits DPP-IV and 

prolongs GLP-1 effect, is more widely used around the world than 

GLP-1 receptor agonist, but the study on DPP-IV inhibitor’s organ 

protective effects has not conducted yet. In this study, we aimed to 

investigate not only glycemic control effect but also organ protective 

effects of DPP-IV inhibitor, using teneligliptin to high fat diet (HFD)- 

induced diabetic obese mice. 

 Mice were classified into five groups according to HFD and dose 

of teneligliptin administration. Teneligliptin showed improvement of 

glucose regulation capacity, and this is assumed to be because of 

attenuated hepatic gluconeogenesis increase and protected insulin 

secretion capacity. HFD-induced obese mice showed higher levels of 

NHEJ proteins in multiple metabolic organs, indicating more DNA 

damage occurred in diabetic obese condition compared to normal control 

group. Furthermore, we showed decreased DNA damage in multiple 

metabolic organs and kidney which is an important target organ after 

teneligliptin administration, and proved teneligliptin’s organ protective 

effects. 

 

 

 

---------------------------------------------------------------------------------------- 

Key words : teneligliptin, dipeptidyl peptidase-IV inhibitor, 

glucagon-like peptide-1, diabetes, double strand break, non-homologous 

end joining, DNA damage 
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I. INTRODUCTION 

 Both diabetes mellitus (DM) and obesity are characterized by 

hyperinsulinemia and higher cancer incidence. Increases in blood glucose levels 

have been shown to increase free radicals and lead to diabetes-associated 

complications and cardiovascular disease1,2. Overweight (BMI ≥25 and <30 

kg/m2) or obese (BMI ≥30 kg/m2) individuals are known to have a greater risk 

of many types of cancer compared with individuals whose BMI is considered 

within normal range (18.5 to <25 kg/m2). Breast cancer, colorectal cancer, 

endometrial cancer and pancreatic cancer are typical examples, and breast 

cancer in postmenopausal women is known to be particularly associated with 

obesity3-7. It indicates that obesity can impact genome stability. Obesity, 

hyperglycemia and increased oxidative stress increase level of DNA damage 

and may contribute to increased cancer risk in diabetes8,9.  
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Inflammation is activated to protect the body against harmful stimuli. 

Proinflammatory signal recruits and activates neutrophils and macrophages, 

resulting in production of endogenous oxygen and nitrogen species. Moreover, 

reactive oxygen species (ROS) are also formed in cells during mitochondrial 

oxidative metabolism, apoptosis or the enzymatic reaction of nicotinamide 

adenine dinucleotide phosphate (NADPH) oxidases, superoxide dismutase 

(SOD), myeloperoxidase (MPO) and nitric oxide synthase (NOS). Despite the 

presence of the specific defense system against radicals, constant ROS 

production and low antioxidant activity can lead to the loss of balance between 

the ROS formation and the protective system, and in turn, oxidative stress is 

developed. The simultaneous increased generation of oxidative stress and 

decline of antioxidant defense systems in the diabetic condition can cause 

damage to cellular organelles and macromolecules including nucleic acids by 

endogenous DNA damage, transcription interruption and induce cell-cycle 

arrest10-13. Body weight loss has been found to result in a reduction in the level 

of DNA damage, and prevention by early detection can assist in prognosis and 

in the reduction of progression of complications in DM14,15.  

 Cells produce metabolites which can damage DNA bases and cause 

double-strand breaks (DSBs) in the chromosomes. DSBs can be seen as normal 

physiologic changes in everyday life, and more often when exposed to physical 

or chemical harmful environments; ultraviolet radiation, radiation exposure, 

chemical exposure. Cells have a DNA repair function that repairs these damages 
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and protects itself, which is called DNA damage response (DDR). Eukaryotic 

cells repair DSBs primarily by two mechanisms of DDR; non-homologous 

end-joining (NHEJ) and homologous recombination (HR). HR appears mainly 

at the time of radiation damage while NHEJ appears at the time of metabolic 

damage16. NHEJ joins two DNA ends with minimal reference to DNA sequence, 

and the break ends are directly ligated without the need for a homologous 

template, in contrast to HR requires a homologous sequence to guide repair. 

NHEJ is initiated by the binding of the Ku70–Ku80 heterodimer to DSB ends. 

Ku70–Ku80 nucleates the recruitment of other NHEJ factors, including 

DNA-dependent protein kinase catalytic subunit (DNA-PKcs), DNA ligase IV 

(LIG4) and the associated scaffolding factors XRCC4, XRCC4-like factor 

(XLF) and paralogue of XRCC4 and XLF (PAXX)17,18. If DDR is insufficient, 

cell death occurs and can cause genome instability and promote tumorigenesis. 

If DNA damage is not restored normally, mutations such as DNA deletion, 

translocation, and fusion may occur and can act carcinogenic. Like this, DNA 

damage and DNA repair play a major role in carcinogenesis9. 

