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INTRODUCTION

Since 1978, the World Health Organization (WHO) 
has been dedicated to researching and advocating tra-

ditional pharmacopeia to meet the primary healthcare and 

medication needs of African populations. The reason is 
that many people think medicinal plants can substitute for 
high-priced chemical drugs or special drugs that are hard to 
make in developing countries or are prohibitively expensive 
(WHO, 2013). The Moroccan population practices many 
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of the traditional uses of medicinal plants for the treatment 
of various diseases, as reported by (Kachmar et al., 2021).

The plant kingdom represents a major source of an im-
mense variety of bioactive molecules (Dhaval et al., 2016), 
known for their biological, pharmacological, and nutrition-
al properties (Correia et al., 2012; Guaadaoui et al., 2014). 
Lemon verbena, belongs to the Verbenaceae family and is 
known as Aloysia or Lippia citriodora (Valentão et al., 2002; 
Stashenko et al., 2013), it is from South America but is also 
found in Central and North America and Africa (Carnat 
et al., 1999). recognized in the south of Morocco for its 
various biological effects (Valentão et al., 2002; Stashenko 
et al., 2013), including; antioxidant (Choupani et al., 2014; 
Farahmandfar et al., 2018), hypoglycemic (El-Ouady and 
Eddouks 2021), anxiolytic (Veisi et al., 2015), anti-de-
pressive, and neuroprotective effects (Zhao et al., 2023). 
Phenes, flavonoids, and tannins components are responsi-
ble for these pharmacological activities (Quirantes-Piné et 
al., 2013; Hematian Sourki et al., 2021a).

However, utilization of these plant-based treatments often 
occurs without scientific knowledge or evidence regarding 
their toxicological effects. This lack of scientific under-
standing poses potential risks, as the safety and potential 
side effects of these traditional phytotherapies may not be 
well-established. Therefore, there is a need for further re-
search, validation, and documentation to ensure the safe 
and effective use of traditional medicinal plants (Carneiro 
et al., 2014).

In addition, the data from the toxicological study of Lem-
on verbena are still limited. For this purpose, this study is 
conducted to assess the acute and subacute toxicity of the 
methanolic extract of lemon verbena in hamster and to de-
termine a dose that is safe for the biological effects of the 
extract studied, while also avoiding the plant’s toxic effects, 
to determine the LD50 in acute toxicity test, evaluate the 
daily administration of this extract during 28 days, on renal 
and hepatic function, glycemia, lipid profile, hematologi-
cal parameters, and oxidative stress in hepatocyte and renal 
cells.

MATERIALS AND METHODS

Plant Materials
The leaves of lemon verbena were collected in the Jamaat 
Aghmat area of El Haouz, Marrakech, Morocco, on 02 Jun 
2023. The plant was authenticated by Assistant Professor 
Zidan, a botanist of the Department of Biology, Faculty of 
Sciences Kenitra, Ibn Tofail University.

Preparation of Extract
The collected leaves were dried away from the light and 
crushed to obtain a powder. The extract was prepared ac-

cording to the traditional method, 40 grams of powder was 
extracted using a Soxhlet with 300 ml of methanol. The 
extract solution was separated from the solvent by a rota-
ry evaporator. Then, the extraction yield in the methanolic 
extract of leaves of lemon verbena (MELV) was evaluated 
using the equation below:

Phytochemical Screening
The detection of the presence of phytochemical constit-
uents is based on staining and/or precipitation reactions 
(Harborne, 1998); using the method of Stiasny (Karumi, 
2004) to detect catechins and gallo tannins, the Cyani-
dine reaction is used to detect flavonoids (Houghton and 
Raman, 1998) The polyphenols, flavonoids (Houghton 
and Raman, 1998), leuco anthocyanins and anthocyanin 
(Mibindzou Mouellet, 2004) are also detected.

Experimental Animals
Our experimental study was performed on female and 
male hamsters raised in the animal facility at the Faculty of 
Sciences, Ibn Tofail University. The hamsters were main-
tained at a controlled temperature of 22 C° and subjected 
to a light/dark cycle (LD: 12/12), to maintain their normal 
circadian cycle with free Access to water and Food (ad libi-
tum). A five-day adaptation period was applied before the 
beginning of the experiment, according to the experimen-
tal conditions. The experiments were carried out according 
to the guidelines of the local committee.

