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Menthol inhibits oxidative stress and inflammation in
acetic acid-induced colitis in rat colonic mucosa
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Abstract: Inflammatory bowel diseases (IBD) such as ulcerative colitis and Crohn’s disease are characterized by
chronic inflammation of the gastrointestinal system. There is no permanent cure from IBD except constant medica-
tion or surgery to keep the disease in remission. In the present study, the effect of menthol, a major ingredient of
peppermint has been investigated in acetic acid-induced colitis model in Wistar rats. Menthol (50 mg/kg/day) was
orally administered for either 3 days before or 30 min after IBD induction for 7 days. The changes in body weight,
macroscopic and microscopic analysis of the colon of rats of different experimental groups were observed on day
0, 2, 4 and 7. Acetic acid caused a significant reduction in mean body weight and induced macroscopic and micro-
scopic ulceration along with a significant decline of glutathione (GSH) levels, an antioxidant substrate concomitant
to increased malondialdehyde (MDA) level, a marker of lipid peroxidation and raised myeloperoxidase (MPO) activ-
ity, itself a marker for neutrophil activation. Acetic acid also induced the release of pro-inflammatory cytokines.
Furthermore, acetic acid also raised the levels of calprotectin, a protein released by neutrophils under inflammatory
conditions of the gastrointestinal tract. Treatment with menthol significantly improved IBD-induced reduction in
mean body weight and mean macroscopic and microscopic ulcer scores and reduced activities of MPO and levels
of MDA with concomitant increase in GSH level. Additionally, menthol treatment significantly reduced the levels of
pro-inflammatory cytokines such as interleukin-1, interleukin-23 and tumor necrosis factor-a with no significant
change in interleukin-6 levels. The data indicate that menthol improved body weight gain, mean macroscopic and
microscopic ulcer scores, attenuated lipid peroxidation, oxidative stress and inflammation in the IBD rat mucosa.
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Introduction ment of IBD involves either medical or surgical
approaches [3]. Currently available agents for
Inflammatory bowel diseases (IBD) which in- IBD including corticosteroids, thiopurines,

cludes ulcerative colitis and Crohn’s disease 5-aminosalicylates and immunosuppressants

have been characterized by low grade sus-
tained chronic inflammation of the gastrointes-
tinal system [1]. In IBD the mucosal tissue dam-
age is initiated and perpetuated by a dys-
regulated immune response. This also involves
several intra- and extra-intestinal manifesta-
tions with an autoimmune component involving
interaction between genetic, environmental
and immunological factors [1]. The accumula-
tion of neutrophils, macrophages and lympho-
cytes triggers pro-inflammatory mediators such
as cytokines, eicosanoids, reactive oxygen spe-
cies and neutrophil infiltration that culminate in
inflammation of the intestine [2]. The manage-

are not entirely effective and also exhibit numer-
ous adverse effects which limit their long term
use [3]. As a permanent cure from IBD is still
not possible, most patients require constant
medication or surgery to keep the disease in
remission. However, response to these drugs is
variable and can diminish over time [3]. Despite
controlling the remission and diseases flares
the onset and complications appear perplexing
and far from satisfaction [3, 4]. This imperfec-
tion points to the need for newer therapeutic
agents that have potential to target intimately
linked cascade; oxidative stress-inflammatory
cytokine signaling [3, 4]. As current therapeutic
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strategies are risky or ineffective for long-term
use, new therapies for prevention of IBD remain
a priority to reduce the burden of this disease.
Thus, it is imperative to consider novel thera-
peutic modalities to overcome the debilitating
clinical conditions of IBD. In search of novel
therapeutic agents, medicinal plants have been
studied extensively in the past few years and
are considered as a major source of drug dis-
covery as many reports have shown that about
80% of drug molecules are either natural prod-
ucts or the phytochemicals derived from plants.
Also, since ancient time, botanical and ethno-
botanical researches have focused for decades
on the search for a single active principle in
plants, based on the assumption that plants
have one or few ingredients that determine
therapeutic effects. Plants have shown promis-
ing results in the treatment of IBD in several
earlier studies [5-7]. Among the natural com-
pounds that have been investigated in recent
studies, numerous plants containing essential
oils including mentha have been shown to exert
gastroprotective effects [8-10]. Therefore, the
present investigation focuses on the actions of
menthol, the main active constituent of pepper-
mint plant. Menthol, a monocyclic monoter-
pene has been shown to exhibit significant
therapeutic actions in various pathological con-
ditions of gastrointestinal system [10, 11]. Both
peppermint and menthol are effective in vomit-
ing and nausea [12], gastrointestinal spasm
[13, 14], dyspepsia [10, 11, 15], irritable bowel
syndrome [9, 16] and gastric ulcers [17, 18].

