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ABSTRACT

The objective of this study is to evaluate, on the one hand, the changes in
hepatotoxicity induced by lead and manganese according to a biochemical
and histological experimental approach in developing Wistar rats and, on
the other hand, to test the effectiveness of mint essential oil (Mentha
spicata) in restoring or not the harmful effects of the metals studied. by an
intraperitoneal injection of 0,1 ml HEM/kg/day for a period of 21 days.
The characterization of this essential oil by gas chromatography coupled
with mass spectrometry indicates that the major components are: Carvone
(42.2%), Menthone (20.89%), Piperitenone (17.41%) and Isomenthone
(7.99%). The results of liver biochemical assays (aspartate
aminotransferase, alanine aminotransferase, alkaline phosphatase, albumin,
total cholesterol, and triglyceride) show a correction of values following
the administration of essential oil compared with those of co-exposed
animals. Analysis of the antioxidant status in the hepatocyte indicates that
this oil has restored the activity of the various antioxidant enzymes
(superoxide dismutase (SOD: 0,87 U/mg), glutathione peroxidase (GPx:
38,62 U/mg), and catalase(CAT: 20,73 U/mg)). In fact, the histological
study undertaken illustrated a clear improvement in liver tissue architecture
in rats intoxicated and treated with oil, which justifies the great importance
of Mentha spicata in traditional medicine and these therapeutic virtues.

1.Introduction

The heavy metals are a group of
environmental chemicals which are both
universal and non-biodegradable. Although the
adverse effects resulting from exposure to them
are well-known, their use and environmental
concentration are increasing (Zhao et al, 2014).
Numerous studies have revealed the toxicity of
individual metals for living organisms (Basile
et al, 2012). However, these metals do not only
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exist individually, but also combined in the
environment (Smith et al , 2012)

In fact, lead is a non-essential element for
the human body, due to its dispersal in the
ambient air, as well as in many foods. Its
toxicity is closely tied to its accumulation in
certain tissues, and its interference with bio-
elements, whose role is essential for a number
of physiological processes. It has numerous
adverse  effects, including neurological,
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behavioral, immunological, renal, hepatic, and
in particular hematologic disorders (Annabi et

al., 2007).
On the other hand, Manganese (Mn) is a
natural trace element its toxicity s

multifactorial, because Mn directly interrupts
the activation of enzymes, prevents competitive
mineral  absorption,  changing  calcium
homeostasis and lowering the level of
antioxidants available in the body (Adli, 2017).

Due to the pervasiveness of both metals,
Mn and Pb, reducing human exposure to toxic
levels remains a global health challenge.

Moreover, aromatic plants produce active
compounds  (phytochemically having a
pharmacological effect on living organisms)
consisting in part of essential oils (Curutchet,
2014). Among these plants, Mentha spicata L.,
commonly called "naana™ in Algerian medical
systems, has many culinary and medicinal uses
in the Maghreb. It is popularly consumed in the
form of tea and added to several preparations as
a flavor enhancer; dry or fresh spearmint leaf is
added especially during tea brewing. Biliary
disorders, menstrual pain, stomach aches,
constipation, gingivitis, and waving are treated
with decoction of spearmint leaves (Brahmi,
2012).

All these properties, typical of mint species,
have been attributed to the combination of
essential  oil, essentially based on
monoterpenoids (Brada, 2007), and
polyphenolic derivatives (Dorman, 2003).

This study examined the impact of chronic
co-exposure to lead acetate and manganese
chloride at the hepatic level in Wistar rats
during intrauterine life, lactation and after
weaning, and then evaluated the effect of the
essential oil of the plant Mentha spicata
attenuated this hepatotoxicity in rats intoxicated
by these two metals.
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2. Materials and methods

2.1.Extraction and determination of the
chemical composition of the essential oil by
GC/MS

The leaves of spearmint (Mentha spicata)
were harvested in Sidi Maamar wilaya of Saida
in the western Algerian highlands, then
identified by taxonomic experts (Pr Hasnaoui
department of biology, university Dr Moulay
Tahar - saida). The sample was preserved, and
the voucher specimen, coded P-200886, was
deposited in the herbarium of the Biology
Department of the Faculty of Sciences of the
University of Saida, Algeria, for future
reference.

