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Abstract
Astragalin is a flavonoid existed in several edible and medicinal plants and was recorded to have multiple biological and 
pharmacological significances. This work aimed to assess the possible protective effect of astragalin administration against 
oxidative tension, acute inflammation and histopathological deformations in a mouse paw edema model induced following 
intra sub-plantar injection of carrageenan. Thirty-six male Swiss mice were divided into four groups: control, carrageenan, 
astragalin (75 mg/kg) + carrageenan, and indomethacin (10 mg/kg) + carrageenan. Astragalin administration for five con-
secutive days to carrageenan injected mice showed a significant reduction in the development of paw in a time dependent 
effect, inhibited lipoperoxidation by-product, malondialdehyde and increased superoxide dismutase and catalase activities. 
Astragalin was found also to suppress the inflammatory signaling in the inflamed tissue as exhibited by the decreased myelop-
eroxidase activity along with the decreased protein and transcriptional level of pro-inflammatory cytokines including tumor 
necrosis factor-alpha, interleukin-1 beta and interleukin-6. Moreover, inducible nitric oxide synthase and cyclooxygenase-2 
expressions and their products (nitric oxide and prostaglandin E2) were downregulated. Additionally, astragalin decreased 
monocyte chemoattractant protein-1 and nuclear factor kappa B expression in the inflamed paw tissue. The recorded findings 
provide evidences for the potential application of astragalin as a plant-derived remedy for the treatment of acute inflammation 
due to its promising antioxidant and anti-inflammatory activities along with its ameliorative impact against the histopatho-
logical changes in the paw tissue.
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Introduction

Inflammation is a defense immune response developed in 
order to encounter the deleterious effects of pathogens, xeno-
biotics, irradiation, and even against the damaged cells [1]. 
Acute inflammation includes removing and/or neutralizing 
internal or external stimuli and further initiating the healing 
process to restore normal tissue homeostasis [2]. However, 
excessive acute inflammatory responses may develop to 
chronic which is implicated in the pathogenesis of different 
chronic inflammatory disorders such as cancers, neurodegen-
erative and cardiovascular disorders [3]. Several microcircu-
latory events were found to be associated with the develop-
ment of inflammatory responses including alterations in the 

vascular permeability, leukocytes infiltration coupled with 
excessive release of pro-inflammatory mediators resulting in 
the redness, swelling, hyperthermia and pain at the injured 
site [1, 4]. Previous studies demonstrated that the develop-
ment of inflammation is closely related to the excessive 
production reactive oxygen species (ROS), depletion of the 
cellular antioxidant system and increased peroxidation of 
membrane lipids, which regulates the redox status in the 
injured tissue [5, 6]. Currently prescribed anti-inflammatory 
drugs including non-steroidal anti-inflammatory drugs are 
able to treat several inflammatory diseases, however, their 
application have been correlated with serious health prob-
lems such as hepato-renal injury and gastrointestinal compli-
cations [7]. Therefore, developing novel anti-inflammatory 
therapy with minimum side effects and maximum efficiency 
is necessary [8].

Carrageenan is a seaweed polysaccharide used to induce 
a classical murine model of paw edema with the advan-
tage of high constancy and short duration with apparent 
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manifestations to evaluate the potential anti-inflammatory 
activity of natural compounds [9]. Carrageenan is known 
to enhance biphasic inflammatory cascades: the early phase 
which starts after one hour includes the oversecretion of 
histamine, leukotriene, kinin, and cyclooxygenase overactiv-
ity, while the late one is accompanied by leukocytes recruit-
ment and overproduction of prostaglandins and bradykinin 
in the inflamed tissue [10]. Due to their enriched bioactive 
chemical entities, natural products represent the main source 
for the development of therapeutic agents. Flavonoids are 
essential constituents in our foods and they are associated 
several medicinal activities [11]. Astragalin or kaempferol-
3-β-D-glucoside is a naturally existing flavonoid in different 
plants. Astragalin displays numerous biological and pharma-
cological activities such as antioxidant [12], hepatoprotec-
tive [13], anticancer [14], anti-diabetic [15], neuroprotec-
tive [16], and cardioprotective activity [17]. Previous studies 
exhibited the anti-inflammatory properties of astragalin 
[18]. Astragalin was found to deactivate myeloperoxidase 
and downregulate the pro-inflammatory cytokines includ-
ing interleukin-1 β (IL-1β), interleukin-6 (IL-6) and tumor 
necrosis factor-α (TNF-α) in mastitis and lung injury model 
induced by lipopolysaccharide (LPS). The anti-inflammatory 
of astragalin is proceeding via downregulation of nuclear 
factor kappa-B (NF-κB) signaling pathway [19]. In addi-
tion, astragalin inhibited the development of inflammatory 
responses in different experimental models through halting 
levels of prostaglandin E2 (PGE2), MAPK, NF-κB expres-
sion. Hence, the current study was designed to explore the 
possible antioxidant and anti-inflammatory activities of 
astragalin against carrageenan-mediated paw edema in mice 
through investigating the level and expression of different 
inflammatory mediators and cytokines in the inflamed paw 
tissue.

