ORIGINAL ARTICLE

Effects of ethanolic extract of pine needles (Pinus
eldarica Medw.) on reserpine-induced depression-like
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Background: In this study, the antidepressant activity of ethanolic extract of Pinus eldarica
Medw needles was assessed using forced swimming test (FST) in rats. Materials and Methods:
Male Wistar rats were randomly divided into six Groups and treated as follows: first group was
received only reserpine (6 mg/kg, i.p.), second group was received reserpine (6 mg/kg, i.p.) and
imipramine (10 mg/kg, i.p.), three experimental groups received reserpine (6 mg/kg, i.p.) and
three doses of pine needle extract (100, 300, and 500 mg/kg, p.o.) respectively and the final
group (control group) received only vehicle (5% DMSO, i.p.). Results: Acute oral administration
of ethanolic extract of P. eldarica Medw needles at a dosage of 300 mg/kg reduced reserpine-
induced increase in immobility time in the FST, demonstrating an antidepressant effect in the FST.
Additionally, extract treatment did not modify the ambulation and rearing evaluated in open field
test, indicating that antidepressant effect found in the forced swimming test was not based on
the stimulation of locomotor activity. Conclusion: These results indicate that ethanolic extract
of Pinus eldarica needles possesses an antidepressant activity.
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INTRODUCTION

In recent years, depression has become recognized as a
major public health problem. It is estimated that in the
U.S., approximately 20% of the population have some
symptoms of depression, and around 2-5% are thought to
suffer from severe forms of depression.!' Understanding
how to prevent and treat depression is therefore an urgent
subject. Although the mechanism provoking depression
has not been clearly elucidated, one main trigger is
known to be exposure to chronic stress.>”! Many types
of antidepressant drugs, such as tricyclic antidepressants
and selective serotonin-reuptake inhibitors (SSRIs), as
well as antidepressant herbal medicines like St. John’s
wort, are used to treat depression. However, most of the
synthetic drugs are not without side effects.l! Furthermore,
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disturbances of the drug-metabolizing enzyme systems
were revealed with St. John’s wort,” and thus, the search
for new herbal antidepressants with fewer side effects is
important.

Pinns eldarica Medw. is an evergreen tree that naturally
occurs in the Transcaucasian region between Europe and
Asia, and grows also in Iran, Afghanistan and Pakistan.)
Various parts of this tree (e.g., needles, buds, resin and
tar) have been widely used in traditional medicine for
the treatment of bronchial asthma,[! skin wounds, skin
irritations, allergic rashes and dermatitis® in Russia and the
Central Asian countries. Pine needles are rich in terpenoids,
polyphenols and tannins.”! Extracts of pine needles
have diverse physiological and pharmacological actions.
Experimental data pertaining to the beneficial properties
of Pinus in general relate to their anti-inflammatory,!"”
antioxidant,""'? antineoplastic!*'*'and immuno-modulatory
properties.I"*'" These properties are related to the effects of
pine extracts on cyclo-oxygenase activity,'* prostaglandin
E2 production,>' nitric oxide synthesis!">""'and regulation
of cancet-related proteins.”'In this study, we evaluated the
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antidepressant activity of ethanolic extract of P. e/darica
needles using forced swimming test (FST) in rats.

MATERIALS AND METHODS

Plant material

P. eldarica Medw needles were collected in March 2009 in
the city of Mashhad, Iran, and identified by Ms. Soozani
(School of Pharmacy, Mashhad University of Medical
Sciences). A voucher speciment (No.11945) was deposited
at the herbarium of School of Pharmacy, Mashhad
University of Medical Sciences.

Prepration of alcoholic extract

The pine needles were air dried and powdered. Five
hundred grams of powder was separated and extracted
with 70% ethanol at room temperature for 48 h. Then,
the solution was filtered. This procedure was repeated
three times and the resulting extracts were combined. The
combined extract was concentrated 7 vacuno (40°C) and the
residue was dried at 40°C in incubator. This dried sample
was stored at 4°C until use.

