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Abstract
Background: There are reports in traditional medicine about the effectiveness of Ocimum basilicum (OB) in the treatment of anxiety. The 
Elevated Plus-Maze (EPM) has been predominantly used to investigate anxiety levels in rodents.
Objectives: The purpose of the present study was to investigate the effectiveness of extract of OB on rat behavior in the EPM test.
Materials and Methods: Male Wistar rats weighing 220 - 250 g were used in the present study. Forty rats were divided into 4 groups: 
three OB groups (25, 50, 100 mg/kg oral administration of OB for 7 days) and a saline control group. One day after the last day of feeding, 
the animals’ behavior in EPM was videotaped for 10 minutes. Then, their behavior scored for formal indexes of anxiety, such as the total 
distance covered by animals, the percentage of entries into and the time spent in open and closed arms.
Results: The results showed that after oral feeding of OB, the percentage of open arms entry and open arms time in EPM increased in the 
experimental groups. OB extract has no effect on the total distance covered by animals and number of closed arm entries.
Conclusions: Our results demonstrated that the extract of OB could induce anxiolytic effect in rats after 1 week oral administration. The 
effect of OB was not induced through changes in motor activity. Further investigations are necessary for pharmacological providing of OB 
and better understanding of its anxiolytic properties and neurobiological mechanisms.
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1. Background
Anxiety is a natural human reaction that involves both 

mind and body (1). Anxiety is defined by a diffuse, unpleas-
ant, vague sense of apprehension. It is often concomitant 
by autonomic symptoms, such as perspiration, palpita-
tions, headache, and tightness in the chest (2). Although, 
benzodiazepines have been known as an effective treat-
ment of anxiety disorders, they have several undesirable 
side effects. Therefore, further research is necessary to find 
new anxiolytic drugs with less adverse effects (3-5).

Literature review revealed that the use of plants in the 
management of illnesses has been since time antiquity, 
and continuously grown over time as complementary 
medicine because they were readily and cheaply available 
healthcare alternatives (6). Drugs isolated from traditional 
plants may have possible therapeutic effects on anxiety. 
Research has been conducted to study natural anti-anxiety 
compounds for an alternative therapy (5).

Ocimum basilicum (basil) (OB) is a plant from genus Oci-
mum belonged to family Lamiaceae (7). The Lamiaceae fam-
ily is one of the mostly used medicinal plants, a worldwide 
source of spices, and a consolidated source of extracts with 
strong antibacterial and antioxidant properties. These 
plants are used as spices and flavors for various food prod-

ucts as well as effective drugs for many applications in gen-
eral medicine (8, 9). Sweet basil is used in Mediterranean 
cuisine and foods such as soup, cream cheese for sandwich-
es, and pasta dishes (10, 11). All aerial segment of the plant 
were used in medicine for remedy of cold and its sedative 
effect. It was also used to cure heartburn, soothe nerves, 
as well as manufacturing perfume (12, 13). It has been tra-
ditionally used for treatment of a variety of neurological 
disorders such as anxiety, headache, migraine, nerve pain, 
inflammation, cough, digestive disorders, chest and lung 
complaints, fever, insect bites, menstrual cramps, sinusitis 
and as carminative and antispasmodic (10, 11). The essential 
oil from OB is used in food, health, and cosmetic industries 
(14, 15). Essential oil of the plant is a combination of terpe-
noids and phenylpropanoids such as citral, eugenol, meth-
yl eugenol, and methyl chavicol (16). Its major ingredients 
are monoterpene alcohols and phenols, amongst which are 
menthol, carvacrol, linalool, thymol, and eugenol (14, 15).

2. Objectives
The Elevated Plus-Maze (EPM) is one of the most widely 

used animal models of anxiety (17). EPM is a validated and 
reliable test for detecting both anxiolytic- and anxiogenic-
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like effects of agents (18-20). There are no published re-
ports in literature about the effect of the extract of OB on 
anxiety. On the basis of these considerations, this study 
was designed to characterize the anxiolytic-like activity of 
extract prepared from OB leaves, using an EPM test.

3. Materials and Methods

3.1. Plant Material
The aerial parts of Ocimum basilicum (basil) were pur-

chased before flowering from local market and stored in 
at low temperature for further use.

