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In questo 5° numero presentiamo una ricerca condotta dall’università di Gali in
Turchia che ha esaminato l'utilizzo tradizionale dei frutti di Opuntia ficus indica
(fico d'India) nella medicina popolare turca per diverse condizioni, tra cui il
diabete, le ustioni e l'asma bronchiale. Si è proceduto a verificare
sperimentalmente l'efficacia di estratti dei frutti di questa pianta e a
identificare i componenti responsabili di alcune attività. 
Dopo la frazionamento dell'estratto metanolico grezzo dei frutti in cinque
sottoestratti, è emerso che il sottoestratto di acetato di etile (EtOAc) ha
mostrato significativi effetti sedativi e ansiolitici nei test biologici condotti. Dai
risultati ottenuti da questo sottoestratto, sono stati isolati e identificati quattro
principali componenti, tra cui isorhamnetin, isorhamnetin 3-O-glucoside,
isorhamnetin 3-O-rutinoside e kaempferol 3-O-rutinoside. In conclusione, lo
studio conferma l'uso tradizionale della pianta come rimedio contro l'ansia
nella medicina popolare turca.

SCOPO DELLA RICERCA 



Il disturbo d'ansia è il più comune tra i disturbi mentali nei pazienti di fascia di
età avanzata.
In generale, i disturbi d’ansia possono essere trattati con alcuni farmaci
psicoterapeutici.
I sedativi e gli ipnotici sono farmaci che possono ridurre l'ansia e indurre l'inizio
del sonno e mantenerlo. Le benzodiazepine sono comunemente usate per i loro
effetti miorilassanti, sedativi-ipnotici e anticonvulsivanti. 
Tuttavia, l’uso continuato di questi trattamenti sedativi-ipnotici attualmente
disponibili ha gravi effetti collaterali, da disfunzioni respiratorie, digestive e del
sistema immunitario a compromissione della funzione cognitiva, dipendenza
fisica e tolleranza. Pertanto, lo sviluppo di nuovi farmaci sedativi-ipnotici con
minori effetti collaterali è stato suggerito come un approccio promettente per
combattere diversi disturbi psichiatrici.
L'Opuntia ficus indica, conosciuta in Turchia come “Hint inciri”, appartiene alla
famiglia delle Cactacee ed è una delle poche specie di Opuntia che produce
frutti commestibili. E’ di origine messicana e si trova in Sicilia, nel bacino del
Mediterraneo, negli aridi altipiani dell'Asia occidentale e negli Stati Uniti sud-
occidentali. È di importanza economica in termini di agricoltura. Viene
utilizzato in molte regioni per controllare l'erosione del vento e dell'acqua e
nelle regioni aride per controllare l'erosione del suolo. Viene utilizzato anche
come sostituto del mangime durante i periodi di siccità.
Le specie di Opuntia sono una fonte naturale ricca di fibre alimentari.
I frutti del cactus vengono solitamente consumati come cibo dopo averli
sbucciati quando sono freschi. Inoltre vengono utilizzati nella preparazione di
succhi di frutta, gelatine, marmellate, zucchero, coloranti, gelati e altri alimenti,
nonché nei cosmetici. Viene utilizzato per il trattamento del diabete, delle
ustioni, dell'asma bronchiale e dell'indigestione in molti paesi del mondo grazie
al forte effetto antiossidante dei suoi frutti. 
I frutti di O. ficus indica sono usati come lassativo in Turchia per ridurre i calcoli
renali, i dolori reumatici e come sedativo.
Precedenti studi fitochimici eseguiti su O. ficus indica hanno rivelato la
presenza di pigmenti, betalaine, polifenoli, vitamine C ed E, minerali (potassio,
fosforo, magnesio, sodio e calcio), glutammina, prolina, taurina, glicosidi della
quercetina, isoramnetina 3- O-rutinoside e triglicosidi isoramnetina. I frutti e la
buccia sono particolarmente ricchi di betacianine e betaxantine. I pigmenti
colorati sono presenti anche in diverse quantità e tipologie di frutti.
Le indagini sull'attività biologica hanno rivelato gli effetti diuretici,
antigotizzanti, antinfiammatori, analgesici, antiulcera, neuroprotettivi,
antiperglicemici e ipocolesterolemici di O. ficus indica.
Lo scopo del presente studio era valutare l'attività sedativa degli estratti dai
frutti di O. ficus indica, isolare e definire i costituenti attivi utilizzando
procedure di frazionamento guidate da test biologici e scoprire i meccanismi di
attività.