The essential oil of mint (Mentha spicata)
was extracted by hydrodistillation. The
qualitative and quantitative analysis of this
essential oil was then carried out by VARIAN
CHROMPACK - CP 3900 gas chromatography
by injecting 0.2 pl extract. The carrier gas used
is helium (He) with a flow rate of 0.3 ml/min.
The column used is a capillary column type
VF5 (stationary phase nature: 5% phenyl-
polysinoxane and 95% methyl), 30 m long and
0.25 mm inside diameter. The thickness of the
stationary phase is 0.25 um; the temperature of
the initial injection column is programmed at
70°C for 2.50 min, then rises in steps of
15°C/min to 255°C for 20 min; the detector
used for this analysis is of the mass
spectrometry type (Saturn 20200) with a
temperature of 250°C. The device is controlled
by a menu computer, appropriate software for
this type of analysis and a NIST database
which allows the identification of the
compounds.

2.2. Distribution of lots

The experiments were carried out on Wistar
rats, weighing from 200 to 400 g. The rats are
grouped in cages at a rate of 2 females and one
male. They are placed in a ventilated animal
house, at a temperature of 21 + 1 -C with
lighting artificiel which establishes a day/night
cycle (day between 7 and 19 h). On the first
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day of gestation, females are divided into two
groups:

The intoxication of females begins on the
first day of cohabitation with male rats which is
represented by DO and continues during the
gestation period. Newborns are also exposed to
Pb-Mn until weaning (21 days after birth).
Progeny is subject to the same experimental
condition.
the distilled water. Tested offspring are subject
to the same conditions as their mother.

Group T-HEM: 24 hours after weaning,
animals receiving distilled water are treated
with HEM mint essential oil (0.1 ml/kg) with
one intraperitoneal injection per day for 21
days (n = 07 male rats)

Group Pb-Mn-HEM: 24 hours after
weaning, animals receiving Pb-Mn are treated
with HEM mint essential oil (0.1 ml/kg) with
one intraperitoneal injection per day for 21
days (n = 07 male rats) (Halder et al., 2011).

2.3. Biochemical tests

2.3.1. Determination of blood lead and
manganese levels
After weaning and oil treatment, the

animals are decapitated and the whole blood
samples (100 ul) are recovered in a 5ml
haemolysis tube containing a volume of 100ul
of 0.1% newt. After vortex agitation for 30
seconds, 600ul of HNOs (1M) is added to
deproteinize.  Vortex the contents of the
hemolysis tube for 10 minutes at room
temperature. After centrifugation for 10
minutes at 3000 rpm, the samples are
transferred into wells to determine blood lead
and manganese levels using an atomic
absorption spectrophotometer (SHIMA DZU
AA6200).

2.3.2. Determination of liver parameters

The serum samples were used to measure
the activity of alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and alkaline
phosphatase (ALP) according to the methods of
Reitman and Frankle (1957). Determination of
the concentrations of albumin, cholesterol and
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Group Pb-Mn: consisting of animals which
receive orally lead acetate (Pb(C2H302)2) at
0.2% and manganese chloride tetrahydrate
(MnCl24H20) at 4.79 mg/ml in bidistilled water
orally from the first day of gestation until
weaning (n = 07 male rats) (Kahloula et
al.,2009 ; Molina et al., 2011)

Group T: is the control batch (T) that receives

triglycerides by following the methods of
Thomas (1992) and Fossati et Prencipe (1982)
respectively.

