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Abstract

The aim of this study was to investigate the effects of an aqueous infusion from Cotinus coggygria leaves (AICCL) on
behaviour and on lipid peroxidation in male Wistar rats. The animals were treated orally with three concentrations (1/100,
2/100 and 4/100) AICCL at doses of 10 mL/kg b.w. Control rats received distilled water (10 mL/kg b.w.). After 30 days of
treatment, the open field test (OFT) and the forced swim test (FST) were carried out and the lipid peroxidation marker,
malondialdehyde (MDA) was measured as a biomarker of oxidative stress. In the OFT, AICCL at all concentrations did not
significantly affect the horizontal activity and dose-dependently increased the vertical activity, the effect being significant
(p <0.05) at the highest concentration. In the FST, AICCL shortened the immobility time and the effect was significant (p < 0.05) at
the concentration of 2/100. AICCL did not cause sedation and motor discoordination, and reduced the signs of depression.
AICCL caused a tendency to decrease MDA levels in both serum and brain homogenate, but the reduction was not
statistically significant. Thus, the favourable effects of AICCL on brain functions in this experiment cannot be attributed to
the antioxidant action.

Rezumat

Acest studiu a avut ca scop evaluarea posibilelor efecte infuziei apoase din frunze de Cotinus coggygria (AICCL) asupra
comportamentului si a peroxidarii lipidice la sobolani Wistar de sex masculin. Animalele au primit per os trei concentratii de
(1/100, 2/00 si 4/100) AICCL, in doze de 10 mL/kg corp. Lotul control a primit apa distilata 10 mL/kg corp. Dupa 30 de zile
de tratament, au fost determinate testul campului deschis (OFT) si testul inotului fortat (FS7), malondialdehida (MDA)
peroxidarii lipidice a fost determinata pentru toate concentratiile ca un biomarker al stresului oxidativ. in OFT, AICCL nu a
afectat semnificativ activitatea iar in functie de doza a crescut activitatea verticala, efectul fiind semnificativ (p < 0,5) pentru
cea mai mare concentratie. In FST, AICCL a diminuat timpul de imobilizare, si efectul a fost semnificativ (p < 0,5) pemtru
concentratia de 2/100. AICCL nu a provocat sedare sau lipsa de coordonare motorie si a redus semnele de depresie. 4ICCL a
scazut usor nivelul MDA atat seric cét si cerebral dar scaderea nu a fost semnificativa statistic. Astfel, efectele favorabile ale
AICCL asupra functiilor cerebrale, in experiment nu poate fi atribuitd actiunii antioxidante.
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Introduction gallic acid, flavonic glycosides, myrcen, alpha-
pinene, camphen, linalool, and alpha-terpineol [10,
21]. Numerous polyphenolic compounds have been
isolated, including quercetin, fustin, and taxifolin
[19]. "C-labeled plant polyphenols found in the
brain tissue and brain microdialysate indicate that
these phytochemicals or their metabolites are able
to cross the blood-brain barrier [5]. Although the
plant seems to be extremely rich in biologically
active compounds, it has been somewhat ignored
by pharmacological studies because of reported
toxicity. Our previous studies showed that the
subchronic administration of aqueous infusion from
C. coggygria leaves at concentrations of 1/100,
2/100 and 4/100 did not cause toxicity to the liver
and kidneys [13].

The Eurasian Smoke tree (Cotinus coggygria Scop.,
Anacardiaceae) is a well-known medicinal plant on
the Balkan Peninsula. In folk medicine, the
infusions from the leaves are applied topically for
their antiseptic, anti-inflammatory, antimicrobial,
anti-haemorrhagic and wound-healing properties.
Because of the high gallotannin content (above
25%), some authors [7, 20] consider the whole
plant poisonous and it is seldom used orally.
However, there are few reports on oral use of
infusions from the leaves for the treatment of throat
and stomach inflammation, gastric ulcers, diarrhoea
and even diabetes mellitus [2, 6, 10]. The chemical
substances present in the leaves infusion are gallic
acid methyl ester and anthocyanins [12], galotanins,
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The aim of this study was to investigate the toxicity
of an aqueous infusion from C. coggygria leaves
(AICCL) at the brain level in Wistar rats using
behavioral tests and the marker of lipid per-
oxidation malonedialdehyde (MDA) as a measure
of oxidative stress.

Materials and Methods

Experimental substances

All infusions were obtained from identical and
standardized plant material that was purchased
from Bilek Ltd.,, Troyan, Bulgaria. Three
concentrations (1/100, 2/100 and 4/100) of aqueous
infusions from Cotinus coggygria leaves (AICCL)
were prepared one hour before each treatment as 1 g,
2 g and 4 g of dried material were infused in 100 mL
of boiling distilled water for 10 min. The infusions
were filtered through a cotton lint.

