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ABSTRACT 
Introduction: Stress is inevitable in daily life. Stress in long term has been implicated in the development of 

physical and neuronal disorders. Various studies have described the levels and role of BDNF in the brain 

following stress. Studies representing the changes in serum BDNF and wet weight of organs in stress are 

limited and controversial. Aim: The aim of the present study is to find the effect of stress on serum BDNF 

concentration, wet weight of selected organs, haematological parameters and to evaluate the effectiveness of 

caloric vestibular stimulation on stress-induced changes in these parameters. Methods and material: Male 

Wistar rats were exposed to cold water swimming stress for 14 days for a duration of 30 minutes per day. 

Serum corticosterone and serum BDNF were measured using the ELISA method. Weight of liver, spleen, 

thymus and lymph nodes were measured and their relation to body weight was calculated. Total RBC count, 

total WBC count, platelet count and haemoglobin concentration were analysed. Results: A statistically 

significant increase in serum corticosterone and BDNF was observed following stress. Liver weight, thymus 

weight and lymph nodes weight did not show any significant changes but spleen weight has reduced in the 

normal recovery group following stress. Total RBC count, total WBC count, platelet count and haemoglobin 

levels were significantly higher in the stress group. Caloric vestibular stimulation was effective in managing 

stress-induced changes in serum corticosterone, BDNF and spleen weight. Conclusion: Caloric vestibular 

stimulation is effective in restoring the stress-induced changes.  

 

1. Introduction 

Stress and illness have complex relationship and in long term aggravate each other. Chronic illness is often 

associated with stress which leads to anxiety and depression [1]. Brain derived neurotrophic factor (BDNF) 

along with nerve growth factor is a member of the neurotrophin family. It is widely distributed in various regions 

of the brain and peripherally in the lungs, heart, gastrointestinal tract, liver. It is expressed in vascular smooth 

muscle cells, fibroblasts and thymic stroma, platelets [2,3]. In the CNS especially the hippocampus chronic 

stress cause downregulation of BDNF mRNA and protein [4]. BDNF has a role in the proliferation and 

differentiation of embryonic and adult neural stem or progenitor cells whereas stress hormones have a negative 

impact on the same cells and are related to the pathophysiology of the brain diseases like autism spectrum 

disorder and depression [5]. Altered levels of BDNF levels have been reported in many conditions like major 

depressive disorder [3,6]. Studies are available describing the role of stress on BDNF in different areas of the 

brain but studies representing the plasma BDNF levels in stress are limited and controversial. The present study 

is taken up to see the effect of cold water swimming stress on serum BDNF in Wistar rats and to evaluate the 

efficacy of caloric vestibular stimulation on stress induced changes in serum BDNF. 

Haematological tests are performed as part of routine clinical examination. During stress, red blood cells are 

essential for supplying oxygen to meet the demands of tissues which play an active role in combating the stressor. 

White blood cells are essential and are redistributed  according to the changes brought in the body by the stressor. 

Platelets alter as per the stressor. When the stressor is in the form of physical trauma and the compensatory 

mechanisms demand altered coagulation platelets activity alter accordingly. The weight of the organs helps in 

the determination of the state of the organ if it’s normal or pathological. Any deviation from normal weight 

indicates pathology or compensatory mechanism in response to the stress applied to an organ (7). The objectives 

of the present study also include the assessment of stress induced changes in the wet weight of selected organs, 

haematological parameters and to evaluate the effect of caloric vestibular stimulation on stress induced changes 

on these parameters. 
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2. Methods and Materials: 

Animals: 

Male, Wistar rats of 3 -6 months of age weighing 180 to 280 grams were included in the study. Pellet diet was 

provided with water ad libitum. Animals were maintained as per the guidelines of the Committee for Control 

and Supervision of Experiments on Animals. Four animals were housed in a polypropylene cage. The present 

study was carried  out  after  obtaining Institutional animal ethical committee clearance (1/PIMS/2017). 

Following experiment blood samples were obtained from retro-orbital site under the influence of isoflurane and 

serum was obtained after centrifugation. Animals were sacrificed as per the standard guidelines. 

Experimental design: 

Twenty-eight rats were randomly selected and grouped into six. Four rats were included in each group. Six rats 

were included in caloric vestibular stimulation groups in view of side effects and mortality. 

Group I (n=4) –  Control 

Group II (n=4) – Stress for 14 days 

Group III  (n=4) – Stress for 14 days + normal recovery for 15 days (stress+NR-15). 

Group IV (n=4) – Stress for 14 days + normal recovery for 30 days (stress+NR-30).  

