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Abstract

Purpose: To determine the phytochemical composition, acute toxicity, as well as analgesic and anti-
inflammatory properties of extracts of the aerial parts and callus cultures of Asteriscus graveolens.
Methods: Different standard chemical tests were used for the screening of bioactive compounds in
aqueous extracts of aerial parts of Asteriscus graveolens (PAE) and callus (CAE). High-performance
liquid chromatography (HPLC) analysis was performed to identify the constituents of the glycosidic
extract (GE). Acute oral toxicity test was carried out to ascertain the safety of the plant material. The
analgesic and anti-inflammatory properties of the extracts were determined using acetic acid-induced
writhing test and carrageenan-induced edema test, respectively.

Results: Phytochemical analysis showed some differences in composition between the aerial parts and
callus cultures. Results from HPLC analysis revealed the presence of 12 phenolic compounds in the GE
of adult plants. In addition to being orally safe (no mortality), all extracts showed significant inhibition of
acetic acid-induced chemical pain: PAE and GE produced 63 and 68 % reductions in pain, respectively,
relative to 60.26 % pain reduction by aspirin. All extracts exerted potent anti-inflammatory effects, with
PAE producing the highest effect (73 %) at a dose of 100 mg/mL.

Conclusion: Asteriscus graveolens extracts possess potent pharmacological properties due to the
presence of some phenolic compounds, especially flavonoids. These findings provide a scientific basis
for the traditional uses of Asteriscus graveolens, and indicate that it is a potential source of anti-
inflammatory agents.
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INTRODUCTION

The Algerian Sahara Desert is renowned for its
large area and diverse flora. The Hoggar region
contains about 300 plant species, and over a
quarter of these species are considered as

medicinal plants. A comprehensive knowledge of
these species and their traditional uses would
serve as a repertoire of unlimited sources of
natural products.

Asteriscus graveolens (Forssk.) Less. belonging
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to the Asteraceae family is a perennial sub-shrub
which is common in Algerian Sahara Desert [1].
It is locally named tamayout in Tamahaq
language spoken in Southern Algeria, and is also
referred to as nougued and tafss. The aerial
parts of the plant are widely used by local
population due to their aromatic and therapeutic
properties. The plant is used as a traditional
remedy for pain, gonorrhea, diabetes,
hypertension, inflammation, fever, gastric and
intestinal illnesses, and as a purgative [2,3].

The overexploitation of field-grown medicinal
plants by local populations and herbal
practitioners presents a serious threat to the
survey of these plants. Therefore, the solution to
this problem might lie in the development of a
reliable in vitro-based protocol. The development
of such techniques offers many advantages such
as independence from environmental factors
such as climatic and soil conditions, absence of
biological influences, as well as decreases in
cost and increases in the production of
secondary metabolites with the aid of automated
cell growth control and regulation of metabolic
processes [4].

Studies have been carried out on the
phytochemical composition of  Asteriscus
graveolens [3,5,6]. However, not much is known
on the pharmacological properties of the plant.
Moreover, no studies have been carried out on
the possibility of establishing in vitro cultures of
Asteriscus graveolens.

The aim of the present study was to investigate
the analgesic and anti-inflammatory effects of the
callus cultures and aerial parts Asteriscus
graveolens. This was with a view to ascertaining
whether the calluses have the same chemical
composition and pharmacological properties as
the mother plant, so as to provide a more
convenient means of producing bioactive
compounds from the plant via plant tissue culture
techniques.