Animals

Male Wistar rats (200 £ 20 g) were used. The
animals were housed in plastic cages in a well
ventilated room maintained at 22 + 1°C and on a
12/12 light/dark cycle. They had free access to food
and drinking water. All procedures concerning
animal treatment and experiments were conducted
in compliance with National and International laws
and policies (EEC Council Directive 86/609).
Experimental protocol

The rats were divided into 4 groups of 10 animals
each: control, AICCL1, AICCL2, AICCL4. They
were treated once daily, orally through an
orogastric cannula for a period of 30 days. Control
rats received distilled water (10 mL/kg b.w.).
Animals from AICCL1, AICCL2 and AICCL4 groups
were respectively treated with 1/100, 2/100 and 4/100
AICCL aqueous infusions (at a dose 10 mL/kg b.w.).
After the experimental period, the open field test
(OFT) and the forced swim test (FST) were carried out.
Open field test (OFT)

OFT is a common measure of exploratory
behaviour and general activity in rodents [3]. It was
performed for 5 min in an arena (100 x 100 x 40
cm) painted white except for 6 mm blue lines that
divided the floor into 25 equal size (20 x 20 cm)
squares. Each animal was placed in the centre of
the uniformly lit arena and its behaviour was
observed in silence for 5 min. Behaviours recorded
were: crossings (the number of lines crossed with
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the four paws) and rearings (the number of times
the animal stood on its hind limbs).

Forced swim test (FST)

The method of Porsolt et al. [14] was used to assess
the immobility of the rats as a measure of their
depression-like behaviour. Each rat was placed in a
glass cylinder pool (17 cm in diameter and 60 cm in
height) for 5 min. The cylinder was filled with 30
cm water (21 + 1°C) to ensure that the animal could
not touch the bottom of the cylinder with its hind
paws or its tail. The test was performed in two
sessions with a 24 h interval. The results from the
second session were recorded. Inactivity
(immobility) and swimming were distinguished as
mutually exclusive behavioural states. Swimming
behaviour was defined as movement throughout the
cylinder. Immobility was defined when no
additional activity was observed other than that
required to keep the rat’s head above the water. The
increased immobility time is a measure of
depression-like behaviour.

Malondialdehyde measurement

Membrane lipid peroxidation was monitored by
malondialdehyde (MDA) in rat serum and brain
homogenate according to Porter et al. [15]. The
method is based on the ability of MDA in acidic
medium (pH about 3) and high temperature (96°C)
to form with thiobarbituric acid chromophores
(TBC), having a maximum absorption at 532 nm.
Statistical analysis

Results are presented as mean = S.E.M. The data
were tested by one-way ANOVA, followed by
Dunnett’s multiple comparison post-test to identify
significant difference. All analyses were performed
using GraphPad Prism statistical software. A level
of p < 0.05 was considered significant.

Results and Discussion

Open field test

The results from the OFT, showed that the
treatment with AICCL did not significantly
increase the horizontal locomotor activity of the
rats belonging to groups AICCL1 (58.1£11.1),
AICCL2 (469 + 4.9) and AICCL4 (47.1 + 5.4)
compared with the control group (39.4 + 6.3). The
vertical activity has dose-dependently increased
from 16.0 + 2.8 for the control group, to 18.6 £ 2.2
for AICCL1, 20.6 + 1.6 for AICCL2 and 24.9 + 3.0
for AICCL4 (p < 0.05 vs. control) (Figure 1).
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Figure 1.
Effect of aqueous infusion from Cotinus coggygria leaves (AICCL) administered for 30 days at concentrations
of 1/100, 2/100 and 4/100 on the horizontal (panel A) and vertical (panel B) locomotor activity of rats; *p <
0.05 vs. control

Forced swim test

In the FST, the immobility time of the control
animals was 89.0+8.0 sec. It was shortened in
AICCL-treated rats to 66.2 £ 5.6 sec for AICCLI,
55.3 + 8.4 sec (p < 0.05 vs. control) for AICCL2
and 67.9 + 11.7 sec for AICCL4 (Figure 2).
Malondialdehyde assay

Malondialdehyde levels of the controls were 1.33 +
0.06 pmol/L in blood serum (Figure 3A) and 9.81 +
1.30 nmol/g in brain homogenate (Figure 3B). The
aqueous infusions from Cotinus coggygria leaves
caused a tendency to decrease MDA levels in both
blood serum (Figure 3A) and brain homogenate
(Figure 3B) but the reduction was not statistically
significant.
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Figure 2.

