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Abstract

Background and objectives: Ulcerative colitis is a challenging inflammatory bowel disease that
requires new treatments. Pinus eldarica can be a suitable candidate for this disease due to its anti-
inflammatory, anti-ulcerative and antioxidant properties. Methods: Pinus eladarica aqueous and
hydroalcoholic extracts of barks were standardized according to the total phenols, flavonoids and
proanthocyanidin contents. Three doses (100, 200, and 400 mg/kg, p.o.) of both extracts were
separately administered to rats with acetic acid-induced colitis for a period of five days. Reference
groups received dexamethasone (1 mg/kg, i.p.) or mesalazine (150 mg/kg, p.o.) while control groups
were treated with normal saline. Results: Both extracts reduced the macroscopic parameters of colitis
(weight of colon, ulcer area, ulcer severity and ulcer index) significantly compared with control
groups, especially in lower doses (100, 200 mg/kg). Similarly, the extracts improved the microscopic
parameters (severity and extent of inflammation, leukocyte infiltration, crypt damage, and total colitis
score) except for the dose of 400 mg, which was not effective. The decrease in myeloperoxidase
activity and malondeladehyde values was also significant for both extracts at all doses. Conclusion:
Pinus eldarica bark extracts are effective in treating and reducing the damage caused by colitis,
although it is necessary to adjust the effective dosage. Lower doses of extracts, especially
hydroalcoholic one showed better therapeutic effects. Further studies are necessary to identify
effective compounds, particularly in the hydroalcoholic extract, for producing an herbal drug for the
clinical setting.
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Introduction

Inflammatory bowel disease (IBD) is well-known
as ulcerative colitis and Crohn's disease as
gastrointestinal disorder. IBD is a complex
disorder and is influenced by multiple factors,
which  are  combination  of  genetics,

environmental, immune system, and microbial
factors. Additionally, other factors which have a
critical impact on the IBD pathogenesis are
oxidative stress, gut microbiota, nuclear factor-
kappa B (NF-xB), and nitric oxide (NO) [1]. An
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imbalance between pro-inflammatory cytokines
such as tumor necrosis factor (TNF-a),
interleukins ~ (IL-8, IL-17A) and anti-
inflammatory cytokines (IL-4, IL-13) could
ultimately lead to immune system disorders like
IBD [2]. One of the well-known treatment
strategies for IBD is the administration of 5-
aminosalicylates  derivatives  which inhibit
cyclooxygenase and lipoxygenase in the
arachidonic acid metabolic pathway as well as
scavenging oxidoradicals and diminishing
oxidative stress in engaged tissue [3].
Corticosteroids, = immunomodulatory  drugs
(thiopurines and methotrexate), monoclonal
antibodies (adalimumab and infliximab) and
recently  probiotics are other approved
conventional therapies for these conditions [4,5].
Due to the rising cost of conventional drugs and
concerns about their side effects, both therapists
and patients are eager to use alternative or
complementary medicine. The identification of
different potent compounds found in medicinal
herbs, including alkaloids [6], flavonoids [7],
polyphenols [8], and terpenoids [9], have
provided promising and safe treatment options
for IBD and especially ulcerative colitis. As a
result, there has been an increase in research on
traditional and indigenous herbal plants, in which
Pinus species are promising as novel alternative
interventions. One of the well-known species of
Pinus is Pinus eldarica Medw. (P. eldarica,
Tehran Pine, Afghan Pine), which belongs to the
Pinaceae family [10]. Different parts of Tehran
pine (nuts, needles, cones and bark) have been
used in traditional Asian medicine amongst the
most important uses could be mentioned are
asthma, allergy, dermatitis, skin wounds, high
blood pressure and diabetes mellitus [11-13].
Meanwhile, the nuts, resin, and essential oil of
this plant are abundantly used in the food,
pharmaceutical, and cosmetic industries [14].
This plant has shown antioxidant and anti-
inflammatory effects due to the various
biologically active components such as a-pinene,
B-pinene, [-caryophyllene, longifolene, «o-
humulene, &-3-carene, junipene and high
guantities of phenolic compounds including
catechin, ferulic acid, caffeic acid, and taxifolin
[14-16]. Since no study has been conducted on
the anti-colitis effects of P. eldarica bark, this
study was carried out to investigate this property.
Therefore, the well-known model of induction
with acetic acid was used and the aqueous and

hydroalcoholic extracts of P. eldarica bark were
evaluated in three increasing doses.

