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Abstract 

 
Leptin is known to increase glucose metabolism and energy expenditure while insulin increases glucose uptake 

into peripheral tissue.  However, in obese and type 2 diabetes mellitus (T2DM) patients, high levels of both 

leptin and insulin are observed, indicating resistance to these two hormones in these individuals.  It is unclear if 

elevated leptin levels are the cause of insulin resistance in these individuals.  Physical exercise is known to be 

useful in the management of obesity and T2DM.  It has been found that exercise can decrease bodyweight and 

increase glucose uptake in these individuals following exercise.  This study aims to determine the effect of 

chronic leptin treatment and exercise on body weight, serum glucose and insulin levels of Sprague-Dawley rat.  

Eight-week old rats were treated with either intraperitoneal injection of normal saline (Control; n=8), or leptin 

(60 μg/kg body weight/day; Leptin; n=8), or leptin and exercise (60 μg/kg body weight/day plus running on a 

treadmill every other day for 30 minutes at a speed of 30 m/min with 10° inclinations; Leptin-exercise; n=8) or 

exercise only (running every other day for 30 minutes at a speed of 30 m/min with 10° inclinations on a 

treadmill; Exercise; n=8) for six weeks.  Following six weeks of treatment, glucose challenge was performed by 

intravenous infusion of 100 mg/ml of glucose for 5 minutes.  During the protocol, blood was drawn at 0, 5, 10, 

15, 20, 25 and 30-min for estimation of serum glucose, and serum insulin levels.  Data were analyzed using one-

way ANOVA with post-hoc analysis and expressed as mean ± standard error of mean (SEM).  Despite not 

statistically different in body weight between the groups, leptin group shows higher trend of mean body weight 

indicating treatment with leptin might induce leptin resistance in this group.  Moreover, glucose clearance was 

also delayed in this group showing decreased insulin action associated with lower insulin level in leptin group.  

More importantly, exercise reversed the leptin effects by promoting glucose clearance.  In conclusion, six weeks 

of daily leptin administration resulted in delayed glucose clearance, however, concurrent exercise prevented 

these effects of leptin by promoting glucose clearance signifying increase in insulin action.   

 

Keywords: leptin, glucose challenge, insulin 

 

 

INTRODUCTION 

 
Glucose concentration in a healthy individual range between 5 and 6 mmol/l (David & John, 2014).  It 

is crucial to maintain glucose homeostasis since it is primarily ensuring an adequate energy supply to 

organs that rely on glucose as their energy source such as brain, and for protecting the blood vessels 

from damage due to dangerously high level of glucose (Röder, Wu, Liu & Han, 2016).  Glucose 

homeostasis is usually achieved by stimulating glucose disposal into muscle and adipose tissue and 
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inhibiting hepatic glucose production after glucose and other fuels enter the body following a meal.  

This is achieved through the interplay of numerous glucose-regulating hormones.  The primary 

hormone in charge of glucose homeostasis is insulin.  Insulin is necessary for the uptake of glucose by 

various tissues in the body, including skeletal muscle and adipose tissue.  Insulin mediates its 

biological effects through its interaction with the cell surface insulin receptor (IR).  The binding of 

insulin to insulin receptor results in activation of intracellular signaling pathways that can lead to 

glucose uptake and/or hepatic glucose production through gluconeogenesis (Leto & Saltiel, 2012; De 

Meyts, 2016).  Development of insulin resistance and altered glucose homeostasis can be observed by 

tissue-specific IR knockout in mice and similar impairments have been often seen in diabetic patients 

(Brüning et al., 1998; Blüher et al., 2002; Cignarelli et al., 2019). 

Adipose tissue secretes numerous adipokines particularly leptin and it is directly related to the 

amount of adipose tissue (Blüher & Mantzoros, 2015).  Leptin is a 16-kDa obese (ob) gene product 

that acts centrally via a negative feedback signal on the hypothalamus, which in turn attemps to 

prevent excessive weight gain by decreasing appetite, reducing food intake and increasing energy 

expenditure (Katherine, Alexandra & Jessica, 2019).  However, high leptin levels have been reported 

in most overweight and obese individuals, indicating central resistance to endogenous leptin in human 

obesity (Sari, Balci, & Apaydin, 2010; Ekmen, Helvaci, Gunaldi, Sasani & Yildirmak, 2016).  

