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ABSTRACT 
The possible radioprotective effect of Immunocal® (whey protein]) supplement and dexamethasone on gamma-irradiated 

cerebellar tissue of Wistar rat was investigated in this study. Forty male albino rats were acclimatized and randomized into four 

groups of 10 animals each. Group I rats served as control; Group II: received 2.5 Gy of gamma-radiation; Group III: received 

Immunocal® (286mg/kg) for 14 days, then 2.5 Gy gamma rays on day15 of experiment; Group IV: received dexamethasone 

(1mg/kg) i.p daily for 3 days, then 2.5 Gy gamma rays. All rats were euthanized 14 days post-irradiation. Rat brains were fixed 

in 10% formalin, processed with routine paraffin wax techniques and stained with Haematoxylin and Eosin. Histomorphometric 

studies showed that radiation significantly (p< 0.05) reduced the thickness of both the molecular and granular layers of the 

cerebellum when compared with the control group. This reduction was significantly (p< 0.05) increased in animals pretreated 

with Immunocal® and dexamethasone before irradiation. The densities of the Purkinje and outer stellate cells were significantly 

(p< 0.05) reduced in the irradiated animals compared with the control. The Purkinje cells and outer stellate cells were significantly 

increased (p< 0.05) in animals of Radiation + Immunocal® and Radiation + Dexamethasone groups relative to the radiation 

group. In conclusion, data from the present study showed that pre-treatment with Immunocal® and dexamethasone before 

exposure to a single dose of 2 Gy of gamma radiation on the 15th day of the experiment, protected rat’s cerebellum from gross 

and histological alterations from radiation injury. 
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INTRODUCTION 

 

Radiotherapy is used either alone or as an adjunct to 

chemotherapy and surgical management in the treatment of 

various malignancies (Aunapuu et al., 2003). As a modality 

for cancer management, radiotherapy has been reported to be 

of great benefit to patients receiving it (Jagetia et al., 2004), 

however, normal adjacent tissue may be impaired by the 

radiation of the cancerous lesion close to them (Belka et al., 

2001; Yang et al., 2015). For example, radiotherapy of 

tumours of the nasopharynx, oropharynx or cervical lymph 

nodes could affect nearby neural structures leading to 

radiation myelopathy (Malomo et al., 2005). Therefore, 

strategies capable of protecting the normal tissue adjacent to 

the tissue being irradiated from the lethal actions of radiation 

will therefore be of benefit to affected recipients (Adaramoye 

et al., 2008). 

 When using radiation to treat cancer, radiation 

concomitantly generates free radicals, apart from those 

generated during normal body metabolism especially in the 

electron transport respiratory chain (Singh, 2002; Liu et al, 

2007), and those produced by activated microglia and immune 

cells (Greene-Schloesser et al., 2012). Although the body has 

naturally occurring antioxidant substances that neutralize 

excess free radicals namely: glutathione, superoxide 

dismutase, catalase, glutathione peroxidase, vitamin E and 

ascorbic acid among others, the inadequacy of the body’s 

endogenous antioxidants to mop up the free radicals may lead 

to oxidative damage of the body (Farombi et al., 2008).   

 L-gamma-glutamyl-L-cysteinyl-glycine (GSH) anti-

oxidant system is an important protective mechanism of the 

cell among the naturally occurring endogenous antioxidants 
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(Bounous & Molson, 2003). A concomitant reduction of the 

GSH level with elevation of lipid peroxidation in the body is 

a signal of oxidative stress (Adedara et al., 2014), hence any 

factor that will encourage generation of GSH will be of 

importance in ameliorating the effects of oxidative stress. 

However, the systemic availability of oral GSH is negligible 

in man and GSH has to be synthesized intracellularly with 

cysteine being the rate limiting factor in the synthesis of 

glutathione in the cell (Moulson & Molson, 2003). 

Augmentation of GSH will therefore be a good strategy to 

address states of GSH deficiency and high oxidative stress 

conditions like radiation exposure in cancer therapy. In neural 

tissues, this will be of immense help since GSH is transported 

across the blood brain barrier (Kannan et al., 1990). 

