
� 2020 P
Association I
ND license (h

Received A
Accepted
1Correspo
Effects of embryonic exposure to chromium (VI) on blood
parameters and liver microstructure of 1-day-old chickens
Bartosz Bojarski,* Oksana Buchko,y El _zbieta Kondera,z Katarzyna qugowska,z Artur Osikowski,x

Magdalena Trela,* Ma1gorzata Witeska,z and Marcin W. Lis*,1

*Department of Zoology and AnimalWelfare, Faculty of Animal Science, University of Agriculture in Krakow, 30-059
Krakow, Poland; yLaboratory of Biochemistry Adaptation and Ontogenesis of Animals, Institute of Animal Biology
NAAS, 79034 Lviv, Ukraine; zInstitute of Biological Sciences, Faculty of Exact and Natural Sciences, Siedlce Uni-
versity of Natural Sciences and Humanities, 08-110 Siedlce, Poland; and xDepartment of Animal Reproduction,

Anatomy and Genomics, Faculty of Animal Science, University of Agriculture in Krakow, 30-059 Krakow, Poland
ABSTRACT Hexavalent chromium (Cr(VI)) has
carcinogenic, nephrotoxic, hepatotoxic, and neuro-
toxic effects. Exposure to Cr(VI) can also lead to he-
matological alterations and blood biochemical
changes. The literature on Cr(VI) toxicity concerns
mostly adult forms of vertebrates. In this study, an
attempt was made to determine the effect on the
developing chicken embryo of Cr(VI) in ovo adminis-
tration. It was observed that chromium affected the
hatchability of chicks in a dose-dependent manner. At
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a dose from 25 to 250 mg per egg, Cr(VI) resulted in a
statistically significant reduction of hatchability.
Chromium administrated at lower doses (1.56 and
2.5 mg per egg) caused a statistically insignificant in-
crease of hatchability. However, chromium at a level of
LD50 (15.6 mg per egg) or 1/10 LD50 (1.56 per egg) did
not cause major changes in hematological parameters
or plasma biochemical indices in newly hatched chicks.
The same doses did not lead to any histopathological
changes in the liver.
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INTRODUCTION

Chromium (Cr) is the 24th element in the periodic
chart; it is situated between vanadium and manganese
and has an average atomic weight of 52. It is the 21st
most abundant element in the Earth’s crust (Barnhart,
1997). Three thermodynamically stable forms of chro-
mium, Cr(0), Cr(III), and Cr(VI), are used commercially
and are present in the environment (Zhitkovich, 2011),
especially hexavalent chromium, which is considered
toxic, while trivalent chromium (Cr(III)) is an essential
element. According to Pechova and Pavlata (2007),
Cr(III) plays a role in insulin signaling and the meta-
bolism of carbohydrate, lipid, and protein; it is also
involved in stress regulation and in reproductive and im-
mune functions. Chromium (VI) is a strong oxidizing
agent, especially in acidic media; it is able to cross
biological membranes and reacts with protein compo-
nents and nucleic acids inside the cell while being
reduced to Cr(III). According to Ray (2016), Cr(VI) in
the blood is readily reduced to Cr(III), but excess
Cr(VI) which is not reduced in plasma may enter eryth-
rocytes and lymphocytes, inducing microcytic anemia in
rodents. Toxic effects of Cr(VI) include mitochondrial
injury and DNA damage of blood cells, thus leading to
carcinogenicity. It is known that Cr(VI) is a human
carcinogen that increases the risk of lung cancer (Costa
and Klein, 2006; Urbano et al., 2008). According to
Hamilton and Wetterhahn (1986), Cr(VI) caused DNA
damage in the liver and blood cells of chick embryos. It
was also demonstrated that excessive exposure to
Cr(VI) can lead to pathophysiological and histopatho-
logical changes in the liver of chicks (Wang et al.,
2017, 2020; Zhao et al., 2019). The median lethal dose
(LD50) of hexavalent chromium was estimated as 50 to
150 mg/kg in mammals (Katz and Salem, 1993) and
164 mg per kg body weight in broilers (Zhao et al.,
2019). However, doses of chromium which do not result
in any measurable impact on adult animals may seri-
ously affect embryos (Hui, 2002). Embryo-lethal effects
of Cr(VI) have been observed in mammals (Trivedi
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et al., 1989) and birds (Kertesz and Fancsi, 2003). In
very industrial regions, Cr content is up to 3.1 mg per g
dry mass in the eggs of wild birds (Hui, 2002; Custer
et al., 2007) and up to 4.5 mg per g dry mass in the
eggs of poultry (Aendo et al., 2018). These values corre-
spond to about 55 and 80 mg of Cr per hen egg, respec-
tively. According to Venter et al. (2015), a dose of
about 0.25 mg Cr per egg can be considered a “physiolog-
ical dose”.
The avian embryo (in ovo model) is an approved bio-