Effect of aqueous infusions from Cotinus coggygria
leaves (AICCL) administered to rats for 30 days at
concentrations of 1/100, 2/100 and 4/100 on the
immobility time in the FST; *p < 0.05 vs. control
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Figure 3.
Effect of aqueous infusions from Cotinus coggygria leaves (AICCL) administered for 30 days at concentrations
of 1/100, 2/100 and 4/100 on the malondialdehyde (MDA) levels in blood serum (panel A) and brain (panel B)
of rats

Our previous data [13] showed that AICCL at
concentrations of 1/100, 2/100 and 4/100
administered to rats for 30 days did not cause liver
toxicity proven by the lack of effect on serum
concentrations of the liver enzymes aspartate

aminotransferase, alanine aminotransferase and
alkaline phosphatase, as well as by histo-
pathological examination of the liver. These

concentrations of AICCL were also not toxic for
the kidneys as they did not significantly affect
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serum concentrations of creatinine and urea in the
treated animals [13].

In the present study, the brain toxicity of sub-
chronic administration of AICCL at concentrations
of 1/100, 2/100 and 4/100 was investigated. The
OFT showed that AICCL did not affect adversely
the horizontal and vertical locomotor activity in
rats. On the contrary, there was a significant
increase in the vertical activity of the animals
treated with 4/100 AICCL. Based on these results
we could conclude that the sub-chronic
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administration of AICCL did not cause sedation
and motor discoordination, therefore did not exhibit
toxic effects on the central nervous system of rats.
The FST demonstrated that the sub-chronic
administration of AICCL decreased the immobility
time which indicated that C. coggygria might have
an anti-depressant activity.

The brain is very vulnerable to oxidative stress. The
major depressive disorders are associated with
reduced levels of certain endogenous antioxidants
and a disturbance in the total antioxidant status.
These observations bring new opportunities for
therapeutic interventions based on antioxidant
substances [17].

The effects of AICCL in the behavioural tests could
be attributed to its polyphenolic ingredients which
are the main biologically active substances in C.
coggygria leaves according to literature data [10,
12, 19, 21].

There are data that C. coggygria infusions possess a
high antioxidant activity in vitro [4, 9]. The results
of the present experiment showed that AICCL
caused an insignificant decrease in lipid
peroxidation measured by serum and brain MDA
concentrations. Thus, the favourable effects of
AICCL on brain functions in this experiment might
not be attributed to its antioxidant action.

There are data considering the role of inflammation in
the pathogenesis of depression. Pro-inflammatory
cytokines such as IL-6 and TNF-a are the most
reliable markers for inflammation in patients with
this disease [1]. The pro-inflammatory cytokines
interact with mitochondria and increase the
production of reactive oxygen species (ROS) which
in turn increase the expression of cytokines [18].
Noradrenaline and 5-hydroxytriptamine (5-HT) are
the main neurotransmitters the depletion of which
leads to depression. Previous studies have shown
that green tea polyphenols inhibit monoamine
oxidase (MAO) and thereby increase the level of
monoamines in the glial cells [8]. There are similar
data for Mentha aquatica which contains the
flavonoid naringenin [11]. The rich in catechins,
procyanidins and flavonoids Cecropia glazioui
Sneth extract and six of its purified constituents
possess an antidepressant-like effect most likely
due to the blockade of the uptake of monoamines
(5-HT, dopamine and noradrenaline) by
synaptosomes in different brain regions [16].

Thus, the anti-depressant effect of AICCL could be
the result of anti-inflammatory and monoamine-
increasing effects. This assumption has already
been supported by some observations. C. coggygria
infusions have been traditionally used for their anti-
inflammatory properties. The anti-inflammatory
effect of AICCL has also been demonstrated in our
experiments in a model of carrageenan-induced rat
paw oedema (unpublished data).
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Conclusions

The effects of AICCL in the behavioral test in rats
were studied as a part of the subchronic toxicity
study of the infusion. AICCL had no adverse
effects on the locomotor activity and possessed an
anti-depressant effect. The results showed that
AICCL administered subchronically to rats for a
period of 30 days was not toxic for the central
nervous system and could be further investigated
for possible beneficial effects in animal models of
different diseases.

References

1. Dowlati Y., Herrmann N., Swardfager W., Liu H.,
Sham L., Reim E.K., Lanctét K.L., A metaanalysis
of cytokines in major depression. Biol. Psychiatry.,
2010; 67(5): 446-457.

2. Dulger B., Hacioglu N., Bilen S., Antimicrobial
Activity of Cotinus coggyria from Turkey. Asian J.
Chem., 2009; 21(5): 4139-4140.

3. Gould T.D., Dao T.D., Kavacsics C.E., The open
field test. In: Mood and anxiety related phenotypes
in mice. T.D. Gould, ed., Humana Press, LLC,
2009; 1-2.