 Glucagon-like peptide-1 (GLP-1) is an incretin derived neuropeptide; 

the major source of GLP-1 in the periphery is the intestinal L-cell. GLP-1 is a 

potent anti-hyperglycemic hormone as it stimulates pancreatic β-cells to release 

insulin in response to rising glucose while suppressing glucagon secretion from 

pancreatic α-cells via increasing expressions of glucose transporter 2 (GLUT2) 

and glucokinase19. GLP-1 does not only work on the pancreas, but it also has 
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many beneficial effects in various organs. GLP-1 acts evenly on liver, adipose 

tissue and muscle to reduce insulin resistance, and in the brain, there is 

neuroprotective effect that improves neurogenesis and memory. In addition, 

GLP-1 has positive effects on myocardial contractility and endothelial 

dysfunction and reduces vascular inflammation and arterial stiffness, helping to 

improve hypertension. In kidney, GLP-1 increase sodium excretion and 

diuresis20-26. However, once GLP-1 is in the circulation, it rapidly degradated by 

the enzyme dipeptidyl peptidase-4 (DPP-IV). DPP-IV is an intrinsic membrane 

glycoprotein and a serine exopeptidase that cleaves proline dipeptides from the 

N-terminus of polypeptides. Therefore, inhibition of DPP-IV has been 

suggested as an effective therapeutic molecule for diabetes and DPP-IV 

inhibitor is widely used as a safe and effective anti-diabetic medication 

worldwide27,28. The cardiac and kidney protection effects of DPP-IV inhibitor 

are also known29-33. 

 Several recent animal studies have revealed that GLP-1 has DNA 

repair and neuroprotective effect34-39. McClean et al. injected liraglutide in 

Alzheimer mouse model, and showed improvement of recognition and spatial 

memory, β-amyloid plaque formation, and synaptophysin levels39. Yang et al. 

suggested the DNA repair function of GLP-1, by using exendin-4, an analogue 

of GLP-1, to ischemic stroke rats and showing expression of 

apurinic/apyrimidinic endonuclease 1 (APE1) protein which is a key enzyme in 
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the base excision DNA repair (BER) pathway35. Lee et al. showed the 

administration of exendin-4 improved the clinical signs of the disease in mice 

model of multiple sclerosis36. Based on this, recently, clinical human studies 

have also been conducted to administer GLP-1 receptor agonist in patient with 

degenerative brain disease such as Alzheimer disease. And this may be closely 

related to various positive effects of DPP-IV inhibitor.  

GLP-1 is increasingly being used clinically for the treatment of 

diabetic patients, but there are still more patients using DPP-IV inhibitor. 

DPP-IV inhibitor is supplied as a per oral medication, whereas GLP-1 is an 

injection therapy, so it is more convenient to take DPP-IV inhibitor. Therefore, 

if DPP-IV inhibitor can demonstrate DNA repair and organ protective effects, it 

will be clinically useful for many patients. Currently, gliptin (DPP-IV inhibitor) 

family medicines are being actively studied not only in clinical studies but also 

in animal models. However, most studies have investigated improvement of 

blood glucose control, the improvement of pancreatic beta cells, and the 

regulation of inflammatory response, and have not yet been conducted to 

investigate whether DNA damage is improved at the chromosome level. 

Teneligliptin is a one of gliptin (DPP-IV inhibitor) drugs approved in 2012 and 

is actively used as a treatment for T2DM in clinical practice in Korea and Japan. 

Among the various DPP-IV inhibitors, teneligliptin is known to have strong 

reno-protective effect because the distribution of teneligliptin to the kidney is 

high due to its lipophilicity40. Teneligliptin also has a unique structure 
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characterized by a J-shape and an anchor-lock domain, which explains the 

strong inhibitory function and the low IC5041.  

In this study, we plan to demonstrate the effect of teneligliptin which is 

known to have excellent organ protective effects by measuring DSBs and DDR 

in multiple metabolic organs of high fat diet (HFD) – induced diabetic obese 

mice. 

 

II. MATERIALS AND METHODS 

1. Animals 

12-week-old C57BL/6J mice were purchased from OrientBio 

(Seongnam, Gyeonggido, Korea) and they were acclimated for 1 week prior to 

the study initiation. 5 mice were housed per cage under specific pathogen free 

(SPF) condition with a 12-h light/dark cycle, 45% humidity, and temperature 

22 °C. The mice were assigned according to the table 1 below.  

 

Table 1. Animal distribution 

  N 

NCD Control 10 

HFD 

Control 10 

T1 10 

T3 10 

T5 10 

NCD, Normal Chow Diet; HFD, High Fat Diet; T1-5, Teneligliptin 0.1% for body 

weight (mg/kg) 
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  During the study period, NCD mice were fed rodent normal chow diet 

(Labdiet, USA; 29.8% protein, 13.4% fat, 56.8% carbohydrate) and HFD mice 

were fed rodent high fat diet (Labdiet, USA; 16.4% protein, 58% fat, 25.6% 

carbohydrate). Teneligliptin was diluted in distilled water, and doses of 

teneligliptin were given as 0.1 mg/kg (T1), 0.3 mg/kg (T3), and 0.5 mg/kg (T5). 

Diet and water were provided ad libitum, and the amount of dietary and water 

intake were monitored throughout the experiment. Mice were sacrificed 24 

weeks after the administration of the regimens. The animal care and all 

experimental procedures were approved by the Institutional Animal Care and 

Use Committee Health System (IACUC, #2015-0164) of Yonsei University 

College of Medicine and were conducted in accordance with the internationally 

accepted principles for laboratory animal use and care as found in the US 

guidelines (NIH publication #85-23, revised in 1985). 

 

2. Body weight and Obesity index (OI) 

Weekly body weight was measured at baseline and at the termination of the 

experiment (24 week). After the regimen was terminated and the mice were 

sacrificed, the total weight of epididymal fat pads, retroperitoneal fat pads, 

perirenal fat pads, inguinal fat pads and axillary fat pads was divided by the 

eviscerated weight of the mice to calculate obesity index (OI)42. 

