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Troponin T and Caspase-3 Changes Induced by Theophylline and
Quercetin in Heart Tissue of Rat Embryo
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Abstract: Theophylline induces heart anomaly in human and animal fetus. Intracellular oxidative stress might
be one of the mechanisms of action of the teratogens. The aim of this study was to investigate the protective
effect o quercetin on theophylline induced-heart disorder in rat embryo. For this study, pregnant female rats
were randomly divided mto a controlled and 3 experimental groups. Experimental groups received
theophylline (259 mg kg™, orally), quercetin (100 mg kg™, ip), theophylline and quercetin (259 mg kg™, orally
and 100 mg kg™, ip), respectively on 9th and 10th days of pregnancy. The control group received an equal
volume of normal saline on 9th and 10th days (ip). The fetuses were recovered on day 19, then their weight and
length of fetus were measured and their hearts were removed to assay the level of troponin T and caspase-3
in heart tissues. The result indicated that the mean weight and length were significantly decreased by
theophylline in comparison with control group. Amount of troponin T was not different in any groups.
Theophylline increased caspase-3 activity in comparison with control group.
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INTRODUCTION

The methylated =xanthines including caffeine,
theophylline and theobromine are known to occur 1 such
beverages as coffee, tea, cocoa and cola drinks. Because
of this and some clinical usage of each of these drugs,
there 1s a great deal of human exposure. Indeed, it 1s
reasonable to assume that almost everyone is exposed at
least to some extent. Of the three pointed materials,
theophylline 18 more used for its therapeutic effects (Tucet
and Skalko, 1998; Brunton et al., 2011). Theophylline
plays an important role in the management of asthma
both, as a prophylactic drug and in the treatment of
prolonged attacks and status asthmatics. It i1s one of
the drugs of choice i the treatment of asthma
during pregnancy which occurs with an incidence of
0.4-1.3% and it has gained increasing popularity as a
treatment of idiopathic apnea in the premature infants
(Lindstrom et al, 1990; Kaysar and Andcupit, 1978,
Lucey, 1975). Theophylline has been shown to cross the

human placenta and it is secreted in breast milk
(Lindstrom et al, 1990, Labovits, 1982). It has been
suggested that therapeutic doses in mothers may be toxic
to embryo and infants (Labovitz and Spector, 1982).

Several investigated  the
teratogemc potential of theophylline m rodents. In
mice, a single dose of theophylline (100 mg kg™, ip)
produced cleft palate, digital abnormalities, micromelia,
microghathia, clubfoot, subcutaneous hematoma, open
evelids and embryo lethality (Morrissey et af., 1988).

In rats, theophyllme (150 mg/kg/day, orally)
produced digital abnormalities whiles embryo lethality
occurred at a subcutaneous dose of 200 mg/kg/day
(Morrissey et al., 1988). In rabbits, admimstration of
theophylline (60 mg/kg/day, 1p) caused cleft palate and
embryo lethality (Shibata et al., 2000).

Administreation of theophylline induced aortic
aneurysms and ventricular septal defects m embryonic
chick (Shikawa et al, 1978; Matsuoka et al, 1992,
Gilbert et al., 1977).

laboratories  have
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Previous  documents  were  reported  that
theophylline 1s a potent cardiovascular teratogen in
human fetus. The cardiovascular anomalies were aortic
anomalies, double-outlet right ventricle and transposition
of the great arteries, total anomalous pulmonary venous
connection and hyperplasia of the left ventricle
(Matsuoka et of., 1985; Park et al., 1990, Watanabe et al.,
2008).

Some studies indicate that the mechanism of acting
the teratogen could be mtracellular oxidative stress and
subsequent apoptotic cell death. Apoptosis is a process
that is regulated by prosurvival signaling cascades.
Various proteins (caspases) involved in apoptosis.
Experimental evidence demonstrated that activated
caspase-3 was considered to be a hallmark of apoptosis
(TJeong et al., 2009, Zhong et al., 2010).

Base on the earlier mentioned data, this evidence
leads us to hypothesize that possibly admimstration of
antioxidant agents could act positively on some of the
malformations.

One of the mmportant  groups  of
antioxidants are flavonoids that may help prevent
creation of anomalies (Asl et al, 2006, Khaki et al.,
2010). Quercetin i1s a flavonoid that forms the
backbone for many other flavonoids including the citrus
flavonoids, rutin, hesperidin, naringin and tangeritin
(Asl et al., 2006).

