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Abstract

Ocimum basilicum L has been traditionally used for the treatment of inflammatory bowel disease in Iran. This study investigates the
ameliorative effect of Ocimum basilicum essential oil on an acetic acid—induced colitis model in rats. Ocimum basilicum essential oil
with 2 doses (200 and 400 pl/kg) significantly ameliorated wet weight/length ratio of colonic tissue compared to the control
group. Higher doses of essential oil (200 and 400 1L/kg) significantly reduced ulcer severity, ulcer area, and ulcer index. On the
other hand, histological examination revealed the diminution of total colitis index as a marker for inflammatory cell infiltration in
the colonic segments of rats treated with Ocimum basilicum essential oil (200 and 400 pL/kg). The increased level of myeloper-
oxidase was significantly decreased after the treatment with the essential oil (200 and 400 pL/kg). These results suggest that

Ocimum basilicum exhibits protective effect against acetic acid—induced colitis.
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Inflammatory bowel diseases (IBDs), including ulcerative colitis
and Crohn’s disease, are immune-mediated chronic relapsing
intestinal disorders characterized by the presence of the chronic
inflammatory process of the bowel. Although the etiopathogenesis
of IBD remains unclear, the current literature suggests that genetic,
microbial, environmental, and immune factors contribute to the
disease.! The main physical symptoms include abdominal pain,
diarrhea, mucous, bloody stools, and psychosocial consequences
such as loss of control, energy, feeling a burden, isolation, and
fear.? The pathological characteristics of ulcerative colitis consist
of transmural inflammation of neutrophils, macrophages, and lym-
phocytes, ultimately leading to nonspecific intestinal inflamma-
tion.* Moreover, it has been proposed that the inflammatory
cascade in the pathological process of colitis results from the
overexpression of pro-inflammatory mediators such as cyto-
kines, eicosaniods, reactive oxygen species, and neutrophil
infiltration.” Available current therapy for IBD including cor-
ticosteroids, 5-aminosalicylates, and immunosuppressants, is
not entirely effective and both short-term and long-term
adverse effects confine their use.® Nowadays, there is an
increasing interest for traditional, complementary and alterna-
tive medicines.” It may have originated from their easy acces-
sibility, lower costs, and possibly their lower adverse effects.®
Traditional Persian medicine as one of the most ancient schools

is a welcomed system in Iran.”"'® Ocimum basilicum has been
mentioned in different traditional Persian medicine resources
such as Avicenna (980-1037 AD) Canon of Medicine for a vari-
ety of diseases.'"'? In addition, Aghili Shirazi, in his famous
book, The Storehouse of Medicaments, which was written
about 1772 AD, has recommended it for symptoms presenting
in ulcerative colitis."*'* In recent decades, medicinal plants
have been used as an important source for the search of new
compounds with anti-inflammatory potential.'> Ocimum basi-
licum L (Lamiaceae), popularly known as basil, is a culinary
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plant extensively utilized as a flavoring agent and has been
applied for the treatment of gastrointestinal disorders including
diarrhea, vomiting, gastrodynia, dyspepsia, flatulence, and gastri-
tis.'®!” Relevant studies have identified anti-inflammatory, anti-
oxidant, antiulcerogenic, immunomodulatory, antitumor,
antibacterial, antiviral, and antifungal activities of the Ocimum
genus.'®'%24 Sajjadi demonstrated 20 compounds of essential oil
being obtained from Ocimum basilicum cultivated in Isfahan,
Iran, namely methyl-chavicol (52.4%), linalool (20.1%),
epi-o-cadinol (5.9%), and trans-a-bergamotene (5.2%).% In
addition, it has been shown that natural monoterpenes act as
anti-inflammatory drugs.?® Hence, the present study aimed to
assess the anti-inflammatory potential of Ocimum basilicum
essential oil as a source of monoterpenes in the rat model of
acetic acid—induced colitis. We have investigated the inflam-
matory response by macroscopic and histopathological analy-
sis as well as the determination of myeloperoxidase as an
inflammation marker.

Methods

Plant Material and Preparation of Essential Oil

The aerial parts of the plant were collected from Najwan district, Isfa-
han, Iran. A voucher specimen (No. RD-112) was deposited by Dr
Ghannadi, a plant taxonomist at the Herbarium of Faculty of Phar-
macy and Pharmaceutical Sciences, Isfahan University of Medical
Sciences, Isfahan, Iran. The essential oil was prepared by hydrodistil-
lation of the air-dried, powdered, aerial parts of the plant for 3 hours
according to the method recommended in European Pharmacopoeia.?’

