Volume 14, Number 3, September 2021
ISSN 1995-6673

Pages 529 — 535
https://doi.org/10.54319/jjbs/140319

JJIBS

Jordan Journal of Biological Sciences

In vivo Anti-inflammatory Activity of Aqueous Extract of
Carthamus caeruleus L Rhizome Against Carrageenan-Induced
Inflammation in Mice

Amari Nesrine Ouda® , Missoun Fatiha®”, Mansour Sadia® , Sekkal Fatima Zohra? and
Djebli Noureddine'

Laboratory of Pharmacognosy and Api-Phytotherapy, University of Mostaganem (UMAB), Mostaganem 27000, Algeria;® Laboratory of
Biodiversity and Conservation of Water and Soil ,University of Mostaganem (UMAB), Mostaganem 27000, Algeria.

Received: July 27, 2020; Revised: October 28, 2020; Accepted: November 12, 2020

Abstract

Carthamus caeruleus L belongs to the family Asteraceae and is reported to have anti-inflammatory, anti-burns and wound
healing properties. The aim of the present study was to evaluate the anti-inflammatory activity of aqueous extract of
Carthamus caeruleus L rhizome in mice. Carrageenan was used to induce inflammation in mice; the percentage inhibition of
edema (% INH), the percentage increase in paw edema volume (% AUG) and histological study were used to evaluate the
anti-inflammatory activity.

Phytochemical investigations indicate the presence of Carotenoids, flavonoids, terpenoids and steroids, tannins, saponins,
coumarins, quinons, mucilage, proteins and glycosides and a very low quantity of phenolic compounds (13.08 +0.22mg
GAE/g extract) and flavonoids (5.02 £0.55mg QE/g extract) in the rhizome of Carthamus caeruleus L . In acute toxicity
test, the oral doses of plant extract administered to mice were not toxic. Our findings show that the treatment with aqueous
extract of Carthamus caeruleus L presents a significant inhibitory activity in carrageenan-induced paw inflammation in
group A (dose 150 mg / kg) and B (dose 300 mg / kg) compared with the standard drug Diclofenac during the whole period
of experimentation; these results were confirmed by the histological study in the paws of mice. Carthamus caeruleus L
appears to be a promising plant for further preclinical and clinical trials in inflammation.
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reducing the production of prostaglandin (Payan et al.,
1. Introduction 1995) Unfortunately, there are many side effects
associated with the administration of nonsteroidal anti-

Inflammation is a process of immune defense of the
organism in response to an aggression of exogenous origin
(burn, infection, allergy, trauma) or endogenous (cancer
cells or autoimmune pathologies) .The clinical symptoms
of those inflammation processes are: redness, heat,
swelling and pain, moreover, the function of the inflamed
organ can be impaired. At the tissue level, the
inflammatory response is characterized by an increase in
vascular permeability, an increase in the denaturation of
proteins and the alteration of cell membranes. (Winter,
1967; Roitt et al., 2001). Chronic inflammation is the
main cause of continuing disorders, such as autoimmune
diseases, allergies, metabolic syndrome, cardiovascular
dysfunctions and Cancer and imposing an enormous
economic burden on individuals and therefore on society
(Sarkar, 2020; Bagad et al., 2013; Sreedam et al., 2012).

Various effective anti-inflammatory drugs can reduce
pain and inflammation by the inhibition of the
metabolism of arachidonic acid by the isoform of the
enzyme cyclooxygenase (COX-1 and/or COX-2), thereby
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inflammatory drugs like headache, gastric ulcer, damage
of liver function (Oguntibeju et al ., 2018) .

Over the past decade, phytotherapy has become more
important, making an impact on both health and
international trade. Return to natural products is essential
as it would be less toxic and equally effective (Missoun et
al., 2017). Algeria has a diverse climate and a large
geographical location, making it a treasure trove of
medicinal plants; furthermore, the trade of plants is very
easy and cheap. In addition, many people are interested in
having more autonomy over their medical care in Algeria.