Animals

Male adult Wistar rats, weighing 250—300 g were purchased
from Pasteur Institute of Iran and were maintained ona 12
h light/dark cycle in a temperature-controlled (22 £ 1°C)
colony with access to water and food ad /ibitum. Before
the beginning of the experiment, animals were allowed
to adapt to the environment for 2 week. All experiments
were carried out between 09:00 a.m. and 4:00 p.m. The
experimental protocols were approved by the local
institutional committee for animal ethics.

Drug treatment

Reserpine (Sigma-Aldrich, USA) at a dose of 6 mg/kg
was dissolved in 5% dimethyl sulfoxide (DMSO) and
imipramine (Marham Darou co., Iran) at a dose of 10 mg/
kg was dissolved in 0.9% normal saline. Both drugs were
administered intraperitonealy (i.p.) in a constant volume
of 1 ml/kg. Different doses of ethanolic extract of pine
needles (100, 300 and 500 mg/kg, respectively) were
dissolved in 5% DMSO (10 ml) and administered by oral
gavage (p.o.). Control animals received only 5% DMSO
(1 ml/kg, i.p.) as vehicle.

Forced swimming test

The procedure used has been previously described by
Porsolt ez all" Detke and Lucki."” Briefly, the rats were
randomly divided into six groups (ten in each group) and
treated as follows: first group was received only reserpine
(6 mg/kg, 1.p.), second group was received reserpine (6 mg/
kg, i.p.) and imipramine (10 mg/kg, i.p.), three experimental
groups received reserpine (6 mg/kg, i.p.) and three doses
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of pine needle extract (100, 300 and 500 mg/kg, p.o.),
respectively and the final group (control group) received
only vehicle (5% DMSO, i.p.).

The rats were placed individually in vertical Plexiglass
cylinder (50X20 cm) containing water (25°C) at a depth of
30 cm for a 15-min period (pre-test session). At the end of
this pre-test session, each rat was removed from the water,
partially dried with a towel and placed in a warm enclosure,
and afterwards returned back to their home cages. Twenty-
four hours later, the animals were exposed to the same
experimental conditions outlined above for only a 5-min
period (test session) and their behavior was videotaped
with videorecorder placed above the cylinder. The total
duration of immobility in each rat was measured during the
test session. Immobility was assigned when no additional
activity was observed other than that required to keep the
rat’s head above the water. The behavioral assessments were
performed by observers blind to experimental treatment.
Reserpine and vehicle were administered 24 h before
the test session. Imipramine and different doses of pine
needle extract were administered 24, 5 and 1 h before the
test session.

Open-field test

Locomotor activity was measured in the open-field test.
Twenty-four hours after the last treatment, all subjects
were tested in the open-field apparatus. The apparatus
consisted of a square arena (100X100 cm), with a 40-cm
high, opaque, white wall. The floor was divided into 25
equal square. The rats were individually placed in the center
of the arena and the following behavioral parameters were
measured over 5 min: Locomotion (number of squares
crossed) and rearing frequencies (number of times that the
rat stands on its hind legs). A square crossed was defined
as the rat placing its four paws into the quadrant and going
to the adjacent quadrant. The open field was cleaned with
a water-alcohol (10%) solution before behavioral testing
to avoid possible bias due to odors and/or residues left
by rats tested earlier. All experiments were carried out in
a quiet room under controlled light conditions between
10:00 a.m. and 12:00 a.m.

Statistical analysis

All the data were analyzed using one way analysis of
variance (ANOVA) followed by Tukey- Kramer’s multiple
comparison test. P-values <0.05 were considered significant.

RESULTS

Forced swimming test
Reserpine (6 mg/kg, i.p.) significantly (P<0.01) increased
immobility time in FST as compared to the control
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group [Figure 1]. imipramine (10 mg/kg, i.p.) significantly
(P<0.001) antagonized reserpine-induced increase in mean
immobility time in FST [Figure 1].

The oral administration of pine needle ethanolic extract
at dosage of 300 mg/kg significantly (P<0.001) decreased
mean immobility time in rats pretreated with reserpine as
compared to the animals received reserpine only. The same
effect was not observed at doses of 100 mg/kg and 500
mg/kg of pine needle extract (P>0.05) [Figure 1].

Moreover statistical significant increase (P<0.05) in mean
immobility time was observed with dose of 100 mg/kg pine
needle extract as compared to imipramine-treated group
[Figure 2]. There was no significant difference (P>0.05) in
mean immobility time between imipramine and other doses
of pine needle extract-treated groups [Figure 2].

