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ABSTRACT

The Papaver rhoeas L. (P. rhoeas) plant, which belongs to the Papaveraceae family, is also used as food and
is exploited to treat several health problems. The purpose of this research is to determine the anti-
struvite, anti-inflammatory, analgesic, and antidepressant effects of the stem extract (SE) and flower
extract (FE) of the plant P. rhoeas. We used polarizing microscopy and Fourier transform infrared spec-
trometry (FT-IR) to evaluate the anti-struvite effect of our plant. The edema approach induced by the car-
rageenan molecule was used to study the anti-inflammatory impact of our extracts. The analgesic test
was determined by calculating the number of abdominal contractions induced by the intraperitoneal
(IP) administration of acetic acid. To evaluate the antidepressant effect of our extracts, we used the forced
swimming test (FST). According to the results of the secondary metabolite extraction, both extracts con-
tained high contents of secondary metabolites, while the results of the screening test showed that flavo-
noids, alkaloids, phenols, tannins, coumarins, saponins, and terpenoids were present. The result of
struvite crystallization inhibition observed by polarizing microscopy and FT-IR shows the inhibition of
struvite crystal aggregation by SE by decreasing the amount and size of crystals in a manner similar to
cystone. The results of anti-inflammatory activity show maximum inhibition of edema after six hours
of carrageenan injection in rats (Tg) for all extracts, with a maximum value of 86.36% for SE at the dose
of 200 mg/kg. Regarding the analgesic effect of our plant, the lowest number of abdominal contractions
was observed in rats treated with SE at a dose of 400 mg/kg. The FST results show that the lowest immo-
bilization time was observed in rats treated with FE at a dose of 400 mg/kg. The results obtained show
that the flowers and stems of P. rhoeas can constitute a rich source of bioactive molecules with potential
pharmaceutical applications.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Morocco is distinguished by a remarkable variety and abun-
dance of medicinal herbs, and it has a long history of using plants
for both aesthetic and therapeutic reasons (E. El-Assri et al., 2021;
Taleb, 2017; Tlemcani et al., 2023). A number of infectious, cardio-
vascular, inflammatory, neurological, and malignant disorders,
among others, can be prevented or treated with medicinal plants
thanks to their therapeutic benefits. They are also used in the phar-
maceutical sector. Alternative medicine is used for various consid-
erations, such as the socio-cultural habits of the populations, the
high costs of conventional medicine, and the necessity to find
alternatives to conventional plant-based drugs for the treatment
of different pathologies (Chahmi et al.,, 2015). Most medicinal
plants are found in food and vegetable plants. Ethnobotany is the
branch of botany that studies, documents, and explains the ances-
tral uses of plants in various societies. By studying every plant cell,
researchers in this discipline can find plant species that could be a
reserve or source for future drugs. (Bendaoud et al., 2023, 2022; El
Khomsi et al., 2022; E.-M. El-Assri et al.,, 2021; Hmamou et al.,
2023, 2022, 2022; Khomsi et al., 2022; “Plante médicinale,” n.d.).

