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ABSTRACT

Introduction: Eryngium billardieri has been demonstrated in previous studies to possess Keywords:
anti-inflammatory, antioxidant, and wound-healing properties. Colitis, an inflammatory bowel Anti-inflammatory
disease with unknown causes, often leads to numerous side effects associated with current Ulcerative colitis
medications. Therefore, this study aimed to investigate the anti-ulcerative potential of E. E. billardieri
billardieri extracts in experimental colitis. Plant extract
Methods: The hydroalcoholic extract of E. billardieri and its aqueous and ethyl acetate Rats

partitions were prepared using the maceration method, and the polyphenol content was
determined for each extract. Male Wistar rats with acetic acid-induced colitis were orally
administered three different doses (50, 100, 200 mg/kg) of the extract and each partition for 5
consecutive days. On the sixth day, the rats’ colons were removed and analyzed for macroscopic
parameters (ulcer index), microscopic parameters (total colitis index), as well as inflammatory
and oxidative stress markers, including myeloperoxidase and malondialdehyde, respectively.
Results: The total phenol content for the dry extract and aqueous and ethyl acetate partitions
were 6.51, 4.15, and 8.59 mg gallic acid equivalent/g, respectively. The hydroalcoholic extract
and ethyl acetate partition at all three examined doses were able to significantly alleviate most
parameters related to colitis. However, the aqueous partition did not improve most of the colitis
features except for the tissue level of malondialdehyde.

Conclusion: The study concludes that the total extract of E. billardieri, as well as the ethyl
acetate partition, exhibited anti-colitis properties in a dose-related manner. It is suggested that
the effective substances responsible for these properties are non-polar compounds that are not
extracted by aqueous partitioning. Further studies are needed to identify and characterize these
effective compounds.

Introduction both men and women almost equally (Ng et al., 2017).
Inflammatory bowel disease (IBD) is a common and  Ulcerative colitis and Crohn’s disease are two main
debilitating gastrointestinal (GI) disorder that affects types of IBD (Perler et al., 2019).
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The main causes of this disease are unknown, but re-
searchers believe that it involves a complex interplay of
factors including inflammation, autoimmunity, genetics,
and environmental influences. Several hypotheses have
been proposed to explain the pathology of IBD, includ-
ing immune system dysregulation triggered by environ-
mental or genetic factors, disturbances in gastrointesti-
nal (GI) microbiota, mucosal integrity issues, oxidative
stress, and dysregulation of cytokines such as NF-kB,
nitric oxide, abnormal cyclooxygenase-2 activity, and
leukotriene B4 (Baumgart et al., 2007; Ishihara et al.,
2009).

Today, drugs such as mesalazine, sulfasalazine, gluco-
corticoids, and immunosuppressive drugs are common-
ly employed in the treatment of IBD (Cai et al., 2021).

The efficacy, safety, and inadequate potency of drugs,
as well as the side effects and complaints of patients,
have created a strong incentive to adopt new and ef-
fective therapeutic measures, including new biological
agents (probiotics), monoclonal antibodies (e.g. inflix-
imab, adalimomab) (Gajendran et al., 2019; Ungaro et
al., 2019), as well as herbal medicine (Akshaya et al.,
2019). Herbal remedies have long attracted the attention
of the public and researchers due to their abundant and
diverse effective ingredients, easy access, low cost, and
minimal side effects (Akshaya et al., 2019).

Among medicinal plants, the genus Eryngium (Apia-
ceae family) stands out as one of the largest, most com-
plex, and diverse genera. It is rich in secondary metab-
olites such as flavonoids, coumarins, terpenes, essential
oils, and acetylene compounds, which possess numer-
ous biological properties (Thiviya et al., 2021; Calvino
et al., 2008).