Analysis of the Essential Oil

The essential oil was analyzed by gas chromatography—mass spectro-
metry (GC/MS) on a Hewlett Packard 6890 MS selective detector
coupled with Hewlett Packard 6890 gas chromatograph equipped with
a cross-linked 5% PHME siloxane HP-5MS capillary column (30 m x
0.25 mm; film thickness 0.25 um) operated under the same conditions
as follows: carrier gas, helium with a flow rate of 2 mL/min; column
temperature, 60°C to 275°C at 4°C/min; injector and detector tem-
perature, 280°C; volume injected, 0.1 pL of the oil; split ratio, 1:50.
The MS operating parameters were as follows: ionization potential
70 eV, ionization current 2 A, ion source temperature 200°C, resolu-
tion 1000. The identification of oil components was based on the com-
puter matching with the Wiley 275L library as well as comparison of
the fragmentation patterns of mass spectra with those reported in the
literature.”®3° The relative percentage of the oil constituents was cal-
culated from peak areas.

Animals

Thirty-six male Wistar rats (180-220 g) acquired from the animal
house of the School of Pharmacy, Isfahan University of Medical
Sciences, Isfahan, Iran, were used in this study. Animals were main-
tained at controlled environmental conditions where the temperature
was maintained at 20°C to 23°C, relative humidity at 50% to 60%, with
a 12:12 hour light/dark cycle. All animals were given access to a stan-
dard pellet diet and water ad libitum. Animals were housed individually
in standard cages and acclimatized for 7 days before the initiation of the

treatment. The animal study was approved by the guideline of the Ethi-
cal Committee of Isfahan University of Medical Sciences.

Chemicals

Dexamethasone was purchased from Iran Hormone Pharmaceutical
Company (Tehran, Iran). Hexadecyl trimethyl-ammonium bromide
(HTAB) and O-dianisidine dihydrochloride were purchased from
Sigma Chemical Co (St Louis, MO). Formalin solution 35% w/w, gla-
cial acetic acid, and diethyl ether oxide were purchased form Merck
(Darmstadt, Germany). All other solvents and chemicals were of ana-
Iytical grade. Test samples including the suspension of reference drug
and the emulsion of Ocimum basilicum essential oil were freshly pre-
pared using 0.2% Tween 80 in normal saline as a vehicle for oral (po)
administration.

Animal Groups

Animals were randomly divided into following groups of 6 rats in
each: sham group, received normal saline (1 mL, po) without induc-
tion of colitis; control group, received vehicle (1 mL, 0.2% Tween
80, po) 2 hours before induction of colitis; dexamethasone group, dex-
amethasone (2 mg/kg, po) was given 2 hours prior to induction of coli-
tis. Test groups received Ocimum basilicum essential oil at doses of
(100, 200, 400 pL/kg, po) 2 hours before induction of colitis. All treat-
ments were performed for the following 5 days. The test plant samples
were freshly prepared prior to administration.

Induction of Experimental Colitis

The animals were fasted for 24 hours with free access to water
before the induction of colitis. Acute colitis was induced using a
modification of the method described by Mascolo et al.>' The rats
were lightly anesthetized with diethyl ether, and a flexible plastic
catheter was inserted into the anus up to a length of 8 cm, and then
2 mL of acetic acid (4% v/v in 0.9% saline) was slowly infused. The
rats were then maintained in a head down position for 1 minute to
prevent solution leakage.