3.1.1. Preparation of Extract
At first, basil was air-dried and milled. A total of 100 g of 

the milled flower was extracted with 80% ethanol. After the 
third day, the flower extract was separated from the flower 
with a cloth sieve. For complete separation of the leaf from 
the extract, filter paper was used to sieve the extract it into 
a bottle. The extract was then taken to the laboratory for 
the process of evaporation. The evaporation process in-
volved the total removal of ethanol and water with which 
the extraction took place. The extract was concentrated us-
ing a rotary evaporator at 40°C. Then, it was dried at the 
laboratory temperature and dissolved in saline.

3.2. Animal
Male Wistar rats weighing 220 - 250 g were purchased 

from Razi institute, Tehran, Iran. Forty animals were divid-
ed into 4 groups: three OB groups (25, 50, 100 mg/kg ad-
ministration for 7 days by feeding) and one saline group. 
They were housed in groups of 4 per cage under a 12:12 
dark/light cycle (lights on at 07:00 AM) at 22 ± 2°C and giv-
en free access to food and water. Rats were randomly as-
signed to different treatment groups (n = 10). Each animal 
was tested only once. All experiments were carried out in 
a quiet room under controlled light conditions between 
10:00 AM and 2:00 PM. Furthermore, all experiments were 
conducted in accordance with international standards of 
animal welfare recommended by the society for neurosci-
ence (21).

3.3. Behavioral Test

3.3.1. Elevated Plus-Maze Test
EPM is one of the most commonly used models to assess 

anxiety in small rodents. Its design was similar to that orig-
inally described by Lister (22). In summary, the apparatus 
is composed of two open (50 cm × 10 cm× 1 cm) and two 
enclosed (50 cm × 10 cm × 50 cm) arms that radiate from a 
central platform (10 cm ×10 cm) to form a plus sign (Figure 
1). The plus-maze was elevated to a height of 50 cm above 
the floor level by a single central support. Oral administra-
tion of OB extract was done in 3 doses (25, 50, 100 mg/kg 
prescription for one week by feeding). One day after the 

last day of feeding, animals’ behavior in the experimen-
tal sessions (10 minutes) was recorded by a video camera 
located above the maze, interfaced with a monitor and a 
computer in an adjacent room. The recorded behavior in 
the computer was subsequently scored for conventional 
indexes of anxiety. These indexes were the total distance 
covered by animals, the time spent in, and the number of 
entries into two kinds of arms within the test session.

3.4. Statistical Analysis
The difference between the means was determined 

by 1-way ANOVA followed by Tukey post hoc analysis. 
Results are expressed as Mean ± SEM. If the P value was 
under 0.05, results would be considered statistically sig-
nificant.

4. Results
The total distance travelled by the OB extract treated 

groups within the 10-minute test was not significantly (P 
> 0.05) different from that of the control group (Figure 
2). The effects of different doses of the OB extract on the 
duration of time spent in the open arms are shown in Fig-
ure 3. One-way ANOVA indicated that OB treated groups 
spent more time in the open arms compared to the con-
trol group. Tukey post hoc test analysis showed that ex-
tract-treated groups under the doses of 50 and 100 mg/
kg, spent more time in the open arms (P < 0.01).

The effects of different doses of hydroalcoholic extract 
of OB on the percentage of animal entries into the open 
arms are shown in Figure 4. One-way ANOVA indicated 
that compared to the control group, extract of OB caused 
an increase in the percentage of animal entries into the 
open arms. Also, Tukey post hoc test analysis showed that, 
OB has a significant increase in the percentage of animal 
entries into the open arms in concentrations of 50 mg/kg 
(P < 0.05) and 100 mg/kg (P < 0.01), but not at 25 mg/kg in 
comparison to the control group.

The number of entries into the closed arms was not sig-
nificantly different between the OB treated and control 
groups (Figure 5).

Figure 1. Elevated Plus-Maze System

The maze contains two open arms and two closed (wall-sheltered) ones.
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Figure 2. The Effects of Ocimum basilicum Extract (25, 50, 100 mg/kg) on 
the Total Distance Travelled by the Animals Within the 10 Minutes Test 
Session
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Data are expressed as mean ± SEM. Comparisons were made using ANVOA 
followed by post hoc Tukey multiple comparisons test (n = 10, in each 
group).

