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SUMMARY 

This study was done with the purpose of histologically assessing the protective effect if any of 
supplemental doses of vitamin C contributing towards chromium induced hepatotoxicity. This study 
involved 120 rats, which were randomly divided into 4 groups A, B, C, and D each having 30 animals. 
Each group was further sub-divided into 3 sub-groups, each having 10 animals according to the treatment 
time i.e. 2, 4, and 8 weeks. Group B animals were injected with Chromium (Cr) intra-peritoneally (i.p.). 
Control group A was injected with an equal volume of distilled water. Group C received oral Ascorbic 
acid (AsA) alone and group D received oral AsA and intra-peritoneal injection of chromium both. Animals 
of each sub-group were sacrificed 2, 4 and 8 weeks after treatment respectively. Chromium induced 
hepatotoxicity exhibited histologically as dilated central vein, congested vasculature hepatocellular 
necrosis and inflammatory response in hepatic tissue. Ascorbic acid pre-treatment showed similar but 
milder changes than comparable B group animals receiving chromium alone. Toxic effects of chromium 
were not totally abolished by AsA pre-treatment, but were reduced. Role of ascorbic acid as a detoxicant 
in. chromium poisoning needs further trials and evaluation in terms of increased dosage, route of 
administration and time interval between ascorbic acid and chromium administration.· 

INTRODUCTION 

Heavy metals polluting the environment are 
in abundance. Chromium (Cr) is one such element 
posing a serious threat to human health. Used 
extensively in industry, its hexavalent form (Cr VI) 
is known to be the most toxic and is considered in
dealing with occupational health control l.2.3 .

It's hepatotoxic, nephrotoxic, cardiotoxic, as 
well as hematological and pulmonary toxic effects 
are responsible for its increased mortality 4
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. Its 
large amounts are introduced into the environment 
through sewage water & sludge and effluent wastes 
from industries utilizing this metal, which are 
released mostly into natural water without being 
processed, thus contaminating it. Cr VI, absorbed 
easily through GIT and lungs, is rapidly transported 
and distributed to liver, kidney and blood 8

·
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Hexavalent chromate is iso-structural with 
phosphates and sulphates, it is readily taken up by 
GIT and penetrates to many tissues and organs in 
the body 10• It is more toxic than other forms due to 
its strong oxidizing power and high transport rate 
through cell membrane. Intracellularly its 
subsequent reduction to Cr III accompanied by its 
oxidation properties with stable complex formation 
is important for toxic manifestations of the metal 3

• 

High accumulation of Cr III in all tissues and organs 
is a strong indication of wide toxic potential of 
exposure to Cr VI in drinking water and ambient 
environment 10• It can be reduced by biological 
reductants like hydrogen peroxide and ascorbate 
11• 12

• If sufficient Cr VI reaches target organ without
being reduced, acute damage may occur.
Extracellular Cr VI reduction seems to represent a
detoxification mechanism 13

• 

Vitamins are capable of altering biological 



effects of chromates 14

• Ascorbic acid (AsA) or 
vitamin C, capable of reducing Cr VI effectively is 
known for its antioxidant and nutritional effect 15

• Its 
supplemental intake is 500 mg/day 16

• AsA 
supplementation can reduce Cr induced structural 
changei in plasma membrane of liver and kidney 17

. 

A dose of 150 mg is effective as a reducing agent. In 
cases of vitamin C deficiency, chromates deposited 
on airways penetrated easily into epithelial cells 
followed by its intracellular reduction, which is 
believed to be a prerequisite for toxic manifestations 
of the metal. AsA pretreatment completely 
abolished chromium induced ' metabolic 
disturbances, whereas post treatment 2 hours after 
intoxication had no protective role 18

• 

Another study reported abolition of ce11ular 
injury by AsA pretreatment 19

• Aim should be to 
accelerate extracellular Cr VI reduction. In this 
regard reducing properties of AsA on Cr toxicity 
might prove beneficial. 

