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Abstract
Sonchus oleraceus L. is a Mediterranean leafy vegetable. The aerial parts are widely used in Algerian traditional medicine 
to treat several diseases such as inflammation, hepatitis, and for detoxication. To date, there are no studies corroborating its 
toxicity profile. This work aimed to investigate the qualitative phytochemical screening (QPS) and to evaluate the toxicity 
of the hydro-methanolic (HME) and hot aqueous (HAE) extracts of the aerial parts of S. oleraceus L. in female mice. The 
QPS of both extracts was achieved using simple tests, as well as the acute and subacute toxicities were examined following 
Lorke’s method and OECD guidelines 407, respectively. The qualitative phytochemical analysis revealed the presence of 
polyphenols, flavonoids, sterols and triterpenes, anthraquinone glycoside, and reducing compounds in both extracts. The 
administered doses of the two extracts disclosed no mortality and no visible sign of toxicity. The LD50 was estimated above 
5 g/kg body weight. In the subacute test, the extracts did not induce neither mortality nor significant changes in body weight 
and relative organ weights. The data also revealed that HME leads to a disturbance in LDL, indirect bilirubin, while HAE 
caused a disorder in cholesterol, ALT, urea, creatinine, and total proteins levels. They caused as well a strong disturbance 
of hematological parameters. Histopathological examination showed an important hepatic, renal, and lung lesions up to the 
dose of 2000 mg/kg b.w. Our results showed that the two extracts may elicit toxic effects on the liver, kidney, and lung on 
prolonged administration.

Keywords  Sonchus oleraceus L. · Phytochemical screening · Acute toxicity · Subacute toxicity · LD50 · Biochemical and 
hematological parameters

Introduction

Herbal medicine is considered as a major primary healthcare 
provider around the globe particularly in rural and remote 
areas, in spite of the development in synthetic and semi-
synthetic drugs for the treatment of different ailments (Sen 
and Chakraborty 2016; Yuan et al. 2016). This widespread of 

plant medicine is attributed to several factors such as various 
claims on the efficacy or effectiveness of plant medicines, 
high cost and adverse side effects of most modern drugs, and 
a movement toward self-medication (Bandaranayake 2006). 
Despite their use over centuries, data about medicinal plants 
are not sufficient to meet the criteria needed to support world-
wide use (WHO 2000). Safety is the major and overriding 
criterion in the selection of herbal medicines for use in health 
services, so it is important to validate their safety before use. 
Experimental data on the potential toxicological profile of tra-
ditional medicinal plants and/or their derivatives are impera-
tive for the validation of safety for human use and in the devel-
opment of pharmaceuticals/functional food (Yuet Ping et al. 
2013). Therefore, systematic evaluation of medicinal plants 
for potential toxicity is a necessary step for the validation of 
their regular therapeutic use. Several medicinal plants are used 
in Algerian traditional medicine to treat liver diseases.
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Sonchus oleraceus L. (family Asteraceae) is locally 
known as “Tilfaf” and named as sowthistle, and it is a Med-
iterranean edible species as leafy vegetables (Quezel and 
Santa 1963). It is very important in the diets of urban people 
and provides a relatively inexpensive vegetable to the society 
(Vilela et al. 2009a). It is used in folk medicine as a therapy 
for inflammation, hepatitis, gastric spasm, fever, for detoxi-
cation, and improvement of blood circulation (Muhammad 
et al. 2012; Agra et al. 2007). In traditional medicine, the 
plant extracts are used as an antioxidant, anti-inflammatory, 
anticancer, antimicrobial, antidepressant, hepatoprotective, 
antidiabetic, blood purifying, and liver tonic activities (Jain 
and Singh 2014; Khan et al. 2012a, b, c; Hata et al. 2000). 
This plant like many other species of Sonchus genus pos-
sesses many phytochemical constituents, including terpe-
nes, sterols, flavonoids, coumarins, phenols, saponins, and 
alkaloids (Jain and Singh 2014). S. oleraceus L. from Bra-
zil showed no toxicity up to 5000 mg/kg body weight of 
hydroethanolic and dichloromethanic extracts (Vilela et al. 
2009a).

However, to the best of our knowledge, no report is avail-
able on hydro-methanolic and hot aqueous extracts toxicity of 
aerial parts of the edible plant, which is required before con-
sidering it as medicine in spite of its wide consumption. Based 
on that, the present study was performed to assess a compari-
son of the possible toxic effects of the hydro-methanolic and 
hot aqueous extracts of S. oleraceus L. aerial parts after acute 
and subacute oral administration in Albino mice, as well as to 
identify the main components present in these extracts.

Materials and methods

Botanical material and extracts preparations

The aerial parts of the fresh plant were collected in the month 
of January 2018 from the fields of Boumahra Ahmed com-
mune, City of Guelma (Northeastern of Algeria), and were 
identified and authenticated as Sonchus oleraceus L. (family 
Asteraceae) by Prof. Gérard De Belair (Faculty of Sciences, 
University of Annaba, Algeria), where a voucher specimen 
was deposited (LBEE.22.01.18). The plant was shade-dried 
and was ground to fine powder.

The fine powder of Sonchus oleraceus L. was extracted by 
mixing 200 g of the plant powder with 2 L of 80% methanol 
(Merck, Germany) for 72 h with occasional agitation at room 
temperature and filtered. The process was repeated in three 
times. The filtrates were combined and then concentrated to 
dryness in a rotary evaporator in reduced pressure (R-215, 
Büchi Labortechnik AG, Flawil, Switzerland) at 40 °C to 
obtain hydro-methanolic extract (HME). The concentrated 
filtrate was dried with a lyophilizer at − 50 °C and vacuum 

pressure (200 mBar) to remove water. The dried extract was 
kept in a tight container in the refrigerator until use.

The hot aqueous extract (HAE) was prepared by using 
the method of Smach et al. (2015). A portion (200 g) of the 
air-dried aerial parts was macerated in 1 L of disttilled water 
for 4 h until boiling. The extract was thereafter filtered with 
Whatman No.1 filter paper, and centrifuged at 2000 × g for 
15 min. The supernatant was dried using a lyophilization 
apparatus and the HAE was kept at 4 °C in a refrigerator for 
the toxicological study.

Preliminary phytochemical screening

The hydro-methanolic and hot aqueous extracts were subjected 
to a qualitative phytochemical screening. The phytoconstitu-
ents were detected using colorimetric and precipitation reac-
tions, according to the different procedures as described below.

Various solvent extracts of S. oleraceus L. were used to 
screen for phenolics and flavonoids (Bhandary et al. 2012; 
Khanam et al. 2015), sterols and triterpenoids (Kumar et al. 
2013; Khanam et al. 2015), alkaloids (N’Guessan et al. 2009), 
saponins (Khanam et al. 2015), cardiac glycosides (Khanam 
et al. 2015), tannins (John et al. 2015), anthraquinone glyco-
sides (Iqbal et al. 2015), reducing sugars (Singh and Kumari 
2015), lipids (Bruneton 2009), coumarins (Rizk 1982), and 
gums and mucilages (BeMiller and Whistler 2012).

Animals and approval from animal ethical 
committee

In order to avoid intersex variability, we used only adult female 
mice of Wistar strain (Mus musculus) weighing between 21 
and 36 g. The animals were supplied from the laboratory of 
the Pasteur Institute of Algiers, and housed at the “Animalerie 
de Département de Biologie, Université 8 Mai 1945 Guelma, 
Algérie” under standard experimental conditions. The animals 
were kept in clean stainless-steel cages and acclimatized in an 
air-conditioned room at 25 ± 2 °C, 12-h light/12-h dark cycle, 
and relative humidity of 50–55% for a week. They were pro-
vided with standard chow diet and water ad libitum throughout 
the experiment, except for the short fasting period when no 
food (except water) was provided 8 h prior to treatment. The 
principles of the Care and Use of Laboratory Animals (NIH 
publication 1985) were followed.

Acute toxicity assay

The study of the acute oral toxicity of hydro-methanolic and 
hot aqueous extracts (HME, HAE) of the plant S. oleraceus 
L. was conducted according to Lorke’s method (Lork 1983) 
with some modifications. It consists of determining the 50% 
lethal dose (LD50). The study was carried out in two phases.
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In the first phase, the healthy mice were divided into four 
groups, consisting of 3 mice per group: groups I, II, III, and 
IV. Group I was mice treated with a vehicle (1% DMSO for 
HME and NaCl 9‰ for HAE; normal control) and groups 
II–IV were mice treated with 10, 100, and 1000 mg/kg body 
weight (b.w) of the extracts, respectively. All mice were kept 
under the same conditions and monitored for signs of toxic-
ity or mortality for 24 h. The next day, the signs of mortality 
are noted and the second phase is carried out.

The second phase involves the use of 9 mice for each extract. 
They were divided into three groups of 3 mice each and received 
three higher doses of each extract (1600, 2900, and 5000 mg/
kg b.w) to further determine the correct LD50 value. They were 
also observed periodically during the first 24 h for any toxic sign, 
then once a day for 14 days, noting weight variations, mortality 
rate, and any physical and behavioral changes.

Preparation of dose

The two extracts (HME, HAE) of Sonchus oleraceus L. were 
suspended in vehicles with 1% dimethyl sulfoxide (DMSO) 
and 0.9% physiological saline (NaCl) respectively prior to 
single oral administration. After the 12-h fasting period, 
body weights of the mice were measured and the extract 
dose was calculated in relation to the body weight, given the 
extract solution of 10 mL/kg body weight.

