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Abstract: Anastatica hierochuntica L. (Brassicaceae) has been claimed to treat various conditions
including complicated childbirth. The principal objective of this research was to provide scientific
evidence on the contractile effect of the aqueous and hydroethanolic extracts of the whole plant from
A. hierochuntica during labor. Qualitative and quantitative methods helped identify and quantify
the phytoconstituents in both extracts. The antioxidant activity was studied using four standard
methods. The inhibitory power of the extracts on pro-inflammatory enzymes such as 15-
lipoxygenase and phospholipase A2 was determined. The contractile effects of the extracts were
evaluated using isolated pregnant mice uteri. Steroids, triterpenoids, flavonoids, tannins,
coumarins, and reduced compounds were identified in both extracts. The extracts demonstrated the
ability to reduce oxidative stress. The hydroethanolic extract displayed the most significant anti-
lipoxygenase activity with an ICso value of 55.82 + 1.15 ug/mL. The lethal dose (LDso) of extracts was
estimated to be superior to 2000 mg/kg bw. The ability of the samples to produce one cm amplitude
of contraction at 50% effective concentrations (ECs0) was 1.51 + 0.08 mg/mL for aqueous extract and
3.57 + 0.61 mg/mL for hydroethanolic extract. These findings could provide evidence for using
Anastatica hierochuntica to augment labor.

Keywords: Anastatica hierochuntica L; phytoconstituents; antioxidant; anti-inflammatory; acute
toxicity; uterine contractility; labor

1. Introduction

Problems related to pregnancy, labor, and childbirth are public health problems. Each year, they
affect millions of women and increase mortality and morbidity worldwide [1,2]. Dysfunctional
uterine contractions can lead to difficulties during labor, such as premature delivery, postpartum
hemorrhage, uterine atony, and dystocia [3]. Indeed, the success of modern drugs used for labor
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induction is demonstrated. However, they sometimes cause adverse effects on mothers and infants
when it's not well managed [4]. Kothari et al. report that despite the availability of modern drugs,
many mothers-to-be, out of concern for perinatal complications or lack of means, use herbal
medicines to induce labor [5]. Thus, it is one of the common indications for herbal medicine [6].
Therefore, scientific research for new safe and effective uterotonic and tocolytic agents arouses
considerable interest in public health [7]. In the literature, the contractile effect of certain plants
commonly used to induce labor and facilitate delivery has been demonstrated, among others,
Matricaria chamomilla (Asteraceae) [5], Lannea acida (Anacardiaceae) [8], Ananas comosus
(Bromeliaceae) [9], Jussiaea repens (Onagraceae) [10].

Anastatica hierochuntica L. is commonly called « Rose de Jéricho » and growing in North Africa
and the Middle East and used most of the time in difficult childbirth and uterine bleeding [11].
Moreover, all parts or the whole plant of A. hierochuntica are prescribed in folk medicine alone or in
combination with other plants for the treatment of infertility, uterine bleeding, inflammation, pain,
arthritis, diabetes, heart diseases, depression, high blood pressure, headache, menstrual problems,
insufficient milk, the expulsion of the placenta or dead fetuses [12]. Previous pharmacological studies
have reported that A. hierochuntica possesses anti-nociceptive, anti-inflammatory [12], antioxidant,
and cytotoxic activity against Hela and AMN-3 cancer cell lines [11-13]. In addition to these effects,
the aqueous extract of the plant increased the levels of hormones such as FSH, LH, and Prolactin [14].
The hypoglycemic and hypolipidemic effects [15,16], and hepatoprotective activities of A.
hierochuntica were also demonstrated [17]. Daur et al. showed that all parts of A. hierochuntica are rich
in essential minerals (Fe, Ca, Cr, Mn, Zn, Fe, Cu, Co) [18]. Considering the prevalent use of this plant
in traditional medicine and the lack of pharmacological study on the contractile properties in the
uterus, this research investigated the contractile effects of the aqueous and hydroethanolic extract of
the plant of Anastatica hierochuntica L. during labor using an animal model. Acute toxicity and extracts
potential effects on inflammation and oxidative stress have also been defined.