INTRODUZIONE:

TITOLO: Attività sedativa e ansiolitica dei frutti dell'Opuntia ficus
indica: Una valutazione sperimentale nei topi



I risultati di questo studio hanno mostrato che O. ficus indica ha forti attività
sedative e ipnotiche.
Lo studio innovativo effettuato, descrive gli effetti sedativi e ansiolitici dell'O.
ficus indica. Tuttavia, sono necessari studi approfonditi per valutare il
meccanismo preciso e il profilo di sicurezza della pianta come rimedio per i
disturbi del sistema nervoso centrale.
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Abstract: Ethnobotanical field surveys revealed the use of fruits of Opuntia ficus indica (L.) Mill. for
treating diabetes, burns, bronchial asthma, constipation, kidney stones, and rheumatic pains and as
a sedative in Turkish folk medicine. This study aimed to verify the efficacy of the fruits of O. ficus
indica experimentally and to define components responsible for the activity using bioassay-guided
procedures. The crude methanolic extract of the fruits was sequentially fractionated into five
subextracts: n-hexane, dichloromethane, ethyl acetate, n-butanol, and water. Further experiments
were carried out on the most active subextract, that is, the ethyl acetate (EtOAc) subextract, which
was further subjected to fractionation through successive column chromatographic applications on
Sephadex LH-20. For activity assessment, each extract or fraction was submitted to bioassay systems;
traction test, fireplace test, hole-board test, elevated plus-maze test, and open-field test were used for
sedative and anxiolytic effects, and a thiopental-induced sleeping test was used for the hypnotic effect.
Among the subextracts obtained from the methanolic extract, the EtOAc subextract showed significant
sedative and anxiolytic effects in the bioassay systems. From the EtOAc subextract, major components
were isolated, and their structures were determined as isorhamnetin, isorhamnetin 3-O-glucoside,
isorhamnetin 3-O-rutinoside, and kaempferol 3-O-rutinoside using spectral techniques. In conclusion,
this study confirmed the claimed use of the plant against anxiety in Turkish folk medicine.

Keywords: anxiolytic; cactaceae; hypnotic; mice; Opuntia ficus indica; sedative

1. Introduction

Common anxiety disorder is the most common among mental disorders in patients of advanced
age group [1]. In general, anxiety disorders can be treated with certain psychotherapeutic drugs.
Sedatives and hypnotics are medications that can reduce anxiety and induce the onset of sleep and
maintain sleep time [2]. Benzodiazepines are commonly used because of their muscle-relaxant,
sedative-hypnotic, and anticonvulsant effects [3]. However, the continued use of these currently
available sedative-hypnotic treatments has serious side effects, from respiratory, digestive, and immune
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system dysfunctions to impaired cognitive function, physical dependence, and tolerance [4]. Therefore,
the development of new sedative-hypnotic drugs with fewer side effects has been suggested as a
promising approach to combat different psychiatric disorders.

Opuntia ficus indica (L.) Miller, known as “Hint inciri” in Turkey, is a cactus species that can reach
a height up to 5 m. It belongs to the Cactaceae family [5,6]. O. ficus indica, one of the few Opuntia
species that produces edible fruit, is of Mexican origin and is found in Sicily [7–9], the Mediterranean
Basin [10], arid plateaus of western Asia [11], and the south-western USA. It is of economic importance
in terms of agriculture [12–14]. It is used in many regions to control wind and water erosion [13,15],
and in dry regions to control soil erosion. It is also used as a feed substitute during drought [11].
Opuntia species are a natural, rich source of dietary fiber. Fruits of the cactus are usually consumed as
food after peeling them when they are fresh. Moreover, they are used in the preparation of fruit juice,
jelly, jam, sugar, coloring food, ice cream, and other foods, and also in cosmetics [16–18]. It is used
for treating diabetes, burns, bronchial asthma, and indigestion in many countries in the world due to
the strong antioxidant effects of its fruits [19]. O. ficus indica fruits are used as a laxative in Turkey to
reduce kidney stones, rheumatism pains, and as a sedative [20].