Eryngium billardieri F. Delaroche. (E. billardieri)
(Bughenagh in local language) is one of the species of
this family that is utilized globally and in Iranian tradi-
tional medicine for treating various inflammatory disor-
ders. These include conditions like rheumatoid arthritis,
otitis, sinusitis, wounds, renal infections, insect bites,
and hypothyroidism (Zargari, 2015). Also, antioxidant,
analgesic, antibacterial, antifungal, anti-malarial, an-
ti-snake, and scorpion venom activities have been indi-
cated for this species (Wang et al., 2012).

The geographical distribution of Eryngium billardieri
F. Delaroche spans several provinces in Iran, including
East Azarbaijan, Hamadan, Isfahan, and Kurdistan. Its
root and fruit contain compounds such as tannin, su-

crose, saponin, and alkaloids. The aerial parts of the
plant are rich in flavonoids, coumarones, beta-carotene,
chlorogenic acids, terpenoids (mono and triterpenes),
caffeic acid, kaempferol, and lutein. Many of these com-
pounds possess anti-inflammatory and antioxidant prop-
erties (Zarei et al., 2015; Khani et al., 2021; Roshanrav-
an et al., 2018), which could potentially be beneficial for
the treatment of IBD.

Given the lack of prior research on the anti-colitis
effects of E. billardieri and its readily available nature
along with its diverse therapeutic properties, E. bill-
ardieri emerges as a promising candidate for the therapy
and/or prevention of inflammatory bowel disease (IBD)
in humans. Hence, this study aimed to explore the po-
tential therapeutic or preventive effects of extracts and
partitions of this plant in a murine model of colitis in-
duced in rats.

Material and Methods

Plant material and preparation of extract

E. billardieri was collected from the Paveh region in
Kermanshah province during the summer of 2022 at an
altitude of 1500 meters above sea level. The collected
plant material was dried in the shade. The aerial parts of
the plant were finely chopped, and the dry powder ob-
tained was used for extraction with a solvent consisting
of ethanol/water (70/30) using the maceration method.
The extraction process was repeated in three consecu-
tive stages, each lasting for three days. Finally, the re-
sulting extracts were combined and concentrated using
a rotary evaporator (Handa et al., 2008).

To obtain partitions containing non-polar and
semi-polar compounds from the plant, half of the total
extract was concentrated using ethyl acetate solvent in
three consecutive steps. The ethyl acetate layers collect-
ed from each step were combined. The aqueous residue
from the remaining extract, containing more polar com-
pounds, was concentrated using the rotary evaporator.
Finally, the whole extract, along with the ethyl acetate
and aqueous partitions, were dried using a freeze dryer
(Handa et al., 2008).

The yield values for the extract and its partitions were
determined, and the phenolic compounds in each were
measured using the Folin-Ciocalteu reagent (Ainsworth
etal., 2007). The final powdered extract was used to pre-
pare the desired concentrations (50-200 mg/kg) for each
extract.



Anticolitis effect of E. billardieri

Physiology and Pharmacology 28 (2024) 56-65 | 58

Folin-Ciochalteu method

The standardization of both the hydroalcoholic extract
and their partitions was conducted using the Folin-Ci-
ocalteu method. According to this method, the poly-
phenol content of the extracts was measured relative to
gallic acid. Initially, solutions with increasing concen-
trations of gallic acid (50, 100, 150, 250, 500 mg/kg)
were prepared. Subsequently, the absorbance of these
solutions was measured in the presence of Folin-Cio-
calteu reagent and sodium bicarbonate at a wavelength
of 765 nm. Finally, the total phenolic compounds of the
extract and its partitions were determined as milligrams
equivalent to gallic acid (GAE/mg) per gram of dry ex-
tract (Ainsworth et al., 2007).

Chemicals

Dexamethasone and mesalazine as pure powders were
procured from Daru-Pakhsh Co. (Tehran, Iran). Navand
Salamat (Urmia, Iran) Company prepared malondial-
dehyde (MDA) determination kit. Hexadecyl trimethyl
ammonium bromide (HTAB), O-Dianisidine (ODZ),
and gallic acid were prepared by Sigma-Aldrich Co.
(Darmstadt, Germany).

