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ABSTRACT

Background: This study investigated the antinociceptive effect of cumin and
its biosynthesized AuNPs.

Methods: Cumin extract (E) and cumin-AuNPs (GN) were prepared and
administered intraperitoneally at the concentrations of 200, 500, and 1000
mg/ml to 27 male rats. UV-Vis spectroscopy and AFM were applied for
AuNPs synthesis confirmation. The nociceptive behavior was assessed, and
IL-6 serum levels were measured.

Results: Cumin-AuNPs showed a peak absorption of 515 nm, and a size of
about 40 nm. Three different concentrations of extract had no significant
effect on acute and chronic nociceptive behavior. GN + E200 (46.00 + 10.59)
showed a significant acute anti-nociceptive effect compared to the control
(98.66 + 4.91; p = 0.029) and SS300 (98.33 + 20.30; p = 0.029) groups. Also,
GN + E500 (42.00 + 11.84) significantly reduced acute nociceptive behavior
compared to the control (98.66 + 4.91; p = 0.019), SS300 (98.33 + 20.30; p =
0.020), and GN + E1000 (91.00 £ 26.00; p = 0.040) groups. IL-6 serum levels
reduced significantly in GN + E500 (24.65 * 10.38; p = 0.002) and SS300
(33.08 £ 1.68; p = 0.039) compared to the controls (46.24 + 3.02). Chronic
nociceptive behavior was significantly lower in the S5300 (255.33 * 26.30)
compared to E200 (477.00 £ 47.29; p = 0.021), E500 (496.25 + 46.29; p =
0.013), and GN + E500 (437.00 + 118.03; p = 0.032) groups.

Conclusion: Our findings suggest the potential effects of cumin-AuNPs on
formalin-induced nociceptive behavior, which is independent of IL-6serum
levels. DOI: 10.52547/ibj.26.3.219
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INTRODUCTION

ain is an indicator of active disease-promoting
process during neurological disorders. The

etiology of neurological diseases varied widely,
including central nervous system traumatic injury,
neurodegeneration, and neuroinflammationt.
Cytokines and chemokines act as main inflammator}/
factors in pain caused by neuroinflammation®.
Formalin as the most common in pain inducer® is
being used for the evaluation of the probable
antinociceptive and analgesic effects of natural
compounds and is sensitive to various classes of
analgesic medications®. The formalin test is
predominantly utilized to measure nociception in rats
and mice. Classically, the formalin test includes two
well-identified phases of spontaneous pain behaviors.
This test is a suitable model to investigate the transition
from acute to chronic painl®. Response to formalin
shows an early and a late phase. The early phase seems
to be caused predominantly by C-fiber activation due
to the peripheral stimulus, while the late phase appears
to depend on the combination of an inflammatory
reaction in the peripheral tissue and functional changes
in the dorsal horn of the spinal cord. These alterations
are possibly initiated by the C-fiber barrage during the
early phase®.

Nowadays, NSAIDs are widely used to reduce
inflammation and relieve pain. Due to side effects
induced by NSAIDs, the development of natural anti-
nociceptive agents has been under focusl”. SS, as an
NSAID, irrevocably acetylates COX-1 and -2,
inhibiting  prostaglandin  synthesis and related
inflammation®.

Medicinal products from plant origin have shown
therapeutic effects on many inflammatory situations
with fewer adverse events'. Raw extracts of various
types of medicinal plants and their isolated compounds
have displayed antinociceptive and analgesic properties
in several in vivo and in vitro studies®. C. cyminum L.
(cumin) is a small herbaceous annual plant™®. The
available and usable parts of this plant are leaves,
fruits, and seeds. Fruits of the cumin plant have been
indicated to possess phenolic compoundst™Y. Cumin is
featured with antimicrobial, insecticidal, analgesic, and
anti-inflammatory properties. Acetic acid induced
writhing, hot plate, carrageenan-induced paw edema,
and cotton-pellet granuloma models are commonly
used to evaluate anti-inflammatory and pain-relieving
effects of aqueous and alcoholic extracts of cuminf™’.

