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 Leptin has a prime role in responses to stress and elicits antidepressant like effects.  
The present study investigates serum leptin, corticosterone and serotonin responses 
to noise, restraint and immobilization stress and their relationship with stress-
induced behavioral deficits in rats. Animals exposed to 2h noise, restraint or 
immobilization stress were killed either immediately or 24h after the termination of 
stress to monitor serum leptin, corticosterone and serotonin. Stress-induced deficits 
in open field exploration as well as decreases of food intake were also monitored. 
Acute exposure to noise, restraint or immobilization stress resulted in an increase in 
serum corticosterone and leptin and a decrease in serum serotonin. The 
corticosterone response, but not leptin or serotonin response, was greater in rats 
exposed to immobilization than restraint than noise stress. Animals killed 24 h after 
the cessation of stress exhibited a decrease in serum leptin but corticosterone and 
serotonin levels were not altered.  Stress-induced deficits of food intake and open 
field exploration were greater in rats exposed to immobilization than restraint than 
noise stress. The present study shows that together with increases in circulating 
levels of corticosteroids and leptin; decreases in serum serotonin are peripheral 
marker of acute stress response. A decrease in serum leptin associated with deficits 
of behavior in animals decapitated 24 h post stress termination suggest that an 
insufficiency of endogenous leptin contributes to stress-related illnesses. 
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INTRODUCTION 

 
In line with the association of depression with 

stressful life events, as per clinical evidence (Haleem, 
2011a), several animal models exhibiting stressor 
controllability and learned helplessness have been 
developed (Chourbaji et al., 2005; Maier and Watkin, 
2005). Animal model of 'learned helplessness' is equated 
with a sense of 'giving up' as observed in humans 
suffering from depression (Richter et al., 2013).  

In similar studies, we have reported anorexia and 
decline in growth rates after 2-h immobilization stress 
(Haleem and Parveen, 1994; Haleem, 1999). Exposure to 2 
h immobilization also decreased novel area (open field) 
exploration and anxiodenic/depressive profile in light dark 
transition test (Haleem, 2011a,b). The anorexigenic as well 
anxiety/ depression like effects of immobilization were not 

observed in animals injected with leptin (Haque et al., 
2013). It was suggested that the peptide hormone reduces 
stress perception to elicit antidepressant like effects.  

Leptin is secreted by adipocytes and is a 16-kDa protein 
(Zhang et al., 1994), which upon binding with hypothalamic 
receptors, controls homeostasis of energy by acting as 
adiposity feedback signal (Elmquist et al., 1998). Evidence 
has indicated that systemic administration of leptin reduced 
stress perception by inhibiting the activity of hypothalamic 
pituitary adrenal (HPA) axis (Haque et al., 2013) and 
elicited anti-depressant like effects (Lu et al., 2006; Liu et 
al., 2010; Haque et al., 2013). Moreover, patients with 
major depression exhibited low levels of leptin in serum and 
cerebrospinal fluid (Jow et al., 2006; Westling et al., 2004).  

A decrease in central serotonin functions is also 
described in human depression (Quesseveur et al., 2012). 
The inaccessibility of human brain and the ethical 

RESEARCH ARTICLE 



Pak Vet J, 2014, 34(4): 504-507. 
 

505

limitations in human experiments have turned researchers 
to look for peripheral biomarkers to measure central 
serotonin activity in neuropsychiatric illnesses. These 
studies show a marked reduction in platelet serotonin 
level in major depression and post-traumatic stress 
disorder (Grah et al., 2010; Silić et al., 2012).  

The purpose of the present study was to investigate a 
potential role of leptin in stress-induced behavioral 
deficits in rats. Effects of noise, restraint and 
immobilization stress were therefore determined on serum 
level of leptin.  Associated changes in food intake and 
open field behavior were evaluated to understand a role of 
leptin in stress induced behavioral deficits. In view of an 
important role of HPA axis in response to stress (de Kloet 
and Sarabdjitsingh, 2008), serum levels of corticosterone 
were also determined. Moreover, attempt was made to 
identify serum serotonin as one of the peripheral marker 
of stress response. 
 

MATERIALS AND METHODS 
 

Animals: Locally bred male albino Wistar rats, weighing 
180-200g purchased from Dow University of Health 
Sciences, Karachi, Pakistan were used in the present study. 
Housing conditions were same as described elsewhere 
(Ikram and Haleem, 2011). All animal experiments were 
conducted in accordance with NIH guidelines and approved 
by the institutional Ethics and Animal Care Committee.  
 
