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ABSTRACT

In order to evaluate the effects of Satureja hortensis L. extract
on cisplatin-induced behavioral alterations in the tail suspension
test (TST), we included 35 male Wistar albino rats in this study,
divided into 7 equal groups. Cisplatin was administered (single
dose of 7.5 mg/kg, i.p., on the fifth day) alone, and in groups with
orally administered (for 10 days) Satureja hortensis L. extract
(50, 100, and 200 mg/kg), and silymarin (100 mg/kg) in individual
groups. The behavioral testing was performed in TST, and the fol-
lowing parameters were obtained: the latency to the first immo-
bility, the number of immobility episodes, and the total duration
of immobility. Cisplatin application increased the latency to the
first immobility, but decreased the number of immobility episodes
and the total duration of immobility. Oral administration of
Satureja hortensis L. extract in a dose of 100 mg/kg attenuated
cisplatin-induced alterations, and those effects were similar to si-
lymarin group. The extract in a dose of 200 mg/kg diminished cis-
platin-induced effect only for the total duration of immobility,
while in a dose of 50 mg/kg, the extract had no impact on cisplatin
effects. Although common use of this methodology would lead to
a conclusion that cisplatin produced antidepressant effect, com-
parison with certain literature data allows the conclusion that this
action of cisplatin may be attributed to its anxiogenic action that
was attenuated by antioxidant supplementation (Satureja horten-
sis L.) in an adequate dose (100 mg/kg).

Keywords: cisplatin, Satureja hortensis L., anxiety, depres-
sion, tail suspension test, rats.
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SAZETAK

U cilju ispitivanja efekata ekstrakta Satureje hortensis L. na
promene ponasanja izazvane cisplatinom u testu kacenja za rep
(TKR), u studiju je ukljuceno 35 muskih Wistar albino pacova,
podeljenih u 7 jednakih grupa. Cisplatina je primenjivana (poje-
dinacna doza od 7.5 mg/kg, i.p., petog dana) samostalno, i u gru-
pama sa oralnom primenom (tokom 10 dana) ekstrakta Satureje
hortensis L. (50, 100 i 200 mg/kg), i silimarina (100 mg/kg) u po-
Jjedinacnim grupama. Bihejvioralno testiranje je sprovedeno u
TKR, uz odredivanje sledecih parametara: vreme do prve imobil-
nosti, broj epizoda imobilnosti i ukupno trajanje imobilnosti. Pri-
mena cisplatine je povecavala vreme do prve imobilnosti, dok je
skracivala broj epizoda imobilnosti i ukupno trajanje imobilnosti.
Oralna primena ekstrakta Satureje hortensis L. u dozi od
100 mg/kg je smanjivala promene izazvane cisplatinom, 5to je bilo
slicno efektima u grupi sa silimarinom. Ekstrakt je u dozi od
200 mg/kg umanjio efekat cisplatine samo za ukupno trajanje i-
mobilnosti, dok u dozi od 50 mg/kg ekstrakt nije imao uticaja na
efekte cisplatine. lako bi uobicajena primena ove metodologije
dovela do zakljucka da cisplatina izaziva antidepresantni efekat,
poredenje sa odgovarajucim podacima iz literature omogucava
zakljucak da se uticaj cipslatine moze pripisati njenoj anksiogenoj
ulozi, 3to je bilo umanjeno antioksidantnom suplementacijom (Sa-
tureja hortensis L.) u odgovarajucoj dozi (100 mg/kg).

Kljuéne reéi: cisplatina, Satureja hortensis L., anksioznost,
depresivnost, test kacenja za rep, pacovi
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INTRODUCTION

Cisplatin is one of the most widely used anticancer drugs
worldwide. Alone or along with other cytostatic agents, cis-
platin has been considered a first-line therapy in the treatment
of various malignancies for decades, especiallysolid tumors
such as ovarian, testicular, head, neck and small cell lung
cancers (1).

