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Abstract:  Ulcerative  colitis  (UC)  is  a  relapsing  multi-factorial  inflammatory disease of the large intestine.
This study determined the healing effect of strawberry extract on acetic acid-induced UC in rat. Two milliliters
of 3% acetic acid was administered into the colon to induce UC. Eighty four rats were divided into seven equal
groups. Group I was a negative control receiving 0.5 ml/kg of normal saline after induction of UC; Group II as
positive control received 2 ml of intra-colonic asacol; groups III and IV received 10% and 20% of strawberry
extract  trans-rectally;  Group  Vreceived  the  gel  base trans-rectally and groups VI and VII received 200 and
400 mg/kg of strawberry extract orally. All animals were evaluated for weight change, histological assessment
and malondialdehyde (MDA) activity. Strawberry extract in the two forms of trans-rectal and oral administration
on third and seventh day after therapy could increase the body weight and result into a more healing effect in
acetic acid-induced damaged colonic tissue and with a reduction in MDA activity. In trans-rectal administration,
20% gel form had a better healing response than 10% gel form and were prominently more on the seventh day
of therapy. In oral administration of strawberry extract, the 400 mg/kg dosage had a better healing response than
200 mg/kg and was significantly more on the seventh day of therapy. So strawberry may be considered as a
treatment of choice for UC especially in gel form to broaden the current therapy options of the disease.
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INTRODUCTION The incidence of UC was reported to be about 10-20

Inflammatory bowel disease (IBD) comprises 1000000 in Western countries [3]. In 50% of patients, CD
ulcerative colitis (UC) and Crohn's disease (CD) which are and UC were demonstrated to be associated with several
defined as relapsing, chronic and remitting inflammatory extra-intestinal  manifestations   such   as   oral  ulcer,
disease  of  the  large  intestine  and are complex and oligo-articular or poly-articular non-deforming peripheral
multi-factorial diseases with unknown etiology caused by arthritis, sacroillitis, spondylitis, hepatitis, erythema and
several patho-physiological mechanisms and many sclerosis [4]. A persistent UC can increase the risk of
clinical manifestations such as abdominal pain, diarrhea, development of colorectal cancer by ~10-fold [5-7].
blood in the stool and weight loss [1]. Despite unknown Some IBD patients especially those with relapsing UC
etiology of IBD, complex interactions among do not respond to current therapies. The new drugs have
environmental, immunological, genetic and reactive received some interest due to their specificity and
oxygen species (ROS) have been implicated in the selectivity in modulation of inflammatory elements [8].
pathogenesis of IBD [2]. Treatment  focuses on breaking of recurrent inflammation

per 1000000 per year with a prevalence of 100-200 per
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episodes to induce and maintain remission. Historically, inserted up to 8 cm proximal to the anus verge. Two
oral systemic corticosteroids were shown to have an milliliters of 3% acetic acid was administered trans-rectally
important role in inducing remission of IBD; however, into the colon by the cannula during a 30 seconds period
their long-term administration is limited and may result to induce UC under ketamin and xylazine anesthesia. To
into adverse events [9]. The main lines of therapy include determine the induction of UC, half of animals were
5-aminosalisylic acid derivatives, sulphasulphapyridine, euthanized after 3 and half of them after 7 days. For all
corticosteroids, immune modulating agents, antioxidants, animals, the distal 10-cm portion of the colon was
etc. but their adverse effects during a period of treatment removed for histological evaluation. Their daily weight
and the high relapse rate limit their use [10]. was also recorded. 

