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Abstract
Peganum harmala L. (Harmel) is a widely used plant in the traditional Algerian medicine. The objective of the present study was
to assess the safety pro�le of the P. harmala hydromethanolic seed extract (PhHm). The acute toxicity of PhHm extract was
carried out based on OECD guidelines 425, where the extract was administered to mice by gavage in single doses. While in the
chronic study, the extract was administered orally for 90 days in rats. The antioxidant (in vitro and in vivo) and antiproliferative
activities of PhHm extract were also investigated. In the acute and chronic toxicity, the extract did not cause any behavioral
changes and any mortality. In both study a signi�cant increase in liver enzymes was observed while urea and creatinine levels
decreased in the treated animals. In the repeated oral administration of PhHm extract, an increase of the platelet numbers was
noted and the histological examination of the liver showed a leukocyte in�ltration and a vascular congestion. For kidneys, the
presence of glomerular and modular congestion was also observed and sinusoidal dilation in chronic toxicity. The PhHm extract
was more cytotoxic to HeLa cell line and exhibited potent antioxidant in vitro and in vivo. It can be suggested, based on the
results of this study that the PhHm seed extract was moderately toxic in acute administration (LD50 of 501.47 mg/kg) and the
use of this extract is safe at doses ≤ 100 mg/kg. P. harmala could be a potential source of bioactive compounds with
antioxidant and antiproliferative potential.

1. Introduction
Over the past few decades, the popularity of plant remedies has become more substantial and vital in various parts of the world.
These medicinal plants can therefore constitute important resources for new substances with therapeutic potential. Plants are a
rich source of medicinally active components, including phenols, �avonoids, volatile oil, etc. displaying several pharmacological
effects and health bene�ts (Yu et al., 2021). They have been reported to provide protective actions by acting as anticancer, anti-
in�ammatory and anti-apoptotic agents (Qiu et al., 2020). Polyphenols of medicinal plants are powerful antioxidants capable of
�ghting free radicals (Reactive Oxygen Species - ROS), that are involved in the appearance of several pathologies such as cancer,
diabetes, Alzheimer's disease, and cardiovascular disorders (Yeung et al., 2020).

The e�cacy of a substance in pharmacology is not su�cient to justify its possible introduction into therapy. It is therefore
necessary to de�ne the bene�t to risk ratio in the therapeutic indication of each substance (Antonious et al., 2006). Despite the
medicinal bene�ts of plants, some of the phytochemical compounds might pose lethal threats to humans. Toxicity assessment
is an approach to assess the adverse effects of items intended for use or consumption by humans. It must guarantee the safety
of medicinal plants; ensure phytotherapy and the consumption of plants.

Peganum harmala L, commonly known as “Harmal” is a wild-growing �owering plant that belongs to the zygophylaceae family.
This plant grows spontaneously in semiarid rangeland, steppe areas and sandy soils (Sepideh et al., 2021). P. harmala L. is one
of the most important plants used in Algerian phytotherapy to cure many disorders. The seeds of P. harmala L. have
pharmacological activities including; antibacterial effects, vasorelaxant, antihemosporidian, anticancer (Jalali et al., 2021),
antinociceptive, antitumor and antiprotozoal effects (Mohamed Ahmed., 2020; Çelik et al., 2021). However, to our knowledge, no
report is available on both the safety pro�le and antioxidant activities and cytotoxic effect of hydromethanolic extract from the
seeds of P. harmala L. Based on that, the aim of the present study was to evaluate the acute and chronic oral toxicity and to
investigate the pharmacological potentials of P. harmala hydromethanolic seed extract including its antioxidant (in vitro and in
vivo) and antiproliferative activities.

2. Materials And Methods

2.1. Plant material
Peganum harmala L. (Zygophylaceae) seeds were collected from El-Hammadia, Bordj Bou Arreridj, Northeast Algeria, during the
�owering stage (August 2018). A voucher specimen (N° AB-65, 2018) was identi�ed by Pr Boudjelal Amel a botanist from
Mohamed Boudiaf University - M'Sila, Algeria. The seeds of P. harmala L. were dried in dark, at room temperature for two weeks
and ground into a �ne powder using an electric mill.
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2.2. Experimental animals
The in vivo study was performed on Swiss albino mice, females (20 to 30 g) for the study of acute toxicity and Albino Wistar
female rats (150 and 200 g) for the chronic toxicity. All experimental animals were purchased from the Pasteur Institute (Algeria)
and housed in plastic cages under normal laboratory conditions (12/12h light/dark cycle, 23 ± 2°C) and had free access to
standard commercial diet (croquettes, Ets ONAB El-Kseur, Bejaia) and tap water. These animals were allowed an adaptation
period of one week before any experiment. The experiments were conducted in accordance with the internationally accepted
guidelines for evaluating the safety and e�cacy of plant medicines (OECD, 2008).