Moreover, evidence shows that leptin may be independently involved in the regulation of insulin 

secretion and action (Cantley, 2014).  Reports also show that prevalence of insulin resistance is high 

in obese individual with high leptin levels (Sáinz, Barrenetxe, Moreno-Aliaga, & Martínez, 2015).  

Thus, leptin resistance or hyperleptinemia could be a ‘key link’ between obesity and insulin resistance 

in T2DM.  

Physical exercise is known to be useful in the management of diabetes mellitus (Melmer, 

Kempf & Laimer, 2018).  Several studies have demonstrated that exercise improves insulin signaling 

in the muscle (Sjøberg et al., 2017).  However, the effects of exercise on leptin levels are conflicting.  

Investigators had reported that leptin levels fall depending on the duration, intensity and caloric cost 

of exercise (Bouassida et al., 2010).  Moreover, T2DM individuals also show reduction in leptin 

levels following exercise independent of change in body fat mass (Ishii et al., 2001).  In contrast, 

others had reported that there is no change in leptin levels after exercise (Bouassida et al., 2004; Nuri, 

Moghaddasi, Darvishi & Izadpanah, 2016).  Furthermore, insulin sensitivity increases in skeletal 

muscle tissues following exercise, indicating a possible mechanism for the effects of exercise on 

glucose metabolism (Sjøberg et al., 2017; Bird & Hawley, 2017).  Additionally, acute exercise also 

improves insulin sensitivity in hypothalamus and restores food intake control in obesity (de Almeira 

et al., 2014).  Studies also show that exercise increases glucose utilization and uptake by peripheral 

tissues (Bradley et al., 2014).  T2DM patients also show better glucose tolerance and insulin action 

following exercise training (Way, Hackett, Baker, & Johnson., 2016).   

Although it appears that high leptin levels might contribute to the development of insulin 

resistance and T2DM in obese subjects, the association between leptin and insulin resistance is 

however not fully understood.  Whether the impact of physical exercise on glucose utilization in 

hyperleptinaemia of obesity is associated with alterations in the leptin and insulin interaction is also 

unknown.  Therefore, this study investigates the effect of chronic leptin treatment and exercise on 

body weight, glucose and insulin levels following glucose loading in rat.  The findings will highlight 

the interaction of leptin and exercise on body weight, glucose homeostasis and insulin action.   

 

 

METHODOLOGY 

 
Animals and experimental procedures 

 

Male Sprague-Dawley rats (250-300 grams), aged 8-10 weeks were divided into four groups; control 

(n=8), leptin-treated (leptin; n=8), leptin-treated exercise (leptin-exercise; n=8), and exercise only 

(exercise; n=8).  They were housed in a room maintained on 12:12 hours light cycle at room 

temperature and allowed free access to water and rat chow.  Leptin (BioVision, USA) was injected 

intraperitoneally (i.p.) at 60 μg/kg body weight in 0.1 ml normal saline daily to leptin-treated rats.  
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Exercise was done in every other day for 30 minutes at a speed of 30m/min with 10° inclinations on a 

treadmill (Columbus, USA).  Control group was given 0.1 ml of normal saline daily.  All treatment 

went on for 6 weeks.  Body weights were measured once a week.  The Institute’s Animal Care and 

Users Committee, Faculty of Medicine, Universiti Teknologi MARA approved all procedures used in 

the experiment. 
 

Exercise procedure 

 

The training session were performed during the light cycle and consisted of thirty minutes running 

sessions, every other day for six weeks on a three-track treadmill especially designed for small 

animals like mice and rats.  Three animals were exercised each time and all exercise was performed at 

the same time of the day.  Volume and intensity of training and electric stimulus (repetition rate and 

intensity of the electric shock) were gradually increased until the rats ran for thirty minutes at 30 

m/min with 10° inclinations on the treadmill.  Thereafter, volume and intensity were constant.  The 

exercise was always observed during the procedure to ensure the safety of the exercised animals. 

