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Abstract

The aim of this study was to evaluate the effect of naringin on experimentally induced inflammatory bowel dis—
ease in rats. Naringin (20, 40 and 80 mg/kg) was given orally for 7 days to Wistar rats before induction of colitis
by intrarectal instillation of 2 mL of 4% (v/v) acetic acid solution. The degree of colonic mucosal damage was
analyzed by examining mucosal damage, ulcer area, ulcer index and stool consistency. Intrarectal administration
of 4% acetic acid resulted in significant modulation of serum alkaline phosphatase, lactate dehydrogenase, super—
oxide dismutase (SOD), glutathione (GSH), malondialdehyde (MDA) and myeloperoxidase (MPO) content along
with colonic nitric oxide (NO), xanthine oxidase (XO) level and protein carbonyl content in the colonic tissue as
well as in blood. Naringin (40 and 80 mg/kg) exerted a dose dependent (P < 0.05) ameliorative effect, as it sig—
nificantly increased hematological parameter as well as colonic SOD and GSH. There was a significant (P < 0.05)
and dose dependant inhibition of macroscopical score, ulcer area along with colonic MDA, MPO activity by the
7 days of pretreatment of naringin (40 and 80 mg/kg). Biochemical studies revealed a significant (P < 0.05) dose
dependant inhibition in serum alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) levels by pretreat—
ment of naringin. Increased levels of colonic NO, XO, protein carbonyl content and DNA damage were also sig—
nificantly decreased by naringin pretreatment. The findings of the present investigation propose that naringin has
an anti-inflammatory, anti-oxidant and anti-apoptotic potential effect at colorectal sites as it modulates the pro—
duction and expression of oxidative mediators such as MDA, MPO, NO and XO, thus reducing DNA damage.
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of the mucosal and sub-mucosal layers of the large

INTRODUCTION intestine and rectum' ™. Intra rectal-administration of
Inflammatory bowel disease (IBD) encompasses an acetic acid produces a reproducible laboratory animal

array of conditions including chronic inflammation model for preclinical evaluation of potential drug can—
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didates for inflammatory bowel disease""!. It mim—
ics some characteristics of IBD, including transmural
colon inflammation, granuloma formation, scarring
and the fibrosis of intestinal tissue, fecal impaction,
diarrhea and oxidative stress'”"”. Increased oxidation
and lipid peroxidation is a key feature of acetic acid
induced colitis model"". Ulcerative colitis is also as—
sociated with aberrant mucosal antioxidant defense'"”.

It has been demonstrated that reactive oxygen spe—
cies (ROS) play an important role in the pathogenesis
of IBD, with the up-regulation of ROS production
resulting from the respiratory burst of infiltrating
phagocytic cells"”. The release of various inflam—
matory cytokines from macrophages including tumor
necrosis factor-a, interleukin-1 and interleukin-8
lead to the production of oxidative mediators such
as ROS"™, and activates the expression of oxidative
stress-responsive genes''”.

The treatment of IBD includes drugs like 5-amino
salicylic acid derivatives, broad spectrum antibiot—
ics, steroids and immunosuppressant. However, these
treatment strategies are associated with side effects
such as nausea, anorexia cytopenia, myalgia and mal-
functions of the kidney, liver and lungs[()‘w]. Therefore,
there is an urgent need to develop alternative thera—
peutic strategies™. Herbal drugs provide a ray of hope
in the development of novel and therapeutically ac—
ceptable drugs. However, crude extract comprising an
admixture of many chemical moieties have been used
by researchers to treat experimentally induced inflam—
matory bowel disease in laboratory animals"'"'". Such
uncharacterized extracts and fractions of unknown
composition draw a vague picture of the therapeutic
profile of plant species.

The 4',5,7-trihydroxy flavonone 7-rhamnoglucoside
i.e. naringin (Fig. 1) is isolated from the grape as well
as citrus fruit species and it has immense therapeutic
value in the abrogation of a plethora of inflamma—
tory maladies'"). It has been reported that naringin
is a potential metal-chelating as well as free radical
scavenging agent™. Extensive research on naringin
has shown that it has anticancer, anti-inflammatory,
antioxidant, antiatherogenic, antiulcer, antidiabetic,
cardioprotective and renoprotective properties'”** ",
It inhibits lipopolysaccharide (LPS) induced release
of tumor necrosis factor-o. in macrophages of mice'”.
The study of Kandhare et al. showed that naringin
possesses neuroprotective effects in streptozotocin in—
duced neuropathic pain via the modulation of various
endogenous biomarkers""".

The aim of this study was to evaluate the ameliora—
tive effect of naringin in the healing of experimentally
induced inflammatory bowel disease by assessing
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Fig. 1 Structure of flavonoid naringin.

various behavioral, biochemical and microscopic pa—
rameter as well as DNA damage in rats.

