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ABSTRACT

Adiponectin is inflammatory peptide hormones thaty@ key role in glucose metabolism. The objeatif/¢his
study was to assess the effect of single heavgisgsron adiponectin, insulin sensitivity in typdi@oetic patients.
For this purpose, sixteen type Il diabetic men (afie+/- 5 yr, BMI, 34 +/- 3 kg/f) and none-diabetic men with
the matched age with normal weight (BMI, 24 +/- @ri) performed a single cycling exercise for 15 minute
Venous blood samples were obtained before and @ftenediately) exercise test for measuring seruipaukctin,
insulin and glucose. Statistical analysis used bgependent paired T-test. P<0.05 was consideredifgignt.
Diabetic patients have lower adiponectin and inswénsitivity and higher insulin and glucose thamerdiabetic
subjects (P<0.05). There were no significant chanigeall variables in control group by exercisetté®>0.05). In
diabetic group, despite serum adiponectin signifibaincreased and glucose significantly decreasiter exercise.
But, insulin sensitivity were unchanged (P>0.05hisTfinding suggested that a single heavy exereis@cises
stimulate serum production secretion in type Illt@iic patients. But, it appears that adiponectimmdes are not
associated with insulin sensitivity after this eise in these patients.
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INTRODUCTION

Scientific resources define obesity as a risk fafto the prevalence of cardiovascular diseaseylaressure and
atherogenic diseases [1], although the moleculsiska this relationship is not yet fully knowncheased body fat
percentage, especially visceral fat, affects imsaknsitivity and energy metabolism by releasinpadnes into
blood [2]. Adiponectin is a 244 amino-acid protéirat is synthesized and secreted exclusively bpasdi tissue
[3]. Today, due to its pharmacologic effects onulims resistance and inflammatory diseases, adigondmas
received considerable attention as a potentialrpheological target for treatment of insulin regis& and great
progress has been made in the understanding ohdhecular mechanisms of adiponectin action [4]sTeptide
hormone has anti-inflammatory, anti-atherogenic ami-diabetic properties [5]. Plasma concentratioof
adiponectin are lower in obesity and type 2 diabd® and that adipose tissue Acrp30/adiponectinNiAR
expression is decreased in obese ob/ob mice argkdhenans [72]. Injection of adiponectin decregdasma
glucose level by inhibiting its production in thedr [8] and its consumption by diabetic rats leamsncreased
metabolism in skeletal muscle and decreased insaliistance [9]. Plasma adiponectin concentratisa shows
negative correlation with TG [10] and intercellufat deposits [11].
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Among these some contradictory findings on adiptineand its biological features can be seen; asrohe of
adiponectin in increasing fat-carbohydrate metaboliand its protective effect on the developmentnstilin
resistance has been reported repeatedly [12].9ute studies stated that acute increase in insatisitivity after
exercise is not due to the increase of adiponéetials [2].The findings of another study, howeweould indicate
no relationship of adiponectin with insulin resiata, fasting glucose and triglycerides [13]. In theo study,
adiponectin was introduced as a poor predictomsilin resistance [14]. However, a recent studyrispfasting
plasma adiponectin and adipose tissue gene expressire not significantly different between obesabditic,
obese none diabetic and normal-weight control méh [

Although exercise training combined with weightd@nd diet leads to increased levels of adipon§t@hit is still
not entirely clear whether exercise in the absefoseight loss can change systemic levels of adiptin. Some
studies have suggested that exercise in the trdadgarcise training [17] or swimming [18] leads telayed
progression of type Il diabetes in diabetic micevedal short-term exercise protocols such as tréktests or
ergometery have been conducted to determine chamgasponectin levels caused by exercise in hgatibjects
and patients [19, 20]. In this regard, the findirgfsa recent study showed that adiponectin conagaitr will
increase significantly after 30 minutes runnin@@¥% of VO2max. However, in this study, no signifitahanges in
adiponectin levels, after walking on a treadmilthwinoderate to severe intensity were observed [Bi]another
study, 45-minute exercise on the leg cycling ledreduced levels of insulin and increased insulinsgiity
immediately after the cessation of exercise whias wot associated with changes in serum adiponfZ2inin
another study, 6 months of aerobic training did leeid to changes in levels of adiponectin in typeiabetic
patients [23]. There are conflicting findings abthe effect of exercise on adiponectin levels atmeiobiochemical
variables related to the implementation of new igmiéh this area creates. Therefore, the studyngteto compare
the levels of this peptide hormone in type Il diab@atients and healthy subjects, and to the efié@ heavy
ergometery exercise on serum levels in these patien

MATERIALS AND METHODS

The study was conducted with the approval of thkic&t Committee of Saveh Azad University. This semi-
experimental study compared the baseline levesenfm adiponectin and insulin, glucose and insgimsitivity in
diabetic and non-diabetic subjects, and also stuttie response of biochemical variables in a ssession of heavy
exercise in two groups.

