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Abstract
Ulcerative colitis (UC) is an inflammatory bowel disease with un-elucidated pathogenesis. Thorough investigation of immune
system and iron status is decisive in UC development. Safe nutraceuticals for prevention of UC are crucial due to unwanted side
effects of UC remedies. The research aimed at studying the changes in immunity and iron status in UC and the protective role
of date palm (DP) and grape (G) seed extracts as nutraceuticals. DP and G seed extracts were tested in rats with induced UC.
Biochemical and molecular nutrition analysis were applied on blood and colon along with colon histopathology and disease
index. Phenolic compounds were analyzed in the ethanol extracts. Results showed that the major phenolic compounds in date
and grape seeds were chlorogenic and catechin; respectively. Iron deficiency anemia with elevated colon oxidative stress and
inflammatory biomarkers related to immune system were noticed in UC control compared to normal. Both treatments showed
variable improvements in the aforementioned changes. Disease index demonstrated date seed extracts to be more efficient than
grape. UC histopathological alterations were slightly improved on both treatments. In conclusion; iron deficiency anemia might
be interrelated to elevated cytokines and oxidative stress in UC. Both treatments showed variable improvements in UC.

Keywords: Ulcerative colitis; immunity; iron status; inflammation; oxidative stress; nuclear factor kappa light
expression of inducible nitric oxide synthase; expression of cyclooxygenase-2; expression of interleukin-1β.
Introduction
Ulcerative colitis (UC) is one of the inflammatory
bowel diseases and it is a chronic disease of the
gastrointestinal tract. It is characterized by
inflammation, mucosal tissue damage and ulcers of the
colon and rectum. Weight loss, fever and anemia may
occur in UC [1].The pathogenesis of the disease might
be ascribed as an autoimmune mechanism however
this was not fully elucidated. Proposed theories
involve immune system dysfunction, alteration in
microflora, genetic or environmental factors [2].
Immune system was claimed to have a vital role in
the pathogenesis of UC. Understanding the meticulous
job of immune system in the onset and progression of
UC not only enables scientists to understand the
mechanism underlying such diseases but also to find
out new efficient remedies [3]. The altered immune
function was reported to be represented by
inflammatory cytokines and free radicals. However, an
accumulating evidence of adaptive responses of the
immune system to chronic diseases was another