Evaluation of Colon Macroscopic Damage

The rats were killed 24 hours after the last treatment (day 6) by an
overdose of ether inhalation. The last 8 cm of the colon was excised,
opened longitudinally, rinsed with normal saline, and the wet weight
was measured.*® Then the tissue specimens of colon were used for
macroscopic scoring and histopathology damage and the measurement
of tissue myeloperoxidase activity. Macroscopic damage appearance
was scored by an independent observer according to the following
scale: 0 = no macroscopic changes; 1 = mucosal erythema only;
2 = mild mucosal edema, slight bleeding, or slight erosion; 3 = mod-
erate edema, bleeding ulcers, or erosions; and 4 = severe ulceration,
erosions, edema, and tissue necrosis.>> Tissue specimens were cut into
2 pieces, one piece for histopathology assessment (maintained in 5 mL
formalin 10% as fixator) and the other for measuring myeloperoxidase
enzyme activity. The pieces for measuring the myeloperoxidase
enzyme activity were frozen in liquid nitrogen and kept in a freezer
(—70°C). Furthermore, ulcer area was assessed by Fiji-Win 32 soft-
ware (NIH Image for the Macintosh, 2004). For each specimen, ulcer
index was measured with summing ulcer score and ulcer area using the
following formula: Ulcer index = Ulcer area (cm®) 4+ Macroscopic
damage score.>*
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Assessment of Colon Histopathological Damage

Colon tissues were separately fixed in 10% formalin, dehydrated,
paraffin embedded, processed, sectioned as 4-pum-thick sections,
deparaffinized with xylene, hydrated, and stained with hematoxylin
and eosin. Inflammation severity (0 = none, 1 = slight, 2 = moder-
ate, 3 = severe), extent (0 = none, 1 = mucosa, 2 = mucosa and sub-
mucosa, 3 = transmural), as well as crypt damage (0 = none, 1 =
basal 1/3 damaged, 2 = basal 2/3 damaged, 3 = surface epithelium
intact only) were assessed in hematoxylin and eosin—stained, coded
sections using a modification of a validated scoring scheme
described by Cooper et al>> and Dieleman et al.*® Total colitis index
was measured by summing the scores of inflammation severity,
inflammation extent, and crypt damage. Histological damages were
investigated using a Zeiss microscope equipped with a Sony color
video camera for digital imaging.

Determination of Myeloperoxidase Activity

Tissue myeloperoxidase activity was measured according to the
method described by Bradley et al*” with some modifications. A por-
tion of colon tissue (0.1 g) was homogenized in 1 mL of 50 mM potas-
sium phosphate (pH 6) with 0.5% HTAB in an ice bath using a
polytron homogenizer. More buffers were added to obtain a concen-
tration equivalent to 5 mL per 0.1 g of colon tissue. The resultant
homogenate was sonicated in an ice bath for 10 seconds, then sub-
jected to a sequence of freezing and thawing for 3 times, sonicated
again for 10 seconds and centrifuged for 15 minutes at 15 000 rpm
at 4°C. A total of 0.1 mL of the supernatant was mixed with 2.9 mL
of 50 mM phosphate buffer (pH 6) containing 0.167 mg/mL
O-dianisidine dihydrochloride and 0.0005% hydrogen peroxide. The
change in absorbance at 460 nm was measured using a UV/VIS spec-
trophotometer (LSI Model Alfa-1502). Myeloperoxidase activity was
reported as units (U) per gram (g) weight of wet colon tissue.

Statistical Analysis

The results are reported as mean + SEM or median (range). All
statistical analyses were performed using GraphPad Prism 5.0 soft-
ware. Group differences were calculated by parametric one-way
analysis of variance with Tukey’s HSD as post hoc test. Nonpara-
metric data were analyzed using Kruskal-Wallis followed by
Mann-Whitney U test. For all tests, differences with values of P <
.05 were considered significant.

Results
Analysis of the Essential Oil

Thirty-two constituents were characterized accounting for
90.91% of total oil components detected, which are listed in
Table 1 with their percentage composition and retention
indices. The principal constituents of Ocimum basilicum
essential oil was linalool (39.73%), followed by B-pinene
(6.65%), trans-verbenol (6.39%), and a-terpinolene (5.03%).

Macroscopic Results

No mortality was observed in animals receiving intracolonic
4% acetic acid (2 mL) solution. Acetic acid caused severe
ulceration and hemorrhage of colonic mucosa in control group

Table 1. Volatile Constituents of the Essential Oil of Ocimum
Basilicum.