During the past 20 years, various murine models of In summer 2013, 84 male Sprague Dawley rats
colitis were developed as indispensable tools to decipher weighing 200±20 g were provided from Laboratory Animal
underlying mechanisms of IBD pathogenesis as well as to Center of Shiraz University of Medical Sciences. They
determine many potential therapeutics [11]. Acetic acid were randomly divided into seven equal groups (12 rats).
induced colitis models similar to human ulcerative colitis Group I was considered as negative control group
in terms of histological features have been used in many receiving  0.5  ml/kg  of normal saline after induction of
studies of IBD and the effect of various herbal drugs on UC;  Group  II  as  positive  control  group receiving 2 ml
experimental  models  of  IBD has been reported earlier of asacol intra-colonic (0.5 ml asacol dissolved in 9.5 ml
[12-15]. normal saline); Group III received the 10% strawberry

Strawberry (Fragaria×ananassa) is a member of the extract  (intra-colonic gel  form);  Group  IV  received the
family rosaceae with a wide variety and polyphenolic 20%   strawberry    extract   (intra-colonic   gel  form);
constituents, flavonoid anthocyanins and non-flavonoid Group V received just intra-colonic gel base; Group VI
condensed tannins (ellagitannins) [16]. It was shown to received   200    mg/kg    of    strawberry   extract  orally
have a significant inhibitory free radical activity [17]. and Group VII received 400 mg/kg of strawberry extract
Strawberry was demonstrated to inhibit esophageal orally.
cancer and to reverse the course of neuronal and The animals were euthanized 3 and 7 days after
behavioral aging in rats [18], to reduce obesity and therapy and the colonic tissue was removed. After a
improve glycemia in mice [19] and to have anti- macroscopic examination of the intestinal segment of each
inflammatory properties [20]. Various beneficial effects of rat, a tissue specimens was provided and stored at -80°C
strawberry fruits consumption have been documented, for subsequent evaluation of the tissue MDA activity.
such as an anti-carcinogenic activity and anti-thrombotic MDA production and lipid peroxidation were assessed in
effects [21]. This study was undertaken to determine the the tissues as described by Ohkawa et al. [23]. MDA
healing effect of strawberry extract on acetic acid-induced resulted into formation of a colored complex in the
ulcerative colitis in rat. presence of TBA and HCL which was later detectable by

MATERIALS AND METHODS (Shimadzu uv-160). 1.1',3,3'-tetraethoxypropane was used

Strawberry fresh fruits were prepared from Shiraz, µmol/g of protein.
Iran. For preparation of hydroalcoholic extract, the dried The  removed  colonic tissue was also transferred
and finely powdered form of fruit (1000 g) was soaked in into 10% buffered formalin for histological evaluation.
adequate  volume  of  ethanol:water  (70:30)  solution  for They were embedded in paraffin and cut into 5-ìm
48 h using percolation method. The extract was then sections and stained with hematoxylin and eosin (H&E)
shuddered, filtered and evaporated in a rotary evaporator and studied under light microscope. The degree of
under reduced pressure until a semisolid and jam nature inflammation of the colon was graded semi-quantitatively
extract yielded 37.7% (w/w) [22]. from 0 to 20 as described by Miller et al., (Table 1) [24].

The rats were housed individually in a single cage in All findings were expressed as the mean±SD.
an ambient temperature of 21±2°C and a 65-70% relative Differences  among  groups   were    determined  using
humidity. Each animal received a balanced diet and had one-way  ANOVA  and  Tukey   HSD   post-hoc  test.
free access to water. All animals were fasted overnight Non-parametric data were analyzed by Mann-Whitney U
and bowel of animals was cleaned before induction of test. All statistical analyses were performed by SPSS
colitis. A polyurethane cannula (diameter of 2 mm) was software (Version 11.5, Chicago, IL, USA). Significance
applied for rectal entrance of acetic acid and the tip was was considered at p < 0.05.

spectrophotometer measurement at absorbance of 532 nm

as the standard solution and the results were expressed as
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Table 1: Histological assessment of full thickness biopsy specimens from Table 2: Tissue-associated malondialdehyde (MDA) activity after treatment
acetic acid colitis in rats

Neutrophil infiltrate
None 0 Slight increase 1 Marked increase 2
Epithelium (0-2)
Lamina propria (0-2)
Muscularis mucosa (0-2)
Submucosa (0-2)
Muscularis propria (0-2)
Serosa (0-2)
Fibrin deposition
Absent 0 Present 1
Mucosa (0-1)
Submucosa (0-1)
Submucosal neutrophil margination
Absent 0 Present 1 (0-1)
Submucosal oedema
Nil 0 Patchy 1 Confluent 2 (0-2)
Epithelial necrosis
Nil 0 Localised 1 Extensive 2 (0-2)
Epithelial ulceration
Absent 0 Present 1 (0-1)
Maximum score 20