Animals

Animal house of Isfahan School of Pharmacy pre-
pared 78 male Wistar rats (180-220 g). The animals
were housed at standard and desired humidity (40-50%),
temperature (21-23 °C) and light/dark cycle (12/12 h)
conditions. The rat’s food and water were easily acces-
sible. Three rats were kept in each cage. Each group of
animals were kept in the animal room of the laboratory
for one week in order to get acquainted with the labora-
tory environment.

This study received approval from Isfahan Medical
Sciences University’s Ethics Committee and all animal
experiments performed in accordance with the general
guidelines of the National Ethics Committee which em-
phasized the standards of care and work on animals (IR.
MUILRESEARCH.REC.1400.351).

Animal grouping

The animals were separated into thirteen groups of six
rats: normal, negative control (colitis control), positive
control (reference), and test groups as follows:

1: Normal group: Normal saline (5 ml/kg) was given
orally (p.o.) for 5 days without colitis induction.

2: Negative control group: Normal saline (5 ml/kg,

p.o.) was given for 5 days after colitis induction by ace-
tic acid (2 mL, 3% intra-rectally).

3,4, and 5: E. billardieri total (hydroalcoholic) extract
(EBTE) groups: Increasing doses of extract (50, 100,
and 200 mg/kg, p.o.) were given for 5 days after colitis
induction (Zarei et al., 2015).

6, 7, and 8: E. billardieri aqueous partition (EBAP)
groups: Increasing doses of aqueous partition (50, 100,
and 200 mg/kg, p.o.) were given for 5 days after colitis
induction.

9, 10, and 11: E. billardieri ethyl acetate partition
(EBEAP) groups: Increasing doses of ethyl acetate par-
tition (50, 100, and 200 mg/kg, PO) were given for 5
days after colitis induction.

12: Dexamethasone group: Dexamethasone (1 mg/kg,
i.p.) was given for 5 days after colitis induction (Mota-
vallian-Naeini et al., 2012).

13: Mesalazine group: Mesalazine (150 mg/kg, p.o.)
was given for 5 days after colitis induction (Niknami et
al., 2020).

Experimental protocol

Ulcerative colitis was induced in rats that had been
fasted for 24 hours. Then, the rats were first anesthetized
with a ketamine/midazolam mixture (75/5 mg/kg, i.p.),
and 3% acetic acid (2 mL) was injected into the colon
using a suitable tube. All interventions were adminis-
trated via gavage, 2 h before the induction of colitis,
and then continued every 24 h for 5 days. Twenty-four
hours after the last dose, the animals were euthanized in
a CO2-saturated box. A length of 8 cm of colon tissue
near the anus (3 cm) was removed and washed with nor-
mal saline. The Colon’s wet weight was measured and
subsequently used for macroscopic evaluation (Heidari
etal., 2016).

Evaluation of colon macroscopic damage

The colon tissue was first spread on the working sur-
face, and appropriate photos were taken with the help of
a high-resolution camera. The ulcer surface area (cm?)
was measured using Fiji P (Image Analysis Program).
Finally, the severity of injuries was graded as follows: 0
for no ulcer, 1 for inflammation, edema, thickness, and
superficial ulcer, 2 for bleeding and deep ulcer, and 3 for
severe ulceration, erosions, edema, and tissue necrosis.
The ulcer index was calculated for each specimen by
adding the ulcer score and the ulcer area, applying the
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following formula:
(UI = US+UA) (Heidari et al, 2016; Niknami et al.,
2020).

Evaluation of colon histological damage

The colon tissue was divided into two separate parts
with a longitudinal section. One part was preserved in
10% formalin, sectioned, and stained with hematoxylin
and eosin (H&E). Histological examination was con-
ducted by a knowledgeable pathologist to assess the in-
filtration of immune cells, intensity and extent of muco-
sal inflammation, as well as the degree of crypt damage
in the submucosal tissue (Minaiyan et al., 2008).

