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Introduction
 

ype 2 diabetes mellitus is due to the 
inability of beta cells to compensate for 
insulin resistance caused by 

hyperglycemia (1). Proliferation of beta-

stimulating beta cells has been proposed as the 
treatment of type 2 diabetes mellitus (2). The 
new betatrophin hormone (ANGPTL8), which 
leads to the proliferation of beta cells in 
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Abstract 
Objective: The study aimed to determine the effect of eight weeks 
high intensity interval (HIIT) and sub-maximal continuous trainings 
on plasma betatrophin level in diabetic rats treated with metformin. 

Materials and Methods: In this experimental study, 42 diabetic 
wistar rats were divided into six groups (n=7): diabetic control (C), 
diabetic control + metformin consumption(C+M), diabetic HIIT, 
diabetic HIIT + metformin (HIIT+M), diabetic sub-maximal 
continuous training (SMCT), and diabetic sub-maximal continuous 
training + metformin (SMCT+M). Metformin was given 150 
mg/kg/day by gavage every day, 48 hours after the end of the last 
training session, the rats were sacrificed. Then blood glucose and 
glycated hemoglobin (HbA1c) levels were measured. One-way 
ANOVA test was used for statistical analysis of data. 

Results: The level of plasma betatrophin was significantly different 
in the HIIT (P-value= 0.01) and C+M (P-value= 0.001) groups 
compared to C group. Blood glucose was significantly decreased in 
all training groups with or without betatrophin compared with the 
diabetic control group (P-value= 0.001). However, there were no 
significant changes between glucose levels in HIIT, HIIT+M, 
SMCT, and SMCT+M groups but SMCT showed most reduction in 
blood glucose. 

Conclusion: Treatment with metformin did not change blood 
glucose but two types of exercise training with high and moderate 
intensity reduced blood glucose thus exercise can be a good 
alternative modality rather than taking medicine. 

Keywords: Interval and continuous exercise, Betatrophin, Blood 
glucose, Diabetes 
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response to resistance to insulin, has attracted 
a lot of attention (3). Betatrophin is expressed 
primarily in the liver and adipose tissue and is 
released into blood (4,5). Its ability to 
reproduce 17 beta cells in response to insulin 
resistance suggests that betatrorphin can be 
used to treat type 2 diabetes mellitus and 
reduce the dependence of insulin injections 
(6). On the other hand, drugs used in diabetics, 
such as metformin, have many complications. 
Physical activity may be a good alternative to 
medication. There are not many studies about 
the effect of exercise on the level of plasma 
betatrophin. (7). Therefore, the present study 
was designed to investigate the effects of high 
intensity interval training (HIIT) and sub-
maximal continuous training on the plasma 
betatrophin level in diabetic patients.  
 

Materials and Methods 
In this experimental study, 42 wistar male rats 
(average weight 256.9 ± 9.9 g) were randomly 
assigned to six diabetic groups diabetic 
control, diabetic control+ metformin 
consumption, diabetic high intensity interval 
training, diabetic high intensity interval 
training+ metformin, diabetic sub-maximal 
continuous training, and diabetic sub-maximal 
continuous training + metformin. The samples 
were 7 in each group. For induction of type 2 
diabetes mellitus, nicotinamide and 
streptozotocin were used. After 12 hours of 
fasting, 45 mg / kg streptozotocin was 
dissolved in 300-300 µL of Physiologic Serum 
and injected intraperitoneally. For 15 minutes 
before streptozotocin injection, 110 mg / kg 
110 solution of nicotinamide was injected into 
the physiologic serum. After 7 days, blood 
glucose was measured. To ensure the accuracy 
of the test, glucose tolerance test was 
performed. Blood glucose samples above 150 
mg / dl were considered diabetic. For 
familiarization and preparation for one week 
and three alternate days, 15 minutes each day, 
at speeds of 10 m / min, were practiced on the 
treadmill. Interval training protocol include six 
minutes of warm up (50% to 60% vo2max), 
three severe periods (four minutes 90% to 

