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ABSTRACT

Objective: To investigate the effects of hydroalcoholic extract of Ziziphus jujuba on the
histopathological, tissue oxidative stress and inflammation plus to antioxidant pathways
of colon tissue in rat with induced Ulcerative colitis.

Materials and methods: Ulcerative colitis was induced in 80 rats those divided into 8 equal
groups. Group 1 and 2 were negative controls receiving 1 mL/day of normal saline in enema
and oral; group 3 and 4 as positive control 1 and 2 received 10mg/kg of intra-colonic
asacol and oral mesalazine; groups 5 and 6 received 20% and 40% of hydroalcoholic extract
of Z. jujuba trans-rectally; group 7 and 8 received 1500 and 3000 mg/kg of hydroalcoholic
extract of Z. jujuba orally, respectively. After 7 days, animals were evaluated for colon tissue
histopathology, levels of malondialdehyde and IL-1B, and activities of superoxide dismutase,
glutathione peroxidase and myeloperoxidase in colon tissue.

Results: Hydroalcoholic extract of Z. jujuba in both forms of trans-rectal and oral adminis-
tration especially in the higher doses could result into a more healing effect in damaged
colonic tissue, more reduce glutathione peroxidase and IL-1p level. Also, these two doses
(gel 40% and oral 3000 mg/kg) could more decrease the myeloperoxidase activity and stimu-
late superoxide dismutase and glutathione peroxidase activities. Also, gel 40% in transrectal
administration was more potent than administration 3000 mg/kg in oral.
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Conclusion: The results of the present study indicated that Z. jujube may be considered as a
treatment of choice for Ulcerative colitis especially in gel form and also in dose-dependent
pattern.
© 2016 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de
Coloproctologia. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Palavras-chave:
Ziziphus jujuba
Colite ulcerativa
Estresse oxidativo
Histopatologia
Inflamacédo

Efeitos do extrato hidroalcoélico de Ziziphus jujuba na colite ulcerativa
induzida pelo acido acético em rato macho (Rattus norvegicus)

RESUMO

Objetivo: Investigar os efeitos do extrato hidroalcodlico de Ziziphus jujuba no estresse
oxidativo em tecido ao nivel histopatolégico e na inflamacao, juntamente com as vias
antioxidantes em tecido de célon em ratos com colite ulcerativa induzida.
Materiais e métodos: Induzimos colite ulcerativa em 80 ratos, divididos em 8 grupos iguais.
Os grupos 1 e 2 eram controles negativos que receberam 1mlL/dia de salina normal em
enema e por via oral; os grupos 3 e 4 eram controles positivos para 1 e 2 e receberam
10mg/kg de asacol por via intracolénica e mesalazina oral; os grupos 5 e 6 receberam
gel a 20% e 40% de extrato hidroalcodlico de Z. jujuba por via trans-retal; os grupos 7 e 8
receberam 1500 e 3000 mg/kg de extrato hidroalcodlico de Z. jujuba por via oral, respectiva-
mente. Transcorridos 7 dias, os animais foram avaliados para histopatologia de tecido de
célon, niveis de malonildialdeido e IL-1B, e atividades de superéxido dismutase, glutation
peroxidase e mieloperoxidase no tecido colénico.
Resultados: O uso do extrato hidroalcodlico de Z. jujuba, tanto na forma transretal como
oral, e em especial nas doses mais altas, resultou em um efeito de cicatrizacdo mais intensa
no tecido coldnico lesionado, e em maior redugdo nos niveis de glutdtion peroxidase IL-
1B. Além disso, essas duas doses (gel a 40% e 3000 mg/kg por via oral) diminuiram ainda
mais a atividade de mieloperoxidase e estimularam as atividades de superdxido dismutase
e glutation peroxidase. Outro achado do estudo foi que o gel a 40% por administracdo trans-
retal se mostrou mais potente do que a administragao oral de 3000 mg/kg.
Conclusdo: Os resultados do presente estudo sugerem que Z. jujuba pode ser considerado
como tratamento de escolha para colite ulcerativa, sobretudo em forma de gel e também
em um padrdo proporcional a dose administrada.
© 2016 Publicado por Elsevier Editora Ltda. em nome de Sociedade Brasileira de
Coloproctologia. Este é um artigo Open Access sob uma licenca CC BY-NC-ND (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

acid (TNBS) (7), dextran sodium sulfate,® and acetic acid.” Rec-
tal administration of acetic acid can mimic the conditions

