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Abstract Objectives Ulcerative colitis is a global disease with increasing incidence and
worldwide prevalence. So this study was undertaken to observe antiulcerative colitis
activity of ethanolic extract of seeds of Nelumbo nucifera plant on dextran sodium
sulfate (DSS)-induced ulcerative colitis in rats.
Materials and Methods The effect of ethanolic extract of N. nucifera seed (EENNS)
was studied on DSS-induced ulcerative colitis in albino Wistar rats for 11 days. Disease
pathogenesis was assessed by evaluation of disease activity index (DAI) including the
following parameters: change in body weight, stool constituency, rectal bleeding in
animals. Estimation of myeloperoxide (MPO), nitric oxide (NO), and antioxidant
parameters like malondialdehyde (MDA), superoxide dismutase (SOD), and catalase
level was performed in colon homogenate of animals. TNF-α (tumor necrosis factor- α)
level was measured in colon homogenate using rat TNF-α ELISA kit.
Statistical Analysis Significant differences (mean� standard error of the mean) were
detected using one-way analysis of variance followed by post-test using Graphpad
prism 7.0 for multiple comparisons.
Results EENNS (400mg/kg) significantly improved the disease progression, body
weight, and colon length of the animals as compared with the disease control group.
Animal treated with EENNS (400mg/kg) showed significantly improved colon mucosal
damage index (1.66� 0.21) and DAI (11.66�4.01) as compared with the disease
control group. A higher level of SOD and catalase and a lower level of MDA were
observed in animals treated with EENNS (400mg/kg) as compared with the disease
control group. Animals treated with EENNS (400mg/kg) significantly decreased in NO
and MPO levels as compared with the disease control group. A lower level of TNF-α
(561.94� 14.84) was observed in EENNS (400mg/kg)-treated animals as compared
with the disease control group (736.92� 15.3). These observations were comparable
to those of the standard control group. Histopathological data showed that EENNS
(400mg/kg) has shown reversal of tissue inflammation as compared with the disease
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Introduction

Inflammatory bowel disease (IBD) is characterized by an
idiopathic chronic relapsing inflammatory condition and is
classified into two major chronic conditions: (1) Crohn’s
disease (CD) and (2) ulcerative colitis (UC).1

UC involves recurrent uncontrolled inflammation of the
colon and rectum in which the inflammation of rectum
spreads from the distal colon to the proximal colon.2

The exact etiology of IBD remains unknown. It is mostly
related to genetic and environmental factors. The pathophys-
iology of UC is incompletely understood, but some evidence
suggests disturbance of the immune system or imbalanced
interactionswithmicrobes leading to development of chron-
ic intestinal inflammation when certain environmental fac-
tors trigger genetically susceptible hosts.1

In India, the prevalence ratio of UC/CD is 8:1.3Accordingly,
several different animal models with defined knockouts of
inflammatory factors such as interleukin (IL)-2, IL-10, and T
cell receptor appear to result in bowel inflammation.4

Management of UC involves mainly use of immunosup-
pressive agents like steroids (corticosteroids), anti-inflam-
matory agents such as aminosalicylates, and antibiotics (e.g.,
metronidazole, ciprofloxacin).2

There is a need for an alternative agent compared with
synthetic drugs for the management of the disease.2

Nelumbo nucifera, belonging to the family Nymphaeaceae,
is one of the important traditional herbs. The seeds or their
extracts have been reported to possess antiproliferative,
antifibrosis, antidepressant, astringent, hepatoprotective
and free-radical scavenging, antiobesity, hypolipidemic,
anti-inflammatory, and antiviral activities.5 Seeds are used
in folk medicines as treatment of tissue inflammation,
cancer, skin disease, and leprosy.6

Neferine and isoliensinine, the major alkaloids of N.
nucifera seeds, have been reported as inhibitors of tumor
necrosis factor-α (TNF-α) and NF-Kb (nuclear factor kappa
b).7,8 Furthermore, rutin, the major flavonoid present in
seeds, has antiulcer effect in dextran sulfate sodium (DSS)-
induced UC.9 So, this study was undertaken to evaluate the
effect of N. nucifera seed extract in chemical-induced UC in
rats.