Acute Oral Toxicity
According to the OECD 423 (OECD 423 2002), a total 
of 30 female hamsters (90±10 g) were distributed into 5 
groups (6 Animals per group), the control group received 
distillate water and 4 treated groups received a single oral 
dose of MELV at different doses (1000, 2000, 3000, and 
5000mg/kg bw). The signs of toxicity, mortality, body 
weight (bw), food intake, and water consumption were ob-
served during 14 days.

Subacute Toxicity
For subacute toxicity, 24 female and 24 male hamsters were 
used to evaluate the subacute toxicity of MELV, according 
to OECD 407 (OECD 407, 2001). Hamsters of each sex 
were divided into 4 groups, the control group was given 
distilled water, while the treated groups were administered 
daily with the MELV at different doses (125, 250, and 500 
mg/kg bw) for 28 days. The body weight, signs of toxicity, 
food intake, and water consumption were observed during 
the experiment.

At the end of the experiment, the animals were anesthe-
tized and sacrificed. The blood sampling was performed by 
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cardiac puncture to realize a hematological and biochemi-
cal parameter. The liver and kidney were dissected to real-
ize a macroscopic and microscopic evaluation (histological 
sections). Additionally, the organ homogenates were pre-
pared to measure oxidative stress markers.

Hematological and Biochemical Parameters
The blood samples were used immediately for the analysis 
of hematological parameters, such as erythropoietic analy-
sis; Red blood cell (RBC), mean corpuscular hemoglobin 
concentration (MCHC), hemoglobin (Hb), hematocrit 
(HCT) and mean corpuscular volume (MCV). Addition-
ally, the analysis of white blood cells and differential leuko-
cyte count included, Neutrophils (NEUT), Lymphocytes 
(LYMPH), Monocytes (MONO), Eosinophils (EO), Ba-
sophils (BASO), as well as the platelets count.

The biochemical analyses carried out were: Glucose (Glu), 
the lipid profile: (total cholesterol (TC), triglycerides (TG)), 
the hepatic function (aspartate aminotransferase (ASAT), 
alanine aminotransferase (ALAT)) and renal function 
(urea, creatinine (Crea)). The assays were performed under 
the manufacturing instructions, using a spectrophotometer 
to read the optical density (OD) at different wavelengths.

Relative Weight of the Organs
After blood sampling, the liver and kidney were weighed 
immediately to estimate the organ/body weight ratio. A 
relative weight ratio is defined by the formula: 

Histopathology Examination
The organs were carefully fixed in 10 % formalin. After fix-
ation, tissue specimens were dehydrated in a graded series 
of ethanol (70–100%). At the end of the process, speci-
mens were sectioned at 6μm thickness and were stained 
with Haematoxylin and Eosin (H&E) before microscopic 
examination.

Oxidative Stress Assay
Catalase activity: The antioxidant activity of MELV was 
evaluated by the measurement of Catalase activity in the 
liver and kidney homogenate, as described by (Clairbone, 
1985). Specifically, 780 μl of phosphate buffer solution (pH 
7.0) was added to 20 μl of kidney or liver homogenate, along 
with 200 μl of H2O2 (1 M). Subsequently, the absorbance 
was measured at 240 nm for 1 minute. The results were 
expressed in millimoles of decomposed H2O2/min/mg of 
proteins (Timoumi et al., 2019). 

Measurement of nitric oxide: Nitric oxide (NO) 
measurement in the liver and kidney homogenate 
was determined by the Griess reaction, 500 μl of the 

homogenate tissue was added to 500 μl of Griess reagent 
(1% sulphanilamide (1 ml) and 0.1% N-1-naphthyl 
ethylenediamine dihydrochloride (1 ml) in 2.5% 
orthophosphoric acid). After incubation for 30 min at 
room temperature without light, absorbance was measured 
at 540 nm (Li et al., 2011).

