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Adipolin and insulin resistance response to two
types of exercise training in type 2 diabetic male rats
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Introduction: Adipolin (CTRP12), which improves insulin sensitivity, is a novel anti- Mina Rahmatollahi.' Ravasi AA.' Soori R.!
inflammatory adipocytokine secreted from adipose tissue. In this study we aimed to assess Onegh B.2 Dolati F’3 ’ ’

the Adipolin and Insulin Resistance index (HOMA-IR) response to two types of exercise 'Facultg of P}’] sical Education and Sport Sciences. University of
in type 2diabetic male rats. Tehran?,lran Y P ' i

Materials and methods: In this study, 24diabetic Wistar rats (Induced by high-fat diet *Department of Biological Chemistry, Faculty of Chemistry,
and Intraperitoneal injection Streptozotocin (stz) injection) were randomly assigned to University °fTarF’iat M°dafres'|ra" )

3groups: High intensity interval training (HIIT), low intensity continuous training (LICT) aMésrer's of Physical Education and Sport Sciences, Azad
and control (C). Both training groups were trained on the treadmill, 5 sessions per week for University of Tehran, Iran

8 weeks. Blood samples were taken 24hours after the end of training session and plasma
adipolin, insulin and glucose levels were measured. ANOVA and Tukey post hoc tests were
used to analyze data and the level of significance was considered to be p<05.
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Results: Data analysis showed that plasma adipolin levels in the low intensity continuous
training group were significantly increased, compared to the control group (p=0.006).
Plasma glucose level in both the low intensity continuous training and the high intensity
interval groups was significantly decreased, compared to the control group (p=0.049) &
(p=0.007). Plasma insulin level in both training groups was increased and HOMA-IR index
was decreased, compared to the control group, although changes were not significant.
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Conclusion: The results of this study showed that exercise training can increase plasma
adipolin in rats with type 2diabetes, changes however that are partially dependent on the
type of exercise training

Keywords: high intensity interval training, low intensity continous training, adipolin,
insulin resistance, type 2 diabetes

Abbreviations: HIIT, high intensity interval training; LICT, insulin sensitivity, as well as insulin that mainly breaks the fCTRP12.°
low intensity continuous training; ER, endotracheal stress; HITT, high Therefore, lowering insulin levels may be one of the effective ways to

intensity interval training improve adipollin function. Many therapeutic strategies are known to
reduce insulin in obesity and insulin resistance. Physical activity is one
Introduction of these most important factors. Thus, it is likely that physical activity

and exercise help to improve Insulin resistance not only by making
direct effect on insulin and its performance, but also through their
effect on adipolin levels and changing the ratio of intact adipolin to
broken forms. But according to our knowledge, the effect of exercise
training on adipolin levels has not been studied in any of the present
studies. Adipolin levels are reduced in diabetic patients, while exercise
may reduce adipollin-induced diabetic circulation, and this effect is
likely to depend on a type of exercise that is performed in varying
degrees. However, this hypothesis has not been studied in diabetic
specimens with lower adipolin base levels. Therefore, the present
study was conducted to evaluate the response of adipolin plasma to
high intensity interval training (HITT) and low intensity continuous
training (LICT) in male rats with type II diabetes and the present study
seeks to answer the question whether low and high intensity continous
training have a significant effect on plasma Adipolin, insulin, fasting
glucose, and resistance index in diabetic male rats?

Regular exercise is a good strategy for treating many metabolic
disorders, including type 2diabetes and obesity. Some part of the
beneficial effects of exercises are due to endocrine exercise, including
fatty tissue which plays an important role in regulating energy
metabolism, body composition, and insulin resistance.! The adipose
tissue, as an active endocrine and paracrine tissue as well as because
of its role in the synthesis and secretion of a series of hormones and
adipocytokines, , not only controls body weight balance, but also
Justifies the relationship between overweight and obesity with insulin
resistance and diabetes by effecting the metabolic and inflammatory
profile.>* Recently, a new adipocytokine been identified called
Adipolin (CTRP12) which is an anti-inflammatory cytokine that is
synthesized and secreted mainly in adipose tissue and decreases in
obesity and diabetes.**. Additionally, adipolin also helps to improve
insulin sensitivity.>* Adipolin is found in blood circulation in intact
(fCTRP12) (40kDa) and broken (spherical) (gCTRP12) (25kDa)
forms.* Studies have shown that only fCTRP12 isophoresis of adipolin = Methods and materials
can improve insulin resistance.” Therefore, any factor that affects
the expression of the gene and the synthesis of adipolin, or in the The present study is an experimental design with a post-test design