MATERIAL AND METHODS

Animals

Male wistar rats (180-200 g) were obtained from
the National Toxicological Centre, Pune, India. The
animals were housed in environmentally control-
led conditions (24 +1°C, with a relative humidity of
45-55% and a 12 hour dark/light cycle). The animals
were acclimatized for a period of two weeks before
experiments. They had free access to standard labora—
tory chow (Pranav Agro Industries Ltd., Sangli, India)
throughout the experiment with the exception of over—
night fasting before induction of colitis. The research
protocol was approved by the Institutional Animal
Ethics Committee (IAEC) of Poona College of Phar—
macy, Pune, India.

Drugs and chemicals

Naringin was purchased from Sigma-Aldrich Co.
LLC. (St Louis, MO, USA). Prednisolone was ob—
tained as a gift from Symed Pharmaceutical Pvt. Ltd.,
(Hyderabad, India). Acetic acid, reduced glutathione,
5,5'-dithiobis (2-nitrobenzoic acid), bovine serum al—
bumin, thiobarbituric acid, tris buffer, sucrose, Evans
blue, trichloroacetic acid, citric acid monohydrate and
Folin’s phenol reagent were purchased from S.D. Fine
Chemicals (Mumbai, India). The 2,4-dinitrophenylhy—
drazine, sulphanilamide, naphthalamine diamine HCI,
phosphoric acid were obtained from LobaChemi Pvt.
Ltd., (Mumbai, India). LDH and ALP kit were ob—
tained from Accurex Biomedical Pvt. Ltd., (Mumbai,
India) and Pathozyme Diagnostics (Kolhapur, India),
respectively.

Induction of colitis

Colitis was induced in fasting rats as described by
Mascolo et al. (1995)"?. The animals (n = 6/group)
were assigned to receive 1 mL distilled water for 12
days (group 1), 2 mL 4% acetic acid (once, intra-rec—
tally) and 1 mL distilled water for 12 days (group 2),
20, 40, or 80 mg/kg naringin, p.o. for 12 days and 2
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mL 4% acetic acid intra-rectally on the 8" day (groups
3 to 5), or prednisolone (2 mg/kg, p.o.) and acetic acid
(2 mL 4% solution, once, intra-rectally) for 5 days
(group 6).

Food and water intake were recorded by placing the
animals in metabolic cage (Techniplast, Varese, Italy).
On the 12th day, blood was drawn via the retro-orbital
plexus and the animals were then sacrificed by cervi—
cal dislocation. The colon and spleen from each ani—
mal were dissected and weighed. Colitis was evalu—
ated grossly as described Morris et al. (1989)"". Stool
consistency (0: normal; 2: loose; 4: diarrhea) was
graded as previously reported™'. The ulcer area and
ulcer index were determined as described by Dengiz
and Gursan"", The ulcer index was calculated by us—
ing the following formula:

Total area of ulcer (mm?)

Ulcer index (UI) = B
Total area of colon (mm”)

and the inhibition rate was calculated using the for—
mula:
% InhlblthHZ [(UIcomrol-UIlrealed/UIcontrol)] X 100

Biochemical assays

Serum LDH and ALP contents were measured by
spectrophotometry (JASCO-V-530, JASCO Corp.,
Tokyo, Japan) using commercially available reagent
kits (LDH: Accurex Biomedical Pvt. Ltd., and ALP:
Pathozyme Diagnostics, India). Additionally, 500 mg
colon tissues were homogenized in chilled 10 mM Tris
buffer (pH 7.4) and the homogenate was employed for
biochemical assays. The SOD content was determined
as previously described by Misra and Fridovich™' and
SOD activity was expressed as U/mg protein. Glu—
tathione (GSH) assay was performed according to the
method of Moron et al. (1979)”" and the amount of
reduced GSH was expressed as g of GSH/mg protein.
Myeloperoxidase (MPO) content was measured using
the method of Krawisz et al. (1984)"" and MPO ac—
tivity was defined as the quantity of enzyme degrad—
ing 1 pmol of peroxide per minute at 25°C and was
expressed in units per gram (U/g) of wet scrapings.
Malondialdehyde (MDA) levels in the colon tissue
were determined by the method of Slater and Saw—
yer™ and were expressed as nanomoles of MDA/mg
protein. Nitrite/nitrate (NO) levels were determined by
the acidic Griess reaction by reducing nitrate to nitrite
by vanadium trichloride according to Miranda et al.
(2001)™ and were expressed as pg/mg of wet tissue.
Tissue xanthine oxidase (XO) activity was measured
by spectrophotometry” at 293 nm and expressed as U/
mg protein. The extent of protein oxidation was deter—
mined by measuring protein carbonyl content. Briefly,

the intestinal homogenate (1 mg protein) was incu—
bated with dinitrophenylhydrazine for 1 hour followed
by precipitation with TCA. Following centrifugation,
the pellet was washed with ethanol-ethyl acetate (1:1)
to remove excess dinitrophenylhydrazine, dissolved
in 6M guanidine hydrochloride and absorbance was
measured at 366 nm. The carbonyl content was cal—
culated using a molar extinction coefficient value of
22,000/M * cm and expressed as nmol/mg protein*".