2.3. Phenolic compounds extraction
To obtain the P. harmala L. hydromethanolic extract (PhHm), the dried powdered seeds were extracted three times by macerating
in a methanol-water mixture (85%: v/v) at room temperature during 72 h, to allow maximum extraction of bioactive molecules
(Markham, 1982). The resulting extract was �ltered through a Whatman N°3 �lter paper and was concentrated under vacuum in a
rotary evaporator. The obtained residues were kept at 4°C for further analysis.

2.4. Colorimetric estimation of phenolic compounds
The total phenolic content (TPC) of PhHm extract was measured spectrometrically using the Folin-Ciocalteu method (Li et al.,
2007). Gallic acid (20–140 µg/mL) was used for the standard calibration curve and the results were expressed as µg Gallic acid
equivalents per mg of extract (µg GAE / mg of extract). The amount of �avonoids was determined by trichlorure d’aluminium
(AlCl3) method (Bahorun et al., 1996), based on the formation of a complex between �avonoids and aluminum chloride.
Quercetin (1–40 µg/mL) was used as standard for calibration curve. According to the method of Kosalec et al. (2004), �avonols
determined from the standard quercetin curve. Flavonoids and �avonols contents were expressed as µg quercetin equivalent per
mg of extract (µg QE / mg of extract).

2.5. In vitro Antioxidant activity

2.5.1. DPPH and ABTS radical scavenging assay
The DPPH (Burits and Bucar, 2000) and ABTS free radical scavenging activity (Re et al., 1999) of PhHm extract were used for
antioxidant activity estimation. BHT, BHA, quercetin and trolox were used as standards. The scavenging activity was calculated
using the following equation:

I (%) = [(A c –As)/Ac] x 100 (1)

Where, I is the inhibition percentage, Ac and As are the absorbance of the control and the sample, respectively. The results were
expressed as IC50 (concentration providing 50 % inhibition) and in µmol g−1 of Trolox-equivalent antioxidant capacity (TEAC) for
DPPH and ABTS radical scavenging activity, respectively.

2.5.2. β-carotene bleaching assay
The antioxidant capacity of PhHm extract was also evaluated by measuring the inhibition of the volatile organic compounds and
the conjugated diene hydro-peroxides arising from linoleic acid oxidation according to the method of Dapkevicius et al. (1998).
Synthetic antioxidant BHT was used as positive control and methanol and distilled water were used as a negative control. The
inhibition percentage of β-carotene oxidation was measured as follows:

AA% = (Abs test / Abs BHT) x 100 (1)

The values of AA % are calculated after 24h and the results were expressed as IC50.

2.5.3. Iron chealtion assay
To evaluate extract-iron interaction, the ferrozine test was performed following the method of Decker and Welch, (1990) modi�ed
by Le et al. (2007). The red chromophore of the Fe+2-ferrozine complex was measured spectrophotometrically at 562 nm against



Page 4/19

a blank. EDTA was used as reference chelator and the inhibition percentages were determined according to the previous formula
(1).

1.1. Antiproliferative activity

1.1.1. Cell lines and culture condition
HeLa cells (cervical cancer line, adherent) were used to investigate the cytotoxicity effect of PhHm extract. This cell line was
grown in RPMI 1640 medium (Gibco) supplemented with 10% (v/v) foetal calf serum (FCS) and 2 mM L-Glutamin in tissue
culture �asks. They were kept at 37°C in an incubator at 5% CO2 and saturated with water vapor 95%.

1.1.2. MTT test
The antiproliferative and cytotoxic activity of the extract against HeLa cell lines was evaluated in vitro by the method of
Mosmann, (1983) using MTT reagent (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide). HeLa cells (4.44 x 105

cells/well) were incubated in 96-well cell plates for 24 hours in the presence or absence of extract (10 µL). 10 µL of MTT solution
(1 mg/ml in PBS) were added to each well and incubated for 4 h at 37°C in a CO2-incubator. A volume 180 µL of the medium was
removed from every well without disturbing the cell clusters. Formazan crystals were dissolved using 180 µL methanol/DMSO
solution (50:50), and the preparations were thoroughly mixed on a plate shaker for 30 min in the room temperature. Finally, after
the dissolution of all crystals, the absorbance of each well was determined with a microplate reader (ELx 800) at 570 nm. The
results were expressed as a percentage inhibition of cell proliferation and calculated according to the following formula:

% Inhibition= 100 - % viability (2)

Where: % viability = (DO extract*100)/Do control

The 50% inhibition concentration (IC50) of the extracts was determined as the drug concentrations that reduced cell number by
50% in treated compared to untreated cultures.