 



10 

 

3. Glycemic profiles 

Weekly fasting blood glucose (FBG; Accucheck Performa, Roche, 

Germany), glycated hemoglobin (HbA1c; 80310, CrystalChem, Elk Grove 

village, IL, USA), fasting plasma insulin (FPI; 80-INSMS-E01, ALPCO, Salem, 

NH, USA), fasting plasma glucagon (48-GLUHU-E01, ALPCO, Salem, NH, 

USA) were measured at baseline and at the termination of the experiment (24 

week) according to manufacturers’ guidelines. Homeostatic model assessment 

for insulin resistance (HOMA-IR) and β-cell function (HOMA-β) were 

calculated based on the measured FBG and FPI43,44. 

[HOMA-IR : fasting plasma insulin (μU/ml) x fasting blood glucose 

(mmol/l) / 22.5] 

[HOMA- β : 20 x fasting plasma insulin (μU/ml) / (fasting blood glucose 

(mmol/l) – 3.5)] 

 

4. Glucose tolerance test, Insulin tolerance test, Pyruvate tolerance test 

Intraperitoneal glucose tolerance tests (i.p.GTT) with 0.75 g/kg glucose in 

200uL of saline (0.9%) were performed at baseline, 12 week and at the 

termination of the experiment (24 week). During i.p.GTT, blood samples at 0, 

30, 60, 90, and 120 minute from tail vein were taken for glucose, insulin, and 

glucagon were measurements. Area under curve (AUC) for each measure was 

calculated. Based on the data obtained during i.p.GTT, insulinogenic index 
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(IGI) and Matsuda insulin sensitivity index (ISI (Matsuda)) were also 

calculated45,46. 

[IGI: (Insulin30-Insulin0)/(Glucose30-Glucose0)]; (Units: insulin in µU/ml and 

glucose in mmol/L) 

[ISI (Matsuda): 10 000/(G0×I0×Gmean×Imean)1/2]; (G, plasma glucose in 

mmol dL−1; I, plasma insulin in mU-1; 0, fasting plasma values; mean, mean 

values during 2 hr OGTT)   

 

Intraperitoneal insulin tolerance tests (i.p.ITT) with 0.75 iU/kg insulin in 

200uL of saline (0.9%) were performed at baseline, 12 week and at the 

termination of the experiment (24 week). During i.p.ITT, blood samples at 0, 15, 

30, 45, 60, 90, and 120 minute from tail vein were taken for glucose 

measurements. Area under curve (AUC) was calculated for insulin sensitivity 

measurement.  

Intraperitoneal pyruvate tolerance tests (i.p.PTT) with 0.75 g/kg pyruvate 

in 200uL of saline (0.9%) were performed at baseline, 12 week and at the 

termination of the experiment (24 week). During i.p.PTT, blood samples at 0, 

30, 60, 90, and 120 minute from tail vein were taken for glucose measurements. 

Area under curve (AUC) for was calculated for hepatic gluconeogenesis 

measurement. 
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5. Glucose stimulated insulin secretion, Glucose stimulated glucagon secretion 

  After the termination of the experiment, pancreatic islets were isolated 

according to previously described47. Twenty islets from each group were 

stimulated with either 3.3mM or 20mM glucose to measure insulin and 

glucagon secretion. In detail, islets were aseptically isolated by collagenase 

digestion of the pancreas and, after being selected by hand, were cultured for 

∼18 h in RPMI 1640 medium (Invitrogen, Merelbeke, Belgium) containing 

10% heat-inactivated FCS, 100 IU/ml penicillin, 100 μg/ml streptomycin, and 

8.5 mmol/l glucose. For insulin and glucagon secretion measurements, batches 

of 20–30 cultured islets were placed in chambers of a dynamic perifusion 

system. All experiments began with a 40-min equilibration period, which was 

usually followed by a 120-min period of stimulation with glucose48. 

 

6. Western blot 

Liver, skeletal muscle, kidney, pancreas and adipose tissue were lysed 

by RIPA buffer (9806, Cell Signaling Technology, Danvers, MA, USA) 

containing protease/phosphatase inhibitor cocktails (5872, Cell Signaling 

Technology, Danvers, MA, USA). Protein concentration was determined by 

Bradford assay, and equal amounts of protein (20 ug) were resolved by 

SDS-PAGE for western blot. Primary antibodies tested for DSB and DDR were 

Ku70 (ab2624, Abcam, Cambridge, MA, USA), XRCC4 (NBP1-30878, Novus 
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Biologicals, Centennial, CO, USA) and γH2AXS139 (ab26350, Abcam, 

Cambridge, MA, USA); internal control was done by detecting GAPDH (5014, 

Cell Signaling Technology, Danvers, MA, USA). All HRP-conjugated 

secondary antibodies- anti-rabbit (7054) and anti-mouse (58802), and 

chemiluminescent substrate (12757) were purchased from Cell Signaling 

Technology (Danvers, MA, USA). The intensities of protein bands developed 

on films were quantitated by using ImageJ (National Institutes of Health and the 

Laboratory for Optical and Computational Instrumentation). 

