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Background. Hypochaeris radicata (flatweed) from the family Asteraceae is a medicinal plant found in Europe, Middle East, and
India. In folkloric medication, it is used to heal jaundice, dyspepsia, constipation, rheumatism, and hypoglycemia as well as renal
problems. Leaves and roots of the plant have antioxidant and antibacterial properties. The plant is a rich source of pharmacologically
active phytochemicals; however, it is explored scantily. The objective of the current study was to identify the chemical composition
and investigate the in vivo biological potency of crude extracts of this plant. Methods. The crude extract and the fractions were
screened for various phytochemical groups of constituents following standard procedures. The acute toxicity was assayed for safe
range of dose determination. The analgesic potential of the extract and fractions was assessed by acetic acid-induced writhing test.
The muscle-relaxant activity was examined by standard inclined-plane test and traction test. Sedative potential of extract/fractions
was assessed by using standard white wood procedures. Furthermore, docking analysis of two compounds present in the ethyl
acetate fraction of the plant was assessed against 3D cyclooxygenase-1 and -2 (COX-1 and COX-2). Results. The extract/fractions
of H. radicata showed significant analgesic effect in in vivo model of peripheral algesia. The docking analysis of previously isolated
molecules from the plant also exhibited promising interaction with COX-1 and COX-2. Also, the plant has a mild sedative and
muscle-relaxant potential. Thus, our study provided pharmacological rationale for the traditional uses of the plant as analgesic and
anti-inflammatory remedy. Conclusion. The crude extracts and fractions exhibited excellent activity due to active phytochemicals.
These active phytochemicals also exhibited promising interaction with COX-1 and COX-2. These findings directed researcher to
isolate active compounds from H. radicata which may be used as a potential source of active secondary metabolites.

1. Introduction range includes Europe and Indian peninsula (the high hills
Hypochaeris radicata, commonly known as cats-ear or  ©Of Nilgiris and the Western Ghats). Its roots and leaves have

flatweed, belongs to the family Asteraceae. Its geographical  been used in traditional medicine as antioxidant, antidiuretic,
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anti-inflammatory, anticancer, antibacterial, hepatoprotec-
tive, and renoprotective [1, 2]. In folkloric system it is used
to cure jaundice, dyspepsia, constipation, rheumatism, and
hypoglycemia [1].

H. radicata is a rich source of pharmacologically active
phytochemicals; however, it is evaluated only briefly. Various
phytochemicals such as sesquiterpenes, glycosides, germa-
crene, eudesmane, guaianolides, and phenylbutanoid gly-
coside have been documented in the existing literature [3].
Previously, some nonvolatile compounds have been isolated
from this plant, including (4R,4aR,7R)-7-ethyl-4-hydroxy-4a
-methyl-1-methylene-octahydronaphthalen-2(1H)-one (com-
pound 1) and methyl 2-((5R,E)-3,8-dimethyl-1-0x0-1,3a,
4,5,6,7-hexahydroazulen-5-yl)acrylate (compound 2) (Fig-
ure 1). These phytochemicals might be responsible for the
anti-inflammatory action of this plant. Therefore, we con-
ducted docking analysis for two compounds present in
Hypochaeris radicata, against cyclooxygenases (COX-1 and
COX-2) [1]. In the present study, we have focused on the
confirmation and analysis of folkloric anti-inflammatory
usage of this Compositae family plant.

2. Experimental

2.1. Plant Collection. The plant material was collected from
Toulouse, France; the plant specimen was identified by well-
known plant taxonomist; and then a voucher specimen
number, PHGI130, was deposited in the herbarium of the
Pharmacognosy Department, Faculty of Pharmacy, Umm Al-
Qura University, KSA.

2.2. Extraction and Fractionation. The sample plants were
dried in shade, powdered on drying, and then subjected to
cold extraction, using 80% methanol. The extraction was
performed thrice to extract the maximum amount crude
metabolites. The obtained extract was concentrated using a
rotary evaporator which produced 145 gm of crude residue.
The crude extract was suspended in minimum amount of
distilled water and successively fractionated with various
solvents to obtain fractions: hexane (30gm), chloroform
(53 gm), and ethyl acetate (45 gm) as per our reported meth-
ods [4]. These obtained fractions were stored in refrigerator
for further biological screening.

2.3. Phytochemical Analysis. The extract and its isolated
fractions were assessed for phytochemical screening before
bulk extraction to identify tentative active phytochemicals as
per standard procedure [4, 5].