2. Materials and Methods

2.1. Chemicals and Reagents

Ethanol, Sulfuric acid, Chloroform, hydrochloric acid, Butanol, Methanol, Ethyl acetate, formic
acid, Dimethyl sulfoxide (DMSO), NEU reagent, aluminum trichloride, iron chloride, ferric
trichloride, Folin Ciocalteu reagent (FCR), Mayer reagent, sodium phosphate dibasic, monobasic
potassium phosphate, Dragendorff’s reagent, 15-lipoxygenase (EC 1.13.11.12), linoleic acid, boric
acid, sodium tetraborate, sodium bicarbonate, potassium hexacyanoferrate, trichloroacetic acid
(TCA), thiobarbituric acid (TBA), hydrogen peroxide solution, 2,2-diphenyl-p-picrylhydrazyl
(DPPH), 2,2’-azino bis-[3-éthylbenzothiazoline-6-sulfonique] (ABTS), and potassium persulfate were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Reference substances: Ascorbic acid, gallic
acid, tannic acid, catechin, quercetin, trolox, and zileuton were supplied by Sigma Aldrich. Silica gel
TLC plates F 254 grade was from Macherey-Nagel (Germany).

2.2. Plant Material

The plant material consisted of the whole dry plant of Anastatica hierochuntica L. originally from
the Asian continent, specifically Yemen. The plant was purchased in the Baskuy market in
Ouagadougou (Burkina Faso). The herbal drug was kept away from dust and sunlight and then
ground using a blade grinder (Figure 1). The residual moisture content of the powder was
determined according to the thermogravimetric method [19].
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Figure 1. Anastatica hierochuntica L. A: Plant curled up, B: Plant not curled up after contact with water,
C: Whole plant powder.

2.3. Preparation of the Plant Extracts

Two extracts were prepared from the whole plant powder.

Aqueous decoction: 50 g of plant powder was dispersed in 500 mL of distilled water. After
homogenization, the mixture was incubated for 15 min at room temperature and then boiled under
reflux at 100°C for 30 min. The cooled extract was filtered, frozen, and then freeze-dried to obtain the
aqueous crude extract.

Hydroalcoholic maceration: 50 g of the vegetable powder was extracted in 500 mL of water and
ethanol mixture in a proportion of 20: 80 (v/v). After 24 hours of mechanical stirring at room
temperature, the extract was filtered, concentrated using a rotary evaporator (Rotavapor II), and
lyophilized to get the hydro-ethanolic crude extract.

The extraction yield of the plant extracts was determined according to the following formula
[20]:

R (%)= (W /WO0) = 100
R: extraction yield (%), W: weight (g) of dry extract, W0: weight (g) of the crushed plant.
The two dried extracts after lyophilization were kept in a freezer until used for the biological tests.

2.4. Chemical Characterization Tests in Tubes

Chemical characterization tests of the crude aqueous and hydroethanolic extracts of Anastatica
hierochuntica were done to determine the presence or absence of various secondary metabolites,
including phenolic compounds, tannins, flavonoids, alkaloids, saponins, coumarins,
anthocyanosides, cardenolides and reducing compounds, using chemical characterization tests in
tubes described by Ciulei [21]. Different specific reagents were used to reveal these compounds.

2.5. High-Performance Thin-Layer Chromatography

High-performance thin-layer chromatography (HPTLC) was used to detect flavonoids and
tannins in the extracts. It was carried out on chromatoplates (60 F254, 10 x 5 cm, glass support 10 x 20
cm, Merck) following the literature [22]. Approximately 20 puL of each extract was streaked with a
semi-automatic sample dispenser (CAMAG, Linomat 5, Switzerland) along the baseline 8 mm from
the bottom edge of the plate. After deposition and drying, the plates were placed in a tank containing
eluent previously saturated (20 x 10 cm, saturation time: 30 min). The solvent system used depended
on the metabolite to be identified: Ethyl acetate/formic acid/H20, (80:10:10) for flavonoids and Ethyl
acetate/formic acid/H20 (18:2.4:2.1) for tannins. After migration over 8 cm in length, the plates were
dried, and the Neu reagent for flavonoids and 5% FeCls for tannins revealed the chromatographic
profiles. The profiles were then observed under visible light and at UV wavelengths of 366 nm (only
for the flavonoids).
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2.6. Phenolic Compounds Content

2.6.1. Determination of Total Phenolics

Total phenolic content in the different extracts was determined using the Folin-Ciocalteu reagent
(FCR) with slight modifications [23]. Gallic acid was used as a reference compound to produce the
standard curve. Briefly, 25 pL of sample at 1 mg/mL concentration of was mixed with 125 puL of FCR.
100 pL of 7.5% w/v sodium carbonate solution were added to the mixture. After one (1) h, the
absorbance at 760 nm was measured using a microplate reader (Spectro UV, Epoch Biotek, USA). The
results were expressed in mg of gallic acid equivalent (GAE) / g dry extract.

