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Abstract | This article aims to determine the analgesic impact of Apigenin and Diclofenac in mice model. In the
beginning, 84 male albino mice were selected, acclimated, and categorized into four equal groups: The 1st tested by
the hot plate, the 2nd treated with acetic acid, the 3rd examined by application 10 ul of 2% formalin solution and the
4th was examined by the tail-flick test. Within each experiment, the study mice were subdivided equally into three
subgroups; the 1st was administered only distilled water (control), the 2nd was drenched with apigenin (50 mg/Kg
B.W.) orally, and the 3rd was drenched only diclofenac (0.71 mg/kg B.W). The hot plate’s outcomes showed that
the animals treated with apigenin significantly increased in time than with diclofenac. The number of writhes in
both apigenin and diclofenac-treated groups has been significantly reduced in the acetic acid test when compared to
the control. The formalin test revealed that both apigenin and diclofenac-treated groups reported significantly lower
flinches and licks than the control. For the tail-flick test, the results have significantly increased in withdrawal time
in apigenin and diclofenac-treated groups than with the control; with the ability of apigenin to relieve the pain when
compared with diclofenac.
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INTRODUCTION

s a complicated phenomenon, pain is challenging to

measure and characterize, with a common description
as a disagreeable sensory and emotional experience
connected to a current or potential tissue injury (Al-Tahan
et al., 2012; Lovich-Sapola ez al., 2015). The International
Association for the Studies of Pain (IASP) stated that pain
is classified in several ways according to: (1) the affected
region in the body (such as the head and viscera), (2) the
occurrence pattern, (3) the duration of the type of disease
or injury that is causing it (e.g., Fibromyalgia, persistent
post-surgical pain, cancer, pain of neuropathic, migraine

and headache, or pain of facial). However, it reccommended
that only symptoms, causes, and syndromes can be used
for categorization. As a result, there are three distinct
types of pain that have been identified on a global scale:
nociceptive pain, neuropathic pain, and inflammatory
pain (Yam ez a/., 2018). Nociceptive pain is a neurological
mechanism reflex that encodes and processes the noxious
stimulation (Prescott ez al., 2014). Elevation reflex to
painful stimulation is known as hyperalgesia, and the pain
is felt as a result of non-noxious stimulation (allodynia).
Neuropathological pain (NP) and peripheral neural
injury are combined with neuronal inflammation at the
regional level, which is correlated with increased capillary
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permeability caused by mast cell activation, followed
by neutrophil and macrophage recruitment (Smart ez
al., 2010). Moreover, the alleviation of hypersensitivity
following nerve injury can be achieved through the
selective inhibition of inflammatory cell activation and/or
recruitment, the pharmacological reflex of oxidative effect,
and the expression of pre-inflammatory cytokines (Hsieh
et al., 2020). The powerful painkiller sedation is known as
an opioid (Cogan ez al., 2020). Commonly, Non-steroidal
anti-inflammatory medications (NSAIDs) are utilized to
deal with pain, have a number of undesirable eftects, such
as renal and hepatic dysfunction, and thus restrict their
therapeutic efficacy in pain treatment (Hasan ez a/., 2014;
Pirkulashvili ez a/., 2017). However, these drugs provide
only temporary relief for neuropathic in a small percentage
of ill people and frequently cause side effects affecting the
central nervous system (CNS), which are severe and dose-
limiting (Furlan ez 4/, 2006). Diclofenac is an NSAID
that is regrettably linked to serious gastrointestinal adverse
effects; these could occasionally develop life-threatening
conditions that result in gastrointestinal tract ulcers and
bleeding (Kadhim and Kubba, 2020). Portulaca oleracea
Family Portulacaceae, also known as The World Health
Organization, ranks purslane (Portulaca oleracea Family
Portulacaceae), an annual herb, among the most frequently
utilized medicinal plants (Srivastava ez a/., 2021). The
utilization of plant raw materials, in conjunction with
suitable active substances and the correct dosage, has
emerged as a more advantageous and safer approach
to treating numerous diseases, as the worldwide trend
towards substituting hazardous chemicals with plant-
based alternatives in pharmaceutical preparations has
accelerated (Ahmad ez /., 2017; Hasan, 2019). The herb P.
oleracea grows annually and is widely distributed around
the world; it has long been used to treat a number of
ailments, P. oleracea is linked to various medicinal benefits,
such as anti-inflammatory, anti-fever, and analgesic actions
(Allahmoradi ez al., 2018). The primary and secondary
metabolites in P. oleracea include alkaloids, terpenes,
coumarins, flavonoids, organic acids, and other ingredients
(Syed ez al., 2016), which have strong antibacterial, anti-
inflammatory, analgesic, anti-tumor, anti-oxidation,
immune enhancement, and anti-cough effects (Jiang ez a/.,
2021). Flavonoids, which are classified as plant secondary
metabolites characterized by their polyphenolic structure,
are an essential category of natural products. Widely, they
can be found in certain beverages, vegetables, herbs, and
fruits. Flavonoids are potential anti-allergic molecules,
antimicrobial, antiviral, analgesic, antioxidant and anti-
inflammatory. They are classified as one of the most natural
compounds that reduce the incidence of heart disease
(Al-Okaily, 2009). An important category of natural
products consists of flavonoids, which are secondary plant
metabolites characterized by a polyphenolic structure. These

compounds are widely distributed in some drinks, herbs,
vegetables, and fruits. Apigenin is one of the flavonoids
that contribute significantly to the nutraceutical content
of the diet. A flavonoid with the chemical name 4/, 5, 7,
trihydroxy flavone and the molecular formula C15H1005.
Apigenin is a member of the structural class of flavones, has
MW 270.24 (molecular weight), and in its pure state,
it structurally forms yellow needles. Apigenin possesses
an antioxidant property and immunomodulation effect
(Rakha ez al., 2022). The current article aims to extract the
apigenin from the Portulaca Oleracea L. plant and assess
the analgesic effect of apigenin with Diclofenac in the mice
model.

