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ABSTRACT

Seeds of Ocimum basilicum (Basil) have many phytochemical components with
anti- inflammatory and antioxidant property like its leaves. Aim of this study
was to determine anti-inflammatory effect of O. basilicum seeds extract (OBSE)
and mucilage (OBSM) on acetic acid-induced colitis in rats. Three doses of
OBSE and OBSM (100, 200, and 400 mg/kg) were administered orally to
separate groups of male Wistar rats, 2 h before ulcer induction (acetic acid
4%) and continued for 5 days. Normal saline (5 ml/kg) and dexamethasone (1
mg/kg) were administered in control and reference groups, respectively. All
rats were sacrificed 24 h after the last dose (at sixth day) and tissue injuries
were assessed macroscopically, pathologically and for myeloperoxidase (MPO)
activity. All three doses of OBSM and OBSE reduced ulcer score, area and index
as well as weight of wet colonic tissue compared to the control group
significantly. In addition, OBSM (at three doses) and OBSE (400 mg/kg) were
statistically effective in attenuation of mucosal inflammation severity and
extent, crypt damage, total colitis index, and mono-amino oxidase (MPO)
activity compared with controls. While both fractions were effective in
amelioration of colitis in rats, OBSM was more effective than OBSE especially
with greater doses (200, 400 mg/kg). It seems that mucilage form of O.
basilicum could exert more protection against oxidative stress and
inflammatory mediators in colitis tissue suggesting a suitable candidate for
colitis prevention or treatment as alternative or complementary therapy.
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Introduction

Ulcerative colitis (UC) and Crohn's disease (CD),
are chronic inflammatory conditions of the
gastrointestinal (GI) tract that known as a chronic
idiopathic inflammatory bowel diseases (IBD) [121.
Although the etiological factors not apparent,
recent studies have been suggested that a
combination of genetic susceptibility factors,
microbial agents along with exacerbations of
immune response to bacterial antigens in mucosal
region contributes in pathological process and
relapse of IBD [34l. Pathologically, UC is often
characterized by infiltration of immune cells
including neutrophils, macrophages, lymphocytes
and pathologic cytokines production accompany
with eicosanoids and reactive oxygen species [5.
The pathologic manifestation could be identified
by acute and chronic intestinal inflammation [l
To date, several medicines have been used in the
treatment of UC, such as 5-aminosalicylic acid
derivatives, azathioprine, = 6-mercaptopurine,
cyclosporine A, and monoclonal antibodies for
targeting TNF-alpha receptors [67]. In recent years,
public trend has been increased in the usage of
herbal products, because of easy accessibility,
inexpensive, and possibly their lower adverse
effects especially in the UC treatment [8l. Medicinal
plants have been used as an important source to
study of new compounds with anti-inflammatory
potential. Ocimum basilicum L. (Lamiacea), known
as basil, is cultivated as a culinary, industrial and
medicinal plant in many countries from thousands
years ago. O. basilicum is a well-known edible
natural compound with aromatic terpenoids
(estragole and alpha-terpinolene), essential oils
(linalool, beta-pinene, trans-verbrenol, limonene),
phenolic acids (ellagic acid, catechic acid, gallic
acid) and flavonoids (quercetin, apigenin, luteolin,
rutin) [9-12l.  Analgesic, antispasmodic, anti-
ulcerogenic, anti-inflammatory, antioxidant and
immune -modulatory effects of O. basilicum leaves
providing a good potential for the treatment of
IBD, however for basil seeds (Tokhme Sharbati,
Tukmeria, Falooda) there are minimal reports in
this regard [13-15],

In our pervious study, authors indicated that the
essential oil of O. basilicum which was extracted
by hydro-distillation and analyzed by gas

chromatography-mass spectrometry (GC/MS)
exhibited protective effect against acetic acid-
induced colitis [16.We know that the basil seeds
possess mucilage and resin, phenolic compounds,
flavonoids, constant oils, fatty acids, protein,
terpenoids and oleoresin (171, Albeit there is no
documented report about detailed individual
components of basil seeds, several uses have been
reported for basil seeds in Traditional and
Ayurveda medicine including: laxative and
carminative, regulation of appetite and blood
sugar, relieve of fatigue and depression and
relieve of genitourinary tract inflammation and
infection (18191, The shell of basil seeds has been
really covered by a thick layer of mucilage so that
they become quickly swollen when the seeds are
soaked in water [20. It has been reported that
plants with high mucilage content e.g. Aloe,
Plantain, Mallow and Quince have protective and
healing activity on experimental models of colitis
(21-25], Therefore, with regard to this potential of
mucilage and polyphenolic ingredients exist
within the basil seeds, present study was designed
to investigate anti-colitis effect of OBSE and OBSM
on acetic acid induced colitis in rats.