Materials and methods

Chemicals

Astragalin (CAS number: 480-10-4, 97% purity) and car-
rageenan (CAS number: 9000-07-1) were supplied from 
Sigma-Aldrich Chemical Co. (St. Louis, MO, USA), and 
all other used chemicals were of analytical grade.

Experimental protocol and model induction

Thirty-six male Swiss mice (20–25 g, 6–8 weeks) were 
sourced from the animal facility of King Fahd for medical 
research, King Abdul Aziz University, Jeddah, Saudi Arabia. 
Mice were placed into four equal groups:

• Control (Ctrl) group: mice were treated with normal 
saline (0.9% NaCl) for five consecutive days.

• Carrageenan (Cgn) group: mice were injected with 
0.1 mL of 1% w/v carrageenan suspended in 0.9% NaCl 
into the sub-plantar tissues of the left hind paw.

• Astragalin and carrageenan (Astr + Cgn) group: mice 
were gavaged with astragalin (75 mg/kg) for five days 
based on Soromou et al. [20] before the induction of paw 
edema.

• Indomethacin and carrageenan (Imc + Cgn) group: mice 
were administered with indomethacin (10 mg/kg) for 
five consecutive days according to Gafarzadeh et al. [21] 
before the induction of paw edema.

Both astragalin and indomethacin (an anti-inflammatory 
reference drug) were administered after being dissolved 
in normal saline. The used dose of astragalin was applied 
after a preliminary investigation using 25, 50 and 75 mg/
kg. Interestingly, 75 mg/kg was found to inhibit signifi-
cantly the development of paw edema following carra-
geenan injection as compared with the lower doses, which 
was also in line with a previous study [20]. The thickness 
of the paw tissue before and after carrageenan applica-
tion (at 2, 4, 6, and 8 h) was determined. The recorded 
measurements were figured as the difference in the paw 
volume (mL) and were referenced to the right hind paw of 
the same animal. At 8 h, mice were decapitated and paw 
tissue samples were isolated and separated into two parts. 
One sample was homogenized immediately to yield 50% 
(w/v) homogenate in ice-cold medium containing 50 mM 
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Tris–HCl (pH 7.4) and centrifuged at 500×g for 10 min at 
4 °C. The developed paw supernatant was employed for 
the determination of biochemical assays, while the second 
sample was used to examine the histopathological changes 
and molecular studies.

Estimation of pro‑inflammatory cytokines and other 
inflammatory mediators in the inflamed tissue

Concentration of tumor necrosis factor alpha (TNF-α, Cat. 
No: CSB-E04741m), interlukin-1 beta (IL-1β, Cat. No: CSB-
E04621m), interlukin-6 (IL-6, Cat. No: CSB-E04627m), 
cyclooxygenase-2 (COX-2, Cat. No: CSB-E12910m), 
prostaglandin E2 (PGE2, Cat. No: CSB-PA040059), and 
monocyte chemoattractant protein-1 (MCP-1, Cat. No: 
CSB-E07430m) were measured in paw skin supernatant by 
ELISA kits sourced from CUSABIO Life Sciences, Wuhan, 
China following the manufacturer’s procedures.