AIMS AND OBJECTIVES 

This study was done with a purpose of 
histologically assessing protective effect if any of 
supplemental doses of vitamin C contributing 
towards chromium induced hepatotoxicity. 

MATERIALS & METHODS 

One hundred and twenty male Sprague Dawley 
rats, mean weight 16 I ± I 3 gms were kept in animal 
house PGMI, Lahore. They were fed on commercial 
diet and water ad libitum. Care was taken regarding 
optimal light and temperature. The animals were 
given two weeks for acclimatization and then were 
randomly divided into four main groups A, B, C and 
D each comprising 30 rats. 

Animals of group B received 1 mg I kg 
chromium intra-peritoneally (i.p.), as sodium 
dichromate (Na2Cr201 - E. Merck), dissolved in 2· ml 
of 0.9% saline on alternate days. Group A animals 
received an equal volume of distilled water i.p., and 
served as control. The dose was adjusted on weekly 
basis according to the weight of the animal. 

Group D received I mg /kg Na2Cr207 of saline, 
i.p. on alternate days, and AsA 10 mg/kg dissolved
in 2ml of saline, orally daily. First dose of AsA was
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given 24 hrs before the first dose of Na2Cr201. After 
that AsA was given an hour before Cr 
administration. The dose was adjusted on weekly 
basis according to the weight of the animal. 

Group C received an equal volume of AsA 
orally on daily basis. 

Ten. animals each from group A, B, C and D 
were sacrificed at 2, 4 and 8 weeks of treatment, 24 
hrs following the last injection. This period was 
given to allow the excretion of the unbound Cr from 
the body. 

Liver tissue fixed in 10% formalin, was 
embedded in paraffi1_1 Sections were cut at 4-5 u and 
stained with H and E by standard procedure. 
Histological parameters were noted. 

RESULTS 

With Cr treatment alone, at 2 weeks the capsule 
was thickened and mild sinusoidal and central vein 
dilatation was observed (Fig 1 ). These changes 
progressed at 4 weeks. Cloudy swelling was seen in 
significantly enlarged hepatocytes. Focal areas of 
nuclear changes were also seen. Necrosis was 
graded ++ (Table 1 ). At 8 weeks, capsule thickened 
further. Positive signs of inflammation were 
observed in portal area. Biliary hyperplasia was 
there (Fig 2). Micro vesicular fatty change was 
observed in significantly enlarged hepatocytes and 
the necrotic changes advanced (graded +++).
Inflammatory infiltrate invaded fairly large areas of 
hepatocytic necrosis. Kupffer cells were prominent 
(Fig 3). Occasional acidophilic bodies were also 
seen. 

With AsA alone, no signs of inflammation 
were seen throughout the course of experiment. 
Hepatoce11ular architecture was preserved (Fig 4). 
There was slight dilatation of central vein which 
progressed to a significant value at 8 weeks. 

In ·contrast, the combination treatment of Cr 
and AsA both, at 2 weeks showed slightly dilated 
sinusoids and central · veins . with mild micro 
vesicular fatty change at places. Necrosis was +. At 
4 weeks, there was cloudy swelling of hepatocytes 
at a few places. Kupffer cells were prominent, but 
no inflammatory infiltrate was observed (Fig 5). At 
8 weeks, there was thickening of liver capsule and 
engorgement of dilated centr'al veins. Hepatocytic 
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Fig I. A histological section of rat liver-Group Bl recei,ving chromium only for 2 weeks. 1. Central vein. 2. Dilated sinusoids. 
3. Prominent kupffer cells. 4. Granular cytoplasm showingcloudy swe,lling. S. Cells devoid of nuclei.

Fig 2. A histological section of rat liver showing portal tract-Group 83 receiving chromium only for 8-weeks. 1. Portal tract 
widening. 2. Billiary hyperplasia. 

