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ABSTRACT The protective effect of hydroalcoholic extract of hawthorn berries (HBE) on acetic acid (AA)–induced colitis

in rats was investigated. Forty-two Wistar rats were divided into seven groups, including control and test groups (n = 6). The

control animals received saline, and the test animals were treated with saline (sham group), mesalamine (50 mg/kg; M group),

atorvastatin (20 mg/kg; A group), HBE (100 mg/kg; H group), mesalamine and HBE (HM group), or atorvastatin plus HBE

(HA group), 3 days before and a week after colitis induction. Colitis was induced by administration of 1 mL AA (4%) via a

polyethylene catheter intrarectally. High-performance liquid chromatography analyses showed that HBE contained 0.13% and

0.5% oleanolic acid and ursolic acid, respectively. Elevated myeloperoxidase activity and lipid peroxidation were attenuated

in the HA group. The H and HM groups showed marked reductions in colitis-induced decreases in total thiol molecules and

body weight. The histopathological studies revealed that HBE decreased colitis-induced edema and infiltration of neutrophils.

Our data suggest the anti-inflammatory and antioxidant effects of HBE and atorvastatin protect against AA-induced colitis.

The anti-inflammatory effect of HBE may be attributable to its ability to decrease myeloperoxidase activity as a biomarker of

neutrophil infiltration.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic unspecified in-
flammatory disease of the gastrointestinal tract, which

mostly affects the colon and often is characterized by main
clinical symptoms such as diarrhea, rectal bleeding, body
weight loss, and abdominal pain.1 Other clinical signs, in-
cluding fever, anemia, joint pain, damage to mucus mem-
branes, renal calculi, and osteoporosis, have also been
reported.2 The major histopathological changes which are
observed in UC include ulceration and erosion of the mu-
cosa mostly in the rectum and the distal colon. Other
symptoms have been reported in the colons of rats with ex-
perimentally induced colitis, such as coarsened epithelium,
substantial dilation and thinning of the intestinal walls, hy-
peremia, edema, friable mucus membranes with hemor-
rhage, and inflammatory exudates.3 The exact etiology and
pathogenesis of UC is not clear yet. There are, however,
several factors, such as environmental, genetic, and immu-
nological factors, which play crucial roles in the pathogen-
esis of UC. The abnormal release of proinflammatory

cytokines such as tumor necrosis factor alpha (TNF-a) and
prostaglandin D2 are important mediators in the pathogen-
esis of UC.4,5

In general, the medical treatment of UC starts with
5-aminosalicylic acid as the baseline medication, followed
by steroids and immunomodulators. Moreover, to intensify
the treatment, infliximab, calcineurin inhibitors (cyclo-
sporine A and tacrolimus), or surgery may be considered as
rescue therapy.6 There are some recommended alter-
native approaches for UC therapy, such as transdermal
administration of nicotine, omega-3 fatty acids with anti-
inflammatory properties, and biological substances, including
TNF-a, interleukin (IL)-2 receptor, and anti-IL-12 and IL-6
antibodies.7,8

Statins or 3-hydroxy-3-methylglutaryl coenzyme A re-
ductase inhibitors exert pleiotropic effects, such as anti-
inflammatory and antioxidant properties, improvement of
the endothelial function, and immunomodulatory effects,
which may be independent of their basic lipid-lowering
properties.9 There are promising data indicating the effec-
tiveness of statin therapy in patients with heart and renal
failure, neurological disorders, and infectious diseases.10–12

There is, however, little known about the effects of statins
on UC; therefore, the first goal of the current study was to
clarify the possible protective effect of atorvastatin on ex-
perimentally induced UC in a rat model.
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Hawthorn (Crataegus spp.) and hawthorn-derived prod-
ucts, including its extract and dried fruit, are used world-
wide. There are various species of hawthorn which are
widely used as medicinal and food materials in European
countries, China, and other countries. Hawthorn extract is
traditionally used for preventing and treating cardiovascular
diseases, including angina, hypertension, and congestive
heart failure. Moreover, other medical benefits such as
lowering plasma cholesterol and triacylglycerols have also
been reported for hawthorn.13 Previous studies have dem-
onstrated that hawthorn berry extracts (HBEs) contain var-
ious constituents, including ursolic acid (UA), hyperoside,
isoquercitrin, epicatechin, chlorogenic acid, quercetin, rutin,
and protocatechuic acid, with remarkable biological activi-
ties such as free-radical scavenging, antilipoperoxidation,
and anti-inflammatory actions.14 Toxicological studies have
reported no major side effects from the consumption of
hawthorn. Therefore, in this study, we aimed to demonstrate
the protective effect of HBEs on experimentally induced UC
in a rat model. The protective effect of HBEs was compared
with the currently used synthetic compound—mesalamine—
in the treatment of UC. Moreover, a combination therapy was
also designed to discover any interaction between HBE and
two other compounds.