Number Compound Percentage Retention Index
| Linalool 39.37 1099
2 [-Pinene 6.65 978
3 Trans-verbrnol 6.39 1146
4 o-Terpinolene 5.03 1089
5 Limonene 3.03 1030
6 Verbenone 241 1205
7 Pinocarveol 2.33 1138
8 Camphene 231 951
9 Longifolene 2.15 1406
10 Bornyl acetate 1.84 1288
Il 5-3-Carene 1.72 1010
12 Cis-Verbenol 1.65 11.41
13 Sabinene 1.57 974
14 a-Terpineol 1.53 1191
15 Trans-B-ocimene 1.48 1041
16 Thymol 1.47 1293
17 -Myrcene 1.18 990
18 |,8-Cineole 1.17 1032
19 p-Cymene I.14 1025
20 Terpinene-4-ol 0.97 1179
21 Myrtenol 0.94 1196
22 o-Pinene 0.73 937
23 Trans-carveol 0.67 1219
24 Germacrene-D 0.6l 1487
25 Tricyclene 0.58 924
26 a-Terpinene 0.53 1019
27 -Eudesmol 0.35 1659
28 a-Phellanderene 0.31 1003
29 Terpinene 0.15 1060
30 Cis-calamene 0.11 1538
31 Hexanal 0.10 801
32 [-Caryophyllene 0.10 1422

(Table 2 and Figure 1B); dexamethasone significantly reduced
macroscopic damage score, ulcer area, ulcer index, and weight/
length ratio of distal colon (8 cm) compared to the control
group (P < .001; Table 2 and Figure 1C). On the other hand,
Ocimum basilicum essential oil (200 and 400 pl/kg) showed
significant decrease in macroscopic damage, ulcer area, ulcer
index, and weight/length ratio of distal colon compared to the
control group (P <.001; Table 2, Figure 1E and F). In addition,
treatment with 100 pL/kg dose of Ocimum basilicum essential
oil was not effective to reduce weight/length ratio as well as
ulcer index (ulcer area + ulcer severity) in colon samples com-
pared to control group (Table 2 and Figure 1D). No significant
differences were found between dexamethasone and Ocimum
basilicum essential oil (200 and 400 pL/kg) groups (P > .05).

Microscopic Results

In the sham group, histological evaluation of the colon mucosa
showed no inflammation or necrosis (Table 3 and Figure 2A).
On the other hand, acetic acid—induced colitis displayed
destruction of epithelium, transmural necrosis, edema, areas
of hemorrhage, and submucosal inflammatory cellular
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Table 2. Effects of Ocimum basilicum Essential Oil on the Macroscopic Parameters of Colitis Induced by Acetic Acid in Rats.?

Groups N Ulcer Score Ulcer Area (cm?) Ulcer Index Weight/Length Ratio
Sham (saline) 6 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 87.80 + 4.35
Control (vehicle) 6 3.60 + 0.25 6.10 + 0.30 9.70 + 0.30 235.0 + 6.80
Dexamethasone (2 mg/kg) 6 1.40 + 0.25*% .30 + 0.20% 2.70 + 0.45* 133.80 + 6.65*
Essential oil, low dose (100 pL/kg) 6 2.80 + 0.20 5.10 + 0.40 7.90 + 0.60 231.6 + 4.95
Essential oil, medium dose (200 pL/kg) 6 1.80 + 0.21* 3.20 + 0.40%* 5.00 + 0.61* 181.2 + 5.49*
Essential oil, high dose (400 pL/kg) 6 1.60 + 0.25* 1.70 + 0.30%* 3.30 + 0.55* 148.2 + 5.25%

Data are expressed as mean + SEM.
*P < .001, indicates significant difference versus control.

Figure 1. Macroscopic photographs of colon tissue 5 days after acetic acid—-induced colitis in rats: (A) sham group treated with saline; (B) colitis
in control group treated with vehicle; (C) colitis in dexamethasone-treated group; (D, E, and F) Colitis in Ocimum basilicum essential oil-treated

group, 100, 200, and 400 pL/kg, respectively.

infiltration (Table 3 and Figure 2B). Dexamethasone (2 mg/kg)
and Ocimum basilicum essential oil at doses (200 and 400
pnL/kg) showed significant reduction of neutrophil infiltration,
edema, and extent or severity of tissue damage, as evaluated
by total colitis index (Table 2 and Figure 2C, D, and E, respec-
tively; P <.001).

Myeloperoxidase Activity

Intrarectal administration of acetic acid caused significant
increase in the level of myeloperoxidase in colonic tissue when
compared to the sham group (P <.001). In contrast, myeloper-
oxidase activity was decreased (P < .001) in groups treated
with Ocimum basilicum essential oil (200 and 400 pL/kg) as
well as dexamethasone (2 mg/kg) (Figure 3).

