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Abstract

Background: The resistance of gastrointestinal worms to synthetic anthelmintics (Levamisole) leads us to highlight the Cameroonian
pharmacopoeia. The main objective of the present work is to look for an alternative treatment for haemonchosis, based on active secondary
metabolites, from Portulaca oleracea, with less or no side effects and accessible to all.

Methods: The Haemonchus contortus cycle test was performed at varying concentrations. Levamisole and PBS were the positive and negative
controls respectively. Phytochemical screening was performed by standard staining and precipitation methods. Acute and sub-acute toxicity tests
of Portulaca oleracea EA were performed according to OECD 425 and 407 respectively.

Results: EM at 48 h of incubation inhibited eggs with an LCs, of 3.44. There was more larvicidal effect of ME with an LCs, value of 3.54 at 48 h
incubation. At 24 h of incubation at the final concentration of 1000 pg/mL the anthelmintic effect of EA, ME and levamisole were noted with LCsy
values of 0.057, 0.096, and 0.069 respectively. Phytochemical screening revealed the presence of some secondary metabolites in EA and ME of
Portulaca oleracea. The result of the assays shows that ME is richer in total polyphenol (50.884 mg EAG/g DM) and flavonoids (5.688 mg RE/g
DM) compared to EA which has (12.998 mg EAG/g DM) and (1.847 mg EC/g DM) respectively. However, there are more tannins in EA (5.688
mg RE/g DM) compared to ME (1.847 mg EC/g DM). The acute and subacute toxicity test showed no toxicity in mice and rats respectively.
Conclusion: In view of the above, Portulaca oleracea possesses anthelmintic effects on the parasite Haemonchus contortus and is not toxic at
the experimental therapeutic dose, which may open a way for the searching of a new anthelmintic drug.
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Background

In Africa, Cameroon is one of the most active countries in small
ruminant breeding, with an estimated 8.6 million livestock [1]. In the
humid tropical zone, this livestock farming is highly affected by
gastrointestinal parasites, with losses that can exceed 50 % of
production potential [2]. These losses are estimated at about 10 %
for milk and 15 % for flesh and are the reasons for the
renouncement of small ruminant farming due to the high cost of
healing unhealthy animals [3]. The anemia resulting from
infestation by ingestion of stage 3 larvae during grazing [4]
generates metabolic disorders, leading to the economic non-value
of the animal, and even to its death [5]. The main diagnostic
feature of haemonchosis is the excessive consumption of blood in
the abomasum. Control of these parasitoses has long relied on the
use of synthetic anthelmintics [6]. These include benzimidazoles
and pro-benzimidazoles, imidazothiazoles and macrocyclic
lactones [7]. These treatments are administered frequently and
often without prior evaluation of the reality of the parasite risk. In
the Imidazothiazoles family, levamisole represents the molecule
most widely used in breeding [8]. In general, these various
conventional anthelmintic molecules have a number of limitations
such as; the malfunctioning and counterfeiting of these drugs, the
remoteness and/or inadequacy of human and animal health
centers, especially in rural areas, which limit the -effective
management of public health problems [9]. Because of all these
problems, it is necessary to find an alternative treatment based on
appropriate medicinal plants, with a strong anthelmintic activity to
fight the pathologies caused by these nematode parasites of small
ruminants. According to the World Health Organization [10], more
than 80 % of African populations used to traditional pharmacopoeia
to cope with health problems. So, an ethnobotanical survey was
carried (breeders, traditional healers) at dang in Ngaoundere IlI
Subdivision, Adamaoua Region where a certain number of plants
have been cited in the treatment of gastrointestinal parasitosis,
including Portulaca oleracea. However, a screening was done in
the laboratory to determine the most effective part (leaves, roots,
stems and whole plant) of this plant. The Portulacaceae family, is
recognized worldwide for its traditional and pharmacological
properties. It can be used to treat burns, headaches, and diseases
associated with the gut, stomach, cough, shortness of breath, and
arthritis [11]. Such as or including anti-viral [12], anti-bacterial [13]
and anti-helminthic [14]. The main objective of this work is to
contribute to the searching of an alternative treatment for
haemonchosis, based on active secondary metabolites, from
Portulaca oleracea, with less or no side effects and accessible to
all.

Methods

Plant collection and identification

The whole plant (root, stems, leaves and seeds) of Portulaca
oleracea was harvested in May 2019, precisely in Dang
(Adamaoua-Cameroon). The plant was identified by senior lecturer
Prof. Pierre Marie Mapongmetsem, a botanist of the University of
Ngaoundereand laboratory of Botany and Plant Organisims) and
was confirmed at the National Herbarium of the IRAD Yaoundé
with identification number n°615 of the herbarium collection
n°14491 SRF Cam. The samples were, after washing, dried in the
shade for 4 months because of its water content. The parts were
crushed and sieved using a 0.4 mm diameter fine mesh sieve [15].
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Preparation of Portulaca oleracea extracts

50 g of Portulaca oleracea powder was macerated in 500 mL of
methanol-distilled water (70: 30, v/v) for 48 h at room temperature.
These mixtures were then centrifuged in a Centrifuge (Centrifuge
5804-eppendorf) at 3500 rpm for 10 min. The supernatant was
then collected and then filtered using Wattman filter paper (5891
blackribbon, ashless) before passing through the rotary evaporator
(Buchi Switzerland) at 40 °C. The solution obtained was introduced
in an oven at 40 °C. The powder obtained was weighed and kept at
+ 4 °C protected from light [16]. 50 g of Portulaca oleracea powder
was macerated in 500 mL of distilled water for 48 h at room
temperature. During maceration, the whole macerate was, from
time to time, agitated with a magnetic stirrer. This mixture was then
centrifuged in a Centrifuger at 3500 rpm for 10 min. The
supernatant was collected and then filtered using the filter paper.
The filtrate was put directly into the oven at 40 °C, for complete
evaporation [16].