MATERIALS AND METHODS

Chemicals

5,50-Dithiobis-2-nitrobenzoic acid, N-(1-naphthyl) ethy-
lenediamine-2HCl (NED), hexadecyltrimethylammonium
bromide, and tetramethylbenzidine were purchased from
Sigma Chemical Co. Oleanolic acid (OA), UA, and NED
were obtained from Sigma-Aldrich. Thiobarbituric acid
(TBA), phosphoric acid (85%), dimethyl sulfoxide
(DMSO), sodium nitrite, and ethanol were purchased from
Merck. N-butanol was obtained from Carl Roth, GmbH Co.
Sulfanilamide was purchased from ACROS Organics. All
other chemicals were commercial products of analytical
grade. A commercially available standard kit was used for
the determination of alkaline phosphatase (ALP, 744; Man
Inc.). Mesalamine (Pentasa�; FERING GmbH) and ator-
vastatin (Darou Pakhsh Pharmaceutical Co.) were obtained
from a local drug store (Urmia, Iran).

Plant material collection and extraction

Hawthorn berries were collected from east and west
Azerbaijan, Iran, between August and September 2011 and
after identification by an expert botanist (botanic herbarium,
Biology Department, Faculty of Basic Sciences), the sam-
ples were air-dried. The voucher sample of hawthorn was
kept in the laboratory of H.M. The seeds were removed
from berries and the dried berries were ground using a
coffee grinder. The powder was extracted using ethanol
(70%) and after filtration (sterile gauze), was concentrated
using a vacuum evaporator (Heidelberg, Germany). To
reach full dryness, the extracts were exposed to a gentle
stream of nitrogen gas.

Triterpenic acid determination in HBE

The triterpenic acids were analyzed using reversed-phase
high-performance liquid chromatography (HPLC) accord-
ing to the previously described method with minor modifi-
cation.15 The HPLC analysis was performed on an Agilent
1200 HPLC system equipped with a Quart pump (G 1311
A), an autosampler (G 1329 A), and an ultraviolet detector
(VWD, G 1314 B). The HBE (100 mg) was dissolved in
mobile phase and 20 lL of the dissolved solution was in-
jected into the column (Eclipse XDB-C 18, 5 lm,
4.6 mm · 15 cm) using an autosampler. The mobile phase
consisted of a mixture of 15% H2O, 85% methanol, and
0.15% acetic acid (AA). A total run time of 27.5 min and a
flow rate of 1 mL/min were performed. The eluent was de-
tected by an ultraviolet detector at 210 nm. To identify the OA
and UA, we used pure standards to prepare calibration curves
and compare the OA and UA peaks of the samples with those
of the external standards using the same conditions.

Animals, experimental design, and UC induction

Forty-two adult male Wistar rats (200–220 g) were ob-
tained from the animal resource center of the Faculty of
Veterinary Medicine, Urmia University. The rats were ac-
climatized for a week with free access to food and water. The
experimental protocols were approved by the ethics com-
mittee of Urmia University in accordance with the principles
of laboratory animal care (NIH publication no. 85–23, revised
1985). Animals were assigned to the control and test groups
(n = 6). The control animals received saline and the test animals
were pretreated with saline (sham group) and/or test com-
pounds 3 days before and 7 days after the colitis induction.