1.2. Acute toxicity
The acute toxicity was evaluated according to guidelines 425 of the Organization for Economic Cooperation and Development
(OECD, 2008) with slight modi�cations. The animals were divided into seven groups (8 mice/group). The PhHm extract was
freshly dissolved in distilled water (4% DMSO) and administered as a single dose by gavage at 2000 mg/kg body weight (B.W).
The mortality was observed for 15 days. The dose administered is considered as toxic, if two or three deaths are registered
(OECD, 2008). If no mortality is observed at this dose, the same procedure will be repeated for the dose of 5000 mg/Kg. In
parallel, eight animals were treated with the vehicle (control group). The results of this test allow an approximation of the LD50.
For the determination of the LD50 value, �ve other doses were used (800-500-300-200-70 mg/kg) (Rasekh et al., 2010). The LD50

value was estimated by computerized techniques (Abu Sitta et al., 2009).

1.2.1. Clinical observations
The general behavior of mice was continuously monitored for the �rst hour after the administration, and periodically during the
�rst 24 h and every day for 14 days. All parameters were recorded such as food and body weights at the beginning, then once
after every seven days during the study. Observation was carried out focusing attention on animal response and general physical
condition (somnolence, twitch, paralysis, convulsion and unusual locomotion). Hair characteristics and possible alterations in
feces and urine coloration were also observed.

1.2.2. Organ’s weight, plasma preparation and biochemical analysis
After the sacri�ce of animals, the organs (liver, spleen, kidneys and heart) were quickly removed and weighed individually. The
relative organ weight of each animal was then calculated relating the absolute organ weight (g) and body weight (g) of the
animal on the day of sacri�ce. Blood samples were collected in heparin-tubes and then centrifuged at 3000 rpm for 10 min.
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Plasma biochemical parameters: urea, creatinine, aspartate aminotransferase (AST), alanine aminotransferase (ALT) and
Alkaline phosphatase (ALP) were analyzed using a spectrophotometer and commercial kits (Spinreact, Spain).

1.2.3. Histological analysis
Liver and kidneys were �xed in formalin (10 %) and embedded in para�n blocks. Sections of 5 µm thick were made by using
rotary microtome and stained with hematoxylin and eosin. The slides were examined microscopically for observing the
pathological changes (Martey et al., 2010). The analysis of the different organs (liver, kidneys) was performed using an Optika B-
500T I-5 microscope (10 and 40×).

1.3. Chronic toxicity and in vivo antioxidant activity

1.3.1. Animals’ treatment
The study was conducted according to OECD Guideline 407 (OECD, 2008b). The PhHm extract was administered by gavage daily
for 90 days. The animals were randomly distributed into four groups of eight animals each: Group C: served as a control and
received 4% DMSO solution, Group Vit C: received 100 mg/kg of Vit C, Group D1, Group D2 and Group D3: received the PhHm
extract in 100, 200 and 300 mg/kg B.W, respectively. During the administration period, rats were closely monitored for any evident
clinical signs of toxicity including acute pain, respiratory disorder, and appearance of stools, mobility disorders and death. The
weight was noted before treatment (day 0) and every week throughout the study period.

1.3.2. Collection of blood and plasma
At the end of each month, the rats were fasted overnight, but allowed access to water. Blood samples were obtained by retro-
orbital puncture (Waynforth, 1980) and collected in tube containing EDTA (for hematological parameter analysis), and tube
containing heparin. For biochemical analysis and plasma antioxidant activity using DPPH scavenging assay. The hematologic
analysis was carried out by a Coulter automate (Akmoum laboratory, Bordj Bou Arreridj), and biochemical tests were carried out
using commercial kits (Spinreact, Spain).

1.3.3. Organs weight, histological analysis and preparation of tissue
homogenates
After sacri�ce, livers and kidneys were removed, washed by NaCl (0.9 %) and weighted. Each animal liver was divided into two
pieces: one piece was �xed with kidneys in 10% formalin for histological analysis and the last one was immediately stored at
-20°C until further antioxidant analyses. To prepare 10 % liver homogenate using ice cold KCl (0.15 %, w/v). Then, the
homogenate was centrifuged twice at 4000 rpm/min for 10 min at 4°C to purge cellular debris and supernatant was collected
and stored at -20°C until quanti�cation of antioxidant enzyme; catalase activity (CAT), reduced glutathione (GSH) and
malondialdehyde (MDA). Total protein content in the supernatant was measured using commercial kits (Spinreact; Madrid,
Spain).