logical model which can be used to reflect environmental
pollution under laboratory conditions (Scanes and
McNabb, 2003; D_zugan et al., 2011, 2012, 2018; Liu
et al., 2015; D _zugan and Lis, 2016). The advantage of
embryo-toxicological studies using an in ovo model is
the lack of the mother’s ontogenic biochemical influence
on the embryo, as would be the case with in utero devel-
opment in mammals (Scanes and McNabb, 2003). How-
ever, owing to the lack of a placenta in the avian egg, all
substances are deposited until shell formation
(Romanoff, 1960; Li-Chan and Kim, 2008) or, under lab-
oratory conditions, after shell formation with the use of
in ovo injection (Uni et al., 2005; Moran, 2007). It is
worth mentioning that although avian embryos are rela-
tively resistant to in ovo injection, their sensitivity to
mechanical manipulation increases with the stage of
development (Bruggeman et al., 2003).
The scientific data regarding the toxic effects of

Cr(VI) on avian embryogenesis seem to be insufficient.
Thus, the aim of this study was to determine whether
Cr(VI) administrated in ovo affects the hatchability,
blood parameters, and liver microstructure of newly
hatched chicks.
MATERIALS AND METHODS

Experimental Design

According to Directive 2010/63/EU, the experimental
and animal procedures used in this study did not need to
be approved by the Local Animal Ethics Committee.
Determination of the Lethal Dose (LD50) of Chro-
mium (VI)—Experiment 1 Hatching eggs (n 5 360,
weight (mean 6 SD) 60.5 6 5.42 g) of Ross 308 broiler
chicken parental flock (Aviagen) were obtained from a
commercial farm (S1awomir Domaga1a, Go1aczewy,
Poland). The eggs were randomly divided into 6 groups
Table 1.Chicken embryomortality in various periods of developm
carried out to determine the lethal dose (LD50) of hexavalent chr

Dose of Cr(VI) [mg per egg] 0.0 2.5

Group size n % n % n

Injected eggs 25 100.0 27 100.0 27
Mortality between E5 – E7 4 16.0a 2 7.4a 15
Mortality between E8 – E18 6 24.0b 2 7.4a,b 5
Mortality between E19 – E21 2 8.0 4 14.8 2
Total mortality 12 48.0a 8 29.6a 22
Hatchability 13 52.0c 19 70.4c 5

a-c—values in rows marked with different letters differ significantly (P
(n 5 30 eggs per group) and incubated in a Masalles 65
DIGIT incubator under standard conditions: from first
to 18th day of incubation (E) at 37.8 6 0.1�C,
RH 5 50 6 2%; from E19 to E21 at 37.2 6 0.1�C,
RH 5 60 6 10%. On E5, the eggs were candled with
an ovoscope to determine embryo development, and
infertile and dead embryos eggs were rejected (n 5 14).
The remaining eggs with live embryos (n 5 166, from
25 to 30 eggs per group) were used in further procedures
(Table 1).