Animals in the test group were subdivided to the fol-
lowing groups based on received compounds:

Sham group: animals in this group received saline (0.9%,
5 mL/kg)

M group: animals in this group received mesalamine
(50 mg/kg body weight [b.w.], orally)

A group: animals in this group received atorvastatin
(20 mg/kg b.w., orally)

H group: animals in this group received HBE (100 mg/kg
b.w., orally)

HM group: rats in this group received HBE (100 mg/kg
b.w., orally) and mesalamine (50 mg/kg, orally)

HA group: animals in this group received HBE
(100 mg/kg b.w., orally) and atorvastatin (20 mg/kg)

Control animals without colitis received only saline
(0.9%, 5 mL/kg) during the 10-day experimental period. All
test compounds were administered through the gastric
gavage. Colitis was induced by administration of 1 mL of
AA (4%) via polyethylene catheter intrarectally in all test
groups.16

Serum preparation and tissue sample collection

On day 12, following light diethyl ether anesthesia, the
blood samples were collected directly from the heart. After
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one hour at room temperature, the samples were centrifuged
at 3000 g for 10 min to obtain the serum. The serum samples
were then stored at - 20�C for further analyses.

The anesthetized animals were euthanized by using CO2

gas in a special device, and immediately, the macroscopi-
cally abnormal looking (congested and gaseous) sections of
the distal colon were removed and rinsed with chilled saline.
The samples were then divided into two parts, the first of
which was fixed in 10% formalin in phosphate-buffered
saline for pathological examinations and the second part was
snap-frozen in liquid nitrogen and kept at - 70�C for further
biochemical analyses.

Measurement of serum ALP

Serum levels of ALP were measured using a commer-
cial kit (744; Man Inc.) according to the manufacturer’s
instructions.

Nitric oxide measurement

The total nitrate/nitrite content of the colon section was
measured according to the Griess reaction.17 In the Griess
reaction, nitric oxide (NO) is rapidly converted into the
more stable nitrite, which in an acidic environment nitrite is
converted to nitrous acid (HNO2). When reacted with sul-
fanilamide, HNO2 forms a diazonium salt, which reacts with
NED to form an azo dye that can be detected by measuring
absorbance at 540 nm. The NO contents of the examined
organs were expressed as nmol per mg of protein in samples.

Malondialdehyde determination

The lipid peroxidation rate was estimated by measuring
TBA reactive substances (TBARS) of the colon samples as
described previously.18 The amount of TBARS was ex-
pressed as nmol malondialdehyde (MDA) equivalents per
mg of protein. The protein content of the samples was as-
sessed according to Lowry et al.19

Measurement of total thiol molecules

Total sulfhydryl levels in the colon section were mea-
sured as described previously.20 The total thiol molecule
(TTM) capacity was expressed as nmol per mg of protein in
samples. The protein content of the samples was measured
according to Lowry et al.19

Myeloperoxidase activity

Myeloperoxidase (MPO), as a biochemical indicator of
neutrophil infiltration into the gastrointestinal tissue, was
measured in collected colon samples as previously de-
scribed.21 In brief, the specimens were homogenized in a
10 mM potassium phosphate buffer (pH 7.0), containing
0.5% hexadecyl trimethyl ammonium bromide and centri-
fuged at 20,000 g for 30 min at 4�C. A solution of 1.6 mM
tetramethylbenzidine and 0.1 mM hydrogen peroxide
(H2O2) was added and reacted with an aliquot of the su-
pernatant. The rate of change in the optical density was

measured at 650 nm spectrophotometerically. One unit of
the MPO activity was defined as that degrading 1 lmol of
H2O2 per minute at 37�C and was expressed as units per
milligram of tissue sample (U/mg tissue).

Histopathological examinations

On day 12 (a day after the last drug administration), an-
imals were euthanized by diethyl ether and the distal colon
was removed, cut longitudinally, and rinsed with chilled
normal saline. Using a magnifying glass, macroscopic
damage scores were assigned by an independent pathologist
according to Kuralay et al.22 The following scores were
assigned when evaluating the macroscopic damage: 1, an
intact epithelium with no damage; 2, patch-type superficial
hyperemia; 3, generalized patch-type hyperemic regions; 4,
generalized hyperemia and hemorrhage.