assumption. Allostasis (The process of preserving
homeostasis through the adaptive change of body
internal environment to meet perceived and
anticipated demands) involvement rather than
inflammation was claimed to reflect greater function
significance of immune system [4].
Non-specific anemia is usually observed in
ulcerative colitis that could have negative impact on
the quality of life and survival and requires therapeutic
intervention. So, ferrokinetic state must be studied
well and correlated to the clinical pathway in such
disease. The involvement of immune system in
producing anemia might be related to both cytokines
and acute phase protein [5]. On the other hand, there is
a recent interest regarding the role of iron in immunity
[6]. Immune function was reported to be impaired
during iron-deficiency [7]. Understanding the crosstalk between iron homeostasis and immune system is
crucial in ulcerative colitis. The important question is
that how disturbance in iron metabolism can affect
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immunity and how alteration in immune system could
lead to iron imbalance [8].
So far, there is no efficient therapy for eradication
of UC. The side effect of the drugs used in such disease
represented by corticosteroids, sulfasalazine,
mesalazine and azathioprine [9,10] aroused the
importance of searching more safe natural agents for
either protection or treatment. Functional food
ingredients (Nutraceuticals) of anti-inflammatory,
antioxidant and immune-modulatory effect could
either protect from the incidence of the disease or
prevent its progression. Lipophilic active constituents
such as polyunsaturated fatty acids, carotenoids,
vitamin E, and sterols and hydrophilic bioactive
content like phenolic compounds from plant food
extracts could provide immune-modulating, antiinflammatory and antioxidant effects thereby could
afford a therapeutic effect in UC. Grape and date palm
seeds bioactive constituents are example of such
nutraceuticals that may have a role in alleviating UC
pathologic changes.
The Main goal of the present research is to study the
changes in immunity related to inflammation and
oxidative stress as well as iron status in UC and to
investigate the nutraceuticals protective effect
represented by date palm and grape seed extracts in rat
model of UC.
Experimental
Materials
El Barhy date from the Egyptian variety (Foenix
dactylifera, family Arecaceae ) and an Egyptian grape
(Vitis vinifera, family Vitaceae) were purchased from
local market, Egypt. Date seeds and grape seeds were
separated from the fruits, washed by distilled water
and dried individually in a hot air oven at 40ºC. The
dried seeds were crushed.
Dextran Sulphate sodium (Mw: 500 000) was
purchased from Bio Basic Canada, INC for induction
of ulcerative colitis in rats. All other used chemicals
during the study were of high grade.
Animals
Male Sprague-Dawley rats of body weight ranging
from 100 to 130 g were purchased from the Animal
House of National Research Centre. Rats were kept
individually in stainless steel cages at ambient
temperature 25°C ± 2, with 12h light/dark cycle. Food
and water were supplied ad-libitum. Handling and care
of animals was carried out according to the Medical
Research Ethics Committee, National Research
Centre, Cairo, Egypt (Registration No. 19175) and
followed the recommendations of the National
Institutes of Health Guide for Care and Use of
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Laboratory Animals (Publication No. 85-23, revised
1985). Rats were acclimatized on balanced diet for a
week before starting the experiment.
Preparation of the extracts
Known weight of crushed dried grape seeds and
date seeds were successively extracted separately by
petroleum ether followed by absolute ethanol using
continuous extraction apparatus (soxhlet). The
solvents were evaporated from each extract at
temperature not exceeding 40ºC under reduced
pressure.
Preparation of nutraceuticals
1)Nutraceutical 1(N1) was prepared as emulsion by
mixing grape seed petroleum ether extract (219 mg)
and 381mg alcohol extract (1:1.74 w/w) with the
addition of 22 mg from tween 80 as 10% from the
weight of the petroleum ether extract and completed
by distilled water to 12 ml.
2) Nutraceutical 2 (N2) was prepared by mixing date
seed petroleum ether extract (105.3 mg) and 495 mg
ethanol extract (1:4.7 w/w) with the addition of 10.5
mg from tween 80 as 10% from the weight of the
petroleum ether extract and completed by distilled
water to 12 ml.
The ratio of petroleum ether extract to alcohol extract
was selected based on the presence of such ratio in
nature in the studied seeds as shown from the
extraction yield of both extracts.
Gas chromatography–mass spectrometry analysis
(GC-MS) for fatty acids methyl esters (FAME) of
the petroleum ether extracts of date and grape
seeds
The GC-MS system (Agilent Technologies) was
equipped with gas chromatograph (7890B) and mass
spectrometer detector (5977A) at Central Laboratories
Network, National Research Centre, Cairo, Egypt. The
GC was equipped with HP-5MS column (30 m x 0.25
mm internal diameter and 0.25 μm film thickness).
Analyses were carried out using helium as the carrier
gas at a flow rate of 1.0 ml/min, injection volume of 1
µl and the following temperature program: 50 °C for 1
min; rising at 20 °C /min to 200 °C and held for 5 min;
rising at 3 °C/min to 230 °C and held for 23 min. The
injector and detector were held at 250 °C. Mass spectra
were obtained by electron ionization (EI) at 70 eV and
using a spectral range of m/z 20-550 and solvent delay
1.8 min. Identification of different constituents was
determined by comparing the spectrum fragmentation
pattern with those stored in Wiley and NIST Mass
Spectral Library data.
Determination of phenolic acid and flavonoids in
ethanol extracts of date and grape seed
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Phenolic acids and flavonoids were determined in
date and grape seed ethanol extracts according to the
previous method [11]. One gram of each sample was
mixed with 20 ml of 2 M sodium hydroxide in stopper
flasks and flushed with N2 then the stoppers were
placed followed by shaking for 4 hours. The pH was
adjusted to 2 with 6M hydrochloric acid.
Centrifugation was carried out at 5,000 rpm for 10
minutes. The supernatant was collected. The phenolic
compounds were extracted twice by ethyl ether and
ethyl acetate in the ratio of 1:1. The organic phase was
separated and the solvent was evaporated at 45°C and
the residues were re-dissolved in 2 ml methanol and
analyzed
by
High
Performance
Liquid
Chromatography (HPLC). Agilent Technologies 1100
series liquid chromatography equipped with degasser,
quaternary pump, autosampler, diode-array, and
fluorescence detectors were used. The analytical
column was Eclipse XDB-C18 (150 X 4.6 µm; 5 µm)
with a C18 guard column (Phenomenex, Torrance,
CA). Phenolic acids and flavonoids were identified
and calculated by comparison with standards.
Preparation of a balanced diet for feeding the rats
A balanced diet was prepared to feed rats all over
the experiment. The diet consisted of 12% casein, 10%
sunflower oil, 68.5% corn starch, 5% wheat bran,
3.5% salt mixture and 1% vitamin mixture.
Design of animal experiment:
Rats were divided into 4 groups, each of eight rats.
The first group served as normal control (NC), the
second was run as control with ulcerative colitis
(UCC). The third and fourth groups were the test
groups. Rats of all the groups were fed on balanced
diet throughout the experiment. Rats of the test groups
3 and 4 were given daily oral doses of N1 and N2;
respectively, as 250 mg/kg rat body weight for 4
weeks. At the 21th day of the experiment; drinking
water was exchanged by water containing 5% dextran
sodium sulphate for rats of group 2, 3 and 4 for one
week to induce UC [12], then normal drinking water
was given for one day. Rats were fasted and at the next
day blood samples were drawn from anaesthetized rats
in heparinized test tubes for determination of
hemoglobin. Plasma was separated by centrifugation
at 3000 rpm for further biochemical analysis. Rats
were dissected; the colon was excised and the distal 10
cm were opened longitudinally. Colon was washed by
saline and examined macroscopically. A part of colon
was kept in 10% formalin for histopathological
examination. Colon tissues were further processed for
pathological examination using the automatic tissue
processor and sectioned at 5 μm thickness by using the
rotary microtome. Sections were stained with
hematoxylin and eosin (H& E) [13] for microscopical
examination. The sections were examined using Nikon
research microscope. A second part of colon was used
________________________________________________
Egypt. J. Chem. 65, No. 10 (2022)