In IBD, experimental models such as acetic
acid-induced IBD model have proven to be
important tools for detecting potential thera-
peutic agents and for investigating the mecha-
nisms of pathogenesis. In the present study,
the effects of menthol on macroscopic and
microscopic pathologies of the colon were in-
vestigated. Furthermore, the activities of the
enzymes involved in free radical formation and
the levels of pro-inflammatory cytokines and
calprotectin were investigated in acetic acid-
induced IBD in rat model.

Materials and methods

The experiment was done with male albino
Wistar rats weighing 225-240 g acquired from
the local experimental animal breeding facility
of the College of Medicine & Health Sciences
(CMHS), United Arab Emirates University. Rats
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were housed in polypropylene cages (47 x 34 x
20 cm) lined with husk (replaced every 24 h) in
a 12 h light/dark cycle at around 22°C. Rats
were fed on standard diet and water ad libitum.
After overnight fasting, the rats were lightly
anaesthetized with ether and IBD was induced
by intrarectal administration of 1 ml of 4% ace-
tic acid at 8 cm proximal to the anus for 30 s. To
flush the colon, 1 ml of phosphate buffered
saline (PBS) was similarly administered. The
experiments were carried out according to the
Ethical Guidelines on Animal Studies of the
United Arab Emirates University (NP-14-45).

Experimental design

Menthol was applied under two different appli-
cation regimes, (1) where the effect of menthol
was tested for 1 week after the induction
of IBD, (2) prophylactic, where menthol was
applied 3 days before the induction of IBD
and continued for 7 days after IBD induction.
In summary, for each application modality, rats
were divided into pre IBD menthol treated (n =
18) and post IBD menthol treated groups (n
18). Menthol 50 mg/kg in 1% carboxymethyl
cellulose (CMC) was administered orally 30 min
after the induction of IBD (post treated groups)
daily. Control animals received 1% CMC alone
using the same technique. To study the protec-
tive role of menthol on IBD, rats were adminis-
tered menthol treatment 3 days before IBD
induction (pretreated groups). The dose of 50
mg/kg was selected based on a dose-response
pilot study in our laboratory and the results of
published studies [18]. The animals were wei-
ghed at 0, 2, 4 and 7 days after IBD and colon
samples from control, post and pretreatment
groups were collected in liquid nitrogen and 4%
neutral buffered formalin.

Assessment of macroscopic ulcer score

To examine the extent of colonic inflammation
by macroscopic and microscopic analysis, his-
tological samples were collected at selective
time points (O day and after 2, 4 and 7 days of
IBD with or without menthol treatment). On 7"
day after IBD, the rats were euthanized by cer-
vical dislocation and the colons were excised 2
cm above the anal margin, opened longitudi-
nally and washed with saline. Macroscopic
damage was assessed by the scoring system
of Wallace and Keenan [19], which takes into
account the area of inflammation and the pr-
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esence or absence of ulcers. The criteria for
assessing macroscopic damage was based on
a semi quantitative scoring system where fea-
tures are graded as follows: O, no ulcer, no
inflammation; 1, no ulcer, local hyperemia; 2,
ulceration without hyperemia; 3, ulceration and
inflammation at one site only; 4, two or more
sites of ulceration and inflammation; 5, ulcer-
ation extending more than 2 cm.

Assessment of microscopic ulcer score

After macroscopic observation, samples of the
colon were subsequently excised for micro-
scopic observation. The colon was fixed in 4%
formalin in phosphate buffered saline (PBS) for
1 week after which it was washed under run-
ning tap water for 2 h. The samples were then
dehydrated in graded ethanol and then embed-
ded in paraffin wax. Thereafter, 5 uM sections
were deparaffinized with xylene, stained with
haematoxylin-eosin and were viewed micro-
scopically. Microscopic analysis was based on
the scoring system of Neurath et al. [20].

Preparation of colon tissue homogenate

Samples of 8 cm portion of distal colon were
cut longitudinally to open, washed with ice-cold
PBS. The tissue was weighed and homogenized
with 10 volumes of in ice-cold high KCI lysis
buffer (10 mM Tris-HCI, pH 8.0, 140 mM NaCl,
300 mM KCI, 1 mM EDTA, 0.5% Triton X-100
and 0.5% sodium deoxycholate) with complete
protease inhibitor cocktail through 28 mm
ceramic beads by using bead raptor 4 homog-
enizer (Omni international, United States). The
resulting homogenates, after 30 min incuba-
tion on ice, were centrifuged at 15000 rpm for
30 min at 4°C. The resulting supernatant was
stored at -40°C until ELISA. Protein concentra-
tion was determined in each sample by the BCA
method based commercial kit.

Determination of myeloperoxidase (MPO)

Myeloperoxidase (MPO) was measured by
sandwich ELISA according to manufacturer’s
protocols. Briefly, 100 ul of the sample and
standards were added to 96 well microtiter
plate, coated with antibodies recognizing rat
MPO, for 1 h at room temperature. After wash-
ing, 100 ul/well biotinylated trace antibody was
added for 1 h at room temperature. After wa-
shing, Streptavidin-peroxidase conjugate was
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added to bind with biotinylated trace antibody
for 1 h at room temperature. The TMB-ELISA
substrate was added for 30 min at room tem-
perature, after washing the plate. The enzyme
reaction was stopped by oxalic acid. The absor-
bance was read at 450 nm, after adding stop
solution, with a microplate reader (Tecan Group
Ltd., Mannedorf, Switzerland). MPO levels were
expressed as ng per milligram of protein.