For microscopic examinations, the colon samples were
fixed in 10% formalin in phosphate-buffered saline, em-
bedded in paraffin, cut into 5–6-lm sections, stained with
eosin and hematoxylin, and at least three sections of each
colon sample were examined by a pathologist blinded to
groups. The following criteria were used to score the mi-
croscopic injuries: 0, an intact epithelium, no leukocyte or
hemorrhage; 1, < 25% disrupted epithelium, focal leukocyte
infiltrates, and focal hemorrhage; 2, 25% disrupted epithe-
lium, focal leukocyte infiltrates, and focal hemorrhage; 3,
£ 50% disrupted epithelium, widespread leukocytes, and
hemorrhage; 4, > 50% disrupted epithelium, extensive leu-
kocyte infiltration, and hemorrhage.23

Statistical analyses

Results are expressed as mean – standard deviation.
The data were analyzed by one-way analysis of variance
followed by the Bonferroni post hoc test for multiple
comparisons. For macroscopic and histopathological
data, a nonparametric Kruskal–Wallis test was used. A
P-value < .05 was considered statistically significant.

RESULTS

OA and UA levels in hawthorn berry ethanolic extract

Total contents of the HBE included 0.13% OA and 0.5%
UA. The HPLC profile of the triterpenic standards and HBE
are shown in Figure 1.

HBE prevented colitis-reduced body weight loss
and lowered the colitis-elevated ALP level

The body weight gain in the sham group that received
only normal saline before and after colitis induction was
significantly less (P < .01) in comparison to the control
group, while mesalamine, atorvastatin, and HBE adminis-
tration in individual and combination forms remarkably
prevented the colitis-induced body weight loss (Fig. 2A).

HBE, atorvastatin, and mesalamine were able to decrease
the colitis-elevated levels of ALP. HBE alone exerted the
strongest protective effect on ALP elevation, followed by
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atorvastatin and mesalamine. No synergistic effect between
HBE and atorvastatin or mesalamine was observed (Fig.
2B). Although coadministration of HBE along with mesa-
lamine resulted in lower ALP levels in comparison to the
sham group, it was statistically lower than when HBE was
given alone.

HBE decreased the colitis-enhanced MPO
activity and NO level

The AA-induced colitis resulted in significant increases in
the MPO activity in the colon tissue, but there were sig-
nificantly lower MPO activities in the colon sections of
treated groups. The maximum decrease in the MPO activity
was found in the group of animals, which was treated with
atorvastatin. Concurrent administration of HBE with ator-
vastatin and/or with mesalamine did not result in a syner-
gistic lowering of the MPO activity (Fig. 3A). The NO
content of the colon region in the AA-treated animals was
significantly elevated compared to the control group. By
contrast, the NO levels in all the other treated groups were
slightly, but significantly lower and were lowest in the HBE
group (Fig. 3B).

HBE attenuated the colitis-elevated MDA content
and protected against the colitis-induced TTM depletion

The TBARS content of the colon region in the AA-
administered group was significantly elevated, while all
treated groups showed a lower lipid peroxidation rate. The
lipid peroxidation lowering potency of HBE was found to be
comparable to that of mesalamine and atorvastatin. The
lowest level of TBARS was found in the group of animals
which received mesalamine after colitis induction (Fig. 4A).

The TTM concentration was significantly lower in the un-
treated colitis-induced animals, while HBE alone and in
combination with mesalamine was able to remarkably protect
against TTM depletion. Although mesalamine and atorvas-
tatin alone partially prevented the colitis-induced decrease in
TTM levels, it was not statistically significant (Fig. 4B).

Effect of HBE on macroscopic features

In the macroscopic evaluation, the distal colon in
animals that received AA without further treatment ex-
hibited inflamed mucosa with ulcerated and hemorrhagic
features compared to the control group (Fig. 5b). How-
ever, the test groups had significantly better macroscopic
scores, with maximum positive improvement in the group
of animals that received HBE. Coadministration of HBE
with atorvastatin and mesalamine failed to potentiate the
HBE protective effect (Table 1).

Effect of HBE on histopathological features

The distal colonic mucosa of rats in the control group had a
normal feature with an intact epithelium (Fig. 5A). Com-
paring the colitis-induced rats with the untreated control
group revealed severe and statistically significant necrosis,
hemorrhage, submucosal edema, and inflammatory cell in-
filtration in the lamina propria (Fig. 5B). In atorvastatin- and/
or mesalamine-treated groups, the histopathological changes
were significantly attenuated, and declines in edema and in-
flammatory cell recruitment in lamina propria were observed.
Although a few inflammatory cells were observed in the
HBE-treated rats, the colon structure was approximately
similar to that in the control group. We failed to show any
additive or potentiation effect between HBE and atorvastatin

FIG. 1. High-performance liquid chromatography profile of the oleanolic acid (retention time = 18.57 min) and ursolic acid (retention time =
19.67 min) in the (A) standard and (B) test sample from hawthorn berry extract.
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or HBE and mesalamine in microscopic features (Table 1).
As depicted in Table 1, HBE in both individual and combi-
nation therapy with atorvastatin and/or mesalamine could
remarkably attenuate the AA-induced macroscopic and mi-
croscopic injuries. Mesalamine only was able to significantly
decrease the macroscopic damage in the colitis-induced ani-
mals.

