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Abstract 

Review of research findings show higher circulating interleukin 6 in diabetic patients than healthy people. The 

aim of our work was to study evaluate effects of exercise on serum interleukin 6 and insulin sensitivity in type II 

diabetic patients. Blood samples were derived from brachial vein before and immediately after YMCA cycling 

protocol of 16 healthy non-trained adult men with type II diabetic that participated in this study by voluntarily. 

Blood samples were used for measuring serum interleukin 6 and insulin sensitivity of all patients. We observed 

an increase in serum interleukin 6 by exercise test when compared to baseline. Glucose concentration was 

decreased in response to exercise test, while insulin sensitivity did not change. Based on these data, we can 

conclude that acute exercise test increase serum interleukin 6 and decrease glucose concentration in the absence 

of changes in insulin sensitivity in diabetic patients. 
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Introduction 

Accumulating evidence indicates a high prevalence 

of diabetes and impaired glucose tolerance (IGT) in 

the older population (Ohang et al., 2003).  It is also 

important to note that multiple risk factors for type 2 

diabetes associated with aging including increased 

adiposity and decreased physical activity predispose 

older people to develop glucose intolerance and 

increased insulin resistance (Bloem et al., 2008). 

Although there is considerable evidence that insulin 

resistance and beta cell dysfunction are two major 

factors in diabetic prevalence but it seems that other 

factors such as Hormonal disorders also contribute 

to diabetes.   

 

On the other hand, Epidemiologic studies clearly 

suggests type II diabetic as an inflammation diseases 

and Systemic inflammation has been long known to 

be a key factor in insulin resistance and glucose 

homeostasis (Rotter et al., 2003).  Among 

inflammation cytokine, interleukin 6 have the 

important role in type II diabetes (Carey et al., 

2006).It has been established that diabetic patients 

have higher circulating IL-6 than non-diabetic 

subjects (Fontana et al., 2007; Kopp et al., 2003). 

Several studies have reported that expression of IL-6 

and TNF-α, two major pro-inflammatory cytokines, 

is markedly regulated at the transcriptional level and 

increased in human fat cells from obese subjects and 

patients with insulin resistance (Rotter et al., 2003). 

According to recent epidemiologic studies, IL-6 did 

not increase whole-body glucose disposal in either 

healthy subjects or patients with type 2 diabetes, 

whereas it reduced insulin concentrations in the 

patients to values comparable with those of the 

healthy subjects, suggesting that IL-6 might have 

favorable effects on insulin action (Petersen et al., 

2005). However there have been only a few studies 

on the fact that an increase in IL-6 leads to a 

decrease in blood glucose levels.  

 

Regular exercise particularly aerobic exercise 

training offers protection against all cause mortality 

and A number of studies have demonstrated 

intervention studies that physical training is effective 

non-pharmacological treatment in patients with 

chronic heart diseases, type 2 diabetes and 

symptoms related to the metabolic syndrome. In this 

area, some previous study have been demonstrated 

that exercise training for long time is associated with 

decreased systemic inflammation in type II diabetes 

or other chronic disease (King et al., 2003). Of 

course conflicting information are observed in this 

area yet. On the other hand, the role of short time or 

acute exercise on inflammation or non-inflammatory 

cytokines such as Il-6 and insulin sensitivity has 

received limited attention. In this study, we 

investigated serum Il-6 and insulin sensitivity as well 

as glucose concentration responses to one session 

cycling exercise in a group of type II diabetic men. 

 

Material and methods 

Subjects 

In this study, we investigated the effect of a single 

bout cycling exercise on serum IL-6, glucose 

concentration and insulin sensitivity in sixteen 

sedentary adult men with type II diabetic (aged, 43 ± 

5 years; body weight, 92 ± 7). All patients were 

selected for participation in study by accessible 

sampling. The study was conducted with the 

approval of the Ethics Committee of Islamic Azad 

University, Iran. Those patients were included if they 

had not been involved in regular physical activity or 

diet in the previous 6 months. Each participant 

received written and verbal explanations about the 

nature of the study before signing an informed 

consent form. 

