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Background: Today, the plant Prosopis farcta is frequently used for traditional medicinal purposes. The aim of this study was
the identification of luteolin in P. farcta extract (PFE) and to evaluate its effect on morphine discontinuation
syndrome in rats.

Material/Methods: Using high-performance liquid chromatography (HPCL), luteolin was evaluated in PFE. The frequency of behav-
ioral symptoms of morphine withdrawal (jumping, rearing, and teeth chattering) induced by naloxone chal-
lenge were illustrated in morphine-dependent rats receiving PFE, luteolin, saline, or clonidine. LD50 of PFE and
luteolin was 540 mg/kg and 150 mg/kg, respectively. Signs of behavioral morphine withdrawal in rats were
significantly inhibited by chronic co-administration of PFE, luteolin, or clonidine with morphine.

Results: This study showed that PFE was less effective than clonidine at a dose of 100 mg/kg, and at doses of 200 mg/kg
and 300 mg/kg it was comparable to clonidine, and did not show a significant difference in the reduction of
morphine withdrawal symptoms. Luteolin was comparable in 30 mg/kg, 60 mg/kg, and 90 mg/kg with cloni-
dine to reduce the frequency of morphine withdrawal symptoms. PFE can be used as a source of luteolin.

Conclusions: The study findings suggest that PFE and luteolin might reduce the signs of narcotic withdrawal. Due to a similar
effect to clonidine, its mechanism of action might be through the protein kinase A pathway and might have
human therapeutic potential.
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Material and Methods

Opioid dependence is a global health problem that creates many
social, individual, and economic problems. There are 3 main phar-
macological therapies for opium dependence, including opioid
detoxification, agonist maintenance, and antagonist mainte-
nance. Methadone, buprenorphine, a2-adrenoceptor agonists,
and adjunct medications are used for opioid detoxification. In an-
tagonist maintenance, naltrexone (an opioid antagonist) is also
used. Pharmacological drugs with proven effects agonist main-
tenance include buprenorphine, buprenorphine/naloxone, and
methadone [1,2]. The pharmacologic agents used in the treatment
of opioid dependence have important limitations in efficacy and
safety. Novel pharmacologic options with more efficacy and better
safety profiles are needed for opioid dependence treatment [3,4].
Plants and natural products are a potential source of novel and
safer compounds to use for drug withdrawal management [5,6].
It has previously been reported that medicinal plants such as
Avena sativa, Hypericum perforatu, Passiflora incarnate, and
Valeriana officinalis have antispasmodic, analgesic, antianxiety,
and hypnotic effects and can improve the symptoms of mor-
phine withdrawal [7]. The genus Prosopis L. belongs to the
family Fabaceae (Leguminosae) that is widespread in different
dry and semi-dry regions worldwide including Africa, Australia,
America, and Asia. This genus comprises from 44 to 50 species [8].
Prosopis farcta (Banks & Sol.) is a little prickly spiny shrub that is
native to the United States, Kuwait, Turkey, Irag, Iran, Northern
Africa, and South Western Asia [9]. A literature survey revealed
that P. farcta has been used in the treatment of neurological dis-
orders. Also, there is a long history of traditional use of the extrac-
tion of this plant for treatment of pain in Iran [10]. Some of the
phytochemicals existing in P. farcta include quercetin, tryptamine,
apigenin, 5-hydroxytryptamine, L-arabinose, and lectin; and it has
been shown for the aforementioned, that one of the major com-
ponents is luteolin [11]. Luteolin [2-(3,4-dihydroxyphenyl)-5,7-
dihydroxy-4-chromanone], a bioflavonoid which is known to
be present in many types of plants and plant products, pos-
sesses diverse biological properties including antioxidant, anti-
inflammatory, and anticancer activities [12]. As suggested by
these properties, growing evidence indicates neuroprotective ac-
tions of luteolin against a number of insults. Also, luteolin was
been shown to exhibit neuroprotection against kainic acid-in-
duced damage in rats, and to improve learning and memory [13].
Moreover, it has been demonstrated that luteolin exerted anti-
amnesic effects against amyloid beta (AB)-induced toxicity [14].
However, the behavioral effects of luteolin and plant extracts of
P. farcta on the withdrawal syndrome are not clearly understood.
Therefore, PFE and its luteolin were hypothesized to reduce the
intensity of opioid withdrawal syndrome in rats. The jumping,
rearing, and teeth chattering behaviors during the withdrawal
period were measured as indicative data to represent the inten-
sity of morphine withdrawal symptoms in rats.
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Plant material and extraction

