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Background: for a long time, natural bio-actives have been used to treat, cure, and prevent
illnesses. Fruit seed crude extracts have been found to have various beneficial biological
activities, such as anti-inflammatory, antioxidant, and antitumoral potential. Methods: this
study investigated quince seed extract made using absolute ethanol as a solvent regarding
flavonoid and phenolic content, as well as antioxidant, anti-inflammatory, and anticancer
properties. The extract was obtained using two methods, microwave-facilitated extraction and
sequential microwave-ultrasound-assisted extraction. Results: the extract from the
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microwave-facilitated method had higher flavonoid and phenolic content with superior
antioxidant activity. Hydroxyl free radical and DPPH assays' ICso were 121.04+1.10 and
112.98+1.02, respectively, compared to the sequential method, which had ICso values of
193.1940.86 and 187.23%+0.95. The microwave method also displayed significantly higher
inhibitory activity against inflammatory enzymes and selectivity against COX2 compared to the
sequential one. However, the extracts did not exhibit any antiproliferative effect on malignant
or healthy cellular lines at the applied concentrations, and they did not enhance the
effectiveness of 5-FU (5-Fluorouracil) in preventing the growth of cancerous cells. However, the
mutual application in general results in increasing the ICso value of 5-FU toward the healthy
cellular line (MCF-A10). Therefore, the mutual application of these extracts with 5-FU can be
seen as a protective measure. Conclusion: the crude extract obtained through the microwave-
facilitated method had better TPC, TFC, antioxidant, anti-inflammatory activity, and protective
potential than the sequential method.

2023 Iraqgi Journal of Pharmacy. Published by University of Mosul, Iraq,. This is an open access article licensed under CC BY:
(https:/ /creativecommons.org/licenses/by/4.0)

1. Introduction

Natural bio-actives have been successfully utilized for
treating, curing, and preventing illnesses for a very long
time. Today a large number of medications are natural or
synthesized from natural ingredients. Roughly 25% of
prescribed drugs are produced from plants (1). In addition,
the international community nowadays prefers natural
components over those of a synthetic origin in items used in
daily life (2).
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A growing number of the by-products produced by fruit
processing, including seeds, are typically discarded but may
instead be used as an unusual source of bi-actives. Based
on information about the output of fruits worldwide in 2013
and the presence of seeds in various crops fruits, the
amount of quince seeds has been estimated at 32-57
thousand tons, with a significant amount of these seeds can
be retrieved and wused as a natural source of
phytocompounds (3).

Quince (Cydonia oblonga Mill.) belongs to the Cydonia
genus, a Rosaceae family member. Quince is well known for
its nutritional benefits. The yellowish quince fruit is built
with two vertical rows of fixed-focus seeds. This fruit has
gained a lot of attention due to its antibacterial, anti-
inflammatory, and anti-ulcer properties. It is now
considered a cost-effective and easily accessible source of
valuable nutrients with biologically active plant chemicals.
However, there has been a few studies on its seeds (4,5).
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It is worth mentioning that oxidative stress and chronic
inflammation are recognized to play a role in the
development of cancer. These factors can lead to the
cancerous transformation of cells, promote tumor growth
and spread, trigger the formation of new blood vessels, and
alter tissue structure (6). In the past few years, numerous
studies on fruit seed crude extracts have revealed various
beneficial biological activities with promising applications,
including, anti-inflammatory, antioxidant, and antitumoral
activities as well as antiparasitic, antiviral, and
antimicrobial potential (7,8). In this scope, this study had
been conducted to measure the amount of phenolic and
flavonoid compounds present in quince seed ethanolic
extract and to assess its antioxidant, anti-inflammatory, and
cytotoxic effects.

2. Materials and Methods
2.1 Reagents and equipment

Sigma-Aldrich and Chemlab were used as sources for the
chemicals and solvents used in this study. An Expert from
the University of Mosul/College of Agriculture and Forestry
taxonomically distinguished the dried quince seeds after
they were obtained at a public market in Mosul. The
extraction processes were accomplished using a microwave
oven (Moulinex, MW531070, France) and a bath of water
fitted with an ultrasound generator (40 kHz-Power sonic
410, 350 W).