Materials and Methods

Plant Collection and Preparation of Extract
Nelumbo nucifera seeds were collected from the Bhavnagar
region and authentication was done at RK University, Rajkot
(Authentication No. BKMGPC/919). Dried powder of seeds

(100 g) was macerated with 75% ethanol (1,000mL) for
14 days and the extract was filtered through a filter paper
and dried at room temperature.10

Phytochemical Screening
Phytochemical screening tests were performed in the etha-
nolic extract of N. nucifera seed (EENNS) for the presence of
phytoconstituents.11

LC-MS Analysis
Liquid chromatography–mass spectrometry (LC-MS) analy-
sis of EENNS was done for the estimation of presence of
alkaloids (neferine and isoliensinine) and flavonoids (rutin)
as per the specifications mentioned in ►Table 1.12,13

Experimental Animals
Albino Wistar rats (250–300 g) of either sex were used and
housed at temperature 25�1°C, relative humidity 30 to 70%,
and 12h/12h light dark cycle, and pelleted diet and purified
drinking water were provided. The present study was con-
ducted according to Institutional Animal Ethical Committee
as per the guidance of the Committee for the Purpose of
Control and Supervision of Experiments on Animals. The
protocol approval number is BKMGPC/IAEC22/RP47/2018.

Dextran Sulfate Sodium-Induced Ulcerative Colitis
DSS (2%)was given orally to all rats except the normal control
group at 5th to 11th day to induce UC. On the 11th day, the
animals were sacrificed and colonic parts were taken for
macroscopic and other parameter examinations.14

Study Design
Animals were divided in six groups (n¼6), group I (normal
control): rats received only vehicle (saline, p.o. [per oral])
daily for 11 days.14 Group II (disease control): 2% DSS was
given orally to all the rats from 5th to 11th day to induce
colitis with normal saline as a treatment.14 Group III (stan-
dard control): sulfasalazine (50mg/kg) was given daily as a
treatment with 2% DSS (p.o.) from 5th to 11th day.14Group IV
(EENNS 200mg/kg): 200mg/kg EENNS was administered
daily (p.o.) for 11 daysþ2% DSS from 5th to 11th day.
Group V (EENNS 400mg/kg): 400mg/kg EENNSwas adminis-
tered daily for 11 daysþ2% DSS from 5th to 11th day. Group
VI (EENNS 600mg/kg): 600mg/kg EENNS was administered
daily for 11 days with 2% DSS from 5th to 11th day. On 11th
day, rats were sacrificed and parameters were evaluated.

A reported study of sulphasalazine and EENNS having
anti-inflammatory activity suggested better potency at 50

group and evidence of less cell infiltration of lymphocytes and monocytes with normal
structures of goblet cell and crypts as compared with the disease group.
Conclusion EENS (400mg/kg) can decrease the severity of the UC produced by DSS.
EENNS showed a protective effect against DSS-induced ulcerative colitis which may be
due to its antioxidant and anti-inflammatory activity.
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and 400mg/kg, respectively; sulphasalazine has also been
reported for having protective anti-UC activity at 50mg/kg.
For EENNS 400mg/kg as a therapeutic dose, the minimal and
maximal doses selected of the extract were 200 and
600mg/kg.

Evaluation Parameters

Change in Body Weight
Weights of animals were recorded every day. The % change in
body weight was considered by dissimilarity between initial
and final body weights of animal.15

Measurement of Food and Water Intake
Food and water intake was measured daily in all groups.