 

Glucose tolerance test procedure 

 

Twenty-four hours after the last session of training, as indicated in the time course experiments, the 

exercised rats and the other groups were submitted to a glucose tolerance test (100 mg/ml of glucose), 

after 16 hours fasting with free access to water.  Briefly, the rats were anaesthetized with 

intraperitoneal (i.p.) injection of thiopental (Sandoz, Austria) (70 mg/kg body weight).  The 

anaesthetized rats were then placed on a heating pad (Harvard apparatus, UK) that was maintained at 

37ºC.  As soon as anesthesia was assured by the loss of pedal and corneal reflexes, the ventral cavity 

was opened, right jugular vein and left carotid artery were exposed and cannulated for glucose 

infusion and blood sampling respectively.  A baseline blood sample was collected from artery into a 

1.5 ml tube for both glucose and insulin estimations.  Then 100 mg/ml glucose was immediately 

infused intravenously (i.v.) into the vein at a rate of 100 μl/min for five minutes (Braintree Scientific, 

USA).  Blood samples were collected at 0 (baseline), 5 (glucose load), 10, 15, 20, 25 and 30 minutes 

of post glucose administration for serum glucose and insulin determination.  

 

Serum glucose and insulin quantification 

 

Approximately 1 ml of blood was withdrawn in a dry 1.5 ml tube without anticoagulant during the 

glucose tolerance test procedure.  Blood samples were allowed to clot in ice and then serum was 

separated by centrifugation at 3200 rpm for 6 minutes to collect serum aliquots that were stored at -

80°C until assay.  Commercially available quantitative sandwich enzyme linked immunosorbent assay 

(ELISA) kits (Mercodia, Sweden) was employed to measure serum insulin levels.  Each sample was 

assayed in duplicate along with standards and quality control sera with every assay run.  The 

sensitivity of the assay is ≤ 0.15 μg/L.  The data was extrapolated using a standard curve graph.   

 

Statistical analyses 

 

All the parameter measured was expressed as mean ± standard error of mean (SEM).  Statistically 

significant differences between the control and test groups for the study were done using one-way 

analysis of variance (ANOVA) and post-hoc analysis was done to compare individual groups.  The 

differences were considered significant at p ≤ 0.05. 
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RESULTS 

 
Body weight 

   

A one-way between-groups analysis of variance was conducted to explore the impact of 6-week of 

leptin treatment and exercise on body weight.  There was no statistically significant different found.  

The means and standard error of mean are presented in Table 1.  Nevertheless, leptin group has 

slightly higher mean body weight starting from week 3 when compared to the other groups.  

   
Table 1. Mean Body Weight (in grams) of Control and Leptin Treated Rats 

 

Group Body Weight (g) 

Week 0 1 2 3 4 5 6 

Control 267 ± 4.2 294 ± 3.3 320 ± 4.6 341 ± 5.6 356 ± 7.9 369 ± 7.2 368 ± 8.7 

Leptin 267 ± 3.5 297 ± 3.9 327 ± 3.1 351 ± 4.0 376 ± 4.8 389 ± 10.0 375 ± 13.6 

Leptin-

exercise 
270 ± 4.2 289 ± 4.7 316 ± 5.5 337 ± 7.3 353 ± 7.9 365 ± 7.2 358 ± 7.2 

Exercise 270 ± 4.9 294 ± 6.7 318 ± 8.7 339 ± 7.7 353 ± 8.6 366 ± 8.1 359 ± 7.4 

 

Serum glucose levels 

 

There was a statistically significant difference at the p < 0.05 level at time 30 minutes: F (3, 20) = 3.4, 

p = 0.03.  The actual difference in mean scores between the groups was quite large.  The effect size, 

calculated using eta squared, was 0.33.  Post-hoc comparisons using the Tukey HSD test indicated 

that the mean score for leptin group (M = 9.18, SEM = 0.65) was significantly different from leptin-

exercise group (M = 6.62, SEM = 0.19).  Control group (M = 6.90, SEM = 0.55) and exercise group 

(M = 7.03, SEM = 0.94) did not differ significantly from either leptin-treated groups at time 30 

minutes. 

 
Table 2. Serum Glucose Levels (in mmol/l) of Control and Leptin and Exercise Treated Rats during Glucose 

Challenge 

 

Group Serum Glucose level (mmol/l) 

Time (min) 0 5 10 15 20 25 30 

Control 
7.53 ± 

0.07 

14.23 ± 

0.38 

10.02 ± 

0.17 

9.22 ± 

0.51 

8.77 ± 

0.41 

8.10 ± 

0.42 

6.90 ± 

0.55 

Leptin 
7.35 ± 

0.33 

13.57 ± 

0.41 

9.92 ± 

0.39 

9.13 ± 

0.44 

9.52 ± 

0.48 

9.43 ± 

0.53 

9.18* ± 

0.65 

Leptin-

exercise 

6.95 ± 

0.40 

13.47 ± 

0.40 

9.70 ± 

0.28 

8.80 ± 

0.40 

8.83 ± 

0.27 

8.63 ± 

0.11 

6.62* ± 

0.19 

Exercise 
6.97 ± 

0.28 

12.97 ± 

0.44 

9.63 ± 

0.27 

9.02 ± 

0.28 

8.85 ± 

0.25 

7.92 ± 

0.65 

7.03 ± 

0.94 

*: P<0.05 when compare leptin group with leptin-exercise group at time 30-min 

 