Group V (n=6) – Stress for 14 days + CVS for 15 days (stress+CVS-15). 

Group VI (n=6) – Stress for 14 days + CVS for 30 days (stress+CVS-30). 

Coldwater swimming stress:  Stress was induced in rats by making them swim  in cold water maintained  at 

100C for 30 min a day between 9.00 AM to 12.00 PM. Plastic containers of 40 cm diameter, 60 cm height, were 

used and the water level was maintained at 30 cm [8]. 

Caloric vestibular stimulation: Caloric vestibular stimulation was induced in rats bilaterally by irrigating external 

auditory meatus for a duration of 2 minutes using 2mL water  maintained at 410C using a polyethylene tube for 

15 and 30 days (9) in respective groups. 

Determination of corticosterone: Serum corticosterone was analysed using solid phase enzyme-linked 

immunosorbent assay (ELISA) method. Procedure in brief, diluted wash solution by 10X. Taken 10 µL of 

calibrator and sample in separate wells and then added 100 µL of incubation buffer to each well followed by 50 

µL by enzyme conjugate  and incubated for 2 hours. Washed wells 4 times with 300 µL of wash solution. Added 

200 µL of substrate solution in to each well and incubated for 30 min in dark room at room temperature. Later 

added 50 µL of stop solution and determined the absorbance of each well at 450 nm wavelength within 15 

minutes.  

Determination of BDNF: Serum BDNF was analysed using enzyme-linked immunosorbent assay (ELISA) 

method. Procedure in brief, taken 50 µL of standard and 40 µL of serum and added 10 µL of special diluent to 

samples. 50 µL of HRP was added to each well, incubated for 60 minutes at 370C. Removed excess, dried wells 

and washed with was buffer. 50 µL of chromogen A and B were added and incubated at 37oC for 15 minutes in 

dark. 50 µL of stop solution was added and optical density was measured at 450nm. 

Determination of wet weight of organs and haematological parameters: Liver, spleen, thymus and inguinal 

lymph nodes were isolated immediately after sacrificing the animal. Organs were cleaned and blotted dry before 

weighing. Organ weight in relation to body weight was calculated (10). Whole blood samples were used for 

determination haematological parameters. Total RBC count, total WBC count, platelet count and haemoglobin 

were estimated using automated cell counter. 

Statistical Analysis: Data was analysed using SPSS 20. One-way analysis of variance followed by Tukey’s post 

hoc test was used for multiple comparisons and expressed as mean ±S.E.M. p value < 0.05 was considered to be 

statistically significant. 

3. Results: 

Serum corticosterone: In comparison to control, serum corticosterone has increased in stress group, stress+NR-

15 and stress+NR-30 groups (p<0.001). In comparison to stress group, corticosterone has significantly reduced 
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in both stress+CVS-15 (p-0.03) and stress+CVS-30 groups (p<0.001). This proves caloric vestibular stimulation 

is effective in reducing stress induced increase in serum corticosterone [Table 1].  

Table 1: Effect of caloric vestibular stimulation on cold water swimming stress induced changes in 

serum BDNF and wet weight of organs 

Groups Cortico- 

sterone 

(ng/mL) 

BDNF 

(pg/mL) 

Liver weight 

(g/100g) 

Spleen weight 

(g/100g) 

Thymus weight 

(g/100g) 

Lymph nodes 

weight  

(g/100g) 

Control 11.7 ± 0.5 318.5 ± 11.4 4.6 ± 0.45 0.48 ± 0.04 0.19 ± 0.04 0.06 ± 0.01 

CVS-15 20.4 ±3.3 359.1 ± 26.4 3.7 ± 0.26 0.40 ± 0.03 0.24 ± 0.06 0.07 ± 0.00 

CVS-30 18.7 ±2.2 309.3 ± 36.4 3.3 ± 0.28 0.47 ± 0.06 0.19 ± 0.03 0.07 ± 0.00 

Stress 181.9± 36.3a 536.7± 22.6a 3.6 ± 0.38 0.26 ± 0.00 0.14 ± 0.02 0.08 ± 0.02 

Stress+NR-15 171.4± 35.8a 449.3± 16.9a 4.2 ± 0.96 0.22 ± 0.02a 0.17 ± 0.02 0.09 ± 0.01 

Stress+NR-30 111.9± 15.7a 435.3± 24.0a 5.0 ± 0.70 0.43 ± 0.04 0.17 ± 0.01 0.11 ± 0.01 

Stress+CVS-15 73.6  ± 8.8b 278.0± 14.1b 3.9 ± 0.22 0.29 ± 0.03 0.13 ± 0.01 0.07 ± 0.01 

Stress+CVS-30 54.8  ± 9.5b 263.8± 11.2b 3.7 ± 0.44 0.39 ± 0.05 0.15 ± 0.03 0.07 ± 0.00 

Values are mean + SE (n = 4 each; stress+CVS-15 and stress+CVS-30 groups, 6 each). 