Measuring the myeloperoxidase (MPO) activity

The other part of the tissue was weighed and evenly
chopped to maximize the extraction of MPO activity.
Then, it was homogenized in 10 mM potassium phos-
phate buffer (pH 7) containing 0.5% HTAB. After cen-
trifugation at 10,000 g for 30 minutes, H202 (0.1 mM)
and ODZ (1.6 mM) were added to the supernatant solu-
tion, and the absorbance of the sample was measured at
450 nm. MPO activity (U/100 mg) was determined for
the wet colon (Niknami et al, 2020).

Measuring the amount of MDA

According to the analytical kit, a standard curve was
constructed within the range of 0 to 100 nM/ml, and the
MDA concentration was determined using the colori-

metric method at 550 nm. Briefly, 300uL of lysis buffer
and 10 pL of BHT100x were added to 100 mg of colon
tissue sample and homogenized. The mixture was then
centrifuged at 13,000 rpm to remove insoluble materi-
als, and the supernatant was completely separated. Sub-
sequently, reagents were added to the supernatant and
vigorously shaken. Finally, the amount of MDA (nmol/
mL) was measured for the wet colon (Khoramian et al.,
2020).

Statistical analysis

The results were reported as mean = SEM and the
minimal level of significance was considered at P<0.05.
All statistical analyses were performed using the SPSS
software, version 17.0.

Weight changes in the animals were analyzed by the
paired Student’s t-test. The differences between groups
were examined using a parametric one-way analysis of
variance (ANOVA) with Tukey as a post hoc test. The
Kruskal-Wallis test was used to evaluate non-parametric
data, followed by the Mann-Whitney U test.

Results

Yield value of the extract

The E. billardieri total (hydroalcoholic) extract
(EBTE), aqueous partition (EBAP), and ethyl acetate
partition (EBEAP) yielded 12.7% w/w, 10.1% w/w, and
2.6% w/w respectively.

TABLE 1: Weight of whole body (g) of rats in experimental groups before and after the treatments.

Groups/dose (mg/kg) Before

Normal 203.1+134
Control 217.2+7.4
EBTESO 190.5+9.7
EBTE100 1953 +11.5
EBTE200 192.8 +10.1
EBAPS0 208.1 8.4
EBAP100 191.5+£53
EBAP200 196.3 £10.3
EBEAPS0 198.8 £5.8
EBEAP100 207.5+5.5
EBEAP200 1972+7.3
Mes. 100 198.5+3.4
Dex.1 196.8 + 8.8

After Change % P value

212.2+10.3 45 NS
1953+7.2 -10.1 ok
189.2+£6.2 -0.7 NS
198.3 +13.8 1.5 NS
203.3+11.9 5.4 NS
1952+8.5 -6.2 *

178.3+£8.8 -6.9 *

181.1+ 10.1 -7.7 *

193.5+6.3 2.7 NS
209.0+9.3 0.7 NS
206.6+£5.3 4.7 NS
203.5+3.0 2.5 NS
187.5+11.8 -4.7 NS

Normal and control groups were treated with 5 ml/kg distilled water. EBTE: E. billardieri total extract, EBAP:
E. billardieri aqueous partition, EBEAP: E. billardieri ethyl acetate partition. Dex: dexamethasone, Mes: mesal-
azine. Data are shown as mean = SEM. The paired Student’s t-test was used for analysis, (n= 6). *P<0.05 and
**P<0.01 indicate significant difference. NS indicates non-significant difference
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TABLE 2: Effect of E. billardieri total extract, aqueous, and ethyl acetate partitions on macroscopic parameters of colitis