Various physical and chemical methods have been
applied for the synthesis of NPs; however, some of
these approaches have disadvantages such as using
toxic solvents and unsafe products. Therefore, for the
synthesis of metal NPs, it is necessary to develop eco-
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friendly methods™. Green nanotechnology is a
rationale scientific method developed for over two
decades to connect plant sciences and nano-technology
and provides an inherently green approach to
nanotechnology™. Plant-mediated synthesis of NPs
has been received a wide attention owing to its intrinsic
features, including rapidity, simplicity, eco-
friendliness, and economics™. Nanomaterials have
multiple applications in biology and medicine!**?4, but
the most important one is their use as anti-nociceptive
agents™. Different green NPs with precise chemical
composition, morphology, and size were synthesized
by diverse methods, and their applications in many
advanced technological areas have been discovered™?.

Gold metal is universally used in combination with
phytochemicals from several herbs including, green
tea, cinnamon, clove, gooseberry, grape, mango,
and turmeric™?4. Phytochemicals are indeed electron-
rich antioxidants, therefore, the interaction of gold
metallic precursors with phytochemically-harnessed
electrons produce herb/phytochemicals-encapsulated,
well-defined, AuNPs®?. The large surface area of
AuNPs embedded with atomically active nanosurface
motif allow highly efficient encapsulation of
phytochemicals “. Recently, the application of
AUNPs has been widely evaluated as a promising
approach in the diagnosis and treatment of various
medical situations®®. An in vitro study has shown the
anti-inflammatory  and  analgesic  effects  of
biosynthesized (plant extracts-mediated) AuNPs
through inhibiting the secretion of inflammatory
mediators?®. Moreover, preclinical in vitro and in vivo
studies on the effect of AuNPs-based Nano Swarna
Bhasma drug with a cocktail of
phytochemicals showed an ability to reduce
tumor volume in the treated group of breast tumor-
bearing mice. Also, a pilot human clinical trial
unequivocally established that the innovative green
nanotechnology used for treating metastatic breast
cancer patients exhibited dose-dependent efficacy in
cancer cells death and confirmed that the Nano Swarna
Bhasma drug is selectively toxic to tumor cells with
minimal or no toxicity against the normal human
cells?4,

The neuroimmune system plays a precious
role in the development of pain. Levels of pro-
inflammatory cytokines (e.g. IL-6 and TNF-a) increase
in the central nervous system, contributing to the
pathophysiology of pain®®. It has been shown that
among healthy adults who experienced a sequence of
psychophysical pain testing procedures, IL-6 elevates
in the first hour after various pain induction procedures
and remains high to one hour post experiencem]. Our
recent investigation on green synthesized silver NPs
led to introduce the antinociceptive properties of new
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AgNPs synthesized from cumin seeds and showed
these features in formalin-induced pain®?.

Given the increasing importance of herbal medicine
in different fields of medical sciences such as pain
study, diverse adverse effects of chemical treatments in
pain management, the crucial role of nanotechnology
in medicine, and the possible antinociceptive features
of NPs, the present study was carried out to evaluate
the antinociceptive effects of cumin seeds aqueous
extract and biosynthesized AuNPs from cumin. We
also assessed the possible role of IL-6 serum levels in
an animal model of acute and chronic nociceptive
behavior.

MATERIALS AND METHODS

Animals and study groups

This study was conducted on 27 male Wistar rats
weighing 200-250 g. The rats were obtained from the
Animal Breeding Facility at Ahvaz Jundishapur
University of Medical Sciences (Khuzestan, Iran) and
were kept in the Animal Housing Room of Abadan
University of Medical Sciences (Khuzestan) for one
week to adapt the laboratory environment. Animals
were maintained in suitable moisture at 22 + 2 °C on a
12:12 light-dark condition with free access to adequate
water and food supplies and randomly assigned to nine
experimental groups (n = 3 in each group)E®®Y as
follows: (1) the control group, intact rats receiving a
single injection of 50 pl of 2% subcutaneous formalin
into the right hind paw, which was examined by
formalin test; (2) the vehicle group, receiving a single
injection of intraperitoneal normal saline (mg/kg body
weight); (3) three intervention groups receiving a
single intraperitoneal injection of cumin extract (E) at
the concentrations of 200 (E200), 500 (E500), and
1000 (E1000) mg/kg body weight *2; (4) three
additional intervention groups receiving a single
intraperitoneal injection of cumin-AuNPs (GN + E) in
doses of 200 (GN + E200), 500 (GN + E500), and
1000 (GN + E1000) mg/kg body weight; (5) the
positive control group (SS300) receiving a single
intraperitoneal injection of SS in a dose of 300 mg/kg
body weight. Groups 2-5 received the injection 30
minutes before the formalin test™?.

