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Abstract

Ferula persica Willd. is a native plant of Iran known for its anti-spasmodic, analgesic, and anti-inflammatory properties in Per-
sian medicine. This study investigated the antinociceptive effects of the oleo-gum-resin extract of F. persica in mice, as well as
its chemical composition. The hydroalcoholic extract of F. persica oleo-gum-resin was prepared using the maceration method.
Mice were randomly divided into six groups: a normal saline group (negative control), a dimethyl sulfoxide group, three groups
receiving different doses of the hydroalcoholic extract (50 mg/kg, 100 mg/kg, and 200 mg/kg), and a sixth group (positive control)
receiving Ketoprofen. To assess the analgesic effects of the extract, four tests were conducted: writhing, hot plate, tail flick, and
formalin tests. Additionally, the chemical compounds, total phenolic content, and total flavonoid content of the oleo-gum-resin ex-
tract were determined. The findings demonstrated that the extract at doses of 50, 100, and 200 mg/kg effectively reduced pain and
the analgesic effect was dose dependent. A significant difference was observed between the control and treatment groups across
all four tests. The 200 mg/kg dose exhibited the greatest analgesic effect in both the acute and chronic phases of the formalin tests.
Some chemical compounds of the gum such as flavonoids may be responsible for its analgesic effect. According to this study, F.
persica gum extract can alleviate pain caused by thermal and chemical stimuli. These findings support the traditional use of F
persica gum in managing painful conditions. Further studies are needed to investigate effectiveness of F persica oleo-gum-resin

in pain management and the possible mechanisms of its analgesic effects.
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Introduction

Pain is an undesirable emotional and sensory experi-
ence that often serves as the primary symptom for di-
agnosing various diseases. It is associated with poten-
tial or actual tissue damage and prompts individuals to
respond by eliminating the source of the pain causing
stimulus [1,2].

Millions of people worldwide suffer from various
types of pain and seek more effective medications with
fewer side effects for relief [2]. Pain is categorized
into two main types: fast (acute) and slow (chronic),
and is considered one of the five vital signs, potential-
ly leading to negative consequences. Opioids, com-
bined pain relievers, non-steroidal anti-inflammato-
ry drugs, and topiramate are among the most critical
painkillers with adverse effects such as gastrointesti-
nal irritation, resistance, and dependence [3-7]. Due
to the potential side effects and lack of efficiency of
standard treatments to control pain in some cases, the
use of complementary medicines and herbal therapies
is increasing [8]. There are some plants in traditional
medicine which exhibit analgesic effects due to var-
ious chemical compounds, including flavonoids (like
quercetin), phenolic compounds, alkaloids, and organ-
ic acids (such as caffeic and rosmarinic acid) [9-11].
Ferula persica Willd. (Umbelliferae family), partic-
ularly its oleo-gum-resin, has been used in Persian
medicine for pain and inflammation. The genus Feru-
la includes 30 species, with 15 endemic plants in Iran.
Various Ferula species, demonstrated anticonvulsant,
analgesic, anti-inflammatory, and muscle-relaxing
properties [12,13]. F. persica, known as “Sakbinag”
in Persian medicine, is a perennial herb native to Iran,
Tirkiye, and Afghanistan, reaching heights of 1-2 me-
ters and featuring large, delicate leaves [14]. It con-
tains sesquiterpene coumarins, and active components
like auraptene, umbelliprenin, and galbanic acid which
showed antihypertensive, anti-inflammatory, antican-
cer, and antitumor effects [15,16]. Recent studies have
reported its potential to reduce morphine side effects,
as well as its antimicrobial, antitumor, and hypoglyce-
mic properties [17,18]. Also, antinociceptive effect of
the aerial part of Ferula persica has been investigated
in animal study [19].