CVS = caloric vestibular stimulation; NR = natural recovery. 

15 and 30 are, 15 days and 30 days caloric vestibular stimulation. 

a Significantly different from control group. b Significantly different from stress group. 

BDNF: In comparison to control group, stress (p<0.001), stress+NR-15 (p-0.005) and stress+NR-30 (p-0.01) 

groups have shown an elevation in serum BDNF levels. Rats which received CVS intervention, stress+CVS-15 

and stress+CVS-30 (p<0.001) showed a significant decline in serum BDNF as compared to stress group. The 

result proves the effectiveness of caloric vestibular stimulation in reducing the stress induced elevation of serum 

BDNF [Table 1]. 

Organ weights: There was no significant difference (p>0.05) in weight of the liver, thymus and lymph nodes 

among the groups. However, spleen weight in the stress+NR-15 group (p-0.02) has reduced significantly in 

comparison to control group whereas stress+CVS-15 group showed no such decline in weight. This finding 

proves the protective role of caloric vestibular stimulation in stress [Table 1]. 

Haematological parameters: As compared to the control group, the stress group have showed a significant 

elevation (p<0.001) in total RBC count, total WBC count, platelet count and haemoglobin levels. Both normal 

recovery groups and caloric vestibular stimulation groups showed significant decline (p<0.05) in haematological 

parameters in comparison to stress group [Table 2]. 

Table 2: Effect of caloric vestibular stimulation on cold water swimming stress induced changes in 

Haematological parameters 

Groups Total RBC count 

(millions/dl) 

Total WBC count 

(1000/dl) 

Platelet count 

(x1000 cells/dl) 

Haemoglobin 

(gm%) 

Control 7.7 ± 0.3 9095.0 ± 684.4 901.5 ± 21.6 13.1 ± 0.7 

CVS-15 6.4 ± 0.4 7250.0 ± 196.7 766.5 ± 46.0 12.8 ± 0.4 

CVS-30 6.7 ± 0.4 7487.5 ± 499.3 775.0 ± 24.7 13.5 ± 0.4 

Stress 13.1 ± 0.6a 12575.0 ± 205.6a 1403.3 ± 39.4a 16.6 ± 0.3a 

Stress+NR-15 6.6 ± 0.3b 10625.0 ± 501.3b 1129.5 ± 31.0b 13.0 ± 0.2b 

Stress+NR-30 7.3 ± 0.9b 10475.0 ± 497.7b 1097.8 ± 20.7b 14.0 ± 0.5b 

Stress+CVS-15 6.6 ± 0.2b 7608.3 ± 312.7b 840.2 ± 43.3b 13.2 ± 0.4b 

Stress+CVS-30 7.0 ± 0.6b 7377.3 ± 531.2b 787.0 ± 44.8b 13.2 ± 0.2b 

Values are mean + SE (n = 4 each; stress+CVS-15 and stress+CVS-30 groups, 6 each). 

CVS = caloric vestibular stimulation; NR = natural recovery. 

15 and 30 are, 15 days and 30 days caloric vestibular stimulation. 

a Significantly different from control group. b Significantly different from stress group. 

4. Discussion and Conclusion: 

Stressors, physical, perceived or chemical all evoke adaptive responses to maintain homeostasis. If the stressor 
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is severe or a longer duration, these responses become maladaptive and threaten homeostasis. Response to stress 

is mainly regulated by the hypothalamic-pituitary-adrenocortical (HPA) and sympathoadrenal medullary (SAM) 

axis which causes increased levels of glucocorticoids and hyperactivation of the sympathetic nervous system. 

Most of the stress-induced changes in the body are mediated either by glucocorticoids, catecholamines and 

neurotrophic factors (11).  

The vestibular apparatus senses the position of head and three-dimensional movement in space (12). Although 

it was used as a diagnostic tool for evaluation of neurological disorders, research has proven the beneficial effect 

of vestibular stimulation in various conditions like Parkinson’s, chronic stress , helping in alleviation of motor 

dysfunction and inhibits neuronal degeneration[14,15]. Vestibular stimulation can influence the activity of the 

hypothalamic-pituitary-adrenal axis (HPA) by direct and indirect pathways. Vestibular system has direct 

connections with the hypothalamus and the hippocampus. Indirectly by stimulating the hippocampal formation 

and increasing the release of the gamma-amino butyric acid (GABA) vestibular system can inhibit the HPA axis. 