 

Inclusion and exclusion criteria 

Participants were non-athletes, non-smokers and 

non-alcoholics. Inclusion criteria for study group 

were determined as existing type 2 diabetic for at 

least two years. Exclusion criteria included 

medications that alter carbohydrate metabolism and 

inability to exercise. We also excluded people who 

had any self reported physician diagnosed chronic 

disease (arthritis, stroke, cancer, heart attack, 

chronic cough, or bronchitis), injury and abnormal 

exercise electrocardiogram.  
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Anthropometrical and biochemical measurements 

The weight and height of the participants were 

measured by the same person when the participant 

had thin clothes on and was wearing no shoes by 

using the standard hospital scales. Abdominal 

circumference and hip circumference were measured 

in the most condensed part using a non-elastic cloth 

meter. Body mass index (BMI) was calculated as 

weight (kg) divided by squared height (m). The 

arterial systolic and diastolic blood pressures (BP) 

were calculated after they rested for 10 minutes with 

a mercury manometer with appropriate sleeves from 

the right and left arm, in sitting position on the 

condition that they had not eaten anything, had not 

taken any caffeine, had not smoked or exercised 

thirty minutes before the measurement, and then the 

averages were calculated. 

 

After anthropometrical measurements, pre and post 

exercise blood samples were collected for measuring 

serum IL-6, glucose and insulin of all patients. The 

subjects were advised to avoid any physical activity 

or exercise 48 hours before the exercise test. Cycling 

exercise test was performed according to a YMCA 

standard test on leg ergometery cycle (Tunturi, made 

in Finland). This protocol was performed in 5 

continues stage without rest between stages. Each 

stage lasted 3 minute (Mullis et al., 1999). 

 

Glucose was determined by the oxidase method 

(Pars Azmoun, Tehran, Iran). Insulin was 

determined by ELISA method (Demeditec, 

Germany) and the intra- assay and inter-assay 

coefficient of variation of the method were 1.79 and 

5.99 (%) respectively. Homeostasis Model 

Assessment of Insulin Resistance (HOMA-IR) was 

calculated by the formula fasting blood glucose 

(mg/dl) x insulin (uIU/ml)/405 (Duncan et al., 

1995). Serum IL-6 was determined by ELISA 

method, ((Enzyme-linked Immunosorbent Assay for 

quantitative detection of human IL-6). The Intra- 

assay coefficient of variation and sensitivity of the 

method were 3.4% and 0.92 pg/mL, respectively. 

 

Statistical analysis  

Normal distribution of data was analyzed by the 

Kolmogorov-Smirnov normality test. Student’s t-

tests for paired samples were performed to 

determine whether there were significant within-

group changes in the outcomes. All statistical tests 

were performed and considered significant at a P ≤ 

0.05. 

 

Results 

Higher level of serum IL-6 and lower insulin 

sensitivity in type II diabetic patients than healthy 

people was reported by many previous studies. 

Therefore, citing to previous finding, we only 

investigated the effect of above mentioned exercise 

test on diabetic patients. Table 1 presents 

anthropometrical and biochemical features of 

studied patients at baseline. All values are given as 

mean and standard deviation. Following statistical 

analysis, the data showed that cycling exercise test 

led to increase in serum IL-6 when compared to 

baseline in studied patients (2.01 ± 0.71 to 4.38 ± 

2.26, pg/ml, p = 0.002, Fig 1). These data indicates 

acute response of this inflammatory cytokine to a 

single bout exercise. Insulin sensitivity is an 

important marker in diabetes diagnosis. Compared 

to pre-exercise, insulin sensitivity did not change 

after exercise test (0.50 ± 0.03 to 0.51 ± 0.06, p = 

0.449). No significant differences was found in 

serum insulin by cycling exercise with compared to 

baseline (8.26 ± 1.69 to 9.11 ± 3.42, µIU/ml, p = 

0.222). Despite the lack of change of insulin and 

insulin sensitivity, cycling exercise test led to 

significant decrease in glucose concentration in all 

participants (237 ± 73 to 221 ± 74, mg/dl, p = 0.000, 

Fig 2). 