Determination of colonic vascular permeability

The vascular permeability of the colon was meas—
ured by a modified method of Erickson et al. (1992)",
The amount of extravagated dye was calculated from
the standard curve and expressed as microgram per
gram wet weight of tissue.

Quantification of DNA damage

Fluorimetric analysis of DNA unwinding was per—
formed as described by Birnboim, Percy and Chip—
man'”*". The percentage of double-stranded DNA
(dsDNA) was determined by measuring the fluo—
rescence of samples after the addition of ethidium
bromide at 520 nm and 590 nm. The percentage of
dsDNA remaining after the unwinding process was
computed by the ratio (fluorescence of unwound DNA
- fluorescence of denatured DNA)/(fluorescence of
native DNA - fluorescence of denatured DNA).

Microscopic evaluation

Freshly excised colon of one animal from each
group was washed with saline and preserved in 10%
formaldehyde solution for histopathological studies.
It was processed for 12 hours using isopropyl alcohol,
xylene and paraffin embedded for light microscopic
study (Nikon E200, Tokyo, Japan). Tissue sections (5
pum thickness) were prepared and stained after depar—
affinization by using hematoxylin and eosin stain (H
& E). Photomicrographs were captured at a magnifi—
cation of 40 X.

Statistical analysis

All the results were expressed as mean+S.E.M.
Data analysis was performed by using GraphPad
Prism 5.0 software (GraphPad, San Diego, CA, USA).
Statistical comparisons were made between drug-
treated groups and colitis control animals. Data of
body weight, food intake and water intake were ana—
lyzed using two way ANOVA followed by Bonfer—
roni’s test. Data of biochemical parameters were ana—
lyzed using one way ANOVA followed by Tukey’s
multiple range test. Data of macroscopical score and
stool consistency was analyzed using nonparametric
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Kruskal-Wallis ANOVA. A value of P < 0.05 was
considered to be statistically significant.

RESULTS

Naringin attenuated acetic acid-induced colitis

Mucosa necrosis, erosion, bleeding, ulceration and
inflammation, which are key features of ulcerative
colitis, were observed after intra-rectal 4% acetic acid
(Fig. 2B). Naringin (80 mg/kg) suppressed acetic acid-
induced ulceration, necrosis and mucosal bleeding
(Fig. 2D). Intra-rectal acetic acid resulted in a signifi—
cant decrease (P < 0.05) in body weight, food intake
and water intake compared to normal rats (Fig. 3),
which, however, was markedly attenuated by naringin
(40 and 80 mg/kg) in a dose-dependent manner (P <
0.05). As shown in Fig. 2, intrarectal administration of
4% acetic acid resulted in the formation of deep ero—
sion along with necrosis in the colon. Rats treated with
naringin significantly (P < 0.05) and dose dependently
(40 and 80 mg/kg) decreased ulcer area as well as ulcer
index as compared to acetic acid control rats and thus
showed significant protection against ulcer formation.
When compared with acetic acid control rats, the ulcer
area as well as ulcer index in prednisolone (2 mg/kg)
treated rat was also significantly decreased (P < 0.05)
(Table 1).

Effects of naringin on wet weight of the colon

Compared to normal rats, rats given intra-rectal 4%
acetic acid had a significant increase in the weight
of the colon (P < 0.05). Naringin dose-dependently
ameliorated acetic acid-induced increase in colon
weight (P < 0.05). Prednisolone (2 mg/kg) also caused

Fig. 2 Morphological representation of colons. (A) Normal, (B)

acetic acid treated, (C) prednisolone (2 mg/kg) treated and (D) naringin
(80 mg/kg) treated rats.
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Fig. 3 Effect of naringin on (A) body weight, (B) water in-
take and (C) food intake in acetic acid induced colitis. Data
are expressed as mean+S.E.M. (n = 6) and analyzed by two way ANO-
VA followed by Bonferroni’s test. P < 0.05 as compared to the acetic
acid control group, *P < 0.05 as compared to normal group and P<0.05
as compared to one another. AA control: Acetic acid control rats; Pred
(2): Prednisolone (2 mg/kg) treated rats; N (20): naringin (20 mg/kg,
p.o.) treated rats; N (40): naringin (40 mg/kg, p.o.) treated rats; N (80):
naringin (80 mg/kg, p.o.) treated rats.

a significant inhibition of acetic acid-induced increase
in colon weight (P < 0.05) (Table 1). The colon weight
to length ratio was significantly (P < 0.05) increased
in the acetic acid control rats as compared to normal
rats. Treatment with naringin showed significant (P <
0.05) and dose dependent (40 and 80 mg/kg) reduc—
tion of weight to length ratio as compared to acetic
acid control rats. Treatment with prednisolone (2 mg/
kg) also significantly (P < 0.05) decreased weight to
length ratio as compared to acetic acid control rats.
(Table 1)
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Table 1 Effects of naringin on colon weight, colon weight to length ratio, ulcer area and ulcer index of rats in

acetic acid induced colitis

Group Colon weight (gm) Colon weight to length ratio Ulcer area (mm®) Ulcer index % Inhibition
Normal 1.3610.10 0.10£0.007 0.00£0.00 0.0030.00
Acetic acid control 2.7540.09" 0.21£0.006" 37.20+2.44" 59.48+2.55"
Prednisolone (2 mg/kg) 1.4540.12"° 0.11£0.01°° 4.65+1.157° 7.24+1.98" 87.81
Naringin (20 mg/kg) 2.704+0.09 0.20%0.01 31.40+1.95 49.66+1.95 16.50
Naringin (40 mg/kg) 2.31+0.18"* 0.17£0.01°* 19.994+1.63" 36.271+4.84"° 39.01
Naringin (80 mg/kg) 1.65+0.08"° 0.124+0.008"° 13.024+0.79"° 18.23+1.26" 69.34