Material and Methods

Ethical considerations

The guideline for the care and use of laboratory
animals represented by Iran national committee
for ethics in animal research accessible on
Ministry of Health and Medical Education
website was followed. The Ethics and Research
Committee of Isfahan University of Medical
Sciences approved the experimental protocol
with the code number of
IR.MUI.RESEARCH.REC.1400.350.

Chemicals

Dexamethasone and mesalazine were received as
gifts from Chemi-Darou and Darou-Pakhsh
Pharmaceuticals Co., respectively. O-Dianisidine
dihydrochloride (ODZ), gallic acid, cyanidine,
guercetin and hexadecyl-trimethyl ammonium
bromide (HTAB) were purchased from Sigma-
Aldrich Company (Germany). Navand-Salamat
kit (Urmia, Iran) for MDA evaluation was also
prepared. All other chemicals and solvents were
from Merck (Germany).

Plant material

The Pinus eldarica bark was gathered from the
Isfahan University of Medical Sciences campus,
Isfahan, Iran in the spring 2023. Experts from the
Pharmacognosy Department of Isfahan School of
Pharmacy confirmed its genus and species. A
voucher specimen No. 3318 was deposited at the
Herbarium collection of the Isfahan School of
Pharmacy. The barks were dried at dark place to
avoid chemical degradation and powdered using
an electric mill. This powder was used for the
following extraction process.

Preparation of the plant extracts

Pinus eldarica aqueous extract

The powder (70 g) was blended with 350 mL of
distilled water, maintained for 12 h, shook for 2h
and placed on a bain-marie until its temperature
reached 80 °C. After 20 min, the mixture was
filtered and the filtrate was freeze dried. This
step was repeated three times [17].

Pinus eldarica hydroalcoholic extract

The powder (100 g) and 500 mL of ethanol/water
(70/30) were mixed and kept for 24h. Then, the
extract was shook for 2h and filtered. This step
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was repeated three times, concentrated by rotary
evaporation at 50 °C, and freeze dried [17].

Determination of polyphenolic compounds

The Folin-Ciochalteu method was employed to
verify the polyphenol compounds [18]. In brief,
500 mg of aqueous and hydroalcoholic extracts
of pine were separately dissolved in 96% ethanol
(10 mL) and diluted to obtain 100 mL stock
solution. Gallic acid (0.5 g) solution was
prepared in 96% ethanol and six different
concentrations were made (0, 100, 200, 300, 500
mg/mL) to depict standard curve (at 765 nm).
The amount of total polyphenols were finally
calculated as gallic acid equivalent (GAE)/g of
each dried extract.

Determination of flavonoid compounds

The aluminum chloride colorimetric test was
used to determine the total flavonoid content,
using UV-Vis spectrophotometry [19]. The
extracts (100 mg) were separately dissolved in
acetone, mixed with aluminum chloride (20%)
and glacial acetic acid (2 drops), poured off to
each tube, and the volume reached to 3 mL with
methanol. After 40 min, the absorbance was
recorded at 415 nm. To prepare the standard
samples, quercetin powder was dissolved in
methanol, and concentrations of 0, 4, 20, 100,
500 mg/mL were prepared. The amount of total
flavonoids were finally calculated as quercetin
equivalent (QE)/g of each dried extract.