Measurement of Colon Length
On 11th day all the animals were sacrificed. The colon was
removed by dissection and length of colon was calculated by
keeping the colon on a graph paper and by checking the
length using centimeter as standard. A sensitive weighing
balance was used for measurement of colon weight.16

Colon Mucosal Damage Index
Colon segment of approximately l0 cm was excised, rinsed
using sa1ine, and opened into midline. Macroscopic scoring
was done from the luminal side of the colon segment.

Disease Activity Index
Disease activity index was calculated as per score shown
in ►Table 2.16

Determination of Myeloperoxidase Activity
100mg colon mucosal scrapings were homogenized with
PPB containing hexadecyl ammonium bromide.17 Homoge-
nate was frozen at 20,000� g for 15minutes and centri-
fuged to verify myeloperoxidase (MPO) activity.17 The level
of MPO activity was measured spectrophotometrically:
0.1mL supernatant was mixed with 2.9mL of 50mM phos-
phate buffer, containing o-dianisidine dihydrochloride
(0.167%) and 0.0005% hydrogen peroxide.17 Change in
absorbance was recorded at 460nm for 1minute at an
interval of 15 seconds. MPO activity was measured using
the following formula:

MPO (U/mg)¼Absorbance per minute�10x,
where x¼10� change in observation per minute
volume of supernatant taken in the final reaction.

Determination of NO Estimation
Colon samples were thawed in 0.3mL phosphate-buffered
saline (PBS, pH 7.2 at 4°C). Then weighed, homogenized, and
centrifuged at 12,000 rpm for 10minutes.17 Then 2mL of
sodium nitroprusside dissolved in 0.5mL PBS pH 7.4 was
mixed with 0.5mL of sample solution incubated at 25°C for
150minutes.17 To this 0.5mL of Griess reagent was added
and incubated at room temperature.17 Nitric oxide (NO)
concentration was determined by absorbance at 540nm.
Calculation was done using a standard curve of sodium
nitrate.17

Estimation of TNF-α Level
Standard curves of all the standards and samples were
obtained for each assay.18 50 μL was added to wells of
standards and 40 μL samples were added to the plate.18

Then 50 μL diluted detection antibody solutionwas added.18

0.34 μL diluted steptavidin-HRP solution was added and
incubated for 60minutes at 37°C.18 Then the plate was
washed five times with wash buffer (1X).18 50 μL TMB
(3,3’,5,5’-tetramethylbenzidine) substrate A was added to

Table 2 Calculation of disease activity index score (DAI)

Score Weight loss Stool constituency Bleeding

0 Normal Normal (well-formed pellets) Not observed

1 1–5% Normal Not observed

2 6–10% Loose (pasty stools that do not stick the anus) Occult

3 11–15% Loose (pasty stools that do not stick the anus) Occult

4 >15% Diarrhea (liquid stools that stick to the anus) Gross bleeding

Table 1 Specifications for LC/MS

Parameters Used

Column MonoChrom C18
(4.6mm� 200mm, 10 μm)

Mobile phase Acetonitrile-water:triethylamine
(16:84)

Flow rate 1.4mL/min

Column oven temperature 30� 2°C

Auto sampler temperature 15� 3°C

Volume of injection 10 μL

Detector PDA and Mass detector

Detection wavelength 230 nm

Run time 20.0minutes

Ion source Electrospray ionization

Polarity Positive and negative

Abbreviations: LC, liquid chromatography, MS, mass spectrometry;
PDA, photodiode-array detection.
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50 μL substrate B and incubated in the dark for 10minutes.
Positive wells turned blue in color.18 The reaction was
stopped by adding stop solution to each well.18 Positive
wells turned from yellow to blue. Absorbance was measured
at 450 nm within 10minutes of stopping reaction.18

Antioxidant Studies

Measurement of Malondialdehyde Activity
1mL of supernatant was mixed with 2mL of 10% (w/v)
trichloroacetic acid stood in ice for approximately
15minutes.17 The precipitates were separated by centrifu-
gation. Then 2mL sample of the clear supernatant solution
was mixed with 2mL aqueous 0.67% thiobarbituric acid
and was heated in a boiling water bath for 10minutes.17