Data are expressed as mean*S.E.M. (n = 6) and analyzed by one way ANOVA followed by Tukey’s multiple range test. P <0.05 as compared to

the acetic acid control group, *p<0.05 as compared to the normal group and 5P <0.05as compared to one another.

Effects of naringin on macroscopic scores

There was a significant (P < 0.05) increase in the
macroscopic score of the colon in acetic acid control
rats as compared to normal rats. Treatment with nar—
ingin (40 and 80 mg/kg) significantly and dose de—
pendently decreased (P < 0.05) ulcer production and
thereby decreased macroscopic score as compared to
acetic acid control rats. Prednisolone (2 mg/kg) treat—
ment for 5 days significantly attenuated (P < 0.05)
ulcer formation according to macroscopic score as
compared to acetic acid control rats. (Table 2)

Effects of naringin on spleen weight

Spleen weight in acetic acid treated rats was signif—
icantly increased (P < 0.05) as compared to the weight
of spleen in normal rats. Pretreatment with naringin
(40 and 80 mg/kg) for 7 days significantly and dose
dependently (P < 0.05) decreased the increased weight
of the spleen as compared to rats with induced colitis.
Prednisolone (2 mg/kg) treatment for 5 days signifi—
cantly decreased (P < 0.05) spleen weight as com—
pared to acetic acid control rats. (Table 2)

Effects of naringin on stool consistency

As shown in the Table 2, when compared with nor—
mal rats, the stool consistency of acetic acid control
rats was significantly increased (P < 0.05) after in—

trarectal administration of 4% acetic acid. Treatment
with naringin (40 and 80 mg/kg) for 12 days signifi-
cantly and dose dependently decreased (P < 0.05) the
increased stool consistency level as compared to acetic
acid control rats. Prednisolone (2 mg/kg) treated rats
also showed a significant decrease (P < 0.05) in stool
consistency as compared to acetic acid control rats.

Effects of naringin on hematology

As shown in Table 3, the levels of WBC, RBC, Hb
and platelet were significantly decreased (P < 0.05)
in acetic acid treated rats after intrarectal administra—
tion of 4% acetic acid as compared to normal rats. The
intrarectal administration of 4% acetic acid did not
produce any significant change in the levels of MCV,
MCH and MCHC. Rats pretreated with naringin (40
and 80 mg/kg) for 7 days showed significant increase
(P < 0.05) in the level of WBC, RBC, Hb and platelet
as compared to acetic acid control rats. Treatment with
prednisolone (2 mg/kg) for 5 days also showed signifi—
cant increase (P < 0.05) in the level of WBC, RBC, Hb
and platelet as compared to acetic acid control rats.

Effects of naringin on serum LDH and ALP

levels

Acetic acid-induced colitis resulted in significant
increase (P < 0.05) in serum LDH and ALP levels in
acetic acid control rats as compared to normal rats.

Table 2 Effects of naringin on macroscopic score, spleen weight and stool consistency score of rats in acetic acid

induced colitis

Group Macroscopic score Spleen weight (gm) Stool Consistency Score
Normal 0.00£0.00 1.46+0.15 0.20%0.20
Acetic acid control 7.00%0.31" 2.87+0.08" 3.80%0.20"
Prednisolone (2 mg/kg) 2.2040.37"° 1.5940.11°° 1.404+0.24"°
Naringin (20 mg/kg) 5.60+0.24 2.80+0.11 3.60+0.24
Naringin (40 mg/kg) 4.40+0.40" 2.25+0.14" 2.60+0.24"°
Naringin (80 mg/kg) 3.40+0.50"° 1.80+0.21"° 2.004+0.31"°

Data are expressed as mean £ S.E.M. (1 = 6). Data of macroscopical score and stool consistency was analyzed using nonparametric

Kruskal-Wallis ANOVA whereas data of spleen weight was analyzed by one way ANOVA followed by Tukey’s multiple range

test. ‘P < 0.05 as compared to the acetic acid control group, P <0.05 as compared to normal group and P < 0.05 as compared to

one another.
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Table 3 Effects of naringin on hematological parameters of rats in acetic acid induced colitis

