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Abstract

Background: X-ray exposure can result in acute or chronic damage to lung tissue, leading to
pneumonitis and fibrosis. Given the potent antioxidant properties of sumac, this study investigates the
impact of hydroalcoholic sumac extract on X-ray-induced pulmonary fibrosis in rats.

Methods: In this experimental study, 36 rats were randomly divided into six groups of six rats each.
The treatment and sham groups received intraperitoneal administration of the extract daily for one week
before exposure to X-ray radiation. On the seventh day, all rats except those in group 3 were exposed
to 2 Gy of 6 MV X-rays using an electro-linear accelerator. Lung tissue was subsequently removed to
assess the subacute effects of the extract. Data analysis involved independent sample t-tests and one-
way ANOVA using SPSS 26.

Results: A single dose of X-rays significantly increased oxidative stress and lung tissue damage in rats.
However, rats receiving vitamin C and hydroalcoholic sumac extract at two different doses (100 and
400 mg/kg intraperitoneally) positively improved lung damage and decreased antioxidant parameters.
Conclusion: The findings demonstrate that hydroalcoholic sumac extract can mitigate oxidative stress
and enhance lung repair following X-ray radiation exposure.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is the susceptible to oxidative stress. Exogenous

most common type of idiopathic interstitial
pneumonia, characterized by progressive
dyspnea, loss of lung function, and a
deteriorating quality of life. It is more
prevalent in men and less common in
individuals under 50 years.

The etiology of IPF is not clear, but
research suggests that oxidative-nitrosative
stress plays a significant role in producing
reactive oxygen and nitrogen species, leading
to cellular damage. Inadequate antioxidant
defenses exacerbate this stress. Due to its
exposure to relatively higher oxygen tensions
compared to other tissues, the lung is

oxidants and pollutants can further increase
oxidant generation and activate inflammatory
cells, producing free radicals. Factors such as
smoking, drug exposure, and radiation
contribute to fibrotic interstitial lung reactions
and trigger the generation of reactive oxygen
species (ROS).

The high penetrating power of y-rays and X-
rays has been approved due to low linear energy
transfer (LET). Exposure to X-rays can lead to
the production of free radicals through the
radiolysis process. When these free radicals
collide with biological molecules, they may
cause cellular lipid peroxidation and DNA
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damage (5). The lung is a susceptible organ to
radiation. Radiation can cause acute or chronic
lung damage, depending on the dose, duration,
and pre-existing lung disease (6). Acute
radiation damage usually occurs between two
weeks and three months after treatment, and this
damage is usually limited to the irradiated area.
Mild injury often resolves without treatment,
while more severe injury 6 to 12 months later
leads to fibrosis. The main side effects of
radiation therapy on the lungs are pneumonitis
and fibrosis. Fibrotic changes in the lung result
from interactions between different types of
cells that involve the production of
inflammatory and fibrotic cytokines by cells
such as macrophages and fibroblasts. Increased
expression of pro-inflammatory and pro-
fibrotic cytokines plays a crucial role in fibrosis
(7). Inflammation begins as a mechanism to
protect and repair damage to natural tissue
caused by radiation. When the balance between
prophylactic and anti-inflammatory processes
is disturbed, the state of chronic inflammation
can lead to further tissue damage. Both
pneumonitis and fibrosis can significantly
affect patients' quality of life (8).

Given the fundamental role of oxidative
stress in developing IPF, antioxidant therapy is
an attractive and rational treatment approach.
Natural antioxidants have more advantages and
fewer side effects than synthetic ones (9).

Sumac (Rhus coriaria L) is a
dicotyledonous flowering plant of the genus
Rhus that belongs to the Anacardiaceae family.
Sumac is a commonly used spice, condiment,
and flavoring agent employed in traditional
medicine to treat hemorrhoids, diarrhea, wound
healing, eye inflammation, and ulcers. It
contains several chemical compounds with
intense  antioxidant  activity, such as
anthocyanins, tannins, and flavonoids. Recent
epidemiological studies strongly suggest
consuming some plants containing these
substances to reduce the risk of chronic diseases
due to oxidative distress. The antioxidant
activity of sumac is significant, with the highest
activity at a concentration of 250 mg/kg
(10,11). Recent studies have shown that the
aqueous methanolic extract of sumac fruit has a
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high antioxidant capacity. In addition, the
protective role of Rhus coriaria L. extract
against UV-A damage has been reported (12).