Screening of the parts of Portulaca oleracea

The screening of the different parts of Portulaca oleracea (roots,
leaves, stems and the whole plant) were performed on adult female
Haemonchus contortus at concentrations of 1, 2 and 3 mg/mL each
to determine the most effective part. Following the protocol
described [19], adult female worms were incubated in 24-well
plates, one worm per well containing 500 pL of solution of the
different extracts, incubated at 37 °C in an incubator for 24 h, i.e. 6
worms per concentration. Observations were made under the
microscope every 6 h for 24 h. Three tests were performed for
each concentration.

Recovery of Haemonchus contortus eggs

Adult gravid female Haemonchus contortus worms were identified
under a binocular lens, isolated, and placed in a petri dish
containing PBS. These isolated worms were then placed in 24-well
plates with 5 worms per well in 0.5 mL of PBS at 27 °C in the oven.
Six hours later, a large quantity of eggs was deposited at the
bottom of the well. After checking the presence of eggs in the
medium with a binocular magnifying glass, these female worms
were removed from the PBS and the contents were pipetted to
concentrate them in a 50 mL Eppendorf tube. Centrifugation at
1000 rpm for 5 minutes was done. The supernatant was removed
and the pellet containing the eggs was saved for testing.

Egg Hatch Inhibition Test

The in vitro Haemonchus contortus egg hatching test inhibition was
based on the method described [17]. Haemonchus contortus eggs
were incubated to evaluate the ovicidal activity of the aqueous and
hydromethanolic extract of Portulaca oleracea. Thirty eggs of
Haemonchus contortus were evaluated in a volume of 15 pL,
deposited in the wells of the 24 plates and incubated at different
concentrations: 5000, 4500, 4000, 3500, 3000 pug/mL of aqueous
and hydromethanolic extract of Portulaca oleracea. Levamisole
was used as a positive control and evaluated at the same
concentration with PBS being used as a negative control. Each test
was repeated 3 times for each extract. The plates were then
covered and placed at 27 °C for 48 hours after which three drops of
formalin were placed in each well to stop egg development. Then,
the hatched eggs were counted under the microscope. After
incubation, hatched and unhatched eggs were counted using a
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binocular microscope at a magnification of (40 X). The percentage
of egg hatch inhibition (% EHI) was calculated using the formula:

% EHI = 100 - (Number of L, larvae / Number of fresh eggs in
culture) x100)

Recovery of infesting larvae

Infesting larvae were obtained by stool culture from goat faeces
previously infested artificially with Haemonchus contortus L; and
left in culture at 27 °C for 10 days [18]. They were extracted from
the goat fecal mass by the Baermann device whose principle is
based on the hygrotropism of L.

Larvicidal activity Test of Portulaca oleracea

Thirty L; of Haemonchus contortus were pipetted under a binocular
magnifying glass (40x) using a 100 pL micropipette placed in each
well of 24 and incubated with different concentrations (5000, 4500,
4000, 3500, 3000 pg/mL) of aqueous and hydromethanolic extract
of Portulaca oleracea levamisol was used as positive control at the
concentrations of 150; 300; 620; 1250 and 2500 pg/mL whereas
PBS was used as negative control. Plates were then covered and
placed at 27 °C for 24 and 48 h. After the incubation time, 10 pL of
an enzymatic dye: MTT at 100 % was added to the larvae for 3
hours. The advantage of this step is that the MTT will cause
enzymatic reactions which stain the living larvae blue-violet. Dead
larvae will remain colorless. The count of paralyzed larvae
appearing coiled up was carried without difficulty. The percent
mortality of the larvae was determined using the following formula:
Mt (%) = (Number of dead larvae / Number of larvae in culture)
x100

Collection of adult Haemonchus contortus worms

Samples of goat/sheep abomasum curds with worms were
collected at the Bantaile market in the city of
Ngaoundere(Cameroon) and brought to the Applied Zoology
Laboratory of the University Ngoundere. The worms were
examined under a binocular microscope for identification of adult
females of Haemonchus contortus.

Anthelmintic activity of Portulaca oleracea

Anthelmintic tests of agueous and hydromethanolic extracts of
Portulaca oleracea were performed following the protocol of [19].
Adult female worms were incubated in 24-well plates, one worm
per well and 6 worms per concentration. The different
concentrations (100, 300, 500, 700 and 1000 pg/ml) were
administered. Levamisole and PBS were used as positive and
negative controls, respectively. Three trials were performed for
each concentration. The worms were incubated at 37 °C in an
incubator and the mortality rate of the worms was assessed after
24 h by microscopic observation (20 x) [16]. The percentage of
survival was calculated by the formula:

Percentage survival = (Number of live worms) / (Total number of
worms) x 100

Qualitative phytochemical test

Alkaloids were determined by the method described [20]. The
flavonoids, leucoanthocyanine and terpenoids were obtained by
the method described [21]. The tannins, the phenolic compounds
were determined respectively by the methods of [22] et [23]. Les
iridoids were detected by the method described [24].
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Quantitative phytochemical test

Phenolic compounds were determined following the Folin-Ciocalteu
(FC) method used [25]. The amount of condensed tannins was
determined following the method described [26] in the presence of
vanillic acid. The determination of total flavonoids was performed
by the aluminum trichloride method [27]. For each test performed
the trials were repeated three times.

Acute toxicity study of the aqueous extract of Portulaca oleracea
on white mice

Animals

The mice and white rats were bought at LANAVET of Garoua
(Cameroon) then, were acclimatized at 27 °C during 5 days in the
laboratory of Applied Zoology of the University of
Ngaoundere(Cameroon). The acute toxicity study was done
according to the "dose adjustment" method of OECD guideline 425
[28]. Six white female mice were used to test the aqueous extract
of the whole plant of Portulaca oleracea at the single dose of 2000
mg/kg body weight (bw). The test was performed on 6 nulliparous
female mice, their behavior and the number of deaths were
observed over a period of 14 days [29].