Material and methods
Plant material and extract preparation

0. basilicum seeds were purchased from Pakan
Bazr, Isfahan, Iran while the plant cultivated in the
field of Malayer, Hamadan province, Iran. Its
genus and variety were authenticated by Dr.
Ghannadi, a pharmacognosist at the
Pharmacognosy Department of Isfahan School of
Pharmacy and Pharmaceutical Sciences,
herbarium voucher. For preparation of OBSE,
dried and fine powdered seeds of O. basilicum
(400 g) were macerated by 800 ml of EtOH/H20
(70/30) and left for 24 h. To achieve most
complete extraction, percolation technique was
consequently done using 800 ml of fresh
EtOH/H20 (70/30) for 48 h. Then, the pooled
extract was filtered and evaporated in a rotary
evaporator under reduced pressure until a
semisolid extract yield 3.0% (w/w) was prepared.
For preparation of OBSM, 500 g of O. basilicum
seeds were macerated by 1500 ml of distilled
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water (1:3) and left for 24 h. Then it was placed
on a shaker for 30 minutes. In this step, the OBSM
was mostly separated from the seed. Then the
resultant mixture was squeezed in a fine cloth to
separate the mucilage completely. Finally, the
isolated mucilage was dried by freeze dryer and
the resultant white powder was weighted (yield
value was 1.0% (w/w)).

Drugs and chemicals

Dexamethasone powder was prepared from Iran
Hormone Co. (Tehran, Iran) as a gift. Orto-
dianizidin dihydrocholoride (ODD) and hexa-decyl
trimethyl ammonium bromide (HTAB) were
obtained from Sigma Company (St. Louis, USA).
Formalin solution 35% w/w and glacial acetic acid
were analytical grade and purchased from Merck
Company (Darmstadt, Germany). Ethanol (96%)
was procured from Stalak Company (Tehran,
Iran).

Animals

Fifty-four male Wistar rats (180-220 g) bred at the
animal house of the School of Pharmacy, Isfahan
University of Medical Sciences, Isfahan, Iran, were
used in this study. Animals were maintained at
controlled environmental conditions where the
temperature, humidity and light/dark cycling
were adjusted appropriately. All animals were fed
with standard pelleted diet and had free access to
tap water. Animals were housed in standard cages
and acclimatized for one week before start of the
treatment. All the animal handling and working
were conducted according to the guidelines
delineated by the Ethics Committee of Isfahan
University of Medical Sciences
(IR.MULREC.1395.3.937).

Animals were randomly assigned into following 9
groups with 6 rats in each:

Group 1 (Sham or normal group), received vehicle
(normal saline) (5 ml/kg/day, p.o. and by rectal
route) without colitis induction.

Group 2 (Control group), received vehicle (normal
saline) (5ml/kg/day, p.o.). The first dose was
administered 2 h before colitis induction.

Group 3 (Reference  group), received
dexamethasone (1 mg/kg/day, p.o.) initiated 2 h
before colitis induction.

Groups 4, 5 and 6 (Extract groups), received 3
increasing doses of OBSE (100, 200, 400
mg/kg/day, p.o.) initiated 2 h before colitis
induction.

Groups 7, 8 and 9 (Mucilage groups) received 3
increasing doses of OBSM (100, 200, 400
mg/kg/day, p.o.) initiated 2 h before colitis
induction. All treatments were performed for the
following 5 consecutive days.