Myeloperoxidase (MPO) activity

MPO activity was determined in the inflamed tissue based 
on the modified procedures demonstrated by Bradley et al. 
[22]. After three freeze–thaw cycles of the homogenate and 
centrifugation at 15,000×g for 10 min at 4 °C, level of MPO 
activity was assessed by adding 200 μL of the paw skin 
supernatant with 2.8 mL of 50 mM phosphate buffer (pH 
6.0) and 1 mL of 1.67 mM o-dianisidine hydrochloride con-
taining 0.0005% (v/v)  H2O2. The change in the absorbance 
at 450 nm was noticed, and MPO activity was presented as 
U/mg protein.

Measurement of oxidative stress index 
in the injured skin tissue

Nitric oxide (NO) concentration in paw supernatant was 
quantified based on the protocol described by Green et al. 
[23], by adding the Griess reagent (a mixture of naphthylene 
diamine dihydrochloride (0.1%) and sulfanilamide [1% in 
5%  H3PO4]) for 10 min in dark at 30 °C, and the absorbance 
of the developed bright reddish-purple azo dye was meas-
ured at 540 nm. Lipoperoxidation level in the paw superna-
tant was determined using 1 mL of 0.67% thiobarbituric acid 
and 1 mL of 10% trichloroacetic acid in a boiling water bath 
for 30 min. Thiobarbituric acid reactive substances were 
measured by absorbance at 535 nm and presented in term 
of malondialdehyde (MDA) [24]. Activity of superoxide 
dismutase (SOD) was explored based on the described pro-
tocol by Nishikimi et al. [25]. Catalase (CAT) activity was 
determined according to the described method by Aebi [26].

Quantitative Real‑time PCR

Total RNA from the injured tissue was isolated, and first 
strand cDNA was developed according to the manufacturer’s 
protocol. The mRNA expression of iNOS in the paw tissue 
was detected using real-time quantitative reverse transcrip-
tion polymerase chain reaction (qRT-PCR) technique using 
an Applied Biosystems 7500 Instrument. The thermal con-
ditions for qRT-PCR were denaturated initially at 94 °C for 
2 min, followed by 40 cycles of 94 °C for 30 s and 60 °C 
for 30 s, and a final extension at 72 °C for 10 min. After 
PCR amplification, the ΔCt from three repeated experi-
ments was determined by subtracting the Ct value of the 
standard gene, glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) from that of each sample (Ct). The applied prim-
ers sequences for GAPDH was 5′-CCC TTA AGA GGG ATG 
CTG CC-3′ (forward) and 5′-ACT GTG CCG TTG AAT TTG 
CC-3′ (reverse), and for iNOS was 5′-GCG CTC TAG TGA 
AGC AAA GC-3′ (forward) and 5′-GCA CAT CAA AGC GGC 
CAT AG-3′ (reverse).

Histopathological and immunohistochemical 
analysis

A piece from the injected paw skin with carrageenan was 
fixed overnight in 4% neutral formaldehyde. Skin samples 
were then paraffinized, sectioned (4–5 μm), and further 
stained with hematoxylin and eosin (H&E) to evaluate the 
histopathological deformations in all experimented groups. 
To study the immunoreactivity of NF-kB in the injured tis-
sue, purified primary antibodies with avidin–biotin-peroxi-
dase (ABC) and peroxidase substrate (Pierce™ Peroxidase 
IHC Detection Kit, Thermo Fisher Scientific, CA, USA) 
were employed. Briefly, skin sections were treated with 0.3% 
 H2O2 to deactivate the endogenous peroxidase. Sections 
were incubated with primary antibody for 24 h at 4 °C, and 
then with biotinylated rabbit anti-mouse secondary antibody 
(Dako system kit) and avidin–biotin complex (ABC) rea-
gents for 1 h at 30 °C in a humidified room. Finally, the skin 
sections were counterstained with hematoxylin, dehydrated, 
and mounted using Aquatex fluid (Merck KGaA, Darmstadt, 
Germany).

Statistical analyses

The recoded results are illustrated as the mean ± standard 
deviation (SD). By using the statistical package SPSS, ver-
sion 17.0, one-way analysis of variance (ANOVA) followed 
by Post Hoc Duncan’s test were employed to evaluate the 
difference between control and treated groups. A p-value 
˂ 0.05 was considered statistically significant.
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Results

Impact of astragalin on the development of paw 
edema in response to carrageenan injection

As shown in Fig. 1, sub-plantar injection of carrageenan was 
found to develop edema in the left hind paw skin one hour 
later, and the thickness of injured tissue increased in a time 

dependent manner with the maximum effect recorded after 
8 h. However, astragalin and indomethacin (anti-inflamma-
tory reference drug) treated groups at doses of 75 and 10 mg/
kg, respectively reduced significantly (p < 0.05) the volume 
of the developed edema as compared to the model mice. 
These observations reflect the ability of astragalin to attenu-
ate the vascular alterations following carrageenan injection.