Due to the potent antioxidant activity of
sumac and the importance of management of
IPF considering its poor survival and increasing
trend, in this study, we assessed the effect of
hydroalcoholic extract of sumac on pulmonary
fibrosis induced by X-ray in rats.

Materials and Methods
This experimental study was conducted on 36
rats (180-200 g) prepared from the animal
house of the Hamedan University of Medical
Sciences in 2021. Animals were kept in the
animal room for one week to adapt to the new
environment at a temperature of 22 + 1 ° C
under a 12/12-hour dark light and randomly
assigned to six groups (n=6 per group, three
animals for acute test and three animals for
subacute test) as follows:
1) Negative control group: This group received
no radiation and medicine.
2) Positive control group: This group received
only X-ray.
3) Treatment group: This group received
intraperitoneal injection of vitamin C.
4) Sham group: This group received only sumac
extract at 400 mg/kg.
5) Treatment group: This group was subjected
to X-ray, followed by the administration of the
hydroalcoholic extract of sumac at 100 mg/kg.
6) Treatment group: This group was subjected
to X-ray, followed by the administration of the
hydroalcoholic extract of sumac at 400 mg/kg.
Rats in the treatment and sham groups
received the extract intraperitoneally every day
for one week before receiving X-ray radiation.
On the seventh day, all rats except group 3 and
1 were taken to Mahdieh Imaging Center,
Hamedan, anesthetized with ketamine, and
exposed to 2 Gy from 6 MV X-rays by an
electro-linear accelerator (Elekta, Sweden). The
rats were returned to the laboratory, and three
rats from each group were sacrificed using
ketamine/xylazine. Their lung tissue was
removed to evaluate the acute effects of X-rays.
The rest of the rats received the recommended
extract dose daily for another two weeks. They


http://dx.doi.org/10.61186/rbmb.13.2.231
http://old.rbmb.net/article-1-1368-en.html

[ Downloaded from old.rbmb.net on 2026-06-15 ]

[ DOI: 10.61186/rbmb.13.2.231 ]

Sumac Inhibit X-Ray-Induced Pulmonary Fibrosis

were then sacrificed using ketamine/xylazine,
and their lung tissue was removed to assess the
subacute effects of the extract. Part of the
tissues was kept in formalin for histology
examination and other parts were stored in the
freezer at -80 °C.

Measurement of lipid peroxidation (LPO),
total antioxidant capacity (TAC), superoxide
dismutase (SOD) activity, myeloperoxidase
activity, glutathione peroxidase (GPx) activity,
nitric oxide (NO) levels, and hydroxyproline
levels were performed using kits provided by
the Kiazist Company, Iran, and histological
examination of lung tissue.

Measurement of superoxide dismutase activity
To assess SOD activity, 20 mg of tissue was
lysed by homogenizer in Phosphate-buffered
saline (PBS) inside an ice bucket and then
centrifuged at 16,128 RCF at 4 °C for 15
minutes. The supernatant was frozen in a new
tube at -80 °C for analysis. To measure of SOD
collected samples, the kit’s solutions were
warmed to the room temperature. In plate wells,
first, 20 pl of the sample was poured, then 100
pl of SOD assay reagent, and after adding
Xanthine oxidase (XO) working solution, the
plate was gently shaken to mix the materials
inside the wells, followed by incubation at 37
°C for 37 minutes. Finally, the absorbance was
read at 570 nm with an ELISA reader (Biotek,
USA). The activity was expressed as the
inhibition rate percentage.

Measurement of glutathione peroxidase activity
Twenty milligrams of lung tissue were lysed
using a homogenizer in phosphate-buffered
saline (PBS) while kept on ice. The lysate was
then centrifuged at 16,128 RCF for 15 minutes
at 4 °C. Then, 50 pl of the sample was poured
into the wells of the plate, and then 37 ul of Gpx
Buffer 1x was added, followed by pouring 10 pl
of Enzyme working solution into the plates and
finally adding 3 ul of Co-substrate solution,
mixing the plate well to mix the ingredients. It
was then incubated at room temperature and
dark for 15 minutes. Then, 10 pl of H202
working solution was poured into all wells and
mixed well to start the reaction immediately.