Figure 3. The Effects of Ocimum basilicum Extract (25, 50, 100 mg/kg) on 
the Time Spent by Animals in the Open Arms Within the 10 Minutes Test 
Session
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Data are expressed as mean ± SEM. Comparisons were made using ANVOA 
followed by post hoc Tukey multiple comparisons test (n = 10). *: P < 0.05. 
**: P < 0.01.

Figure 4. The Effects of Ocimum basilicum Extract (25, 50, 100 mg/kg) on 
the Percentage of Animal Entries Into the Open Arms of the EPM Within 
the 10 Minutes of Test Period
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Data are expressed as mean ± SEM. Comparisons were made using ANVOA 
followed by post hoc Tukey multiple comparisons test (n = 10). *: P < 0.05. 
**: P < 0.01.

Figure 5. The Effects of Ocimum basilicum Extract (25, 50, 100 mg/kg) on 
the Number of Closed Arm Animal Entries During the 10 Minutes Test 
Session
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Data are expressed as mean ± SEM. Comparisons were made using ANVOA 
followed by post hoc Tukey multiple comparisons test (n = 10).

5. Discussion
Our experiment studied the behavioral effects of the 

hydroalcoholic extract from the OB. The results of the 
present study demonstrated that the extract of OB in-
creased both the percentage of entries and the percent-
age of the time spent of rats in the open arms of the 
maze. In other words, the extract was able to produce 
anxiolytic effect in rats after one week oral administra-
tion. The effect of OB was not produced by changes in 
motor behavior, because the total distance travelled by 
the animals was not altered. An increment in the time 
and the percentage of the entrances into the open arms 
without changing locomotors behavior is a potent sign 
for anxiolytic effect of the OB extract (19, 23-28).

According to the literature, benzodiazepines are the ma-
jor class of compounds used in anxiety (3). However, as 
benzodiazepines present a narrow safety margin between 
their anxiolytic effect and unwanted side effects, many re-
searchers has prompted to evaluate new compounds (4, 
5, 29, 30). Given the above mentioned problem, this study 
aimed to determine the anxiolytic-like activity of the hy-
droalcoholic extract produced from OB. Herbs had been 
utilized for medicinal goals long before recorded history 
(31) and their utilization in medicate is still well-dissemi-
nated around the world (32, 33). Many herbs exert known 
pharmaceutical effects on the CNS and are able to act on 
chronic conditions such as anxiety that do not respond 



Nemati Z et al.

Avicenna J Neuro Psych Physio. 2015;2(2):e311364

well to conventional medicinal treatments (34). Various 
kinds of plant medicines have been used as anxiolytics 
in different regions of the world (5). Some parts of OB are 
traditionally used as antispasmodic, aromatic, carmina-
tive, digestive, galactogogue, stomachic, and tonic agents 
(35-37). They have also been used as a traditional medicine 
to treat various ailments such as migraine, insomnia, 
depression, nausea, abdominal cramps, poor digestion, 
gonorrhea, and persistent diarrhea (38). These therapeutic 
effects are caused by some properties of this plant. These 
properties include its hypoglycemic, hypolipidemic (39), 
antiulcerogenic (40), antimicrobial (41), chemopreventive 
(42), antimutagenic (43), antioxidant (44), and antihyper-
tensive (45). Externally, they have been used for the treat-
ment of skin infections (46).

Several studies have been conducted to explore multiple 
neural substrates and mechanisms that contribute to the 
etiology of anxiety, among them the imbalance between 
oxidation and antioxidant defense system has gained 
much attention (47). Some studies have demonstrated 
the role of oxidative stress in the anxiety of rodents (48-
50). Also, many reports suggest that the perturbation of 
antioxidant defense is important in the process of emo-
tional disorders such as depression and anxiety (47). Ac-
cording to these reports, the induction of oxidative stress 
in mice CNS occurs concomitantly with anxiety (50). High 
degree of anxiety has been positively associated with the 
increase in reactive oxygen species (ROS) level. In another 
study, oxidative stress in hippocampus of adult rats was 
shown to be anxiogenic (51, 52). Moreover, the increase in 
anxiety-like behavior is reversed by antioxidant tempol 
treatment, suggesting direct involvement of oxidative 
stress in mediating anxiety-like behavior of rats (53).

