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ity D, 202 Abstract

gcc‘gggteerdéz 2023 Calendula stellata (Asteraceae family), growing in North-East Algeria was
B C’)n”ne_ investigated for its biological activities in laboratory animal model studies. The n-
October 27, 2023 butanol extract was prepared from aerial parts using ethanol maceration followed by

liquid-liquid extraction then, the total phenolic and flavonoid contents were
measured, and the antioxidant activity was evaluated using DPPH, ABTS, CUPRAC,
and reducing power assay. Then acute toxicity was tested in mice using the Up and
Down test and, the anti-inflammatory anti-arthritic activity was evaluated using
formalin induced arthritis (FIA) in Wistar rats. Results indicated that, the extract was
rich in phenolic and flavonoid contents (224.097 +7.31 mg GAE/g and
207.36+£10.081mg QE/g, respectively). It possessed considerable antioxidant activity,
the extract showed no visible toxicity or mortality signs, and the LDs, was >
2000mg/kg body weight. Furthermore, in the FIA, the extract showed significant
dose-dependent inhibition in paw edema. It also it decreased the C-reactive protein
(CRP) plasmatic, preventing cartilage destruction and liver injury. In conclusion, C.
stellata n-butanol extract possesses antioxidant and anti-arthritic activities, in addition
to protective properties in hepatic tissue.
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Introduction alata Rech. f has been utilized for the treatment of

renal disorders, C. arvensis Linn has been
The Calendula genus (Asteraceae family) is traditionally used in lItalian folk medicine as a
primarily distributed in the Mediterranean region. It disinfectant, antispasmodic, diuretic, as well as for its
is well known for the medicinal use, for example, C. anti-inflammatory, anticancer, and antipyretic
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properties (Arora et al., 2013). Moreover, in North-
Eastern Algeria, the aerial parts of Calendula stellata
have been traditionally employed to treat digestive
and hepatic diseases, sore throat, and premenstrual
pain (Miara et al., 2021).

Rheumatoid arthritis (RA) is a chronic autoimmune
inflammation of joints characterized by cartilage
degradation, synovial hyperplasia and joint
dysfunction. However, the progression of RA was
assessed by the count of tender and inflamed joints,
level of C-reactive protein, and pain score (Saleem et
al., 2020). Several molecules, including interleukin,
tumor necrosis factor (TNF) and prostaglandins (PG),
and immune cells such as neutrophils, macrophages,
plasmocytes, and adaptive immunity cells are
involved in the pathology of RA (Alam et al., 2017,
Cecchi et al., 2018). However, free radicals cause
oxidative damage that may increase the progression
of various disorders in the human body, besides
inflammation, such as cancer, arthritis, and ischemic
heart disease (Boutennoun et al., 2017; Al-Rifai ,
2018). In the case of RA, rheumatoid factor binds
IgM, 1gG, and IgE when exposed to free radicals and
ultimately stimulates the production of more free
radicals and then attacks the cartilage matrix (Biswas
et al., 2017). However, the antioxidants neutralize
free radicals that reduce the biochemical marker in
RA patients (Khojah et al., 2016). The contemporary
anti-arthritic drugs comprise non-steroidal anti-
inflammatory drugs (NSAIDs), immune-
suppressants, disease modifying anti-rheumatic drugs
(DMARDs) and cytotoxic drugs which may produce
various side effects when chronically used
(Burmester and Pope, 2017; Phull et al., 2017). These
undesired effects stress the need for natural products
such as plants and their extracts, which are
considered safe, have fewer side effects, and are
readily available, making them get option to treat
inflammatory disorders such as RA (Gupta et al.,
2021).

Recently, the extraction of medicinal plants,
identifying and quantifying active ingredients, then
assess their biological activities in vivo and /or in
vitro was the most exciting objective of research in
biology and organic chemistry (Lekouaghet et al.,
2020). Although there is extensive ethnobotany use
of C. stellata, there is no scientific data of anti-
inflammatory and anti-arthritic effects in vivo in
literature. Therefore, this work aims were to
investigate the antioxidant and the in vivo anti-
inflammatory and anti-arthritic properties of C.

Lfﬂcb%‘A ian ] Agric & Biol. 2024(2)
%4 g ASslan gric 101. .
!§ L5 ’;v

stellata n-butanol extract (CSB).
Material and Methods

Chemical reagents

All solvents and chemicals stated in the text were
analytical grades obtained from Sigma Aldrich
(Sigma, St Louis, MO, USA).

Plant material

Aerial parts of C. stellata. (Asteraceae), were
collected from Guelma, North-East Algeria, during
the flowering season from March to April 2018, The
authentication of the plant material was conducted by
Mr. Kamel Kabouche, and a type specimen
(LOST.Cs.3.18) was stored in the Laboratory of
Therapeutic Substances at the University freres
Mentouri-Constantinel, Algeria.

Animals

Adult male Mus musculus mice (25 — 30g, eight
weeks old) and Adult male Wistar rats (170 — 220g,
eight weeks old), were obtained from the Central
Pharmacy Institute of Constantine, Algeria. They
were maintained under standard laboratory conditions
of temperature and humidity (12h/12h, light/dark)
and free access to feed and water.

Ethics statement

The animal exploration was performed following the
procedure of the code number of the research project
(FO0920140076) obtained from the Ministry of
Scientific Research, Algeria. The ethical principles
and experiments were executed strictly with the
OECD ethical principles and guidelines for
monitoring and supervising animal experiments
(OECD Test No. 420, 2002).