The solution was cooled in ice for 5minutes, and absor-
bance was measured at 535nm against an appropriate
blank solution.17 The level of malondialdehyde (MDA)
was calculated by using a molar extinction coefficient of
1.49�105 m�1cm�1.17

Determination of Superoxide Dismutase Activity
0.1mL supernatant of the sample was mixed with 0.1mL
EDTA (1�10�4 M), 0.5mL of carbonate buffer (pH 9.7), and
1mL of epinephrine (3�10�3M).19 The optical density of the
formed adrenochrome was measured at 480nm for
3minutes at an interval of 30 seconds.19 The enzyme activity
was explained as the concentration required for the retarda-
tion of the chromogen production by 50% in 1minute under
the defined assay conditions.19

Measurement of Catalase Activity
Homogenate was diluted with phosphate buffer for 20
times.16 Absorbance of the sample containing 2.00mL dis-
tilled homogenate and 1mL H2O2 at 25°C was measured
against a blank containing phosphate buffer.16 The reaction
was started by addition of H2O2 and the reading was mea-
sured for 3minutes at 30 second interval.16 The difference in
absorbance per unit time was expressed as the activity.16

One unit was defined as the amount of enzyme required to
decompose 1.0M of H2O2 per minute at pH 7.0 and 25°C. All
antioxidant results were expressed as U/mg protein.16

Measurement of Total Protein
1mL homogenate was added to 4mL biuret reagent and
incubated for 20minutes at room temperature. Absorbance
was measured at 550 nm against a blank reagent. The
amount of total protein was calculated using graph bovine
serum albumin (A550¼2.26�10–4 (µg/mL)�1cm�1).

Histopathology
In 10% natural buffer formalin the tissue sample from colon
was fixed overnight and processed, sectioned (4 µm thick),
and stained with hematoxylin and eosin.18

Statistical Analysis
Data were expressed as mean� standard error of the mean.
Significant differenceswere detected using one-way analysis

of variance (ANOVA) followed by Tukey’s test using Graphpad
prism 7.0 for multiple comparisons. p<0.05 was considered
statistically significant.

Results

Plant Extraction

The extraction of dry powdered of whole plant of N. nucifera
seed was performed and % yield was found to be 14% w/w.

Phytochemical Screening
Phytochemical screening tests of EENNS showed presence of
alkaloids, tannins, phenols, flavonoids, triterpenoids, ste-
roids, carbohydrates, amino acids, and proteins.

LC-MS Analysis of Ethanolic Extracts of N. nucifera
Seeds
EENNS was analyzed by using LC-MS for the presence of
neferine, isoliensinine, and rutin. Mass data for chemical
constituents present in EENNS were as follows:

PDA (photodiode-array detection) chromatograms of
neferine (12.80), isoliensinine (14.45), and rutin (14.45)
present in EENNS are shown in ►Fig. 1.

MS chromatograms of neferine (29.84), isoliensinine
(12.74), and rutin (14.35) as chemical constituents of EENNS
are shown in ►Fig. 2.

Effect of Ethanolic Extract of N. nucifera Seeds on Body
weight, Food Intake, and Water Intake of Rats
There was significant reduction in body weight, food intake,
and water intake during 5th to 11th day of DSS administra-
tion in the disease control group as compared with the
normal control group (55.00�4.28, 13.60�4.66,
0.85�0.005). Animals treated with standard drug sulfasala-
zine (50mg/kg) showed significant reduction in bodyweight,
food intake, and water intake as compared with the disease
control group. Animals treated with EENNS (400mg/kg)
showed significant reduction in body weight, food intake,
andwater intake as comparedwith the disease control group
(11.66�4.01, 19.84�0.81, 0.12�0.015), as shown
in ►Table 3.