 

Table 1. The descriptive anthropometric and biochemical features of studied patients. 
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Descriptive Statistics

16 32 49 42.69 5.263

16 165 182 173.06 5.221

16 80 100 92.00 6.501

16 10 18 13.13 1.708

16 7 10 8.44 .892

16 27 34 30.65 2.030

16 136 385 237.13 72.779

16 6.20 11.50 8.2563 1.68759

16 .45 .58 .4994 .03376

16 1.2 3.5 2.019 .7129

16

Age (yesr)

Height (cm)

Weight (kg)

Sy stole (mmHg)

Diastole (mmHg)

BMI (kg/m2)

Glucose (mg/dL)

Insulin (µIU/ml)

Insulin sensitiv ity

IL-6 (pg/mL)

Valid N (listwise)

N Minimum Maximum Mean Std.  Dev iat ion

 

 

Fig. 1. The diagram shows serum IL-6 before and 

after cycling test in studied patients. Serum IL-6 

levels exhibited a statistically significant increase at 

the end of cycling exercise when compared to pre-

test values. Each pair of columns represents pre and 

post values of IL-6 in each subject. 

 

Discussion 

In this study, cycling exercise for short time (acute 

exercise) increased serum interleukin 6 in studied 

patients. On the other hand, it seems that a single 

bout cycling with moderate intensity led to 

significant increase in serum Il-6 in type 2 diabetic 

patients. Despite the increased this cytokine, but 

exercise test didn’t significant change in insulin 

sensitivity in these patients. Of course, glucose 

concentration was decreased in response to exercise 

test. Obesity is related with systemic inflammation 

caused by Abnormal levels some cytokines. It was 

previously reported that adipose tissue secretes some 

peptides bioactive mediators including 

adipocytokines such as leptin, resistin, pre-B-cell 

enhancing factor/Nampt/visfatin or classical 

cytokines such as the pro-inflammatory mediators 

tumor necrosis factor a (TNFa) and interleukin 6 

that play key role in obesity and its related diseases 

such as type 2 diabetic or metabolic syndrome 

(Hotamisligil, 2006; Tilg et al., 2006). 

 

Fig. 2. The diagram shows glucose concentration 

before and after cycling test in studied patients. 

Glucose concentration levels exhibited a statistically 

significant decrease at the end of cycling exercise 

when compared to pre-test values. Each pair of 

columns represents pre and post values of glucose in 

each subject. 

 

Pro-inflammatory cytokines such as interleukin 6 are 

produced by human adipose tissue dependent on the 

degree of obesity (Moschen et al., 2010). It is also 

important to note that, the whole body adipose tissue 
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mass could contribute to 15e35% of the body’s total 

circulating IL-6 making the adipose tissue a key IL-6 

producing organ (Mohamed-Ali et al., 1997). Despite 

our findings, recent epidemiologic studies indicates 

inverse relation between the level of daily physical 

activity and the incidence of type 2 diabetes is now 

well established by the results from several 

prospective epidemiological studies (Manson et al., 

1992; Manson et al., 1991). In present study, we 

observed exercise test was associated with both 

increased IL-6 and decreased glucose concentration. 

Based on these data, it is likely that increased serum 

Il-6 follow up exercise affects glucose metabolism. In 

this regard, it was reported that IL-6 enhances 

insulin-stimulated glucose transport (Stouthard et 

al., 1996) or glycogen synthesis (Weigert et al., 2004; 

Weigert et al., 2005) in myotubes and/or adipocytes.  