Previous studies have shown that OB contains a high de-
gree of antioxidant activity (54), which is attributed to its 
terpenoids, polyphenols, and flavonoids like quercetin, 
kaempferol, myricetin, tannins like catechin, (55) and es-
sential oils like eugenol and methyl chavicol (56). It has 
been mentioned that the antioxidant activity of plants 
might be due to their phenolic compounds. The phenols 
with linalool are the major components of OB (57). In the 
present study, OB extract decreased the level of anxiety in 
animals. In connection to this finding, an effect of linalo-
ol inhalation has been shown to reduce anxiety (58). Also, 
it has been reported that linalool prevents glutamate 
(the main excitatory neurotransmitter) from binding to 
its receptors in the neocortex of rats (59). The presence 
of linalool, linalyl acetate, in the plant extract supports 
the claim that the extract has sedative effect (60). Accord-
ing to another study, it has been shown that kaempferol 
induce anxiolytic activities in the elevated plus-maze test 
in mice (61). Quercetin decreases corticotrophin releas-
ing factor (CRF) expression in the brain, which is com-
monly implicated in the high anxiety (62). CRF release 
from hypothalamus and consequent secretion of adre-
nocorticotropic hormone form the anterior pituitary 
and glucocorticoid from the adrenal cortex are the major 

endocrine response to stress (63). It is possible that these 
compounds play essential role in anxiolytic properties of 
OB in EPM test.

In summary, our data provide direct evidence that oral 
administration of OB extract may have anxiolytic effects 
in rats. Possibly, the anxiolytic activity observed in this 
work was not only dependent on the polyphenols, fla-
vonoid, or essential oil content, but also related to other 
substances with antioxidant activities. Further investiga-
tions are necessary for providing pharmacological prod-
ucts of OB and better understanding of anxiolytic proper-
ties and neurobiological mechanisms of OB extract.

Acknowledgments
The authors would like to express their gratitude to 

Neurophysiology Research Center staff for helping us to 
carry out this project.

Footnotes
Authors’ Contribution:Study concept and design: Ali-

reza Komaki, Zahra Nemati, and Siamak Shahidi; acquisi-
tion of data: Zahra Nemati, Samaneh Oveisi, and Alireza 
Komaki; analysis and interpretation of data: Alireza Ko-
maki, Samaneh Oveisi, and Zahra Nemati; drafting of the 
manuscript: Alireza Komaki and Siamak Shahidi; critical 
revision of the manuscript for important intellectual 
content: Alireza Komaki and Zahra Nemati; statistical 
analysis: Alireza Komaki and Siamak Shahidi; administra-
tive, technical, and material support: Alireza Komaki, Sa-
maneh Oveisi, and Zahra Nemati; and study supervision: 
Alireza Komaki and Siamak Shahidi.

Funding Support:This research was supported by a 
grant (Grant No: 8912154841) from the Hamadan Univer-
sity of Medical Sciences, Hamadan, Iran.

References
1.       Pellow S. Anxiolytic and anxiogenic drug effects in a novel test of 

anxiety: are exploratory models of anxiety in rodents valid? Meth-
ods Find Exp Clin Pharmacol. 1986;8(9):557–65. [PubMed: 2877126]

2.       Freedman AM, Kaplan HI. Comprehensive Textbook of Psychiatry. Am 
J Med Sci. 1967;254(6):915. doi: 10.1097/00000441-196712000-00052.

3.       Lader M, Morton S. Benzodiazepine problems. Br J Addict. 
1991;86(7):823–8. [PubMed: 1680514]

4.       Griffiths RR, Ator NA, Roache JD, Lamb RJ. Abuse liability of tri-
azolam: experimental measurements in animals and humans. 
Psychopharmacol Ser. 1987;3:83–7. [PubMed: 3823094]

5.       Grundmann O, Nakajima J, Seo S, Butterweck V. Anti-anxiety 
effects of Apocynum venetum L. in the elevated plus maze 
test. J Ethnopharmacol. 2007;110(3):406–11. doi: 10.1016/j.
jep.2006.09.035. [PubMed: 17101250]

6.       Bussmann RW, Swartzinsky P, Worede A, Evangelista P. Plant use 
in Odo-Bulu and Demaro, Bale region, Ethiopia. J Ethnobiol Eth-
nomed. 2011;7:28. doi: 10.1186/1746-4269-7-28. [PubMed: 21943288]

7.       Bunrathep S, Palanuvej C, Ruangrungsi N. Chemical composi-
tions and antioxidative activities of essential oils from four Oci-
mum species endemic to Thailand. J Health Res. 2007;21(3):201–6.