breakdown of adipolin and the reduction of its intact form, can reduce with the present of a control group. 24 Wistar male rats with the age
range of 6weeks and weighing 110+10g were purchased from Pasteur
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Institute of Iran and were transferred to the animal house of the Faculty
of Physical Education and Sports Sciences of Tehran University in
accordance with the policy of the Iranian Association for the Protection
of lab animals used for scientific and laboratory purposes. All rats
were kept in cages of four rat capacity under controlled environmental
conditions with an average temperature of 22+2°C, a day-night cycle
of 12:12hours, a relative humidity of 50% and with free access to
water and special diet of rats. For this purpose, After familiarity and
adaptation to the new environment, the rats exposed to a high-fat diet
for 8 weeks (prepared by the Razi Serum Institute), which contained
45% of the total energy of fat (derived from animal fat) that contains
24grams of fat, 24grams of protein and 41grams of carbohydrates per
100grams.b. After 8weeks, diabetes induction was conducted with
single dose of Streptozotocin (STZ) dissolved in sodium citrate buffer
with a pH of 4.5mg/kg (30mg/kg) by intraperitoneal (IP) method.®
To confirm diabetes, 96hours after injection, a small drop of blood
in the tail of animals was placed on a glucometric strip and was
read by the glucometer and blood glucose levels above 300m.g/dL
were considered as an indicator of diabetic situation.’ The rats were
randomly divided into three groups of high intensity interval training
(HITT) (7rats), low intensity continuous training (LICT) (7rats) and
control (6rats) after being sure of being diabetic. Also, four other
rats were selected as pilot groups for measuring maximum running
speed on treadmill. In order to estimate maximum running speed, we
performed a graded sport performance with a zero-degree gradient
that started at 10m/min and the speed of treadmill was increased
by 1m/min for Iminute so that the rats could not run (exhaustion).
After estimating the maximum speed, each of the two training groups
(HITT) and (LICT activated on the treadmill Ssessions per week and
for 8weeks. The protocol (HITT) was the implementation of 80-85%
maximum speed training for 2minutes with lminute rest periods,
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which reached 12 in the final week from 6 times in the first week.”®
48 hours after the last exercise session, all rats were anesthetized
with a combination of ketamine (75mg / kg) and xylacin (10mg/kg).
After ensuring animal anesthesia, the chest of the animal was split
and about 10 ml of blood was taken directly from the animal’s heart
and pured in to tubes containing EDTA. The collected samples were
centrifuged for 15minutes at a speed of 3,000rpm and their plasma
was separated, then transferred to a -80°C freezer temperature for
further evaluations. Plasma Adipolin was measured using ELISA
Kit (family with sequence similarity 132, member A) from My Bio
Sourse Inc, USA. The sensitivity of the measurement was 0.1ng/ml.
The plasma glucose concentration was measured by glucose oxidase
enzyme-colorimetric method using glucose kit (Pars Test, Iran). The
coefficient of variation and sensitivity of the measurement method
were 1.8% and Smg/ml respectively. Plasma insulin measurement was
performed by ELISA method using Mercodia Rat Insulin ELISA kit
(constructed in Sweden) with sensitivity of 0.07ig/dl. The index of
insulin resistance was also calculated by the HOMA-IR method using
the following formula. P<0.05 was considered significant.

HOMA formula (insulin resistance index)=Fasting glucose (mg/
dL)xFasting insulin (micro unit per ml )/405. The data were analyzed
by SPSS software version 22 at the significance level (P<0.05).
After the data were normalized by Kolmogorov-Smirnov test (K-
S), one way Anova and Tukey methods were used to determine the
significance of variables between the groups.

Findings

Body weight changes between the research groups at different
stages of the study are shown in Table 1 and the mean and standard
deviation of the variables of the research are presented in Table 2.