For this reason, we have chosen for our study
Carthamus caeruleus L .In traditional medicine, this plant
is used to prepare ointment by boiling the rhizomes in
water until becoming beige cream and using it against
burns, inflammation and skin rejuvenation in a deep burn.
GC / MS analysis made by Dahmani, et al (2018)
indicated the presence of very interesting phytochemicals
in the rhizomes of Carthamus caeruleus L collected from
Tizi Ouzou north of Algeria, as an example: n -

™ Abbreviation:NFkB = nuclear factor, iNOS: inducible nitric oxide synthase, NO: nitric oxide, ICAM: intercellular adhesion molecule,
VCAM: vascular cell adhesion molecule, PECAM: platelet endothelial cell adhesion molecule, IL: interleukin, TNF: tumor necrosis

factor, MCP: monocyte chemoattractant protein.
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hexadecanoic acid (palmitic acid), mono (2-ethylhexyl)
phthalate (MEHP); this molecule is known for its anti-
inflammatory , antifungal, antidiabetic, antioxidant,
antitumor, and antimicrobial effects. The enzyme kinetics
study proved that n-hexadecanoic acid inhibits
phospholipase A(2) in a competitive manner (Vasudevan
etal., 2012).

This study focuses on the anti-inflammatory effect of
Carthamus caeruleus L rhizome collected from
Mostaganem region on mice .The inflammation process
was induced by lipopolysaccharide called carrageenan and
treated thereafter by Carthamus caeruleus L rhizome
aqueous extract.

2. Materials and methods

2.1. Plant material

Carthamus caeruleus L. rhizomes were collected in
August 2018 from Sidi lakhder region, Mostaganem city,
west of Algeria. The samples were taken randomly and
transported in black plastic bags to the laboratory. Samples
were identified by Dr. Sekkal FZ, and a voucher specimen
(C.C .Sidi Lakhder/2018) of the plant was kept at the
Herbarium of Laboratory of Pharmacognosy & Api
Phytotherapy, University of Mostaganem, Algeria, for
future reference. After washing and drying, the samples
were crushed and sieved to obtain a fine powder which
was used for the preparation of the extracts. It has been
preserved in a hermetic bottle protected from light.

Figure 1. Photography of Carthamus caeruleus L .A : Stem and
flower , B : Rhizome

2.2. Preliminary phytochemical screening

2.2.1. Qualitative Analysis

Colorimetric methods were carried out on the
methanolic and aqueous extract and on the powdered
specimens using standard procedures to identify Alkaloids,
Flavonoids, Quinones, Tannins, Saponins, Coumarins,
Carotenoids, Triterpenoids, Sterols, Proteins, Glycosides,
Combined anthraquinones, Mucilages as described by
Harborne (1998), Trease et al (2009), Sofowara (1993)
and Ayoola et al (2008).

2.2.2. Quantitative Analysis : Total phenolic and
flavonoid content

The total phenolic content was determined by the Folin
reagent method Ciocalteu (FCR) (Mruthunjaya et al .,

2016). One milliliter (1 ml) of the plant methanol extract
was mixed with FCR (diluted 10 times). After standing for
5 min at 22 ° C, a volume of 750 ml NaCO3; was added to
the mixture. The absorbance was measured at 725 nm by
spectrophotometer (Shimadzu UV mini1240). The content
of TPCs of each extract was estimated by comparison with
the standard curve generated from gallic acid. The results
were expressed in gallic acid equivalents (mg GAE / g
extract).

The flavonoid content is determined using quercetin as
a reference compound. One milliliter (1ml) of plant extract
in methanol was mixed with 1ml chloride aluminum. The
absorbance was read at 415 nm. The flavonoid content was
expressed in mg quercetin / g extract. The amount of
flavonoids in Carthamus caeruleus L extracts in quercetin
equivalents (QE) was calculated by the following formula:

F = (A Wo) /(A . W)

Where F= flavonoid content was expressed as
milligrams of QE/milligrams of plant extracts.

A= absorbtion of plant extracts solution, Ay =
absorbtion of standard quercetin solution,

W, = weight of standard quercetin solution in mg, W =
weight of the plant extract in mg.