Subacute oral toxicity

The subacute toxicity study was performed according to the 
OECD guideline for testing of chemicals 407 (OECD 2008), 
and dose selection was made on the basis of acute oral toxic-
ity study (2000 and 5000 mg/kg b.w) according to OECD 
guidelines 425. The animal experiment was conducted in 
strict compliance with the ethical standards of the Interna-
tional Guidelines for the Evaluation of the Safety and Efficacy 
of Medicinal Plants (Organisation for Economic Co-operation 
and Development) (OECD 2008). Similarly, female mice were 
randomly distributed into five groups, consisting of six mice 
per group. Group I was mice treated with 1% DMSO for HME 
and NaCl 9‰ for HAE (neutral control) and groups II–V were 
mice treated with 250, 500, 1000, and 2000 mg/kg b.w of each 
extract. The extracts were suspended in vehicle prior to oral 
administration. The mice were administered orally once a day 
for 28 days consecutively. Body weights and signs of toxicity 
and mortality were observed daily. Weekly measurements of 
weights were recorded. At the end of the treatment, the mice 
were fasted for 24 h and sacrificed. Blood samples were col-
lected from mice into plain and EDTA-containing tubes for 
biochemical and hematological analyses, respectively. After 
the blood collection procedure, the animals were sacrificed by 
cervical dislocation and dissected. The organs (spleen, heart, 

liver, kidneys, and lungs) were excised, rinsed in 0.9% saline, 
and weighed individually to determine relative organ weights, 
and the gross lesions were monitored.

The relative organ weight (ROW) for each organ was 
determined using the following formula:

The kidneys, livers, and lungs were then preserved in 10% 
formalin for histopathological examination.

Hematological analysis

The blood samples collected in EDTA tubes were immediately 
used for hematological assays. Hematological parameters were 
determined using automated Beckman Coulter (Beckman Coulter  
Inc., Brea, CA, USA). The following hematological indices were 
assayed: white blood cell count (WBC), neutrophils (NEU), 
lymphocytes (LYM), eosiophils (EOS), monocytes (MONO), 
basophils (BASO), red blood cell count (RBC), hemoglobin 
(HGB), mean corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), mean corpuscular hemoglobin concentra-
tion (MCHC), platelet count (PLT), and hematocrit (HCT).

Biochemical analysis

The blood samples collected in non-heparinized tubes were 
allowed to clot under room temperature for 15–30 min and then 
centrifuged at 3000 rpm, 4 °C for 10 min. The serum obtained 
was stored at − 20 °C for biochemical analysis. It was conducted 
using diagnostic kits according to the manufacturers’ manuals.

The clinical biochemistry parameters, including glucose 
(GLU), urea (UREA), uric acid (URIC), creatinine (CREA), 
cholesterol (C), triglycerides (TGs), high density lipoprotein 
(HDL), low density lipoprotein (LDL), alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), alkaline 
phosphatase (ALP), total protein (TP), and total bilirubin 
(T-BIL) (direct and indirect bilirubin), were analyzed colori-
metrically by using the standard ready-to-use kits.

Histopathological assessment

On the 28th day, histopathological examinations were car-
ried out on the excised and fixed (10% formalin) liver, kid-
ney, and lung tissues of the test mice. They were dehydrated 
in gradual ethanol concentrations (60–100%), cleared in 
xylene, and finally embedded in paraffin. Prior to photomi-
croscope observation, they were prepared and segmented 
by a microtome into Sects. (5 μm thick) and stained with 
hematoxylin and eosin (H&E) dye. The stained sections were 
eventually viewed with Leica Optika B-192 microscope at 

Relative organ weight (ROW) = [Absolute organ weight (g)

÷ Body weight of mice on sacrif ice day (g)] × 100
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power magnifications of × 10 and × 40, and photomicrographs 
were recorded (Martey et al. 2010).

Statistical analysis

The statistical analyses were carried out using GraphPad 
Prism software, Inc., version 5.00. Experimental results 
were expressed as mean ± S.D (standard deviation), and the 
statistical significance between the groups was analyzed by 
means of one-way analysis of variance (ANOVA) followed 
by Dunn’s multiple comparison post hoc test. A p-value of 
p ≤ 0.05 was considered as statistically significant.

Results

Phytochemical investigation

The qualitative phytochemical analysis of the hydro-methanolic 
(HME) and hot aqueous (HAE) extracts revealed the presence 
of various secondary metabolites which are listed in Table 1. 
Strong positive reactions were registered for polyphenols, fla-
vonoids, sterols and triterpenes, anthraquinone glycoside, and 
reducing compounds in both extracts, whereas saponosids, 
lipids, gums, and mucilages were not detected. HME contains 
more compounds than HAE.

Acute toxicity assay

The acute lethal study of SO aerial parts extracts on mice shows 
that no animal died within 24 h after treatment with the extracts 
(HME and HAE) in the first phase. Again, no mortality or signs 

of toxicity in female mice were recorded among all the dose 
groups throughout the 2-week experimental period. Moreover, 
the treated groups were physically active, consuming food and 
water as regular. Any sign of abnormal behavior has not been 
noticed compared to the control group, and so based on the 
result of acute toxicity, the LD50 of hydro-methanolic and hot 
aqueous extracts was estimated to be above 5 g/kg body weight.

At the end of the study, the necropsy of the test animal organs 
revealed no abnormalities related to the treatment with the two 
extracts and no significant abnormal changes in color, size, 
shape, and texture compared with the control. The histopatho-
logical examination was not conducted as the gross pathologi-
cal showed no abnormality. According to OECD (2008), the 
substance tested is considered of low toxicity and falls in class 
5, since the oral lethal dose (LD50) of the two extracts for Wistar 
female mice is greater than 5000 mg/kg b.w.

Subacute toxicity study

General observations

Daily oral administration of HME and HAE extracts at doses 
250, 500, 1000, and 2000 mg/kg b.w for 28 consecutive days 
to female mice showed no death, changes in behavior, or other 
physiological changes compared to the control animals, respec-
tively. The doses were selected based on the results of acute 
toxicity study, wherein the test item was found to be safe up to 
a dose of 5000 mg/kg body weight. A limit dose of 2000 mg/
kg was selected as a high dose in the subacute toxicity study.

Effects of extracts on body weight

The animals and their organs were weighed using the KERN 
precision balance, ABJ-NM (ABS 220-4 N). The body weights 
of all animals, both in the control and treated groups, are 
shown in Figs. 1 and 2.

During the subacute experimental period, all groups of 
mice showed gradual and normal increase in their body weight 
(Fig. 1). However, there was no significant change (p > 0.05) in 
body weight between the treated and control groups at HME 
doses of 250, 500, 1000, and 2000 mg/kg. On the other hand, 
compared to the day of administration of the extract (day 14), 
there was a significant increase (p = 0.05) in the body weight of 
the animals, after administration of the extract at 1000 mg/kg.

The administration of hot aqueous extract from S. oleraceus L. 
at a dose of 2000 mg/kg resulted a significant increase (p = 0.01) 
in body weight of treated mice at D7 compared to the control 
groups (Fig. 2). There was no statistically significant change 
in body weight between the control and other treated groups 
throughout the study period. In addition, no signs of toxicity 
or animal deaths were observed at any dose up to a maximum 
of 2000 mg/kg during the 4 weeks of repeated oral treatment. 
Weekly weighing of the mice implied that the oral application 

Table 1   Phytochemical profile of hydro-methanolic and hot aqueous 
extracts of Sonchus oleraceus L. aerial parts

+: Presence, -: absence. GT gallic tannin, CT catechic tannin, HME hydro-
methanolic extract, HAE hot aqueous extract

Test HME HAE

Polyphenols  +   + 
Flavonoids  +   + 
Alkaloids  +   + 
Sterols and triterpenoids  +   + 
Tannins  + GT  + CT
Anthraquinone glycosides  +   + 
Reducing sugars  +   + 
Saponins - -
Lipids - -
Coumarins -  + 
Gums and mucilages - -
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of both extracts up to a dose of 2 g/kg for 28 days did not disturb 
the growth of the mice at the end of the experimental period.

Based on these results, the hydroalcoholic and aqueous 
extracts of the plant S. oleraceus L. are considered non-toxic 
at the treated doses.

Effects of S. oleraceus L. extracts on the absolute 
and relative weight of the different organs (ROW) 
under subacute toxicity conditions

On the day of the sacrifice, the weights of the organs (liver, kid-
neys, lungs, heart, and spleen) were measured. This allowed us 

to calculate the relative weight of these organs and to evaluate 
the variation between the different groups. The results obtained, 
concerning the evolution of the absolute and relative organ 
weight, are shown in the tables and figures.

Macroscopic examination of the internal organs of the 
control and treated groups, including liver, kidneys, spleen, 
heart, and lungs, revealed no abnormalities or morphological 
changes related to the administration of the extracts. These 
organs had a normal appearance similar to that of the organs 
in the control group (Fig. 3).