Struvite, also known as Magnesium Ammonium Phosphate
Hexahydrate (MgNH4PO46H,0), has been the focus of attention
in the last decade for several reasons. Indeed, it crystallizes rapidly
in some areas, which causes the clogging of the pipes in the sys-
tem. It is also the most important representative of infectious uri-
nary lithiasis, which can account for 30% of all urinary lithiasis
(Sidorczuk et al., 2020). Urease-producing bacteria, especially spe-
cies of the genus Proteus, are responsible for this infection (Bichler
et al., 2002). They can develop rapidly in a matter of weeks or
months and, if not treated properly, can expand to fill the entire
intrarenal system. The probability of losing a kidney is 50% in
patients with infectious stones who do not undergo treatment
(McLean et al., 1988). It is well known that urinary tract infections
are linked to inflammation, which is one of the consequences of
many different diseases. The inflammatory syndromes are very fre-
quently encountered in everyday practice. Furthermore, the
inflammatory reaction can be linked to a wide range of pathogenic
phenomena, including thromboembolic diseases, systemic dis-
eases, infections, and cancers (Coussens and Werb, 2002;
Dandona et al., 2004; Karin et al., 2006). Thus, although it is essen-
tial for the survival of the attacked organism, inflammation is no
less dangerous. The treatments used, non-steroidal and steroidal
anti-inflammatories, are risky but remain the best-selling drugs
(Sene et al., 2016). Depression is a frequent comorbidity of some
chronic inflammatory diseases, and some therapies targeting pro-
inflammatory cytokines may induce symptoms of depression
(Djamila and Emmanuel, 2015). Depression is a varied and difficult
psychological disorder. It is due to a disruption of monoamine neu-
rotransmitters in the noradrenergic, dopaminergic, and/or seroton-
ergic nervous systems. Several treatments are available, but their
inconvenience discourages people to use them. (Griffin et al.,
2013) (Elhwuegi, 2004). Herbal medications have recently shown
real promise as a safe alternative therapy for a number of disorders
and may eventually be effective in treating depression and anxiety
without side effects(Es-Safi et al., 2020).

The P. rhoeas plant, belonging to the Papaveraceous family, is
also used as food and is exploited to treat inflammation, respira-
tory problems, diarrhea, cough, insomnia, asthma, and discomfort.
(Coban et al., 2017; El and Karakaya, 2004; Kalav and Sariyar, 1989;
Selen Isbilir and Sagiroglu, 2012) The extracts of P. rhoeas have
many pharmacological actions, including antioxidant, antimuta-
genic, cytoprotective, antibacterial, analgesic, and antiulcerogenic
properties (Coban et al, 2017; Girbiiz et al., 2003; Hasplova
et al, 2011; Katarzyna et al, 2021; Osanloo et al, 2016;
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Pourmotabbed et al., 2004; Todorova et al., 2015), have also been
established in recent investigations. Within this framework, the
present work aims at the chemical characterization and determi-
nation of the anti-struvite, anti-inflammatory, analgesic, antide-
pressant properties of the P. rhoeas stem and flowers extracts.

2. Material and methods
2.1. Plant material

The P. rhoeas plants were freshly collected in April 2021 in the
province of Taounate (34° 32’ 09" N, 4° 38’ 24" W), Morocco. They
were identified by the botanist Eloutassi Nouredinne, professor at
the Regional Center for Education and Training in Fez, accredited
by the French Association for Plant Protection, and given the num-
ber P01/07001. It was then deposited in the herbarium of our lab-
oratory. The two organs (stems and flowers) of P. rhoeas were dried
in our laboratory at room temperature for one month, protected
from light and humidity.

2.2. Preparation of extracts

We obtained the hydroethanol extracts of P. rhoeas stems and
flowers by maceration. For this purpose, 20 g of dried powder (pre-
pared in an electric mill (KRUPS; GX332850)) were macerated in a
flask with 0.2L of ethanol-water 70 % (v/v) for 48 h in the labora-
tory at room temperature. Subsequently, this product has been fil-
tered through the Whatman paper, and the removal of solvents is
done with a rotary evaporator type (BUCHI; R-100 Rotavapor®;
New Castle, DE, USA). The final product was stored at four °C until
use.

2.3. Extraction of flavonoids

Ten g of each plant part were macerated in 200 mL of alcohol for
24 h. The alcoholic product was filtered and dried. The dry product
obtained was washed using distilled water and ethyl acetate 50%
(v/v).After stirring and decanting, the organic phase was recovered
and evaporated, and the aqueous phase was washed with n-
butanol. The butanol phase was then evaporated at 60 °C after stir-
ring (Sharma and Janmeda, 2017).

2.4. Extraction of tannins

2.5 g of each organ of our plant powder was macerated for 72 h
at room temperature in distilled water and 50 mL of acetone 80%
(v/v). To remove pigments and lipids, the aqueous phase was
washed with dichloromethane. An extraction of the aqueous phase
was performed with ethyl acetate; this operation was performed
after the separation of the organic phase. The latter was then evap-
orated to a dryness of 40 °C (Zhang et al., 2008).