Previous phytochemical studies performed on O. ficus indica revealed the presence of pigments,
betalains [21], polyphenols, vitamins C and E, minerals (potassium, phosphorus, magnesium,
sodium, and calcium) [22,23], glutamine, proline, taurine [24–28], quercetin glycosides, isorhamnetin
3-O-rutinoside, and isorhamnetin triglycosides [29]. Fruits and skin are particularly rich in betacyanins
and betaxanthins [30,31]. Color pigments are also present in different amounts and types of fruits [32,33].

Investigations on the biological activity revealed the diuretic, antigotous [34], anti-inflammatory,
analgesic [35,36], antiulcer [32,37,38], neuroprotective, antihyperglycemic, and hypocholesterolemic
effects of O. ficus indica [39,40].

The aim of the present study was to evaluate the sedative activity of the extracts from the fruits
of O. ficus indica, isolate and define the active constituent(s) using bioassay-guided fractionation
procedures, and find out the activity mechanisms.

2. Results and Discussion

This study investigated the sedative and anxiolytic effects of the extracts prepared from the fruits
of O. ficus indica. The traction test, fireplace test, hole-board test, elevated plus maze (EPM) test, and
open-field test were used for evaluating sedative and anxiolytic effects, while the thiopental-induced
sleeping test was used for evaluating the hypnotic effect.

In the preliminary activity assessment, the MeOH extract prepared from the fruits was tested in
the bioassay systems. Among the subextracts obtained through successive solvent extractions, the
EtOAc subextract was found to be the most active in experimental models (Tables 1–3, Figure 1).

Later, this subextract was fractionated by successive column chromatography techniques, and
the fractions were submitted to the same bioassay systems. Fr. C was found to be the most active
fraction (Tables 1–3). Successive bioassay-guided fractionation procedures yielded a major component
from the active fraction. The structures of these components were elucidated to be isorhamnetin [41],
isorhamnetin 3-O-glucoside [42], isorhamnetin 3-O-rutinoside [42], and kaempferol 3-O-rutinoside [42]
by comparing the one- and two-dimensional NMR data with previously reported data.

Diazepam is a benzodiazepine that acts by maximizing pre- and postsynaptic inhibition of
γ-aminobutyric acid (GABA) in various synapses through interacting with specific benzodiazepine
receptors in the central nervous system (CNS) [43]. The inhibition of 5-hydroxytryptophan (5-HT) and
noradrenergic neurons may be responsible for anxiolytic and sedative effects [43]. For this purpose,
diazepam was used as the reference standard in the present study.

The hole-board test is a very important and preferred method for investigating the potential
sedative and anxiolytic effects of any agent in rodents. This test is advantageous due to its
methodological simplicity. Also, it can easily display various behavioral responses if the experimental
animal is exposed to a foreign body or condition. The head-dipping behavior is directly related to
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the emotional state of animals [44]. There is a correlation with the increase in head dipping behavior
in animals [44] head dipping number [45]. As seen in Table 1, after the applications of the MeOH
extract, the EtOAc subextract, Fr. C, and diazepam in the hole-board test, the number of head insertion
decreased statistically significantly compared with the head insertion in the control group. The other
extracts and fractions did not cause a significant change in the number of head insertion into the hole.
The results showed that O. ficus indica had sedative and anxiolytic effects.

Traction test is a frequently preferred method for determining muscle-relaxant and sedative
activities [46]. In this study, the muscle-relaxant and sedative activities of extracts and fractions
prepared from O. ficus indica fruits were compared with those of the reference drug diazepam using
the traction test. However, in this study, none of the extracts and fractions showed any muscle-relaxant
activity compared with the control group (Table 1).