Figure 3 shows the effects of S. oleraceus L. extracts 
on the absolute weight of the liver, kidneys, spleen, lungs, 

Fig. 1   Changes in body weight 
mean (g) in mice treated 
orally under subacute toxicity 
conditions with hydro-methanol 
extract of Sonchus olera-
ceus L. Values are presented 
as mean ± SEM of 6 mice. 
Compared to the control group 
(one-way ANOVA followed by 
Dunnett’s post hoc test)
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and heart. The absolute weight of each organ recorded at 
necropsy in the treatment groups did not show any sig-
nificant difference compared to the control group. In con-
trast, in mice treated with HME, a significant decrease 
was noted at 1000 mg/kg compared to control. However, 
there was no significant change (p > 0.05) in the absolute 
weight of these organs regardless of the extract adminis-
tered (Fig. 3). In mice treated with HAE (Fig. 3), there was 
no significant change (p > 0.05) in absolute organ weights 
at any dose administered.

According to Fig.  4, there is no significant variation 
(p > 0.05) in the relative weights of all the organs studied 
(liver, kidneys, spleen, lungs, and heart). However, there was 
a non-significant increase in relative liver and kidney weights 
in HME extract-treated mice compared to controls. When 
mice were treated with HME extract, we observed a slight 
weight loss in the spleen, lungs, and heart. In the groups of 

mice in which hot aqueous extract “HAE” of the plant was 
administered, there were slight non-significant decreases in 
relative organ weights compared to the control group.

Effect on biochemical parameters

The biochemical parameters (Table 2) are essential as they pro-
vide information on major toxic effects in tissues, specifically 
the effects on kidney and liver. Some enzymes and proteins can 
be used to indicate hepatocellular effects (seen in ALT, AST, 
and bilirubin). Cholesterol levels are an indirect indicator of 
liver function; creatinine, uric acid, and blood urea nitrogen are 
biomarkers of nephron functional injury (Brandt et al. 2009).

Tables 2 and 3 summarize the levels or activities of bio-
chemical parameters in female mice treated with both extracts. 
The biochemical parameters for the assessment of renal func-
tion are shown in the figures and tables. The serum creatinine 
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Fig. 3   Effect of the hydro-methanolic and hot aqueous extracts of Son-
chus oleraceus L. on the absolute organ mass of female mice treated 
under the conditions of subacute toxicity. HME, hydro-methanolic 

extract; HAE, hot aqueous extract. Values are mean ± SEM of 6 mice. 
Compared to the control group (one-way ANOVA followed by Dunnett’s 
post hoc test). *Significantly different from the control sets, p < 0.05
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Fig. 4   Effect of the hydro-methanolic and hot aqueous extracts of Son-
chus oleraceus L. on the relative organ weights of female mice treated 
under the conditions of subacute toxicity. HME, hydro-methanolic 

extract; HAE, hot aqueous extract. Values are mean ± SEM of 6 mice. 
Compared to the control group (one-way ANOVA followed by Dunnett’s 
post hoc test). *Significantly different from the control sets, p < 0.05
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concentration of mice treated with HME extract showed a 
slight non-significant decrease; however, the creatinine eleva-
tion was significant (p ˂ 0.05) compared to that of control 
animals for mice treated with HAE extract.

It should be noted that the HAE extract caused an increase 
in urea activity in mice. This increase was very significant (p 
˂ 0.01) at 500 mg/kg b.w (0.28 ± 0.06 g/L) compared to the 
control group (0.14 ± 0.03 g/L) (Table 3). However, fasting 
glucose and uric acid levels showed no significant difference 

(p ˃ 0.05) at any dose or extract administred compared to the 
control groups.

The biochemical markers for the evaluation of liver func-
tion are presented in the tables. Liver transaminases (AST: 
aspartate aminotransferase and ALT: alanine aminotrans-
ferase) showed a slight non-significant increase compared 
to the HME control, whereas HAE caused an increase in 
ALT. This increase was highly significant (p ˂ 0.001) at 
500  mg/kg b.w (128.67 ± 55.38  IU/L) compared to the 

Table 2   Biochemical parameters of female mice after 28 days of treatment with hydro-methanolic extract of Sonchus oleraceus L 

Values are mean ± S.D of six mice. Compared to the control group (one-way ANOVA followed by Dunnett’s post hoc test). Levels of signifi-
cance are expressed as follows: *p < 0.05; **p < 0.01

Parameters Control DMSO 250 mg/kg 500 mg/kg 1000 mg/kg 2000 mg/kg

Glucose (g/L) 0.85 ± 0.09 0.48 ± 0.20 0.82 ± 0.45 0.77 ± 0.17 0.93 ± 0.17
Urea (g/L) 0.37 ± 0.42 1.05 ± 1.39 0.22 ± 0.01 0.20 ± 0.09 0.22 ± 0.03
Creatinine (mg/L) 5.69 ± 0.57 6.68 ± 6.80 2.54 ± 0.23 1.85 ± 0.73 1.96 ± 1.43
Uric acid (mg/L) 25.53 ± 6.51 54.94 ± 9.07 40.16 ± 21.93 38.51 ± 11.75 22.09 ± 15.32
Triglycerides (g/L) 1.15 ± 0.68 1.60 ± 0.30 1.03 ± 0.20 0.99 ± 0.13 1.18 ± 0.35
Cholesterol (g/L) 1.22 ± 0.07 1.02 ± 0.28 1.16 ± 1.18 0.97 ± 0.05 1.10 ± 0.17
HDL (g/L) 0.65 ± 0.03 0.59 ± 0.11 0.58 ± 0.09 0.51 ± 0.01 0.47 ± 0.20
LDL (g/L) 0.11 ± 0.03 0.19 ± 0.12 0.38 ± 0.15* 0.32 ± 0.12 0.39 ± 0.05*
AST (UI/L) 222.00 ± 27.19 247.27 ± 94.31 284.19 ± 25.78 219.15 ± 34.97 308.07 ± 101.09
ALT (UI/L) 46.40 ± 6.54 42.94 ± 2.79 74.88 ± 35.13 38.88 ± 2.06 75.31 ± 47.06
ALP (UI/L) 50.29 ± 44.53 62.57 ± 23.98 100.39 ± 17.62 35.49 ± 21.28 56.21 ± 19.49
Total proteins (g/L) 58.73 ± 3.24 60.62 ± 16.24 55.95 ± 1.38 52.28 ± 8.92 68.06 ± 9.53
Total bilirubin (mg/L) 7.32 ± 2.51 2.23 ± 1.46 1.36 ± 0.46 3.31 ± 0.67 5.05 ± 2.06
Direct bilirubin (mg/L) 3.72 ± 1.47 1.60 ± 1.38 1.05 ± 0.52 2.48 ± 3.32 3.93 ± 3.88
Indirect bilirubin (mg/L) 1.95 ± 0.25 0.63 ± 0.15* 0.31 ± 0.10* 0.83 ± 0.79* 1.12 ± 0.52

Table 3   Biochemical parameters of female mice after 28 days of treatment with hot aqueous extract of Sonchus oleraceus L 

Values are mean ± S.D of six mice. Compared to the control group (one-way ANOVA followed by Dunnett’s post hoc test). Levels of signifi-
cance are expressed as follows: *p < 0.05; **p < 0.01. PW physiological water

Parameters Control PW 250 mg/kg 500 mg/kg 1000 mg/kg 2000 mg/kg

Glucose (g/L) 0.72 ± 0.13 1.22 ± 0.27 0.85 ± 0.64 0.71 ± 0.20 0.97 ± 0.19
Urea (g/L) 0.14 ± 0.03 0.21 ± 0.05 0.28 ± 0.06* 0.21 ± 0.02 0.24 ± 0.01
Créatinine (mg/L) 1.71 ± 0.78 5.22 ± 0.35* 2.16 ± 1.75 3.53 ± 0.35 6.53 ± 0.37*
Uric acid (mg/L) 8.67 ± 1.71 33.15 ± 11.82 21.51 ± 3.26 34.50 ± 13.78 32.51 ± 12.75
Triglycerides (g/L) 0.89 ± 0.07 0.77 ± 0.13 1.87 ± 0.61 1.66 ± 0.64 1.08 ± 0.09
Cholesterol (g/L) 0.61 ± 0.11 0.77 ± 0.14 1.20 ± 0.24* 1.03 ± 0.10* 1.04 ± 0.01*
HDL (g/L) 0.28 ± 0.08 0.39 ± 0.08 0.56 ± 0.17 0.52 ± 0.14 0.54 ± 0.00
LDL (g/L) 0.15 ± 0.06 0.07 ± 0.02 0.09 ± 0.03 0.08 ± 0.02 0.10 ± 0.00
AST (UI/L) 243.76 ± 89.43 302.71 ± 52.67 335.53 ± 120.18 321.26 ± 68.07 273.61 ± 4.48
ALT (UI/L) 40.70 ± 10.93 79.54 ± 8.81 128.67 ± 55.38* 73.78 ± 18.63 73.55 ± 11.89
ALP (UI/L) 51.49 ± 44.68 74.94 ± 60.20 19.64 ± 3.02 61.40 ± 7.47 94.32 ± 5.36
Total proteins (g/L) 42.70 ± 4.94 61.12 ± 4.94 23.74 ± 4.12 63.01 ± 0.89 65.31 ± 2.21*
Total bilirubin (mg/L) 3.62 ± 1.54 3.64 ± 2.43 1.18 ± 0.04 4.29 ± 2.09 2.49 ± 1.14
Direct bilirubin (mg/L) 2.88 ± 1.67 2.19 ± 1.31 0.93 ± 0.02 3.24 ± 1.34 1.22 ± 0.44
Indirecte bilirubin (mg/L) 0.41 ± 0.37 1.46 ± 1.25 0.25 ± 0.03 1.05 ± 0.75 1.28 ± 0.71
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control (40.70 ± 10.93 IU/L). The enzyme activity of ALT 
was significantly increased as well in HAE-treated animals 
compared to the control as shown in Table 3. Furthermore, 
the action of HME and HAE extracts on liver biochemical 
markers (AST and ALT) is not dose-dependent.

