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field. This study aimed to determine the effects of TCAE on cadmium (Cd) toxicity in the embryo.
The study used 220 fertile, incubated chicken eggs divided into 11 equal groups on the 7t day of
incubation. The groups comprised untreated and physiological saline control groups, a group with
TCAE alone, four groups with varying doses of Cd alone and four groups with the same doses of Cd
plus TCAE. At the end of the incubation period, the eggs were opened, kidney and liver tissue
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samples were taken for histopathology and the number of dead and living embryos were recorded.
In the prsent study, the median lethal dose of Cd was determined to be 0.029 mg per egg and the

Tarantula cubensis alcoholic extract median lethal dose of Cd plus TCAE was determined to be 0.020 mg per egg. The histopathological

Cadmium
Embryotoxic
in ovo methods

examinations determined that kidney and liver damage were increased when TCAE and Cd were
administered together, that was higher than when Cd was given alone. Thus, TCAE, which had no
toxic effect on the embryo when used alone, might increase the embryotoxic activity of Cd.

However, more detailed studies are needed.

© 2025 Urmia University. All rights reserved.

Introduction

Cadmium (Cd) is an environmental pollutant with
teratogenic and carcinogenic effects,! and a half-life of 25 -
30 years in plants and animals.2 The Cd may disrupt
placental function and affect fetal development by passing
through the placenta or accumulating in placenta during
pregnancy.3 The Cd toxicity in chicks disrupts peridermal
cell adhesion and causes cell death in the mesoderm which
may lead to abnormal growth of the mesoderm and body
wall defect* Another study found a correlation between
the formation of ventral body wall defects due to Cd and
the apoptosis occurring in the somites, lateral plate
mesoderm and neural tube. The degree of apoptosis is
correlated with the degree of peridermal destruction.>

Tarantula cubensis alcoholic extract (TCAE) is a
homeopathic product used in the veterinary field,
generally for the treatment of conditions such as gangrene,
septicemia and toxemia.® It accelerates the healing of oral
lesions? and the repair of tendon ruptures. In a study
conducted on sheep, it showed an antioxidant effect,®
caused cancer cells to undergo apoptosis via the caspase-3
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pathway in vitrol® and had clinically positive effects on
mammary tumors in dogs!! through apoptosis.1? Although
its mechanism is not clearly defined, it has reduced
aberrant crypt foci and polyp formation in experimental
colon cancer.1315 TCAE has also been reported to have a
decreasing effect on cell proliferation markers in colon
cancer.’6 Moreover, it has been reported to have a
reducing effect on experimentally induced hepatocellular
carcinoma tumor morphology.l” Although there is limited
information on the use of TCAE during pregnancy, it is
stated to be safe in in ovo study.18

It has been reported that the heavy metal Cd has an
embryotoxic effect and can be used in modeling
experimental animals in ventral wall defect studies.*>19
The TCAE has been found to have no direct embryotoxic
activity on fertile chicken eggs.'8 Additionally, no studies
have been found evaluating the effects of TCAE which has
been shown to have anti-inflammatory, antioxidant and
antitumor effects in different studies,®1013 on Cd toxicity.

The present study hypothesized whether TCAE had
any activity on embryotoxicity when used in combination
with embryotoxic Cd.
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Materials and Methods

Materials. In this research, fertile chicken eggs
obtained from a commercial enterprise completed their
incubation period in an incubator (Imza Teknik, Konya,
Tiirkiye). On the 7% day of incubation, non-fertile eggs
checked for fertility under light were removed from the
groups and fertile eggs were replaced keeping each group
at 20. On the 7t day, injection into the air chambers of all
eggs in the study was performed. Pure Cd chloride (Carlo
Erba, Val-de-Reuil, France) was dissolved in physiological
saline. The study protocol was approved by the local ethics
committee, Selguk University Faculty of Veterinary
Medicine, Experimental Animal Production and Research
Center Ethics Committee, Number 2023/102.