To identify alkaloids in crude extract/fractions, about
0.5 gram sample was warmed with H,SO, (2%) and the
Dragendorff’s reagents were added to each sample. The
appearance of orange red precipitate indicated the presence
of alkaloids moiety in extract. For tannins detection 0.5 gm
sample (extract/fraction) was dissolved in distilled water,
heated, and the filtered to remove dissolved impurities. Few
drops of ferric chloride were added to each filtrate; the
appearance of dark green color in the solution exhibited the
presence of tannins. The identification of anthraquinones
was achieved by standard procedure. About 0.5 gm of extract
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and its isolated fractions was boiled with 10% HCI for few
minutes on water bath. The mixtures were cooled and then
filtered to remove the suspended plant materials. Few drops
of ammonia (10%) were added to the mixture and then
heated on water bath. The appearance of rose pink color
exhibited the presence of anthraquinones moiety. Glycosides
were detected by adding 0.5gm of extract/fractions with
hydrochloric acid (hydrolyzed) and the neutralization was
achieved with NaOH. Then few drops of Fehling’s solu-
tion A and then B were added to reaction mixture. The
appearance of red color precipitate showed the presence of
glycosides in extract/fractions. Reducing sugars were also
identified by using reported procedure. The 0.5g crude
extract was shaken with distilled water followed by filtration.
After addition of a few drops of Fehling’s solution A and
B to the filtrates, the mixtures were boiled for few min.
Appearance of orange red precipitates showed the presence
of reducing sugars. Saponins was identified by mixing each
extract and its fractions (0.5gm) with distilled water and
then boiling them. The formation of froth in mixture con-
firmed the presence of saponins. Flavonoids were identified
by using standard protocol. The 0.5g crude extracts were
dissolved in diluted NaOH and few drops of HCI were added.
The yellowish solution turned colorless after the addition
of HCI, which showed the presence of flavonoids in the
extracts. The phlobatannins was detected by mixing 0.5 gm
extracts/fractions in distilled water and the filtering them.
The filtrates were boiled with 2% HCI solution. The presence
of red precipitate indicated the presence of phlobatannins.
Steroids were identified by standard procedure. About 0.5g
of the crude obtained extract/fractions was taken in test tube
and few drops of acetic acid were added. The mixture was
gently heated using burner and then cooled. The mixture
was then treated by addition of H,SO, dropwise, and the
color changed to green indicating the presence of steroids.
Terpenoids was detected by using reported methods. About
0.2 g of the extract/fractions was treated with 2mL CHCI,
and then filtered. The filtrates were treated with 3 mL H,SO,,
shaken, and allowed to stand for few minutes. The presence of
golden yellow color designates the occurrence of triterpenes.
Coumarine was also detected by using reported methods.
About 1 mL aqueous extract/fractions was treated with 3 mL
0f 10% NaOH. The presence of coumarin was detected by the
formation of yellow color. Emodin was also detected by using
reported methods. About 0.3 gm of the extract/fractions was
mixed with 2mL of NH,OH followed by the addition of
3 ml of benzene. A red color formation proved the presence
of emodin. Anthocyanin and betacyanins were identified
by standard procedure. 0.2 g of plant extract/fractions and
ImL of NaOH were mixed and heated at 100°C for five
min using flame. Formation of bluish green color showed
the presence of anthocyanin and formation of yellow color
indicated the presence of betacyanins. Carbohydrates were
identified as per reported procedure. About 0.2g of each
plant extract/fractions were dissolved in distilled water and
then few drops of Molisch’s reagent were added, followed by
addition of I mL conc. H,SO,. After 2 minutes, the mixture
was diluted with 5 mL distilled water. Formation of a red or
dull violet color at the interphase of two layers was considered
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FIGURE 1: The nonvolatile compounds (1 and 2) present in H. radicata.

as a positive test. The total phenolic contents of 80% MeOH
and fractions of Hypochaeis radecata were determined using
Folin-Ciocalteu reagent according to the method described
by [6]. Gallic acid was used as standard. In this method,
100 pl of each extract or fractions in concentrate of 100 pg/ml
were combined with 500 yl of the Folin-Ciocalteu reagent and
1.5ml of sodium carbonate (20%). The mixture was shaken
and made up to 10ml using distilled water and allowed
to stand for 2hrs. Then the absorbance was measured at
765 nm. All determinations were carried out thrice. The total
phenolic content was calculated as gallic acid equivalent
(GAE) by the following equation: T = CxV/M. T is the
total phenolic content in mg-g™' of the extracts as GAE,
C is the concentration of gallic acid established from the
calibration curve in mg-ml™', V' is the volume of the extract
solution in ml, and M is the weight of the extract in

g.

2.4. Molecular Docking. The molecular docking study of
isolated phytochemicals, compounds 1 and 2, from H. radi-
cata (shown in Figure 1), were carried out to recognize the
molecular interaction of the phytochemicals (1 and 2) within
the active site of cyclooxygenases COX-1 (PDB ID 401Z)
and COX-2 (PDB ID 5F19) by captivating X-rays crystal
structure data of enzymes from protein data bank (PDB) [7].
Molecular docking analysis essentially involves the selection
and grounding of suitable protein and ligand, following
by the screening of docking output and their interaction.
Both ligands and the receptors were prepared distinctly. The
protein structure of both COX-1 and COX-2 was indepen-
dently preprocessed using structure preparation wizard [7],
and omitted hydrogen was also added. The hydrogen bonds
inside the proteins were also optimized and monitored by
the minimization of protein with default setup of MOE
(Molecular Operating Environment). The unsolicited water
molecules and cofactors were detached from the proteins. The
chain A was designated in the “refine” tab. The molecular
docking used in this study predicts the binding modes, biding
energy, binding affinity, and orientation of ligands at active
site of COX-1 and COX-2.

2.5. In Vivo Biological Assays

2.5.1. Animals. BALB/C mice were used in this in vivo
screening. The mice used in this finding were fed with

standard laboratory food and also with water ad libitum.
All the animals used in this study were kept under standard
conditions of temperature and light before starting the
experiments. The animals were adjusted to the laboratory
conditions. The experimental procedures were approved by
the Ethical Committee (UOP/Pharm-6) of the Pharmacy
Department, University of Peshawar, Peshawar, Pakistan. For
animal testing, the animals were divided into 14 groups
for each activity (Table 1): two groups were normal con-
trol and reference group and the remaining groups were
treated with different concentration of crude extract or
fractions. The treatments were administered intraperitoneally
(i.p.) and extracts were dissolved or suspended in distilled
water.