1.1.1. In vivo antioxidant activity
Plasma ability to scavenge DPPH radical was measured using the method of Cuendet et al. (1997) by mixing 25 µL of plasma
with 625 µL of DPPH (0.004%). The plasma antioxidant capacity (CAP) was then calculated. The activity of CAT was calculated
by taking the extinction coe�cient of H2O2 to be 43.6 M−1cm−1 at 240 nm and expressed as µmole of H2O2 consumed/min/mg
protein (UI/mg protein) (Claiborne, 1986). Reduced glutathione (GSH) levels were determined in the homogenates of liver using
Ellman's reagent (5, 5 0- dithiobis-(2-nitrobenzoic acid), DTNB) (Ellman, 1959). The amount of GSH present in the tissue was
calculated using TNB extinction coe�cient to be 1.36 x 104 M−1cm−1 at 412 nm and expressed as µ moles /g tissue.
Thiobarbituric acid reactive substances (TBARS) assay was used to assess MDA level in liver (Okhawa et al., 1979). The
concentration of MDA was calculated using MDA-TBA adduct extinction coe�cient to be 1.56 x 105 M−1cm−1 at 530 nm and
expressed as nmoles MDA/g tissue.

1.2. Statistical analysis
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The results are expressed as mean ± SD of triplicate measurements (in vitro study) and as mean ± SEM of triplicate
measurements (in vivo study). GraphPad Prism Software (version 8.00) was used for statistical analysis. Data were analyzed
using Student’s t-test and one-way analysis of variance (ANOVA), followed by Dunnett test for multiple comparison. The
differences were considered signi�cant at p<0.05.

3. Results

3.1. Quantitative analysis of phytochemicals
Polyphenols, �avonoids and �avonols are very important compounds in plants because their therapeutic interest and their
antioxidant activity has attracted most attention. The results obtained in this study showed a high level of polyphenols (114.1 ±
0.90 µg of GAE / mg of extract), �avonoids (31.20 ± 1.45 µg of QE / mg of extract) and �avonols (95.40 ± 0.80 µg of QE/mg of
extract) compounds in the PhHm extract.

3.2. In vitro antioxidant activity
From the IC50 values obtained, the extract exhibits a high DPPH scavenging activity (52 ± 2.033 mg/mL) which is lower than
BHT (28 ± 0.17 mg/mL), BHA (4 ± 0.001 mg/mL) and quercetin (1.1 ± 0.011 mg/mL) used as standards antioxidants (p < 0.01).
Similarly, to DPPH assay, ABTS assay revealed that PhHm extract exerted a signi�cantly higher antioxidant capacity. The PhHm
extract presented good potential to neutralize ABTS radical (1.48 ± 0.01 µmol g−1 TEAC).

Analysis of antioxidant capacity evaluated with β-carotene bleaching assay revealed a high capacity of PhHm extract to prevent
the bleaching of β-carotene after 24 h of incubation (76.18 ± 0.21%) as compared to the positive control (89.11 ± 0.74%). PhHm
extract exhibited potent chelating activities (IC50: 1.184 ± 0.03 mg/mL), but remained inferior to that of EDTA (IC50: 0.023 ± 0.05
mg/mL) (p < 0.01).

3.3. Antiproliferative activity
The effect of different concentrations of the extract on HeLa cells survival was studied using the MTT reagent. PhHm extract
were very active, as it has reduced HeLa cells viability to 20.48% at 0.015 mg/mL, while at the dose 2 mg/mL almost all HeLa
cells were destructed (95%). Cytotoxicity was expressed as the concentration of extracts inhibiting cell growth by 50% (IC50). The
IC50 values of PhHm extract was evaluated to 0.031 ± 0.007 mg/mL.

3.4. Acute toxicity
Toxicity analysis is a fundamental step to be undertaken for any preparation intended to be used in humans. This study revealed
that mice death after oral administration of PhHm extract was dose dependent. The administration of the extract with doses ≤
300 mg/kg did not cause any behavioral changes and any mortality during the study period, mice deaths gradually reached
100% at 2000 mg/kg. The median lethal dose (LD50) of PhHm extract was estimated to be 501.47 mg/kg B.W. Some adverse
effects, such as hypo-activity, anorexia and diarrhea were observed just after the oral administration. The groups treated with 70,
200 and 300 mg/kg doses had normal body weight (no signi�cant decrease, p >0.05) during the �rst and second weeks
compared to the control group. However, groups receiving the 500 and 800 mg/kg doses showed a signi�cant (p<0.01) reduction
in body weight during the same period (Fig. 1). The oral administration of PhHm extract did not cause any signi�cant changes in
the relative weight of the organs (liver, spleen, kidneys and heart) in the treated groups compared to the control group (Table 1).
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Table 1
Organs relative weight of mice treated with PhHm extract and control group.