Despite its well confirmed efficacy in the treatment of a
numerous types of cancers, clinical use of cisplatin is often
limited because of the dose- and duration-dependent cell re-
sistance. Although, up to date, more than 40 specific types of
cisplatin adverse effects have been recognized, according to
their incidence and severity, cisplatin side effects have been
categorized into seven main groups: nephrotoxicity, ototoxi-
city, cardiotoxicity, hematological toxicity, hepatotoxicity,
gastrointestinal toxicity and neurotoxicity (2). Regardless of
the reports that pointed out poor penetration through the
blood-brain barrier for the majority of platinum-based com-
pounds (3), it was observed that platinum agents accumulate
in the central nervous system (CNS) (4), reaching the highest
concentration in specific brain regions such as hippocampus
in mice (5). Those findings may be the explanation for the
variety of clinical manifestations following cisplatin treat-
ment. Therefore, the following CNS disorders in cisplatin
treated patients have been reported: acute blindness and sei-
zures, encephalopathy and stroke-like episodes (6). Also,
cisplatin therapy was accompanied with cognitive impair-
ment and emotional dysfunction (7). The cognitive impair-
ment, with the decreased locomotor and exploratory activity,
was also observed in cisplatin treated animals (8, 9).

Although all kinds of cisplatin-induced toxicities are con-
nected to specific clinical features, the spectrum of underly-
ing pathophysiological mechanisms can be specified in a few
principle categories. The most frequently described pro-
cesses that could be connected to cisplatin-induced toxicities
are: the apoptosis (10), DNA damage (11) and inflammation
(12). Also, some investigations confirmed that oxidative
stress is the key mechanism that disturbs homeostasis follow-
ing cisplatin treatment and may be the base of its toxicities
(13). The prooxidative action of cisplatin comes as a result of
combined effects of increased production of reactive oxygen
species, such as hydroxyl radical (14), hydrogen peroxide
(15), superoxide anion radical (16), and nitrites (17, 18), and
simultaneous decline in cellular antioxidant capacity, mani-
fested as a decrease in antioxidant enzymes (superoxide dis-
mutase and catalase) activity (19, 20), as well as glutathione
(21).

The confirmed strong connection between the chemother-
apeutics-induced oxidative damage and the clinical manifes-
tations of toxicities in the specific tissues has targeted an an-
tioxidant supplementation as a potentially useful therapeutic
approach in the treatment of numerous anticancer drugs ad-
verse effects. In the last decade, the medicinal plants have
been widely confirmed as an important source of dietary an-
tioxidants that showed protective effect when applied along
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with anticancer drugs, by means of diminished oxidative
damage, which resulted in attenuation of cytostatic-induced
toxicities (22, 23, 24). Recent study confirmed that Satureja
hortensis L., the plant with the high content of antioxidants,
such as phenolic compounds, and especially high concentra-
tion of rosmarinic acid, showed beneficial antioxidant prop-
erties in the treatment of cisplatin-induced nephro- and hepa-
totoxicity (25).

The aim of this study was to evaluate the behavioral man-
ifestations of cisplatin administration in the TSTin rats.
Furthermore, we estimated the potential alterations in behav-
ioral outcome following antioxidant supplementation with
Satureja hortensis L. extract in different doses.

MATERIAL AND METHOD

Animals and treatment

Animals were housed in seven cages (5 per cage), under
standard environmental conditions (temperature 23+1°C, hu-
midity 55+5%, 12/12h light/dark cycle). The animals had ac-
cess to food and water ad libitum. The rats were randomly
divided into 7 experimental groups as follows:

- control group, that received tap water for 10 days and a
single dose of 500 pL saline on the day 5;

- cisplatin group that received tap water for 10 days and a
single dose of cisplatin (7.5 mg/kg b. w.) on the day 5;

- CIS+E50 group that received S. hortensis L. extract
(50 mg/kg b. w.) orally for 10 days and a single dose of cis-
platin (7.5 mg/kg b. w.) on the day 5;

- CIS+E100 group that received S. hortensis L. extract
(100 mg/kg b. w.) orally for 10 days and a single dose of cis-
platin (7.5 mg/kg b. w.) on the day 5;

- CIS+E200 group that received S. hortensis L. extract
(200 mg/kg b. w.) orally for 10 days and a single dose of cis-
platin (7.5 mg/kg b. w.) on the day 5;

- CIS+SILYMARIN group that received silymarin
(100 mg/kg b. w.) orally for 10 days and a single dose of cis-
platin (7.5 mg/kg b. w.) on the day 5;

- E200 group that received S. hortensis L. extract
(200 mg/kg b. w.) orally for 10 days.

Cisplatin and saline were administered intraperitoneally,
while the extracts were dissolved in tap water. Phytochemical
characterization of methanolic extract of S. hortensis L. was
previously described in the study by Boroja et al (25).

After completing the described protocols, the animals
were placed in the testing room, at approximately 8 a.m., in
order to accommodate for behavioral testing that usually



started at 10 a.m. The testing room was acoustically and vis-
ually isolated.

