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HIGHLIGHTS

e Parsley (Petroselinum sativum) extracts are devoid of hepatotoxicity and
nephrotoxicity

e Parsley elicited estrogenic activity and evident anti-inflammatory property

e Parsley extracts increased uterine weight of treated female Wistar rats

e Parsley reduced serum and ovarian cholesterol level
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Ethnopharmacological relevance: since the dawn of time, medicinal and aromatic plants

(AMPs) represent a precious heritage for humanity, especially in developing countries, who

exploit their virtues in traditional pharmacopoeia to cope with health problems such as

diabetes, kidney stones, ulcer, and digestive disorders. Petroselinum sativum Hoffm. belongs

to family Apiaceae. It is traditionally used to treat arterial hypertension, diabetes, cardiac

disease, renal disease, and recently reported as a plant endowed a female fertilizing effect.

Aim of the study: This study aims to evaluate the in vivo effect of hydro-ethanolic extract

of Petroselinum sativum Hoffm. and polyphenols on cholesterol, protein and estrogen levels,

and characterize the chemical composition of polyphenolic fraction. In addition, acute

toxicity and anti-inflammatory activity of tested extract was also investigated.
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Materials and Methods: Chemical composition of polyphenolic fraction was determined
using High-Performance Liquid Chromatography with Diode-Array Detection (HPLC-
DAD). First, toxicological investigations including sub-acute toxicity were performed by
measuring animals’ weights daily for four weeks. Afterwards, histopathological examination
of livers and kidneys, and serum assay of ASAT, and ALAT were also checked. Next, the
acute in vivo anti-inflammatory study of the hydro-ethanolic extract of Petroselinum sativum
Hoffm. and polyphenols versus Indomethacin was conducted. Furthermore, we evaluated the
estrogenic effect of its hydro-ethanolic extract and the polyphenolic fraction following

biochemical assays for the determination of proteins, cholesterol and estrogen levels.

Results: The results revealed the presence of some phenolic compounds mainly Ferulic acid,
gallic acid and quercetin. Petroselinum sativum Hoffm. extracts also showed no evidence of
hepatotoxicity nor nephrotoxicity, with remarkable anti-inflammatory activity, as well as a

significant estrogenic effect compared to negative control.

Conclusion: This study provides a scope of the potential use of Petroselinum sativum Hoffm.

extracts in counteracting female infertility issues.

Key words: Petroselinum sativum Hoffm., Sub-acute toxicity, Histopathological
examination, Anti-inflammatory activity, Estrogenic effect.

Abbreviations: ASAT, Aspartate aminotransferase; ALAT, Alanine transaminase; ALP,
Alkaline phosphatase; CREA, Creatinine; HES, Hematoxylen-eosin-safran; PCT, Proximal
convoluted tubules; DCT, Distal convoluted tubules; HS, Hepatic sinusoid; CV, Central vein;

H, Hepatocytes; G, Glomerulus.
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1. Introduction

Aromatic and medicinal plants (AMPs) are therapeutic heritage having vital roles in
health care. They have been used by all civilization throughout history and their use is still
widespread worldwide, especially by African population (Rao et al., 2004). From aspirin to
taxol, the modern pharmaceutical industry itself relies heavily on the diversity of plant
secondary metabolites to discover new molecules with biological and pharmacological
properties (Sofowora, 1996; Balandrin et al., 1985). It has been reported by several studies
that for a long time, the inhabitants of all continents applied the poultice of native plants and
infusion. Nowadays, 80 % of the population in developing countries still use medicinal plants
for the treatment of various diseases (Nations, 1997), like female infertility (Ogbuewu et al.,
2011), one of the fundamental characteristics of living organisms and their ability to

reproduce and thus ensure continuity of live.

There are different types of infertility that are female infertility (35%), male (20%),
shaking of both (20%), and idiopathic or unexplained infertility (15%) (Evers, 2002; Guzick
etal., 1997). Endometriosis, ovulatory dysfunction and tubal injury represent the main causes

of female infertility.