DISCUSSION

This study showed that a hydroalcoholic extract of haw-
thorn berries (HBE) containing OA and UA, similar to the
currently used mesalamine and/or statins such as atorvas-
tatin, could protect from AA-induced colitis pathologies in
rat. The protective effect of HBE on experimentally in-
duced colitis was reflected in its ability to decrease the AA-

elevated MPO activity, to lower the elevated NO content
and TBARS level, and enhance the colitis-induced decrease
in TTM concentrations in the distal colon. Moreover, AA-
induced pathological damages were partially prevented by
the HBE treatment.

Induction of colitis with AA has been used extensively in
many experimental studies.24,25 Therefore, in the current
study, we also used AA (4%) for experimental colitis in-
duction. Our preliminary evaluation, including clinical
symptoms, such as diarrhea (in some cases bloody) and
body weight loss, confirmed that colitis was induced in the
animals.

The pathophysiology of inflammatory bowel disease
(IBD) and UC has not been fully identified; however, among
the other immunological and genetic disorders, stress and
dietary factors have been recognized as direct and indirect
risk factors of IBD induction.

The most accepted theory about the etiology of IBD
suggests that the T cell is inappropriately activated due to a
confluence of genetic and environmental factors, which
generate an immune imbalance leading to inflammation.26

Following immunological disorders in the gastrointestinal
tract and, in particular, in the colon, reactive oxygen species
are elevated remarkably and contribute considerably to the
development of tissue injury.27,28 Previous studies reported
that in IBD cases, the gastrointestinal NO production is

FIG. 2. Effect of hawthorn berry extract (HBE) and atorvastatin on
(A) colitis-decreased body weight gain and (B) serum level of alkaline
phosphatase. Bars represent mean – standard deviation; n = 6 in each
group. Significant differences (P < .05) were found in comparison be-
tween the untreated colitis-positive group (sham [Sh]) and *the control
group (C) or #the treated colitis-positive groups (M, 50 mg/kg mesala-
mine; A, 20 mg/kg atorvastatin; H, 100 mg/kg HBE; HM, both mesa-
lamine and HBE; HA, both atorvastatin and HBE).

FIG. 3. Effect of HBE and atorvastatin on (A) the colitis-elevated
myeloperoxidase activity and (B) the nitric oxide level in the distal
colon. Bars represent mean – SD; n = 6 in each group. Significant
differences (P < .05) were found in comparison between the untreated
colitis-positive group and *the control group or #the treated colitis-
positive groups.
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increased, which results in the formation of toxic metabo-
lites.29 Our results confirmed the previous report that ex-
perimentally induced colitis in rats results in a significant
elevation of the NO content and a remarkable reduction in
TTM levels in the colon, suggesting a major role of the
pro-oxidants in colitis induction. This finding was later
supported by the increased colon TBARS levels of animals
with colitis induced by 4% AA.

The MPO activity as a biomarker of polymorphonuclear
(PMN) leukocyte infiltration into the inflammation site
(colon) was elevated by 200% in the sham group. This
finding was strongly supported by macroscopic and micro-
scopic examinations, which were characterized by the dra-
matic inflammatory edema and massive infiltration of PMN
in the lamina propria. Previous studies showed the MPO
activity elevation in both AA- and trinitrobenzenesulfonic
acid-induced experimental colitis in rodents.16,30