Determination of calprotectin

Enzyme immunoassay of calprotectin, in distal
colon protein samples was performed by using
commercial MyBioSource sandwich ELISA kit.
Briefly, 50 yl sample and standards with 100 pl
HRP were added to the coated 96 well micro
titer plate for 1 h at 37°C. After washing, TMB-
ELISA substrate was added at 37°C. The ab-
sorbance was read at 450 nm, after adding
stop solution, with a microplate reader (Tecan
Group Ltd., Mannedorf, Switzerland). Calpro-
tectin levels were expressed as ng per milli-
gram of protein.

Measurements of reduced glutathione (GSH)

The GSH content in colon homogenate was
estimated following manufacturer protocol of
the assay kit. Briefly, the measurement of GSH
used a kinetic assay in which catalytic am-
ounts (nmoles) of GSH cause a continuous
reduction of 5,5-dithiobis (2-nitrobenzoic acid)
to nitrobenzoic acid (TNB), and the glutathione
disulfide (GSSG) formed was recycled by gluta-
thione reductase and NADPH. The yellow color
product, 5-thio-2-TNB, was measured spectro-
photometrically at 412 within 5 min of 5,5-di-
thio-bis (2-nitrobenzoic acid) addition, against a
blank with no homogenate. GSH concentration
was expressed as UM of GSH per milligram of
tissue.

Measurement of malondialdehyde (MDA)

The lipid peroxidation product, MDA, in the
colon homogenate from each group was mea-
sured using MDA assay kit. Briefly, the assay is
based on the reaction of MDA with thiobarbitu-
ric acid (TBA) to form a MDA-TBA adduct that
absorbs strongly at 532 nm. Briefly, the deprot-
einated tissue sample was added to 1 M phos-
phoric acid and butylated hydroxytoluene in
ethanol and then the mixture was heated at
60°C for 60 min. The suspension was cooled to
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Table 1. Effect of menthol on mean body weight in rat model of IBD

stop solution, with a micro-

Time point

Control, no menthol Post treatment

Pre treatment plate reader (Tecan Group

Day O control 233.89 £ 3.03

Menthol + 2 Days IBD 194.14 + 9.51*** 220.00 + 6.76% 215.00 + 7.59##
Menthol + 4 Days IBD 239.67 + 11.15 223.40+3.66 244.50 £ 9.80

Ltd., Mannedorf, Switzer-
land). IL-23 levels were
expressed as pg per milli-
gram of protein.

Menthol + 7 Days IBD  231.38 + 7.18 245.57 + 4.37 252.71 + 3.66#

Values are expressed as mean + SEM, ***P < 0.001 vs. non IBD control group; #P <

0.05, ##P < 0.01 vs. relative IBD control group.

room temperature and centrifuged at 10000 x
g for 2-3 min and the pink colored supernatant
was taken for spectroscopic measurements at
532 nm for the assay of MDA. The concentra-
tion of MDA was expressed as yM per 10 mg of
tissue.

Determination of inflammatory cytokines
TNFa, IL-1B, IL-6, and IL-23

Enzyme immunoassay of TNFa, IL-13, IL-6 and
IL-23 in colon homogenate was performed by
using commercial sandwich Duoset ELISA kit
(R&D Systems Inc. Minneapolis, MN, USA). In
brief, the wells of a microtiter plate were coated
with respective primary antibody in phosphate
buffer saline (PBS), (100 uL/well) overnight at
room temperature, washed with phosphate-
buffered saline containing 0.05% Tween (PBST)
and then blocked with 1% albumin bovine
serum in PBS for one hour. After washing, the
plates were incubated with serum, Kkidney
homogenates and respective standards for 2
hours. After washing with PBST, a detection
antibody was added for 2 hours. After washing,
100 pl of HRP was added and kept it for 30
minutes. Then, TMB-ELISA from (Sigma Che-
mical Co., St. Louis, MO, USA) was added and
the color intensity was read at 450 nm with a
Tecan microplate reader (Tecan Group Ltd,
Mannedorf, Switzerland). Cytokines levels we-
re expressed as pg per milligram of protein.
Enzyme immunoassay of IL-23, in distal colon
protein samples was performed by using com-
mercial MyBioSource sandwich ELISA kit. Brie-
fly, sample and standards were added to the
coated 96 well micro titer plates for 2 h at
37°C. After removal of samples, detection re-
agent A was added and incubated for 1 h at
37°C. After washing, detection reagent B was
added and incubated for 1 h at 37°C. The TMB-
ELISA substrate was added after washing. The
absorbance was read at 450 nm, after adding a
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Chemicals and kits