Subjects: For this purpose, 16 adult obese males with tymgkalbetes from Saveh city volunteered to partiiiat
accessible sampling in this study. Also, 16 heaftbge- diabetic adult men with similar range of pgeticipated in
the study to compare the levels of serum adipomestid insulin sensitivity with the diabetic patentnformed
consent was obtained from each subject after fgllamation of the purpose, nature and risk of edkcpdures used.

Exclusion criteria: Neither the control or diabetic subjects had ipgted in exercise/diet for the preceding 6
months, nor did all subjects have stable body weigl subjects were non-smokers. Subjects withistony or
clinical evidence of recent myocardial infarctiargronary artery disease; tobacco use, congestiag falure,
active liver or kidney disease were excluded.

At baseline, anthropometric indexes such as weightominal circumference, body mass index and Hady
percentage were measured in diabetic and non diapeiups. Then blood samples were taken pre- arstd- p
exercise. As a venous blood sample was collecwu full the subjects who came after a 12-h overnigsit to
compare the biochemical variables between diabatid non-diabetic groups (pretest). Inthe next sadp
participants performed the YMCA standard protoaolcgcle ergometer. Immediately after exercise praitdblood
samplings repeated for to determine the responseenim adiponectin and insulin, fasting glucoseulin
sensitivity and serum level of triglyceride (TG)dalligh Density Lipoprotein (HDL) to exercise protbdpost-
test).

Exercise protocol: Exercise test was a single cycling on leg ergom@enturi, made in Finland) for 15 minutes
consisting of 5 stages (each stage was 3 minufe)Exth test start with two minutes of no-load fesistance)
pedaling for warming up. They then performed thennséep of the test in 3-minute consecutive staigjesxercise
with no rest intervals. The pedaling rate is 50 gomd the initial workload (first stage) is 300 kpmnim-1 (50W) and
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workload increases from each stage to the nextistapcordance with protocol instructions (25 watt)e patients
were advised to avoid any physical activity for tdays before the test.

Biochemical analysis:Those patients unable to avoid taking hypoglycednigys or other therapeutic drugs within
12 hours before blood sampling or exercise weresdarom participating in the study. It should beted that not
taking drugs in this period was carried out in adeace with physician approval. Insulin sensitiwitis calculated
using fasting glucose and insulin replacement enrdlated formula (25]. Blood glucose was meastsedlucose
oxidase using Calorimetric method (Pars Azmoun,rdighlran). Triglyceride, total cholesterol, HDLeaiasterol
was measured directly with enzymatic methods (Randicect kits) using Kobas Mirauto-analyzer made in
Germany. Plasma insulin was determined by ELISAhoet(Demedite, German). The Intra- assay coeffiaién
variation and sensitivity of the method were 2.686 2.88ug/L, respectively. Serum adiponectin was determined
by ELISA method, using a Biovendor- Laboratorial kiade by Biovendor Company, Czech. The Intra-yassa
coefficient of variation and sensitivity of the metl were 3.9% and 5-50 ng/mL, respectively.

Statistical analysis:Statistical analysis was performed with the SP&8vare version 15.0 using an independent
paired t-test. Pearson correlation method usectterchine the relationship between adiponectin Vifild profiles

in diabetic patients. A p-value < 0.05 was con®deio be statistically significant. All values aepresented as
mean + SD.

