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ABSTRACT : Hexavalent 사iromium (CrVI) was fed to one day old 아licks of Gallus domesticus in the form of different 
concentrations (250 and 500 mg/kg feed) of potassium dichromate mixed with the feed, ad libitum, for 32 weeks. After 20 
weeks of feeding, the total body weight was higher in the low dose (260 mg/kg (feed) group and lower in the high dose 
(500 mg/kg feed) group, as compared with the control chicks. After 32 weeks of feeding, however, the total body weight 
was significantly decreased in both the treated groups. Egg laying was enhanced. Fertility remained unaffected, whereas 
hatchability was considerably decreased after CrVI-treatment. The egg shell thickness increased significantly (13%). Cr was 
deposited in a dose dependent manner in the liver and lungs. Some structural derangements in liver were also noted in 
treated chicks. The results of this study i.e., rapid ageing, excessive Cr deposition, decreased hatchability and hepatotoxicity 
indicate toxic effects of CrVI. (Asian-Aus, J. Anim, ScL 1999, VoL 12, No, 6 : 944-950)
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INTRODUCTION

Chromium (Cr) is one of the heavy metals in 
industrial effluents, specialty from tanning industries, 
which have been increasingly documented to be toxic, 
carcinogenic, mutagenic and teratogenic in high 
concentrations (Petrilli and DeFlora, 1977; Luli et al., 
1983; Nair and Krishnamurthi, 1991; Asmatullah et al., 
1998a, b). It exists in two valence states i.e., trivalent 
state (CrIII) and hexavalent state (CrVI) which differ 
markedly in a number of their biological properties 
(Levis and Bianchi, 1982). Derivatives of CrIII are 
water soluble at neutral pH and can be removed from 
medium in the form of Cr hydroxide, while CrVI are 
highly insoluble (Cary, 1982; Levis and Bianchi, 1982; 
Ohtake et al., 1990; Yamamoto et al., 1993; 
Vishnyakov et al., 1992). CrVI is more toxic and 
mutagenic than trivalent form.

CrVI compounds in contrast to CrIII, are easily 
taken up by cells via the sulfate anion transport 
system (DeFlora and Wetterhahn, 1989), and are 
reduced through reactive intermediates such as CrV 
and CrIV to the more stable CrIII by cellular 
reductants including glutathione, vitamins C and B2 as 
well as flavoenzymes (DeFlora et al., 1990; DeFlora 
and Wetterhahn, 198아 Sudgen and Wetterhahn, 1996). 
Some in vitro studies have shown that this reduction 
process also causes the generation of active oxygen 
species (Kawanishi et al.? 1986; Kawanishi and Hiraku, 
1996). For instance, CrV complex has been reported 
to react with H2O2, in a Fenton type maimer, to 
produce hydroxyl radical, resulting in the induction of 
DNA damage (Aiyar et al., 1990; Coudray et al., 

1992; Shi and Dalal, 1990).
CrVI compounds are potent toxic (Laborda et al., 

1986; Goyer, 1990; Hojo and Satomi, 1991), 
carcinogenic (Shivas, 1980; DeFlora et al., 1990), 
genotoxic in vivo (Sunderman, 1978; Bianchi et al., 
1983; Coogan et al., 1991) and in cultured cells 
(Sugiyama et al., 1986), and selectively inhibit the 
activity of enzymes such as glutathione reductase in 
manunalian cells (Sugiyama et al., 1986).

The embryotoxic effects of Cr have been reported 
in hamster (Gale, 1982) and mice (Trivedi et al., 
1989), whereas Junaid et al. (1995, 1996) and 
Asmatullah et al. (1998a, b) have described several 
developmental abnormalities in mice and chicks, 
respectively during organogenesis. Heavy metals in 
industrial wastes caused significant reduction in 
embryonic growth in externally exposed eggs of 
mallards (Hoffman and Eastin, 1981). Embryo lethality, 
developmental abnormalities, delayed developmental 
stage and mortality after hatching in the. Japanese 
Medaka, Oryzias latipes is known to be because of 
heavy medals (Cooper and McGeorge, 1991). Heavy 
metals also induced gross malformations in chick 
embryos such as reduced body size, micromelia, 
twisted neck, everted viscera, haemorrhage and 
microphthalmia (Gilani and Alibhai, 1990; Asmatullah 
et aL, 1998a, b).

The present study describes the effect of 
hexavalent Ct on egg laying capacity, egg hatchability, 
thickness of egg shell and the post-hatching 
development of Gallus domesticus.