2.6.2. Determination of Total Hydrolyzable Tannins

The hydrolyzable tannins content was determined using tannic acid for the calibration curve
with some modifications [24]. 1 mL of each sample (5 mg/mL) was mixed with 5 mL of 2.5% w/v
KIOs. After 4 min, the absorbances at 550 nm were read (Shimadzu UV-Vis, Japan). The results were
expressed in mg of tannic acid equivalent (TAE) / g of dry extract.

2.6.3. Determination of Total Condensed Tannins

The condensed tannins content was determined using catechin as the reference compound for
the calibration curve [25]. 500 puL of sample (5 mg/mL) was combined with 3 mL of 4% w/v vanillin
solution and 1.5 mL of Hydrochloric acid. The mixture was incubated for 20 min at 20°C. The
absorbances were recorded at 500 nm. The results were reported in mg of catechin equivalent (CE)
per g of dry extract.

2.6.4. Determination of Total Flavonoids

Total flavonoid content was assessed using an aluminum chloride reagent [26]. A standard
calibration curve was plotted with quercetin as a reference. Briefly, 100 puL of each extract (1 mg/mL)
was mixed with 100 uL of 2% w/v aluminum trichloride solution. After 10 min, the absorbance at 415
nm was measured with a spectrophotometer (Epoch Biotek, USA). The results were expressed in mg
of quercetin equivalent (QE)/ g of dry extract.

2.7. Evaluation of Antioxidant Properties

2.7.1.2,2-DPPH"* Radical Scavenging Capacity

2,2-DPPH" radical scavenging ability was assessed according to Adeyemi et al. using a
microplate reader [27]. On a 96-well microplate, 200 pL of a concentration of 0.004% freshly prepared
DPPH in methanol was added to 100 pL of extracts and ascorbic acid at different concentrations. A
spectrophotometer (Epoch Biotek Instruments, USA) was used to measure absorbances at 517 nm
after incubation at room temperature in the dark for 30 min. The percent inhibition of the DPPH
radical was calculated using the formula:

% Inhibition = [(AC — AE) /AC] x 100

AE and AC represent the absorbances of extract/ascorbic acid and control (DPPH solution
without sample).

The absorbance inhibition curve was drawn as a function of concentration for each extract or
ascorbic acid to determine the 50% inhibitory concentration (ICso). The anti-radical power (ARP) was
determined and defined as 1/ICso.

2.7.2. ABTS** Scavenging Capacity

The ability of the extracts to scavenge the ABTS radical cation was determined using the
procedure of Re et al. [28]. A solution of ABTS (7 mM) was prepared with potassium persulfate (2.45
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mM). The mixture was kept away from light for 16 h. Subsequently, the solution was diluted with
ethanol. Then, 200 pL of the diluted ABTS solution was added to 20 pL of sample solution at different
concentrations (from a stock concentration of Img/mL) using a 96-well microplate. After 30 min of
incubation in the dark, the absorbances were read at 734 nm by spectrophotometry (Epoch Biotek
Instruments, USA). All the measurements were carried out in triplicate, and the percentage of
inhibition was calculated according to the following formula:

% Inhibition = [(AC — AE) /AC] x 100

AC: absorbance of the control (ABTS radical solution without sample); AE: absorbance of
extract/ascorbic acid.
The ICs0 and ARP were also determined.