There was no significant difference (P>0.05) in mean
immobility time between control group, and different doses
of pine needle extract-treated groups [Figure 3].

Open-field test

Significant differences in the number of crossed squares,
and the number of rearing times between groups had not
been found (P>0.05) [Figures 4 and 5].

DISCUSSION AND CONCLUSION

In the present study, we investigated the antidepressant

effect of ethanolic extract of P. eldarica Medw needles
using FST in rats. This test is the most widely used tool for
assessing antidepressant activity preclinically. Immobility
in this model is reduced by a variety of treatments which
are therapeutically effective in depression.!'

In this study, the oral administration of ethanolic extract
of P. eldarica Medw at the dose of 300 mg/kg reversed
reserpine-induced increase in immobility time in the FST,
demonstrating an antidepressant effect in this model.
Reserpine is a vesicular monoamines re-uptake blocker
which depletes monoamines in the brain, and produces
depression-like syndrome in animals.”” Since reserpine-
induced immobility is found to significantly reverse by
extract, it is tempting to suggest the involvement of
biogenic amines in antidepressant action of extract.

Decrease of mean immobility time produced by dose of
300 mg/kg extract was comparable to that produced by
imipramine (10 mg/kg), the standard antidepressant drug.
However, this effect was not observed at doses 100 mg/kg
and 500mg/kg of extract, indicating these doses of extract
were not able to antagonize reserpine effect in FST. Thus
the antidepressant-like effect of extract appeared not to
be in a dose-dependent manner.

Psychostimulants also reduce the time of immobility in the
FST.'"1n order to prove that the reduction of immobility
time was not caused by the stimulation of motor activity,
all groups were submitted to the open-field field test.”"' The
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Figure 1: Effects of drug treatments on the immobility time in forced
swimming test in rats. Columns represent Mean + S.E.M. Reserpine (6
mg/kg, i.p.) and vehicle (5% DMSO, i.p.) were administered 24 h before
the test session. Imipramine (10 mg/kg, i.p.), and different doses of pine
needle extract (100, 300 and 500 mg/kg, p.o.) were administered 24,
5 and 1 h before the test session. **P<0.01, ***P<0.001 as compared
to reserpine group using ANOVA and Tukey-Kramer's multiple
comparison test. (n=8)
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Figure 2: Effects of different doses of extract and imipramine on the
immobility time in forced swimming test in rats. Columns represent
Mean + SEM. Imipramine (10 mg/kg, i.p.), and different doses of pine
needle extract (100, 300 and 500 mg/kg, p.o.) were administered 24, 5
and 1 h before the test session. *P<0.05 as compared to imipramine-
treated group using ANOVA and Tukey-Kramer's multiple comparison
test. (n=8)
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Figure 3: Effects of different doses of extract and vehicle on the
immobility time in FST in rats. Columns represent Mean + SEM. Vehicle
(5% DMSO, i.p.), and different doses of pine needle extract (100, 300
and 500 mg/kg, p.o.) were administered 24, 5 and 1 h before the test
session. All groups were compared to control group using ANOVA and
Tukey-Kramer's multiple comparison test. (n=8)
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Figure 5: Effects of drug treatments on the number of rearing times
in the open-field test in rats. Columns represent Mean + SEM. All
drugs were administered 24 h before open field test. All groups were
compared to reserpine group using ANOVA and Tukey-Kramer's
multiple comparison test (n=8)

drugs administration resulted in any significant changes
in locomotor function, indicating that antidepressant
effect found in the FST was not bases on the stimulation
of locomotor activity. However, in our study, reserpine-
induced increase in locomotion (number of squares
crossed) in open-field test as compared to control group.
This data are contrary to the previous studies that have
shown reserpine to decrease locomotion in rats and other
animals.®**'Howevet, a few studies have reported increased
locomotor activity due to reserpine in mammals.+*!