 Immunocal® serves as a cysteine delivery system 

(Bounous & Moulson, 1999) for the synthesis of reduced 

glutathione. Immunocal® also called “Whey protein 

concentrate” was developed in 2000 by Bounous. It contains 

about 90% protein and is a United States patented natural food 

protein concentrate in the FDA category of GRAS (generally 

recognized as safe) which assists the body in maintaining 

optimal concentrations of GSH by supplying the precursors 

for intracellular GSH synthesis. Clinical evidence that 

Immunocal® raises GSH have been provided by Lands et al. 

(1999). 

 Experimental evidences have been provided that 

dexamethasone, a glucocorticoid which proven anti-

inflammatory property, has some ameliorating effect on 

radiation damage (Weissman et al., 1991; Lee et al., 2002; 

Malomo et al., 2006). 

 The human cerebellum located in the posterior cranial 

fossa has a most unique histoarchitecture in consisting of 3 

layers viz. molecular, Purkinje and granular (Young & Heath, 

2000). Grossly it has a median vermis and two cerebellar 

hemispheres (Conn, 1995) and serves majorly as the 

coordinating centre for willed muscular movement and 

posture (Handelman, 2000). Injury to the cerebellum may lead 

to uncoordinated movement and posture manifested as gross 

truncal ataxia with marked unsteadiness of gait. The speech 

may be dysarthric and horizontal nystagmus may be present 

(Hendelman, 2000) while there may be instability of limb on 

attempting to maintain a posture against gravity, and past-

pointing on reaching intended target (Badoe et al., 2000; Potts 

et al., 2009). 

 Considering the important functions of the cerebellum in 

various activities that involve movements and posture, the 

present study was designed, using a rat model, to investigate 

the possible protective effect of Immunocal® and 

dexamethasone against radiation induced oxidative damage of 

the brain tissues by applying histological analysis of structural 

modifications of cerebellar tissue. The outcome will enable us 

answer the research question: “Can Immunocal® and 

dexamethasone protect rat’s cerebellum from radiation 

injury?”.  

 

MATERIALS AND METHODS 

 

Experimental animals: Forty male Wistar rats, weight 

ranging between 180-220 g were obtained from the Animal 

House of the College of Medicine, University of Ibadan, 

Nigeria and used in this study. After one week acclimatization 

in the Anatomy Department animal room, they were 

randomized into four groups. All the animals were kept four 

in a cage with dimensions 39 cm x 29 cm x 27 cm, and fed 

with standard rat diet obtained from Bendel Feeds, Benin, 

Nigeria, with water ad libitum. All animals were weighed 

before and on day of radiation as well as on the sacrifice day, 

using a Swiss Microwa balance type 7720 weighing machine. 

The experimental protocols were carried out to conform to the 

acceptable guidelines on the ethical use of animals in research 

(Public Health Service, 1996). 

 

Research design: The forty male rats divided into 4 groups of 

10 each received treatment as follows:  

Group A (Control): animals that served as control. 

Group B (Rad): treated with 2 Gy gamma-rays on day 15 of 

the experiment. 

Group C (Rad + Imm): received Immunocal® at  286 mg/kg 

body weight daily for 14 days per oram and 2 Gy gamma 

irradiation on day 15 of the experiment.  

Group D (Rad + Dex): treated with intraperitoneal injection of 

dexamethasone at 1 mg/kg body weight /day for 3 days before 

irradiation with 2 Gy gamma-rays on day 15 of the 

experiment.  

 

Dexamethasone preparation and administration.: 

Standard preparation of 1 mL ampoules containing 4 mg of 

dexamethasone (Dexagen, Huangshan Tianmu Pharma, India) 

was administered via a sterile hypodermic syringe with 28 

gauge needle at a dose of 1 mg/kg body weight intraperitoneal 

once daily for 3 days, the last dose was given 1 hour before 

irradiation was delivered. The dose of dexamethasone was 

based on the method of (Malomo et al., 2005).  

 

Preparation of working Immunocal® solution.: The 

Immunocal® supplement (ImmmoGSH, Canada) used in this 

study is a dehydrated powdered protein isolate which needs to 

be appropriately rehydrated before use. The stock solution of 

Immunocal® supplement was prepared by dissolving 2.5 g of 

whey protein in 100 mL of distilled water to produce the stock 

Immunocal® solution and so had a concentration of 25 mg/mL 

of water. In human trials, an average of 20 g of protein per day 

per person was used (Bounous et al., 1992) working out at 286 

mg/kg body weight forming the basis for administering an 

average of 60 mg/2.4 mL of Immunocal® solution daily for 14 

days to each experimental animal. It was administered orally 

using a sterile cannula.  