Parameter Normal Acetic acid Control Prednisolone 20 ma/kg gﬁ;ﬁ; 80 ma/ke

WBC (X 10°/uL) 23.48+1.21 8.29+0.66" 20.7040.84"° 12.46+0.60" 16.12+0.92"°  18.34+£1.42"°
RBC (X 10°/uL)  14.60%0.79 6.0610.46" 13.3240.92"° 7.3840.78 10.34£0.57"  12.10£0.747°
HGB (g /dL) 15.58+0.72 8.82+0.82" 14.64+0.86"° 9.06+0.48 11.22+0.88 13.2040.79"*
PLT (X 10°/uL)  11.6340.57 4.95+0.53" 10.7440.81"° 5.80+0.52 8.62+0.60"°  9.4940.98"

Data are expressed as mean=S.E.M. (n = 6) and analyzed by one way ANOVA followed by Tukey’s multiple range test. P <0.05

as compared to the acetic acid control group, *P < 0.05 as compared to normal group and 5P <0.05 as compared to one another.

Administration of naringin (40 and 80 mg/kg) for 12
days significantly and dose dependently decreased
(P < 0.05) the increased level of serum LDH whereas
naringin (80 mg/kg) significantly attenuated (P <
0.05) the increased level of serum ALP as compared
to acetic acid control rats. When compared with acetic
acid control rats, treatment with naringin (20 and 40
mg/kg) failed to produce any significant reduction in
the level of serum ALP. Prednisolone (2 mg/kg) also
provided significant protection (P < 0.05) against the
increase in the level of serum LDH and ALP as com—
pared to acetic acid control rats. (Table 4)

Effects of naringin on colonic vascular per-
meability

In acetic acid control rats, the level of Evans blue
was significantly increased (P < 0.05) as compared to
normal rats. Naringin (40 and 80 mg/kg) treated rats
showed significant and dose dependant inhibition (P <
0.05) of the increased concentration of Evans blue as
compared to acetic acid control rats. Treatment with
prednisolone (2 mg/kg) also significantly attenuated
(P < 0.05) the increased levels of Evans blue as com—
pared to acetic acid control rats. (Table 4)

Effects of naringin on colonic SOD and GSH

levels

Fig. 4A and Fig. 4B demonstrate significantly de—
creased (P < 0.05) SOD and GSH concentration in

colonic mucosa of acetic acid control rats as compared
to normal rats. Treatment with naringin (40 and 80 mg/
kg) significantly and dose dependently inhibited (P <
0.05) the decrease in the level of SOD and GSH as
compared to acetic acid control rats. When compared
with acetic acid control rats, treatment with pred—
nisolone (2 mg/kg) for 5 days significantly increased
(P < 0.05) the level of SOD and GSH.

Effects of naringin on colonic LPO levels

Lipid peroxidation level in the acetic acid control
rats was significantly increased (P < 0.05) after intra—
rectal administration of 4% acetic acid as compared to
normal rats. Naringin (40 and 80 mg/kg) treatment for
12 days significantly and dose dependently (P < 0.05)
inhibited the increase in the levels of LPO as com—
pared to acetic acid control rats. Prednisolone (2 mg/
kg) treated rats also showed significant reduction (P <
0.05) in the level of LPO when compared with acetic
acid control rats. (Fig. 4C)

Effects of naringin on colonic MPO and NO
levels

We further assessed colonic MPO activity which is
a marker of neutrophil infiltration. Intrarectal admin—
istration of 4% acetic acid resulted significant increase
(P < 0.05) in the level of MPO and NO in acetic acid
control rats as compared to normal rats. This increased
levels of MPO as well as NO was significantly and

Table 4 Effects of naringin on serum LDH, serum ALP and colonic vascular permeability of rats in acetic acid

induced colitis

Group Serum LDH levels (U/1) Serum ALP levels (U/1) Evans Blue (ug/gm)
Normal 679.6+41.64 65.40%+6.04 11.42+1.39
Acetic acid control 2315.2+48.44" 153.6+9.21" 63.26+3.43"
Prednisolone (2 mg/kg) 1145.7£40.74"° 75.60+7.82"° 18.42+1.96"
Naringin (20 mg/kg) 2115.6%116.0 136.3+14.75 54.18+3.24
Naringin (40 mg/kg) 1721.5+103.6™° 120.7£8.13 45.46+1.59"°
Naringin (80 mg/kg) 1334.8+£117.8™° 91.20+5.11"° 33.72+£2.66"°

Data are expressed as mean*+S.E.M. (n = 6) and analyzed by one way ANOVA followed by Tukey s multiple range test. P <0.05

as compared to the acetic acid control group, *P<0.05 as compared to normal group and 5P <0.05 as compared to one another. ALP:

alkaline phosphatase; LDH: lactate dehydrogenase
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Fig. 4 Effect of naringin on colonic (A) SOD, (B) GSH, (C) MDH and (D) MPO in acetic acid induced colitis. Data are expressed as
mean=®S.E.M. (n = 6) and analyzed by one way ANOVA followed by Tukey’s multiple range test. "P < 0.05 as compared to the acetic acid control
group, "P < 0.05 as compared to the normal group and *P < 0.05 as compared to one another. AA control: Acetic acid control rats; Pred (2): Pred—
nisolone (2 mg/kg) treated rats; N (20): naringin (20 mg/kg, p.o.) treated rats; N (40): naringin (40 mg/kg, p.o.) treated rats; N (80): naringin (80 mg/

kg, p.o.) treated rats.