 

7. Statistics 

All data were analyzed using Statistical Package for Social Sciences 

software (SPSS 22.0 K, IBM, Seoul, Korea) and are shown as mean ± standard 

deviation (SD). Comparison for baseline and post-intervention variables 

between groups were done by independent t-test, and the effects of the regimens 

within the group were examined by paired t-test. Statistical significance was 

defined as a value of p< 0.05. 

 

III. RESULTS 

1. Body weight and Obesity index (OI) 

Weekly body weights for 24 weeks were higher in the HFD group than in 

the NCD group. There was no weight loss effect in the group treated with 

teneligliptin (Figure 1). The obesity index (OI), calculated as the ratio of the 
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total weight of epididymal fat pads, retroperitoneal fat pads, perirenal fat pads, 

inguinal fat pads, and axillary fat pads to the eviscerated weight, was also 

higher in all groups receiving HFD than in NCD group (all p < 0.001). 

Teneligliptin did not relieve weight gain due to HFD, but significantly reduced 

OI, an indicator of obesity, compared to HFC group (all p < 0.05) (Figure 2). 

Therefore, teneligliptin seems to have a positive effect on the fat accumulation 

by HFD. 

Figure 1. Changes in body weights for 24 weeks. NC, normal control diet; 

HFC, high fat control; T1, teneligliptin 0.1% for body weight; T3, teneligliptin 

0.3% for body weight; T5, teneligliptin 0.5% for body weight 
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Figure 2. The effects of teneligliptin on Obesity index of HFD-induced mice. 

*, significantly higher than NC; δ, significantly lower than HFC; NC, normal 

control diet; HFC, high fat control; T1, teneligliptin 0.1% for body weight; T3, 

teneligliptin 0.3% for body weight; T5, teneligliptin 0.5% for body weight 

 

 

2. Feed and water consumption 

Feed consumption for 24 weeks was significantly lower in T5 group than 

in HFC group (p= 0.0401). However, considering the fact that there was no 

difference in body weight and OI among teneligliptin groups (T1-T5), it is 

difficult to judge dietary control effect of teneligliptin dose, and further study on 

the dietary control effect of teneligliptin is needed (Figure 3). 
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Figure 3. The effects of teneligliptin on feed consumption. *, significantly 

lower than NC; NC, normal control diet; HFC, high fat control; T1, teneligliptin 

0.1% for body weight; T3, teneligliptin 0.3% for body weight; T5, teneligliptin 

0.5% for body weight 

 

Water consumption for 24 weeks did not show any significant difference in 

all groups (Figure 4). 

Figure 4. The effects of teneligliptin on water consumption. NC, normal 

control diet; HFC, high fat control; T1, teneligliptin 0.1% for body weight; T3, 
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teneligliptin 0.3% for body weight; T5, teneligliptin 0.5% for body weight 

 

 

3. Parameters of glucose homeostasis 

A. Fasting blood glucose and glycated hemoglobin (HbA1c) 

The area under curve (AUC) of fasting blood glucose for 24 weeks was 

significantly higher in HFD groups than in NC group (all p < 0.05). In T5 group, 

the AUC was significantly lower compared to HFC (p= 0.032) (Figure 6). 

However, teneligliptin did not show the effect of suppressing the deterioration 

of glycated hemoglobin (HbA1c) by HFD (Figure 7). 

Figure 5. The effects of teneligliptin on fasting blood glucose levels of 

HFD-induced mice. NC, normal control diet; HFC, high fat control; T1, 

teneligliptin 0.1% for body weight; T3, teneligliptin 0.3% for body weight; T5, 

teneligliptin 0.5% for body weight 
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Figure 6. The area under curve (AUC) for fasting blood glucose of 

HFD-induced mice over 24 weeks. *, significantly higher than NC; δ, 

significantly lower than HFC; NC, normal control diet; HFC, high fat control; 

T1, teneligliptin 0.1% for body weight; T3, teneligliptin 0.3% for body weight; 

T5, teneligliptin 0.5% for body weight 

 

Figure 7. The effects of teneligliptin on glycated hemoglobin (HbA1c) of 

HFD-induced mice. *, significantly higher in 24 weeks compared to 0 week 

(all p < 0.01); NC, normal control diet; HFC, high fat control; T1, teneligliptin 

0.1% for body weight; T3, teneligliptin 0.3% for body weight; T5, teneligliptin 

0.5% for body weight 
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B. Glucose regulation capacity 

Glucose regulation capacity was assessed by area under curve of glucose 

during GTT. While the glucose regulation capacity decreased at 24 weeks in NC 

group (p <0.05), it decreased more significantly at both 12 and 24 weeks in 

HFC group (p <0.01), and was lower than the corresponding week of NC (p< 

0.05). Therefore, long-term HFD seems to reduce glucose regulation capacity. 

When teneligliptin was administered, AUC at 12 and 24 weeks were 

significantly lower in T3 and T5 groups than in HFC group (all p < 0.05) 

(Figure 8). Therefore, teneligliptin is considered to be able to alleviate the 

decrease of glucose regulation capacity caused by long-term HFD. 

Figure 8. The effects of teneligliptin on the area under curve of glucose 

during glucose tolerance tests of the HFD-induced mice. a, significantly 

higher than 0 week (p< 0.05); b, significantly higher than 0 week (p< 0.01); c, 

significantly higher than the corresponding week of NC (p< 0.05); d, 

significantly lower than 12 weeks of HFC (p< 0.05); e, significantly lower than 

24 weeks of HFC (p< 0.05); GTT, glucose tolerance test; NC, normal control 

diet; HFC, high fat control; T1, teneligliptin 0.1% for body weight; T3, 
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teneligliptin 0.3% for body weight; T5, teneligliptin 0.5% for body weight 

 

(1) Insulin sensitivity 

To identify the mechanism in which teneligliptin preserves the glucose 

regulation capacity caused by HFD, the effect of teneligliptin on insulin 

sensitivity was analyzed by ITT. 