Statistical Analysis
To determine the differences between the control and 
treated groups, statistical analysis was carried out using 
GraphPad Prism 8 software. The results, presented as mean 
± SD (n = 6), were analyzed using unidirectional ANOVA 
followed by Tukey’s post hoc test. Dif﻿ferences were con-
sidered significant when: P<0.05, very significant when 
P<0.01, and highly significant when: P<0.001.

RESULTS AND DISCUSSION

Extract Yield
The yield of the methanolic extract of lemon verbena leaves 
is calculated as the ratio of the mass of the extract obtained 
to the initial mass of the plant subjected to extraction 
(powder), expressed as a percentage (Table 1).

Table 1: Extract Yield of methanolic extract of lemon 
verbena leaves.
Species Quantity of 

powder (g)
Quantity of meth-
anolic extract

Extract Yield 
(%)

Lemon 
verbena

40g 11,6 g R= (11.6/40) 
*100=29%

Phytochemical Screening
Table 2, shows the results of the phytochemical analysis, 
where the presence of total polyphenols, catechins, gallo 
tannins, and flavonoids was detected, while the total ab-
sence of leuco anthocyanins and anthocyanins was detected.

Table 2: Main chemical constituents of methanolic extract 
of lemon verbena leaves. (-): negative Test, (+): weakly 
positive Test, (++): positive Test, (+++): strongly positive 
Test.
Chemical groups Methanolic extract of 

Lemon Verbena

Total polyphenols +++
Flavonoids +
Tanins Catechic ++

Gallic +++
Leuco anthocyanes -
Anthocyanins -

Acute Toxicity
A single oral administration of various doses of the MELV 
showed no signs of mortality and/or clinical signs during 
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the 14-day test (Table 3), Also no significant difference was 
detected for variation in body weight, food consumption, 
and water intake between hamsters treated with MELV 
and control (P>0.05) (Table 4). Accordingly, the LD50 is 
considered to be greater than 5000mg/kg bw of the animal, 
So the extract studied can be classified in category 5 and 
considered as a non-toxic substance.

Table 3: Effect of MELV on clinical signs and mortality in 
acute toxicity in hamster.

Sign of toxicity 
observed

Mortality

Control : Distilled water None 0/6
Dose 1 : 1000 mg/kg bw None 0/6
Dose 2 : 2000 mg/kg bw None 0/6
Dose 3 : 3000 mg/kg bw None 0/6
Dose 4 : 5000 mg/kg bw None 0/6

Table 4: Body weight gain, food consumption, and water 
intake of hamsters treated orally with MELV in acute 
toxicity. The results are represented by the mean ± SD (n 
= 6), significance levels were indicated as: * P <0.05, ** P 
<0.01, *** P <0.001.
Parameters Control 1000mg/

kg bw
2000mg/
kg bw

3000 mg/
kg bw

5000mg/
kg bw

Initial weight 
(g)

104 ± 
2.58

102.75 ± 
3.3

101.2 ± 
4.14

98.6 ± 
3.36

99±6.16

One week 
(g)

106.1 ± 
2.82

109.25 ± 
1.5

104.6 ± 
4.77

101.31 ± 
1.84

105.19 ± 
0.85

Two week 
(g)

113.76 
± 4.29

112.47 ± 
0.44

110.6 ± 
3.36

107.92 ± 
2.00

106.05 ± 
0.82

BWG (g) 9.76 9.72 9.4 9.32 7.05
Food con-
sumption (g/
day)

13.64 ± 
1.2

13.68 ± 
1.15

13.06 ± 
0.83

12.87 ± 
1.05

13.10 ± 
1.03

Water Intake 
(ml/day)

11.17 ± 
0.48

11.21 ± 
0.47

10.84 ± 
0.21

10.70 ± 
0.41

10.93 ± 
0.14

Table 5: Effect of subacute MELV toxicity on clinical signs 
and mortality.
Group Clinical sign Molarity 

Female 
Control None 0/6
125 mg/kg bw None 0/6
250 mg/kg bw Hair modification 0/6
500 mg/kg bw Hair modification,diarrhea 0/6
Male 
Control None 0/6
125 mg/kg bw None 0/6
250 mg/kg bw None 0/6
500 mg/kg bw Hair modification 0/6