100% vo2max intensity) between each severe 
period, a low intensity training (50% to 60% 
vo2max). At the end of 6 minutes, the cool 
down was carried out at 50% to 60% of 
vo2max. Continuous training started at a sub-
maximal intensity with a 6-minute warm up 
(40 to 50 vo2max) and then the main training 
was performed with running from 65% to 75% 
of vo2max for 40 to 60 minutes. After the end 
of the main training, six minutes of cool down 
(40 to 50% of the vo2max) were performed. 
The activity of each training group (Interval 
and continuous) was performed one session a 
day, five days a week for eight weeks. 
According to Hoydal et al (2007) the warm-up 
stage of each rat was first performed for 10 
minutes with 10 m / min severity, and then an 
increasing exercise began. The treadmill speed 
of 0.03 m / s automatically increased every 
two minutes until the time which samples were 
not able to continue. Considering the final rate 
obtained at the end of the maximum test, based 
on the study of these scientists, the speed was 
obtained at the intensity of the training 
program (8,9). To eliminate the acute effects 
of exercise and uncontrollable variables, 48 
hours after the last session, observing ethical 
principles and using intraperitoneal injection, a 
combination of ketamine (30 to 50 mg / kg 
body weight) and xylacin (3,5) Mg / kg body 
weight) rats were anesthetized. Then, 10 ml of 
blood was taken directly from their hearts and 
centrifuged for 15 minutes at a speed of 3000 
rpm. Glucose was measured by calorimetry 
method using the Pars Tesh (Pars Test - Iran) 
and Beta-trophin plasma kits using the 
German company Zalibo kit and ELISA 
method. The Kolmogorov-Smirnov test was 
used to check the normal distribution of data. 
One-way ANOVA and post hoc test were used 
to examine the differences between groups of 
each of the indices. P-values of < 0.05 were 
considered to indicate statistical significance. 
Data was analyzed using SPSS version 20.  
 
Ethical considerations 
This study was approved by Committee of 
Ethics in Ilam University of medical sciences, 
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Ilam, Iran with number of 
IR.MEDILAM.RES.1396.29.  
 

Results 
Plasma betatrophin levels were significantly 
different in the diabetic control group with 
high interval diabetes (P-value< 0.01) and 
diabetes control with metformin (P-value< 
0.001). Levels of betatrophin plasma were 
significantly reported in the diabetic with 
metformin group with high interval diabetic 
(P-value< 0.01), continuous diabetic with 
metformin (P-value< 0.001) and interval 
diabetes with metformin (P-value< 0.01). 
Plasma levels of betatrophin in the high 
interval diabetic group with metformin and 
continuous diabetic with metformin (P-value< 
0.001) were significantly reported.  
The blood glucose level in the diabetic control 
group with diabetic continuous exercise group 
(P-value< 0.001), diabetic continuous training 
+ metformin (P-value< 0.001), diabetic 
interval training (P-value< 0.001) and diabetic 
interval training with metformin (P-value< 
0.001) was significant. In addition, in the 
study of blood glucose, blood glucose in the 
diabetic control group with metformin with 
diabetic continuous training group (P-value< 

0.001), continuous training group with 
metformin (P-value< 0.001), diabetic interval 
training (P-value< 0.001) and diabetic interval 
training with metformin (P-value< 0.001) was 
also significant. The mean plasma betatrophin 
levels and blood glucose (mg / dl) in the 
studied groups are shown in Table 1. 
Comparison of variables in different groups is 
represented as a graph (Figures 1 and 2). 
 