Quercetin has demonstrated a significant anti-
inflammatory activity, it inhibits release of histamine and
other allergic mediators. Quercetin also shows remarkable
anti-tumor properties (Asl ez al., 2006; Khaki et al., 2010).
Measurements of serum levels of cardiac Tropomn-T
(¢TnT), a component of the troponin complex of muscle
cells have begun to be used for the diagnosis of
myocardial damage mn various conditions including acute
myocardial infarction, acute myocarditis, unstable
angina and isoproterencl-induced myocardial necrosis
(Herman et al., 1999, Koh et al., 2004). Accordingly,
measurement of troponin T can be a suitable hallmarl of
heart anomalies.

The aim of this study, was to investigate the
protective effects of quercein on theophylline
induced-heart disorder in rat embryo.

most

MATERIALS AND METHODS

Theophylline preparation: Theophylline was obtained
from Daroopakhsh Company (Iran). It was dissolved in
normal saline. This solution was prepared immediately
preceding its use (Lindstrom et al., 1990).

Quercetin preparation: Quercetin powder was obtained
from Sigma Chemical Company (St. Louis, MO, USA). Tt
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was dissolved in 0.9% normal saline, mixed vigorously
and stored 1n a dark bottle at 4°C. The quercetin solution
was freshly prepared each day (Khaki et al., 2010).

Animals: The Wistar rats were obtamed from animal
house of Jondishapour Medical Sciences University of
Ahvaz and were kept under specific conditions on a
constant 12 h light/dark cycle and at a controlled
temperature of 23+£2°C. Standard pellet food and tap
water were available ad labium. Mature female Wistar
rats were mated overmught at a 3:1 ratio of female:male.
Then pregnant female Wistar rats were randomly
divided into 4 equal groups (n = 10), a control group and
3 expenimental groups: Hxperimental groups recived
theophylline {259 mg kg™, orally), quercetin (100 mg kg™,
ip), theophylline and quercetin (259 mg kg, orally and
100 mg kg™, ip), respectively cn the 9th and 10th days of
gestation. The control group received an equal volume of
normal saline (ip) on the 9th and 10th days of gestation
(Vieiraetal, 2011; Gonzalez-Reyes et al., 2005; Overmans
and Beaudoin, 1971).

On day 19, pregnant females from all groups (control
and experimental) were anesthesia with ether then
offsprings were recovered and weight and length of them
were measured and their hearts were removed. The heart
samples were homogenized with PBS (pH:7.4) and
centrifuged at speed of 3000 rpm at 4°C for 20 min.
Supernatants were transferred to clean tubes and stored
at -70°C. Then, the level of tropomin T and caspase-3 were
measured in heart tissues.

Troponins T assay: The level of cardiac Troponin T
(cTnT) in tissue was mesasured by using a rat ¢TnT
LISA kit (Jiancheng Bioengineering Institute, Nanjing,
China) according to the manufacturer’s instructions
(Herman et al., 1999).

Caspase-3 assay: Tissue level of caspase-3 was
mesasured by using Bioassay laboratory ELISA kit
{China).

Statistical analysis: The data are expressed as meantSE.
Statistical differences between means were determined by
one-way Analysis of Variance (ANOVA) followed by TSD
test and a threshold of significance of p<0.05.

RESULTS AND DISCUSSION

The means of weight and length of fetuses in the
group that received theophylline was significantly lesser
than the other group (p<<0.05). But, the difference was not
significant among the other groups (p=>0.05) (Fig. 1 and 2).
The difference mean trponin T of heart fetus was not
significant in all the groups (Fig. 3).
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Fig. 1: Weight (meantSE) of fetuses in normal saline and
test groups: Normal saline (control) (1 mL/100 g,
ip); Theophylline (259 mg kg™ po); Quercetin
(100 mg kg™, ip); Theophylline+Quercetin
(259 mg kg™, po; 100 mg kg™, ip). Different letters
show sigmficant difference between groups
(p<0.05, 11 = 30)
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Fig. 2: Length (mean+SE) of fetuses in normal saline and
test groups: Normal saline (control) (1 mL/100 g,
ip); Thecphylline (259 mg kg™, pe); Quercetine
(100 mg kg™, ip); Theophylline+Quercetine
(259 mg kg™, po ;100 mg kg™, ip). Different letters
show sigmficant difference between groups
(p<0.05, 11 = 30)

The means caspase-3 of heart fetuses in the group
that received theophylline was significantly (p<0.05) more
than other groups. But, the difference was not significant
among the other groups (Fig. 4).

In the present study, administration of theophylline
(259 mg kg™, orally) on 9th and 10th days of gestation
significantly reduced weight and length of fetuses in
comparison with control group (normal saline) but there
Wwas not seen macroscopic anomalies.