Several studies have evaluated the effect of plants on female infertility. For instance,
the aqueous extract of coccinia cordifolia which showed a fertilizing effect (Jha et al., 2010),
the aqueous extract of senecio biafrea which improved the physiological and biochemical
parameters of fertility (Lienou et al., 2015), and the leaves of holarrhena floribunda which

was suggested as phytoestrogen that compresses itself as an agonist (Bayala et al., 2006).
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An ethnopharmacological survey was conducted in 2017 in Morocco among women
and herbalists to identify medicinal plants used in the treatment of female infertility. The
results showed that Petroselinum sativum Hoffm. was among the most cited plants (Slighoua
et al., 2019). Indeed, other studies in other countries revealed the traditional use of parsley in

the treatment of female infertility (Fata et al., 2019; Fongod et al., 2013; Nazik et al., 2015).

Petroselinum sativum Hoffm. commonly called “Parsley” in English and
“Maadnous” in Arabic, belongs to the family of Apiaceae. The synonyms of Petroselinum
sativum Hoffm. are Petroselinum.crispum (Mill) Fuss, Apium petroselinum L., Apium
crispum Mill, and Petroselinum hortense Hoffm.(Agyare et al., 2017). Parsley is originally
from Mediterranean region, but currently cultivated all over the world (Mahmood et al.,
2014). Petroselinum sativum Hoffm. have several beneficial activities mainly antioxidant,
analgesic and spasmolytic, antidiabetic, immunomodulating, and gastrointestinal effects
(Farzaei et al., 2013). These different virtues could be due to the main constituents of this
plant such as flavonoids (Apigenin, Apiin, Quercetin, Luteolin, Kaempferol), carotenoids,

vitamin and coumarin. (Chaves et al., 2011; Kreuzaler and Hahlbrock, 1973).

This study aims to evaluate the in vivo effect of hydro-ethanolic extract of
Petroselinum sativum Hoffm. and polyphenols on cholesterol, protein and estrogen levels,
and characterize the chemical composition of polyphenolic fraction. In addition, acute

toxicity and anti-inflammatory activity of tested extract was also investigated.

2. Materials and Methods

2.1. Harvesting method and botanical identification of studied plant
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The aerial part of Petroselinum sativum Hoffm. plant (Fig. 1) was harvested in spring
2018. before sunrise in the Taounate region. This region is situated in the North of Moroccan
country in the Rif Mountains, north-east of Fez. Determination of the botanical name of the
plant was done by Pr Bari Amina and the sample is available at the herbarium of the Faculty
of Sciences Dhar El Mahrez in Fez under a voucher number of 18TA5001. This was
confirmed on the Word Flora Online databasel!. Our plant corresponds indeed to

Petroselinum sativum Hoffm., whose synonym is Petroselinum crispum (Mill) Fuss.

2.2. Preparation of hydro-ethanolic extract

The preparation of plant extracts was made according to the method of Wafa et al.,
(2014) with some modifications. To prepare the hydro-ethanolic extract, 100g of the grind
was macerated with 1L of EtOH 99% - distilled water (70-30, v/v) for 48 hours at room
temperature. The Macerate was then filtered through Whathman paper and evaporated to

dryness using a rotary evaporator at 37°C. A yield of 23.85% was obtained.

2.3. Preparation of polyphenolic fraction

One hundred grams of Petroselinum sativum Hoffm. powder was extracted three
times with 300 ml of methanol at 50°C for 3 hr. at the end of the incubation, Solvent was
evaporated from the combined extract using a rotary evaporator. Afterwards, the extract was
dissolved in 500 ml of water and extracted three times in 200 ml hexane and then in 200 ml
chloroform to remove chlorophyll and caffeine residues. Next, the aqueous phase was in turn

extracted three times in 200 ml ethyl acetate, and the ethyl acetate was evaporated under

1 http://www.worldfloraonline.org/taxon/wfo-0000745326
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reduced pressure. The residue was redissolved in 300 ml water and freeze-dried to obtain the

polyphenol extract (Ho, 1992). The yield of the polyphenolic extract was 10.52%.
2.4. HPLC-DAD analysis

Quercetin, gallic acid, ferulic acid, hydroxytyrosol, naringenin, myristine, and
cinnamic acid (Sigma-aldrich, steinheim,Germany) were used as standards for HPLC
analysis. Stock solutions of all standards were prepared in methanol and working
concentration of each one was made by diluting stock solution in methanol to yield 62.5%.

