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Abstract: Objective: An interaction of leptin, serotonin and cortisol in the brain and periphery effects body weigh in 
different stress levels. The study aims to assess the levels of perceived stress in men and estimate its relationship with 
serum leptin, cortisol and serotonin concentrations and BMI. Methods: This cross-sectional study was carried out in 
Neurochemistry Lab University of Karachi during March –May 2010. Ninety seven adult men with different body mass 
indices working at undergraduate professional educational institutes of Karachi were selected. Stress levels and the change 
in appetite were measured subjectively by a standardized questionnaire analyzed by likert scale. Venous sample was 
drawn at the time of stress evaluation. The levels of chemical modulators were measured using enzyme-linked 
immunoassay. The subjects were classified on the basis of stress level as having no/little, mild, moderate and severe 
stress. Blood sampling was done just after the subjects have answred the questionnaire. Results: Serum serotonin levels 
were significantly decreased (p<0.001) while leptin and cortisol levels were increased (p<0.001) with the increasing levels 
of stress. A significant increase in BMI was observed in moderate stress group (p<0.05), with a decrease in severe stress. 
Serum leptin was positively correlated with cortisol (p<0.05) while negatively with serotonin (p<0.05) in circulation. 
Conclusion: BMIs of different stress groups were not associated with stress levels. Serum cortisol and leptin increased 
with the increasing stress levels while serotonin in plasma is decreased that may be considered as the peripheral marker of 
stress. 
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INTRODUCTION 

The peptide hormone leptin implicated in regulation of 
food intake and energy homeostasis in both rodents and 
humans, is found both centrally and peripherally. The role of 
peripheral leptin has been more extensively investigated. 
Leptin receptors are found in multiple tissues [1] signifying 
its importance in homeostatic regulations. Leptin is secreted 
by white adipose cells in proportion to the amount of adipose 
tissue mass. The peripheral effects of leptin primarily include 
regulation of insulin secretion and energy metabolism in fat 
cells and skeletal muscles, where it seems to play a role 
ensuring the maintenance of adequate energy stores and 
thereby protect against starvation. 

Stressful stimuli result in increased cortisol levels in 
blood via stimulation of hypothalamo-pituitary-adrenal 
(HPA) axis. Cortisol is a potent stimulator of leptin secretion 
[2]. As a neuropeptide, leptin inhibits HPA response to 
stressful stimuli [3] while circulating leptin has been shown 
to be the predictor of sympathetic cardiovascular activity and 
parasympathetic withdrawal suggesting that adverse effects 
of stress on obesity and cardiovascular health are mediated 
via circulating leptin [4]. The role of central serotonin in 
response to acute and chronic stress and feeding behavior [5] 
is well documented. Peripherally serotonin is mainly  
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aggregated in enterochromaffin cells of GIT and stored in 
platelets.  

The present study concerns circulating levels of leptin, 
cortisol and serotonin in perceived psychological/physio- 
logical stress in healthy adult men and relate it with obesity. 
The study aims at establishing the interconnection(s) among 
the three mediators and to test the possibility that serotonin 
may be used as a peripheral marker of stress response and 
obesity.  