Another study showed that admimstration of
theophylline (124, 218 and 259 mg/kg/day) on 6 through
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Fig. 3: Troponin T (meant+SE) of fetuses heart in normal
salme and test groups: Nommal saline (control)
(1 mL/100 g, ip); Theophylline (259 mg kg ™', po),
Quercetine (100 mg kg™, ip), Theophylline+
Quercetine (259 mg kg™, po; 100 mg kg™, ip).
There 13 no significant difference between group,
n=230)
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Fig. 4: Caspase-3 (meant3E) of fetuses heart in normal
saline and test groups: Normal saline (control)
(1 mL/100 g, ip); Theophylline (259 mg kg ™', po),
Quercetine (100 mg kg ', ip), Theophylline+
Quercetin (259 mg kg™, po; 100 mg kg™, ip).
Different letters show significant difference
between groups (p<0.03, n=30)

15 of gestation mn rat induced a dose-related decreasing
trend m gravid uterme weight. The number of live
fetuses decreased and the average male and female fetal
weight decreased at the range of 0.30 and 0.40%
(Lindstrom et al., 1990). As well as admimstration of
theophylline (100, 150 and 200 mg kg™, ip) on days 10
through 13 of gestation m mice caused moderately
embryo lethal, cleft palate, ectrodactyly, syndactyly and
micromelia as the predominant malformations (Tucel and
Skalko, 1998).

Caffene (a biotransformation product of theophylline
in the human fetus) with dose of 150 mg kg™ (ip) indused
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ventricular septal defect in embryo rats (Matsuoka et al.,
1987). Also, the teratogenic and fetal toxicity of
theophylline (60 mg/kg/day, TV) on 6 through 18 of
gestation in rabbit was reported Fetuses exhibited
teratogenic toxicity, such as celeft palate and skeletal
variation of 13th rib. Fetal toxicity was observed including
abortion, increased number of late deaths and
decreased body weight appearing on day 29 of gestation
(Shibata et al., 2000).

Adminestration of tedral (theophylline, Ephedrine
and Phenocbarbital) in chick embryos showed that
theophylline, a major component of tedral, produce
cardiovascular anomalies in embryonic chick heart
(Matsuoka et al., 1987).

In human, it was reported that three infants with
severe unusal congenital cardiovascular anomalies born
to asthmatic mothers who had taken theophylline
throughout pregnancy (Parlk et al., 1990).

There was no significant difference among groups
that received quercetine alone, theophylline along with
quercetin and normal saline (control), thus it showed that
quercetine could prevent from effect of theophylline on
weight and length of fetus.

The level of cardiac Troponin T (cTnT) in tissue
¢TnT had no sigmficant deference in all the groups
mn the study (Sato ef al., 2001). Whle, another study
showed a positive correlation between serum levels of
cardiac troponin T and the severity of the chronic
cardiomyopathy induced by doxorubicin (adriamycin) in
rat (Sato et al., 2001 ; Herman et al., 2001). Experimental
evidence demonstrated a positive correlation between
serum levels of cardiac troponin T and cardiomyopathy
mnduced by 1sopernolol (Bleuel et al., 1995).

Discrepancies between this study and others can be
related to our teratogen (theophylline) and its dosage.
The result of this study showed that admimstration of
theophylline increased significantly tissue level of heart
caspase-3 in comparison with other groups.

Previous research has shown that teratogens,
such as hyperthermia, 4-hydroperoxycyclophosphamide
and staurosporine induce cell death in mouse
embryos by activating the mitochondrial apoptotic
pathway. Key to the activation of this pathway 1s the
activation of the caspase cascade involving the
cleavage-induced activation of an imitiator ptocaspase,
caspase-9 and the downstream effecter procaspase,
caspase-3 (Little et «l, 2003). In mouwe embryonic
limbs cultwred with 4-hydroperoxycyclophosphamide
(4-OOHCPA), a teratogenic metabolite of CP, the
activation of caspase-3 has been observed (Huang and
Hales, 2002).

Also, the activation of caspase-3 was observed in
mouse embryonic limbs cultured with another teratogen,
vitamin A (Ali-Khan and Hales, 2003). One of the
previous studies showed that quercetin mhibited
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caspase-3 activation in retinal pigment epithelial cells in
age-related macular degeneration (Kook et al., 2008).

CONCLUSION

Based on the results of this study, quercetin prevent
from decrease of weight and length of rat embryos
which 1s induced by theophylline, also quercetin as an
antioxidant prevent from increase of tissue level of
caspase-3 nduced by theophylline. It 1s mentionable,
no change was seen in tissue level of troponin T among
all groups.

Regarding the role of quercetin in omitting free
radicals and oxidative stress, it seems that most of
teratogenic effects of theophylline can be decreased by
using quercetin (antioxidant).
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