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White Cabbage Extract Reduces the Harmful
Effects of Amiodarone on Heart Tissue in Rats
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ABSTRACT

Objective: Amiodarone is used in the treatment of arrhythmia and
has been shown to cause side effects in various organs. White cab-
bage (Brassica oleracea L. var. capitata) is a widely consumed veg-
etable. The effects of exposure to amiodarone and white cabbage
consumption on heart tissue has not previously been investigated.
We aimed to investigate the effects of white cabbage extract on
amiodarone given to rats’ cardiac tissues.

Material and Method: Rats were given white cabbage extract and
amiodarone by gavage for seven days. Amiodarone was applied
1 hour after administration of the white cabbage extract. On the
eighth day, the hearts of the animals were taken and homoge-
nized. The levels of lipid peroxidation (LPO), reduced glutathione
(GSH), sialic acid (SA) and activities of glutathione-S-transferase
(GST), catalase, superoxide dismutase (SOD) and tissue factor (TF)
were determined.

Results: The GSH level, CAT and SOD activities decreased, while the
LPO and SA levels increased in the amiodarone treated group. The
White cabbage extract prevented any damage of the amiodarone
by decreasing the amount of LPO and SA and also strengthened
the antioxidant defence system by increasing the amount of the
GSH and SOD activities and the CAT and GST activities.

Conclusion: It is suggested that the consumption of white cab-
bage could be an alternative approach to the prevention of the
adverse effects of amiodarone on heart tissue.
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oz

Amag: Aritmi tedavisinde kullanilan amiodaronun cesitli organlar-
da yan etkilere neden oldugu gosterilmistir. Beyaz lahana (Brassica
oleracea L. var. capitata) yaygin olarak tiketilen bir sebzedir. Amio-
daron maruziyeti ve beyaz lahana tiiketiminin kalp dokusu tizerin-
deki etkileri arastirllmamistir. Beyaz lahana ekstraktinin amiodaron
uygulanan sicanlarin kalp dokulari Gizerindeki etkilerini arastirmayi
amacladik.

Gereg ve Yontem: Sicanlara yedi giin boyunca gavajla beyaz la-
hana ekstresi ve amiodaron verildi. Beyaz lahana ekstresinin uygu-
lanmasindan 1 saat sonra amiodaron uygulandi. Sekizinci glinde,
hayvanlarin kalpleri alindi ve homojenize edildi. Lipit peroksidas-
yon (LPO), indirgenmis glutatyon (GSH), siyalik asit (SA) dizeyleri
ile glutatyon-S-transferaz (GST), katalaz, siiperoksit dismutaz (SOD)
ve doku faktori (TF) aktiviteleri belirlendi.

Bulgular: Amiodaron verilen grupta GSH, CAT, SOD aktiviteleri
azalirken LPO ve SA seviyeleri artti. Beyaz lahana, LPO ve SA mik-
tarini azaltarak amiodaron zararini 6nledi. Ayrica GSH duzeyleri ile
SOD, CAT ve GST aktivitelerini artirarak antioksidan savunma siste-
mini gi¢lendirdi.

Sonug: Beyaz lahana tiiketiminin, amiodaronun kalp dokusunda
olumsuz etkilerini 6nlemek icin alternatif bir yaklasim olabilecegi
ileri strllebilir.

Anahtar Kelimeler: Amiodaron, yan etki, beyaz lahana
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INTRODUCTION

Amiodarone blocks the potassium channels that in turn inhibit
the cardiac repolarization and the effective refractory period as
a class lll antiarrhythmic drug (1). Other actions of amiodarone
include the blockades of the Na*, the non-competitive ss-ad-
renergic, Ca*? channels and the reserpine-like sympatholytic
effect. Amiodarone is widely used for the treatment of arrhyth-
mias because of these actions (1,2).

On the other hand, amiodarone has a very similar structure to
the thyroid hormones as it is a benzofuran compound contain-
ing approximately 37% iodine by weight (3,4). Accordingly it has
been suggested that the ingestion of 200 mg of amiodarone as
a standard daily dosage leads to 75 mg of organic iodine in-
gestion each day and the subsequent deiodination via drug
metabolism results in the release of nearly 6 mg of iodine circu-
lating freely, which is much more than the daily iodine intake
(4-6). Moreover, owing to its high lipid affinity, amiodarone is
commonly found in the tissues of the liver, lungs, skin, eyes, ad-
ipose tissue, muscle (especially myocardium) and the thyroid
gland that explains its side effects in different organs (4).