Standard solutions were stored at -18°C.

Polyphenolic extract of petroselinum sativum Hoffm. was analyzed using HPLC
coupled with a UV detector and equipped with a quaternaru pump. The monitoring
wavelength was 280 nm. The separation was achieved on a Sum, 4.6x 150 mm column with
a C18 (zorbax eclipse plus) column. Temperature of the column oven was set at 35°C. The
mobile phase was composed of acidified water 0.1% (A) and Acetonitrile (B). The gradient
adopted was similar to that adopted for determination of phenolics in wine (Garcia Parrilla
et al., 1999) with some modification: 50%A, 50%B, 0-40min; 40%A,60%B, 40-45min;
100%B, 40-60min; 96%A, and 4%B, 60-65min. The flow rate was 1ml/min, and the injection

volume was 10 pl.

Based on retention time (RT) and spectral matching, each compound was identified, and the

concentration was calculated according to the following equation:

Area sample

Concentration (pg/ml) = x 100 (1)

area standard
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2.5. Animal handling and housing

Wistar rats obtained from the animal house of the Department of Biology, Faculty of
Science, Fez, were used in this study. The average weight of the female rats was 193+13 g.
At the animal house, the temperature is 28-31°C, relative humidity is between 50-55%. The
rats were subjected every day to a photoperiod D/N cycle (~12/12 h) and have free access to
food and water. The handling and care of the animals were carried out following the
guidelines of the internationally accepted standard as described in directive EEC/86/EEC of

the European community (Union, 1986).

2.6. Administration of extracts

Different doses of the plant were prepared in distilled water and administered orally
according to the body weight of the animals. Physiological water (NaCl 0.9%) was
administered to the negative control group.

As For the toxicity test, the rats (female and male) were divided randomly into 4
groups of 5 each. The first group received physiological water; the second clomiphene citrate
308.33 mg/kg (positive control), the third and fourth groups received 500 and 1000 mg/kg of
hydro-ethanolic extract of parsley, respectively for 4 weeks.

For the anti-inflammatory test, the rats (female and male) were divided randomly into
5 groups of 5 each. The first group received physiological water; the second indomethacin
10 mg/kg (positive control), the third and fourth groups received 500 and 1000 mg/kg of
hydro-ethanolic extract of parsley, and the fifth group received polyphenols 100 mg/kg. The

total time of the test is 6 hours.
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For the female infertility test, twenty-five female rats were divided randomly into 5
groups of 5 each. The first group received physiological water; the second clomiphene citrate
308.33 mg/kg (Positive control), the third and fourth groups received 500 and 1000 mg/kg
of hydro-ethanolic extract of parsley, and the fifth group received polyphenols 100 mg/kg,
respectively for 4 weeks.

2.7. Sub-acute Toxicity parameters

Sub-acute toxicity was determined from OECD Guideline 407 (Andrews et al., 2001).
Before and after the administration of the extract, the signs of toxicity were monitored daily
in all animals during the 4 weeks of study, and the weighing was also carried out every day.
On the 29t day, the blood of anesthetized animals was drawn from tubes containing heparin

to perform the assay of some serum biochemical parameters namely ASAT, ALAT, ALP,

CREA, UREA.

2.8. Histopathological examination

Livers and kidneys were isolated, kept in 10% formalin solution until
histopathological examination by following standard anatomic pathology techniques, namely
fixation, dehydration, paraffin embedding, microtome sections, Hematoxylen-Eosin-Safran

(HES) staining and observation using an optical microscope.

2.9. Anti-inflammatory activity

The anti-inflammatory activity was carried out according to the method described by
winter and al. (Winter et al., 1962). Firstly, rats were randomly assigned to 5 groups of 5 rats

each. Group 1 and 2 correspond respectively to the negative and positive control that received
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physiological water (NaCl 0.9%) and indomethacin (10mg/kg). The third and fourth groups
received oral doses of 500 and 1000 mg / kg of Body weight of the hydro-ethanolic extract
of Petroselinum sativum Hoffm., respectively. While polyphenols at the dose 100 mg/kg
were administered to the fifth group. The volume of the paw was measured before the
injection of 1% carrageenin into the right paw of rats and measured again periodically after
3h, 4h, 5h and 6h of the injection. The inhibitory activity was calculated according to the

following equation:

a-—-Xx
Percent inhibition = 100 [1 - (b _y)] (2)

Where: ‘a’ is the mean paw volume after carrageenan injection. ‘x’ is the mean paw volume
of treated rats before injection. ‘b’ is the mean paw volume of control rats after carrageenan

injection and ‘y’ is the mean paw volume of control rats before the injection.