2.5. Extraction of saponosides

After two hours of reflux with 75 mL of pure hexane, five g of
powder from each portion of the plant were created. The precipi-
tated product was macerated in 25 mL of ethanol for 24 h. The
ethanolic phase was evaporated at 60 °C at the time of filtration.
Using 50 mL of petroleum ether/water 50% (v/v), the dry residue
was recovered after 30 min of heating in a water bath at 50 °C.
Finally, n-butanol was used to remove the components of the
aqueous phase for 30 min. After decantation, the resulting product
was then purified by evaporation (Ballesteros et al., 2013).
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2.6. Extraction of alkaloids

Using the Soxhlet equipment, 150 mL of 100% ethanol was used
to extract 10 g of stem and flower (powder) over the course of five
hourss. At 60 °C, this ethanol extract was dried out. A 20 mL and a
10 mL amount of chloroform were used to absorb the dry portion
of the residue. The dry residue was dissolved in 20 mL of chloro-
form and then acidified with hydrochloric acid (HCL) (5%, pH 3).
After half an hours at ambient temperature, the acidic aqueous
phase was extracted with 20 mL of chloroform that had been
basified with NaHCOs (5%) at pH 9. At a temperature of 40 °C, this
chloroform phase evaporated (Yubin et al., 2014).

2.7. Phytochemical screening

The phytochemical analyses allow us to highlight the presence
of groups of chemical classes in the given extract. Alkaloids were
characterized by Wagner, Dragendorff, and Mayer reagents. The
ferric chloride (FeCl3) reaction was used to characterize the
polyphenols. Flavonoids were searched by the cyanidin reaction.
The tannins were analyzed using Stiasny’s reagent. The frothing
test was used to characterize the saponosides. The Salkowski test
was used to characterize terpenoids. Finally, the coumarins are
identified by looking at their UV fluorescence at a wavelength of
366 nm. (The presence of coumarins is shown by a bright fluores-
cence in the tube where ammonia has been introduced) (Hajjaj,
2018; Hama Hamadou et al., 2018; Rahman et al., 2022).

2.8. Anti-struvite activity

2.8.1. In vitro struvite crystallization model

The in vitro crystallization protocol we used is identical to that
previously described by Kaloustian et al.(Kaloustian et al., 2003)
with some minor modifications. Solution 1 is 0.1 M potassium
dihydrogen phosphate (KH,PO,4). Solution 2 consisted of ammo-
nium chloride (50 g), magnesium chloride (41 g), 20 mL of ammo-
nium hydroxide supplemented to 50 mL with bi-distilled water
and then diluted 10 times. One mL of solution 1 was distributed
to test tubes, and then 1 mL of SE, FE, and cystone with three con-
centrations: 2, 1, and 0.5 mg/ml were added. In place of the sample,
for the tubes of negative control, 1 mL of distilled water was added.
The tubes were incubated for about half an hours at 37 °C after the
addition of 1 mL of solution 2. Then the structure and amount of
ammonium magnesium phosphate crystals in each tube were
counted with a polarizing microscope (OLYMPUS U-SPT Japan
(x500)).

2.8.2. Characterization of struvite crystals

The FT-IR was used to characterize struvite crystals in the tubes
after SE, FE, and cystone treatment at the three concentrations (0.5,
1, and 2 mg/mL). Then, we dried the precipitate that formed before
examining it. To do this, 5% of the precipitate was diluted in 95%
Potassium bromide (KBr). Once the product was obtained, which
was in the form of a powder, it was transferred to a granule mold
with a diameter of 13 mm. Then, 1 mm thick translucent pellets
were formed and subjected to FT-IR analysis (Burker Optic GMBH,
Co.KG., Ettlingen, Germany). The investigation utilized a wide
wavelength range (4000 and 400 cm~!) (Mammate et al., 2023;
Zhang et al., 2015).