MATERIALS AND METHODS

PLANT COLLECTION AND POWDER PREPARING

Mature wild P oleracea plants were harvested manually
from different areas of Baghdad. After collection, plants
were combined to create at least one sample. Before
extraction, the leaves were dried, powdered with a mortar
and pestle, and kept at room temperature.

EXTRACTION AND PREPARATION OF APIGENIN

A total of 35 gm of the powder was put in a Soxhlet
extractor with 350 ml of ethanol: water (70: 30) solvent at
60°C for 6 hours. The extract was kept in the dark at 4°C
until further use (Nayaka ez a/., 2014). Using the HPLC
method, we isolated Apigenin from P, oleracea L. described
by Radovanovic ez a/. (2015). The apigenin dilutions were
generated by accurately measuring 20 mg of apigenin and
subsequently adding distilled water to get a final volume of
4 ml. The concentration at the end of the experiment was
measured, and the resulting dose was determined to be 0.1
ml /10 gm of mice body weight, equivalent to a dose of
apigenin at 50 mg/kg.

PREPARATION OF DICLOFENAC

The dilutions of diclofenac were produced by adding
distilled water to a volume of 100 ml after weighing 7.1
mg of diclofenac. The final concentration was documented,
and the corresponding final dose was computed to be 0.1
ml/10gm of mouse body weight, which is equivalent to the
diclofenac dose of 0.71 mg/kg.

EXPERIMENTAL DESIGN

'Three months old age of 84 male albino mice with 27+2 gm
weight were purchased. The mice are housed in stainless
steel wire mesh cages, with a bedding of wood shavings,
and maintained at a temperature of 25+3°C and 12/12
hours of light/dark cycle. At all times, water and food were
given except before drug administration. Then, the mice
were divided randomly and equally into four experiments:
1. The hotplate examined the 1st group at a temperature
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of 55+#1°C, and the reaction times of each animal
towards thermal stimulus were recorded for jumping
responses or paw licking. After administering test
materials, all the animal groups will put their paws on
the hot plate. Reaction time is measured in seconds
for actions like jumping or licking the front paw.
There is a 15-second time limit to prevent paws from
getting hurt (Eddy and Leimbach, 1953).

2. 'The 2" group was treated with acetic acid 1%, 0.25
ml I.P. After 30 minutes of giving the test compounds,
the analgesic effect was measured by counting the
number of writhes for a maximum of ten minutes.
A tightening of the abs shows Writhe, full back leg
expansion, and body stretching (Collier ez a/., 1968).

3. 'The 3" group was examined by application of 10 pl of
2% formalin solution subcutaneously into the plantar
surface of the right hind foot (Figure 2). Two pain-
related behaviors were targeted to detect the pain
response: licking the injected paw and flinching.
The pain response measurement was carried out
immediately.

4. 'The 4™ group was examined by the tail-flick test,
D’amour and Smith (1941) explained it as placing
the tip (last 1-2 cm) of an animal’s tail on a radiant
heat source (warm water at a temperature of 55
1°C) and recording the animals’ initial reaction to
the heat. From the flicking response (heat source), the
tail withdrawal has been used as the endpoint. Those
animals that exhibited a fluttering response within
three to five seconds were chosen for the work. A
cut-off period of 15 seconds was suggested to prevent
tail damage. The withdrawal time has been measured
with warm water 30 minutes after the medicines were
administered (Figure 3).

Figure 1: Injection of acetic acid intraperitoneally to
induce pain in mouse.

The study animals were subdivided equally into four
groups: the 1% as control (treated only with distilled
water), the 2" as experimental group 1, in which the
mice were treated only with apigenin at a dose of 50 ml/

kg, B.W (Saleh, 2010; ElI- Shoubaky ez a/., 2016; Sadraei
et al., 2017; Jaafar et al., 2018; Mondal ez al., 2022). Then,
in the 3rd as experimental group 2, the mice were treated
only with diclofenac at a dose of 0.71 mg/kg B.W.
(Jaafar e al.,2018).

Figure 2: Injection of formalin in the planter surface of the
paw to induce pain in mouse.

Figure 3: Placing the tip of the tail on the water bath as

heat source.

STATISTICAL ANALYSIS

To determine the impact of the parameters, the Statistical
Analysis System (SAS) (version 2018) programmer has
been utilized in the data analysis. A significant comparison
of means was conducted in this study by employing
the least significant difference (LSD) test (ANOVA)
(Gharban, 2023).

