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Abstract
The heavy metal, cadmium (Cd) is known to be teratogenic leading to malformations in a number of
vertebrate systems (Järup and Åkesson, 2009; Adams et al., 2011; Nordberg et al., 2009; Jin et al.,
2016) [1-4]. This effect has been attributed to the oxidative stress induced by cadmium (Cuypers et al.,
2010) [6]. The rationale behind this study was to evaluate Cd induced damage on the morphological and
biochemical development of chick embryos and a subsequent rescue of the same using crude green tea
extract. Hence, varying concentrations of cadmium chloride were injected in chick embryos on day
zero post fertilization (dpf) and then observed for mortality, morphological abnormalities and marker
enzymes of oxidative stress. The lowest observed effect level (LOEL) of Cd was found to be 25mM.
Blood clots, hemorrhage, microphthalmia, exencephaly, micromelia and arrested development were
observed in Cd treated embryos. Activity of oxidative stress marker Alanine aminotransferase (ALT)
showed a significant decrease in Cd treated embryos, indicating hepatotoxicity. A significant decrease
in total protein concentrations was also observed. Protein profiles showed additional protein bands in
treated embryos, indicating cadmium induced changes in protein expression. To investigate possible
green tea reversal of toxic effects of cadmium, the embryos were treated with Cd and green tea extracts
simultaneously. Rigid, brown masses, not seen in any of the controls, were observed. These brown
masses showed a significant increase in total protein concentrations and ALT levels. Embryos treated
with only green tea extract, however, showed normal embryonic development and normal levels of
proteins and ALT. Thus, the results indicate that green tea was unable to rescue the embryo from the
toxic effects of cadmium. We propose that cadmium and green tea play a synergistic role in activating
antioxidants which proves detrimental for normal growth and development.
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1. Introduction
Cadmium is a heavy metal pollutant made available for consumption through direct sources
such as tobacco consumption, or through indirect sources such as food cultivated in
groundwater laced with Cadmium (Järup and Åkesson, 2009; Adams et al., 2011) [1, 2]. In
adults, Cd toxicity can lead to kidney dysfunction as well as bone diseases such as the itaiitai disease (Nordberg et al., 2009) [3]. There have also been studies showing an increased
risk of congenital heart defects in offspring in Cd exposed pregnancies (Jin et al., 2016) [4], as
well as a decreased birth rate and increased fetal and maternal glucocorticoids (Ronco et al.,
2009) [5]. However, the underlying mechanisms of Cd-mediated teratogenicity are not known
clearly. Oxidative stress and Cd-induced reactive oxygen species generation is one of the
explanations that has come to light after numerous studies (Cuypers et al., 2010) [6]. In Jurkat
T cell lines, Cadmium exposure has shown to deplete enzymes glutathione and the total
intracellular sulfhydryl groups while increasing lipid peroxidation and protein carbonyl
levels, indicating oxidative stress (Nemmiche et al., 2011) [7]. Furthermore, hepatic necrosis
as well as neurotoxicity caused by Cd-induced oxidative stress has been shown in mice, by
altered levels of intracellular trace elements, cofactors of metalloenzymes such as Zinc, and
decreased levels of antioxidants such as glutathione (Sinha et al., 2009) [8]. There have also
been various rescue attempts that have beencarried out against Cd-induced oxidative stress.
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Taurine and Vitamin C have shown significant reduction in
hepatotoxicity and neurotoxicity in mice (Sinha et al., 2008)
[9]
. Green tea is a known antioxidant, with beneficial effects
in a myriad of ailments from liver disease to cancer (Chacko
et al., 2010) [10]. Hence, the aim of this study is to (1) assess
the morphological defects, biochemical changes and
oxidative stress levels in early developing chick embryos
exposed to cadmium (2) attempt an antioxidant rescue for
cadmium toxicity using green tea extracts.
2. Materials and Method
2.1 Procurement of Eggs
Fertilized white leghorn chicken eggs (Gallus Gallus
domesticus) were purchased from the Central Poultry
Breeding Farm, Aarey Milk Colony, Goregaon (East),
Mumbai.
2.2 Assignment of Eggs into Study Groups
All eggs were fertilized on the day of purchase (0 days post
fertilization). These eggs were cleaned and segregated into
different study groups.
2.3 Treatment of Embryos with Cadmium Chloride and
Green tea
The dosage for CdCl2was set within a concentration range of
10mM to 125mM. CdCl2 was dissolved in Phosphate Buffer
Saline (PBS) to obtain concentrations of 10, 25, 50, 75,100
and 125mM. Each study group had a negative control which
was not injected and a technical control which was injected
with avian saline (0.75% NaCl). Subsequently, the
Hamburger-Hamilton (HH) stages of chick embryo
development were used to stage the chick embryos.
Cadmium administration was carried out on day 0 post
fertilization. Treatments were made through a hole created
in the air sac of every egg using a sterile needle.
The first three batches of eggs were given 20 µL of CdCl2
into each treatment egg, and the same volume of avian
saline was injected into the technical control egg of every
batch. The fourth batch was given 100 µL of Lipton Green
tea crude filtrate in dilutions of 1:10, 1:100 and 1:1000 half