Subacute Toxicity
Body weight, relative organ weight, and clinical 
observations in hamsters: A daily oral administration 
of the MELV at different doses (125, 250, and 500 mg/kg 
bw) for male and female hamsters has showed no mortality 
and no grave signs ( Just Hair modification in the male and 
female hamsters treated with 500mg/kg bw, the female 
treated with 500mg/kg bw showed a Hair modification and 
a Diarrhea) of toxicity during 28-days of the experiment 
(Table 5), Also no significant difference was detected in 
body weight variation (Figure 1), food consumption, and 
water intake (Table 6), as well as for relative weight of the 
organs (Figure 2) between hamsters treated with MELV 
and control (P>0.05) for both sexes.

Figure 1: Variation in body weight during subacute toxicity 
of MELV at different doses in female (a) and male (b) 
hamster. The results are represented by the mean ± SD (n 
= 6); significance levels were indicated as: * P <0.05; ** P 
<0.01; *** P <0.001.

Table 6: Mean food consumption and water intake in 
female and male hamsters during subacute toxicity of 
MELV. The results are represented by the mean ± SD (n 
= 6), significance levels were indicated as: * P <0.05, ** P 
<0.01, *** P <0.001.

Control 125 mg/kg 
bw

250 mg/kg 
bw

500 mg/kg 
bw

Female
Food consump-
tion (g/day)

13.72 ± 
0,28

15.23 ± 
0,38

14.51 ± 
0,30

13.49 ± 
0,18

Water intake 
(ml/day)

12.57 ± 
0,26

12,30 ± 
0,31

13.35 ± 
0,27

11.80 ± 
0,15

Male
Consumption 
food (g/day)

14.58 ± 
0.29

13.85 ± 
0.23

14.24 ± 
0.23

13.00 ± 
0.18

Water intake 
(ml/day)

12.33 ± 
0.25

11.08 ± 
018

12.05 ± 
0.19

11.37 ± 
0.16

Figure 2: Variation in relative liver (a) and kidney (b) weights 
of the different groups treated with MELV in both sexe. The 
results are represented by the mean ± SD (n = 6); significance 
levels were indicated as: * P <0.05; ** P <0.01; *** P <0.001.
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Biochemical parameters: The biochemical parameters 
in male and female hamsters administered daily with 
MELV for 28 days in the subacute toxicity test showed no 
significant differences in the groups treated with the extract 
studied at different doses compared with control in both 
sex (P >0.05) for glucose levels (Figure 3a), lipid profile; 
cholesterol levels (Figure 3b) and serum triglyceride (Figure 
3c) and renal function parameters; serum urea (Figure 3d) 
and creatinine levels (Figure 3e). Regarding a liver function 
tests, a significant increase in ALAT levels was observed 
in female hamsters treated with 500 mg of MELV per kg 
of bw compared with the control group (P <0.05) (Figure 
3g). However, ASAT levels did not show a statistically 
significant difference between treated and control groups 
(P >0.05) (Figure 3f ).

Figure 3: Effect of MELV on blood glucose levels; Gly 
(glycemia), on Lipid profile; serum total cholesterol 
(Chol) and triglycerides (TG) levels, on renal function; 
serum urea and creatinine (crea), also, on hepatic function; 
serum aspartate aminotransferase (ASAT) and alanine 
aminotransferase (ALAT) levels in subacute toxicity in 
both sex hamsters. The results are represented by the mean 
± SD (n = 6); significance levels were indicated as: * P 
<0.05; ** P <0.01; *** P <0.001.

Hematological parameters: Concerning erythrocyte 
parameters represented in (Table 7), data analysis showed 
that daily administration of MELV has no significant effect 
on erythropoietic parameters in female hamsters. However, 
there was a significant decrease in hematocrit in the male 
hamsters treated with 500 mg/kg bw of MELV extract 
compared to the control group (P <0.01). In addition, 
thrombocytopenia, highly significant reduction in platelets, 

was observed in male treated-groups compared to the 
control group (P <0.001). The female hamsters treated 
with 500 mg/kg bw of MELV extract, showed an increase 
in WBC and neutrophil counts (P<0.01) and (P<0.05), 
respectively. Also, a highly significant increase in WBC 
of male hamsters treated with 500 mg/kg bw of MELV 
extract, compared to the control group (P<0.001) (Table 8).