MATERIALS AND METHODS

Chicks
Forty five chicks, one day old Golden puff variety 
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of Gallus domesticus were purchased from a local 
hatchery in Lahore. These chicks were divided into 
three groups, each of 15 and were kept in separate 
pen with a layer of saw dust on the floor which was 
replaced on alternate days. Room temperature was 
maintained at 35 C during first week and then was 
kept constant at 27 °C. The chicks were given 
commercial feed and water ad libitum.

Administration of chromium
CrVI was administered orally to chicks along with 

the feed in the fonn of potassium dichromate 
02&2。7). Five and 10 ml of 5%, K2G2O7 were 
sprayed separately on one kg feed, mixed thoroughly 
for homogenous distribution, to prepare feed containing 
250 and 500 mg K^CMA/kg feed, respectively.

Procedure adopted
Two experimental groups, each of 15 chicks, were 

fed on feed containing 250 and 500 mg/kg feed for 
32 weeks. A control group of 15 chicks was also 
maintained on nonnal Cr-free feed. All birds were 
weighed every week and a record of feed consumed 
was also maintained. At the end of 140 d (20th week) 
and 224d (32nd week), 6 and 4 female birds, 
respectively, from each group were weighed and 
sacrificed. The males were not sacrificed, but were 
maintained in the pen for mating purposes. The blood 
was drained off. Different body organs including liver, 
heart, kidney and lungs were dissected out and 
weighed. Small pieces of liver were fixed in Bouin's 
fixative for histology. Pieces of liver and lung were 
also stored in the freezer for Cr estimation. Data were 
also collected on egg laying, fertility, hatchability and 
egg shell thickness. The behaviour of male chicken 
was recorded.

Determination of feed intake
The daily feed intake was recorded by offering a 

weighed amount of feed to the chicks in a pen and 
then weighing the left-over in the bowl at the time of 
next replenishment. The feed intake/bird was calculated 
by dividing the total feed intake with the number of 
chicken in that particular pen.

Egg laying, fertility and hatchability
Every morning, after 224 d (32nd week) of experi­

mentation, the pens were checked for egg laying. The 
eggs were collected from the cages, counted and 
incubated at 38.0 土0.5 C to check the effect of Cr- 
contaminated feed on fertility. Humidity was provided 
by putting water filled beaker in the incubator. The 
eggs were rotated twice a day. At 7th day of 
incubation the development of embryo was observed 
with the help of candling. The fertile eggs were 

incubated till hatching. Small pieces of shells from 
middle parts of eggs from each experimental group 
were used for determination of egg shell thickness.

Determination of egg shell thickness
After tennination of egg incubation, at least 3 shell 

pieces from 20 eggs of each experimental group were 
taken. The pieces of shell from middle part of the egg 
were cleaned, shell membranes were removed and 
thickness of the shell measured with the help of 
Vernier calipers.

Histological studies
The liver pieces already fixed in Bouin's fluid 

were washed in 70% alcohol, dehydrated and 
embedded in molten paraffin wax. The sections (4-6 
“ m) were cut and stained with haematoxylin and 
eosin. The sections were studied for hepatic histologi­
cal changes.

Chromium estimation
For chromium estimation 500 mg of each tissue 

(liver, lung) was homogenized in 3 ml distilled water, 
and digested by adding 2 ml concentrated H2SO4 and 
5 ml HNO3. These homogenates were made upto 100 
ml with distilled water and boiled till approximately 
half the solution was evaporated. The samples were 
cooled, filtered and made upto 50 ml by adding 
distilled water. The pH of each sample was adjusted 
at 0.8 with 0.2 N H2SO4. The samples were made 
upto 100 ml with distilled water. In each sample 2 ml 
of colour reagent, 0.5% diphenylcarbazide solution, 
was added, mixed well and left for 10 minutes for 
colour development. Optical density of each sample 
was measured at 540 nm.

Statistical analysis
The various parameters of Cr-treated experimental 

groups were compared with the controls using 
Student's ‘t‘ test and the significant differences 
indicated in tables and figures.