RESULTS

The findings of tissue-associated malondialdehyde
(MDA) activity between groups II to V after transrectal
administration of (intra-colonic gel form) strawberry
extract was shown in Table 2. There was a significant
decrease between groups II, III, IV and V; 3 days after
treatment measures. This decrease between groups II, III,
IV and V was significantly more after 7 days. MDA
activity after oral administration of strawberry extract
revealed a significant decrease between groups I, VI and
VII 3 days after therapy too. This decrease was
statistically more between groups after 7 days post-
treatment (Table 3).

Figure 1 denotes to the colonic tissue in Group I
without any epithelial ulceration and infiltration of PMN's
leukocytes (Grade 0). The changes after induction of UC
revealed severe PMN infiltration, sever diffuse epithelial
ulceration with necrosis and fibrin deposition that were
presented in Figure 2 (Grade 20). Table 4 shows the
histological assessment of colonic tissue after trans-rectal
administration of strawberry extract (gel form). Regarding
infiltration of neutrophils, a statistically significant
decrease was noticed between groups III and IV with I
and  V, 3 days after treatment which was significantly
more after 7 days. For fibrin deposition, the decrease
between  group IV with I and V was statistically
significant after 3 days of therapy and was significantly
more  visible  7  days  after  treatment.  Considering edema

of acetic acid induced ulcerative colitis by strawberry extract
(transrectal intracolonic gel form) in rat (n=6)

Groups Day after induction of UC MDA (µmol/g)
II (Asacol) 3 2.10±2.06a

7 2.0±1.96A

III (10% gel) 3 2.22±2.0a

7 2.03±2.01A

IV (20% gel) 3 2.17±2.07a

7 2.01±1.96A

V (Gel base) 3 3.60±3.14 *b

7 2.86±1.84 *B

I (Control) 3 3.70±3.22b#

7 2.92±2.78B#

Different superscript letters show significant differences between differenta,b

groups in the same days (the third day). Different superscript letters showA,B

significant differences between different groups in the same days (the seventh
day). * Superscript symbols show significant differences between different,#

days in the same groups (P<0.05).

Table 3: Tissue-associated malondialdehyde (MDA) activity after treatment
of acetic acid induced ulcerative colitis by strawberry extract (oral
form) in rat (n=6)

Groups Day after induction of UC MDA (µmol/g)
VI (200 mg/kg) 3 2.12±2.06a

7 2.08±2.02A

VII (400 mg/kg) 3 2.11±2.01a

7 2.0±1.94A

I (Control) 3 3.69±3.21 *b

7 2.92±2.78 *B

Different superscript letters show significant differences between differenta,b

groups in the same days (the third day). Different superscript letters showA,B

significant differences between different groups in the same days (the seventh
day). *Superscript symbols show significant differences between different
days in the same groups (P<0.05).

and submucosal margination, a statistically significant
decline was seen between group IV with I and V, 3 days
after treatment which was more prominent after 7 days.
Regarding epithelial necrosis and lesions, a statistically
significant decrease was observed between groups III and
IV with I and V, 3 days post-therapy and these effects
were noticed significantly more 7 days after therapy. The
histological assessment after oral administration of
strawberry extract was demonstrated in Table 5. Figure 3
denotes to a moderate PMN inflammatory cell infiltration
with focal surface ulceration in colonic tissue (Grade 11)
and Figure 4 indicates to submucosal lymphoid
aggregates as lymphoid follicle with germinal center in
colon. Healing and any absence of epithelial ulceration
and PMN infiltration were demonstrated in Figure 5.