in rats.
Groups Ulcer Severity score Ulcer érea Ulcer Index Colon Weight
0-4) (cm ?) (0-12) (g/8 cm)
Norm. 0.0+£0.0 0.0+£0.0 0.0+£0.0 0.59+0.23
Control 2.8+ 0.1%# 6.8 + 0.4 9.8 + 0.4 1.81+0. 61%
EBTES0 1.0+0.2™ 0.8 +0.2™ 1.8+04™ 0.97 £0.39™
EBTE100 1.8+£04" 2.6+0.6™ 44+£1.0™ 1.13+£0.51°
EBTE200 1.5+0.2" 24+£02™ 3.9+04™ 1.02£0.34™
EBAP50 25+0.2 4.8+0.8 73+0.8 1.15+£0.45
EBAP100 2.6+0.2 58+04 74+0.6 1.34+£0.42
EBAP200 2.6+0.2 6.1+0.3 8.7+0.5 1.57+0.58
EBEAPS50 1.6+0.3" 3.0+0.8™ 48+1.1™ 1.34 £0.56
EBEAP100 1.1+0.1™ 2.1+0.2"™ 33+02™ 1.1 +£0.21"
EBEAP200 0.8+0.1" 1.7+£04™ 25+0.6™ 0.88+0.19
Dex.1 0.6+0.1"™ 1.5+0.3™ 22+0.5™ 0.75+0.17""
Mes.100 1.0+0.1™ 1.6+0.2"™ 2.6+0.6™ 0.83+£0.16™

Data are expressed as mean = SEM, n=6. #* P<0.001 indicates significant deference versus normal group. *P<0.05, **P<0.01,

Hkk

and " P<0.001 indicate significant difference versus control. EBTE: E. billardieri total extract extract, EBAP: E. billardieri
aqueous partition, EBEAP: E. billardieri ethyl acetate partition. Dex: dexamethasone, Mes: mesalazine. Data are shown as
mean +£ SEM. One way ANOVA test was used for analysis, (n= 6).

FIGURE 1. Macroscopic illustration of acetic acid-induced acute colitis in rats. (A) Normal, (B) Control (edema, erythema, thickness, ulcer,
and necrosis are evident), (C) EBTE (E. billardieri total extract 100 mg/kg, p.o.), (D) EBAP (E. billardieri aqueous partition 100mg/kg, p.o.),
(E) EBEAP (E. billardieri ethyl acetate partition 100mg/kg, p.o.), (F) Dexamethasone (1mg/kg), (G) Mesalazine (150 mg/kg).

Total content of the extract

Total phenolic content of the EBTE, EBAP, and
EBEAP obtained were 6.51, 4.15, and 8.59 mg GAE/g
extract respectively.

Animal weight changes

As seen in Table 1, there was a significant weight loss
in the control group (P<0.01). Administration of E. bil-
lardieri total extract and ethyl acetate partition halted
the weight loss. However, the aqueous partition did not

effectively in reduce the weight loss of rats at any of the
doses. The trend of weight loss was also halted with the
administration of mesalazine, but dexamethasone did
not prevent weight loss in the relevant group. Weight
loss in the dexamethasone group was not statistically
significant.

Macroscopic evaluation
Compared to the normal group, rats with colitis exhib-
ited macroscopic damage (Table 2, Figure 1). Oral treat-
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TABLE 3: Effect of E. billardieri total extract, aqueous, and ethyl acetate partitions on the pathologic (microscopic) parameters

of colitis in rats.

Groups Inflam. Severity = Inflam. Extent
(doses) (0-3) (0-3)
Normal 0.0+0.0 0.0+0.0
Control 3.0 (3-3)" 3.0 (3-3)"
EBTES0 1.5 (1-3)™ 1.5 (1-3)™
EBTE100 2.0 (1-3) 2.0 (1-3)
EBTE200 2.5(1-3) 2.0 (1-3)
EBAP50 2.5(2-3) 2.5(1-3)
EBAP100 2.5(2-3) 2.5(2-3)
EBAP200 2.5(2-3) 2.5(2-3)
EBEAPS0 1.5 (1-3)™ 1.5 (1-3)™
EBEAP100 1.5(1-2) " 1.5(1-2) "
EBEAP200 1.0 (1-2) ™ 1.0 (0-2) ™
Dex.1 0.5(0-1)"™ 0.5(0-2) ™
Mes. 100 1.0 (1-2) ™ 1.0 (1-2) ™