RESULTS

Body weight and feed consumption
Figure 1 shows effect of Cr contaminated feed on 

the body weight and feed intake by the chicks. During 
the first 20 weeks (140d) of treatment the body 
weight showed an increase in the low dose ,(250 mg 
K^CnOz/kg feed) group, and a decrease in the high 
dose (500 mg KzCTQz/kg feed) group, when compared 
with the control group. At the end of 32 weeks 
(224d) of feeding the total body weight in both the 
treatment groups was decreased significantly (p<0.01) 
as compared with the control.
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Figure 1. Effects of Cr contaminated feed on the 
body weight and feed intake by the chicks. Single or 
double esterics show significant changes with reference 
to controls * p<0.05; ** p<0.001

The chicks feeding on Cr-contaminated feed at 250 
mg/kg feed, con요umed more feed from 4th week to

20th week, as compared with the control chicks. The 
chicks feeding on 500 mg KzCiKb/kg feed consumed 
almost the same amount of feed as control chicks for 
16 weeks. During the subsequent period, however, they 
consumed significantly (p<0.01) less feed.

Weight of organs
The different organs follow the same pattern in 

their weights as described above for total body weight 
(table 1). In the low dose group the hepatic, renal and 
cardiac weights increased, 19 (pvO.Ol), 10 and 20%, 
respectively at the end of 20 weeks administration, 
compared with control. At the end of 32 weeks of 
administration of CrVI, the renal weight showed 6% 
increase, whereas liver and heart weights decrease 5% 
and 24%, respectively. In the high dose feeding 
experiment the hepatic and renal weight decreased (in 
contrast to that of low dose administration) 3.5% and 
8%, respectively, whereas heart showed only 6% 
increase at the end of 20 weeks of feeding. At the 
end of 32 weeks of feeding however, all the three 
organs showed significant decreases viz., 25% in liver 
(p<0.05), 12% in kidneys and 33% (p<0.001) in heart 
weight.

The hepato-somatic indices showed a positive 
allometric increase in hepatic weight (table 1). The 
reno-somatic indices did not show a considerable 
difference in renal weight change among experimental 
groups till 20th week of experiment, but there was an 
increase in renal weight in treated chicks at 32nd 
week. Cardio-somatic indices also showed an increase 
in cardiac weight in treated chicks during 20th week 
observation, and it became reverse at 32nd week.

Egg laying, fertility and hatchability
The hens raised on Cr contaminated feed started 

laying eggs at the age of 22 weeks as against control 
chick which started laying after 24 weeks. Table 2 
shows some interesting data on total number of eggs

Table 1. The effect of CrVI on weight of different body organs of chicks fed on different concentrations of 
potassium dichromate (KzCnCh) (Unit: g)

a Abbreviations: HSI, Hepato-somatic index; RSI, Reno-somatic index; CSI, cardio-somatic index. 
b Mean±SEM, * p<0.05; ** p<0.01; *** p<0.001.

Parameters3 Control 
(n=6)

K2CDO7 for 20 weeks
Control 
(n=4)

K2CDO7 for 32 weeks
250 mg/kg 

(n=6)
500 mg/kg 

(n=6)
250 mg/kg 

(n=4)
500 mg/kg 

(n=4)
Body wt. 1334 ±144b 1483 ±235 1265 ±277 2333 ±294 2020 ±233 1653 ±292**
Total hepatic wt. 45.59 ±3.08 54.11 ±1.67** 44.02 ±1.78 48.18 ±9.69 45.82 ±11.79 36.18 ±6.67
HSI 3.42 ±0.04 3.65 ±0.11 3.48 ±0.34 2.07 ±0.34 2.27 ±0.17 2.19 ±0.13
Total renal wt 12.92 ±2.85 14.16 ±2.16 11.89 ±1.99 12.53 ±0.9 13.32 ±1.46 11.05 ±1.34
RSI 0.97 ±0.18 0.96 ±0.04 0.94 ±0.09 0.54 ±0.01 0.66 ±0.03*** 0.67 ±0.01***
Total cardiac wt 6.82 ±1.67 8.19 ±1.23 7.15 ±1.82 13.66 ±2.82 10.44 ±1.46 9.19 ±2.06*
CSI 0.51 ±0.07 0.55 ±0.04 0.57 ±0.06 0.59 ±0.01 0.52 ±0.01*** 0.56+0.01***
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laid, fertility of eggs, hatchability of these eggs and 
thickness of the shells. The chicks raised on 
Cr-contaminated feed laid more eggs (29%) in the 
higher dose group as compared with control. The 
treated chicks had greater number of fertile eggs (86% 
in the low and 79% in the high dose groups) out of 
the total number of eggs laid by respective hens, as 
against 67% fertile eggs in the control birds. The Cr 
toxicity was however, obvious during hatching. The 
control experiment showed 60% hatching, whereas only 
6% of the eggs hatched in the low dose group and 
none in the hi흥h dose group. The egg shell thickness 
was significantly (p<0.001) increased (13%) in both 
the treated groups as compared with control shells 
(table 2).

