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ABSTRACT 
The anti stress effect of either calcium chloride (CaCl2) as calcium agonist or verapamil hydrochloride 

(VHCl) as calcium antagonist was evaluated using three models of acute stresses of Wistar rats: acute 
restraint, cold restraint and swimming endurance stresses. Enzymatic activities of liver, antioxidant 

enzymes, hemogram, leucogram, corticosterone and TNF-alpha and IL-2 as pro inflammatory cytokines 

and IL-4 and IL-5 as anti-inflammatory cytokines were evaluated. Animal subjected to acute restraint 
stress showed a significant increase in total protein, globulin, AST, eosinophils and N /L ratio. Albumin, 

A/ G ratio, lymphocytes and Hb showed a significant decrease. Pretreatment with VHCl was resulted in a 

significant decrease in TLC, neutrophils and N /L ratio and increase in lymphocyte and acidophils number 

with ameliorating the stress-induced variations. The results indicated that, pretreatment of stress models 
with VHCl was significantly improved the stress-induced variations in the variety of measurements 

studied. This result provides significant evidence of the medicinal uses of VHCl in stress disorders. The 

observed anti-stress activity may be due to the specific effect on hypothalamic-pituitary-adrenal axis 
(HPA) or due to the non-specific effect of increased resistance. 
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INTRODUCTION 

Stress-induced events are complex phenomena. Experimental models are required to better understand the 
progression of the stress and generate new therapy. Unfortunately, studies in models have focused on 

behavioral psychopathologies without fully patho-physiological changes caused by stress. Few have 

documented therapeutic intervention. The bidirectional interaction between immune cells (cytokines) and 
nervous systems (neurotransmitters) is now well established. Th1 and Th2 cytokines orchestrate different 

immune pathways to fight pathogens: Th1 cytokines coordinate cellular and Th2 cytokines coordinate 

humoral immune responses. Under stress, one type of immunity may be enhanced and another 
suppressed, resulting in immunomodulatory effects. Glucocorticoids, hormones released during times of 

stress (Jadavji et al., 2011), inhibit the polarization of Th1 cytokines and enhance Th2 cytokine 

production. However, the relationship among stress, hormones, and cytokines is complex and differs by 

the type of stress. This dysregulation of stress hormones may then impair the cross-regulatory functioning 
of the Th1/Th2 axis, with implications for inflammatory diseases. Oxidative stress is defined as a state 

where the production of free radicals exceeds the anti oxidative processes necessary to detoxify the toxic 

molecules, resulting in molecular disturbance and tissue damage (Niki, 2009). Oxidative stress has been 
proposed to play a role in the sequence of several infectious diseases of domestic animals (Lykkesfeldt 

and Svendsen, 2007). Oxidative stress biomarkers have been reported in the form of activities of 

enzymatic antioxidants, such as SOD and GSH-Px and CAT (Salar- Amoli et al., 2009; Saleh et al., 

2011). These antioxidants reduce the cellular damage resulting from interaction between molecules and 
free radicals (Bindhumol et al., 2003; Kabuto et al., 2004).  

Acute restraint is a well-known stress model that increased oxidative processes (Zafir and Banu, 2009), 

reduced T lymphocyte proliferation and impaired T helper component of immunity (Fazzino et al., 2010). 
Restraint also can induce an elevation of plasma IL 6, TNF-a and interferon (Curtin et al., 2009).  
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Physical stress is associated with reduced immune function and increased risk of infection (Kakanis et al., 

2010). Moreover, exhaustive exercise leads to leukocytosis immediately followed by lymphocytopenia 

and DNA fragmentation and apoptosis (Navalta et al., 2010). Many of these effects were thought to be the 

result of increased oxidative stress in the affected tissues.  
Calcium can serve both as an intracellular messenger and as an extracellular factor controlling the gating 

properties of plasma membrane channels and acting as agonist for G protein-coupled calcium sensing 

receptors (Zivadinovic et al., 2002). Hirsh (2003) stated that ion channel located in the plasma membrane 
provided a mean to mediate cellular adaptation to local environmental change. Voltage operated calcium 

channel (VOCCs) played an important role in the regulation of intracellular calcium in cardiovascular, 

neuronal, pituitary and skeletal tissues (Tammela and Vuorela, 2004). Ca2+ signaling is also playing role 
in the control of cell function. Many cellular processes depend on levels or on Ca2+ transients for the 

control of activation of enzyme, transcription of gene, membrane potential, and remodeling of 

cytoskeleton, among other processes (Leonelli et al., 2011). 