Inflammatory bowel diseases (IBDs) include two parts, ulcer-
ative colitis (UC) and Crohn’s disease (CD). UC affected the
superficial layer of all parts of the large intestine specially
descending colon and rectum.! Incidence of UC is 1.2-20.3
cases and its prevalence is 7.6-240 cases per 100000 peoples
in each year.” The basis of the UC is genetically susceptibility
toinflammation and also environmental triggers.? These envi-
ronmental factors include microbiological,* immunological,®
smoking and psychological factors.” So, some treatments can
be applicable to overcome these environmental factors. In
addition, besides the cost of treatment, the impact of UC on
quality of life is staggering.” Therefore, finding effective and
cost benefit treatment for UC is necessary.

Before each study for finding good therapeutic agents for
UG, itis necessary to simulate the conditions similar to human
UC in animal models. There are several models for induc-
tion of UC in animals such as use of trinitrobenzene sulfonic

which occurred in human UC™ and related UC is a repro-
ducible laboratory animal model and is useful for screening
of effectiveness of drugs.™

Use of medicinal plants and their derivatives has an
ancient basis. Ziziphus jujube is a herbal plant belongs to the
Rhamnaceae family and is one of the most important Ziziphus
species.’? The jujube fruit contains many bioactive com-
pounds, including triterpenic acids, flavonoids, cerebrosides,
phenolic acids, a-tocopherol, B-carotene, and polysaccha-
rides. Each constituent of the jujube presents some health
benefits, thus making it a healthy food choice and also as
therapeutic agent.'® The beneficial effects of administration
of Z. jujuba as alternative treatment in oral mucositis (OM) has
been reported previously.' The objective of present investiga-
tion was to evaluate the therapeutic effects of hydroalcoholic
extract of Z. jujuba in experimentally induced UC in male rat
as an animal model for human studies.
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Materials and methods
Ethical statement

The protocol of the presented study is approved by the Ethical
Committee of Shiraz University of Medical Sciences. All efforts
were made to prevent the harmful handling of the animals
and also the lowest but statistically significant number of the
animals was allocated in each group.

Fruit and extraction

Z. jujuba fruits were purchased from local market and after
genus and species confirmation by Botanist affiliated to Agri-
culture School of Shiraz University, were finely grounded by
mixer. The hydroalcoholic extraction was performed accord-
ing to previous report.’> The antioxidant content of this
extract was evaluated using ferric reducing antioxidant power
(FRAP) test as described previously.'

Animals

In this study, 80 male Sprague Dawley rats with mean and
SD of weigh of 200+ 20 g were purchased from the Center of
Comparative and Experimental Medicine, Shiraz University
of Medical Sciences. They kept under conventional condi-
tions include 22 +1°C, 55+ 5% relative humidity, and 12/12h
light/dark cycles before the onset of the study for acclima-
tion and during the study period. All rats were fasted for 24h
and then UC was induced by rectal administration of 1 mL of
3% acetic acid. Animals were randomly allocated into 8 equal
separated groups and received different treatment after 24 h,
based on the Table 1.

At the end of the 7th day, all rats were sacrificed by cervi-
cal dislocation and samples from colon tissue were obtained

Table 1 - Experimental setup and treatments which
used in this study.

Group no. Abbreviation Treatment

1 Negative control 1 (NC1) 1mL normal saline,
enema

2 Negative control 2 (NC2) 1mL normal saline,
oral

3 Positive control 1 (PC1) Asacol 10 mg/kg,
enema

4 Positive control 2 (PC2) Mesalazine 10 mg/kg,
oral

5 Gel 20% 1mL of gel 20% of
ZJHE, enema

6 Gel 40% 1mL of gel 40% of
ZJHE, enema

7 Oral 1500 1mL of solution of
ZJHE as dose
1500 mg/kg, oral

8 Oral 3000 1mL of solution of

ZJHE as dose
3000 mg/kg, oral

ZJHE, Z. jujuba hydroalcoholic extract.

and fixed in 10% buffered formalin. The tissue processing and
histopathological slide preparation were performed according
to previous procedures.'’~*® The histopathological sections
were evaluated for severity and extent of inflammation, crypt
damage, percent of involvement and regeneration.

