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Abstract 
Background: Trivalent chromium (Cr203)is required 
in trace amount and has health benefits. Its deficiency 
is linked to symptoms associated with endocrine and 
cardiovascular d iseases . Its essent ia l i ty and 
presumed funct ions in body system is poorly 
understood. This study evaluated the effects of Cr203 
on gross morphology of the stomach, liver, kidneys 
and brain of rats. 
Methodology: Eighteen male Wistar rats (91.1 ± 4.2 
g, 7 weeks old) were equally assigned to three 
groups: group 1 (control) received drinking water 
while groups 2 and 3 received 10 and 100ppmCr203 
respectively for 12 weeks through drinking water. 
Animals were weighed weekly, sacrificed after 12 
weeks and blood chromium concentration was 
determined and full blood count estimated. The 
stomach, colon, liver, kidney and brain were excised 
and weighed. Stomach was assessed for gross, 
histology and histomorphometry alterations. Liver, 
kidney and brain histology were also evaluated using 
standard methods. 
Results: Blood chromium level was significantly 
higher in the group treated with 10 ppm Cr203 (0.17 
± 0.01 ppm); 100 ppm (0.19 ± 0.01 ppm) compared 
with control (0.11 ± 0.02 ppm). Platelet count was 
significantly lower in control (72.3 ±3 .1 x 103/pL) 
compared to 10 ppm (107.7 ± 3 . 7 103/(iL) and 100 
ppm (101.3 ± 4.4 x 107|iL). The stomach mucosa 
width was significantly high in group treated with 
10 ppm (7097±130 ^m) and 100 ppm (7306 ± 632 
fim) compared with control (4623 ± 247 fim). Brain 
histology revealed few deranged cel ls in the 
chromium treated groups. 
Conclusion: This study underscores possible 
stomach and few derangements in the brain cells 
from trivalent chromium treatment. 
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Resume 
Contexte : Le chrome trivalent (Cr203) est requis en 
quantite minime et presente des avantages pour la 
sante. Sa carence est liee aux symptomes associes 
aux maladies endocr iniennes et 
cardiovasculaires. Son caractere essentiel et ses 
fonctions presumees dans le systeme corporel sont 
mal compris. Cette etude evalue les effets du Cr203 
sur la morphologie globale de Pestomac, du foie, des 
reins et du cerveau des rats. 
Methodologie: Dix-huit rats Wistar males (91,1 ± 4,2 
g, ages de 7 semaines) ont ete egalement repartis dans 
trois groupes : le groupe 1 (temoin) a re<?u de l'eau de 
boisson, tandis que les groupes 2 et 3 ont re<?u 
respectivement par l'eau de boisson 10 et 100 ppm 
de Cr203 pendant 12 semaines. Les animaux ont ete 
peses chaque semaine, sacrifies apres 12 semaines et 
la concentration de chrome dans le sang a 
ete determinee et la formule sanguine complete 
estimee. L'estomac, le colon, le foie, les reins et le 
cerveau ont ete excises et peses. L'estomac a ete evalue 
pour les alterations macroscopiques, histologiques et 
histomorphometriques. Les histologies du foie, des 
reins et du cerveau ont egalement ete evaluees a l'aide 
de methodes standard. 
Resultats : Le taux de chrome 
sanguin etait significativement plus eleve dans le 
groupe traite avec 10 ppm de Cr^03 (0,17 ± 0,01 
ppm). 100 ppm (0,19 ± 0,01 ppm) par rapport au 
controle (0,11 ± 0,02 ppm). La numeration plaquettaire 
etait significativement plus faible chez les temoins (72,3 
±3 ,1 x IOVjiL) par rapport aux groupes a 10 ppm 
(107,7 ± 3,7 x 103/^iL) e t a 100 ppm (101,3 ± 4,4 x 
IOVjiL). La largeur de la muqueuse gastrique etait 
significativement elevee dans le groupe traite avec 10 
ppm (7097 ±130 jim) et 100 ppm (7306 ± 632 fun) par 
rapport au groupe controle (4623 ± 
247 fim). L'histologie cerebrale a revele peu de cellules 
perturbees dans les groupes traites au chrome . 
Conclusion : Cette etude met en evidence un possible 
derangement de l'estomac et peu de derangements 
dans les cellules du cerveau a la suite d'un traitement 
au chrome trivalent. 