At E5, a hole (1.2 mm diameter) was aseptically
drilled in the egg shell’s air cell region using a G18 needle;
100 mL of physiological solution containing 0.0 (control),
2.5, 25.0, 50.0, 125.0, or 250.0 mg Cr(VI) per egg (as po-
tassium dichromate K2Cr2O7, No. 483044, Sigma-
Aldrich Ltd. Pozna�n, Poland) was injected into the
albumen under the chorioallantoic membrane. The doses
used in the experiment were based on the “physiological
dose” (Venter et al., 2015) by multiplying it 10, 100, 200,
500, and 1,000 times. Next, the hole was sealed with hot
wax and incubation was continued. The eggs were
candled again on E7 and E18. All hatch debris and spec-
imens removed during candling were analyzed embryo-
pathologically to determine the development phase
(Hamburger and Hamilton, 1951), malformations, and
malpositions of dead embryos. The hatchability results
allowed the lethal dose (LD50) to be determined using
the Spearman-K€arber method (Hamilton et al., 1977).
Effects of Embryonic Exposure to Chromium (VI) on
Blood Parameters and Liver Microstructure of
Chicken—Experiment 2 Hatching eggs (n 5 90,
weight (mean 6 SD) 61.2 6 6.33 g) of the same stock
as used in experiment 1 were randomly divided into 3
groups (n 5 30 eggs per group). The incubation and in-
jection procedures were performed in the same way as in
experiment 1 with the proviso that doses were 0.0 (con-
trol), 1.56 (10% of the LD50 value established in the
experiment 1; D1 group), and 15.6 mg of Cr(VI) (100%
of the LD50; D2 group). Ten randomly selected chicks
from each group were euthanized by decapitation, and
samples of blood and liver were collected.
Tissue Sampling and Analysis

The blood was collected from the jugular vein into
heparinized plastic tubes and subjected to hematological
analyses or centrifuged using an MPW 250 centrifuge
ent (E—day of incubation) and hatchability in the experiment
omium (Cr(VI)) in chicken embryos.

25.0 50.0 125.0 250.0

% n % n % n %

100.0 28 100.0 29 100.0 30 100.0
55.6b 25 89.3c 29 100.0c 30 100.0c

18.5a,b 2 7.1a,b 0 0.0a 0 0.0a

7.4 0 0.0 0 0.0 0 0.0
81.5b 27 96.4b,c 29 100.0b,c 30 100.0b,c

18.5b 1 3.6a,b 0 0.0a 0 0.0a

, 0.05).



Table 2. Chicken embryo mortality at various stages of incubation (E—day of in-
cubation) and hatchability in the experiment carried out to determine the effects on
blood parameters and liver microstructure of embryonic exposure to hexavalent
chromium (Cr(VI)) in one-day-old chicks.

Dose of Cr(VI) [mg per egg] 0.0 1.56 15.6

Group size n % n % n %

Injected eggs 20 100.0 20 100.0 30 100.
Mortality Mortality between E5 – E7 10 50.0b 2 10.0a 10 33.3a,b

MOrtality between E8 – E18 0 0.0 2 10.0 4 13.3
Mortality between E19 – E21 0 0.0 0 0.0 3 10.0
Total mortality 10 50.0a,b 4 20.0a 17 56.7b

Hatchability 10 50.0a,b 16 80.0b 13 43.3a

a-c—values in rows marked with different letters differ significantly (P , 0.05).
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(MPW MED Instruments, Poland) (7,500 rpm for
5 min) to obtain plasma. The plasma was stored at
220�C until biochemical analysis.

Red blood cell (RBC) and white blood cell (WBC)
counts were calculated using a B€urker hemocytometer in
blood diluted 1:100 with Hayem solution. Hemoglobin
(Hb) concentration was measured spectrophotometrically
at 540 nm using the cyanmethemoglobin method. Hemat-
ocrit (Ht) value was determined after centrifugation of
microhematocrit tubes at 12,000 rpm for 5 min. Mean
erythrocyte volume, mean corpuscular hemoglobin, and
mean corpuscular hemoglobin concentration were calcu-
lated from Ht, Hb, and RBC using standard formulas.

The values of the following plasma parameters were
evaluated by the colorimetric method with a Mindray
BS-800M clinical chemistry analyzer: activities of
alanine transaminase and aspartate transaminase
(AST) and of alkaline phosphatase, and the concentra-
tions of glucose, urea, total protein, and albumin.