8.       Sacchetti G, Medici A, Maietti S, Radice M, Muzzoli M, Manfredini 
S, et al. Composition and functional properties of the essential 
oil of amazonian basil, Ocimum micranthum Willd., Labiatae in 
comparison with commercial essential oils. J Agric Food Chem. 
2004;52(11):3486–91. doi: 10.1021/jf035145e. [PubMed: 15161220]



Nemati Z et al.

5Avicenna J Neuro Psych Physio. 2015;2(2):e31136

9.       Jirovetz L, Buchbauer G, Shafi MP, Kaniampady MM. Chemotaxo-
nomical analysis of the essential oil aroma compounds of four 
different Ocimum species from southern India. Eur Food Res Tech-
nol. 2003;217(2):120–4. doi: 10.1007/s00217-003-0708-1.

10.       Kales A, Vgontzas AN. Not all benzodiazepines are alike. Psychiat: 
a world perspective. 1990;3:379–84.

11.       De Tullio P, Kirking DM, Zacardelli DK, Kwee P. Evaluation of long-
term triazolam use in an ambulatory Veterans Administration 
Medical Center population. DICP. 1989;23(4):290–3. [PubMed: 
2658374]

12.       Zhengyi W, Raven PH, DeYuan H. Flora of China. Volume 9: Pittospo-
raceae through Connaraceae. Australia: Science Press; 2003.

13.       Bora KS, Arora S, Shri R. Role of Ocimum basilicum L. in pre-
vention of ischemia and reperfusion-induced cerebral dam-
age, and motor dysfunctions in mice brain. J Ethnopharma-
col. 2011;137(3):1360–5. doi: 10.1016/j.jep.2011.07.066. [PubMed: 
21843615]

14.       Bassole IH, Ouattara AS, Nebie R, Ouattara CA, Kabore ZI, Traore 
SA. Chemical composition and antibacterial activities of the es-
sential oils of Lippia chevalieri and Lippia multiflora from Burki-
na Faso. Phytochemistry. 2003;62(2):209–12. [PubMed: 12482458]

15.       Zheljazkov VD, Callahan A, Cantrell CL. Yield and oil composition 
of 38 basil (Ocimum basilicum L.) accessions grown in Missis-
sippi. J Agric Food Chem. 2008;56(1):241–5. doi: 10.1021/jf072447y. 
[PubMed: 18072735]

16.       Javanmardi J, Khalighi A, Kashi A, Bais HP, Vivanco JM. Chemical 
characterization of basil (Ocimum basilicum L.) found in local 
accessions and used in traditional medicines in Iran. J Agric Food 
Chem. 2002;50(21):5878–83. [PubMed: 12358453]

17.       Hendrie CA, Weiss SM, Eilam D. Exploration and predation mod-
els of anxiety: evidence from laboratory and wild species. Phar-
macol Biochem Behav. 1996;54(1):13–20. [PubMed: 8728534]

18.       Hogg S. A review of the validity and variability of the elevated 
plus-maze as an animal model of anxiety. Pharmacol Biochem Be-
hav. 1996;54(1):21–30. [PubMed: 8728535]

19.       Pellow S, Chopin P, File SE, Briley M. Validation of open:closed 
arm entries in an elevated plus-maze as a measure of anxiety in 
the rat. J Neurosci Methods. 1985;14(3):149–67. [PubMed: 2864480]

20.       Pellow S, File SE. Anxiolytic and anxiogenic drug effects on 
exploratory activity in an elevated plus-maze: a novel test of 
anxiety in the rat. Pharmacol Biochem Behav. 1986;24(3):525–9. 
[PubMed: 2871560]

21.       Society for Neuroscience. Handbook for the Use of Animals in Neu-
roscience Research.Washington, D.C: SfN; 1991.