Table 1. Sedative effects of test materials determined by traction, fireplace and holeboard tests.

Test Material Dose (mg/kg)

Traction Test Fireplace Test Hole Board Test

(Re-Establishment
Time) (Sec) ±
S.E.M

(Time to Go Back
the Tube in
Seconds) ± S.E.M

(Explored Holes
During 5 min) ±
S.E.M

Control - 0.25 ± 0.05 10.63 ± 2.68 56.22 ± 9.74

MeOH extract 100 4.52 ± 1.26 159.27 ± 9.94 *** 8.78 ± 1.52 **

n-Hexane subexract 100 0.37 ± 0.11 14.79 ± 3.35 47.30 ± 10.97

CH2Cl2 subexract 100 1.74 ± 0.99 19.04 ± 2.81 39.04 ± 7.58

EtOAc subexract 100 3.04 ± 1.13 146.90 ± 11.04 *** 7.51 ± 1.83 **

n-BuOH subexract 100 2.56 ± 0.82 28.15 ± 5.66 42.69 ± 6.16

H2O subexract 100 0.62 ± 0.14 8.71 ± 1.04 54.93 ± 10.39

Fr. A 100 2.55 ± 1.83 12.40 ± 1.33 38.85 ± 8.07

Fr. B 100 3.10 ± 1.57 14.85 ± 3.62 35.22 ± 7.04

Fr. C 100 4.30 ± 0.75 156.36 ± 8.41 7.90 ± 1.36 **

Fr. D 100 2.31 ± 1.19 13.99 ± 3.79 28.74 ± 13.66

Fr. E 100 1.98 ± 0.63 10.32 ± 2.86 48.64 ± 12.59

Diazepam 1 11.82 ± 1.54 *** 174.61 ± 6.46 *** 0.00 ± 0.00 ***

** p < 0.01; *** p < 0.001; S.E.M.: Standard Error of Mean. Bold values represent a significant difference.

In the fireplace test, the mice were treated with extracts and fractions from O. ficus indica.
A significant difference was found in the escape time compared with the control group. The MeOH
extract, the EtOAc subextract, Fr. C, and diazepam groups presented relatively longer escape time
compared with the other test groups (Table 1).

The EPM test was used to test the behavioral, physiological, and pharmacological effects of drugs
by testing emotional activity [47–50]. This experimental setup, which had two open and two closed
arms at a certain height from the ground, was used to evaluate the time taken by the mouse placed
in the closed arm to enter the open arm and the length of stay in this arm. Studies have shown that
anxiolytic agents increase while anxiogenic agents decrease this time [51–53].

In the present study, the MeOH extract, the EtOAc subextract, and Fr. C were found to increase
the duration of stay in open arms, using diazepam as a reference drug. Therefore, these extracts and
fractions were thought to act on GABA receptors such as diazepam (Figure 1).
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locomotion, which is indicative of calmness and sedation, can be interpreted as reduced CNS 
excitability [57]. In the present study, the MeOH extract, the EtOAc subextract, and Fr. C obtained 
from the EtOAc subextract exerted an anxiolytic effect by affecting locomotor activity 30 min after 
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Figure 1. Effects of the test materials on elevated plus maze test. * p < 0.05; ** p < 0.01; S.E.M.: Standard
Error of Mean.

Table 2. Effect of the test materials on open field test.

Test Material
Dose
(mg/kg)

Number of Squares Crossed ± S.E.M.