for biochemical analysis of the parameters determined
by the enzyme linked immune-sorbent assay (ELIZA).
A third part of colon was extracted by phosphate
buffer for assessing reduced glutathione (GSH), nitric
oxide (NO) and malondialdehyde (MDA). An extra
part of colon was used for RNA extraction for
determination of the expression of interleukin-1β (IL1β), nuclear factor kappa light chain enhancer of
activated B cells (NF-kB), inducible nitric oxide
synthase, (iNOS) and cyclooxygenase-2 (COX2) by
real time polymerase chain reaction (RT-PCR).
During the experiment; body weight and food intake
were monitored twice weekly. At the end of the
experiment body weight gain, total food intake and
food efficiency ratio (body weight gain/total food
intake) were calculated.
Biochemical analysis of plasma:
Plasma alkaline phosphatase (ALP), iron and total
iron binding capacity (TIBC) were assessed according
to previous methods [14-16]. Transferrin saturation
percentage was calculated using the following
formula: (Plasma iron/ TIBC) X 100. Erythroferrone,
soluble transferrin receptor (sTfR), interferon Gamma
(IFNγ) were determined adopting ELISA Kits
(Elabscience Biotechnology Inc. USA)
Biochemical analysis of colon
Colon Interleukin-6 (IL-6) was assessed using
ELISA Kit (Elabscience Biotechnology Inc. USA).
GSH was analyzed according to the previous methods
[17], NO and MDA were assessed adopting the
previously reported methods [18, 19].
Gene expression of selected gene in ulcerative
colitis experiment analyzed by RT-PCR
Total RNA was isolated from colon tissue with
PureLink® RNA Mini Kit (ambion® Life
technologiesTM) according to the manufacturer’s
instructions. RNA concentrations were measured with
a NanoDrop spectrophotometer and purity of the
extracted RNA was assessed by the A260nm/A280nm
ratio. The cDNA was synthesized from 2.0 µg of total
RNA in 20µl reaction with RevertAid first strand
cDNA synthesis kit (Thermo Fisher® invitrogenTM)
according to the manufacturer’s instructions.
Real-time PCR was performed with a Rotor-Gene®
MDx instrument. The RT-PCR reaction mixture (20
µl) contained 1 µl template cDNA, 1× the EvaGreen®
PCR master mix (HOT FIREPol® EvaGreen® qPCR
Mix Plus, Solis BioDyneTM) and 0.2 µM of the primer
pairs. Primers pairs sequence used for iNOS, COX-2,
IL-1β and NF-kB gene expression analysis were
adapted from the literature [20-22], primers sequence
were presented in Table (1). PCR reactions were
performed using the following protocol: 95°C for 15
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min, 45 cycles of 15 seconds at 95°C, 60 seconds at
60°C, 20 seconds at 72°C, melting curve program (6095°C). PCR water was used instead of cDNA
templates as a negative control. The relative
expression of the target genes was calculated using 2∆∆CT
method [23]; the target gene expression was
normalized to the expression of the house-keeping
gene GAPDH.
Assessment of the disease index
Disease index was assessed through macroscopic
examination of colon, feces consistency, degree of
blood in feces and percentage reduction of body
weight gain according to previous studies [24-26] with
modifications to fit the present study.
Macroscopic evaluation of colon by scores:
0=no damage, 1=mucosal erythema, 2=mild mucosal
edema, slight bleeding or erosion, 3=moderate edema,
bleeding, erosion, ulcers, 4= severe edema, bleeding,
erosion, ulcers
Feces consistency by scores:
0=Normal, 1=Soft (wet), 2= Very soft (semiliquid), 3=
Watery diarrhea
Degree of bloody feces by scores:
0=-ve, 1=red, 2=Dark red, 3=black
Weight gain loss by scores:
0= -ve, 1=1-9% loss in body weight gain, 2=10-19%
loss in body weight gain, 3= > 20% loss in body weight
gain
Statistical analysis
Data were analyzed by one-way ANOVA followed
by the Tukey′s multiple comparison test using the
SPSS statistical program. Differences were considered
significant at p< 0.05.
Results and Discussion

Ulcerative colitis is an inflammatory disease
affecting the mucosal layer of the distal colon and
rectum. The present study dealt with the changes in
iron status and its relation to the immune system
including inflammatory cytokines and oxidative stress
in UC. ALP was determined as a biomarker of
intestinal damage in UC. Pro-inflammatory cytokines
like IL-6, IL-1β are involved in the immunopathogenesis of UC [27]. iNOS, COX2 and NF-kB are
among the inflammatory biomarkers affected during
UC. The protective role of anti-inflammatory,
antioxidants and immuno-modulatory nutraceuticals
towards UC were studied in the current work to be an
alternative to the drugs of unwanted side effects that
used in such disease.
Dextran sulphate sodium (DSS) was used to induce
UC in rats in the present study. DSS rat model is
considered the closest model that mimics human
ulcerative colitis. El-Mahdy et al. [28] treated rats with
5% DSS for 5 days to induce UC while 5% DSS (36–
50 kDa; MP Biomedicals) in fresh drinking water was
used for 7 days to induce UC in Qiu et al. and Martin
et al. studies [12,29] .
Nutritional parameters shown in Table 2,
demonstrated significant reduction in body weight
gain in the UCC group compared to NC group. This
result is similar to what reported previously [1] which
might be related to diarrhea showed during evaluation
of the disease index and anorexia reflected in the
significant reduced food intake in the present study
and as reported previously [26]. The treated groups
showed improvement in body weight gains compared
to the UCC group insignificantly, but concomitantly
they matches that of the NC group. Total food intake
was significantly increased on administration of grape
seed extract compared to the UCC group and matched
NC group. Treatment with date extract showed only
insignificant increase in total food intake compared to
the UCC group. The improvements in the nutritional
parameters of the test groups might point to the
beneficial effects of both extracts towards UC.