 

Irradiation procedure: Each experimental rat was 

administered with 2.5mg/kg of Diazepam injection (Roche, 

Switzerland) i.p. to sedate and immobilize the rats thus 

ensuring even body distribution of radiation. Each 

experimental animal was irradiated with a single dose of 2.5 

Gy of gamma-rays obtained from Cobalt-60 source according 

to the method of (Owoeye et al., 2008). Irradiation was 

delivered by an AECL Theratron 780-C Teletherapy machine 

with energy of 1.25 MeV, in a container of field size (Fs) of 

18cm x 18cm, with an equivalent square area (ESA) of 18cm2 

at a surface to surface distance of 80 cm over 2.16 minutes. 
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The procedure was carried out at the Department of 

Radiotherapy, University College Hospital, Ibadan, Nigeria.   

 

Tissue extraction, processing and histology: Immediately 

after irradiation, rats were freed, placed in their cages, and 

transferred back to the laboratory where they were allowed to 

recover from sedation.  The animals were monitored till the 

14th day post-irradiation, weighed and then euthanized by 

overdose of ketamine anaesthesia. The brains were carefully 

dissected out, rinsed, blotted dry, weighed and then fixed in 

10% formalin. The fixed brains were then processed with 

routine paraffin wax techniques. Serial sections of 5μm 

thickness were cut using a rotary microtome (Leitzer Wetzler, 

Germany) and sections were then stained using Haematoxylin 

and Eosin (H&E). 

 

Parameters studied: Gross parameters measured included 

the weight of the animals using a Swiss Microwa balance type 

7720, weight of the brain and cerebellum using a Metler 

Analytical balance and width of cerebellar using a manual 

sliding caliper. Microscopic parameters were measured using 

a light microscope (Olympus) with an eyepiece objective ruler 

(Leitz, Germany) which was calibrated with a 2mm stage 

micrometer (Leitz, Germany). With x10 and x40 objective 

magnifications, we measured the thickness of the layers of the 

cerebellar cortex, the density of the Purkinje cells and outer 

stellate cells. Photomicrographs were taken with Leitz 

Photomicroscope (Ernst Leitz Wetzlar GmBH). 

 

Data analysis: Data were expressed as mean ± SD. The 

statistical significance of the mean differences between groups 

was assessed by Student’s test; a p-value of < 0.05 was 

regarded as significant. 

 

RESULTS 

 

General observations: Of the four groups of rats studied, 

only the control group remained active, agile and aggressive 

throughout the experimental period while all the irradiated 

animals became weak following irradiation returning 

gradually to normal activities after 7 days. In addition, all 

irradiated rats passed watery faeces and had diarrhoea for 2 

days after irradiation. 

 

Gross morphometry: As shown in Table 1, radiation reduced 

the brain weight of rats significantly (p < 0.05) when 

compared with the control, while treatment with Rad + Dex 

significantly (p < 0.05) increased the values when compared 

with Rad group. Radiation similarly reduced the body weight 

of the rats when compared with the control, while the body 

weights were even lower in the Rad + Dex and Rad +Imm 

groups when compared with Rad group though not significant. 

The significant (p < 0.05) reduction of the maximum width of 

the rat cerebellum by radiation when compared with control is 

depicted in Table 2. Neither Rad nor Imm pre-treatment with 

Rad was able to ameliorate the effect of Rad on the width of 

cerebellum as shown in Table 2. 

 

Histological examination of cerebellar tissue: As shown in 

Plate 1, all the groups presented the normal three cortical 

layers associated with cerebellum: outer molecular, middle 

Purkinje and innermost granular with white matter deep to the 

granular layer. All groups appear to show normal 

histoarchitecture and preservation of cerebellar cortical layers.  

 
Table 1:  

Effect of treatments on weight of rats on day 16 of experiment 

Group Body weight 

(g) 

Brain weight 

 (g) 

Relative 

brain weight  

Control  187±10.0 2.22±0.11 1.19 

Rad only 176±24.4 1.89±0.11* 1.07 

Rad + Imm 157±12.9 1.85±0.08 1.18 

Rad + Dex 170±19.2 2.07±0.08** 1.22 

Values are expressed as Mean ± S.D of 5 animals per treatment 

group. Rad = gamma radiation; Imm = Immunocal®; Dex = 

Dexamethasone. *P<0.05 compared to control group, **P<0.05 

compared to HgCl2 group. 