2.2 Quince seed’s extraction

To extract the seeds of Cydonia oblonga, the seeds were
ground and sifted into a fine powder. Thirty grams of the
powder were mixed with 300 ml of absolute ethanol in a
beaker, creating a solid-to-solvent ratio of 1:10. Two
methods were used for extraction. The first was microwave-
facilitated, where the sample was placed in a microwave
fixed at 180 W, rotating on a turntable for even heating, and
irradiated for 90 seconds. The second was microwave-
ultrasound-assisted, where the sample was first irradiated
in the microwave for 90 seconds, then transferred to the
bath and sonicated at 30°C for a period of 30 minutes. The
ethanol-based extracts were coded as Qu-1 and Qu-2, based
on the two extraction methods used, with number 1
representing the first method and number 2 representing
the second. After extraction, the extracts were vaporized
under reduced pressure (9).

Using ethanol as a solvent for extraction offers several
benefits. It is non-toxic, has preservative qualities,
evaporates quickly at low temperatures, and enables quick
absorption of the extract by the human body. Since ethanol
is safe for human usage, ethanolic extracts can be ingested
or applied directly to the skin. Furthermore, research has
shown that the ethanolic extract of quince seeds exhibits
superior in vitro biological activities compared to extracts
from other solvents (10,11).

2.3 Total phenolic content (TPC)

The colorimetric method developed by Folin-Ciocalteu was
used to calculate the TPC of each coded ethanol-based
extract. Briefly, from a mother solution of aqueous crude
solid of concentration 1 mg/ml, a daughter solution of 200
pl was diluted up to 3 ml using distilled water (DW) as a
diluent. The investigation was initiated by mixing the
daughter solution with 0.5 ml of the reagent (Folin-
Ciocalteu). Blending process lasted for a period of 3 minutes
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and was followed by treating the working blend with a 2 ml
volume of 20% aqueous NaxCOs. After the lab incubation out
of daylight for 1 hr. and at 650 nm, the visible absorbance
value was defined. From the gallic acid calibration curve, the
TPC was figured, and to certify the results, three
independent trials were conducted (12).

2.4 Total flavonoid content (TFC)

The TFC was identified using the colorimetric AICls
approach of each coded ethanol-based extract. In brief, from
a mother solution of aqueous crude solid of concentration 1
mg/ml, a daughter solution of 50 pl was diluted sequentially
to 1 ml using methanol as a diluent and up to 4 ml with
DW. The investigation was initiated by mixing the daughter
solution with an aqueous NaNO: solution (0.3 ml, 5%). After
a lab incubation period of 5 min, an aqueous AICl; solution
(0.3 ml, 10%) was added, and the working blend was
preserved in a light-free place for 6 min. The resultant
combination was treated with an aqueous NaOH solution (2
ml, 1N), and the volume in total was made equal to 10 ml
using DW as a diluent. The lab incubation out of daylight for
15 min was before the visible absorbance reading
measurement at 510 nm. The TFC was computed from the
already prepared calibration curve of rutin, and to confirm
the findings, three lab replicates were conducted (13).

2.5 Inspecting the antioxidant attribute

The original solution has a 1 mg/ml concentration, while
the diluted solutions have the following concentrations:
1000, 750, 500, 250, 125, 100, 50, and 25 pg/ml. For the
reference antioxidant drug, vitamin C (V-C), other
concentration levels were employed, comprehending 200,
100, 50, 25, 12.5, and 6.25 pg/ml. The diluents for the tests
of DPPH, *OH, and total reducing potential (TRP) were
ethanol, KsPO4 buffer (0.2 M, pH 7.8), and KsPO4 buffer (0.2
M, pH 6.6), respectively. Various assays for scavenging free
radicals, such as DPPH scavenging, Hydroxyl Reactive
Moiety-scavenging, and total reducing capacity, have been
performed in accordance with the references (4,14).