Tail suspension test (TST)

In order to evaluate the behavioral alterations, we per-
formed TST. This test, usually obtained for the estimation of
depressive state level, is based on the assumption that the ro-
dents under specific circumstances are expected to put an ef-
fort in order to avoid evidently aversive (stressful) stimulus
(26). The original apparatus for TST is constructed of metal
frame (0.6 x 0.6 m) and circular barrier (25 cm in diameter)
with the central hole (the opening of 15 mm in diameter)
where the tails were slipped through.

Rats were suspended by the tail attached to the adhesive
tape (with the barrier 1 cm below the position of the adhesive
tape on the tail, in order to prevent tail climbing), so that they
could freely dangle facing downward.

RESULTS

The applied protocols significantly altered the latency to
the first immobility (F=11.539, df=6). As shown in Figure 1,
the administration of cisplatin in a single dose significantly
increased the latency to the first immobility compared to the
control group (p<0.01). S. hortensis L. extract, when applied
alone, had no effect on this parameter when compared to the
control. However, when applied along with cisplatin, S. hor-
tensis L. extract in a dose of 100 mg/kg significantly reduced
cisplatin-induced augmentation of the latency to the first im-
mobility when compared to the cisplatin group (p<0.01), and
the values remained similar compared to the control. On the
other hand, both lower (50 mg/kg) and higher (200 mg/kg)

The key point of TST was the quantification of immobility.
The immobility was considered as a state with no visible vol-
untary movement (<1 cm) of head, body or limbs for at least
5 seconds. Expected involuntary swinging was declared as
the state of immobility. The test lasted for six minutes, with-
out any experimenter intervention during the testing. The
complete testing was recorded by a video camera. The fol-
lowing parameters were analyzed from the recordings: the la-
tency to the first immobility, the number of immobility epi-
sodes and the total duration of immobility.

Statistical Analysis

The data were presented as means + S.E.M. After com-
pleting the tests for homogeneity (Levene’s) and normality
(Shapiro-Wilk), comparisons between the groups were per-
formed using One-way ANOVA, followed by Bonfer-
roni post hoc analysis. ~ Significance was determined
at p<0.05. Statistical analysis was performed with SPSS ver-
sion 20.0 statistical package (IBM SPSS Statistics 20).

dose of S. hortensis L. extract failed to significantly attenuate
the cisplatin-induced increase in the latency to the first im-
mobility, and this parameter was still significantly higher
compared to the control in CIS+E50 group (p<0.01). Even
more, the values of this parameter achieved with the lower
dose were statistically below the values observed in the
CIS+E100 group (p<0.05). The impact of simultaneous ad-
ministration of cisplatin and silymarin was very much alike
the observed effect in the CIS+E100 group - significant de-
cline of cisplatin-induced increase in the latency to the first
immobility, while preserving the values almost equal with
the control group.

Figure 1. The latency to the first immobility in the tail suspension test.
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Values are mean + standard error of the mean (SEM), n=5 per group,
*denotes a significant difference p<0.05, **denotes a significant difference p<0.01.

243



Like for the latency to the first immobility, the number of
immobility episodes in TST was also significantly affected
by the applied protocols (F=10.137). Cisplatin application re-
sulted in a significant decrease in the number of immobility
episodes compared to the control values (p<0.01). As shown
in Figure 2, the decline in this parameter was compensated
(p<0.01) with neither the middle dose of S. hortensis L. ex-
tract (100 mg/kg), nor with the higher (200 mg/kg) or the
lower (50 mg/kg) dose of S. hortensis L. extract. It should be
noticed that the increase in the number of immobility

episodes observed following simultaneous administration of
cisplatin and S. hortensis L. extract in a dose of 100 mg/kg
was even statistically significant when compared to the
CIS+E50 group (p<0.05). Again, the effect obtained with the
middle dose of S. hortensis L. extract was very similar to the
one achieved with the same concentration of silymarin when
applied along with cisplatin. Also, the number of immobility
episodes was not significantly affected by S. hortensis L. ex-
tract in a dose of 200 mg/kg, when applied alone, compared
to the control group.