Changes in weight after treatment with trans-rectal
administration of strawberry extract (gel form) were
presented  in Table 6. No significant change in weight was
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Table 4: Histopathologic assessment of colonic tissue after treatment of transrectal gel form administration of strawberry extract post-induction of UC in rats
(n=6)

Day after Neutrophil Fibrin Submucusal
Groups induction of UC infiltration deposition margination Edema Epithelial necrosis Epithelial lesion Total
II (Asacol) 3 10.1±2.1 1.3±0.3 1.7±0.3 1.7±0.3 1.3±0.3 0.8±0.1 16.5±3.5a a

7 0±0 0±0 0±0 0±0 0±0 0±0 0±0A C A A A A A

III (10% gel) 3 11.7±0.9 1.8±0.1 1.1±0.1 1.8±0.1 1.8±0.1 1.1±0.1 21.4±6.2
7 8.0±2.0 1.3±0.3 0.8±0.1 1.3±0.3 0.8±0.1 0.8±0.1 13.1±3.1A C

IV (20% gel) 3 11.1±2.8* 1.9±0.4* 1.1±0.1 2.1±0.5* 1.9±0.4* 1.1±0.1 19.0±4.9*
7 0±0 * 0±0 * 0±0 0±0* 0±0 * 0±0 0±0 *AC A A  A A  A

V (Gel base) 3 11.9±8.7 2.1±1.1 1.2±0.4 1.5±0.7 1.5±0.7 0.5±0.2 18.3±12.3# b # a #

7 9.5±3.0 1.2±0.4 0.5±0.2 1.0±0.0 1.2±0.4 0.5±0.2 13.5±4.1AD # B # A B 8C#

I (Control) 3 11.8±9.1 2.2±1.4 1.0±1.0 2.1±1.1 2.2±1.4 1.0 ±1.0 18.9±16.6b b b

7 11.3±9.3 1.8±0.8 1.0±1.0 1.5±0.1 2.0±.9 1.2±0.4 17.3±14.6B B B BD B BD

Different superscript letters show significant differences between different groups in the same days (the third day). Different superscript letters showa,b A,B,C,D

significant differences between different groups in the same days (the seventh day). * Superscript symbols show significant differences between different days,#

in the same groups (P<0.05).

Table 5: Histopathologic evaluation of colonic tissue after treatment of acetic acid induced ulcerative colitis rats by oral administration of strawberry extract
(n=6)

Day after Neutrophil Fibrin Submucusal
Groups induction of UC infiltration deposition margination Edema Epithelial necrosis Epithelial lesion Total
VI (200 mg/kg) 3 7.1±1.1 0.5±0.2 1.0±0.0 1.6±0.1 1.3±0.3 0.8±0.1 12.0±0.5a a a a a

7 1.1±0.4 0±0 0.5±0.2 0.5±0.2 0±0 0.5±0.2 2.8±1.2A A A A A A

VII (400 mg/kg) 3 6.3±1.3 0.8±0.1 0±0 0.8±0.1 0.8±0.1 0.5±0.2 9.3±2.0a a a a a a a

7 0±0 0±0 0±0 0±0 0±0 0±0 0±0A A A A A A

I (Normal saline) 3 12.0±8.3 2.0±0.9 1±1 2.2±1.4 2.2±1.4 1.0 ±1.0 19.1±14.4b b b b b b b

7 11.5±9.4 1.8±0.8 1±1 1.1±0.1 2.0±0.9 1.2±0.4 17.3±14.4B B B B B B B

Different superscript letters show significant differences between different groups in the same days (the third day). Different superscript letters showa,b A,B

significant differences between different groups in the same days (the seventh day) (P<0.05)

Table 6: Changes in body weight after treatment of acetic acid induced ulcerative colitis by transrectal administration of gel form of strawberry extract in rat
(n=6)

Day after Weight (g) Weight (g) Weight (g) Weight (g)
Groups induction of UC 1 day of therapy 2 day of therapy 3 day of therapy 4 day of therapyst nd rd th

II (Asacol) 3 -1.19±3.15 4.0±0 5.49±1.17 7.19±3.47
7 -1.51±4.15 1.14±2.14 4.73±0.25 7.75±1.91A A A

III (10% gel) 3 -1.81±5.53 3.17±3.83 6.93±059 9.43±1.57
7 -1.42±5.92 -4.13±10.53 -2.29±9.05 -1.11±6.89B BC B