22.       Lister RG. The use of a plus-maze to measure anxiety in the mouse. 
Psychopharmacology (Berl). 1987;92(2):180–5. [PubMed: 3110839]

23.       Komaki A, Khaledi Nasab Z, Shahidi S, Sarihi A, Salehi I, Ghaderi 
A. Anxiolytic Effects of Acute Injection of Hydro-Alcoholic Extract 
of Lettuce in the Elevated Plus-Maze Task in Rats. Avicenna J Neuro 
Psych Physio. 2014;1(1):e18695. doi: 10.17795/ajnpp-18695.

24.       Komaki A, Abdollahzadeh F, Sarihi A, Shahidi S, Salehi I. Interac-
tion between Antagonist of Cannabinoid Receptor and Antago-
nist of Adrenergic Receptor on Anxiety in Male Rat. Basic Clin 
Neurosci. 2014;5(3):218–24. [PubMed: 25337383]

25.       Komaki A, Hashemi-Firouzi N, Shojaei S, Souri Z, Heidari S, Shahi-
di S. Study the Effect of Endocannabinoid System on Rat Behavior 
in Elevated Plus-Maze. Basic Clin Neurosci. 2015;6(3):147–54.

26.       Nemati Z, Komaki A, Shahidi S, Sarihi A. Effect of a Hydroalco-
holic Extract of Rosa Canina Flowers on Anxiety in Rats. Neuro-
physiol. 2015;47(2):133–7. doi: 10.1007/s11062-015-9509-y.

27.       Komaki A, Rasouli B, Shahidi S. Anxiolytic Effect of Borago offici-
nalis (Boraginaceae) Extract in Male Rats. Avicenna J Neuro Psych 
Physio. 2015;2(1):e27189. doi: 10.17795/ajnpp-27189.

28.       Komaki A, Haghgooyan A, Shahidi S, Sarihi A, Salehi I. Interaction 
Between L-Type Calcium Channels and Antagonist of Cannabi-
noid System on Anxiety in Male Rat. Avicenna J Neuro Psych Physio. 
2014;1(2):e24450. doi: 10.17795/ajnpp-24450.

29.       Lader MH. Limitations on the use of benzodiazepines in anxiety 
and insomnia: are they justified? Eur Neuropsychopharmacol. 
1999;9:S399–405. doi: 10.1016/s0924-977x(99)00051-6. [PubMed: 
10622686]

30.       Holm M. One year follow-up of users of benzodiazepines in gen-

eral practice. Dan Med Bull. 1990;37(2):188–91. [PubMed: 2344773]
31.       Chevallier A. The encyclopedia of medicinal plants. London: Dor-

ling Kindersley; 1996. p. 336.
32.       Begossi A, Hanazaki N, Peroni N. Knowledge and use of biodiver-

sity in Brazilian hot spots. Environ Dev Sustain. 2000;2(3/4):177–93. 
doi: 10.1023/a:1011409923520.

33.       Long CL, Li H, Ouyang Z, Yang X, Li Q, Trangmar B. Knowledge 
and use of biodiversity in Brazilian hot spots. Biodivers Conserv. 
2003;12(6):1145–56. doi: 10.1023/a:1023085922265.

34.       Blanco MM, Costa CA, Freire AO, Santos JG, Costa M. Neurobe-
havioral effect of essential oil of Cymbopogon citratus in 
mice. Phytomedicine. 2009;16(2-3):265–70. doi: 10.1016/j.phy-
med.2007.04.007. [PubMed: 17561386]

35.       Chiej R. London, UK: MacDonald; 1984. Encyclopaedia of Medici-
nal Plants.

36.       Duke JA, Ayensu ES. Medicinal Plants of China. 2 Vols. 705 S., 1300 
Strichzeichnungen. Reference Publ., Inc. Algonac. Michigan. 1985.

37.       Adigüzel A, Güllüce M, ŞENGÜL M. Antimicrobial effects of Oci-
mum basilicum (Labiatae) extract. Turk J Biol. 2005;29(3):155–60.