Determination of
compounds

Based on the Porter et al., 1985 method, the total
proanthocyanidin content was determined. The
extract (10 mg) was mixed with pure methanol
(10 mL). Next, the solution (5 mL) was blended
with n-butanol/hydrochloric acid (30 mL, 95:5,
V/IV). Subsequently, ammonium sulfate ferric
reagent (2N, 1 mL) was added and placed in
water-bath (95 °C for 40 min). The mixture was
cooled and the absorbance was recorded at 550
nm. The results were determined as cyanidine
equivalent (CE/qg) of each dried extract [20].

proanthocyanidin

Experimental animals and induction of acute
colitis

The male Wistar rats (n= 60, 10 groups),
weighing 180-220 g, were obtained from the
animal house of Isfahan School of Pharmacy,
Iran. The rats were housed under standardized

conditions, including temperature (21-23 °C)
and humidity status (30-50%), a 12 h light/dark
cycle, and freely accessible water and chow
pellets. The rats were subjected to a 24 h fasting
and then anesthetized by using desflurane. Next,
a catheter (inner diameter of 2 mm and 8 cm long)
was inserted into the anus of each rat to inject 3%
acetic acid (2 mL). After injection, before
removing the catheter, animals were put in a
head-down status (60 sec) to prevent the emitting
of acetic acid [21]. The groups of experimental
rats and their interventions are summarized in
Table 1. The suspensions of both extracts were
mixed with Tween 80 (0.1% v/v) in normal saline
to obtain 5 mL final volume. The prepared
suspensions were administrated orally (5 mL/kg)
once daily for five days. At the 6" day, the rats
were sacrificed in CO, chamber.

Table 1. The groups of experimental rats and their
interventions

Interventions started 2h prior to acetic acid injection

Groups (3%, 2mL) and continued (orally, 5mL/kg) for 5 days
Normal Normal saline without acetic acid injection
Control Normal saline with acetic acid colitis
PEAE100 Pinus eldarica aqueous extract (100 mg/kg)
PEAE200 P. eldarica aqueous extract (200mg/kg)
PEAE400 P. eldarica aqueous extract (400mg/kg)
PEHE100 P. eldarica hydroalcoholic extract (100 mg/kg)
PEHE200 P. eldarica hydroalcoholic extract (200 mg/kg)
PEHE400 P. eldarica hydroalcoholic extract (400 mg/kg)

Dexa.l Dexamethasone (1mg/kg) intraperitoneally

Mesa.150 Mesalazine (150 mg/kg)

Macroscopic assessment of colon damage
Colon sections were incised longitudinally and
washed with normal saline and then weighted.
Colon samples were fixed on a white sheet and
imaged using Sony camera. Colitis lesions were
graded on a scale of 0 to 3, including 0 (no
macroscopic findings), 1 (inflammation, edema,
thickness, and superficial  erosions), 2
(hemorrhagic spots, bleeding, and deep ulcers),
and 3 (necrosis and/or perforation) [22]. Ulcer
area was also measured by Fiji-win 32 software.
Ulcer index (Ul) was finally calculated for each
sample by using Ul = US (ulcer score) + UA
(mean of ulcer area) formula [23].

Histological assessment of colon damage

A part of the colon tissue from each animal that
was previously fixed in 10% formalin was
selected and prepared through multiple steps of
paraffin embedding, molding, sectioning and
staining with hematoxylin and eosin (H&E).
Then the prepared tissue samples were carefully
examined by an expert pathologist who was
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unaware of the interventions. The basis of tissue
evaluation was the pathological grading provided
by Cooper et al. [24].

Myeloperoxidase (MPQ) activity in colon
tissue

Another part of tissues (0.1 g) were thawed and
mixed with phosphate buffer (5 mL) containing
HTAB (0.5% wi/v) and sent to homogenizer (3
cycles for 45 sec with 60 sec intervals). The
obtained solution was sonicated (10 sec) and
centrifuged (4000 rpm for 15 min). Next,
phosphate buffer (2.9 mL) containing H,0,
(0.005%) and ODZ (0.167 mg/mL) was mixed
with supernatant (100pL). The absorption at 450
nm wavelength was recorded to determine the
activity of MPO at 0 and 3 min [25]. The activity
of MPO was expressed as U/g of wet colon
weight.