The adsorption was then read immediately at
340 nm for 5 minutes and every minute in
kinetic mode with ELISA reader Biotek. The
enzyme activity was considered as Mu/ml.

Measurement of total antioxidant capacity
Twenty milligrams of lung tissue was lysed
using a homogenizer in phosphate-buffered
saline (PBS) and then centrifuged at 16,128
RCF for 15 minutes at 4 °C. First, 30 pl of the
sample was poured into each well. Then, PBS
Buffer was used as a blank and 30 pl of this
solution was added to the blank well.
Afterward, 150 pl of TAC solution was added
to each well and the plate was incubated at room
temperature for 30-60 minutes. Finally, the
plate absorbance was read at a wavelength of
450 nm.

Measurement of MDA lipid peroxidation
Twenty milligrams of lung tissue was washed
with phosphate-buffered saline (PBS) buffer.
Then, 300 ul of Malondialdehyde (MDA) Lysis
buffer was combined with 3 pl of Butylated
hydroxytoluene (BHT) 100X and the sample
was homogenized on ice (Kiazist Company,
Iran). The resulting homogeneity was
centrifuged at 6,000 G for 10 minutes. Then,
200 pl of the sample or blank and standard was
added to each microtube, followed by 600 pl of
TBA solution. The microtube lids were tightly
closed with parafilm and incubated at 95 °C for
60 minutes. They were cooled at room
temperature for 10 minutes. Then, 200 pl of the
sample or standard supernatant was transferred
to a 96-well plate, and its absorbance was read
at 532 to 560 nm.

Measurement of myeloperoxidase activity

Twenty milligrams of lung tissue was lysed
using a homogenizer in 1x Myeloperoxidase
(MPO) buffer, kept in an ice bucket, and then
centrifuged at 16,128 RCF for 15 minutes at 4
°C. Then, 40 pl of sample or sample control was
added to each well. Afterward, 50 pl of reagent
mix one was added to the sample wells,
followed by incubation at room temperature for
120 minutes. Then, 10 pl of stop reagent
working solution was added to all wells except
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the standard and incubated at room temperature
for 10 minutes. In the next step, 30 ul of reagent
mix2 was added to all samples and their
controls and incubated at room temperature for
10 minutes. In the end, we read the absorption
at 405 nm.

Measurement of hydroxyproline

After transferring 20 mg of tissue to a clean
microtube was homogenized in 100 pl of
deionized water. Then, 100 ul of HCL (12 M)
was added and incubated at 120 °C for 4 hours.
First, we added 20 pl of sample or standard to
each well. The assay buffer was used as a blank.
Then, 20 pl of this solution was added to the
blank wells. Then, 100 pl of oxidation solution
was added to each well and incubated at room
temperature for 15 minutes. Afterward, 100 pl
of chromogen solution was added to the well
and baked at 60 °C until a purple-orange color
appeared. The absorption was read at 560 nm.

Measurement of nitric oxide

After homogenizing 20 mg of tissue in the NO
buffer with a homogenizer, it was centrifuged at
16,128 RCF for 15 minutes at 4 °C. Then, 100
ul of the sample was mixed with 120 pl of the
prepared MasterMix and then incubated at
room temperature until the wells’ color changed
from light pink to purple. At the end of the
incubation, we read the sample absorption at
545 nm with ELISA reader Biotek.

Histopathology procedure

About a quarter of the posterior part of the right
lip of each rat's lung was placed in a 10%
Formalin buffer solution. After stabilization for
at least 24 hours, tissue processing was
performed, including dehydration steps using
ascending ethanol concentrations, xylene
clarification, and paraffin impregnation. After
molding, the blocks were cut with a microtome
and the tissue sections (5-6 um) were stained
with hematoxylin and eosin (H&E), and
Masson's trichrome. The slides prepared by the
pathologist were examined and analyzed using
light microscopy (CX41, Olympus, Japan)
equipped with a digital camera (DP25,
Olympus, Japan).
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Statistical analysis

In this study, sample analysis in each test was
performed in duplicate and the result was
reported as Mean + SD. The independent
sample t-test was used to compare two different
groups and more than two groups. The one-way
analysis of variance (ANOVA) and Tukey’s
post hoc test were used to compare more than
two groups using SPSS 26 at a significance
level of 0.05.