Preparation of the n-butanol extract

The extraction process was achieved according to the
method of Lemoui et al. (2018). The aerial parts of C.
stellata were air dried and powdered, and then 500 g
of powder was macerated with EthOH-H,0 (8:2, v/v)
for 48H three times. The filtrate was evaporated to
dryness at 40 °C under vacuum. Then, 100 g of
concentrated material was put in 1 L of distilled
water and extracted successively with different
solvents depending on the polarity (300 mL x 3
times) to obtain petroleum ether, chloroform, ethyl
acetate and n-butanol extracts, respectively (6.45 g,

2/11



Amina Foughalia et al.

2.371g, 2.06g and, 20.54g respectively). The
resulting n-butanol extract (CSB extract) was then
used in all experiments.

Total phenolic content (TPC)

The CSB extract's TPC was carried out using the
Folin-Ciocalteu method (Mdller et al., 2010) and
Gallic acid monohydrate (25 - 200 pg/ml) was used
as standard. The results were expressed as mg of
Gallic acid equivalents per g of dry extract weight
(mg GAE/g DW).

Total flavonoid content (TFC)

The CSB extract's TFC was evaluated according to
the method described by Topgu et al. (2007), and
Quercetin (25 - 200 pg/ml) was used as a standard.
The results were expressed as mg of Quercetin
equivalents per g of dry extract weight (mgQE/g
DW).

Antioxidant activity

The methanol was used as a blank, and Butylated
hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), and Ascorbic acid were used as reference
standards.

DPPH
scavenging assay
The DPPH assay was done according to the method
of Blois (Lakhal et al., 2011). The principle is
measures the extract's ability to inhibit the stable 1,1-
Diphényl-2-Picryl-Hydrazyl  free radical. The
absorbance was then measured at 515 nm. The
percentage of inhibition (1%) free radical DPPH was
calculated using the following formula (Khalfallah et
al., 2017):

(1,1-Diphényl-2-Picryl-Hydrazyl)

1%= [( Acontrol_ Aextract) /Acontrol] x 100

Where, Acontror @Nd  Acxract are the absorbance of
control and sample extracts respectively.

DPPH scavenging activity is represented by 1C50
value, which is the concentration of extract needed to
scavenge 50% of free radicals in the solution.

ABTS scavenging assay

The ABTS test was performed according to the
method of Re et al. (1999). The absorbance was
measured at 734 nm. The percentage of inhibition
was calculated using the following formula:
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ABTS scavenging effect (%)=[ ( Acontrol = Aextract) /
Acontrol] XlOO

Where, Aol aNd At are the absorbance of
control and sample extracts respectively.

Cupric-reducing antioxidant capacity (CUPRAC)
assay

The CUPRAC assay was carried out using the
method of Apak et al. (2004). The absorbance was
measured at 450 nm. The results were calculated as
Aos (ng/mL). Which indicates the concentration of
extract corresponding to the absorption at 0.50 nm.

Reducing power assay (RP)

The RP assay was carried out using the method of
Oyaizu (1986). The absorbance was measured at 700
nm. The results were calculated as Aqs (ug/mL).

Acute oral toxicity (Up and Down test)

The acute oral toxicity study was performed under
the "Up and Down" method using the 2000 mg/kg
body weight as the dose limit (Bruce, 1985).
Eighteen adult male mice were divided into two
groups; CSB extract group and control group. Before
treatment began, the animals were fasted overnight,
with free access to water. In the CSB extract group,
one animal was treated with CSB extract orally at a
dose of 2000mg/kg for the first time, and it was
observed for any clinical signs or mortality during the
first hour, then every hour for 3 hours then,
periodically until 48 h. If the animal survived, the
eight additional animals were given the same dose
(2000 mg/kg). In parallel, the control group was
treated with distilled water. The animals were
observed periodically during the first 24, then once a
day for 14 days and the number of mice that died
over the experiment period was recorded.

Formalin induced arthritis

Arthritis was induced via the injection of 0.1 ml of
formalin (5%) into the right hind paws of rats in each
group (except normal control) on the first and third
days, 30 min after the administration of vehicle or
drugs (Saleem et al., 2020). To perform this test,
thirty adult male rats were divided into six groups (N,
F, S, El, Ell, Elll): Group (N) received vehicle 0.9%
NaCl. Group (F) formalin injected and received
vehicle 0.9% NaCl. Group (S) formalin injected and
treated with Diclofenac sodium (anti-inflammatory
standard drug) (10 mg/kg). Group (EI, Ell, and EIlII)
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formalin injected and treated with CSB extract at
different concentrations (25 mg/kg, 50 mg/kg, and
200 mg/kg) respectively. All groups were treated by a
daily gavage (p.o) for 10 days. The anti-inflammatory
anti-arthritic effects were evaluated by following the
edema evolution in injected paw on the 1%, 2" 4™
8™ and 10" day of study by using digital Vernier
Caliper. The Mean differences in paw thickness after
the injection (mm) compared to initial paw thickness
were calculated on respective days using the
following equation:
AE = Ex — EO

Where, AE: the mean paw edema since day O to day
X,

EO: the initial paw thickness (mm) on day "0"
(before formalin injection);

Ex: the injected paw thickness (mm) on day
"X" (after formalin injection).
These mean differences were used to calculate the
inhibition percentage "%Inh" of arthritis with respect
to the formalin group, which was calculated using the
following equation:

AEt
%Inh = 100[1 - E]

Where, AEt: The mean paw edema since day 0 to day
x of the treated rat;

AEc: The mean paw edema from day 0 to day
x of formalin injected rat.
At the end of the experiment after blood drawing,
each rat was sacrificed and the hind paw (right and
left) were cut off and weighed to calculate the weight
of paw edema.