Effect of Ethanolic Extract of N. nucifera Seeds on DAI
Score
The bodyweight was recorded every day in between 10.00 a.
m. and 11.00 a.m. from 5th to 11th day. Stool constituency
and rectal bleedingweremonitored daily in between 11.00 a.
m. and 12 p.m. At the end of 5th to 11th days of DSS
administration (2% w/v), there was a significant increase in
disease activity index (DAI) of the disease control group as
shown in ►Table 4.

Animals treated with standard drug sulfasalazine (50
mg/kg) showed significantly decrease DAI as compared
with the disease control group. Animals treated with EENNS
(400mg/kg) showed significantly decreased DAI as com-
pared with the disease control group as shown in ►Table 4.
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From bleeding, loosed stool, and loss of body weight, DAI
was calculated, and significant changes in DAI were found
from day 7 to 11 as shown in ►Fig. 3.

Effect of Ethanolic Extract ofN. nucifera Seeds on Colon
Length
Animals treatedwith standard drug sulfasalazine (50mg/kg)
showed significantly higher colon length (12.90�0.10) as
compared with the disease control group. Animals treated
with EENNS (400mg/kg) showed significantly higher colon
length (12.60�0.12) as compared with the disease control
group, as shown in ►Table 3 and ►Fig. 4.

Shortened length of colon and increased inflammation
were observed in the disease control group, while the EENNS
(400mg/kg)-pretreated group showed a protective effect on
colon length and inflammation.

Effect of Ethanolic Extract ofN. nucifera Seeds on Colon
Mucosal Damage Index
There was a significantly higher colon mucosal damage
index (CMDI) score in the disease control group (3.66�0.21)
as compared with the normal control group (0.00�0.00).
Animals treated with standard drug sulfasalazine (50mg/kg)
showed a significantly lower CMDI (1.16�0.16) as compared

Fig. 1 PDA chromatogram of ethanolic extract of Nelumbo nucifera seed. PDA, photodiode-array detection.

Fig. 2 MS chromatogram of ethanolic extract of Nelumbo nucifera seed. MS, mass spectrometry.
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with the disease control group. Animals treated with EENNS
(400mg/kg) showed significantly lower CMDI (1.66�0.21) as
comparedwith thedisease control group, as shown in►Table 5.

Edema was observed in DSS-treated experimental ani-
mals.20 EENNS (400mg/kg) showed significant protection
frommacroscopic damage of colon as per the CMDI score, as
shown in ►Table 5.

Effect of Ethanolic Extract of N. nucifera Seeds on MPO
Activity
There was a significant increase in MPO level in the disease
control group (3.33�0.19) as compared with the normal

control group (1.91�0.15). Animals treated with standard
drug sulfasalazine (50mg/kg) showed a significant decrease in
MPO level (1.39�0.13) as compared with the disease control
group. Animals treated with EENNS (400mg/kg) showed a

Table 3 Effect of ethanolic extract of Nelumbo nucifera seeds (EENNS) on body weight, food intake, water intake, and colon length
of rats in DSS-induced ulcerative colitis

Groups Reduction in
body weight (g)

% inhibition in
food intake (g)

% difference in
water intake (mL)

Colon length (cm)

Normal control 0.00� 0.00 0.00�0.00 0.00�0.00 13.71�0.17

Disease control 55.00� 4.28a 13.60� 4.66a 0.85�0.005a 10.10�0.25a

Std. treatment (sulphasalazine) 10.00� 2.58b 43.07� 3.39b 0.27�0.025b 12.90�0.10b

EENNS treatment (200mg/kg) 36.66� 8.81 19.20� 2.51 0.23�0.020b 10.90�0.27

EENNS treatment (400mg/kg) 11.66� 4.01b 19.84� 0.81b 0.12�0.015b 12.60�0.12b

EENNS treatment (600mg/kg) 8.33� 8.72b 40.21� 0.64b 0.13�0.020b 12.73�0.11b

Note: All the values are expressed in mean� standard error of the mean (n¼ 6).
aSignificantly different from normal control (p< 0.05).
bSignificantly different from disease control (p< 0.05).