Table 1. Primers used for real-time PCR amplifications
Target genes
iNOS

Sequences
FW (5′- ACCTTCCGGGCAGCCTGTGA -3′)
RW(5′- CAAGGAGGGTGGTGCGGCTG-3′)
IL-1β
FW (5′-CAC CTT CTT TTC CTT CAT CTT TG-3′)
RW(5′- GTC GTT GCT TGT CTC TCC TTG TA-3′)
COX2
FW (5′-TGGTGCCGGGTCTGATGATG-3′)
RW(5′- GCAATGCGGTTCTGATACTG-3′)
NF-kB
FW (5′-CAGCCTGGTGGGCAAGCACT-3′)
RW(5′- TTCTCACGATCTTCAGGTTGGACGCGTTG-3′)
GAPDH
FW (5′- GTATTGGGCGCCTGGTCACC -3′)
RW(5′- CGCTCCTGGAAGATGGTGATGG -3′)
NF-kB: Nuclear factor kappa light chain enhancer of activated B cells, iNOS: Inducible nitric oxide synthase,,
COX2: Cyclooxygenase-2, IL-1β: Interleukin-1β, GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
________________________________________________
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Table 2. The nutritional parameters of the different experimental groups
Food
efficiency
ratio
NC
132.14a±4.18
215.57a±9.12
83.43b±6.08
419.86b±17.83
0.20a±0.01
UCC
132.29a±4.38
192.71a±7.39
60.43a±6.64
351.57a±13.71
0.17a±0.01
a
a
ab
a
Date seed
132.29 ±3.26
207.71 ±6.99
75.43 ±5.31
379.57 ±13.36
0.20a±0.01
Grape seed
132.14a±3.33
209.43a±7.61
77.29ab±6.37
432.00b±8.60
0.18a±0.01
NC: Normal control, UCC; Ulcerative colitis control, Date seed: Group treated with date seed extracts, Grape seed:
Group treated with grape seed extracts.
In each column same letters mean non-significant difference while different letters mean significant difference at
p< 0.05. Data are expressed as mean values ± standard error.
Groups

Initial body
weight (g)

Final body
weight (g)

Hemoglobin concentration, plasma iron and
%transferrin saturation showed significant reduction
with concomitant increase in TIBC, sTfR and
erythroferrone (table 3) in the UCC group compared to
the NC group denoting iron deficiency anemia (IDA)
as reported previously [30]. High erythroferrone level
pointed to iron deficiency anemia according to
previous study [31]. When IDA occurs,
erythroferrone, a hormone produced by bone marrow
erythroblasts, increased and acts on hepatocytes to
suppress hepcidin production and thereby increases
dietary iron absorption and mobilization from stores
[32,33]. It was reported that sTfR were significantly
higher than normal in children with IDA [34] and the
increase is proportional to tissue iron deficit. The sTfR
are sensitive, early and highly quantitative marker of
iron depletion. The sTfR is not an acute phase reactant
and remains normal in patients with chronic
inflammatory diseases unless there was an existence
of IDA [35]. The sTfR is efficient in diagnosis of iron
deficiency anemia especially during inflammation.
The sTfR level increased if there is increased iron
demand due to iron deficiency, increased
erythropoiesis like hemolysis, or dyserythropoiesis
like megaloplastic anemia regardless of other
coexistent state. So, it can be used to demonstrate iron
deficiency in patients that have also acute phase
response and it can distinguish iron deficiency from
anemia of chronic diseases. It is worthy to mention that
patients with acute phase response have reduced
plasma iron and transferrin with elevation of ferritin
therefore these usual indicators are unreliable [36, 37].
In the UC patients that suffer chronic inflammation,
ferritin is not a good marker for IDA because it is an
acute phase reactant that increases with inflammation
so it may give bias result. On the reverse, elevated
erythroferrone and sTfR are good indicators of IDA.
Both treatments in the present study showed
significant improvements in the aforementioned
parameters related to iron status denoting reduction in
IDA.
In colon, GSH (Table 4) was significantly reduced
along with significant increase in both MDA and NO
pointing to elevated oxidative stress and initiation of
________________________________________________
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Body weight
gain (g)