Serum insulin levels 

 

There was a statistical significant difference at the p < 0.05 level at time 5 minutes: F (3, 26) = 4.76, p 

= 0.009.  the actual difference in mean scores between the groups was quite large.  The effect size, 

calculated using eta squared, was 0.35.  Post-hoc comparisons using the Tukey HSD test indicated 
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that the mean score for leptin-exercise group (M = 2.19, SEM = 0.37) and exercise group (M = 2.61, 

SEM = 0.49) were significantly different from control (M = 4.77, SEM = 0.67).  Leptin group (M = 

2.94, SEM = 0.58) did not differ significantly from either groups at time 5 minutes. 

 
Table 3. Serum Insulin Levels (in μg/l) of Rats During Glucose Loading 

 

Group Serum Insulin Levels (in μg/l) 

Time 

(min) 
0 5 10 15 20 30 

Control 1.04 ± 0.13 4.77 ± 0.67 2.11 ± 0.63 2.52 ± 0.64 2.66 ± 0.61 3.46 ± 0.73 

Leptin 0.92 ± 0.21 2.94 ± 0.58 1.33 ± 0.27 1.24 ± 0.29 2.20 ± 0.68 2.97 ± 0.78 

Leptin-

exercise 
0.62 ± 0.11 2.19**± 0.37 1.41 ± 0.44 1.68 ± 0.65 2.04 ± 0.60 2.37 ± 0.53 

Exercise 1.03 ± 0.27 2.61*± 0.49 1.29 ± 0.16 1.92 ± 0.45 2.34 ± 0.69 3.01 ± 0.31 

*: P<0.05; **: P<0.01 when compared to control at time 5-min 

 

DISCUSSION 

 
Body weight 

 

The results from the study showed there were no differences in the body weight between the groups.  

Despite the role of leptin in regulating energy homeostasis and metabolism, there are several other 

possible reasons that might explain the lack of leptin action on body weight in this study.  Leptin has a 

short half-life of about 9 to 12 minutes in the rat circulation (Zeng et al., 1997) and 43 minutes in 

mouse (Burnett, Skowronski, Rausch, LeDuc & Leibel, 2017).  Its effects on food intake might 

therefore only last for a short duration and this may not get reflected in a 24-hour energy balance.  

Furthermore, a rebound increase in food intake has been reported right after a short duration of 

suppression of food intake (fasting or reduced satiety) (Kumar, Shimokawa, Nagy, & Lane, 2002).  

This might counteract the effect of leptin on food reduction and explain the lack of any differences in 

body weight in controls and leptin treated groups in this study.  The dose of leptin administered was 

60 μg/kg body weight daily via intraperitoneal route for six weeks.  Other studies with doses of 5, 10, 

30 and even 120 μg/kg body weight daily of leptin administration have also been shown not to have 

an effect on body weight (Haron, D’Souza, Jaafar, Zakaria, & Singh, 2010; Ibrahim, Omar, Ruth, 

Froemming, & Singh, 2013).  The dose was primarily chosen as to avoid significant differences in 

body weight from appearing, which could by itself contribute to changes in glucose metabolism and 

insulin sensitivity.  Significant differences in body weight in leptin and non-leptin treated rats would 

unnecessarily add another variable.  There was also no significant difference in body weight between 

the exercised and non-exercised rats (Lalanza et al., 2015).  Kang et al. (2013) supported this finding 

by which no significant difference was found in body weight of obese rats that were exercised for 8-

week on a treadmill for 40 minutes once a day for 7 days.  Whilst exercise is known to increase 

energy expenditure and consequently reduce body weight, its effect on body weight might also be 

influenced by food intake.  A concomitant increase in food intake with exercise is therefore unlikely 

to cause a decrease in body weight.  It is possible that this might have been the case here too.  Food 

intake was not measured in this study and it is not possible to say if the lack of difference in body 

weight between the groups was due to increased food intake in the exercised groups.  Moreover, a 

combination of diet restriction and exercise timing (eating before exercise) could have caused less 

body fat weight gain and more skeletal muscle weight (Sasaki, Ohtsu, Ikeda, Tsubosaka, & Shibata, 