It has been established in a recent study that IL-6 

can be enhance AMP-activated protein kinase 

(AMPK) in both skeletal muscle and adipose tissue 

(Kelly et al., 2004). It is also important to note that 

AMPK plays a key role in the regulation of fuel 

metabolism in skeletal muscle because its activation 

stimulates fatty acid oxidation and may increase 

glucose uptake via mechanisms thought to involve 

enhanced insulin signaling transduction (Manson et 

al., 1992; Manson et al., 1991; Stouthard et al., 

1996). On the other hand, although in most cases IL-

6 has been recognized as an inflammatory cytokine, 

but increase in its serum levels after one session 

exercise has anti-inflammatory characteristics. In 

accordance with these observations, the data of a 

recent study acute IL-6 enhances insulin-stimulated 

glucose disposal in humans in vivo by via an increase 

in translocation of GLUT4 from intracellular pools to 

the plasma membrane, while the effects of IL-6 on 

glucose and lipid metabolism in vitro appear to be 

mediated by AMPK (Carey et al., 2006).  

 

It should be noted that our previous study on obese 

men showed that one session of biking exercise bike 

leads to a concomitant increase in IL-6   and 

decrease in blood glucose concentration (Eizadi et 

al., 2001). Overall, the findings of this study showed 

that a relatively low intensity and duration biking 

exercise would lead to increased serum levels of IL-

6 in patients with type-II diabetes. The findings also 

showed that despite the absence of changes in 

insulin sensitivity, biking exercise in this study was 

associated with a significant reduction in blood 

glucose. Based on evidence from previous studies, 

the effect of exercise on IL-6 levels in the present 

study appears to be an anti-inflammatory one. 

Furthermore, increased IL-6 concurrent with 

decreased glucose in response to exercise somehow 

supports the anti-inflammatory role of IL-6. In 

support of the said discussion, findings of a recent 

study showed that high levels of IL-6 after exercise 

are followed by increased levels of IL-10 as an anti-

inflammatory cytokine which is indicative of the 

anti-inflammatory properties of IL-6    (Steensberg et 

al., 2003). Another study also stated that the 

increase in IL-6 after exercise would lead to 

inhibition of TNF-α secretion as another 

inflammatory cytokine (Matthys et al., 1995; 

Mizuhara et al., 1994; Fiers, 1991). Hence, according 

to the study's findings as well as the said discussions, 

it is possible that the acute increase in IL-

6 subsequent to exercise through indirect routes 

such as reduced levels or expression of inflammatory 

cytokines such as TNF-α or increased levels or 

expression of non-inflammatory mediators such 

as IL-10 would lead to lowered blood glucose in 

patients with type II diabetes. 

 

References 

Bloem CJ, Chang AM. 2008. Short-Term Exercise 

Improves B- Cell Function and Insulin Resistance in 

Older People with Impaired Glucose Tolerance. J 

Clin Endocrinol Metab 93(2), 387-92. 

 

Carey AL, Steinberg GR, Macaulay SL, 

Thomas WG, Holmes AG, Ramm G. 2006. 

Interleukin-6 Increases Insulin-Stimulated Glucose 

Disposal in Humans and Glucose Uptake and Fatty 

Acid Oxidation In Vitro via AMP-Activated Protein 

Kinase. Diabetes 55(10), 2688-97. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bloem%20CJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chang%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Carey%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=17003332
http://www.ncbi.nlm.nih.gov/pubmed?term=Steinberg%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=17003332
http://www.ncbi.nlm.nih.gov/pubmed?term=Macaulay%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=17003332
http://www.ncbi.nlm.nih.gov/pubmed?term=Thomas%20WG%5BAuthor%5D&cauthor=true&cauthor_uid=17003332
http://www.ncbi.nlm.nih.gov/pubmed?term=Holmes%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=17003332
http://www.ncbi.nlm.nih.gov/pubmed?term=Ramm%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17003332
http://www.ncbi.nlm.nih.gov/pubmed/17003332##


J. Bio. & Env. Sci. 2012 

 

45 | Shahgholiabasi et al. 