Impact of astragalin on the histological 
deformations associated with carrageenan injection

In addition to the observed redness and swelling of the paw 
tissue upon carrageenan injection, histopathological exami-
nation exhibited epithelial hyperplasia, severe infiltration 
of leukocytes, and sub epidermal edema. These features of 
acute inflammation were mostly inhibited following astraga-
lin administration. Likewise, the anti-inflammatory activity 
evoked by astragalin was similar to that applied by indo-
methacin treatment (Fig. 2a).

Impact of astragalin on the oxidative stress markers 
in the edematous tissue following carrageenan 
injection

Carrageenan application was found to disturb the redox 
status in the paw tissue as confirmed by the significantly 
elevated (p < 0.05) lipid peroxidation and its byproduct, 
MDA (Fig. 3a) coupled with depletion of the antioxidants 
including SOD (Fig. 3b) and CAT (Fig. 3c) with respect 
to the normal mice. On contrast, astragalin and indometha-
cin administration showed similar findings and reduced the 
increased lipoperoxidation and enhanced the antioxidant 
capacity when compared to the model group; reflecting 

Fig. 1  Impact of astragalin (Astr, 75  mg/kg) or indomethacin (Icm, 
10  mg/kg) on paw edema thickness in carrageenan (Cgn)-mediated 
paw edema in mice. Findings are figured as mean ± SD (n = 7); 
p < 0.05 shows statistical significance; #&$Significant alterations 
against control and carrageenan injected mice, respectively

Fig. 2  Impact of astragalin (Astr, 75  mg/kg) or indomethacin 
(Icm, 10  mg/kg) on a histological changes in paw skin after carra-
geenan (Cgn) injection in mice. White arrow: sub epidermal edema, 

red arrow: acute inflammation. b Immunoreactivity of NF-κB 
the inflamed skin tissue of different treated groups, 400×. Scale 
Bar = 100 Μm. (Color figure online)
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the antioxidant properties of astragalin associated with the 
development of acute inflammation in response to carra-
geenan injection in the paw tissue.

Impact of astragalin on the activity of iNOS 
and NO level in the edematous tissue 
following carrageenan injection

As shown in Fig. 3d, e, the mRNA expression of iNOS was 
found to be increased markedly (p < 0.05) associated with 
the elevation of NO in carrageenan-induced paw edema. On 
the other hand, treatment with astragalin and indomethacin 
attenuated significantly the upregulation of iNOS expression 
and decreased the elevated NO level as compared to carra-
geenan injected mice. Indomethacin treated animals showed 
better improvement in the expression of iNOS and NO level 
as compared to the model group.

Impact of astragalin on the levels of COX‑2, 
PGE2, MCP‑1 and MPO in the edematous tissue 
following carrageenan injection

To understand the causes of swelling and redness of paw tis-
sue following carrageenan injection, the level of PGE2 and 

its precursor, COX-2 activity were assessed. Carrageenan 
injection enhanced significantly (p < 0.05) the activity of 
COX-2 and its product, PGE2 as compared to the control 
values. Remarkably, both Astragalin and indomethacin 
deactivated significantly (p < 0.05) COX-2 and subsequently 
decreased PGE2 level in the inflamed foci as compared to 
carrageenan treated mice (Fig. 4a, b).

To elucidate the migration and infiltration of leukocytes 
into the inflamed tissue, levels of MCP-1 (Fig. 4c) and MPO 
(Fig. 4d) were determined in the injured tissue. In com-
parison to the normal mice, carrageenan-challenged mice 
showed a significant raise (p < 0.05) in the level of MPO 
and MCP-1 in the damaged paw tissue. Interestingly, astra-
galin and indomethacin administration to the model group 
decreased significantly (p < 0.05) the elevated MCP-1 and 
MPO as compared to carrageenan injected group.