Preparation of C. Cyminum L. extract

Cumin seeds were purchased in July 2019 (Kerman,
Iran). Seeds were washed to eliminate any
contamination and placed under sunlight for a week to
completely remove the moisture. For the preparation of
extracts with different concentrations, an electrical
grinder was used to crush five grams of dried seeds of
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cumin. The obtained powder was mixed with 50 mL of
deionized water and kept on a rotatory shaker for 24 h.
The mixture was boiled at 100 °C, filtered twice
through a Whatman no.1 filter paper and centrifuged at
5000 xg for 15 min. After collecting the supernatant,
the solvent was evaporated at 40 °C by a rotary
evaporator. The final volume of the extract was
brought to desired concentrations (200, 500, or 1000
mg/mL) using saline. The extracts were sealed in an
air-tight manner and preserved at 4 °C till further
usagel®***. The scheme of the cumin seed extract
preparation method is shown in Figure 1.

Biosynthesis of AUNPs using cumin extract

In this study, an established biosynthesis technique
was developed for the preparation of AuNPs using C.
cyminum L. seed extract®®. For this purpose, 2 mL of
cumin extract with different concentrations were added
to the ultrapure water in a test tube and slowly stirred
in the water bath (at 40 °C). Then 1 mL of aqueous
gold solution was added to the mixture. The change in
the color of mixture from yellow to purple-red was the
benchmark of AuNPs formation (reduction of Au®* to
AU)™! The cumin-AuNPs synthesis method and
different concentrations of biosynthesized AuNPs are
shown in Figure 2. Two influential parameters, i.e. the
temperature of the water bath and reaction time,
were tested and optimized. Temperature ranges from
20 °C-60 °C of the water bath were investigated®”.
The effective formation time of AuNPs was studied at
a range of 2-10 minutes. Color change in the
biosynthesis of NPs indicated the completion of the
reaction and NS formation.

Characterization of AUNPs
UV-Vis spectrophotometry analysis of AUNPs

The change in the color of the cumin extract-Au
solution from yellow to purple-red indicated that the
formation of AuNPs was completed. After the
completion of the reaction, the scanning UV-Vis
spectrophotometry for the synthesized cumin-AuNPs
was carried out by recording a range between 400-700
nm.

AFM of AuNPs

The morphology and size of the biosynthesized
AUNPs were determined by AFM. The AFM samples
were prepared by spin coating the AuNPs solution into
the glass slide. The thin film of a few drops of AuUNPs
were deposited on a silica glass plate in the darkness at
room temperature. The deposited film glass plate was
then scanned with the AFM. The prepared slides were
air-dried and subjected to AFM analysis.
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Cumin seeds

Cumin seeds powder ,\

Cumin seeds extract

Fig. 1. The scheme of the preparation of aqueous extract of cumin seeds.

Formalin test

The formalin test was conducted based on a model
developed by Tjolsen et al.®l. All animals were
weighed before the test and then placed in the formalin
test cage for adaptation. Then 50 pl of 2% formalin
was injected subcutaneously to the right hind paw of
the rats. Next, the animals returned to the formalin test
cage to count the number of flinching/shaking behavior
at an interval of 1-min periods for a total observation
duration of 60 min. The paw flinches/shakes behavior
was assessed in an observer blind manner and
considered as a nociceptive response in the animals.
The acute and chronic phases of the formalin-induced
nociceptive behavior were defined as the period
immediately after the injection of formalin until 10
minutes and 20 to 60 minutes after formalin injection,
respectively. There was a quiescent interphase of 10
minutes when the animals showed very little
nociception behavior™.