2.5 Inspecting the anti-inflammatory attribute
5-Lipoxygenase (5-LOX) antagonist assay

The solids afforded from vaporizing the extraction solvent
were tested using the 5-LOX antagonizing estimator, bought
from Sigma Aldrich and keyed 437996. In brief, daughter
concentration measurements ranging from 25 to 1000
pg/ml were prepared from a mother solution (1 mg/ml). The
concentration levels of the reference drugs, aspirin (ASA)
and celecoxib (CLB), were ranged from 0.25 to 64 pg/ml.
The assay blend is comprised of the explored enzyme (90 pl),
conventional chromogen solution (100 pl), specific sample
concentration (100 pl), and substrate (arachidonic acid, 10
pl, 0.1 mM). The absorbance scores were specified
spectrophotometrically at 490 nm after a 10-minute
gestation period in relation to the blank. These scores, with
their corresponding concentration measurements, were
employed to calculate the antagonist percentages, which
were then used to quantify the target ICso values (15).

Cyclooxygenase (COX) antagonistic assay

The COX (ovine/human) antagonizing forecasting model,
bought from Cayman and keyed at 560131 was employed in
this assay. The concentration levels of the mother and
daughter solutions are similar to those prepared in the 5-
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LOX assay. The researched enzyme (10 pl), Tris-HCl buffer
(0.96 ml, 0.1 M), and particular sample concentration (100
pl) make up the biomarker mixture. Following a 10-minute
gestation at 37°C, a substrate (10 pl, 0.1 mM) named
arachidonic acid was combined to the mix, and the resultant
blend was treated after 2 min with Ellman's reagent (50 pl, 1
M). In relation to the blank and at 410 nm, the absorbance
score of the test blend was specified, and the collected
scores were subsequently employed to calculate the
antagonistic percentages and the ICso scores (16).

2.6 Inspecting the anticancer attribute

In this inspection, the MTT-based sight approach was
used. In a nutshell, eight aqueous daughter solutions with
concentration levels ranging between 6.25 pg/ml and 800
pg/ml were created from an aqueous mother solution (1
mg/ml). 10,000 malignant/healthy cells were placed in a
welcoming cultural community in each assigned well of a
96-well arrangement and allowed to bioproliferate at 37 °C
for a 24-hr incubation time frame. The active cells within
each well were bioincubated separately with an assigned
concentration of the researched chemical-based entity or
reference drug at the same temperature but for a 72-hr time
frame when the cells had consistently adhered to the well
walls. A sight detector (28 pl, 3.27 mM), MTT, was planted,
and the culture medium was extracted out of the well before
the bioincubation was kept at 37 °C for 1.5 hrs. The
microarray analyzer was used to distinguish between
readings from treated (R treated) and untreated (R untreated) Wells
by measuring their optical absorbance values at 492 nm.
The cell growth inhibition percent (GP%) was calculated
using the formula (R untreated-R treated /R untreated) X100. The non-
linear regression equation used to determine the magnitude
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of ICso outlined the information of the GP% variable against
the matching log concentrations. The standard deviation
(SD) results across three distinct studies were calculated to
confirm the findings (14).

Two malignant cell lines named MCF-7 and HeLa and one
healthy cell line known as MCF-A10 were employed in this
inspection using 5-fluorouracil (5-FU) as a reference
anticancer drug.

3.1 Influence of mutual application

To evaluate quantitatively and qualitatively the effect of
individually applying each of the obtained extracts with 5-
FU against the two malignant and one healthy cellular line,
the previously described MTT-based methodology was
employed. The only variation is the application of each 5-FU
concentration with its corresponding concentration of a
defined extract (17). Scheme 1 outlines the steps that were
used to carry out this study.

release. Calcium channels are composed of 1, 2, and 3
subunits, as demonstrated by molecular biology methods
employing skeletal muscle L-type calcium channels. The
most important function is performed by the calcium
transmission channel, The L subunit specifically produces a
compound, and there have been twelve 1 subunits cloned as
well have also been cloned, and based on how similar their
gene sequences are, they have been grouped into 3
subdivisions called Cavl.x, Cav2.x, and Cav3.x (8).

Quince seeds |

Microwave facilitated
extraction

Both extracts subjected to:

Powder+ absolute

ethanol Seqguential microwave-
ultrasound extraction

‘ Total Phenolic and Flavonoid contents estimation | <:|

Estimation of the in-vitro antoxidant activity
DFPH scavenging, OH -scavenging, and total reducing capacity.