Study of the subacute toxicity of the aqueous extract of Portulaca
oleracea on rats

To evaluate the subacute toxicity of the aqueous extracts of
Portulaca oleracea, the "dose adjustment" method of the OECD
guideline 407 [28] was used. The manipulations were done on
white albino wistard rats of both male and female sexes. Their
ages were between 8 and 12 weeks with an average weight
between 85 and 144 g. The male and female rats, previously
distributed, were placed in plastic basins numbered from 1 to 4
containing wood chips renewed at least twice a week. After
acclimatization, 24 rats divided into 4 batches of 6, including 3
males and 3 females were fasted for 24 hours before
administration of the extract. Throughout the experiment, the rats
were maintained at 27 °C and subjected to an alternation of 12 h of
light and 12 h of darkness in order to maintain their normal cycle.
They were arranged as follows: batch 1, 2 and 3 receiving a
solution of the extract at 200, 400 and 800 mg/kg body weight
respectively and batch 4 (positive control) receiving distilled water
at 1 mL/100 g body weight. Administration was spread over a 28-
day period. The rats were fed daily and water consumption was
continuous. They were weighed every 2 days from Dy to Dy to
allow us to calculate the percentage of weight gain (GP) by the
formula below:

% GP = (Mn - M(n-1))/M(n-1) x100

With, Mn: Average in day n; Mn-1: Average in day n-1; n: Number
of days 0, 2, 4,.....28.

The extract gavage was performed daily between 9:00 and 10:00
am. At day 28 all 24 rats were sacrificed to perform hematological,
biochemical, and histological analyses.

Choice of the administer doses

Following the acute toxicity tests carried out at a single dose of
2000 mg/kg bw on white mice Mus musculus and the observations
made on them in addition to the literature review, the doses of 200,
400 and 800 mg/kg bw were assessed. Indeed, after administration
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of the single dose 2000 mg/kg bw on the mice, they showed signs
such as tremor, drowsiness, grooming. Considering the reaction of
the mice after administration of 2000 mg/kg bw, the dose was
reduced to 800, 400 and 200, mg/kg bw. Moreover, it is a repeated
dose of 28 days so, if there is any abnormality, we will have the
idea on the toxicity of the plant in the long term because Portulaca
oleracea is also consumed by human beings.

Stages of collection of the organs of the rats

To collect the organs (heart, lung, liver, spleen, and kidneys), the
rats were put in turn in dorsal decubitus then, the ventral face was
incised in order to better locate these organs.

Each organ was taken and weighed on an electric scale in order to
calculate the relative weights of the organs by the formula below:
Pr=Po/Pax 100

Where, Pr: relative organ weight in g/100g; Po: organ weight in g;
Pa: rat body weight in g.

After each weighing, liver, kidney, lung, spleen and heart were
fixed by batch in each vial containing formalin previously
concentrated to 40 % and then diluted to 10 % concentration (25
mL). It should also be noted that after each removal of these
organs, a physiological liquid consisting of 0.9 % concentrated
NaCl was constantly sprayed on the organs with the squeeze bottle
so that they would not dry out. When the organs were collected
after the animals were killed on the 28" day, the different
parameters such as haematological and biochemical parameters
were measured at the Medical Analysis Laboratory of the Vina
Regional Hospital (Ngaoundere-Cameroon) and the histological
parameters at the Animal Physiology Laboratory of the University
of Yaoundé I.

Determination of haematological parameters

Hematological analysis was performed using an automatic blood
count analyzer of Diatron group brand according to the method
described by [30]. The whole blood of the animals treated with the
aqueous extract of the whole plant of Portulaca ortulaca oleracea
were collected in the EDTA (Ethylene Diamine Tetra-Acetic) tube.
In this assay the parameters listed were: white blood cells (WBC),
lymphocytes (LYM), neutrophils (MID), granulocytes (GRA); red
blood cells (RBC), hemoglobin (HB), hematocrit (HT), mean
corpuscular  volume (MCV), mean cellular hemoglobin
concentration (MCHC), mean corpuscular hemoglobin content
(MCHC), platelets (PLT), thrombocrit (THT) and mean platelet
volume (MPV) were determined according to [31].

Determination of biochemical parameters

The blood samples were collected from the rats by puncture at the
retro-orbital sinus. The blood sample was collected in three
different tubes. The EDTA tubes were centrifuged at 4000 rpm for
10 min and the serum obtained was stored at -20 °C for blood
biochemical analysis [32].

The parameters involved were creatinine, aspartate
aminotransferase (ASAT), alanine aminotransferase (ALAT), urea
and glucose.

Study of histological sections
The histological section of (liver, lungs and kidneys) was carried

out in the laboratory of Animal Physiology of the University of
Yaoundé | according to the protocol described [33].
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Data analysis

Means, standard deviations were calculated using Microsoft Office
2016 software, determination of LCsy by the log-probit method
using SPSS 16.0 software, and the Dunnett test was used for
means comparisons. The difference was significant if p < 0.05.

Results

Screening of parts of Portulaca oleracea

Table 1 presents the results of the screening on different parts of
Portulaca oleracea. From this table 1, it appears that the whole
plant had more anthelminthic effects than the other parts with a
proportion of 100% and 94.44 + 7.85% of mortality respectively
with the hydromethanolic extract of the whole part and the aqueous
extract of the whole part of Portulaca oleracea at the concentration
of 1 mg/mL after 24 h of incubation.

Ovicidal activity of Portulaca oleracea

Figure 1 represents the hatching inhibition rate of Haemonchus
contortus versus the concentration of EA, EM, and levamisole. The
egg hatching inhibition percentage ranged from 28.88 + 9.62 % to
74.44 +1.92 % and 39.99 * 6.66 % to 86.66 + 8.21 % for Portulaca
oleracea EA and EM, respectively, compared to Levamisole which
ranged from 79.99 + 3.33 % to 100 % at 48 h, for concentrations
ranging from 3000 pg/mL to 5000 pg/mL.

Test on Lz of Haemonchus contortus

Figure 2 shows us the percentage mortality of Haemonchus
contortus L; at 48 h because of EA and EM of Portulaca oleracea
whole plant as a function of concentration. At 48 h, the percentage
of mortality for EA varied from 34.44 + 3.84 % to 76.66 + 3.33 %
and for EM the variation was 31.10 + 6.93 % to 88.88 + 1.92 %
versus that of levamisole which varied from 68.88 + 7.69 to 100 %.