Discussion 
Betatrophin is a hormone that produced in the 
liver and adipose tissue that has a stimulating 
key role in the expression and beta cell 
proliferation. In many studies, high levels of 
betatrorphin in diabetics have been reported in 
comparison with non-diabetic patients. In 
another study, the association between 
betatrophin and glucose was significantly 
positive. Regarding the effect of exercise on 
the betatrophin level in diabetic subjects, 
observations have shown that the level of 
betatrophin in the obese group decreases 
significantly. The findings of this study 
showed that the level of betatrorphin increased 
in the training groups, which showed a 
significant increase in the interval diabetic 
group compared with the diabetic group, 

Figure 1. Difference in plasma fasting blood glucose levels between the groups 
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which contrasted with the data obtained from 
other researchers(7). The highest level of 
betatrophin levels was observed in the diabetic 
control with metformin group and its lowest 
level in the diabetic high interval with 
metformin group.  
Further investigation is needed to discover the 
cause or the exact cause. Compared with the 
interval diabetic group, lower levels of 
betatrophin were reported in the continuous 
diabetic group, but it was not significant, 
although there was a need for more relevant 
variables and the relationship between these 
variables with betatrophin levels, But it seems 
that since the majority of studies conducted to 
increase the level of betatrophin, it has been 
shown that this increase is a kind of feedback 
for diabetes or obesity; in other words, the 
lower amount of betatorphin in the Continuous 
diabetic with metformin group, the need for 
betatrophin to express or along with it , ceases 
the proliferation of beta-cells. On the other 
hand, in order to study the low levels of blood 
betatrophin in diabetic control groups, more 
studies are needed. 
 The results of this study showed that doing 
eight weeks of high interval training and 
moderate continuous training results in a 
significant decrease in plasma glucose levels. 

The results of this study were consistent with 
Amitas et al. (10). Also, Gordon et al reported 
a significant decrease in plasma glucose levels 
in their study (11). Sports activities increase 
the number of glucose carriers (GLUT4) and, 
as a result, increase the transport of sugars into 
muscle cells and the consumption of sugars 
(12). Sports activities have an insulin-like 
effect and they send a lot of glucose into the 
cell to spend on energy production. 
 In this study, blood glucose levels in the 
diabetic HIIT group and moderate continuous 
training decreased significantly compared to 
diabetic control group. The diabetic 
continuous group caused a further decrease in 
blood glucose levels compared with the HIIT 
group. More interestingly, the efficacy of the 
diabetic continuous group in reducing blood 
glucose was even more than that of the 
continuous diabetic with metformin group. 
The difference between the results of various 
researches in different training groups can be 
attributed to the difference between the 
intensity and duration of the training program 
(13-15). 
 

Conclusions 
Compared with the diabetic interval group, the 
continuous diabetic group has a lower serum 

 

Figure 2. Difference between Plasma Betatrophin Levels in Groups 
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betatrophin level. Further investigation is 
needed to explain the cause of low levels of 
blood betatrophin in the diabetic control group 
compared with other groups. The most 
effective continuous diabetic group was 
reported to reduce blood glucose even more 
than the continuous diabetic with metformin 
group. This demonstrates the benefits of 
continuous exercise to bout of interval training 
and interval exercise with drug. Ultimately, 
this confirms that exercise can be a good 
alternative rather than taking medicine to 
lower blood glucose. 

Acknowledgments 
This research is a part of a PhD thesis in the 
field of exercise physiology. We would like to 
specifically thank the Department of Clinical 
Biochemistry and Animal Clinic of Ilam 
University of Medical Sciences. 
 

Funding 
This research did not receive any specific 
grants from funding agencies in the public, 
commercial, or not-for-profit sectors. 

 

References
 

1.  Ashcroft FM, Rorsman P. Diabetes mellitus and 
the β cell: the last ten years. Cell. 
2012;148(6):1160-71. 

2. Bonner-Weir S, Weir GC. New sources of 
pancreatic β-cells. Nature biotechnology. 
2005;23(7):857-61. 

3. Kugelberg E. Betatrophin-inducing β-cell 
expansion to treat diabetes mellitus?. Nature 
Reviews Endocrinology. 2013;9(7):379-. 