Measurement of malondialdehyde (MDA) level

Briefly, 500 mg of tissue was homogenized in 5mL of 1.15%
cold KCl. Then, 3mL of 1% phosphoric acid and 1 mL of 0.6%
tiobarbitoric acid were added to 500 ul of homogenate and
shake well. After indirect heating at 100 °C for 45 min, the cen-
trifugation was performed at 10000rpm for 10 min and the
absorbance of the supernatant was measured in 532 nm using
UV-visible spectrophotometer.

Myeloperoxidase (MPO) activity

Two mL of phosphate buffer contain 0.5% hexadecyl trimethyl
ammonium bromide (HTAB) was added to 100 mg of colon tis-
sue and homogenized on ice for six times of 45s. Then, 10s of
sonication and freeze by liquid nitrogen were applied for three
times. Centrifugation at 3000 rpm and 4 °C for 30 min was per-
formed and supernatant was harvested. 2.9 mL of phosphate
buffer contain o-Dianisidine and 0.005% hydrogen peroxide
was added to 0.1 mL of supernatant and after 5min, 0.1 mL of
1.2M HCI was added to tube to orange color was appeared.
The absorbance of the samples was measured at 460 nm by
UV-visible spectrophotometer and the activity of MPO was
calculated using a standard curve.

Superoxide dismutase (SOD) and glutathione peroxidase
(GPx) activities

The activities of these two antioxidative enzymes were
assessed using commercial kits (Biorexfars, Iran).

Interleukin (IL)-18

The colon tissue content of IL-1B determined by commercial
quantities enzyme linked immunosorbent assay (ELISA) kit
(Biosource, USA) according to the manufacturer instruction.

Statistical analysis

Data were expressed as mean and SD and analyzed using SPSS
version 21. One way analysis of variance (ANOVA) with using
Tukey as Posthoc test were used to find statistical significant
differences (p<0.05). GraphPad 6 was used for drawing the
charts.

Results

Evaluation of damage and regeneration in the colon tissue
showed that the severity and extent of inflammation, crypt
damage, percent of involvement and regeneration in NC1 and
NC2 were significantly higher than all other groups (p <0.05)
but not statistically significant together (p>0.05). No signif-
icant differences were detected between other 6 groups in
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Fig. 1 - Comparison of histopathological indices of damage and regeneration between different groups. Significant
statistical differences between groups in each index are indicated by different superscript letter (p <0.05).

all pathological indices include inflammation severity and
extent, crypt damage, percentage of involvement and regen-
eration (p>0.05) (Fig. 1).

Comparison of MDA level as oxidative stress index and
activities of two antioxidative enzymes, SOD and GPx, in
colon tissue are presented in Fig. 2. As shown, the colon tis-
sue MDA concentration in NC1 and NC2 were significantly
higher than all other groups (p<0.05) but not statistically
significant together (p>0.05). The tissue MDA concentration

in gel 20% was significantly higher than gel 40% and oral
3000 groups and significantly lower than all other groups
(p<0.05). Despite of the NC1 and NC2, the MDA level in oral
1500 group was significantly higher than all other groups
(p <0.05) but not significantly differ with PC2 (1.85 +0.04 pnol/L
vs. 1.83+0.06 pwnol/L, p > 0.05). Lowest MDA level was detected
in gel 40% group (0.86=+0.03 nnol/L) followed by oral 3000
group (1.07 +£0.04 pnol/L) (Fig. 2A). Changes in the activities
of both SOD and GPx showed approximately similar pattern.
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Fig. 2 - Comparison of mean and SD of A, malondialdehyde
level,; B, glutathione peroxidase activity and C,
superoxidase dismutase activity in colon tissues of
different experimental groups. Significant statistical
differences between groups in each index are indicated by
different superscript letter (p < 0.05).