Female adult test of Haemonchus contortus

Figures 3 and 4 present the curve of the mortality rate of the adult
mortality rate of Haemonchus contortus to EA and ME of Portulaca
oleracea as a function of the concentrates. The mortality
percentage of Haemonchus contortus ranged from 72.21 + 9.62 %
to 100 % and 55.55 + 9.61 % to 100 % for EA and EM of Portulaca
oleracea respectively versus that of levamisole which is 72.21 +
9.62 to 100 % at 24 h (Figure 5).

Qualitative phytochemical tests

The phytochemical analysis revealed the presence of secondary
metabolites namely phenols, flavonoids, saponins, tannins,
glycerols and terpenoids in the aqueous extract and the presence
of flavonoids, saponins, alkaloids, glycosides and terpenoids in the
hydromethanolic extract of Portulaca oleracea (Table 2).

Quantitative phytochemical tests
The quantities of total polyphenols, tannins and flavonoids were

determined from the linear equation regression line (y = a x + b)
and expressed respectively in mg gallic acid equivalent, mg
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catechin equivalent and mg rutin equivalent per 100 g of dry matter
(Table 3)

EAG/g DM and 5.688 + 0.309 mg RE/g DM compared to EA which
has 12.998 + 0.287 mg EAG/g DM and 1.847 + 0.108 mg EC/g DM
respectively. On the other hand, we have more tannins in EA with
5.688 + 0.309 mg RE/g DM, compared to ME which is 1.847 +
0.108 mg EC/g DM.

Toxicity Test
Acute toxicity test

After 14 days of observation, no deaths were recorded in treated
female mice. After oral administration of 2000 mg/mL bw of the
Portulaca oleracea AE, the mice showed signs of tremor for 2
hours times and late drowsiness for 3 hours, but no mortality case.
According to the [34]. Toxicity scale, the toxicity dose is between
2000 and 5000 mg/kg bw from which, we can say our plant is
moderately toxic.

Test of subacute toxicity

Figures 6 and 7 show the effect of subacute administration of
aqueous extract of Portulaca oleracea whole plant on the weight of
female rats. It can be seen from Figure 6 that the change in weight
of the rats is increasing until Dys. However, we did not find a
significant difference between 200, 400 and 800 mg/kg bw dose
compared with the control (P > 0.05). Figure 7 shows female rats
at 400 mg/kg bw, we observe that there was a weight loss at D,
and then an increase in weight up to Dys. There was no significant
difference from Do to Dis at 200 mg/kg bw (P > 0.05), but from Dg
to Dog there was a highly significant difference at the same dose
compared to the control (P < 0.001). However, there was no
significant difference (P > 0.05) at 400 and 800 mg/kg bw
compared to the control. In general, up to the 28" day we did not
record a statistically significant difference on the evolution of the
weight of the animals in both males and females. Table 4 shows
the variation in organ weights of male and female rats after
necropsy due to the administration of the aqueous extract of the
whole plant of Portulaca oleracea at different doses compared to
the control. After analyzing this Table 4, we found that P > 0.05
between all organs collected (liver, lung, heart, kidney, and spleen)
at 200, 400 and 800 mg/kg bw and the control organs in males. In
contrast, a moderately significant difference (P < 0.05) is reported
in the same Table 4 in the liver of female rats at 200 mg/kg bw due
to the aqueous extract of Portulaca oleracea compared to the
control.

Table 5 shows the results of the biochemical parameter of male
and female rats due to the aqueous extract of the whole plant of
Portulaca oleracea administered at doses of 200, 400 and 800
mg/kg bw. It shows from this Table 5 that there is no significant
difference (P > 0.05) between creatinine, urea, ALT, ASAT and
glucose compared to the control at 200 and 800 mg/kg of bw in
males. Except the significant difference (P < 0.01) reported at 400
mg/kg bw compared to the control but which is no longer at the 800
mg/kg bw dose.

From the same Table 5, it is evident that no significant difference
(P > 0.05) was reported between creatine, urea, ALAT, ASAT and
glucose compared to the control at 200, 400 and 800 mg/kg bw in
female rats. Table 6 shows the variation of hematological
parameters like white blood cells, red blood cells and platelets of
male and female rats due to the administration of the agueous
extract of the whole plant of Portulaca oleracea compared to the
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controls. From this Table 6, there was no significant difference (P >
0.05) between Neutrophils and Granulocytes compared to the
control at 200, 400 and 800 mg/kg bw. On the other hand, a highly
significant difference (P < 0.001) was noted between the white
blood cells, and the control at 200, 400 and 800 mg/kg bw and the
lymphocytes at 200 mg/kg bw. We also observed a moderately
significant difference (P < 0.05) between lymphocytes and the
control at doses 400 and 800 mg/kg bw in male rats.

From the same Table 6, there is a highly significant difference (P <
0.001) between white blood cells and lymphocytes at 200, 400 and
800 mg/kg bw compared to the control in the female’s rats.
However, a significant difference was not recorded (P > 0.05)
between neutrophils and granulocytes at the three doses
compared to the control. In the same Table 6, we see that there is
no significant difference (P > 0.05) recorded between red blood
cells, hemoglobin, HT, MGV, MCC, MCCT compared to the control
at doses 200,400 and 800 mg/kg bw following the administration of
aqueous extract of Portulaca oleracea in male rats as well as in
female rats. A highly significant difference (P < 0.001) between
platelets and control at 200, 400 and 800 mg/kg bw was observed.
In contrast we did not record a significant difference (P > 0.05)
between THT and VPM at the same doses compared with the
control of the two sexes.

Histological section

The histological section of the organs (liver, kidney, and lung) of
male and female rats having undergone the administration of the
aqueous extract of the whole plant of Portulaca oleracea showed a
total architecture of these organs. After observing these three
organs compared to the controls, we noted that there was no
significant difference between them. A morphological view of these
sections showed an identical architecture in kidney, liver and lung
compared to the control for all doses administered at 200, 400 and
800 mg/kg bw for this plant. Figures 8 and 9 represent
microphotographs of histological sections of rat liver, kidney and
lung stained with hematoxylin-eosin. Hematoxylin stains the
nucleus purple while eosin stains the cytoplasm pink.