Discussion

The present study demonstrates that Ocimum basilicum essen-
tial oil reduces tissue damage in experimental model of acetic
acid—induced colitis as established by macroscopic, histologi-
cal, and biochemical changes. The anti-inflammatory effects
of this substance observed in this study is in accordance with
previous investigations of its ability to prevent carrageenan-
induced paw edema and turpentine oil-induced acute inflam-
mation in rats.'®>® Intrarectal administration of acetic acid is
one of the validated methods to induce an experimental model
of IBD. This method is widely adopted to screen potential
drugs due to its similarity to human IBD. Destruction of
mucosal barrier and colon structure by chemical stimulation,
enhanced vasopermeability, and increased inflammatory
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Table 3. Effects of Ocimum basilicum Essential Oil on the Microscopic Parameters of Colitis Induced by Acetic Acid in Rats.?

Inflammation Inflammation Crypt Total Colitis
Groups N Severity (0-3) Extent (0-3) Damage (0-4) Index (0-10)
Sham (saline) 6 0 0 0 0
Control (vehicle) 6 303 3(3) 4 4) 10 (10)
Dexamethasone (2 mg/kg) 6 I (1)* I (1-2)* I (0-1)* 3 (2-4)*
Essential oil, low dose (100 pL/kg) 6 3(2-3) 2.5 (2-3) 3.5 (3-4) 9 (7-10)
Essential oil, medium dose (200 pL/kg) 6 1.5 (1-2)* 2 (1-3)* 2 (2-3)* 5.5 (4-8)*
Essential oil, high dose (400 pL/kg) 6 I (1-2)* 1.5 (1-2)* I (0-2)* 3.5 (2-6)*

?Data are expressed as median (range).
*P < .001, indicates significant difference versus control (Mann-Whitney U test).

Figure 2. Microscopic presentation of acetic acid—induced colitis in rats stained by hematoxylin and eosin (light microscopy, 20x): (A)
normal colon treated with saline, mucus layer, and crypts are normal and leucocyte infiltration is absent; (B) colitis in control group
treated with vehicle, mucosal and submucosal inflammation, as well as crypt damage and leucocyte infiltration are evident (arrow);
(C) dexamethasone-treated colitis; (D) Ocimum basilicum essential oil (200 plL/kg) treated colitis; (E) Ocimum basilicum essential oil

(400 pL/kg) treated colitis.
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Figure 3. Effect of Ocimum basilicum essential oil (100, 200, and 400
pL/kg) on myeloperoxidase (MPO) enzyme activity in the colonic tis-
sue. Dexa = dexamethasone. Results are presented as mean + SEM
(N = 6). ***P < 001 compared to control, one-way analysis of var-
iance followed by Tukey test.

mediators are major contributing factors in the induction of
this animal model.>**' The decrease in the wet weight of
the inflamed colon tissue can be directly correlated with the
severity and extent of inflammation.** Our finding showed
that treatment with essential oil could reduce the wet
weight/length ratio of distal colon segments and macroscopic
damage score compared with colitis control group. In addi-
tion, tested substances significantly decreased the histological
signs of inflammation such as infiltration of lymphocytes and
macrophages into the mucosa, edema, and tissue damage.
Neutrophil accumulation in the inflamed colonic mucosa is
one of the most noticeable histopathological aspects of IBD.
Myeloperoxidase is a proteolytic heme enzyme existing in
neutrophil granulocytes that combat against bacteria. These
enzymes are released from activated neutrophils and catalyze
the formation of hypochlorous acid from hydrogen peroxide
and chloride ions that lead to the oxidative injury associated
with induction of colitis.*'***> The activity of myeloperoxidase
from the damaged tissue is directly proportional to the number
of neutrophils observed in histological fields.** Therefore, the
reduction in the activity of myeloperoxidase can be explained
as a manifestation of the anti-inflammatory effect of a given
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drug. Our research showed that the administration of Ocimum
basilicum essential oil decreased the myeloperoxidase level
during acetic acid—induced colitis indicating an excellent
anti-inflammatory activity on experimental colitis model.
Phytochemical composition analysis indicated that Ocimum
basilicum essential oil possessed compounds such as linalool,
cis-verbenol, B-pinene, and a-terpinolene.