Duncan M, Singh B, Wise P. 1995. A simple 

measure of insulin resistance. Lancet 346, 120–1. 

 

Eizadi M, Parsian H, Faraji GR, Zand A. 2011. 

Simultaneous increased Inteleukine-6 and decreased 

glucose concentration in response to a single bout 

cycling exercise. Journal of Biodiversity and 

Environmental Sciences 1(2), 45-51. 

 

Fiers W. 1991. Tumor necrosis factor. 

Characterization at the molecular, cellular and in 

vivo level. FEBS Lett 285, 199-212. 

 

Fontana L, Eagon JC, Trujillo ME. 2007. 

Visceral fat adipokine secretion is associated with 

systemic inflammation in obese humans. Diabetes 

56, 1010-13. 

 

Hotamisligil GS. 2006. Inflammation and 

metabolic disorders. Nature 444, 860-7. 

 

Kelly M, Keller C, Avilucea PR, Keller P, Luo 

Z, Xiang X, Giralt M, Hidalgo J, Saha AK, 

Pedersen BK, Ruderman NB. 2004. AMPK 

activity is diminished in tissues of IL-6 knockout 

mice: the effect of exercise. Biochem Biophys Res 

Commun 320, 449–454. 

 

King DE, Carek P, Mainous AG 3rd, Pearson 

WS. 2003. Inflammatory markers and exercise: 

differences related to exercise type. Med Sci Sports 

Exerc 35, 575-581. 

 

Kopp HP, Kopp CW, Festa A. 2003. Impact of 

weight loss on inflammatory proteins and their 

association with the insulin resistance syndrome in 

morbidly obese patients. Arterioscler Thromb Vasc 

Biol 23, 1042-7. 

 

Manson JE, Nathan DM, Krolewski AS, 

Stampfer MJ, Willett WC, and Hennekens 

CH. 1992. A prospective study of exercise and 

incidence of diabetes among United States male 

physicians. JAMA 268, 63–67. 

 

Manson JE, Rimm EB, Stampfer MJ, Colditz 

GA, Willett WC, Krolewski AS, Rosner B, 

Hennekens CH, and Speizer FE. 1991. Physical 

activity and incidence of non-insulin-dependent 

diabetes mellitus in women. Lancet 338, 774–778. 

 

Matthys P, Mitera T, Heremans H, Van 

Damme J, Billiau A. 1995. Anti-gamma interferon 

and antiinterleukin-6 antibodies affect 

staphylococcal enterotoxin B-induced weight loss, 

hypoglycemia, and cytokine release in D-

galactosamine-sensitized and unsensitized mice. 

Infect Immun 63, 1158-1164. 

 

Mizuhara H, O'Neill E, Seki N. 1994. T cell 

activation-associated hepatic injury: mediation by 

tumor necrosis factors and protection by interleukin 

6. J Exp Med 179, 1529-1537. 

 

Mohamed-Ali V, Goodrick S, Rawesh A. 1997. 

Subcutaneous adipose tissue releases interleukin-6, 

but not tumor necrosis factor-alpha, in vivo. J Clin 

Endocrinol Metab 82, 4196-200. 

Moschen AR, Molnar C, Geiger S, Graziadei I, 

Ebenbichler CF, Weiss H. 2010. Anti-

inflammatory effects of excessive weight loss: potent 

suppression of adipose interleukin 6 and tumour 

necrosis factor {alpha} expression. Gut 59(9), 1259-

64. 

 

Mullis R, Campbell IT, Wearden AJ, Morriss 

RK, Pearson DJ. 1999. Prediction of peak oxygen 

uptake in chronic fatigue syndrome. British Journal 

of Sports Medicine 33(5), 352-6. 