Experiment 1: Twenty four animals were randomly 
divided into four equal groups: (i) no stress; (ii) noise 
stress; (iii) restraint stress; (iv) immobilization stress 
groups and were accordingly exposed to 2h noise, 
restraint or immobilization stress. Animals were killed 
immediately after the termination of stress. Serum 
samples were collected and stored at -70ºC. 
 
Experiment 2: Twenty four animals were randomly 
divided into four equal groups: (i) no stress; (ii) noise 
stress; (iii) restraint stress; (iv) immobilization stress 
groups and were accordingly exposed to 2h noise, 
restraint or immobilization stress between 9:00 -10:00 h to 
11:00-12:00h. Animals of the no stress group were left in 
their home cages during this time. After the termination of 
stress, animals of the stressed groups were also kept back 
in their home cages.  Food Intake and open field 
exploration was determined 22 hr post termination of 
stress (Haleem et al., 2013). Animals were killed 
immediately after monitoring the activity. 
 
Stress procedures: The animals were exposed to 
immobilization, restraint or noise stress in separate rooms. 
The procedure of exposing animals to noise stress was 
essentially same as described earlier (Naqvi et al., 2012). 
Restraint stress was produced by placing rats in adjustable 
(8" long and 2" diameter) Plexiglas tubes with air holes in 
the front, top and back (Haleem et al., 2013).  
 
Behavioral assessment 
Food intakes and growth rates: 22 h cumulative food 
intakes (g) were determined by taking the difference of 
food weight (Ikram et al., 2007) given immediately after 
the termination of stress on day 1 and food left before 
exposing animals to open field on day 2.  

Activity in open field: Novel area (76×76 cm with walls 42 
cm high) was used. Twenty five squares of equal size were 
marked on floor to divide its area equally. To monitor 
activity an animal was placed in the central square of the 
open field.  Latency time (sec) to move from the center 
square and numbers of squares crossed with all four paws 
were counted for 5 min, as described previously (Ikram et 
al., 2011).   
 
Serum hormone analysis: The animals were decapitated 
to collect trunk blood.  After clotting, the blood was 
centrifuged to obtain serum. Samples were stored at -70ºC 
until the assay of corticosterone, leptin and serotonin 
using respective ELISA kits (Cayman Chemical 
Company, Ann Arbor, MI, USA). Manufacturer’s 
instructions were followed in the determination. 
 
Statistical analysis: Effects of noise, restraint and 
immobilization on serum levels of corticosterone, leptin 
and serotonin, immediately and 24 h after the termination 
of stress were analyzed by two ways ANOVA. Behavioral 
data were analyzed by one way ANOVA. Post hoc 
comparisons were done by Tukey’s test and p values less 
than 0.05 were taken as significant. 

 
RESULTS 

 
Table 1 shows the effects of three stresses on serum 

levels of corticosterone, immediately (A) and 24 h (B) 
after the termination of stress. Data analyzed by two way 
ANOVA showed significant effect of stress (F=18.5; 
df=3,40; P<0.01) and time (F=173.4 df=1,40 P<0.01) and 
significant interaction between stress and time (F=43.9; 
df=3,40; P<0.01). Post hoc comparison by Tukey’s test 
showed that exposure to 2h noise, restraint or 
immobilization stress increased serum levels of 
corticosterone in animals killed immediately after the 
termination of stress. Immobilization-induced increases 
were greater than restraint or noise-induced increases of 
corticosterone. Animals killed 24 h after the termination 
of stress did not show any significant change in serum 
corticosterone level.  

Table 1 shows the effects of different stresses on serum 
levels of leptin, immediately (A) and 24 h (B) after the 
termination of stress. Data analyzed by two way ANOVA 
showed significant effect of time (F=190.3; df=1,40; 
P<0.01) and significant interaction between stress and time 
(F=25.2; df=3,40; P<0.01). Effects of stress were non 
significant.  Post hoc comparison by Tukey’s test showed 
that exposure to 2h noise, restraint or immobilization stress 
increased serum levels of leptin in animals killed 
immediately after the termination of stress. The increases 
were comparable in the three groups. Animals killed 24 h 
after the termination of stress exhibited decrease in serum 
levels of leptin and the decreases were also comparable in 
the three groups.  