Mots - c les : Chrome trivalent, Estomac, 
Cerveau, Histomorphometrie, Rats 

Introduction 
A number of trace elements and heavy metals have 
direct effect on gastrointestinal tract when ingested 
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Results 
Effect of trivalent chromium on body weight, relative 
organ weights and blood chromium level. 
Figures 1,2 and 3 describe the findings on percentage 
body weight, relative organ weight and blood 
chromium concentration after period of exposure to 
chromium respectively. There was no significant 
difference in the percentage body weight of 
chromium treated groups compared with the control. 
The relative organ weights of the two chromium 
groups also were significantly higher compared with 
control. However, the blood chromium level 
increased significantly (p<0.05) in the chromium 
treated groups, 10 ppm (0.17 ± 0.01 ppm); 100 ppm 
(0.19 ± 0.01 ppm) compared with control (0.11 ±0.02 
ppm). 

Effect of trivalent chromium on haematological 
variables. 
The result was not significant in all the variables 
measured except for the platelet counts that was 
significantly lower, p<0.05 in control (72.3 ±3.1 x 
IOVjiL) compared to 10 ppm (107.7 ± 3 . 7 103/}iL) 
and 100 ppm (101.3 ± 4.4 x lOVjiL) (Table 1) 
respectively. 

Effects of trivalent chromium on stomach gross 
morphology and histology. 
There were no disruptions in the stomach mucosa 
integrity in the chromium treated rats compared with 
control at both gross and histology levels (Tables 
2). However, there was significant increase (p<0.05) 
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Fig. I: Percentage body weight change following 12 weeks of chromium exposure. 
No significant difference in chromium treated groups compared with control percentage body weight differences. 
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Fig. 2: Mean relative organ weights following 12 weeks of chromium exposure. No significant difference in test groups compared 
with control in organ weights 
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and /or indirect impact on other body organs, thereby 
presenting health challenge and health in general. 
The heavy metals which are majorly metalloids could 
induce toxicity at minimal exposure dose [ 1 ]. Human 
exposure to these metals is on exponential increase 
particularly due to increasing envi ronmenta l 
pollution from industrial, domestic and technological 
activities [2, 3], especially in developing world. 

'Chromium, a trace element and heavy metal 
(transitional metal) occurs naturally in two main 
forms either as trivalent or hexavalent chromium [4]. 
The trivalent form is the focus of this study and it is 
avai lable food subs tances such as meat and 
vegetables among others [5]. Trivalent chromium is 
an essential nutrient in both animals and human, and 
it plays important role in glucose, fat and protein 
metabolism by potentiating the action of insulin [6] 
whereas; hexavalent chromium exposure in humans is 
reportedly toxic to the exposed tissues [7, 8]. Over 
300,000 workers are estimated to be exposed annually 
to hexavalent chromium especially in places of work 
[6]. Non-occupational exposure occurs through food 
and drinking water whereas, occupational exposure 
occurs majorly through inhalation [9]. 

The increase in consumption of trivalent 
chromium supplement [10] has been reported with 
dearth of information on its effects on the stomach 
majorly. The inadequate information has created 
vital gap in the knowledge base for possible 
interaction between the stomach and chromium. In 
this study, we evaluated the effect of chromium 
consumption on gross morphology of the stomach, 
liver, kidneys and brain of rats. 

Materials and methods 
Chemicals and drugs 
Trivalent chromium (Cr203) (analytical grade) was 
obtained from Koshin Chemicals, Japan. 

Animals and treatment protocol. 
Eighteen male Wistar rats (91.1 ± 4.2 g, 7 weeks 
old) were purchased from the Preclinical Animal 
House, College of Medicine, University of Ibadan 
and were used for the experiments. Rats were 
acclimatized under standard laboratory conditions, 
fed with Ladokun® feeds with free access to water. 
They were grouped into 3: group 1, control (n=6) 
were allowed free access to clean drinking water and 
groups 2 and 3, were administered oral 10 ppm, (n=6) 
and 100 ppm (n=6) Cr203 respectively through their 
drinking water for 12 weeks. The study was carried 
out in conformation to the Guidelines of the National 
Institute of Health - Guide for the Care and Use of 
Laboratory Animals [11]. 

Termination of the experiment and harvest of organs 
The stomach and metabolic organs; liver, colon and 
kidneys were removed and weighed following 
laparotomy under cocktail of both xylazine (0.0005 
ml/g b.wt) and ketamine (0.015 ml/g b.wt) 
anaesthesia. 

Determination of blood chromium 
After 12 weeks of oral exposure to Cr203, 2 ml of 
blood was collected from retro-orbital sinus of rats 
and was quickly transferred into a test tube and 
subsequently digested with 2 ml of nitric acid 
(HN03) overnight. The digested blood was placed 
in water-bath and heated for 30 min at 100°C and 
allowed to cool to room temperature. The sample 
was made up to 15 ml with addition of 12 ml distilled 
water and was filtered. The chromium concentration 
of the filtrate was now read at 530 nm using flame 
atomic absorption spectrophotometer (FAAS). 