2014).  Nevertheless, of more importance in this study is the fact that any effect of leptin or exercise 

on glucose metabolism would therefore be a direct effect of either leptin or exercise and not an 

indirect effect through changes in body weight.  
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Serum glucose levels 

 

Glucose challenge was done to determine the effect of leptin treatment on glucose utilization in 

skeletal muscle of exercised and non-exercised rats.  A mean fasting serum glucose concentration of 7 

mmol/l recorded before the glucose challenge is similar to values observed in lean mice treated with 

10 μg/day leptin infusion for 7 days (Harris, 1998) and within the normal range of 5 to 7 mmol/l in 

the same species (Chen, Chen, Qian, Jiang, & Chen, 2006).  After the glucose load, all the four groups 

exhibited the same glucose tolerance pattern where it increased significantly after the glucose load 

and eventually decreased to near fasting levels over the next 30 minutes, except for leptin only treated 

group (M = 9.18, SEM = 0.65) where there was a slight delay in glucose clearance starting at t15.  The 

difference was statistically significant when compared to leptin-exercise group (M = 6.62, SEM = 

0.19) at t30.  It was nevertheless also higher than those in control and exercise groups ((M = 6.90, 

SEM = 0.55 and M = 7.03, SEM = 0.94 respectively).  A somewhat similar pattern of glucose peak 

following glucose loading has also been observed in both rat and mice respectively (Harris, 1998; 

Singh & Garland, 1989) despite the different routes of glucose loading (intravenous and oral glucose 

administration).  Although the peak serum glucose level was slightly higher in the oral glucose 

loading (Harris, 1998), the difference may relate to different routes (oral) of glucose administration, 

the amount of glucose given (50 mg in mice), and the species of animal used.  Although studies have 

shown that leptin enhances whole body glucose utilization in rats and mice (Ceddia et al., 1998; 

Houseknecht & Portocarrero, 1998; Park & Ahima, 2014; Fernández-Formoso et al., 2015), this 

however did not appear to be the case in this study.  Leptin treated rats appeared to show a slight 

delay in the return of blood glucose level to the fasting levels indicating that 42 days of single dose of 

leptin treatment might reduce insulin action (Table 2).  Reports on this in the literature are somewhat 

conflicting.  The observations in the present study are in contrast to those reported in the mice 

following a 7-days infusion of leptin to lean mice.  Lean mice treated with 10 μg/day leptin infusion 

for 7 days, for example, showed an almost normal glucose clearance after the glucose challenge 

(Harris, 1998).  Studies in human with T2DM on leptin replacement therapy also showed 

normalization of glucose levels (Paz-Filho, Mastronardi, & Licinio, 2014).   In contrast, two-hour 

glucose levels after a 75 g glucose tolerance test in non-diabetic women showed that leptin was 

associated with insulin resistance (Lee et al., 2009).  The effect of leptin on tissue glucose utilization 

is closely related to the effect of leptin on insulin responsiveness.  Leptin at a dose of 100 nM 

increases glucose uptake, lactate formation and glycogen synthesis and also potentiated the effect of 

physiological insulin concentration of glycogen synthesis in muscle (Ceddia et al., 1998).  Leptin 

exerts an insulin-like effect in the skeletal muscle of lean rats.  It was found that leptin stimulated 

glucose transport via PI3K pathway (Donato Jr,  Frazão, & Elias, 2010) as there was a significant 

reduction (about 40%) on glucose transport when PI3K inhibitor (Wortmannin) was used (Berti & 

Gammeltoft, 1999).  This suggested a crosstalk between leptin and insulin intracellular signaling 

pathways at the level of PI3K.  It is known that the effect of insulin on glucose uptake in skeletal 

muscle is mainly mediated by GLUT4 translocation.  Leptin has also been shown to increase PI3K 

activity by three fold (Berti, Kellerer, Capp, & Haring, 1997).  Although many studies seem to 

suggest that leptin might stimulate glucose clearance, the reason for the contrasting results in this 

study is unclear.  One possible reason could be the duration of leptin treatment.  Most studies have 

either given leptin as a single dose or as a continuous intravenous dose over a period of 7-10 days.  