Fig. 4 Measurement of colon length.

Table 4 Effect on disease activity index after introduction of DSS in rats

Day Group

Normal
control

Disease
control

Standard (50mg/kg) EENNS (200mg/kg) EENNS (400mg/kg) EENNS (600mg/kg)

7 0� 0 12.50�2.99a 0.00�2.52b 8.83� 7.20 1.66�1.66b 3.33� 5.57b

8 0� 0 13.33�4.73 2.00�4.89 11.33�5.43 2.50�1.91 5.33� 4.93

9 0� 0 27.00�4.28 5.00�3.41 22.33�5.14 5.33�3.33 7.00� 4.86

10 0� 0 42.00�4.47 8.66�3.00 32.50�8.18 7.16�3.35 8.33� 6.54

11 0� 0 57.00�4.28 10.00� 2.52 40.66�8.41 11.66� 4.01 11.66� 7.92

Abbreviations: DSS, dextran sodium sulfate; EENNS, ethanolic extract of Nelumbo nucifera seed.
Note: All the values are expressed in mean� standard error of the mean (n¼ 6).
aSignificantly different from normal control (p< 0.05).
bSignificantly different from disease control (p< 0.05).

Fig. 3 Effect on disease activity index after introduction of DSS in
rats. DSS, dextran sodium sulfate.
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significant decrease in MPO level (1.60�0.19) as compared
with the disease control group, as shown in ►Table 6.

Effect of Ethanolic Extract of N. nucifera Seeds on NO
Activity
There was a significant increase in NO level in the disease
control group (0.25�0.014) as compared with the normal
control group (0.17�0.009). Animals treated with standard
drug sulfasalazine (50mg/kg) showed a significant decrease in
NO level (0.15�0.006) as compared with the disease control
group. Animals treated with EENNS (400mg/kg) showed a
significant decrease in NO level (0.19�0.008) as compared
with the disease control group, as shown in ►Table 6.

Effect of Ethanolic Extract ofN. nucifera Seeds onTNF-α
Level
There was a significant increase in TNF-α level in the disease
control group (736.92�15.3) as compared with the normal
control group (458.02�6.36). Animals treatedwith standard

drug sulfasalazine (50mg/kg) showed a significant decrease
in TNF-α level (520.70�30.96) as comparedwith the disease
control group. Animals treated with EENNS (400mg/kg)
showed a significant decrease in TNF-α level
(841.60�0.19) as compared with the disease control group.

Effect of Ethanolic Extract of N. nucifera Seeds on MDA
Level
There was a significant increase in MDA level in the disease
control group (0.41�0.003) as compared with the normal
control group (0.19�0.053). Animals treated with standard
drug sulfasalazine (50mg/kg) showed a significant decrease
in MDA level (0.16�0.034) as compared with the disease
control group. Animals treated with EENNS (400mg/kg)
showed a significant decrease in MDA level (0.14�0.025)
as compared with the disease control group, as shown
in ►Table 6.

Effect of Ethanolic Extract of N. nucifera Seeds on SOD
Level
There was a significant decrease in superoxide dismutase
(SOD) level in the disease control group (3.09�0.33) as
compared with the normal control group (29.40�0.80).
Animals treatedwith standard drug sulfasalazine (50mg/kg)
showed a significant increase in SOD level (26.97�2.16) as
compared with the disease control group. Animals treated
with EENNS (400mg/kg) showed a significant increase in
SOD level (15.39�2.09) as compared with the disease con-
trol group as shown in ►Table 6.

EENNS (400mg/kg) significantly increased SOD level as
compared with the disease group.