IV (20% gel) 3 -0.83±5.83 2.88±2.54* 4.61±1.27 6.40±0.94
7 -1.18±6.82 -4.08±8.58 * -0.66±6.68 3.19±4.85B B

V (Gel base) 3 1.63±2.29 2.55±0.89 4.17±1.17 6.01±2.99
7 -0.51±3.15 1.89±1.89 3.64±0.70 5.15±2.51A A

I (Normal saline) 3 -1.82±2.84 -0.64±2.70 -0.67±2.33 -0.08±1.58
7 -1.34±5.0 -1.11±2.89 0.72±1.72 2.42±1.08D

Different superscript letters show significant differences between different groups in the same days (the seventh day). * Superscript symbols show significantA,B ,#

differences between different days in the same groups (P<0.05).

Table 7: Changes in body weight after treatment of acetic acid induced ulcerative colitis by oral administration of strawberry extract in rats (n=6)
Groups Day after induction of UC Weight (g) 1 day Weight (g) 2 day Weight (g) 3 day Weight (g) 4 dayst nd rd th

VI (200 mg/kg) 3 -2.0±6.66 1.48±5.14 5.66±4.0 11.95±2.95
7 -0.41±10.25 1.36±7.70 3.12±6.78 5.11±6.11

VII (400 mg/kg) 3 -1.67±3.99 3.53±0.15 4.87±0.79 6.37±2.63
7 -1.88±5.72 2.39±4.39 5.31±2.51 8.46±0.06

I (Control) 3 1.57±3.23 3.0±4.0 4.09±1.75 5.66±1.0
7 -0.61±5.05 0.96±2.30 2.54±0.12 5.75±0.91
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Table 8: Changes in body weight after treatment of acetic acid induced ulcerative colitis by transrectal administration of gel form of strawberry extract in rat
(n=6)

Day after Weight (g) Weight (g) Weight (g) Weight (g)
Groups induction of UC 5 day of therapy 6 day of therapy 7 day of therapy 8 day of therapyth th th th

II (Asacol) 7 9.08±2.58 11.54±4.12 13.22±5.78 14.77±7.89
III (10% gel) 7 3.73±4.73 6.74±2.40 7.24±1.24 8.01±1.65
IV (20% gel) 7 6.18±5.52 8.79±5.13 10.64±3.98 13.13±2.13
V (Gel base) 7 7.30±4.04 9.55±6.11 11.73±7.61 13.66±10.0
I (Control) 7 4.57±0.43 6.65±1.69 7.75±3.25 9.69±4.69

Table 9: Changes in body weight after treatment of acetic acid induced ulcerative colitis by oral administration of strawberry extract in rat (n=6)
Day after Weight (g) Weight (g) Weight (g) Weight (g)

Groups induction of UC 5 day of therapy 6 day of therapy 7 day of therapy 8 day of therapyth th th th

VI (200 mg/kg) 7 7.47±5.13 8.28±3.94 10.59±1.25 12.35±1.31
VII (400 mg/kg) 7 14.25±2.15 15.43±4.17 18.2±4.60 20.35±6.05
I (Control) 7 7.75±2.91 9.3±6.04 10.26±7.74 12.83±9.83

Fig. 1: No epithelial ulceration and infiltration of PMN's follicle with germinal center (H&E, x400)
leukocytes is seen (Grade 0: H&E, x400)

Fig. 2: Severe PMN infiltration and severe diffuse
epithelial ulceration with necrosis and fibrin visible on the 1  day of therapy but a statistically
deposition (Grade 20: H&E, x400) significant increase in weight was seen between groups

Fig. 3: Moderate PMN inflammatory cell infiltration with respectively, while no significant change was noticed
focal surface ulceration (Grade 11: H&E, x400) between the groups.