2.3.3. Measurement of antioxidant enzyme
activity

The rat liver was weighed and
homogenized in a buffer solution containing
0.32 M sucrose, 0.5 mM EDTA, 10mM Tris-
HCI (pH 7.4) in ice (1mg tissue /4 ml buffer
solution) using a glass/glass homogenizer. The
fabrics were maintained at 4°C during all
dissection and homogenization procedures. The
homogenate was centrifuged at 1000xg for 15
minutes at 4°C. The supernatant thus obtained
was centrifuged at 10000xg for 15 minutes at
4°C. The pellet constitutes the mitochondrial
fraction and supernatant is re-centrifuged at
10,000¢/30 minutes Both pellets thus obtained
are solubilized in a buffer solution containing
0.32 M sucrose, 0.5 mM EDTA, 10mM Tris-
HCI and 0.02% digitonin (pH 7.4), digitonin is
added to release all imprisoned mitochondria in
the synaptosomes and centrifuged a second
time at 10000xg for 15mn at 4°C, the pellet
thus obtained constitutes the fraction of the
total mitochondria which will be solubilized in
a solution containing sucrose (0.32 M at pH
7.4) (Rotruck ,1973).

Super oxidize dismutase (SOD) (EC
1.15.1.1) was analyzed on supernatant using the
technique of Kakkar (1984); this method is
based on inhibition of formation of adenine

nicotinamide dinucleotide, phenazine
methosulfate and formazan amino tetra
zoliumblue.  Activities and levels of

antioxidants at the brain level such as catalase
(CAT), glutathione peroxidase (GPx) were
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analyzed by the (Sinha, 1972), (Rotruck ,1973)
methods respectively.

2.4. Histological study

Samples of liver spleen were collected and
fixed in 10% buffered neutral formalin
solution, dehydrated in gradual ethanol (70-
100%), cleared in xylene, and embedded in
paraffin. Paraffin sections (5 pm thick) were
prepared, routinely stained with hematoxylin
and eosin (H&E) dyes (Suvarna et al., 2013),
and then examined microscopically.

2.5. Expression and statistical analysis of
results

The results are expressed as the mean (M)
of the individual values, assigned from the
standard error to the mean (SEM). The
comparison of several means is carried out by
an analysis of variance (one wayAnova) with
the intoxication factor (Pb-Mn, T). Repeated-
measure Anova were used for time factor
analysis. A probability p < 0.05 is considered
significative.  Statistical  analyses  were
performed using Sigma Stat software (SPSS
Inc., Chicago, IL, USA).

3. Results and discussions
3.1. Performance and chemical composition
of HEM

The hydro-distillation of the plant matter
Mentha spicata allowed to obtain a yield of
0.83%. this disagrees with the work of
(Priscilla et al.,2010) which reported a value of
(0.23+0.04%) and with those of (Lucchesi et
al.,2004), (0.60+0.06-%).This difference in
yield can be attributed to several factors,
mainly origin, species, harvest period, drying
time and essential oil extraction technique
(Karousou et al., 2005) ; moreover (Marotti et
al.,1994) have shown that low yields can be
associated with a series of factors such as
genotype, plant development stages and
environmental conditions that occur in semi-
arid regions.

The analysis of the essential oil of Mentha
spicata by gas chromatography identified 12
major compounds listed in Table 1 by order of
elution. Twelve components representing the
sum of the percentages of the components
obtained were identified (98.51%), of which
96.71% are monoterpene ketones,1.75% are
monoterpene hydrocarbons, 0.05% are oxides .
The major components of this oil are: Carvone
(42.2%), Menthone (20.89%), Piperitenone
(17.41%) and Isomenthone(7.99%). The results
obtained for the various works show that this
oil is essentially made of Carvone (de Sousa
Barros et al., 2015).

Table 1.Concentration in % and retention time of the different compounds obtained by gas
chromatographic analysis of the essential oil of M.spicata.

Compounds Retention time (min) Concentration (%)
a-pinene 11.200 0.40
Sabinene 12.080 0.56
B-pinene 12.440 0.70

Octane-3-one 12.820 1.15

Paracymen 13.600 0.09
1.8 cineole 14.110 0.05
Menthone 18.213 20.89

Isomenthone 18.710 7.99
Pulegone 21.460 0.05
Carvone 21.480 42.2
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Piperiton 22.010 7.02
Piperitenone 23.150 17.41
Total of identifiers 98,51

Table 2. Effect of the essential oil of the M.spicata plant on the various biochemical parameters in

rats intoxicated by Pb-Mn compared to control rats.