2.5.2. Acute Toxicity Assay. The animals were divided into
14 groups; each group has six animals (n = 6). The crude
extracts and the various fractions of H. radicata samples at
250, 500, and 1000 mg/kg (body weight of mice) were used as
test dose (Table 1). After intraperitoneally (i.p.) administering
the test doses, the animals were kept under observation for 24
hours, for any behavioral effects and mortality. The numbers
of survived and dead animals were noted by calculating the
percentage of mortality [8].

2.5.3. Acetic Acid-Induced Writhing Test. The analgesic activ-
ity of crude extracts and the fractions was investigated by
using the acetic acid-induced abdominal constriction test.
The animals were divided into various groups (Table 1);
each group has six animals (n = 6), weighing 18-22¢.
One group received normal saline (10 ml/kg, i.p.) as con-
trol, and the second group received diclofenac (10 mg/kg,
ip.) as a standard analgesic drug. The remaining groups
received extracts and fractions at the doses of 25, 50, and
100 mg/kg (i.p.). After 40 minutes of the treatment, pain
was induced by intraperitoneal injection of 0.9% acetic acid
(v/v, 0.1ml/10g body weight). The number of muscular
contractions was counted over a period of 20 min after
acetic acid injection. The number of writhes in each treated
group was compared with control (saline-treated group)
[9]:
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TABLE 1: The treatment groups in each animal test. Each treatment group contains 6 animals (n = 6). All treatments were administered

intraperitoneally (i.p.).

Treatment groups F{Z::f;g Acesii?}fiiggirtliliced Inclined p latzsl;est/tmction Sedative activity
Normal Saline 10 ml/kg 10 ml/kg 10 ml/kg 10 ml/kg
Reference group ~ ----- Diclofenac (10 mg/kg) Diazepam (1 mg/kg) Diazepam (0.5 mg/kg)

250 mg/kg 25 mg/kg 25 mg/kg 25 mg/kg
Crude extract 500 mg/kg 50 mg/kg 50 mg/kg 50 mg/kg

1000 mg/kg 100 mg/kg 100 mg/kg 100 mg/kg

250 mg/kg 25 mg/kg 25mg/kg 25mg/kg
n-Hexane fraction 500 mg/kg 50 mg/kg 50 mg/kg 50 mg/kg

1000 mg/kg 100 mg/kg 100 mg/kg 100 mg/kg

250 mg/kg 25mg/kg 25 mg/kg 25 mg/kg
Egl(t)ir:lform 500 mg/kg 50 mg/kg 50 mg/kg 50 mg/kg

1000 mg/kg 100 mg/kg 100 mg/kg 100 mg/kg

250 mg/kg 25 mg/kg 25 mg/kg 25 mg/kg
Eti};liszetate 500 mg/kg 50 mg/kg 50 mg/kg 50 mg/kg

1000 mg/kg 100 mg/kg 100 mg/kg 100 mg/kg

) no. of writhing in control — no. of writhing in test compound
% protection = x 100. )

no. of writhing in control

2.5.4. Muscle-Relaxant Activity

(1) Inclined Plan Test. The fractions of H. radicata extract were
evaluated in inclined-plane model [10]. The plane used in
this procedure consisted of two plywood boards. Both the
boards were connected with each other in such a way that
one board formed the base and the other is fixed to the base
at 65 degrees. Different groups were treated with diazepam
(1mg/kg), normal saline (10 ml/kg), and the test fractions
(Table 1). After administration with interval of 30, 60, and 90
minutes, the animals were placed on the upper part of the
inclined plane for 30 seconds to hang or fall.

(2) Traction Test. In this technique, a metal wire coated rubber
was used; both ends of the wire were rigidly stretched and
supported with stands, about 60 cm above a laboratory bench.
The animals were clustered into 14 groups (n = 6) as shown
in Table 1. The two groups were treated with normal saline
(10 ml/kg) and diazepam (1 mg/kg) as a positive and negative
control group, respectively. The rest of the groups were treated
with crude extract, n-hexane, chloroform, and ethyl acetate
fractions of the crude extract of H. radicata, in correspondent
doses of 25, 50, and 100 mg/kg of body weight. The traction
test was performed for all the treated animals, with time
interval of 30, 60, and 90 minutes, after the administration of
treatment. Each animal was suspended from hind legs on the
wire and the time of floppy was recorded for 5 s. The failure to
hang in less than five seconds reflects the presence of muscle-
relaxant property and vice versa [8].

2.5.5. Sedative Activity. Open field test is used to investigate
the sedative potential of a drug. The apparatus design for

sedative potential consists of an area of white wood (150-cm
diameter), enclosed by stainless steel walls and divided in 19
squares by black lines. The open field was placed in a light and
sound-attenuated room. BALB/c mice of either sex (n = 6),
weighing 26 + 4 g, were used in this study. The animals were
acclimatized under red light (40-Watt red bulb) one hour
before the commencement of the experiment, with food and
water available ad libitum. The animals were administered
with normal saline as a negative control (10 ml/kg) and
diazepam as a reference drug (0.5 g/kg). The rest of the groups
were treated with the crude extract and the fractions of
H. radicata in serial doses of 25, 50, and 100 mg/kg. After
30 min, each animal was placed in the center of the box and
the number of lines crossed was counted for each mouse,
following related literature [11, 12].