Cis-verbenol, one of the active constituents present in
Ocimum basilicum essential oil, has been shown to have anti-
inflammatory activity by the reduction of the expression levels
of pro-inflammatory cytokines in ischemic brain and immunos-
timulated glial cells.*> Another compound linalool has been
shown to exhibit protective effect against lipopolysaccharide
(LPS)/D-galactosamine (GalN)-induced liver injury in mice
through inhibition of caspase-3 and caspase-8 expression and
the reduction of inflammatory response via NF-kB suppres-
sion.*® Linalool has been reported to reduce LPS-induced
tumor necrosis factor-o and interleukin-6 production both in
vitro and in vivo, block phosphorylation of IkBa protein,
p38, c-Jun terminal kinase, and extracellular signal-regulated
kinase in LPS-stimulated RAW 264.7 cells and could attenuate
histological changes in lipopolysaccharide-induced lung
injury mouse model.*” Deepa and Venkatraman Anuradha*®
had shown that linalool could be useful for the treatment of
renal damage in diabetic subjects through the attenuation of
TGF-B1 and NF-xB expression.

In conclusion, the present study showed that Ocimum basi-
licum essential oil could inhibit acetic acid—induced colitis in
rats by reducing leukocytes accumulation and inhibiting mye-
loperoxidase production. This anti-inflammatory effect may,
at least in part, be due to the presence of monoterpenes, which
are known to inhibit the inflammatory signaling through
NF-kB suppression.® The results of this study show that Oci-
mum basilicum essential oil could potentially be useful as a
supplemental remedy for the treatment of IBD. However, fur-
ther investigations are needed to elucidate the entire mechanism
of action of Ocimum basilicum essential oil and its isolated com-
pounds on the cell receptors and signaling pathways associated
with colitis.

Acknowledgments

The authors thank Isfahan University of Medical Sciences, which
supported this work, and Dr Parvin Mahzooni for her help.

Author Contributions

The work presented in this article was carried out through collabora-
tion between all authors. MM and ARG made the initial hypothesis
and supervision. All authors participate in defining the research theme
and providing the proposal. PR and AR performed the experiments,
collected the data, analyzed the data, and wrote the article. PR and
SM conceptualized the study, critically analyzed and discussed the
data, and corrected and reviewed the article.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for
theresearch, authorship, and/or publication of this article: This study
was a part of a Pharm. D thesis by Parnia Roohi which was supported
by council of research, Isfahan University of Medical Sciences (Proj-
ect Number: 393321).

Ethical Approval
This study was performed according to the guidelines of the US

National Institute of Health (NIH Publication No. 85.23, Revised
1985) guides for the care of laboratory animals.

References

1. Monteleone G, Pallone F, MacDonald TT. Emerging immunolo-
gical targets in inflammatory bowel disease. Curr Opin Pharma-
col. 2011;11:640-645.

2. Velayos FS, Sandborn WIJ. Positioning biologic therapy for
Crohn’s disease and ulcerative colitis. Curr Gastroenterol Rep.
2007;9:521-527.

3. Casati J, Toner BB, De Rooy EC, Drossman DA, Maunder RG.
Concerns of patients with inflammatory bowel disease. Dig Dis
Sci. 2000;45:26-31.

4. Fiocchi C. Inflammatory bowel disease: etiology and pathogen-
esis. Gastroenterology. 1998;115:182-205.

5. Yao J, Wang JY, Liu L, et al. Anti-oxidant effects of resveratrol
on mice with DSS-induced ulcerative colitis. Arch Med Res.
2010;41:288-294.

6. El-Salhy M, Umezawa K, Gilja OH, Hatlebakk JG, Gundersen D,
Hausken T. Amelioration of severe TNBS induced colitis by
novel AP-1 and NF-kB inhibitors in rats. ScientificWorldJournal.
2014;2014:813804.

7. Roozbeh J, Hashempur MH, Heydari M. Use of herbal remedies
among patients undergoing hemodialysis. fran J Kidney Dis.
2013;7:492-495.

8. Hashempur MH, Homayouni K, Ashraf A, Salehi A, Taghizadeh
M, Heydari M. Effect of Linum usitatissimum L. (linseed) oil on
mild and moderate carpal tunnel syndrome: a randomized,
double-blind, placebo-controlled clinical trial. Daru. 2014;22:43.