Experimental design and animal applications. In
the first phase of the study, 220 fertile eggs were divided
into 11 groups on the 7t day of incubation, with 20 fertile
eggs in each group and incubated. The groups consisted of
(1) untreated control group, (2) physiological saline
control 70.00 pL per egg, (3, 4, 5, 6) Cd at doses of 0.01,
0.02, 0.04, and 0.08 mg per egg, respectively, administered
in a volume of 20.00 pL per egg, (7) TCAE, applied at a dose
of 50.00 uL per egg, (8, 9, 10, 11) TCAE 50.00 uL per egg
plus Cd at a dose of 0.01, 0.02, 0.04, and 0.08 mg per egg,
respectively, in a volume of 20.00 uL per egg.

Histopathological examination. After the incubation
period (21 days), the eggs were opened, the number of live
and dead embryos was recorded and tissue samples were
taken for histopathological examination. Liver and kidney
tissues taken from chicks were fixed in 10% a neutral
formaldehyde solution for 24 - 48 hr. Routine tissue
follow-up procedures were performed for histopatho-
logical examination. Sections (4.00 -5.00 pm thickness)
were taken from the obtained paraffin blocks and stained
with Hematoxylin and Eosin.’516 Histopathological
changes were evaluated in 10 different areas under a light
microscope (BX51; Olympus, Tokyo, Japan) at 20x
magnification as (-): No lesions, (+): Mild lesions, (++):
Moderate lesions and (+++): Severe lesions.

Table 1. Dead and alive rates in embryos.

Statistical analysis. In this study, the actual mortality
rate was determined with the Abbott formula.2021

Actual mortality rate - provisional mortality rate
100 - provisional mortality rate

Abbott formula =

Intergroup survival rates were evaluated with the
chi-square test. The median lethal dose (LDso) level was
determined by the probit method (version 22.0; SPSS
Inc., Chicago, USA). A p < 0.05 value was considered
statistically significant.

Results

Determination of dead and alive numbers and LDso.
Information on the numbers of living and dead embryos in
the study is given in Table 1. A significant statistical dose-
dependent difference was seen in the mortality rates
among groups. When examined by probit analysis in the
study, the LDso of Cd alone was determined as 0.029 (0.015
- 0.037) mg per egg. This was decreased with the
application of TCAE, calculated as 0.020 (0.06 - 0.028) mg
per egg.

Histopathological results. Six surviving chicks were
randomly selected for histopathology. However, as there
were three survivors in the 0.04 Cd+TCAE group, the
evaluation was made on three animals. Also, it was
observed that all the animals in the 0.08 Cd+TCAE and 0.08
Cd groups died. Scores among groups are presented in
Table 2. Histopathological examination showed that the
liver and kidney tissues of the control group embryos had
normal histological structure. Changes were absent and/or
very mild in the TCAE group. Other experimental groups
(Cd and Cd+TCAE) showed moderate to severe necrotic
changes, congestion and sinusoidal dilatation in the liver.
Significant histopathological changes were detected in the
kidney including moderate to severe necrotic changes in
tubular epithelium, congestion, tubular dilatation and
widening of the Bowman space (Fig. 1). The highest scores
among the groups were generally found with 0.04 Cd and
0.04 Cd+TCAE.

Groups Alive embryos Dead embryos Total death (%) Abbott formula20.21
Control 19 1 5.00e

CSF 18 2 10.00e -
0.01Cd 18 2 10.00e 0.00
0.02Cd 12 8 40.004 33.30
0.04Cd 5 15 75.00bc 72.20
0.08Cd 0 20 1002 100
TCAE 18 2 10.00e 0.00
0.01 Cd+TCAE 13 7 35.004 27.70
0.02 Cd+TCAE 9 11 55.00<d 50.00
0.04 Cd+TCAE 3 17 85.002b 83.30
0.08 Cd+TCAE 0 20 100a 100

CSF: Physiological saline control, Cd: Cadmium, and TCAE: Tarantula cubensis alcoholic extract.
a¢ Different letters in the same column are statistically different (Chi-square test, p < 0.05).
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Table 2. Histopathological scores in experimental groups.