Discussion

From figure 1, EA and EM from the whole plant of Portulaca
oleracea inhibited a large number of Haemonchus concortus eggs
in a concentration-dependent manner compared to the positive
control. We found that there was no significant difference (P >
0.05) between EA and ME at 48 h of incubation with LC 5, of 3.65 +
0.16 for EA and 3.44 + 0.13 for ME. But a highly significant
difference (P < 0.001) was reported between EA and EM of
Portulaca oleracea and levamisole at 48 h of incubation on
Haemonchus contortus eggs and, as the concentration increased
the rate of inhibition of egg hatching increased.

This result corroborates those of Yongwa et al. [35] who
obtained ovicidal activity with the aqueous and ethanolic extract of
Senna italica on Haemonchus contortus eggs. The concentrations
used by the different authors differ from one plant to another. This
is the case of the work of Assis et al. [36] who worked on the
extracts of Spigelia anthelmia: an effectiveness of the inhibition of
the eggs hatching concentration of 50 mg/mL was noted. Several
authors have provided evidence that the high efficacy of plants
may be due to secondary metabolites (condensed tannins,
saponins, and flavonoids) included in the plant material, which are
gradually released into the rumen of animals. We can also say that
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Portulaca oleracea, has the capacity to act on Haemonchus
contortus eggs, since some secondary metabolites are observed in
EA and EM. These secondary metabolites act by penetrating the
eggshell, the cuticle of the larvae by osmosis through the
circulatory system and the process stops at the development of the
blastomere of the larvae and this causes the death by starvation
[37] or by paralysis [38].

Figure 2 shows the mortality percentage of aemonchus.
contortus Ls compared to the concentration of EA and EM of the
whole plant of Portulaca oleracea. From this table, it appears that
EA and EM of Portulaca oleracea showed efficacy on Haemonchus
contortus eggs Ls in a progressive manner. After 48 h of incubation
there was no significant difference (P > 0.05) between the EA and
EM. On the other hand, a highly significant difference (P < 0.001)
was reported between levamisole versus EA and EM of Portulaca
oleracea. The percentage of mortality varied from 34.44 + 3.84 %
to 76.66 * 3.33 %, with an LCso of 3.61 * 0.14 and from 31.10 +
6.93 % to 88.88 + 1.92 %, with an LCs, of 3.54 + 0.10 respectively
for EA and ME of Portulaca oleracea compared to levamisole
which percentage of mortality varies from 68.88 + 7.69 % to 100 %,
with an LCs of 2.76 + 0.15. As with the Haemonchus contortus egg
hatching inhibition test, we recorded a significant larvicidal activity
of our plant extracts on Haemonchus contortus stage 3 larvae.
These results are similar to those obtained by some authors such
as Brunet et al. [39] who showed that sainfoin extract, a plant
rich in tannins, affects the unsheathing kinetics of Haemonchus
contortus L; and that this inhibitory effect depends on the extract
concentration. Similarly, [40] had shown that some plants rich in
tannins could partially or completely inhibit the in vitro migration of
L; larvae. From the results of these authors compared to ours, we
found that EA and EM from the whole plant of Portulaca oleracea
had a mortality rate of 76.66 + 3.33 % and 88.88 + 1.92
respectively at the concentration of 5 mg/mL. We concluded that
although our plant extracts had larvicidal effects on Haemonchus
contortus Ls, these L; are very resistant hence the use of high dose
concentrations of our plant extracts. According to the method
developed by Ndjonka et al. [16], the death of L3 is confirmed by
the change of coloration of the larvae after 48 h of incubation for 30
min and we observe the change of the colors of the larvae: purple
for the living L3 and yellow for the dead L.

The in vitro tests of the aqueous and hydromethanolic
extracts of the whole plant of Portulaca oleracea acted significantly
on the adult female worms of Haemonchus contortus,
gastrointestinal parasite of small ruminants. The percentage of
worm mortality ranged from 72.21 + 9.62 % to 100 % with an LCs
of 0.057 + 0.022 and 55.55 + 9.61 % to 100 % with an LCs, of
0.096 + 0.029 respectively for EA and EM of Portulaca oleracea
compared to that of levamisole which is 72.21 + 9.62 % at 100 %
with an LCso of 0.069 + 0.005 at 24 h incubation at concentrations
ranging from 100 to 1000 pg/mL. These results are almost like
those obtained by Akkari et al. [41] who recorded 91.3 % and
100 % mortality at 2 mg/mL, concentration after 8 and 24 h of
exposure to crude ethanolic extract of Artemisia campestris.
However, our results differ from those obtained by Yongwa et al.
[35] who worked on the in vitro anthelmintic activity of the aqueous
and ethanolic extract of Senna italica on three stages of
Haemonchus contortus. Several authors have demonstrated that
anthelmintic activities in plants are related to the amount of
condensed tannins and/or other secondary metabolites such as
flavonoids, steroids, terpenoids, alkaloids, saponins, etc [42 - 43].
The present study shows that the aqueous and hydromethanolic
extract of the whole plant of Portulaca oleracea had an anthelmintic
effect on adult female worms of Haemonchus contortus.
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The use of Portulaca oleracea by farmers for the treatment of small
ruminants could be explained by the presence of secondary
metabolites having pharmacological effects on gastrointestinal
nematodes. Among others were noted the presence of saponins
presented by many authors as molecules suspected of having anti-
helminthic properties [44]. Tannins have also been listed as having
anthelmintic properties against Haemonchus contortus [41]. From
all these pharmacological properties of Portulaca oleracea, it is
believed that it is through these bioactive metabolics that this plant
acts on nematodes in general and Haemonchus contortus.

The contents of secondary metabolites such as the total
polyphenols, tannins and flavonoids were determined. We found
that the content of the hydromethanolic extract is more consistent
in phenolic compounds and flavonoids compared to the aqueous
extract. On the other hand, the tannin content is less representative
in the aqueous extract compared to the hydromethanolic extract.
These variations in content may be due to several factors such as:
climate, the stage of development of the plant and its degree of
ripening, the time of harvest, the duration of storage, the method of
extraction and the method of quantification of compounds of
biological interest [45]. Studies have shown that polyphenols,
saponins and tannins possess anthelmintic activities [46]. These
chemical families were listed in the aqueous and hydromethanoic
extract of Portulaca oleracea and are believed to be the source of
ovicidal and larvicidal activity of Haemonchus contortus.