Insulin sensitivity decreased at 24 weeks in NC group (p< 0.05), and it 

decreased at 12 and 24 weeks in HFC group (p< 0.05, p< 0.01, respectively). 

Administration of teneligliptin did not show improvement of insulin sensitivity 

reduction (Figure 9). 

Figure 9. The effects of teneligliptin on the area under curve of glucose 

during insulin tolerance tests of the HFD-induced mice. a, significantly 

higher than 0 week (p< 0.05); b, significantly higher than 0 week (p< 0.01); c, 

significantly higher than the corresponding week of NC (p< 0.05); ITT, insulin 

tolerance test; NC, normal control diet; HFC, high fat control; T1, teneligliptin 

0.1% for body weight; T3, teneligliptin 0.3% for body weight; T5, teneligliptin 

0.5% for body weight 
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(2) Pyruvate tolerance test 

To identify the mechanism in which teneligliptin preserves the glucose 

regulation capacity caused by HFD, the effect of teneligliptin on hepatic 

gluconeogenesis was analyzed by PTT. 

While there was no significant change in NC group, gluconeogenesis 

increased significantly at 12 and 24 weeks in HFC group (p < 0.05, p< 0.001, 

respectively). In all groups receiving teneligliptin administration, 

gluconeogenesis at 24 weeks were significantly lower than those of HFC group 

(all p < 0.05) (Figure 10). Therefore, teneligliptin is considered to be able to 

alleviate the increase of hepatic gluconeogenesis caused by long-term HFD. 

Figure 10. The effects of teneligliptin on the area under curve of glucose 

during pyruvate tolerance tests of the HFD-induced mice. a, significantly 

higher than 0 week (p< 0.05); b, significantly higher than corresponding week 

of NC (p< 0.05); c, significantly higher than 0 week (p <0.01); d, significantly 

higher than corresponding week of NC (p< 0.001); e, significantly higher than 0 
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week (p< 0.01); f, significantly lower than corresponding week of NC (p< 

0.05); PTT, pyruvate tolerance test; NC, normal control diet; HFC, high fat 

control; T1, teneligliptin 0.1% for body weight; T3, teneligliptin 0.3% for body 

weight; T5, teneligliptin 0.5% for body weight 

 

(3) Insulin secretion  

Insulin secretion capacity was analyzed by insulinogenic index (IGI). 

In NC group, IGI was higher at 12 and 24 weeks than at baseline. In HFC group, 

there was no significant increase of IGI at 12 and 24 weeks, and they were 

lower compared to NC group (all p< 0.001). Therefore, HFD seems to have a 

negative effect on insulin secretion capacity. 

When teneligliptin was administered, T3 group showed higher IGI at 24 

weeks compared to HFC group (p< 0.05). In T5 group, both IGI at 12 and 24 

weeks were higher than those of HFC group (all p< 0.05), and were not 

significantly different from those of NC group (Figure 11). Therefore, 

teneligliptin is considered to be able to alleviate the decrease of insulin 

secretion capacity caused by long-term HFD. 
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Figure 11. The effects of teneligliptin on insulinotrophic capacity of the 

HFD-induced mice during glucose loading. a, significantly higher than 0 

week (p<0.001); b, significantly higher than 0 week (p<0.01); c, significantly 

lower than the corresponding weeks of NC (p<0.001); d, significantly lower 

than the corresponding week of NC (p<0.01); e, significantly lower than the 

corresponding week of NC (p<0.05); f, significantly higher than the 

corresponding weeks of HFC (p<0.05); NC, normal control diet; HFC, high fat 

control; T1, teneligliptin 0.1% for body weight; T3, teneligliptin 0.3% for body 

weight; T5, teneligliptin 0.5% for body weight 

 

At the end of the regimen, pancreas islet was isolated and insulin secretion 

by glucose stimulation was analyzed on ex vivo. In HFC group, insulin 

secretion was significantly lower than in NC group (p< 0.001). T3 group 

showed lower ex vivo insulin secretion than NC group (p= 0.001), but was 

significantly higher than HFC group (p< 0.01). Furthermore, in T5 group, it was 

not only significantly higher than HFC group (p< 0.001), but also showed no 

difference from NC group (Figure 12). Therefore, the protective effect of 

teneligliptin on decrease of insulin secretion capacity was also confirmed ex 

vivo. 
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Analysis of the effects of teneligliptin on glucagon control showed no 

significant changes in all groups (Figure 13). 