Several in vitro studies have shown that, besides the effects of verapamil on muscle cells, it also 
suppressed the activation of various elements in immune reactions, including T cells, mast cells and 

macrophages, suggesting that they can be considered as immunosuppressant (Shen et al., 1995). In 

addition, verapamil has been previously found to activate the interleukin (IL)-6 gene (Matsumori et al., 
2010).  

The reduced of verapamil stress-influence on stress-induced and histamine-induced gastric ulcers was 

investigated in rats (Sirmagul et al., 2004). Rashidy-Pour et al., (2006) showed that verapamil 

pretreatment acute restraint stress enhanced the depressing effect of stress on memory retrieval. This 
stress increased circulating corticosterone as assessed immediately after the retention test, indicating that 

stress–induced depression of memory retrieval is mediated, in part, by increased plasma levels of 

glucocorticoids.  
The aims of this study were achieved through investigating the influence of pretreatment of three stressed 

groups of rat with either calcium chloride or verapamil hydrochloride on enzymatic activities of liver, 

antioxidant enzymes, hemogram, leucogram, corticosterone, and TNF-alpha and IL-2 as pro 
inflammatory cytokines IL-4 and IL-5 and as anti-inflammatory cytokines. 

 

MATERIALS AND METHODS 

Animals: A total of 72 healthy Wistar male albino rats (150 - 200 g) were utilized throughout this study 
in the Department of Veterinary Medicine, College of Agriculture and Veterinary Medicine, Qassim 

University, Saudi Arabia. The animals were housed under standard conditions and kept in cages (37 x 31 

x 16 cm, 3-5 rats). All rats used in the study were received a commercial diet obtained from General 
Company of Feed Silo and Powder Mint two weeks before starting the experiment (Table, 1). The diet 

formulated as recommended for rats by NRC (1985). The commercial diet and water were offered to rats 

ad libitum before and throughout the experiment. The animals were acclimatized to the laboratory 
environment for two weeks before the experiments. The experiment was conducted during the light 

period (08.00 - 16.00 hours). The experimental protocol also met the Guidelines for Care and Use of 

Animals in Scientific Research and was duly approved by the Animal Ethics Committee of the Institute.  

After acclimatization, rats were divided into three main groups of 24 rats each. Main groups were used for 
studying the effect of acute restraint stress, cold restraint stress, swimming endurance stress on CaCl2 and 

VHCl pretreated rats. Each rat of calcium chloride pretreated groups was given an injection of 10 mg 

CaCl2 (CaCl2 2H2O; Sigma-Aldrich, Ltd Co., U.S.A) or 0.1 ml normal saline (control group) per 100 g 
body weight for three successive days (Jana and Samanta, 2006). Each rat of VHCl pretreated group was 

given i.p. injections of VHCl (Isoptin, Kahira Pharm. and Chem. Ind. Co.) in saline (25 mg/kg) for three 

successive days while control groups were injected with saline (Kilic et al., 2006). Stress was carried out 

on the fourth day.  
The effect of Stress: Each main group was divided into four equal subgroups consisting of 6 rats each. 

Six rats were considered as unstressed control subgroup. Each types of stress was carried out on the 

http://www.ncbi.nlm.nih.gov/pubmed?term=Sirmagul%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15672118
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remaining three sub groups where the first was considered as stressed control while the second and third 

groups were considered as CaCl2 and VHCl pretreated stressed animals respectively. Acute restraint 

stress was given to the rats by tying the limbs with adhesive tape for two hours (Patel et al., 2011). The 

animals in cold restraint stress were exposed to cold stress at 4±1°C for 2 h (Richardson, 1977). Rats by 
swimming endurance stress were allowed to swim individually in a propylene tank of dimension 

37x37x30 cm, filled with water at 26 °C temperatures to a height of 25 cm for 30 minutes (Bhattacharya 

et al., 1999). Animals from each group were anesthetized with ether and blood samples were taken from 
the inner canthus of the eye using capillary tubes. The acute restraint 

Sampling: Two samples of blood were collected from each rat. One sample was collected in EDTA-tubes 

for hematological studies and the other sample was collected in plain tubes and allowed to clot to obtain 
serum. The EDTA-blood was used for the determination of haemoglobin (Hb) by cyanomethemoglobin 

method, red cells counts by haemocytometer and packed cell volume (PCV %) by microhaematocrit 

method (Schalm et al., 1975). Colour Index (CI), Mean Corpuscular Volume (MCV), Mean Corpuscular 

Haemoglobin (MCH) and Mean Corpuscular Haemoglobin Concentration (MCHC) were calculated 
according to Schalm et al., (1975). Total leucocytic count (TLC) were counted by haermocytometer 