Groups Control group 800 mg/kg 500 mg/kg 300 mg/kg 200 mg/kg 70 mg/kg

Liver 50.77 ± 4.47 59.94 ± 6.6a 50.3 ± 5.6a 49.4 ± 3.3a 52.01±2.9a 50.3± 2.4a

Heart 6.11 ± 0.54 5.76 ± 0.53a 5.06 ±0.07 a 4.8± 0.09 a 6.3± 0.40 a 5.4± 0.38 a

Kidneys 7.02 ± 0.79 7.43 ± 2.26 a 6.19 ± 0.2 a 5.6±0.52 a 5.4± 0.28 a 5.13 ± 0.2 a

Spleen 5.52 ± 0.86 3.92 ± 6.48 a 4.4 ± 0.18 a 3.2± 0.30 a 4.9± 0.37 a 3.9 ± 0.28 a

Values expressed as mean ± SEM, n=8 animals /group. a: not signi�cant.

In the current study, the enzyme AST did not present any signi�cant variation when compared to the controls. The ALT and ALP in
the group of 800 mg/kg showed a signi�cant increase (p<0.01) compared to the control group (Fig. 2). In the present study, a
signi�cant (p<0.01) dose-dependent decrease in creatinine was observed. The histological examination of the liver revealed a
vascular congestion and the leukocyte in�ltration in some tissues (500 and 800 mg/kg).

The results of the histological examination of kidneys at 70 mg/kg revealed no architectural alteration (lobular and tubular)
compared with control group except the presence of glomerular and medullar congestion in some tissues of 800 mg/kg treated
mice (Fig. 3).

3.5. Chronic toxicity and in vivo antioxidant activity
The administration of extract (100, 200, and 300 mg/kg) to rats did not cause any behavioral changes, visible symptoms of
toxicity or mortality in animals during the entire 90-days the observation period. During the �rst month, a non-signi�cant weight
loss was noted in all treated groups. A signi�cant decrease in body weight was observed in the second month. However, an
improvement of body weight was noted in the last month in all groups (Fig. 4). The repeated oral administration of PhHm extract
did not cause any signi�cant changes in the weight of the organs in the treated groups compared to the control group. However,
a signi�cant increase in the relative mass of the stomach for the group treated with 200 mg/kg was observed (Table 2).

 
Table 2

Effect of chronic oral administration of PhHm extract on rat’s organs weight (g).

  Controls 100 mg/kg 200 mg/kg 300 mg/kg

 
Liver

7.74 ± 0.61 8.11 ± 1.13 a 8.34 ± 1.040 a 6.72 ± 0.39 a

Heart 0.60 ± 0.05 0.68 ± 0.08 a 0.69 ± 0.080 a 0.67 ± 0.08 a

Kidney 0.65 ± 0.03 0.65 ± 0.07 a 0.56 ± 0.04 a 0.58 ± 0.03 a

Spleen 0.65 ± 0.03 0.60 ± 0.04 a 0.56 ± 0.04 a 0.60 ± 0.04 a

Stomach 0.46 ± 0.03 0.49 ± 0.07d 0.54 ± 0.08 d 0.46 ± 0.07c

Lung 2.53 ± 0.80 3.37 ± 0.52 a 7.72 ± 3.34 a 4.87 ± 1.25 a

Values represent the mean ± SD (N =8). a: not signi�cant (p>0.05); c: p<0.001; d: p<0.0001.

Changes in the hematopoietic system have greater predictive value for human toxicity. The effect of the chronic oral
administration of PhHm extract on the hematologic parameters is presented in Table 3. An increase of the platelet numbers was
observed in the treated groups in the 60 and 90 days of the treatment compared to the control group (p < 0.01). All the other
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parameters (hematocrit, WBC and RBC) remained within the normal limits along the period of the treatment. The biochemical
parameters of the treated and control rats are presented in �gure 5. The renal pro�le of the rats was assessed based on the value
of urea and creatinine. The chronic oral administration of PhHm extract caused crucial decrease of urea in the treated animals (p
< 0.01) compared to the control until the last day of treatment. A decrease in creatinine was also observed in the treated groups
compared to the control group in the 1st (p < 0.01) and 3rd (p < 0.01) month of the study and no changes were observed in the
2nd month of the study (p>0.05). The liver enzymatic pro�le of the rats was evaluated based on the level of three liver enzymes
named alkaline phosphatase, aspartate aminotransferase and alanine aminotransferase. The statistical analysis indicated that
there were no signi�cant differences (p>0.05) in the levels of ALP and AST in the treated animals and the control group. The ALT
activity was not affected during the 1st and 2nd month of study, nonetheless, an increase of its activity was noted in the treated
group (p<0.01) compared to the control in the 3rd month (Fig. 6).