2.9. Pharmacological activities

2.9.1. Animals used

To evaluate the pharmacological activities of SE and FE, male
Wistar rats weighing 110-160 g were used. In a temperature-
controlled room with a 12/12 h dark/light cycle and 55 + 5%
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humidity, they were kept in cages with five rats per cage. All crite-
ria outlined in the report “Guide for the care and use of laboratory
animals” were met in this investigation (Oubihi et al., 2020). Food
and water were available to them. The Institutional Ethics Commit-
tee for the Care and Use of Laboratory Animals of the Faculty of
Sciences Dhar El Mehraz, Sidi Mohamed Ben Abdallah University
of Fez, Morocco, reviewed and approved the present study under
the ethical authorization number 07/2021/LIEME. The choice of
doses is based on previous studies; indeed, a study shows that
the median lethal dose (LDsg) of the aerial part P. rhoeas aqueous
extract is greater than 2000 mg/kg (Hajjaj, 2018). Moreover, the
LDsq of the P. rhoeas petal aqueous, and hydroethanolic extracts
is 4000 mg/kg (Rachid Soulimani et al., 2001). For this reason,
the doses chosen in this work to evaluate the pharmacological
activities were between 150 and 400 mg/kg.

2.9.2. Anti-inflammatory effect

The carrageenan molecule-induced edema technique is applied
to investigate the anti-inflammatory action. (Hindawi, n.d.; Winter
et al., 1962). This test’s Wistar rats were separated into six groups
(n=5). Groups 2, 3, 4, and 5 were given both SE and FE at dosages
of 200 and 400 mg/kg respectively, whereas group 1 simply
received normal saline (0.9% NaCl) (the control). Group six, used
as a standard, received a diclofenac (15 mg/kg). Plethysmometer
measurements were made of the rats’ paw volumes right before
the carrageenan injection (Vy), as well as 3 h (T3), 4 h (T4), 5 h
(Ts), and 6 h (Tg), afterwards (V;). The percentage of edema inhibi-
tion (EI) induced by carrageenan injection was calculated by the
following equation (Saénz et al., 1998):

%EI = (((Vt — V0O)Control — (Vt — VO)Treated))/(Vt — V0)Control))
x 100

The volumes before and after carrageenan administration are
denoted by the letters V, and Vy, respectively.

2.9.3. Analgesic activity

The determination of analgesic activity was performed by cal-
culating the number of abdominal contractions caused by
intraperitoneal (IP) administration of acetic acid (0.7%). Wistar rats
in this test were separated into six groups (n = 5). Groups 2, 3, 4,
and 5 received both SE and FE at doses of 200 and 400 mg/kg,
respectively, whereas group 1 simply received normal saline
(0.9% NaCl) (the control). Group 6, used as a standard, received
aspirin (200 mg/kg). After 1.5 h, all rats received 10 mg/mL acetic
acid diluted to 0.7% by IP 1.5. After 5 min (lag time), the number of
abdominal contractions for each treated rat was counted for the
next half hours (Konaté et al., 2012).

2.9.4. Antidepressant activity

To study the antidepressant action of our P. rhoeas extracts in
rats, the FST protocol was carried out according to the method
described by (Cryan et al., 2005; Rodriguez-Landa et al., 2018). A
clear glass aquarium (50 x 30 x 60 cm) containing water with a
depth of 25 cm (25 + 1 °C) was used as the experimental swimming
apparatus. Six groups of five rats each were created using rats.
Group 1 was treated with a placebo (normal saline), while group
2 took the usual drug (diazepam, 5 mg/kg), and finally, groups
three, four, five, and six received our test extracts SE and FE (150
and 300 mg/kg, respectively). Each rat was placed in the tank for
six minutes after thirty minutes, where the initial two minutes
were the initial adaptation time and the final four minutes were
the immobility period.
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Fig. 1. Percentage of secondary metabolite classes found in SE and FE of P. rhoeas. Results are expressed as a mean + SD; a: indicate that no difference between the two studied
parts ((SE): Stem extract; (FE): Flower extract), for each secondary metabolite classes, using Student’s t-test at p < 0.05.