dose dependently (P < 0.05) decreased by 7 days pre-
treatment of naringin (40 and 80 mg/kg) as compared
to normal rats. When compared with acetic acid con—
trol rats, prednisolone (2 mg/kg) treated rats showed
significant decrease (P < 0.05) in the level of MPO
and NO. (Fig. 4D and 5A)

Effects of naringin on xanthine oxidase (XO)
level

Fig. 5B demonstrates a significant increase (P < 0.05)
in mucosal XO concentration in colonic mucosa of
acetic acid control rats following intrarectal adminis—
tration of acetic acid as compared to normal rats. Pre—
treatment with naringin (40 and 80 mg/kg) produced
a significant and dose dependent (P < 0.05) reduction
in XO activity as compared to the acetic acid group.
Prednisolone (2 mg/kg) treated rats also showed a sig—
nificant (P < 0.05) reduction in the increased levels of
XO as compared to acetic acid control rats. The post
treatment of prednisolone (2 mg/kg) showed similar
effect in the reduction of the increased levels of XO as
compared to naringin (80 mg/kg) post treatment.

Effects of naringin on protein carbonyl content

Effect of the intrarectal administration of 4% acetic
acid on protein carbonyl content is shown in Fig. 5C.
A significant increase (P < 0.05) in the level of pro—
tein carbonyl content was found in acetic acid control
rats as compared to normal rats. Naringin (40 and 80
mg/kg) pretreatment for 7 days dose dependently and
significantly decreased (P < 0.05) the increased levels
of protein carbonyl content as compared to acetic acid
control rats. When compared to acetic acid control
rats, prednisolone (2 mg/kg) treated rats also showed
significant inhibition (P < 0.05) in the increased pro—
tein carbonyl content.

Effects of naringin on DNA damage

As shown in Fig. 5D, there was a significant de—
crease (P < 0.05) in the number of unwinded double
strand DNA in acetic acid control rats as compared
to normal rats. Naringin (40 and 80 mg/kg) treated
rats significantly and dose dependently increased (P <
0.05) the number of unwinded double strand DNA as
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Fig. 5 Effect of naringin on colonic (A) NO, (B) X0, (C) PCC and (D) DNA damage in acetic acid induced colitis. Data are ex—
pressed as mean=+S.E.M. (n = 6) and analyzed by one way ANOVA followed by Tukey s multiple range test. P < 0.05 as compared to the acetic acid

control group, *P < 0.05 as compared to the normal group and *P < 0.05 as compared to one another. AA control: Acetic acid control rats; Pred (2):

Prednisolone (2 mg/kg) treated rats; N (20): naringin (20 mg/kg, p.o.) treated rats; N (40): naringin (40 mg/kg, p.o.) treated rats; N (80): naringin (80
mg/kg, p.o.) treated rats. NO, ; PCC, protein carbonyl content; XO, NO: Nitric Oxide; XO: Xanthine Oxidase.

compared to acetic acid control rats. Treatment with
prednisolone (2 mg/kg) also significantly increased
the number of unwinded double strand DNA as com—
pared to acetic acid control rats (P < 0.05).

Effects of naringin on histological alteration
induced by acetic acid

In normal rats, the epithelial crypts of the mucosal
layer were intact and there was no infiltration of in—
flammatory cells (Fig. 6A). The histopathological fea—
tures of untreated animals included transmural necro—
sis, oedema and diffuse inflammatory cell infiltration
in the mucosa, desquamated areas and loss of the epi—
thelium. An infiltrate consisted of mixed inflammatory
cells was observed (Fig. 6B). Pretreatment of rats with
naringin (80 mg/kg) (Fig. 6D) or treatment with pred—
nisolone (2 mg/kg) (Fig. 6C) attenuated the extent and
severity of the histological signs of cell damage that
were associated with intrarectal instillation of acetic
acid. There were no inflammatory cells in the lamina
propria and the epithelium remained intact (Fig. 6C and
6D) (Table 5).

DISCUSSION

The underlying mechanisms involving acetic acid
induced localized inflammation, desquamation and
loss of mucosal integrity leading to epithelial injury
is due to conversion of acetic acid to protonated form
which diffused into epithelium and later dissociates to
form protons'”. This leads to the acidification of intra—
cellular architecture and the induction of inflammatory
bowel disease. Luminal acetic acid has been studied to
instigate lipid peroxidase, cyclooxygenase pathways
and thus precipitating inflammatory bowel disease'™.

Intrarectal administration of the acetic acid result—
ed in significantly decreased body weight, food in—
take and water intake. These findings are in congru—
ence with the finding of Patil et al.(2012)"". In this
study, colitis induced decrease in body weight was
significantly reduced by the treatment of naringin.
These observations may be attributed to cellular
biosynthesis and metabolism restoration in animals
treated with naringin.