To minimize as much as possible, the risks of toxicity of
our plants and to have an improved drug of good quality and
without toxic effect, it was important for us to deepen the research
on the degree of toxicity of Portulaca oleracea. Thus, the study of
acute toxicity by oral route of the aqueous extract of the whole
plant of Portulaca oleracea allowed us to continue our tests on the
subacute toxicity in order to highlight the histological sections of the
liver, kidneys and lung. We chose the oral route because it is the
usual route involved under normal conditions for humans and
ruminants. We did not record a statistically significant difference
between the aqueous and hydromethanolic extract of the whole
plant of Portulaca oleracea on Haemonchus contortus. However,
we preferred to use the aqueous extract as the tradithérapeute's
use. The results obtained with these plant extracts showed no
signs of toxicity in mice for 14 days. The aqueous extract of
Portulaca oleracea administered orally at a single dose of 2000
mg/kg bw revealed an LDs, greater than 5000 mg/kg bw and did
not cause any deaths throughout our study. According to the
OECD Globally Harmonized Classification System [47], our total
aqueous extract can be classified at the 5" category and
considered as a non-toxic substance by the oral route. The LDs
was obtained by the limit "dose adjustment" method of OECD
guideline 425 [28]. For the continuity of our tests, the doses of the
aqueous extract of the whole plant of Portulaca oleracea used are
doses strictly below to 2000 mg / kg bw. Drowsiness, grooming,
and trembling were observed at the 4 h after administration of
Portulaca oleracea extract until day 14. This result is in line with
that obtained by Etamé et al. [29] who worked on the wine extract
of Carica papaya Linn seeds at the same dose and obtained no
deaths of mice until D14. Portulaca oleracea averagely is nontoxic
because we did not have the case of mortality until D4 at the same
dose of 2000 mg/kg bw. In order to evaluate the long-term toxicity
of Portulaca oleracea, it is important to evaluate the subacute
toxicity of the latter.

The subacute toxicity tests of these plant extracts
revealed encouraging results because the administration of the
aqueous extract of the whole plant of Portulaca oleracea was
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spread over a period of 28 days. The organs were weighed and
observed physically and morphologically under the microscope to
see if they were affected by the extracts of our plant or not. During
the continuous oral administration of our plant extract, weights
were regularly raised after two successive days in male and female
rats. The loss of weight is correlated with the physiological state of
the animal and can be explained, not only by anorexia, but also by
the alteration of the metabolism of the animals as reported [48]. In
our case, the variation in weight of the animals due to the aqueous
extract of the whole plant of Portulaca oleracea revealed that there
was no statistically significant difference (P > 0.05) observed on
the evolution of the weight of the animals in both males and
females over a period of 28 days. Regarding the morphological
analysis of the organs of the rats (males and females) we found
that there was no significant difference (P > 0.05) between these
organs (liver, kidneys, spleen, lung, and heart) and the control.
However, a moderately significant difference (P < 0.05) in the liver
of female rats at 200 mg/kg body weight due to the aqueous
extract of the whole plant of Portulaca oleracea compared to the
control was reported. Generally, the change in internal organ
weights is an indication of toxicity after exposure to a toxicant [49].
This is not the case with our plant extract because the organs of
our animals did not change in weight compared to the control.

The liver, kidneys and lung, organs that usually regulate
metabolism and excretion, are particularly sensitive to potential
toxic agents: their function must therefore be monitored in
toxicological studies [50]. Statistical analysis performed showed
stable AST and ALT levels in both sexes at all doses. That
transaminases or aminotransferases are tissue enzymes that
catalyze the transport of alpha-amino radicals from alanine and
aspartic acid to alpha-ketoglutaric acid. Transaminases are present
in the liver, but also in muscle, kidney, pancreas, and other tissues.
They are synthesized in the cytoplasm of cells in these organs and
discharged into the circulation when these cells are damaged [51].
Still called leukocytes, white blood cells play a very important role
in the protection and defense of the body against bacteria, foreign
substances, viruses, parasites, toxins, and tumor cells [52]. When
its value is higher than normal, it can indicate an activation of the
immune system in response to an infection, inflammation, necrosis,
or malignant disease [52]. We also recorded an elevated white
blood cells count in both male and female rats due to the
administration of the aqueous extract of the whole plant of
Portulaca oleracea compared to the controls. The primary function
of red blood cells is to transport oxygen from the lungs to the
tissues [53]. When comparing the red blood cell levels in the test
set to the control, we found that there was no variation in values for
both male and female rats of the aqueous extract of the whole
plant of Portulaca. oleracea. We recorded a highly significant
difference (P < 0.001) between the AE of the whole plant of
Portulaca oleracea on the platelets at doses 200, 400, and 800
mg/kg bw compared to the input of the controls in both male and
female rats. This increase in the platelet count can lead to
thrombocytosis, which could be the cause of vascular, venous, or
arterial obstruction.