Table 2. Effect of CrVI on egg laying, fertility, egg 
shell thickness and hatching in chicks______________

Parameters N Control
K2G2O7 

(mg/kg feed)
250 500

Total Number of eggs 3a 45 42 58
(Number of eggs/hen) (15) (12) (19)
Number of fertile eggs 3 30 36 46

(% fertility) (67%) (86%) (79%)
Haching (%) 3 60 5.5 0
Egg shell 20b 0.42c 0.48*** 0.48***

thickness (mm) ±0.07 ±0.05 ±0.04
No. of egg laying hens. b No. of eggs used for this study.
Means+ SEM, Student's 't' test. ***p<0.001.

Behaviour of males
The present data pertains only to the female 

chicks. The males were however, kept in the same 
pen along with the females. In the same age group, 
the females matured sexually earlier than the males. 
The males became sexually active not until 26th week 
of experimentation. After 32 weeks however, the males 
had grown quite active and particularly aggressive in 
the treated group as compared with their controls. Not 
only that they consumed more food, they even ate up 
eggs, which were laid in the pen. The experimental 
males would mount the hens much more frequently 
than the controls which should also explain higher rate 

of fertilization of eggs as compared with control birds, 
maintained in the separate pen.

Chromium deposition
The liver of chicks fed on Cr containing feed at a 

dose of 250 and 500 mg KqCWA/kg feed for a period 
of 20 weeks accumulated 16 and 186% more Cr, 
respectively in the two treated groups as compared 
with the control liver. Table 3 shows deposition of Cr 
in the liver and lungs of chick under both 
experimental conditions. After 32 weeks of feeding, 
the low and high dose groups show deposition of Cr 
100 and 150% more than the control group, 
respectively, in the liver. A similar trend of Cr 
deposition was noted in lungs (table 3). In 20 day 
treatment group, the Cr deposition in lungs of 250 and 
500 mg/kg feed groups was respectively 25 and 88%, 
whereas after 32 days of treatment this deposition in 
lungs was, respectively, 122 and 144%, when 
compared with control group.

Histological studies
The histological structure of liver of control chicks 

was quite normal with binucleated hepatocytes (figure 
2A). In case of 250 mg/kg feed group fibrogenesis, 
pyknotic nuclei, thickening of cell membranes (figure 
2B) and signs of liver cirrhosis and excessive 
vacuolation of hypertrophied hepatocytes were apparent 
(figure 2C). An increased sinusoidal space and nuclear 
pyknosis was evident in 500 mg/kg feed group (figure 
2D).

DISCUSSION

The presents studies indicate that CrVI has caused 
toxic effects even at low concentrations, when these 
were given for a long time. These findings are quite 
in conformity with some previous studies done to 
evaluate intoxication of hexavalent Cr in biological 
system. Although CrIII is a dietary requirement in 
trace amounts (Starich and Blincoe, 1983), but CrVI 
has been shown by epidemiological studies to cause 
respiratory cancers (EP A, 1984; Langard, 1990). 
Witmer et al. (1989, 1991) reported tissue distribution 
of the Cr after 14d of oral administration of sodium

Table 3. Deposition of CrVI in body organs of chick exposed to different concentrations of KzCrzO?

Parameters3
20 weeks 32 weeks

Control 
(n=6)

250 mg/kg 
feed (n=6)

500 mg/kg 
feed (n=6)

Control
(n=4)

250 mg/kg 
feed (n=4)

500 mg/kg 
feed (n=4)

Liver (Cr 您/g) 235.6 ±90.6a 272.0 ±36.2 674.7 ±181.3*** 362.7±72.5 725.3 ± 72.5*** 906.7 ±181.3***
Lungs (Cr /zg/g) 145.1 ± 9.1 181.3±72.5 272.0 ± 72.5*** 408.0 ±36.3 906.6± 181.3*** 997.3 ± 90.7***

Mean±SEM, Student's T test, *** p<0.001.
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Figure 2. Histological structure of liver of 20 week 
old Gallus domesticus. A, control liver, showing 
binucleated hepatoytes (large arrow head); B-C, liver 
of chicks fed on 250 mg/kg feed group with fibrosis 
(arrow) and cirrhosis (small arrow head); D, liver of 
chicks fed on 500 mg/kg feed group, showing 
increased sinusoidal space (ss) and nuclear pyknosis 
(p)-

and calcium chromates to the rats. The Cr level in 
blood was hi아lest (1800 以 M Cr/g) while other body 
organs including liver, kidney, spleen, lungs, brain, 
testes and muscles also contained high concentrations 
of Cr.