For the 1000 mg/kg dose, there was a non-significant 
decrease in “ALP” alkaline phosphatase activity and a 
slight increase in total protein concentration, but these were 
not significantly different from those of the vehicle control 
group (p ˃ 0.05). In contrast to the HAE-treated mice, at 
2000 mg/kg b.w, the elevation in total protein concentration 
was significant (p ˂ 0.05) with values of 65.31 ± 2.21 g/L 
compared to the control group (42.70 ± 4.94 g/L).

In addition, no significant changes were found between 
all HME-treated groups in total bilirubin, direct bilirubin, 
triglyceride, and cholesterol levels, while HAE caused an 
increase in cholesterol in mice. The increase in concentra-
tion was very significant (p ˂ 0.01) at doses of 500–2000 mg/
kg b.w (1.20 ± 0.24; 1.03 ± 0.10; 1.04 ± 0.01 g/L) compared 
to the control group (0.61 ± 0.11 g/L). On the other hand, a 
significant decrease (p ˂ 0.01) in indirect bilirubin activity 
was noted in mice treated with 250, 500, and 1000 mg/kg 
HME extract with concentrations of 0.63 ± 0.1 5; 0.31 ± 0.10; 
and 0.83 ± 0.79 mg/L compared to the DMSO control group 
(1.95 ± 0.25 mg/L), while LDL values showed a very sig-
nificant increase (p ˂ 0.01) at 500 and 2000  mg/kg b.w 
(0.38 ± 0.15 and 0.39 ± 0.05 g/L) compared to the control 
group (0.11 ± 0.03 g/L).

This allows us to conclude that repeated oral application 
of the hydro-methanolic extract of the plant, at the induced 
dose, leads to a disturbance of LDL as well as hepato-renal 
function, in particular indirect bilirubin, while the hot 

aqueous extract caused a lipidic and hepato-renal disorder 
at the level of cholesterol, ALT, urea, creatinine, and total 
proteins.

Effect on hematological parameters

The evaluation of hematological parameters (Tables 4 and 5) 
is important for assessing the physiological and pathological 
status in humans and animals (Khan et al. 2011).

Effects of HME and HAE on erythrocyte lineage parameters 
(red blood cells, hemoglobin, hematocrit, MCV, MCH, 
CCMH)

Red blood cell, hemoglobin, and hematocrit values (Tables 4 
and 5) were significantly increased (p ˂  0.0001) in mice treated 
with HME. Significant raise in RBCs (at 1000–2000 mg/kg), 
HGB, and HCT (at 1000 and 2000 mg/kg) was recorded. 
In contrast, at 500 mg/kg mice showed a highly significant 
(p < 0.0001) decrease in RBCs, HGB, and HCT compared 
to the DMSO control group. Mice treated with hot aque-
ous extract “HAE” showed a slight non-significant increase 
in HGB compared to the physiological water control group, 
while RBC and HCT values were constant (Table 5). For MCV 
level, the increase was very significant (p ˂ 0.001) at 500 and 
1000 mg/kg (55.30 ± 0.10 and 54.40 ± 0.30 fl.) compared to 
controls (49.85 ± 0.98 fl.); in contrast to HAE extract-treated 
mice which had constant MCV values. There was a very sig-
nificant variation in the MCH, with lower values (p ˂  0.001) at 
the doses (250, 500, and 2000 mg/kg) compared to the control 
group. Similarly for HAE extract, MCH showed a significant 
decline (p ˂ 0.001) at all doses except the 1000 mg/kg b.w 

Table 4   Hematological parameters of female mice after 28 days of treatment with hydro-methanolic extract of Sonchus oleraceus L 

Values are mean ± S.D of six mice. Compared to the control group (one-way ANOVA followed by Dunnett’s post hoc test). Levels of signifi-
cance are expressed as follows: *p < 0.05; **p < 0.001; ***p < 0.0001. WBC white blood cell, RBC red blood cell, MCV mean corpuscular vol-
ume, MCH mean corpuscular hemoglobin, MCHC mean corpuscular hemoglobin concentration

Parameters Control DMSO 250 mg/kg 500 mg/kg 1000 mg/kg 2000 mg/kg

WBC (103/µL) 7.05 ± 0.03 5.53 ± 0.47*** 2.95 ± 0.06*** 8.42 ± 0.37*** 9.60 ± 0.15***
Neutrophiles (%) 19.50 ± 0.24 66.40 ± 0.20*** 56.30 ± 0.20*** 22.50 ± 0.53*** 42.70 ± 0.01***
Lymphocytes (%) 50.71 ± 0.34 3.40 ± 0.15*** 40.00 ± 1.00*** 73.40 ± 0.38*** 8.60 ± 0.36***
Eosinophiles (%) 1.27 ± 0.18 4.09 ± 0.46*** 3.40 ± 0.16*** 3.10 ± 0.16*** 2.60 ± 0.02***
Monocytes (%) 2.07 ± 0.09 25.70 ± 2.27*** 0.20 ± 0.05*** 1.00 ± 0.11* 46.00 ± 4.00*
Basophiles (%) 0.02 ± 0.01 0.40 ± 0.09*** 0.10 ± 0.01 0.00 ± 0.00 0.10 ± 0.09
RBC (106/µL) 7.42 ± 0.22 8.10 ± 0.05* 4.05 ± 0.18*** 8.39 ± 0.20** 9.02 ± 0.43***
Hemoglobin (g/dL) 11.12 ± 0.12 11.50 ± 0.27 6.10 ± 0.11*** 13.40 ± 0.18*** 12.70 ± 0.27***
Hematocrit (%) 36.93 ± 0.37 38.50 ± 0.08 22.40 ± 0.27*** 45.60 ± 0.48*** 42.90 ± 0.52***
MCV (fl.) 49.85 ± 0.98 47.50 ± 2.28 55.30 ± 0.10*** 54.40 ± 0.30** 47.60 ± 0.36
MCH (pg) 16.99 ± 0.46 14.20 ± 0.47** 15.00 ± 1.03* 16.00 ± 0.33 14.10 ± 0.01***
MCHC (g/dL) 35.39 ± 0.28 29.90 ± 1.58*** 27.20 ± 0.21*** 29.40 ± 0.04*** 29.60 ± 0.29***
Platelet count (103/µL) 695.70 ± 71.90 143.00 ± 3.00*** 211.00 ± 11.00*** 454.00 ± 57.00*** 364.00 ± 93.00***
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dose. For MCHC, the decline observed was highly significant 
(p ˂ 0.0001) at all doses compared to controls (Table 5). For 
groups treated with HAE, the concentration of MCHC was 
decreased insignificantly at the different doses tested.

In addition, the hematological analysis of the blood 
revealed significant changes in the calculated parameters. 
However, these changes did not occur simultaneously in the 
groups of animals and were not dose-dependent.

Effects of HME and HAE on leukocyte lineage parameters 
(white blood cells, neutrophils, lymphocytes, eosinophils, 
basophils, and monocytes)

Noting that the statistical study by Dunnett’s t-test showed that all 
differences between the groups for leukocyte lineage parameters 
(WBC, NEU, LYM, EOS, and MONO) were highly significant 
for all the tested doses of HME extract. Similarly, mice treated 
with HAE showed a highly significant (p ˂ 0.0001) increase in 
MONO and BASO and a large significant (p ˂ 0.0001) decrease 
in LYM over all doses used. WBCs were significantly decreased 
(p ˂ 0.001) at doses of 500 and 1000 mg/kg b.w, and NEU 
were increased at doses of 1000 and 2000 mg/kg b.w. BASO 
showed a very significant (p < 0.001) increase at 1000 mg/kg 
(0.40 ± 0.09%) compared to controls (0.02 ± 0.01%) (Tables 4 
and 5).

Effects of HME and HAE on blood platelets

HME caused a decrease in blood PLT in mice at all doses 
used (Table 4). This decrease was more significant at 250 mg/
kg (143.00 ± 3.00 103/µL, p ˂ 0.0001) compared to controls 
(695.70 ± 71.90 103/µL), whereas HAE caused a highly 

significant (p < 0.0001) decrease at doses of 250, 500, and 
1000 mg/kg compared to the control group.

This leads us to conclude that the 28-day repeated-dose 
oral application of the hydro-methanolic extract and the hot 
aqueous extract of perennial sow-thistle caused a strong dis-
turbance of hematological parameters.

Histopathological studies

At the end of the treatment, macroscopic examination of the 
internal organs of the control and treated groups, including 
liver, kidney, spleen, heart, and lungs, revealed no pathologi-
cal abnormalities or morphological changes related to the 
administration of the extracts after preparation and staining 
with hematoxylin–eosin. These showed a normal appearance 
similar to that of the organs in the control group.

The general appearance of the organs of HME- and HAE-
treated mice, as well as their relative weights, was similar to 
those of control mice. The organs (liver, kidneys, and lungs) 
are being studied anatomo-pathologically and histologically, 
as some of the products could alter any of the functions of 
these organs.

The results of the histopathological examination are shown 
in the figures. The observation of the histological sections of 
the liver, kidneys, and lungs of the treated mice in compari-
son with the controls allowed to observe the conservation of 
the cellular architecture (lobular and tubular) of these organs; 
however, some particularities were considered.