Figure 9. The effects of teneligliptin on ex vivo glucose stimulated insulin 

secretion capacity. *, significantly higher in 20mM than in 3.3mM within 

group (p<0.05); **, significantly higher in 20mM than in 3.3mM within group 

(p<0.01); ***, significantly higher in 20mM than in 3.3mM within group 

(p<0.001); §, significantly higher change of insulin during GSIS than HFC 

(p<0.001); δ, significantly smaller change of insulin during GSIS than NC 

(p<0.001); †, significantly higher change of insulin during GSIS than HFC 

(p<0.01); NC, normal control diet; HFC, high fat control; T1, teneligliptin 0.1% 

for body weight; T3, teneligliptin 0.3% for body weight; T5, teneligliptin 0.5% 

for body weight 

Figure 10. The effects of teneligliptin on serum fasting glucagon levels of 
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the HFD-induced mice. NC, normal control diet; HFC, high fat control; T1, 

teneligliptin 0.1% for body weight; T3, teneligliptin 0.3% for body weight; T5, 

teneligliptin 0.5% for body weight 

 

4. Double strand break and DNA damage repair 

γH2AX was not detected in all groups. In liver, skeletal muscle, pancreas 

and adipose tissue, XRCC4 and Ku 70 were higher in the HFC group compared 

to NC group. When teneligliptin was administered, in the liver, Ku 70 was 

decreased than HFC group, but there was no significant difference in XRCC4. 

In the skeletal muscle, XRCC4 decreased in teneligliptin groups, but Ku 70 was 

not significantly different. In pancreas, adipose tissue and kidney, both XRCC4 

and Ku 70 decreased in teneligliptin groups (Figure 14-18). 

Figure 14. The expression of non-homologous end joining protein 

markers in liver. γH2AX, Ku 70 and XRCC4 proteins levels were quantified 

and were normalized to GAPDH. The quantifications were presented in relative 

ratio to normal control (a and c) and HFC (b and d). *, p< 0.05; **, p< 0.01; ***, 

p< 0.001; NC, normal control diet; HFC, high fat control; T1, teneligliptin 0.1% 

for body weight; T3, teneligliptin 0.3% for body weight; T5, teneligliptin 0.5% 
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for body weight 

 

Figure 11. The expression of non-homologous end joining protein 

markers in skeletal muscle. γH2AX, Ku 70 and XRCC4 proteins levels 

were quantified and were normalized to GAPDH. The quantifications were 

presented in relative ratio to normal control (a and c) and HFC (b and d). *, p< 

0.05; **, p< 0.01; ***, p< 0.001; NC, normal control diet; HFC, high fat 

control; T1, teneligliptin 0.1% for body weight; T3, teneligliptin 0.3% for body 

weight; T5, teneligliptin 0.5% for body weight 

 

Figure 12. The expression of non-homologous end joining protein 

markers in pancreas. γH2AX, Ku 70 and XRCC4 proteins levels were 

quantified and were normalized to GAPDH. The quantifications were presented 

in relative ratio to normal control (a and c) and HFC (b and d). *, p< 0.05; **, 
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p< 0.01; ***, p< 0.001; NC, normal control diet; HFC, high fat control; T1, 

teneligliptin 0.1% for body weight; T3, teneligliptin 0.3% for body weight; T5, 

teneligliptin 0.5% for body weight 

 

Figure 13. The expression of non-homologous end joining protein 

markers in adipose tissue. γH2AX, Ku 70 and XRCC4 proteins levels were 

quantified and were normalized to GAPDH. The quantifications were presented 

in relative ratio to normal control (a and c) and HFC (b and d). *, p< 0.05; **, 

p< 0.01; ***, p< 0.001; NC, normal control diet; HFC, high fat control; T1, 

teneligliptin 0.1% for body weight; T3, teneligliptin 0.3% for body weight; T5, 

teneligliptin 0.5% for body weight 

 

Figure 14. The expression of non-homologous end joining protein 
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markers in kidney. γH2AX, Ku 70 and XRCC4 proteins levels were 

quantified and were normalized to GAPDH. The quantifications were presented 

in relative ratio to normal control (a and c) and HFC (b and d). *, p< 0.05; **, 

p< 0.01; ***, p< 0.001; NC, normal control diet; HFC, high fat control; T1, 

teneligliptin 0.1% for body weight; T3, teneligliptin 0.3% for body weight; T5, 

teneligliptin 0.5% for body weight 

 

 

IV. DISCUSSION 

In this study, we demonstrated the effect of teneligliptin on glucose 

metabolism and organ protective effects of teneligliptin in HFD induced obese 

diabetic mice. To our best knowledge, this is the first study that showed DPP-IV 

inhibitor’s DNA repair and organ protective effects. 

Dipeptidyl peptidase-IV (DPP-IV) inhibitors, first approved in 2006, 

are the most popular agents used as add-on therapy to metformin as well as 

mono therapy. As they work in a glucose-dependent manner by incretin based 

mechanism, they are known to control glucose levels with little risk of 

hypoglycemia. They also have many advantages such as ease of use, weight 

neutrality, and favorable tolerability, so they are constantly used worldwide49,50. 

DPP-IV inhibitors can be differentiated in terms of pharmacology, efficacy and 

safety profiles, and clinical considerations along with their different chemical 

structure27,28. DPP-IV has multiple binding sites and the difference in binding 

mode between DPP-IV inhibitors is related to the potency and selectivity of the 

drugs41,51. Teneligliptin, classified as a class III DPP-IV inhibitor, has a unique 

‘‘J-shaped’’ structure formed by five rings that provides strong binding to 
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DPP-IV enzymes compared with other gliptin. The GLP-1 effect lasts longer, as 

teneligliptin bind more tightly and longer to the DPP-IV enzyme than other 

gliptins52,53. Some clinical studies have shown that switching from other gliptins 

to teneligliptin significantly reduced HbA1c levels in T2DM patients54,55. Li et 

al. reported meta-analysis of teneligliptin randomized controlled trials, and 

showed improvement of fasting and postprandial glucose and HOMA-β 

without increase of hypoglycemia56. Fukuda et al. conducted rat experiment, 

and suggested that teneligliptin showed longer lasting and more potent 

inhibition of DPP-IV compared to other gliptins such as sitagliptin and 

vildagliptin as well as glucose reduction57. Sameshima et al. presented the 

beneficial role of teneligliptin in postmenopausal obesity and T2DM patients, 

by administering teneligliptin to ovariectomized mice, and showing improved 

metabolic abnormality such as body weight, fat accumulation and glucose 

intolerance58. 