Epidemiological data and in vitro studies propose that veg-
etables with antioxidant phytochemicals possess beneficial
effects against some degenerative diseases like cancer and
cardiovascular diseases. Belonging to the family Cruciferae,
cabbage (Brassica oleracea L. var. capitata) is an important veg-
etable grown nearly all over the World. Cabbage is cultivated
for its large leafy head and various cabbage types of differing
shapes, sizes and colours exist (7). Cultivated cabbages can be
found in different forms and are categorised as white, red and
savoy cabbage (7,8). Cabbage has been used for medicinal pur-
poses for different types of diseases as well (9).

Excessive reactive oxygen species (ROS) formation may direct-
ly harm macromolecules including DNA, protein and lipids and
may change several signal pathways by the induction of ROS
sensitive transcription factors. Accordingly antioxidant mole-
cules are needed for the detoxification of these ROS (10). There is
adebate in literature about the oxidant potential of amiodarone.
Some studies suggest that amiodarone is able to inhibit lipid
peroxidation, acting as an antioxidant molecule whereas others
report its oxidant effect (11). It has been suggested being used
as a hepatic mitochondrial uncoupling oxidative phosphoryla-
tion, to inhibit the enzymes of electron transport chain and to
impair B-oxidation of fatty acids (12-14). Mitochondrial -oxi-
dation and oxidative phosphorylation are the major physiolog-
ical processes since the disruption of these pathways affect the
function of many organs (12). The heart is a vital organ with a
high-energy demand that is rich in mitochondria. It has been es-
timated to occupy approximately one third of the cardiac myo-
cyte volume and each adult ventricular myocyte contains sever-
al thousand mitochondria (15). Therefore the heart is especially
vulnerable to mitochondrial oxidative damage. Accordingly, the
aim of this study was to evaluate the effects of white cabbage on
the oxidant-antioxidant potential and tissue factor activities of
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amiodarone induced toxicity in rats’ cardiac tissues for the first
time in literature.

MATERIAL AND METHOD

Preparation of the aqueous extract of white cabbage

The leaves of white cabbages were gathered from Istanbul-Tur-
key. They were washed using distilled water and then the
leaves were dried at room temperature. The dried leaves were
extracted by adding distilled water and then they were boiled
for 8 hours. After boiling, the extract was filtered and then ly-
ophilised. Finally the extract was dissolved in distilled water
and was given to the rats by gavage for seven days.

Animals and experimental procedure

In our study, 8-12 week old female Spraque Dawley type rats
(300-350 g) obtained from the Marmara University Faculty of
Medicine Animal Laboratory were used. All the experimental
procedures were approved by the Institutional Animal Care and
Use Committee of Marmara University (26.11.2014Mar). The ex-
perimental animals were divided into 4 groups, 5 in each. The
rats were administered white cabbage extract (500 mg/kg) and
amiodarone for seven days by gavage. During the experiment,
amiodarone (100 mg/kg Amiodarone, Sigma, Saint Louis, USA)
was administered 1 hour after the cabbage extract was given.
At the end of the 7th day, all animals were fasted overnight
and at the end of the 8th day they were then put down un-
der ether anesthesia. The heart tissue samples of the rats were
homogenized using saline solution (0.9% NaCl). In 10% of the
homogenates that were prepared from the heart tissues, the
homogenates total protein levels were determined. To assess
the oxidant-antioxidant status the levels of glutathione (GSH),
lipid peroxidation (LPO), sialic acid (SA) and the activities of su-
peroxide dismutase (SOD), catalase (CAT), glutathione-S-trans-
ferase (GST) and tissue factor (TF) were evaluated.

Biochemical analysis

Lowry’s method was applied in order to measure the levels of
total proteins. In this method, alkali medium proteins first re-
act with copper ions and are then reduced by Folin reagent. At
500 nm the absorbance was determined. The calculated total
protein levels were used to present the results per protein (16).

Malondialdehyde (MDA) is a product of LPO in tissues, and is
evaluated in terms of the thiobarbituric acid reactive substanc-
es by Yagi’s method (17). The LPO was expressed as nmol MDA/
mg protein in terms of the MDA equivalents.

The levels of GSH were measured in tissue homogenates using
Beutler’s method (18) by using extinction coefficient as 1.36 x
10* M~' cm™ in the calculations. The results obtained were pre-
sented as mg GSH /mg protein.

CAT activities were evaluated using the method of Aebi (19) which
is based on the transformation of hydrogen peroxide (H,0,) into
water through the effect of CAT enzyme. The transformation was
noted by the decrease in the absorbances obtained at 240 nm
and the activity of CAT were presented as U/mg protein.
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SOD activities were determined by riboflavin-sensitized pho-
tooxidation of ortho-dianisidine (20). Ortho-dianisidine oxi-
dation, by the reaction with riboflavin is induced by SOD. The
increase in absorbance depends on the SOD concentration.
Finally, the coloured product’s absorbance is determined using
spectrophotometry at 460 nm.