4. Ivanova D., Gerova D., Chervenkov T., Yankova
T., Polyphenols and antioxidant capacity of
Bulgarian medicinal plants. J. Ethnopharmacol.,
2005; 96(1-2): 145-150.

5. Janle EM., Lila M.A., Grannan M., Wood L.,
Higgins A., Yousef G.G., Rogers R.B., Kim H.,
Jackson G.S., Ho L. Weaver CM,,
Pharmacokinetics and tissue distribution of 14C-
labeled grape polyphenols in the periphery and the
central  nervous  system  following  oral
administration. J. Med. Fd., 2010; 13(4): 926-933.

6. Mohamad Abdulwahabe Mohamad, Mitrea N.,
Nicolae A.C., Constantinescu M.Z., Dragoi C.M.,
Arsene A.L., Barbu C.G., the dynamics of
adiponectin and leptin on metabolic syndrome
patients and age matched healthy subjects.
Farmacia, 2014; 62(3): 532-545.

7. Landzhev 1., In: Encyclopedia of Medicinal Plants
in Bulgaria, Trud Publ., Sofia, 2010; 372-374 (in
Bulgarian).

8. Mazzio E.A., Harris N., Soliman K.F., Food
constituents attenuate monoamine oxidase activity
and peroxide levels in C6 astrocyte cells. Planta
Med., 1998; 64: 603-606.

9. Niciforovic N., Mihailovic V., Maskovic P., Solujic
S., Stojkovic A., Pavlovic Muratspahic D.,
Antioxidant activity of selected plant species;
potential new sources of natural antioxidants. Food
Chem. Toxicol., 2010; 48: 3125-3130.

10. Novakovic M., Vuckovic 1., Janackovic P., Sokovic
M., Tesevic V., Milosavljevic S., Chemical
composition, antibacterial and antifungal activity of
the essential oils of Cotinus coggygria from Serbia.
J. Serb. Chem. Soc.,2007; 72: 1045-1051.

11. Olsen H.T., Stafford G.I., van Staden J.,
Christensen S.B., Jager A.K., Isolation of the



FARMACIA, 2016, Vol. 64, 1

12.

13.

14.

15.

16.

MAO-inhibitor naringenin from Mentha aquatica
L. J. Ethnopharmacol., 2008; 117(3): 500-502.
Oren-Shamir M., Does anthocyanin degradation
play a significant role in determining pigment
concentration in plants? Plant. Sci., 2009; 177:
310-316.

Pavlov D., Nashar M., Eftimov M., Kalchev K.,
Valcheva-Kuzmanova S., Tzaneva M., Ivanova D.,
Subchronic toxicity study of aqueous infusion from
Cotinus coggygria leaves in Wistar rats. Compt.
Rend. Acad. Bulg. Sci., 2013; 66(5): 750-756.
Porsolt R.D., Animal model of depression.
Biomedicine, 1979; 30(3): 139-140.

Porter N., Norton J., Ramdas J., Cyclic peroxidase
and thiobarbituric assay. Biochem. Biophys. Acta,
1976; 441: 596-599.

Rocha F.F., Lima-Landman M.T., Souccar C.,
Tanae M.M., De Lima T.C.,, Lapa A,
Antidepressant-like effect of Cecropia glazioui
Sneth and its constituents - in vivo and in vitro
characterization of the underlying mechanism.
Phytomedicine, 2007; 14(6): 396-402.

71

17.

19.

20.

21.

Scapagnini G., Davinelli S., Drago F., De Lorenzo
A., Oriani G., Antioxidants as antidepressants: fact
or fiction? CNS Drugs, 2012; 26(6): 477-490.
Sprague A.H., Khalil R.A., Inflammatory cytokines
in vascular dysfunction and vascular disease.
Biochem. Pharmacol., 2009; 78(6): 539-552.
Valianou L., Stathopoulou K., Karapanagiotis I.,
Magiatis P., Pavlidou E., Skaltsounis A.,
Chryssoulakis Y., Phytochemical analysis of young
fustic (Cotinus coggygria) heartwood and
identification of isolated colourants in historical
textiles. Anal. Bioanal. Chem., 2009; 394: 871-882.
Vodenicharov D., Petrov A., In: Poisonous plants
and the poisoning with them, Pensoft Publ., Sofia—
Moscow, 2001; 63-63 (in Bulgarian).

Westenburg H., Lee K., Lee S., Fong H., Breemen
R., Pezzuto J., Kinghorn A., Activity-guided
isolation of antioxidative constituents of C.
coggygria. J. Nat. Prod.,2000; 63: 1696-1698.