(Coles, 1980). Differential leucocytic count by using cross sectional method according to Schalm et al., 

(1975). Serum was used for the determination of serum levels of total protein and albumin using 
SPECTRUM kits. Determination of serum globulin was obtained by subtracting albumin from total 

protein of the same samples. Determinatian of serum creatinine was performed by using Linear 

Chemicals. S.L. Kits. Corticosterone was determined in the sera of rat using Alpaco Diagnostics 

Competitive Immunoassay ELISA kits (Catalog No.: 43-CORMS-E01). The activity of the enzymes AST 
and ALT and ALP was determined by using Linear Chemicals. S.L. Kits. Glutathione peroxidase assay 

(BIODIAGNOSTIC Kits, CAT. No 2524); superoxide dismutase assay (BIODIAGNOSTIC Kits, CAT. 

No. 25 21) and catalase assay (BIODIAGNOSTIC Kits, CAT. No. 25 17).  
Determination of cytokines: TNF-α was determined by the Assay Max Rat TNF-α ELISA kit (Catalog 

No.07671211). IL-4 was assayed by kit that pre-coated with an antibody specific to IL-4. (CUSABIO 

BIOTECH CO., LTD. Lot: 004152648). Interleukin-2 and Interleukin-5 were done using Kits from 
CUSABIO BIOTECH CO., LTD. Lot: 004152647 and 004152649. The standard curves of cytokines 

were constructed before measurements. All data presented in the current study were subjected to 

statistical analysis according to Snedecor and Cochran (1994). All values were presented as the mean   
SEM. 

 

Table 1: Composition of rat’s diet: 

Feed ingredients % 

Soybean meal 18.0 

Ground yellow corn 21.5 

Barley 10.0 

Wheat bran 14.0 

Hay 29.5 

Protein supplement 5.0 

Vitamins&minerals mixture* 0.1 

Lime stone 1.4 

Common salt 0.3 

Ca 0.1 

Lysine,meth.&cyst 0.1 

* formulated to furnish all the vits & mins required for rats 
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RESULTS AND DISCUSSION 

Results 

Slight increased levels of total protein were obtained (Table 2) under acute restraint stress while no 

change was obtained by swimming stress. Improvement was occurred on pretreatment with VHCl against 
cold restraint stress. Serum levels of albumin were severely reduced under the effective acute restraint. 

None of the pretreatments has retained the normal globulin levels in the stressed animals. Different ratios 

were obtained particularly under acute and cold restraint stresses. Pretreatments seemed to be not 
effective towards normal. The liver enzyme, ALP activities were remarkably increased under cold 

restraint and swimming stress. Not all the pretreatments have retained normal activities of ALP in animals 

under stress except CaCl2 pretreatments of cold restrained animals. ALT activities were almost constant 
being not affected by stresses except cold restraint. Although CaCl2 gave a relative improvement in the 

ALT activities in sera of cold restraint, VHCl pretreatments not showed satisfactory controlling effect on 

ALT activities. Increased activities of AST were recorded particularly those stressed by acute restraint 

interference. Relative improvement towards control being induced by pretreatments with VHCl. 
Creatinine in sera of the stressed animals has increased under acute and cold restraint stresses. 

Pretreatments seemed to have no effect on retaining creatinine levels in sera of the stressed animals.  

Remarkably reduced levels of Hb (Table 3) were obtained in samples from stressed animals subjected to 
acute restraint stress. The RBC count showed remarkable decrease in the blood of animals under 

swimming stress. Pretreatments with CaCl2 appeared to have controlled the effect of swimming stress. 

Results showed slight or almost no changes in the PCV levels particularly with cold restraint stress. 

Pretreatment seemed to have no controlling effects on the PCV in the different groups. CI of rat blood 
samples from the stressed groups showed slight increases. None of the pretreated animals induced 

satisfactory CI towards normal. Not all the stress factors have induced reduction in the MCH. However, 

cold restraint has a marked increasing effect. None of the pretreatment appeared to result controlled levels 
of MCH in the different groups. Acute and cold restraint stresses have increased the MCV at the same 

rates. Although the MCHC did not greatly change under stress, cold restraint stressed animals showed 

increase. None of the pretreatments seemed to have a controlled effect on the MCHC, however, VHCl has 
that effect in cold restraint stressed animals. 