The activity of GST in the samples was evaluated at 340 nm by
the spectrophotometer and the results were presented as U/
mg protein (21).

The levels of SA were evaluated using the method of Warren
(22). For the assay, the homogenates were first incubated at
80°C for 1 hour with 0.1 NH,SO,4 and the hydrolysate was used
for analysis. The absorbances obtained from the samples were
determined at 549 nm and the results were presented as the
mg SA/ mg protein.

The method of Quick was used to measure the TF activities of ho-
mogenates by Quick’s one-stage method. For the assay, pooled
plasma was obtained from from healthy subjects. Since the clot-
ting time is inversely proportional to the activity of TF, the length-
ening of the clotting time shows decreased TF activity (23).

Statistical Analysis

Statistical analysis was applied by using GraphPad Prism version
6 (GraphPad Software, San Diego, USA). All the results obtained
were presented as a means and standard deviation. The data
groups were compared using Kruskal-Wallis and Mann-Whitney
U tests. The values of p<0.05 were accepted as significant.

RESULTS

The LPO levels in terms of MDA in heart tissues of the four
groups are given in Figure 1. The MDA levels of the amiodarone
group were found to be higher when compared to the con-
trol group (p<0.05). The MDA levels decreased significantly

u Lipid Peroxidation
0.7 1 (nmol MDA/mg P)
0.6 -
0.5 4
0.4 4
0.3 4
0.2 4
0.1 4
0 +
Control AMD+WC
Figure 1. Lipid peroxidation levels of the Control; AMD;
WC and AMD+WC groups. ?p<0.05, significantly different
compared to the Control group; p<0.05 significantly
different compared to the AMD group. AMD: Amiodarone;
WC: White cabbage.
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in the amiodarone+white cabbage group compared to the
amiodarone group (Figure 1). The level of GSH decreased
significantly when compared with the control group in the
amiodarone and white cabbage groups. In the amiodaron-
e+white cabbage group, the heart tissue GSH levels increased
significantly compared to the amiodarone group (Figure 2).

When the groups were compared in terms of the catalase activ-
ities of the heart tissues, the catalase activity in the amiodarone
group decreased significantly compared to the control group.
In the amiodarone+white cabbage group, the catalase activity
increased significantly compared to the amiodarone group (Fig-
ure 3). The SOD activity of the white cabbage and amiodaron-

3 ® Glutathione

(mg GSH/mg P)
2,5
2
1.5
1
0.5
0

Control AMD+WC

Figure 2. Glutathione levels of the Control; AMD; WC and
AMD+WC groups. ?p<0.05, significantly different compared
to the Control group; ®p<0.05 significantly different compared
to the AMD group, Amiodarone; WC: White cabbage.

m Catalase (U/mg P)
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Figure 3. Catalase activities of the Control; AMD; WC and
AMD+WC groups. ?p<0.05, significantly different compared
to the Control group; ®p<0.05 significantly different compared
to the AMD group; Amiodarone; WC: White cabbage.
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® Superoxide Dismutase
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Figure 4. Superoxide dismutase activities of the Control;
AMD; WC and AMD+WC groups. °p<0.05, significantly
different compared to the Control group; °p<0.05
significantly different compared to the AMD group;
Amiodarone; WC: White cabbage.

® Glutathione-S Transferase

(U/mg P)
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Figure 5. Glutathione-S-transferase activites of the Control;
AMD; WC and AMD+WC groups. p<0.05, significantly
different compared to the Control group; "p<0.05
significantly different compared to the AMD group,
Amiodarone; WC: White cabbage.

e+white cabbage groups increased significantly when com-
pared with the control group (Figure 4). The GST activity of the
white cabbage and the amiodarone+white cabbage groups
were found to be significantly higher compared to the white
cabbage group. Also the GST activity of white cabbage group
was significantly higher compared to the control group (Figure
5). The amount of SA in the amiodarone group increased sig-
nificantly compared to the control group and white cabbage
treatment decreased SA levels significantly in the amiodarone
group (p <0.05) (Figure 6). TF activity in amiodarone and white

0.014 - a m Sialic Acid (mg/mg P)

0.012 -
0.01 -

0.008 -

0.006 -
0.004 -
0.002 -

0 -

Control AMD AMD+WC

Figure 6. Sialic acid levels of the Control; AMD; WC and
AMD+WC groups. ?p<0.05, significantly different compared
to the Control group; ®p<0.05 significantly different compared
to the AMD group, Amiodarone; WC: White cabbage.
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Figure 7. Tissue factor activities of the Control; AMD; WC and
AMD+WC groups. 2p<0.05, significantly different compared
to the Control group, Amiodarone; WC: White cabbage.

cabbage groups was found to be significantly lower compared
to the control group (Increase in seconds means a decrease in
activity) (Figure 7).