Table 7: Effect of MELV on Variation of erythrocyte 
parameters and platelet levels of the subacute toxicity test 
in hamsters. The results are represented by the mean ± SD 
(n = 6), significance levels were indicated as: * P <0.05, ** P 
<0.01, *** P <0.001.

Control 125mg/kg 
bw

250mg/kg 
bw

500mg/kg 
bw

Female
"RBC 
[10^6/uL]"

7,59±0,71 8,02±1,15 7,72±0,75 6,78±1,08

"HGB [g/
dL]"

15,71±0,91 15,52±0,78 14,52±0,90 13,51±1,76

"HCT [%] " 43,25±1,39 46,11±2,07 42,56±2,30 38,27±2,15
"MCV - 
[fL]"

56,90±1,26 57,77±2,75 55,01±2,06 54,02±3,08

"MCHC [g/
dL]"

36,26±1,57 33±1,80 34,28±2,48 35,81±3,08

"RDW-CV 
[%]"

17,06±0,16 16,08±0,57 17,72±1,10 15,87±1,93

"PLT * 
[10^3/uL]"

312±23,25 302,33 ± 
8,73

304±15 293,66±8.5

Male
"RBC [106/
uL]"

7,34±1,06 7,66±0,86 8,42±0,51 5,72±0,71

"HGB [g/
dL]"

14,1±1,01 14,45±0,75 15,78±1,13 11,74±0,77

"HCT [%] " 40,16±1,25 41,8±1,03 36,87±0,97 33,33 ± 
0,69***

"MCV - 
[fL]"

56,30±1,26 56,11±1,23 56,59±1,32 57,16±1,04

"MCHC [g/
dL]"

34,77±1,07 34,87±1,11 33,96±0,85 35,61±0,95

"RDW-CV 
[%]"

34,29±0,63 32,61±0,67 30,37 ± 
0,80**

26,40 ± 
1,49***

"PLT * [103/
uL]"

397±27,22 190,64 ± 
4,07***

119,33 ± 
3,51***

171,89 ± 
1,16***

Effect of MELV on oxidative stress markers: 
•	 Catalase activity: The data analysis of catalase activity 

in Liver and Kidney homogenates (Figure 4) in both 
sexes of hamsters showed a highly significant increase 
of catalase activity in liver homogenate of female 
hamsters treated with 250 and 500 mg/kg bw of MELV 
(P <0.001), and a very significant increase of catalase 
activity for the kidney of female hamsters treated 
with 250mg/kg bw of MELV (P <0.01). However, no 
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significant difference was detected between the male 
hamsters treated with different doses of the MELV and 
the control group.

•	 Measurement of NO Concentrations:The concen-
tration of NO level in the liver homogenate showed 
a significant decrease in the NO-level in male group 
treated with 125 mg/kg bw of MELV (P <0.05), a very 
significant decrease in male group treated with 250mg/
kg bw (P <0.01) and a highly significant decrease in fe-
male hamsters treated with 250mg/ kg bw, and in male 
and female group treated with 500mg/kg bw of MELV 
(P <0.001). No significant difference was detected in 
the kidney level of NO, except a significant decrease in 
the male group treated with 500mg/ kg bw of MELV 
(Figure 5).

Table 8: Effects of MELV on white blood cells and 
differential leukocyte count during subacute toxicity in 
hamsters. The results are represented by the mean ± SD (n 
= 6), significance levels were indicated as: * P <0.05, ** P 
<0.01, *** P <0.001.