 
Table 3

Effect of PhHm extract on hematological parameters in female Wistar rats treated for 90 days.

  Days Control 100 mg/kg 200 mg/kg 300 mg/kg

WBC (109 L) 30

60

90

9.40 ± 0.50

7.52 ± 1.17

5.56 ± 0.68

9.20 ± 1.15 a

7.8 ± 5.29 a

5.89 ± 0.71 a

11.30 ± 1.17 a

9.28 ± 2.77 a

7.24 ± 0.85 a

9.30 ± 4.20 a

7.7 ± 5.01 a

5.44 ± 0.46 a

Platelets

(109 L)

30

60

90

220.2 ± 115

308.7 ± 218

875.6 ± 163

690 ± 120 a

783 ± 274 a

731 ± 58.22 b

940.3 ± 70.5 a

811.6 ± 162 a

739 ± 69.53 b

800.3 ± 172 a

746 ± 524 a

699 ± 35.92 b

RBC (1012 L) 30

60

90

4.94 ± 0.05

5.59 ± 1.25

8.29 ± 0.09

5.11 ± 1.03 a

6.452± 1.7 a

7.77 ± 0.31 a

6.88 ± 0.04 a

7.08 ± 0.22 a

8.68 ± 0.05 a

4.01 ± 1.36 a

6.05 ± 2.91 a

9.97 ± 0.46 a

Hematocrit (%) 30

60

90

29.39 ± 1.52

35.22 ± 7.05

43.56 ± 0.96

21.88 ± 1.30 a

39.42 ± 10.4 a

44.34 ± 2.44 a

40.33 ± 0.55 a

43.92 ± 0.73 a

46.74 ± 0.64 a

24.97 ± 1.30 a

36.3 ± 17.50 a

53.64 ± 0.63 a

Hemoglobin (g/dL) 30

60

90

13.34 ± 0.13

14.22 ± 2.52

14.46 ± 0.21

13.4 ± 0.1 a

15.62 ± 3.99 a

14.46 ± 0.81 a

18.04 ± 0.05 a

17.2 ± 0.4 a

14.92 ± 0.10 a

11.28 ± 2.33 a

13.96 ± 6.48 a

24.60 ± 7.75 a

Values represent the mean ± SEM (n =8/group). a: not signi�cant (p>0.05); b: p<0.01

Histopathological evaluation of the vital organs, liver and kidney displayed no relevant macroscopic or histological changes in
animals that received the PhHm extract (100, 200 and 300 mg/kg). Observation of histological sections of the kidney and the
liver in treated rats showed a normal architecture and no evidence of lesion (adequate glomeruli and normal tubules) compared
to the control group. However, minimal vascular congestion on liver tissues around the vessels of some treated rats (100, 200
and 300 mg / kg) and in�ammatory in�ltrate between the renal tubes were observed in animals treated with 100 mg / kg (Fig. 7).
Minimal blood congestion was also observed on kidney histological analysis in 100, 200 and 300 mg/kg, and sinusoidal dilation
for the higher dose (300 mg/kg) (Fig. 7).

3.6. In vivo antioxidant activity
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The in vivo analysis of the plasma antioxidant capacity of treated and control groups was estimated using DPPH assays. The
antioxidant capacity of plasma (ACP) against the DPPH radical was expressed as a percentage (Table 4). The improvement in
CAP was signi�cant in treated groups compared to the control group. The results obtained showed that the Vit C (100 mg/kg)
and PhHm extract (300 mg/kg) improved the CAP of the rats with an I% of 27.19 ± 0.75% and 29.01 ± 1.33%, respectively.
Administration of 300 mg/kg of PhHm extract signi�cantly (p  0.01) increased CAT activity compared to the control group; it had
an activity of 11.80 ± 1.24 µmole/min/mg of protein (Table 4). Following the analysis of the Table 4, we notice that the
administration of the PhHm extract caused a signi�cant, increase of GSH compared to the control group. The present study
revealed low levels of MDA in the liver tissue of treated groups with Vit C and with the extract (100, 200 and 300 mg/kg) (Table
4).

 
Table 4

Estimation of CAT activity (µmole/min/mg of protein), GSH (nmole/g of tissue) and MDA (nmole/g of tissue) in
liver of rat.