Table | The mean and standard deviation of the weight of rats in the research groups during the study (g)

After 8weeks of high

After diabetes

The level/lgroup Initial fat diet induction Final
Control 176.66x7.17 345.16+3.71 251.33£42.69 223.83+£55.70
High intensity interval Training 176.83+8.13 332x11.36 246.83+5.84 235.16+7.83
Low intensity continous Training 177.33£7.42 340.66+7.33 259.66+20.45 242.83+3.07

Table 2 The mean and standard deviation of the variables in research groups

Variable/group Insulin (micro unit/bpm) Insulin resistance index
Control 4.62+0.58 4.15+0.58
High intensity interval training 4.74+0.39 3.58+0.36
Low intensity continous training 4.87+0.32 3.84+0.30

*Significance compared to the control group (p<0.05)

Plasma adipoline levels were significantly different between
the groups (P=0.000, F=8027). Tukey test results showed that
plasma adipoline levels were significantly increased in the LICT
group compared with the control group (P=006). Adipolin levels
increased in the high intensity training group, but this increase was
not significant and there was no difference between the other groups.
Plasma adipoline levels of different groups are presented in Figure
1. Also, the findings of the present study showed that there was no
significant difference in plasma insulin and insulin resistance index

among the study groups (p<0.05), however, the difference in plasma
glucose was significant (p<0.0001, F=113.56), so both types of high
and low intensity training caused a significant reduction in plasma
glucose levels (p=0.049) and (p=0.007) and there was no difference
between the two training groups. Plasma glucose levels between
different groups are shown in Figure 2. Also, the correlation between
the data is given in Table 3.

Chart 1 &2
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Table 3 Correlation between the data
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Variables Adipolin ::Zlijsli:nce index Glucose Insulin ‘I’;::;: tk :;:;ehik 16*"week weight
Adipolin | 0.289 0.315 -0.332 0.876* -0.388 0.089

Insulin Resistance index ~ 0.289 | 0.959¢ -0.560% 0.544 -0.7768 0.219

flucose 0.315 0.959%¢ | -0.747% 0.543 -0.814% -0.002

Insulin -0.332 -0.560% -0.7478 | 0.483 0.702§ 0.276

I**week weight 0.876* 0.544 0.543 0.483 | 0.912% a

9*week weight -0.388 -0.766% -0.814% 0.702¢ 0.92% | 0.875¢

16®week weight 0.089 0.219 -0.002 0.276 a 0.875 |

*Correlation at the level of 0.05 was significant. : Correlation at the level of 0.01 was significant. a: is the lack of correlation due to the fixed constant of one

variable

® Adipolin Ng /ml)

Adipolin (Ng / ml)

'l_|.|. .

control interval high-intensity interval los-intensity

Chart | Plasma adicolin levels in different groups.
*Significance compared to the control group.

*ee ¥ m Plasma glocose (mz / d1)

Plasma glucose (mg / d1)
-
H
L

Control interval high-intensity interval high-intensity

Chart 2 Plasma glucose levels in different groups.

*Significance compared to the control group.

Discussion

According to the results of this study, the implementation of 8
weeks of low-intensity continous training (LICT) increased serum
adipolin which is significant statistically (p=0.006) and despite the