2.7.3. Ferric-Reducing Power Assay

The reducing power was determined using potassium hexacyanoferrate [29]. It measures the
ability of extracts to reduce ferric iron to ferrous iron. Ferric iron, initially yellow, reduces and turns
blue in proportion to the antioxidant activity. 1.25 mL of phosphate buffer (0.2 M, pH 6.6) and 1.25
mL of potassium hexacyanoferrate solution [KsFe (CN)s] were added to 500 pL of extract at 1 mg/mL.
The mixtures were incubated at 50°C in a water bath, and then 1.25 mL of trichloroacetic acid (10 %)
was added. After centrifugation at 2000 rpm for 10 min, 625 uL of the supernatant was mixed with
625 uL of distilled water, followed by 125 uL of freshly prepared FeCls (0.1 %). The
spectrophotometer (Epoch Biotek Instruments, USA) was used for absorbances at 700 nm. The
reducing potential of the extracts was expressed in millimole ascorbic acid equivalent (AAE) per 100g
of dry extract.

2.7.4. Lipid Peroxidation Inhibition (LPO) Assay

The method described by Sombié et al. was used to assess the inhibitory capacity of lipid
peroxidation activity [30]. 1 mL of liver homogenate, 50 uL of FeClz (0.5 mM), then 50 puL of H202 (0.5
mM) were added to 200 pL of extracts/ascorbic acid at a concentration of 1.5 mg/ mL of extracts or
ascorbic acid (positive control). 1 mL of trichloroacetic acid (15%), then 1 mL of 2-thiobarbituric acid
(0.67 %) were added after incubation at 37° C for 60 min. Subsequently, the mixture was incubated at
100°C for 15 min and centrifuged for 10 min at 2000 rpm. Absorbances were read at 532 nm with a
spectrophotometer (Epoch Biotek Instruments, USA). All measurements were performed in
triplicate.

The ability of the extracts to inhibit liver lipid peroxidation was expressed as a percentage of
inhibition:

% Inhibition = (AC — AS) /AC x 100

AC: absorbance of the control (without sample); AS: absorbance of extracts/ascorbic acid
2.8. Anti-Inflammatory Activity

2.8.1. Lipoxygenase Inhibition Assay

Lipoxygenase inhibition was determined using linoleic acid (1.25 mM) as substrate [24]. The
inhibitors (extracts/reference substance: zileuton) were prepared to obtain a final 100 pg/mL
concentration. 146.25 pL of 15-lipoxygenase (820.51 U/ mL) solution was added to 3.75 pL of each
inhibitor. Then, 150 pL of linoleic acid was added. A spectrophotometer (Epoch Biotek Instruments,
USA) made it possible to measure the absorbances at 234 nm against blank without an enzyme. The
tests were carried out in triplicate, and the percentage of lipoxygenase inhibition was calculated using
the formula:

% Inhibition = [(AE AS)/AE] x 100

do0i:10.20944/preprints202307.1102.v1
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AE: Absorbance Enzyme test; AS: Absorbance Sample test

2.8.2. Phospholipase A2 (sPLA?) inhibition assay

Bee venom sPLA: activity was determined following the manufacturer instructions Abcam
(Japan) described in catalog No. ab133089. A 96-well microplate was used to perform the sPLA2
inhibition assay. For this purpose, a final concentration of 100 ug/mL of the extracts and ascorbic acid
(reference compound) was used. The absorbances were read by spectrophotometry (Agilent 8453) at
415 nm against a blank that had not received the enzyme. The experiment was performed in triplicate,
and the percentage inhibition of sSPLA2 at 100 ug/mL was calculated using the following formula:

% Inhibition = [(AE AS)/AE] x 100
AE: Absorbance Enzyme test; AS: Absorbance Sample test

2.9. Experimental Animals

Female NMRI mice weighing 27 + 5 g were obtained from the Institute of Research in Health
Sciences animal facility. All animals were maintained in a suitable environment (temperature of 20-
25°C, 12 h/12 h light/dark cycle, and humidity of 60%) and nutritional (free access to food and water)
conditions throughout the experiments. The experiments were conducted following the regulations
on the care of laboratory animals defined by the Guide for the Care and Use of laboratory animals
[31] and validated by IRSS “Institut de Recherche en Sciences de la Santé” [32].

2.10. Acute General Toxicity

The acute general toxicity test was conducted on mice under the Organization for Economic Co-
operation and Development Guidelines 423 [33]. Indeed, the treated mice received a single dose of
2000 mg/kg of each extract by gavage. The control group of mice received distilled water. After
administering the extracts, the mice were observed for the first two hours to note the various
symptoms of toxicity, then daily for 14 days. The animals were weighed on the first, second, third,
seventh, and fourteenth days.