Fig 3. A histological section of rat liver-Group 83 receiving chromium only for 8 weeks. 1. Dilated central vein with distorted 
endothelium. 2. Hepatocytic cord devoid of nuclei. 3. Large necrotic Foci. 4. Prominent Kupffer cells. 

Fig 4. A histological section of rat liver-Group C2 receiving Ascorbic acid alone for 4 weeks. 1. Central vein with few blood 
cells. 2. Hepatic laminae. 3. Sinusoids. 

Table 1: Histological grading in the liver of a Sprague-dawley rat exposed to sodium didiromate (Chromium) and 
ascorbic acid alone and in combination for 2, 4 and 8 weeks. 

Control A (Weeks) B Chromium 
Groups administration for 

Histological grading 

O Normal architecture. 

2 

0 

4 8 

0 0 

(Weeks) 

2 4 

+ ++

+0 Mild to moderate congestion of central veins and sinusoids. 

8 

+++ 

C Ascorbic acid 
administration for 

(Weeks) 

2 4 8 

0 0 +o

+ Mild Congestion, minute areas of focal necrosis and prominent kupffer cells.

D Chromium'and 
ascorbic acid 

administration for 
Weeks 

2 4 8 

+ + ++ 

++ Mild to moderate congestion, fairly large areas of focal necrosis, prominent kupffer cells 
+++ Capsular thickening, marked congestion, fairly large areas of focal necrosis, bile duct proliferation, prominent kupffer cells 

hyperplasia, infiammatory cells and widening around portal tract. Inflammatory cells in necrosed liver parenchyma. 
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Fig 5. A histological section of rat liver -Group Dl receiving Ascorbic add and Chromium .for 4 weeks. 1. Dilated central 
vein. 2. Dilated sinusoids. 3. Cloudy swelling. 4. Prominent Kupffer cells. 5. Hepatocytes devoid of nuclei. 6. Pyknosis. 

Fig 6. A histological section of rat liver -Group 03 receiving Ascorbic acid and Chromium for 8 weeks. 1. Prominent Kupffer 
cells. 2. Distorted lining of Dilated central vein. 3. Cloudy swelling. 4. Congested sinusoids. 5. Portal tract widening. 6. 
Focal necrotic area. 

degeneration and inflammatory cell invasion of 
portal tract was observed at few places (Fig 6). 
Necrosis was of lesser degree as compared to seen 
in animals receiving Cr alone for the same time 
period. 

DISCUSSION 

The minimum effective dose of Cr required to 
produce caustic effects is l mg/kg as used in this 
study 1 

••. Cr induced hepatotoxicity became marked 
with advance in treatment, a finding consistent with 
reports by various authors 4·5·20·21•22

• Cyanosis, a 
sequel of dichromate poisoning indicates increased 
oxygen extraction. Hypoxia results in impairment of 
Na pump mechanism leading to retention of Na and 
thus water 23• This in tum leads to cloudy swelling,
hydropic degeneration, necrosis and thus nuclear 
changes. Impaired venous drainage leads to 
congestion, which in tum results in dilatation of 
blood vessels. Metabolic disturbances due to 
biochemical lesions could be exhibited as fatty 
change, cellular swelling and Hyaline degeneration 
followed by nuclear changes 23•24. 

Inflammatory cells around portal tract are in 
response to necrosed hepatic tissue. 
Polymorphonuclear leucocytes and lymphocytes 
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increased considerably to contribute their 
proteolytic enzymes to remove necrotic debris to aid 
the process of hetrolysis. Kupffer cells of 
macrophage system become prominent due to the 
same reason. 

Biliary hyperplasia seen after 8 weeks, could 
be due to some obstruction in the biliary pathway as 
a response to chronic cell injury. Capsule thickening 
could be a result of increased collagen synthesis 
again due to chronic cell injury. Acidophilic bodies 
form as a consequence of hyaline degeneration 
leading to the formation of hyaline eosinophilic 
cytoplasmic bodies. 