According to our investigations, there is no study on
the antinociceptive effect of Ferula persica oleo-gum-
resin in animal models. Given the traditional use of
its gum in Persian medicine for treating pain and in-
flammation, along with the documented analgesic ef-
fects of the gum-resin from other Ferula species, the
present study aims to investigate the antinociceptive
effect of the oleo-gum-resin of F. persica in various
pain models in mice . Also, the chemical composi-
tion of the F. persica oleo-gum-resin, along with the
phenolic and flavonoid content of the extract, was
evaluated.

Materials and Methods

Plant material

F. persica oleo-gum-resin was purchased from the
medicinal plants market, and authenticated by Dr. G.
Amin, Herbarium of the Faculty of Pharmacy, Teh-
ran University of Medical Sciences, and deposited by
voucher No. PMP-1858.

Preparation of the hydroalcoholic extract
Fpersica oleo-gum-resin (400 g) was macerated with
70% ethanol (3 L x4) at room temperature and concen-
trated by rotary evaporator in low temperature (40 °C).
The dried extract (HEFG) was used for animal testing.
The chemical compounds of F. persica oleo-gum-re-
sin were investigated using phytochemical methods
[16,20].

Phytochemical analysis

The phytochemical components of the hydroalcohol-
ic extract of F. persica oleo-gum-resin were assessed
using both qualitative and quantitative methods. This
study evaluated the presence of steroids, triterpenoids,
saponins, alkaloids, flavonoids, and tannins. Addition-
ally, the total phenolic and flavonoid contents of the
extract were measured [20-22]. Preliminary qualita-
tive phytochemical screening was conducted using the
methods of previous studies for terpenoids, alkaloids,
saponins [20], flavonoids, tannins and cyanogenic
glycosids [21,22]

Determination of total flavonoid content

The total flavonoid content (TFC) of HEFG was as-
sessed according to aluminum chloride colorimetric
assay. Quercetin was used as standard for the calibra-
tion curve. Briefly, 1 mL of quercetin as standard or
other samples (dissolved in 90% ethanol), were thor-
oughly mixed with 0.2 mL of a 5% NaNO,. After 5
min, 0.3 mL of 3% AICI, solution and 2 mL of NaOH
2 M were added. The absorbance was determined af-
ter 30 min at 510 nm versus a blank. A linear calibra-
tion curve was drawn using quercetin (y = 0.0169x +
0.3526, r* = 0.995). It was used for calculating of TFC
of each sample [23].

Determination of total phenolic content

Total phenolics content (TPC) of HEFG was calculat-
ed using Folin-Ciocalteu reagent [24]. The calibration
curve was prepared by mixing 1 mL of HEFG or gallic
acid solutions in concentrations of 75, 100, 150, and
200 mg/mL (50:50) with 5 mL Folin-Ciocalteu reagent
(diluted 10-fold) and 4 mL sodium carbonate (75 mg/
mL). The absorption was measured at 765 nm, after 30
min. The standard agent for the calibration curve was
gallic acid. The same process and reagents were used
for the gum extract (10 mg/mL) and the absorption
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was measured. TPC was determined as mg gallic acid
equivalents per gram of sample (mg/g).

Animals

Male albino mice (n=36, weight 25-30 g) were
housed in animal unit of Iran University of Me-
dical Sciences under standard laboratory condi-
tions (temperature 23 + 2 °C) with 12-h dark and
12-h light cycle. The animals were fed with standard
diet and water as needed. The experiment was app-
roved by the Ethics and Animal Care Committee of
the Iran University of Medical Sciences (IR.IUMS.
REC.1400.541).

Experimental studies

Total of 36 albino mice were randomly divided into
6 groups (n=6). In this study, the extract and drugs
were injected intraperitoneally (i.p.). Negative con-
trol group received normal saline, dimethyl sulfoxide
(DMSO) group in which animals were given DMSO
as the solvent of the extract, groups 3-5 in which mice
received 50, 100, 200 mg/kg of HEFG, and positive
control group was treated by Ketoprofen 10 mg/kg.
The particular doses of HEFG and route of administra-
tion were selected according to a previous study with
some modifications [14].