Groups Control group 100 mg/kg BW

(Vit C)

100 mg/kg BW 200 mg/kg BW 300 mg/kg BW

CAT 9.07 ± 0.97 4.24 ± 0.57b 5.35 ± 0.79a 8.98 ± 1.60 a 11.80 ± 1.24 a

GSH 25.25 ± 0.98 39.45 ± 4.18 c 12.07 ± 0.96 b 16.70 ± 0.91 a 35.18 ± 4.90 a

MDA 27.95 ± 0.81 22.55 ± 0.45 a 22.03 ± 0.81 a 15.65 ± 1.17 c 15.51 ± 0.28 c

DPPH (%) 26.28 ± 0.32 27.19 ± 0.75 a 17.73 ± 1.70 d 19.81 ± 1.91c 29.01 ± 1.33 a

Values represent the mean ± SEM (n =8/group). a : not signi�cant (p>0.05); b : p<0.01; c : p<0.001; d : p<0.0001

4. Discussion
In this study, we investigated some biological properties and the safety pro�le of PhHm extract; a plant growing in the semi-arid
region of Algeria. The extraction was performed using methanol 85 % and the yield of extraction of the PhHm extract (24.8 ±
0.74%) was similar to the one found by Rezzagui et al. (2020) (20.18 %). The extraction yield appears to be in�uenced by the
several factors such as the polarity of the solvent (Medjeldi et al., 2018). The hydromethanolic extract presented a higher total
phenolic, �avonoids and �avonols content. Atrooz et al. (2018) reported that the total phenolic contents of the PhHm extract were
less than those found in our study. Previous reports indicated that the most suitable solvent for the extraction of phenolic
compounds from the medicinal and aromatic plants is methanol (Djidel et al., 2013).

Peganum harmala L. can be an interesting source of bioactive compounds such as polyphenols.

Antioxidants are believed to play an important role in preventing the formation of free radicals in the body. The results showed
that PhHm extract was able to decolorize the stable, purple-colored DPPH radical into yellow-colored DPPH-H in a concentration
dependent way. The IC50 values of the PhHm extract were similar to values reported by Baghiani et al. (2012). It was found that
the phenolic compounds in the P. harmala L. seeds were the major source of its antioxidant activity. Hydromethanolic seed
extract of P. harmala L. containing higher amount of lipophilic compounds, this is in accordance with the �ndings by Baghiani et
al. (2012). The chelating capacity of our extract is probably due to the presence of antioxidant molecules capable of complexing
with ferrous ions. The chelating power of our extracts is important, it helps inhibit peroxidation.

The criteria of cytotoxicity for a crude extracts, established by the U.S. National Cancer Institue (NCI) in the preliminary assays
(Ellithey et al., 2014), report that the extracts with an IC50≤ 30µg/ml are strongly cytotoxic. The PhHm extract induced a
signi�cant decrease in cell viability and presented lower IC50 (0.031 ± 0.007 mg/mL) for HeLa cell, so we can consider it as an
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active and potential source of cytotoxic molecules toward HeLa cancer cells. Atrooz et al. (2018) showed that after treatment
with methanolic extract of P. harmala L. the apoptotic process of the cancer cell line increased compared to the control. These
cytotoxic products may be able to play a vital role in treating selected cancers by working in synergy with conventional
chemotherapeutic drugs (Yaacob et al., 2010).

The safety of any herbal preparation is a serious issue that needs to be highlighted and any claimed bioactivity or medicinal
bene�ts of plant extracts needs to be coupled with a safety analysis (Jordan et al., 2010). According to Hodge and Sterner
(1992), PhHm seed’s extract (50< LD50 <500 mg/kg B.W), can be classi�ed in the category of moderately toxic chemicals. The
LD50 values of the PhHm extract were lower than the ones found by Rezzagui A (2020) (DL50 : 2860 mg/kg). On the other hand,
they were almost similar to what was found by Gseyra (2006) (DL50 : 290 mg/kg). The extract may have retarded the animal’s
growth, as the decrease in body weight may re�ect an abnormal growth of mice caused by the altered metabolism of the mice
(Mukinda and Eagles, 2010). Organ weight is an important indication of the pathological and physiological status of animals
(Benjamin et al., 2020). This implied

that PhHm at 800 mg/kg did not pose any pathological threat to vital organs like liver, kidneys, spleen and heart.

AST, ALT and ALP, are important biomarkers of hepatic functions (Zouhal et al. 2020). Consequently, the alteration of ALT and
ALP activity may be an indication of the hepatotoxic potential of PhHm extract at 800 mg/kg. Creatinine and urea were used as
biomarkers of renal dysfunction (Lameire et al., 2005).In the present study, a signi�cant (p<0.01) dose-dependent decrease in
creatinine was observed, which may indicate muscle wastage (Perrone et al., 1992) and may also depend on external factors as
rich protein food or decreased protein catabolism. Such congestion could be due to the vasoconstricting action of PhHm extract
on the wall of blood vessels (Ashley, 2004). The leukocyte in�ltration present in liver of groups treated (500 and 800 mg/kg)
could be the result of a liver in�ammation.