Livers of the decapitated chickens were fixed in Bouin
fixative for 2d.Thefixativewas then rinsed fromthe tissues
by immersing them in multiply changed 75% ethanol. The
livers were dehydrated in a graded series of ethanol (70, 96,
and 100%), cleared with toluene and embedded in Patho-
wax Plus tissue embedding medium (Mar-Four, Poland).
Transverse sections of 7 mm were made on a Leica micro-
tome and affixed to glass slides. Selected slideswere treated
with hematoxylin 1 eosin (H 1 E) for general cytology.
Slides were analyzed using light microscopy.
Statistical Analysis

The hatchability results were analyzed by a z-test,
whereas the results of biochemical andhematological inves-
tigationswere subjected to a one-wayANOVA followed by
Tukey’s multiple range test. The relation between chro-
mium dose and hatchability was determined by Spearman
Table 3. Plasma biochemical parameters (mean 6 SD) of one-day-old

Cr(VI) [mg/egg] AST [U/L] ALT [U/L] ALP [U/L] Glu

0.0 189.6 6 17.45 5.9 6 0.99 2,982.9 6 516.08 22
1.56 172.3 6 22.01 5.6 6 1.30 2,866.3 6 722.89 22
15.6 175.5 6 33.60 6.1 6 1.89 2,725.0 6 814.97 21

Abbreviations: ALP, alkaline phosphatase; ALT, alanine transaminase; AS
rank-order correlation. Statistical analyses were performed
using Sigma-Stat 2.03 (SPSS Science Software Ltd., IL).
The level of significance was set at a5 0.05.
RESULTS

Hatchability

The hatchability of chicks gradually decreased from
52.0 and 70.4% in the group injected with 0 (control)
and 2.5 mg Cr(VI) per egg, respectively, to 0% in the
groups treated with 150 and 250 mg Cr(VI) per egg
(Table 1). The observed relation between chromium
dose and hatchability can be described by an inverse cor-
relation (r 5 20.928, P 5 0.0167). The embryotoxic ef-
fect of a 25 mg Cr(VI) dose and higher appeared
immediately after administration and resulted in mortal-
ity at the level of 55.6 to 100% of embryos in these
groups. The lethal dose (LD50) was estimated as
15.6 mg Cr(VI) (Table 1). The results obtained in the sec-
ond experiment were similar (Table 2).
Hematological and Blood Biochemical
Parameters

Most hematological parameters did not significantly
differ between the control and the Cr-exposed groups
(Table 3). In the group treated with 15.6 mg (D2 group)
only RBC was significantly lower (P 5 0.039) compared
with the control. Hematocrit showed a similar trend,
whereas mean erythrocyte volume, mean corpuscular he-
moglobin, mean corpuscular hemoglobin concentration,
and WBC tended to increase in Cr-exposed individuals,
but the differences were statistically insignificant. No
significant differences were observed in the biochemical
parameters, although activities of AST and alkaline
chicks (n 5 10) in ovo injected with K2Cr2O7 solution.

cose [mg/dL] Urea [mg/dL] Total protein [g/L] Albumin [g/L]

9.0 6 11.98 27.4 6 4.34 17.3 6 2.49 8.0 6 1.51
3.1 6 13.26 29.5 6 2.14 17.4 6 2.39 7.6 6 1.77
7.4 6 31.56 27.1 6 3.04 16.0 6 3.07 7.6 6 1.69

T, aspartate transaminase; Cr, chromium.



Table 4. Red blood cell parameters (mean 6 SD) of one-day-old chicks (n 5 8) injected in ovo with K2Cr2O7 solution.

Dose of Cr(VI) [mg per egg] RBC [106 mL] Hb [g/L] Ht [%] MCV [fL] MCH [pg] MCHC [g/L]

0.0 2.8 6 0.25 166.7 6 33.26 34.7 6 5.81 124.9 6 20.25 60.7 6 15.10 497.2 6 150.40
1.56 2.5 6 0.48 156.5 6 38.59 30.3 6 5.19 121.4 6 16.82 62.2 6 10.18 517.3 6 95.63
15.6 2.2 6 0.401 167.7 6 32.67 31.4 6 3.85 145.0 6 31.65 76.1 6 12.37 541.7 6 115.82

Abbreviations: Cr(VI), hexavalent chromium; Hb, hemoglobin; Ht, hematocrit; MCH, mean corpuscular hemoglobin; MCHC, mean
corpuscular hemoglobin concentration; MCV, mean erythrocyte volume; RBC, red blood cell.