2.10. Dosage of serums cholesterol and estradiol

The animals were anesthetized with Pentobarbital, then sacrificed and dissected.
Cardiac blood samples were collected in EDTA tubes to prevent coagulation. To obtain the
plasma, the samples were centrifuged at 3000 r/min for 10 min. Estradiol determination was

performed following the ELFA technique on biomass.
2.11. Dosage of ovarian cholesterol and uterine proteins

Weights of ovaries and uterus were firstly monitored and then ground with 0.9% NaCl
solution and then centrifuged at 4000 rpm for 10 min. The obtained supernatant was used as
matrix of proteins determination using biuret method and cholesterol assay by the enzymatic

colorimetry using the POD technique.
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2.12. Statistical analysis

Results were subjected to analysis of variance (ANOVA) and significance level of P
<0.05 was tested by Dunnett to identify significant differences between treatments and
controls. Results were expressed as mean + s.e.m.

3. Results
3.1. HPLC analysis

HPLC-DAD analysis of the polyphenolic extract of Petroselinum sativum Hoffm.
revealed the presence of seven phenolic compounds in the form of symmetrical peaks
separated from each other (Fig.2). The rate of polyphenols contained in Petroselinum sativum
Hoffm. extract ranged from 0.02 to 6.3 ug/ml. The ferulic concentration was comparatively
high, up to at 6.3 ng/ml, followed by gallic acid with 1,21pg/ml. The lowest concentration

was detected for cinnamic acid 0.02 pg/ml (Tablel)

3.2. Effect of treatment on the weight evolution and toxicity parameters

During the 28 days of treatment, no signs of toxicity, disorders in the autonomic
nervous system, skin and integuments, digestive, musculoskeletal, psychiatric, or general
disorders such as tiredness, fever or flushing, were noticed. All animals gained weight
throughout the duration of the experiment for both control and treated groups (Fig. 3). As for
the effects of the different treatments on ovarian and uterine weights, our results showed no
significant difference in ovarian weights between all tested extracts (Fig. 4 (a)). However,
the uterine weights showed a significant increase for the doses of hydro-ethanolic extract and

polyphenols of about 30% (P<0.01) (Fig. 4 (b)).
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In addition, no abnormal structures of histological sections of livers and kidneys were
seen. Regarding liver toxicity, no histopathological changes or anomaly were observed in the
structures of the Central Vein (CV), Hepatocytes (H), and Hepatic Sinusoids (HS) (Fig. 5).
Similarly, observation of histological sections of kidneys demonstrated that none of the
administered doses affected kidneys structures such as Glomerulus (G), Distal Convoluted
Tubules (DCT), and Proximal Convoluted Tubules (PCT) (Fig. 6).

To assess liver function, we analyzed the hepatic enzymes ALAT, ASAT and ALP.
The results of ASAT and ALP did not show toxicity, while the ALAT showed a slight toxicity
(p<0.01, 45%) at the level of clomiphene citrate molecule (Table 2). In addition, the various
concentrations of Petroselinum sativum Hoffm. extract did not negatively influence the
kidney function parameters (UREA, CREA) (Table 2).

3.3. Effect of the extracts on anti-inflammatory activity

The effect of the hydro-ethanolic and polyphenolic extracts of Petroselinum sativum
Hoffm. and indomethacin on the evolution of rat paw volume (n=5) is closely dependent on
the carrageenin-induced edema perimeter as well as on function time. As results, after 3
hours of injection of 1% carrageenin into the left paw of rats treated with NaCl, its
circumference increased gradually to reach a maximum of 2.72 cm + 0.03. The groups treated
with the extracts of Petroselinum sativum Hoffm. showed significant inhibition of edema
(p<0.05), by 48% for the polyphenols, 38% for the dose 1000 mg/kg of hydro-ethanolic
extract and 25% for the dose 500 mg/kg. The inhibition increases at the sixth hour, it was of

81.33% for the polyphenols, 74% for the dose 1000 mg/kg and 65.33% for the dose 500



mg/kg, while the reference group of indomethacin reduced edema by 50% inhibition at 3h

and 86.67% at 6h. The results are shown in table (3).