2.10. Treatment of the results by statistical tests

A comparison of means was performed using Student’s t-test
and ANOVA one way followed by Tukey post hoc test at p < 0.5,
and the criteria for normality were checked. The results were
expressed as means * standard deviation. Minitab 19 statistical
software was used to perform all analyses (version 19.1.).

3. Results
3.1. Flavonoids, tannins, saponosides, and alkaloids extraction

The results of the chemical characterization of our samples are
presented in Fig. 1. The content of all classes of secondary
metabolites in the FE is higher than that found in the SE. The most
abundant secondary metabolites in FE and SE are alkaloids
12.41 £ 0.64 and 13.20%+0.91, followed by flavonoids 6.43 + 0.58
and 7.62%%0.88, respectively.

3.2. Phytochemical screening

Phytochemical screening tests show that the stems and flowers
of P. rhoeas are very rich in phenols, coumarins, tannins, ter-
penoids, flavonoids, saponins, alkaloids. The Table 1 represents
the results obtained.

3.3. Anti-struvite effect
3.3.1. Microscope observation

The struvite anti-crystallization activity of SE and FE was eval-
uated by microscopic observation. The struvite crystals micro-

Table 1
Qualitative phytochemical analysis of stems and flowers of P. rhoeas.
Stems Flowers
Alkaloids
Dragendroff's reagent e+ ++
Mayer ++ ++
Phenols ++ +++
Flavonoids ++ ++
Tannins ++ ++
Saponins ++ ++
Coumarins + ++
Terpenoids ++ ++

+: Low concentration; ++: Medium concentration; +++: High concentration.

scopic crystallization is expressed in mm?>. The Fig. 2 shows the
activity of the studied extracts on struvite crystal size and number.
Microscopic observation of the negative control (WI) showed that
the size and number of crystals were greater than those of the tests
performed with our two samples, SE and FE. Struvite crystals were
reduced in number and size more strongly in the presence of SE
than in the presence of FE. Cystone shows an anti-struvite effect
similar to that of SE. The difference in the anti-struvite effect
between the three concentrations of the same sample is not
significant.

3.3.2. Characterization of crystals

The characterization of the struvite crystal structure was done
by FT-IR. The Fig. 3 represents the FT-IR spectra of the negative
control (WI), SE, FE, and cystone at three concentrations (0.5, 1,
and 2 mg/mL). The domains of the spectra with characteristic stru-
vite bands are shown: Mg-0, PO, 3, NH, *, H,0, and O(6)-H(16).

3.4. Pharmacological activities

3.4.1. Anti-inflammatory effect

Tables 2 and 3 display the findings of the anti-inflammatory
activity of our SE and FE samples. Compared with the control
group, the volume of edema induced by carrageenan injection in
rats treated with our extracts and diclofenac was significantly
reduced (Table 2). The difference in edema volume between our
samples and the control is significant (p < 0.05), whereas the differ-
ence between our samples and diclofenac is not significant
(p greater than 0.05). The maximum percentage inhibition of
carrageenan-induced edema was observed after six hours of injec-
tion for both extracts. The maximum inhibition of carrageenan-
induced edema of P. rhoeas SE and FE with 200 and 400 mg/kg
doses was 86.36 = 1.28, 72.72 + 5.14, 77.27643, and
63.63%+7.71, respectively, whereas that of diclofenac was
98.18%%2.57 in Tg (Table 3). This inhibition of all extracts and
diclofenac increases by moving from T3 to Ts. The difference in per-
cent inhibition of carrageenan-induced edema in all samples was
significant compared with the control (p greater than 0.05).

3.4.2. Analgesic activity

The Fig. 4 depicts the analgesic activity results obtained. The
results obtained show that the number of abdominal contractions
in rats receiving SE and FE at 200 mg/kg and 400 mg/kg are
21.5+2.29,14.33 £1.52,32.5 +3.12, and 21.66 * 2.08, respectively.
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Fig. 2. Microscopic observation (500 x ) of struvite crystals after 30 min incubation at 30 °C, with (WI): Without inhibitor; (SE): Stem extract; (FE): Flower extract.