EXPERIMENTAL
Animals

The experiments were performed on Swiss
albino mice (Mus musculus) of either sex,
weighing 18 — 22 g. The mice were provided by
CRD-Saidal. Prior to the experiments, the mice
were acclimatized for at least one week in plastic
cages at 22 £ 2 °C in an environment with a 12-h
light/12-h dark cycle, and were permitted ad
libitum access feed and water. The mice were
fasted overnight prior to the start of the
experiment. The experiments were carried out

following international animal

studies [7].

guidelines for

Plant materials

Fresh plants and seeds of Asteriscus graveolens
were collected from their native area in
Tamanrasset (Southern Algeria) at flowering
stage in March, 2013. This species was identified
using a specimen in the herbarium Herbier
d’Alger under access N 3722, and also on the
basis of the botanical description of Ozenda [2].
The aerial parts were air-dried in a shade at
room temperature, and powdered with an electric
grinder prior to use for preparation of different
extracts. The seeds were used for -callus
production.

Establishment of callus culture

The seeds were surface-sterilized with 70 %
ethanol for 60 sec, followed by rinsing with sterile
distilled water for 30 min to allow for good
imbibition. They were then aseptically cultured on
basic half-strength Murashige and Skoog agar-
solidified medium until germination [8]. Just after
germination, there was callus formation on the
plantlet. The calluses were then transferred to
agar-solidified MS medium supplemented with
the growth regulators kinetin (2 mg/L) and ANA
(2 mg/L) before autoclaving at 120 °C for 20 min.
The calluses were then grown and maintained in
a culture chamber at 25 °C in the dark. Friable
callus cultures were used for further analysis.

Preparation of test samples

Infusion aqueous extracts were prepared from
powdered aerial parts of Asteriscus graveolens
and fresh callus cultures, resulting in plant
aqueous extract (PAE) and fresh callus aqueous
extract (CAE), respectively. The infusion extracts
were prepared using a method exercised by the
local herbal practitioners. The plant material
(powdered aerial parts or fresh callus) was
weighed and placed inside an appropriate
volume of boiling saline for 20 min at room
temperature. Thereafter, it was filtered with
Whatman filter paper (No 1). The infusions were
prepared at different doses just before
administration to the animals in order to avoid
any variations.

The glycosidic extract (GE) was prepared as
follows: 2 g of plant powder was macerated for
48 h in 200 mL of 70 % ethanol. The resultant
mixture was filtered with Whatman No. 1 filter
paper and concentrated under reduced pressure
at 40 °C using a rotary evaporator. The residue
was recovered with 100 mL of boiling distilled
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water. The aqueous solution was then extracted
with 50 mL of n-butanol, and the extract was
concentrated under reduced pressure. The
resultant residue was weighed and used for
different tests.

Phytochemical screening

Plant aqueous extract (PAE, 10 %) and 10 %
CAE were subjected to different chemical tests
using standard procedures as described by
Trease and Evans [9] and Samejo [10]. The
presence or absence of the phytochemical
constituents i.e. flavonoids, glycosides, saponins,
tannins, terpenoids and alkaloids were
determined through the appearance of
appropriate color changes in the various tests.

HPLC analysis

Analysis of the glycosidic extract (GE) was
performed using Agilent HPLC 1100 (Agilent
Technologies, Germany) equipped with Hypersil
BDS-C18 column (5um, 250 x 4.6 mm) coupled
to a UV detector with diode bars (DAD). The
mobile phase comprised 2 solvents: acetic acid
(eluent A) and acetonitrile (eluent B). A linear
gradient program was used for 30 min at a flow
rate of 1.5 mL/min, beginning from 95 % acetic-
acid and ending with 100 % acetonitrile. After
filtration, 20 pL of each sample was injected at a
flow rate of 1 mL/min at 30 °C. Peaks were
detected at 260 and 365 nm. The standards were
injected under the same conditions.

Acute toxicity studies

Acute oral toxicity of the test extracts was carried
out on Swiss albino mice of both sexes, as per
the Organization for Economic Co-operation and
Development (OECD) guidelines (Guideline 423
adopted on December, 17" 2001), as slightly
modified by Hussain et al [11]. Swiss albino mice
of both sexes were randomly divided into 7
groups (n = 6; 3 males + 3 females).