Inspecting the anticancer attribute and the mutual application |

Estimation of the in-vitro anti-inflammatory activity
S-Lipoxygenase (3-LOX) antagomist assay and Cycleoxvgenase (COX) antagonistic assay <:|

Scheme 1. An outline of the methodology that was used to conduct this study

3. Results and discussion

The world is currently facing a major health crisis caused
by chronic diseases like cancer, heart disease, and diabetes,
which have resulted in millions of people suffering from
disabilities and even death. To combat these diseases,

natural compounds known as phytochemicals, which are
non-nutrient compounds found in plants, can provide
various health benefits and offer protection against the
development of chronic diseases. Plant seeds, which are
widely distributed in many regions of the world, contain
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high quantities of these compounds, phenolics, in
particular, can scavenge endogenous and exogenous free
radicals. Additionally, polyphenols have the capacity to
influence intracellular signaling and activate endogenous
defense mechanisms, offering indirect security. Numerous
investigations into the seeds of Rosaceae plants have
shown a unique phenolic profile as well as a wide range of
intriguing phytocompounds (18-21). This led to the present
study, which aimed to scrutinize a number of biological
activities of quince seeds' ethanolic extract, which is
accomplished by two extracting methods.

3.2 Total phenolic and flavonoid contents estimation

Cydonia oblonga, a plant with a high concentration of
phenolic compounds, has been found to possess
antioxidant properties. These compounds act as hydrogen
donors, reducing agents, and effectively neutralizing free
radicals. The presence of phenolics in fruit, seeds, and peel
extracts of this plant indicates why it has been utilized in
traditional herbal remedies (22). Polyphenols, known as
flavonoids, are the most common type. Due to their
numerous phenolic OH groups, these compounds possess
a higher potential for antioxidant activity. Total flavonoids
show different trends from the data of total phenolics, as
flavonoids belong to the polyphenol compound class (23).

In the present study, the use of microwave extraction
technique resulted in a higher total phenolic (TPC) and
flavonoid content (TFC) compared to sequential microwave-
ultrasound-assisted extraction. This is evident from Table
1. An earlier research by Amin et al. also reported an
acceptable total phenolic content in the ethanolic extract,
which was prepared by mixing seed powder with ethanol
and chloroform and extracting it for 24 hours at a
temperature below the solvents' boiling points individually
(10).

3.3 Estimation of the in-vitro antioxidant activity

As of yet, no successful chemotherapy has been
discovered for the chronic illness caused by oxidative
stress. However, recent research has revealed that certain
(poly)phenolic compounds found in plants possess
antioxidative properties. It is known that there are
thousands of phytochemicals containing phenol rings with
varying structural elements. The phenolic compounds
found in seeds have been proven to lessen the danger of
diverse ailments such as coronary heart diseases,
inflammation, cancer, stroke, atherosclerosis, and
neurodegenerative diseases related to oxidative stress
(24,25).

Table 2 shows that the crude ethanolic extract obtained
through microwave extraction has higher antiradical
activity than the sequential microwave-ultrasound-assisted
extraction method. Both methods exhibited parallel
scavenging capacity to DPPH and hydroxyl free radicals as
in our previous study, but ultrasound extraction had
superior activity (4). The ethanolic extract of quince seeds
in our study has a higher free radical scavenging capacity
compared to other studies. For example, Shaida et al
found the ICso of DPPH neutralizing for the ethanol based
extract of quince seeds to be 299.98 ng/ml, while Amin et
al. reported ICso values of 361.68 pg/ml for DPPH
scavenging, for the ethanolic extract of quince seeds
(10,26). Our study's antioxidant activity results are
premium to those of earlier research, which may be due to
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the mechanical, physical, chemical changes resulting from
the extraction techniques used in our studies, resulting in
better extraction of phytochemicals with radical scavenging
potential. Moreover, it is worth noting that the antioxidant
response of phenolic compounds can vary depending on
their specific chemical structure (7,27).