As expected, HFD administration for 24 weeks decreased mice’s 

glucose regulation capacity in our study. We have confirmed that administration 

of 0.3 % and 0.5 % teneligliptin dose to weight (kg) attenuated HFD-induced 

deterioration in glucose homeostasis as evidenced by the lower AUC during 

GTT at week 12 and week 24. To investigate the mechanism by which 

teneligliptin improves glucose regulation, we analyzed insulin sensitivity, 

hepatic gluconeogenesis, and insulin secretion. Teneligliptin attenuated the 
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HFD-induced increase in hepatic gluconeogenesis. In terms of insulin secretion 

capacity, teneligliptin groups showed higher IGI at 24 weeks compared to HFC 

group. Particularly, in T5 group treated with 0.5 % teneligliptin per body weight 

(kg), the IGI was not only higher than HFC group at both 12 and 24 weeks, but 

it also showed no difference from the NC group. From these results, we may 

assume that the teneligliptin’s effect on IGI is dose-dependent. This positive 

effect on insulin secretion of teneligliptin has also been demonstrated in ex vivo 

GSIS. Therefore, we can assume that teneligliptin improves glycemic control 

ability deteriorated by long-term HFD, by attenuating the increase in hepatic 

gluconeogenesis and preserving the insulin secretory capacity of the pancreatic 

beta cells. These results are in line with previous DPP-IV inhibitors’ studies59-63. 

In addition, teneligliptin is more beneficial for kidney protection than 

other gliptins. This is known to be because the distribution of teneligliptin to the 

kidney is high because of its lipophilicity53,54. Molecular mechanisms of the 

renoprotective effect of DPP‐IV inhibitors in the diabetic kidney are related 

with anti-inflammation and anti-oxidative stress. Previous reports in animal 

studies showed that DPP‐IV inhibitors exerted their renoprotective effect 

through anti‐inflammation, anti‐oxidative stress and anti‐fibrosis activities, and 

acted on not only soluble DPP-IV in the blood stream but also on 

membrane-bound type DPP-IV, which is known to exist in endothelial cells, 

tubular cells, mesangial cells and podocytes in the kidney64-69. These 

renoprotective effect of DPP-IV inhibitors is thought to be highly related with 
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the GLP-1 effect on kidneys. The kidney protective effects of GLP-1 were first 

reported in 2007. Park et al. reported improvement of proteinuria, reduction of 

oxidative stress, and improved histological findings of diabetic nephropathy 

after 8 weeks of exendin-4 administration in db/db mice25. The effects of GLP-1 

on kidney can be considered: natriuresis, increased renal blood flow, and 

increased glomerular filtration rate (GFR). The mechanism of natriuresis is 

thought to be the inhibition of Na-H ion exchanger isoform 3 in proximal tubule, 

resulting in inhibition of sodium reuptake, and the increase of atrial natriuretic 

peptide (ANP). GLP-1 also inhibits renin-angiotensin-aldosterone system 

(RAAS), resulting in reduction of angiotensin II, and protects glomerular 

endothelium and reduces blood pressure and oxidative stress26,70,71. There were 

studies that showed the administration of GLP-1 in mice increased renal blood 

flow by 22 % and increased GFR, however, additional researches are required 

because it has not yet been proven in human studies70,72. Additionally, 

teneligliptin can directly scavenge reactive oxygen species because of its 

structural features73. 

In this study, γH2AX measured to determine the amount of DSB was 

not detected, and this is thought to be because the expression of γH2AX is 

transient and difficult to measure in vivo. Protein Ku, which is made up of two 

subunits Ku 70 and Ku 80, is main sensor of DSB and acts on initiation stage of 

NHEJ74. XRCC4 acts in the final ligation and bridging step of NHEJ as cofactor 

for DNA ligase IV16. In liver, skeletal muscle, pancreas and adipose tissue, 
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NHEJ protein levels were higher in HFC group compared to NC group, 

showing that HFD resulted in more DSB and DDR. When teneligliptin was 

administered, in the liver, Ku 70 was decreased than HFC group, indicating less 

DNA damage compared to HFC group, and in the skeletal muscle, XRCC4 

decreased in teneligliptin-treated groups, showing less DNA damage. In 

pancreas, adipose tissue and kidney, both XRCC4 and Ku 70 decreased in 

teneligliptin-treated groups.  

We have found that the administration of teneligliptin reduces the DNA 

damage in various organs which is related to glucose homeostasis, such as liver, 

muscle, pancreas and adipose tissue. In this study, the improvement of glucose 

regulation capacity of teneligliptin was thought to be because the teneligliptin 

mitigated for increase of hepatic gluconeogenesis and reduction of beta cell’s 

secretory function. It is meaningful to confirm and provide evidence that the 

NHEJ proteins of liver and pancreas have decreased after administration of 

teneligliptin. In particular, although there have been several previous human and 

animal studies suggesting that DPP-IV inhibitors improves insulin secretory 

function75-77, this is the first time that the beta cell protective effect has been 

demonstrated by confirming that the amount of DNA damage in pancreas is 

reduced.  