205

Changes Control CSF TCAE 0.01 Cd 0.02 Cd 0.04 Cd 0.01 Cd+TCAE 0.02 Cd+TCAE 0.04 Cd+TCAE
Number of samples 6 6 6 6 6 5 6 6 3
Liver

Necrotic changes hepatocytes - - - ++ ++ ++ ++ ++ +++
Congestion - - + ++ ++ +++ ++ ++ +++
Sinusoidal dilation - - + ++ ++ +++ ++ ++ +++
Kidney

Necrotic changes in tubular epithelium - - - ++ ++ ++ ++ ++ +++
Congestion - - + ++ ++ +++ ++ +++ +++
Tubular dilation - - - ++ ++ +++ ++ +++ +++
Bowman's space expansion - - + ++ ++ +++ ++ +++ +++

CSF: Physiological saline control, Cd: Cadmium, and TCAE: Tarantula cubensis alcoholic extract.
(-): No lesions, (+): Mild lesions, (++): Moderate lesions, (+++): Severe lesions.

Control

TCAE
e

Fig. 1. Microscopic view of histopathological changes in groups

including control, Tarantula cubensis alcoholic extract (TCAE) and

TCAE

RN

» A

Cadmium (Cd) showing congestion (asterisk), necrotic changes in hepatocytes (black arrows), necrotic changes in kidney tubules (blue
arrows), tubular dilatation (a) and expansion of bowman's space (b). (Hematoxylin-Eosin staining; Bars in liver control and TCAE = 100

um, in the rest = 50.00 pm).
Discussion

In addition to teratogenic and carcinogenic effects, Cd
is known to have embryotoxic effects.! Literature states
that TCAE, which is used as a homeopathic product for
the treatment of many pathological conditions in
veterinary medicine,® does not have embryotoxic
effects.’® Present study evaluated the effectiveness of
TCAE on Cd embryotoxicity.

This study observed that Cd application at 0.020 mg
per egg and higher doses had a positive correlation with
embryotoxicity (Table 1, p < 0.05). The embryotoxic LDso
of Cd was determined t obe 0.029 mg per egg. It has been
found that maternal Cd exposure in the mid-pregnancy
phase (unlike the early pregnancy phase) in humans
increases the risk of a smaller-than-normal fetus.?? It is
reported that maternal Cd exposure in the early stages of
pregnancy is inversely associated with birth weight and
ponderal index in female, but not male, infants.23.24

The total six major categories of developmental
abnormalities have been observed in zebrafish embryos
with Cd toxicity including head and eye hypoplasia,
hypopigmentation, cardiac edema, yolk sac deformities,
altered axial curvature and tail malformations.?®> It has

been found that exposure to Cd during the gastrulation
period in zebrafish embryos causes formation of abnormal
somites in muscle fibers, defects in axonogenesis and
failure of the notochord to extend to the tail region.26 The
Cd has effects on neural tube closure, limb development
and soft tissue formation in rodents dependent on the time
of application.2” The authors regarded this as a reliable
exomphalos animal model of ventral body wall defect due
to Cd toxicity. A positive relationship between exomphalos
and lumbar lordosis has also been reported.’ Yamamoto
et al.?8 found that Cd at a dose of 50.00 uM had teratogenic
effects in the early stages of chicken development (stages
12 to 19) causing critical structures to fail to develop
especially in the cephalic region. The ventral body wall
defect of Cd application in chick embryos has been
attributed to changes in the somites following the
interruption of a signaling pathway originating from the
ectoderm.> It has also been reported that Cd application
increased the malondialdehyde level in chick embryos and
caused DNA damage at doses of 40.00 and 60.00 pg per
egg.?® Our study found a positive correlation between the
amount of Cd applied to embryos and embryotoxicity
similar to the cited literature.

The TCAE is a homeopathic product used in veterinary
medicine. In this study, 0.01, 0.02, 0.04, and 0.08 mg per
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egg doses of Cd cadmium and 50.00 pL per egg TCAE were
applied together to the air space of fertile chicken eggs and
their incubation period (21 days) was completed. The
study determined that TCAE was not embryotoxic when
used alone, however, the embryotoxicity of Cd was
increased when used with TCAE (Table 1, p < 0.05). The
LDso of Cd when used with TCAE was 0.020 mg per egg
compared to 0.029 mg per egg when used alone.