Results

Effect of the sumac extract on
Myeloperoxidase levels in the lung tissue
There was no statistically significant difference
in the acute group compared to the positive
control group in myeloperoxidase (MPO)
levels. Also, there was a statistically significant
difference between the Sham, treatment with a
dose of 400 mg/kg, treatment with a dose of 100
mg/kg, and treatment with vitamin C compared
to the negative control group in the acute group
(P<0.05).

The antioxidant content of the group
receiving 400 mg/kg of sumac extract was equal
to that of the group receiving vitamin C.
However, these two groups' antioxidant content
was higher than those receiving 100 mg/kg of
sumac hydroalcoholic extract.

There was no statistically significant
difference in the subacute group compared to
the positive control group in MPO levels. There
was a statistically significant difference in the
vitamin C group compared to the negative
control in the subacute group (P< 0.05). There
was a statistically significant difference
between the treatment with a dose of 100 mg/kg
between acute and subacute groups (P< 0.05).

Effect of the sumac extract on MDA levels in
the lung tissue
There was not statistically significant in MDA
levels in the acute group compared to the
positive control group. A statistically
significant difference was found in the vitamin
C group compared to the negative control group
(P<0.05).

There was no statistically significant
difference in MDA levels between the subacute
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and positive control groups. No statistically
significant difference was found between the
studied groups and the negative control group
in the subacute group. There was no statistically
significant difference between the studied acute
and subacute groups.

Effect of the sumac extract on SOD levels in
the lung tissue

There was no statistically significant difference
between the studied groups and the positive
control in the acute group regarding SOD
levels.

A statistically significant difference was found
in the acute group compared to the negative
control group (P< 0.05). The group receiving
sumac extract at 400 mg/kg showed better
antioxidant effects. Also, there was no
statistically significant difference between the
studied and the positive control groups in the
subacute groups.

There was a statistically significant
difference between the Sham, treatment at a
dose of 400 mg/kg, treatment at 100 mg/kg, and
vitamin C compared with the negative control
in the subacute group (P< 0.001). Also, there
was no statistically significant difference
between the acute and subacute groups.

Effect of the sumac extract on NO levels in the
lung tissue

There was a statistically significant difference
in the acute group compared to the positive
control group (P< 0.05). A statistically
significant difference was found in the acute
group compared to the negative control group
(P< 0.05).

In the sham group (receiving sumac extract
at 400 mg/kg), NO levels were lower than in
healthy rats receiving neither medication nor
radiation, indicating this extract's antioxidant
effects in healthy rats. Also, in the subacute
group, there was a statistically significant
difference between the group receiving the
extract at 100 and 400 mg/kg compared to the
group receiving only radiation (positive
control) (P< 0.05). According to the level of
antioxidants in the groups receiving sumac
hydroalcoholic extract compared to the group

receiving radiation, the extract could reduce the
amount of NO in these rats. In the subacute
group, there was a statistically significant
difference between the Sham, treatment at 400
mg/kg, treatment at 100 mg/kg, and vitamin C
groups compared to the negative control group
(P< 0.001). No statistically significant
difference was found between the acute and
subacute groups.

Effect of the sumac extract on hydroxyproline
levels in the lung tissue

In the acute group, there was a statistically
significant difference between the extract group
(400 mg/kg) and the vitamin C group compared
to the positive control group (P< 0.05). Also, in
the acute group, there was a statistically
significant difference between the treatment at
400 mg/kg, treatment at 100 mg/kg, and vitamin
C groups compared to the negative control group
(P< 0.05). Also, the rate of reduction in
hydroxyproline in the group receiving
hydroalcoholic sumac extracts was more
significant than in the vitamin C group (P< 0.05).
A statistically significant difference was found in
the subacute group compared to the positive
control group (P< 0.05). The groups receiving
vitamin C and the dose of 100 mg/kg of
hydroalcoholic extract of sumac showed better
antioxidant effects within 14 days of continuing
the injection. In the acute and subacute groups,
there was also a statistically significant
difference between the treatment group at a dose
of 400 mg/kg compared to the negative control
group (P< 0.05). In addition, there was a
statistically significant difference between sham,
treatment at a dose of 400, and vitamin C groups
in the acute and subacute groups.

Effect of the sumac extract on GPx levels in
the lung tissue
There was no statistically significant difference
between the studied groups and the positive
control group regarding GPx levels in the acute
group. Also, there was no statistically
significant difference between the studied and
the acute group's negative control groups.