38.       Jain SK. Ethnobotany and research in medicinal plants in India Eth-
nobot Search New Drugs.New York: John Wiley and sons; 1994.

39.       Zeggwagh N, Sulpice T, Eddouks M. Anti-hyperglycaemic and 
hypolipidemic effects of Ocimum basilicum aqueous extract in 
diabetic rats. Am J Pharmacol Toxicol. 2007;2(3):123–9. doi: 10.3844/
ajptsp.2007.123.129.

40.       Akhtar MS, Munir M. Evaluation op the gastric antiulcerogenic ef-
fects of Solanum nigrum, Brassica oleracea and Ocimum basili-
cum in rats. J Ethnopharmacol. 1989;27(1):163–76. doi: 10.1016/0378-
8741(89)90088-3. [PubMed: 2515396]

41.       Kaya I, Yiğit, N., Benli, M. Antimicrobial activity of various ex-
tracts of Ocimum basilicum L. and observation of the inhibition 
effect on bacterial cells by use of scanning electron microscopy. 
Afr J Tradit Complementary Altern Med. 2008;5(4):363–9.

42.       Dasgupta T, Rao AR, Yadava PK. Chemomodulatory efficacy of ba-
sil leaf (Ocimum basilicum) on drug metabolizing and antioxi-
dant enzymes, and on carcinogen-induced skin and forestom-
ach papillomagenesis. Phytomedicine. 2004;11(2-3):139–51. doi: 
10.1078/0944-7113-00289. [PubMed: 15070164]

43.       Stajković O, Berić-Bjedov T, Mitić-Ćulafić D, Stanković S, Vuković-
Gačić B, Simić D, et al. Antimutagenic properties of basil (Oci-
mum basilicum L.) in Salmonella typhimurium TA100. Food Tech-
nol Biotechnol. 2007;45(2):213–7.

44.       Capecka E, Mareczek A, Leja M. Antioxidant activity of fresh and 
dry herbs of some Lamiaceae species. Food chem. 2005;93(2):223–
6. doi: 10.1016/j.foodchem.2004.09.020.

45.       Levy BI, Michel JB, Salzmann JL, Azizi M, Poitevin P, Safar M, et al. Ef-
fects of chronic inhibition of converting enzyme on mechanical 
and structural properties of arteries in rat renovascular hyper-
tension. Circ Res. 1988;63(1):227–39. [PubMed: 3383377]

46.       Martin KW, Ernst E. Herbal medicines for treatment of fungal 
infections: a systematic review of controlled clinical trials. My-
coses. 2004;47(3-4):87–92. doi: 10.1046/j.1439-0507.2003.00951.x. 
[PubMed: 15078424]

47.       Ding L, Zhang C, Masood A, Li J, Sun J, Nadeem A, et al. Protective 
effects of phosphodiesterase 2 inhibitor on depression- and anx-
iety-like behaviors: involvement of antioxidant and anti-apop-
totic mechanisms. Behav Brain Res. 2014;268:150–8. doi: 10.1016/j.
bbr.2014.03.042. [PubMed: 24694839]

48.       de Almeida AA, de Carvalho RB, Silva OA, de Sousa DP, de Freitas 
RM. Potential antioxidant and anxiolytic effects of (+)-limonene 
epoxide in mice after marble-burying test. Pharmacol Biochem 
Behav. 2014;118:69–78. doi: 10.1016/j.pbb.2014.01.006. [PubMed: 
24463201]

49.       de Oliveira MR, Silvestrin RB, E Souza TM, Moreira JCF. Oxidative 
stress in the hippocampus, anxiety-like behavior and decreased 
locomotory and exploratory activity of adult rats: effects of sub 
acute vitamin A supplementation at therapeutic doses. Neuro-
toxicology. 2007;28(6):1191–9. doi: 10.1016/j.neuro.2007.07.008. 
[PubMed: 17727954]

50.       Masood A, Nadeem A, Mustafa SJ, O'Donnell JM. Reversal of oxida-
tive stress-induced anxiety by inhibition of phosphodiesterase-2 
in mice. J Pharmacol Exp Ther. 2008;326(2):369–79. doi: 10.1124/



Nemati Z et al.