Malondialdehyde (MDA) content in colon
tissue

The last part of frozen tissue (0.1g) was mixed
with 1 mL of potassium chloride (1.15% v/w)
and homogenized. The supernatant was collected
after centrifuge (1200 rpm for 10 min) to
determine MDA content using a commercial
assay kit. Next centrifuge was done again at 3000
rpm (15 min), and the absorption at 532 nm was
recorded and its levels were determined
according to the formula: MDA level (nmol/mL)
= (MDA OD - 0.0433) / 0.1982 [21].

Statistical analysis

The data are presented as either mean + SD or
median (range). Statistical significance level was
p<0.05. Differences between experimental
groups were reported after one-way analysis of
variance (ANOVA) test with Tukey post hoc
analysis for parametric data. The Mann-Whitney
U test analyzed the non-parametric data using the
SPSS statistical version 16.0.

Results and Discussion

In our study based on the Folin-Ciochalteu assay,
polyphenols were about 40.8 and 72.8 mg in
aqueous and hydroalcoholic extracts GAE/g,
respectively (Table 2). In the study conducted by
Vieito et al., the amount of polyphenols in bark
extract of P. pinaster was equivalent to 63.8 mg
GAE/qg of extract which is near to our results [26].
If polyphenolic substances are considered as one
of the main components of the effective
substances of pine’s bark, it can be expected that
P. eldarica and P. pinaster have similar
biological and therapeutic properties [16]. Total
flavonoids and proanthocyanidins obtained from
aqueous and hydroalcoholic extracts were 0.27
and 0.44 GE/g and 74.1 and 94.8 AE/g of dried
extracts, respectively (Table 2). These results are
consistent with the study conducted by Kim et al.,
who represented that pine flavonoids and
proanthocyanidins were better extracted by
ethanol than water, and therefore had a higher
yield value [17].

Table 2. Pinus eldarica bark extracts yield value and main components

Extract Yield value (w/w) Dry weight (mg) Polyphenols (GAE/g) Flavonoids (QE/g)  Proanthocyanidins (CE/g)
PEAE 18.3+2.8 520 mg + 46.7 40.8+3.8 0.27 £0.07 74140
PEHE 9.2+1.2 720 mg + 53.6 72.8+6.7 0.44 £ 0.07 948+7.1

PEAE: Pinus eldarica aqueous extract; PEHA: P. eldarica hydroalcoholic extract; GAE/g: gallic acid equivalent/g of dried
extract; QE/g: quercetin equivalent/g of dried extract; CE/g: cyanidine equivalent /g of dried extract; data are meant SD (n=3)

Table 3. The effects of Pinus eldarica bark extracts on macroscopic parameters of experimental colitis

Groups Ulcer area (cm?) Ulcer score (0-3) Ulcer index (0-8) Weight of colon (g/8cm)
Normal 0.00 +0.00 0.00 £ 0.00 0.00 £ 0.00 0.52 +0.07
Control 5.52 + 0.77### 2.66 (2-3)#H 8.60 + 0.96### 1.45 + 0.15###
PEHE100 2.02 £0.92* 1.33(0-3) * 3.78 £ 1.50* 1.17 £ 0.12*
PEHE200 253+151 1.66(0-3) 3.50 + 1.40* 1.26 +0.10
PEHE400 3.60 +0.40 1.83 (1-3) 4.30 +1.08* 1.29 + 0.09
PEAE100 1.73+0.83* 1.16 (0-2)* 2.92 +1.30% 1.10 + 0.05*
PEAE200 0.96 + 0.47*** 0.66 (0-2)** 1.60 + 0.79*** 0.98 + 0.09***
PEAE400 3.71+£0.70 1.83 (0-3) 4.71 £ 1.30* 1.34+0.19
Dexa.l 0.84 + 0.40*** 0.5 (0-2)*** 1.41 +0.95*** 0.95 + 0.07***
Mesa.150 0.93 + 0.61*** 0.66 (0-2)*** 1.22 + 0.66** 0.72 + 0.05***