The second part of the current study was devoted to ex-
amine the gastroprotective effect of Crataegus monogyna
berry extract and atorvastatin on the AA-induced colitis.
Moreover, any possible interaction between test compounds
was also investigated. The potency of test compounds was
compared to mesalamine as the currently used medicine in
the treatment of colitis and HBE exerted a comparable
protective effect to mesalamine. The biomarkers used to

evaluate the protective effect of atorvastatin and HBE on the
AA-induced colitis revealed anti-inflammatory and antiox-
idant effects of both compounds. A significant reduction in
the colon MPO activity was observed in the M, A, and H
groups, suggesting anti-inflammatory effects of HBE and
atorvastatin on AA-induced inflammation. Although there is
no direct in vivo study to show the anti-inflammatory effect
of HBE on AA-induced colitis, its anti-inflammatory and
gastroprotective effects have been previously demonstrated
in carrageenan-induced rat paw edema and ethanol-induced
gastric lesions, respectively.31

Our analysis, on the other hand, showed that HBE con-
tains considerable amounts of the triterpenic acids OA and
UA. We found that OA and UA account for as much as
0.13% and 0.5% of the HBE total content. These findings are
in agreement with a previous report that the amounts of OA
and UA in hawthorn fruit powder were determined to be
0.24% and 0.38%.32 The anti-inflammatory effect of OA and
UA on epidermal keratinocytes via the peroxisome pro-
liferator activated receptors-a pathway and on activated T
cells, B cells, and macrophages through suppression of nu-
clear factor kappa B, AP-1, and nuclear factor of activated T
cells has been reported.33,34 Moreover, the antitumor activ-
ity of OA and UA in the human colon carcinoma cell line,
HCT15, has been demonstrated.35 Other biological activities
of OA and UA, including hepatoprotective, antiulcer, anti-
microbial, and antihyperlipidemic, have also been investi-
gated.36 Therefore, the anti-inflammatory effects of HBE,
which were shown in this study may be due to the OA and
UA content of the extract.

The AA-induced inflammation in colitis may initiate with
a destruction of the colon epithelium, leading to an increase
in the influx of bacterial-produced proinflammatory prod-
ucts into the laminal properia and stimulating the activated
enterocytes to produce a variety of cytokines. Accordingly,
the chemotactic gradient results in a remarkable migration
of neutrophils.37,38 The elevated colon MPO activity, which
is reported in the present study is consisting with patho-
genesis. Moreover, it is worthwhile to conclude that the
HBE exerts its anti-inflammatory and gastroprotective ef-
fects at least partly by decreasing the MPO activity and
preventing further epithelial injuries. Consistent with this
finding, the histopathological findings confirmed that in the
HBE-treated animals, no pathologic sign of inflammation,
edema, and epithelial damages were recordable. The exact
mechanism of anti-inflammatory and gastroprotective ef-
fects of HBE is not clear. However, the results suggest HBE
protective effects that include the antilipid peroxidation
effects of HBE. Our findings showed that HBE significantly
prevented the AA elevation of TBARS in the colon, sug-
gesting an antilipid peroxidation property of HBE. To this
end, we also showed that HBE was more effective than M in
the recovery of the TTM content in the colon. Lipid per-
oxidation, a known biomarker of oxidative stress, and TTM,
a good indicator of the antioxidant capacity of cells, are used
in the evaluation of oxidant/antioxidant effects. Our results
indicate that the HBE exerted a profound antioxidant effect
in the AA-induced colitis. Therefore, the diminished MPO

FIG. 4. Effect of hawthorn berry extract and atorvastatin on (A) the
colitis-elevated malondialdehyde content and (B) the total thiol
molecule concentration in the distal colon. Bars represent mean – SD;
n = 6 in each group. Significant differences (P < .05) were found in
comparison between the untreated colitis-positive group and *the
control group or #the treated colitis-positive groups.
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activity and pathological manifestations in the HBE-treated
group may be attributed to its antioxidant properties. Fur-
ther, reports indicate that HBE has an appreciable phenol
content and a free radical scavenging capability that sup-
ports its antioxidant potency in in vivo systems. Previous
analytical studies have demonstrated that HBE contains
flavonoids (such as quercetin and isoquercetin), oligomeric
proanthocyanidins, phenolic acids, triterpene acids, organic
acids, and sterols.39,40 Flavonoids and polyphenols are

considered to be the active antioxidant groups in haw-
thorn extracts.41 Additionally, the anti-inflammatory role of
quercetin and isoquercetin in HBE in inhibiting inducible
nitric oxide synthease and cyclooxygenase II in stimulated
macrophages has been reported.42,43