The extract of P. eldarica needles contains flavonoids,
including proanthocyanins and flavonols. Isorhamnetin,
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Figure 4: Effects of drug treatments on the number of squares crossed
in the open-field test in rats. Columns represent Mean + SEM. All
drugs were administered 24 h before open field test. All groups were
compared to reserpine group using ANOVA and Tukey-Kramer's
multiple comparison test. (n=8)

quercetin and kaempferol are the most abundant
flavonols in P. e/darica needles.’ It can be speculated that
antidepressant-like effect of extract might be related to
the flavonoids quercetin, kaempferol and isorhamnetin.
Quercetin may exert beneficial actions on the central
nervous system (CNS) such as neuroprotective, anxiolytic
and cognitive-enhancing effects. It should be noted that
recent studies have demonstrated the permeability of
quercetin across the blood-brain barrier i situ and in
vivo.P? Thus, this evidence provides the possibility that
quercetin may exert modulatory effects on the central
nervous system. However, it is important to note that
the effects of quercetin may be mediated substantially
by its metabolites such as isorhamnetin.”! Quercetin
and kaempferol, as both flavonoids recently showed
antidepressant actvity in the FST.P"3? Quercetin, a flavonol
found in St. John’s wort (Hypericum perforatum) extract,
which is a herbal medicine used in the treatment of
depression.P’EGb 761 is a standardized extract from the
leaves of the herbal medicine Ginkgo biloba that contains a
high amount of quercetin, kaempferol and isorhamnetin. It
was reported that ginkgo flavonols, quercetin, kaempferol
and isorhamnetin exerted antidepressant-like effects in tail
suspension test after 7 days of intraperitoneal injection."

In another study, EGb761"® concentration dependently
inhibited synaptosomal uptake of dopamine, serotonin
(5-HT) and norepinephrine (NE) and MAO activity 7
vitro, although rather high concentrations are required for
inhibition of MAO-A and MAO-B activity. However, after
14 days of daily oral treatment with 100 mg/kg EGb761®
only NE uptake is significantly decreased in mice, while
5-HT uptake and MAO activity are not affected. The results
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of this study showed flavonoid fraction had the strongest
effect on 7n vitro 5-HT uptake and NE uptake.”!

Quercetin and kaempferol have shown MAO-A inhibitory
capabilities.’ I MAO-A preferentially deaminates serotonin
and norepinephtine.’ Thus, inhibition of MAO-A may
alleviate symptoms of depression.*”'In one study, quercetin
has been shown to influence the electropharmacogram of
adult rats in the same manner as moclobemide, a reversible
inhibitor of MAO-A. Furthermore, a certain similarity of
the electrical effects of quercetin is also observed to those
produced by imipramine.P!

Therefore, the antidepressant mechanisms of ethanolic
extract of P. eldarica needles is thought to involve extract
flavonoids, which inhibited uptake of monoamines or
MAO activity or both in the brain. However, further studies
dealing with the effects of extract on the reuptake of
monoamines and MAO activity in the brain are necessary
to clarify this issue.

In conclusion, our study is the first study to demonstrate
the antidepressant like activity of ethanolic extract of
P. eldarica needles in rats. However, further investigations
are essential for the isolation of the active principles of
P. eldarica and its mechanism of action.

REFERENCES

1. Blazer DG. Mood disorders: Epidemiology. In: Sadock BJ,
editor. Comprehensive textbook of psychiatry, 7t ed. New York:
Lippincott Williams and Wilkins; 2000. p. 1298-308.

2. Anisman H, Zacharko RM. Depression: the predisposing
influence of stress. Behav Brain Sci 1982;5:89-137.

3. Fava M, Kendler KS. Major depressive disorder. Neuron
2000;28:335-41.

4. Chambers CD, Hernandez-Diaz S, Van Marter LJ, Werler MM,
Louik C, Jones KL, et al. Selective serotonin-reuptake inhibitors
and risk of persistent pulmonary hypertension of the newborn. N
Engl J Med 2006;354:579-87.

5. Markowitz JS, Donovan JL, DeVane CL, Taylor RM, Ruan Y,
Wang JS, et al. Effect of St. John’s wort on drug metabolism
by induction of cytochrome P450 3A4 enzyme. JAMA
2003;290:1500-4.

6. Michelozzi M, Tognetti R, Maggino F, Radicati M. Seasonal
variations in monoterpene profiles and ecophysiological traits
in Mediterranean pine species of group “halepensis”. iForest
2008;1:65-74.