Hot plate test

The test was conducted as stated by Lanhers, (1992)
and Williamson, (1996). A hot plate preserved at tem-
perature of 50 = 1°C was used. Thirty minutes after
drug or extract injections, the mice were located on
this plate [25,26]. The latency time for paw licking or
jumping (pain reaction time in seconds) was recorded
30, 60, 120 and 180 minutes after injection for each
mouse in different groups [27].

Acetic acid-induced writhing test

The test was done according to Koster et al. (1959)
technique. In the groups one and two, mice were given
normal saline and DMSO. Groups III, 1V, and V re-
ceived 50, 100, and 200 mg/kg of HEFG respectively,
whereas the sixth group was given ketoprofen 10 mg/
kg in i.p. Thirty minutes later, each mouse received
1% acetic acid (1 mL per 100 g) [28].

The number of abdominal constriction for each mouse
was calculated after injection of acetic acid for ten
minutes. Inhibition of writhing (%) was measured
consuming the standard formula.

Mean no of writhes (control) - mean no of writhes (test)

Inhibition % =

Tail-flick test

Tail flick latency (TFL) test was done with an auto-
matic analgesiometer (tail flick; Borj Sanat, Tehran,
Iran). The TFLs were calculated as the period between
tail contact to radiant heat and tail removal. The main
reaction of animals to radiant heat is by inserting the
tip (last 1 to 2 cm) of the tail. Withdrawing the tail
from the radiant heat source is considered as the end
point. The maximum time was 10 seconds to avoid
damage to the animal's tail due to heat. The latent pe-
riod of the tail flick response was determined 30, 45,
60, 75 and 90 minutes after drug administration [29].

Formalin test

In this test, 25 pL formalin (2.5%) is injected under the
plantar surface skin of the right dorsal paw. Excessive
licking or biting of the injected paw as the pain reacti-
on time is recorded. This test has two phases, the first
interval (0-15 minutes) regarding as the acute phase
and the second interval (15-60 minutes after injection)
as the chronic phase.

Pain reactions were scored as follows: 0, normal mo-
vement by injected mouse; 1, the injected foot has li-
ttle or no weight moving on it; 2, the injected foot is
raised by the mouse; and 3, the injected foot is be-
ing licked or bitten by the mouse [30]. The number
of these quantitative data is counted in 12 blocks of
5 minutes. Data recording continued until 60 minu-
tes after formalin injection.The average pain score in
each block was calculated according to the following

0TO +1T1 + 2T2 + 3T3
300

Pain score =
formula [31,32].

Statistical analysis

One-way and Two-way analysis of variance (ANOVA)
followed by Tukey's-Krammer, multiple comparison
tests, were used to compare the differences between var-
ious treatment groups (treatment vs. time/ number/pain
score) using GraphPad Prism 5.01 (San Diego, CA).
The sample size was determined according to the fol-
lowing formula:

E=Nt-Ng (E: degree of freedom, Nt: the total number

x 100

Mean no of writhes (control)
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of animals, Ng: the total number of groups. The goal is
to retain E between 10 and 20 for an acceptable sam-
ple size.)[33].

As we had 6 mice in 6 groups, sample size of 36 has
been adequate for this study. A statistical probability
of p<0.05 was considered significant. Data were re-
ported as Mean = SEM.

Results

Phytochemical analysis results

Phytochemical studies of F. persica oleo-gum-resin
showed the presence of flavonoids, cyanogenic glyco-
sides, saponins, and steroids, but it did not contain any
alkaloids and tannins.

Total phenolic and flavonoid content

The TPC was calculated using gallic acid and expres-
sed as mg gallic acid equivalent (GAE)/g of extract .
The TPC of F. persica oleo-gum-resin was 5.76+0.1
mg GAE/g of extract. TFC of the oleo-gum-resin extra-
ct was measured as mg quercetin equivalents (QE)/
mg of sample. The TFC of the extract was 1.21+0.5 g
QE/g dried extract.