3.4 Estimation of the in-vitro anti-inflammatory
activity

Inflammation is a complex process that occurs when
tissues react to irritation, infections, or trauma. This
process is employed in diverse ailments, including DM,
arthritis, and cancer. However, conventional treatments for
these inflammatory diseases, such as steroidal and
nonsteroidal anti-inflammatory drugs, can cause many side
effects. For this reason, researchers have been exploring
natural sources for new anti-inflammatory agents, as they
are typically thought to be more palatable and safer than
traditional medications. In this work, we assessed the
quince seed extract in vitro anti-inflammatory properties by
measuring its inhibitory activity against two inflammatory
enzymes, 5-LOX and COX (24,28,29).

3.5 Inspecting the anticancer attribute and the
mutual application

Cancer is a widespread disease that poses a significant
threat to human health globally. Traditional chemotherapy
treatments come with several side effects such as pain,
damage to the heart, liver, and kidneys. One of the most
effective drugs used in chemotherapy is 5-fluorouracil (5-
FU). However, it has a toxic effect on healthy tissues and
can cause tumors to develop resistance, limiting its
effectiveness in clinical applications. The use of natural
compounds can boost 5-FU's potency against cancerous
cells while reducing its negative side effects (30-32).

The results of three independent runs indicated that the
applied extracts exhibited an undetected antiproliferative
effect on neither malignant nor healthy cellular lines at the
applied concentrations. To verify the methodology used, the
ICso scores of the utilized 5-FU were compared with those
found in the literature. This comparison indicates the
validity of the methodology used, where the differences
between the obtained scores and those of the literature
were negligible. The former scores are 12.43+0.95,
13.39+1.01, and 42.33+0.97 for MCF-7, HeLa, and MCF-
A10, respectively. While the findings revealed that the
mutual application can’t potentiate the antiproliferative
activity of 5-FU at the concentrations used against the two
malignant cell lines. On the other hand, this mutual
application results in increasing the ICso value of 5-FU
toward the healthy cellular line (MCF-A10), as recorded in
the Table 4. The Qu-1 extract can elevate the ICso value of
5-FU more than the other extract. As a result, the effect of
the used extracts upon mutual application with 5-FU can
be considered protective.
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Table 1. Results acquired from the assessment of the TPC and TFC of the quince seeds' extracts

Extract code

TPC

TFC

(ng GAE/g crude solid)*SD (n=3) (ng RU/g crude solid)*SD (n=3)
Qu-1 2.2578+1.82 1.4901+1.76
Qu-2 1.0341+2.05 0.7342+1.53

GAE and RU are the abbreviations of the gallic acid and rutin equivalents.

Table 2. Results were acquired from investigating the in-vitro free radicals scavenging capacity of quince seeds' extract

Extract/reference code ICso (pg/ml)£SD (n=3)
DPPH -OH TRP
Qu-1 112.98+1.02 121.04+1.10 109.45+1.07
Qu-2 187.23+0.95 193.19+0.86 181.29+0.89
vV-C 48.52+1.02 50.21+£0.98 48.19+ 0.96

The results are presented as the average of three individual trials, expressed as ICso (ug/ ml)+SD. TRP is the abbreviation of total
reducing power.

Table 3. Results were acquired from investi

ating the in-vitro anti-inflammatory capacity of quince seeds' extract

Extract/reference COX1 COX2 Selectivity highlighter 5-LOX
code (SH)
Qu-1 52.16£1.02 45.22+0.92 1.15 62.77£1.01
Qu-2 210.23+1.05 197.34+0.96 1.07 102.84+1.08
ASA 3.57 £ 0.88 29.98 £0.98 0.12 23.89+1.02
CLB 7.42 +£0.93 1.49 £ 0.94 4.98 18.28+1.02

The results are presented as the average of three individual trials, expressed as ICso (ug/ ml)£SD. The SH is computed by dividing
the tested compound's ICso against COX1 by the ICso against COX2. The higher SH score, the more selectivity against COX2.