1 2

Measurement of serum IL-6

After the behavioral tests, the animals were exposed
to light ether anesthesia and euthanized according to
the ethics of working with laboratory animals. Blood
samples were taken from the heart to measure IL-6
serum levels. Blood samples were centrifuged, the
serum separated and kept at -80 °C until testing. IL-6
serum levels were evaluated by rat standard ELISA kit
(Zellbio, Germany) according to the manufacturer’s
protocol.

Statistical analysis

The Kolmogorov-Smirnov and Shapiro-Wilk tests
were used to determine the normal distribution of the
parameters. The investigation of Skewness and kurtosis
was also conducted using descriptive statistics. The
data of the acute and chronic phases of the formalin
test were analyzed separately using one-way ANOVA
and Post Hoc Fisher’s LSD to detect which pairs of
means are statistically different. Also, the comparison

- -y
| 2

Au solution

Fig. 2. Production of cumin-AuNPs through green nanotechnology. Tubes number 1 and 2 show cumin-AuNPs solutions in doses of

500 and 200 mg/mL, respectively.
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of the study groups in terms of IL-6 serum levels was
analyzed using the Kruskal-Wallis test, followed by
LSD Post Hoc tests. SPSS software version 21 was
applied to analyze the data. Mean + standard error of
mean (SEM) was used to express the parametric data.
Also, the results of the non-parametric test were
expressed as the mean rank £ SEM. The significance
level of difference was set at p < 0.05.

RESULTS

Optimization of gold ions reduction into AUNPs

Various temperatures of the water bath were
investigated in the range of 20 °C-60 °C, which
revealed the appropriate temperature of 45 °C for the
cumin-AuNPs  formation. The results of the
temperature effect on cumin-AuNPs synthesis are
shown in Figure 3A. Reaction time was investigated at
time ranges from 2.0-10.0 minutes. The reaction time
of three minutes at 45 °C was selected as the optimum
time for the formation of cumin-AuNPs. The results of
the reaction time effect on cumin-AuNPs synthesis are
shown in Figure 3B.

Cumin-AuNPs characteristics

Cumin-AuNPs synthesis was confirmed using UV-
Vis spectroscopy. The UV-Vis spectrophotometry was
recorded in the range of 400-700 nm. AuNPs had a
maximum wavelength of around 500-600 nm™. The
spectra obtained after the completion of the reaction
showed that the maximum absorption peak shifted to a
wavelength of 515 nm. Figure 4 shows the Uv-Vis
spectra recorded for cumin-AuNPs at different
concentrations. The morphological features of cumin-
AUNPs were evaluated by AFM. The AFM result of
the cumin-AuNPs is presented in Figure 5. According
to the obtained results, the size of cumin-AuNPs was
about 40 nm.
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Effect of different concentrations of aqueous extract
of cumin and cumin-AuNPs on acute nociceptive
behavior

The formalin-induced nociceptive behavior of rats
was assessed by counting the number of
flinches/shakes of formalin-injected paws as 1 min
passes throughout the recording time. The results
of the observations during the early acute phase
of formalin-induced nociceptive behavior are
illustrated in Figure 6. The results revealed that acute
nociceptive behavior reduced significantly in GN +
E200 and GN + E500 (p = 0.029 and p = 0.019,
respectively) ~ compared to the control groups.
Moreover, the rats in GN + E500 showed a
significantly lower acute nociceptive behavior
compared to the rats in GN + E1000 and SS300 groups
(p = 0.040 and p = 0.020, respectively). Also, acute
nociceptive behavior reduced significantly in GN +
E200 compared to the SS300 group (p = 0.029).
However, acute nociceptive behavior showed no
significant difference between the control and vehicle
groups (p > 0.05). Comparison of acute analgesic
effect between different doses of cumin extract and
cumin-AuNPs showed no significant difference (p >
0.05).