Effect of different doses of HEFG on acetic
acid-induced writhing

The acetic acid writing test (Figure 2) showed that the
Ketoprofen group had a significant difference from
the control group (p<0.0001). Although, doses of 50,
100 and 200 mg/kg of HEFG had significant differ-
ence compared to the control group (p<0.0001). We
also evaluated the pain inhibition percentage in dif-
ferent groups and compared with each other (Table 1).

Effect of different doses of HEFG on Tail
flick latency

In the Tail Flick test, data showed that the Ketopro-
fen group had a significant difference with the con-
trol and DMSO groups at all times (p<0.0001). In the
treatment groups, the doses of 50, 100 and 200 mg/kg
showed significant differences at all times compared
to the control group (p<0.0001) (Figure 3).

Table 1. Pain inhibitory percentage of Ferula persica ex-
tract and ketoprofen in acetic acid-induced writhing test

Effect of different doses of HEFG on hot Pain inhibition (%) Groups
plate-induced pain 2% Control
In the hot plate test, Ketoprofen group revealed a sig- 87% Ketoprofen
nificant difference (p<0.0001) with the control and 3% DMSO
DMSO groups at all times. The doses 0f 50, 100 and 200 16% Dose of 50 mg/kg
mg/kg of HEFG had significant differences (p<0.0001 379 Dose of 100 mg/kg
for 100 , 200 and p<0.05, p<0.01, p<0.001 for 50) at 0
all times compared with the control group (Figure 1). 81% Dose 0f 200 me/kg
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Figure 1. The effect of different doses of Fpersica gum extract on Hot plate-induced pain test after 30, 60, 120, 180 min. The values were
presented as Mean + SEM. (¥p<0.05,**p<0.01,***p<0.001, ****p<0.0001 compared with the control group, ####p<0.0001 compared to Ke-
toprofen).
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Effect of different doses of HEFG on forma-

lin-induced acute pain in male mice

In the acute-phase formalin test, it can be seen that the
Ketoprofen group had a significant difference from
the control group (p<0.0001). In the treatment groups,
there was also a significant difference between the
doses of 50, 100 and 200 mg/kg of HEFG and the con-
trol group (p<0.0001) (Figure 4).

50
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Figure 2. The effect of different doses of Fpersica gum

extract on Acetic acid-induced writhing. The values were

presented as Mean + SEM. (****p<(0.0001 compared with
the control group, #p<0.05, ####p<0.0001 compared to

Ketoprofen).
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Figure 4. The effect of different doses of Fpersica gum extract
on Formalin-induced acute pain. The values were presented as
Mean + SEM. (¥***p<0.0001 compared with the control group,
####p<0.0001 compared to Ketoprofen).

Effect of different doses of HEFG on forma-

lin-induced chronic pain in male mice

In the chronic-phase formalin test, it can be seen that
the Ketoprofen group had a significant difference
(p<0.0001) with the control group. The doses of 100
and 200 mg/kg of HEFG were significantly different
from the control group (p<0.0001). Consequently,
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Figure 3. The effect of different doses of F.persica gum

extract on Tail flick latency. The values were presented as

Mean + SEM. (****p<0.0001 compared with the control
group, ####p<0.0001 compared to Ketoprofen).
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Figure 5. The effect of different doses of F.persica gum
extract on Formalin-induced chronic pain. The values were
presented as Mean £ SEM. (****p<0.0001 compared with
the control group, ####p<0.0001 compared to Ketoprofen).
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there was not a significant difference between the dose
of 50 mg/kg of HEFG and the control group (p>0.05)
(Figure 5).

Discussion

Due to side effects of analgesic drugs and efficacy of
medicinal plants in pain and inflammation in tradi-
tional medicine, in the present study antinociceptive
effect of F. persica oleo-gum-resin was investigated
on different models of pain. The findings revealed that
HEFG exerted significant analgesic effects in differ-
ent doses (50, 100, 200 mg/kg) in comparison to the
control group.