Impact of astragalin on the level 
of the pro‑inflammatory cytokines and NF‑κB 
in the edematous tissue following carrageenan 
injection

In order to evaluate the inflammatory response in carra-
geenan-injected mice, levels of pro-inflammatory cytokines 

Fig. 3  Impact of astragalin (Astr, 75  mg/kg) or indomethacin (Icm, 
10 mg/kg) on a MDA, b SOD, c CAT, d mRNA expression of iNOS 
and e NO levels in carrageenan (Cgn)-mediated paw edema in mice. 
Results are expressed as mean ± SD (n = 7). p < 0.05 shows signifi-

cant significance; #&$ significant alterations against control and car-
rageenan injected mice, respectively. PCR results were performed in 
triplicate using Gapdh as a housekeeping gene
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were estimated in the inflamed tissue. A significant elevation 
(p < 0.05) in the levels of TNF-α (Fig. 5a), IL-1β (Fig. 5b) 
and IL-6 (Fig. 5c) was observed following carrageenan 
injection as compared to the control mice. Meanwhile, 
astragalin administered mice alone showed a non-significant 
change in the examined pro-inflammatory cytokines. How-
ever, astragalin and indomethacin administration to mice 
injected with carrageenan decreased significantly (p < 0.05) 
the elevated inflammatory cytokines with respect to the 
model group; reflecting the ability of astragalin to inhibit 
the development of acute inflammatory response upon car-
rageenan application.

In order to clarify the molecular mechanism implicated 
in the anti-inflammatory properties of astragalin, immuno-
reactivity and level of NF-κB (Figs. 2b and 5d) were inves-
tigated following carrageenan injection. NF-κB regulates 
and controls the expression and activity of different inflam-
matory molecules. The recorded data showed a significant 
elevation (p < 0.05) in the level of NF-κB and expression 
in the injured paw tissue after carrageenan application as 

compared to the control untreated mice. Notably, astraga-
lin and indomethacin were able to decrease the level and 
expression of this transcriptional factor significantly upon 
carrageenan intoxication.

Discussion

Long term intake of the anti-inflammatory medications 
including non steroid anti-inflammatory drugs were 
found to be coupled with numerous health problems 
such as gastric ulcer, renal and cardiac deficits. Hence, 
it’s mandatory to find alternative safe and effective anti-
inflammatory drug derived from natural resources. Here, 
we evaluated the antioxidant and anti-inflammatory activ-
ities of astragalin in paw edema murine model induced 
by carrageenan. Carrageenan-mediated paw edema is an 
accepted experimental model employed to assess the novel 
anti-inflammatory compounds. In the present work, car-
rageenan injection triggered oxidative tension in the paw 

Fig. 4  Impact of astragalin (Astr, 75  mg/kg) or indomethacin (Icm, 
10 mg/kg) on the levels of a COX-2, b PGE2, c MCP-1 and d MPO 
in the inflamed skin tissue after carrageenan (Cgn) injection. Results 

are expressed as mean ± SD (n = 7). p < 0.05 shows significant sig-
nificance; #&$Significant alterations against control and carrageenan 
injected mice, respectively
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skin as indicated by the raised lipoperoxidation in the 
form of MDA formation and the declined SOD and CAT 
activities. Previous reports demonstrated the development 
of oxidative and nitrosative damages upon carrageenan 
application as confirmed by the excessive formation of 
ROS and reactive nitrogen species (RNS) and their cyto-
toxic active derivatives [27]. Among the produced ROS, 
hydroxyl and hydroperoxyl radicals which mostly attack 
membrane lipids and enhance its peroxidation [28]. MDA 
elevation reflects the incidence of oxidative damage and 
subsequently inflammatory responses [29]. SOD is a met-
alloenzyme used to catalyze the dismutaion of superoxide 
radicals into less active hydrogen peroxide and molecular 
oxygen. Meanwhile, CAT degrades the formed hydrogen 
peroxide by SOD into water and molecular oxygen [30]. 
The overproduced ROS during the inflammatory responses 
was reported to exhaust and deactivate antioxidant 
enzymes including thiol-containing proteins, SOD and 
CAT which represents the major cytoprotective defense 
barrier against internal or external stimuli [31].