2.11. Evaluation of the Contractile Effect

2.11.1. Isolated Mouse Uterus Preparation

A mouse uterus was prepared according to the procedure described by [8]. After cervical
dislocation, the mice uteri were collected and promptly removed. Then, the connective tissue was
cleaned and cut into strips about 1.5 cm. Each uterine strip was vertically mounted in an organ bath
of 25 mL capacity containing fresh Tyrode solution of the following composition (mM): NaCl 118,
KCl1 4.7, NaHCOs 25, CaCl2 1.25, MgSO4 7H20 1.4, KH2POs, and Glucose 10, and thermostated at 37
°C. Strip tension was adjusted to 1 g, and the Tyrode solution was changed every 15 min for 45 min
of equilibration. The potassium chloride (80 mM) test was carried out to check compliance with
maximum contractility. Spontaneous and drug-induced myometrial contractions were recorded
using an isometric force transducer (Harward dual-channel oscillograph recorder) connected to an
amplifier (Harward Transducer type) and displayed on a monitor.

2.11.2. Drug Challenges

After equilibration, during which spontaneous contractions were saved, non-cumulative
stimulation was noted for 5 min with potassium chloride (80 mmol/L). Before the start of each
stimulation, the tissue was left to rest for 15 min after being washed by changing the bath solution.
After observation of the regularity of the contractile activity of the uterus, oxytocin (2.5x10- - 1.56x10-
¢ mg/mL) and the two extracts (aqueous and hydroethanolic) of Anastatica hierochuntica (10 - 10
mg/mL) were tested by the administration in cumulative concentration. Before trying a new extract
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(drug), the organ bath was rinsed three (3) times and tested with KCl. The contractions were then
related to the size of each ring at the end of the experiment. The experiment was repeated five times.

2.12. Statistical Analysis

Values are given as arithmetic means + S.E.M. The significance of differences between means
was conducted by GraphPad Prism in version 8.4.3, and ANOVA was followed by Dunnett and
Tukey's multiple comparison tests for comparisons. The difference was considered statistically
significant for a threshold of p-value < 0.05.

3. Results
3.1. Preliminary Phytochemical Investigation

3.1.1. Phytochemical Screening

The results of the yield of extracts, the residual moisture of powder, and the phytochemical
analysis of hydroethanolic and aqueous extracts of A. hierochuntica are summarized in Table 1.
Steroids, triterpenes, flavonoids, coumarins, saponins, reducing compounds, and tannins were
detected in all the extracts, while anthracenosides, cardenolides, and alkaloids were not.

Table 1. Results of the phytochemical analysis of the aqueous decoction and the hydroethanolic
maceration of A. hierochuntica.

. . Extracts

Phytochemical analysis DAH MAH Powder
Phytoconstituents

Steroidal and triterpene glycosides + + -
Alkaloids salts - - —
Flavone glycosides + + —
Saponins + + —
Anthracenosides - - —
Tannins + + —
Cardenolides - - —
Reducing compounds + + —
Coumarins + + —
Residual moisture content (%) - - 6.51 +0.08
Extract yield (%) 8.79 591 ---

D-AH: aqueous decoction extract, M-AH: hydroethanolic maceration extract, (+) = detected, (-) = not detected.

As shown in Figure 2, the screening by TLC reveals the presence of flavonoids by the vision of
yellow, yellow-orange, and sky-blue colorations and for the tannins by the appearance of black
coloration.
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Visible light

Figure 2. Characterization profile of flavonoids (a) and tannins (b) of aqueous (DA) and
hydroethanolic (MH) extracts of Anastatica hierochuntica L.

3.1.2. Contents of Total Phenolics, Tannins, and Flavonoids

Table 2 presents the contents of total phenolics, condensed tannins, hydrolyzable tannins, and
flavonoids contained in the two aqueous and hydroethanolic extracts of the whole Anastatica
hierochuntica L. The hydroethanolic extract has a higher content of hydrolyzable tannins than the
aqueous decoction.

Table 2. Polyphenols, condensed tannins, hydrolyzable tannins, and flavonoids contents of extracts
from A. hierochuntica.