7. Mamedov N, Craker LE. Medicinal plants used for the treatment
of bronchial asthma in Russia and Central Asia. J Herbs Spices
Med Plants 2001;8:91-117.

8. Mamedov N, Gardner Z, Craker LE. Medicinal plants used
in Russia and Central Asia for the treatment of selected skin
conditions. J Herbs Spices Med Plants 2005;11:191-222.

9. Lee E. Effect of powdered pine needle (Pinus densiflora Sieb
et Zucc.) on serum and liver lipid composition and antioxidative
capacity in rats fed high oxidative fat. J Korean Soc Food Sci
Nutr 2003;32:926-30.

252

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Rohdewald P. A review of the French maritime pine bark extract
(Pycnogenol®): A herbal medication with a diverse clinical
pharmacology. Int J Clin Pharmacol Ther 2002;40:158-68.

Guri A, Kefalas P, Roussis V. Antioxidant potential of six pine
species. Phytother Res 2006;20:263-6.

Vuorela S, Kreander K, Karonen M, Nieminen R, Hamalainen
M, Galkin A, et al. Preclinical evaluation of rapeseed, raspberry,
and pine bark phenolics for health related effects. J Agric Food
Chem 2005;53:5922-31.

Li K, Li Q, Li J, Gao D, Zhang T, Han Z, et al. Effect of
procyanidins from Pinus koraiensis bark on growth inhibition
and expression of PCNA and TNF-a in mice with U14 cervical
cancer. Therapy 2007;4:685-90.

Potta SP, Doss MX, Hescheler J, Sachinidis A. Epigallocatechin-
3-gallate (EGCG): A structural target for the development of
potential therapeutic drugs against anti-proliferative diseases.
Drug Design Rev Online 2005;2:85-91.

Karonen M, Hamalainen M, Nieminen R, Klika KD, Loponen
J, Ovcharenko VV, et al. Phenolic extractives from the bark of
Pinus sylvestris L. and their effects on inflammatory mediators
nitric oxide and prostaglandin E2. J Agric Food Chem 2004;52:
7532-40.

Shashi B, Jaswant S, Madhusudana RJ, Kumar SA, Nabi
QG. A novel lignan composition from Cedrus deodara induces
apoptosis and early nitric oxide generation in human leukemia
Molt-4 and HL-60 cells. Nitric Oxide 2006;14:72-88.

Virgili F, Kobuchi H, Packer L. Nitrogen monoxide (NO)
metabolism: antioxidant properties and modulation of inducible
NO synthase activity in activated macrophages by procyanidins
extracted from Pinus maritime (Pycnogenol®). In: Rice-Evans
CA, editor. Flavonoids in Health and Disease, New York: Marcel
Dekker Inc.; 1998. p. 421-36.

Porsolt RD, Anton G, Blavet N, Jalfre M. Behavioural despair in
rats: A new model sensitive to antidepressant treatments. Eur J
Pharmacol 1978;47:379-91.

Detke MJ, Lucki I. Detection of serotonergic and noradrenergic
antidepressants in the rat forced swimming test: The effects of
water depth. Behav Brain Res 1996;73:43-6.

Kandel ER. Disorders of mood: Depression, mania, and anxiety
disorders. In: Kandel ER, editor. Principles of neural science, 4%
ed. New York: McGraw-Hill Companies; 2000. p. 1216-7.

Prut L, Belzung C. The open field as a paradigm to measure
the effects of drugs on anxiety-like behaviors: A review. Eur J
Pharmacol 2003;463:3-33.

Myron A, Hoffer MD. Effects of reserpine and amphetamine on
the development of hyperactivity in maternally deprived rat pups.
Psychosom Med 1980;42:513-20.

O’Gara BA, Chae H, Latham LB, Friesen WO. Modification of
leech behavior patterns by reserpine-induced amine depletion. J
Neurosci 1991;11:96-110.

Gluckman MI. Reserpine stimulation in mice. Fedn Proc Fedn
Am Socs Exp Biol 1964;23:197.

Magus RD, Krause FW, Riedel BE. Dissociation of reserpine-
induced depression of spontaneous motor activity and release
of brain serotonin in rats. Biochem Pharmacol 1964;13:943-7.