Effect of different concentrations of aqueous extract
of cumin and cumin-AuNPs on chronic nociceptive
behavior

The results of the observations during the late tonic
phase of formalin-induced nociceptive behavior are
illustrated in Figure 6. The results showed that chronic
nociceptive behavior decreased significantly in the
SS300 compared to E200 (p = 0.021), E500 (p =
0.013), and GN + E500 (p = 0.032) groups. Also, the
intraperitoneal injection of an effective dose of SS,
200, 500, and 1000 mg/ml of cumin extract, and 200,
500, and 1000 mg/ml of cumin-AuNPs indicated no

>7(B) 001000 mg/ml

- 8500 mg/ml

€ 2.0~ H W 200 mg/ml
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Fig. 3. (A) The results of the temperature (ranges from 20 °C-60 °C) and (B) The results of the reaction time (ranges from 2 to 10
minutes) effect on the synthesis of different concentrations of cumin-AuNPs. The experiment was repeated at the intervals of five

degrees and intervals of one minute.
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Fig. 4. UV-Vis absorption spectrum of cumin-AuNPs in
different concentrations. The synthesized AuNPs solution was
detected by UV-Vis spectrophotometer at different wavelengths
(400-700 nm).

significant effects on chronic nociceptive behavior (p >
0.05). Comparison of chronic analgesic effect between
different doses of cumin extract and cumin-AuNPs
showed no significant difference (p > 0.05).

Effect of different concentrations of aqueous extract
of cumin and cumin-AuNPs on IL-6 serum levels

IL-6 serum levels were measured using ELISA Kit in
different groups. Figure 7 shows the comparison of
mean rank and SEM of IL-6 serum levels between
study groups analyzed by the Kruskal-Wallis test,
followed by LSD Post Hoc tests. No significant
difference was found between E200, E500, E1000, GN
+ E200, GN + E500, GN + E1000, and SS300 and the
control groups (p = 0.054).

DISCUSSION

The current study was conducted to investigate the
possible antinociceptive activity of cumin seeds
aqueous extract and the cumin-AuNPs in an
established animal model of pain induction and
evaluation. Also, the possible role of IL-6 in this
process was investigated. To our knowledge, this is the
first study demonstrating the antinociceptive potentials
of the biosynthesized AuNPs using cumin seeds
aqueous extract in the formalin model of pain. We
found that the cumin-AuNPs exerted promising acute
antinociceptive effects in the formalin model of pain.
Meanwhile, our results indicated that biosynthesized
AuNPs using cumin extract attenuated formalin-
induced nociceptive behavior independent of IL-6
serum levels.
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In the acute phase of the experiment, the
administration of the cumin-AuNPs in doses of 200
and 500 mg alleviated the acute nociceptive behavior.
Simultaneously, the administration of the different
doses of cumin-AuNPs did not decrease IL-6 serum
levels. It has been shown that the C. cyminum plant
contains various phytochemicals such as y-terpinene,
a-pinene, linalool, and B-pinene, pinocarveol, cumin,
and carotol, with powerful antioxidant characteristics
and the ability to scavenge some free radicals. This
antioxidant activity may exert an anti-inflammatory
effect because of the mutual and important relationshi
between inflammation and oxidative stress®®"3®,
However, in our study, the nociceptive -effects
observed with cumin-AuNPs administration were
independent of IL-6 serum levels. It has been reported
that AuNPs synthesized by the extract of Panax
ginseng Meyer reduce the gene expression of
inflammatory mediators such as IL-6 and TNF-a and
subsequently decrease inflammation through inhibiting
the activation of nuclear factor-kB downstream in
macrophages®. AuNPs are characterized by non-toxic
and high absorption features, which are mainly
excreted in urine without any toxicity!”. Moreover,
phytochemicals in cumin are excellent coatings on
AuUNPs. By mixing cumin extract with sodium
tetrachloroauratefor, they biosynthesized AuNPs that
has nontoxic properties™. Taken together, the AUNPs
may be valuable to suppress the production of
proinflammatory mediators or activity in an animal
model of inflammatory pain. In our study, it seems that
the observed antinociceptive feature of AUNPs is
carried out through other pathways independent of IL-6

Slow (um)

Fast (um)

Fig. 5. Characterization of AuUNPs shown by AFM. The size
of AuNPs in the sample (cumin-AuNPs 500 mg/ml) was about
40 nm. Microscope imaging speed is indicated as slow and fast
in the Figure.
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Fig. 6. Effect of different concentrations of cumin aqueous extract (E200, E500, and E1000) and cumin-AuNPs (GN + E200, GN +
E500, GN + E1000) on acute and chronic nociceptive behavior. (n=3 and "P <0.05)

serum levels, which may involve altering serum levels
of other cytokines and chemokines, scavenging the
reactive  oxygen species radicals, decreasing
lipopolysaccharide induced cytokine production, and
modulating mitogen-activated protein kinase and
phosphatidy! inositol 3-kinase pathways*!.