Phytochemical compounds D-AH M-AH
Total phenolics (mg GAE/g) 165.34 +3.91 2 167.48 +0.5 2
Condensed tannins (mg CE/g) 291£0.252 2.92+0.062
Hydrolyzable tannins (mg TAE/g) 11.8 £0.69 2 15.07 £0.24»
Flavonoids (mg QE/g) 27.24 4352 25.64 £0.46 2

D-AH: aqueous decoction extract, M-AH: hydroethanolic maceration extract, GAE: Gallic acid equivalent, CE:
Cyanidin equivalent, QE: quercetin equivalent. Different letters within a line indicate a statistically significant
difference (p <0.05).

3.2. Biological Activities

3.2.1. Antioxidant Activity

The extracts of A. hierochuntica exhibited antioxidant activity, as indicated in Table 3. The free
radical scavenging ability of extracts was assessed using the DPPH and ABTS radical scavenging
assays. Overall, the samples (extracts and ascorbic acid) were more active on ABTS than on DPPH
radicals. In both tests, the reference substance was statistically better than the extracts (p <0.05). The
hydroethanolic extract was better than the aqueous extract in the DPPH anti-radical test. However,
the opposite is observed in the case of the ABTS test. The ferric ion reduction capacity (FRAP) of the
extracts varied from 12.6 + 0.34 (aqueous extract) to 13.56 + 0.43 mmol EAA/100g (hydroethanolic
extract). Statistical data analysis did not show any significant difference between the two extracts.
The lipid peroxidation inhibitory power of the extracts was expressed as a percentage (%) ranging
from 66.97 + 1.46 for the aqueous decoction to 73.97 + 1.03 for the hydroethanolic maceration. These
values are lower than ascorbic acid (reference substance), which had 94.95 + 0.94% inhibition.
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Table 3. Antioxidant activity of extracts from Anastatica hierochuntica.

DPPH ABTS FRAP LPO
ICs0 (ug/mL) ARP  ICso (ug/mL) ARP mmol AAE/100g % Inhibition
D-AH 66.20+0.602 0.015 16.87+£0.492  0.06 12.60 £0.34 2 66.97 +1.46 2
M-AH 6356+1.34% 0.016 33.92+£0.60b 0.03 13.56 +0.43 2 73.97 +1.03°
AA 1.82+£0.02¢< 0.55 0.94+0.08 ¢ 1.06 - 95.66 £0.27 <
D-AH: aqueous decoction extract, M-AH: hydroethanolic maceration extract, AA (ascorbic acid), ICso: 50%

Sample

inhibitory concentration, ARP: antiradical power. Different letters within a column indicate a statistically
significant difference (p < 0.05).

3.2.2. Anti-Inflammatory Activity

The evaluation of the anti-inflammatory activity of the extracts by inhibiting15-lipoxygenase and
phospholipase A: are recorded in Table 4. The results showed that the hydroethanolic extract
exhibited the highest inhibitory effect (ICso = 55.82 + 1.15) on 15-lipoxygenase. The aqueous extract
showed weak anti-lipoxygenase activity (ICso = 278.48 + 13.10). However, the Zileuton used as a
reference compound in this inhibition test presented a better ICs0 (2.92 + 0.32) than the extracts. The
evaluation of the effect of the extracts on the activity of phospholipase Azexpressed as a percentage
of inhibition shows that there was no statistical difference between the extracts and Betamethasone
(reference substance).

Table 4. 15-lipoxygenase and phospholipase Az inhibitory activity of Anastatica hierochuntica.

15-Lipoxygenase Phospholipase A2
Sample ICs0 (g/mL) % Inhibition
D-AH 278.48 £13.104 34.65+1.06 2
M-AH 55.82+1.15¢b 38.29+1.33~
Zileuton 292+0.32¢ -
Betamethasone -—- 39.28 + 2.882

D-AH: aqueous decoction extract, M-AH: hydroethanolic maceration extract, ICso: 50% inhibitory
concentration. Different letters within a column indicate a statistically significant difference (p < 0.05).