1Value differs with the control (0.0 mg Cr(VI) per egg) (P , 0.05).
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phosphatase, glucose, and protein levels tended to
decrease in Cr-exposed birds (Table 4).
Liver Microstructure

The livers of 10 individuals from each of the 3 groups
(the control and 2 experimental groups: D1 and D2)
were dissected. Macroscopically, no visible differences
Figure 1. Liver microstructure of one-day-old chicks injected in ovowith K
magnitude 100 x; C—group exposed to 1.56 mg/egg of Cr(VI), magnitude 4
group exposed to 15.6 mg/egg of Cr(VI), magnitude 40!; F—group expose
were observed between organs from 2 experimental
and the control groups.

At the microscopic level, the livers (n 5 5) were
composed of capsule, hepatocytes, sinusoids, hepatic
lobule, and portal triad. The hepatic portal vein, the
proper hepatic artery, bile ductules, and lymphatic
vessel were observed. No visible signs of negative pro-
cesses such as inflammation, degeneration, necrosis, dia-
pedesis, or central phlebectasia were noted in individuals
2Cr2O7 solution. A—control group, magnitude 40!; B—control group,
0!; D—group exposed to 1.56 mg/egg of Cr(VI), magnitude 100!; E—
d to 15.6 mg/egg of Cr(VI), magnitude 100!; scale bar 5 100 mm.
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treated with the lower dose of chromium (D1) or the
higher dose (D2) in comparison with the control group
(Figure 1). Thus, no differences were visible between
experimental groups D1 and D2.
DISCUSSION

Our research has shown that Cr(VI) at higher doses
(�15.6 mg Cr per egg) led to a reduction in the hatch-
ability of chicks. Similarly, Asmatullah and Shakoori
(1998) observed dose-dependent mortality in chick em-
bryos treated with Cr(VI). Reduced body size, micro-
phthalmia, micromelia, everted viscera, abnormal and
twisted neck, beak and spinal cord, isolated epicarditis,
club foot, hemorrhage, and patchy feathers were
observed in survivors. In the embryos treated with
25 mg/egg, the brain was not well developed. The au-
thors noticed that the heart primordia protruded from
neck region as a tubular structure. The somite develop-
ment was abnormal. The neural tube was twisted and
was not closed at the anterior region. In the eggs treated
with higher doses of Cr(VI) (50 and 100 mg/egg), the
observed pathological alterations were more severe
(Asmatullah and Shakoori, 1998). Studies conducted
by other authors have shown that Cr(VI) can also
disrupt embryonic/fetal development in other verte-
brates. Junaid et al. (1996) showed that Cr(VI) admin-
istration via drinking water during organogenesis in
mice led to embryotoxic and fetotoxic effects. According
to the authors, reduced fetal weight, retarded fetal devel-
opment, and high incidences of dead fetuses and resorp-
tions in treated mothers in the highest-dosed group
(700 ppm of K2Cr2O7) were evident.

It should be noted that Cr(VI) administrated at low
doses (1.56 and 2.5 mg Cr per egg) in our studies caused
an increase in chick hatchability, which can be explained
by the reduction of Cr(VI) to Cr(III) (Ray, 2016). This
process does not appear to be efficient enough at higher
doses of Cr(VI).

Our research showed that exposure to Cr(VI), despite
having an effect on embryomortality, did not lead toma-
jor changes in the hematological picture of newly hatched
chicks, and did not significantly change the biochemical
parameters of their plasma.Kumari et al. (2013) observed
that broiler chicks fed with food containing 55.6 and
92.7 mg/kg of K2CrO4 for 15 to 30 d showed no changes
in the values of hematological parameters; however, after
45 d of treatment, Hb, Ht, RBC, and WBC significantly
decreased. Mohammed et al. (2014) reported that
0.5mg/kg of dietary organic Cr(VI) significantly reduced
glucose and cholesterol concentrations in broilers after
42 d of exposure, whereas alanine transaminases and
AST activities, total protein, albumin, and globulin con-
centrations remained unaffected in groups treated with
both inorganic and organic Cr(VI).
CONCLUSION

The analysis of our own results and literature data in-
dicates that high levels of Cr(VI) may disturb embryonic
development and result in reduced hatchability. Howev-
er, no histopathological hepatic lesions or significant
changes in hematological and blood biochemical param-
eters were observed in newly hatched chicks exposed to
low doses of Cr(VI). Moreover, the lowest doses of
Cr(VI) increased chick hatchability, probably as a result
of endogenous reduction of Cr(VI) to Cr(III) and acted
as micronutrient supplementation.
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