2.3. Experimental design

2.3.1. Plant Extract Preparation for in vivo anti-
inflammatory activity

1000 mL of distilled water was added tol00g of
rhizome dry powder, let boiled for 60 min. The dark
yellow extract was filtered by using Whatman filter paper.
The filtrate was then lyophilized conserved until use for
anti-inflammatory activity in mice. Yield obtained from
rhizomes extraction was 15% .

2.3.2. Acute toxicity study

Acute toxicity study was assessed in mice by using an
acute oral toxic class method of Organization of Economic
Co-operation and Development (OECD), guidelines
(OECD/OCDE, 2000 ) .This test consists in administering
gradual doses (300 mg, 500 mg, 1000mg / kg BW) to the
animals and observed for any manifestation of toxicity,
increase in locomotor activity, salivation, convulsion,
coma and death. These observations are made regularly up
to 24 hours.

2.3.3. In vivo anti-inflammatory activity

Twenty eight healthy adult female mice NMRI
weighing 33+5g were obtained from Algerian Pasteur
Institute. Animals were kept in polyacrylic cages and
maintained under standard housing conditions (room
temperature at 25+5°C with 12:12 light: dark cycles) and
water ad libitum. Food was provided by dry pellets.
Animals were randomly divided into four groups of seven
mice each. Experimental work was carried out at UMAB
in accordance with the Algerian Legislation (Law Number
12-235/2012) inherent to the protection of animals
designed to experimental and other scientific purposes as
well as with the guidelines of the Algerian Association of
Experimental Animal Sciences (AASEA).

All animals were fasted 18 h before testing. The
duration of experimentation was 6 hours, with each group
receiving the experimental solutions orally one hour before
the injection of carrageenan as follows:
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Control Carrageenan group C (n=7) : Physiological
water NaCl (0,9%).

Standard group St (n=7): Was given an anti-
inflammatory medicine (Diclofénac dissolved in NaCl
0,9% with concentration of 10ml/kg).

Group A (n=7): Aqueous extract of Carthamus
caeruleus L (150 mg/Kg de BW dissolved in NaCl 0,9%).

Group B (n=7): Aqueous extract of Carthamus
caeruleus L (300mg/Kg de BW dissolved in  NaCl 0,9%).

One hour after the administration of the treatments,
each animal in all groups received, by sub-plantar injection
in the right hind paw, 0.1 ml of a 0.1% carrageenan a high-
molecular-weight polysaccharide induced paw edema
model (Alwashli et al., 2012; Bignotto et al., 2009)
dissolved in 0.9% NaCl.

2.3.4. Evaluation of anti-inflammatory activity

a. The percentage increase in paw edema volume (%

AUG)

The diameter of the paw was measured, using a digital
micrometer before and after induction of inflammation at
intervals of one hour for six hours . The percentage
increase in paw edema volume (% AUG) was calculated
for each group of mice. It is given by the following
formula :

%AUG = (Dn-D0) X 100 / DO

Dn: Diameter of the leg the n hour after the injection of the
carrageenan.

DO: Diameter of the leg before the injection of the carrageenan.

b. Calculation of the percentage inhibition of edema (%
INH)
The percentage inhibition (% INH) of the edema was
calculated for each group of mice treated relative to the
control. It is obtained by the following formula

%INH = (% AUG control - % AUG treated )*100 / %AUG
control

% INH : the percentage inhibition of edema

% AUG : The percentage increase in paw edema volume

2.4. Histopathological examination

Two mice were randomly selected from each group for
histopathological investigations. Tissue samples were
taken 6 hours after the induction of inflammation , legs
were fixed in 10% formalin, decalcified with a
decalcifying solution (980 ml of distilled water + 20 ml of
nitric acid), for three hours, incorporated into paraffin and
sectioned to obtain paraffin sections 4 um thick using a
slide microtome. The tissue sections obtained were
collected on glass slides, dewaxed in xylene, hydrated in
descending series of ethyl alcohol, stained with
hematoxylin and eosin (H&E) stains, dehydrated in
ascending series of ethyl alcohol, eliminated in two
changes of xylene, assembled with DPX (Bancroft et al.,
2008) then examined with optical microscope.