The number of abdominal contractions in aspirin-treated rats is
10.33 + 0.57. The difference in these results is statistically signifi-
cant compared with the negative control 39.33 + 1.52.

3.4.3. Antidepressant activity

In Fig. 5, the results of the forced swim test are illustrated. The
immobility time in rats treated with SE and FE at 150 and 300 mg/
kg is 133.26 £ 14.39, 119.49 £ 9.20, 62.91 + 8.86, and 47.19 s + 2.67
respectively, whereas it is 198 + 2.82 and 41.25 s *+ 2.44, respec-
tively, in the negative control and diazepam (positive control)-
treated rats.

4. Discussion

According to ethnobotanical studies that we have done in the
region of Fez-Meknes, Morocco, P. rhoeas is used to relieve pain
and depression. It is also used to treat urinary lithiasis and other
health problems among the local population (E. El-Assri et al.,
2021; Tlemcani et al., 2023). The antistruvite activity was evalu-
ated in vitro, and the anti-inflammatory, analgesic, and antidepres-
sant activities were examined in rats using several tests to confirm
their properties.

It is demonstrated that P. rhoeas has primary and secondary
metabolites, including vitamins, fatty acids, amino acids, carbohy-
drates, essential oils, phenolic compounds, alkaloids, coumarins,
organic acids, flavonoids, and other compounds, hence its use in
food and traditional pharmacopoeia (Grauso et al., 2021a). The
extracts used in this work are the same extracts we used in our
study published in 2022 (Hmamou et al., 2022), in which we quan-
tified the content of total polyphenols and flavonoids. Total
polyphenols in SE, and FE are 10.58 and 22.10 mg gallic acid equiv-
alents (GAE)/g extract, respectively, while flavonoids are 4.49 and
4.50 mg quercetin equivalents (QE)/g extract, respectively. In the
Papaveraceae family, the most abundant metabolites detected
are alkaloids. (+)-rhoeadine was found to be the most abundant
alkaloid isolated from the aerial parts of P. rhoeas. The minor

alkaloids are (+)-roemerine, (+)-isocorydine, allocryptopine, (+)-
berberine, rhoeagenine, coulteropine, coptisine, (-)-sinactine, san-
guinarine, and protopine (Grauso et al., 2021b). In terms of phar-
macology, these alkaloids, especially those of the isoquinoline
type, are the most important (Bournine et al., 2013; Nepali et al.,
2014). In 2004, a study showed that P. rhoeas extracts contained
the flavonoid glycosides, astragalin, isoquercitrin, and hyperoside
(Hillenbrand et al., 2004) as well as flavonoids kaempferols, hypo-
letin, luteolin, and quercetin,. On the other hand, another study
found that extracts of the same plant contained rutin, vitexin, cou-
marin, luteolinidin, and malvidin (Rachid Soulimani et al., 2001).

Infection lithiasis is a very old disease. The oldest known stru-
vite stone dates back to the Bronze Age. Infection lithiasis is most
often related to urease bacteria, which are responsible for the for-
mation of stones composed of ammonia-magnesium phosphate or
struvite. More rarely, other germs lacking urease can promote the
formation of phosphocalcic and uric acid stones (Masson, n.d.).
More than 200 species of bacteria have urease activity (McLean
et al., 1988) and use urea as a source of nitrogen. The Proteus genre
is the main culprit in stone infection (Griffith, 1978). Crystal aggre-
gation is a crucial step in the formation and progression of urinary
stones (Kok and Khan, 1994). Prevention of kidney stone formation
relies primarily on inhibition of crystal growth and aggregation.
Results of anti-struvite activity suggest that the P. rhoeas plant
contains active substances effective in inhibiting struvite crystal
formation and aggregation. Previous research has identified
comparable structural alterations in struvite crystals (Cahil et al.,
2007; Manzoor et al., 2018; Raj CT et al., 2023; Sidorczuk et al.,
2020). In addition, we observe a minor difference in band intensity
as a function of concentration in our samples and cystone, which
can be explained by the interaction between substances in the
extracts and struvite.