4. Zhang R. Lipasin, a novel nutritionally-regulated 
liver-enriched factor that regulates serum 
triglyceride levels. Biochemical and biophysical 
research communications. 2012;424(4):786-92. 

5. Zhang R. Lipasin, a novel nutritionally-regulated 
liver-enriched factor that regulates serum 
triglyceride levels. Biochemical and biophysical 
research communications. 2012;424(4):786-92. 

6. Lickert H. Betatrophin fuels β cell proliferation: 
first step toward regenerative therapy?. Cell 
metabolism. 2013;18(1):5-6. 

7. Abu-Farha M, Sriraman D, Cherian P, AlKhairi I, 
Elkum N, Behbehani K, et al. Circulating 
ANGPTL8/betatrophin is increased in obesity and 
reduced after exercise training. PloS one. 
2016;11(1). 

8. Høydal MA, Wisløff U, Kemi OJ, Ellingsen Ø. 
Running speed and maximal oxygen uptake in rats 
and mice: practical implications for exercise 
training. European Journal of Cardiovascular 
Prevention & Rehabilitation. 2007; 14(6):753-60. 

9. Wisloff U, Stoylen A, Loennechen JP, Bruvold M, 
Haram PM, Tjonna AE, et al. Superior 
Cardiovascular Effect Of Aerobic Interval-training 
Versus Moderate Continuous Training In Elderly 
Heart Failure Patients: 651May 31 8: 15 AM-8: 30 

AM. Medicine & Science in Sports & Exercise. 
2007;39(5):S32. 

10. Amita S, Prabhakar S, Manoj I, Harminder S, 
Pavan T. Short communication effect of yoga-nidra 
on blood glucose level in diabetic patients. Indian 
Journal Physiol Pharmacol. 2009; 53(1):97-101. 

11. Gordon L, Morrison EY, McGrowder D, Penas YF, 
Zamoraz EM, Garwood D, et al. Effect of yoga and 
traditional physical exercise on hormones and 
percentage insulin binding receptor in patients with 
type 2 diabetes. American Journal of Biochemistry 
and Biotechnology. 2008; 4(1):35-42. 

12. Kumar S, Kumar V, Prakash O. 
Antihyperglycemic, antihyperlipidemic potential 
and histopathological analysis of ethyl acetate 
fraction of Callistemon lanceolatus leaves extract 
on alloxan induced diabetic rats. Journal of 
Experimental & Integrative Medicine. 2011; 1(3). 

13. Shanmugasundaram KR, Panneerselvam C, 
Samudram P, Shanmugasundaram ER. Enzyme 
changes and glucose utilisation in diabetic rabbits: 
the effect of Gymnema sylvestre, R. Br. Journal of 
ethnopharmacology. 1983;7(2):205-34. 

14. Ramachandran S, Rajasekaran A, 
Manisenthilkumar KT. Investigation of 
hypoglycemic, hypolipidemic and antioxidant 
activities of aqueous extract of Terminalia 
paniculata bark in diabetic rats. Asian Pacific 
journal of tropical biomedicine. 2012;2(4):262. 

15. Shirwaikar A, Rajendran K, Barik R. Effect of 
aqueous bark extract of Garuga pinnata Roxb. in 
streptozotocin-nicotinamide induced type-II 
diabetes mellitus. Journal of ethnopharmacology. 
2006;107(2):285-90. 

 
 
 

 [
 D

O
I:

 1
0.

18
50

2/
ijd

o.
v1

1i
3.

26
09

  ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

do
.s

su
.a

c.
ir

 o
n 

20
26

-0
5-

16
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               5 / 5

http://dx.doi.org/10.18502/ijdo.v11i3.2609 
https://ijdo.ssu.ac.ir/article-1-513-en.html
http://www.tcpdf.org