The livers of control female mice are normal with hepato-
cytes separated by narrow sinusoids. Vascular congestion 
with tissue infiltrates by inflammatory cells is recorded on 
some liver tissues in mice treated with hydro-methanolic 

Table 5   Hematological parameters of female mice after 28 days of treatment with hot aqueous extract of Sonchus oleraceus L 

Values are mean ± S.D of six mice. Compared to the control group (one-way ANOVA followed by Dunnett’s post hoc test). Levels of signifi-
cance are expressed as follows: *p < 0.05; **p < 0.001; ***p < 0.0001. WBC white blood cell, RBC red blood cell, MCV mean corpuscular vol-
ume, MCH mean corpuscular hemoglobin, MCHC mean corpuscular hemoglobin concentration

Parameters Control PW 250 mg/kg 500 mg/kg 1000 mg/kg 2000 mg/kg

WBC (103/µL) 7.05 ± 0.60 6.82 ± 0.88 4.30 ± 0.59*** 4.65 ± 1.00** 5.65 ± 0.23
Neutrophiles (%) 19.5 ± 0.10 33.67 ± 13.08 1.87 ± 1.20*** 65.90 ± 5.19* 54.00 ± 3.78*
Lymphocytes (%) 50.71 ± 0.29 11.50 ± 0.54*** 0.51 ± 0.34*** 5.20 ± 0.83*** 8.80 ± 0.94***
Eosinophiles (%) 1.27 ± 0.18 9.37 ± 1.34 0.26 ± 0.05 5.09 ± 0.58 1.60 ± 0.18
Monocytes (%) 2.07 ± 0.04 38.70 ± 0.74*** 1.96 ± 0.01 23.70 ± 1.45*** 35.40 ± 2.41***
Basophiles (%) 0.02 ± 0.01 0.10 ± 0.01*** 0.01 ± 0.00 0.10 ± 0.03*** 0.20 ± 0.01***
RBC (106/µL) 7.42 ± 0.29 7.93 ± 0.71 7.59 ± 0.51 8.21 ± 0.55 8.61 ± 0.19
Hemoglobin (g/dL) 11.12 ± 0.04 11.40 ± 0.62 11.20 ± 1.17 12.80 ± 0.73 12.70 ± 0.02
Hematocrit (%) 36.60 ± 0.45 37.51 ± 5.38 36.70 ± 4.72 41.30 ± 0.63 40.30 ± 3.68
MCV (fl.) 49.85 ± 0.49 47.30 ± 7.09 48.30 ± 7.32 50.30 ± 0.63 46.80 ± 1.18
MCH (pg) 16.99 ± 0.44 14.40 ± 1.43* 14.80 ± 0.71* 15.50 ± 0.48 14.80 ± 0.59*
MCHC (g/dL) 35.39 ± 0.07 30.50 ± 0.83 30.60 ± 1.55 30.90 ± 2.56 31.60 ± 3.26
Platelet count (103/µL) 695.70 ± 106.70 348.00 ± 54.00*** 137.00 ± 31.00*** 291.00 ± 65.00*** 636.00 ± 22.00
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extract of S. oleraceus L. with the doses of 250 and 2000 mg/
kg b.w, respectively (Fig. 5).

The kidneys of control mice showed normal glomeruli and 
tubules; however, examination of the kidney revealed the pres-
ence of hemorrhagic nephritis, a few spots of hemorrhagic 
congestion, and hemorrhagic degeneration in HME-treated 
mice with the doses of 2000 and 500 mg/kg b.w, respectively. 
Hemorrhagic degeneration, tissue infiltration by inflammatory 
cells, hemorrhagic nephritis, intravascular congestion, and 
presence of blood, i.e., blood infiltration of the distal convo-
luted tubule, were observed when the effect of the 2000 mg/kg 
of HME dose was exploited compared with controls (Fig. 6).

Whereas histological examination of the lungs revealed 
hemorrhagic degeneration in the sections from the dose-
treated mice (250 mg/kg and 2000 mg/kg b.w, respectively) 
(Fig. 7), the other batches of organs (liver, kidneys, and 

lungs) had normal architecture and showed no evidence of 
damage compared with control sections (Figs. 5, 6, and 7).

However, the histological sections of the liver, kidneys, and 
lungs of the mice presented severe histopathological altera-
tions, such as vascular congestion of the liver and intravascu-
lar congestion of the kidney, renal nephritis, hemorrhage and 
degeneration of the kidneys and lungs, blood infiltration of 
the distal renal tubule, and massive inflammation (mononu-
clear inflammatory infiltrates). Histological examination also 
reveals the presence of foci of necrosis and distensions of the 
renal tubules in the conditions of subacute toxicity.

The results of histopathological examination of organs from 
mice treated with hot aqueous extract HAE of Sonchus olera-
ceus L. (250–2000 mg/kg b.w) are shown in Figs. 8, 9, and 10.

The livers of control female mice revealed normal hepatic 
architecture, polyhedral hepatocytes separated by narrow 

A CB

Fig. 5   Photomicrographs of histological sections from female mice 
liver tissue in subacute toxicity study of hydro-methanolic extract 
“HME” of Sonchus oleraceus L. A Control group, B HME 250 mg/

kg treated group, and C HME 2000 mg/kg treated group. The slides 
were stained with hematoxylin/eosin and viewed at 40 × magnification

C DC

C

N

TD

D

P

NP

I

A B C

Fig. 6   Photomicrographs of histological sections from female mice 
kidney tissue in subacute toxicity study of hydro-methanolic extract 
of Sonchus oleraceus L. A Control group, B HME 500 mg/kg treated 
group, and C HME 2000 mg/kg treated group. (C) congestion; (DC) 

distension of the channels; (N) necrosis; (TD) tissue damage; (D) dis-
tal convoluted tube; (P) proximal convoluted tube; (NP) nucleus of a 
podocyte; (I) infiltration. The slides were stained with hematoxylin/
eosin and viewed at 40 × magnification
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sinusoidal spaces, and central veins. However, vascular and 
intravascular congestion with some spots of hepatic degen-
eration was observed at the dose of 500 and 2000 mg/kg b.w, 
respectively (Fig. 8).

The kidneys of mice injected with 250 mg/kg b.w of HAE 
showed hemorrhagic nephrons with some points of degen-
eration. The architecture of the nephric tissue of mice treated 
with 500 mg/kg of extract showed hemorrhagic lesions, with 

A B C

Fig. 7   Photomicrographs of histological sections from female mice 
lung tissue in subacute toxicity study of hydro-methanolic extract of 
Sonchus oleraceus L. A Control group, B HME 250  mg/kg treated 

group, and C HME 2000  mg/kg treated group. The slides were 
stained with hematoxylin/eosin and viewed at 40 × magnification

A CB

D E

Fig. 8   Photomicrographs of histological sections from female mice 
liver tissue in subacute toxicity study of hot aqueous extract “HAE” 
of Sonchus oleraceus L. A Control group, B HAE 250 mg/kg treated 

group, C HAE 500 mg/kg treated group, D HAE 1000 mg/kg treated 
group, and E HAE 2000  mg/kg treated group (C). The slides were 
stained with hematoxylin/eosin and viewed at 40 × magnification
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hemorrhagic nephritis and the veins marked by vascular 
congestions (Fig. 9). Whereas at 1000 mg/kg, the kidneys 
showed mild nephritis with some hemorrhagic spots and 
intravascular congestion. In addition, histological incision 
of the kidney revealed congestion with a few spots of tissue 
degeneration in the highest dose group (2000 mg/kg b.w) 
compared with the control group.

Similarly, histological examination of lung appeared to 
have tissue and hemorrhagic degeneration at the doses of 
250 and 500 mg/kg b.w, respectively compared to control. 
Subacute administration of hot aqueous extract HAE at 
1000 mg/kg b.w resulted in accentuated intravascular con-
gestion with some degeneration spots, whereas histology of 
lung sections from mice given 2000 mg/kg b.w HAE extract 
revealed hemorrhagic degeneration (Fig. 10).

Discussion

Most of the pharmacological effects can be explained by the 
phenolic compounds including flavonoids present in all plant 
parts. The class of flavonoids is important because they are 

essential components to the humans and animal diet, and they 
possess a therapeutic potential, including antitumoral activity 
(Tungmunnithum et al. 2018). Some work has been done on 
the plant S. oleraceus L., citing; Awaad and his collaborators 
(2018) report that the total alcoholic extract contains carbohy-
drates and/or glycosides, flavonoids, sterols and/or triterpenes, 
phenolic compounds and tannins, and the absence of sapo-
nins, anthraquinones, alkaloids, and cardenolides. Teugwa 
et  al. (2013) report that methanolic and ethanolic “EE” 
extract from the same Cameroonian plant contain a diversity 
of chemical families including polyphenols, flavonoids, alka-
loids, terpenes, sterols, and saponins. However, anthocyanins 
and lipids were absent, and these results are in agreement with 
ours except for the absence of saponins in these two extracts. 
Makkawi et al. (2010) find the presence of flavonoids and 
tannins only in the EE and not in the HAE, which is not in 
agreement with our preliminary qualitative study. Thus the 
absence of these biomolecules in the HAE is due to the heat-
ing of the extract and its low solubility in alcohol.