In the subacute group, no statistically
significant difference was found between the
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studied groups and the positive control. There
was also no statistically significant difference
between the studied and negative control
groups. In addition, there was no statistically
significant difference between the studied acute
and subacute groups.

Effect of the sumac extract on TAC levels in
the lung tissue

In the acute group, there was no statistically
significant difference between the studied
groups compared to the positive control group
in TAC levels. Also, in the acute group, a
statistically significant difference was found
between the sham treatment at 400 mg/kg,
treatment at 100 mg/kg, and vitamin C groups
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compared to the negative control group (P<
0.001). The groups receiving vitamin C and
hydroalcoholic extract of sumac showed
increased TAC levels (Fig. 1).

In the subacute group, there was a
statistically significant difference between the
sham and positive control groups (P< 0.05).
Also, in the subacute group, there is a
statistically significant difference between the
sham, treatment at 400 mg/kg, treatment at 100
mg/kg, and vitamin C groups compared to the
negative control group (P< 0.001). There was
no statistically significant difference between
the studied acute and subacute groups (Figs. 2
& 3).

*%

100mg vitamin C control+

Acute

* %

100mg vitamin C control-
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Fig. 1. Effect of hydroalcoholic extract of sumac and vitamin C on HP levels in lung tissue of acute and sub-acute groups (P< 0.05)
versus control (P< 0.001) versus controls (A: Acute with control+, B: Acute with control- and C: Sub Acute with control+).
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Fig. 2. Effect of hydroalcoholic extract of sumac and vitamin C on SOD levels in lung tissue of sub-acute groups. *(P<
0.05) versus control-, ** (P< 0.001) versus controls.
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Fig. 3. Effect of hydroalcoholic extract of sumac and vitamin C on NO levels in lung tissue of sub-acute groups (P< 0.05) versus
control + **(P< 0.001) versus controls.
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Lung histology results the microscopic status of lung tissue (13).
A tissue cross-section was selected for each Sampling was done on two days at intervals of
group, and five fields were studied using x100 two weeks, and Masson's trichrome staining
microscope magnification. The morphological was done. The results of this section are shown
criterion of Ashcroft (1988) was used to grade in Fig. 4.
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Fig. 4. Masson's trichrome staining of lung tissue, Bubble (A), bubble wall (arrow), fibrous areas (star), collagen fibers
(arrow tip). Magnification = x 100, scale bar = um 100, A) the negative control group: The walls of the bubbles were thin,
and the bubble space was ample and natural (grade 1-0); B) the positive control group (acute group): lung tissue showed
pathological changes, including the formation of large areas of fibrosis due to inflammation and increased interstitial
connective tissue volume and collagen accumulation. The wall thickness of the bubbles increased, and the bubble space
decreased (grade 6);C) the positive control group (subacute group): On the 14th day, pathological changes, including the
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formation of large areas of fibrosis due to inflammation and an increase in the volume of interstitial connective tissue and
collagen accumulation have become more extensive and severe (grade 7) ;D) the vitamin C group (acute group): On the first
day, pathological changes and tissue damage were significantly eliminated (compared to other treatment groups). The bubble
space increased and the bubble wall diameter, as well as the amount of fibrous connective tissue, decreased (grade 2-3).; E)
the vitamin C group (subacute group). On the 14th day, pathological changes and lung tissue damage were resolved over
time (grade 2); F) the sham group (acute group): On the first day, the microscopic structure of lung tissue was normal. The
walls of the bubbles were thin, and the bubble space was large and natural (grade 1-0).; G) the sham group (subacute group):
On the 14th day, the microscopic structure of lung tissue was normal. The walls of the bubbles were thin and the bubble
space was ample and average (grade 1-0);.H) the sumac extract group (100 mg/kg) (acute group) On the first day, lung
damage reduced to a limited extent (grade 5); ) the sumac extract group (100 mg/kg) (Subacute group): On the 14th day,
lung damage reduced to a limited extent (grade 5); J) the sumac extract group (400 mg/kg) (acute group): On the first day,
lung damage, tissue inflammation, area of fibrosis, and bubble wall thickness significantly reduced (grade 4); K) the sumac
extract group (400 mg/kg) ( Subacute group): On the 14th day, lung damage, tissue inflammation, area of fibrosis, and bubble

wall thickness slightly decreased compared to two weeks ago (grade 3-4).