MATERIAL AND METHODS 

It was cross sectional study conducted from March to 
May 2010 in Neuro-Biochemistry Laboratory, University of 
Karachi. Ninety seven adult men of ages ranging from 30 – 
64 years, working in undergraduate professional educational 
institutes participated in the study. All the apparently healthy 
men within adult age group (30 – 64 years) working for 8 
hours a day were included. The men with diagnosed 
psychiatric problem or hormonal disorders were excluded 
from the study. Sampling was done by stratified systematic 
technique. Ten institutes were identified in the central zone 
of Karachi and 10 samples from each were selected for the 
study. Men with smoking/drinking habits, suffering from 
cardiovascular, metabolic hormonal or psychiatric disorders 
were not included in the study. Out of hundred three did not 
continue with the study protocols. All participants submitted 
written consent, approved by the ethical committee of 
University of Karachi, for the use of information contained 
in the questionnaire and for the donation of serum samples.  
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Stress levels were monitored subjectively by a 
standardized questionnaire [6]. The questionnaire contained 
24 statements/questions that measured the environmental, 
psychological and physiological aspects of stress the method 
of scoring was based on likert scale. The total scores of 52 - 
58, (55 +/- 3) were taken as no/little stress or the control 
subjects, 59 – 65 (62±3) were considered as mild, The 
response 3 and 4 were collectively taken as moderate stress 
that summed up to 66 - 79, (69- 3 & 76 + 3) and the total of 
80 - 86 (83+/- 3) were taken as severe stress groups. Body 
mass index (BMI) of all the subjects was calculated by 
dividing weight in kilograms with height taken in meter 
squares taken in light clothing without slippers. 5 ml of 
venous blood was drawn from antecubital vein, after the 
person has answered the questionnaire for perceived stress. 
Blood was allowed to clot at 4°C and serum was separated 
and stored at -70°C for estimations of serotonin, leptin and 
cortisol by ELISA. The chemical variables were determined 
by ELISA. The kit for serum leptin [7] and serotonin [8] 
were obtained from BioSource Europe S.A. The kit for 
cortisol [9] was obtained from The Equipar Diagnostics. All 
the study protocols were followed from 9:00 – 11:00 hours 
to analyse the association of hormonal levels with the 
perceived stress levels in a post prandial state. Statistical 
Analysis was done applying ANOVA with Tuckey’s test as a 
post hoc test to compare individual variables. SPSS version 
15 was used to analyze data. The study was approved by the 
departmental ethical committee of the University of Karachi.  

RESULT 

The mean ± SD of age of the participants was 38.38 ± 
7.20 years. The proportion of participants with severe, 
moderate, mild and no stress were 24.74% for both severe 
and moderate, 26.80% and 23.71 respectively. Out of ninety 
seven men, only three were found to be obese, 18 were 
overweight and 76 had normal weight. ANOVA showed 
significant differences among BMI of various stress groups 

(df=3, 93; F =4.5; p<0.05). Posthoc test revealed that indeed 
BMI was increased in the individuals who perceived stress 
compared to the group of men with no/minimal perception of 
stress considered as controls but that was not significant. The 
BMI of moderately stressed individuals found was 
significantly higher compared to no/little stress group (Fig. 
1). 

Fig. (2) depicts serum levels of serotonin, leptin and 
cortisol in various stress groups. Serum cortisol was found to 
be progressively and significantly increased with increased 
severity of stress among the groups (df=3, 93; F=60.7; 
p<0.01). Similarly mean serum serotonin was also 
progressively decreased with the increase in stress scores and 
a significant difference was observed between the groups 
(df=3, 96; F=19.45; p<0.001). Serum leptin concentrations 
were also different among the four groups of stress (df=3,96; 
F =7.09; p<0.01), however the difference was found 
significant only between the two extremes of stress groups 
from control to the severe stress groups (p<0.01).  

Fig. (3) depicts the correlation between serum leptin, 
cortisol and serotonin. Serum leptin levels showed a 
significant positive correlation with serum cortisol levels 
(p<0.001), while serotonin showed a significant negative 
correlation with both cortisol (correlational coefficient (r) = 
0.51, determination coefficient (r2) = 0.262, p<0.01) and 
serum leptin (r=-0.20, r2= 0.040, p<0.05).  

DISCUSSION 

Many authors have reported that subjects who perceived 
psychological stress had elevated leptin levels [10]. Patients 
with post traumatic stress disorder are also hyperleptinemic 
[11] suggesting that leptin concentrations may be used as a 
marker for perceived daily psychological stress and 
traumatic disorders. Conversely studies on experimental 
animals have reported that chronic stress did not increase 
serum leptin levels [12]. Otsuka et al [10] observed a basal 

 

 

 

 

 

 

Fig. (1). Changes in BMI in Various Stress Levels. Compared with no/minimal stressed group considered as controls a BMI was 
significantly higher in the group of men who perceived moderate stress. Values are expressed in mean + S.E.M. p<0.05 was considered as 
significant difference. 