Blood investigation

At the last day of the experiment, blood samples were
collected from the vena cava in heparinized tubes.
The hs-C-reactive protein (CRP) assay was
conducted on the separated plasma using an
immunoturbidimetric method. The analysis was
conducted at the AL AMINE laboratory in
Constantine, utilizing a Cobas Integra 400 plus
analyzer (Roche).

Histological sections

All rats were dissected to cut off the liver and right
hind paws; the organs underwent a rapid saline
solution (0.9%) rinse followed by fixation in formalin
10%. Afterwards, the tissues were embedded in

T
%5 Y . :
Wi Asian ] Agric & Biol. 2024(2).

paraffin, sectioned at a thickness of Sum, and stained
using the hematoxylin-eosin staining technique
(H&E).

Statistical analysis

The data were analyzed using one way ANOVA and
Tukey's multiple comparison tests (SPSS version
20). The values of, ***P<0.001, **P< 0.01 and *P<
0.05 were considered to indicate the significance
levels.

Results

The percentage yield of all extracts was calculated,
C. stellata ethanolic extract percentage yield was
27.452% for aerial parts powder, and petroleum
ether, chloroform, ethyl acetate, and n-butanol
extracts percentages yield were 6.456%, 2.371%,
2.064 % and 20.544 % of ethanolic extract
respectively.

Total phenolic and flavonoid compounds contents
The results found that this CSB extract contains a
relatively high concentration of polyphenols (224.097
+7.31 mg GAE/g DW) and a high concentration of
flavonoids (207.36+£10.081 mg QE/g DW) (Tablel).

Table-1. Total phenolic (TPC), Total flavonoid contents
TFC), and Antioxidant activity of CSB extract.

Simple CSB extract BHA BHT As;:gi:jblc
TPC (mg
ALy | 2240072731
TFC (mg
207.36+10.081
QE/g)
DPPH-ICs | 18084064 | 6.14+0.41 | 12.99+0.41
(Hg/ml)
ABTS-ICs | 65 064172 | 1.81£010 | 1.2940.30
(Hg/ml)
CUPRAC-
797+051 | 3.64+0.19 | 9.62+0.87
Ao (g | 3797051 | 3642019 | 9.62:08
RP-ADso | 1664 165 6.77+1.15
(ng/ml)

Results are shown as mean £ SD (n=3).

Antioxidant activity

The CSB extract exhibited significant antioxidant
activity, as demonstrated by the results from Table 1.
It showed high scavenging potential against DPPH
and ABTS radicals, with IC50 values of 18.08+0.64
pg/ml and  65.86+1.72 pg/ml,  respectively.
Additionally, the extract was evaluated for its ability
to reduce metallic ions using the CUPRAC and RP
assays and results revealed that the extract possessed
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effective reducing capabilities, with A0.50 values of
37.97£0.51 pg/ml in CUPRAC assay and 16.6+1.65
pg/ml in RP assay, indicating its potential as a
powerful antioxidant.

Acute oral toxicity (Up and Down test)

On the Up and Down acute toxicity test, the first
mouse survived, and no signs of toxicity or mortality
were noted at a dose of 2000mg/kg of CSB extract
during the first 48h. For that, the same dose was
given orally to the other mice. After observation for
14 days, no mice death occurred and all of them
survived until the experiment's end. Moreover, no
significant changes were observed in the weights of
mice.

Formalin induced arthritis

The efficacy of the CSB extract in treating formalin-
induced arthritis was assessed by measuring changes
in paw edema, which is a crucial indicator of
inflammation severity and serves as a measure of the
effectiveness of anti-arthritis drugs. As shown in
figure 1(A), throughout the experiment, the paw size
of the untreated group (N) remained consistently
stable. However, on the first day after 1 h of formalin
injection, the extract demonstrated a dose-dependent
protective effect against edema accumulation
compared to the formalin group (F) and Diclofenac
treated group (S). After 24h following the second
formalin injection (day 4), there was a modest
increase in paw edema size for all groups injected
with formalin, except the group treated with the high
extract dose (200mg/kg), Interestingly, this particular
group exhibited a significant decrease in paw edema
size as compared to formalin group (F) and
Diclofenac treated group (S). On day 8, it shows a
decrease in the paw edema size for all treated groups,
and this decrease continued to the last day of
experience (day 10). The decrease in paw edema size
was highly significant and more important in groups
treated with the extract (El, Ell, and EIlI) at different
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doses (25, 50, and 200mg/kg) as compared to the
formalin group (F) and Diclofenac treated group (S).
The changes in paw edema weight at the end of the
experiment confirmed these results. (Figure 1(B)),
which shows a highly significant dose-dependent
decrease in all treated groups as compared to group
(F).

The inhibition percentage of arthritis "% Inh" is
shown in Table 2. A significant increase of about
55%, 69%, and 77 % was attained at the last day of
experiment in groups treated with CSB extract (ElI,
Ell, and EIlll) at different doses 25, 50, and 200
mg/kg, respectively. These percentages are highly
significant and more important than what was
attained in Diclofenac treated group (28%).

The C-reactive protein (CRP) concentration in rats'
plasma at the end of the experiment, reported an
increase in the formalin group (F) compared to the
untreated group (N). Although, in the groups treated
with CSB extract at different doses (25, 50, and 200
mg/kg) or Diclofenac (10 mg/kg) for 10 days, the
CRP concentration was decreased but did not achieve
the CRP value of the untreated group. An important
decrease was reported in the highest dose treatment
(200 mg/kg) (EII) with a value of 0.04+0. 043 mg/L
(Table 2).