30 min 60 min 90 min 120 min

Control - 78.84 ± 10.06 61.29 ± 9.93 43.31 ± 8.78 50.67 ± 7.02

MeOH extract 100 33.16 ± 7.42 * 30.41 ± 7.18 * 24.11 ± 6.07 * 19.93 ± 4.35 **

n-Hexane
subexract 100 85.29 ± 13.61 75.53 ± 11.12 51.80 ± 14.21 50.19 ± 12.69

CH2Cl2subexract 100 74.13 ± 9.89 66.90 ± 10.71 58.59 ± 8.66 48.26 ± 9.07

EtOAc subexract 100 31.73 ± 7.26 * 28.82 ± 6.19 * 21.63 ± 9.91 * 16.07 ± 7.74 *

n-BuOH subexract 100 74.90 ± 11.42 57.14 ± 9.43 40.30 ± 8.53 41.27 ± 9.05

H2O subexract 100 81.99 ± 13.36 66.72 ± 14.59 51.34 ± 10.26 48.15 ± 11.39

Fr. A 100 74.62 ± 8.94 55.19 ± 8.90 39.91 ± 10.69 38.19 ± 12.23

Fr. B 100 75.86 ± 11.70 63.44 ± 9.76 48.24 ± 7.61 49.78 ± 9.19

Fr. C 100 30.16 ± 6.91 * 26.39 ± 5.82 ** 21.74 ± 5.12 ** 19.63 ± 4.85 **

Fr. D 100 79.83 ± 15.43 75.16 ± 12.41 68.60 ± 11.29 64.12 ± 9.01

Fr. E 100 71.10 ± 10.28 63.49 ± 8.29 60.31 ± 9.06 55.26 ± 10.92

Diazepam 1 25.14 ± 7.99 *** 20.43 ± 7.34 *** 14.35 ± 6.42 *** 11.20 ± 3.87 ***

* p < 0.05; ** p < 0.01; *** p < 0.001; S.E.M.: Standard Error of Mean. Bold values represent a significant difference.

Anxiety behavior in the animal kept in an open area is triggered by two factors: animal left alone
in an unfamiliar environment and the fear of wide area called agoraphobia [54]. The open-field test
performed for this purpose is one of the most commonly used tests to determine the emotional state of
experimental animals before the procedure and any changes that may occur after the procedure [55].
It is also a test used to detect emotions, locomotor activity, and sedation that develop due to anxiety [56].
Locomotor activity is an indicator of mental wakefulness or alertness. Decreased locomotion, which is



Molecules 2020, 25, 1844 5 of 13

indicative of calmness and sedation, can be interpreted as reduced CNS excitability [57]. In the present
study, the MeOH extract, the EtOAc subextract, and Fr. C obtained from the EtOAc subextract exerted
an anxiolytic effect by affecting locomotor activity 30 min after the start of the experiment (Table 2).

Table 3. Effect of the test materials on thiopental sodium-induced sleeping time.

