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Abstract: This study aimed to evaluate effectiveness of the chick cardiomyocyte micromass (MM) system for
prediction of teratogenecity of common environmental factors and prevention of such effects by addition of
multivitamins.  White Leghorn 5-day-old embryo hearts were dissected and disassociate to produce a
cardiomyocyte cell suspension in Dulbecco's Modified Eagle's Medium. The cultures were incubated at 370C in
5% CO2 in air. Microscopic observations regarding cell beating and contractility were made at 24, 48 and 144
hours post culture. Cellular viability/metabolic activity was assessed by using the resazurin reduction assay and
cell total protein content was assessed by the kenacid blue assay. It was observed that cadmium chloride
induced toxicity was not reversed by addition of folic acid and vitamin C, however the nicotine induced
teratogenic effects were reversed by addition of folic acid and vitamin C. The results demonstrate the potential
of the chick cardiomyocyte MM culture assay to identify teratogens/embryotoxins that alter morphology and
function, which may result in either teratogenic outcome or causing cytotoxicity and also protection brought
about by addition of multivitamins. This could form part of a screen for developmental toxicity related to
cardiac function. The effects of nicotine were compared to in ovo culture also showed protective effects of
multivitamins in nicotine induced teratogenecity.
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I.  Introduction

The Micromass system implicates the culture of primary cells, isolated either from different organs of
the developing embryos, seeded at high density [1]. The essential rule of this assay is to detect the potential of
teratogens to disrupt normal differentiation of primary embryonic cells cultured in vitro. Different organs from
several species such as rat, mouse [2-4]; and chick [5-11] are used animals for MM culture. The principle of
chick MM assay is the use and culture of primary cells obtained from midbrain, limbs or heart of chick embryos.
Once the cells are cultured in high density they can then be exposed to the test chemicals in replicates and
observed for cytotoxic effects by the use of relevant endpoints, i.e. cellular differentiation, and cytotoxicity
assays [12].

Cadmium chloride is a non essential heavy metal with no known biological role in humans.
Environmental sources of cadmium include combustion of fossil fuel, certain agriculture fertilizers, mining
residues etc [13]. It is also found in tobacco which is a significant source. Cadmium is a well known
developmental toxin. Cadmium exposure gives rise to many developmental defects in chick including limb and
anterior body wall defects [14, 15]. Environmental exposure to cadmium also produces developmental defects
in other species including rats [16], mouse [17], frog [18] and zebra fish [19, 20].

Maternal smoking is considered to be one of the leading causes of congenital malformations. Active
and passive smoking is an important risk factor for the developing fetus in every trimester of pregnancy [21].
Smoking during the periconceptional period affects the development of major organs of the fetus including, the
central nervous system, cardiovascular system and skeletal system. Moreover, children of mothers who smoke
during pregnancy have an increased risk of developing behavioural problems, attention deficits, hyperactivity
and learning disabilities and nicotine dependence later in life [22]. Cigarette smoke introduces at least two
thousand toxins into the blood stream, among all toxins, nicotine is considered to be the major teratogenic
constituent. Nicotine exerts its effects by acting on nicotinic acetylcholine receptors. These receptors in turn
increase ion influx including Ca2+. Increased concentrations of calcium ions, disturbs intracellular signalling
and cell function. As a result of disruption of cellular function, there is increased production of reactive oxygen
species (ROS), leading to oxidative stress [23]. As a consequence, excessive free radicals exert their toxic
effects on many cellular organelles in different tissues and cause deleterious injury. In one study conducted on
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rat brain, Gumustekin, K. and his colleagues found a protective effect of vitamin E on nicotine induced damage
[24]. Similarly, protective effects of vitamin C, another antioxidant, were also observed on nicotine induced
oxidative stress [25]. This study is aimed at evaluation of chick heart micromass culture by detecting toxic
effects of cadmium chloride and nicotine on chick cardiomyocytes cultured in vitro and to investigate any
possible protective effects of antioxidants vitamin C and folic acid on cadmium chloride and nicotine induced
toxicity. Also results of micromass culture with nicotine were compared with in ovo culture.