The TLC in the stressed animals (Table 4) showed increased levels although acute restraint appeared to 

have no effect. In concern of lymphocytes, results depicted that all the stressed animals were having 

decreased levels of lymphocytes particularly those under acute restraint. Pretreatment with CaCl2 has a 
recognizable improved effect in the acute restraint stressed animals. The most stressful decreasing effect 

on acidophils was that due to cold restraint. Pretreatment with VHCl raised the percentage of acidophils 

in this group. As slight fluctuating changes occurred in the stressed animals slight improvement under the 
different pretreatments were consequently observed. None of the different pretreatments led to recognized 

improved changes in the monocytes percentage under stress. Except under swimming interferences, slight 

changes in the percentage of neutrophils were observed. VHCl appeared to have a slight effect in 
controlling neutrophil levels in rats under swimming endurance stress. There here was an increased N /L 

ratio in animals under stressors. VHCl showed an improving effect than calcium towards control in 

animals under acute restraint and swimming stress. Measurements of corticosterone (Table 5) indicated 

that the highest level was in the cold restraint stressed animals then increased levels being recorded at 
different rates in the other groups. While VHCl pretreated animals showed an improved level towards 

control in acute restraint stressed group, CaCl2 did not in the same degree. However, CaCl2 pretreated 

cold restraint stressed animals presented an improved level of corticosterone than VHCl treated group.  
The serum levels of antioxidant activity of SOD, CAT and GSH-Px were measured to evaluate the 

stability of ROS production. An overall decreased activity of GSh-PX, SOD and CAT activities was 

recorded in all animals particularly from those stressed by cold restraint. VHCl seemed to have an 

increasing and improving effect of GSh-PX below normal in the cold restraint stressed animals. 
 From the table (5) while cold restraint stress has no effect on the IL-2, other stressors result in increase in 

the levels particularly swimming endurance. CaCl2 and VHCl have an equal effect on pretreatment 
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against acute restraint and swimming endurance. However CaCl2 effect predominate VHCl in the cold 

restrain stressed animals. Variable increases in the levels of TNF were observed. On the other hand, 

decrease was at slight variation due to swimming stress. IL-4 serum levels were significantly lowered in 

acute restraint and swimming stresses but not in cold restraint stress as compared to non-stressed rats. 
Levels of IL-5 have been increased in animals stressed by acute restraint. Stress due to cold restraint did 

not affect the IL-5 levels. Slight increase or decrease of IL-5 at the same rate occurred with swimming 

endurance. The anti-stress effects of both calcium chloride and VHCl on IL-5 are the same in animals 
subjected to acute restraint.  

Discussion 

The assessment of hepatic change by acute stress was determined by estimating total protein, albumin, 
globulin, A/ G ratios and the enzymatic activity of AST, ALT and ALP. Animal subjected to acute 

restraint stress showed a significant increase in total protein and globulin, while albumin and A/ G ratio 

showed a significant decrease. Pre treatment with VHCl but not with CaCl2 was significantly ameliorated 

the stress-induced variations in these levels. Cold restraint stress showed a significant increase in total 
protein, ALP and ALT. Pretreatment with VHCl was resulted in a significant decrease in total protein, 

globulin levels and A/ G ratio than pretreatment with CaCl2 groups. No significant changes were 

observed between CaCl2 and VHCl pre treatment on albumin and creatinine levels. Pretreatment with 
either CaCl2 or VHCl was resulted in restoring AST, ALT and ALP levels as compared to the control 

animals. Swimming stress showed significantly increased in globulin without any changes in liver 

enzymes that might be due to the time of this stress was not long or strong enough or the extent of the 

damage of liver cells were not particularly serious as previously recorded by (Gao et al., 2013) who 
observed no significant differences in ALT and AST levels between the normal and stress groups. The 

adaptive liver response was triggered by stress-induced elevation of serum glucocorticoids which in turn 

increases the blood profiles (Kulkarni et al., 2008). Elevated levels of serum enzymes are indicative of 
cellular leakage and loss of functional integrity of cell membrane in liver (Siddiqi et al., 2007). Increase 

in serum level of ALP was due to increased synthesis (Deepak et al., 2010). Creatinine in sera of the 

stressed animals has increased under acute and cold restraint stress. The elevated levels have been 
suggested to be an index of renal stressed kidney (Elks et al., 2011). Blood parameters are probably the 

more rapid and detectable variations under stress and assessing the health condition (Hymavathi and Rao, 