Induction of ulcerative colitis

For inducing acute colitis, first, the rats were
fasted for 24 h. Colitis was induced in rats using 2
ml acetic acid 4 % via intra-rectal administration.
Briefly, under light ether anesthesia, a soft and
flexible catheter (2 mm inner diameter and 10 cm
in length) was inserted to the anus for 8 cm and
acetic acid was carefully injected. Before taking
the catheter out, the rats were maintained in a
head-down position for at least 30 seconds to
prevent solution spreading out [26],

Evaluation of macroscopic features

The rats were sacrificed 24 h after the last
treatment (day 6) by an overdose inhalation of
ether. The last 8 cm of the colon, 3 cm apart from
the anus was excised, opened longitudinally,
washed with normal saline, and the wet weight
was measured (271, Then the tissue specimens of
colon were used for macroscopic evaluation,
histopathology grading, and the measurement of
tissue myeloperoxidase (MPO) activity.
Macroscopic damage scoring was performed by a
blind observer according to the following scale: 0
= no macroscopic changes; 1 = mucosal erythema
only; 2 =mild mucosal edema, slight bleeding, or
slight erosion; 3 = moderate edema, bleeding
ulcers or erosions; and 4 = severe ulceration,
erosions, edema, and even tissue necrosis. Colonic
specimens were cut into 2 pieces, one piece for
histopathology evaluation (maintained in formalin
10%) and the other for measuring MPO activity
which were frozen in liquid nitrogen and kept in a
freezer (-70°C). Besides, ulcer area was assessed

Copyright © 2018 by Kermanshah University of Medical Sciences

JRPS, 2018, 7(3), 295-305| 297



Saeidi et al.

by Fiji-Win 32 software (NIH Image for the
Macintosh, 2004). Finally, ulcer index for each
specimen was measured with adding ulcer score
and ulcer area values using the following formula:
Ulcer index = Ulcer area (cm2) + macroscopic
damage score (271,

Evaluation of histopathologic features

Tissue specimens were separately fixed in
formalin 10%; paraffin embedded, processed, and
sectioned in 4 mm thick layers. Then they were
sequentially deparaffinized with xylene, hydrated
with ethanol, and stained with hematoxylin and
eosin (H&E). Inflammation severity (0 = none, 1 =
slight, 2 = moderate, 3 = severe), extent (0 = none,
1 = mucosa, 2 = mucosa and submucosa, 3 =
transmural and crypt damage (0 = none, 1 = basal
1/3 damaged, 2 = basal 2/3damaged, 3 = surface
epithelium intact only) were evaluated in H&E
stained, encoded sections using a minor
modification of a validated scoring scheme
reported by Cooper et al. (28] At the end, total
colitis index was measured by summing the scores
of inflammation severity, inflammation extent, and
crypt damage. Histolopatological assessments
were carried out using a Zeiss microscope
equipped with a Sony® color video camera (Sony,
Japan) for digital imaging.

Evaluation of MPO activity

Colonic tissue activity of MPO was measured
according to the method described by Motaghi et
al. 297 A colon tissue specimen (0.1 g) was
homogenized in 1 mL of 50 mM potassium
phosphate (pH, 6) with 0.5 % HTAB in an ice bath
using a polytron homogenizer (Kinematica,
Switzerland). Excess buffers were added to obtain
a concentration equivalent to 5 mL per 0.1 g of
colon tissue. The homogenate mixture was
sonicated in an ice bath for 10 seconds, then
subjected to a sequence of freezing and thawing
for 3 times, sonicated again for 10 seconds and
centrifuged for 15 minutes at 15000 rpm at 4°C.
The supernatant (0.1mL) was mixed with 2.9 mL
of 50 mM phosphate buffer (pH, 6) containing
0.167 mg/ml ODD and 0.0005% hydrogen

peroxide. The change in absorbance at 460 nm
was measured using a UV/VIS spectrophotometer
(LSI Model Alfa-1502). MPO activity was reported
as U/g weight of wet colon tissue 291,

Statistical analysis

Statistical analyses were performed using SPSS
(Version 19, Chicago, IL, USA). Values are given as
mean * SD and group differences were calculated
by parametric one-way ANOVA test with Tukey’s
HSD as post hoc test. Nonparametric (scoring)
data were analyzed using Mann-Whitney U test
and values are given as median (range). For all
tests, P < 0.05 was considered significant.