In the chronic toxicity study, normal rats were treated orally with the PhHm extract for 90 consecutive days in order to observe its
chronic effects. The results indicated that the repeated oral administration of PhHm extract did not disrupt the normal growth of
mice and did not cause any signi�cant changes in the weight of the organs. Such results indicated no toxic effect in the treated
groups (p > 0.01). The hematopoietic system is one of the most sensitive targets to toxic compounds and an important index of
the physiological and pathological state of humans and animals (Diallo et al., 2010). The increase in urea and plasma creatinine
indicates impaired ability of the kidneys to �lter waste products from the blood and to excrete them in the urine. On the other
hand, the elevated serum urea levels could be due to destruction of red blood cells (Wasnaa, 2010).

The effect of the treatment with the PhHm extract on the state of rat global defense towards free radicals was evaluated. Plasma
from control was able to scavenge the DPPH radical. This can be explained by the endogenous antioxidants present in the
plasma such as uric acid, albumin, bilirubin and reduced glutathione (GSH).Therefore, the increase in plasma antioxidant
capacity may be attributed to high levels of exogenous antioxidants such as �avonoids and phenolic compounds, acquired
following treatment with the extract of P. harmala L. The observed results are in agreement with Andallu et al. (2011) that
suggested that the overall antioxidant capacity of plasma (CAP) results from the synergistic action of endogenous antioxidants
and various phytochemical molecules from the administered extracts.

CAT is a ubiquitous enzyme that catalyzes the breakdown of hydrogen peroxide (H2O2) a reactive species of oxygen, which is a
toxic product of normal aerobic metabolism and the production of pathogenic ROS. Antioxidant enzymes can be inactivated by
lipid peroxides and by the ROS produced (Ilari et al., 2020) ; SOD is inhibited by hydrogen peroxide (H2O2), while glutathione

peroxidase (GPX) and catalase (CAT) are inhibited by an excess of superoxide radical (O2
• ) (Malheiros et al., 2020). Therefore,

supplementing with exogenous antioxidants (polyphenols, �avonoids and others) may play a role in preventing the build-up of
ROS and therefore improve the activity of antioxidant enzymes.

Lipid peroxidation is an oxidative alteration of polyunsaturated fatty acids in cell membranes that cause destruction and damage
leading to changes in membrane permeability and �uidity (El-Megharbel et al., 2014) and generates a number of degradation
products, resulting in oxidative stress (Najeeb et al., 2012). Hence, the measurement of lipid peroxidation is an important
indicator in the assessment of antioxidant potential. The MDA, which is a product of lipid peroxidation, is also one of the most
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frequently used biomarkers to evaluate the antioxidant activity in vivo (Reddy et al., 2017). This result suggests that P. harmala L.
hydromethanolic extract is able to prevent the peroxidation of hepatic lipids by improving the antioxidant status of liver.

5. Conclusion
The present study demonstrated that PhHm extract is fairly toxic with LD50: 500 mg/kg B.W. Moreover, daily administration of
the PhHm extract at doses ranged from 100 to 300 mg/kg B.W resulted in alteration of the histology of liver and kidney. However,
the use of extract of P. harmala L. is safe at doses lower than 100 mg/kg B.W. In terms of antioxidant activity, it is concluded that
PhHm extract possessed potent antioxidant activity and could be utilized as new natural antioxidant in food and therapeutics.
The results of the present investigation suggest that PhHm seed extract has signi�cant antitumor activity, and could be an
important basis for the design and synthesis of new antitumor drugs.
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Figure 1

Body weight of mice treated orally with PhHm extract. Values expressed as mean ± SEM, N=8 animals/group.
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Figure 2

Biochemical parameters of control and mice treated with PhHm extract measured during the acute toxicity. Values were
expressed as mean ± SEM (N = 8). ns: no signi�cant, *: p<0.01,**: p < 0.001, ****: p < 0.0001.
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Figure 3

Histopathological analysis of the liver and kidneys of animals treated with PhHm extract. in acute toxicity (x 40). CV: Vascular
Congestion, IF: in�ammatory in�ltrate.
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Figure 4

The effect of chronic oral administration of PhHm extract on the body weight of rats. Data are expressed as mean ± SEM.
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Figure 5

Biochemical parameters of control and treated groups with PhHm extract measured during the chronic toxicity. Values were
expressed as mean ± SEM (N = 8). ns: no signi�cant, a : p < 0.01, b: p < 0.001, c and d: p < 0.0001.
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Figure 6

Renal and hepatic histological cuts of treated animals and control group in chronic toxicity (x 40). CV: Vascular Congestion, IF:
in�ammatory in�ltrate. DS: sinusoidal dilatation. A: control group, B: animals treated with 100 mg/kg, C: animals treated with
200 mg/kg, D: animals treated with 300 mg/kg.