 
Table 2:  

Effect of treatments on gross and microscopic dimensions of rat 

cerebellum on day 16 of experiment 

Group Maximum 

width of 

cerebellum 

(mm) 

Thickness of 

Molecular layer 

of cerebellum 

(µm) 

Thickness of 

Granular layer 

of cerebellum 

(µm) 

Control  118±4.5 141.0±21.0 242.0±52.0 

Rad only 108±4.0* 108.4±17.7* 105.0±22.0 

Rad + Imm 108±2.4 142.2±32.2** 214.4±45.0 

Rad + Dex 110±8.9 125.2±7.1** 256.0±20.0 

Values are expressed Mean ± S.D of 5 animals per treatment. Rad = 

gamma radiation; Imm = Immunocal®; Dex = Dexamethasone. *P<0.05 

compared to control group, **P<0.05 compared to HgCl2 group. 
 

 

 
Plate 1:  

Representative photomicrograph of cerebellar sections: (A) Control 

group (B) Irrad group showing apparently normal cortical layers (C) 

Rad + Imm group (D) Rad + Dex group. All groups appear to show 

normal histoarchitecture and preservation of cerebellar cortical 

layers. Irrad=irradiation; Imm=Immunocal. H&E. x 100.  
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Table 3:  

Effect of treatments on the densities of Purkinje and outer stellate 

cells of rat cerebellum on day 16 of experiment 

Group Density of Purkinje 

cells (/0.11mm2) 

Density of outer stellate  

cells (/0.11mm2) 

Control  9.5±1.6 33.6±1.82 

Rad only 6.6±1.2* 31.9±4.77 

Rad + Imm 8.8±1.2** 37.0±3.39** 

Rad + Dex 8.0±0.8** 45.0±5.1** 

Values are expressed Mean ± S.D of 5 animals per treatment. Rad = 

gamma radiation; Imm = Immunocal®; Dex = Dexamethasone. *P<0.05 

compared to control group,  

**P<0.05 compared to HgCl2 group. 

 

Histomorphometric evaluation of cerebellar tissue 

Table 2 shows that radiation significantly (p<0.05) reduced 

the thickness of the molecular layer of the cerebellum 

compared with the control. However, treatment with Rad + 

Dex and Rad +Imm significantly elevated the thickness when 

compared with Rad group. Similarly, the thickness of the 

granular layer of cerebellum which Rad reduced significantly 

p<0.05 when compared with the control was increased in the 

Rad + Dex and Rad +Imm treatment groups in a significant 

manner (p<0.05) as shown in Table 2.  

 There was a significant (p<0.05) reduction in the density 

of the Purkinje cells relative to control values whereas, there 

was a reversal of this parameter by the significant (p<0.05) 

elevation of the density by treatment with Rad + Dex and Rad 

+ Imm when compared with the Rad treatment as shown in 

Table 3. However, the density of the outer stellate cells of the 

cerebellum was reduced in the Rad group in comparison with 

the control, however, the density was increased significantly 

(p<0.05) in the Rad + Dex and Rad + Imm groups relative to 

Rad group (Table 3).  

 

 

DISCUSSION 

 

The overall outcome of our results demonstrated that radiation 

toxicity caused gross morphometric, histological and 

histomorphometric alterations in irradiated rats under 

investigation. The observation of weakness and lethargy in all 

animals that received radiation treatment might be due not 

only to the impact of radiation but also to fluid loss from the 

copious diarrhoea with attendant possible electrolytes loss 

from the body. Copious diarrhoea by all animals that were 

irradiated might also be due to radiation injury to colonic 

mucosa, inflammatory responses, and decreased absorption of 

water and nutrients of the continuously cycling cells of the 

gastrointestinal epithelium. Lining epithelial cells being 

actively mitotic are highly sensitive to radiation, and may lose 

fluid due to impairment of the absorptive capacity of the 

injured simple columnar epithelial cells (Young and Heath, 

2000) and would appear that pretreatment with Imm and Dex 

was unable to ameliorate these effects. 