PEAE: Pinus eldarica aqueous extract; PEHE: P. eldarica hydroalcoholic extract; Dexa.1: dexamethasone (1mg/kg); Mesa.150:
mesalazine (150 mg/kg); * p<0.05, ** p<0.01, *** p<0.001 significant difference compared with control group; ### p<0.001
compared with normal group; data are mean+ SD (n=6) or median (range) for scores
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We investigated the anti-inflammatory potential
of P. eldarica two extracts via evaluation of
different  macroscopic and  microscopic
parameters and MPO, MDA levels in rats. The
induction of acute colitis via acetic acid was
confirmed according to the significant difference
between all macroscopic, microscopic and
biochemical results versus normal rats (Tables 3,
4 and Figures 1-4).

The findings represented that the reduction of
macroscopic parameters including ulcer severity,
ulcer area, and ulcer index overall as well as the
weight of colon-separated (8 c¢m) were
diminished compared to the control animals.
Unexpectedly, with increasing the dose of the
extracts, especially hydroalcoholic one, the
effectiveness decreased (Tables 3, 4), in a way
that the dose of 400 mg/kg of this extract was
ineffective on most macroscopic and microscopic
parameters. Also, the lowest dose (100 mg/kg) of
aqueous extract showed better results (Tables 3,

4). These results might indicate that some non-
beneficial substances in the extracts, which are
present in small amounts, might become more
prominent with the increase of the dose and
counteract the beneficial effects of the whole
extract [27]. Toxicology studies on Tehran pine
extract have shown that it has been safe in both
single acute (2000 mg/kg) and multiple sub-acute
(125, 250 and 500 mg/kg/day for 28 days) tests.
The only adverse effect with the highest dose
examined was inflammation in the liver and
kidney, which has been claimed to have no effect
on the functional and biochemical parameters of
these organs [28]. Following the administration
of aqueous and hydroalcoholic extracts, the levels
of MPO and MDA declined significantly (p<0.05)
compared to the control group (Figures 3, 4).
Even by increasing the dose of extracts to 400
mg/kg, this reduction was meaningful, indicating
the presence of antioxidants and anti-
inflammatory ingredients in both extracts [15,16].

Table 4. The effects of Pinus eldarica bark extracts on pathological parameters of experimental colitis

Groups Inflam. score Inflam. extent Leucocyte infiltratin Crypt damage Total colitis index
(0-3) (0-3) (0-3) (0-4) (0-13)
Normal 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
Control 3.0 (2-3) ### 3.0 (2-3)##t 3.0 (3-3)##t 4.0 (2-3) ### 13.0 (9-13) ###
PEAE100 2.0 (1-3)* 1.5 (1-3)** 1.5 (1-2) *** 1.5 (2-3)** 6.0 (6-11)*
PEAE200 1.5 (2-3)** 2.0 (1-3)* 1.5 (1-3) ** 2.0 (1-3) * 7.5 (6-11)*
PEAE400 2.5 (1-3) 2.5 (2-3) 2.0 (2-3) 3.0 (2-3) 10.0 (8-12)
PEHE100 1.5 (1-3)** 1.0 (1-2)*** 1.0 (0-2)*** 1.5 (2-3)** 5.0 (5-10)**
PEHE200 1.5 (0-2)*** 1.0 (1-2)*** 1.0 (1-3)*** 0.5 (0-2) **=* 4.5 (3-7)**
PEHE400 3.0 (2-3) 2.5 (2-3) 3.0 (3-3) 3.0 (2-3) 115 (9-12)
Dexa. 1 1.0 (1 -2)*** 0.5 (0-2)*** 1.0 (0-2)*** 0.5 (0-2)*** 3.0 (2-7)***
Mesa.150 1.5 (1-2)*** 0.5 (1-2)*** 1.0 (1-3)*** 1.5 (1-2)*** 4.0 (3-8)**

PEAE and PEHE: Pinus eldarica aqueous and hydroalcoholic extract 100, 200, and 400 mg/kg, respectively; Dexa.l:
dexamethasone (1 mg/kg); Mesa.150: mesalazine (150 mg/kg); Inflam: inflammation * p<0.05, ** p<0.01, *** p<0.001
significant difference compared to control group; ### p<0.001 compared to normal group; Data are median (range) for scores.