Figures 8 and 9 represent histological sections of the
kidneys at objective (x200), liver at objective (x100), and lungs at
objective (x40) of male and female rats, respectively, that were
administered with the aqueous extract of the whole plant of
Portulaca oleracea. The letters A, B, and C in Figures 9 and 10
represent the batches receiving the extract of these plants at the
doses of 200, 400, and 800 mg/kg bw, respectively, and the letter
D represents the normal control batch of all the highlighted organs.
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However, many plant-based compounds accumulate after their
absorption in some organs, especially the liver and kidneys,
responsible for biotransformation and excretion [54], The
architecture of the liver D; marked by the negative control batch for
all figures, reveals to us a normal aspect without hepatic
modifications, the hepatocytes which, are large polyhedral cells
with large round nuclei with the nucleolus well visible, are
organized in a radial way around the centrilobular veins which
receive blood from the hepatic parenchyma in contact with the
sinusoidal capillaries. In addition, the D, kidneys are major targets
of induced toxicity by toxic substances and their derivatives
because of its functions of filtration, urinary evacuation and
elimination of chemical derivatives that result from different
metabolic pathways. Exposure of the kidneys to these substances
can cause an alteration in the globular and tubular structure [55].
This toxicity is determined by analysis of renal biochemical factors
such as urea and creatinine. In our work for these two renal factors
(urea and creatinine) a significant difference between the two was
not highlighted. However, the architecture of the kidneys shows the
normal aspect of the organ with the different visible parts such as
the glomeruli which are surrounded by a capsule and ensure the
glomerular filtration of blood and the passage of water and low
molecular weight compounds into the urinary tract. We also
observe the urinary space or glomerular chamber that surrounds
the glomeruli, the distal and proximal convoluted tubules on either
side of the glomerulus. The lung, on the other hand, represents an
organ that is very sensitive to direct aggression from the external
environment. In the organism, it has a unique situation because it
has an extremely developed vascular network [56]. By submitting
the lung to the histological section, with the objective (x 40), we
manage to highlight the visible parts such as the pulmonary
bronchiole, the pulmonary arteriole, and the alveolar sac. The
architecture of the animal's lung after the histological montage
shows that all the parts are normally represented. From the results
obtained on the different organs (liver, kidneys, and lung)
concerning the histological sections, we conclude that none of
these organs have been affected hence the Portulaca oleracea
could be used for the manufacture of an improved drug because
they were no toxic effect and could be consumed as much as
possible by humans and animals (ruminants).
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Liver Kidney Lungs

Figure 8. Microphotographs of liver (X100), kidney (X200) and lungs (X40) of male rats.

HE. A, B, C = Batches receiving Portulaca oleracea extract at different doses; D = Normal control; Liver; V¢ = Centrilobular vein; He = Hepatocyte; Sc = Sinusoidal capillary;
Kidney; G = Glomerulus; Us = Urinary space; Dct = Distal convoluted tubule; Pct = Proximal convoluted tubule; Lungs; Pb = Pulmonary bronchiole; Pa = Pulmonary arteriole; As =
Alveolar sac
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Liver Kidney

5 it 4 L 5 ) ;
Figure 9. microphotographs of liver (X 100), kidney (X 200) and lungs (X 40) of female rats.

HE. A, B, C = Batches receiving Portulaca oleracea extract at different doses; D = Normal control; Liver; Vc = Centrilobular vein; He = Hepatocyte; Cs = Sinusoidal
capillary; Kidney; G = Glomerulus; Eu = Urinary space; Tcd = Distal convoluted tubule; Tcp = Proximal convoluted tubule; Lungs; Br = Pulmonary bronchiole; Ap =
Pulmonary arteriole; Sa = Alveolar sac.

Table 1. Screening of the different parts of Portulaca oleracea

Conc Mortality rate in percent (%) Mean + Standard deviation 24 hours
Parts of the plant in
mg/mL Aqueous extracts hydromethanolic extracts Hydroethanolic extracts
1 77.77 £15.71 88.88+15.71 66.66 +13.6
Roots 2 83.33 +13.61 88.88+15.71 83.33+13.61
3 88.88 +7.85 100 94.44 +7.85
1 72.22 £15.71 72.21+£7.85 88.87 +£7.85
Leaves 2 72.22£15.71 100 88.87 £7.85
3 83.33+13.61 100 100
1 61.1+7.85 66.66 +13.6 66.66 +13.6
Stems 2 7222 £15.71 77.77 £15.71 88.88 £ 7.85
3 83.33+13.61 95.55 + 6.28 94.44 +7.85
Whole plant 1 94.44 +7.85 100 83.33 £13.61
2 100 100 100
3 100 100 100

Conc = Concentration
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Table 2. Qualitative phytochemical tests result of Portulaca oleracea

Secondary metabolites Portulaca oleracea Extracts
Aqueous Hydromethanolic

Phenols + -

Flavonoids + +

Saponins + +

Alkaloids - +

Tannins + -

Glycosids +

Terpenoids + +

Iridoids - -

(+): Present; (-): Absent

Table 3. Quantitative phytochemical tests of EA and EM of the whole plant of Portulaca. oleracea

Plant Extracts Total polyphenols Tannins Flavonoids

mg EAG/g DM mg EC/g DM mg RE/g DM
Portulaca Aqueous 12.998 + 0.287 5.036 £ 0.273 1.405 + 0.054
oleracea Hydromethanolic 1.847 £+ 0.108

50.884 + 0.535 5.688 + 0.309

Table 4. variation in weights of male and female rats organs due to aqueous extract of the whole plant of Portulaca oleracea compare to

administration time.

Organs Control 200 mg/kg 400 mg/kg 800 mg/kg

males female males female males female males female
Liver 3.75+0.11 4.51 £ 0.46 3.31+0.02"™ 3.79 + 0.06** 3.49+042™ 414+0.26™ 3.45+0.03™ 4,08 £0.11™
Lung 0.88 +0.07 0.97 £ 0.06 1.03+0.10"™ 0.93+0.09" 0.95+0.31" 1.17+£0.42"™ 0.87 £0.18"™ 1.24 £0.34™
Core 0.35+0.02 0.41 +0.02 0.31+0.01"™ 0.39+0.00™ 0.35+0.01™ 0.36 +0.00™ 0.36 +0.03™ 0.40 £0.03™
Kidneys 0.61 +0.04 0.77 £0.04 0.62+0.01" 0.7+0.01" 0.60 £ 0.03" 0.70£0.01" 0.62 +0.02" 0.68 +0.06™
Rate 0.25+0.02 0.59+0.21 0.01 £0.04" 0.33+0.02" 0.28 +0.14™ 0.39+0.06™ 0.33+0.03™ 0.36 +0.04 ™

Highly significant difference (P < 0.001 (***)); Moderately significant (P < 0.05(**)); Significant difference (P < 0.01(*)); No significant difference (P > 0.05 (ns)).

Tableau 5. Variation in biochemical parameters of male and female rats as aqueous extract of the whole plant of Portulaca oleracea was
administered with time.