Results

Effect of OBSE and OBSM on macroscopic
parameters

Observations revealed that no changes were
appeared in Sham (normal) group suggesting
that handling and surgical procedure had no
interference with experimental results.
Treatment with dexamethasone as
corticosteroid reference drug reduced the
ulcer score, ulcer area (cm?), ulcer index and
the wet weight of 8 cm of distal colon (mg)
(P<0.001) (Table 1 and Figurel). Oral
treatment with all doses of OBSE and OBSM
reduced the colonic wet weight compared
with control group (at least P<0.01), however
OBSE at 100 mg/kg had no significant effect
(Tablel).

The severity of lesion scores, ulcer area,
hemorrhage, and edema were significantly
reduced with administration of all doses of
OBSE (100,200,400 mg/kg) and OBSM
(100,200,400 mg/kg) nearly in a dose related
manner (P<0.01). So that groups receiving 400
mg/kg OBSE and 400 mg/kg OBSM had lowest
median (range) of the severity of lesion
scores, ulcer area, hemorrhage, and edema
(Table 1, Figure 1).
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Table 1. Effect of O. basilicum seeds extract and mucilage on the macroscopic parameters of colitis induced by acetic
acid in rats.

Group/dose (mg/kg) Ulcer Score Ulcer Area Ulcer Index Weight of colon
(0-4) (Cm?) (0-10) (mg)
Sham 0.0 (0) 0.0+0.0 0.0+0.0 89.6 +3.2
Control (colitis) 4.0 (4) 5.9+0.2 99+0.2 238.1+7.6
Dexamethasone 1 1.5(1-2)*** 1.3 £ (0.3*** 2.8 £ (0.3%** 130.6 + 14.1%**
OBSE 100 3.0 (2-4)* 3.8+0.6* 6.8+ 0.6* 223.6+15.8
OBSE 200 2.0(1-4)** 2.6+ 0.4** 4.6 + (0.4 184.1 + 11.7**
OBSE 400 2.0(1-4)** 1.8 + 0.5%** 3.8+ 0.4%** 154.6 + 6.4%**
OBSM 100 2.0(2-4)** 2.5+ 0.5% 4.5+ (0.5 153.0 + 6.7%**
OBSM 200 1.5(1-3)*** 2.2+ 0.4%* 3.7 £ 0.3%** 148.6 + 9.4***
OBSM 400 1.0(1-2)*** 1.6 + 0.4%** 2.6 + 0.3*** 137.0 + 8.1%**

Sham: normal rats received normal saline (5ml/kg/day). Control: rats with colitis received normal saline (5ml/kg/day).
OBSE: O. basilicum seeds extract (100, 200, 300 mg/kg), OBSM: O. basilicum seeds mucilage (100, 200, 300 mg/kg). Data
are expressed as mean * SD or median (range) for scoring parameter, n=6). * p < 0.05, **p<0.01, ***p<0.001 , denote
significant difference versus control (ANOVA with Tukey’s HSD as post hoc test).

Fig. 1. Photographs of colon tissue, 5 days after acetic acid-induced colitis in rats: (A) Sham; Normal colon treated with
normal saline; (B) Control colitis treated with normal saline; (C) Colitis treated with dexamethasone (1mg/kg); (D)
Colitis treated with 0. basilicum seeds extract (OBSE, 400 mg/kg). (E) Colitis treated with O. basilicum seeds mucilage
(OBSM, 400 mg/kg).
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Effect of OBSE and OBSM on pathologic
parameters

Colon tissue damage well induced pathologically
and histologicaly in control group compared to
Sham group. Control group expressed destruction
of epithelium, hemorrhage, edema, and
inflammatory cells infiltration and crypt damage
which are well defined markers of ulceration at
mucus and sub-mucosal layers (Table 2 and
Figure 2).

Oral administration of OBSE at 400 mg/kg was
effective to reduce histopathology scores
including inflammation severity, inflammation

extent, crypt damage and total colitis index (at
least P<0.05) (Table 2, Figure 2) compared to
control colons. Two lower doses of OBSE (100,
200mg/kg), however were not effective.
Treatment with OBSM was effective to reduce
histopathology scores including inflammation
severity, inflammation extent, crypt damage, and
total colitis index (at least p<0.05) at all examined
doses (Table 2, Figure 2).

Treatment with dexamethasone (1mg/kg) on the
other hand, showed meaningful reduction in
inflammation severity and extent, crypt damage
and total colitis index (at least p<0.01) after oral
administration (Table 2, Figure2).