2.6. Statistical Analysis. Results are expressed as mean +
SEM. One-way ANOVA (analysis of variance) was used for
a comparison test of significant differences among groups,
followed by Dunnett’s multiple comparison posttest. A level
of significance (P < 0.05 or 0.01) was considered for each
test. The results of activities were also presented as mean +
SEM, and their statistical analysis was carried out using the
GraphPad program (GraphPad, San Diego, CA, USA).

3. Results

3.1. Phytochemical Composition. The results of the phyto-
chemical composition of crude extracts, as well as the
polar and nonpolar organic fractions, are given in Tables
2(a) and 2(b). The phytochemical screening test exhibited
the presence of alkaloids, flavonoids, glycosides, terpenoids,
phlobatannins, tannins, reducing sugars, saponins, steroids,
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TABLE 2

(a) Phytochemical composition of crude extract and various fractions of H. radicata, where the signs (+) and (—) represent the presence and absence,

respectively.

Phytochemicals Crude extract

n-Hexane
fraction

Chloroform

. Ethyl acetate fraction
fraction

Alkaloids + =

Anthraquinones -

Tannins
Glycosides
Reducing sugars
Saponins
Flavonoids
Phlobatannins
Steroids

+ + + + + + + o+
[

Terpenoids

Coumarin _

Emodin -

Anthocyanin - -

+

+
+

[
+ + 4+ + + + + 4+ + 4+

+ o+

(b) Identification of total phenolic contents of crude extract and various fractions of H. radicata

Phytochemicals Crude extract

n-Hexane fraction

Chloroform

. Ethyl acetate fraction
fraction

Total phenolic contents (GAE) 19.17
SD 2.85

9.36 8.15 11.73
1.57 2.48 2.08

and total phenolic. Luteolin or isoetin is likely to be the
flavonoid, as discovered in other species of Hypochaeris [11].
The chloroform fractions contained alkaloids, tannins,
glycosides, steroids, and terpenoids. Among other frac-
tions, ethyl acetate showed the presence of maximum num-
ber of phytochemicals including alkaloids, tannins, glyco-
sides, reducing sugars, saponin, flavonoids, phlobatannins,
steroids, and terpenoids, while hexane showed only nonpolar
phytochemicals such as steroids and terpenoids. The phyto-
chemicals play the key role in the bioactivity of extract.

3.2. Molecular Docking Analysis. Molecular docking studies
were performed with the help of MOE software, to study
the binding interactions involved between the active sites of
protein and the selected compounds. The compounds 1and 2
(Figure 1) were docked in the active site of COX-1 enzyme
(Figure 2), and the hydrogen bond and few hydrophobic
interactions were observed with the important active site
amino acids. Compound 1 had common pharmacophoric
scaffold. The hydroxyl group made proper hydrogen bond
with Argl20 and also exhibited some hydrophobic interac-
tions with Metll3, Val49, and Tyr355 (Figure 2(a)), having
good docking score and binding affinity (Table 3). The
carbonyl oxygen of compound 2 forms single hydrogen
bond with the key residue Ser530, whereas few hydrophobic
interactions with Luell7, Val349, Leu352, and Leu359 were
observed (Figure 2(b)).

In case of COX-2 enzyme, the docking studies revealed
two hydrogen bonds and few hydrophobic interactions with

crucial active site amino acids with compounds 1 and 2,
respectively. Compound 1 showed two hydrogen bonds
towards Met522 and Ser530, while hydrophobic interactions
were observed with Val523, Ala527, Val349, and Leu352
(Figure 2(c)). Compound 2 also showed two hydrogen bonds
with the Argl20 and Val523. The hydrophobic interactions
were shown by Val349, Leu352, Leu531, and Leu384 active site
residues. The docking results revealed good docking score,
good binding affinities (Table 3), and important interactions
of the compounds 1 and 2 with the key residues of active sites
of COXI and COX-2 enzymes.

3.3. In Vivo Biological Effects

3.3.1. Acute Toxicity Study. The acute toxicity of combine
crude extract and different fractions of H. radicata was
assessed in various doses (250, 500, and 100 mg/kg; Table 4).
During 24 hr assessment of the important behavioral of
toxicity, no mortality was observed at higher doses, though
the animals showed slight sedation after 1 hr of the adminis-
tration of crude extracts and various isolated fractions. The
safe treatment doses range 25-100 mg/kg of extract and its
fractions is selected for further treatment and studies.

3.3.2. Analgesic Activity. The acetic acid-induced writhing
was evidently reduced by the crude extract/fractions of
H. radicata, as presented in Table 5 and Figure 3. The
crude extract of the plant significantly inhibited the writhing
dose dependently, with inhibition percentage values of 20%
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TaBLE 3: Showing the docking scores, binding energies, and binding affinities of the compounds with the active sites of the COX1 and COX2.