2000). Animal subjected to acute restraint stress showed a significant increase in eosinophils and N /L 

ratio. lymphocytes and Hb concentration showed a significant decrease. Pre treatment with VHCl was 
significantly ameliorated the stress-induced variations in these levels. Pretreatment of acute restraint 

stress group with VHCl was resulted in a significant decrease in TLC count Neutrophil and N /L ratio and 

increase lymphocyte and acidophils number with ameliorating the stress-induced variations. Cold restraint 
stress showed a significant increase in TLC. Swimming endurance stress showed significantly increased 

in neutrophils. Rahman and Siddiqui (2006) studied the decline in RBC count, Hb concentration and PCV 

were presumably reflects erythrocyte hemolysis. Higher TLC than normal were commonly discussed as a 
sign of inflammation, which in itself is informative because of its prognostic value. However, other 

scientists found that the N /L ratio was even more predictive than TLC. A long history of research on 

mammals indicates that stress was resulted in a marked alteration in leukocyte counts, neutrophilia or 

lymphopenia, or both (Dhabhar et al., 1995). Count of acidophils was significantly increased by VHCl of 
pre treated cold restraint stressed rats than stressed without pre treatment a result agree with the work of 

López-Olvera et al., (2007). Reduction in eosinophil numbers was also listed as an indicator of stress in 

veterinary hematology texts (Jain, 1993). Cortiosterone levels revealed a significant increase in acute and 
cold restraint stresses and a significant decrease after pretreatment with VHCl and CaCl2. An increase in 

circulating cortiosterone level is one of the main features of the stress response (Metz, 2007). 

Corticosteroids exert their central actions mainly by binding to two types of corticosteroid receptors in the 

brain, (de Kloet et al., 2005) and (Mitra et al., 2009). 
The influence of VHCl on stress-induced alterations was investigated in rats (Sirmagul et al., 2004). 

VHCl pretreatment at a dose of 25 mg/kg was significantly reduced stress-induced ulcers. Rashidy-Pour 

http://www.ncbi.nlm.nih.gov/pubmed?term=Sirmagul%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15672118
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et al., (2006) investigated an interaction between acute restraint stress and VHCl, as a blocker of L-type 

voltage sensitive channels on retrieval of long-term memory. The antiulcer effect of VHCl, and its 

relationship calcium levels of stomach was examined in rats restrained at 4°C (stress). Stress for 2 hr was 

significantly increased calcium in muscle and induced ulceration of mucosa in the gastric glandular part. 
VHCl or calcium gluconate given 30 min before stress prevented the rise in calcium in gastric muscle, 

and attenuated ulcer severity (koo et al., 1989). 

The serum levels of antioxidant activity of SOD, CAT and GSH-Px were measured to evaluate the 
stability of ROS production. Activities showed a significant decrease in all stressed rats. The results 

confirmed that the exposure to stress was caused oxidative stress and tissues damage by disturbing 

antioxidant defenses system, a result in concordance with results of Aydoˇgan et al., (2008) and Wu et al., 
(2011). Pre treatment of cold restraint stressed rats with CaCl2 significantly decreased the value than 

control and almost the same stressed value. Pretreatment with VHCl has restored this enzyme as the 

values of pre treatment near the control unstressed rats. Ca2+ signaling is a ubiquitous role in the control 

of cell function (Leonelli et al., 2011).  
 

Table 2: Effect of pretreatment with CaCl2 and VHCl on Liver and kidney function test  

VHCl CaCl2 Stress Control Types of stress Parameters 

5.75±0.394 5.40±0.389 6.72±0.256* 5.52±0.118 Acute restraint stress Total protein 

(gm/100ml) 5.39±0.354A 5.58±0.324 6.67±0.149* 5.75±0.381 Cold restraint stress 

5.77±0.375 5.95±0.316 5.67±0.202 5.32±0.131 Swimming stress 

3.15±0.126 2.84±0.274 3.02±0.075** 3.55±0.155 Acute restraint stress Albumin 

(gm/100ml) 3.17±0.189 3.38±0.202 3.12±0.165 3.10±0.147 Cold restraint stress 

3.33±0.290 3.33±0.193 3.20±0.227 3.25±0.132 Swimming stress 

2.60±0.248 2.66±0.196 2.70±0.116**

* 

2.18±0.125 Acute restraint stress Globulin 

(gm/100ml) 

2.23±0.256 2.13±0.125A 2.48±0.105 2.64±0.238 Cold restraint stress 

2.45±0.176 2.58±0.193 2.78±0.111* 2.08±0.202 Swimming stress 

1.56±0.153 1.14±0.091 1.08±0.099* 1.26±0.160 Acute restraint stress A/ G Ratio 

1.21±0.062 1.24±0.103A 1.58±0.026** 1.50±0.239 Cold restraint stress 

1.63±0.223 1.31±0.141 1.31±0.101 1.37±0.126 Swimming stress 

58.61±3.16 62.99±3.76 58.45±3.64 60.96±3.89 Acute restraint stress Alkaline 

phosphatase 

(ALP) 