Total food intake
(g)

inflammation which was supported by elevated IL-6,
the inflammatory cytokine, (table 5) in the UCC group
compared to the NC group. GSH, MDA, NO and IL-6
showed significant improvements in rats treated with
either date or grape seed extract pointing to their
capability to regulate immune function by reducing
oxidative stress and inflammation. IFN gamma did not
show any significant changes among the studied
groups (Table 5). ALP (Table 4) was significantly
increased in the UCC group compared to the NC group
denoting some sorts of damage in the colon [38]. The
test groups showed improvement in ALP reflecting a
therapeutic effect through reducing colon damage.
NF-kB gene expression was significantly increased in
the colon of the UCC group compared to the NC group
(table, 6). The mRNA expressions of iNOS, COX2,
and IL-1β were significantly up-regulated in the UCC
group in comparison to the NC group. Expression of
iNOS can be induced by cytokines and other agents.
This expression leads to continual production of NO
until the enzyme is degraded which is confirmed by
the result of the present research that showed
significant elevation in both iNOS and NO in the UCC
group. The role of iNOS in immune system is to
combat the invading microorganisms or to have
antitumor action however it may have detrimental
consequences and seem to be involved in the
pathophysiology of chronic diseases including UC
[39]. NF-kB is a protein complex that controls
transcription of DNA, cytokine production and cell
survival. NF-kB regulates multiple aspects of innate
and adaptive immune functions. It plays a central role
in the inducible expression of inflammatory genes
during the immune response, and the proper regulation
of these genes is a critical factor in the maintenance of
immune homeostasis [40]. Inflammation is a
protective immune response of the host to infection
and tissue damages [41] and normally it is beneficial
to the host and can be resolved in a timely manner
however deregulated inflammatory response can
induce long lasting tissue damages contributing to the
development of chronic inflammatory diseases such as
UC.
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Table 3. Hemoglobin, plasma iron, total iron binding capacity, transferrin saturation%, soluble transferrin
receptors and erythroferrone of the different experimental groups
Groups
Hemoglobin
Iron
TIBC
Transferrin
Soluble
Erythroferrone
(g/dl)
µg/dL
µg/dL saturation%
transferrin
(pg/ml)
receptor (ng/ml)
NC
15.70c
90.73c
200.51c
45.25b
0.41a
1.38b
±0.31
± 3.19
±2.84
± 2.24
±0.01
±0.28
UCC
10.25a
50.77a
258.21b
19.66a
0.73b
2.29a
±0.57
± 1.58
± 5.43
± 0.59
±0.03
±0.52
13.50b
79.5 b
148.96a
53.37 c
0.56c
1.23b
Date seed
±0.51
± 1.17
± 5.49
± 1.97
±0.02
±0.12
Grape seed 12.47b
77.79b
155.09a
50.16c
0.53c
1.21b
±0.59
± 2.15
± 6.19
± 3.08
±0.01
±0.28
NC: Normal control, UCC; Ulcerative colitis control, Date seed: Group treated with date seed extracts, Grape seed: Group treated with grape
seed extracts.
In each column same letters mean non-significant difference while different letters mean significant difference at p< 0.05. Data are expressed
as mean values ± standard error.

Table 4. Colon MDA, NO and GSH and plasma ALP of the different experimental groups.
Groups
NC
UCC
Date seed
Grape seed

ALP (IU/L)

MDA (nmol/g. tissue)

125.73a±4.16
169.79d±2.44
137.80bc±3.42
140.65c±2.41

19.38a±1.68
32.36c±1.74
26.48b±1.16
27.56b±1.68

NO (μmol/g.
tissue)
1.96a±0.19
5.04c±0.47
3.20b±0.27
3.65b±0.37

GSH mg/g.tissue
7.7 bc ± 0.68
2.68 a ± 0.71
9.24 bc ± 0.87
7.54 bc± 0.42

NC: Normal control, UCC; Ulcerative colitis control, Date seed: Group treated with date seed extracts, Grape seed: Group treated with grape
seed extracts. ALP: Alkaline phosphatase, MDA: Malondialdehyde, NO: Nitric oxide, GSH: Reduced glutathione. In each column same letters
mean non-significant difference while different letters mean significant difference at p< 0.05. Data are expressed as mean values ± standard
error.

Table 5. Plasma INF-gamma and colon IL-6 of the different experimental groups
Groups

INF-gamma
(pg/ml)
340.2a±5.46
337.59a±5.59
343.41a±6.53
333.35a±4.59

NC
UCC
Date seed
Grape seed

IL-6(pg/100mg colon tissue)
77.72a±2.58
153.72b±5.54
81.57a±3.43
83.94a±3.47

NC: Normal control, UCC; Ulcerative colitis control, Date seed: Group treated with date seed extracts, Grape seed: Group treated with grape
seed extracts. INF-gamma: Interferon-gamma, IL-6: Interleukin-6
In each column same letters mean non-significant difference while different letters mean significant difference at p< 0.05. Data are expressed
as mean values ± standard error.