It is well known that acute toxicity from chromate 
compounds occur from accidental exposures and 
attempts to use the agent for suicidal purposes (Goyer, 
1986). Although such cases are rare, the constitutional 
symptom is often serious and even fatal, due to 
circulatory collapse in the initial stage, or renal and 
hepatic malfunction from acute tubular and 
hepatocellular necrosis respectively (Friestedt et al., 
1965; Pedersen and Morch, 1978; Langard and 
Norseth, 1986; Bader, 1986). Recently, an interesting 
case of acute poisoning by chromate compounds has 
been reported by Kurosaki et al. (1995). A 51 year 
old man committed suicide by ingesting a fatal dose 
of sodium dichromate solution. He lost consciousness 
6 h after ingestion and died 20 h later. An 
examination of the blood showed noticeable hepatic 
damage and thrombocytopenia. The postmortem 
examination revealed extensive bleeding in the 
alimentary tract and a severe hepatic lesion due to 
hepatocellular necrosis. A severe renal lesion was 
observed mainly in the distal tubules. The patientJs 

death was assumed to have been caused by circulatory 
collapse due to internal bleeding and direct toxicity of 
chromate compounds with hepatic malfunction and 
possibly disseminated intravascular coagulation. During 
some other studies, fatal poisoning was caused by the 
ingestion of 1-3 g of chromate compounds (Pedersen 
and Morch, 1978; Kaufmann et al., 1970), This 
concentration is much higher than the normal Cr 
concentration, which is known to be 20-30 ng/ml in 
the blood and 15-40 ng/gm in the liver and kidney 
(Goyer, 1986; Hyodo et al., 1980).

The chicks fed low doses of K2CT2O7 consumed 
more feed, whereas those fed on higher doses took 
less amount of feed as compared with their controls, 
which may indicate direct relationship of amount of 
feed-intake and the total body weight. The amount of 
Cr in the feed at low doses may increase palatability 
of feed and stimulate the satiatory centre, while the 
higher doses may have inhibitory effect, leading to 
lesser feed-intake. Consequently amount of Cr in the 
food affects the body growth.

At the end of two observation time points of 140d 
(20 weeks) and 224 d (32 weeks), 5 chicks, 3 females 
and 2 males, were left behind. Although the hens had 
already started laying eggs after 22 (in Cr-fed) and 24 
(control) weeks, the egg production in this study was 
recorded after 32 weeks of experimental period.

The increased number of eggs laid by chicks fed 
on Cr-containing feed, as compared with the control 
chick is related to the Cr consumption as substantiated 
by 6.4 eggs/hen in the Cr-fed chickens as against 5 
eggs/hen in the control group. Even the rate of 
fertilization of these eggs was significantly higher in 
the experimental birds. The one day old chicks could 
not be sexually differentiated, but once it was possible 
to differentiate between the male and the female, only 
hens were included in the data which is being
presented in this study. The males, however, were kept 
in the same pen along with the females to ensure
fertilization of eggs. In the same age group, the
females started laying after 24 (control) and 22 weeks
(Cr-fed), but males were not yet sexually active. After 
32 weeks, however, Cr-fed males had grown 
aggressive and would mount the hens much more 
frequently than the controls. That should explain 
higher rate of fertilization of eggs in the treated 
chicks. The hatchability of eggs was, however, very 
low in the experimental birds, which could be (1) 
because of hardness of egg shells, (2) toxicity of Cr 
leading to abnormal and interrupted development 
(Asmatullah et al., 1998a, b).

The increased shell thickness may be because of 
excessive availability and deposition of Ca++ in the 
egg shell in the presence of Cr. In a recent study on 
toxicity of CrVI on osteogenesis, Cr appeared to 
produce a substantial decrease in calcium incorporation, 
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especially at doses between 5 and 10% TC50 
(Thompson and Puleo, 1995). This indicates that due 
to decreased incorporation of calcium during 
osteogenesis, an excess concentration of calcium may 
be available for thick shell formation in Cr treated 
laying hen. Presumably Cr intoxication inducers 
increased hormonal synthesis and secretion, which 
accounts for increased egg laying by the hen, higher 
rate of fertilization of eggs and aggressive behaviour 
of male chicken.

It is concluded that the chronic exposure of chicks 
to even low concentrations of potassium dichromate 
(250 and 500 mg/kg feed), used during present study, 
has proved negative effect of hexavalent Cr on growth 
of chicks. In spite of Cr in traces being essential for 
living systems, exposure to high concentrations of 
CrVI is hazardous.
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