Figure 1. Macroscopic view of colitis in rats; (A) normal colon receiving normal saline; (B) control colitis receiving normal
saline; (C, D, E) colitis treated with three doses of aqueous bark extract of Pinus eldarica (100, 200, 400 mg/kg, respectively); (F,
G, H) colitis treated with three doses of hydroalcoholic bark extract of P. eldarica (100, 200, 400 mg/kg, respectively); (I) colitis

treated with dexamethasone (1 mg/kg); (J) colitis treated with mesalazine (150 mg/kg)

65



Minaiyan M. et al.

Figure 2. Microscopic view of rat’s colon tissue stained with H&E (10 x magnification); (A) normal colon receiving normal
saline; (B) control colitis receiving normal saline; (C, D, E) colitis treated with three doses of aqueous bark extract of Pinus
eldarica (100, 200, 400 mg/kg, respectively); (F, G, H) colitis treated with 3 doses of hydroalcoholic bark extract of P. eldarica
(100, 200, 400 mg/kg, respectively); (1) colitis treated with dexamethasone (1 mg/kg); (G) colitis treated with mesalazine (150
mg/kg); the features were marked with blue arrow (normal tissue containing normal mucus), green arrow (normal sub-mucosal
layers), black arrow (ulcers and crypt damage), and yellow arrow (thickness of the sub-mucosal layer and leukocyte infiltration).
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Figure 3. Myeloperoxidase (MPO) activity obtained from the colon tissue in experimental rats; PEAE and PEHE: Pinus eldarica
aqueous and hydroalcoholic extract 100, 200, and 400 mg/kg, respectively; Dexa.l: dexamethasone (1 mg/kg); Mesa.150:
mesalazine (150 mg/kg); data are mean = SD (n=6); *p<0.05, ** p<0.01, and *** p<0.001 compared with control group; ###
p<0.001 compared with normal group
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MDA, an organic compound, is produced during
the peroxidation of unsaturated fatty acids via
free radicals and it is considered a valuable
oxidative stress marker [29]. MPO, as a
peroxidase enzyme, is naturally produced in the
granules of neutrophils and is released into the
extracellular space after neutrophil degranulation.
This enzyme is a marker to assay the level of
leukocyte infiltration, inflammation and oxidative
stress indirectly in tissues [30]. Based on this fact,
successful induction of colitis in colon tissue was
verified in the control group due to the high level
of MDA (oxidative stress marker), MPO (an
inflammatory marker), and leukocytes infiltration
(Table 4, Figures 3, 4). Since higher doses of the
extracts could not significantly reduce colitis
indices in the treatment groups, it can be
concluded that other mechanisms plus
antioxidant effects could improve colitis
complications [31]. Overall, the effect of Pinus
eldarica hydroalcoholic extract was better
compared to aqueous one which might be
associated with higher levels of effective

beneficial compounds like  polyphenols,
flavonoids, and proanthocyanidins in the
hydroalcoholic extract. It seems that the

hydroalcoholic solvent is a more suitable medium
for chemicals extraction with anti-colitis
properties [26]. In the groups that received the
reference drugs, dexamethasone and mesalazine,
all macroscopic and microscopic indices besides

the MPO and MDA level were considerably
lower than the control group (p<0.01). This
effective reduction of indices via reference drugs
indicated that anti-inflammatory mechanisms
were probably mediated by both corticosteroid
and non-corticosteroid receptors [32].