Test Material Dose (mg/kg) Onset of Sleeping
(min) ± S.E.M

Sleeping Duration
(min) ± S.E.M

Control - 60.22 ± 5.99 74.14 ± 9.01

MeOH extract 100 26.81 ± 2.65 ** 255.62 ± 4.80 ***

n-Hexane subexract 100 56.47 ± 7.16 81.49 ± 9.14

CH2Cl2subexract 100 47.35 ± 4.68 96.63 ± 13.43

EtOAc subexract 100 29.33 ± 1.94 ** 234.91 ± 5.62 ***

n-BuOH subexract 100 58.40 ± 9.39 76.28 ± 11.89

H2O subexract 100 62.11 ± 8.53 61.13 ± 9.91

Fr. A 100 55.83 ± 10.90 88.43 ± 8.24

Fr. B 100 48.29 ± 9.77 79.01 ± 10.40

Fr. C 100 23.24 ± 2.10 ** 249.15 ± 6.47 ***

Fr. D 100 41.35 ± 4.86 92.18 ± 12.63

Fr. E 100 68.91 ± 11.53 76.51 ± 9.94

Diazepam 1 12.04 ± 1.88 *** 310.53 ± 8.62 ***

** p < 0.01; *** p < 0.001; S.E.M.: Standard Error of Mean. Bold values represent a significant difference.

The inhibition of GABA involves opening of chloride channels that allow hyperpolarization of
the membrane, lead to CNS depression, and cause sedative and hypnotic activities. Glutamate and
GABA are the most important stimulating and inhibitory neurotransmitters in the mammalian brain.
Therefore, these two neurotransmitter receptors are considered important targets for psychotropic
drugs. Thiopental, a member of the barbiturate group, can trigger sleep in both humans and rodents.
The thiopental-induced sleeping time test is one of the most preferred experiments in the study of
sedative-hypnotic drugs [43]. CNS depressant barbiturates, such as thiopental sodium, bind to the
barbiturate-binding site on the GABA receptor complex and induce GABA-mediated hyperpolarization
of postsynaptic neurons [43]. In the present study, the MeOH extract, the EtOAc subextract, and Fr. C
obtained from the EtOAc subextract were found to increase sleep time compared with the control group
(Table 3). Considering that the inhibitory effect of thiopental on the CNS is associated with activation
of the GABAergic system [58,59], the results of the present study showed that the sedative-hypnotic
effect of some components of O. ficus indica was based on GABAergic receptors.

Some previous studies showed that plants containing alkaloids, flavonoids, terpenes, and saponins
had sedative, anxiolytic, and antiepileptic properties due to the affinity of the GABAergic system for
the benzodiazepine region [60–64]. Many plants with a depressant effect due to flavonoids affecting
central benzodiazepine receptors on the CNS are used in folk medicine [65]. Flavonoids display
anxiolytic, sedative, anticonvulsant, and analgesic properties by interacting with various receptors and
signaling systems, including GABA receptors [66–69]. They have been shown to modulate GABAA
receptors at low concentrations with or without sensitivity to flumazenil [70]. Therefore, they can affect
GABAergic system receptors through the classical benzodiazepine-binding site and also independently
of this site. Previous studies showed that apigenin combined with diazepam strongly modulated
IGABA (GABA-induced chloride current) [45,71,72]. Rutin is another abundant flavonoid detected in
plants. Further, plants increase glycosylated aglycone production as a mechanism to avoid damage [73].
This property of plants is also an advantage in folk medicine because these plants can be used as
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tranquilizers. It was suggested that the flavonoids in O. ficus indica contributed to its hypnotic effect
via central benzodiazepine receptors.

Oxidation and associated inflammation are important factors in the development of
neurodegenerative diseases. Therefore, the use of antioxidant and anti-inflammatory compounds
is highly advantageous in neurodegenerative disorders. Dok-Go et al. reported a neuroprotective
effect of O. ficus indica in primary cultured rat cortical cells [74]. Quercetin, (+)-dihydroquercetin, and
quercetin 3-methyl ether, which has the flavonoid structure in the composition of O. ficus indica, were
shown to have antioxidant and neuroprotective effects [74]. In addition, quercetin was reported to have
a neuroprotective effect against N-methyl-d-aspartate (NMDA), kainate (KA), and oxygen-glucose
deprivation (OGD)-caused neurotoxicity in cultured rat cortical cells [75]. Clarke and Ramsay reported
that isorhamnetin showed the remarkable monoamine oxidase A inhibitory activity [76]. On the other
hand, Asha and Sumathi revealed that isorhamnetin displayed potent neuroprotective effect against
Amyloid beta induced neurotoxicity in rats [77]. Kim et al. demonstrated a neuroprotective effect of
O. ficus indica methanol extract against NMDA-, KA-, and OGD-caused neuronal damage in mouse
cortical cell culture [19]. O. ficus indica exerts anti-inflammatory and neuroprotective effects due to a
component called nicotiflorin. It decreases the damaged tissue size in the brain infarct and reduces
the neurological damage due to the increase in the level of ischemia and endothelial nitric oxide
synthase [78]. Nakayama et al. reported that nicotiflorin was found to be neuroprotective against
retinal ganglion cell death induced by hypoxia, glutamate, and oxidative stress even at nanomolar
concentrations [79]. In the Morris water maze test in mice, nicotiflorin showed a protective effect against
memory oxidative stress by preventing the increase in lactic acid and malondialdehyde levels [80].

3. Materials and Methods

3.1. Plant Material

Fruits of the plant were collected from the garden of Palm Villas in Belek, Antalya, Turkey, in
August 2018 and identified by Prof. Dr. Esra Küpeli Akkol from Gazi University, Faculty of Pharmacy,
Ankara, Turkey. A voucher specimen (GUEF2315) has been kept in the Herbarium of the Faculty of
Pharmacy, Gazi University.