Discussion
Idiopathic pulmonary fibrosis (IPF) is a
deadly and progressively worsening lung
disease, with patients typically surviving less
than three years after diagnosis. It is marked
by fibrosis of the alveolar walls, excessive
scar tissue, and destruction of the lung
parenchyma, which lead to severe respiratory
issues and abnormal gas exchange. While the
exact cause of IPF is unknown, research
suggests that oxidative-nitrosative stress and
the resulting production of reactive oxygen
species (ROS) and reactive nitrogen species
(RNS) play a significant role in causing
cellular damage. These factors may contribute
to the disease by inducing epithelial-
mesenchymal transition (EMT). High levels
of oxidative stress can damage proteins,
lipids, carbohydrates, and nuclei, accelerating
disease progression. In addition to increased
oxidative damage markers in IPF patients,
such as exhaled ethane, NO, MDA, and
urinary isoprostane levels, oxidative stress
impacts lung  homeostasis, hindering
regeneration and repair processes (14-16).
While two  FDA-approved  drugs,
pirfenidone and nintedanib, are available for
treating idiopathic pulmonary fibrosis (IPF),
they only moderately slow lung function
decline and extend survival by about six
months. These drugs are not universally
effective and often come with significant and
sometimes intolerable side effects. No current
drug treatment can significantly improve the
quality of life for IPF patients or reverse
fibrosis. There is a pressing need for new

therapy options that provide health benefits
by targeting the critical oxidant-related pro-
and antifibrotic pathways rather than just
acting as antioxidants. Non-pharmacological
compounds with known mechanisms could be
promising candidates for such treatments (17-
18).

In this study, vitamin C and sumac extract
were used due to their antioxidant properties.
Antioxidant supplements help bolster the
lung's antioxidant defense, reduce oxidative
stress, and act as anti-inflammatory agents.
Over the past 50 years, antioxidants have been
shown to mitigate cellular damage caused by
ionizing radiation in animal models. Nutrients
like selenium compounds and vitamin E can
protect against radiation effects. Ascorbic
acid, a potent antioxidant, scavenges oxygen
and nitrogen oxide species (19-21). Research
has explored the use of drugs and supplements
with anti-inflammatory and antioxidant
effects as additional therapies for pulmonary
fibrosis and lung tissue damage caused by X-
rays. One study observed that oxidative stress
indicators did not significantly increase one
day after irradiation in four groups of mice,
but a notable increase was seen two weeks
later. It was also found that SOD activity and
GSH levels were significantly higher in the
irradiated groups. Another study examined
the radioprotective effects of watermelon on
oxidative damage in mice exposed to low-
dose X-rays. The results showed that
watermelon juice significantly reduced MDA
levels and enhanced intracellular antioxidant
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activities, including SOD inhibition activities
and GSH levels. Notably, SOD activity in the
lung tissue significantly increased in the
treated group compared to the irradiated
group. However, no significant increase in
GSH levels was observed in the lung, though
increases were noted in brain and liver tissues
(24,27).

Several studies have shown that sumac
extract pOssesses significant anti-
inflammatory and antioxidant properties,
useful for treating various inflammatory
diseases. For instance, research by Kosar et al.
found that sumac extracts and fractions
exhibit strong radical inhibitory activity, with
the highest phenolic content showing the
greatest free radical scavenging effects.
Sumac has also been shown to effectively
inhibit lipid peroxidation. Alsamri et al.
suggested that sumac’s protective effects are
due to its ability to increase the activity of
detoxifying enzymes like glutathione S-
transferase (GST) and its isozymes, GST-n
and GST-a. Additionally, gallic acid, a major
component of sumac, was found to reduce
H202-induced DNA damage in human
lymphocytes to a level similar to that of
sumac itself. In a study involving Wistar rats,
sumac extract administered either orally or
intraperitoneally (at doses of 200, 400, or 800
mg/kg) increased the total antioxidant
capacity (TAC). The antioxidant capacity in
treatment groups using sumac extract and
injectable vitamin C was significantly higher
compared to control groups (10,22-31).

Further research is needed to understand
the  molecular  mechanisms of the
hydroalcoholic extract of sumac. Developing
standard drug formulations could
significantly enhance these beneficial effects.
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