Il.  Materials and Methods

Chemical and solutions

Cadmium chloride, Nicotine, Folic acid, Vitamin C (ascorbic acid), Brilliant blue (Kenacid Blue, KB),
Hank’s balanced salt solution (HBSS), Trypsin-EDTA, Horse serum, Penicillin/streptomycin, Resazurin,
Resorufin were purchased from Sigma-Aldrich (Poole, UK). Dulbecco’s Modified Eagles Medium (DMEM)
and L-glutamine was purchased from Cambrex Bio Sciences Wokingham, UK, Ltd. Fetal calf serum was
purchased from Autogen Bioclear (Wiltshire, UK). The test chemicals were added within 30 minutes of being
prepared, and applied 24 hours after the cells were cultured.

Micromass Culture Preparation

White leghorn chicken eggs purchased from Henry Stewart Co., Louth, UK) were incubated on an
automatic egg rotator at 37°C and 100% humidity for 5 days. The day eggs were kept in incubator was
designated as day 0. The embryos were removed from the vascular network with bent forceps, and the hearts
were dissected out and collected in 5ml of sterile 50% (v/v) horse serum in HBSS on ice. Once collected the
hearts from all the embryos were dissociated with 4ml 1% trypsin/EDTA at 37°C for 20 minutes agitated at
every 5 minutes. The culture medium (Dulbecco’s modified eagles medium (DMEM) supplemented with 10%
fetal calf serum, 200mM L-glutamine and 50U/ml penicillin/50ug/ml streptomycin) was added to neutralise the
activity of the trypsin, and centrifuged at RT at 1500rpm for 5 minutes. The pellet was resuspended in 1ml
culture medium and 20 ul of the cell suspension (3x106cells/ml) was plated into each well of 24-well tissue
culture plate. The cells were allowed to attach for 2 hours at 37°C and 5% (v/v) CO2 in air, before addition of
500ul culture medium. After 24 hours a further, 500ul of culture medium containing either the diluted chemical
or culture medium alone was added.
End points
The resazurin reduction assay, kenacid blue assay and differentiation assay were performed.

Cellular differentiation:

The cultures were inspected morphologically for cardiomyocyte contractile activity at 24, 48 and 144
hours under light microscope and observations were made according to the scoring method shown in table 1.
Resazurin reduction assay

The resazurin assay was performed on day 6 following explantation. The medium was removed from
the 24 well plates and replaced with 500pl resazurin solution. The plates were then incubated for one hour at
370C and 5% (v/v) CO2 in air. The optical density was read using a FLUOR star plate reader, excitation
wavelength of -530+12.5nm, with a gain of 10.

Kenacid blue total protein assay

The same cells subjected to the resazurin reduction assay were assayed for total protein using the
kenacid blue assay. Wells were aspirated and 300ul KB fixative was added and allowed to evaporate overnight
at 40C. KB working solution (400ul) was added to each well and the plate placed on a plate shaker for at least 2
hours. Excess stain was removed and cells were quickly rinsed before being washed in 400ul of washing
solution for 20 minutes with agitation. The washing solution was replaced with 400ul of desorb and gently
agitated on the plate shaker for one hour. The optical density was read on an ASYS HITEC Expert 96 plate
reader with a reference filter of 405nm, and a reading filter of 570nm.
Test chemical preparation for in-ovo culture
The test chemicals were dissolved in PBS to give a desired concentration (Nicotine 10uM, folic acid 1mM, and
vitamin C 100uM). All chemicals were prepared and applied to chick embryos in ovo within 1 hour of
preparation.

Inovo culture

White leghorn fertilized chicken eggs were incubated at 370 C in 100% humidity. At day 3 of
incubation, eggs with viable embryos were either kept untouched or injected with or nicotine (10uM), vitamin C
(100uM), folic acid (ImM), nicotine plus vitamin C or folic acid or PBS, by making a hole on their blunt end.
Eggs were then sealed, labelled and re-incubated with the blunt end up till day 9 of incubation. On day 9,
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embryos were taken out under sterile conditions and examined under a dissecting microscope for any gross
malformations and scored according to the criteria shown in table described by Memon & Pratten in 2009 [10].