Leuk. Infilt. Crypt damage Total colitis index
(0-3) (0-3) (0-12)
0.0+0.0 0.0+0.0 0.0+0.0
3.0 (2-3)" 3.0 (3-3)" 12.0 (11-12)"
1.0 (1-3)™ 2.0 (1-3) 6.0 (4-12)"
1.5 (0-2)" 2.5(1-3) 8.0 (3-11)
2.0(1-2) 2.5(1-2) 9.0 (4-10)
2.0 (2-3) 2.5(2-3) 9.5 (7-12)
2.5(2-3) 3.0(2-3) 10.0 (8-12)
2.0 (2-3) 2.5(3-3) 9.5 (9-12)
1.0 (1-2)™ 1.0 (1-2)™ 5.0 (4-10)""
1.0 (1-2) ™" 1.0 (1-2) ™ 5.0 (4-8) ™
1.0 (1-2) ™ 1.0 (1-2)™ 4.0 (3-8)™
0.5(0-1)"™ 1.0 (1-2) ™ 2.5(2-6)"
0.5(1-2)™ L.5(1-2)™ 3.0 (4-8) ™

Data are expressed as median (range). EBTE: E. billardieri total extract, EBAP: E. billardieri aqueous partition, EBEAP: E.
billardieri ethyl acetate partition. Dex: dexamethasone, Mes: mesalasin. P<0.05 was considered as significant. * P<0.05, **
P<0.01, *** and ### P<0.001 indicate significant difference versus control (Mann-Whitney U test), (n=6).

ment with EBTE and EBEAP in all doses diminished
the macroscopic parameters of colitis (at least P<0.05).
However, the EBAP, on the contrary, was not signifi-
cantly effective on any of the macroscopic parameters
of colitis (P>0.05) (Table 2, Figure 1). Treatment with
dexamethasone and mesalazine alleviated all the macro-
scopic features of colitis significantly (P<0.001) (Table
2, Figure 1).

Pathological evaluation

All pathological parameters of the negative control
group, including inflammation extent and severity, leu-
cocyte infiltration, and crypt damage, showed signifi-
cant changes (P<0.001) compared to the normal group
(Table 3, Figure 2).

Administration of EBTE and EBEAP at different dos-
es (50, 100, and 200 mg/kg) reduced histopathological
variables such as inflammation severity and extent, in-
filtration of immune cells, crypt destruction, and total
colitis index (at least P<0.05) (Table3).

Consistent with the results obtained in the macroscop-
ic evaluation, the aqueous partition of the EBAP was not
effective on any of the microscopic parameters of coli-
tis (P>0.05) (table 3). While, as expected, the reference
drugs dexamethasone (1mg/kg) and mesalazine (100
mg/kg) effectively reduced all pathological parameters
of colitis (P<0.001) (Table 3, Figure 2).

MPO activity and MDA values

The results in Table 4 show that the induction of coli-
tis with acetic acid in rats (control group) was associat-
ed with a significant increase in MDA and MPO levels
(P<0.001). Treatment with EBTE and its ethyl acetate
partition (EBEAP) resulted in a significant decrease
in MPO and MDA values (at least P<0.05). However,
the aqueous partition at all three applied doses failed to
significantly reduce MPO activity (£>0.05), although it
did decrease MDA levels significantly. Also, the results
showed that EBEAP at the doses of 100 and 200 mg/kg
were significantly more effective than EBAP in this re-
gard (at least P<0.05). As expected, the reference drugs
dexamethasone and mesalazine effectively reduced
MPO and MDA levels significantly (P<0.001) (Table 4).