The control group received saline (0.9 % NaCl),
while the other groups received one of 2 doses
(300 and 2000 mg/kg) of the test samples (PAE,
CAE and GE). The mice were observed for 4 h
after administration of the test sample, and then
once daily for the next 14 days to record any
signs of toxicity (diarrhea, lethargy, convulsions
and/or weight loss).

Acetic acid-induced writhing test
The effect of the extracts on acetic acid-inducing

writhing in mice was determined as described by
Koster et al [12]. The experiment was performed

on 42 male mice divided into 7 groups (n = 6).
Pain was induced by intraperitoneal injection of
0.6% acetic acid. After 30 min, the animals were
treated with two doses of the test samples: 1000
and 500 mg/kg for PAE and CAE, and 100 and
50 mg/kg for GE. The positive control groups
received the standard drugs Indomethacin® (10
mg/kg) and Aspirin® (50 mg/kg). The negative
control group received saline (0.9 % NaCl). All
test samples were given orally to the animals at
the dose of 10 mL/kg. Contractions were counted
for 10 min beginning with a 5-min latency period
after injection. The analgesic potential (PAA)
was calculated as shown in Eq 1.

PAA (%) = (Nc-Nt)Nc x 100 .............. (1)

where Nc and Nt are the mean number of writhes
in the negative control and test groups,
respectively.

Anti-inflammatory effect: hind paw edema
assay

The anti-inflammatory effects of the extracts
were determined using the carrageenan-induced
paw edema test adapted from Winter et al [13].
Seven groups of mice (6 male mice/group) were
used. Edema was induced by dermal injection of
25 pL of 1 % carrageenan suspension (in saline)
into the plantar surface of the left hind paw of
mice. The test substances, saline and reference
drugs (Indomethacin and Diclofenac Sodio) were
administered orally 1 h earlier. Thirty minutes
after injection, the mice were sacrificed via di-
ethyl ether inhalation, after which the hind paws
were excised and weighed. The edema level (L)
and edema reduction (OR) were calculated as
indicated in Eq. 2 and Eq.3, respectively.

L (%) = (LPW-RPW)/RPW x 100 .......... )

where RPW and LPW are right paw and left paw
weights, respectively.

OR (%) = (OC-OT)/OC x 100 ......... 3)

where OC and OT are edema reductions in
control and test groups, respectively.

Statistical analysis

Data are expressed as mean + SEM (n = 6).
Statistical analysis was carried out using analysis
of variance (ANOVA), followed by Tukey test.
Differences were considered significant at p <
0.05. All statistical tests were done using
STATISTICA software.

Trop J Pharm Res, September 2020; 19(9): 1897



Belhadi et al

RESULTS
Phytochemical profiles

Phytochemical screening was carried out to
compare the field-grown mother plant and in
vitro-grown callus cultures with respect to
composition of secondary metabolites. As shown
in Table 1, flavonoids and saponins were present
in both extracts, while tannins and glycosides
were present only in PAE. Alkaloids and
terpenoids were absent in both extracts.
Phytochemical Asteriscus
graveolens

profile of

The HPLC analysis of GE revealed the presence
of various phenolic compounds (Figure 1). These
comprised one phenolic acid, trans-cinnamic
acid, and a total of eleven flavonoids, namely
myricetin and its O-glucoside derivative, luteolin
and its glycosides (cynarosid, orientin and iso-
orientin); rutin  (diglycoside of quercetin),
hyperoside (3-O-galactoside of quercetin), and
apigenin and its C-glycosylated derivatives
(vitexin and iso-vitexin).