The number of episodes of immobility in the tail suspension test.
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Finally, as shown in Figure 3, all the applied protocols
also had significant impact on the total duration of immobil-
ity (F=16.271). Administration of cisplatin in a single dose
(7.5 mg/kg) resulted in a significant decline in the immobility
duration compared to the control (p<0.01). Although the in-
dividual administration of S. hortensis L. extract did not re-
sult in a significant change in the total duration of immobil-
ity, the administration of S. hortensis L. extract in the doses
of 100 and 200 mg/kg significantly augmented the cisplatin-
induced decrease in the total immobility (p<0.01). Only the
values achieved in the CIS+E200 group remained

significantly below the control values (p<0.01). The lowest
dose of extract (50 mg/kg) failed to reduce the cisplatin-in-
duced reduction in the total duration of immobility. The im-
pact of simultaneous administration of cisplatin and si-
lymarin on the duration of immobility in TST resembled the
effects observed with the middle and the highest dose of S.
hortensis L. extract. However, the total duration of immobil-
ity achieved in the CIS+SILYMARIN group, unlike the
CIS+E100 group, remained statistically below the control
values (p<0.01).

Figure 3. The total duration of immobility in the tail suspension test.
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DISCUSSION

Beside its unquestionable anticancer properties, cisplatin-
based chemotherapy is usually limited by numerous side ef-
fects (27), including clinical manifestations of neurotoxicity
(28). Many cisplatin-induced toxicities are accompanied with
an evident mitochondrial dysfunction and oxidative damage
in various tissues (29). Therefore, any of therapeutic ap-
proaches that may prevent the cisplatin-induced increase in
oxidative stress, as a trigger factor for tissue damage, may be
potentially useful as a supplementary treatment along with
cisplatin therapy.

One of the most recently reported manifestations of ad-
verse effect of cisplatin on CNS has clinical form with char-
acteristics of increased depressive state level (30). The prode-
pressant action of cisplatin, by means of behavioral tests re-
sults, in that study (performed on rats) was accompanied with
prooxidant alterations in both cortex and hippocampus. Also,
neuronal degeneration in hippocampus paralleled the decline
in BDNF and GABA content, as well as the increase in hip-
pocampal glutamate (30).

However, the results obtained in our study may lead to a
conclusion that cisplatin administration had the antidepres-
sant effect by means of behavioral patterns observed in TST.
On the other hand, the literature data offer a recently estab-
lished possibility that the estimation of depressive state level
can be substantially mimicked with significant alterations in
anxiety levels. Namely, the specific mood disorders that are
dominantly characterized with strong anxiogenic features
may overcome the prodepressant action resulting in inade-
quately pronounced antidepressant effect (31). The offered
explanation is that increased motor activity observed in the
tests for depressive level estimation (such as TST) may rather
be considered as the behavioral outcome of anxiety-induced
overreacting than antidepressant action. When comparing the
results for prodepressant action of cisplatin (30) and in-
creased locomotor response in TST observed in this study,
we must take into consideration two important information.
Firstly, those two studies were performed with the signifi-
cantly different protocols: the prodepressant effect was re-
ported in the study with the chronic exposure to cisplatin (10
weeks), while the opposite effect on depressive level was ob-
tained in the study with a single dose of cisplatin. Secondly,
the recent study of Kumburovic et al. (32) confirmed the

extremely strong anxiogenic response to a single dose of cis-
platin, as the earliest behavioral manifestation of cisplatin ad-
ministration. Therefore, we can conclude that the results of
those two studies are not the opposite or even contradictory.
It seems that the cisplatin impact in certain brain regions in-
volved in mood regulation that includes numerous biochem-
ical and morphological alterations is very complex. It seems
that the cisplatin action in the CNS, by means of behavioral
changes, starts with predominantly anxiogenic response fol-
lowed by prodepressant action if the cisplatin treatment lasts
long enough. Therefore, the behavioral outcome of cisplatin-
induced neurotoxicity has strong time dependent characteris-
tics. In addition, it is not surprising that beneficial effects of
antioxidant supplementation following cisplatin therapy also
strongly depend on the principle behavioral outcome.
Namely, the benefits obtained with S. hortensis L. extract in
this study were manifested not by prodepressant action, but
as the clear anxiolytic-like response to antioxidant supple-
mentation. Our results are in line with previously reported
beneficial action of various antioxidant sources on cisplatin-
induced neurotoxicity with clinical manifestations that in-
volve increased anxiety levels (8, 9).

CONCLUSION

In summary, the neurotoxic manifestations of cisplatin
treatment as observed in this study, manifested by anxiogenic
response in TST, can be significantly attenuated by S. hor-
tensis L. extract supplementation. So, according to the results
of our study, it seems that antioxidant supplementation may
be useful in diminishing cisplatin-induced neurotoxicity.
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