RESULTS AND DISCUSSION
EXTRACT ~ CHARACTERISTICS ~ AND  APIGENIN
CONCENTRATION

Extraction of P, oleracea with ethanol 70% by the soxhlet
method gave a dark green color solution extract.

April 2024 | Volume 12 | Issue 4 | Page 631

@
313 Links
*@Researchers



Advances in Animal and Veterinary Sciences

Sampling concentration= Sample area/ Standard area of x
standard concentration (ppm) Sampling concentration in
100 ML =3036.491/11434.438110 ppm

The concentration of the sample in 100 ML = 2.655 ppm.
'The concentration of the sample in 100 ML is equal to
2.655 mg/ml. The concentration of the sample in 1 ml=
26.5mg/ml.

Each 100 mg of the raw P, o/eracea contained 26.55 mg of
apigenin = 26.55%.

HoT PLATE TEST

When compared to the control, the hot plate test’s
outcomes indicated that the reaction time to thermal
stimuli was largly longer (P<0.01) in all treatment groups.
The group treated with Apigenin recorded the highest
reaction time to thermal stimuli (13.76 + 0.55 seconds). In
contrast, the group that was treated with diclofenac had
the reaction time to thermal stimuli (11.48 + 0.76 second)
came in second and third degree respectively in compared
with the control group, which had the lowest value (3.99 +

0.13 second), (Table 1).

Table 1: Analgesic effect of apigenin in comparison with
diclofenac using of hot plate method.

Reactive time to thermal
stimuli (second)

Groups of mice

Control group (distilled water) 3.99 +0.13 ¢
Treated orally with Apigenin 13.76 £0.55 a
Treated orally with Diclofenac 11.48 +0.76 b
LSD value 1.701 **

Significance ** (P<0.01) N=7

The transient pain induced by high temperatures in the
hot plate test is utilized to evaluate the analgesic effect of
compounds that act both centrally and peripherally on the
nervous system. The previous studies (Sarmento-Neto ez a/.,
2015; Mondal ez al.,2022) agree with ours, which recorded
that apigenin’s analgesic activity is most likely mediated by
central action (supra-spinally and spinally). It functions
similarly to tramadol by binding to opioid receptors and
generating negligible adverse effects (Pinheiro ez a/.,2012).
To determine the mechanism by which apigenin induces
nociception in central ants, traditional antagonists of
cholinergic and opioid receptors (atropine, mecamylamine,
and naloxone, respectively) and an inhibitor of the nitric
oxide pathway (L-NAME) were utilized. The findings
showed that cholinergic receptors are involved, as the
anti-nociceptive effects of dichloromethane fraction and
apigenin were inhibited by atropine. It is known that
painful stimuli increase acetylcholine in the spinal cord,
which is a primary site of action for cholinomimetics in
analgesia. Excitatory transmitter release is decreased, while
inhibitory transmitter release is increased when muscarinic
receptors in the spinal cord are activated. In this part, the

cholinergic systems and opioid are utilized in mediating
the anti-nociceptive influnces of apigenin, which may
contribute to the observed anti-nociceptive effect.

Diclofenac Na also has an anti-nociceptive effect as a
standard. It inhibits pain by interfering with prostaglandin
production via competitive inhibition of cyclooxygenase,
nonselective COX inhibitors, as found in its mechanism

research of (Chandel ez 4/, 2018; Kaplan e7 a/., 2018).

ACETIC ACID TEST

The acetic acid test recorded that the highest value in the
number of writhing per 10 min was in the control group
(42.2+1.39). In comparison with other groups, there were
differences but not significant between the group treated
with apigenin (27.2+4.11) and diclofenac (23.8+3.36),
which recorded the lowest number of writhing values

(Table 2).

Table 2: Analgesic effect of apigenin in comparison with
diclofenac using of acetic acid method.

Groups of mice Number of writhing
(during 10 min)

Control Group (distilled water) and 42.2+139a

Acetic acid (0.1v/v, 0.25 ml IP)

Treated orally with Apigenin and 272 +411b

Acetic acid (0.1v/v, 0.25 ml IP)

Treated orally with Diclofenac and 23.8+3.36b

Acetic acid (0.1v/v, 0.25 ml IP)

LSD value 9.779 **

Significance ** (P<0.01) N=7

To evluate the central and peripheral influnces of
analgesics in mice, the writing test employs a chemical
technique involving intraperitoneal administration of
acetic acid to induce pain (Bagheri ez /., 2015; Fattollah ez
al., 2023). The analgesic activity indicated a reduction in
frequency. Dannerman first described the manifestations
of abdominal writhing in mice as an extension of the
hind limbs, an arching of the back, and a contraction of
abdominal muscle (Dannerman, 1977).

The analgesic effects of apigenin are almost the same as
the effects of diclofenac and agree with previous studies
(Sadraei ez al, 2017; Juirez-Chairez et al, 2022).
Through lipopolysaccharide influence, apigenin inhibits
the induction of NO-synthase and COX2 enzymes in
macrophages, thereby exerting anti-inflammatory effects.
Apigenin inhibits the production of IL-4 as well. By
interfering with the transcription of Nuclear Factor
kappa-light-chain-Enhancer of Activated B cells (NF-
kB) and conceivably by upregulating adhesion molecule
in response to TNF-q, it is possible to inhibit TNF-a

elevation. Apigenin exhibits similar antioxidant and
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proliferative properties as other bioflavonoid compounds.
It inhibits the cell cycle, enhances the activity of hepatic
detoxification enzymes, and possesses a limited anti-
inflammatory effect. Nevertheless, these findings agreed
with other studies where the inhibitory effects of apigenin
on cyclooxygenase-2 (COX-2) and monocyte adhesion to
the endothelium of the umbilical vein were demonstrated
through the downregulation of cellular adhesion molecules,
including vascular cell adhesion protein 1 (VCAM-1) and
intercellular adhesion molecule 1 (ICAM-1) (Toma ez al.,
2020; Shibrya ez al., 2023).