Control 125mg/
kg bw

250mg/
kg bw

500mg/kg 
bw

Female
"WBC *[103/
uL]"

2,47±0,55 2,63±0,40 1,66±0,43 4,02±0,18**

"NEUT * [103/
uL] "

0,38±0,11 0,54±0,16 0,26±0,12 0,72±0,11*

"LYMPH * 
[103/uL]"

1,53±0,60 1,6±0,60 2,04±0,18 0,94±0,38

"MONO * 
[103/uL] "

0,75±1,12 0,44±0,67 0,86±0,22 0,11±0,04

"EO * [103/
uL] "

0,11±0,07 0,06±0,09 0,10±0,15 0,78±1,10

"BASO * [103/
uL] "

0,28±0,17 0,38±0,11 0,37±0,09 0,28±0,07

Male
"WBC *[10^3/
uL]"

1,8±0,10 1,96±0,16 2,01±0,32 2,80± 
0,15***

"NEUT * 
[10^3/uL] "

0,28±0,17 0,48±0,17 0,45±0,13 0,43±0,05

"LYMPH * 
[10^3/uL] "

1,25±0,43 1,06±0,20 1,56±0,50 2,00±0,33

"MONO * 
[10^3/uL] "

0,33±0,19 0,11±0,06 0,22±0,14 0,49±0,73

"EO * [10^3/
uL] "

0,01± 
0,0046

0,10±0,15 0,06±0,02 0,16±0,19

"BASO * 
[10^3/uL] "

0,16±0,10 0,18±0,08 0,18±0,02 0,22±0,09

Histological studies: The histological studies on 
hamsters’ liver showed moderate necrosis for both male 
and female hamster treated with 250 and 500mg/kg bw 
of the MELV, the observation also showed a peri portal 

infiltration of lymphocytes in particular for female 
administered by 500mg/kg bw. For the Histological kidney 
section, a tubular atrophy was observed in the both sex of 
hamsters treated with 125mg/kg bw, a sinusoidal dilatation 
and a glomerular lymphocyte Infiltrate were detected 
in male and female treated with 250 and 500mg/kg bw 
(Figure 6).

Figure 4: Catalase activity in liver (a) and kidney (b) in 
Male and female hamsters treated with different doses 
of MELV and control. The results are represented by the 
mean ± SD (n = 6); significance levels were indicated as: * 
P <0.05; ** P <0.01; *** P <0.001.

Figure 5: No level in liver (a) and kidney (b) in Male and 
female hamsters treated with different doses of MELV and 
control. The results are represented by the mean ± SD (n 
= 6); significance levels were indicated as: * P <0.05; ** P 
<0.01; *** P <0.001.

Figure 6: Effect of different doses of MELV (125. 250 and 
500 mg/kg bw) on histological section of liver and kidney 
tissue in male and female hamsters. (Black arrow) Moderate 
hepatic necrosis, (+) periportal lymphocyte infiltrate, (Red 
arrow) predominantly lymphocyte glomerular infiltrate, 
(Green arrow) sinusoidal dilatation, (Blue arrow) tubular 
atrophy.
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For centuries, various cultures have utilized herbal med-
icines, often perceived as natural and safe (Maldonado 
Miranda, 2021). Medicinal herbs typically contain diverse 
components that can induce both beneficial and potential-
ly adverse effects, such as Lemon verbena (Majewska et al., 
2022). The identification of phytochemicals in the MELV 
is crucial because of the antioxidant and biological effects 
of its secondary metabolites, as well as their harmful effects 
(Muanda, 2010). The present study aims to investigate the 
main constituents of the MELV, to assess the acute toxic-
ity of this extract and estimate its LD50, and the subacute 
toxicity to study its effects on biochemical, hematological, 
and histological parameters, in hamsters.

In the present study, the phytochemical screening of MELV 
indicated the presence of polyphenols, catechic, gallic tan-
nins, and flavonoids, while anthocyanins and leuco antho-
cyanins were absent. Our results are similar to those of 
(Choupani et al., 2014), who reported that the methanolic 
solvent of lemon verbena contained a high level of polyphe-
nols, measuring 25.94 mg GAE/g, there were 49.2 ± 0.11 
mg GAE/g in the same extract (Hematian Sourki et al., 
2021b). The total flavonoid content was 39.86 mg EC/g 
(mg of catechin per gram of extract) in the methanolic ex-
tract of lemon verbena (Tammar et al., 2021) and it ranged 
from 10.59 to 19.26 mg CE/g for the same extract, also, 
the total tannins were between 0.89 and 1.10 mg EC/g 
(Rezig et al., 2019), as well as, it was equal to 0.04 mg EC/g 
in the MELV (Tammar et al., 2021). These differences in 
the quantity of polyphenols, flavonoid, and tannins can be 
explained by harvest time (Hawary et al., 2011), growing 
conditions, environmental factors (Hematian Sourki et al., 
2021b), growth stage, extraction technique (Aldeen et al., 
2015), solvent types (Choupani et al., 2014) and harvest 
regions (Tammar et al., 2021).