This included higher activities of enzymes in all groups in
comparison to both NC groups, highest and lowest activities
of both enzymes between treatment group in gel 40% and
PC2, respectively, and highest activities of both enzyme in
response to oral mesalazine in comparison to enema asacol.
Other differences and their significances are shown in Fig. 2B
and C.

Comparison of inflammatory biomarkers of IL-18 and MPO
activity in colon tissue of different groups are presented
in Fig. 3. As shown, these two inflammatory indices were

decreased in response to treatments in comparison to both NC
groups (p <0.05). The most declines were belonged to the gel
40% group (210.00 +22.47 pg/mL for IL-1f and 1.19+0.05IU/L
for MPO) followed by oral 3000 group (318.20 & 31.49 pg/mL for
IL-1B and 1.37 £ 0.03IU/L for MPO). Other values and their sig-
nificances can be seen in Fig. 3A and B.

Discussion

In the present study antioxidative, anti-inflammatory and
regenerative effects of hydroalcoholic extract of Z. jujuba
in 4 doses of 20% and 40% in gel form and enema route
and 1500 mg/kg and 3000 mg/kg in oral route in acetic acid
induced UC in rat model were investigated. Overall, stimu-
latory effects on the activities of SOD and GPx, decreasing
effects on IL-18 and MDA level plus MPO activity and heal-
ing and regenerative effects in histopathological features were
detected in response to use of plant extract. Also, enema
route is better than oral administration in all effects and
dose-dependent response was detected in both routes of
administration.

In previous studies, different plants and derivatives were
explored for treatment of UC. It has been reported that
hydroalcoholic extract of Teucrium polium could increase
healthy cells in the colon tissue, decrease the inflammation
severity and resolve the inflammation of colon tissue.?’ Effects
of different doses and routes of administration of hydroalco-
holic extract of licorice for 7 day in treatment of UC in rat
were investigated. It is found that these treatment decreased
the intestinal epithelium damages, TNF-q, IL-6 and NO and
increased SOD activity in dose-response pattern.’! Improv-
ing of pathological conditions of colon, increase of weight
and decline in MDA level were seen in rat suffered from UC
in response to strawberry extract in dose-response type.?
Similar findings are reported by our group and other sci-
entists for Berberis vulgaris,?®> Melilotus officinalis,” Hypericum
perforatum,?*?> Calendula officinalis?® and Pistachia atlantica?’ in
line with findings of this study. However, the reports about
the beneficial effects of using of Z. jujuba in inflammatory dis-
eases are scarce. Hydroalcoholic extract of Z. jujube can reverse
oxidative stress induced by pentylenetetrazole (PTZ) and elec-
troshock in experimental models of epilepsy in rats.?® Also, the
beneficial effects hydroalcoholic extract of Z. jujuba as alterna-
tive treatment in OM as another inflammatory diseases was
reported by our group previously.'*

There are several possible mechanisms for these observa-
tions. The most important of them is the role of oxidative
stress in the pathophysiology of UC. In UC, primary increase
of free radicals and secondary hypoxic conditions and
chemokines production induced neutrophils and mast cell
migration to the colon tissue and increased inflammation
and oxidative stress in this organ by help of arachidonic
acid metabolites, cytokines and other chemokines.”® Z. jujuba
contains several polyphenolic compounds such as gallic
acid, catechins, caffeic acid, chlorogenic acid, cinnamic acid,
coumarin and coumaric acid.?°? These compounds express
antiinflammatory and antioxidative effects by blocking the
arachidonic acid pathway and inhibiting phospholipase-1,
cyclooxygenase and lipooxygenase.*®
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Conclusion

Inflammatory diseases such as UC are currently treated
with steroidal and non-steroidal anti-inflammatory drugs
(NSAIDs), but our findings suggest hydroalcoholic extract of
Z. jujuba as a new therapeutic agent for UC. This can be con-
cluded from stimulation of healing process and inhibition of
the inflammatory and oxidative pathways.
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