Remarkably, astragalin administration in carrageenan 
injected mice elicited a decrease in lipid peroxidation by-
product and increased SOD and CAT activities; reflecting 
its antioxidant capacity and its ability to scavenge ROS gen-
erated after carrageenan injection. Indeed, astragalin-con-
taining medicinal plants have promising protective impact 
against the development of oxidative stress [32]. Karna et al. 
[12] showed that astragalin administration in combination 
with monotropein and spiraeoside was found to quench 
ROS and RNS in varicocelized rats along with inhibiting 
lipid peroxidation and enhancing activities of antioxidant 
enzymes. Additionally, astragalin prevented testicular dys-
function associated with diabetes via restoring the balance 
between oxidants and antioxidants in the testicular tissue 
[33]. Moreover, astragalin inhibited lung injury following 
lipopolysaccharide via upregulation of nuclear factor eryth-
roid-2-related factor 2 and heme oxygenase-1 pathway [34].

In association with the intensive inflammatory reaction, 
carrageenan application causes microcirculatory altera-
tions resulting in the formation of edema and increased its 

Fig. 5  Impact of astragalin (Astr, 75  mg/kg) or indomethacin (Icm, 
10 mg/kg) on the protein levels of a TNF-α, b IL-1β, c IL-6 and d 
NF-κB in carrageenan (Cgn)-mediated paw edema in mice. Results 

are expressed as mean ± SD (n = 7). p < 0.05 shows significant sig-
nificance; #&$Significant alterations against control and carrageenan 
injected mice, respectively
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thickness in a time dependent effect [35], which has been 
confirmed in the current investigation. On the other hand, 
astragalin administration decreased distinctly the volume of 
the developed edematous tissue.

Furthermore, earlier studies demonstrated that excessive 
ROS generation following carrageenan injection triggers the 
progression of inflammation through activation of immune 
cells and release of different pro-inflammatory mediators 
resulting in tissue injury. In the current study, carrageenan 
injected mice exhibited overproduction of pro-inflammatory 
cytokines (IL-1β, IL-6 and TNF-α) and increased levels 
of MCP-1 and MPO activity along with elevated COX-2 
and iNOS activities and their products (PGE2 and NO), as 
reported in previous studies [6, 27]. At the inflamed foci, 
activated macrophages, monocytes, fibrocytes and endothe-
lial cells produce excessively different inflammatory media-
tors. Cross-communication between the pro-inflammatory 
cytokines through direct or indirect pathways has been 
reported during inflammatory response, which has been 
also linked with the development of oxidative stress. It 
has been demonstrated that TNF-α and pro-inflammatory 
interleukins are mainly released simultaneously to poten-
tiate pro-inflammatory vascular and cellular reactions in 
response to infections. The over secreted TNF-α and IL-β 
was found to enhance production of IL-6. The elevation in 
these pro-inflammatory cytokines has been attributed to the 
activation of NF-κB which further activate their mRNA 
expression [36]. At high concentration, TNF-α and IL-1β 
activates the expression of endothelial cell adhesion mol-
ecules and enhances the activity of several inflammatory 
molecules including COX-2 and further PGE2 synthesis 
[37, 38]. Prostaglandins regulate numerous biological func-
tions like blood pressure, digestive system integrity, immune 
response and fertility. Alteration in prostaglandins metabo-
lism has been linked with the genesis of several pathological 
conditions [39, 40]. PGE2 when produced in high levels is 
significantly coupled with the induction of typical characters 
of acute inflammation including redness, swelling and pain 
[41]. Accumulative evidences demonstrated a positive cor-
relation between the increased pro-inflammatory cytokines 
and iNOS upregulation and subsequent NO production [42]. 
Moreover, these soluble mediators were found to enhance 
production of acute phase protein and tissue damage such as 
in rheumatoid arthritis [37]. The obtained high PGE2 in the 
current study may be due to the increased activity of COX-2 
following carrageenan injection.