The results of our study showed that a single oral adminis-
tration of MELV, at variable doses (1000, 2000, 3000, and 
5000mg/kg bw), did not cause any death or behavioural 
alterations in the treated hamsters. The absence of toxic 
effects in the acute toxicity assessment of MELV suggests 
that the NOAEL dose, the dose with no adverse effect, 
is 1000mg/kg bw. The LD50 in female hamsters is consid-
ered superior to 5000 mg/kg bw, based on these results. 
Furthermore, no significant variations were noted in body 
weight, food, and water consumption during the 14-day 
experiment in different treated groups compared to the 
control group.

Our results were in accordance with many studies. (Rashid-
ian et al., 2016), showed that the LD50 of the methanolic 
extract of lippia citriodora is higher than 2000 mg/kg bw, 
without any adverse or toxic effects. The LD50 for the 
aqueous extract of Aloysia citriodora is reported as 5g/kg 
bw (Etemad et al., 2016), while the LD50 for the alcoholic 

extract of Egyptian lippia citriodora is noted as 5.9 g/kg 
bw according to (El-Hawary et al., 2012). Additionally, the 
LD50 for verbacoside, an active component of L. citriodora, 
is documented to be higher than 5g/kg bw (Etemad et al., 
2015).

Concerning the subacute exposure, no mortality was de-
tected in both sexes of hamsters administered orally at dif-
ferent doses 125, 250, and 500mg/kg bw of the MELV. In 
addition, no serious clinical signs, changes in body weight, 
food and water consumption, or relative organ weights 
were observed in the treated and control groups. Accord-
ing to many studies (Etemad et al., 2015, 2016; De Lima 
et al., 2018), the administration of lemon verbena extract or 
verbacoside did not exhibit any impact on the mentioned 
parameters, as confirmed by this result.

Medical assessments often include biochemical and hema-
tological parameters to assess the body’s health and func-
tioning. The information provided by these parameters is 
crucial when it comes to understanding different physio-
logical processes, organ functions, and the overall health 
status of an individual, such as the toxicity of compounds 
(Olayode et al., 2019). For example, examination of the 
function of hepatocytes and kidney cells, which play crucial 
roles in detoxification, blood cleaning, and elimination of 
waste products from the body (Ozer et al., 2008).

Regarding biochemical parameters, no significant differ-
ence was detected between the groups treated with MELV 
and control groups in blood glucose, cholesterol, and tri-
glyceride levels. Our results showed that the administra-
tion of MELV induced a significant increase in ALAT 
levels in females receiving 500mg/kg bw of the MELV, 
which was not associated with an increase in ASAT levels. 
However, no significant difference was detected between 
the treated and control groups in terms of renal function 
(urea, creatinine). No significant differences were shown 
after administration of the Verbascoside and aqueous ex-
tract of lemon verbena (Etemad et al., 2015, 2016). How-
ever, a decrease in LDL level induced by the verbascoside 
(Pastorelli et al., 2012), and in triglycerides levels by the 
aqueous extract of Lemon verbena (Etemad et al., 2016); 
which could be explained by the presence of polyphenols 
in the MELV (Casamassima et al., 2017). 

Concerning the hematological parameters, this study 
showed a significant decrease in the platelets count in 
male hamsters treated at different doses of MELV. This 
reduction could have potential implications for blood co-
agulation and immune response (Garraud et al., 2011). 
A decrease in hematocrit was revealed in male hamsters 
treated with 500mg/kg bw of MELV; that could be a result 
of testosterone-stimulating erythropoiesis in male animals 
(Hershkovitz et al., 2015). The number of leucocytes in-
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creased in both sexes in hamsters treated with 500mg/kg 
bw of MELV, with an increase in neutrophils in the female 
group. The pathological significance of these variations is 
not significant due to their normal average hematological 
values in hamsters (Boussarie, 1999).