Table 4. Results were acquired from investigating the combined application of quince seeds' extract with 5-FU on healthy
cellular line

Healthy
cellular line

Codes of the reference antiproliferative

drug as well as the blends used

5-FU+Qu-1 5-FU+Qu-2 5-FU
MCF-A10 122.17+0.97 56.36+£0.89 42.33+0.97
The results recorded as ICso (ug/ ml)£SD (n=3)
(Qu-2). However, the extracts did not exhibit any

4. Conclusion

The ethanolic extract of quince seeds in this study was
examined for its TPC, TFC, potential antioxidant, anti-
inflammatory, and anticancer properties using two
methods: Microwave-facilitated and sequential microwave-
ultrasound-assisted extraction. The results showed that
the crude extract obtained through the microwave-
facilitated (Qu-1) method had better TPC, TFC, antioxidant
and anti-inflammatory activity than the sequential method
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antiproliferative effect on either malignant or healthy
cellular lines at the applied concentrations. Moreover, it did
not increase the antiproliferative activity of 5-FU against
the two malignant cell lines. Nonetheless, the extract
showed a protective effect when used with 5-FU. These
findings suggest that quince seed extract might be
beneficial in preventing and treating ailments related to
oxidative stress and inflammation. To ascertain the ideal
dosage and administration strategies and to better
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comprehend the underlying mechanisms of these effects,
more investigations are required.

5. Acknowledgments

The author praises the University of Mosul/College of
Pharmacy for providing resources that improve the quality
of this work.

6. References

10.

Tonin LT, Camargo JN, Bertan AS, Almeida IV,
Vicentini VE, Dusman E. Antitumoral activity,
antioxidant capacity and bioactive compounds of
ginger (Zingiber officinale). Acta  Scientiarum.
Technology. 2020;42:e45724-

Singh AK, Kim JY, Lee YS. Phenolic compounds in
active packaging and edible films/coatings: natural
bioactive molecules and novel packaging ingredients.
Molecules. 2022 Nov 3;27(21):7513.

Gornas P, Rudzinska M. Seeds recovered from
industry by-products of nine fruit species with a high
potential utility as a source of unconventional oil for
biodiesel and cosmetic and pharmaceutical sectors.
Industrial Crops and Products. 2016 May 1;83:329-38.

Khalil RR, Mohammed ET, Mustafa YF. Evaluation of
in vitro antioxidant and antidiabetic properties of
cydonia oblonga seeds’ extracts. Journal of Medicinal
and Chemical Sciences. 2022;5(6):1048-58.

Al-Snafi AE. The medical importance of Cydonia
oblonga-A review. IOSR Journal of Pharmacy. 2016
Jun;6(6):87-99.

Afonso AF, Pereira OR, Cardoso SM. Health-promoting
effects of Thymus phenolic-rich extracts: Antioxidant,
anti-inflammatory = and  antitumoral  properties.
Antioxidants. 2020 Sep 1;9(9):814.

Mustafa YF, Mohammed ET, Khalil RR. Antioxidant
and antitumor activities of methanolic extracts
obtained from Red delicious and Granny Smith apples’
seeds. Systematic Reviews in Pharmacy.
2020;11(4):570-6.

Fidelis M, de Moura C, Kabbas Junior T, Pap N,
Mattila P, Makinen S, Putnik P, Bursa¢ Kovacevi¢ D,
Tian Y, Yang B, Granato D. Fruit seeds as sources of
bioactive compounds: Sustainable production of high
value-added ingredients from by-products within
circular economy. Molecules. 2019 Oct 25;24(21):3854.

Gorgani L, Mohammadi M, Najafpour GD, Nikzad M.
Sequential microwave-ultrasound-assisted extraction
for isolation of piperine from black pepper (Piper
nigrum L.). Food and Bioprocess Technology. 2017
Dec;10:2199-207.

Amin T, Naik HR, Hussain SZ, Jabeen A, Thakur M.
In-vitro antioxidant and antibacterial activities of
pumpkin, quince, muskmelon and bottle gourd seeds.
Journal of Food Measurement and Characterization.
2018;12(1):182-90.

222

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Iraqi Journal of Pharmacy 20(Supp-01) (2023), 217-223

Mohammed ET, Khalil RR, Mustafa YF. Phytochemical
analysis and antimicrobial evaluation of quince seeds’
extracts. Journal of Medicinal and Chemical Sciences.
2022;5(6):968-79.

Babashpour-Asl M, Piryaei M. Free radical
scavengering and phenolic compounds of peel and
pulp of quince. International Journal of Horticultural
Science and Technology. 2021 Jan 1;8(1):91-101.