The hot plate test is a selective test for opioid-like
compounds, but other drugs which act centrally, such
as hypnotics and muscle relaxants, show similar ef-
fects in this test. This test examines the analgesic re-
sponse to fast-acting stimuli; while the formalin test
assessed the response to delayed pain stimuli and is
closer to the clinical cases [34]. Also, the formalin
test is widely used in rodents as a model of acute and
chronic chemical pain to identify drugs with analgesic
potential [31]. Toe licking induced by formalin is an
acceptable two-phase chemical pain model: the first
phase is neurogenic pain, which is caused by direct
stimulation of sensory afferent fibers and is followed
by the second phase, i.e., inflammatory pain, which
is different due to the effect of inflammatory media-
tors [35]. Many studies have shown that both phases
are sensitive to drugs with significant impacts, such
as opioids. In addition, the second phase is delicate to
non-steroidal anti-inflammatory drugs and corticoste-
roids [36].

Antinociceptive effect of HEFG was significant in hot
plate and formalin test and it was consistent with a pre-
vious study on the analgesic effect of the aerial parts
of this plant [14]. Interestingly, the decreased pain
score (at early and late phase) by oleo-gum-resin ex-
tract in the present study was similar to the ketoprofen
as a standard analgesic drug. These data specified that
this extract might lessen the production and release of
endogenous inflammatory intermediaries [37].
Furthermore, in the formalin test, HEFG reduced
the pain score at the early phase (neurogenic phase),
which showed that the drug activity was directly on
nociceptors. In the same way, at the late phase (in-
flammatory phase), the oleo-gum-resin extract might
act by inhibiting discharge of inflammatory interme-
diaries, practically the same as Ketoprofen. Reducing
pain in hot plate and also both phases of formalin test
is related to central and peripheral analgesic activity
of this extract [37].

The tail flick method is also one of the standard
methods of measuring acute pain in laboratory ani-
mals, which was used to determine the central anal-
gesic effects of drugs and chemical compounds [38].

In fact, drugs that act on the central nervous system
are sensitive to this test [39]. Due to significant an-
algesic effect of gum extract in this test (P-value <
0.0001), we can conclude that it worked through the
central nervous system for analgesic activity. Writh-
ing test is another test for investigation the peripher-
al antinociceptive activity of drugs and is considered
as a chemical-induced pain model. In this model, the
irritable compounds such as acetic acid or phenylqui-
none is injected into the mice [40]. Analgesic activity
of HEFG in this test (P-value < 0.0001) which was
consistent with the previous study on the aerial parts
of this plant, showed that it could have peripheral an-
algesic effects too [41].

Different species in genus Ferula such as F. assa foe-
tida and F. gummosa and its oleo-gum-resins showed
antinociceptive activity in different models of pain
[42]. Also, antinociceptive effect of the aerial parts of
F. persica has been shown in a previous study and the
analgesic effect of its oleo-gum-resin extract was pre-
sented in the current study [43].

Different chemical compounds in the Ferula species
can be responsible for antinociceptive activity. Bagh-
eri et al., suggested that the antinociceptive activity of
F. assa-foetida might be due to some phenolic com-
pounds such as ferulic acid which was present in high
contents in this plant. [44]. Another study by Nasri et
al., examined the antinociceptive effects of F. persi-
ca inflorescence, attributing these effects to its active
sesquiterpenes and flavonoids [14].

Different studies have shown that some flavonoid
compounds found in medicinal plants could be con-
sidered as candidates for new and natural analgesic
drugs. Because of their anti-inflammatory and anal-
gesic qualities, flavonoids—multi-target molecules—
have drawn more and more attention.

It makes sense that flavonoids' analgesic effects are
caused, at least in part, by their inhibition of Cycloo-
xygenase (COX)1,2. Furthermore, compared to single
target medications that virtually completely elimi-
nate a particular mechanism involved in disease and
physiological processes, flavonoids' multitarget na-
ture lessens their impact on physiological systems.
So, flavonoids do not possess the typical side effects
of Non-steroidal anti-inflammatory drugs (NSAIDs)
even when COX is inhibited [45].