9. Hashempur MH, Heydari M, Mosavat SH, Heydari ST, Shams M.
Complementary and alternative medicine use in Iranian patients
with diabetes mellitus. J Integr Med. 2015;13:319-325.

10. Qasemzadeh MJ, Sharifi H, Hamedanian M, et al. The effect of
Viola odorata flower syrup on the cough of children with asthma:
a double-blind, randomized controlled trial. J Evid Based Com-
plementary Altern Med. 2015;20:287-291.

11. Mohtashami R, Huseini HF, Heydari M, et al. Efficacy and safety
of honey based formulation of Nigella sativa seed oil in functional
dyspepsia: a double blind randomized controlled clinical trial.
J Ethnopharmacol. 2015;175:147-152.

12. Sena 1. A/ Qanun Fi al Teb [in Arabic]. Beirut, Lebanon: Dar
Alfiker; 1994:77-78.

13. Hashempur MH, Lari ZN, Ghoreishi PS, et al. A pilot randomized
double-blind placebo-controlled trial on topical chamomile
(Matricaria chamomilla L.) oil for severe carpal tunnel syndrome.
Complement Ther Clin Pract. 2015;21:223-328.



NP42

Journal of Evidence-Based Complementary & Alternative Medicine 21(4)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Aghili Khorasani M. Makhzan al-Adwiyeh [in Persian]. Tehran,
Iran: Tehran Medical Sciences Publications; 2013.

Calixto JB, Campos MM, Otuki MF, Santos AR. Anti-
inflammatory compounds of plant origin. Part II. Modulation of
pro-inflammatory cytokines, chemokines and adhesion mole-
cules. Planta Med. 2004;70:93-103.

Chiang LC, Ng LT, Cheng PW, Chiang W, Lin CC. Antiviral
activities of extracts and selected pure constituents of Ocimum
basilicum. Clin Exp Pharmacol Physiol. 2005;32:811-816.
Nerio LS, Olivero-Verbel J, Stashenko E. Repellent activity of
essential oils: a review. Bioresour Technol. 2010;101:372-378.
Singh S. Mechanism of action of antiinflammatory effect of fixed
oil of Ocimum basilicum Linn. Indian J Exp Biol. 1999;37:
248-252.

Lee SJ, Umano K, Shibamoto T, Lee KG. Identification of vola-
tile components in basil (Ocimum basilicum L.) and thyme leaves
(Thymus vulgaris L.) and their antioxidant properties. Food
Chem. 2005;91:131-137.

Akhtar MS, Akhtar AH, Khan MA. Antiulcerogenic effects of
Ocimum basilicum extracts, volatile oils and flavonoid glycosides
in albino rats. Pharm Biol. 1992;30:97-104.

Sembulingam K, Sembulingam P, Namasivayam A. Effect of
Ocimum sanctum Linn on noise induced changes in plasma
corticosterone level. Indian J Physiol Pharmacol. 1997;41:
139-143.

Manosroi J, Dhumtanom P, Manosroi A. Anti-proliferative activ-
ity of essential oil extracted from Thai medicinal plants on KB
and P388 cell lines. Cancer Lett. 2006;235:114-120.

Runyoro D, Ngassapa O, Vagionas K, Aligiannis N, Graikou K,
Chinoub I. Chemical composition and antimicrobial activity of
the essential oils of four Ocimum species growing in Tanzania.
Food Chem. 2010;119:311-316.

Reuveni AF, Putievsky E. Fungistatic activity of essential oils
from Ocimum basilicum chemotypes. J Phytopathol. 1984;110:
20-22.

Sajjadi SE. Analysis of the essential oils of two cultivated basil
(Ocimum basilicum L.) from Iran. Daru. 2006;14:128-130.

de Cassia da Silveira e Sa R, Andrade LN, de Sousa DP. A review
on anti-inflammatory activity of monoterpenes. Molecules. 2013;
18:1227-1254.

Council of Europe. European Pharmacopoeia (Suppl General).
Strasbourg, France: Council of Europe; 2002:183-184.

Sandra P, Bicchi C. Capillary Gas Chromatography in Essential
Oil Analysis. Heidelberg, Germany: Huethig; 1987.

McLafferty F, Stauffer D. The important peak index of the reg-
istry of mass spectral data. J Am Soc Mass Spectrometry. 1993;
4(1):82.