Despite the widespread use of medicinal plants to treat 
different diseases in developing countries, little scientific data 
regarding their toxicity are available (Saad et al. 2006). In fact, 

A CB

D E

Fig. 9   Photomicrographs of histological sections from female mice 
kidney tissue in subacute toxicity study of hot aqueous extract “HAE” 
of Sonchus oleraceus L. A Control group, B HAE 250 mg/kg treated 

group, C HAE 500 mg/kg treated group, D HAE 1000 mg/kg treated 
group, and E HAE 2000  mg/kg treated group (C). The slides were 
stained with hematoxylin/eosin and viewed at 40 × magnification
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several studies have reported that some medicinal plant can 
cause several forms of toxic effects, which can have a negative 
impact on human health. Thus, to ensure the safety of plant 
products for human use, systematic studies are needed to pre-
dict toxicity risks and provide scientific information to select 
safe doses in humans (Neergheen-Bhujun 2013), as it is the 
dose that makes the drug a poison. Although Sonchus olera-
ceus L. aerial parts have valuable pharmacological effects, 
the comprehensive awareness about the toxicity potential of 
hydro-methanolic and hot aqueous extracts has been lacking. 
Hence, this project was designed to check the toxic effect by 
performing acute oral toxicity in mice for 14 days and suba-
cute oral toxicity in mice for 28 days.

In the acute study, a single dose of up to 5000 mg/kg 
b.w of HME extract and HAE showed no signs of toxicity 
or mortality throughout the observation period (14 days). 
Therefore, the approximate lethal dose (LD50) of both 
extracts from the aerial part of S. oleraceus L. is estimated 
to be greater than 5 g/kg b.w. According to the globally Har-
monized Classification system for chemical substances and 
mixtures (GSH) adopted by the OECD, substances with an 
oral LD50 greater than 5 g/kg could be assigned as a class 5 

drug and then, considered as a non-toxic substance (OECD 
2001). These results are comparable to those obtained with 
hydroethanol or dichloromethane extracts of Sonchus olera-
ceus from Brazil (Vilela et al. 2009b) in mice. According to 
these authors, the extracts administered to mice had no effect 
on their behavioral responses during the 14-day observation 
period after administration. No mortality was observed up to 
14 days of monitoring. The LD50 value of these extracts in 
mice was therefore estimated to be greater than 5 g/kg b.w.

Changes in general behavior, body, and organ weights are 
considered as critical indicators for the evaluation of early 
signs of toxicity caused by drugs and chemicals (Ezeja et al. 
2014). They are also markers of pathological and physiologi-
cal well-being in animals. The weight of the damaged organ 
would be altered based on the magnitude of the toxicity and 
the ratio of body weight to organism weight (Yam et al. 
2009). In subacute toxicity, no animal was found dead, and 
no significant changes were observed in the general behav-
ior of the HME- and HAE-treated groups in female mice. 
The crude extract did not show a significant change in body 
weight of female mice during the treatment period. However, 
the increase in body weight was significant at D14 in the 

A C

E

B

D

Fig. 10   Photomicrographs of histological sections from female mice 
lung tissue in subacute toxicity study of hot aqueous extract “HAE” 
of Sonchus oleraceus L. A Control group, B HAE 250 mg/kg treated 

group, C HAE 500 mg/kg treated group, D HAE 1000 mg/kg treated 
group, and E HAE 2000  mg/kg treated group (C). The slides were 
stained with hematoxylin/eosin and viewed at 40 × magnification
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1000 mg/kg b.w group. On the other hand, the other groups 
showed normal body development similar to that of the con-
trol group. A significant increase in body weight at D7 was 
recorded in mice treated with hot aqueous extract of S. olera-
ceus L. at a dose of 2000 mg/kg b.w. No significant changes 
in body weight were observed between the control and other 
treated groups throughout the study period. Treated mice 
gained weight with age, and there was no significant change 
(p > 0.05) in their mean body weight compared to the con-
trol groups throughout the study. It can be concluded that 
oral administration of HME and HAE extracts at a dose of 
up to 2 g/kg for 28 days did not adversely affect the normal 
growth of mice.

Assessment of liver and kidney function is a very impor-
tant part of assessing the toxicity of drugs and plant extracts. 
The hematopoietic system, which is one of the most vulner-
able targets of toxic substances, resides in the bone marrow 
where the production of red blood cells occurs (Birbrair and 
Frenette 2016); it is also an important index of the physi-
ological and pathological state in humans and animals (Liju 
et al. 2013). Toxicological studies have shown that altera-
tions in the hematopoietic system have a higher predictive 
value for human toxicity when extrapolated from animal 
studies (Olson et al. 2000). In this study, significant altera-
tions in WBC and platelet counts were observed in female 
mice treated with the different doses of HME and HAE 
extracts. However, these changes were not dose-dependent. 
Blood platelet plays a vital role in hemostasis. Tohti et al. 
(2006) have reported decrease in WBC due to the presence 
of some phytochemicals such as saponins and cardiac glyco-
sides. This decrease may also suggest the extract’s inhibitory 
effect on white blood cell production, possibly by decreas-
ing thrombopoietin secretion. White blood cells function is 
mainly to fight infection and produce and transport antibod-
ies to various body compartments, which suggest that there 
is cellular inflammation process. Also, a low platelet count 
(thrombocytopenia) contributes to morbidity and mortal-
ity in several diseases and requires early diagnosis so that 
appropriate management measures can be taken (Smock and 
Perkins 2014).

Hematological analysis revealed a disturbance “increase 
and decrease” in the level of MCV or MGV (mean corpus-
cular volume or mean globular volume) of mice treated 
with the crude extract at the doses of 500 and 1000 mg/
kg b.w, but this change was not observed in the groups of 
mice treated with the HAE. Therefore, this difference was 
not considered a toxic effect because it did not show a clear 
dose–response relationship, but it suggests that there is some 
influence of both extracts on the hematopoiesis pathway. 
In this study, subacute administration of HME and HAE 
did result a minor significant changes in the hematological 
profile of mice that received different doses of the extracts 
compared to the control group, suggesting that HME and 

HAE are probably toxic to the blood system. This leads us 
to conclude that the 28-day repeated oral application of the 
hydro-methanolic and hot aqueous extracts of sow-thistle 
caused a strong disturbance of the hematological parameters.

The liver is a vital organ that plays a central role in drug 
biotransformation, and its normal function is assessed by 
various serum biomarker enzymes (Olorunnisola et al. 2012). 
Increased serum ALT levels reflect liver tissue hypertrophy 
and damage (Costa-Silva et al. 2008). AST levels, in addi-
tion of being an indicator of liver dysfunction, are also used 
to assess muscle and heart diseases (Adeyemi and Osubor 
2010). Alkaline phosphatase “ALP” is mainly present in the 
cells lining the bile duct of the liver and is used in the diag-
nosis of bile duct pathologies (Ramaiah et al. 2011). Assess-
ment of liver function is essential for evaluating the toxic-
ity of drugs and plant extracts (Clarke and Clarke 1977). In 
fact, AST, ALT, ALP, total serum protein, and total bilirubin 
concentration in serum are the most common clinical bio-
markers of liver status (Al-Mamary et al. 2002; Philip and 
Zilva-Pannal 1994).

In the present study, HME and HAE extracts of SO pro-
duced a non-significant increase in serum levels of ALT, 
AST, and ALP compared to controls; but the significant 
increase in ALT level of treated mice could indicate a 
decline in liver function due to a possible hepatotoxic effect 
of the HAE extract. This may suggest that there is no appar-
ent hepatotoxicity effect in mice treated with HME. It is 
known that damage to the structural integrity of the liver 
results in an increase of specific hepatic enzymes (ALP, 
ALT, and AST) in the serum, because they are cytoplasmic 
enzymes and are put into circulation after hepatocellular 
damage (autolytic degradation or cellular necrosis) (Janbaz 
and Gilani 1995; Venkateswaran et al. 1997). It is necessary 
to mention that these transaminases play an important role in 
the metabolism of amino acids and by providing intermedi-
ates necessary for gluconeogenesis (Hanley et al. 1986). It 
was reported by Khan et al. (2012a) that methanolic extract 
of the whole plant of S. asper from Pakistan showed strong 
anti-hepatotoxic activity toward CCl4 (carbon tetrachloride) 
by reducing the activity of all three enzymes (ALP, ALT, and 
AST), cholesterol, and triglyceride while raising the levels of 
HDL. According to the previous studies on other species of 
the genus Sonchus, it appears that the extracts obtained from 
this genus are not toxic. Alkreathy et al. (2014) reported that 
the methanolic extract of S. arvensis is hepatoprotective by 
reducing cholesterol, HDL and by increasing triglycerides 
and LDL. Administration of CCl4 significantly (p < 0.01) 
increased the activity of liver serum marker enzymes such 
as AST, ALT, and ALP compared to the control groups. The 
elevations of secretion of these enzymes were significantly 
(p < 0.01) decreased by 100 mg/kg b.w and 200 mg/kg b.w 
of extract compared to the CCl4 group. In conclusion, the 
results of our study are in agreement with the studies already 
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conducted on other species of the genus Sonchus (Khan 
et al. 2012b; Alkreathy et al. 2014). Nurianti et al. (2014) 
determined the LD50 of ethyl acetate extract of S. arven-
sis L. leaves on rats after single and repeated dose admin-
istration based on acute (14d) and sub-chronic (90d) oral 
toxicity studies which is greater than 15 g/kg body weight 
and was classified as practically non-toxic. No abnormali-
ties in behavioral, hematological, clinical biochemical, and 
urinary parameters were recorded. The macroscopic and 
microscopic presentations of the organs were not different 
between the control and test groups, which is not in agree-
ment with our findings.