The histopathological evaluation of the paw joint
revealed normal joint histology in the untreated group
(N). However, in formalin group (F) and Diclofenac
treated group showed histological change; pannus
formation (PF) in the hyaline cartilage, inflammatory
cells infiltration (ICI) into synovium accompanied
with cartilage destruction (CD), and synovial
hyperplasia (SH). In contrast, treatment with CSB
extract at different doses ameliorated the degree of
cartilage  destruction, increased  chondrocyte
proliferation (CP) and regeneration, and decreased
the inflammatory cells infiltration. The CSB extract
in a dose of 200mg/kg exhibited the mostly
protective effect compared to other doses (Figure 2).
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Figure-1. Effect of CSB extract on paw edema diameter changes AE (mm) (A) and on weight of paw
edema (B) in FIA test.

Values are shown as mean + SD (n=>5). Statistical significant as compared to normal group (a), as compared to formalin
group (b), and as compared to Diclofenac group (c); *P<0.05, **P<0.01, ***P<0.001. N: untreated group (0.5 ml /rat of
0.9% NaCl); F: formalin injected (0.5 ml /rat of 0.9% NaCl); S: Formalin injected and Diclofenac treated (10mg/kg);
Group El, Ell and EllI: formalin injected, received CSB extract (25, 50, and 200 mg/Kkg, respectively).

Table-2. Effect of CSB extract on percentage inhibition of arthritis (% Inh) and plasma C-reactive
protein (CRP) levels in FIA.

% Inh | CrpP
Groups
Day 1 Day 2 Day 4 Day8 | Dayl0 |
N - - - - - 0.033+0.04
F 0 0 0 0 0 0.136+0.073
S 22.561+5,839" | 16.389+4.97 0.969+4.68" 16.252+6.68" | 28.914+10.76 | 0.123+0.095
El 2.275+12.67° 12.368+6.37 | 17.089+8.247° | 48.915+7.59 | 55.489+9.36" ° 0.11+0.088
Ell -2.990+8.37" | 17.764+10.04 9.370+9.36" | 47.965+17.64° | 69.079+9.68"" 0.14+0.112
EllI 22431f1455 30.728+7.91 | 26.38245.25" | 57.233+11.7°° | 77.400+15.7"" 0.04+0.043

Results are shown as mean + SD (n=5). Statistical significant between groups is shown as *P<0.05, **P<0.01,
***xP<(),001 and statistical significant as compared to Diclofenac treated group is shown as P?<0.05, P°<0.01,
P°<0.001. N: untreated group (0.5 ml /rat of 0.9% NaCl); F: formalin injected (0.5 ml /rat of 0.9% NaCl); S:
Formalin injected and Diclofenac treated (10mg/kg); Group El, Ell and EIll: formalin injected, received CSB

extract (25, 50, and 200 mg/kg, respectively).
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Figure-2. Histological section of rats knee joints.
Tissues were stained with H&E staining (x100).
PF: pannus formation, CD: cartilage destruction, SH:
synovial hyperplasia, CP: chondrocyte proliferation,
ICI: inflammatory cells infiltration, IHC: intact
hyaline cartilage, JC: joint cavity. N: untreated group
(0.5 ml /rat of 0.9% NaCl); F: formalin injected (0.5
ml /rat of 0.9% NaCl); S: Formalin injected and
Diclofenac treated (10mg/kg); Group El, Ell and
Elll: formalin injected, received CSB extract (25, 50,
and 200 mg/kg, respectively).

Histopathological evaluation of the livers (Figure 4)
revealed that treatment with CSB extract at various
doses (El, Ell, and EIlI) did not cause any changes in
the liver tissue when compared to the untreated
group (N). In contrast, in formalin group (F) and
Diclofenac treated group (S) the histopathological
evaluation showed an immune cells infiltration (ICI)
and hepatocytes with pyknotic nuclei (Figure 3).

Figure-3. Histological section of liver. Tissues
were stained with H&E staining (x100).

Yalow circles indicate immune cells infiltration
(ICI), the blue arrow indicate hepatocyte with
pyknotic nuclei, HPV: hepatic portal vein, CV:
central vein. N: untreated group (0.5 ml /rat of 0.9%
NaCl); F: formalin injected (0.5 ml /rat of 0.9%
NaCl); S: Formalin injected and Diclofenac treated
(10mg/kg); Group El, Ell and EIlI: formalin injected,
received CSB extract (25, 50, and 200 mg/kg,
respectively).

T
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Discussion

The CSB extract of aerial parts had a higher
concentration of phenolic and flavonoids compounds
(224.097+7.31mgGAE/g and 207.36+10.081mg
QE/qg respectively) compared to n-butanol extract of
C. tripterocarpa Rupr aerial parts (52.62+0.04 mg
GAE/g and 89.29+0.05 mg QE/g, respectively) (Al-
Rifai, 2018) and, compared to aqueous extract
(47.89£2.441 mg GAE/g and 74.93+1.5 mg QE/g,
respectively) and, hexanol extract (50.26+0.18 mg
GAE/g and 174+58.21 mg QE/qg, respectively) of C.
arvensis flowers (Abudunia et al., 2017).