Avicenna J Neuro Psych Physio. 2015;2(2):e311366

jpet.108.137208. [PubMed: 18456873]
51.       Souza CG, Moreira JD, Siqueira IR, Pereira AG, Rieger DK, Souza 

DO, et al. Highly palatable diet consumption increases protein 
oxidation in rat frontal cortex and anxiety-like behavior. Life Sci. 
2007;81(3):198–203. doi: 10.1016/j.lfs.2007.05.001. [PubMed: 17574275]

52.       Bouayed J, Rammal H, Younos C, Soulimani R. Positive correla-
tion between peripheral blood granulocyte oxidative status and 
level of anxiety in mice. Eur J Pharmacol. 2007;564(1-3):146–9. doi: 
10.1016/j.ejphar.2007.02.055. [PubMed: 17395178]

53.       Salim S, Sarraj N, Taneja M, Saha K, Tejada-Simon MV, Chugh G. 
Moderate treadmill exercise prevents oxidative stress-induced 
anxiety-like behavior in rats. Behav Brain Res. 2010;208(2):545–52. 
doi: 10.1016/j.bbr.2009.12.039. [PubMed: 20064565]

54.       Juliani HR, Simon JE. Antioxidant activity of basil. Alexandria, VA: 
Trends in new crops and new use; 2002.

55.       Grayer RJ, Kite GC, Goldstone FJ, Bryan SE, Paton A, Putievsky E. 
Infraspecific taxonomy and essential oil chemotypes in sweet 
basil, Ocimum basilicum. Phytochemistry. 1996;43(5):1033–9. 
[PubMed: 8987875]

56.       Politeo O, Jukic M, Milos M. Chemical composition and an-
tioxidant capacity of free volatile aglycones from basil (Oci-
mum basilicum L.) compared with its essential oil. Food Chem. 
2007;101(1):379–5. doi: 10.1016/j.foodchem.2006.01.045.

57.       de Almeida ER, Rafael KR, Couto GB, Ishigami AB. Anxiolytic 
and anticonvulsant effects on mice of flavonoids, linalool, and 
alpha-tocopherol presents in the extract of leaves of Cissus si-
cyoides L. (Vitaceae). J Biomed Biotechnol. 2009;2009:274740. doi: 

10.1155/2009/274740. [PubMed: 19300520]
58.       Souto-Maior FN, de Carvalho FL, de Morais LC, Netto SM, de Sousa 

DP, de Almeida RN. Anxiolytic-like effects of inhaled linalool 
oxide in experimental mouse anxiety models. Pharmacol Bio-
chem Behav. 2011;100(2):259–63. doi: 10.1016/j.pbb.2011.08.029. 
[PubMed: 21925533]

59.       Elisabetsky E, Marschner J, Souza DO. Effects of Linalool on glu-
tamatergic system in the rat cerebral cortex. Neurochem Res. 
1995;20(4):461–5. [PubMed: 7651584]

60.       Buchbauer G, Jirovetz L, Jager W, Plank C, Dietrich H. Fragrance 
compounds and essential oils with sedative effects upon inhala-
tion. J Pharm Sci. 1993;82(6):660–4. [PubMed: 8331544]

61.       Grundmann O, Nakajima J, Kamata K, Seo S, Butterweck V. 
Kaempferol from the leaves of Apocynum venetum possesses 
anxiolytic activities in the elevated plus maze test in mice. Phyto-
medicine. 2009;16(4):295–302. doi: 10.1016/j.phymed.2008.12.020. 
[PubMed: 19303276]

62.       Bhutada P, Mundhada Y, Bansod K, Ubgade A, Quazi M, Umathe 
S, et al. Reversal by quercetin of corticotrophin releasing factor 
induced anxiety- and depression-like effect in mice. Prog Neuro-
psychopharmacol Biol Psychiatry. 2010;34(6):955–60. doi: 10.1016/j.
pnpbp.2010.04.025. [PubMed: 20447436]

63.       Pravinkumar SJ, Edwards G, Lindsay D, Redmond S, Stirling J, 
House R, et al. A cluster of Legionnaires' disease caused by Legio-
nella longbeachae linked to potting compost in Scotland, 2008-
2009. Euro Surveill. 2010;15(8):19496. [PubMed: 20197024]


