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ABSTRACT
Chromium can enter in body through air, food and water. Most abundant toxic form of this
metal in the environment is Cr(VI). Chromium (VI) readily enters all type of cells through a general
action channel of plasma membrane and reduced into Cr(III) by various oxidants. Therefore, present
study has been carried out to investigate the effects of vitamin E on growth performance and tissue
weight (liver and kidney) in chicks against toxicity induced by hexavalent chromium. Developing
chicks (Croilers, Gallus gallus domesticus, body weight 100±20 gm) were used as experimental
animals. Body weight was taken once in a week for growth performance during experimental period.
Tissue weight has been taken after 30 days of treatment. Oral administration of Cr(VI) adversely
affects the growth performance of chicks. It is observed that during administration of chromium the
animal body weight decreases and tissue weight is also found to be reduced. However,
supplementation of vitamin E along with Cr(VI) show significant recovery in body weight of animals
as compared to chromium treated chicks. Along with the growth, the weights of different tissues like
liver and kidney are also decreases in Cr(VI) treated chicks. Administration of vitamin E in these
chicks also significant increase in tissue weight was observed. Thus present study reveals that
supplementation of vitamin E significantly protect from the adverse effect of Cr(VI).

KEYWORDS: Vitamin E, Croilers, Hexavalent chromium, Growth performance, Tissue weight
.

*Corresponding Author
Dharmendra Kumar
Assistant Professor,
Department of Zoology
S. V. Govt. P. G. College Lohaghat, Pin- 262524,
(Champawat) Uttarakhand, India
E-mail: oxidation01@gmail.com Ph. +91 8476920620
IJSRR, 8(1) Jan. – Mar., 2019

Page 2787

Dharmendra Kumar et al., IJSRR 2019, 8(1), 2787-2796

INTRODUCTION
Poultry production has experienced a remarkable growth within the past thirty five years.
However, there are still a lot of problems facing the industry in its bid to attain viable level of
production. Deposition of heavy metals in birds is due to the feeding of contaminated feed and water
as well as exposure to different manufacturing processes of factories and industries 1. Animal
management involves a combination of good housing, health and feeding. Therefore the quality and
safety of feed given to animals determines their performance.
Heavy metals contamination originates from many sources such as industrial, anthropogenic
and exogenous means. According to Lenntech 2, Heavy metals refer to any metallic element that has
a relatively high density and is toxic or poisonous even at low concentration. Heavy metals are
specifically regarded with their toxicological as well as carcinogenic effects 3. Some of these
elements play an essential role in physiological and biochemical processes in living cells when
present in required amount 4,5. When these elements are present in lethal dose, it results in deleterious
effect such as reduced growth rate, malfunction of vital organs such as liver, kidney and
consequently death of the animal. Supplementation of heavy metals with a large safety margin in
broilers has resulted into higher mineral excretion and ends up in the environment 6,7.
Chromium is a naturally occurring element found in rocks, animals, plans, soil, volcanic dust
and gases. It occurs in various oxidative states from Cr(II) to Cr(VI). A significant amount of
chromium enters into the environment form chrome plating, textile dyes and paint industries.
Chromium can enter in body through air, food and water. It can easily penetrate and accumulate into
internal organs like the kidney, lungs, liver and in some cases causes damage in the blood. Most
abundant toxic from of this metal in the environment is Cr(VI). In animal body it is quickly
converted into Cr(III) through Cr(V) and Cr(IV) intermediates. Chromium (VI) readily enters all
type of cells through a general anion channel of plasma membrane and reduced into Cr(III) by
various oxidants. This form of chromium is trapped and accumulated within the cell, as it is less
permeable through cell membrane than Cr (VI).
In cells Cr(V) and Cr(IV) intermediates act as free radicals and increase oxidative stress.
Natural antioxidants vitamin E, ascorbic acid, riboflavin, cytochrome P-450 reductase, glutathione
reductase etc. are free radical scavengers and quickly convert the highly toxic form of Cr (VI) to
Cr(III) in the tissues which does not readily leave the cell 8. The metal is slowly released through
kidney and bile 9. However, during its stay, Cr(III) forms stable complexes with legands of protein,
DNA and GSH and causes all kind of metabolic, genetical, immunological, developmental and
carcinogenic changes 8,10, therefore, a quick removal of the metal from the body is necessary.
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A timely evaluation of the effects of exposure to chromium toxicity and its amelioration with
vitamin E to animals will provide useful information relating to the therapy of toxicated animals.
Although extensive studies have been done on the effect of heavy metals on animals, yet there is a
dearth of information on chromium toxicity contamination in chicks. Therefore, present study has
been undertaken to investigate protective role of vitamin E on growth performance and tissue weight
(liver and kidney) in chicks intoxicated by hexavalent chromium.