On the other hand, the CSB extract was found to be a
high scavenging agent against DPPH and ABTS.
Moreover, it showed remarkable reducing properties.
These results may be explained by the high content of
polyphenols and flavonoids, which exhibit a strong
linear correlation with antioxidant activity (Shi et al.,
2021). Several studies demonstrated the antioxidant
activities of genus Calendula extracts; Calendula
officinalis (Chroho et al., 2021), Calendula
suffruticosa (Ismahene et al.,, 2018), Calendula
arvensis (Abudunia et al., 2017).

Acute oral toxicity demonstrates that the minimum
lethal dose of CSB extract by oral administration in
mice is more than 2000mg/k; similar toxicological
concentration were achieved for dichloromethane
extract of Stachys circinata by Slimani et al. (2020).
Formalin arthritis is a chronic animal model that is
highly suitable for testing NSAIDs in terms of their
anti-inflammatory and anti-arthritic properties (Thite
et al., 2014). Formalin injection induced biphasic
arthritis, initially producing pain, which has been
attributed to histamine and serotonin; this was
followed by prostaglandin release and mediated by
bradykinin, and leukotrienes, which were produced
by tissue macrophages. These factors are thought to
be responsible for various effects, including the
formation of inflammatory exudates, increased
infiltration of neutrophils and lymphocyte CD4+, and
the production of TNF-, IL-1, IL-6, and INF which
are considerate as pro-inflammatory mediators.
Additionally, this process was accompanied by
fibrosis and tissue destruction (Gutiérrez-Rebolledo
et al., 2018; Saleem et al., 2020). In the present study,
we showed that n-butanol extract of CSB inhibited
the joint's inflammatory response to formalin. This
inhibition was exhibited by a significant decrease of
paw edema size and weight as compared to the
formalin group (F) and Diclofenac treated group(S).
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These results, confirmed by "% Inh" of arthritis,
suggest that components of the extract may be
targeting the biphasic processes of formalin arthritis.
The key mediators for inflammation are the
eicosanoids (prostaglandin (PGE2, PGD2, PGI2) and
thromboxane A2 (TXAZ2), which are produced by
polyunsaturated arachidonic acid through the
enzymatic activity of COX 1 and COX 2. PGD2 is a
potent chemotactic for eosinophils and migration of
lymphocytes. Moreover, the combination of PGD2
and PGI2 significantly increases edema formation
and leukocyte infiltration by facilitating increased
blood flow to the inflamed area (Kaithwas et al.,
2012).

The CRP plasmatic concentration is a clinical
parameter of RA disease activity. Furthermore,
earlier researchers have documented a direct
relationship between levels of CRP and disease
activity (progressive joint damage and functional
status of joints) in RA patients (Shen et al., 2015;
Shrivastava et al., 2015). As stated earlier, CRP
plasma levels were reduced also by CSB extract
treatment compared to those in the formalin group
(F). Thereby, its inhibition activity of CRP synthesis
may be associated with the inhibition of the pro-
inflammatory cytokines, most notably IL-6 which is
reported to be the major stimulator of CRP gene
expression in hepatocytes (Sproston and Ashworth,
2018). Our findings align with the study conducted
by Kehili et al. (2016), demonstrating a reduction in
edema size and CRP levels in mice injected with
formalin and subsequently treated with Algerian
Phoenix dactylifera fruit.

The anti-arthritic activity observed with CSB extract
may be attributed to their phenolic richness and
interesting antioxidant activities showed in this study.
These results suggest that the extract's components
target the biphasic processes of arthritis. Previously,
Lehbili et al. (2017) reported that five previously
undescribed molecules were identified in the
ethanolic extract of C. stellata. (bidesmosidic
triterpenoid saponins named calendustellatosoide A-
E), and the majority of them have at their structures
the oleanolic acid (calenduloside B, calenduloside D,
silphioside B, arvensoside B, osteosaponin-I,
acanthopanaxoside E, Chikusetsusaponin,
zingibroside R1, udosaponin B, calenduloside G,
calendulaglycoside A, calendulaglycoside C).
Oleanolic acid can be found in two forms: as a free
acid or as an aglycone precursor for triterpenoid
saponins. In triterpenoid saponins, it can bind with
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one or more sugar chains (Pollier and Goossens,
2012). Research has demonstrated the anti-
inflammatory effects of oleanolic acid through its
ability to inhibit certain enzymes involved in pro-
inflammatory mediation (COX2, iNOS), that may
inhibit the production of NO and PGE2 (Jin et al.,
2021). Moreover, Oleanolic acid demonstrated the
ability to reduce pro-inflammatory responses induced
by LPS. So that by suppression the expression of
nuclear factor-xB (NF-kB) and TNF-a, as well as by
upregulating the expression of anti-inflammatory
cytokines (Ayeleso et al., 2017).