3.4. Effect of different extracts on serum and ovarian cholesterol, uterine proteins and

serum estradiol

The biochemical changes in serum and ovarian cholesterol after 4 weeks of oral
administration of the Petroselinum sativum Hoffm. hydro-ethanolic and polyphenolic extract
to mature rats are shown in fig. 7. The serum cholesterol level decreased significantly (p
<0.05, 36%) using 1000 mg / kg per kg of Petroselinum sativum Hoffm. and very
significantly by polyphenol and clomiphene citrate (p<0.001, 26%) compared to the control.
These decreases were slightly correlated with decreases in ovarian cholesterol, which
decreased significantly for the dose 1000 mg/kg (p<0.001, 56%) and clomiphene citrate
(p<0.001, 50%), and a very significant decrease was observed for the polyphenols (p<0.01,

40%) as compared to the negative control.

Oral administration of the hydro-ethanolic extract of Petroselinum sativum Hoffm.
for 4 weeks showed a significant increase in uterine protein levels at the dose of 1000 mg/kg
(p<0.01, 73%) and polyphenols (p<0.05, 65%) compared to negative control. The results are

shown in fig. 8.

Comparatively to the negative control, oral administration of hydro-ethanolic extract
of Petroselinum sativum Hoffm. induced an extremely significant increase in serum estradiol

(p<0.001) by 1000 mg/kg (43%) and the dose 100 mg/kg of Polyphenols (31%). In the



positive control group (clomiphene citrate), a significant increase in serum estradiol was

noticed (p<0.001, 64%) (Fig. 9).
4. Discussion

In this study, we assessed the estrogenic effect of the hydro-ethanolic extract and the
polyphenolic fraction of parsley. Our findings showed neither death nor signs of toxicity on
liver or kidney parameters after 4 weeks of treatment of female rats. Regarding the
biochemical parameters namely ASAT, ALAT, ALP, UREA and CREA), groups treated at
doses of 500 and 1000 mg/kg did not show any significant modification compared to the
negative control after an oral administration for 4 weeks.

ALAT and ASAT are cytoplasmic hepatic enzymes, their increase in plasma induces
liver damage caused by drugs (Awe and Banjoko, 2013). The activities of these enzymes in
body fluids and tissues play a major role in the diagnosis, disease investigation and liver
toxicity (Larrey, 2002). Thereby, our results highlighted the biosafety of tested extracts on
the hepatic function. In contrast, the study of (Awe and Banjoko, 2013) realized in Nigeria,
showed some hepatotoxic and nephrotoxic effects of parsley following administration at dose
of 1000 mg/kg and no toxicity at lower doses. This was explained by the duration of treatment
which was 8 weeks. However Jassim, (2013) Gassim;26143); showed the protective effect of
parsley on kidney damage induced by valproic acid and anti-hepatotoxic activities at the dose
200mg/kg. It has been also demonstrated that Parsley serves as a diuretic and is beneficial to
the kidneys (Kreydiyyeh and Usta, 2002). Similarly, we demonstrated here that our Parsley’s

extracts did not affect kidney function parameters (UREA, CREA).
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Female infertility may be due to damage or alteration of fallopian tubes or obstruction
caused by infection or inflammation (Wiesenfeld et al., 2012). Our results revealed that
parsley polyphenols at the dose of 100 mg/kg, have the most significant protective effects on
inflammation induced by the carrageenan test after 4 hours followed by the hydro-ethanolic
extract of Petroselinum sativum Hoffm. at the dose of and 500 mg/kg and1000 mg/kg. The
carrageenan-induced inflammation test is an assay used to evaluate anti-inflammatory drugs
and natural products against inflammation (Ferrandiz and Alcaraz, 1991; Della Loggia et al.,
1986; Winter et al., 1962). Previous studies realized on the ethanolic extract of parsley have
also shown its anti-inflammatory effect (Farzaei et al., 2013; Alhowiriny et al., 2003). Several
mechanisms of cellular action explain the anti-inflammatory activity of polyphenols and
flavonoids; essentially flavone derivatives, which modulate the expression of
proinflammatory molecules by inhibiting the activation of some transcription factors (Kim
et al., 2004).