Kaundun SS, Lebreton P, Fady B. Genetic differences between
Pinus halepensis, Pinus brutia and Pinus eldarica based on
needle flavonoids. Biochem Syst Ecol 1997;25:553-62.

Paulke A, Schubert-Zsilavecz M, Wurglics M. Determination of
St. John’s wort flavonoid-metabolites in rat brain through high
performance liquid chromatography coupled with fluorescence
detection. J Chromatogr B Analyt Technol Biomed Life Sci
2006;832:109-13.

Youdim KA, Qaiser MZ, Begley DJ, Rice-Evans CA, Abbott NJ.

Pharmacognosy Magazine | Jul-Sep 2011 | Vol 7 | Issue 27



29.

30.

31.

32.

33.

34.

35.

Bolandghamat, et al.: Effect of ethanolic extract of pine needles on depression

Flavonoid permeability across an in situ model of the blood-brain
barrier. Free Radic Biol Med 2004;36:592-604.

Graf BA, Ameho C, Dolnikowski GG, Milbury PE, Chen CY,
Blumberg JB. Quercetin metabolism in the gastrointestinal tract
of the rat. J Nutr 2006;136:39-44.

Kawabata K, Kawai Y, Terao J. Suppressive effect of quercetin
on acute stress-induced hypothalamic-pituitary-adrenal axis
response in Wistar rats. J Nutr Biochem 2010;21:374-80.

Sakakibara H, Ishida K, Grundmann O, Nakajima J, Seo S,
Butterweck V, et al. Antidepressant effect of extracts from
Ginkgo biloba leaves in behavioral models. Biol Pharm Bull
2006;29:1767-70.

Hosseinzadeh H, Motamedshariaty V, Hadizadeh F.
Antidepressant effect of kaempferol, a constituent of saffron
(Crocus sativus) petal, in mice and rats. Pharmacologyonline
2007;2:367-70.

Dimpfel W. Rat electropharmacograms of the flavonoids rutin
and quercetin in comparison to those of moclobemide and
clinically used reference drugs suggest antidepressive and/or
neuroprotective action. Phytomedicine 2009;16:287-94.

Hou Y, Aboukhatwa MA, Lei DL, Manaye K, Khan |, Luo Y.
Anti-depressant natural flavonols modulate BDNF and beta
amyloid in neurons and hippocampus of double TgAD mice.
Neuropharmacology 2010;58:911-20.

Fehske CJ, Leuner K, Miller WE. Ginkgo biloba extract

Pharmacognosy Magazine | Jul-Sep 2011 | Vol 7 | Issue 27

(EGb761®) influences monoaminergic neurotransmission
via inhibition of NE uptake, but not MAO activity after chronic
treatment. Pharmacol Res 2009;60:68-73.

36. Saaby L, Rasmussen HB, Jager AK. MAO-A inhibitory activity
of quercetin from Calluna vulgaris (L.) Hull. J Ethnopharmacol
2009;121:178-81.

37. Chimenti F, Cottiglia F, Bonsignore L, Casu L, Casu M, Floris C,
et al. Quercetin as the active principle of Hypericum hircinum
exerts a selective inhibitory activity against MAO-A: Extraction,
biological analysis, and computational study. J Nat Prod
2006;69:945-9.

38. Han XH, Hong SS, Hwang JS, Lee MK, Hwang BY, Ro JS.
Monoamine oxidase inhibitory components from Cayratia
japonica. Arch Pharm Res 2007;30:13-7.

39. Billett EE. Monoamine oxidase (MAO) in human peripheral
tissues. Neurotoxicology 2004;25:139-48.

40. Yamada M, Yasuhara H. Clinical pharmacology of MAO
inhibitors: Safety and future. Neurotoxicology 2004;25:215-21.

Cite this article as: Bolandghamat S, Moghimi A, Iranshahi M. Effects of
ethanolic extract of pine needles (Pinus eldarica Medw.) on reserpine-induced
depression-like behavior in male Wistar rats. Phcog Mag 2011;7:248-53.

Source of Support: Nil, Conflict of Interest: None declared.

253


AzharS
Rectangle