Haematological Analysis 
Blood samples were obtained from all animals 
through retro-orbital sinus for full blood count [12]. 

Histological and Histomorphometrical Evaluation 
Ketamine (100 mg/kg) was injected 
intraperitoneal^ and cervical dislocation done to 
sacrifice the animals, followed by harvesting of 
the tissues. Sections of stomach, liver, and kidney 
were fixed in 10% buffered neutral formalin. The 
tissues were processed and embedded in paraffin 
wax, sectioned, and stained with hematoxylin and 
eosin (H&E) according to the method described 
by Bancroft and Gamble [ 13]. Accuscope TS view, 
China was used to capture images and to evaluate 
m o r p h o l o g i c a l changes and stomach 
histomorphometry. From each section of the 
stomach, ten fields per mucosa were randomly 
selected and measured using image J in each slide 
per f ield and the average of the fields was 
determinedf 14]. Slides from the rat brain were 
examined under Leica DM 500 digital light 
microscope (Germany) and images captured with 
Leica ICC50 E digital camera (Germany) using 
an objective lens (x 40) and an ocular lens (x 10). 

Statistical analysis 
Results were expressed as Mean ± SEM and one-
way ANOVA with Newman-Keuls comparison 
post hoc test was adopted using GraphPad Prism 
version 5.0 for Windows (GraphPad software Inc., 
San Diego , CA), p<0.05 was considered 
significant. 
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Table 1: Effec ts of ch romium exposu re on s o m e haematologica l variables 

Control 10 ppm 100 ppm 

Packed Cell Volume ( % ) 41.1 ±1 .2 41 .7± 1.3 41.9±0.7 
Haemoglobin Cone . (g /dL) 13.5 ±1 .3 12.3±0.9 13.1 ±0.7 
Red Blood Cell count( x 106/jaL) 7.1 ± 0 . 3 7.4±0.3 7.0±0.1 
White Blood Cell count(x IOVjiL) 2 .2 ± 0 . 3 2.5±0.2 2.6±0.3 
Platelets Count (x IOVjiL) 72.3 ± 3 . 1 107.7±3.7* 101.3±4.4* 
Lymphocyte Count ( % ) 64 .2 ± 1.3 62.3±9.7 63.0±2.2 
Neutrophi l count (%) 30 .8 ± 2 . 1 32.33±5.3 33.3±3.1 
Monocy te ( % ) 0.3 ± 0 . 1 2 .1±1.17+ 2.0±0.7+ 

Eosinophil (%) 2 .0 ± 0.3 2 .0±1.0 2.0±0.3 

+ Signif icantly d i f fe rent at p < 0 . 0 5 c o m p a r e d wi th control 

C o n t r o l 1 O p p m 1 OOppm 

E x p e r i m e n t a l G r o u p s 

Fig. 3 : Mean blood chromium concentration following 12 weeks of chromium exposure. 
* Significant at P<0.05 compared with the control 

in the stomach mucosa width of animals exposed to 10 (dead) cells in the cerebral cortex region more in the 
ppm (7097 ± 130 ^m) and 100 ppm (7306 ± 632 Jim) chromium treated. Other brain areas examined were 
chromium compared with control (4623 ± 247 Jim). essentially normal as compared with control. 

Effects of trivalent chromium on the histology of the 
liver, kidney and brain. 
Liver (plate 1) and kidney (plate 2) histology shows 
no significant distortion in the chromium exposed 
groups compared with control. Plates 3, 4 and 5 
display sections of cornu ammonis, dentate gyrus 
and cerebral cortex of the rats' brain respectively.. 
The three layers of the CA3 (stratum oriens, stratum 
pyramidalis, stratum radiatum) and the pyramidal 
neurons of the cornu ammonis 3 (CA3) of the 
hippocampal retained their normal architecture in 
all the groups. However, the granule neurons of the 
dentate gyrus were distorted in the chromium groups 
compared with the control. There were few pyknotic 

Discussion 
Heavy metals and trace elements play significant 
roles in health and disease conditions of man [15]. 
The burden of these metals on cellular metabolism 
is enormous and could be harmful, while in some 
instances it might be vital for sustaining physiologic 
metabolic activities of cells and tissues. Excess or 
deficiencies of some heavy-trace metals have been 
implicated in some cancer burdens [16, 17]. 
However, trivalent chromium has no reported risk 
in the development or progression of gastric diseases 
from ingestion. This study was conducted to assess 
the impact of trivalent chromium on the structure of 
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Plitc 5: Representative stained sections of the cerebral cortex c 
cells in control and chromium groups appear essentially normal 
but appear more in the test groups (black arrow) (Mag. X 400) 

the stomach, brain, colon, liver and kidney, in view of 
the recent increase in its consumption rate [10]. 