3.2. Extraction and Fractionation Processes for the Bioassays

O. ficus indica fruits were rinsed, dried at room temperature for 1 day, and then chopped into
little pieces. Then, 500 g fresh material was extracted with methanol at room temperature for 3 days
(3 × 1 L). The combined methanol extract was evaporated to dryness in vacuo to yield the methanol
(MeOH) extract (28.91%).

The residual extract was fractionated by successive solvent extractions with n-hexane (4 × 1 L),
dichloromethane (CH2Cl2) (4 × 1 L), ethyl acetate (EtOAc) (4 × 1L), n-butanol (n-BuOH) (4 × 1 L),
and H2O (4 × 1 L). Each subextract in addition to the remaining aqueous subextract after solvent
extractions was vaporized to dryness under reduced pressure to yield “n-hexane subextract” (2.3%),
“CH2Cl2 subextract” (14.7%), “EtOAc subextract” (37.8%), “n-BuOH subextract” (7.8%), and “H2O
subextract” (10.1%).

3.3. Chromatographic Separation and Isolation of the Active Compounds

The EtOAc subextract was fractionated with MeOH on the Sephadex LH-20 column to yield four
main fractions: Frs. A–E (Fr. A, 6.1 g; Fr. B, 10.3 g; Fr. C, 14.6 g; Fr. D, 10.2 g; Fr. E, 5.9 g). Fr. C,
the most active fraction, was further subjected to chromatographic separation on the Silica column
using 2 L of EtOAc:CHCl3:MeOH:H2O (15:8:4:1) and 2 L EtOAc:CHCl3:MeOH:H2O (6:4:4:1) as eluents.
Compound 1 (100.3 mg), compound 2 (65.4 mg), compound 3 (34.8 mg), and compound 4 (56.7 mg)
were isolated in pure form.
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3.4. Structure Elucidation of the Compounds 1–4

The structures of the isolated compounds from Fr. C were determined by spectral techniques such
as 1D- and 2D-NMR (1H-, 13C-NMR, Bruker®, San Jose, CA, USA) and mass spectroscopy (Waters
LCT Premier XE UPLC/MS-TOF, Milford, MA, USA). The chemical names of compounds 1–4 were as
follows (Figure 2): (1) isorhamnetin, (2) isorhamnetin 3-O-glucoside, (3) isorhamnetin 3-O-rutinoside,
and (4) kaempferol 3-O-rutinoside (nicotiflorin). The NMR data of compounds 1, 2, 3, and 4 were given
in Supplementary Materials.Molecules 2020, 25, x FOR PEER REVIEW 8 of 14 
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Figure 2. Chemical structures of isorhamnetin (1), isorhamnetin 3-O-glucoside (2), isorhamnetin
3-O-rutinoside (3), and kaempferol 3-O-rutinoside (nicotiflorin) (4) isolated from Opuntia ficus indica.

3.5. Biological Activity Studies

3.5.1. Animals

BALB/c male mice, weighing 25–30 g, were obtained from the Experimental Animal Production
and Research Laboratory of Kobay Firm and used in the experiments (Ankara, Turkey). They were
kept under laboratory conditions for at least 3 days to adapt to the environment before starting the
experiments. During this waiting period, they were fed a standard pellet feed and water, and housed
in the laboratory under the following conditions: temperature, 21–24 ◦C, humidity, 40–45%, and 12-h
light and 12-h dark. Six animals were used in each group in the experiments. All the studies were
performed conferring to the international rules regarding the animal experiments and biodiversity
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rights. The experiment was approved by the Experimental Animal Ethics Committee of Kobay (Kobay
Ethical Council Project Number: 478).