Discussion

The acetic acid model of experimental colitis has been
described as both quick and reproducible, with many
pathological and clinical similarities to human colitis
(MacPherson et al., 1978). Acetic acid induces inflam-
mation by penetrating the mucous and sub-mucosal lay-
ers, initiating activity in the arachidonic pathway, and
stimulating lipid peroxidase, lipoxygenase, and cycloo-
xygenase pathways (Kumar et al., 2014). Concurrently,
immune cells such as neutrophils, which are the main
source of inflammatory cytokine production, increase in
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FIGURE 2. Microscopic illustration of acetic acid-induced acute colitis in rats. (A) Normal colon, mucosal, sub-mucosal layer (red arrow), and
crypts (black arrow) are normal and intact, (B) Control colitis, mucosal layer, and crypts have destroyed while inflammation of sub-mucosal
layer (green arrow) and leucocyte infiltration (blue arrow) are evident. (C) Colitis treated with EBTE (E. billardieri total extract 100 mg/kg,
p.0.), (D) Colitis treated with EBAP (E. billardieri aqueous partition 100mg/kg, p.o., (E) colitis treated with EBEAP (E. billardieri ethyl acetate
partition 100mg/kg, p.o.), (F) Colitis treated with dexamethasone (1 mg/kg), (G) Mesalazine (150 mg/kg). The treatment groups show varying

degrees of improvement in the histological aspects of colitis.

TABLE 4: Effect of E. billardieri total extract, aqueous, and ethyl acetate partitions on the myeloperoxidase (MPO) activity and
malondialdehyde (MDA) level of colon tissue.

Groups/dose (mg/kg) MPO (U/100 mg) MDA (nmol/ml)
Normal 0.53+0.3 68.8+11.2
Control™* 2.7540.34% 471.5£79.3%#
EBTES0 1.01£0.5%* 180.8443 3%**
EBTE100 1.31+0.5%* 206.4+48.5%**
EBTE200 1.58+0.3%* 257.34£51.3%*
EBAPS50 1.94+0.4 269.3+46.1%*
EBAP100 1.98+0.4 283.2452.3%x*
EBAP200 2.07+0.3 301.3+55.9*
EBEAPS0 0.97+0.3%** 154.4433.7%%*
EBEAP100 0.65+0.3%**+ 111.64+26.1%**
EBEAP200 0.54+0.2%**+ 97.1424.9%**+
Dex.1 0.41+£0.2%** 86.6+26.3%**
Mes. 100 0.63+0.2%%* 113.34£33.3%*%*

Data are expressed as mean = SEM. ## P < (0.001 significant deference versus normal group. "P<0.05, *P<0.01, and "™ P<0.001
indicate significant difference versus control group, +P<0.05 indicates significant difference versus EBAP with similar dose (one
way ANOVA), (n=6). EBTE: E. billardieri total extract, EBAP: E. billardieri aqueous partition, EBEAP: E. billardieri ethyl acetate

partition. Dex: dexamethasone (1mg/kg), Mes: mesalazine (150 mg/kg).
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the control groups receiving acetic acid, leading to ele-
vated MPO and MDA values. Thus, all colitis features
are evident in the control colitis group and are reflected
in macroscopic and pathologic variables (Gholap et al,
2012).

Our findings showed that experimental colitis signifi-
cantly resulted in weight loss in rats, consistent with
previous studies (Niknami et al, 2020; Khoramian et al.,
2020). Loss of appetite, increased bowel movement, and
diarrhea likely contribute to this weight loss. Treatment
with the total extract and ethyl acetate partition could
prevent this weight loss, while the aqueous partition was
ineffective. The tannins and alkaloids in E. billardieri
extracts may play an important role in this effect due to
their astringent and antispasmodic properties (Khani et
al, 2021).

Both macroscopic findings (ulcer index) and the his-
tology results (total colitis index) demonstrated that the
total extract and its ethyl acetate partition of the E. bil-
lardieri showed a dose-related anti-ulcerogenic activ-
ity. Eryngium species are effective against various in-
flammatory conditions and a wide range of GI ailments
which have been mentioned in the Iranian traditional
medicines and worldwide (Zargari, 2015). The results
of other investigations have indicated that this plant
possesses various biological effects, including anti-in-
flammatory, antioxidant, wound healing, anti-apoptotic,
and antibacterial properties. Each of these effects may
contribute to the anti-colitis effect observed with the use
of this plant (Zarei et al., 2015, Yesilada et al., 1989).