Effect of Ethanolic Extract of N. nucifera Seeds on
Catalase Level
There was significant decrease in catalase (CT) level in the
disease control group (0.54�0.16) as compared with the
normal control group (2.75�0.50). Animals treated with

Table 5 Effect of ethanolic extract of Nelumbo nucifera seeds
on CMDI score in DSS-induced ulcerative colitis

Groups CMDI score

Normal control 0.00� 0.00

Disease control 3.66� 0.21a

Std. treatment (sulphasalazine) 1.16� 0.16b

EENNS treatment (200mg/kg) 2.83� 0.30

EENNS treatment (400mg/kg) 1.66� 0.21b

EENNS treatment (600mg/kg) 1.33� 0.21b

Abbreviations: CMDI, colon mucosal damage index; DSS, dextran
sodium sulfate.
Note: All the values are expressed in mean� standard error of the mean
(n¼ 6).
aSignificantly different from normal control (p< 0.05).
bSignificantly different from disease control (p< 0.05).

Table 6 Effect of ethanolic extract ofNelumbo nucifera seeds onMPO, NO, TNF-α, MDA, SOD, and CT level in DSS-induced ulcerative
colitis in rats

Groups MPO (U/mg
of protein)

NO (μmol/mg
of protein)

TNF-α (pg/mL) MDA (μmol/mg
of protein)

SOD (U/mg
of protein)

CT (U/mg
of protein)

Normal 1.91�0.15 0.17� 0.009 458.02�6.36 0.19� 0.053 29.40� 0.80 2.75� 0.50

Disease 3.33�0.19a 0.25� 0.014a 736.92�15.3a 0.41� 0.003a 3.09�0.33a 0.54� 0.16a

Std. (sulphasalazine) 1.39�0.13b 0.15� 0.006b 520.70�30.96b 0.16� 0.034b 26.97� 2.16b 2.32� 0.29b

EENNS (200mg/kg)
treatment

2.57�0.13b 0.23� 0.010 667.23�22.47 0.34� 0.049 5.98�0.77 063�0.14

EENNS (400mg/kg)
treatment

1.60�0.19b 0.19� 0.008b 561.94�14.84b 0.14� 0.025b 15.39� 2.09b 1.60� 0.31

EENNS (600mg/kg)
treatment

1.49�0.20b 0.18� 0.005b 468.24�11.82b 0.18� 0.0017b 25.18� 1.67b 2.40� 0.35b

Abbreviations: CT, catalase; DSS, dextran sodium sulfate; MDA, malondialdehyde; MPO, myeloperoxide; NO, nitric oxide; SOD, superoxide
dismutase; TNF-α, tumor necrosis factor α.
Note: All the values are expressed in mean� standard error of the mean (n¼ 6).
aSignificantly different from normal control (p< 0.05).
bSignificantly different from disease control (p< 0.05).
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standard drug sulfasalazine (50mg/kg) showed a significant
increase in CT level (2.32�0.29) as compared with the
disease control group. Animals treated with EENNS (600
mg/kg) showed a significant increase in CT level (2.40�0.35)
as compared with the disease control group as shown
in ►Table 6.

EENNS showed a significant increase in CT level as com-
pared with the disease control group.

Histopathology
All typical changeswere observed in theDSS-receiving group
as shown in ►Fig. 5 (panel 2). The standard control group
showed a decrease in influx of neutrophils into the lamina
propria and submucosa. The goblet cell and crypt structure
were found to be normal as compared with the disease
control group, as shown in ►Fig. 5 (panel 3).

The pretreated group with EENNS (200mg/kg) showed
dilation of intestinal gland and transmural inflammation and
epithelial damage cell infiltration as shown in ►Fig. 5 (panel
4), while EENNSs (400 and 600mg/kg) were found normal
goblet cell structure and normal mucosal structure with
lesser cell infiltration as shown in ►Fig. 5 (panels 5 and 6).
This study showed a protective effect of EENNS against DSS-
induced UC in rats.