 Changes in organ weight induced by toxicants have been 

reported to be a reliable marker of toxicity (Elias and Nelson, 

2012). In this experiment, radiation has proven to be toxic to 

the brain as shown by the reduction of brain weight and 

cerebellar width in agreement with published reports (Owoeye 

et al., 2011; Owoeye and Elumelu, 2015).  The inability of 

pretreatment with Imm and Dex to ameliorate the reduction in 

the body weight by radiation of rats in both the Rad + Imm 

and Rad + Dex groups might be due to the overwhelming free 

radicals generated by the gamma rays leading to a state of 

oxidative stress.  

 The reduction in the morphologic parameters of the 

cerebellum by gamma radiation as shown in Tables 2 and 3 

namely, the molecular layer (ML), granular layer (GL), 

densities of Purkinje cells and outer stellate neurons are 

consistent with previous reports (Malomo et al., 2006; 

Owoeye et al., 2011; Owoeye and Elumelu, 2015). The cause 

of this cerebellar damage might be due to the known toxicity 

of radiation to neural tissue (Belka et al., 2001; Malomo et al., 

2005). The consequences of the above reduction is the effect 

it would have on these layers and cells namely: reduction in 

efficiency of granular cells which play important roles in the 

formation and functioning of cerebellar glomeruli and the 

eventual synaptic connections that determine the final 

neuronal output from the cerebellum; reduction in 

effectiveness of Purkinje cells which is responsible for the 

most important efferent route from the cerebellum via the very 

important dentato-rubro-olivary pathway (Potts et al., 2009); 

effect on the major function of the cerebellum i.e. coordinating 

the willed muscular activity; effect on granular layer since 

90% of all the cerebellar cells are granule cells (DeMeyer, 

1988) and from which parallel fibres arise (Potts et al., 2009).  

 It has been established that cell damage by radiation is 

mediated by free radicals produced by radiation and pre-

treatment with substances that have antioxidant activity or 

enhancement can mitigate the effect of radiation toxicity in 

living tissues (Jagetia et al., 2004; Lee et al., 2006; Malomo 

et al., 2006). Therefore, the amelioration of radiation toxicity 

by pretreatment with Imm and Dex as demonstrated for all 

these parameters in the Rad + Imm and Rad + Dex groups 

(Tables 2 and 3) suggest the ability of as Imm and Dex to 

neutralise the effect of the damaging free radicals released by 

the gamma rays. In the case of Immunocal®, this might been 

due to its ability to augment the antioxidant system with 

glutathione (GSH) during oxidative stress (Bounus and 

Molson, 2003). Experimental pre-treatment of rats and mice 

with cysteine before exposure to radiation protected them 

from radiation-induced sickness and mortality (Jagetia et al., 

2002). Augmentation of glutathione (GSH) source will boost 

the antioxidant defence system of the body when subjected to 

oxidative stress as in this experiment and Immunocal® is a 

ready source of cysteine needed for the synthesis of GSH thus 

improving the antioxidant defence of the body. 

Dexamethasone might have stabilized the neuronal cellular 

membranes from breaking down due to its membrane-

stabilising and anti-inflammatory properties, thus enhancing 

cellular integrity (Schultheiss et al., 1992; Lee et al., 2002; 

Malomo et al., 2006).   

 The implication of the amelioration by Immunocal® and 

Dexamethasone of the altered cerebellar parameters is the 

neuroprotection offered which would allow the cerebellum to 

continue to perform its function of coordination of the 

ipsilateral limbs on performing volition movements and 

prevention of possible lesions like dys-synergia, intention and 
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terminal tremors, hypotonia of the ipsilateral limbs, instability 

of limb on attempting to maintain a posture against gravity, 

and past-pointing on reaching intended target (Badoe et al., 

2000; Potts et al., 2009). 

 In conclusion, data from the present study showed that 

pre-treatment with Immunocal® (286 mg/kg) and 

dexamethasone (1mg/kg) before exposure to a single dose of 

2 Gy of gamma radiation on the 15th day of the experiment, 

protected rat’s cerebellum from gross and histological 

alterations from radiation injury. Also, since the need to 

protect normal tissue during cancer treatment is as important 

as the destruction of the cancer cells, focus on application of 

simple radioprotection substances in recommended for further 

study. In addition, further research is needed to better 

understand the mechanisms underlying the protective 

response of Immunocal® and dexamethasone to cerebellar 

radiation trauma using histochemical techniques to study the 

roles of astrocytes and microglia response to the radiation 

injury.  
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