NO is a biological mediator performs that regulates the 
homeostasis of several physiological processes. During path-
ological circumstances and at high NO concentration, NO-
derives radicals including peroxynitrite is produced in large 
amount and causes severe cellular impairments such as DNA 
oxidation and lipoperoxidation resulting in tissue injury and 
inflammation [43]. The increased NO level in the current 

study in the paw tissue may be due to the overactivation of 
iNOS activity which represents the rate-limiting enzyme in 
NO formation. Beside, TNF-α provokes NO production by 
stimulating iNOS and boosts the responses of neutrophils to 
inflammatory stimuli [44]. Earlier reports stated that iNOS 
upregulation and high NO have profound impact on COX2 
activity and PGE2 formation [45]. Wu [46] showed that ele-
vated NO level stimulates PGE2 synthesis through increas-
ing COX-2 half-life by producing free radicals and sup-
pressing COX-2 autoinactivation. Additionally, NO-derived 
radical (peroxynitrite) enhances lipoperoxidation which trig-
ger the release of arachidonic acid from plasma membrane 
resulting in COX-2 activation and PGE2 production accord-
ingly [47]. MPO is heme containing protein secreted mainly 
from neutrophils and widely used as oxidative stress and 
inflammatory marker [48]. In combination with hydrogen 
peroxide and halides, MPO generates hypochlorous acid, 
a powerful oxidant and is implicated in oxygen-dependent 
microbicidal activity of phagocytes. Excessive production of 
MPO-derived pro-oxidants has been associated with tissue 
injury in acute and chronic inflammation [49]. MCP-1 is a 
chemokine that control migration and infiltration of leuko-
cytes at the inflamed foci [50]. It has been reporting that the 
elevated MCP-1 level following carrageenan application in 
acute pleural inflammation model; suggesting the infiltration 
of innate immune cells at inflamed tissue [51].

It is widely established that the regulation of inflamma-
tion is a complex process coupled with multiple pathways 
including NF-κB signaling pathway. NF-κB is a transcrip-
tional factor located in the cytoplasm bound to IκBs. Dur-
ing pathological conditions, NF-κB detached from IκBs and 
translocates into nucleus in order to control the secretion 
of inflammatory mediators [52]. Therefore, accumulative 
evidences attributed the elevation in level and expression 
of the examined inflammatory cytokines including TNF-α, 
IL-1β, IL-6, iNOS, NO, COX-2, PGE2, MPO and MCP-1 
to the activation of NF-κB in the inflamed paw tissue, which 
may be due to overproduction of ROS follow carrageenan 
injection [8, 53, 54].

The suppression of pro-inflammatory cytokines is essen-
tial target to regulate and control the progression of acute 
and chronic inflammatory response. In the current inves-
tigation, astragalin supplementation to carrageenan treated 
mice showed potent anti-inflammatory properties through 
preventing the overproduction of the examined inflammatory 
molecules in the inflamed paw skin. Astragalin was found 
to decrease IL-1β-mediated increase in COX-2 and iNOS 
activities along with their products, namely PGE2 and NO in 
human osteoarthritis chondrocyte [55]. Authors elucidated 
this anti-inflammatory effect to the ability of astragalin to 
deactivate NF-B and MAPK signaling. In another study, Han 
et al. [33] showed that astragalin protected the testicular tis-
sue following streptozotocin exposure through suppressing 
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iNOS activity, NO and TNF-α levels along with improving 
the antioxidant status. Additionally, astragalin blocked the 
immigration and infiltration of leukocytes as confirmed by 
the deactivation of MPO and attenuation of TNF-α, IL-1β, 
IL-6 and their mediator, NF-κB in mastitis model induced by 
lipopolysaccharide [19]. Due to its potent anti-inflammatory 
properties, astragalin has been suggested to treat allergic 
inflammation and airway thickening induced by ovalbumin 
through inhibiting MCP-1 and α-SMA [56].

Conclusion

The obtained findings demonstrated that astragalin admin-
istration in carrageenan-induced paw edema improved the 
antioxidant status and elicited anti-inflammatory activ-
ity in the inflamed tissue through inhibiting the release of 
inflammatory cytokines including TNF-α, IL-1β, IL-6, and 
deactivating COX-2 and iNOS activities and their products 
(PGE2 and NO) along with inhibiting the activity of MPO 
and preventing the infiltration of the inflammatory cells at 
the inflamed tissue. Astragalin also inhibited the oxidative 
challenge associated with the developed acute inflamma-
tion. The recorded antioxidant and anti-inflammatory effects 
could be due to the ability of astragalin to decrease NF-κB 
p65 level and quenching ROS.
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