 



The Interaction of Serum Serotonin, Cortisol and Leptin Karachi University Journal of Science,  2010 Vol. 38, No. 1 & 2      25 

increase in leptin concentrations (after an overnight fast) in 
the subjects with a high level of stress perception. In the 
present study we collected the samples of blood in a 
postprandial state at the time of answering the questionnnaire 
to analyse the hormonal concentrations at the time of stress 
awareness. Hypothalamus is a critical target for the satiety 
effects of leptin. The protein elicits more potent anorectic 
effect when administered centrally than peripherally [13]. It 
is transported through blood brain barrier via saturable 
transport system and achieves most of its metabolic effects 
by interacting with specific receptors located in the central 
nervous system. The role of peripheral leptin has been more 
extensively investigated [13, 14]. Administration of leptin to 
genetically obese mice reduced their food intake and made 
them loose weight [15]. Congenital leptin deficiency in 
humans is associated with severe early onset obesity. 
Somewhat paradoxically however, plasma leptin levels 
increased in obese women [16] and decreased in women with 
anorexia nervosa [17]. Since leptin levels are chronically 
increased in obese humans, this suggests that obesity may be 

associated with malfunctioning of leptin receptors, a 
condition often described as leptin resistance. It possibly will 
be considered that people who feel stressed in their lives are 
exposed to some chronic stressor. 

The present study shows that the subjects who reported 
an awareness of moderate or severe stress in their daily lives 
had significantly higher leptin levels than little or mild stress 
groups (Fig. 1). Mild to moderate stress triggers the 
consumption of palatable food resulting into gradual increase 
in adipose tissue mass. Serum leptin that corresponds to 
adipose tissue mass thus gets chronically increased leading 
to leptin resistance and obesity [18]. Stress hormone cortisol 
further aggravates the situation by stimulating the secretion 
of leptin. Complex carbohydrates termed as comfort food, 
increase the level of tryptophan in brain resulting into 
calming effect through serotonin [19]. Central serotonin also 
decrease appetite through 5HT4 receptors [20] which may be 
the possible explanation of less BMI observed in severely 
stressed group. It is however possible that severe stress 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (2). Comparison of Circulating levels of Leptin (A), Cortisol (B) and Serotonin (C) in various Stress Perception Groups. Values 
are expressed in means ± SEM. Significant difference was considered as *p<0.05 and **p<0.01. Post-hoc analysis showed a significant  rise 
in serum leptin (A) and Cortisol (B) in severe stress perception. The cortisol levels were also increased in mild and moderate stress 
perception compared to controls (no/minimal stress). Peripheral serotonin also deminstrated a significant decrease with severity of stress. 

 



26    Karachi University Journal of Science,  2010 Vol. 38, No. 1 & 2 Haque and Haleem 

induced increases of sympathetic activity and stimulated 
HPA axis overcomes the effect of leptin on adiposity/ 
obesity. Once the stressor has gone the neuro-endocrine 
response is also terminated because of the negative feedback 
control of HPA axis activity. Failure to terminate this 
response is observed in various conditions of over-activity of 
HPA axis [21]. Disruption of the glucocorticoid negative 
feedback system is observed in approximately one half of 
human depression [22]. A similar condition is induced in 
animals by chronic stress [21]. Dose dependant cortisol 
induced increases in plasma leptin concentrations have been 
reported in healthy humans [23]. Leptin response to 
glucocorticoids occurred at physiological dose and gets 
abolished by fasting [24]. The disruption is thought to 
involve a down regulation of receptors in the feedback sites 
of the brain [25]. Our findings of an increase in circulating 
levels of cortisol with the severity of stress are more relevant 
that at the time of sample collection perception of stress was 
highest in severe stress group and least in the no/little stress 
group. The result support the notion that leptin might have 
been increased to attenuate the stress response. The cross 
sectional nature of the present study implies a possibility that 
a single raised leptin level may identify an individual to be in 
greater perceived stressed state rather than someone with a 
lower leptin level. 

A role of brain serotonin in response to stress and 
regulation of appetite is well documented. Exposure to 
stress-inducing situations increases the firing of serotonergic 
neurons in the brain resulting in an increase in the metabo- 
lism, synthesis and release in serotonin [26]. This occurs 
because transport of tryptophan, the precursor of serotonin 
which is an essential amino acid, to the brain increases [26]. 
Only 2% of the total body serotonin is present in the brain, 
while 98% of it is found in the chromaffin cells of GIT or 
blood platelets. One of the aims of present study was to test 
the possibility that circulating levels of serotonin may be 
used as a marker of stress response or obesity. A decrease in 
serum levels of serotonin with the severity of stress is 

relevant that life event stressors precipitate depression [27], 
5HT is deficient in depression and drugs that increase 
serotonin function are antidepressants. It would suggest that 
decrease in serum serotonin concentrations may be taken as a 
measure of stress perception, but it may not be taken as a 
measure of obesity. Most of the tryptophan present in 
circulation is metabolized by Kynurinine pathway located in 
the liver. Exposure to a stress inducing situation increases 
the activity of tryptophan pyrrolase, the rate limiting enzyme 
for its degradation [28]. 