an hour after administration of CdCl2. All eggs were
incubated at 37 °C.
2.4 Morphological Analysis
All embryos were dissected for morphological examination
2, 4, 5, 6, 7, 8, 9 and 10 days post-fertilization (HH stages
21-36). The embryo was extracted by careful removal of
albumin from the egg without disturbing the embryo,
followed by removal of the embryo itself using blunt
forceps and mounting onto a petri-dish. The embryo was
bathed in PBS in order to prevent drying up. Each embryo
was examined under a camera mounted dissection
microscope for deformities. The heartbeat count of the chick
embryos was also noted at the time of morphological
analysis. After examination, the inner mass was extracted
from embryo for protein analysis.
2.5 Protein Extraction
The liver was weighed and subsequently homogenized on
ice in Laemmli’s protein extraction buffer (100 ml
composition of 2X solution: 17.5 ml of 20% w/v SDS, 5ml
beta-mercaptoethanol, 10ml Glycerol, 6.3ml 1M Tris-Cl at
pH 6.8, 61.2ml distilled water). The homogenate was
immediately transferred to a heat block and kept at 80 °C for
1 minute. The heated samples were transferred to ice till
they cooled down, and subsequently centrifuged at 10,000
rpm for 10 minutes at 4 °C. The supernatant was separated
out and stored at -20 °C for enzyme assays and SDS-PAGE.
2.6 Enzyme Assays
ALT and total protein was analyzed using ERBA-Manheim
Enzyme Assay Kits. All tests were conducted on the liver
extract 24 hours post embryo dissection, during which time
the liver was stored at -20 °C.
2.7 Protein Profiles
The extract was used for SDS-PAGE analysis to study any
Cd induced differences in protein expression.
3. Results

Table 1: Comprehensive Evaluation of the Morphological Effects of Cd and attempted Green Tea Rescue on Chick Embryos
Live Embryos
Dead Embryos
Heart Rate (Median)
Abnormal embryos
Blood Clots/ Hemorrhage
microphthalmia
Exencephaly
Micromelia
Arrested Development
Brown Masses
NA: no abnormalities observed

Control
94%
6.45%
83 ± 11
NA
NA
NA
NA
NA
NA
NA

Cadmium Treated
72.36%
27.64%
39.62 ± 21.53
31.71%
33.33%
64.10%
5.13%
28.21%
43.59%
Not observed

3.1 Morphological Analysis
In Cd treated eggs, a number of morphological
abnormalities were observed. Largely, a decrease in the total
number of heart beats per minute was observed in Cd treated
embryos as compared to the control groups (Table 1).
25mM was established as the non-lethal LOEL amongst all
groups. The most commonly observed defects included
blood clots, hemorrhage, microphthalmia, exencephaly,

Green Tea
100.00%
0.00%
84 ± 9
NA
NA
NA
NA
NA
NA
NA

Cadmium+ Green Tea
0.00%
100%
Not observed
100%
0.00%
13.00%
0.00%
0.00%
9.73%
77.27%

micromelia and arrested development (Table 1). These
abnormalities in Cd treated embryos were seen five days
post fertilization (HH stage 26) onwards (Fig 1: M1-M7).
Green Tea treated embryos showed no observable
abnormalities in the morphology, whereas Cd and Green
Tea treated embryos showed formation of dead brown
masses instead of distinct living embryos (Fig 1: M15)
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Fig 1: Morphological observations of chick embryos treated with
CdCl2 (25mM-125mM) in comparison with the negative and
technical controls.

3.2 ALT and Total Protein Assays
ALT levels showed a decrease with increasing cadmium
concentrations as compared to the control (Fig 2). A paired
t-test was conducted to compare ALT Levels in Cd treated
embryos and control embryos (Table 2). The test showed
significant difference between the Cd tested groups and the
control groups. With increasing concentration, the t-score
increased and the p-level decreased, showing an overall
increase in the significance of the data. Total protein levels
showed a similar trend with increasing concentrations of
CdCl2. ALT levels and total protein levels showed a
significant increase in Cd and green tea as compared to Cd
treated counterparts (Table 3).
Table 2: Mean Paired t- test of ALT and Total protein concentrations between Cd treated samples and negative control samples
Concentration of CdCl2
dF
Negative Control Samples (IU)
25mM
55
1012.18 ± 651.11
50mM
52
1036.60 ± 640.10
75mM
55
1052.30 ± 640.62
Concentration of CdCl2
dF
Negative Control Samples (g/dL)
Total
25mM
55
15.71 ± 5.29
Protein
50mM
52
16.40 ± 4.94
75mM
55
15.79 ± 5.19
*p-levels below 5% indicate statistically significant results
ALT
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Cd treated samples(IU)
308.71 ± 89.19
290.03 ± 89.41
128.0 ± 44.16
Cd treated samples(g/dL)
7.61 ± 4.19
7.39 ± 3.74
4.61 ± 2.79

t-score
3.28
3.83
5.21
t-score
4.01
4.8
5.15

p-level*
0.18%
0.02%
0.00%
p-level*
0.02%
0.00%
0.00%
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Table 3: Paired t- test of ALT and Total protein concentrations between Cd treated samples, and Cd and Green tea treated samples.
Concentration of CdCl2
dF
Cd and Green tea (IU)
25mM
23
489.67 ± 104.2
ALT
50mM
20
385.97 ±68.23
75mM
20
916.08 ± 245.09
Concentration of CdCl2
dF
Cd and Green tea (g/dL)
25mM
23
10.59 ± 1.27
Total
Protein
50mM
20
10.76± 1.14
75mM
20
12.53 ± 1.07
*p-levels below 5% indicate statistically significant results