In parallel with our study, a study on male Albino
mice with acute and chronic inflammation induced by
formalin indicated that cumin agqueous extract in doses
of 200, 500, and 1000 mg/ml modulates acute and
chronic pain*2. Since the analgesic effect of cumin-
AUNPs in a dose of 500 mg/ml was greater than the
sodium salicylate, and because the administration of

180 —
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the cumin extract did not have any significant effect on
the acute nociceptive response, it likely seems that the
AUNPs boost the acute antinociceptive effect of cumin
compared to the sodium salicylate. AuNPs may
improve drug delivery via regulating the cell
membrane penetration by surface ligand arrangement.
Therefore, changes in the structure of the
cell membrane could be a possible cause for
increased  cytoplasmic  leakage in  treatment
with  cumin-AuNPs®**1 This  mechanism
may explain the probable positive impact of
cumin-AuNPs administration on the improvement of
the acute antinociceptive feature. Similarly, a green

ST

h Y
& & & &
00 Aer

Fig. 7. Comparison of the effect of different concentrations of cumin aqueous extract (E200, E500, and E1000) and cumin-AuNPs
(GN + E200, GN + E500, GN + E1000) administration on IL-6 serum levels during formalin-induced pain. (n=3, P=0.054).
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nanotechnology investigation focused on the
production of resveratrol-conjugated AuNPs indicated
evidence of apoptotic events in human breast,
pancreatic, and prostate cancer cell lines. It is
necessary to explain that resveratrol, like many other
plant-based phytochemicals in medicine, suffers from
poor bioavailability once administered in vivo. This
limitation is likely due to its susceptibility to rapid
enzymatic degradation by the innate immune system
of the body before it can exert its therapeutic
influencel*. Also, cumin may be codelivered using the
AUNPs delivery device. Therefore, codelivery of
AUNPs with cumin may have been various potential
advantages, e.g. synergistic effects, suppressed drug
resistance, and the ability to tune the relative dosage of
cumin to the level of a single AuNPs carrier.
Furthermore, the NPs carrying aptamers are able to
target the delivery and uptake of their cargos to a
subset of cells while simultaneously acting as fast
releasing carriers for hydrophilic intercalating drugs®”.

It can be postulated that in our study the AuNPs may
improve the possible acute antinociceptive effect of
cumin via a targeted delivery or codelivery of cumin
extract. However, we did not examine the possible
synergistic effect against the formalin pain because we
did not give cumin-AuNPs and cumin extract or
cumin-AuNPs and SS300 to the animals at the same
time. To elucidate the mechanism of this synergistic
nociceptive effect, elaborate experiments will be
required. In general, the approach of using a
combination of analgesics and AuNPs seems to be one
of the best strategies for pain control and, therefore,
therapeutic management in pain control. To our
knowledge, there are no studies to evaluate the
synergistic effects of AuNPs synthesized from cumin
extract and analgesics. To accurately determine the
effect of cumin-AuNPs on nociceptive behavior, we
investigated the antinociceptive effects of different
concentrations of cumin extract and the cumin-AuNPs.
The results showed that in the early acute phase of
formalin-induced nociception, the cumin-AuNPs in a
dose of 500 mg reduced acute nociceptive behavior
compared to the cumin-AuNPs in a dose of 1000 mg
independent of I1L-6 serum levels. This result revealed
that in the early acute phase, the antinociceptive effect
of different concentrations of the cumin-AuNPs does
not follow a dose-dependent pattern. Previous studies
have confirmed a complex of pro- and anti-
inflammatory mediators involved in the
pathophysiology of inflammation, leading to pain. It
has also shown that various chemical agents in the
plant extracts can affect the production and activity of
different inflammatory mediators, including cytokines.
Hence, they have different inhibitory and stimulating
effects depending on many factors like their dosage or
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the method of extraction®®. It has formerly
demonstrated that varied doses of plant extracts may
exert different influences on the inflammatory
system[32'49*5°].