Table 2. Effect of O. basilicum seeds extract and mucilage on the macroscopic parameters of colitis induced by acetic

acid in rats.

Inflam. Inflam. Extent Crypt Damage Total
Group/Dose (mg/kg) Severity Colitis Index
(0-3) (0-3) (0-4) (0-10)
Sham 0.0 (0-0) 0.0 (0-0) 0.0 (0-0) 0.0 (0-0)
Control (colitis) 3.0(3) 3.0(3) 3.0 (2-4) 9.0 (8-10)
Dexamethasone 1 1.0 (0-1)** 1.0 (0-2)** 1.0 (0-2)** 2.5 (0-4)***
OBSE 100 3.0 (1-3) 2.5(1-3) 2.5(0-4) 8.0 (2-9)
OBSE 200 2.5(0-3) 2.5(0-3) 1.5(1-4) 7.0 (1-10)*
OBSE 400 1.5(0-3)** 1.0 (0-2)** 2.0 (1-3)* 4.5 (1-6)**
OBSM 100 2.0 (1-3)** 2.0 (1-3)** 2.0 (0-3)* 5.5(3-9)**
OBSM 200 1.5(1-2)** 1.0 (0-3)* 1.0 (0-4) * 3.5(2-8)**
OBSM 400 1.0 (0-2)** 1.5(0-2)** 1.0 (0-2)** 3.5 (1-5)***

Sham: normal rats received normal saline (5ml/kg/day). Control: rats with colitis received normal saline
(5ml/kg/day). OBSE: O. basilicum seeds extract (100, 200, 300 mg/kg), OBSM: 0. basilicum seeds mucilage (100,
200, 300 mg/kg). Data are expressed as median (range), n=6). * p < 0.05, **p<0.01, ***p<0.001 , denote
significant difference versus control (Mann-Whitney U test).
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Fig. 2. Microscopic presentation of acetic acid-induced colitis in rats. (A) Normal colon treated with normal saline;
mucus layer, and crypts are normal and leucocyte infiltration is negligible (B) Colitis induced by acetic acid in control
group; crypt damage, mucosal layers destruction and leukocyte infiltration are evident (C) Dexamethasone (1mg/kg)
treated colitis D) Colitis treated with O. basilicum seeds extract (OBSE, 400 mL/kg) (E) Colitis treated with O. basilicum
mucilage (OBSM, 400 mg/kg). H&E staining with x40 magnification.
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Fig. 3. Monoamino-oxidase (MPO) activity (U/g) in colonic tissue of rats treated with normal saline (5ml/kg), O.
basilicum seeds extract (OBSE), O. basilicum mucilage (OBSM) and dexametazone (Dex., 1mg/kg). * p< 0.005, **, p<0.01,
*#*p<0.001 denote significant difference versus control (ANOVA with Tukey’s HSD as post hoc test).
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MPO activity measurement

Result of present study indicated that the activity
of MPO enzyme was significantly diminished in
both OBSE and OBSM treated groups as well as
dexamethasone (P<0.001) group. The exception
was OBSE (100mg/kg) which was not effective
(p>0.05) to diminish this parameter (Figure 3).

Discussion

Results of present study indicated protective
effect of OBSE and OBSM considering
macroscopic, microscopic and biochemical factors
in acetic acid model of experimental colitis.
Phytochemical composition analysis by Parikh et
al. revealed that O. basilicum seeds containing
higher amount of phenolic acids and flavonoid
content B0 rather than its leaves. Methanolic seed
extract of O. basilicum, showed the presence of
carbohydrate, saponins, phenolics, flavonoids, and
mucilage 89, Phenolic compounds and flavonoids
e.g. rosmarinic acid, ferulic acid and caffeic acid
are among potent natural antioxidants and free
radical scavengers with inhibitory activities
against some pathogenic microorganisms [9. Anti-
inflammatory and antioxidant properties of
Ocimum genus has been demonstrated in several
studies [9111416] [n this regard our study is in
consistent with Rameshrad et al. 311 and Gajula et
al. 132, Rameshrad et al. reported ethanol extract
of 0. basilicum significantly decreased the
inflammatory reaction in rat’s paw edema induced
by carrageenan. In addition Gajula et al. indicated
Holy and culinary basil significantly reduced the
number of azoxymethane- induced colon tumors
as well as tumor associated edema and
inflammation in fisher 344 male rats. Our results
showed an increase in wet weight of distal colon
and macroscopic damage score in colitis control
group verifying a distinct inflammation and
presence of inflammatory cells induced by acetic
acid. Neutrophils are essential source of
inflammatory cytokines that accumulate in
inflamed colonic mucosa and cause the mucosal
and sub-mucosal layers to be destructed [331. Our
findings revealed that treatment with OBSM (at all
doses) and OBSE (at 200, 400 mg/kg doses) could