RESULTS

Table 1 show that anthropometrical indexes in dial@d none diabetic subjects. Preliminary findibgsed on the
comparison of anthropometric and biochemical véestshow that weight, BMI and body fat percentagehie
diabetic group are much higher than those of nafetics (p <0.05). The baseline levels of serurpadictin and
insulin sensitivity are lower in diabetic patietiign in non-diabetics subjects (p <0.05). The lsdével glucose,
insulin, triglyceride and high density lipoproteitwstriglyceride ratio in diabetic patients is dfiggantly higher than
those in non-diabetics (p <0.05). Pearson cormlatiest showed significant negative correlationwieenh
adiponectin levels with each of the indices ofdipirofile, triglyceride (p = 0.02, r = - 0.326)tab cholesterol (p =
0.009, r = - 0.391) and low density lipoprotein £p-0.006, r =- 0.518) in diabetic patients. Thesddmme and
changes of all biochemical data in the diabetic moide-diabetic groups are shown in Table 2. HoweRaired T-
test results showed that serum adiponectin coreténtrin diabetic patients increases significairilyesponse to a
single session of exercise (p =0.01) (Fig 1). Bus exercise brought about no significant changensulin
sensitivity in patients (p = 0.21, Fig 2). In adlit, blood triglyceride levels also remained ungfethin response to
exercise (p = 0.31). These findings were observed hilew the concentration of blood
glucose (p = 0.005), TG/HDL (p = 0.039) and TC/H({®L= 0.019) after exercise significantly decreasediabetic
patients. All variables remained without any chaimgeone-diabetic group by exercise testq05).

DISCUSSION

Initial findings of this study showed that serunipaxhectin levels in diabetic patients were sigrifitly lower than
those in healthy individuals. Lower levels of adipotin concentration in obese and type Il diabdtias those with
normal weight have also been reported in some atiuelies [7]. Inflammation plays an important risiéhe spread
of type Il diabetes, although clinical studies Imstarea are limited [26]. Recent epidemiologidaldges have
showed the relation between baseline levels ofaamiptin with metabolic abnormalities including albgsnsulin
resistance and type Il diabetes and cardiovasdigaases [27]. Some studies have reported the coaten of less
than 6 micrograms per milliliteu§y / ml) in obese individuals [28]. Inverse relatship between serum adiponectin
with anthropometric indices of obesity, especiabdominal fat, as well as of each of the indicatigisl profile
such as triglyceride, total cholesterol and lowsignipoproteins of the patients were among theeofindings of
this study. This means that systemic adiponectieléein those patients who have a higher lipid ipecdre much
lower than others. The research data suggest thmtusaneous adipose tissue may play an importdat ino
modulating adiponectin expression in diabetes dmesity [29]. Adiponectin circulates at relativeligh (mg/L)
concentrations, and its half-life is in the ran§e@veral hours [10] and this amount of time israppate for its role
in regulating metabolic processes such as bodyrallysis and glucose homeostasis.

Administration of adiponectin and/or its globulaad portion stimulates free fatty acid oxidatiorskeletal muscle
[30]. Administration of adiponectin in mice consurgia high-fat diet leads to improved insulin sewijt which
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was associated reduced liver and muscle triglyeetwhtent and increased fat oxidation in muscl€$. |8 recent
study pointed to the fact that 52% of changes @smla adiponectin levels are affected by bloodyigide levels
[31]. The findings of this study have been reporegukatedly in some other studies on obesity aabedés, but the
mechanisms accounting for the relationship betwbem are still remain unexplored [9]. This studgcathowed
that exercise leads to reduced TG/HDL and TC/HDiiorn these patients. Increased adiponectin addaed
concentrations of glucose are among the main fgelof this study. In fact, in this study; one sessif relatively
maximal cycling led to significant increase of garadiponectin together with decreased blood gludoséhis
regard, some recent studies have suggested thattite increase in plasma adiponectin levels redaiceulation
glucose by inhibiting both the expressionof hepatic gluconeogenicenzymesand the rate of endogenous
glucoseproductionin both wild-type andtype 2 diabetic mice, and finally led to reduced blood glucose leve
together with increased hepatic insulin action &nely proposedhat adiponectinsensitizesthe body to insulin
[32]. In another study, injection of adiponectinitgulin-resistant mice resulted in immediate regurcof plasma
glucose levels [8].

Adiponectin by binding to two subtypes of adipofrececeptors which are designated as AdipoR1 anigaRR
exerts its physiological functions. AdipoR1 is abantly expressed in muscle, and AdipoR2 is mairjyressed in
liver [33]. The finding of a recent study showedttlylobular adiponectin increased glucose uptakekaletal
muscle cells via GLUT4 translocation and lead tordase to glycogen synthesis and shifted glucogaboksm
toward lactate production [34]. The researcher megbothat globular adiponectin, increases musdtlefadation,
decreases circulation glucose, and causes weigist [180].