Table 6. The relative expression of iNOS,COX2, IL-1β and NF-kBgenes in colon tissue of the different
experimental groups*
Groups
NC
UCC
Date seed
Grape seed

NF-kB
0.046±0.021a
1.000±0.383b
0.048±0.037a
0.086±0.043a

Relative expression
iNOS
COX2
0.021±0.006 a
0.107±0.012 a
1.000±0.158b
1.000±0.200b
ac
0.199±0.022
0.593±0.028c
c
0.243±0.053
0.410±0.078c

IL-1β
0.344±0.157 a
1.000±0.138b
0.229±0.146 a
0.403±0.061 a

NC: Normal control, UCC; Ulcerative colitis control, Date seed: Group treated with date seed extracts, Grape seed: Group treated with grape
seed extracts, NF-kB: Nuclear factor kappa light chain enhancer of activated B cells, iNOS: Inducible nitric oxide synthase, COX2:
Cyclooxygenase-2, IL-1β: Interleukin-1β. In each column same letters mean non-significant difference while different letters mean significant
difference at p< 0.05.
Data are expressed as mean values ± standard error.
The mRNA expressions of iNOS, COX2, IL-1β and NF-kB are normalized with housekeeping gene (GAPDH), values of the groups receiving
date and grape seed extracts have significant fold changes from ulcerative-colitis control.
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COX-2 is involved in the conversion of arachidonic
acid to prostaglandin H2 which is expressed in
inflammation [42], therefore its elevation in the UCC
group in the present study confirms the inflammatory
state in UC. IL-1β is a member of the interleukin 1
family; the later include 11 cytokines that play a
central role in the regulation of immune and
inflammatory response. IL-1β is a cytokine protein
which is a mediator of inflammatory response and is
involved in cell proliferation, and apoptosis; so its
increase in the colon of the UCC group pointed to
inflammation and cell death of colon tissue. The
induction of COX-2 by this cytokine is found to
contribute to inflammatory pain hypersensitivity. IL1β is suggested to be involved in modulation of
autoimmune response [43] that has been postulated as
one of the causative factors of UC. Also, IL-6
stimulates the inflammatory and autoimmune process
in different diseases [44]. iNOS, COX2, IL-1β are
regulated through NF-kB [22,45,46]. Studies have
shown elevation in inflammatory cytokines in
ulcerative colitis therefore iNOS, COX2, and IL-1β
play an important role in the pathogenesis of
inflammatory bowel diseases as pro-inflammatory
mediators [47].
It could be noticed in Table, 6 that date and grape
seed extracts significantly down-regulated the gene
expression of COX-2 by 2 fold changes as compared
to the UCC group and down-regulated the expression
of IL-1β by 4.0 and 3.0, fold-changes, receptively. The
mRNA expression of iNOS was significantly downregulated on treatment with date seed extract (5 fold
changes) and grape seed extract (4 fold changes). NFkB gene expression was significantly down-regulated
on receiving date seed extract by 2 fold changes while
grape seed extract treatment significantly downregulated the mRNA expression of NF-kB by 12 fold
changes. The improvement of such inflammatory
mediators in addition to IL-6 by the date and grape
seed extracts indicated their therapeutic efficiency due
to immune-regulating, anti-inflammatory and
antioxidant effects. This immune-regulatory effect of
both extracts may also reflect the improved iron status
in such test groups.
Anemia was reported to present in UC, 57% of
anemic UC patients are classified as having IDA [48].
Anemia was reported to be one of the most frequent
comorbid condition associated with death in the
inflammatory bowel diseases (IBD) and simply reflect
the severity of the disease [49].The occurrence of
anemia in UC might be related to both deregulation of
immune system that results in elevated cytokine and
the loss of blood from the inflamed colon. Anorexia
may participate in the incidence of anemia in UC.
Also, reduced iron and nutrients absorption is present
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in severe ulcerative colitis due to increased bowel
movements, therefore sufficient absorption time is not
present [30]. Patients with IBD (UC and crohn′s
diseases) showed elevated hepcidin level although
they have elevated erythroferrone. In IBD as in
chronic inflammatory disease, inflammation increases
hepcidin expression and synthesis because it is an
acute phase protein [50]. This increased synthesis is
partially mediated by IL-6, IL-1 and other cytokines.
The increased hepcidin in IBD cause the retention of
iron in macrophages and enterocytes leading to
hypoferremia and iron restricted erythropoiesis with
positive correlation between hepcidin and IL-6. This
supports the hypothesis that IL-6 driven hepcidin
production mediates anemia in IBD [51]. So, antiinflammatory agents may play an important role in
alleviating anemia. However in contrast other study
showed reduced hepcidin in IBD [52] which may
negate the aforementioned proposal. On the other
hand, iron deficiency was reported to be associated
with disorder in cell mediated and innate immunity
[7]. It is now becoming clear that both the immune
response and iron mutually and differentially interact
with one another. That is, immunity plays an important
role in managing intracellular iron and in responding
to changing levels of systemic iron. On the other hand,
iron and iron regulatory proteins modulate the immune
response in different contexts [6]. In supporting this
point, transferrin in macrophages and T lymphocytes
has been reported to be essential for early T-cell
differentiation [53,54]. Transferrin receptor 1 has been
demonstrated to be critical for DNA synthesis and cell
division in T-lymphocytes [55]. Also, macrophages
and T lymphocytes have been reported to express
significant levels of the iron storing protein ferritin
[56,57].
Disease index of the different experimental groups
represented by macroscopic examination of colon,
feces consistency, bloody feces and percentage
reduction of body weight gain are demonstrated in
Table 7. It could be noticed that the UCC group has
the greatest significant scores of disease index
compared with the NC group and the treated groups.
The elevated disease index in the UCC group agreed
with previous studies [24-26]. Macroscopic
examination of colon and feces consistency scores
were significantly reduced when the group given date
seed extract was compared to that received grape seed
extract while the reverse occur concerning %
reduction of body weight scores. Macroscopic
examination of colon and bloody feces scores showed
insignificant changes when the group treated with date
extract was compared with NC group. Bloody feces
scores of the group treated by grape seed extract
showed insignificant change compared to the NC
group. The disease index of the present study reflects
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the superiority of date seed extract on grape seed
extracts except for body weight gain reduction.
The histopathological examination of the colon
(Fig1) showed mucosal erosion and ulceration,
proliferation
in
lymphatic
tissue,
diffused
inflammatory cells, mucosal crypts and hyperplasia of
secretory epithelium and goblet cells in the UCC group
compared to the NC group. The test groups showed
only mild improvement in the histopathological
changes of colon tissue. This result in comparison to
the significantly improved biochemical parameters
might indicate that histopathological changes might be
improved if the study time was elongated so as the
improved cytokines, NO, GSH and MDA may have an
impact in tissue changes.
Table 8 showed the different fatty acids that present
in date and grape seed petroleum ether extracts. The
major fatty acid in date was oleic. Linoleic was the
predominant fatty acid in grape seed. Grape seed oil
only contained traces of linolenic acid. Total
unsaturated fatty acids were higher than total saturated
fatty acids in both grape and date seed petroleum ether
extracts. Total unsaturated fatty acids in grape seed oil
were higher than that in date seed oil. Phenolic profile
of date and grape seed ethanol extract are present in
Table 9. Variable phenolic compounds were present in
both extracts. The major compounds in date seeds
were chlorogenic acid, p-hydroxybenzoic acid,
catechin and caffeic acid. In grape seed ethanol
extract, catechin showed the highest level followed by
protocatechuic acid, vanillic, syringic acid, phydroxybenzoic acid and gallic acid.
Grape seed was reported to contain both lipophilic
and hydrophilic bioactive constituents including
unsaturated fatty acids, carotenoids, phytosterols and
toccopherols as lipophilic content as well as phenolic