The seeds of P. farcta were collected from llam Province, Iran
at the fruiting stage (November 2015). The voucher number of
the plant specimen (herbarium code 74/1525) was deposited
in the Birjand University, Iran. The specimens were powdered
after drying and 20 grams were used for extraction. Initially,
the powder was degreased by hexane and then extracted by a
Soxhlet extraction method in a water-methanol solvent. After
extraction, the solvents were removed by rotary (ILK HB 10)
method and the rest of the extract, having a yield of 6.94%,
was lyophilized and kept stored at —20°C. The lyophilized sam-
ples were dissolved in methanol and filtered through a 0.22
um syringe filter [15].

Isolation and identification of the luteolin by high-
performance liquid chromatography (HPLC)

High-performance liquid chromatography (HPLC) method
was performed according to the previously described proce-
dure [16]. A simple and reproducible reversed-phase HPLC with
a Knauer liquid chromatography (Smart line; Knauer, Berlin,
Germany) equipped with an ultraviolet detector (Well chrome,
K-2600; Knauer) and a reverse-phase C18 column (Nucleosil
H.P.; 25x0.46 c¢m internal diameter, pore size mm; Knauer)
using isocratic elution with UV absorbance detection was de-
veloped and validated for the determination of luteolin. In the
interval from zero to 60 minutes, solvent of 0.1% formic acid
in water (solution B) was maintained at a range of 5% to 70%
and solvent methanol (solution A) was fixed. Column temper-
ature, mobile phase flow rate, injection volume, and detection
wavelength were set at 25°C, 1 mL/min, 1 uL, and 348 nm,
respectively. In the same condition, luteolin standard solution
(dissolved in methanol) was run. Two 150 mg of dried extracts
were dissolved in 10 mL HPLC-grade methanol, sonicated for
15 minutes, filtered through a 0.22 pm syringe filter and fur-
ther diluted to 5 mg/mL. The peaks obtained from the PFE were
compared with a luteolin standard. A stock solution of luteo-
lin standard was prepared at 0.1 mg/mL in HPLC-grade meth-
anol, filtered through a 0.22 um syringe filter and further di-
luted in the same solvent to obtain 0.1, 0.2, 0.4, 0.8, 1.6, 3.2,
6.4, 12.5, 25, and 50 ug/mL.

Drugs

Morphine sulfate was purchased from the Darou Pakhsh phar-
maceutical company (Iran). Naloxone hydrochloride was ob-
tained from the Sigma-Aldrich Company (USA). All drugs and
extracts were dissolved in normal saline. The drugs and ex-
tracts were prepared immediately prior to use and injected
subcutaneously. The doses of total PFE, luteolin fraction, and
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Table 1. Grouping of animals and drugs used to create dependence and morphine withdrawal syndrome.

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8
. Morphine Morphine & Morphine & Morphine & Morphine & Morphine &  Morphine

“?c‘:::t':g)e & clonidine  PFE 100 PFE 200 PFE 300 luteolin luteolin & luteolin N?;‘:ig:ﬂgz)”t
(positive control) mg/kg mg/kg mg/kg 30 mg/kg 60 mg/kg 90 mg/kg

morphine were as follows: total extract at 100, 200, and 300
mg/kg; luteolin fraction at 30, 60, and 90 mg/kg; and mor-
phine at 50 mg/kg.