 

Ohang AM, Halter JB. 2003. Aging and insulin 

secretion. Am J Physiol Endocrinol Metab 284, 7–

12. 

 

Petersen EW, Carey AL, Sacchetti M, 

Steinberg GR, Macaulay SL, Febbraio MA, 

Pedersen BK. 2005. Acute IL-6 treatment 

increases fatty acid turnover in elderly humans in 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moschen%20AR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Molnar%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Geiger%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Graziadei%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ebenbichler%20CF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Weiss%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/20660075
http://www.ncbi.nlm.nih.gov/pubmed/20660075
http://www.ncbi.nlm.nih.gov/pubmed/20660075
http://www.ncbi.nlm.nih.gov/pubmed/20660075
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mullis%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Campbell%20IT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wearden%20AJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Morriss%20RK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Morriss%20RK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pearson%20DJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.google.com/url?sa=t&rct=j&q=br%20j%20sports%20med&source=web&cd=1&ved=0CE8QFjAA&url=http%3A%2F%2Fbjsm.bmj.com%2F&ei=Hqi2T8WMHoqAOojH7JUK&usg=AFQjCNFFOLGY7bcQga9xk3wZUiFQbTB0xg
http://www.google.com/url?sa=t&rct=j&q=br%20j%20sports%20med&source=web&cd=1&ved=0CE8QFjAA&url=http%3A%2F%2Fbjsm.bmj.com%2F&ei=Hqi2T8WMHoqAOojH7JUK&usg=AFQjCNFFOLGY7bcQga9xk3wZUiFQbTB0xg


J. Bio. & Env. Sci. 2012 

 

46 | Shahgholiabasi et al. 

vivo and in tissue culture in vitro. Am J Physiol 

Endocrinol Metab 288, 155–162. 

 

Rotter V, Nagaev I, Smith U. 2003. Interleukin-6 

(IL-6) induces insulin resistance in 3T3–L1 

adipocytes and is, like IL-8 and TNFalpha, 

overexpressed in human fat cells from insulin-

resistant subjects. J Biol Chem 278, 45777–45785. 

 

Rotter V, Nagaev I, Smith U. 2003. Interleukin-6 

(IL-6) induces insulin resistance in 3T3-L1 

adipocytes and is, like IL-8 and tumor necrosis 

factor-alpha, overexpressed in human fat cells from 

insulin-resistant subjects. J Biol Chem 278, 45777-

84. 

 

Steensberg A, Fischer CP, Keller C, Moller K, 

Pedersen BK. 2003. IL-6 enhances plasma IL-1ra, 

IL-10, and cortisol in humans. Am J Physiol 

Endocrinol Metab 285, 433-437. 

 

Stouthard JM, Oude Elferink RP, Sauerwein 

HP. 1996. Interleukin-6 enhances glucose transport 

in 3T3–L1 adipocytes. Biochem Biophys Res 

Commun 220, 241–245. 

 

Tilg H, Moschen AR. 2006. Adipocytokines: 

mediators linking adipose tissue, inflammation and 

immunity. Nat Rev Immunol 6, 772-83. 

 

Weigert C, Brodbeck K, Staiger H, Kausch C, 

Machicao F, Haring HU, Schleicher ED. 2004. 

Palmitate, but not unsaturated fatty acids, induces 

the expression of interleukin-6 in human myotubes 

through proteasomedependent activation of nuclear 

factor-kappaB. J Biol Chem 279, 23942–52. 

 

Weigert C, Hennige AM, Brodbeck K, Haring 

HU, Schleicher ED. 2005. Interleukin-6 (IL-6) 

acts as insulin sensitizer on glycogen synthesis in 

human skeletal muscle cells by phosphorylation of 

Ser-473 of Akt. Am J Physiol Endocrinol Metab 289, 

251–257. 

 