After 4 weeks of treatment of mature female rats with hydro-ethanolic and
polyphenolic extract of Petroselinum sativum Hoffm., the results showed a significant
increase in the uterine weight of treated animals, which could be related to the presence of
estrogenic compounds. In fact, estrogens and their precursors induce cell proliferation by
activating the synthesis of biomolecules in target organs, which consequently leads to an
increase in the weight of uterus and ovaries (Lienou et al., 2015; Jensen and DeSombre,
1972). In addition, a significant decrease was noticed in serum and ovarian cholesterol levels
for the dose of 1000 mg/kg of hydro-ethanolic extract and 100 mg/kg of polyphenols.

This could be explained by the fact that cholesterol is the precursor for steroid

hormones (Black et al., 1994; Strauss et al., 1981). Similarly, previous works have shown
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similar results regarding the decrease in cholesterol level following treatment with
phytoestrogen (Telefo et al., 2011; Bayala et al., 2006). Moreover, we identified, following
HPLC-DAD analysis, some phenolic compounds in Petroselinum sativum Hoffm. mainly
ferulic acid, gallic acid and quercetin. Comparatively, previous studies have shown that
Parsley contain Myricetin (Yildiz et al., 2008) , Gallic acid (Condrata et al., 2011) , ferulic
acid and quercetin (Plazoni¢ et al., 2009). Our results corroborate that parsley plant is rich in

phenolic compounds.

Proteins are the major constituents of cells. It is well established that the anabolic and
mitogenic effect of estrogen induces cell proliferation (Bayala et al., 2006). Here, uterine
protein determination revealed that our extracts exhibit a positive effect on uterine proteins
synthesis. Similarly, other researchers have demonstrated the positive effects of estrogenic
substances in increasing proteins level (Bend et al., 2018; Lee and Lee, 1996).

Our findings showed a significant increase in serum estradiol following
administration of extracts at the dose 1000 mg/kg and polyphenols at 100 mg/kg compared
to the negative control, indicating the potential presence of secondary metabolites such as
genistein, daidzein, and lignans which act on the mammalian reproduction pathways (Lienou
et al., 2015; Wilkinson et al., 2002). Similarly, several reported data have demonstrated the
effect of polyphenols and flavonoids as active substances having estrogenic effects (Bayala

et al., 2006; Limer and Speirs, 2004).

5. Conclusion
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The present investigation aimed to evaluate the in vivo estrogenic and anti-
inflammatory effect of the hydro-ethanolic extract and polyphenols of Parsley. We found that
the hydro-ethanolic extract and the polyphenols fraction of Parsley have no toxicity after oral
administration for 4 weeks. The results showed a decrease in cholesterol levels in the serum
and ovaries and significant increase in protein level in the uterus and estradiol in the serum.
In addition, the hydro-ethanolic extract and polyphenols of Parsley plant have shown anti-
inflammatory effect. Our findings provide evidence of estrogenic effects of this plant’s
extracts. Although this provides evidence of the efficacy of parsley extracts in inflammation
and infertility, further, investigations would also be needed to determine the precise
mechanisms by which these extracts affect the studied parameters and to perform the same
tests on other parsley fractions such as flavonoids and its derivatives. Ultimately, this study

opens up the possibility to assess the potential of Parsley in counteracting female infertility.
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Table 1: Retention time and concentration of phenolic compounds of petroselinum sativum

Phenolic compounds Formula Standards retention Concentration (pg/ml)
time (min)