FORMALIN TEST

The nociceptive response with the highest value
(31.421.98) in the control group and significantly (P<0.01)
larger than in the other groups, while the group treated
with diclofenac recorded the lowest value (24.2+1.15)
of nociceptive response without significant deference
(P<0.01) with apigenin group when compared with it, the
decreasing in the nociceptive response (26.4+0.92) in the

group that treated with apigenin (Table 3).

Table 3: Analgesic effect of apigenin in comparison with
diclofenac using of formalin test.

Groups of mice Nociceptive response

(number of flinching and
paw licking) During 15
minutes after injection of ten
microliters of 2% formalin

Control Group (distilled water) 31.40 + 1.98 a

Treated orally with Apigenin ~ 26.40 + 0.92 b

Treated orally with Diclofenac 24.20 = 1.15 b

LSD value 4.415*

Significance ** (P<0.01) N=7

In mice, the formalin experiment is a realistic and
trustworthy test of pain feeling and is sensitive to many
kinds of pain relief drugs. The noxious stimulation consists
of a 2% diluted formalin injection into the skin below the
right hind skin. For 15 minutes after formalin injection, the
response feedback is the number of licking and flinching
of the injected paw (Hunskaar and Hole, 1987). In two
distinct phases, formalin injection induced a pain-induced
lapping response on the injected paw. During the initial
phase, neurogenic pain results from the direct chemical
stimulation of nociceptors. Inflammatory pain emanating
from a combination of peripheral tissue inflammation
and central sensitization mechanisms defines the second
phase. Various mediators, including PGE,, nitric oxide,
neuropeptides, excitatory amino acids, and kinase
inhibitors, are involved in this phase (Tjolen ez a/., 1992;
Pepino ¢z al.,2023).

The results agreed with Mohammad ez a/. (2017), who

identified antioxidant and anti-inflammatory properties in
apigenin. These have been observed in a reduction in paw
edema and licking time. As a result of apigenin’s inhibition
of mitochondrial SDH activity, MDA levels in paw and
liver tissues were reduced while SOD activity increased.
Furthermore, this research has demonstrated that apigenin
exhibits anti-inflammatory properties through a minor
inhibition of pro-inflammatory cytokines, including IL-
1. Also, it was approved by another work that proved the
anti-nociceptive impact of isolated apigenin, resulting in
a diminished lapping response during both phases of the
formalin model (Lopes e a/., 2020).

TAIL FLICK TEST

The test showed a large decrement in withdrawal time
per second in the control group (2.83+0.34), while the
group treated orally with Apigenin (11.49+1.07) and in the
group treated with diclofenac (11.89+1.79), has increscent
in the withdrawal time but non-significant variance in

these groups (Table 4).

Table 4: Analgesic effect of apigenin in comparison with
diclofenac using of tail flick method.

Groups of mice Time of withdrawal
(sec.) of tail

Control Group (distilled water) 2.83+0.34b

Treated orally with apigenin 11.49+1.07 a

Treated orally with diclofenac 11.89+1.79a

LSD value 3.772**

Significance ** (P<0.01) N=7

The experiment is utilized in animal investigations to
assess acute pain. The heat stimulation was applied from
the tail’s caudal tip, and tail-flick latency was expressed
as the duration that passed from the initiation of heat
stimulation and the tail's motion (Brojeni e a/., 2019).
Animals’ pain responses are evaluated using the tail-flick
test, which is comparable to the heated plate test. It is
employed in fundamental pain research and analgesic
efficacy evaluation via heat reaction monitoring (D’ Amour

and Smith, 1941).

Our finding revealed that apigenin had an anti-
nociceptive effect, as approved by earlier studies
claiming that apigenin could directly affect the neural
system. According to their results, the tail-flick test
yielded positive results, which indicate that apigenin may
exert some influence on nociceptive pathways via opioid
receptors (Zarei et al., 2017). Different studies declared
that the tail-flick response is a spinally mediated reflex, and
apigenin dose-dependently increased the pain threshold
(Richardson e al., 1998; Mondal ez al., 2022). The latency
profile of various doses of apigenin was similar to that
of the standard drug tramadol. This is because receptor
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stimulation is frequently linked to relief from pain and
effectively controls non-analgesic effects of thermal pain via
the p receptors. These effects include physical dependence
and respiratory depression. Activation of opioid subtype
receptors induces spinal analgesia, while constipation is a
common adverse effect. Therefore, based on the analysis of
this data, it is our view that apigenin’s analgesic activities
are usually regulated through central action, specifically in
the spine and supraspinal region. Furthermore, its binding
to opioid receptors seems like that of tramadol, resulting
in minimal adverse effects. Consequently, apigenin may
serve as a more viable alternative to opioid drugs such as
morphine when it comes to the treatment of chronic pain
associated with cancer.