The aqueous partition demonstrated a significant re-
duction in the level of MDA across all three examined
doses, while showing no significant effect on other vari-
ables such as ulcer index, total colitis index and MPO
activity). Since MDA serves as an indirect measure of
the antioxidant effect of the extracts, it is likely that the
antioxidant effect alone may not suffice to protect the
colon tissue against the ulcer-causing agent. However,
considering that natural antioxidants and phytochem-
icals typically exhibit multifunctional properties, a
more comprehensive antioxidant assay would involve
the measurement of multiple properties of this system
for greater reliability (Tahan et al., 2011; Frankel at al.,
2000).

The effectiveness of ethyl acetate and total extracts,
contrasted with the ineffectiveness of the aqueous ex-
tract at similar doses, suggests that the active compounds

with anti-colitis and anti-ulcer properties are probably
non-polar in nature. these compounds likely accumulat-
ed in the ethyl acetate fraction, exerting a significant im-
pact on the colitis indices (Sefidkon et al., 2004; Wang et
al., 2012). This observation aligns with the total pheno-
lic content of the extracts. Specifically, the ethyl acetate
partition (8.59mg GAE/g), which exhibited the most
promising results, contained approximately twice the
polyphenol content of the aqueous partition (4.15 mg
GAE/g) and 50% more than the total extract (6.51mg
GAE/g). Tannins, lignins, flavonoids, and terpenoids are
among the most important and abundant phenolic com-
ponents of E. billardieri, while some of the alkaloids,
saponins, coumarone, chlorogenic acid, caffeic acid,
and beta carotene are among the active ingredients of
E. billardieri are predominantly non-polar or semi-polar
in nature and tend to be accumulated in hydroalcoholic
and ethyl acetate partition (Sefidkon et al., 2004; Wang
etal., 2012).

In this study, the therapies were administered orally
over a period of 6 days. Therefore, it is plausible that the
effective substances in treating colitis were able to be
sufficiently absorbed or reach the colon through the di-
gestive lumen. Additionally, this timeframe allowed for
the contribution of delayed mechanisms. These mecha-
nisms likely include the scavenging of oxidoreductases
and the repair of mucosal layers (Minaiyan et al., 2014;
Siddhuraju et al., 2003).

Both the roots and the aerial sections of the plant con-
tain high concentrations of polyphenolic chemicals,
which are abundant in E. billardieri. Secondary plant
metabolites, known as phenolic compounds, play a vital
role in the defensive systems of plants against pathogens
and free radicals (Maisuthisaul et al., 2007; Khani et al.,
2021; Zarei et al., 2015).

E. billardieri contains antioxidant chemicals, which
indicate the scavenging action caused by hydrogen pro-
ton donation (Daneshzadeh et al., 2020). In this regard,
flavonoids represent a subgroup of phenolic chemicals
within a broader category, and the majority of the pos-
itive benefits of E. billardieri may be attributed to their
antioxidant and anti-inflammatory capabilities. Inhibi-
tion of cytokine-stimulated nitric oxide synthesis, an
anti-inflammatory mechanism related to hydroalcoholic
extract, has also been reported by Wang et al., 2012. Due
to limitations in laboratory equipments and budget, it is
recommended to isolate at least one group of effective
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ingredients (e.g. flavonoids) from each extract or parti-
tion and conduct further studies on them. Furthermore,
measuring inflammatory cytokines most related to coli-
tis, such as interleukins, TNF-alpha, and NF-kB, would
be valuable for further mechanistic studies.

Conclusion

This study showed that the total (hydroalcoholic)
extract of E. billardieri, along with its ethyl acetate
partition, effectively reduced macroscopic, microscop-
ic, MDA, and MPO activity parameters, leading to an
improvement in experimental colitis. These effects are
likely attributed to the presence of compounds with an-
tioxidant, anti-inflammatory, and wound healing prop-
erties. However, to develop new drugs or supplements
based on this plant, further analytical, mechanistic, and
toxicological studies are required in both preclinical and
clinical settings.
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