EXPERIMENTAL SECTION
Animals – The experiment was carried on Domestic chicks – Croiler Chabro (Gallus gallus
domesticus). Newly hatched chicks were purchased from the Uttarakhand Village Poultry Project
(State Govt. Poultry Farm), Bin, Pithoragarh (Uttarakhand). Selected all chicks were maintained and
acclimatized according to the laboratory condition. The animals were housed in battery cages under
laboratory conditions at existing room temperature and relative humidity. They were fed on
commercial food (Starter, Grower and Finisher) purchased from the local market and tap water ad
libitum. Healthy male and female chicks (approximately 2-3 weeks old, body weight 100±20 g) were
used in present study. The experimental protocol was approved by Institutional Animal Ethical
Committee (IASC), Department of Pharmaceutical Science, Bhimtal, Kumaun University, Nainital
and the member secretary, CPCSEA, Ministry of Environment, Forest and Climate Change,
Government of India (Protocol No.- KUDOPS/89). The animals were kept under standard conditions
throughout the experiment to reduce the error. Minimum number of animals was used to obtain
reliable results.

Chemicals – Vitamin E (α-tocopherol) was purchased from Sigma Chemical Co. (St. Louis, Mo,
USA). Potassium dichromate (K₂Cr₂O₇) was procured from Glaxo (India). All the reagents and
chemicals used in this study were of analytical grade and highest purity procured from standard
commercial sources in India.

Experimental Treatments - The selected chicks were divided into three groups (A, B and C)
randomly, each containing at least 6 chicks. Chicks of group A were administered with sublethal
dose of potassium dichromate (K2Cr2O7) (05 mg/100 g body weight) by gavage on each alternate day
for 30 days. Chicks of group B were treated with potassium dichromate (K2Cr2O7) as chicks of group
A but also administered with vitamin-E (intramuscularly) (0.5 IU/100 gm body weight) on each
alternate day for 30 days. Chicks of Group C were administered with saline only to serve as purely
control.
The animal weight, general health and behavior were recorded in all the groups. All the birds
were monitored for clinical signs twice daily. Each chick was weighted weekly. After the final
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treatment on Day 30, chicks from each group were anesthetized with light diethyl ether/chloroform
and sacrificed in the morning hours. Kidney and liver were simultaneously removed, weighted and
used for further investigations.

Statistical analysis - All body and tissue weight values were expressed as mean ± SE. All data
were analyzed statistically using one-way analysis of variance (ANOVA) followed by Student’s ttest. Statistical significance was considered at P < 0.05.

RESULT AND DISCUSSION
All the chicks administrated with Cr showed more prominent signs of toxicity (+++) as compared to
control. Clinical signs observed in the present study are decreased body weight gain and chicks were
dull and depressed (table 01). Effect of vitamin E on body weight gain is presented in table 02. Live
body weight decreased significantly in Cr treated chicks in comparison to the therapeutic and control
group. The chicks treated with vitamin E along with Cr, showed significant increase in live body
weight. The control chicks on 15th day of their treatment were weighing 190 ±10.0 gm. Within next
seven days the weight increased (240 ±10.0 gm on 22th day), which reveals a satisfactory growth of
the animals. The chicks administrated with a dose of 05 mg/100 gm body weight potassium
dichromate (group A) for 15 days shows reduction in their weights (133.3±7.63) as compared to
control. When these animals were given Cr for next seven days (day 22), their weight was 185±13.22
gm (less than their respective control), similarly their weights on day 30 also showed a significant
decrease in body weights as compared to control. Weight gain was maximum in vitamin E
therapeutic group i.e. group B.
The tissue weight (liver and kidney) of different groups is presented in table 03. Tissue weight also
decreased significantly in Cr toxicated group as compared to control group, while co-treatment with
vitamin E increases tissue weight significantly. (table 03)
Table 01: Clinical signs and behavioral alterations in chicks of different groups administered with chromium,
chromium + Vitamin E and control group
Treatment
Dullness
Depression
Sluggish
Reduced body
weight
Chromium
+++
+++
+++
+++
Chromium+ Vit E

+

+

+

-

Control

-

-

-

-

No sign (-), mild (+), severe (+++)
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Table 02: Mean values of live body weight (g) in chicks of different groups administered with chromium,
chromium + Vitamin E and control group
Treatment
Day 1
Day 8
Day 15
Day 22
Day 30
Chromium