3.5.2. Preparation of Test Samples

In the biological activity test models, the test samples were suspended in 0.5% sodium
carboxymethyl cellulose (CMC) solution with the help of an ultrasonic bath when necessary. They
were administered to the experimental animals at a dose of 100 mg/kg intraperitoneally. The control
group mice were given 0.5% CMC, which was used only in the preparation of test samples. Diazepam
(Sigma-Aldrich, St. Louis, MO, USA, CAS No: 439-14-5), used as a test sample and reference material,
was administered to mice intraperitoneally at a dose of 1 mg/kg.

3.5.3. Traction Test

The method developed by Courvoisier, Laroche, and Rousselet was used for this test [81,82].
Diazepam, which was used as a test sample and reference material in mice, was administered
intraperitoneally 1 h after the mice were hung from the forefoot of the horizontally stretched rope. The
mouse that could pull its hind legs to reach the rope was considered normal, whereas a mouse that
failed to pull at least one of its hind legs to reach the rope was considered sedative. In addition, the
behavior of the animals was recorded during the duration of the experiment.

3.5.4. Fireplace Test

The method developed by Hoffman was used for this test [83]. Diazepam, which was used as a
test sample and reference material in mice, was placed in a 30-cm-long vertical standing glass tube
1 h after intraperitoneal administration. If the mouse placed in the tube attempted to escape within
30 s, it was considered normal, while the mouse that did not attempt any more after this period was
considered sedative.

3.5.5. Hole-Board Test

The method developed by File and Wardill was used for this test [84,85]. A mouse was placed in
the middle of a device of 40 × 40 × 25 cm3 with a hole of 2.2 cm in diameter on the ground 1 h after the
intraperitoneal administration of diazepam as a test sample and reference material. The number of
animals’ heads inserted into the holes on the device was recorded. The lower explored holes during
5 min were considered sedative.

3.5.6. Elevated Plus-Maze Test

The effect of the test samples on the performance of mice in the elevated plus-maze (EPM) test
was determined by the method proposed by Emamghoreishi et al. with some modifications [86]. The
maze apparatus consisting of two open arms (5 × 10 × 0.5 cm3) and two closed arms (5 × 10 × l5 cm3)
was used. Arms that spread from a central platform (5 × 5 cm2) were raised to 40 cm above the ground.
Each mouse was placed in the center of the platform for 5 min 1 h after the treatments. Then, the
number of open arm entries (all of the four claws outstretched was defined as an open arm entry) was
recorded. Diazepam (1 mg/kg intraperitoneal dose) was used as a reference drug in this test. The
higher open arm entry was considered as sedative.

3.5.7. Open-Field Test

This test was used to investigate spontaneous locomotive and exploration activity in mice.
An open-field apparatus consisting of a white box of 30 × 50 cm2 and a 27-cm wall was used. First,
the area of the open field was divided into square blocks and colored in black and white. The mice
were placed in the open-field apparatus 1 h after the application of test samples, and the number
of square blocks visited by each mouse was calculated for 3 min at intervals of 30, 60, 90, and 120
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min. If the number of squares crossed were low, the rats were considered as sedative. Diazepam was
administered intraperitoneally at a dose of 1 mg/kg as a reference material [87].

3.5.8. Thiopental-Induced Sleeping Test

The method developed by Aziz and Khan was used for this test [88–90]. The test samples were
administered intraperitoneally within 30 min after exposure to thiopental at 60 mg/kg dose. The time
from application till sleep and the time from sleep till wake up were recorded.

3.6. Statistical Analysis of Data

“Instat” (Windows) statistics program including one-way analysis of variance and Students–
Newman–Keuls post-hoc test were used to evaluate the experimental results for active samples. The
results were compared with the control and reference groups. Statistical significance was described as
follows: * p < 0.05, ** p < 0.01, *** p < 0.001.

4. Conclusions

The findings of this study showed that O. ficus indica had strong sedative and hypnotic activities.
The study was novel in describing the sedative and anxiolytic effects of O. ficus indica. However,
extensive studies are needed to evaluate the precise mechanism(s) and the safety profile of the plant as
a remedy for CNS disorders.

Supplementary Materials: The following are available online, 1H and 13C-NMR data of compounds 1, 2, 3, and 4.
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