Although some studies have reported that exerciseing has no effect on adipokines or their séznetout other
studies have reported a reduction of inflammatoytokines and increased adiponectin by short or -teng

exercise [35]. Most current researcher have poitdedtie fact that only those short-term activitdfect the blood
adiponectin levels in which the cost of the acfivé@ads to negative energy balance or the exelasds more than
60 minutes [36]. Some studies have also suggeltchtiponectin has a delayed response to theisgeAs in a
recent study, adiponectin concentration signifigamtcreased after a 30-minute recovery followingereise

[36]. However, some researchers have attributeglthrechanges in adiponectin levels immediatelgragixercise to
plasma volume changes rather than changes in eetdfagdiponectin [21]. Thus, it appears that deteimg the

proportion of adiponectin to plasma volume befand after exercise would clarify certain vague pmint this area
which underlines the need for further study in fietd. Adiponectin increased in response to shemA exercise in
this study may be attributed to high intensitylod exercise.

Scientific resources state that insulin sensitiuigreases after exercise, and researchers behav¢he response of
insulin sensitivity to exercise is dependent ondkpression of adiponectin receptors in skeletadaias [2]. These
results indicate direct correlation of changesdipanectin with insulin sensitivity after exercigg 37]. But in the
present study, in spite of the significant incremsadiponectin in response to exercise, insulimsiivity remained
unchanged. These findings are confirmed by somerdttudies on diabetic and non-diabetic subjecs tiave
reported no change in insulin sensitivity in resgomo exercise in spite of changes in adiponearnrs or the
independent correlation of their changes in respdnsexercise [38, 39]. The lack of an effect ofpadectin on
insulin sensitivity in the lean state has been chaeadiponectin knockout mice [40]. In anotherdstuadiponectin
changes after weight loss correlated with trigligerdecrease and HDL-C increase but, surprisingby, with
insulin sensitivity changes, although insulin sewvisy improvement was directly correlated with \ght loss [36]. It
must be mentioned that most studies that have texparsimultaneous increase of adiponectin or imsd@nsitivity
or a significant relationship between them, in cese exercise have to do with long-term exercisgnam together
with weight loss not; short-term and one-sessi@r@se. Therefore, it seems that the responsesafimsensitivity
to exercise-induced increase in adiponectin is melated to long-term exercise with weight lossntha acute
exercise.
Table 1: Mean and standard deviation of Anthropometical indexes of diabetic and none diabetic

Variables Diabetic  None-diabetic
Age (years) 41+5 40+5
Height (cm) 175+6.14 176 £ 7
Weight (kg) 103+9 73+6
Abdominal circumference (cm) 105+ 11 90+7
Body fat (%) 31+3.11 22+3
Body Mass Inde; (m/kg) 33.63+3 23.56 +3.14
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Table 2: The baseline and changes of all biochemia#ata in the diabetic and none-diabetic groups

Variable Diabetic None-diabetic

Pretest post-test Pretest post-test
Total cholestero (mg/dl) 203 £ 36 195+ 31 153 +21 149 £ 28
Triglyceride (mg/dl) 164 £33 153 + 27 142 + 26 140 £ 28
High Density Lipoprotein (mg/dl) 45+ 4 49+5 49+9 50+11
TG /HDL 451+1.02 397+0.68 3.12+056 2.98+1.12
TC /HDL 3.64 £3. 3.14+0.68 2.90+0.68 2.80+0.41
Fasting glucost (mg/dl) 224 +43 211+31 94 +14 92+18
Fasting insulin(puIU/ml) 8.38+3.1. 9+ 2.5¢ 6.92+21 7.06+1.4.
Insulin sensitivity(HOMA-IR) 0.50+0.07 051+0.09 066+0.11 0.65+0.12
Adiponectin (ng/ml) 5.84+0.98 8.06 +2.14 8+1.68 9.1+3.6

Values are means +SD.
* represent significant changes (p < 0.05).
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Figure 1; The changes pattern of serum adiponectin in two groups. Adiponectin levels
increased significantly in response to exercise program in diabetic group.
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Figure 2; The changes pattern of insulin sensitivity in two sroups. Insulin sensitivity levels
did not change significantly in response to exercise program in two groups.
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