1000
800
600

C on trol

400

C d treated

200

C d an d G reen tea

t-score
5.37
2.99
2.88
t-score
4.29
3.18
4.14

p-level*
0.00%
0.72%
0.93%
p-level*
0.03%
0.47%
0.05%

negative (untreated) counterparts. The band marked ‘e’ is absent in
the control samples, and the intensity of the bands increase as the
concentration of cadmium increases. The presence of bands ‘g’ and
‘f’ are marked in Cd treated samples. These bands are absent in
control samples. The ‘e’ band in green tea and cadmium treated
samples is almost in the same position as the ‘f’ band, but the ‘g’
band is not observed in lanes 3, 4, and 5.

1200

Enzyme Activity (IU)

Cd treated samples(IU)
308.71 ± 89.19
290.03 ± 89.41
148.65 ± 65.79
Cd treated samples(g/dL)
6.78 ± 4.01
6.24 ± 3.46
3.96 ± 2.09

0
25m M

50m M

75mM

Lane Number
1
2
3
4
5
6
7
8
9

Concentration of CdCl2

Fig 2: ALT activity in chick embryos subjected to various
treatments. Negative control results are shown.
18
16
14
12
Concentration (mg/dL)
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8
6

C on trol

Sample
Negative control 7 dpf
Saline treated technical control 7 dpf
50mM Cd treated 7 dpf
75mM Cd treated 6 dpf
75mM Cd treated 7 dpf sample
1:10 Green tea + 25mM Cd treated 7 dpf
1:10 Green tea + 50mM Cd treated 7 dpf
1:10 Green tea + 50mM Cd treated 7 dpf
1:10 Green tea + 50mM Cd treated 6 dpf

C d t re a te d
C d a n d G re e n t e a

4
2
0
25m M

50mM

75mM

Concentration of CdCl2

Fig 3: Total protein concentrations in chick embryos subjected to
various treatments. Negative control results are shown.

3.3 SDS-PAGE Analysis
SDS-PAGE Analysis revealed three new protein bands in
the Cd treated samples. These protein bands were not seen
in control samples. A third extra protein band was seen in
Cd and green tea treated samples. In Cd treated samples,
two of the protein bands showed increasing concentrations
(Fig. 4 and Fig. 5).
Lane Number
1
2
3
4
5
6
7
8
9
10

Sample
Saline treated technical control 5 dpf
Negative control 5 dpf
1:10 Green tea + 25mM Cd treated 5 dpf
1:10 Green tea + 50mM Cd treated 5 dpf
1:10 Green tea + 75mM Cd treated 5 dpf
Saline treated technical control 5 dpf
Negative control 5 dpf
25mM Cd treated 5 dpf
50mM Cd treated 5 dpf
75mM Cd treated 5 dpf

Fig 4: SDS-PAGE showing Cd and green tea treated samples in
lanes 1-5, in comparison with samples treated with Cd in lanes 610, along with their respective technical (saline treated) and

Fig 5: The figure shows a comparison between the control (saline
treated) and Cd treated samples in comparison with Cd and Green
tea treated samples. The most prominent difference was the
appearance of two additional protein bands in the Cd as well as Cd
and green tea treated samples. These bands have been labeled
bands ‘c’ and‘d’ respectively. Samples treated with Green tea
showed two additional bands as compared to untreated and control
samples which have been labeled as 'a' and 'b'.

4. Discussion
While the morphological findings showed a number of
different abnormalities, these were consistent with previous
studies on Cd treated chick embryos (Veeriah et al., 2014)
[11]
. However, there has been no report on any brown masses
observed with the addition of antioxidants in green tea. The
significance of this study needs to be explored further.
Cadmium has also been shown to induce oxidative stress in
vertebrate embryos (Sinha et al., 2009) [8]. Our study
showed a significant decrease in oxidative stress marker
enzyme ALT. This could also be an indicator of
hepatotoxicity (Ghouri et al., 2010; Wang et al., 2012) [12,
13]
. Changes in protein profiles observed in treated vs.
untreated embryos indicate possible changes in gene
expression. Microarray analysis could be used to look for
changes in gene expression.
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5. Conclusion
Developmental abnormalities were observed in Cd treated
chick embryos. Biochemical analysis showed a significant
decrease in total protein and ALT levels. Chick embryos
treated with green tea did not show any abnormalities or
mortalities, and were morphologically and biochemically
normal. Living embryos were not observed in the presence
of green tea in Cd treated embryos.
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