Histological study showed that formalin injection
caused synovial hyperplasia combined by hyaline
cartilage destruction thus confirms that formalin
injection induced arthritis. Our findings are
according to the study conducted by Farrukh et al.
(2022), reporting that; Sarcococca saligna
methanolic extract reduces the histopathological
manifestation of arthritis in rats (cartilage
destruction, infiltration of immune cells, synovial
hyperplasia, pannus formation, infiltration of
lymphocytes and erosion of bone) and has
accompanied with a significant decrease of serum
levels of HSP-70, IL-6, TNF-a, as well as a decrease
in the mRNA expression of IL-1B, TNF-a, NF-xB
and COX-2 compared to the disease group. The
cartilage damage is the key histological
manifestation of chronic inflammatory joints like
osteoarthritis (OA) and RA. In RA, fibroblast like
synoviocytes (FLS) are activated by the inflamed and
hyperplastic synovial membrane, particularly by pro-
inflammatory factors and immune cells accumulate
at the inflamed site, attack the cartilage and
contribute to its progressive destruction (Pap and
Korb-Pap, 2015). In RA, FLS exhibits up-regulation
and activation of NF-«xB which enhances the
production of pro-inflammatory cytokines and matrix
metalloproteinases. Furthermore, it promotes their
proliferation and inhibits apoptosis, ultimately
leading to disease progression and sustaining chronic
inflammation (Nejatbakhsh et al., 2020). This study
suggests that the CSB extract prevents accumulation
of immune cells at the synovium and/or inhibits the
activation of FLS and cartilage destruction in
contrast to the anti-inflammatory drug Diclofenac. In
the liver histological section, hepatic injury in the
group treated with Diclofenac was observed, that was
the potent side effect of NSAIDs, because the
metabolism of Diclofenac is carried out in
hepatocytes, the mechanism of hepatic injury caused

8/11



Amina Foughalia et al.

by Diclofenac are not completely known, however,
an immune and inflammatory pathway was mediated
(Schmeltzer et al., 2016). In contrast, CSB extract
did not induce any injury or toxicity to hepatic tissue,
which reinforces the results of the acute toxicity test.
Therefore, it could be suggested that this extract is
safe and these preventive effects may be due to its
phenolic compounds and its antioxidant properties.

Conclusion

The finding of this study indicated that the n-butanol
extract of the medicinal plant C. stellata is rich in
phenolic compounds and exhibits excellent
antioxidant  activity. Moreover, this extract
demonstrates significant anti-inflammatory, anti-
arthritic  activities in rats by reducing the
inflammatory manifestations (edema and CRP) and
preventing the cartilage destruction. It was further
concluded that it does not produce any adverse
effects on the liver as well.

Disclaimer: None.
Conflict of Interest: None.
Source of Funding: None.

Contribution of Authors

Foughalia A: Conceived idea, developed research
methodology, collected and analysed data and wrote
the manuscript

Zerizer S: Supervised the study, developed the main
ideas for discussion and revised and edited the
manuscript

Aribi B: Helped in the protocol development for the
study

Kabouche Z & Bensouici C: Provided materials for
the extraction of plants and in vitro study

References

Abudunia AM, Marmouzi |, Faouzi MEA, Ramli Y,
Taoufik J, El Madani N, Essassi EM, Salama A,
Khedid K, Ansar M and Ibrahimi A, 2017.
Anticandidal, antibacterial, cytotoxic and
antioxidant activities of Calendula arvensis
flowers. J Mycol Med. 27(1): 90-97.
doi:http://DOI 10.1016/j.mycmed.2016.11.002.

Alam J, Jantan | and Bukhari SNA, 2017.
Rheumatoid arthritis: recent advances on its

T
%5 Y . :
Wi Asian ] Agric & Biol. 2024(2).

etiology, role of cytokines and pharmacotherapy.
Biomed. Pharmacother. 92: 615-633.
doi:http://DOI 10.1016/j.biopha.2017.05.055.

Al-Rifai A, 2018. Identification and evaluation of in-
vitro antioxidant phenolic compounds from the
Calendula tripterocarpa Rupr. S. Afr. J. Bot.
116: 238-244. doi:http://DOI
10.1016/j.sajh.2018.04.007.

Apak R, Gigli K, Ozyirek M and Karademir SE,
2004. Novel total antioxidant capacity index for
dietary polyphenols and vitamins C and E, using
their cupric ion reducing capability in the
presence of neocuproine: CUPRAC method. J.
Agric. Food Chem. 52(26): 7970-7981.
doi:http://DOI 10.1021/jf048741x.

Arora D, Rani A and Sharma A, 2013. A review on
phytochemistry ~ and  ethnopharmacological
aspects of genus Calendula. Pharmacogn Rev
7(14):  179. doi:http://DOI  10.4103/0973-
7847.120520.

Ayeleso T, Matumba M and Mukwevho E, 2017.
Oleanolic acid and its derivatives: biological
activities and therapeutic potential in chronic
diseases. Mol. 22(11): 1915. doi:http://DOI
10.3390/molecules22111915.

Biswas S, Das R and Ray Banerjee E, 2017. Role of
free radicals in human inflammatory diseases.
AIMS Biophys. 4(4): 596-614. doi:http://DOI
10.3934/biophy.2017.4.596.

Boutennoun H, Boussouf L, Kebieche M, Al-Qaoud
K and Madani K, 2017. In vivo analgesic, anti-
inflammatory and antioxidant potentials of
Achillea odorata from north Algeria. S. Afr. J.
Bot. 112: 307-313. doi:http://DOI
10.1016/j.sajb.2017.06.004.

Bruce D, 1985. An Up-and-Down Procedure for
Acute Toxicity Testing. Fundam. Appl. Toxicol
5. 151-157. doi:http://DOI  10.1016/0272-
0590(85)90059-4.

Burmester GR and Pope JE, 2017. Novel treatment
strategies in rheumatoid arthritis. Lancet.
389(10086): 2338-2348. doi:http://DOI
10.1016/S0140-6736(17)31491-5.

Cecchi I, Arias de la Rosa I, Menegatti E, Roccatello
D, Collantes-Estevez E, Lopez-Pedrera C and
Barbarroja N, 2018. Neutrophils: Novel key
players in Rheumatoid Arthritis. Current and
future therapeutic targets. Autoimmun. Rev.
17(11): 1138-1149. doi:http://DOI
10.1016/j.autrev.2018.06.006.