Animals

Male albino rats weighing 190-250 g from our own breeding
colony (Institute of Medicinal Plants, ACECR, Karaj, Iran) were
used. The rats were maintained at a temperature of 22-25°C on
a 12-hour dark-light cycle. The animals had access to standard
rodent feed and water. Ten animals were used for each dose of
the extracts or drugs, and the experiment was repeated 3 times.
All animals were used only once. The grouping of the method
used to study morphine withdrawal syndrome is shown in Table 1.

LD50 (median lethal dose) in rats

To determine toxicity, different doses of the PFE and luteolin
dissolved in normal saline were gavaged in the groups, each
consisting of 20 rats. The administered doses were 50, 100, 200,
300, 400, 500, 600, and 700 mg/kg for PFE and 10, 20, 30, 60,
90, 120, 150, and 180 mg/kg for luteolin. Afterward, the num-
bers of dead animals within 72 hours after the gavage were
counted and the LD50 was calculated. Mortality was noted, and
graphs were plotted between log-concentration versus percent
mortality and log-concentration versus probit mortality, and
the LD50 was determined [17,18]. Therefore, PFE with doses
of 100, 200, and 300 mg/kg and luteolin with doses of 30, 60,
and 90 mg/kg were selected for continuing the experiments.

Morphine dependency method

For this experiment, for 7 days, morphine was injected sub-
cutaneously into the rats twice daily. A dose of 2.5 mg/kg of
morphine was used on days 1 and 2 (twice daily) and these
doses doubled every day until the 6™ day, reaching 40 mg/kg.
On the 7 day, rats received a last dose of 50 mg/kg [19]. To
produce the same stress, rats were injected in group 9 with
normal saline.

Method of withdrawal syndrome
In all groups, rats received 3 mg/kg naloxone by intraperito-

neal (i.p.) injection 4 hours after the last dose of morphine
treatment on day 7. Immediately after naloxone injection,

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

to monitor the morphine withdrawal symptoms manifestations
(jJumping, rearing, teeth chattering), each animal was placed
in a transparent cylindrical container for half an hour [20].

Method of co-administration use of PFE and morphine on
morphine dependency and withdrawal syndrome

Rats in groups 3, 4, 5, and 9 received PFE at doses of 100 mg/kg,
200 mg/kg, and 300 mg/kg and normal saline respectively, by
NG tube concurrently with morphine twice daily for 6 days;
To examine the challenge, 4 hours prior to naloxone injection,
animals in groups 3, 4, and 5 received the last dose on day 7,
and group 9 received saline with morphine. In order to inves-
tigate the effect of PFE on the weakening of morphine de-
pendence, behavioral symptoms of withdrawal in animals of
groups 3, 4, 5, and 9 were compared.

Method of co-administration use of luteolin and morphine
on morphine dependency and withdrawal syndrome

Rats in groups 6, 7, 8, and 9 received luteolin at 30 mg/kg,
60 mg/kg, and 90 mg/kg, and saline respectively, by NG tube
concurrently with morphine twice daily for 6 days; To examine
the challenge, 4 hours prior to naloxone injection, animals in
groups 6, 7, and 8 received the last dose on day 7, and group 9
received saline with morphine. In order to investigate the ef-
fect of luteolin on the weakening of morphine dependence,
behavioral symptoms of withdrawal in animals of groups 6,
7, 8, and 9 were compared.

Method of co-administration use of clonidine
hydrochloride and morphine on morphine dependency and
withdrawal syndrome

In group 2, rats received clonidine hydrochloride at (0.2 mg/
kg i.p.) twice daily for 6 days with morphine; and to examine
the challenge, 4 hours prior to naloxone injection, animals in
group 2 received the last dose on day 7.