Statins are other anti-inflammatory medicines that may be
indicated in the treatment of colitis. The anti-inflammatory
and antioxidative effects of atorvastatin were evaluated and
compared with HBE for decreasing the colon MPO activity,
TTM levels, TBARS content, and AA-induced pathological
damage. Our results indeed confirmed that atorvastatin
could prevent neutrophil accumulation and TBARS forma-
tion, suggesting an anti-inflammatory property of atorvas-
tatin. Atorvastatin, unlike HBE, failed to significantly
reverse the AA-induced decrease in TTM levels in the distal
colon, indicating a less antioxidative capacity in comparison
with HBE. Jahovic et al. also showed anti-inflammatory
effects of simvastatin and fluvastatin on experimentally in-
duced colitis in rats, which was characterized by the pre-
vention of lipid peroxidation, superoxide generation,
cytokine production, and neutrophil accumulation.44 More-
over, the anti-inflammatory effect of atorvastatin in human
patients with Crohn’s disease has also been reported.45

Any synergistic or additive effects between HBE and
atorvastatin or mesalamine on the attenuation of AA-in-
duced inflammatory reactions and antioxidant status were
further investigated. Indeed, we failed to show any syner-
gistic relationship between chemical and HBE. Since all
three compounds are administered orally, there is the

FIG. 5. Macroscopic and microscopic photomicrograph of the rat’s colon: (a, A) normal colon tissue from the control group, (b, B) are
representing, respectively, the macroscopic ulcerative and hemorrhagic epithelium with edematous and severe infiltration of inflammatory cells in
lamina propria of distal colon from untreated colitis-positive animals, (c, C) are showing the macroscopic and microscopic features of the
mesalamine-treated rats with remarkable improvement, (d, D) are demonstrating the macroscopic and microscopic appearance of distal colon
from the atorvastatin-treated animals, (e, E) are illustrating the macroscopic and microscopic feature of the distal colon from the hawthorn berry
extract (HBE)-received animals with an approximately normal epithelium and a submucosal structure, (f, F) are showing the macroscopic and
microscopic architecture of the distal colon from the HBE and mesalamine-treated group with a relatively improved structure, and (g, G) are
illustrating the macroscopic and microscopic features of the distal colon from HBE and atorvastatin-received rats. Eosin and hematoxylin staining;
magnification: (A, B) 100 · , (C–G) 400 · .

Table 1. Effect of Hawthorn Berry Extracts

and Atorvastatin on Macroscopic and Histological

Architecture of the Distal Colon

Group
Macroscopic
damage score

Microscopic
injury score

Control 1 – 0.00a 0 – 0.00a

Sham 3.6 – 0.42b 3.8 – 0.36b

M 2.4 – 0.27c 3.2 – 1.20b

A 2.1 – 0.70c 2.4 – 0.81c

H 1.8 – 0.24c 1.5 – 0.36c

HM 2.1 – 0.64c 2.4 – 0.32c

HA 2.4 – 0.42c 2.7 – 0.18c

Treated colitis-positive groups: M, 50 mg/kg mesalamine; A, 20 mg/kg

atorvastatin; H, 100 mg/kg hawthorn berry extract (HBE); HM, both

mesalamine and HBE; HA, both atorvastatin and HBE.
abcValues with different letters in the same column are significantly different

(P < .05).
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possibility of chemical antagonism between the agents and/
or chelation of atorvastatin and/or mesalamine by HBE in
the gastrointestinal tract, which would ultimately lower their
bioavailability. Another explanation may be a possible in-
hibition/stimulation in the biotransformation enzymes of
atorvastatin and/or mesalamine by the HBE content. It has
been reported that mesalamine and/or statins are mainly
metabolized in the intestine and liver.46 At the same time, it
is well known that flavonoids interact with cytochrome P450
enzymes, which are involved in the biotransformation of
xenobiotics, including drugs. This interaction may raise
concerns about the resulting overdose or loss of therapeutic
effect due to the inhibition/stimulation of responsible en-
zymes.47

Thus, our data showed that HBE exerts protective effects
against AA-induced colitis similar to the currently used
mesalamine. The anti-inflammatory effect of HBE may at-
tribute to its OA and UA content and antioxidative proper-
ties. Additionally, the gastroprotective effects of HBE were
found to be comparable to that of mesalamine and ator-
vastatin. However, no synergism between HBE and tested
compounds was found.
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