Histological staining

Once examined grossly hearts from different groups were fixed in formalin 10% and prepared for
histological sectioning as described previously [10].
Statistical analysis
Statistical analysis was performed using Prism 5 (Graph pad Software Inc. San Diego, USA). All results with
different dose concentrations were compared using one way ANOVA with Dunnet’s multiple comparison post
hoc test, with p < 0.05 was considered statistically significant.

I11.  Results
Results of Nicotine treatment

Cells exposed to different concentrations of nicotine (1-10uM) were scored at 24, 48 and 144 hours
(Unpublished data). The graph shows that at 10uM nicotine, cardiomyocytes showed less contractile activity on
day 2 and had no any beating at 122 hrs post exposure (day 6). Statistical analyses showed that at 24 hours there
was no significant difference between cell scores but this was to be expected as scoring was tested just before
addition of chemicals.  Statistical analyses of cell scores on day 2 and 6 showed a significant difference (p<
0.05) between cell scores at nicotine (10uM) and controls. Results also show that addition of folic acid (1mM)
and vitamin C (100uM) to nicotine treated cells can protect the cells from the embryotoxic effects of nicotine
(fig 1 a).

The graph for the resazurin reduction assay shows a decrease in the amount of resorufin produced by
nicotine treated cells (10uM), but that is not significantly different to controls (fig 1 b). The results also show
that the cells treated with addition of 1mM folic acid or 100uM vitamin C to nicotine are comparable to controls
(fig 1 b). The protein content of cardiomyocytes is also decreased at 10uM nicotine as shown in fig 1 (c).
However statistical analyses showed no significant difference to controls. The results also show that the cells
treated with folic acid and vitamins C in addition to nicotine were comparable to controls (fig. 1 c).

Table 1 Morphological scoring system to determine contractile activity of cardiomyocytes

Numerical morphological score Contractile activity

0 No contractile activity

1 Few contracting foci

2 Numerous contracting foci
3 Entire plate contracting

Cell scoring

EA 24hrs
B8 48hrs
B3 144hrs

la

Contractile activity of cardiomyocytes

Control
Nicotine+FA
Nicotine+ VC

1mM Folic acid

10pM Nicotine
100mM Vitamin C

1b
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Cell Viability
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10M Nicotine
1mM Folic acid
100uM Vitamin C
Nicotine+FA
Nicotine+VC

Cadmium chloride with folic acid and vitamin C

Results show that addition of folic acid and vitamin C to cadmium chloride treated cells (5 and 10uM)
could not protect the cells from its embryotoxic effects. Fig 2a and 3a show contractile activity of
cardiomyocytes. Cadmium chloride at both concentrations used decreased the beating and addition of folic acid
and vitamin C has no protective effects on contractile activity which is decreased with cadmium chloride as
shown in fig 2 a, 3a. Fig 2b and 3b show resorufin produced by cells. Results shows that addition of folic acid
and vitamin C to cadmium chloride treated cells could not reverse the cytotoxic effects of cadmium chloride.
Cellular protein levels, affected by cadmium chloride were also not rescued by addition of folic acid and vitamin
C as shown in (fig 2c, 3c).

Cell scoring

3m
B 24hrs
EER 48hrs
> E=1144hrs
14 igl5a
(oL

Cell Viability

Contractile activity of
cardiomyocytes

Control
5uM CdCI2
1ImM FA
100uM AA
CdDI2+FA
CdDI2+AA

20001
1750+
1500+
1250+
10004
750+
500+
250+
o+

Resorufin Production

Control
5uMCACl, i
ImMFA
100uMAA 1 H
CACI#FA
mcwm%{ 1

Fig 15 b
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Fig 2. Shows contractile activity, cell viability and protein content of cardiomyocytes with 5uM
of cadmium chloride plus folic acid and vitamin C (a, b, ¢).