CONCLUSIONSAND
RECOMMENDATIONS

Apigenin has an analgesic effect compared with diclofenac;
however, further studies are required to deal with other
medicinal uses of apigenin. Also, there is a need
to study the analgesic effect of apigenin using another
extraction and isolation method.

ACKNOWLEDGMENT

The authors thank the staff of Physiology and
Pharmacology Department/ College of Veterinary
Medicine/University of Baghdad, for their flexibility, wise
counsel, and professional thoughts throughout my studies.

NOVELTY STATEMENT

The study’s novelty is focused on the analgesic effect of
apigenin obtained from P, o/eracea L in albino mice in vitro.

AUTHOR’S CONTRIBUTION

Each author made an equal contribution.

ETHICAL APPROVAL

'The license for this work is obtained from the University of
Baghdad/ College of Veterinary Medicine/ the Scientific
Committee of the Department of Physiology, Biochemistry
and Pharmacology located in Baghdad, Iraq.

CONFLICT OF INTEREST
The authors have declared no conflict of interest.

REFERENCES

Ahmad R, Ahmad N, Naqvi AA, Shehzad A, Al-Ghamdi MS
(2017). Role of traditional Islamic and Arabic plants in
cancer therapy. J. Trad. Complement. Med., 7(2): 195-204.

https://doi.org/10.1016/j.jtcme.2016.05.002

Ali F, Rahul, Naz F, Jyoti S, Siddique YH (2017). Health
functionality of apigenin: A review. Int.]. Food Prop.,20(6):
1197-1238. https://doi.org/10.1080/10942912.2016.12071
88

Allahmoradi E, Taghiloo S, Omrani-Nava V, Shobeir SS, Tehrani
M, Ebrahimzadeh MA, Asgarian-Omran H (2018). Anti-
inflammatory effects of the Portulacaoleraceahydroalcholic
extract on human peripheral blood mononuclear cells. Med.
J. Islamic Republ. Iran, 32: 80. https://doi.org/10.14196/
mjiri.32.80

Al-Okaily BN (2009). Role of flavonoinds from nigella sativam
seeds in decreasing the effect of hydrogen peroxide on
ECG in adult male rabbits. Iraqi J. Vet. Med.,33(1): 141-
148. https://doi.org/10.30539/iraqijvm.v33i1.727

Al-Tahan FJ, Al-Bayati MA, Askar SJ (2012). The analgesic
effects of L-arginine and its antagonist L NAM. Iraqi
J. Vet. Med., 36(1): 22-31. https://doi.org/10.30539/
iraqijvm.v36i1.553

Bagheri SM, Keyhani L, Heydari M, Dashti-R MH (2015).
Antinociceptive activity of Astragalusgummifer gum (gum
tragacanth) through the adrenergic system: A in vivo study
in mice. J. Ayurveda Integr. Med., 6(1): 19. https://doi.
org/10.4103/0975-9476.146543

Brojeni MS, Rashvand M, Haghparast A (2019). Role of orexin
receptors within the dentate gyrus of the hippocampus in
antinociception induced by chemical stimulation of the
lateral hypothalamus in the tail-flick test as a model of
acute pain in rats. Physiol. Behave.,209: 112595 https://doi.
org/10.1016/j.physbeh.2019.112595

Chandel P, Rawal RK, Kaur R (2018). Natural products and their
derivatives as cyclooxygenase-2 inhibitors. Future Med.
Chem., 10(20): 2471-2492. https://doi.org/10.4155/fmc-
2018-0120

Cogan CJ, Kandemir U (2020). Role of peripheral nerve block
in pain control for the management of acute traumatic
orthopaedic injuries in the emergency department:
Diagnosis-based treatment guidelines. Injury, 51(7): 1422-
1425

Collier HO, Dinneen LC, Johnson CA, Schneider C (1968).
'The abdominal constriction response and its suppression by
analgesic drugs in the mouse. Br. J. Pharmacol. Chemother.,
32(2): 295-302. https://doi.org/10.1111/j.1476-5381.1968.
tb00973.x

D’Amour FE, Smith DL (1941). A method for determining
loss of pain sensation. J. Pharmacol. Exp. Ther., 72(1): 74-
79.

Dannerman (1977). Belcaro G, Ledda A, Hu S, Cesarone MR,
Feragalli B, Dugall M (2013). Grape seed procyanidins in
pre-and mild hypertension: A registry study. Evid. Based
Complement. Altern. Med., 2013: 313142. https://doi.
org/10.1155/2013/313142

Dubuisson D, Dennis S (1977). Aquantitative study of
analgesic effect of morphine, meperidine and brain stem
stimulation in rats and cats. Pain, 4: 161-174. https://doi.
0rg/10.1016/0304-3959(77)90130-0

Eddy NB, Leimbach D (1953). Animal models of nociceptive.
Pharmacological reviews. J. Pharmacol., 53: 597-652.

El-Shoubaky GAE, Abdel-Daim MM, Mansour MH, Salem
EA (2016). Isolation and identification of a flavone
apigenin from marine red alga acanthophoraspicifera with
antinociceptive and anti- inflammatory activities. J. Exp.
Neurosci., 2016: 10 21-1029. https://doi.org/10.4137/JEN.