Chroho M, Drioiche A, Saidi S, Zair T and Bouissane

9/11



Amina Foughalia et al.

L, 2021. Total phenolic and flavonoids contents
and in vitro evaluation of antioxidant activity of
several Calendula officinalis (Marigold) extracts.
J. Biological Research - Boll Soc Ital Biol Sper.
94(1): 21-26. doi: http://DOI
10.4081/jbr.2021.9680.

Farrukh M, Saleem U, Qasim M, Manan M and Shah
MA, 2022. Sarcococca saligna extract attenuates
formaldehyde-induced arthritis in Wistar rats via
modulation of pro-inflammatory and
inflammatory biomarkers.
Inflammopharmacology. 30(2): 579-597.
doi:http://DOI 10.1007/s10787-022-00929-9.

Gupta M, Singh N, Gulati M, Gupta R, Sudhakar K
and Kapoor B, 2021. Herbal bioactives in
treatment of inflammation: An overview. S. Afr.
J.  Bot. 143: 205-225.  doi:http:/DOI
10.1016/j.sajb.2021.07.027.

Gutiérrez-Rebolledo GA, Gardufo-Siciliano L,
Chavez-Rueda AK, Siordia-Reyes AG, Zamilpa
A and Jiménez-Arellanes MA, 2018. In vivo anti-
arthritic and antioxidant effects from the
standardized ethanolic extract of Moussonia
deppeana. Rev Bras Farmacogn. 28(2): 198-206.
doi:http://DOI 10.1016/j.bjp.2018.02.004.

Ismahene S, Ratiba S, Miguel CMD and Nuria C,
2018.  Phytochemical =~ Composition  and
Evaluation of the Antioxidant Activity of the
Ethanolic Extract of Calendula suffruticosa
subsp. suffruticosa Vahl. J. Pharmacogn. 10(1):
64-70. doi:http://DOI 10.5530/pj.2018.1.13.

JinJ, He H, Zhang X, WU R, Gan L, Li D, Lu Y, Wu
P, Wong WL and Zhang K, 2021. The in vitro
and in vivo study of oleanolic acid indole
derivatives as novel anti-inflammatory agents:
Synthesis, biological evaluation, and mechanistic
analysis.  Bioorg. Chem. 113: 104981.
doi:http://DOI 10.1016/j.bioorg.2021.104981.

Kaithwas G, Gautam R, Jachak SM and Saklani A,
2012. Antiarthritic effects of Ajuga bracteosa
Wall ex Benth. In acute and chronic models of
arthritis in albino rats. Asian Pac. J. Trop.
Biomed.  2(3):  185-188.  doi:http://DOI
10.1016/S2221-1691(12)60039-2.

Kehili HE, Zerizer S, Beladjila KA and Kabouche Z,
2016. Anti-inflammatory effect of Algerian date
fruit (Phoenix dactylifera). Food Agric Immunol.
27(6): 820-829. doi:http:/DOI
10.1080/09540105.2016.1183597.

Khalfallah A, Berrehal D, Bensouici C, Kabouche A,
Semra Z,Voutquenne-Nazabadioko L, Alabdul

&‘f‘tb\"‘
AW ;' Asian ] Agric & Biol. 2024(2).
Nage’

Magid A and Kabouche Z, 2017. Flavonoids,
cytotoxic, antioxidant and antibacterial activities
of Evax pygmaea. Pharm. Biol. 55(1): 2292—
2296. doi:http://DOI
10.1080/13880209.2017.1405997.

Khojah HM, Ahmed S, Abdel-Rahman MS and
Hamza AB, 2016. Reactive oxygen and nitrogen
species in patients with rheumatoid arthritis as
potential biomarkers for disease activity and the
role of antioxidants. Free Radic. Biol. Med.. 97:
285-291. doi:http://DOI
10.1016/j.freeradbiomed.2016.06.020.

Lakhal H, Boudiar T, Kabouche A, Laggoune S,
Kabouche Z and Topcu G, 2011. Antioxidant
activity and flavonoids of Stachys ocymastrum.
Chem. Nat. Compd. 46(6): 964-965.
doi:http://DOI 10.1007/s10600-011-9797-4.

Lehbili M, Magid AA, Kabouche A, Voutquenne-
Nazabadioko L, Abedini A, Morjani H, Sarazin
T, Gangloff SC and Kabouche Z, 2017.
Oleanane-type  triterpene  saponins  from
Calendula stellata. Phytochem. 144: 33-42.
doi:http://DOI
10.1016/j.phytochem.2017.08.015.

Lekouaghet A, Boutefhouchet A, Bensuici C, Gali L,
Ghenaiet K and Tichati L, 2020. In vitro
evaluation of antioxidant and anti-inflammatory
activities of the hydroalcoholic extract and its
fractions from Leuzea conifera L. roots. S. Afr. J.
Bot. 132: 103-107. doi:http://DOI
10.1016/j.sajb.2020.03.042.

Lemoui R, Benyahia S, Noman L, Bencherchar I,
Oke-Altuntas F, Rebbas K, Benayache S,
Benayache F and Demirtas I, 2018. Isolation of
phytoconstituents and evaluation of biological
potentials of Berberis hispanica from Algeria.
Bangladesh J. Pharmacol. 13(2): 179-186.
doi:http://DOI 10.3329/bjp.v13i2.36133.

Miara MD, Souidi Z, Benhanifa K, Daikh A,
Hammou MA, Moumenine A and Sabi IH, 2021.
Diversity, natural habitats, ethnobotany and
conservation of the flora of the Macta marches
(North-West Algeria). Int J Environ Stud. 78(5):
817-837. doi:http://DOI
10.1080/00207233.2020.182486.