Bilirubin is a breakdown product of hemoglobin, and 
increases in its serum level are associated with diseases such 
as primary biliary cirrhosis and hepatic cholestasis (Thapa 
and Walia 2007), whereas serum total protein level is a 
proximate measure of protein status that may reflect major 
functional variations in kidney and liver function. Abnor-
mal levels may be associated with liver infections or chronic 
inflammation (Tatefuji et al. 2014). Proteinuria is a urine 
marker in the diagnosis of renal dysfunction, and may indi-
cate the development of various renal pathologies (McElreath 
et al. 2007). Of which, the decrease in total plasma protein 
concentration has been proposed as an indicator of protein 
synthesis alteration (Kubena et al. 1993). In the present study, 
total protein was elevated very slightly not significantly in 
the HME-treated groups; however, the total protein con-
centration of HAE-treated mice was significantly increased 
at 2000 mg/kg b.w due to increased synthesis by the liver, 
while there was a non-significant decrease in bilirubin lev-
els in the groups treated with both extracts compared to the 
control groups. This variation may be attributed to hepatic 
structural damage and inhibition of bile secretion, specifically 
the interruption of bile flow through the liver (Metushi et al. 
2011). These results confirm previous findings regarding 
hematological parameters and liver marker enzymes, which 
indicate that the extracts may have an adverse effect on the 
erythropoietic system and liver. Hayes (2007) also postulated 
that since the liver is also a major organ of protein synthesis, 
any decrease in hepatic synthesis can be considered as dam-
age to hepatocytes with impairment of its production capac-
ity. Impaired hepatocellular function may result in reduced 
total protein and bilirubin concentrations in the insert. The 
insignificant change in serum total protein and bilirubin con-
centrations in the treated and control groups further suggests 
that synthetic liver functions are altered at the test doses of 
hydro-methanolic and hot aqueous extracts.

The kidney is a vital organ that is highly vulnerable to 
toxic compounds due to the high volume of blood flowing 
through it. It filters large types of toxins, which can accu-
mulate in the renal tubules (Akindele et al. 2014). Urea, uric 
acid, and creatinine are considered sensitive biomarkers of 
kidney injury. An elevated renal biomarker is an indication 

that poor excretion may be occurring. This also applies to 
liver function enzymes, as the liver and kidneys are the pri-
mary sites of elimination of substances in the body (Gowda 
et al. 2010). Glomerular filtration in this study was evaluated 
through the measurement of creatinine clearance and urea. 
Serum creatinine of mice treated with HME extract showed 
a slight insignificant decrease; on the other hand, the eleva-
tion of creatinine was significant (p ˂ 0.05) compared to that 
of control animals for mice treated with HAE extract. Mice 
treated with HME and HAE with the doses of 250–2000 mg/
kg b.w had an increase in urinary protein, which was within 
normal limits. However, uric acid concentrations recorded 
a non-significant increase (p ˃ 0.05) regardless of the dose 
or extract injected compared with the control groups. This 
increase in urinary protein did not correlate with other bio-
markers in renal serum. Moreover, the increase of serum 
creatinine is considered as the marker leading to nephron 
damage (Mehta et al. 2007), and increased urea level is usu-
ally correlated with renal ischemia or it may be the result of 
elevated glomerular filtration (Soussi et al. 2018). With that 
respect, our findings indicate that mice may be suffering 
from renal ischemia. Another biochemical marker used in 
the current study, namely uric acid levels in plasma, indi-
cated a dysfunction of kidneys. Uric acid is the end-product 
of purine catabolism, and it has been shown to reduce oxi-
dative stress by scavenging ROS-like peroxynitrite (Hooper 
et al. 1998). Furthermore, a body of evidence have shown 
that the disturbance of urine biochemical markers in animals 
is a consequence of oxidative stress, and is associated with 
glomerular and tubule interstitial changes, hyperuricemia, 
vacuolization, and renal breakdown (Navarro-Moreno et al. 
2009). However, the increase in urea, creatinine, and uric 
acid, even if not significant, could indicate a possible impact 
of SO on renal function.

The liver is known to be the primary organ for glycogen 
metabolism. Glycogen depletion in the liver is a common 
result of liver failure after liver damage caused by toxic com-
pounds. This hepatic failure can cause an increase in blood 
insulin, and a consequent reduction in blood sugar, which 
is consistent with the level of glucose and glycogen in the 
liver (Wu et al. 2005). In our study, the elevation of glucose 
level suggests that the HME and HAE extracts could directly 
affect the synthesis, storage, and breakdown of glycogen in 
the liver. Therefore, we suggest that SO treatment had a sig-
nificant impact on total protein concentrations.

Hyperlipidemia is well known as one of the main risk 
factors for atherosclerosis, which leads to coronary heart  
disease (Fuster and Esko 2005). The elevated cholesterol  
levels could be explained by the stimulation of lipid anabo-
lism in the hepatocytes by the action of the extract or by 
an exogenous supply of fatty compounds contained in the 
extract. In recent years, research in cardiovascular pharma-
cology has been particularly interested in hypolipidemic 
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drugs derived from medicinal plants. Oral administration 
of HME extract to mice for 4 weeks produced a significant 
(p ˂ 0.05) increase in LDL, and a reduction in cholesterol, 
TGs, and HDL compared with the control groups, whereas 
oral administration of HAE extract produced a reduction in 
LDL and a significant (p ˂ 0.05) increase in cholesterol and 
non-significant increase in triglycerides and HDL. Abnormal 
lipid metabolism can lead to elevated levels of fatty sub-
stances, largely cholesterol and triglycerides in the blood-
stream, resulting in hyperlipidemia (Ginsberg et al. 2006). 
The present study showed marked hyperlipidemia and a 
marked increase in cholesterol in mice treated with HAE 
extract, in contrast to the crude extract-induced hypolipi-
demia by decreasing cholesterol, TG, and HDL levels. These 
results suggest that the hydro-methanolic extract of Sonchus 
oleraceus L. may be effective in improving lipid profile, 
which may protect against atherosclerosis, coronary heart 
disease, and diabetic complications.

Previous phytochemical studies have shown that the crude 
extract of SO contains a variety of phenolic compounds and 
flavonoids (Abhijeet et al. 2018). These bioactive constitu-
ents present in the crude extract may explain the observed 
pharmacological effects. The previous study by Teugwa 
et al. (2013) reported that polyphenols and flavonoids in 
the hydroethanol extract of the whole plant of S. oleraceus 
exert their hypoglycemic effect through different mecha-
nisms, including inhibition of α-amylase and α-glucosidase 
activities, increased peripheral glucose uptake, and stimu-
lation of insulin secretion by pancreatic ß-cells. This result 
is in agreement with the previous findings of Schaffer et al. 
(2005), who investigated the subacute toxicity of 100 mg/
kg b.w infusion and 6 mg/kg b.w esculetin of S. oleraceus in 
Wistar rats. They observed hypolipidemic activity by reduc-
ing lipid, cholesterol, triglyceride, LDL, increasing HDL 
levels, and by stimulating insulin production or by modu-
lating enzymes involved in lipid metabolism. Several plants 
containing flavonoids with hypoglycemic action also showed 
hypolipidemic activity (Vinayagam and Xu 2015), which 
is in agreement with our results. Ginsberg et al. (2006) 
revealed that covalent binding of the reactive products to 
hepatocyte components initiates inhibition of lipoprotein 
secretion and thus increase in total hepatic lipids in the liver 
of extract-treated mice may be due to blockage of lipopro-
tein biosynthesis and/or secretion. Hypertriglyceridemia 
may lead to induction of the hepatic enzyme, which further 
induces the activity of regulatory enzymes in triglyceride 
biosynthesis. Multiple hyperlipidemias are often secondary 
to many factors, e.g., diet, alcohol intake, and therapies, or 
to diseases such as nephrosis, diabetes, hypothyroidism, or 
tumors (Havel 1969). The 100 mg/kg and 200 mg/kg metha-
nolic extract of Sonchus asper from Pakistan could have 
the ability to scavenge free radicals which in turn reduce 
serum cholesterol and triglycerides which were reported in 

the investigation of Khan et al. (2012c). These results are 
comparable to those obtained with the butanolic extract of 
Sonchus asper from Pakistan (Khan et al. 2012c) in rats for 
5 weeks. According to these authors, the plant extract would 
cause a significant improvement in creatinine, urobilino-
gen, and decrease in high levels of proteinuria, hematuria, 
total bilirubin, and direct bilirubin unlikely to our extracts, 
thereby leading to protection of the kidneys from potassium 
bromate (KBrO3) induced oxidative damage. This indicates 
that both extracts may affect normal renal function after sub-
acute exposure compared to the control group.

Liver, kidney, heart, lungs, and spleen are the vital organs 
of our body which are the major targeted area of any toxic 
substance metabolically (Auletta 1995). The change in rela-
tive organ weights is a reliable indicator that can be used 
in toxicological investigations to assess toxicity caused by 
drugs and chemicals (Balogun et al. 2014). Mice did not 
show signs of toxicity throughout the experimental period. 
No macroscopic lesions were observed in the organs. Abso-
lute and relative organ weights (liver, kidney, lung, spleen, 
and heart) indicated no toxic effects in both the control and 
treated groups, and statistically insignificant differences 
(p > 0.05) suggested that the plant extracts were not toxic 
to the animals at the doses tested (250–2000 mg/kg b.w). 
Furthermore, these changes (non-significant increase or 
decrease) can be considered toxicologically relevant, as no 
effects were observed at the highest dose, but histopathologi-
cal changes were found in the liver, kidney, and lung.