Statistical analysis

The animal study results were presented as mean + standard
error of the mean (SEM). One-way analysis of variance (ANOVA)
followed by Tukey post hoc test was used for data analysis.
P-value <0.05 was considered as statistically significant.
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Figure 1. High-performance liquid chromatography (HPLC) of (A) luteolin standard and (B) PFE; HPLC conditions were the same for

both luteolin and PFE. PFE — Prosopis farcta extract.

Results

Extraction and identification

The luteolin HPLC chromatogram was obtained as a standard
broad peak with a retention time at 4.898 min at a wavelength
of 348 nm. In the same conditions, the standard chromatogram
of the methanolic PFE was similar to that of standard luteolin
in 4.983 min (Figure 1A, 1B). Upon application of the devel-
oped method, well-separated peaks were obtained for luteolin
in PFE as shown, compared to its respective standards as in
Figure 1. The quantitative analysis revealed that luteolin was
found to be predominant in the methanol fraction (2.64 mg/g
of luteolin) of PFE. The assay method was validated, and the
calibration curve was linear (R2=0.9999, y=178399x-4122.01).

Determination of mortality
Mortality and LD50 values of PFE and luteolin were 540 and

150 mg/kg within 72 hours after administration (i.p.). The mor-
tality rate increased with an increase in the dose concentration
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of PFE and luteolin. There was no mortality reported in ani-
mals administered orally with of 100, 200, or 300 mg/kg body
weight of PFE and 30, 60, or 90 mg/kg body weight of luteolin.

Morphine-dependent rats

Administration of 200 and 300 mg/kg of PFE (P<0.05 vs. control
and P<0.001 vs. control, respectively) and all doses of luteolin
(30, 60, and 90 mg/kg) decreased significantly the number of
jumps in morphine-dependent rats (P<0.001 vs. control) pre-
cipitated by administration of naloxone (5 mg/kg, i.p.) 2 hours
after the last dose of morphine. The effect of PFE was dose-
dependent. As expected, clonidine also reduced the number
of jumps in animals (Figure 2).

Effect of the PFE and luteolin on the naloxone-induced
rearing in morphine-dependent rats

Different doses of PFE (200 and 300 mg/kg) and luteolin
(30, 60, and 90 mg/kg) decreased the rearing in morphine-
dependent rats precipitated by administration of naloxone
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Figure 2. The frequency of jumping in rats.
Group 1; frequency of jumping in
morphine-dependent rats (control).
Group 2; frequency of jumping
in morphine-dependent rats with
co-administration of clonidine
hydrochloride (0.2 mg/kg i.p.)
(positive control). Group 3, 4, and 5;
frequency of jumping in morphine-
dependent rats with co-administration
of 100 mg/kg, 200 mg/kg, and
300 mg/kg PFE, respectively. Group

9 6, 7, and 8; frequency of jumping in

morphine-dependent rats with co-

administration of 30 mg/kg, 60 mg/
kg, and 90 mg/kg luteolin, respectively.
Group 9; frequency of jumping in
morphine nondependent rats (saline).
PFE — Prosopis farcta extract.
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Figure 3. The frequency of rearing in rats.
Group 1; frequency of jumping in
morphine-dependent rats (control).
Group 2; frequency of rearing in
morphine-dependent rats with co-
administration of clonidine hydrochloride
(0.2 mg/kg i.p.) (positive control).
Group 3, 4, and 5; frequency of rearing
in morphine-dependent rats with co-
administration of 100 mg/kg, 200 mg/kg
and 300 mg/kg PFE, respectively. Group
6, 7, and 8; frequency of rearing in

9 morphine-dependent rats with co-

administration of 30 mg/kg, 60 mg/kg,

(5 mg/kg, i.p.) 2 hours after the last dose of morphine (P<0.001
vs. control). The effect of PFE and luteolin was dose-depen-
dent. As expected, clonidine also reduced the number of the
incidence of rearing in the study animals (Figure 3).