Comparing our results of anti-inflammatory activity with
those of other studies, aqueous extracts of P. rhoeas aerial parts
at doses of 400 and 800 mg/kg showed a maximum percentage
of edema inhibition of 87.47 and 87.49%, respectively (Hajjaj,
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Fig. 3. FT-IR spectra of struvite crystals after treatment with SE, FE and cystone after 30 min incubation at 30 °C.

2018). The model of local inflammation induced by subcutaneous
injection of carrageenan is a widely used model in research on
anti-inflammatory substances. This injection causes local inflam-

mation, which appears as edema. After injection, carrageenan trig-
gers a biphasic reaction during edema formation(Vinegar et al.,
1969). The first stage is characterized by the release of serotonin,
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Table 2
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The effect of SE, FE, Diclofenac, and control on carrageenan-induced edema in rats. The data represent the difference in mean edema volume (mean  SEM), (n = 5), * > ¢ and >©
indicate the significant difference between the samples at p < 0.05 using ANOVA one way and Tuckey test.

Ts Ta Ts Te
Control 0.60 + 00? 0.70 £ 0.14% 0.60 * 0.14 0.55 + 0.07%
SE (200 mg/kg) 0.50 + 00° 0.22 * 0.03° 0.17 £ 0.03° 0.07 £ 0.007°
FE (200 mg/kg) 0.42 +0.03" 0.22 + 0.03" 0.13 + 0.02° 0.12 + 0.03"
SE (400 mg/kg) 0.42 + 0.03° 0.36 + 0.01° 0.25 + 0.02° 0.15 + 0.02"°
FE (400 mg/kg) 0.50 + 00° 0.37 £ 0.03° 0.30 £ 0.04° 0.2 +0.04°
Diclofenac (15 mg/kg) 0.20 + 0.02¢ 0.20 * 0.02° 0.06 + 0.01° 0.01 £ 0.01°

Table 3

Percentage inhibition of carrageenan-induced edema in SE, and FE, and diclofenac-treated rats; (mean * SEM), (n = 5); * ® © 2% and ¢ indicate the significant difference between

the studied samples at p < 0.05 using ANOVA one way and Tuckey test.

Ts Ty Ts Te
SE (200 mg/kg) 16.66 + 00° 67.85 * 5.05° 70.83 + 5.89%" 86.36 + 1.28%
FE (200 mg/kg) 29.16 + 5.89" 67.85 + 5.05% 77.50 + 3.54%° 77.27 + 6.43"
SE (400 mg/kg) 29.16 + 5.89° 48.57 + 02.02° 58.33 + 471" 72.72 + 5.14"¢
FE (400 mg/kg) 16.66 + 00° 46.42 + 5.05" 50 + 7.07¢ 63.63 + 7.71°
Diclofenac (15 mg/kg) 66.66 + 4.712 70.71 + 03.03? 90 * 2.36° 98.18 + 2.57%
50—

Number of abdonimal contractions

Fig. 4. Effect of P. rhoeas SE and FE on the response of rats to acetic acid-induced
abdominal contractions (n = 5), a, b, ¢ and d—values with a significant difference
using Student’s t-test at p < 0.05. SE-200: stem extract (200 mg/kg); FE-200: flower
extract (200 mg/kg); SE-400: stem extract (400 mg/kg); FE-400: flower extract
(400 mg/kg); Aspirin-200: Aspirin (200 mg/kg).

kinins, and histamine during the first hour. In contrast, the second
stage is characterized by the secretion of prostaglandins in the next
2-3 h, which are the main molecules responsible for acute inflam-
mation (Ricciotti and FitzGerald, 2011). Lipoxygenase indirectly
triggers an inflammatory response, whereas the enzyme cyclooxy-
genase directly contributes to inflammation through prostaglandin
synthesis (Islam et al., 2020; Pidgeon et al., 2007). The abundance
of polyphenolic components in SE and FE could be the cause of
their inhibitory action on cyclooxygenase enzymes. Prostaglandins
that promote inflammation are not produced in the presence of
polyphenols(Chy et al., 2020). Tannins, saponins, and flavonoids
also have an anti-inflammatory impact (Choi et al, 2005;
Mostafa et al.,, 2018; Pérez-Guerrero et al., 2001; Vezza et al,,
2016).