Present study provides the evidence that serum leptin and 
cortisol are increased and the of serotonin decrease with the 
severity of stress perception. Positive correlation of serum 
cortisol with leptin observed in the present study (Fig. 3) 
suggests that stress hormones may result in persistent 
increased leptin in circulation. A moderate increase of leptin 
elicits obesity possibly because of leptin resistance [18]. 
Cortisol increase is dependent on stress levels may overcome 
the obesity effects of leptin in severely stressed group. A 
decrease in serum concentration of serotonin with the 
severity of stress suggests that serum serotonin may be taken 
as a marker of stress perception that may lead to depression. 
The sample size of the study did not allow the calculation of 
definite correlation among the hormonal parameters and 
BMI. Moreover the gender specific hormones may play a 
role in the development of stress induced obesity in men. 
The study concludes that working men with the awareness of 
moderate level of stress have a higher BMI which may be 
due to the development of leptin resistance and high cortisol. 
The levels of serotonin as the measure of obesity merit more 
studies. 
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Fig. (3). Correlation of Peripheral Cortisol and Serotonin with Serum leptin in Stress: Stress hormone cortisol significantly increased 
(p<0.05) with the increase in serum leptin while serotonin in circulation decreased (p<0.05) with the leptin levels. 

 



The Interaction of Serum Serotonin, Cortisol and Leptin Karachi University Journal of Science,  2010 Vol. 38, No. 1 & 2      27 

like to extend thanks to Mr. Faisal Afzal Siddiqui, Research 
Analyst, Business Research Consultants, for his immense 
support in data analysis. 

REFERENCES 

[1] Blüher S, Mantzoros CS. Leptin in humans: lessons from 
translational research. Am J Clin Nutr. 2009 Mar; 89(3): 991S-
997S. 

[2] Castracane V.D, Henson M.C. Leptin, Endocrine updates. 
Considine RV. Leptin and other Endocrine Systems. Springer US; 
2005. (25): 103 – 123. 

[3] Kawakami A., Okada N., Rokkaku K., Honda K., Ishibashi S., 
Onaka T. Leptin inhibits and ghrelin augments hypothalamic 
noradrenaline release after stress. Stress 2008; 11 (5):363-9. 

[4] Haque Z, Lakho G.R, Nafees M, Shahid K.U and Mazahir I. Serum 
leptin levels correlation with high blood pressure in adult females. 
J coll Physicians Surg Pak. 2006, Vol. 16 (7): 450-454. 

[5] Mo B., Feng N., Renner K and Forster G. Restraint stress increases 
serotonin release in the central nucleus of the amygdala via 
activation of corticotropin-releasing factor receptors. Brain 
Research Bulletin. 2008; 76 (5): 493-498. 

[6] Memon M.S., Kazi F.A. and Arain AA. A comparative study of job 
oriented occupational stress of peak workload on physicians and 
clerks. Proc: ISBBP. Biochem, Biophy 1997; 2: 261 – 266. 

[7] Friedman JM, halaas JL. Leptin and regulation of body weight in 
mammals. Nature 1998.Oct 22; 396 (6704): 763 – 770. 

[8] Kema IP, de Vries EG, Schellings AM, Postmus PE, Muskiet FA. 
Improved diagnosis of carcinoid tumors by measurement of platelet 
serotonin. Clin Chem 1992. Apr; 38(4): 534 – 40. 

[9] Arakawa, H., Maeda M., Tsuji A. Chemiluminescence enzyme 
immunoassay of cortisol using peroxidase as label. Anal Biochem. 
1979. Sep 1; 97(2): 248-54. 

[10] Otsuka R, Yatsuya H, Tamakoshi K, Matsushita K, Wada K, 
Toyoshima H. Perceived Psychological Stress and Serum Leptin 
Concentrations in Japanese Men. Obesity. 2006; 14:1832–1838. 

[11] Liao SC, Lee MB, Lee YJ, Huang TS. Hyperleptinemia in subjects 
with persistent partial posttraumatic stress disorder after a major 
earthquake. Psychosom Med. 2004; 66:23– 8. 