Velisdeh ZJ, Najafpour GD, Mohammadi M, Poureini
F. Optimization of Sequential Microwave-Ultrasound-
Assisted Extraction for Maximum Recovery of
Quercetin and Total Flavonoids from Red Onion
(Allium cepa L. Skin Wastes. arXiv preprint
arXiv:2104.06109. 2021 Apr 13.

Khalil RR, Mustafa YF. Phytochemical, antioxidant and
antitumor studies of coumarins extracted from Granny
Smith apple seeds by different methods. Systematic
Reviews in Pharmacy. 2020;11(2):57-63.

Jan MS, Shahid M, Ahmad S, Hussain F, Ahmad A,
Mahmood F, Rashid U, Ullah F, Khan N, Aasim M.
Synthesis of pyrrolidine-2, 5-dione based anti-
inflammatory drug: in vitro COX-2, 5-LOX inhibition
and in vivo anti-inflammatory studies. Latin American
Journal of Pharmacy. 2019 Jan 1;38(11):2287-94.

Bajaj S, Fuloria S, Subramaniyan V, Meenakshi DU,
Wakode S, Kaur A, Bansal H, Manchanda S, Kumar S,
Fuloria NK. Chemical characterization and anti-
inflammatory activity of phytoconstituents from
Swertia alata. Plants. 2021 May 31;10(6):1109.

Fernandez J, Silvan B, Entrialgo-Cadierno R, Villar CJ,
Capasso R, Uranga JA, Lombo F, Abalo R.
Antiproliferative and palliative activity of flavonoids in
colorectal cancer. Biomedicine & Pharmacotherapy.
2021 Nov 1;143:112241.

Zhang YJ, Gan RY, Li S, Zhou Y, Li AN, Xu DP, Li HB.
Antioxidant phytochemicals for the prevention and
treatment of chronic diseases. Molecules. 2015 Nov
27;20(12):21138-56.

Koztowska M, Gruczynska E, Scibisz I, Rudzinska M.
Fatty acids and sterols composition, and antioxidant
activity of oils extracted from plant seeds. Food
chemistry. 2016 Dec 15;213:450-6.

Mohammed ET, Mustafa YF. Coumarins from red
delicious apple seeds: Extraction, phytochemical
analysis, and evaluation as antimicrobial agents.
Systematic Reviews in Pharmacy. 2020;11(2):64-70.

Mustafa YF, Khalil RR, Mohammed ET, Bashir MK,
Oglah MK. Effect of chemical modification involving
phenolic hydroxyl group on the biological activity of
natural coumarins. Pakistan Journal of Medical &
Health Sciences. 2021;15(3):954-61.

Phuyal N, Jha PK, Raturi PP, Rajbhandary S. Total
phenolic, flavonoid contents, and antioxidant activities
of fruit, seed, and bark extracts of Zanthoxylum
armatum DC. The Scientific World Journal. 2020 Mar
16;2020.



Raghad Riyadh Khalil Iraqi Journal of Pharmacy 20(Supp-01) (2023), 217-223

23. Maulana TI, Falah S, Andrianto D. Total phenolic International journal of biological macromolecules. 2020
content, total flavonoid content, and antioxidant Jun 15;153:248-55.
activity of water and ethanol extract from Surian
(Toona sinensis) leaves. In IOP Conference Series: Earth 29. Nunes CD, Barreto Arantes M, Menezes de Faria
and Environmental Science (Vol. 299, No. 1, p. Pereira S, Leandro da Cruz L, de Souza Passos M,
012021). IOP Publishing. Pereira de Moraes L, Vieira 1J, Barros de Oliveira D.

Plants as sources of anti-inflammatory agents.