(µmole/L) 

61.64±5.14 63.05±5.61 78.86±1.5* 63.50±3.26 Cold restraint stress 

63.20±2.76 55.79±2.34 69.07 ±1.14** 57.15±1.81 Swimming stress 

24.11±3.21 23.67±4.04 24.52±4.46 24.42±3.65 Acute restraint stress AIanine 

aminotransferas

e (ALT) 

(µl/110ml) 

23.80±2.01 25.83±3.90 38.49±3.11* 26.92±1.92 Cold restraint stress 

24.78±3.26 21.79±1.64 24.19±4.40 24.42±2.90 Swimming stress 

123.10±3.38 130.36±0.88 138.57±4.94* 120.15±4.84 Acute restraint stress Aspartate 

aminotransferas

e (AST) 

(µl/110ml ) 

128.13±3.03 124.98±3.43 121.40±3.36 122.65±5.82 Cold restraint stress 

121.03±3.53 126.63±2.58 118.9±1.96 120.15±7.13 Swimming stress 

8.37±0.30 8.18±0.15 8.90±0.30* 7.04±0.63 Acute restraint stress Creatinine (mg 

%) 8.52±0.29 8.47±0.29 9.09±0.55* 7.63±0.57 Cold restraint stress 

8.32±0.39 8.35±0.38 8.45±0.25 8.38±0.80 Swimming stress 

(*) (**)(***)Values of the stressed and treated groups were differs significantly from the value of control 

group in the same row at P- < 0.05 , P < 0.01 and P < 0.001 respectively. 

(A, B) Values of the treated groups were differs significantly from the value of stressed group in the same 
row at P<0.05 and P<0.01 respectively 
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Table 3: Effect of pretreatment with CaCl2 and VHCl on hemogram  
VHCl CaCl2 Stress Control Types of stress Parameters 

13.53±1.20 14.83±0.763 13.41±0.875

* 

15.71±0.378 Acute restraint stress Haemoglobin (HB) 

(Gm%): 

14.93±1.87 15.867±0.889 16.70±0.848 14.61±0.480 Cold restraint stress 

14.10±1.93 13.62±1.52 15.52±1.197 16.11±0.759 Swimming stress 

4.86±0.25 4.74±0.33 4.35±0.18 4.88±0.25 Acute restraint stress Total Erythrocyte 

Count (106/µl) 

4.86±0.25 5.35±0.21A 4.56±0.21 4.69± 0.16 Cold restraint stress 

488±0.29 5.16±0.14A 3.86±0.25** 5.15±0.11 Swimming stress 

39.832±0.601B 38.833±0.833A 35.522±0.95

7 

36.833±0.98

0 

Acute restraint stress Packed Cell Volume 

(PCV) (%) 

40.534±0.764 38.988±1.00 39.667±0.91

9 

39.230±0.63

2 

Cold restraint stress 

39.833±0.601 37.667±0.760 38.167±0.70

0 

39.333±0.80

3 

Swimming stress 

1.286±0.127 0.902±0.077 1.085±0.098 1.015±0.043 Acute restraint stress Color Index (CI) 

1.218±0.152 0.927±0.043 1.169±0.114 0.981±0.052 Cold restraint stress 

1.176±0.096 0.824±0.084 1.039±0.122 0.979±0.055 Swimming stress 

40.34±5.06 28.87±2.49 34.72±3.16 32.48±1.14 Acute restraint stress Mean Corpuscular 

Haemoglobin 

(MCH) (Pg%) 43.26±3.68 29.68±1.41 37.42±3.66 31.38±1.69 Cold restraint stress 

40.59±3.46 26.36±2.70 32.81±3.90 31.34±1.56 Swimming stress 

105.53±7.64A 84.82±5.56 82.04±2.75 76.52±4.28 Acute restraint stress Mean Corpuscular 

Volume (MCV) (Fl) 

105.51±7.65 70.68±3.41A 88.10±5.65 82.42±3.95 Cold restraint stress 

78.29±2.94 73.42±3.21 79.44±4.91 76.54±2.47 Swimming stress 

38.64±4.63 34.70±2.54 42.07±2.84 42.81±1.43 Acute restraint stress Mean Corpuscular 