Perhaps prolonged exposure to leptin could lead to altered glucose clearance response.  It is possible 

that chronic hyperleptinemia could decrease glucose uptake by the muscle. Studies found that 

hyperleptinemia in T2DM patients was also associated with increased TRB3 protein expression and 

insulin response was reduced by TRB3 binding to Akt thus decreasing insulin-stimulated glucose 

clearance  (Marinho, Mekary, Muñoz, Gomes, Pauli & de Moura, 2015; Liu et al., 2010).  There 

might be a connection between leptin and TRB3 levels perhaps, in part, affecting glucose uptake in 

the muscle.  It is possible that leptin might be up-regulating TRB3 expression and with it increasing 

insulin resistance.  

 It was interesting to note the delayed glucose clearance was absent in leptin-treated rats that 

were exercised (Table 2).  Physical exercise decreases leptin concentration and thus could possibly 

reverse leptin effects on glucose clearance as exercise increases glucose uptake and insulin sensitivity 

(Friedrichsen, Mortensen, Pehmøller, Birk, & Wojtaszewski, 2012; Jimenez-Pavon et al., 2012).  
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Physical exercise promotes glucose uptake into the skeletal muscle and ameliorates insulin 

responsiveness in the working muscle (Röhling, Herder, Stemper & Müssig, 2016; Bradley et al., 

2014).  Exercise also increases glycogen synthase activity in the muscle (Jensen & Richter, 2012).  A 

study on muscle specific insulin receptor knockout mice showed exercise could normally increase 

muscle glucose transport even in the absence or near absence of muscle insulin receptor 

(Wojtaszewski et al., 1999).   It is hypothesized that exercise induces re-localization of insulin’s 

intracellular signaling molecules such as PI3K, Akt and GSK3 causing them to be more accessible for 

activation (Röhling, Herder, Stemper & Müssig, 2016; Wojtaszewski et al., 1999), and that it 

increases the downstream phosphorylation of TBC1D4, which can last many hours post exercise 

(Jensen & Richter, 2012).  These could enhance responsiveness for activation by insulin and also 

glucose uptake into the skeletal muscle (Röhling, Herder, Stemper & Müssig, 2016; Wojtaszewski et 

al., 1999; Douen et al., 1990).  The leptin-only group had reduced glucose clearance as the effect of 

leptin, and given that exercise increases glucose uptake, this could have been neutralized or negated 

the leptin effect on glucose uptake.  This explains the normal glucose clearance in leptin-exercise 

group when challenged with exogenous glucose.   

 

Serum insulin levels 

 

Fasting serum insulin levels were not different between the groups and a significant increase in serum 

insulin at five minutes after the glucose load was observed in all the groups (not shown in Table 3).  

Insulin levels normally increase following glucose loading, be it oral or intravenous.  A similar insulin 

response to glucose challenge has also been reported before (Figueira, Ribeiro, Ignacio-Sauza, 

Vercesi, Carneiro & Oliveira, 2012; Harris, 1998).  The insulin concentrations in mice that were 

treated with leptin and challenged with glucose show a same pattern (no different in fasting insulin 

levels and significant increase after glucose load) with comparable values to the findings in this study 

(Harris, 1998).  Insulin levels were slightly lower at all times after the glucose load in all the 

experimental or treated groups when compared to those in the control rats, particularly in the 

exercised groups.  The insulin level at five minutes after the glucose challenge was significantly lower 

in exercise (M = 2.61, SEM = 0.49), and leptin and exercise (M = 2.19, SEM = 0.37) treated rats 

(P<0.05 and P<0.01 respectively) when compared to control (M = 4.77, SEM = 0.67) while leptin 

group (M = 2.94, SEM = 0.58) was not significantly differs from either groups at t5.  The precise 

reason for this is unclear.  It is difficult to say if the slightly lower insulin response is due to the leptin 

or the exercise but as it is somewhat more evident in the exercise groups it might be due to the effect 

of exercise.  Blunted insulin response to glucose challenge with significant hyperglycaemia following 

exercise has been reported before in humans (Chacko, 2016; Glidden, 2010; Heath et al., 1983).  This 

phenomenon has been ascribed to long-term adaptations to training, reduced adiposity and perhaps 

also to the residual effects of the last bout of exercise.  Rats in this study were exercised for 6 weeks 

and glucose challenge was performed 24 hours after the last bout of exercise.  It is therefore possible 

that the slightly lower insulin response in the exercised rats might be due to the effect of exercise per 

se.  The exact mechanism for this blunted insulin response remains unknown.  Of interest to note is 

that despite the slightly lower insulin level, glucose levels between the control and exercised groups 

were not different, suggesting possibly increased insulin action in exercised rats.   