3 24hrs
E=348hrs
E=144hrs

igl6a

CdCl,+AA

*%

Cell scoring
3=
G
>0
=8
5289
& 9
Qe
= Q8
8T 11
= &
c O
o
O
s & & £ F
c 3 = = i
38 = [S = O
S — o =)
S S ©
—
Cell viability
2000-
§ 17504
S 15004
=}
B 12504 i
Q- 1000+ *k
£
wé 750+
S 500
4]
& 250+
0- r
- o~
s o =& £
1= p=3 = =
s & E&E &
—
S S
—

CACI+FA -
CACL+AA

www.iosrjournals.org

31| Page



Teratogenic effects of two known teratogens (Nicotine and Cadmium) and prevention of such effects

Protein Determination

i T
70 T
60+

504

30+
20+
104

Protein Content
N
<
i
i

Control
10pMcdcl,
ImMFA
100uMAA 4
CACL+FA
CACl,+AA ]

Results of Nicotine treatment in Ovo culture

The embryos treated with nicotine were growth retarded (fig 4 b) as compared to embryos treated with
PBS, which showed no gross abnormalities (Fig 4 a), However treatment of embryos with vitamin C and folic
acid in addition to nicotine showed no gross malformations and none of them was growth retarded as shown in
fig 4 ¢ & d respectively. Histological examination of the hearts shows that hearts of nicotine treated embryos
(fig 5 b) show no abnormalities and were comparable to controls (fig 5 a). Also histological examination of
hearts treated with additional vitamin C or folate were comparable to controls (fig 5 ¢ & d respectively).
Statistical analyses of the crown rump length of embryos showed a decrease in length of nicotine treated
embryos (p<0.05), while embryos with vitamin C and folic acid in addition grew normally and were comparable
to control, as shown in fig 6. Moreover Statistical analyses of other parameters including vitelline circulation
(fig 7 a), flexion of the embryo (fig 7 b), heart development (fig 7 c), and gross facial structures (fig 8 a), brain
development (fig 8 b) and limb development (fig 8 ¢) show no significant difference between nicotine treated
embryos, control and vitamin C and folic acid treated embryos.
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Figure 5: Shows H&E staining of control hearts (a), treated with nicotine (b), nicotine
plus vitamin C (c) and folic acid (d).
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Figure 6: Shows crown rump of embryos treated with ethanol, plus vitamin C and folic acid.
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Figure 7: Shows vitalline circulation (a) flexion of embryo (b) and heart malformations (c) of
embryos treated with nicotine, plus vitamin C and folic acid.
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Figure 8: Shows facial malformations (a) brain development (b) and limb development (C) of
embryos treated with nicotine, plus vitamin C and folic acid.
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IV. Discussion

Avian embryos were chosen as a model system for this study as these are cost effective, easy to handle,
less time consuming, involve no maternal sacrifice and provide reliable results. Cadmium chloride and nicotine
are known human teratogens and therefore have been extensively investigated. This study was conducted to
study cadmium chloride and nicotine induced developmental toxicity and also to investigate any protective
effects of vitamin C and folic acid in preventing teratogenic effects brought about by ethanol and nicotine,
comparing both micromass culture and in ovo culture using chick embryos. The teratogenic potential of
cadmium on chick micromass culture, as well as in ovo culture, was confirmed by our present work. The effects
were consistent for both culture systems used. While teratogenic effects of nicotine on chick micromass was
confirmed in this study, the dose of nicotine which showed toxic effects on cardiomyocytes in culture had not
shown toxic effects on chick embryos cultured in ovo, except growth retardation. Using the chick micromass
system the effects observed were consistent for any of the three end points measured. The reliability of chick
micromass culture was tested by Wiger et al [5] with many toxic chemicals used to treat the limb bud cells.