Acetic acid was purchased

from BDH Prolabo (Johan-
nesburg, South Africa). Menthol, Sodium deoxy-
cholate, GSH enzyme kinetic assay kit and all
other chemicals, if not specified were pur-
chased from Sigma-Aldrich (Sigma Chemical
Co., St. Louis, MO, USA). BCA Protein Assay kit
and complete protease inhibitor cocktail were
purchased from Thermo Fisher Scientific Inc.
(Waltham, MA, USA). Rat MPO sandwich ELISA
kit was purchased from Hycult Biotech (Uden,
The Netherlands). Cytokines duo set ELISA kits
were purchased from R&D Systems (Min-
neapolis, MN, USA). Rat IL-23 and Calprotectin
ELISA kit was purchased from MyBioSource,
Inc. (San Diego, CA, USA). Malondialdehyde
Assay kit was purchased from Northwest Life
Science Specialties, (Vancouver, WA, USA).

Statistical analysis

Data were analyzed statistically using SPSS
23.0 software. The mean of the data is present-
ed with the standard error mean (SEM). The
data were analyzed using independent t-test
to determine the significance of the mean
between the groups. Values of P < 0.05 were
considered significant.

Results

Effect of menthol on body weight in acetic
acid-induced IBD

The mean body weight (MBW) in controlled rats
(before IBD) was 233.89 + 3.03 g (n = 9, Table
1). IBD significantly reduced (P < 0.001) the
MBW to 194.14 + 9.51 g (n = 6). After 4 and 7
days of IBD, the MBW of the untreated rats
recovered to 239.67 + 11.15 (n = 9) and
231.38 + 7.18 g (n = 10), respectively. Menthol,
administered after the induction of IBD and
continued for 7 days, at a dose of 50 mg/kg
significantly (P < 0.05) increased the MBW to
220 £+ 6.76 g 2 days after the onset of IBD (n =
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IBD is depicted in Figure 1A.
The mucosa of the colon of
untreated rats is hyperemic
and ulcerative. Scoring of the
lesions of the hyperemia and
ulcer of the colon of acetic
acid-induced IBD rats showed

significant (P < 0.001) increase
IBD in MMaUS from O (control, no
IBD)to 4.9 + 0.1, 4 + 0.4, and
0.8 + 0.2 after 2, 4 and days 7,
respectively. Menthol at a dose
of 50 mg/kg, caused a signifi-
cant (P < 0.05) decrease in
MMaUS administered either
before (3.4 + 0.6, n = 6) or
after (3.9 £ 0.4, n = 6) 2 days
of IBD when compared to
untreated groups, 4.9 + 0.1
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Figure 1. Effect of menthol on ulcer score in rat model of IBD. A. Colon
macroscopic ulcer score; B. Colon microscopic ulcer score. Values are ex-
pressed as mean + SEM; *P < 0.05, **P < 0.01, ***P < 0.001 vs. non
IBD control group; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. relative IBD

control group.

6), but non-significantly to 223.40 + 3.66 g on
day 4 of IBD (n = 6) when compared to treated
IBD rats (Table 1) and significantly (P < 0.05) to
245.57 + 4.37 g when compared to untreated
control. The body weight of rats pre-treated
with menthol by gastric gavage at doses of 50
mg/kg per day for 3 days before the induction
of IBD is presented in Table 1. The MBW of con-
trol rats was significantly (P < 0.01, n = 6)
increased from 194.14 + 9.51 g (n = 6) to 215
+ 7.59 on day 2 of IBD to 252.71 + 3.66 g (P <
0.05, n = 6) on day 7 of IBD. However, a non-
significant effect was seen in MBW on day 4 of
IBD (244.50 £ 9.80 g, n = 6) compared to con-
trol (239.67 + 11.15 g). In addition, the MBW of
menthol-pretreated rats with administered at
50 mg/kg, increased significantly (P < 001, n =
6) on day 7 after the onset of IBD from 194.14
+ 9.51 g (n = 6) (untreated rats) to 252.71 +
3.66 ¢.

Effect of menthol on mean macroscopic ulcer
score (MMaUS) in acetic acid-induced IBD

The effect of menthol on MMaUS in rats when
given orally immediately after the induction of
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(IBD, no menthol, n = 6). Si-
milarly, menthol administered
orally before and after IBD at
a dose of 50 mg/kg caused
significant (P < 0.05-0.001)
reduction on MMaUS after 4
and 7 days of IBD when com-
pared to control (IBD, no men-
thol). The MMaUS was reduced
from 4.0 + 0.4 to 2.1 + 0.3 (pretreatment) and
to 1.4 + 0.2 (post-treatment) after 4 days of
IBD and from 0.75 + 0.2 (control, no menthol)
to 0.0 + 0.0 (pretreatment) and to 0.2 + 0.2
(post-treatment) on day 7 of IBD.