compounds as hydrophilic constituents such as
resveratrol, quercetin in addition to procyanidins,
tannins and stilbenes [58,59]. The main phenolic
compounds in grape seed were demonstrated to be
catechins, epicatechins, trans-resveratrol and
procyanidin B1; catechins were the major phenolic
compounds [60, 61] which agreed with the present
study. Concerning the fatty acids in grape seed;
linoleic was reported to be the most abundant where it
constitute 66-75.3% of total fatty acids [62] which
matched the results in the current study (65.52%).
Linoleic acid is a polyunsaturated fatty acid that
promotes human health [62, 63]. Oleic acid, a
monounsaturated fatty acid is largely present in grape
seed oil as cis form in a percentage of 19.57% of total
fatty acids as could be seen from the present study
which is more or less similar to that reported
previously [64] that showed to be 14.3 %. Saturated
fatty acids were present in low amount in grape seed
as could be noticed from the present research and
previous study [64]. Linolenic acid was only present
in traces (0.35%) in the present study and in a previous
one (0.15%) [64].
Date palm seeds were reported to contain cinnamic
acid (and its derivatives), coumarins and phenolic
compounds. Phenolic compounds present in the seeds
are protocatechuic (7.9 mg/100g), caffeoyloshikimic
(28.3 mg/100g), apigenin derivatives (0.5 mg/100g),
quercetin
derivatives
(3.4
mg/100g),
proanthocyanidines
dimer
(55.8
mg/100g),
proanthocyanidines trimer (61.3 mg/100g) and
epicatechin (18.8 mg/100g). These compounds were
demonstrated to possess antioxidant, antiinflammatory and immune-regulatory activities [6568].

Table 7. Disease index: Macroscopic examination of colon, feces consistency, bloody feces (Mean± SE) and
percentage reduction of body weight gain of the different experimental groups
Groups

NC
UCC
Date seed
Grape seed

Macroscopic
examination
of colon (scores)

Feces consistency
scores

Bloody feces
scores

Percentage
reduction of
body weight gain

0000a± 0.00
40.3c± 0.34
0.86ab ± 0.34
.034b ± 0.43

0.00a± 0.00
3.00b± 0.3
1.14c ± 0.26
2.00d± 0.31

0.00a ± 0.00
2.00b ± 0.3
0.00a ± 0.00
0.29a ± 0.29

0%
28%
10%
7%

NC: Normal control, UCC; Ulcerative colitis control, Date seed: Group treated with date seed extracts, Grape seed: Group treated with grape
seed extracts.
In each column same letters mean non-significant difference while different letters mean significant difference at p< 0.05. Data are expressed
as mean values ± standard error.
Macroscopic evaluation of colon: 0=no damage, 1=mucosal erythema, 2=mild mucosal edema, slight bleeding or erosion, 3=moderate edema,
bleeding, erosion, ulcers, 4= severe edema, bleeding, erosion, ulcers
Feces consistency by scores: 0=Normal, 1=Soft (wet), 2= Very soft (semiliquid), 3= Watery diarrhea
Degree of bloody feces: 0=-ve, 1=Red, 2=Dark red, 3=Black
Weight gain loss: 0= -ve, 1=1-9% loss in body weight gain, 2=10-19% loss in body weight gain, 3= > 20% loss in body weight gain
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Table 8. Fatty acid profile of date and grape petroleum ether extract as % of total fatty acids.
Fatty acids
Lauric C12:0
Myristic C14:0
Palmitic C16:0
Stearic C18:0
Oleic C18:1
Cis isomer of oleic C18:1
Linoleic C18:2
α-linolenic C18:3
Arachidic C20:0
Eicosenoic C20:1
Total saturated fatty acids
Total unsaturated fatty acids