Table 1 shows the effects of stresses on serum levels of 
serotonin, immediately (A) and 24 h (B) after the 
termination of stress. Data analyzed by two way ANOVA 
showed significant effect of stress (F=8.8; df=3,40; P<0.01) 
and time (F=4.3; df=1,40; P<0.01). Interaction between 
stress and time was also significant (F=4.3; df=3,40; 
P<0.01). Post hoc comparison by Tukey’s test showed that
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Table 1: Behavioral and hormonal responses to different stressors 
Parameter Time  Treatment 

No Stress  Noise Stress Restraint Stress Immobilization Stress 
Serum hormones 
Corticosterone (µg/100ml) A 13.66±3.14 27.83±4.87a 32.50±5.35a 43.33±4.84ac 

B 17.16±2.31 16.33±3.93b 13.33±3.07b 11.00±2.52b 
Leptin (ng/ml) A 3.01±0.52 4.03±0.29 a 4.35±0.41a 4.60±0.57a 

B 3.10±0.53 2.15±0.26a b 2.25±0.29ab 1.95±0.22ab 
Serotonin (ng/ml) A 2.88±0.54 1.86±0.28a 1.71±0.21a 1.48±0.42a 

B 2.36±0.41 2.68±0.66b 2.10±0.71 1.93±0.21 
Behavioral parameters 
Cumulative food intake (g) B 12.56±1.75 9.23±1.10a 6.3500±0.81ab 4.3833±0.92abc 
Open field activity (Squares crossed/ 5min) B 89.00±9.40 56.33±9.66a 38.66±7.68ab 34.83±7.08ab 

Values are means ± SD. Significant differences: aP<0.01 from unstressed controls, bP<0.01 from animals exposed to noise stress, cP<0.01 from animals 
exposed to restraint stress following one-way ANOVA. (Time: A=immediately after stress; B=22hrs after stress). 
 
exposure to 2h noise, restraint or immobilization stress 
decreased serum levels of serotonin in animals killed 
immediately after the termination of stress. These decreases 
did not occur in animals killed 24 h after the termination of 
stress. Serum levels of serotonin in animals killed 24 h after 
the termination of noise stress were not different from the 
respective unstressed controls but these were significantly 
(P<0.01) greater than the levels observed in animals killed 
immediately after the termination of noise stress.  

Table 1 shows the effects of three stresses on 22 h 
cumulative food intake. Data analyzed by one way ANOVA 
showed significant effect of stress (F=52.4; df=1,20;  
P<0.01).  Post hoc comparison by Tukey’s test showed that 
exposure to 2h noise, restraint or immobilization stress 
decreased food intake. Animals exposed to immobilization 
stress exhibited greater decreases than animals exposed to 
restraint or noise stress. The decreases were also greater in 
animals exposed to restraint than noise stress.  

Table 1 shows the effects of noise, restraint and 
immobilization on exploratory activity in open field 
monitored next day. Data analyzed by one way ANOVA 
showed significant effect of stress (F=50.3; df=1,20; 
P<0.01).  Post hoc comparison by Tukey’s test showed that 
exposure to 2h noise, restraint or immobilization stress 
decreased open field exploration. The decreases were 
greater in animals exposed to immobilization or restraint 
stress than in animals exposed to noise stress. Animals 
exposed to restraint or immobilization exhibited comparable 
decreases of open field exploration. 

 
DISCUSSION 

 
Changes in circulating levels of corticosterone and 

leptin following exposure to an acute stressor have been a 
topic of great interest in many studies, since such studies 
help to understand role of these hormones in stress-induced 
behavioral deficits and related psychiatric illnesses. The 
present findings on the effects of stress on circulating 
hormones differ from earlier studies in many aspects. 
Firstly, whereas other studies reported an increase in 
circulating levels of corticosterone and leptin following 
acute exposure to a stressor (Patterson-Buckendahl et al., 
2007), the present study also investigated changes in the 
levels of these hormones 24 h after the termination of stress 
(Table 1). Moreover, we also determined acute and delayed 
effects of these stressors on serum serotonin.  

We report that acute exposure to an uncontrollable 
stressor increases circulating levels of corticosterone and 
leptin but serum serotonin is decreased. Compared with 

previous studies measuring acute effects of a stressor on 
corticosterone and leptin, we compared acute and delayed 
effects of three different stressors on serum corticosterone, 
leptin and serotonin in relation to the behavioral deficits 
produced by these stressors.   