COX-1 COX-2
. Binding ener Binding affini . Binding ener Binding affinit
> e Docking score (Kealjmol) (Keal/mol) ¥ Docking score (Kealmol) (Keal/mol)
Compound 1 —7.547 —34.25 -39.32 -6.609 -35.79 —41.99
Compound 2 —8.341 -7.03 -7.55 —6.887 -7.37 -7.75
TABLE 4: Acute toxicity of crude extract and its fractions of H. radicata.

Treatment Dose (mg/kg) No. of animals died/5 % mortality
Normal saline 10 ml/kg 0/5 0

250 0/5 0
Crude extract 500 0/5 0

1000 0/5 0

250 0/5 0
n-Hexane fraction 500 0/5 0

1000 0/5 0

250 0/5 0
Chloroform fraction 500 0/5 0

1000 0/5 0

250 0/5 0
Ethyl acetate fraction 500 0/5 0

1000 0/5 0

v Lue384
Met522

() (d)

FIGURE 2: 3D representation of compound 1 and 2 (gray) interactions (black) with the active sites amino acids (green) of COX1 and COX2
enzyme. (a) Docked pose of compound 1 in the active site of COXI. (b) Docking interactions of compound 2 with the active site key amino
acids of COXI. (c) Interactions of compound 1 with COX2 active site residues. (d) Docked pose of compound 2 with the important active site
residues of COX2 enzyme.
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TABLE 5: Analgesic potential of crude extract and its fractions of H. radicata. Values represent the number of writhing, 30 minutes after treatment
with distilled water (10 ml/kg, control), crude methanolic extract, and its various fractions (25, 50, and 100 mg/Kg), or diclofenac (10 mg/kg).
Data presented as mean + SEM (n = 6). "P < 0.05, **P < 0.01, *** P < 0.001, all compared with control.

Treatment Dose No. of writhing + SEM
Normal saline 10 ml/kg 65 + 3.46
Diclofenac sodium 10 mg/kg 17.6 + 1.14
25mg/kg 52 +2.44"
Crude extract 50 mg/kg 33 +110""
100 mg/kg 17 + 0.87"
25mg/kg 53 + 211"
n-Hexane fraction 50 mg/kg 49 +1.77*
100 mg/kg 45 +0.48"
25 mg/kg 50 +1.44"
Chloroform fraction 50 mg/kg 29.67 +0.76""
100 mg/kg 14 +0.66"""
25 mg/kg 48.23 + 0.68°
Ethyl acetate fraction 50 mg/kg 26.+0.88""
100 mg/kg 1250 + 67"

(P < 0.05),49.23% (P < 0.05), and 70.84% (P < 0.001) at the
doses of 50, 100, and 150 mg/kg, respectively. The chloroform
and ethyl acetate fractions of the plant have shown a signif-
icant analgesic activity in dose-dependent manner with the
maximum inhibition values of 78.46% and 80.76% at dose of
100 mg/kg, respectively. The n-hexane fraction exhibited very
mild analgesic activity, that is, 18, 25, and 30 percent inhibi-
tion at doses of 25, 50, and 100 mg/kg, respectively.

3.3.3. Muscle-Relaxant Effect. The effects of extract/fractions
of H. radicata at 25, 50, and 100 mg/Kg i.p. in inclined-plane
test and traction test are given in Table 6. The percentage of
muscle-relaxant activity is presented for extracts/fractions at
intervals of 30, 60, and 90 minutes after administration of
the extract/fractions. The activity was compared with that of
reference drug diazepam, efficacy of which is considered to be
100%. The crude extract and fraction exhibited muscle-
relaxant activity in dose-dependent manner, compared to
saline-treated group; however, it was observed to be very mild
in comparison to diazepam. The maximum muscle-relaxant
activity was observed after 90 minutes at a dose of 100 mg/kg
of each fraction; however, it was relatively less in the n-hexane
fraction. It is noteworthy that the effect is mild but tends to
be dose-dependent.

3.3.4. Sedative Activity. The locomotive potency in mice at
test doses of crude extract and its fractions of H. radicata is
depicted in Table 7 and Figure 4. Our results showed that
crude extract and its fractions exhibited significant sedative
effect at 25, 50, and 100 mg/kg i.p., as compared to the saline-
treated group. However, n-hexane fraction exerted relatively
less sedative effect in minimum dose (i.e., 25 mg/kg). The
prominent sedative effect was observed in ethyl acetate
fraction. However, in all the fractions, the effect is very mild,
compared to diazepam-treated group.

4, Discussion

H. radicata has wide folkloric medicinal uses [1-3], but
the experimental verification of these effects is scanty. The
isolated extract/fractions were assessed for the presence of
various phytochemical groups, by using conventional chemi-
cal procedures. However, the quantitation of phytochemicals
is not achieved yet. The ethyl acetate fraction was found to
have almost all the phytochemicals found in the crude extract,
and it is regarded as chemically rich fraction of H. radicata.
During literature survey about the plant, we found that four
various compounds have been isolated from H. radicata, out
of which two molecules are volatile in nature, and the other
two molecules are compounds 1 and 2, respectively [2]. We
suggested that analgesic and anti-inflammatory properties of
H. radicata might be partly due to these nonvolatile com-
pounds. Preliminarily the two compounds were subjected to
docking analysis for the inhibition of COX-1 and COX-2.
Our data (Figure 1 and Table 3) revealed good docking score,
good binding affinities (Table 3), and important interactions
of the compounds 1 and 2 with the key residues of active sites
of COX-1 and COX-2 enzymes. However, the predominant
interaction was observed between COX-1 and compound
1. This enzyme is responsible for the production of the
lipid autacoids such as the prostaglandins, which mediate
inflammatory response [12]. However, this is preliminary
study of compounds 1 and 2, and it will be verified by in vitro
and in vivo assays in the future.