Effect of menthol on mean microscopic ulcer
score (MMIiUS) in acetic acid-induced IBD

In histologic analysis, massive epithelial loss,
severe inflammatory cell infiltration, vasculitis
and submucosal edema were evident in the
colitis group. The effects of menthol on micro-
scopic structure in the mucosa of the colon of
control, untreated, and treated rats are pre-
sented in Figures 1B and 2. IBD caused a sig-
nificant (P < .001) increase in MMiUS from O
(untreated)t0 3.5+ 0.2 (n=6), 2.7 + 0.3, (n =
6)and 1.4 + 0.2 atdays 2,4 and 7 of IBD induc-
tion, respectively (Figure 2Ba-Da). Menthol
administered 3 days before IBD at a dose of 50
mg/kg to IBD rats, resulted in a significant (P <
0.05, n = 6) reduction in MMiUS from 3.5 + 0.2,
(IBD, no menthol)to 1.5 + 0.3 at day 4, from 2.7
+0.3t0 0.6 + 0.3 and from 1.4 + 0.2 t0 0.4 +
0.2 atdays 2, 4 and 7, respectively (Figure 2Bc-
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Non IBD
Control

B Control

2 days IBD

4 days IBD

7 days IBD

Figure 2. Photomicrographs representing the effects of menthol on the histopathological changes on descending
colon in rat model of IBD. A: Non IBD control; B: 2 days IBD; C: 4-day IBD; D: 7-day IBD, (a) Control, no menthol, (b)
Post IBD menthol treated (c) Pre IBD menthol treated. Note a large degree of lymphatic infiltration in B(a). In addi-
tion, the mucosal layer of C(a) and C(b) are highly compromised. *Lymphatic infiltration. m = mucosa.

Dc). Administration of menthol also reduced
lymphatic infiltration in the colon of rats treated
with menthol after the induction of IBD (Figure
2Bb-Db).

Effect of menthol on mean colon myeloperoxi-
dase levels in acetic acid-induced IBD

Mean colon myeloperoxidase (MCMPO) activity,
the indicator of neutrophil migration to injured
tissue, showed a marked increase in colitis
group compared to control group (P < 0.001).
The effect of menthol on MCMPO levels in rats
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administered orally for 3 days before or 30 min
after the induction of IBD was measured to
determine the extent of inflammation (Figure
3A). MCMPO level in control (no menthol, no
IBD) was O ng/mg protein. IBD significantly (P <
0.05) increased MCMPO levels to 514 + 44 ng/
mg protein in untreated group (IBD, no men-
thol) after 2 days of IBD. However, menthol
administered post-IBD, significantly (P < 0.001,
n = 6) reduced MCMPO levels from 514 + 44
(no menthol) to 176 £ 17 ng/mg of protein from
405 + 122 (no menthol) to 79 + 20 ng/mg of
protein and from 67 £ 25 ng/mg of protein to 7
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3.6 uM to 44 + 7.6 uyM and
from 18 + 4.1 to 30 + 3.6 uM
on days 4 and 7 of IBD, respec-
tively. At day 2 of IBD, there

*
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N Mot 29.+3.6Mon days 2, 4 and
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7, respectively.

Effect of menthol on mean co-
lonic malondialdehyde levels
in acetic acid-induced IBD

Mean colonic malondialdehy-

c 25
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g *
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Non IBD Control Menthol + 2 Menthol + 4
Days IBD Days IBD

OControl, no Menthol Post treatment

Figure 3. Effect of menthol on the markers of oxidative stress in colonic
tissues of rat model of IBD. A. Activities of myeloperoxidase (MPO); B. Glu-
tathione (GSH) level; C. Malondialdehyde (MDA) level. Values are expressed
as mean + SEM; *P < 0.05, **P < 0.01, ***P < 0.001 vs. non IBD control
group; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. relative IBD control group.

+ 2 (n = 6) ng/mg of protein at 2, 4 and 7 days
of IBD, respectively. When menthol was admin-
istered 3 days before IBD, MCMPO levels were
significantly (P < 0.05, P <0.001, n =6) reduced
from 514 + 44 ng/mg of protein in untreated
group (IBD, no menthol) to 146 + 20 ng/ml of
protein, from 405 + 51 ng/mg proteinto 52 + 6
of protein, and from 67 + 25 to 9 + 2 ng/mg
protein at 2, 4 and 7 days of IBD, respectively.

