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ABSTRACT 

Objective: To evaluate the cytoprotective role of the Cyanacobalamin on the detrimental effects of heat –induced 

stress on splenic tissue. 

Study Design: An Experimental study 

Place and Duration of the Study: Department of Anatomy, Basic Medical Sciences Institute, Jinnah Postgraduate 

Medical Centre, Karachi from January 2010 to April 2010. 

Materials and Methods: Forty five Albino rats (180-200 grams) were selected and divided into group A (Control), 

group B (Heat - induced) and group C (Protective). Each group was further subdivided into three subgroups, based 

on the period of the study. The animals of the subgroups B and C received   heat and the temperature was set at 42 C 

for six hours daily. Group C (C1, C2 and C3) animals were protected with Cyanocobalamin (BETOLVEX) at the 

dosage of 0.8 mg/ kg of body weight intraperitonealy, two hours before heat induction. Then animals were sacrificed 

according to their time duration, spleens were removed and fixed in alcoholic formalin for 24 hours .Then tissue 

were processed in ascending strengths of alcohol from 70 to 100%,cleared in xylene, infiltrated and embedded in 

paraffin.5 micron thick sections were stained with haemotoxylin and eosin and e. Blood samples were collected in 

EDTA K3 containing vacutainers for the hormonal assay of plasma ACTH level. 

Results: in group B animal’s heat-stress alters the immunoarchitecture of the spleen; size of all comportments of the 

white pulp reduces with the appearance of the tingitble body macsophages and individual apoptotic cells and free 

apoptotic bodies. This group also shows significant increase in plasma ACTH levels. Whereas the splenic 

architecture and plasma ACTH level in group C animals return to normal by the cytoprotective effects of the 

Cyanocobalamin.  

Conclusion: The current study demonstrates the beneficial effects of the Cyanocobalamin to alleviate the 

detrimental effects of the heat-stress on the immune organs. 
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INTRODUCTION 

It is predicted that global warming will cause an 

increase in the frequency and severity of heat waves 

with an associated rise in mortality, unless proactive 

measures are taken 1. Studies in cell lines and animal 

models suggest that heat directly induces tissue injury 

and cell death. Extreme temperatures (49ºC to 50ºC) 

cause damage to most cellular structures and their 

functions, resulting cell death by necrosis in less than 5 

minutes, whereas rat models showed apoptosis at 

moderate temperature 1. Heat stress causes the release 

of corticosterone and catecholamine and initiates lipid 

peroxidation in cells membranes 2. Cells of immune 

system express the receptors for glucocorticoids and 

catecholamine. These signals alter the several aspects of 

immune cell function 3. According to recent studies 

heat- stress had more effect on pathophysiology of 

white blood cells, lymphoid organs and immune 

responses 4, 5. The splenic architecture is similar across 

species; therefore it is one of the recommended organs 

to evaluate for enhanced histopathology of the immune 

system 6. 

High ambient temperature depletes such antioxidants 

and induces oxidative stress 7. Oxidative stability has 

been improved by antioxidant supplementations for 

foods of animal origin 4. Stress doubles the requirement 

for the Cyanocobalamin 8. 

Nutrition has important role in immune function 9. The 

concentration of antioxidant vitamins decrease with 

heat stress 10, 11.  Antioxidant vitamins counteract the 

free radicals and decrease the ACTH and cortisol 

levels, protecting the metabolism from the effects of 

stress 12 .Rapidly growing cells show on increased 

demand for nutrients and vitamins.  All living cells 

require Cyanocobalamin (Vitamin B12) for survival 13. 

Cyanocobalamin plays an important role in immune 

system regulation 14 and modulates the oxidative stress 

responses 15. 

MATERIALS AND METHODS 

This experimental study was conducted in the 

Department of Anatomy, Basic Medical Sciences 

Institute (BMSI), Jinnah Postgraduate Medical Centre 

(JPMC), Karachi. In this experimental study 45 male 

albino rats of sprauge-dawely variety, 90-120 days of 

age, weighing180-200 grams were used. They were 

obtained from the Animal house of the Jinnah 

Postgraduate Medical Center, Karachi. These animals 

were housed in the experimental room of the animal 
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house for a week prior to the commencement of the 

study and maintained on the balanced diet and water 

was provided ad libitum.  Study design: The animals 

were subdivided into three groups A, B and C. Each 

group was further subdivided into three subgroups, A1, 

A2, A3, B1, B2, B3, C1, C2 and C3 based on the period 

of the treatment, that was two four and six weeks 

respectively, whereas each subgroup comprised of five 

animals. Group A- (A1, A2 and A3) served as 

(Control). Group B - (B1, B2 and B3) received heat 

only (Heat-induced). Group C- (C1, C2 and C3) 