Hemoglobin 

Concentration 

(Mchc) (%) 
38.39±4.44 41.95±2.84 42.21±2.31 37.56±1.53 Cold restraint stress 

38.39±4.44 36.20±4.17 40.88±3.43 41.11±2.35 Swimming stress 

(*) (**)Values of the stressed and treated groups were differs significantly from the value of control 

group in the same row at P- < 0.05 and P < 0.01 respectively. 
(A, B) Values of the treated groups were differs significantly from the value of stressed group in the same 

row at P<0.05 and P<0.01 respectively 
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Table 4: Effect of pretreatment with CaCl2 and VHCl on leukogram 
VHCl CaCl2 Stress Control Types of stress Parameters 

7.333±0.570 6.600±506 8.900±0.947 8.017±458 Acute restraint stress Total leucocytes 

count (TLC) 

(103/mm³) 6.333±0.422B 10.083±808 10.400±0.316*

* 

8.383±0.47

7 

Cold restraint stress 

8.167±0.307 9.483±1.511 10.583±0.326*

** 

7.067±0.57

9 

Swimming stress 

64.83±3.11 74.17±2.73A 56.83±2.70*** 71.50±2.43 Acute restraint stress Lymphocytes (%) 

63.67±3.65 72±3.31 64.33±3.14 70.00±2.50 Cold restraint stress 

60.83±5.78 66.83±2.24 66.50±5.23 68.67±2.77 Swimming stress 

4.5±0.16 3.83±0.654 4.67±1.05 5.17±1.01 Acute restraint stress Acidophils (%) 

5.59±0.44A 4.5±0.764 2.83±0.66 4.16±0.70 Cold restraint stress 

5.58±0.77 5.17±1.14 5.33±1.26 6.86±1.32 Swimming stress 

4.09±0.67 4. 67±0.58 5.33±0.55* 3.33±0.49 Acute restraint stress Monocytes (%) 

4.56±0.19 4.58±0.92 3.50±0.76 3.50±0.74 Cold restraint stress 

5.33±0.83 4.67±1.05 5.67±1.26 5.07±0.99 Swimming stress 

17.33±1.93A 20.67±1.82 24.17±1.49 20±2.28 Acute restraint stress Neutrophils (%) 

19.67±1.87 23.50±2.38 20.33±3.56 21.33±2.33 Cold restraint stress 

19.67±2.44 23.50±2.38 26.50±2.60* 18.17±2.30 Swimming stress 

0.288±0.032A 0.351±0.048 0.450±0.035* 0.328±0.04

2 

Acute restraint stress N /L Ratio 

0.305±0.041 0.272±0.085 0.380±0.050 0.337±0.04

4 

Cold restraint stress 

0.342±0.0396 0.372±0.085 0.390±0.014* 0.330±0.06

7 

Swimming stress 

(*) (**)Values of the stressed and treated groups were differs significantly from the value of control 

group in the same row at P- < 0.05 and P < 0.01 respectively. 

(A, B) Values of the treated groups were differs significantly from the value of stressed group in the same 
row at P<0.05 and P<0.01 respectively 
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Table 5: Effect of pretreatment with CaCl2 and VHCl on Cortiosterone Glutathione Peroxidase 

(Gsh-PX) Superoxide Dismutase (SOD) Catalase (CAT) Interleukin-4 (IL4) Tumor Necrosis Factor 

Alpha (TNF-Α) Interleukin-5 (IL-5) Interleukin-2 (IL-2) 
VHCl CaCl2 Stress Control Types of stress Parameters 

295.3±71.3A 405.5±58.7 549.5±47** 142.8±7.63 Acute restraint stress Cortiosterone 

(Ng/Ml) 338.8±74.9A 282.8±59.7B 609.6±48.1** 273.1±56.7 Cold restraint stress 
280.5±59.4 326.7±75.1 378±30.6 274.8±70.2 Swimming stress 

5.81±0.74 5.73±0.43 5.17±0.94* 7.43±0.55 Acute restraint stress  Gsh-PX (U/Ml) 

6.61±0.42 5.81±0.62 5.26±0.49** 8.04±0.74 Cold restraint stress 

5.5±0.78 5.16±0.42 5.34±0.39 6.49±0.31 Swimming stress 

92.19±6.88 88.52±8.77 87.73±2.07** 105.14±2.6

5 

Acute restraint stress  SOD (U/Ml) 

85.44±7.80 91.62±5.39 85.94±2.79** 104.62±2.2

1 

Cold restraint stress 

93.35±4.988 81.21±2.77A 91.66±1.92** 107.31±1.9

8 

Swimming stress 

144.34 ± 3.01B 118.23 ± 5.92 121.63 
±3.178* 

145.66 ± 
7.94 

Acute restraint stress CAT (MU/L) 