Acute oral toxicity

No mortality and no signs of toxicity were
recorded in animal groups during the observation
period. Thus, none of the test samples, including
aqueous extracts from mother plant and callus
cultures of Asteriscus graveolens as well as the
glycosidic extract, was toxic (LDso > 2000 mg/kg)
[14].
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Figure 1: HPLC chromatogram of Asteriscus
graveolens extract (GE) at 260 nm. (1= apigenin; 2 =
orientin; 3 = iso-orientin; 4 = vitexin; 5 = iso-vitexin; 6 =
myricetin-O-glucoside)

3 |
E |
= _ % 5
l . Y.\ ) N '”,_.-U\_.' Ao o
= ﬂm[:ln‘[
Figure 2: HPLC chromatogram of Asteriscus

graveolens extract (GE) at 365 nm. (1 = Rutin; 2 =
cynaroside; 3 = hyperoside; 4 = myricetin; 5 = luteolin;
6 = trans-cinnamic acid)

Analgesic effects of extracts

Oral administration of all extracts at all doses
resulted in significant peripheral analgesic effects
in the acetic acid-induced writhing test, when
compared to the control group which received
saline only (p < 0.001). All the extracts except
the low-dose GE (50 mg/mL) inhibited acetic
acid-induced chemical pain with the same
efficiency as the reference drug Aspirin® (p <
0.05; Table 2).

Anti-inflammatory effect

The results in Table 3 indicate that all test
samples and reference drugs significantly
reduced hind paw edema in mice, when
compared to the negative control group (p <
0.001). The highest effects were observed at the
higher doses (1000 mg/kg for CAE and PAE, and
100 mg/kg for GE). It is important to note that
there was no significant difference in effect
between CAE and PAE.

DISCUSSION

Despite the various medicinal uses of Asteriscus
graveolens in traditional medicine, there are
limited studies on this species, especially from
pharmacological and toxicological perspectives.

Table 1: Phytochemical compositions of aqueous extracts of Asteriscus graveolens (mother plant) and callus

culture

Extract Flavonoids Tannins Saponins Glycosides Terpenoids Alkaloids
PAE + + + - -
CAE + - - - -

PAE: whole plant extract; CAE: callus extract; +: present; -: absent
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Table 2: Analgesic effect of aqueous extracts of Asteriscus graveolens (whole plant and callus culture) and

glycosidic extract, on acetic acid-induced pain in mice

Group Dose (mg/kg) Abdominal PAA (%)
constrictions (n)

Negative control - 39+0.30%%% -

Aspirin (reference 1) 50 15.5040,95*** 60.26
Indomethacin (reference 2) 10 12.17+0,13*** 68.80
PAE 1000 14.174£0.27*** 63.68
PAE 500 19.504£0.53*** 50.00
CAE 1000 16.33+0.66*** 58.12
CAE 500 18.33+0.14*** 52.99
GE 100 14.1740,.5*** 63.68
GE 50 22.67+0.79***$$ 41.88

PAE: Whole plant extract; CAE: callus extract; GE: glycosidic extract. Values are expressed as mean + SEM. (n
= 6); *p < 0.05 compared to negative control; **p < 0.01; ***p < 0.001; $p < 0.05, compared to aspirin; $3p < 0.01;

$3%p < 0.001 (one-way ANOVA, Tukey test)

Table 3: Anti-inflammatory activity of aqueous extracts of Asteriscus graveolens (mother plant and callus
cultures) and glycosidic extract on carrageenan-induced paw oedema in mice

Group Dose Weight of the paw Edema Edema reduction
(mg/kg) edema (mg)

Negative control - 73.20+1,07%%% 60.01 -
Indomethacin 10 14.73+1.78*** 11.36 81.07
Sodium diclofenac 10 13.78+0.75*** 11.29 80.85
PAE 1000 17.77+1.45%** 16.09 73.19
PAE 500 51.50+1.56**%%% 40.15 33.07
CAE 1000 23.44+2.63*** 18.30 69.51
CAE 500 49.07+2.02**%%% 38.27 36.21
GE 100 21.40+0.80*** 17.00 71.67
GE 50 24.82+1.02*** 17.39 71.00

Values are expressed as mean + SEM (n = 6); *p < 0.05, compared to negative control; **p < 0.01; ***p < 0.001;
$p < 0.05, compared to indomethacin; $%p < 0.01; %%%p < 0.001 (one-way ANOVA, Tukey test)