3.2.3. Acute Toxicity

Administration of Anastatica hierochuntica extracts (aqueous and hydroethanolic) at 2000 mg/kg
showed that during the first thirty minutes following administration, rapid breathing and drowsiness
were observed in all mice. The somnolence persisted after one hour in the mice receiving the aqueous
decoction. Table 5 presents the toxicity test results concerning the mortality rate after 14 days of
observation. The evaluation of the acute oral toxicity indicates that, in the first test, 48 hours after
administration of the extracts, two mice deaths were noted, namely one in the batch having received
the aqueous extract and the other hydroethanolic extract. For the second test, death was registered
24 hours later in the group receiving the hydroethanolic extract. According to OECD, the 50% lethal
dose (LDso) of the M-AH and D-AH were estimated respectively at 2500 mg/kg bw and 5000 mg/kg
bw.

Table 5. Mortality of mice in acute oral toxicity study of Anastatica hierochuntica extracts.

Sample Control D-AH M-AH

1st Test M(‘)rtahty 0/3 1/3 1/3
Mortality rate (%) 0 33.33 33.33

ond Test Mc?rtahty 0/3 0/3 1/3
Mortality rate (%) 0 0 33.33

D-AH: aqueous decoction extract, M-AH: hydroethanolic maceration extract.
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The weight of the animals recorded on the day of administration of the extracts (D0), the first
three consecutive days (D1, D2, D3), a week (D7), and two weeks (D14) later were presented in Table
6. During the test, a progressive increase in the body weight value of the mice in all groups was
observed during the 14 days.

Table 6. Body weight evolution of mice in acute oral toxicity study of Anastatica hierochuntica
extracts.

Day 0 Day 1 Day 2 Day 3 Day 7 Day 14
Control 26+2.8 26521 275+35 28+28 28+2.8 29.5+3.5
D-AH 27.3+1.2 28+1.3 29+1 298+13 30.4+09 31.4+0.9
M-AH 262+0.8 262+08 273+1 28+14 285+13 31.8+1.5

D-AH: aqueous decoction extract, M-AH: hydroethanolic maceration extract.

3.2.4. Uterine Contractility Effects of Extracts

Aqueous and hydroethanolic extracts of Anastatica hierochuntica induced contraction of the
uterine rings in a concentration-dependent manner. In contrast to the hydroethanolic extract, a more
powerful and effective contractile effect was observed with the aqueous extract (Figure 3) after
cumulative administration in the single-organ tank.

Figure 3. Illustration of the contracting effect of aqueous extract of Anastatica hierochuntica on the
uterus of mice.

The force of contraction increased progressively after administering both sections, but this
vasoconstriction was less than that of oxytocin at low concentrations (Figure 4). In addition, the most
potent of the three substances capable of producing an amplitude of contraction of one cm at 50%
effective concentrations (ECso) was oxytocin (5.33x10% + 0.32 mg/mL), followed by the aqueous extract
(1.51 £ 0.08 mg/mL) and finally the hydroethanolic extract (3.57 + 0.61 mg/mL) (Figure 5a). As for the
efficacy of the substances, the maximum effects were 2.91 + 0.21 A (cm)/uterus(cm), 1.84 + 0.79 A
(cm)/uterus (cm), and 2.30 £ 0.34 A (cm)/uterus (cm), respectively for oxytocin, aqueous extract, and
hydroethanolic extract (Figure 5b).
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Figure 4. Contracture effect of Anastatica hierochuntica extracts and oxytocin on mouse uterine rings.
Aq D_AH: aqueous decoction, HE M_AH: hydroethanolic macerate. ***p<0.001 vs. oxytocin.
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Figure 5. This Maximum effect (a) and 50 % effective concentration (b) of Anastatica hierochuntica
extracts and oxytocin on mouse uterine rings. Aq D_AH: aqueous decoction, HE M_AH:
hydroethanolic macerate. ***p < 0.001 vs. oxytocin; &&&p < (0.001 vs. aqueous extract.

4. Discussion

Medicinal plants have been used for decades as first-line treatment despite various modern
drugs [34]. Anastatica hierochuntica is one of them, much women use for childbirth difficulties [35].
The current study was to provide scientific evidence for this claim about the widespread use of the
plant as a stimulant that can facilitate the labor of pregnant women. The residual moisture content of
the whole plant powder was determined before the start of this work, and it was less than 10%. This
suggests that the herbal drug was well preserved and protected from fermentations, proliferation of
microorganisms, and degradation of phytochemicals [19,36]. Phytochemical investigations of both
extracts show that the plant contains flavonoids, tannins, triterpenoids, steroids, coumarins, and
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saponins (Tablel). The results demonstrated a moderate anti-free radical effect and a great inhibiting
capacity of lipid peroxidation and phospholipase of the aqueous and hydroethanolic extracts (Table
3). It is well-established that secondary metabolites in plant extracts are responsible for many
therapeutic properties [37]. That could justify the multiple uses of A. hierochuntica in traditional
medicine. The study that evaluated the safety made it possible to estimate the LDso of the
hydroethanolic extract at 2500 mg/kg of bw and 5000 mg/kg bw for aqueous extract.