received heat and Cyanocobalamin (Protected). Group 

C animals were protected with Cyanocobalamin 

(BETOLVEX) manufactured by Alpharma Aps, 

Denmark at the dosage of 0.8 mg/ kg of body weight 

intraperitonealy, two hours before heat induction. Then 

animals of group B and C were shifted in another 

experimental room for heat induction provided by 

double rod electric room heater of 2000 WATT. The 

temperature was set at 42 C for six hours daily 16, 

according to their time duration.  Then the animals were 

sacrificed at the end of their respective treatment period 

by the overdose of Ether anesthesia in a glass jar, 

spleens were removed and fixed in alcoholic formalin 

for 24 hours .Then tissue were processed in ascending 

strengths of alcohol from 70 to 100%,cleared in xylene, 

infiltrated and embedded in paraffin.5 micron thick 

sections were stained with haemotoxylin and eosin for 

detailed microscopy.While the animals were still 

breathing, blood samples about 2 ml  were collected 

from each animal by cardiac puncture in the plastic 

vacutainers containing EDTA-K2 as an anticoagulant( 

BD- Franklin NJ ,USA) for the hormonal assay of 

plasma ACTH level by using Mouse /Rat 

adrenocorticotropic hormone ( ACTH ) ELISA 

antibody test Kit ( Catalog#40 -  109 – 325002;Genway 

Biotech ,INC ,CA ). 

 

RESULTS 

Microscopic Observations: The Haemotoxylin and 

Eosin stained sections in heat-treated animals of 

subgroup B-1, the histological picture of spleen do not 

differ significantly from that found in the control group 

except few differences.In subgroup B-2, splenic 

architecture was moderately altered. The capsule 

showed scalloped appearance indicative of decreased 

splenic size due to the marked loss of lymphocytes. 

Germinal center contained a moderate number of 

tingible body macrophages laden with cytoplasmic 

engulfed apoptotic fragmentations of dead cells giving 

characteristic “moth eaten” appearance was observed in 

all compartments of the white pulp (Fig-01).  The 

periarteriolar lymphoid sheath (PALS) showed a 

moderate number of tingible body macrophages laden 

with apoptotic fragmance and also showed a reduction 

in the number of T-cells. In subgroup B-3, splenic 

architecture was markedly altered.  The capsule showed 

prominent scalloped appearance (Fig-02).  The marked 

“moth eaten” appearance was observed in the PALS 

region, the follicle and the mantle zone. 

Red pulp showed a marked hypocellularity in 

parenchyma and venous sinuses (Fig-03).   

The Haematoxylin and Eosin stained sections in 

subgroup C-1 showed splenic architecture comparable 

to control. The capsule showed normal thickness 

comparable to control. The size and cellularity of white 

pulp and its compartments returned near to control.  

Few tingible body macrophages and apoptotic foci were 

observed (Fig-04).The subgroups C-2 and C-3 showed 

less distortion. The notches of the capsule disappeared.  

The size and cellularity of white pulp improved 

compare to the heat induced subgroups B-2 and B-3. 

The number of tingible body macrophages decreased. 

The cellularity of red pulp was returned close to the 

control group animals.  

 

Table No.1 *Mean Plasma Level of ACTH (pg/ml) in Different Groups of Albino Rats at Variable Time 

Intervals 

Group Sub-groups 
Treatment 

Given 

Plasma level of ACTH 

2nd week 4th week 6th week 

A 

(n=15) 

A1 (n=5) 

Control 

153.20 ± 2.31   

A2 (n=5)  158.401± 1.93  

A3 (n=5)   162.80 ± 1.77 

B 

(n=15) 

B1 (n=5) 

Heat 

355.60 ± 8.22   

B2 (n=5)  359.20 ± 2.08  

B3 (n=5)   361.40 ± 3.01 

C 

(n=15) 

C1 (n=5) 
Heat+Cyano-

cobalamin 

165.0 ± 4.04   

C2 (n=5)  166.60 ± 6.45  

C3 (n=5)   171.80 ± 3.59 
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Statistical Analysis of Mean Levels of ACTH in Different Groups of Albino Rats 

Statistical 

comparison 
P-value 

Statistical 

comparison 
P-value 

B1 vs A1 P<0.001**** C2 vs B2 P<0.001**** 

C1 vs B1 P<0.001**** C2 vs A2 P>0.05* 

C1 vs A1 P>0.05* B3 vs A3 P<0.001**** 

B2 vs A2 P<0.001**** C3 vs B3 P<0.001**** 

  C3 vs A3 P>0.05* 

Key: Insignificant*, Significant**, Moderately Significant***, Highly Significant**** 

 

 
Figure No.1: H&E stained 5 µm thick section of spleen, 

after 6 weeks of heat treatment, showing (LBc) large B-

lymphocytes in the (GC) germinal center, a large number 

of (M) tingible body macrophages with cytoplasmic 

engulfed apoptotic bodies , (Ap) apoptotic cells and few 

(Mt) mitotic cells (Photomicrograph x 400) 

 
Figure No.2: H&E stained 5 µm thick section of spleen, 

after 6 weeks of heat treatment, showing (Tc) T-

lymphocytes in the (PALS) periarteriolar lymphoid sheath 

around (A) central artery, (M) tingible body macrophages 

with cytoplasmic engulfed apoptotic bodies and (Ap)  

apoptotic cells  (Photomicrograph x 1000). 