The administration of different doses of cumin
aqueous extract and the cumin-AuNPs showed no
significant chronic antinociceptive effect. A study
proved that the cumin seeds aqueous extract had
predominant acute anti-inflammatory activity, while
the ethanol extracts of cumin seeds demonstrated
primarily analgesic activity in the chronic phase of
inflammation. This finding indicates that the analgesic
action of the cumin extract in the chronic phase of
inflammation might be due to the potentiation of
opioid-like effect and reduction in the production and
release of nitric oxide®. Also, in an experimental
study, the essential oil of cumin revealed a significant
and dose-dependent analgesic impact on the chronic
but not acute model of inflammatory pain. The
essential oil was devoid of anti-inflammatory
activity®?. The results of these studies indicate that
different medicinal formulations of cumin may have
variable effects on the acute and chronic phases of
inflammation and pain®®*2. It has also been described
that there is a strong possibility that the inhibition of
the COX enzyme by cumin may be the reason for its
analgesic activities in the chronic phase of acetic acid-
induced writhing test in Swiss Albino mice®.

Similar to the the study mentioned above, the
NSAIDs (SS) administration in the present study
significantly reduced the chronic inflammation
compared to the cumin extract in the doses of 200 and
500 mg and the cumin-AuNPs in a dose of 500 mg.
This evidence suggests that the chronic phase is
sensitive to NSAIDs®.  Following experimental
studies, the late phase of the formalin test may depend
on the combination of a nociceptive response in the
peripheral tissue and functional changes in the dorsal
horn of the spinal cord®. It seems that the acute
analgesic effects of cumin-AuNPs are due to their
effect on the inflammatory reactions of the paw tissue
(local effect). Experimental studies conducted in the
1990s had indicated that serotonin, histamine,
prostaglandins, and excitatory amino acids contribute
to the late phase of formalin-induced inflammation®*
571, Therefore, it is speculated that there is a possible
interaction between the active constituents of cumin
extract and mediators involved in peripheral
inflammation. To support this hypothesis, Srivastaval®
has reported that the ether extract of cumin inhibits
eicosanoid synthesis along with an increase in the
formation of lipoxygenase-derived products. Moreover,
it has been described that myrcene, as one of the
constituents of cumin essential oil, possesses a
peripheral analgesic effect on the hyperalgesia induced
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by prostaglandins in the rat paw test. Thus, it can
contribute to the analgesic effect of cumin. One of the
limitations of the present study was the short duration
of the study (one hour), which seemed insufficient for a
comprehensive study of the effectiveness of the cumin
extract and its biosynthesized AuUNPs on chronic
inflammation and nociception. Also, in this study, we
did not apply the dynamic light scattering and the
electrophoretic  light  scattering  techniques to
investigate the size and zeta potential of AUNPs,
respectively, as well as the SEM and transmission
electron microscopy to determine the morphology of
AUNPs. Moreover, the identification of synthesized
AuUNPs should be confirmed by the X-ray diffraction
test. Applying these techniques should be considered in
future studies.

Our results suggested that the optimum temperature
and reaction time for the biosynthesis of AuUNPs using
cumin seeds aqueous extract were 45 °C and 3 minutes,
respectively. Moreover, the biosynthesized AuNPs has
significant antinociceptive activities in acute pain. Our
findings support the potential therapeutic application of
AUNPs for acute nociception. Given the little toxicity
of cumin and anti-nociceptive mechanism of the
AUNPs, the results of the present study can be
applicable for cumin-based drug designing and
targeting as well as in the food industry and also offer a
probable solution for the prevention or treatment of
acute inflammatory pain with minimal side-effects.
However, broad-spectrum studies on specific cellular
and molecular mechanisms of action, as well as
controlled clinical trials to prove its efficacy in
humans, are required to further assess the application
of cumin and its biosynthesized gold nanoparticles as
an anti-nociceptive agent.
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