The myometrium remains a therapeutic target for inducing labor and managing preterm labor
and postpartum hemorrhage [7]. Indeed, one of the screening tools for exploring and creating new
effective uterotonics and tocolytics is the study of contractile effects ex vivo using myometrial tissue
in organ baths [38]. For ethical reasons regarding experimentation on pregnant women, uterine
biologists mainly use animal models, namely rats, mice, and guinea pigs [3]. The present study
reports the possible contractile effects of whole Anastatica hierochuntica on the myometrium of the
NMRI mice model for the first time. The results showed that the aqueous and hydroethanolic extracts
induce a spasmodic effect on the uterine tissue of mice. The aqueous extract exhibited the more potent
and effective of the two extracts (Figure 5).

This efficiency may be due, on the one hand, to the nature of the solvents and the extraction
method. Many active constituents were easily extractable in water [39]. On the other hand, the
aqueous extract had the lowest anti-lipoxygenase activity, which may be beneficial in the induction
of contraction. Corriveau et al. report that inhibiting lipoxygenase and cyclooxygenase leads to the
reduction of contractions in vitro in pregnant women's myometrium [40]. Leukotrienes (lipoxygenase
products) have also been shown to be involved in the contractility of the porcine uterus [41]. In
addition, the contractile effects of the extracts were compared to the contractile effect of oxytocin, a
powerful uterine contraction hormone. At low concentrations, oxytocin was more potent than
extracts (Figure 5). The exogenous oxytocin used in this study was a pure compound that could
explain the more significant contraction. Indeed, oxytocin is synthesized by the hypothalamus and
secreted mainly by the posterior pituitary and other tissues, such as the placenta, the corpus luteum,
and the uterus [42]. Oxytocin is synthesized by the hypothalamus and has a neuromodulatory action
in the brain and a hormonal action on various peripheral tissues [43]. It has a uterotonic action in the
uterus by stimulating its receptors (OXTRs) and plays an essential role during parturition [44]. In our
study, the extracts induced concentration-dependent contraction like oxytocin (Figure 4). However,
the lack of other agonists (acetylcholine, histamine, etc.) and antagonists (atropine, etc.) limits the
determination of the pharmacological targets involved in these spasmodic effects. However, this
plant is traditionally used by women to facilitate childbirth. This suggests that the extracts partly
stimulate OXTRs to increase contractions. Some researchers have hypothesized that the most crucial
function of oxytocin is to increase the production of prostaglandins (potent inducers of uterine
contractions) by inducing the expression of COX-2 via the activation of the pathway MAPK [3,45].
Astutik et al. demonstrated that administration of the hydroethanolic extract of Anastatica hierochutica
to pregnant mice leads to increased prostaglandin levels of PGE2 and PGF2a [46]. Tannins,
flavonoids, and saponins were highlighted in uterotonic plants. Tannins affect calcium availability to
uterine tissue and heart muscle contraction, and flavonoids by direct action on estrogen receptors to
cause uterine contraction [47]. Thus, the pharmacological effect of the extracts from A. hierochuntica
on uterine contraction could be explained by the presence of secondary metabolites.

This plant could provide relief during childbirth in environments where women cannot access
health services. Research into the molecules responsible for spasmodic uterine effects could also pave
the way for new and existing remedies. However, A. hierochuntica should not be used by women
during pregnancy, as they can cause abortions, especially as they have spasmodic effects. Studies
have warned against using certain plants during conception and pregnancy [47].
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5. Conclusions

The present research findings provide scientific evidence for obstetrical uses of Amnastatica
hierochuntica L. to induce or accelerate labor. This suggests that its intake is contraindicated during
pregnancy. In the future, more research is needed to describe the aqueous extract mechanism of
action on uterine contractility.
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