2.5. Statistical analysis

For numerical outcomes, one-way analysis of variance
(ANOVA) with Tukey-Kramer Multiple Comparisons post
tests were performed using GraphPad InStat Version 3
(GraphPad Software) and all graphs were made by
utilizing Microsoft office 2007 software. The results were
expressed as an average = SEM. The values of p <0.05; p

<0.01; p <0.001 were considered significant (*), very
significant (**) and highly significant (***) respectively.

3. Results

3.1. phytochemical screening

In this study, the phytochemical screening of
Carthamus caeruleus L rhizomes extracts has shown that
this herb contains : Flavonoids, carotenoids, terpenoids
and steroids, tannins,  saponins, combined
anthraquinones, coumains, quinons, mucilage, proteins and
glycosides, whereas the absence of alkaloids (table 1).

The Flavonoids and Total phenolic compound contents
of Carthamus caeruleus L are shown in table 2. The results
are expressed in milligram equivalent (standard) per gram
of dry powder extract (mg standard E/g DM), using the
equation of the linear regression of the calibration curve
plotted from the corresponding standard (Quercetin, Gallic
acid, respectively). Results show very low quantity of
phenolic compounds (13.08 +0.22mg GAE/g extract) and
flavonoids (5.02 +0.55mg QE/g extract) in the rhizome
part of Carthamus caeruleus L .

Table 1. The results of phytochemical screening of Carthamus
caeruleus L

Class of Test name or reagent C. Caeruleus
compounds extract rhizome
Alkaloids Mayer and Dragendorff’s

reagent
Flavonoids Shinoda test +
Quinones NAOH + Extract +++
Tannins Ferric chloride test +++
Saponins Froth test +++
Coumarins Fluorescence test +
Carotenoids Carr-Price reaction ++
Triterpenoids Salkowski’s test +++
Sterols Libermann-Burchard test ~ +++
Proteins Trichloroacetic acid test +++
Glycosides Legal test ot
Combined s

. Borntrager’s test +++

anthraquinones

Extract + Alcohol +++

Mucilages

—Absence, +Presence in low concentration, ++Presence,
+++Presence in high concentration

Table 2. Flavonoids and Total phenolic compound contents of
Carthamus caeruleus L

Samples Flavonoids Total phenolic
(mg Quercetin compound
equivalent/g of (mg Gallic acid
extract) equivalent/g of extract)

Alcoholic 5.02 +0.55 13.08 £0.22

Extract

3.2. In vivo anti-inflammatory activity

Oral administration of the aqueous extract of rhizome
of Carthamus caeruleus L at doses of (300 mg, 500 mg,
1000 mg) / kg BW to mice did not induce any signs of
acute toxicity during the 24 h of observation.
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The percentage increase in paw edema volume
(%AUG) that carrageenan administration significantly
increased (p <0.001) the paw edema in mice in the first
hour of the experiment (figure 2) .The administration of
the anti-inflammatory drug Diclofenac (50 mg / kg) in the
second group (St) significantly decreased the paws
edema from the second hour in mice up to the fifth hour
of the experiment.

Treatment with the aqueous extract of the rhizome of
Carthamus caeruleus L (150 mg / kg) induces a significant
decrease in the volume of the mice's paws edema during
the second, third, fifth and sixth hours of the experiment (P
< 0.01). (Figure 2). Treatment with dose of 300 mg / kg
induces a highly significant reduction over the 6 hours
compared to Carrageenan control group.

On the other hand, the results of the  percentage
inhibition of edema (% INH) indicate that after the first
and second hour (Figure 3), the treatment with the oral
administration  of the aqueous extract of Carthamus
caeruleus L at the dose 300 mg / kg caused a highly
significant inhibitory activity in carrageenan-induced paw
inflammation compared to the group treated with the
extract at a dose of 150 mg / kg BW and standard group (P
<0.001).