The histological studies showed sinusoidal dilatation, glo-
merular lymphocyte infiltrate, and moderate hepatocyte 
necrosis in male and female treated with 250 and 500mg/
kg bw of MELV. Moreover, a peri portal lymphocyte infil-
trate was observed in female hamster treated with 500mg/
kg bw of MELV. which may be explained by the level of 
oestrogen present in females, a factor that modulates the 
immune response (Kovats, 2012). However, no abnormal-
ities in all organs tested were observed after administra-
tion of Lemon verbena aqueous extract in 50, 100, and 200 
mg/kg of body weight of male Wistar rats (Etemad et al., 
2016), and,10, 30 and 60 mg kg b.w. of verbacoside in mice 
(Etemad et al., 2015), this absence of histopathological 
changes can be explained by the dose difference, species, 
or extract type. 

In the liver homogenate, the level of NO was decreased in 
both sex hamsters, demonstrating a reduction in oxidant 
marker, which was  approved by amelioration of antioxi-
dants such as catalase activity in female treated with MELV 
at 250 and 500mg/kg bw showing the hepatoprotective ef-
fect of estrogen in antioxidant/oxidant balance (Hamden 
et al., 2007). However, in kidney homogenate, a significant 
decrease in NO level, and an increase in catalase activity 
were detected in the male group treated with 500mg/kg bw 
and the female group treated with 250mg/kg bw of MELV 
respectively, showing the antioxidant defense of MELV in 
the renal cells. These results were in line with other studies 
that demonstrated a decrease in the level of oxidant activi-
ties, and an increase in the concentration of the antioxidant 
enzymes, after the verbascoside administration (Casamassi-
ma et al., 2017), and the Aloysia citriodora extract (Habibi 
et al., 2021). Therefore, our result may be explained by the 
polyphenols contained in the MELV, such as Verbascoside, 
by reinforcing the antioxidant system (Veskoukis et al., 
2019); which indicates that lemon verbena, acts as a potent 
antioxidant and antioxidant system modulator.

CONCLUSIONS AND 
RECOMMENDATIONS

The present study showed that MELV has high levels of to-
tal polyphenols, catechins, and gallic tannins. The estimat-
ed LD50 of the studied extract is superior to 5000mg/kg bw. 
For subacute toxicity, no significant pathological changes 
were observed in biochemical, hematological, and histo-
logical in male and female hamsters treated with different 
doses of MELV. The MELV induced a significant decrease 

in the NO level and an increase in catalase activity in the 
liver and kidney homogenate of male and female treated 
with 500mg/kg bw. According to these results, the MELV 
was non-toxic in acute oral administration. However, fur-
ther analysis is essential to confirm these observations and 
to determine the mechanisms underlying their potential 
effects: such as studying long-term effects, different extrac-
tion methods, diverse animal models, gender-specific stud-
ies, and mechanistic studies of the antioxidant properties 
of MELV.

NOVELTY STATEMENT

To our knowledge, this is the first study assessing the tox-
icity of the methanolic extract of Moroccan lemon verbena, 
a plant traditionally used for its therapeutic properties in 
Moroccan population.

Highlights
•	 Lemon verbena, is recognized for numerous biological 

activities and therapeutic effects. However, its potential 
toxicity and adverse effects necessitate thorough inves-
tigation.

•	 Lemon verbena extract exhibits high levels of total 
polyphenols, catechins, and gallic tannins. 

•	 Oral LD50 values were higher than 5 g/kg bw in female 
hamster. 

•	 Oral Subacute exposure to MELV showed no patho-
logical significance in biochemical and hematological 
analysis between the treated and control groups.

•	 The administration of MELV induced a lymphocyte 
infiltrate, a reduction in nitric oxide level, and an in-
crease in catalase activity, in the liver and kidney of 
hamster treated with 500mg/kg bw of MELV. 
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