The safe dose range for the administration of the
extracts/fractions of H. radicata in the animals was deter-
mined by toxicity studies, and no evident toxicity or mortality
was observed in far higher doses (1000 mg/kg). For the in vivo
studies, 5-100 mg/kg dosage was tested. The analgesic activity
of the crude extract and it fractions was carried out in acetic
acid-induced writhing model, which is well recommended
model in in estimating medicinal agents for their analgesic
potency [13, 14]. The feeling of pain is brought by liberation
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TABLE 6: Muscle relaxant activity of crude extract and its fractions of Hypochaeris radicata. The values are presented as percentage + SEM for
each animal (n = 6).

Inclined plan test (%) Traction test (%)
Groups Dose (mg/kg) 30 min 60 min 90 min 30 min 60 min 90 min
Distilled water 10 ml 0+0.00 0+0.00 0+0.00 0+ 0.00 0=+ 0.00 0+ 0.00
Diazepam 1 100 + 0.00 100 + 0.00 100 + 0.00 100 + 0.00 100 + 0.00 100 + 0.00
25 144+ 056  255+077  321+055 148+ 056  253+064  431%0.50
Crude extract 50 187 +057  418+0.69  420+100  184+0.60  3.56+0.69 510 +0.70
100 350+058  497+0.88  700+118 3.65+0.63  4.70+0.60 701 + 114
25 125+050  300+055  324+066  130+056  325+055  3.78+0.60
n-Hexane fraction 50 2574070 4104097  433+0.88  2.68+073  427+095 476+ 0.99
100 4304059  412+077  600+100  405+059  425+070  6.63+100
25 166+052  277+078  382+066  168+087  2.66+066  455+052
Chloroform fraction 50 195+0.65  488+0.80  450+0.60  2.04+0.84 3.80 + .87 5.44 + 0.60
100 366+078  520+059  760+090  390+0.60  497+080 750+ 110
25 188+0.60  290+063  398+068  200+088  3.01+060 550+ 0.63
Ethyl acetate fraction 50 2204063  330+060  450+077  298+076  415+0.65  6.45+0.60
100 463+070  520+077  6.00+0.88  440+064  598+0.65 780+ 0.80

TABLE 7: Sedative activity of crude extract and its fractions of H. radicata. Values represent the number of lines crossed by an animal in a box,
30 minutes after treatment with distilled water (10 ml/kg, control), crude methanolic extract, and its various fractions (25, 50, and 100 mg/Kg),
or diazepam (0.5 mg/kg). Data presented as mean + SEM (n = 6). *P < 0.05, **P < 0.01, *** P < 0.001, all compared with control.

Sample Dose No. of lines crossed/10 min
Distilled water 10 ml/Kg 126 +1.25
Diazepam 0.5 mg 6+0.13"""
25 mg/kg 108.25 + 5.01
Crude extract 50 mg/kg 100.24 + 4.22
100 mg/kg 92.45 + 4.00""
25 mg/kg 119.48 + 5.80
n-Hexane fraction 50 mg/kg 112.44 + 4.87
100 mg/kg 104.25 + 4.35™"
25 mg/kg 112.35 + 3.88
Chloroform fraction 50 mg/kg 107.85 + 2.33"
100 mg/kg 102.39 + 1.00*"
25mg/kg 92.35+1.77°""
Ethyl acetate fraction 50 mg/kg 86.88 +1.33""
100 mg/kg 80.41 +1.00""*
90
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FIGURE 3: Percentage of inhibition of algesia by extract and fractions of H. radicata. The values are percentage + SEM for animals (n = 6).
*P < 0.05,""P < 0.01, *** P < 0.001, all compared with control.
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FIGURE 4: Sedative activity of crude extract and its fractions of H. radicata. The values represent locomotion + SEM (n = 6). “P < 0.05,

**P < 0.01, """ P < 0.001, all compared with control.

of endogenous constituents including prostaglandin and
arachidonic acid via the cyclooxygenases (COX) [7, 9]. The
local peritoneal receptors could be the origin of abdominal
writhing [14]. The pain sensation in acetic acid-induced
writhing model is provoked by making localized inflamma-
tory response due to the release of free arachidonic acid from
tissue phospholipids through phospholipases and the cre-
ation of prostaglandins, specifically PGE2 and PGF2. The
level of lipoxygenase products could also rise in peritoneal
fluids [7]. These prostaglandin and lipoxygenase products
cause inflammation and pain by growing the capillary per-
meability. The constituents inhibiting the writhing will have
analgesic potency by the inhibition of prostaglandin synthesis
[9]. In our study, significant analgesic effect of the crude
extract, chloroform, and ethyl acetate fractions of H. radicata
was observed. This led to the assumption that the analgesic
phytochemical constituents of this studied plant are polar
molecules.