Date
(Relative %)
19.22
11.56
10.54
3.23
44.74
9.94
0.33
0.44
44.88
55.12

Grape (Relative %)
8.91
4.84
19.57
65.52
0.35
13.75
85.44

Table 9. Phenolic profile content of date and grape seed (µg/g) by HPLC
Compound
Gallic acid
Protocatechuic acid
p-hydroxybenzoic acid
Gentisic acid
Catechin
Chlorogenic acid
Caffeic acid
Syringic acid
Vanillic acid
Ferulic acid
Sinapic acid
p-coumaric acid
Rutin
Naringin
Rosmarinic acid
Cinnamic acid
Quercetin
Kaempferol
Chrysin
ND: Not detecte
The result of the present study is similar to such study
in containing protocatechuic and caffeic while it
differs concerning the other phenolic compounds
detected in the present study. The difference in
constituents of date palm seeds is related to the
difference in varieties of date palm. Fatty acids of date
seed were reported to be lauric (14.2%), myristic
(11.7%), palmitic (11.8%), oleic (47%) and linoleic
(8.6%) [69]. The different percentages of fatty acids in
the aforementioned study are similar to that of the
present study except for arachidic and ecosaenoic that
________________________________________________
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Date
(µg/g extract)
0
54.091
174.791
ND
103.708
1045.183
101.227
ND
ND
4.145
ND
ND
21.670
ND
ND
ND
ND
3.997
ND

Grape
(µg/g extract)
113.53
686.99
202.52
ND
1461.88
ND
ND
260.78
633.10
ND
1.441
ND
ND
ND
ND
ND
ND
ND
ND

present in traces in the present study while were absent
in the previous study.
The presence of phenolic compounds in both date and
grape seed ethanol extract might impart an antioxidant,
anti-inflammatory and immuno-regulatory activity
[65,70] thereby improving ulcerative colitis and iron
status. Petroleum ether extracts of date and grape seed,
possess antioxidant and anti-inflammatory activity
which was ascribed to the presence of vitamin E,
phytosterols [59, 71] and unsaturated fatty acids that
may synergize the action of the active constituents of
the ethanol extract. Reduction in inflammation and
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oxidative stress on treatment of date and grape seed
extracts might reduce bleeding from the colon and
thereby improve iron status.

Figure 1: Representative images of H&E-stained colon sections of different experimental groups
A: Section of colon from NC group shows that the main architecture of colon tissue is within normal limit (X 100). B-D: Section of UCC colon,
B: The section of colon illustrates activation of mucous secreting epithelium and glands (arrow), and focal erosion and ulceration of mucosa
layer (arrowhead) associated with the proliferation of lymphatic tissues (star) (x 400), C: colon section demonstrates mild crypt distortion due
to epithelial hyperplasia (arrows) associated with proliferation of lymphatic tissues (stars) (x 40), D: Section illustrates activation of mucous
secreting epithelium and glands, with focal ulceration of mucosa layer (arrow) associated with the proliferation of lymphatic tissues (star)
(x100). E and F: Sections of colon from rats treated by date seed extract, E: Section illustrates diffuse proliferation and invasion of the
inflammatory cells to mucosa layer (star) and ulceration of mucosa layer (arrow head) (x 100), F: Colon section demonstrates focal necrosis of
mucosa associated with inflammatory cell proliferation ( x 200). G and H: Sections of colon from rats treated by grape seed extract, G: colon
sections shows epithelial hyperplasia and nuclear hyperchromatic (arrow head) and ulceration (arrow) of mucosa (x200), H: Colon section
illustrates diffuse proliferation and invasion of the inflammatory cells to mucosa layer associated with ulceration and erosion of mucosa cell
layer.(x100). NC: Normal control, UCC: Ulcerative colitis control

Conclusion
The pathophysiology of iron deficiency and anemia
in UC are important factors for the quality of life and
deserve deep investigation in order to find an
integrated care for UC patients. Further, therapies
focused on acute phase inflammatory reactant might
improve treatment option and outcome.
Within the extreme of the present study, iron
deficiency anemia was shown to be interrelated to
immune system through inflammatory cytokines like
IL-1β and IL-6 and iNOS, COX2, and NF-kB genes
expression but not IFNγ in UC rat model. Date and
grape seed extracts showed variable significant
improvements in UC through antioxidant, antiinflammatory and immune-regulatory effects in
addition to reducing IDA. Such effects might be
________________________________________________
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ascribed to their phenolic contents and unsaturated
fatty acids determined in the present study and other
constituents like vitamin E, phytosterols and
carotenoids reported in previous studies.
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