The bark extract of Tehran pine is rich in
phenolic compounds that present antioxidant and
anti-inflammatory effects. Catechin and taxifolin
are major components of these compounds [15].
Huseini et al., identified eight polyphenols in the
extract of P. eldarica nuts among which catechin,
epicatechin, and tyrosol showed the highest
amounts [33]. The presence of high amounts of
catechin and procatechin in the bark extract of
French pine (pycnogenol) has also been proven,
and many biological effects, including
antioxidant, anti-hyperglycemic and trapping free
radicals, are attributed to these substances [34].
Considering the presence of significant amounts
of gallic acid and tannins in pine bark extracts
and the fact that tannins play a protective and
healing role in colon ulcers, the effectiveness of
the extracts can also be attributed to these
substance [35].

In addition, flavonoids such as proanthocyanidins
and flavonols were extracted from the leaf extract
of Tehran pine in Kaundun et al., study [36].
Flavonols such as quercetin and kaempferol were
also frequently identified. Flavonoids prevent the
prostaglandins  biosynthesis and  neutrophil
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degranulation, and reduce arachidonic acid
releasing, which is a precursor to prostaglandins
[37]. In addition, flavonoids inhibit inflammatory
cytokines such as IL-6, IL-7 and TNF-a. Also
some flavonoids inhibit the NF-xB pathway,
which leads to a decrease in the production of
TNF-a and IL-1 as the key elements in the
activation of inflammatory cells. The reduction of
IL-1 synthesis by this group of compounds in
turn leads to the reduction of IL-2 and TNF-a
production [38]. Quercetin as a common
flavonoid present in pine extract, is one of the
most prominent dietary antioxidants that exhibits
a wide range of biological activities. Its
beneficial health effects were approved in cancer,
diabetes, hypertension, and aging. In IBD,
guercetin exerts its anti-inflammatory effects by
improving the intestinal mucus barrier,
modulating local immune homeostasis, and
suppressing oxidative stress. Although it’s oral
bioavailability is low, its optimal plasma levels
can be obtained with repeated administration [39].
The authors attributed part of the anti-
inflammatory and anti-ulcerative effects of
Tehran pine to the presence of flavonols and
flavonoids [36]. However, the antioxidant effect
alone is not enough for anticolitis property and it
is reflected in many parameters which cannot be
fully evaluated by measuring MDA value [40].
The extracted compounds from P. eldarica from
Iran include o-pinene, caryophyllene oxide,
camphor, B-caryophyllene, and myrtenal besides
a significant amount of polyphenolic compounds.
Basholli-Salihu et al., demonstrated that a-pinene
may possess an anti-inflammatory activity due to
the decline in secretion of cytokines (IL-1p, IL-6,
and TNF-a) which is induced by
lipopolysaccharide [41]. Alpha-pinene is a key
compound found in all pine species. In this study,
due to the lack of adequate funds, we failed to
measure inflammatory mediators and cytokines
such as IL-1B, IL-6, TNF-a and NF-«kB in the
colon tissue so, these evaluations are
recommended for future studies. Also, since the
colitis induction model with acetic acid is an
acute inflammatory and ulcerative model, it is
recommended to investigate the therapeutic effect
of Tehran pine’s extracts in a chronic model such
as dextran sulfate sodium- induced model.
Considering the positive effects of Tehran pine
extracts and their effective mechanisms in
reducing colitis ulceration and inflammation, it is
needed to formulate the active compounds of this

plant and utilize them as adjunct or alternative
therapies to conventional drugs after well-
conducted clinical trials. It seems that these novel
formulations could improve IBD and diminish
the adverse effects of commonly used
medications.

Conclusion

Treatment with aqueous and hydroalcoholic
extracts of P. eldarica showed the potential to
reduce various features of experimental
ulcerative colitis. In fact, specific active
ingredients of P. eldarica responsible for anti-
inflammatory, anti-oxidant, and wound healing
properties have been isolated; however, their
absolute role in colitis prevention and/or
treatment should be investigated.
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