April 2024 | Volume 12 | Issue 4 | Page 634

%0 .
Qals Links
OResearchers


https://doi.org/10.1016/j.jtcme.2016.05.002
https://doi.org/10.1080/10942912.2016.1207188
https://doi.org/10.1080/10942912.2016.1207188
https://doi.org/10.14196/mjiri.32.80
https://doi.org/10.14196/mjiri.32.80
https://doi.org/10.30539/iraqijvm.v33i1.727
https://doi.org/10.30539/iraqijvm.v36i1.553
https://doi.org/10.30539/iraqijvm.v36i1.553
https://doi.org/10.4103/0975-9476.146543
https://doi.org/10.4103/0975-9476.146543
https://doi.org/10.1016/j.physbeh.2019.112595
https://doi.org/10.1016/j.physbeh.2019.112595
https://doi.org/10.4155/fmc-2018-0120
https://doi.org/10.4155/fmc-2018-0120
https://doi.org/10.1111/j.1476-5381.1968.tb00973.x
https://doi.org/10.1111/j.1476-5381.1968.tb00973.x
https://doi.org/10.1155/2013/313142
https://doi.org/10.1155/2013/313142
https://doi.org/10.1016/0304-3959(77)90130-0
https://doi.org/10.1016/0304-3959(77)90130-0
https://doi.org/10.4137/JEN.S25096

OPEN aACCESS

Advances in Animal and Veterinary Sciences

525096

Fattollah GP, Asgarpanah ], Mousavi Z (2023). Anti-
inflammatory and anti-nociceptive effects of Teucrium
orientale ethanolic extract in experimental animals. J. Med.
Plants By-Product.

Furlan AD, Sandoval JA, Mailis-Gagnon A, Tunks E (2006).
Opioids for chronic non cancer pain: A meta-analysis of
effectiveness and side effects. Can. Med. Assoc. J., 174:
1589-1594. https://doi.org/10.1503/cmaj.051528

Gharban HA (2023). Molecular prevalence and phylogenetic
confirmation of bovine trichomoniasis in aborted cows in
Iraq. Vet. World, 16(3): 580-587. https://doi.org/10.14202/
vetworld.2023.580-587

Hasan HF (2019). Evaluation of the effect of flavonoids isolated
from Spinacia oleracea leaves on pituitary-adrenal ovarian
axis in mice treated with doxorubicin. J. Adv. Pharm. Educ.
Res., 9(3): 91-95.

Hasan HF, Khazal KF, Luaibi OK (2014). The effect of
crude alcoholic extract of Withania somnifera leaves in
experimentally induced arthritis in mice. Univ. Thi-Qar J.
Sci., 4(2): 45-52.

Hsieh CT, Lee Y J, Lee JW, Lu S, Tucci MA, Dai X, Tien, L.
T. (2020). Interleukin-1 receptor antagonist ameliorates
the pain hypersensitivity, spinal inflammation and oxidative
stress induced by systemic lipopolysaccharide in neonatal
rats. Neurochem. Int., 135, 104686.

Hunskaar S, Hole K (1987). The formalin test in mice:
dissociation between inflammatory and non-inflammatory
pain. Pain, 30(1): 103-114. https://doi.org/10.1016/0304-
3959(87)90088-1

Jaafar FR, Ajeena SJ, Mehdy SS (2018). Anti-inflammatory
impacts and analgesiac activity of aqueous extract Datura
innoxia leaves against induced pain and inflammation in
mice. J. Entomol. Zool. Stud., 6: 1894-1899.

Jiang Y, Wang X, Xu Z, Wang L, Zhou J, Yu Y, Zhang L (2021).
Antibacterial and antidiarrheal activities of houttuynia
cordata thunb. and Portulaca oleracea L. Extracts against
enterotoxigenic FEscherichia coli and Portulaca oleracea L.
extracts against enterotoxigenic Escherichia coli. https://doi.
org/10.2139/ssrn.3924360

Judrez-Chairez MF, Meza-Mirquez OG, Marquez-Flores YK,
Jiménez-Martinez C (2022). Potential anti-inflammatory
effects of legumes: A review. Br. J. Nutr., 128(11): 2158-
2169. https://doi.org/10.1017/50007114522000137

Kadhim MM, Kubba RM (2020). Theoretical investigation
on reaction pathway, biological activity, toxicity and NLO
properties of diclofenac drug and its ionic carriers. Iraqi J.
Sci., 61: 936-951. https://doi.org/10.24996/ijs.2020.61.5.1

Kaplan AA, Yurt KK, Deniz OG, Altun G (2018). Peripheral
nerve and diclofenac sodium: Molecular and clinical
approaches. J. Chem. Neuroanat., 87: 2-11. https://doi.
org/10.1016/j.jchemneu.2017.08.006

Khalil LW (2013). Effect of crude polyphenol extracted from
black olive fruit (oleaeuropae) on some physiological and
immunological parameters in Males Rats Treated with
Hydrogen Peroxide: Luma W. Khalil, LaylaHashimAlol
and Anwar I. Obead. Iraqi J. Vet. Med., 37(1): 83-89.
https://doi.org/10.30539/iraqijvm.v37i1.337