Our results show that the treatment with aqueous
extract of Carthamus caeruleus L presents an anti-
inflammatory activity in group A and B compared to the
standard drug Diclofenac during the whole period of
experimentation.
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Figure 2. The percentage increase in paw edema volume (%AUG). Mice were divided randomly into four groups: Control (C)

Carrageenan group , Diclofenac (St) group (50mg/kg), C. Caeruleus (A) groups (150mg/kg) and C. Caeruleus (B) groups (300mg/kg).
Results are expressed as the mean£SD (n=7 animals per group). *p<0.05, **p<0.01, ***p<0.001 were considered significant when

compared with the Control carragenan group (C).
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Figure 3 . Effect of Carthamus caeruleus on percentage inhibition of edema (% INH). Mice were divided randomly into four groups :
Control carrageenan group , Diclofenac (St) group (50mg/kg), C. Caeruleus (A) groups (150mg/kg) and C. Caeruleus (B) groups
(300mg/kg). Results are expressed as the mean+SD (n=7 animals per group). *p<0.05, **p<0.01, ***p<0.001 were considered significant

when compared with the Standard group (St).

3.3. Histological study

The histological study in the paw tissues of control
carrageenan mice showed severe acute inflammation with
dense infiltration comprising of neutrophils and
lymphocytes (chronic inflammatory cells). The epidermis

showed sponge-like appearance. Necrosis, exudates
Jpolymorphic associated with edema were also noted
(Figure 4) .In the group treated with Diclofenac, we
noticed the disappearance of edema and tissue congestion,
decrease in the intensity of the inflammatory infiltrate
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were observed compared to the carrageenan control.
Treatment with the aqueous extract of the rhizome of
Carthamus caeruleus L in the doses of 150 mg / kg and
300 mg / kg reduce inflammatory response with few
proliferation blood vessel and  minimal number of
inflammatory cells.

Figure 4. Photographs from the skin of mice paw tissue showing the
protective effect of Carthamus caeruleus against carrageenan-induced
inflammation. Control carrageenan (C), Diclofenac (St) group
(50mg/kg), C. Caeruleus (A) group (150mg/kg) and C. Caeruleus (B)
group (300mg/kg), EPD: epidermis, Der: dermis, INF —: lymphocytic
infiltration. (X40)

4. Discussion

In this study, the potential anti-inflammatory effects of
aqueous rhizome of Carthamus caeruleus L collected
from Mostaganem west of Algeria were investigated using
female NMRI mice as animal models, carrageenan was
used to induce paw edema model . The percentage
inhibition of edema (% INH ), the percentage increase in
paw edema volume (% AUG) and histological study were
used to evaluate the anti-inflammatory activity of the test
substance.

Our results of phytochemical screening are in the same
order with the results of Dahmani et al (2018) and
Benhamou et al. (2013) with Carthamus caeruleus L
collected from Tizi Ouzou and Setif regions respectively
in Algeria; they found that the rhizomes of this plant are
rich in tannins, anthocyanins, flavonoids,
leucoanthocyanins, saponins, terpenoids and  steroids,
glycosides, mucilage, and coumarins. The results show
that the total polyphenols compounds in rhizome aqueous
crude extract of Carthamus caeruleus L was low 13.08
+0.22 mg GAE/g DM as well as flavonoids with 5.02
+0.55 mg EQ / g DW. Qur results are in the same order
with the findings of Baghiani et al. (2010) with the same
genus collected from Setif northeast of Algeria; they
found 10.358 + 0.428 mg GAE/g DM of total polyphenols
compounds and 1508 + 0.094 mg EQ / g DW of
flavonoids  in crude aqueous extract of roots of
Carthamus caeruleus L . Our results are completely
different from those obtained by Dahmani (2019) with
methanolique extract of rhizomes of Carthamus caeruleus
L collected from Tizi Ouzou Northern Algeria ; they
found a high total polyphenol content equal to 57,91+0.57

mg EAG/g DM. These differences in the contents of total
polyphenols, flavonoids and the absence or presence of
phytochemicals in different regions can be explained by
experimental conditions, climatic and environmental area,
genetic heritage and period and time of harvest (Atmani,
2009; Allaoui et al., 2016; Tinuet al ., 2015).