Therefore, it was deemed necessary to
investigate the pharmacological properties of
extracts of this plant. Phytochemical screening of
Asteriscus graveolens aqueous extracts revealed
similarities in flavonoid and tannin contents
between PAE and CAE. This is not surprising
since the capacity of plant cells, organelles and
tissue cultures to produce and accumulate many
of these bioactive chemical compounds in the
same way as the wild-grown mother plants, has
been recognized since the establishment of plant
tissue cultures [15]. The appearance of saponins
in callus cultures of Asteriscus graveolens might
be linked to the presence of specific plant growth
regulators. Hanafy et al. [16] have demonstrated
a strong relationship between increased saponin
production in callus tissue cultures and the
amounts of auxins and cytokinins, particularly
kinetin, added to the culture media.

The glycosidic extract (GE) was subjected to
HPLC analysis in order to identify the phenolic
compounds present in the plant. Only one
phenolic acid and twelve flavonoids were
detected. Similarly, a study has reported the
presence of myricetin and luteolin in Asteriscus
graveolens [5].

Results from acute toxicity tests on all extracts
revealed that this plant is safe for oral use. These
results are consistent with the findings in a
previous study on the same species [6]. This
might be due to the absence of toxic compounds
such as alkaloids, on one hand, and the
presence of substances with hepatoprotective
properties, such as luteolin, on the other hand
[171.

The acetic-acid induced writhing and the
carrageenan-induced paw oedema tests were
used to ascertain the basis for the traditional use
of this plant as a remedy for analgesic and anti-
inflammatory ailments. Results indicate that all
extracts of Asteriscus graveolens, whether from
parent plant or callus extracts, mitigated
chemically-induced pain and inflammation.

These pharmacological effects may be largely
due to their richness in phenolic compounds,
especially flavonoids which are known to be
strong anti-inflammatory and/or analgesic agents
[18]. The well-known mechanism of action of
these compounds involves inhibition of
cyclooxygenases (COX1 and COX2) [19]. These
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two isozymes catalyze the conversation of
arachidonic acid to prostaglandins. Thus, their
inhibition results in relief of the symptoms of pain
and inflammation. In this study, most of the
Asteriscus graveolens flavonoids identified
through HPLC have been studied for their
pharmacological effects. The flavone luteolin,
and its glucosides modulate the expressions of
inflammatory mediators such as IL-6, IL-1B, IL-6,
TNF-a, iINOS, CD86, and the protein expressions
of p-STAT3-ser727 and p-STAT3-tyr705 [21,22].
Apigenin, vitexin and its isomer isovitexin exhibit
analgesic and anti-inflammatory effects in
various pathways [22,23].

Myricetin may be the responsible for most of the
observed analgesic effect of the extracts. Indeed,
this flavonol has been shown to exert important
analgesic effect on acetic acid-induced writhing
model by reducing the amount of PGE2 [24].
Moreover, recent studies demonstrated that low
concentrations of myricetin reduced the
excitability of dorsal root ganglion (DRG) neurons
in a neuropathic pain model, thereby modulating
the transmission of pain sensation [25]. In
contrast, quercetin-3-rutinoside “rutin” displayed
peripheral and central anti-nociceptive properties
by targeting opioid receptors [26].

CONCLUSION

Asteriscus graveolens is, without any doubt, a
plant with promising medicinal potential, as
revealed by its high analgesic and anti-
inflammatory effects. It interesting that the callus
extract produced effects similar to those of the
adult plant extract. This could pave the way for
the in vitro production of the bioactive
phytochemicals responsible for the observed
beneficial properties, with the prospect of using
them to replace non-steroidal anti-inflammatory
drugs (NSAIDs), which are associated with
adverse side effects. Studies are currently on-
going to investigate the underlying bioactive
compounds responsible for the pharmacological
effects of Asteriscus graveolens, with a view to
enhancing their production in callus cultures
using biotechnological techniques.
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