The hormone, leptin, plays an important role in HPA-
axis functioning (Roubos et al., 2012). Thus, HPA axis is 
hyperactive in leptin-deficient (ob/ob) mice, and chronic 
administration of leptin to leptin-deficient mice decreases 
plasma corticosterone levels (Arvaniti et al., 2001). Stress-
induced increases in the activity of HPA axis are also 
prevented by exogenous leptin (Heiman et al., 1997; Haque 
et al., 2013). From these studies it may be speculated that an 
increase in the activity of HPA axis during exposure to a 
stressor will be associated with a corresponding decrease in 
leptin release. The present study however shows that 
exposure to noise, restraint and immobilization results in an 
increase in circulating levels of leptin as well as plasma 
corticosterone.  Both of these hormones having wide 
ranging effects on metabolism and energy balance may 
facilitate and re-establish homeostasis following exposure to 
an acute stressor (Roubos et al., 2012; Haque et al., 2013). 

The synthesis of serotonin in the brain as well as at the 
periphery is dependent on the supply of its precursor 
tryptophan which is an essential amino acid. About 90% of 
the tryptophan is metabolized via kynureninenicotinamide 
pathway located in the liver (Marazziti et al., 2013). Factors 
that increase plasma levels of corticosterone also increase 
utilization of tryptophan via kynureninenicotinamide 
pathway (Badawy et al., 2009) resulting in a decrease in 
tryptophan concentration in circulation. The present results 
on stress-induced decreases of serum serotonin are 
explainable in terms of stress-induced increases of 
corticosterone (Table 1). On the other hand, stress-induced 
greater increases of corticosterone in rats exposed to 2 h 
immobilization do not result in greater decreases of serum 
serotonin, suggesting factors other than the availability of 
tryptophan are also important in the stress-induced decreases 
of serum serotonin. 

Corticotropin-releasing factor (CRF), a component of 
HPA axis, is known to have an anorexigenic effect (Ohata et 
al., 2011). Restraint stress-induced anorexia was 
antagonized by CRF antagonist suggesting that the releasing 
factor is involved in the stress-induced inhibitory 
mechanism of feeding behavior (Ohata et al., 2011).  
Immobilization stress induced anorexia is also explained in 
terms of stress-induced increases of CRF, because 
immobilization-induced anorexia and activation of HPA 
axis were both inhibited by exogenous leptin (Haque et al., 
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2013). Increases of serum corticosterone in rats exposed to 
noise and restraint stress observed in the present study 
suggest that noise and restraint stress-induced anorexia are 
also mediated via an increase in CRF release. Thus, stress-
induced increases of serum corticosterone and decreases of 
food intake followed the order immobilization > restraint > 
noise stress (Table 1).  

Injected leptin also decreases food intake and these 
effects of the peptide hormone are produced via its 
receptors within the ventromedial hypothalamus.  An 
increase in malonyl-CoA level in the hypothalamic 
arcuate nucleus (Gao et al., 2011) resulting in a decrease 
in the expression of the orexigenic neuropeptide Y is also 
involved in the anorexigenic effects of leptin. The present 
study suggests that stress-induced increases in leptin are 
also, at least in part, involved in anorexia observed 
following exposure to an uncontrollable stressor. 

Exogenous leptin increases open field exploration in 
unstressed animals by inhibiting novelty-induced stress 
(Lu et al., 2006; Liu et al., 2010; Haque et al., 2013). 
Immobilization-induced decreases of open field 
exploration are also reversed by the injected leptin. These 
studies suggest that the peptide hormone elicits an 
antidepressant like effect. It is therefore tempting to relate 
the decreases of serum leptin observed in rats 24 h after 
the termination of immobilization, restraint and noise 
stress with the deficits of behavior in open field 
exploration. It may be noted that serum corticosterone and 
serotonin are not different in stressed and unstressed 
animals and returned to normal 24 h after the termination 
of stress but serum leptin levels are smaller in stressed rats 
killed 24 h after the termination of stress.  
 
Conclusion: The present study shows that acute exposure 
to an uncontrollable stressor not only stimulates HPA axis 
but an increase in leptin release and a decrease in serum 
serotonin also occurs. It suggests that together with 
circulating levels of corticosteroids, serum levels of 
serotonin and leptin are peripheral markers of acute stress 
exposure. The present state of knowledge supports a role 
of CRF and leptin in stress-induced anorexia. On the other 
hand, stress-induced decreases in open field exploration 
associated with decreases in serum leptin support the 
notion that an insufficiency of the peptide hormone 
contributes to stress-induced behavioral deficits. 
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