Effect of menthol on the mean colon glutathi-
one (MCGSH) levels in acetic acid-induced IBD

The effect of menthol on MCGSH levels in rats
when administered orally after the induction of
IBD is shown in Figure 3B. MCGSH in control
(no IBD, no menthol) was 37 + 3.9 uM (n = 9).
MCGSH levels decreased significantly (P <
0.05,P<0.01,n=6)ondays 2,4 and 7 of IBD.
The MCGSH levels were 23 + 1.7 uM, 24 + 3.6
UM and 18 + 4.1 uM, respectively. When men-
thol was administered post-IBD, it significantly
(P < 0.05) increased MSGSH levels from 24 +
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de (MCMDA), another mediator
of inflammation, was measur-
ed to examine the effects of
menthol administered either 3
days before or 30 min after the
induction of IBD in rats is
shown in Figure 3C. IBD non-
significantly increased MCMDA
levels from 4 + 0.5 uM to 7 +
2.2 yM on day 2 and from 4 +
0.5 uMto 5 + 0.9 uM on day 7. IBD significantly
(P < 0.05, n =6) increased MCMDA levels from
4 + 0.5 uyM to 18 + 6.0 yM on day 4 of
IBD. Menthol administered 30 min after IBD,
significantly (P < 0.05, n = 6) deceased MCMDA
levels from 18 + 6.0 yM to 3 + 0.9 uM after 4
days of IBD. Menthol had no effect on MCMDA
at day 2 and day 7 of IBD. Menthol, administer-
ed pre-IBD, significantly (P < 0.05) decreased
MCMDA levels from 7 £ 2.2 yM to 2 £ 0.3 uM
and from 18 + 6.0 uM to 3 £ 0.9 yM on day 7 of
IBD. Menthol, administered either before or
after IBD had no effect on MCMDA on day 7.
Menthol also significantly (P < 0.01) reduced
MCMDA levels when administered before IBD
and compared to control (hon-IBD, no menthol).

Menthol + 7
Days IBD

BPre treatment

Effect of menthol on mean colon calprotectin
levels in acetic acid-induced IBD

Mean colonic calprotectin, a marker of bowel

inflammation, was measured to examine the
effects of menthol administered either 3 days
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levels on day 7 of IBD. However,

18
16 T menthol administered post-
-g 1) IBD, significantly (P < 0.05, P <
g 0.01, n = 6) reduced IL-1 levels
2 21 T from 454 + 10 (no menthol) to
B 10 1 221 + 30 ng/mg of protein,
£ 87 and from 207 £ 28 (no men-
Y thol) to 139 + 18 ng/mg of
‘g N protein and from 108 + 14 ng/
§ 5 | mg of protein to 57 £ 12 (n =

6) ng/mg of protein at 2, 4 and
° Non IBD Control- Menthol + 2 ) Menthol + 4 ) Menthol +7 7 days of IBD, respectl\./e'ly.
Days IBD Days IBD Days IBD When menthol was adminis-

OControl, no Menthol SPost treatment

Figure 4. Effect of menthol on calprotectin level in colonic tissues of rat
model of IBD. Values are expressed as mean + SEM; *P < 0.05, **P < 0.01,

BPre treatment

tered 3 days before IBD, men-
thol significantly (P < 0.05, P<
0.01, n = 6) reduced the IL-1
levels from 454 + 10 ng/mg of

***P < 0.001 vs. non IBD control group; #P < 0.05, ##P < 0.01, ###P < protein in untreated group

0.001 vs. relative IBD control group.

before or 30 min after the induction of IBD in
rats is shown in Figure 4. IBD caused a signifi-
cant (P < 0.05) increase in mean colonic calpro-
tectin levels from 11 + 1.6 ng/mg protein (con-
trol, no IBD), to 16 + 1.0 ng/mg protein after 2
days of IBD. IBD had no effect on the mean
colonic calprotectin after 4 and 7 days of IBD.
Menthol, administered 30 min after IBD signifi-
cantly (P < 0.001) from 15 + 1.0 ng/mg protein
to 10 + 0.3 ng/mg protein and from 13 + 0.5
ng/mg protein to 9 + 0.4 ng/mg protein on days
2 and 4 of IBD, respectively. Menthol adminis-
tered 3 days before IBD, MCMDA levels signifi-
cantly (P < 0.001) decreased from 16 + 1.0 ng/
mg protein to 9 £ 0.4 ng/mg protein and from
13 + 0.5 ng/mg protein on days 4 and 7 of IBD,
respectively No effect was seen on MCMDA lev-
els on day 7 of IBD whether administered 3
days before or 30 min after IBD.

Effect of menthol on mean colon interleukin-1
(IL-1) levels in acetic acid-induced IBD

Colonic interleukin-1 (IL-1), a marker of inflam-
mation, was measured to examine the effect
of menthol administered either before or after
the induction of IBD in rats (Figure 5A). Mean
colonic IL-1 level before IBD in the control group
(no IBD, no menthol) was 85 + 6 pg/mg of
protein. IBD significantly (P < 0.001, n = 6)
increased mean colonic IL-1 levels to 454 + 10
(IBD, no menthol), and 207 + 29 pg/gm of pro-
tein, on days 2 and 7 of IBD, respectively. No
effect was observed on the mean colonic IL-1
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(IBD, no menthol) to 170 + 15

ng/ml of protein, from 207 *
29 ng/mg protein to 128 + 16 of protein, and
from 108 £ 25t0 62 + 11 ng/mg proteinat 2, 4
and 7 days of IBD, respectively.