Effect of the PFE and luteolin on the naloxone-induced
teeth chattering in morphine-dependent rats

Different doses of PFE (200 and 300 mg/kg) and luteolin (30,
60, and 90 mg/kg) decreased the teeth chattering in mor-
phine-dependent rats precipitated by administration of nal-
oxone (5 mg/kg, i.p.) 2 hours after the last dose of morphine
(P<0.001 vs. control). The effect of PFE and luteolin was dose-
dependent. Also, clonidine reduced the number of the teeth
chattering in animals (Figure 4).

Discussion

In the present study, it was found that co-administration of PFE
with morphine reduced the severity of the signs of morphine
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and 90 mg/kg luteolin, respectively.
Group 9; frequency of jumping in
morphine nondependent rats (saline).
PFE — Prosopis farcta extract.

withdrawal syndrome induced by naloxone. These findings
showed that the PFE was able to reduce the symptoms of mor-
phine withdrawal syndrome. Our results demonstrated that the
co-administration of either PFE or clonidine hydrochloride with
morphine prior to withdrawal syndrome reduced the expected
symptoms of naloxone in morphine-dependent rats. Also, our
results indicated that increasing the dose of PFE significantly
decreased the frequency of the signs of withdrawal syndrome
including jumping, teeth chattering, and rearing following a nal-
oxone trial. It has been reported that some substances such as
magnesium, agmatine sulfate, yohimbine, midazolam and beta-
carbolines, harman and harmine, and 7-nitroindazole reduce
the symptoms of withdrawal in the rat [21]. Also, it has been
demonstrated that clonidine and lofexidine are more effective
than placebo for the management of withdrawal from heroin
or methadone [22]. The effect of medicinal plants to improve
symptoms of morphine dependence has been studied. It has
been reported that some medicinal plants, such as Mitragyna
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Figure 4. The frequency of teeth chattering in
rats. Group 1; frequency of jumping
in morphine-dependent rats (positive
control). Group 2; frequency of teeth
chattering in morphine-dependent rats
with co-administration of clonidine
hydrochloride (0.2 mg/kg i.p.). Group
3, 4, and 5; frequency of teeth
chattering in morphine-dependent
rats with co-administration of 100
mg/kg, 200 mg/kg, and 300 mg/
kg PFE, respectively. Group 6, 7, and

9 8; frequency of teeth chattering in

morphine-dependent rats with co-

speciosa and Matricaria chamomilla, have been shown to re-
lieve morphine withdrawal symptoms in rats [23,24]. However,
no study has been published in scientific journals that investi-
gated the effects of PFE on morphine withdrawal syndrome in
rats. It has been reported that some species (i.e., P. spicigera)
exhibited significant antidepressant-like effect and skeletal
muscle relaxant activity by using the forced swimming and
tail suspension tests [25]. Another species of this genus, such
as the P. juliflora, has been shown to stimulate the immune
system [26] and function as an acetylcholinesterase inhibitor
and butyrylcholinesterase inhibitor with Ca2+ channel blocking
activity [27]. It has been shown that the methanol stem bark
extract of P. africana does possess significant analgesic and
anti-inflammatory activities in laboratory animals and this
supports the ethnomedical use of the plant in painful and in-
flammatory conditions [28]. However, more scientific research
about this genus is necessary to promote its use as a source
of natural medicines, analgesic compounds, and remedies for
improvements in withdrawal syndrome. A number of phenolic
compounds with strong antioxidant activity have been identi-
fied in PFEs such as vicenin-2, apigenin C-glycoside, isoorientin,
vitexin, luteolin, and caffeic acid [11]. In this study, the luteolin
HPLC chromatogram was obtained as a standard broad peak
with a retention time at 4.898 min at a wavelength of 348 nm.
Similar to our results, it has previously been reported that one
of the active ingredients of PFE is luteolin [11]. The quantita-
tive analysis revealed that luteolin was found to be predomi-
nant in methanol fraction (2.64 mg/g of luteolin) of P. farcta.
In this study, it was observed that the concomitant use of lu-
teolin and morphine before the naloxone challenge reduced
the expression of withdrawal syndrome in morphine-depen-
dent animals. It was demonstrated that the chronic co-admin-
istration of either luteolin or clonidine with morphine before
the induction of withdrawal syndrome blocked naloxone-pre-
cipitated morphine withdrawal syndrome in morphine-depen-
dent animals. Our results indicated that increasing the dose
of luteolin significantly decreased the frequency of the signs
of withdrawal syndrome including teeth chattering, jumping,
and rearing following naloxone challenge. Luteolin, a flavonoid
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administration of 30 mg/kg, 60 mg/
kg, and 90 mg/kg luteolin, respectively.
Group 9; frequency of teeth chattering
in morphine nondependent rats
(saline). PFE — Prosopis farcta extract.