Hypothalamus and vagus mediates the modulation of aldosterone by vestibular stimulation. Any stimuli which 

influence the sympathetic nervous system can alter the production of adrenal medullary hormones. Vestibular 

influence on sympathetic activity is mediated by otolith organs. The vestibular system has projections to 

diencephalon which can alter the sympathetic activity (16). 

In the present study, a statistically significant increase in serum corticosterone levels was observed in stress and 

normal recovery groups. Rats that received CVS following stress have shown a decline in serum corticosterone 

which proves caloric vestibular stimulation is effective in reducing serum corticosterone, which is a marker of 

stress. this finding is in accordance with the findings of previous studies that reported a decline in glucocorticoids 

following vestibular stimulation in stress (17). Previous studies have shown a negative correlation between stress 

and serum levels of BDNF (18,19,20). In the present study, an increase in serum BDNF has been observed 

following stress and this finding is in accordance with other studies which has shown post-stress increase in 

serum BDNF [21,22]. Animals that received caloric vestibular stimulation as intervention following stress 

showed lower BDNF levels in comparison to the stress group and recovery groups. The mechanisms that 

interplay in the role of cortisol mediated BDNF elevation are unsolved. It has also been proposed that 

Glucocorticoids regulate translation, processing, and secretion of BDNF [5]. CVS by reducing glucocorticoids 

may contribute to the reduction in stress-induced elevation of serum BDNF. 

The liver plays a crucial role in metabolism and energy homeostasis, where hepatocytes harmonize these 

metabolic mechanisms through gene expression in response to various humoral signals.  GCs adjust systemic 

metabolic activities through GC receptors located on hepatocytes [23]. Thymus and lymph nodes play important 

role in enabling an individual to immunological adjustments. Spleen is one of the most abundant immune organs 

that plays a vital role in the modulation of the immune system, differentiation of T and B cells, production of 

antibodies, and clears circulating apoptotic cells. Stress alters myeloid cells, dendritic cells, granulocytes, and 

NK cells in the spleen [24,25]. In the current study, we have not found a significant alteration in liver weight, 

thymus weight and lymph nodes weight whereas spleen weight has decreased. Our study is in accordance with 

the earlier studies which have witnessed stress-induced decrease in weight of the spleen [26,27]. A significant 

reduction in spleen weight was observed both in stress and recovery groups that did not receive caloric vestibular 

stimulation following stress. CVS groups did not show a difference from the control group which proves CVS 

is helpful in restoring stress-induced changes in spleen weight. The weight reduction in the spleen could be due 

to stress-induced vasoconstriction in splanchnic circulation which shifts the splenic blood into general 

circulation, mediated through sympathetic-adrenal co-activation [28]. CVS by reducing stress mediators can 

help in protecting the stress-induced decline of the spleen weight. 

Glucocorticoids cause the redistribution of blood cells, which might be facilitated by alterations of cell adhesion 

molecules. Glucocorticoids amend functions and trafficking of peripheral immune cells. Glucocorticoids lower 

circulating lymphocytes, monocytes, macrophages, basophils, eosinophils, and proliferate neutrophils. 

Peripheral circulation of leukocytes is necessary for effective immune function. The distribution and number of 

these immune cells represent comprehensive vigilance of the immune system [29]. Glucocorticoids enhance the 

oxygen-carrying capacity and enrich the rate of erythropoiesis to meet the demands of stress, by acting on the 

bone marrow. Previous studies have reported that stress increases total RBC count, WBC count, platelets as well 

as haemoglobin concentration [30,10]. Our present study is in accordance with previous studies and showed a 

significant increase in total RBC, WBC, platelet counts and haemoglobin level in the stress group. Stress 

increases blood cells in circulation through glucocorticoids and vestibular stimulation improves cold water stress 
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induced immunological alterations [31,32].  

Conclusion: The present study proves stress elevates serum BDNF, total RBC count, total WBC count, platelet 

count, haemoglobin level and reduces spleen weight. Caloric vestibular stimulation is effective in preventing 

the stress-induced changes in serum corticosterone, BDNF, and spleen weight. 

Study Impact: Caloric vestibular stimulation may prove to be a simple, cost effective, non invasive intervention 

for stress and stress related disorders. 
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