105.0±5.0

126.6±7.63

133.3±7.63

185.0±13.22

191.6±15.27

Chromium
+Vitamin E
Control

101.6±2.88

188.3±12.58

211.6±7.63

255.0±8.66

311.6±12.58

103.3±10.4

168.0±7.63

190.0±10.0

240.0±10.0

290.0±10.0

ANOVA (p-value)

NS

**

**

NS

**

Results are expressed as mean ± SE. ** indicates significant at p< 0.05. NS = Not significant.
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Figure 01: Influence of Vitamin E on live body weight in chromium fed chicks
Table 03: Mean values of tissue weight (g) in chicks of different groups administered with chromium, chromium +
Vitamin E and control group.
Treatment
Liver
Kidney
Chromium

8.89±0.44

3.36±0.55

Chromium+Vitamin E

13.01±0.29

4.48±0.32

Control
ANOVA (p-value)

12.25±0.55
**

4.12±0.07
**

Results are expressed as mean ± SE. ** indicates significant at p< 0.05
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Figure 02: Influence of Vitamin E on tissue weight in chromium fed chicks

Studies reporting body weight effects in humans exposed to Cr(VI) were not identified. Significant
decreases in body weight have been reported in several intermediate-duration oral Cr(VI) studies in
animals 11-17. Previous studies carried out in broiler chicks 18 and rats 19 noted a significant reduction
in body weight. Decrease in body weight could be due to decrease internal activity which damage
health leading to impaired growth and weight gain

20

. Another reason of decreased body weight

could be due to irregularities in metabolism mediated by Cr-induced liver damage 21.
The first symptom of toxic effect of chromium, observed in chicks, is the decreased live body
weight. The indication of toxic effect is visible on the 8th day of intoxication when the animal
become sluggish, lost interest in routine activities and stands idle in the corner of cage. The process
continued and after fifteen days of intoxication the body weight further reduced significantly. There
were significant differences in values obtained in the final weight of chicks across the treatments;
this could be due to biotoxic effect of chromium to the body when consumed in a higher quantity.
However, it should be noted that high concentrations of chromium in drinking water decrease
palatability of water, resulting in decreased water consumption; thus, decreased body weight may, in
part, be due to decreased water consumption, in addition to other causes. In male rats exposed to 73
mg Cr(VI) /kg/day as potassium dichromate in drinking water for 30 days, body weight was
decreased by 11.6% 16. A 19% decrease in body weight gain was observed in male rats exposed to 42
mg Cr(VI) /kg/day 11 and a 10% decrease was reported in male mice exposed to 6 mg Cr(VI) /kg/day
13

as potassium dichromate in drinking water for 12 weeks.
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In toxicated animals, the tissues weight is also reduced significantly. Thus, chromium causes
deficient food intake that influence the development of the organs leading to reduce body weight.
The decrease of body weight during chromium intoxication is also reported in mice, rat and human
22-24

. Identical results are obtained in mice

25

, and chick

26 27

,

during mercury and methylmercury

intoxication under similar experimental conditions.
Chromium intoxication also causes behavior alteration leading to dizziness, indigestion,
diarrhea, abdominal pain, vomiting, gastritis and weakness 8, that may stop the animals to take food,
which results in reduced body weight. Decrease in protein content in all the tissues in intoxicated
group of animals may be an important factor for weight loss in tissues and animal as a whole. Kim
and Na

28

also found decrease in total amino acid within two hours of chromium injection.

Chromium (III & VI) binds to active site of proteins and/or DNA to form complexes that results
DNA-protein and DNA-amino acid cross links, DNA replication, DNA damage, gene mutation and
gene expression 29-32.
Weight gain was maximum in vitamin E supplemented group and minimum in chromium intoxicated
group. Overall performance revealed better weight gain in vitamin E supplemented group as
compared to control group. Thus it is clear from the study that supplementation of vitamin E
increases the food intake and not only recovered the animal’s tissue and body weights but also
changed the animal behavior making them active. Such changes can be clearly seen in growing birds.
The present study reveals simultaneously recovery of animal tissue and body weights during vitamin
E therapy. Thus, application of vitamin E not only eliminates toxicity of Cr and restores their
reduced level but also restore tissue and animal weight leading to normal growth of the animal. This
is also evident from body weight and size of therapeutic animals, which is more than compared to
control on 15th and 30th day of their treatment.

CONCLUSION
From the above study it could be concluded that the inclusion of chromium have deleterious effects
on chicks which could affect the growth performance, tissue weight and health status of the chicks.
However, supplementation of vitamin E has the potential to provide protection in chicks against
chromium induced toxicity in growth performance (body weight) and tissue weight respectively.
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