Findings from the present study revealed no 
significant changes in body weight throughout the 
period of trivalent chromium administration. The 
result is in agreement with previous findings from 
Bunting etal., [18] as well as Mathison and Engstrom 
[19] and Swanson et al., [20] who found no positive 
effect of chromium on body weight. However, Chang 
and Mowat [21], Moonsie-Shageer and Mowat [22] 
and Kegley et al., [23] reported a gain in weight. 
Pittler etal., [24] from their studies agreed to loss of 
body weight following chromium supplementation. 

Earlier reports where studies were conducted 
for periods beyond twelve months of chromium 
administration, reported no change in the relative 
organ weights fol lowing period of chromium 
treatments when compared with control [19, 20]. 
Chromium supplements have been claimed to reduce 
body fat and increase lean (muscle) mass [25]. A 
review of 24 studies that examined the effects of 
200 to 1,000 meg/day of chromium (in the form of 
chromium picolinate) on body composition reported 
no significant benefits on body weight [25]. In 
another clinical trial, findings show insignificant 
change in body weight a f t e r chromium 
supplementation [24], 

The blood chromium level is similar with the 
findings of Anderson and Kozlovsky [26] who 
reported a significant increase in blood chromium 
after supplementation for three months. The 
haematological indices did not change significantly 
except for the increased platelet count in chromium 
exposed groups. Increased platelets protect the 
mucosa against anti-platelets agents. Platelets 
contain many agents that help in promoting tissue 
growth and neovascularization including vascular 
endothelial growth factor (VEGF), transforming 
growth factor-b and platelet factor-4 [27, 28]. The 
increased platelet count reported could be an 

f rats after oral chromium treatment for 12 weeks. The neuronal 
(white arrows), except for a few pyknotic cells across the groups 

important factor constituting protection to the 
stomach mucosa of rats in chromium groups. 

Normally, gastric mucosa and other mucosae 
are constantly regenerated with continuous mucosal 
cell proliferation, and this also depends on the degree 
of assaults involved. Mucosa of the GI tract is 
maintained by ongoing cell renewal and any 
deviation from the replicative processes might 
compromise both the structural and functional 
integrity [29]. The observed increase in mucosa 
width of the chromium group could be as a result of 
reaction to the chromium water over time and might 
be a protective factor for the stomach mucosa. This 
may be a coping mechanism which could permit the 
gastric mucosa to withstand frequent exposure to 
damaging factors or agents. 

The brain tissues evaluated appeared 
essentially normal in all the groups but for few necrotic 
neurons which was expressed more in the chromium 
groups. Krikorian etal., [30] reported a beneficial effect 
on cognitive functions of laboratory rats following 
supplementation with trivalent chromium. It was also 
reported that chromium supplementation attenuated 
post-stroke infarction in rats [31]. 

This present study and findings underscore 
possible stomach tissue toxicities from trivalent 
chromium administration to rats. The increase in 
mucosa architecture in the stomach tissue might 
suggest cyto-protection to the mucosa integrity when 
exposed to oral trivalent chromium. It could also side 
line possible toxicity to other tissues examined. In 
the case of the brain tissue, it is certainly not clear 
what the effect might be on cognition, memory and 
behavior if evaluated. A prolonged period of 
chromium administration could be more revealing. 
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Plate 1: Representative micrographs of transverse section of rats 'liver (Mag. XI00), after exposure to chromium. Tissue stained 
with H&E. No visible lesion is seen in the liver parenchyma in all groups. 

Plate 2: Representative micrographs ofthe transverse section of kidney after trivalent chromium exposure (Mag. X100). Tissue stained 
with H &E. There is no visible lesion seen in all groups, the glomerulus apparatus (black arrows) appeared normal in all groups. 

Plate 3: Representative stained sections of the Cornu Ammonis 3 of hippocampus after oral chromium treatment for 12 weeks. 
The neurons appear normal in all groups (white arrows) - (SO- stratum oriens, SP- stratum pyramidalis, SR- stratum radiatum) 
(Mag. X 400). 

Plate 4: Representative stained sections of the dentate gyrus of hippocampal formation of rats after oral chromium treatment for 12 
weeks. The control and chromium treated hila cells appear normal with normal Purkinje cell staining. The granule cell layer (GCL) 
appears mildly distorted in the chromium groups. ML and PL represent the molecular layer and polymorphic layer (Mag. X 400). 
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