 

Insulin action 

 

In this study, insulin action seems to improve with exercise as evident from the insulin levels after the 

glucose challenge when compared to those in the controls (Table 3).  Despite the lower insulin levels, 

reports have shown that physical activity or exercise enhances glucose transport in muscle and this 

mechanism involves an insulin-independent muscle glucose transport (Messina et al., 2015; Lund, 

Holmant, Schmitz, & Pedersen, 1995).   Contraction-stimulated glucose transport response is 

associated with metabolic feedback signals via AMPK and mechanical stress–activated signals 

(Jensen et al., 2014).  Moreover, the enhanced glucose transport after exercise is due to translocation 

of GLUT4 to the cell surface that is different from that of the insulin-stimulated GLUT4 pool 
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(Messina et al., 2015; Douen et al., 1990).  These reports support the results in this study that show 

normal glucose clearance despite a significantly lower insulin level in exercised rats (P<0.05 and 

P<0.01 in exercise and leptin-exercise groups respectively).  Leptin treatment and exercise improved 

insulin action and the effects are additive.  Increased peripheral blood flow during exercise amplifies 

total insulin delivery to the contracted muscle and thus compensates at least in part for the lessening 

insulin concentration during the glucose challenge.  Furthermore, it appears conceivable that muscle 

might interact with pancreas and modulate insulin secretion for appropriate peripheral intracellular 

glucose disposal via interleukin-6 (IL-6), which is a most possible muscle-derived candidate protein 

for auto/para/endocrine action (Mizgier, Casas, Contreras-Ferrat, Llanos, & Galgani, 2014).  It is well 

documented that acute and transient inflammation due to exercise can increase muscle–derived 

plasma IL-6 even after a single bout of exercise (Hennigar, McClung & Pasiakos, 2017; Ostrowski, 

Rohde, Asp, Schjerling, & Pedersen, 1999).  A study on C2C12 myotubes found that both protein and 

mRNA expression of IL-6 were significantly up regulated in contracting myotubes during a 24-hours 

period (Farmawati et al., 2013).  Moreover, this contractile activity improved their response to insulin 

in terms of glycogen accumulations.  Thus we speculate that six–weeks of exercise might decrease the 

demand for insulin for glucose uptake by the skeletal muscle and this might be mediated by IL-6 and 

that improvement in insulin action with exercise is additive to leptin treatment. 

 

CONCLUSION 
 

The overall aim of this study was to investigate the effects of chronic leptin treatment and exercise on 

body weight, serum glucose and insulin levels after a glucose challenge.  To address this issue, rats 

were treated with exogenous leptin and were also exercised for 42 days (6 weeks) followed by a 

glucose challenge.  Despite no significant differences in body weight between the groups, leptin group 

showed a slightly higher trend of mean body weight compared to other groups.  Results from the 

glucose challenge provide evidence of contrasting effects of chronic leptin treatment and exercise on 

glucose clearance and insulin levels and function.  Serum insulin levels following a glucose challenge 

were somewhat lower in leptin and exercised rats when compared to the response in the controls.  

Despite this, the rats were still able to maintain normal glucose clearance by increasing insulin action.  

Exercise also reduced insulin levels but increased insulin responsiveness.  Exercise reduced insulin 

levels after glucose load yet preserving normal glucose clearance by significantly increased insulin 

acion.  

 Based on the results, it can be concluded that chronic administration of leptin for 42 days 

induced insulin resistance.  Late leptin effect was noted by suppressed glucose clearance.  This 

chronic leptin administration was designed to mimic hyperleptinemia in obese individuals and 

findings in this study suggest that hyperleptinemia decreases insulin secretion and action.  On the 

other hand, exercise reverses the leptin effects by promoting glucose clearance via insulin-

independent pathway and significantly increasing insulin action.  Collectively, the studies presented in 

this study highlight the effect of leptin and exercise in biological action on glucose homeostasis.  

 

RECOMMENDATION 

 
For future studies, exploring the insulin-signaling mechanism by leptin treatment with insulin load in 

addition to glucose tolerance test to mimic hyperinsulinemia in type 2 diabetic patients would also 

add more information to the investigation.  
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