increase in plasma adipolin levels due to High intensity interval
training (HIIT), these changes were not statistically significant. Also,
there was no significant difference between the two types of training
protocols HIIT with LICT in adipolin plasma. Since no studies have
evaluated the effect of any type of exercise or trainings on the levels
of adipolin in diabetic individuals, the investigator justifies adipolin
changes after 8weeks of intense interval and continuous trainings
based on theoretical foundations. Gene expression and serum
adipolin levels decrease in obese human and animal samples.® In fact,
adipolin expression is under the negative control of obesity-related
stress. So, by inducing TNF-a and endoplasmic stress in the adipose
cell culture medium, adipolin expression declines.* TNF-a is an
adipocyte-derived anti-inflammatory adipocytokine,® which decreases
following low-intensity continuous exercise and weight loss.” TNF-a
is capable in affecting some of the translation factors and thud
influencing metabolism of adipoline levels; KLF-15 is one of these
factors. KLF-15 is a member of the large family of KLF transcription
factors that contribute to the regulation of glucose metabolism and
adipogenesis.!®!! Enomoto et al. have observed that, as adipolin, the
expression of KLF-15 is also lower in the lipid profile of DIO mice
compared to the control group.'? Since TNF-a increases the expression
of pre-inflammatory cytokines by activating JNK in adipocytes,'>¢
so increases the insulin resistance induced by obesity and thereby
provides the suitable conditions for the occurrence or exacerbation
of insulin resistance. Endoplasmic Endotracheal Stress (ER) is also
an inflammatory factor that interacts with obesity and type II diabetes
and helps the spread of inflammation, apoptosis of pancreatic beta
cells, insulin synthesis disorder and insulin resistance.!” and decreases
Adipolin expression in cultured adipose cells.® Since exercise is one
of the proposed therapies for the improvement of inflammation and
the prevention and treatment of obesity and metabolic disorders
associated with type II diabetes and insulin resistance, some studies
aimed at identifying intermediary molecular mechanisms effected by
physical activity and training in this area, have examined the effects
of different types of training protocols on TNF-a and ER-related
molecules. Studies have shown that TNF-a levels decreases following
continous low intensity training and weight loss.” Additionally,
compatibility with sport exercises, while improving the inflammation
in obese subjects, inhibits ER stress and improves UPR.!"® Although
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the present study did not measure the levels of TNF-o and biomarkers
associated with ER or UPR, but due to the relationship between TNF-a
and biomarkers associated with ER or UPR stress with changes in
obesity, it is expected to reduce weight, body mass index and body
fat percentage after 8§ weeks of low intensity trainingd significantly.
However, due to the lack of alignment of adipoline plasma levels with
changes in body weight after 8 weeks of training, non-obesity factors
are likely to affect adipolin levels after trainings, which are less
probable to be affected by weight loss following exercise exercises;
insulin can be one of these candidates.”” Insulin is the hormone
regulating the carbohydrate metabolism and glucose hemostasis which
increases the transfer of GLUT4 to the cell membrane and transfusion
tubes and increases glucose clearance by binding.” g to the alpha-
receptor insulin subunit and triggering the insulin signal pathway
The regulatins effect of insulin on adipolin is two dimentionalm,
in the lean subject,by activating the PI3K pathway can increase the
expression and secretion of adipoline,?' but in obese person that is
also susceptible to insulin resistance, this hemostatic interaction
between insulin and adipolin stops and insulin reduces the levels of
adipolin.?>? In this study, plasma glucose levels and HOMA-IR values
decreased after 8 weeks of continuous low-intensity exercise, and this
change was statistically significant (p =0.009). Training modulates
Insulin Resistance through: 1) insulin receptor; 2) increasing protein
and mRNA carriers of glucose (GLUT4); 3) increasing glycogen
synthase, protein kinase-B and hexokinase; 4) improving intracellular
insulin messaging and effecting on intermediate molecules in an
insulin signal such as increasing the expression of ERK2, increasing
the activity of PI3K or Akt / PKB, and improving the AMPK signal;
(27);> changing in muscle composition (increasing capillary density
in muscle fibers and conversion of muscle fibers to oxidative fasting
fibers); 6) increasing the delivery of glucose to muscle; 7) reducing
triglyceride accumulation in muscle cells; and 8) reducing the release
of fatty acids and increasing their oxidation and purification.?* The two
characteristics of the intensity and duration of the trainings strongly
influence the response of insulin exercise, so that the improvement of
insulin sensitivity occurs when the amount of exercise is at its highest
level.” Since the subjects in the present study included obese male
rats and because of this, there is no limitation in the design of training
characteristics, the intensity, duration and volume of exercises
appropriate with the above mediators of each pathway can be used
to modify the levels of insulin, glucose and HOMA-IR. Regarding
the inverse relationship between insulin and glucose with adipolin, a
significant change in insulin and glucose can be one of the causes of a
significant change in adipoline after 8weeks of low intensity training.

Despite the limitations, such as the lack of measurement of
TNF-a levels and endometrial stress-associated biomarkers (UPR),
the results of this study suggest that exercising can increase plasma
adipolysis in type 2 diabetic rats. However, these changes are partly
related to training’s type and it seems that increasing adipoline as
a result of exercise can be an effective factor in improving plasma
glucose in type 2 diabetes rats. Since this study is among the first
studies conducted on the subject of the response of adipolin to both
low and high intensity continuous trainings, further studies are needed
to understand the mechanism associated with this.
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