Effect of menthol on mean colon interleu-
kin-23 levels in acetic acid-induced IBD

Colonic interleukin-23 (IL-23), a mediator of
inflammation, was measured to examine the
effect of menthol before and after the induc-
tion of IBD (Figure 5B). Mean colonic IL-23 level
before IBD in the control group (no IBD, no men-
thol) was 684 + 58 pg/mg protein. IBD had no
effect on colonic IL-23 levels but a non-signifi-
cant increase was seen on day 2 of IBD. Post-
treatment with menthol had a significant (P <
0.01) effect on mean colonic IL-23 levels only
on day 7 of IBD. Mean colonic IL-23 levels de-
creased from 659 + 40 pg/mg of protein to
452 + 38 pg/mg protein. Similarly, when men-
thol was administered 3 days before IBD, it sig-
nificantly (P < 0.001, n = 6) reduced the mean
colonic IL-23 levels from 659 * 40 (no menthol)
to 430 £ 18 pg/mg of protein (n = 6) after 7
days. Menthol, whether administered before or
after IBD, significantly (P < 0.05) reduced mean
colonic IL-23 when compared to control group
(No IBD, no menthol).

Effect of menthol on mean colon interleukin-6
levels in acetic acid-induced IBD

Colonic interleukin-6 (IL-6), another mediator of
inflammation, was measured to examine the
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significantly (n = 6) increased
mean colonic TNF-a levels to
7.8 + 10 pg/mg protein (IBD,
no menthol) on day 2 of IBD
but had no effect on TNF-« lev-
els on days 4 and 7 of IBD.
Menthol administered post-
IBD, significantly (P < 0.05, n =
6) reduced mean colonic TNF-a
levels from 7.8 + 10 (no men-
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thol) to 3.7 £ 0.5 pg/mg of pro-
tein, and from 5.0 + 0.6 (no
menthol) to 4.0 + 0.3 pg/mg of
protein and from 6.0 + 0.6 pg/
mg of proteinto 3.4 + 0.3 (n =
6) pg/mg of protein at 2, 4 and
7 days of IBD, respectively.
When menthol was adminis-
tered 3 days before IBD, men-
thol significantly (P < 0.05, n =

Menthol +7
Days IBD

Non IBD
Control

Menthol + 2
Days IBD

0O Control, no Menthol Post treatment

Figure 5. Effect of menthol on level of pro-inflammatory cytokines in colonic
tissues of rat model of IBD. A. Interleukin-1 (IL-1); B. Interleukin-23 (IL-23);
C. Interleukin-6 (IL-6); D. Tumor necrosis factor -a (TNFx). Values are ex-
pressed as mean + SEM; *P < 0.05, **P < 0.01, ***P < 0.001 vs. non
IBD control group; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. relative IBD

control group.

effect of menthol administered either 3 days
before or 30 min after the induction of IBD
(Figure 5C). Mean colonic IL-1 level before IBD
in the control group (no IBD, no menthol) was
70 + 25 pg/mg of protein. IBD and menthol
treated groups had no effect on colonic IL-6 lev-
els whether administered before or after IBD.
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Menthol + 4
Days IBD

BPre treatment

Menthol + 7

6) reduced the TNF-a levels
from 7.8 + 1.5 ng/mg of pro-
tein to 4.0 £ 0.3 ng/ml of pro-
tein, from 5.0 £ 0.6 ng/mg pro-
tein t0 3.0 + 0.4 of protein, and
from 6.0 + 0.6t03.4 £+ 0.3 ng/
mg protein at 2, 4 and 7 days
of IBD, respectively.

Days IBD

Discussion

Ulcerative colitis and Crohn’s disease are the
two main types of IBD. Patients with IBD can be
become severely wasted during an acute attack
of the disease [21] and generally the chronic
nature of the disease causes debilitating health
problems. Medications such as corticosteroids,
thiopurines, and immunomodulators are com-
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monlyusedinthetreatmentof IBD. However, res-
ponse to these drugs is variable and can dimin-
ish over time. Therefore, it is imperative to con-
sider novel therapeutic modalities to overcome
devastating chronic conditions of IBD. Among
new treatment modalities, the use of herbal
therapy for IBD is increasing worldwide [5-7].
Among the natural compounds that have been
investigated in recent studies, several monoter-
penes including menthol have shown therapeu-
tic effects in gastrointestinal diseases [5-9].
This study focuses on the actions of menthol,
as the main active constituent of peppermint
plant. Menthol belongs to monoterpene class
of a structurally diverse group of phytochemi-
cals found in plant-derived ‘essential oils’.
Monoterpenes such as carvedilol [22], geraniol
[23], carvacrol [24], and eucalyptol [25] have
also been shown to suppress inflammatory
process in earlier studies. Menthol has been
shown to have beneficial effects in various
pathological conditions of gastrointestinal sys-
tem [5, 6]. Both peppermint and menthol have
been proposed to have therapeutic effects in
preventing vomiting and nausea [5-7], gastroin-
testinal spasm [8, 9], dyspepsia [5, 6, 10], irri-
table bowel syndrome [11, 12], and in treat-
ment of gastric ulcers [13, 14]. Although sites
of actions of menthol currently remain largely
unknown. The functions of various ion channels
[26, 27] and enzymes [28, 29] have been
shown to be modulated by menthol.