Furthermore, we also examined the kidney, which is representative 

target organ for diabetic complication. Diabetic nephropathy is a major 



33 

 

microvascular complication of diabetes, and the most common cause of end 

stage renal disease. Kidney is an important issue because it is estimated that one 

third of type 2 diabetes patients will develop evidence of diabetes nephropathy, 

and that a substantial number of them would require dialysis78,79. In this study, 

we were able to demonstrate for the first time the effect of DPP-IV inhibitors’ 

renal protective effects at DNA level by showing the decrease of NHEJ proteins 

in the kidney.  

Therefore, we confirmed that HFD increases DNA damage by 

measuring the protein related to DSB and DDR, and showed organ protective 

effects of teneligliptin in kidney and multiple metabolic organs such as liver, 

muscle, pancreas and adipose tissue. These results are considered to be due to 

both glucose lowering effect and GLP-1’s direct effect. Increased metabolic 

stress caused by hyperglycemia is closely related to DNA damage. Improving 

hyperglycemia by such methods as calorie restriction and insulin is known to 

reduce metabolic stress and improve DNA damage13,14,80,81. In addition, apart 

from blood glucose levels, the GLP-1 effect sustained by teneligliptin also 

reduces the DNA damage directly, as in neurodegenerative disease or cancer 

patients34-36,82.  

Our study has some limitations. We experimented on the premise that 

ROS and inflammation caused DSB, and measured only DSB and DDR. It 

would have been better if ROS and inflammation could be measured together 
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and compared to DSB results. It would also be better if we could compare the 

DNA protection of DPP-IV inhibitor group with the group that received the 

GLP-1 analogue, such as exendin-4. However, despite the above limitations, 

this study is meaningful as the first study to investigate the DNA protection 

effect of DPP-IV inhibitor to overcome the fact that there were only previous 

researches on the GLP-1’s DNA protection effect. 

 

 

V. CONCLUSION 

We proved that teneligliptin improved glucose metabolism by 

preserving insulin secretory capacity and inhibiting hepatic gluconeogenesis 

increase in long term HFD condition. Furthermore, we showed increased DNA 

damage in multiple metabolic organs due to HFD, and decreased DNA damage 

in multiple metabolic organs and kidney which is an important target organ after 

teneligliptin administration. 
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ABSTRACT (IN KOREAN) 

 

테넬리글립틴 투여가 고지방식이로 유발된 당뇨비만 생쥐의 

다양한 대사기관에서의 DNA 손상에 미치는 영향 

 

<지도교수  안철우> 

 

연세대학교 대학원 의학과 

 

박 가 희 

 

 

 

 당뇨병과 비만은 미세혈관 합병증, 심혈관 질환 및 암 

유발율을 높이는 것으로 알려져 있다. 고혈당이 지속되면 산화 

스트레스 및 염증이 증가하여 DNA의 이중나선절단과 DNA 

damage response 사이의 균형을 깨트려 각종 질환을 야기한다. 

 글루카곤양 펩티드-1은 장의 L-세포에서 분비되는 

인크레틴 호르몬의 일종으로 혈당을 강하하는 효과가 있어 

당뇨병의 치료제로 쓰이고 있으나, 당뇨병 이외의 여러 

기관에도 긍정적인 영향이 있는 것으로 알려져 있다. 본 

연구에서 우리는 글루카곤양 펩티드-1의 효과를 연장시키는 

DPP-IV 억제제인 테넬리글립틴을 이용하여, 고지방식이로 

유발된 당뇨 생쥐의 당대사 지표 및 여러 대사기관에서 

DNA손상 정도에 미치는 영향에 대해 조사하였다. 

 실험은 고지방식이와 테넬리글립틴 투여 여부 및 

테넬리글립틴 투약 농도에 따라 생쥐를 총 5개의 집단으로 
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나누어 24주간 진행되었다. 공복혈당, 당부하 검사 등의 당대사 

지표를 측정하였고, XRCC 4, Ku 70 등의 비상동말단연결 

단백질을 이용하여 DNA 손상 정도를 측정하였다. 

 테넬리글립틴을 투약한 군에서 그렇지 않은 군에 비해 

당조절 능력이 좋았는데, 이는 피루빈산 부하검사로 알아본 

포도당 신생합성의 개선 및 인슐린 생성지수와 포도당 자극 

인슐린 분비검사로 알아본 췌장 베타세포의 인슐린 분비 능력의 

개선과 관련이 있었다. 뿐만 아니라, 췌장, 간, 근육, 지방세포와 

같이 당대사와 밀접한 관련이 있는 여러 기관과 신장에서 

비상동말단연결 단백질이 감소하는 것으로 나타나, 

테넬리글립틴의 다양한 기관에서의 DNA 보호효과를 확인할 수 

있었다. 

 

 

 

 

 

 

 

 

 

 

 

 

 

---------------------------------------------------------------------------------------- 

핵심되는 말 : 테넬리글립틴, DPP-IV 억제제, 글루카곤양 펩티드

-1, 당뇨병, 이중나선절단, 비상동말단연결, DNA손상 