Discussion

In UC, the intestinal lamina propria is associated with
macrophage and lymphocyte mononuclear cell infiltration.
Macrophages, a major population of tissue-resident mono-
nuclear phagocytes, play a key role in recognition and
elimination of bacteria. They produce proinflammatory cyto-
kines in response to activated Th1 cells and induced tissue
damage and hence causing bleeding, diarrhea, and loss of
body weight.16

The process of digestion breaks food down using special-
ized proteins called enzymes. The small intestine contains
intestinal glands called crypts of Lieberkuhn that secrete
digestive enzyme. In disease condition small intestine cannot
produce such kind of digestive enzymes. Hence food remains
without breaking down, so the body does not need to
consume food and thus a decrease in food intake in DSS-
treated animals.16

In normal body, absorbance of nutrients, salts, and water
is necessary to provide energy. Due to the injury caused in
the intestinal wall by DSS, it fails to absorb important salts
and water thus water intake decreases in disease control
animals.16

Macrophages, a major population of tissue-resident
mononuclear phagocytes, play a key role in recognition
and elimination of bacteria. They produce proinflammatory
cytokines in response to activated Th1 cells and induced
tissue damage and hence it causes bleeding, diarrhea, and
loss of bodyweight.16 Characteristic colon length is a definite
indicator of UC.

MPO activity helps in the assessment of polymorphonu-
clear (PMN) cell infiltration as a measure of inflammatory
injury of colon.17Migration and extravasations of circulatory

PMNs contributemarkedly to chronic inflammatory injury of
colon in UC.17

Inhibition of MPO activity in the pretreated group might
be due to presence of phytoconstituents in N. nucifera seed
such as neferine and isoliensinine. Cells synthesize NO by
utilizing different isoforms of the enzyme NO synthase,
which convert L-arginine to L-citrulline and NO.17 In the
presence of oxygen, NO decomposes to nitrite (NO2

�) and
nitrate (NO3

�). NO released after cytokine stimulation is a
potent agent in nonspecific defense mechanisms.17

DSS significantly causes an increase in production of all
proinflammatory cytokines in both mid and distal colons;
one of them (TNF-α) is responsible for the inflammatory
action by making tissue injury and infiltration of lympho-
cytes. Hyperemia of mesenteric arteries and fibrinous adhe-
sion to other bowl tissues were observed.18

Fig. 5 Effect of ethanolic extract of Nelumbo nucifera seeds (EENNS)
on histopathology of colon in DSS-induced ulcerative colitis. 1: normal
control; 2: disease control (DSS 2% w/v); 3: standard control (sulfa-
salazine 50mg/kg); 4: EENNS (200mg/kg); 5: EENNS (400mg/kg); 6:
EENNS (600mg/kg). DSS, dextran sodium sulfate.
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We noted a significant rise in the levels of MDA in colon
homogenates of the DSS-treated group as compared
with normal control groups.17 EENNS has antioxidant
activity via scavenging property against DPPH, which is
probably due to the presence of phytoconstituents like
flavanoid.20,21

As per the study it can be concluded that anti-UC activity
of EENNS might be due to presence of phytoconstituents
such as neferine, isoliensinine, and rutin. Furthermore, more
studies of N. nucifera seed are required.

Conclusion

EENS(400mg/kg) candecreasetheseverityof theUCproduced
by DSS. Animals treated with EENNS (400mg/kg) showed a
significantly higher colon length. While, CMDI and DAI were
significantly lower as compared with the disease control
group. There was a significant increase in parameters related
tooxidative stress like SODandCT, anda significantly decrease
in lipid peroxidation (MDA) and parameters related to inflam-
mation such as NO, MPO, and TNF-α level in animals treated
with EENNS (400mg/kg) as comparedwith the disease control
group. Histopathologically, treatment groups showed reversal
of tissue inflammation and evidence of less cell infiltration
with normal structure of mucosa, goblet cell, and crypts. All
theseparametersmightbe responsible for theprotective effect
of EENNS. Further studies are suggested to isolate the active
principle responsible for the activity and to confirm the exact
mechanism of action.
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