Fig. 4: Submucosal lymphoid aggregates as lymphoid

Fig. 5: Healing and any absence of epithelial ulceration
and PMN infiltration (Grade 0: H&E, x400).

st

III and IV with I, II and V on the 2  and 3  day of therapy.nd rd

This significant increase in weight was also noticed on
the 4  day of therapy between group III with I, II and V.th

Changes in weight after oral administration of
strawberry extract were demonstrated in Table 7. No
significant change in weight was noticed on the 1 , 2 , 3st nd rd

and 4  day of therapy between groups III and IV with I, IIth

and V. Table 8 and 9 reflects the changes in body weight
after treatment by trans-rectal and oral administration of
strawberry extract on days 5-8 after therapeutic measures
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DISCUSSION ellagic acid is a polyphenol found in nuts and berries,

Several studies reported different animals as animal experiments, strawberry has been found to prevent
experimental models of UC [12-15]. Current treatment esophageal cancer and to reverse the course of neuronal
methods for IBD are mostly anti-inflammatory and and behavioral aging in rats [33]. Various beneficial
immune-modulating drugs such as salazosulfapyridine, effects of strawberry fruits were documented, such as an
mesalazine, corticosteroids, azathioprine, 6- anti-carcinogenic activity and anti-thrombotic effect [34,
mercaptopurine, methotrexate and cyclosporin [25]. 35]. Our study showed that strawberry extracts in different

Transrectal administration of acetic acid could induce doses and in the two forms of trans-rectal and oral
a rapid development of severe inflammation and ulceration administration on third and seventh day after therapy
of the colon together with diarrhea, weight loss and could return the body weight and result into a healing
hematochezia. These findings are the same as what effect in acetic acid-induced damaged colonic tissue (UC).
happens in UC of man where the important symptoms are This protective effect was accompanied by a reduction in
diarrhea, weight loss and rectal bleeding [15]. Our results MDA concentration which is the most widely used index
denoted to marked ulceration and hemorrhage. of lipid peroxidation. It may be due to the ability of
Histological findings showed increase infiltration of scavenging oxygen free radicals by its polyphenolic
polymorphonuclear leukocytes, lymphocyte and existence constituent.
of cryptic abscesses and necrosis, which are similar to Regarding the clinical and histological findings, it
human UC [1]. was  evident  that  strawberry  extract  had a dose and

In our study, we have evaluated the healing effect of time- dependent healing effect. In groups which had
strawberry extract on acetic acid-induced ulcerative colitis received  trans-rectal administration, 20% gel form
in rat. There was a significant decrease for MDA activity resulted into a better response in comparison to 10% gel
after transrectal and oral administration of strawberry and form  and  these  effects were noticed prominently better
there was a significant healing rate and weight gain after on the seventh day in comparison to the third day of
two methods of therapy by trans-rectal and oral therapy.
administration of strawberry. In groups which had received oral administration of

It was shown that any injury in gastrointestinal strawberry extract, the 400 mg/kg dosage resulted into a
tissue would be followed by healing and production of better response when compared with the dose of 200
granulation tissue, i.e. proliferations of fibroblasts, mg/kg of strawberry extract. These effects were
deposition of connective tissue matrix and angiogenesis significantly more on the seventh day in comparison to
for delivery of oxygen and nutrients to the healing region third day of therapy. Interestingly, healing effect of
[26] that finally would lead to re-epithelialization and strawberry extract were similar to asacol especially when
reconstruction of epithelial structures [27]. 20% trans-rectal gel form and 400 mg/kg oral

After any injuries in the mucosal tissue, the intestinal administration of the fruit was used showing a significant
epithelium tends to reestablish the integrity. So epithelial protection against acetic acid-induced colitis. Some
cells migrate into the injured area and proliferate to replace authors reported that an extract of wild strawberry
the decreased cell pool [28]. (Fragria vesca) could have a healing effect in IBD [36]

Bawei xilei powder was demonstrated to be effective that confirms our findings. Therefore, strawberry extract
and safe in patients with active mild to moderate UC may be considered as a treatment choice for UC and can
which might be due to expression of inflammatory factors broaden the current therapy options of the disease.
and enhancing of mucosal barrier [29]. Gymnema sylvestre
leaves extract showed significant amelioration of ACKNOWLEDGEMENTS
experimentally induced colitis, which may be attributed to
its anti-inflammatory and antioxidant property [30]. The authors would like to inform that this paper is
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