[12] Panagiotaropoulos T, Papaioannou A, Pondiki S, Prokopiou A, 
Stylianopoulou F, Gerozissis K. Effect of neonatal handling and 
sex on basal and chronic stress-induced corticosterone and leptin 
secretion. Neuroendocrinology. 2004; 79: 109–18. 

[13] Prieur X, Loraine Y.C. L Tung, Griffin J.L, Farooqi I.S, O'Rahilly 
S, and Coll A.P. Leptin regulates peripheral lipid metabolism 
primarily through central effects on food intake; Effect of leptin on 
lipid metabolism. Endocrinology. 2008 November; 149(11): 5432–
5439 

[14] Flier JS, Maratos-Flier E. Obesity and the hypothalamus: novel 
peptides for new pathways. Cell. 1998 Feb 20;92(4):437-40 

[15] Kovalszky I, Surmacz E, Scolaro L, Cassone M, Ferla R, Sztodola 
A, Olah J, Hatfield MP, Lovas S, Otvos L Jr. Leptin-based 
glycopeptide induces weight loss and simultaneously restores 
fertility in animal models. Diabetes Obes Metab. 2010 
May;12(5):393-402. 

[16] Haque Z, Rahman MA. Serum leptin levels in female patients with 
NIDDM. J Coll Physicians Surg Pak. 2003 Mar;13(3):130-4. 

[17] Silha JV, Krsek M, Skrha JV, Sucharda P, Nyomba BL, and 
Murphy LJ. Plasma resistin, adiponectin and leptin levels in lean 
and obese subjects: correlations with insulin resistance. European 
Journal of Endocrinology 2003;149(4): 331-335. 

[18] Zhang Y, Scarpace PJ. The role of leptin in leptin resistance and 
obesity. Physiol Behav. 2006 Jun 30;88(3):249-56. 

[19] Markus CR. Effects of carbohydrates on brain tryptophan 
availability and stress performance. Biol Psychol. 2007 Sep;76(1-
2):83-90. 

[20] Francis HM, Kraushaar NJ, Hunt LR, Cornish JL. Serotonin 5-HT4 
receptors in the nucleus accumbens are specifically involved in the 
appetite suppressant and not locomotor stimulant effects of MDMA 
('ecstasy'). Psychopharmacology (Berl). 2010 Aug 26. DOI: 
10.1007/s00213-010-1982-9. 

[21] Pecoraro N, Reyes F, Gomez F, Bhargava A, Dallman MF. Chronic 
stress promotes palatable feeding, which reduces signs of stress: 
feedforward and feedback effects of chronic stress. Endocrinology. 
2004;145:3754–62 

[22] Pace TW, Hu F, Miller AH. Cytokine-effects on glucocorticoid 
receptor function: relevance to glucocorticoid resistance and the 
pathophysiology and treatment of major depression. Brain Behav 
Immun. 2007 Jan;21(1):9-19. 

[23] Maruna P, Lindner J, Kubzová KM. Leptin and soluble leptin 
receptor changes after pulmonary endarterectomy: relations to 
cortisol and cytokine network. Physiol Res. 2009;58(4):569-76. 

[24] Dagogo-Jack S, Tykodi G, Umamaheswaran I Inhibition of cortisol 
biosynthesis decreases circulating leptin levels in obese humans. J 
Clin Endocrinol Metab. 2005 Sep;90(9):5333-5 

[25] Mizoguchi K, Ishige A, Shuichi Takeda S, Aburada M, and Tabira 
T. Endogenous Glucocorticoids Are Essential for Maintaining 
Prefrontal Cortical Cognitive Function. J. Neurosci, June 16, 2004, 
24(24):5492-5499 

[26] Yilmazer-Hanke , Deniz M. Morphological correlates of emotional 
and cognitive behaviour: insights from studies on inbred and 
outbred rodent strains and their crosses. Behavioural 
Pharmacology 2008; 19(5-6):403-434 

[27] Tennant C. Life events, stress and depression: a review of recent 
findings. Aust N Z J Psychiatry. 2002 Apr; 36(2):173-82. 

[28] Ruddick JP, Evans AK, Nutt DJ, Lightman SL, Rook GA, Lowry 
CA. Tryptophan metabolism in the central nervous system: medical 
implications. Expert Rev Mol Med. 2006 Aug;8(20):1-27. 

  

 

  

 

 