In several organs, cellular damage is followed by the 
release of a number of cytoplasmic enzymes into the blood, 
a phenomenon which forms the basis for clinical diagno-
sis. On the one hand, in our study, the liver function was 
evaluated by measuring the plasma concentrations of ALT, 
AST, ALP, serum protein, and bilirubin. Renal function was 
assessed by measuring plasma creatinine, urea, and uric acid 
concentrations (Sundberg et al. 1994). On the other hand, the 
beneficial effects of bioactive molecules of Sonchus olera-
ceus L. in the protection of liver damage have already been 
reported and are consistent with the results obtained from 
biochemical indicators. In addition, herbal drugs are consid-
ered to have a lower risk of toxicity. However, they are not 
completely free from the possibility of inducing toxicity or 
other adverse effects (Thiesen et al. 2018; Tir et al. 2019). 
The results of the histopathological investigation showed 
significant correlations with the results of the biochemi-
cal study. The graded observations of the hematoxylin and 
eosin stained sections are presented in the figures. The his-
topathological alterations observed are vascular and intra-
vascular congestion of the liver, tissue infiltration of the liver 
by inflammatory cells, sub-capsular hepatic degeneration, 
hemorrhagic nephritis, a few spots of congestion and hemor-
rhage of the kidneys, renal degeneration, and hemorrhagic 
degeneration of the lungs (Figs. 5–10).
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In the present study, treatment with HME extract modu-
lated lipid alterations by maintaining TG, LDL, HDL, and 
cholesterol levels at near normal values, reduced histopatho-
logical alterations, and the degree of steatosis. As mentioned 
above, treatment with HME extract clearly reduced bilirubin 
levels to near normal, suggesting that the components of 
the crude extract may be effective in reducing cholesterol 
synthesis. Remarkably, the use of HME extract resulted 
in normalization of all assayed lipid parameters, which 
may stimulate β-oxidation of fatty acids and which in turn 
reduce triglyceride biosynthesis in the liver. The mechanism 
by which HME extract reduced cholesterol levels could be 
due to the stimulation of 7-α-hydroxylase responsible for 
the conversion of cholesterol to bile acid (Khan et al. 2016; 
Lv et al. 2016). It has been reported that the regulation of 
lipid profile parameter levels by polyphenols could be due 
to one or more mechanisms, and the mechanisms underlying 
the lipid-lowering effect of polyphenols may involve inhi-
bition of lipoprotein synthesis and secretion, reduction of 
LDL receptor expression (Benn et al. 2015). Kassaee et al. 
(2017) cited that catechins would exert a direct influence on 
LDL and HDL levels by regulating LDL receptor binding 
activity of HepG2 cells. Kassaee et al. (2017) showed that 
Cinnamomum zeylanicum flavonoids can act by making liver 
cells more efficient at removing LDL-C from the blood by 
increasing LDL receptor densities in the liver and binding 
to apolipoprotein. Reduced cellular cholesterol biosynthesis 
is often associated with increased LDL receptor activity, 
which in turn leads to the removal of LDL cholesterol from 
plasma, resulting in lower plasma cholesterol concentrations 
(Kassaee et al. 2017). In support of our present results, sev-
eral studies have demonstrated the protective effect of some 
polyphenols on liver toxicity and improvement of hepatocyte 
antioxidant defense (Liu et al. 2014; Bahmani et al. 2015). 
Jimoh et al. (2011) and Obeid et al. (2018) confirmed the 
richness of methanolic and ethyl acetate extract in flavo-
noids, flavonols, proanthocyanidins, and total polyphenols 
respectively and that these extracts are endowed with consid-
erable antioxidant power. These results are consistent with 
those observed in the study of the hepatoprotective activity 
of Sonchus arvensis against (CCL4)-induced liver injury 
in rats (Alkreathy et al. 2014). Another study showed the 
hepatoprotective effect of Sonchus asper against CCL4 toxic-
ity, and it is closely related to the presence of the antioxidant 
molecules (Khan et al. 2012a), which is not in accordance 
with our study.

The results suggest that HAE-treated mice were more 
sensitive than HME-treated mice. The observed differences 
in the pattern of acute and subacute toxicity between the dif-
ferent types of treatment may be explained by differences in 
phytochemical composition. Several factors may be involved 
as well, such as drug metabolizing enzymes (cytochrome 
P450), transport proteins (P-glycoprotein), organ size, higher 

percentage of body fat, and lower glomerular filtration rate 
in females than in males (Marzolini et al. 2004).

In addition, histological examination showed little dif-
ference between control mice and those given 250 and 
2000 mg/kg/day of HME extract, which is further evidence 
of the nonsafety of the crude extract in mice. Our results 
from acute and subacute toxicity studies indicate that oral 
administration of HME extract (250–2000 mg/kg/day) did 
not affect normal growth in mice. To our knowledge, this is 
the first publication reporting a toxicological safety evalu-
ation of an orally administered hydro-methanolic extract. 
Although HME extract is widely used to treat many dis-
eases by replenishing vital essence, no comprehensive safety 
evaluation has been performed regarding its toxicological 
profile in animals. Thus, the results of this study provide 
an experimental basis for the clinical practice of the crude 
extract formula.

As observed in this study, non-significant elevations in 
serum AST, ALT, and ALP levels may be due to liver necro-
sis in HAE extract-treated mice. However, the remarkable 
ability of the liver to regenerate on its own allows it to tol-
erate moderate zonal or diffuse necrosis. Over a period of 
several days, necrotic cells are eliminated and replaced by 
new cells; and normal liver architecture and function are 
restored (Roberts et al. 2000). However, animals in the con-
trol group had intact hepatocytes, portal vein, glomeruli, 
and tubules. The occurrence of lymphocytic infiltration in 
the organs (liver and kidney) was attributed to the presence 
of glycosides as reported by Adedapo et al. (2003), and the 
result of this study is consistent with the findings of Builders 
et al. (2012), who studied the toxicity of Parkia big lobos 
a stem bark extracts in rats. It has been reported that the 
toxicity of some herbal drugs could be the result of phyto-
chemical constituents.

Among the most abundant bioactive compounds that exist 
in HMA (Aissani et al. 2021) are quininic acid, aesculin, 
3-(acetyl-oxy)-1-methoxy-1-(3,4,5-trimethoxyphenyl) propane, 
corchoionoside C, sonchuside H, loliolid, melampolide,15-O-
β-D-glucopyranosyl-11β,13-dihydro urospermal A, tanacetin, 
and macrocliniside A. The different roles that these agents may 
play in the biological system suggest that they should be con-
sidered in future studies. Muhammad et al. (2012) also reported 
that high consumption of tannins can cause kidney and liver 
damage. High doses of N. campestris caused elevation of some 
serum biochemical parameters and histological changes in the 
target organs of toxicity (liver and kidney). The plant is however 
a promising agent in pharmacy, but may cause slight organ 
damage at high doses.

In summary, since the relative weights of the major organs 
affected by the extracts showed no significant treatment-
related alterations, it can be said that the crude HME and 
hot aqueous HAE extracts induced an obvious adverse effect 
on the vital organs (liver, kidney, and lung) of the treated 
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groups in the subacute treatment. In addition, histopatho-
logical examination showed several histological lesions that 
were observed in the organs after treatment with HME and 
HAE extracts. Therefore, these results may indicate that the 
extracts of Sonchus oleraceus L. have a toxic effect on the 
vital organs of mice. Overall, we suggest paying attention 
to this study to show how hydro-methanolic, hot aqueous 
extracts, and/or their bioactive components may interact at 
the molecular level, especially with specific organs in the 
body. This study provides insight into possible interactions 
with plants.

In conclusion, oral doses of extracts of the aerial parts 
of S. oleraceus L. can be considered unsafe as they showed 
adverse effects in liver, kidney, and lung tissues of subacute 
toxicity in female mice. The present study provides addi-
tional data on the use of S. oleraceus L. in traditional medi-
cine and may lend credence to its medical use. Chronic tox-
icity, mutagenicity, and carcinogenicity assessments should 
be conducted to better understand the safety profile of the 
plant.

Conclusion

S. oleraceus L. is a good source of phytoconstituents (polyphe-
nols, flavonoids, sterols and triterpenes, anthraquinone glyco-
side, and reducing compounds) in both hydro-methanolic and 
hot aqueous extracts. Acute and subacute toxicity studies were 
conducted to establish the safety of both extracts of S. olera-
ceus L. aerial parts in mice. The LD50 of the acute toxic study 
of the extracts HME and HAE were superior to 5 g/kg b.w; 
thus not toxic and safe by oral dose according to the protocol 
of Lorke, whereas the 28-day repeated-dose subacute toxicity 
test of the two extracts revealed an important hepatic, renal, and 
lung lesions up to the maximum dose of 2000 mg/kg b.w but 
did not cause any lethality. The samples exhibited no signifiant 
changes in behavior and organ-body weight ratios on tested 
models. Some changes in biochemical, hematological, and his-
tological parameters suggest that precautions is advised when it 
is given over longer periods. Further studies should be carried 
out to establish safe and effective doses for the extracts and also 
to assess other types of toxicity such as chronic toxicity, repro-
ductive toxicity, genotoxicity, and carcinogenicity using other 
models to establish a complete toxicity profile of this herb.
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