Parameters Control 200 mg/kg 400 mg/kg 800 mg/kg
males Female males female males female males female
Creatine 0.73+0.04 0.86+0.16 0.7+0.08" 0.76 £ 0.09 " 0.73+0.04" 0.8+0.08" 0.73+0.04" 0.76 £ 0.09"
,s-\rg%(pr (U/L) 242.66 +8.99 245.66 +39.38 215+9.41"™ 196.66 + 12.47 282.33 + 26.24* 281.66 + 22.15 256.66 + 16.99 225.00 + 40.84
ns ns ns ns

ALAT (U/L) 105+ 17.10 84 + 4.96 86.66 + 11.67 " 68 + 13.14" 118.66 + 34.17" 93+ 7.78" 139.33 £13.22 67 +11.31"™

ns
Urea 37.53 £ 6.40 31.7+3.90 35.1+155" 38.93+4.13™ 36.2+6.93"™ 40.8 £ 0.98" 51.7+7.53" 29.33+£3.45"
%TS%I% 100.60 £ 5.55 123.62 +4.08 128.41 +10.43"™  109.31 +5.74" 119.22 £10.11"  110.56 +2.92" 115.53 £ 11.50 111.39 +£8.47 "
mg L ns

Highly significant difference (P < 0.001 (***)); Moderately significant (P < 0.05(**)); Significant difference (P < 0.01(*)); No significant difference (P > 0.05 (ns)).



Adamou et al. Investigational Medicinal Chemistry and Pharmacology 2021 4(2):56

Page 12 of 13

Table 6. Male and female rats Hematological parameters due to the administration of the AE of Portulaca oleracea

Parameters Control 200 mg/kg 400 mg/kg 800 mg/kg
males female males female males female males female
WBC (x 10%L) 5.34+1.06 12.22+1.43 12.27 + 4.25 +0.15™ 8.31 + 1.99%* 4.62+0.36™ 8.58 + 1.83*** 6.32+0.93™
0.02***
LYM (x 109/L) 3.62+0.46 10.68 + 1.19 8.54 + 3.42%* 3.24+0.26™ 5.45 + 0.70** 3.12+0.81™ 6.52 + 2.44** 4,18 +1.80™
MID (x109L) 0.39+0.20 0.64 + 0.09 0.47 £0.27" 0.24 +0.06" 0.66 +0.32" 0.53+0.28" 0.57 £0.23" 0.63+0.30"
RBC (x109L) 1.33+1.20 0.89+0.22 1.93+1.05" 0.77+0.35™ 220+ 1.00"™ 0.97£0.24™ 1.49+0.40"™ 1.64+0,67"
GR (x 1012/L) 8.41+0.29 7.20+1.21 7.70+1.07" 7.3+0.88" 8.01+0.96"™ 7.83+0.71" 9.3+1.03" 8.27+0.29"
HB (g / dl) 13.6+0.14 12.26+1.71 13.36£0.77"™  12.36+0.61" 12.86+1.16" 12.86 £1.01" 14.6 £1.45" 13.43+0.57"
HT (%) 42.86 £ 0.26  39.02 + 3.65, 39.99 +£3.49™  38.47 +3.97"™ 40.98 +3.41 " 39.83 +3.58"™ 44,10+ 1.87™ 42 +0.75"™
MGV (fl) 51+1.63 51.66 + 0.47 50.33+0.47™ 52,66+ 1.24" 51.33+2.05™ 51+0.81" 50.33 £ 0.47"™ 51+0.81"
MCC (g/l) 31.8+0.29 33.2+1.06 32.03+1.16™ 32.4+1.80" 31.4+0.35"™ 32.3+£0.71" 31.3+0.35™ 31.93+0.73"™
MCCT (Pg) 16.2+0.43 17.13+0.74 16.1+0.57" 17.1+1.22" 16.13+0.54" 16.43 £ 0.16" 15.66 + 0.20" 16.23+0.28"
PLT (x109/L) 325.66 + 409.66 + 673.33 = 450.33 £ 476.66+ 535.66 + 27.74™  457.33+13.19™ 341 +24.91™
5.43 13.91 9.46™ 22.39%** 15.86™
THT (%) 0.3+0.09 0.36 + 0.07 0.44 £0.13"™ 0.26 + 0.08 "™ 0.44+0.10"™ 0.37£0.04"™ 0.27 £0.10™ 0.28 £0.06 ™
MPV (fl) 6.96 + 0.26 7.76 £ 0.74 7.96 +0.09" 7.06+0.26" 7.6+0.35" 7.36+0.20" 7.43+0.16" 7.1+0.37"

Highly significant difference (P < 0.001 (***)); Moderately significant (P < 0.05(**)); Significant difference (P < 0.01(*)); No significant difference (P > 0.05 (ns)).WBC:
White blood cells; LYM: Lymphocytes; MID: Neutrophils; GRA: Granulocytes; RBC: Red blood cells; HB: Hemoglobin, HT: Hematocrit; MGV: Mean corpuscular
volume; MCC: Mean cell concentration of hemoglobin; MCCT: Mean corpuscular hemoglobin content; PLT: Platelets; THT: Thrombocrit; MPV: Mean platelet volume.

AA carried the field work. HI

and NF carried

laboratory

Conclusion

We had to evaluate the anthelmintic effect of the aqueous and
hydromethanolic extract of the whole plant of Portulaca oleracea
on eggs, stage 3 larvae and adult female worms of H. contortus, as
well as the acute and subacute toxicity tests. Both aqueous and
methanolic extracts showed encouraging results on all stages of
the development of the parasite. The concentrations used on eggs
and L; were higher than those on adults. We found that eggs and
L; are more resistant than adults to the aqueous and
hydromethanolic extracts of Portulaca oleracea. Of all the results
obtained on the different stages of development of the parasite,
Levamisole showed us a higher effect (P < 0.001) compared to
both extracts of this plant but, a significant difference (P > 0.05)
was not reported between the aqueous and hydromethanolic
extract. Regarding the toxicity study performed on mice and rats,
Portulaca oleracea is not toxic. The use of Portulaca oleracea is
justified by breeders on ruminants in general and its use by
traditional healers on humans. In order to know more about
Portulaca oleracea, it will be important to carry out an in vivo
toxicity study in small ruminants to see the effect of this plant on
them.
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