Increased weight of colon along with colon weight/
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Fig. 6 Photomicrographs of sections of colons from rats stained with H & E. Colon microscopic image of (A) normal rat; (B) acetic acid
induced colitis rat; (C) prednisolone (2 mg/kg, p.o.) treated rat; (D) naringin (80 mg/kg) 7 days pretreated rat. Necrosis (black arrow), oedema (blue

arrow) and infiltration of inflammatory cells (red arrow). Images (100 X and respective inset 400 X magnification) are typical and representative of
each study group.

length ratio is a hallmark of the degree of local in— colon reflected the severity and extent of the disease
flammation, swelling, atrophy or hypertrophy as well which may be mediated by the release of inflammatory
as edema and wall thickening™”. Increased weight of mediators”™. Treatment with naringin reduced colon
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Fig. 7 Graphical representation: Naringin ameliorates acetic acid induced colitis through modulation of endogenous oxido—
nitrosative balance and DNA damage.
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Table 5 Effects of naringin on pathological changes of rat colon in acetic acid induced inflammatory bowel disease

Group Ulceratsion ~ Hyperemia  Necrosis  Edema  cellular in filtratsion  Goblet cell hyperplasia
Normal 0 0 0 0 0

Acetic acid control ++++ +++ ++++ +++ +++ ++++
Prednisolone (2 mg/kg) + 0 + + A

Naringin (80 mg/kg) + + + 0 ++

0: no abnormality detected; +: damage/ active changes up to less than 25%; ++: damage/ active changes up to less than 50%; +++:
damage/ active changes up to less 75%; ++++: damage/ active changes up to more than 75%.

weight along with colon weight/length ratio depicting
its anti-inflammatory potential as well as colitis heal—
ing property.

The procedure for quantitative determination of
colonic lesion by morphometric evaluation was ex—
pressed as ulcer area and ulcer index"™. The signifi—
cant and dose dependant reduction of ulcer area and
ulcer index by naringin reflected its antiulcer potential
via the protection of colonic microflora from the cor—
rosive effect of acetic acid.

Imbalance between hematological parameters in—
cluding RBC, WBC, hemoglobin and platelet due to
tissue damage is an important clinical manifestation
of IBD. The assessment of hematological parameters
can be used to determine the extent of disease state of
colitis"”. TNF-0, IL-1PB, IL-6 and IL-8 like cytokines
were released via the activation of white blood cells
(including macrophages) via neutrophils™. This may
have resulted in diarrhoea and malena. The above
alterations in clinical features of IBD were reversed
by naringin. These findings were in congruence with
findings of the Choe et al.(2001)*.

It has been well documented that IBD is associated
with increased levels of RBC™**". Cho et al. (2001)
have reported that spleen destroys the increased
amount of red blood cells which intern plays a vital
role in the regulation of immune system'*. Intrarectal
administration of acetic acid may lead to atrophication
of spleen. This increase in spleen weight was signifi—
cantly reduced by the treatment with naringin depict—
ing its immunomodulatory property.

Lactate dehydrogenase is an enzyme which is
present in cell cytoplasm and plays a pivotal role in
energy metabolism. Increase in the activities of LDH
suggests cellular damage"™'. The level of LDH was
significantly increased due to epithelial damage by in—
trarectal administration of acetic acid. Naringin treated
rats showed significant decrease in the increased lev—
els of LDH indicating its colonoprotective effect. This
finding confirmed the results of Choe et al.”.

It has been documented that phosphohydrolase en—
zyme like alkaline phosphatase is attached with gly—
cosyl phosphatidyl inositol anchors to the cell wall,
and its activity is considered to be an important hall—-

mark for inflammation during the ulcerative colitis,
as activity of this enzyme is elevated after intrarectal
administration of acetic acid™. The elevated level of
alkaline phosphatase enzyme was significantly at—
tenuated by the treatment of naringin by virtue of its
anti-inflammatory potential. This result confirmed the
findings of Choe et al.”™”’.

The extent of mucosal damage is dependent upon
the vascular permeability of the colonic mucosa. In—
creased vascular permeability is a rate limiting step
in mucosal damage produced by acetic acid"”. Hence
decreased vascular permeability may play a vital role
the mechanism of mucosal protection. Decreased
spread of Evans blue by the treatment of naringin ex—
plored its ulcer protective potential.

Superoxide dismutase is an enzyme existing in mi—
tochondria as well as cytosol which is responsible for
the maintenance of redox balance in the tissue as well
as vascular endothelial damage'*"*”". Electron trans—
port chain is an important physiological component
maintaining the mitochondrial energy metabolism.
The increased level of reactive oxygen species caused
dysregulation of cellular redox balance'*”. SOD re—
duces O, to H,O thus playing a pivotal role in scav—
enging of noxious free radicals'". In this study, SOD
was found to be diminished in the acetic acid control
group of animals reflecting uncontrolled oxidative
stress. Naringin treatment demonstrated an increase
on the levels of SOD thus restoring oxidative balance
in the colonic mucosa.