The sedative potency of the title plant was evaluated
by applying the open field test (locomotive activity). Open
fields screening is normally employed as a prognostic test
for the calculation of sedative activity [11, 12]. Pretreatment
of mice with crude extract and various fractions exhibited
dose-dependent reduction in locomotive properties in the
open field test, associated with control, but this decline was
far less than that produced in diazepam-treated animals. The
reduction in the frequency and amplitude of motion could
be attributed to the sedative effect of H. radicata, which was
found to exert mild sedation compared to diazepam.

The inclined-plane test and traction test were performed
in animals for determining the muscle-relaxant potency of
the treatments [8]. The animals used in this model are
permitted to spend time on the rotating rod, where less time
spent on the rod designates a muscle-relaxant effect of a tested
material. Results from this study revealed that all fractions of
H. radicata extract/fractions had mild muscle-relaxant activ-
ity. This mild effect was observed to be dose-dependent.

Researchers thought that the sedative and muscle-
relaxant-like properties of benzodiazepines such as bro-
mazepam are frequently due to interference with the action of
gamma aminobutyric acid (GABA) [15]. Furthermore, find-
ing indicated that benzodiazepines are fixed to the gamma
subunit of the GABA, receptor, thus enhancing the affinity
GABA receptor for y-amino butyric acid (GABA). GABA
binding to its receptor increases chloride ion conductance
and inhibition of the action potential. The whole effects of
crude extract and its isolated fractions of H. radicata were
similar to standard drug used (diazepam).

Some other Asteraceae family plants with medicinal
values include Artemisia scoparia (redstem wormwood) [16].
Other members of this family that have been studied for
their medicinal value include wormwood, Israel’s chamomile,
tridax daisy, Chinese Wedelia, sweetleaf, mugwort, thistle,
and meadow fleabane. Marsh thistle (Cirsium palustre and
Cirsium rivulare) root essential oil exerted antiproliferative
activity against MCF7 and MDA-MBA-231 breast cancer cell
lines due to their constituent [17].

Some other Asteraceae family members also inhibit T
cell activation, MAPK phosphorylation, and NF-«B activities
[18].

Though the results appear promising, assessing the risks
of a pharmaceutical candidate is important. H. radicata is
known to be a neurotoxic plant for some herbivore animals,
via inducing motor hyperactivity [19]. This plant elaborates
sesquiterpenes (germacrene-, eudesmane-, and guaiane-
type). Sesquiterpenes are known to cause human health
issues. The Asteraceae family member Parthenium hys-
terophorus is known to cause hypersensitivity in herbivore as
well as humans [19].

5. Conclusion

The extract/fractions of H. radicata showed significant anal-
gesic effect in the in vivo model of peripheral algesia.
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The docking analysis of previously isolated molecules from
the plant also exhibited promising interactions with the
inflammatory enzymes COX-1 and COX-2. The plant has a
mild sedative and muscle-relaxant potential. Thus, this study
justified the rationale for the traditional use and prospected
pharmacological scopes of this plant as analgesic and anti-
inflammatory remedy.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Tareq Abu-Izneid, Abdur Rauf, and Mohamed I. S. Abdel-
hady supervised the whole project and performed the exper-
imental part. Syed Uzair Ali Shah and Abdul Wadood
performed the docking analysis. Priymenko Nathalie and
Domange Céline edited the manuscript. Nashwa Mansour
and Seema Patel finalized the manuscript. All authors read
and approved the manuscript for submission.

Acknowledgments

The authors would like to thank the Deanship of Scientific
Research at Umm Al-Qura University (Research Project
Code: 15-MED-3-1-0038) for the financial support and publi-
cation fee.

Supplementary Materials

Graphical abstract of this paper is given as a supplementary
material. Supplementary material represents in vivo study
on analgesic, muscle-relaxant, sedative activity of extracts of
Hypochaeris radicata. (Supplementary Materials)

References

[1] Y. Maruta, Y. Fukushi, K. Ohkawa, Y. Nakanishi, S. Tahara, and J.
Mizutani, “Antimicrobial stress compounds from Hypochoeris
radicata,” Phytochemistry, vol. 38, no. 5, pp. 1169-1173, 1995.

S

J. Senguttuvan, S. Paulsamy, and K. Karthika, “Phytochemical
analysis and evaluation of leaf and root parts of the medicinal
herb, Hypochaeris radicata L. for in vitro antioxidant activities,”
Asian Pacific Journal of Tropical Biomedicine, vol. 4, pp. S359-
S367, 2014.

[3] K. Ohmura, T. Miyase, and A. Ueno, “Sesquiterpene glucosides
and a phenylbutanoid glycoside from Hypochoeris radicata,”

Phytochemistry, vol. 28, no. 7, pp. 1919-1924, 1989.

G. Uddin, A. Rauf, T. U. Rehman, and M. Qaisar, “Phytochem-
ical Screening of Pistacia chinensis var. integerrima,” Middle-
East Journal of Scientific Research, vol. 7, pp. 707-711, 2011.

E Odabasoglu, A. Aslan, A. Cakir et al., “Comparison of antiox-
idant activity and phenolic content of three lichen species,’
Phytotherapy Research, vol. 18, no. 11, pp. 938-941, 2004.

[6] S.Jamuna, S. Paulsamy, and K. Karthika, “In vitro antibacterial
activity of leaf and root extracts of Hypochaeris Radicata L.
(Asteraceae)—a medicinal plant species inhabiting the high

[10

(12

(13

(15

(16

[18

]

]

]

]

]

]

BioMed Research International

hills of Nilgiris, the Western Ghats,” International Journal of
Pharmacy and Pharmaceutical Sciences, vol. 5, no. 1, pp. 175-178,
2013.