Nicotine administration has teratogenic effects on many animal species. In one study conducted by
Zhao and Reece on mouse embryos, nicotine was shown to have teratogenic effects in a dose dependant manner.
The mouse embryos treated with nicotine were growth retarded [26]. These findings are consistent with this
study as the majority of embryos treated with nicotine were growth retarded. However in another study
conducted on rat embryos show that carbon monoxide was the major contributing factor for low fetal birth
weight [27]. The epidemiological studies conducted on humans also showed a relationship between tobacco
smoking and congenital malformations. The results of one study conducted in the Baltimore—Washington area,
show an association between maternal cigarette smoking of more than one pack per day and cardiovascular
malformations, including: transposition of great vessels with ventricular septal defect and pulmonary stenosis.
Similarly a relationship between maternal smoking and increased risk of neonates born with congenital heart
diseases was observed in a case-control study conducted in Lithuania [28]. However some epidemiological
studies also show no association between smoking and congenital malformations [29, 30].

The present study also demonstrates a protective effect of Vitamin C and folic acid on cadmium and
nicotine treated cardiomyocytes in vitro as well as in ovo. The effective concentration of vitamin C shown to
have a protective effect is 100uM which is consistent with the amount of vitamin C used by Peng et al [31] to
treat ethanol induced growth retardation and microcephaly in Xenopus laevis embryos. The concentration of
folic acid with protective effect is 1mM which is similar to the amount of folinic acid used to treat the
malformations of branchial arch derived structures in rats in whole embryo culture by Zhang et al by [32]. Ina
case control study, conducted in Atlanta a direct relationship of prevention of cardiac defects, especially outflow
tract and ventricular septal defects, with periconceptional use of multivitamins containing folic acid and vitamin
C was suggested [33-35]. Similar results were also found in a randomized control trial in Hungary which
showed a reduction of 50% in cardiac defects with supplemental folic acid during pregnancy [36].

The observations that supplemental vitamin C and folic acid offered a remarkable protection against the
effects of nicotine might be due to their antioxidant properties, as has been shown by animal studies conducted
on chick and rat embryos [37, 38]. These studies proposed an involvement of oxidative stress produced by the
generation of free oxygen radicals when embryos were exposed to ethanol, and suggest a critical role for
reactive oxygen species in the teratogenic actions of ethanol. Under these conditions, reactive oxygen species
may be continuously formed as a by product of metabolic reactions. Furthermore such reactive oxygen species
have also been linked with embryonic heart defects [39] caused by a variety of environmental toxins and
maternal diseases. However the extent of reactive oxygen species production and the subsequent likelihood of a
developmentally toxic effect depend on the time and dose of exposure. Therefore, in order for normal
development of embryos to be achieved under conditions where free radicals or reactive oxygen species are
generated at abnormally high levels, there must be a balance between free radical generation and Vitamin C,
which may be useful in promoting degradation of free radicals [40]. In fact embryos have less protective
mechanisms against free radicals compared to adults [41], therefore antioxidant supplements, like folic acid and
Vitamin C, may be useful in protecting embryos against damage.

Furthermore results in this study suggest no preventive effects of folic acid and ascorbic acid against
cadmium chloride induced developmental toxicity even at lower concentrations (5 and 10 pM). There are many
mechanisms involved in cadmium induced teratogenecity; one possible mechanism could be the generation of
reactive oxygen species as studies conducted on mouse and human promonocytic cells showed that prior
treatment with a-tocopherols and N-acetyle-L-cysteine could prevent these cells from cadmium induced toxicity
[42]. Another possible mechanism could be due to activation of calcium dependant endonucleases, as cadmium
cation may mimic calcium channels and treatment with a calcium channel blocker could protect the cells from
cadmium induced cell death [43].
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V.  Conclusion:
This study shows the toxic effects of nicotine and cadmium in micromass culture which showed

efficiency of this system for prediction of teratogens. Also protective effects of multivitamins were observed in
prevention of nicotine induced toxicity in both systems. While these antioxidants did not show any protection
against cadmium toxicity in micromass culture, due to the possibility of other mechanisms involved in cadmium
induced cardiovascular abnormalities.
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