DISCUSSION

According to the results of our study, white cabbage (Brassica
oleracea L. var. capitata) has a positive effect against the toxicity
caused by amiodarone on the heart tissues of rats. The toxic ef-
fect of amiodarone administration on rat heart tissue was man-
ifested in the form of increased LPO and SA. In the amiodarone
treated group, it was observed that the amount of GSH and
activities of CAT and SOD decreased significantly. White cab-
bage prevented the damage of amiodarone by decreasing the
amount of LPO and SA in the group given amiodarone, and
also strengthened the antioxidant defence system by increas-
ing the amount of GSH and the activities of SOD, CAT and GST.
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To date a lot of research has been conducted that focused on
the beneficial phytochemicals present in cabbages, especially
indole-3-carbinole (I13C). The indoles content and sulforaphane
in cabbage induce antioxidant mechanisms and detoxification
mechanisms that prevent cancer-inducing substances (24).
Both epidemiological and in vitro studies strongly suggest that
vegetables with phytochemicals having antioxidant effects
may prevent different types of diseases (25). The beneficial ef-
fects of cruciferous vegetables have been shown to be relat-
ed with their antioxidant phytochemicals, such as antioxidant
vitamins like ascorbic acid, a-tocopherol and B-carotene (26).
Carotenes, tocopherols and ascorbate are effective as antiox-
idants to prevent and to treat malignant diseases (27). Many
studies have also reported that most of the antioxidant pro-
perites of vegetables can be due to their phenolic content like
catechin, isocatechin, flavonoids, isoflavone, flavones and also
anthocyanin (28).

Due to the interest in the role antioxidants in human health,
new research focused on horticulture and food science to de-
termine the antioxidant phytochemicals in different fruit and
vegetables. Although carotene, tocopherol and ascorbic acid
levels in the sub-species of B. oleracea have been determined
in some studies, the number of systematic research on the
measurement of the antioxidant content in cabbage cultivars
in different areas of the world are very limited (27,28).

In our study, it was found that white cabbage increased the
amount of GSH and the acitivities of CAT and SOD and de-
creased LPO in the amiodarone group. GSH is one of the key
elements of the antioxidant defence system in the organism, it
is involved in maintaining the normal structure and functions
of cells with redox and detoxification reactions (26). Therefore,
in our study, in the group given amiodarone, heart decreased
GSH may induce the initiation of reactions due to free radicals.

The heart LPO level was found to be significantly higher in the
amiodarone group compared to the control group. Disruption
of the oxidant-antioxidant balance due to amiodarone has been
shown previously. Chakraborty et al reported that amiodarone
increased LPO in liver, kidney and testicular tissues of rats (28).
LPO indicates oxidative damage of lipids in the cell membrane
and is one of the side effects of amiodarone therapy (28).

In parallel with the increased LPO, amiodarone increased SA
levels significantly when compared to the control group. Reac-
tive oxygen species increase as a result of the decreased activity
of antioxidant systems such as SOD, CAT and GSH. It has been
reported that serum SA could be counted among the acute
phase response elements and increased in some diseases such
as myocardial infarction and diabetes (29). In inflammatory
conditions, the amount of SA increases due to the increased
concentrations of acute phase glycoproteins, whose sialization
increases. Therefore, serum SA was stated be an inflammatory
marker (29).

Amiodarone decreased TF activity in cardiac tissue compared
to the control group. Breitenstein et al. evaluated the effects
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of amiodarone on thrombus formation and TF expression and
reported that amiodarone inhibits thrombus formation in vivo
(30). In our study, white cabbage decreased the activity of TF
significantly. The positive effects of vegetarian nutrition on
coagulation and vegetable consumption have been shown to
decrease the incidence of acute coronary disease associated
with thrombosis. Fibrinogen is accepted to be an independent
thrombosis risk factor and it has been found that the level of
fibrinogen decreases with white cabbage consumption (30,31).
There is also a strong correlation between lipids in blood and
coagulation parameters. Change in lipids, coagulation protein,
thrombocytes affects thrombosis through fibrinolytic factors.
Accordingly it has been suggested that white cabbage may
have an anticoagulant effect as a hypolipidemic vegetable (31).

CONCLUSION

Findings obtained from the results of our study show that in the
case of amiodarone toxicity, white cabbage exerted its positive
effects by improving the antioxidant system. The beneficial ef-
fects of white cabbage may be attributed to the high phenolic
content of cabbage. Further studies that evaluate the molec-
ular mechanisms of the effects related to the mitochondrial
functions may be useful to reveal the details of these effects.
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