Adams RP. Identification of Essential Oil Components by Gas
Chromatography/Mass Spectrometry. Carol Stream, IL: Allured
Publishing; 2007.

Mascolo N, Izzo AA, Autore G, Maiello FM, Di Carlo G, Capasso
F. Acetic acid-induced colitis in normal and essential fatty acid
deficient rats. J Pharmacol Exp Ther. 1995;272:469-475.
Rashidian A, Mehrzadi S, Ghannadi AR, Mahzooni P, Sadr S,
Minaiyan M. Protective effect of ginger volatile oil against acetic

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

acid-induced colitis in rats: a light microscopic evaluation.
J Integr Med. 2014;12:115-120.

Deshmukh C, Veeresh B, Pawar A. Protective effect of Emblica
officinalis fruit extract on acetic acid induced colitis in rats.
J Herbal Med Toxicol. 2010;4:83-87.

Minaiyan M, Asghari G, Taheri D, Saeidi M, Nasr-Esfahani S.
Anti-inflammatory effect of Moringa oleifera Lam. seeds on
acetic acid-induced acute colitis in rats. Avicenna J Phytomed.
2014;4:127-136.

Cooper HS, Murthy S, Shah R, Sedergran DJ. Clinicopathologic
study of dextran sulfate sodium experimental murine colitis. Lab
Invest. 1993;69:238-249.

Dieleman LA, Palmen MJ, Akol H, et al. Chronic experimental
colitis induced by dextran sulphate sodium (DSS) is characterized
by Thl and Th2 cytokines. Clin Exp Immunol. 1998;114:385-391.
Bradley PP, Priebat DA, Christensen RD, Rothstein G. Measure-
ment of cutaneous inflammation: estimation of neutrophil content
with an enzyme marker. J Invest Dermatol. 1982;78:206-209.
Benedec D, Parvu AE, Oniga I, Toiu A, Tiperciuc B. Effects of
Ocimum basilicum L. extract on experimental acute inflamma-
tion. Rev Med Chir Soc Med Nat Iasi. 2007;111:1065-1069.
Noa M, Mas R, Carbajal D, Valdés S. Effect of D-002 on acetic
acid-induced colitis in rats at single and repeated doses. Pharma-
col Res. 2000;41:391-395.

Paiva L, Gurgel L, De Sousa ET, et al. Protective effect of Copai-
fera langsdorffii oleo-resin against acetic acid-induced colitis in
rats. J Ethnopharmacol. 2004;93:51-56.

Kannan N, Guruvayoorappan C. Protective effect of Bauhinia
tomentosa on acetic acid induced ulcerative colitis by regulating
antioxidant and inflammatory mediators. /nt Immunopharmacol.
2013;16:57-66.

Rachmilewitz D, Simon PL, Schwartz LW, Griswold DE,
Fondacaro JD, Wasserman MA. Inflammatory mediators of
colitis in rats. Gastroenterology. 1989;97:328-337.

Prabhu V, Guruvayoorappan C. Protective effect of marine man-
grove Rhizophora apiculata on acetic acid induced experimental
colitis by regulating anti-oxidant enzymes, inflammatory media-
tors and nuclear factor-kappa B subunits. Int Immunopharmacol.
2014;18:124-134.

Krawisz J, Sharon P, Stenson W. Quantitative assay for acute
intestinal inflammation based on myeloperoxidase activity. Gas-
troenterology. 1984;87:1344-1350.

Choi 1Y, Lim JH, Hwang S, Lee JC, Cho GS, Kim WK. Anti-
ischemic and anti-inflammatory activity of (S)-cis-verbenol. Free
Radic Res. 2010;44:541-551.

LiJ, Zhang X, Huang H. Protective effect of linalool against lipo-
polysaccharide/d-galactosamine-induced liver injury in mice. Int
Immunopharmacol. 2014;23:523-529.

Huo M, Cui X, Xue J, et al. Anti-inflammatory effects of linalool
in RAW 264.7 macrophages and lipopolysaccharide-induced lung
injury model. J Surg Res. 2013;180:47-54.

Deepa B, Venkatraman Anuradha C. Effects of linalool on
inflammation, matrix accumulation and podocyte loss in kidney
of streptozotocin-induced diabetic rats. Toxicol Mech Methods.
2013;23:223-234.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