Carrageenan is a polysaccharide induced paw edema in
two phases. First phase: there are incidences such as
releasing of histamine, serotonin and kinins while the
second phase of edema is manifested by releasing of
prostaglandins, protease and lysosome. The most clinically
effective anti-inflammatory drugs are effective against the
second phase (Posadas et al., 2004). In the present study,
the treatment with aqueous extract of rhizome of
Carthamus caeruleus L shows a significant inhibitory
activity in carrageenan induced paw inflammation in group
A and B and it was important than Standard (Diclofenac)
. The percentage inhibition of edema (% INH) was dose
dependent because the percentage increase in paw edema
volume (%AUG) was significantly decreased in mice
treated with 300mg/kg BW than with 150mg/kg BW ;
these findings suggested that rhizome of Carthamus
caeruleus L has antagonist action against inflammation
induced by carrageenan. The total inhibition of edema in
group B was observed after six hours, which indicates a
strong inhibitory activity of inflammation and all related
appearances in tissues of epidermis and dermis. The
inflammatory granuloma is a typical feature of subacute
inflammatory reaction (Spector , 2004). Results in this
study show a very important granuloma in histological
slides of carrageenan control group, the treatment with
Carthamus caeruleus L has shown a minimal
inflammatory granuloma. Our results are in the same order
with Dahmani et al. (2018) , Benhamou et al. (2013) and
Benmansour et al. (2020) with Carthamus caeruleus L
collected from Tizi Ouzou , Setif and Tipaza, respectively.
They have shown that the rhizomes of this herb were
effective against inflammation induced by carrageenan in
experimental animals. This anti-inflammatory activity
could be due to the phytochemical compounds. The anti-
inflammatory activity of many phytoconstituents is
manifested by their ability to inhibit the mediators of
inflammation like iNOS, NO and cytokines like TNF-a,
IL-1B, IL-6, IL-12, etc. The inhibition of chemokines as
well as the inhibition of the activities of some enzymes
responsible for inflammation like cycloxygenase-2 (COX-
2), prostaglandins and leukotrienes, reduction in reactive
oxygen species (ROS), regulation of enzymatic
antioxidants (superoxide dismutase, catalase, etc.) and
non-enzymatic (glutathione, etc.) defense systems and the
inhibition of neutrophil infiltration decrease expression of
cell adhesion proteins (VCAM ,ICAM, PECAM). Metallo-
proteins were also tested as markers of anti-inflammatory
activity. The down regulation of signaling pathways like
NF- kB by the active plants compounds were also tested
by many studies (Lee et al., 2011; Hyam et al., 2013 ; Wu
Xetal., 2014).

Phytochemical screening of the rhizomes of Carthamus
caeruleus L in this study has revealed the richness of this
plant in terms of phytoconstituents. The anti-inflammatory
and anti-nociceptive effect of plants has been attributed to
their secondary metabolites such as flavonoids, saponins,
steroids, terpenoids, tannins and alkaloids (Birhane et al.,
2020). The phytochemical studies on the rihzomes of
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Algerian Carthamus caeruleus L with gaz
chromatography coupled to the mass spectroscopy were
carried out by Dahmani et al. (2018) and Benhamou et al.
(2013) who showed the presence of sesquiterpenes and
fatty acids such as palmitic acid and mono(2-ethylhexyl)
phthalate (MEHP) and 5-(hydroxymethyl)-2-
furancarboxaldehyde (5-HMF). Many pharmacological
studies on active plant components showed that
unsaturated fatty acids like palmitic acids are able to
influence the biochemical properties of the membrane such
as fluidity and permeability (Dhifi et al., 2013; Nasri et al.,
2005 ). Xu et al (2007) and Oh et al (2012) indicated
that (5-HMF) and (MEHP) had good biological
activities, such as anti-inflammatory activity and
antioxidant action.

5. Conclusion

Based on our findings from this study, it can be
concluded that the aqueous extract of the rhizome of
Carthamus caeruleus L collected from Mostaganem
northern of Algeria was effective against inflammation
caused by carrageenan and decreased the volume of edema
and pain in the paws of experimental animal. The
phytochemical investigation showed that the rhizomes of
this plant are rich in terms of secondary metabolites. The
synergistic effect of these metabolites or one of these
phytoconstituents could be responsible for the anti-
inflammatory activity. Hence, other researches should be
made to isolate and identify the active compound
responsible for this pharmacological activity.
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