AsA alone showed no pathological results until 
4 weeks. This was followed by mild to moderate 
congestion and dilatation of sinusoids, central veins 
and portal vessels. Daily requirement of AsA is 75-
150mg, whereas median intake of supplemental 
AsA is 355-500 mg/day 16

• Dose used in this study 
was median supplemental dose that could also cover 
for the antioxidant effect of AsA 25

. No toxic effect
of AsA has been reported as it is said to have high 
excretory ability 26•

In this study engorgement of blood vessels by 
blood cells seen after 8 weeks, needs further 
exploration. Animals getting both AsA and Cr at 2 
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weeks showed mild congestion and dilatation of 
central ·veins and sinusoids. Small areas of focal 
necrosis and kupffer cell prominence were noted. 
These effects progressed with advance in treatment 
and were almost the same as produced by Cr alone 
at this stage. So extra cellular Cr reduction was 
either incomplete or absent. Another study reported 
that 30 minutes AsA pretreatment before Cr 
administration resulted in complete abolishment of 
both metabolic disturbances and nephrotoxicity 
produced by Cr

18
• The dose of AsA (500 mg/kg) 

used in this study was approximately 16 times the 
dose used by Na et al (30 mg/kg). The route of 
administration of AsA was intraperitonial, whereas 
in this study it was oral. In another study AsA by a 
mega dose of 5 g/kg prevented Cr induced protein 
urea, when as dose of l O mg/kg of Cr was given 27. 

The reason for cellular reduction of Cr despite 
giving AsA, could be insufficient dose of AsA 
leading to incomplete or no extra cellular reduction 
of Cr. Route of administration of AsA could also 
have played a key role. 

After 8 weeks of combination therapy of Cr 
and AsA, the degree of necrosis was much less than 
that of comparable group receiving Cr alone. There 
was no widening around portal tract. Kupffer cells 
were prominent meaning thereby the some but not 
all of the Cr got reduced extracellularly. The rest 
entered the cell and underwent intracellular 
reduction leading to Low-grade necrosis. 

Role of AsA as detoxicant in chronic Cr 
poisoning regarding histological changes needs 
further exploration in terms of increased dosage, 
route of administration and interval between 
administration of the metal and AsA. 

REFERENCES 

I. Baruthio F. Toxic effects of chromium and its
compounds. Biol Trace Element Res. 1992; 32:
145-153.

2. Finkel AJ. Chromium. In: Hamilton and
Hardy's Industrial Toxicology. 1980; pp 48-51.

3. · Rinehart WE, Gad SC. Current concepts in
occupational health: Metals Chromium. Am
Ind Hyg Assoc J. 1986; 47: 696-699.

4. Laborda R, Mayan J, Nunez A. Nephrotox.ic 
and hepatotoxic effects of chromium 

87 

compounds in rats. Bull Environ Contam 
Toxicol. 1986; 36: 332-336. 

5. Tandon SK, Sexena DK, Gaur JS, Chandra SY.
Comparative toxicity of trivalent and
hexavalent chromium - alterations in blood and
liver. Environ Res. 1978; 15: 90-99.

6. Kumar A, Barthwal R. Hexavalent Chromium
effect on haematological indices in rats. Bull
Environ Contam Toxicol. 1991; 46: 761-768.

7. Langard S. Chromium carcinogenecity; a
review of experimental animal data. Sci Total
Environ. 1988; 7 I: 341-350.

8. Karimov TK. The status of metabolic process
in workers employed in chromium production.
Gig Sanit. 1988; 8: 95-96.

9. Kim E, Na KJ. Effect of sodium dichromate on
carbohydrate metabolism. Toxicol Appl
Pharmacol. 1991; 110: 251-258.

10. Costa M. Toxicity and carcinogenicity of Cr VJ
in animal models and humans. Crit Rev
Toxicol. 1997; 27: 431-42.

11. Aiyar J, Berkovits HJ, Floyd RA, Wetterhahn
KE. Reaction of chromium VJ with glutathione
or with hydrogen peroxide: Identification of
reactive intermediates and their role in
chromium VJ induced DNA damage. Environ
Hlth Perspect. 1991; 92: 53-62.