The nuclear factor-kB (NF-kB) inhibitory effects of
flavonoids are linked, at least partially, to their anal-
gesic and anti-inflammatory properties.

Flavonoids inhibit the production of inflammatory
mediators like COX-2, Tumor necrosis factor alpha
(TNF-a), Interleukin-1 beta (IL-1p), and nitric oxide
(NO). They also suppress the expression of Vascular
endothelial growth factor (VEGF) and Intercellu-
lar Adhesion Molecule 1 (ICAM-1) and activate the
pathways for mitogen-activated protein kinase (MAP
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kinases), Signal transducer and activator of transcrip-
tion 3 (STAT3), NF-kB, and the NLR family pyrin do-
main containing 3 (NLRP,) inflammasome [45].
Among these compounds, some key components such
as quercetin, apigenin, luteolin, and rutin have been
mentioned [46]. Quercetin had an analgesic effect
in the formalin test's neurogenic and inflammatory
phases, which was through mechanisms that interfere
with L-arginine-nitric oxide, GABAergic, and sero-
tonergic systems [47]. Luteolin inhibits neuropathic
pain by activating GABA and p-opioid receptors [48].
As previously mentioned, flavonoids are medications
with a safe preclinical profile. For example, luteolin
inhibits Prostaglandin I, (PGI,) generated by COX-
2 without causing the distinctive adverse effects of
NSAIDs [45].

Although total phenolic content of £ persica oleo-
gum-resin did not show high level in this study, the
results of TPC and TFC of this extract was in con-
sistent with previous studies on phenolic content of
oleo-gum-resins of different Ferula species [43].
Another compound which may be responsible for
antinociceptive activity of Ferula species is Um-
belliprenin. It was one of the sesquiterpene couma-
rins and was found in different Ferula species, could
inhibit the activity of 5-lipooxygenase and showed
the anti-inflammatory action. [44]. Also, umbellip-
renin in a single dose (0.01 mM) significantly re-
duced neuropathic pain, withour affecting acute pain
comparing to diclofenac. So, it might be one of the
possible mechanisms of action of active compounds
of Ferula oleo-gum-resin [14,44].

All four pain tests which were employed in this
study revealed that F. persica oleo-gum-resin ex-
tract could reduce pain caused by thermal and
chemical stimuli. On the other hand, there was
no significant difference between the results at
various times of the experiment, so, it is con-
cluded that the antinociceptive effects were in
a dose-dependent manner, not time-dependent.
Moreover, the data obtained revealed that F. persica
oleo-gum-resin has the potential to act as an analge-
sic agent, functioning both peripherally and central-
ly. However, future experimental and clinical stud-
ies are necessary to identify the active principles of
F. persica oleo-gum-resin and to elucidate its anal-
gesic mechanisms. Further studies using different
doses of F. persica oleo-gum-resin, as well as other
extracts of F. persica, are suggested. These investi-
gations should focus on identifying the components
of F. persica oleo-gum-resin that may be responsi-
ble for the antinociceptive effects and determining
their specific mechanisms of action. Additionally, F.
persica oleo-gum-resin and its active analgesic com-
ponents can be considered for further research in the
development of analgesic drugs.

Conclusions

This investigation is the first to report the antinoci-
ceptive effects of F. persica oleo-gum-resin. The re-
sults confirm its traditional use in managing pain. This
oleo-gum-resin may serve as an alternative to NSAIDs
for treating inflammatory diseases and pain without
the associated adverse effects. The pharmacology and
pharmaceutical development of F. persica oleo-gum-
resin are important topics. This study could serve as an
introduction for conducting clinical studies to inves-
tigate the analgesic and anti-inflammatory effects of
this plant's oleo-gum-resin in humans. Future studies
can determine the mechanisms and active principles of
F. persica oleo-gum-resin as an analgesic agent.
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