Lee JA, Ha SK, Cho E, Choi I (2015). Resveratrol as a
bioenhancer to improve anti- inflammatory activities
of apigenin. Nutrients, 7(11): 9650-9661. https://doi.
0rg/10.3390/nu7115485

Lopes JA, Rodrigues VP, Tangerina MMP, Rocha LRMD,

Nishijima CM, Nunes VVA, Hiruma-Lima CA (2020).
Machaeriumhirtum (Vell.) Stellfeld alleviates acute
pain and inflammation: Potential mechanisms of action.
Biomolecules, 10(4):  590. https://doi.org/10.3390/
biom10040590

Lovich-Sapola ], Smith CE, Brandt CP (2015). Postoperative
pain control. Surg. Clin., 95(2): 301-318. https://doi.
0rg/10.1016/j.suc.2014.10.002

Mohammad FE, Hasan WA, Mohamed EG (2017). Natural
antioxidant flavonoids in formalin-induced mice paw
inflammation; inhibition of mitochondrial sorbitol
dehydrogenase activity. J. Biochem. Mol. Toxicol., 31(7):
€21896. https://doi.org/10.1002/jbt.21896

Mondal A, Dikshit H, Mohan L, Mishra H, Kumar M,
Ahmad M, Kumar M (2022). Evaluation of analgesic
effect of apigenin in rodent. https://doi.org/10.47583/
ijpsrr.2022.v72i01.021

Nayaka HB, Londonkar RL, Umesh MK, and Tukappa A
(2014). Antibacterial attributes of apigenin, isolated from
Portulacaoleracea L. Int. ]. Bacterial., 8 pages. https://doi.
org/10.1155/2014/175851

Pepino L, Malapert P, Saurin A J, Moqrich A, Reynders A
(2023). Formalin-evoked pain triggers sex-specific behavior
and spinal immune response. Sci. Rep, 13(1): 9515.

Pinheiro MMG, Boylan F, Fernandes PD (2012). Antinociceptive
effect of the Orbignyaspeciosa Mart. (Babassu) leaves:
Evidence for the involvement of apigenin. Life Sci., 91(9-
10): 293-300. https://doi.org/10.1016/1.1f5.2012.06.013

Pirkulashvili N, Tsiklauri N, Nebieridze M, Tsagareli MG
(2017). Antinociceptive tolerance to NSAIDs in the
agranular insular cortex is mediated by opioid mechanism. J.
Pain Res., 10: 1561. https://doi.org/10.2147/JPR.S138360

Prescott SA, Ma Q, De Koninck Y (2014). Normal and
abnormal coding of painful sensations. Nat. Neurosci.,
17(2): 183. https://doi.org/10.1038/nn.3629

Radovanovi¢ B,Mladenovi¢ ], Radovanovi¢ A, Pavlovi¢ R, Nikolié
V (2015). Phenolic composition, antioxidant, antimicrobial
and cytotoxic activites of Al/ium porrum L. (Serbia) extracts.
J. Food Nutr. Res., 3(9): 564-569.

Rakha A, Umar N, Rabail R, Butt MS, Kieliszek M, Hassoun
A, Aadil RM (2022). Anti-inflammatory and anti-
allergic potential of dietary flavonoids: A review. Biomed.
Pharmacother., 156: 113945. https://doi.org/10.1016/].
biopha.2022.113945

Richardson JD, Aanonsen L, Hargreaves KM (1998).
Antihyperalgesic effects of spinal cannabinoids. Eur. J.
Pharmacol., 345(2): 145-153. https://doi.org/10.1016/
S0014-2999(97)01621-X

Sadraei H, Asghari G, Khanabadi M, Minaiyan M (2017).
Anti-inflammatory effect of apigenin and hydroalcoholic
extract of Dracocephalumkotschyi on acetic acid-induced
colitis in rats. Res. Pharma. Sci., 12(4): 322. https://doi.
0rg/10.4103/1735-5362.212050

Saleh AA (2010). The analgesic activity of Menthapiperita
(MP) leaves extract. Iraqi J. Vet. Med., 34: 73-78. https://
doi.org/10.30539/iraqijvm.v34i2.633

Salem BS, Mahdi MF, Mohammed MH (2009). Synthesis
and preliminary pharmacological study of sulfonamide
conjugates with ibuprofen and indomethacin as new anti-
inflammatory agents. Iraqi J. Pharm. Sci., 18(4).

Sarmento-Neto JF, Do Nascimento LG, Felipe CFB, De Sousa
DP (2015). Analgesic potential of essential oils. Molecules,
21(1): 20. https://doi.org/10.3390/molecules21010020