which is abundant in many herbs has been reported to possess
neurotrophic properties via promoting neuronal survival and
neuritis outgrowth [29]. It has also been reported that luteolin
treatment increased protein kinase A (PKA) activity and cyclic
AMP response element-binding protein (CREB) phosphorylation.
Taken together, these results suggest that luteolin might upreg-
ulate small non-coding RNA micro RNA-132 (miR-132), an im-
portant regulator of neurotrophic actions by activating cAMP/
PKA/CREB signaling pathways in PC12 cells [30]. In addition,
it has been reported that the flavonoids such as luteolin, quer-
cetin, naringenin, and chrysin promotes reduced iNOS (induc-
ible nitric oxide synthase, an enzyme for synthesis of NO) and
NO production at the same time, inhibiting neuronal death in
microglia [31]. Some also have been confirmed to reduce inflam-
matory cytokines, thus highlighting their potential in reducing
morphine tolerance via lowering neuroinflammation [32].
Furthermore, it has been demonstrated that pretreatment
with luteolin suppressed seizure induction, duration, and se-
verity following PTZ (interval on pentylenetetrazol) injection,
reversed cognitive impairment, reduced neuronal and oxida-
tive stress damage, and increased phosphoactivation of PKA
and CREB as well as brain-derived neurotrophic factor (BDNF)
expression [33]. In this study, taken together, these results
demonstrate that the ameliorative effects of luteolin against
naloxone challenge in rats may be modulated by a2 receptor
or PKA pathway, and indicating that luteolin might be devel-
oped as a chemopreventive supplementary agent to amelio-
rate withdrawal syndrome. The inhibitory effect of the P. farcta
total extract and luteolin fraction on the opioid withdrawal
syndrome is comparable to clonidine. However, luteolin al-
leviates the morphine withdrawal syndrome markedly more
than the total PFE.

LD50 of the total PFE and luteolin was 540 mg/kg and
150 mg/kg, respectively. It has been demonstrated that
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substances having LD50 values in the range of 50-500 mg/kg
and 500-5000 mg/kg were considered moderately and slightly
toxic, respectively [34]. The 90% of the total PFE and luteo-
lin administered orally were moderately and slightly toxic,
respectively in the rats. Moreover, the LD50 of the total PFE
was 73% higher than that of luteolin, showing less toxicity of
the total PFE compared to luteolin.

Conclusions

This study showed that clonidine compared with PFE at a dose
of 100 mg/kg was effective in reducing symptoms of mor-
phine withdrawal, but at a dose of 200 mg/kg and 300 mg/kg,
no significant difference was found. However, luteolin at a
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ANIMAL STUDIES

dose of 30, 60, and 90 mg/kg had no significant difference
compared to clonidine in attenuating the morphine withdraw-
al syndrome. LD50 of the extract of P. farcta and luteolin were
540 mg/kg and 150 mg/kg, respectively. Our findings suggest
that PFE and luteolin can reduce the symptoms of withdrawal
of narcotic drugs, and its effect in reducing these symptoms is
equivalent to clonidine and may have potential for human ther-
apies. Thus, these data suggest that perhaps PFE and luteolin
might inhibit morphine abstinence by a clonidine-like effect.
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