Analysis of Plasma Acth Level: The mean values of 

the plasma ACTH levels (table-1) show a highly 

significant increase (p<0.001) in subgroups B-1, B-2 

and B-3 compared to control subgroups A-1, A-2 and 

A-3. The data (table-1) of group C animals showed and 

insignificant increase (p>0.05) in subgroups C-1 C-2 

and C-3 compared to control subgroups A-1, A-2 and 

A-3 the data (table-1 ) also showed a highly significant 

decrease (p>0.001) in subgroups C-1,C -2 and C-3 

compared to subgroups B1, B2 and B3 respectively. 

 
Figure No.3: H&E stained 5 µm thick section of splenic 

red pulp, after 6 weeks of heat treatment showing 

hypocellularity in (P) parenchyma and (VS) venous 

sinuses,   a large number of (M) macrophages and (B) 

band cells cells  (Photomicrograph x1000) 

 
Figure No.4: H&E stained 5 µm thick section of splenic 

white pulp, after 6 weeks of Cyanocobalamin therapy, 

showing (LBc) large B-lymphoctyes in the (GC) germinal 

center with few (M) tingible body macrophages and (Ap) 

apoptotic cells  (Photomicrograph x 1000). 

DISCUSSION  

In the present study microscopy of heat-induced group 

B animals show    hypocellularity and decrease in size 

of all white pulp compartments with increased number 

of pyknotic nuclei of apoptotic and necrotic cells were 

observed, indicative of marked degenerative changes.  

Most of the splenic lymphatic nodules, marginal zones 

and periarteriolar lymphoid sheaths contain large sized 

macrophages laden with nuclear and cytoplasmic 

fragments of apoptotic cells. Free apoptotic bodies 

found scattered among the intact cells.  All 

compartments of the white pulp were equally affected. 
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These extensive changes might be due to apoptosis 

induced by heat-stress. Lymphocytes and other blood 

cells are classified as high turnover and heat labile cells 

and our study is in conformity with Khan and Brown 

who suggested that cells which are in high turnover 

state, are programmed for apoptosis and thus easily 

activate this mode of cell death in response to lethal 

stimuli. The heat-stress activate protein kinase-C Jun 

and –Terminal Kinase pathway. This in turns triggers 

activation of the caspases cascade, which target several 

proteins, to bring about apoptotic cell death 17. Animals 

show atrophy of spleen after exposure to heat-stress 18, 

and simillar findings were observed at the time of 

sacrifice in our animals.  The findings of the present 

study were also similar to Sakaguchi et al, who 

observed apoptosis in spleen of rat models in his study 

in tumor and normal tissues induced by whole body 

hyperthermia 19.  Elmore reported apoptosis in splenic 

tissues of Sprague Dawley rat treated with 

dexamethasone.  He explained that apoptosis was 

marked in the B-cell rich zone and around central artery 

in periarteriolar lymphoid sheath (T-cell rich zone), a 

large number of tingible body macrophages laden with 

cytoplasmic engulfed apoptotic debris and free 

apoptotic bodies found between intact cells. These 

results are in confirmation with the present study 6.   

Group B animals show a moderately significant 

increase in plasma ACTH level This findings is also in 

accordance with koko et al, who observed a significant 

rise in plasma ACTH in Wistar rats exposed to heat for 

60 minutes 20. 

Group C animal’s morphology showed that cellularity 

and size of the different compartments of white and red 

pulp of spleen returns near to control because of the 

substantial protection provided by Cyanocobalamin 

through its growth promoting effects against the 

apoptosis and induction of lymphocyte proliferation as 

described by as described by some other researchers 
21,22.  Findings of present study were also similar with 

the study of Tamura et al, who observed 

immunomodulatory effects of Cyanocobalamin by 

restoring the proportion of lymphocytes and functions 

of the natural killer (NK) cells 23. The observations in 

present study were  also in agreement with the study  of 

Brich et al  suggesting that Cyanocobalamin modulate 

the oxidative stress responses by contributing in the 

synthesis of important intracellular antioxidant 

glutathione to prevent hydrogen peroxide mediated 

stress and also protects against apoptosis by reducing 

the caspase-3 cleavage 15.   

Plasma ACTH sections returns near to normal values, it 

might be due to direct or indirect inhibitory effect of the 

Cyanocobalamin on the ACTH session and this finding 

is similar to a study which describe the inhibitory 

effects of vitamin B-12 on ACTH and costicosterone 24. 

CONCLUSION 

Based on the present study it is concluded that heat-

stress severely damages the immune organs and causes 

depletions of immunocytes Cyanocobalamin has 

expressed itself as an immunopotentiating agent under 

heat stress by restoring the architecture and cell count 

of immune organs. 
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