139.25 ±7.62 121.74 ±2.68 122.03 

±4.29** 

150.78 

±5.61 

Cold restraint stress 

126.72±2.08 144.65±5.27 127.22±7.34 149.54±4.1

1 

Swimming stress 

16.78±0.81A 13.42±0.87 13.63±0.76* 15.72±0.38 Acute restraint stress IL4 (Pg/Ml) 

18.60±0.84 15.87±0.89 16.70±0.85 14.62±0.48 Cold restraint stress 

15.58±1.73A 13.62±1.52 12.52±1.19** 16.12±0.76 Swimming stress 

13.46±0.85 15.25±1.15 16.33±1.20** 12. 17±0.73 Acute restraint stress TNF-Α (Ng/Ml) 

11.60±0.640A 14.53±1.13 14±10±0.82* 12.28±0.40

9 

Cold restraint stress 

11.66±0.726 13.95±1.35 12.91±0.88 13.40±1.12 Swimming stress 
13.99 ±1.43 13.56±12.43 15.60±0.27 11. 14±0.45 Acute restraint stress IL-5 (Pg/Ml) 

15.43±2.00 14.34±1.44 14.73±1.46 14. 65±3.05 Cold restraint stress 

14.74±1.30 12.42±2.22 14.52±1.22 13.25 ±0.17 Swimming stress 

11.54±1.76 11.54±1.32 13.21±3.32 11.34±2.04 Acute restraint stress  IL-2 (Ng/Ml) 

12.43±02.43 15.32±2.12 12.53±1.64 13.43±2.54 Cold restraint stress 

14.33±2.54 14.75±0.99 14.32±1.33 12.55±1.43 Swimming stress 

(*) (**)Values of the stressed and treated groups were differs significantly from the value of control 

group in the same row at P- < 0.05 and P < 0.01 respectively. 
(A, B) Values of the treated groups were differs significantly from the value of stressed group in the same 

row at P<0.05 and P<0.01 respectively 

 

TNF-α was significantly increased in acute and cold restraint stress, while IL-2 exhibited no significant 
change in all stressed animals. IL-4 serum levels were significantly lowered in acute restraint and 

swimming endurance stress. IL-5 levels were significantly lowered in stress models. Stress-induced 

cytokine changes may be the link between stress and the Glucocorticoids. Glucocorticoids hormones 
released during times of stress inhibit the polarization of Th1 cytokines and enhance Th2 cytokine 

production. Under conditions of acute stress, glucocorticoids increase, perhaps causing a shift toward Th2 

immunity. The IL-2 and TNF- are released by macrophages and T cells in infiltrated cells and cause 
impaired function and ultimately cell death by necrosis or apoptosis (Eizirik and Mandrup-Poulsen, 

2001). On the other hand, the release of anti-inflammatory cytokines, in particular IL-4 and IL-5 are 
related to the protection of cells (Kaminski et al., 2007). The inflammatory response begins when 

macrophages were activated by tissue damage to release pro-inflammatory cytokines, which, in turn, 

recruit leukocytes to the area of injury, up-regulate the expression of cellular adhesion molecules on the 

endothelium, and promote the systemic release of acute phase proteins (Pavlov and Tracey, 2004). TNF- 
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levels showed a retaining to normal values especially by VHCl pretreated cold restraint and swimming 

endurance stressed rats. The effect of pretreatment on IL-2 levels showed no significant difference 

between stress levels and both VHCl and CaCl2 pretreated three types of stressed rats. IL-4 levels were 

significantly increased by VHCl pre treated swimming endurance and acute restraint stressed rats. Both 
VHCl and CaCl2 pretreatment or even stress without pretreatment did not affect the levels of IL-5. 

Several in vitro studies have shown that, besides the effects exerted on muscle cells, VHCl also depressed 

the activation of various elements in immune reactions, including T cells, mast cells and macrophages, 
suggesting that they could be immunosuppressant (Shen et al., 1995). By stimulation of the cell by 

specific agonists, calcium was released from the endoplasmic reticulum stores, which led to a calcium ion 

influx across the plasma membrane through calcium channels (Hoyal et al., 1998).  
The above results indicated that, pre treatment of stress models with VHCl was significantly improved the 

stress-induced variations in the variety of measurements studied. This result provides significant evidence 

of the medicinal uses of VHCl in stress disorders. The observed anti stress activity may be due to the 

specific effect on hypothalamic-pituitary-adrenal axis (HPA) or due to the non-specific effect of increased 
resistance. 
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