A. Rauf, G. Uddin, B. S. Siddiqui et al., “In-vivo antinociceptive,
anti-inflammatory and antipyretic activity of pistagremic acid
isolated from Pistacia integerrima,” Phytomedicine, vol. 21, no.
12, pp. 15091515, 2014.

N. Muhammad, M. Saeed, H. Khan, and I. Haq, “Evaluation of
n-hexane extract of Viola betonicifolia for its neuropharmaco-
logical properties,” Journal of Natural Medicines, vol. 67, no. 1,
pp. 1-8, 2013.

L. D. G. Duarte, M. Nakamura, and S. H. Ferreira, “Participation
of the sympathetic system in acetic acid-induced writhing in
mice;” Brazilian Journal of Medical and Biological Research, vol.
21, no. 2, pp. 341-343, 1988.

A.Rauf, U. Faroog, A. Khan et al., “Sedative and muscle relaxant
activities of diterpenoids from Stachys parviflora Sedative and
muscle relaxant activities of diterpenoids from Stachys parvi-
flora,” Barazilian Journal of Pharmacognosy, 2017.

E Batool, A. H. Shah, S. D. Ahmed, Z. S. Saify, and D. J.
Haleem, “Possible anxiolytic profile of aqueous fruit extracts
of a medicinal plant sea buckthorn (Hippophae Rhamnoides L.
spp. Turkestanica) in experimental models,” Pakistan Journal of
Botany, vol. 41, no. 6, pp. 2791-2800, 2009.

0. D. Can and U. D. Ozkay, “Effects of Hypericum montbretti
extract on the central nervous system and involvement of
GABA (A)/Benzodiazepine receptors in its pharmacological
activity, Phytotherapy Research, vol. 26, no. 11, pp. 1695-1700,
2012.

H. Khan, M. Saeed, A.-U. Gilani, M. A. Khan, A. Dar, and L
Khan, “The antinociceptive activity of Polygonatum verticilla-
tum rhizomes in pain models,” Journal of Ethnopharmacology,
vol. 127, no. 2, pp. 521-527, 2010.

M. Mbiantcha, A. Kamanyi, R. B. Teponno, A. L. Tapond-
jou, P. Watcho, and T. B. Nguelefack, “Analgesic and anti-
inflammatory properties of extracts from the bulbils of
Dioscorea bulbifera L. var sativa (Dioscoreaceae) in mice and
rats,” Evidence-Based Complementary and Alternative Medicine,
vol. 2011, Article ID 912935, 9 pages, 2011.

L. M. Barkatullah, N. Muhammad, and A. Rauf, “Antipyretic and
antinociceptive profile of leaves of skimmia laureola,” Middle
East Journal of Scientific Research, vol. 14, no. 8, pp. 1124-1128,
2013.

J. L. Fiasson, K. Gluchoft-fiasson, C. Mugnier, N. Barghi, and S.
Siljak-Yakovlev, “Flavonoid analysis of european species of the

genus Hypochoeris (Asteraceae),” Biochemical Systematics and
Ecology, vol. 19, no. 2, pp. 157-162, 1991.

Z.Q.Wang, X. H. Zhang, Y. Yu et al., “Artemisia scoparia extract
attenuates non-alcoholic fatty liver disease in diet-induced
obesity mice by enhancing hepatic insulin and AMPK signaling
independently of FGF21 pathway,” Metabolism - Clinical and
Experimental, vol. 62, no. 9, pp. 1239-1249, 2013.

C. Domange, H. Schroeder, N. Violle et al., “Mining the brain
metabolome to understand behavioural disruptions induced in
mouse fed Hypochoeris radicata (L.), a neurotoxic plant for
horse,” NeuroToxicology, vol. 38, pp. 74-83, 2013.

S. Harmful, beneficial aspects of hysterophorus: an update.
3Biotech, vol. 1, 2011.


http://downloads.hindawi.com/journals/bmri/2018/3868070.f1.docx

The Scientific
y\lorld Journal

Anatomy
Research International

Advances in

Bioinformatics

International Journal of

Genomics

Enzyme
Research

International Journal of

Peptides

Hindawi

Submit your manuscripts at
www.hindawi.com

Stem Cells
International

Neuroscience
Journal

Journal of oumal of
Parasitology Research Marine Biology

Journal of

Nucleic Acids

Biochemistry
Research International

Genetics
Research International

BioMed
Research International

Archaea


https://www.hindawi.com/journals/ijz/
https://www.hindawi.com/journals/ari/
https://www.hindawi.com/journals/ijpep/
https://www.hindawi.com/journals/jpr/
https://www.hindawi.com/journals/ijg/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/abi/
https://www.hindawi.com/journals/jmb/
https://www.hindawi.com/journals/neuroscience/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/ijcb/
https://www.hindawi.com/journals/bri/
https://www.hindawi.com/journals/archaea/
https://www.hindawi.com/journals/gri/
https://www.hindawi.com/journals/av/
https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/er/
https://www.hindawi.com/journals/ijmicro/
https://www.hindawi.com/journals/jna/
https://www.hindawi.com/
https://www.hindawi.com/