24. Truong DH, Nguyen DH, Ta NT, Bui AV, Do TH, Molecules. 2020 Aug 15;25(16):3726.

Nguyen HC. Evaluation of the use of different solvents

for phytochemical constituents, antioxidants, and in 30. Moutabian H, Majdaeen M, Ghahramani-Asl R,

vitro anti-inflammatory activities of Severinia buxifolia. Yadollahi M, Gharepapagh E, Ataei G, Falahatpour Z,

Journal of food quality. 2019 Jan 1;2019. Bagheri H, Farhood B. A systematic review of the
therapeutic effects of resveratrol in combination with

25. Guo Q, Li F, Duan Y, Wen C, Wang W, Zhang L, Huang S-fluorouracil during colorectal cancer treatment: With
R, Yin Y. Oxidative stress, nutritional antioxidants and a special focus on the oxidant, apoptotic, and anti-
beyond. Science China Life Sciences. 2020 Jun;63:866- inflammatory activities. Cancer cell international. 2022
74. Dec;22(1):1-4.

26. Shaida B, Singh NB, Singh K. In-vitro evaluation of 31. Gupta D, Guliani E. Flavonoids: Molecular mechanism
anti-inflammatory and anti-microbial properties of behind natural chemoprotective behavior-a mini
ethanolic extract of cydonia oblonga seeds. Journal of review. Biointerface Research in Applied Chemistry.
Scientific and Industrial Research. 2020;79(1):49-52. 2022;12(5):5983-95.

27. Kalisz S, Oszmianski J, Kolniak-Ostek J, Grobelna A, 32. Xiao Q, Zhu W, Feng W, Lee SS, Leung AW, Shen J,
Kieliszek M, Cendrowski A. Effect of a variety of Gao L, Xu C. A review of resveratrol as a potent
polyphenols compounds and antioxidant properties of chemoprotective and synergistic agent in cancer
rhubarb (Rheum rhabarbarum). LWT - Food Science chemotherapy. Frontiers in pharmacology. 2019 Jan
and Technolog. 2020 Jan 1;118:108775. 9;9:1534.

28. Hou C, Chen L, Yang L, Ji X. An insight into anti-
inflammatory effects of natural polysaccharides.

Jaohadl sl alal) A gy paliiall judal) b Adliaal) 4 ol gl Ladiy) ans

daval)

O 2l Ll 4eSa ) 5a Al clbaliival o (I dea sill &5 Lgia 448 1 5 (a3 el Lpagudall 4 ganll yualinl) alasiinl &5 Al gha 5 53l 1Aasial)
atull ) sh Galdiine 8 Al ol o3 g+l o)) 3 3aliae s BauSY) Cilasliae s (bl alias Li oSy @lldy dadall doa o gl ddaiaY)
i oo aall 3aliaa 5 (gD Balian 5 BauSO Balias deailiad 5 o sidll 5 353 8D (5 sinay GBlay Ladh udeS Slhall J YY) aladinly & sicadl)
O paliiual (5 ging @iliil) A seall (558 Cila sall Bae Lisay Juadisiall GBI 5 Cay g s ySaally (DAt ¢yl aladinly paliial e J ganl)
e DPPH 5 JsnS 550l 5 5all 5 hall cilia pad clS | 50800 slae o) Jalial ddbally J il 5 2y 58 6Dl (30 e s s (e (Y1) 43y )Ll
0.86 + 193.19 W ICsp af S Al ciplualuil) 48, Hlally 45 e ¢ il e ¢1.02 £ 112.985 1.10 + 121.04 JUSICsp < e
Alulal) &3yl 45 jlie COXp 2 Al s Aulgil¥) Sl 3y aca LIS e Uadie Ualts Wyl g g Sual) 35 5l a6l 10,95 + 187.235
tie b FU-5 dllad ) 3a0 ol Lol LS citidaall 380 5l aie dagludl f 2308 45 408 Lagladl) e FSl sliae il ol clbialaiua) el ol celld aa s
kel Gkl el (Sl alull (g 5lal) Jadll olaily FU-5 S et ICs0 e 334 () & alall aadail) =i clld g Agilda juall LAY s
5 G sima Gy Sl Al P e e Jaall & @) alal) paliiuadl OIS zUEWY) | G o) ja) Al FU-5 ae Glaliiudl o3¢l

Aalulall 48 Hlal) e Juadl dgmgall LAY 2008 LS 5 lileidD dliae Tl 5 30uSY1 Cilslizan 5 (2 53820

Al Sl BauS sline (LI slima ¢ aliionn Jaiadl s salial) cilaldl)

223