Gallic acid C7H4Os5 6.645 1.21

hydroxytirosol CsH;005 8.5 0.19

Ferulic acid Ci0H ;004 21.63 6.3

Myricetin C14H250, 22.27 0.10

Quercetin CisH1004 23.35 0.95

Naringenin Ci5H1,0s5 24.63 0.04

Cinnamic acid CoH,0, 25.13 0.02

Table 2: Effect of hydro-ethanolic extracts of P. Sativum on liver and kidney parameters.
Asterisks indicate significant differences at P< 0.01 among treatments. The data represents

the mean + s.e.m. (n=5).
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Treatment ASAT ALAT ALP UREA CREA
(U/L) (U/L) (U/L) (mg/dL) (mg/dL)

Control 131.6+17.34  44.6+£0.4 233434.82 21.33+1.49  0.36+0.04

(NaCl 0.9%)

Clomiphene 157.9+£3.01 64.77+4.4%*%  331.7+17.17 24.47+191  0.38+0.02

citrate

Hydro- 119.4+8.25 43.3£1.01 207.3£17.85 27.3742.18  0.38+0.01

Ethanolic

extract

Hydro- 171.6+4.5 44.0742.55 184+24.79 25.07+0.93  0.032+0.05

Ethanolic

extract

Table 3: Effect of the different extracts of Petroselinum Sativum and Indométacin on the

oedema induced by carragenin and their percentages of inhibition. Asterisks (*) indicate

significant differences at P< 0.05 among treatments. The data represents the mean + s.e.m.

(n=5).
Diameter (cm) and % of inhibition
Treatment Dose Oh 3h 4h 5h 6h
(mg/kg)
Control (NaCl 0.9%) - 2.37+0.04 2.72+0.03  2.71+0.04  2.62+0.03  2.62+0.03
Indomethacin 10 2.32+0.03 2.52+0.03* 2.46+0.03* 2.4+0.02*  2.36+0.03*
50% 64% 73.33% 86.67%
Hydro-ethanolic 500 2.32+0.03 2.62+0.03  2.53+0.03  2.48+0.03  2.43£0.03
extract of P.S 25% 47.5% 46.67% 63.33%
Hydro-ethanolic 1000 2.32+0.03 2.56+0.03  2.49+0.02  2.43+0.01 2.39+0.03
extract of P.S 38% 56% 62% 74%
Polyphenols 100 2.32+0.03 2.52+0.03* 2.46+£0.01* 2.41+0.01* 2.37+0.03*
48% 64% 68.67% 81.33%
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Figure 1: Aerial part of Petroselinum sativum plant
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Figure 2: HPLC-DAD chromatogram of Polyphenolic fraction of Petroselinum sativum. (1)
Gallic acid, (2) Hydroxytirosol, (3) Ferulic acid, (4) Myricetin, (5) Quercetin, (6) Naringenin,

(7) Cinnamic acid.
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Figure 3: Effect of different treatments on weight gain of female rats before and after 28
days of treatment. Negative control, C.C. (clomiphene Citrate), H.E. (Hydro-Ethanolic
extract), Poly (Polyphenols).
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Figure 4: Effect of the hydro-ethanolic extract of Petroselinum S. on (a) ovarian and (b)
uterine weights. Asterisks (*, **) indicate significant differences at p<0.05, p<0.01 compared
to the control group (ANOVA). The data represents the mean + s.e.m. (n= 5). Negative
control, C.C. (clomiphene Citrate), H.E. (Hydro-Ethanolic extract), Poly (Polyphenols).
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Figure 5: Histological sections (stained with HES x40) of liver: (A) control, (B) hydro-
ethanolic extract at the dose 500 mg / kg, (C) hydro-ethanolic extract at the dose 1000, and
(D) polyphenols at the dose 100 mg / kg. CV= central vein, V= vein, H= hepathocytes, NHS=

normal hepatic sinusoids.