12. Suzuki Y. Reduction of hexavalent chromium
by ascorbic aid in rat lung lavage fluid. Arch
Toxicol. 1988; 62(2-3): 116-122.

13. Suzuki Y, Fukuda K. Reduction of hexavalent
chromium by ascorbic aid and glutathione with
special reference to the rat lung. Arch Toxicol.
1990; 64: 169-176.

14. Sugiyama M. Effects of vitamins on chromium
V! induced damage. Environ Hlth Perspect.
1991; 92: 63-70.

15. Bradberry SM, Yak JA. Therapeutic review: ls
ascorbic acid of value in chromium poisoning
and chromium dermatitis. J Toxicol Clin
Toxicol. 1999; 37: 195-200.

16. Garry PJ, Goodwin JS, Hunt WC, Gilbert BA.
Nutritional status in a· healthy elderly
population; Vitamin C. Am J Clin Nutr. 1982;
36:332-335.

17. Dey SK, Nayak P, Roy S. Chromium induced
membrane damage: protective role of ascorbic
acid. J Environ Sci 2001; 13: 272-5.



Raza 

18. Na KJ, Jeong SY, Lim CH. The role of
glutathione in the acute nephrotoxicity of
sodium dichromate. Arch Toxicol. 1992; 66:
646-651.

19. Ueno S, Susa N, Furukawa Y, Aikawa K,
ltagaki I. Cellular injury and lipid peroxidation
induced by hexavalent chromium in isolated rat
hepatocytes. Nippon Juigaku Zasshi. 1989; ·51:
137-145.

20. Steffee Ch, Baetjer AM. Histopathological
effects of chromate chemicals. Arch-Environ
Hlth.II 1965; 62-75.

21. Raza N. Hepatotoxic effects of hexavalent
. chromium in rat: A histological study.
SPECIALIST, Pakistan's J Med Sci.1996; 13:
67-74.

22. Raza N. Role of ascorbic acid on chromium
induced changes in rat liver - a morphometric
analysis. Annals of KEMC. 2000; 6(3):261-
263.

23. Cotran RS, Kumar V, Collins T. Cell injury
and cell death. In: Pathalogic Basis of Disease.
1999. 61

" Ed. pp 1-30. W B Saunders
Co·mpany, Philadelphia, London, New York,
St. Louis, Sydney, Toronto.

24. Walter JB, Tallot IC. Cell response to injury. In
: General Pathology. 1996. ?111 Ed. pp 87-101,
Churchill Livingstone, New York, Edinburgh,
London, Madrid, Melbourne, San Francisco

88 

and Tokyo. 
25. Gilman AG, Rall TW, Nies AS, Taylor P2. In:

Goodman and Gilman 's Pharmacological
basis of therapeutics. 1992; pp 1547-1550.
McGraw-Hill, Inc. Newyork.

26. Korallus U, Harzdorf C, Lewalter J.
Experimental basis for ascorbic acid therapy
by hexavalent chromium compounds. Int. Arch
Occup Environ Hlth. l 984; 53: 247-256.

27. Appenroth D, Winnefeld K, Schroter H, Rost
M. Ambigious effect of ascorbic acid on
chromate induced proteinurea in rats. Arch
Toxicol. 1994; 68: 138-141

The Author: 

Nausheen Raza 
Assistant Professor of Anatomy 
Allama Iqbal Medical College 
Lahore 

Address for correspondence: 

Nausheen Raza 
40-B, Gulberg V,
Zafar AH Road, Lahore.
haroonjm@hotmail.com