GSH is an indispensible member of antioxidant
free radical scavenger family, which converts H,0,
to H,0"". GSH shields cells and tissues against free
radical generation during stressful conditions arising
after the administration of acetic acid™. GSH plays an
important role in electrophile detoxification, transport
of amino acid and synthesis of DNA"". Hence, lower
levels of GSH show the progression of oxidative stress
and the depletion of balance between pro and oxida—
tive enzymes in the cells'*”. Treatment with naringin
significantly increased the decreased level of GSH and
halting the progression of oxidative stress.

Enhanced lipid peroxidation is a hallmark of free
radical induced tissue damage. The B-oxidation of
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lipid peroxides in the cells lead to double bond rear—
rangement of unsaturated fatty acids of the mem—
brane which cause destruction of lipid membrane
culminating into tissue damage'*”. This activity is
enhanced due to stress exerted by free radicals' ™.
Naringin down regulated the levels of MDA cor—
roborating its role in down regulation of lipid per—
oxidation which indirectly correspond to healing of
ulcerative colitis.

Myloperoxidase represents the degree of neutrophil
infiltration in a tissue' ™. Under normal physiological
conditions, MPO is released from azurophillic storage
granules®. When an inflammatory insult leads to the
formation of reactive species, release of this enzyme
increases MPO of colonic mucosa scraping which is
a manifestation of increased infiltration””. Naringin
was found to reduce the level of MPO in a dose de—
pendent manner. The inhibition of neutrophil infiltra—
tion in colonic tissue by naringin is also evident in the
histopathological observations of colonic tissue. The
reversal of neutrophil infiltration by naringin estab—
lished its anti-inflammatory activity.

Under stressful conditions, nitric oxide levels are
increased in colonic mucosal cells, thus promoting
the generation of reactive oxygen metabolites. It is
caused due to increased iNOS production leading to
exacerbation of nitrostative stress in the colonic mu—
cosa™. Production of nitric oxide is invariably cou—
pled with deficient level of SOD resulting in produc—
tion of peroxynitrite™*”. These toxic NO metabolites
lead to free radical formation and initiate the vicious
cascade of stress induced lipid peroxidation™, which
then impair the colonic mucosa'”. The increase in
nitric oxide levels was substantially reduced in rats
treated with naringin.

Xanthine oxidase (XO) is the primary biological
source of SOD and is considered an important media—
tor in supplying active oxygen radical in free radical
induced lesions. The level of XO increased in stress—
ful conditions. Oxygen free radicals produced by the
degradation of adenine nucleotides in which xanthine
oxidase plays a pivotal role®. Acetic acid instillation
increased the production of oxygen free radicals ow—
ing their origin to increased XO activity. In healthy
colonic mucosa, dehydrogenase form of XO does not
produce superoxide anion radicals. However, un—
der stressful conditions, enzyme is converted into its
oxidative form, which is the major source of oxygen
radicals™'. The results showed that increased XO was
reduced by naringin, which is proportional to its anti—
oxidant and anti-inflammatory properties.

The increased level of protein carbonyl content
is a hallmark of oxidation induced damage. Under

oxidative conditions, ROS mediated protein oxida—
tion leads to high levels of protein carbonyl content
(PCC) in the tissues™'. This corresponds to uncon—
trolled protein oxidation and reduced repair activity.
Increased oxidative stress leads to increased PCC
content in colonic mucosa of acetic acid control ani—
mals”™. Naringin was found to reduce PCC levels in
the colonic mucosa, hence establishing restoration of
cellular integrity and amelioration of colonic lesions.

DNA damage has been investigated to be an im—
portant underlying mechanism of IBD"". It has been
reported that inflammatory mediators play vital role
in oxidative DNA damage via the generation of ROS
caused colon carcinogenesis'™’. It is accentuated due
to necrotic and apoptotic transformations in the mu—
cosal cells. DNA damage also leads to shedding of the
rectal mucosa cells””"*”. These DNA lesions can be
quantified by fluorometric analysis of DNA unwind—
ing, which detects unwound and native DNA fluo—
rescence compared with native DNA fluorescence. It
reports the % of ds-DNA remaining after the unwind—
ing process. Increased oxidative stress was found to
be associated with the reduced levels of ds-DNA, and
depicted cellular damage'". Naringin was found to
restore the content of DNA and maintained cellular
integrity in the colonic epithelial cell.

The pharmacotherapy of inflammatory bowel dis—
ease has not advanced substantially and the approved
therapies possess side effects. Recent treatment regi—
ment for IBD includes various natural anti-oxidant
therapies. The plant including Plantago ovate and
34 along with bioflavonoid moie—
ties like bilberries, scutellaria and curcumin'®®' pos—
sessing antioxidant potential have been proven clini—
cally for the treatment of IBD.

In conclusion, the results demonstrate heal—
ing activity of naringin on inflamed tissue in acetic
acid induced colitis, an effect that is associated with
amelioration in the production of some of the media—
tors involved in the oxido-inflammatory response of
the intestine, such as MDA, MPO, NO and XO, thus
reducing DNA damage via anti-inflammatory, anti-
oxidant and anti-apoptotic potential.
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