Figure 6: Histological sections (stained with HES x40) of the kidney: (A) control, (B) hydro-
ethanolic extract at the dose 500 mg / kg, (C) hydro-ethanolic extract at the dose 1000, and
(D) polyphenols at the dose 100 mg / kg. PCT= proximal convoluted tubule, DCT= distal

convoluted tubule, US= urinary space, G= glomerulus.
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Figure 7: Effect of the different doses of the hydro-ethanolic extract of Petroselinum Sativum
on (a) serum and (b) ovarian cholesterol. Asterisks (*, **, ***) indicate values differences
at p < 0.05, p<0.01, p<0.001 from those of the control group (ANOVA). Each histogram
represents the mean + s.e.m of 5 animals (N=25). Negative control, C.C. (clomiphene

Citrate), H.E. (Hydro-Ethanolic extract), Poly (Polyphenol).
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Figure 8: Effect of the different doses of Petroselinum Sativum hydro-ethanolic extract on
the uterine proteins. Asterisks (*, **) indicate values differences at p< 0.05, p< 0.01 from
those of the control group (ANOVA). Each histogram represents the mean + s.e.m. of 5
animals (N=25). Negative control, C.C. (clomiphene Citrate), H.E. (Hydro-Ethanolic
extract), Poly (Polyphenols).
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Figure 9: Effect of the different doses of Petroselinum Sativum hydro-ethanolic extract on
the concentration of estradiol. Asterisks (***) indicate values differences at p<0.001 from

those of the control group (ANOVA). Each histogram represents the mean + s.e.m of 5
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animals (N=25). Negative control, C.C. (clomiphene Citrate), H.E. (Hydro-Ethanolic
extract), Poly (Polyphenols).



Figure 1: Aerial part of Petroselinum sativum plant
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Figure 2: HPLC-DAD chromatogram of Polyphenolic fraction of Petroselinum sativum. (1) Gallic
acid, (2) Hydroxytirosol, (3) Ferulic acid, (4) Myricetin, (5) Quercetin, (6) Naringenin, (7)

Cinnamic acid.
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Figure 3: Effect of different treatments on weight gain of female rats before and after 28 days of

treatment. Negative control, C.C. (clomiphene Citrate), H.E. (Hydro-Ethanolic extract), Poly

(Polyphenols).
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Figure 4: Effect of the hydro-ethanolic extract of Petroselinum S. on (a) ovarian and (b) uterine
weights. Asterisks (*, **) indicate significant differences at p<0.05, p<0.01 compared to the
control group (ANOVA). The data represents the mean + s.e.m. (n= 5). Negative control, C.C.
(clomiphene Citrate), H.E. (Hydro-Ethanolic extract), Poly (Polyphenols).



Figure 5: Histological sections (stained with HES x40) of liver: (A) control, (B) hydro-ethanolic
extract at the dose 500 mg / kg, (C) hydro-ethanolic extract at the dose 1000, and (D) polyphenols
at the dose 100 mg / kg. CV= central vein, V= vein, H= hepathocytes, NHS= normal hepatic

sinusoids.

Figure 6: Histological sections (stained with HES x40) of the kidney: (A) control, (B) hydro-
ethanolic extract at the dose 500 mg / kg, (C) hydro-ethanolic extract at the dose 1000, and (D)



polyphenols at the dose 100 mg / kg. PCT= proximal convoluted tubule, DCT= distal convoluted

tubule, US= urinary space, G= glomerulus.
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Figure 7: Effect of the different doses of the hydro-ethanolic extract of Petroselinum Sativum on
(a) serum and (b) ovarian cholesterol. Asterisks (*, **, ***) indicate values differences at p <0.05,
p<0.01, p<0.001 from those of the control group (ANOVA). Each histogram represents the mean

+ s.e.m of 5 animals (N=25). Negative control, C.C. (clomiphene Citrate), H.E. (Hydro-Ethanolic
extract), Poly (Polyphenol).
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Figure 8: Effect of the different doses of Petroselinum Sativum hydro-ethanolic extract on the
uterine proteins. Asterisks (*, **) indicate values differences at p< 0.05, p< 0.01 from those of the
control group (ANOVA). Each histogram represents the mean + s.e.m. of 5 animals (N=25).
Negative control, C.C. (clomiphene Citrate), H.E. (Hydro-Ethanolic extract), Poly (Polyphenols).
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Figure 9: Effect of the different doses of Petroselinum Sativum hydro-ethanolic extract on the
concentration of estradiol. Asterisks (***) indicate values differences at p<0.001 from those of the
control group (ANOVA). Each histogram represents the mean + s.e.m of 5 animals (N=25).
Negative control, C.C. (clomiphene Citrate), H.E. (Hydro-Ethanolic extract), Poly (Polyphenols).
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