The rat model of colonic inflammation was first
developed by MacPherson and Pfeiffer in 1978
[30] using intra-luminal instillation of acetic
acid. The initial injury in this model was a signifi-
cant epithelial necrosis and edema that vari-
ably extended into the lamina propria, submu-
cosa, or external muscle layers, depending of
the concentrations and length of exposure to
acetic acid [1]. Epithelial injuries were a rela-
tively specific reaction to organic acids because
HCI at a similar pH did not induce a similar inju-
ry [1]. Acetic acid-induced colitis is an easily
inducible model of IBD, and the similarity of the
profile of inflammatory mediators to IBD sug-
gests that the inflammatory phase bears some
resemblance to acute human intestinal inflam-
mation [1, 30, 31]. In the present study 1 ml of
4% acetic acid, a known inducer of colonic
inflammation, was used. The results showed
that IBD decreases body weight in rats, a simi-
lar trend seen in clinical studies [21] and men-
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thol caused a significant reduction of weight
loss observed in acetic acid model of IBD. The
etiology of weight loss and malnutrition in IBD
are multifactorial, and the nutritional status is
the result of complex pathophysiological pro-
cesses [32, 33]; these include postprandial
pain, diarrhea or anorexia, malabsorption and
maldigestion due to either the active disease,
protein loss through the bowel or metabolic
stress associated with inflammation and ste-
roid therapy [34, 35]. Diarrhea was observed in
all animals tested and 50% of the IBD rats had
blood in their stool, which is in line with the
reports of other investigators [33, 36].

In addition to weight loss and diarrhea, both
microscopic and macroscopic pathologies in-
duced by acetic acid were significantly reduced
in menthol administered treatment groups.
Histopathological examination of colon tissue
indicated that increased microscopic and mac-
roscopic damage scores in control IBD group
were significantly reduced in menthol treated
groups. In line with histopathological findings,
biochemical analysis of colonic tissue also indi-
cated that activity of MPO which is directly pro-
portional to quantity of neutrophils in inflam-
ed tissue, and the level of malondialdehyde,
an end product of lipid peroxidation, was sig-
nificantly reduced in menthol-treated groups.
Similarly, levels of glutathione, an antioxidant
molecule that is oxidized with peroxidase en-
zyme and eliminates hydrogen peroxide radical,
were significantly enhanced in menthol-treated
groups. Since, neutrophil infiltration, free radi-
cal formation and increased oxidative stress
are among the established causal factors in
IBD [37], some of the beneficial effects of men-
thol can be due to decrease of oxidative stress
in inflamed colonic tissue. In line with our find-
ings, antioxidant actions of menthol and men-
thol derivatives have been shown in earlier
investigations [18, 38-40].

Calprotectin is a protein occurring in the cyto-
sol of inflammatory cells and is released by the
activation of leukocytes, and increased tissue
levels of calprotectin has been shown to be
associated with progression of IBD [41]. In the
present study, increased calprotectin levels
were significantly reduced in menthol-treated
groups further indicating that menthol sup-
presses inflammatory process in colonic tissue.
In addition to calprotectin, production of pro-
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inflammatory cytokines such as IL-1, IL-6, IL-23,
and TNF-a in inflamed colonic tissue was also
significantly reduced in menthol-treated gr-
oups. In earlier studies, menthol has been sh-
own to decrease inflammatory cytokine levels
in gastric tissue [18] and monocytes [42, 43].

In earlier studies, treatment with antioxidant
drugs [44, 45] has also been shown to improve
the macroscopic and microscopic scores in
acetic acid-induction model of IBD. In line with
the results of these reports, the present study
indicates that menthol has a protective effect
on IBD by reducing the formation of free radi-
cals. This is the first report of its kind on the
effect of menthol on experimental colitis model
in rats. Currently, there is an intensive search
for a new drugs derived from medicinal plants.
The new compound should be accessible, safe,
and gastroprotective, and it should effectively
heal the IBD, thus avoiding its recurrence. Our
results indicate that menthol significantly
reduces pathological and biochemical parame-
ters of IBD in rat acetic acid model and suggest
that this compound can be used in treatment
of IBD.

Conclusions

The findings of the present study indicate that
menthol, a cyclic monoterpene and the main
compound of the essential oil of the genus
Mentha has a significant anti-inflammatory
effect in acetic acid-induced IBD model. Sup-
pression of the inflammatory process by men-
thol is associated with decreased oxidative
stress and reduced levels of pro-inflammatory
cytokines in colonic tissues.
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