Mdiller L, Gnoyke S, Popken AM and Bohm V, 2010.
Antioxidant capacity and related parameters of
different fruit formulations. LWT - Food Sci.
Technol.  43(6):  992-999.  doi:http://DOI
10.1016/j.lwt.2010.02.004.

Nejatbakhsh SL, Farhadi E, Tahmasebi MN,

10/11



Amina Foughalia et al.

Jamshidi A, Sharafat VA and Mahmoudi M,
2020. NF-xB signaling in rheumatoid arthritis
with focus on fibroblast-like synoviocytes. Auto
Immun Highlights. 11: 1-10. doi:https:// DOI
10.1186/s13317-020-00135-z.

OECD (Organization for Economic Co-operation and
Development), 2002. Test No. 420: acute oral
toxicity - fixed-dose procedure, OECD guidelines
for the testing of chemicals, Section 4. Paris:
OCDE Publishing. doi:http://DOI
10.1787/20745788.

Oyaizu M, 1986. Studies on Products of Browning
Reactions: Antioxidative Activities of Product of
Browning Reaction Prepared from Glucosamine.
Japan Journal of Nutrition, 44, 307-315.
http://dx.doi.org/10.5264/eiyogakuzashi.44.307

Pap T and Korb-Pap A, 2015. Cartilage damage in
osteoarthritis and rheumatoid arthritis—two
unequal siblings. Nat. Rev. Rheumatol. 11: 606-
615.
doi:https://doi.org/10.1038/nrrheum.2015.95.

Phull AR, Majid M, Haq 1U, Khan MR and Kim SJ,
2017. In vitro and in vivo evaluation of anti-
arthritic, antioxidant efficacy of fucoidan from
Undaria pinnatifida (Harvey) Suringar. Int. J.
Biol. Macromol. 94: 468-480. doi:http://DOI
10.1016/j.ijbiomac.2017.01.051.

Pollier J and Goossens A, 2012. Oleanolic acid.
Phytochem. 77: 10-15. doi:http://DOI
10.1016/j.phytochem.2011.12.022.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang
M and Rice-Evans C, 1999. Antioxidant activity
applying an improved ABTS radical cation
decolorization assay. Free Radic. Biol.
Med. 26(1): 1231-1237.  doi:http://DOI
10.1016/S0891-5849(98)00315-3.

Saleem A, Saleem M and Akhtar MF, 2020.
Antioxidant, anti-inflammatory and antiarthritic
potential of Moringa oleifera Lam: An
ethnomedicinal plant of Moringaceae family. S.
Afr. J. Bot. 128: 246-256. doi:https://DOI
10.1016/j.sajb.2019.11.023.

Schmeltzer PA, Kosinski AS, Kleiner DE, Hoofnagle
JH, Stolz A and Fontana RJ, 2016. Liver injury

&‘f‘tb\"‘
AW ;' Asian ] Agric & Biol. 2024(2).
Nage’

from nonsteroidal anti-inflammatory drugs in the
United States. Liver Int. 36(4): 603-609. doi:
https://DOI 10.1111/1iv.13032.

Shen R, Ren X, Jing R, Shen X, Chen J, Ju S and
Yang C, 2015. Rheumatoid factor, anti-cyclic
citrullinated peptide antibody, C-reactive protein,
and erythrocyte sedimentation rate for the clinical
diagnosis of rheumatoid arthritis. Lab. Med.
46(3): 226-229. doi:http:// DOl
10.1309/LMZYTSO5RHIHVI3T.

Shi Y, Liang X, Chi L, Chen Y, Liang L, Zhao J, Luo
Y, Zhang W, Cai Q, Wu X, Tan Z and Zhang L,
2021. Ethanol extracts from twelve Curcuma
species rhizomes in China: Antimicrobial,
antioxidative and anti-inflammatory activities. S.
Afr. J. Bot. 140: 167-172. doi:http:/DOI
10.1016/j.sajb.2021.04.003.

Shrivastava AK, Singh HV, Raizada A, Singh SK,
Pandey A, Singh N, Yadav DS and Sharma H,
2015. Inflammatory markers in patients with
rheumatoid arthritis. Allergol Immunopathol.
43(1): 81-87. doi:http://DOI
10.1016/j.aller.2013.11.003.

Slimani W, Zerizer S and Kabouche Z, 2020.
Immunomodulatory and Anti-Arthritic Activities
of Stachys circinata. Jordan J. Biol. Sci. 13(2):
183-189.
https://jjbs.hu.edu.jo/files/vol13/n2/Paper%20Nu
mber%209.pdf.

Sproston NR and Ashworth JJ, 2018. Role of C-
reactive protein at sites of inflammation and
infection. Front. Immunol 9: 774. doi:http://DOI
10.3389/fimmu.2018.00754.

Thite AT, Patil RR and Naik SR, 2014. Anti-arthritic
activity profile of methanolic extract of Ficus
bengalensis: Comparison with some clinically
effective drugs. Biomed. Aging Pathol. 4(3):
207-217. doi:http://DOI
10.1016/j.biomag.2014.03.005.

Topgu G, Ay M, Bilici A, Sarikiirkcii C, Oztiirk M
and Ulubelen A, 2007. A new flavone from
antioxidant extracts of Pistacia terebinthus. Food
Chem.  103(3): 816-822.  doi:http://DOI
10.1016/j.foodchem.2006.09.028.

11/11