April 2024 | Volume 12 | Issue 4 | Page 635

%0 .
Qals Links
OResearchers


https://doi.org/10.4137/JEN.S25096
https://doi.org/10.1503/cmaj.051528
https://doi.org/10.14202/vetworld.2023.580-587
https://doi.org/10.14202/vetworld.2023.580-587
https://doi.org/10.1016/0304-3959(87)90088-1
https://doi.org/10.1016/0304-3959(87)90088-1
https://doi.org/10.2139/ssrn.3924360
https://doi.org/10.2139/ssrn.3924360
https://doi.org/10.1017/S0007114522000137
https://doi.org/10.24996/ijs.2020.61.5.1
https://doi.org/10.1016/j.jchemneu.2017.08.006
https://doi.org/10.1016/j.jchemneu.2017.08.006
https://doi.org/10.30539/iraqijvm.v37i1.337
https://doi.org/10.3390/nu7115485
https://doi.org/10.3390/nu7115485
https://doi.org/10.3390/biom10040590
https://doi.org/10.3390/biom10040590
https://doi.org/10.1016/j.suc.2014.10.002
https://doi.org/10.1016/j.suc.2014.10.002
https://doi.org/10.1002/jbt.21896
https://doi.org/10.47583/ijpsrr.2022.v72i01.021
https://doi.org/10.47583/ijpsrr.2022.v72i01.021
https://doi.org/10.1155/2014/175851
https://doi.org/10.1155/2014/175851
https://doi.org/10.1016/j.lfs.2012.06.013
https://doi.org/10.2147/JPR.S138360
https://doi.org/10.1038/nn.3629
https://doi.org/10.1016/j.biopha.2022.113945
https://doi.org/10.1016/j.biopha.2022.113945
https://doi.org/10.1016/S0014-2999(97)01621-X
https://doi.org/10.1016/S0014-2999(97)01621-X
https://doi.org/10.4103/1735-5362.212050
https://doi.org/10.4103/1735-5362.212050
https://doi.org/10.30539/iraqijvm.v34i2.633
https://doi.org/10.30539/iraqijvm.v34i2.633
https://doi.org/10.3390/molecules21010020

OPEN aACCESS

Advances in Animal and Veterinary Sciences

Shibrya EE, Rashed RR, Abd El-Fattah MA, El-Ghazaly MA,
Kenawy SA (2023). Apigenin and exposure to low dose
gamma radiation ameliorate acetic acid-induced ulcerative
colitis in rats. Dose-Response, 21(1):15593258231155787.
https://doi.org/10.1177/15593258231155787

Shoubaky GAE, Abdel-Daim MM, Mansour MH, Salem EA
(2016). Isolation and identification of flavone apigenin from
marine red alga Acanthophoraspicifera with antinociceptive
and anti-inflammatory activities. J. Exp. Neurosci., 10: 25-36.
https://doi.org/10.4137/JEN.S25096

Smart KM, Blake C, Staines A, Doody C (2010). Clinical
indicators of ‘nociceptive’, ‘peripheral neuropathic’ and
‘central’ mechanisms of musculoskeletal pain. A Delphi
survey of expert clinicians. Manual Ther., 15(1): 80-87.
https://doi.org/10.1016/j.math.2009.07.005

Srivastava R, Srivastava V, Singh A (2021). Multipurpose benefits
of an underexplored species purslane (Portulacaoleracea L.):
A critical review. Environ. Manage., pp. 1-12.

Sugimoto MA, Vago ]P, Perretti M, Teixeira MM (2019).
Mediators of the resolution of the inflammatory
response. Trends Immunol., 40(3): 212-227. https://doi.
0rg/10.1016/}.it.2019.01.007

Syed S, Fatima N, Kabeer G (2016). Portulacaoleracea L.: A
mini review on phytochemistry and phramacology. Int. J.

Biol. Biotechnol., 13(4): 637-641.

Tjelsen A, Berge OG, Hunskaar S, Rosland JH, Hole
K (1992). The formalin test: An evaluation of the
method. Pain, 51(1): 5-17. https://doi.org/10.1016/0304-
3959(92)90003-T

Toma L, Sanda GM, Niculescu LS, Deleanu M, Sima AV, Stancu
CS (2020). Phenolic compounds exerting lipid-regulatory,
anti-inflammatory and epigenetic effect as complementary
treatments in cardiovascular diseases. Biomolecules, 10(4):
641. https://doi.org/10.3390/biom10040641

Yam MF, Loh YC, Tan CS, Khadijah AS, Manan AN, Basir R
(2018). General pathways of pain sensation and the major
neurotransmitters involved in pain regulation. Int. J. Mol.
Sci., 19(8): 2164. https://doi.org/10.3390/ijms19082164

Yang H, de Jong JW, Cerniauskas I, Peck JR, Lim BK, Gong
H, Lammel S (2021). Pain modulates dopamine neurons
via a spinal-parabrachial-mesencephalic circuit. Nat.
Neurosci., 24(10): 1402-1413. https://doi.org/10.1038/
s41593-021-00903-8

Zarei M, Mohammadi S, Shahidi S, Fallahzadeh AR (2017).
Effects of Sonchusasper and apigenin-7-glucoside on
nociceptive behaviours in mice. J. Pharm. Pharmacogn.
Res., 5(4): 227-237.

April 2024 | Volume 12 | Issue 4 | Page 636

o 9 .
Qals Links
OResearchers


https://doi.org/10.1177/15593258231155787
https://doi.org/10.4137/JEN.S25096
https://doi.org/10.1016/j.math.2009.07.005
https://doi.org/10.1016/j.it.2019.01.007
https://doi.org/10.1016/j.it.2019.01.007
https://doi.org/10.1016/0304-3959(92)90003-T
https://doi.org/10.1016/0304-3959(92)90003-T
https://doi.org/10.3390/biom10040641
https://doi.org/10.3390/ijms19082164
https://doi.org/10.1038/s41593-021-00903-8
https://doi.org/10.1038/s41593-021-00903-8