Studies on the safety or embryotoxicity of homeopathic
products during pregnancy are limited. The literature
lacks sufficient information on the safety of TCAE use
during pregnancy. However, it is stated that TCAE alone is
not embryotoxic at different doses.!® Studies have found
that selenium, manganese and nickel may be protective
against Cd toxicity, however, calcium, magnesium, and
verapamil do not have a protective effect.30 The use of
homeopathic medicines is recommended in humans to
prevent problems that occur during pregnancy or the
postpartum period (anemia, nausea, pica, breech
presentation, mastitis, prolonged pregnancy and placental
retention).31.32 It is stated that there is no difference in the
frequency of adverse effects between homeopathic
treatment and placebo treatment. It is stated that the
resulting side effects are not related to the treatment, but
to the patient's condition.33 It was stated that Good
Manufacturing Practices (GMP) and International
Organizarion for Standardization (ISO) certified
Argenticum metalum, Calcarea carbonica and Sepia were
not embryotoxic in the study conducted on zebrafish.34 It
is also stated that homeopathic products like Sepia and
Nux Vomica (30 C dilution ) did not have a toxic effect on
mouse embryonic stem cells.3> In a study conducted on
broiler chickens, it was reported that bee venom (0.50,
1.00, and 1.50 mg) did not have negative effects on the
productivity performance and physiology of chickens.3¢ In
the study conducted on rats, it was stated that the
ethanolic extract of Aegialitis rotundifolia did not cause
pathological lesions other than its sedative effect at low
doses, however, a few minor changes were observed in
rats at high doses. It is also stated that it could be used
safely in low doses.3” It is reported that homeopathic
products like Ferrum phosphoricum 3X, Ferrum
phosphoricum 6X, Calcarea phosphoricum 6X, and
Magnesium phosphoricum 6X did not have toxic effects on
rats.38 It has also been reported that spider (Nephila
clavata, Araneus ventricosus) venom products may have
insecticidal effects, 3940 however, have no effect on
vertebrates.39 As a result, it could be stated that TCAE was
not embryotoxic on its own, but when used together with
Cd, which is known to be embryotoxic, it could increase
the embryotoxic effect of Cd.

Experimental studies conducted with Cd in birds
report that high amounts of Cd bioaccumulate, especially
in the kidney and liver tissues and cause serious
histopathological damage in the relevant tissues.*43 In

different studies, it has been reported that histo-
pathological findings such as degenerative and necrotic
changes, congestion, tubular dilatation and hyaline cast
were detected in the renal tubules in association with
Cd.*144 Andleeb et al*> reported in their study that they
detected necrotic changes (pyknosis) and steatosis in the
livers of embryos after treatment with Cd chloride at a
dose of 1.50 pg per 0.05 mL per egg. Kedam et al*®
reported that in their study using Cd chloride, they
detected histopathological sinusoidal dilatation, necrotic
changes and bleeding in the liver of chick embryos. In the
current study, histopathologically, hepatocytes necrotic
changes, congestion and sinusoidal dilatation in the liver,
necrotic changes in the tubules in the kidney, congestion,
tubular dilatation and widening of the Bowman space
were detected (Fig. 1). The current findings confirmed
embryotoxicity and were in agreement with the findings of
previous studies. In addition, microscopic findings showed
that the combined use of Cd and TCAE increased the
severity of necrotic changes in hepatocytes and tubules.
Thus, it could be stated that histopathologically TCAE had
an increasing effect on Cd embryotoxicity.

Previously, Canbar et al.l8 reported that TCAE had no
effect on embryotoxicity. In this context, the focus of our
study was to evaluate the effectiveness of TCAE, a
homeopathic product with many medical effects such as
anti-inflammatory, antioxidant and anti-apoptotic, on Cd
embryotoxicity. The results of the current study revealed
that TCAE showed Cd embryotoxicity enhancing
properties. Considering the results of the present study,
we suggest that future studies investigate the effects of
TCAE on Cd embryotoxicity at the molecular level. Thus,
it would provide a more comprehensive perspective on
the mechanism of action.In conclusion, in the present
study, it was observed that TCAE did not have a toxic
effect on embryos, but when applied with cadmium,
which has a known toxic effect, TCAE enhanced toxic
activity, increased liver and kidney damage, as shown by
histopathological examination, and increased the number
of dead embryos. More molecular studies are needed in
the future to elucidate the embryotoxicity-enhancing
effect of TCAE.
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