Diazepam-15

FE-300

0 50 100 150 200 250

Immobility time (second)

Fig. 5. Impact of SE, FE, and diazepam on immobility time in rats (n=5),a,b and c—
values with a significant difference, using Student’s t-test at p < 0.05. SE-150: stem
extract (200 mg/kg); FE-150: flower extract (150 mg/kg); SE-300: stem extract
(300 mg/kg); FE-300: flower extract (300 mg/kg); Diazepam-15: Diazepam (15 mg/
kg).

Comparing our results of analgesic activity with those of the
other studies, the number of abdominal contractions in rats treated
with aqueous extracts of P. rhoeas aerial parts at 200 mg/kg and
400 mg/kg is 20.25 * 3.21, and 12.25 * 2.40, respectively (Hajjaj,
2018). The results indicate a dose-dependent increase in the
peripheral analgesic efficacy of our extracts. An increase in the con-
tent of molecules that have an analgesic action at the maximum
dose (400 mg/kg) can explain the increase in this analgesic activity
by increasing the doses of extracts. Reduction of peripheral noci-
ceptor sensitivity in peritoneal free nerve endings for chemically
produced pain and regulation of the production and secretion of
many endogenous inflammation-causing molecules may be the
potential mechanisms by which both extracts induce peripheral
analgesia. These suggested pathways are consistent with the idea
that any substance that reduces the magnitude of muscle twitching
provides analgesia by preventing the production and secretion of
prostaglandins and the spread of peripheral pain (Debebe et al.,
2007; Tadiwos et al., 2017).
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These results of the present research indicate that oral adminis-
tration of SE and FE decreases depression in rats, which may sug-
gest that the studied extracts of P. rhoeas enhance at least one of
the neuromediators related to depression, such as dopamine, sero-
tonin, or norepinephrine (IM.D and Alford, 2009). The benefits of P.
rhoeas extracts have been extensively studied, and the current
study also found that extracts of this plant possess potent antide-
pressant properties. Previous research has demonstrated profound
effects of P. rhoeas extracts on a variety of animal models(R.
Soulimani et al., 2001) (Pourmotabbed et al., 2004; Sahraei et al.,
2007, 2006). However, recent research has shown the ability of P.
rhoeas to reduce stress in male rats. In addition, this extract of P.
rhoeas improves memory and prevents stress-related memory loss
in mice (Osanloo et al., 2016). Most research on P. rhoeas indicates
that its extracts include papaveric acid, papaverine, and muconic
acid, three of the most potent substances for affecting brain neuro-
transmitters. The effects of P. rhoeas extracts on glutamate have
also been demonstrated in previous research(Saeed-Abadi et al.,
2012). Since glutamate inhibition is now recognized as one of the
most effective solutions for treating depression, it would seem that
this mechanism is at least largely responsible for the action of this
extract.

Many non-steroidal anti-inflammatory drugs (NSAIDs) also
have anti-inflammatory, analgesic, and antidepressant properties,
as they generally inhibit the cyclooxygenase enzyme responsible
for prostaglandin production (Fond, 2016; Fond et al, 2014;
Hajjaj, 2018; Kohler et al.,, 2014). Our study suggests that SE and
FE cause anti-inflammatory and analgesic effects similar to those
of NSAIDs, which is consistent with the traditional use of the plant
by the Moroccan population.

5. Conclusion

The results of the present investigation indicate that extracts
from the P. rhoeas stem and flower cause remarkable inhibition
of struvite crystallization as well as anti-inflammatory, analgesic,
and antidepressant effects. Our results indicate that the P. rhoeas
stem and flower are a rich source of bioactive molecules that
may have potential pharmaceutical applications.
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