decrease the wet weight of distal colon segments
and macroscopic damage score compared with
control group. A study conducted by Rai et al
revealed that administration of ethanol extract of
leaves and seeds of O. canum could decrease
leucocytes number in vital (liver, kidney, heart, ...)
and lymphoid organs [341.

Therefore, loose in wet weight of distal colon
segments is well correlated with regression in
local inflammation scores. In addition, both
fractions (OBSE and OBSM) significantly
decreased the histological signs of inflammation
such as infiltration of lymphocytes and
macrophages into the mucosa, edema, and tissue
damage. Oxidative stress is one of the most
important etiological and/or triggering factors for
IBD. The adverse effects of reactive oxygen species
(ROS) have been well known in the inflammatory
process (Balmus, et al. ). Our present research
showed that administration of OBSE and OBSM
decreased MPO activity intensified during acetic
acid-induced colitis indicating a significant anti-
inflammatory activity on this model. MPO is a
membrane bound enzyme that involves in lipid
peroxidation process, which acts as dominant cell
effector of the innate host defense and
incorporates in inflammatory tissue damage [351.
This enzyme has been found to convert hydrogen
peroxide and oxygen chloride to hypochlorous
acid, a powerful oxidant, that reacts readily with
macromolecules to exert antimicrobial activity of
neutrophils which are also involves in colonic
mucosal damage (36371, So the activity of MPO from
damaged tissue is directly proportional to the
number of neutrophils observed in histological
fields 138l As it is mentioned before, the seeds of
basil contain a wide range of O. basilicum derived
compounds include mainly triterpenoids,
polyphenols, steroids, flavonoids and tannins,
which are considered as chemical compounds
principally by anti-oxidant and anti-inflammatory
activity[93439401, So this anti-inflammatory effect
on colitis might be attributed to the presence of
terpenoids and flavonoids which are known to
inhibit the inflammatory signaling through NF-kB
suppression.l521411  NF-kB through TNF-alpha
activation has a pivotal role in IBD pathology and
recurrence such as its suppression could result in

Copyright © 2018 by Kermanshah University of Medical Sciences

JRPS, 2018, 7(3), 295-305| 302



Anti-ulcerative effect of Basil on colitis

colitis remission both in experimental and clinical
settings [411.

We showed that OBSM had stronger effect on
colitis protection than OBSE. It is assumed that the
mucilaginous (gum) layer forming around the
basil seeds when they soaked in water causes a
thickening and stabilizing agent which can
improve stability and textural properties of basil
seeds components [17I. In a study by Saeedi et al
explained O. basilicum mucilage have high
potential to use as a controlled release excipient
and has a suitable drug delivery in complex matrix
(42, The mucilaginous layer of the swollen seeds
has a large capacity for hydration. It is reported
that the polysaccharides extracted from basil seed
composed of acid-stable core glucomannan and a
(1-4)-linked xylan having acidic side chains at C-2
and C-3 of the xylosyl residues in acid-soluble
portion [43. Therefore, it is thought that this
structure of OBSM can sustain and improve
antioxidant property of terpenoids and phenolic
compounds of seeds by slower release in colon
tissue.

Conclusions

In conclusion basil seeds extract and mucilage
fractions (OBSE and OBSM) could protect against
acetic acid-induced colitis in rats at least by
reducing leukocytes infiltration and activation and
inhibiting myeloperoxidase activity within the
tissue. Mucilage layer in basil seeds exerted a
more potent action against colonic inflammation
and confirmed again that protectant and
demulcent property of mucilage and gums could
be beneficial in IBD treatment and/or its
recurrence prevention. However further studies
are recommended to elucidate the complete
mechanism of O. basilicum seeds action in IBD.
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