Parameters Pb-Mn Pb-Mn+HE Control HEM
Lead levels (ug/dl) 34,1+0,81* 21,18+ 4,01* 0,27+0,028 0,25+0,022
Manganese  content | 2,38+ 0,02** 1,21+0,1** 1,03+0,1 0,99+0,04
(no/dl)

Glucose (g/l) 1,80+0,02* 1,42+0,04* 0,91+0,06 1,13+0,01
alanine 42,10+0,87* 26 +0,21* 21,08 +0,8 20,57+0,3
aminotransferase

ALT (1U/)

aspartate 36,79 +0,4* 13,31 +0,4* 11,37 +0,3 10,98+0,1
aminotransferase

AST (1U/l)

Alkaline phosphatase | 59,82 +0,30* 46,66 +1,9* 43,39 +0,10 42,86+0,14
u/n

Albumin (g/dl) 3,05 +0,2* 4,78 +0,14* 5,03+0,04 5,15+0,07
total cholesterol (g/l) 2,66 £0,02** | 129 +0,15** 1,09 +0,03 1,05+0,02
Triglycerides (g /1) 0,89 +£0,02** 0,68 £0,07** 0,63 £ 0,04 0,59+0,05

Values are reported as + SEM on average (**: p<0.01,*: p<0.05).

3.2. Results of biochemical parameters

The results obtained from blood lead and
manganese assays using atomic absorption
spectrophotometry (AAS) are in the order of
2.38+ 0.02 pg/dl for rats intoxicated by Pb-Mn
(Table 02). These levels are significantly
decreased (p<0.01) following administration of
the plant extract (1.21+0.1) in the batch of
previously intoxicated rats (Mn-HEM).

The level of Pb and Mn in the blood are
effective biomarkers and representative of their
exposure. Physiological blood lead is zero
because lead is not necessary for the life of
living things. After digestive absorption, lead
passes into the blood where it is distributed in
red blood cells, in a non-diffusible form before
settling in tissues or being eliminated in urine.
Blood is therefore the crossroads of all lead
pathways in the body (Pezerat, 2006). The use
of atomic spectrophotometry allowed us to
record lead levels in the order of 34.1+0.81
pg/dl in rats exposed to Pb acetate. (Goullé et
al .,2012) Recent experimental studies have
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determined lead concentrations in intoxicated
rats to range from 31.8 to 58.7 pg/dl
(Grizzo,2008).

The highest amount of Mn in the blood is
contained in erythrocytes (about 66%), with a
half-life of 37 days. (Lee et Kim, 2011). The
Mn level found in our study is significantly
elevated in intoxicated rats compared to control
rats. however, studies have shown that during
pregnancy, blood Mn concentrations increase
over the three semesters and Mn penetrates the
placenta by active transport (Krachler et
al.,1999).the increase in Mn levels during
pregnancy may also be related to the
acceleration of erythropoiesis, intestinal
absorption or the tissue that mobilizes Mn
(Tholin et al., 1995).

Exposure to  Pb-Mn  resulted in
hyperglycemia in poisoned rats compared to
control rats. These results are consistent with
those of Kasdallah et al. (2005) who confirm
that exposure to Mn produces a stressful effect
that results in hyperglycemia under the action
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of stress hormones. Moreover, Kasdallah et al.
(2005) ; Huang et al. (1989) report that chronic
administration of lead and manganese during
the development period leads to a dysfunction
of energy metabolism this increase in blood
glucose concentration is probably the result of
glycogenolysis, neoglucogenesis which is
confirmed by liver damage to cover the body's
energy needs.

Analysis of liver function markers indicates
that at serum levels ALT and AST activity are
significantly higher in intoxicated rats (Pb-Mn)
compared to control rats (p<0.05).treatment
with M.spicata essential oil showed a
significant decrease in transaminase (ALT,
AST) activity compared to Pb-Mn intoxicated
rats. These two enzymes are located in the
cytosol and the increase in their serum
concentration is due to their possible release
from the cytoplasm following destruction of the
plasma membrane and stress on the cell
(Shyamala et al., 2003). Several studies have
reported that lead induces high hepatotoxicity
and causes changes in the architecture of the
hepatocyte, leading to a sharp increase in
transaminases (Dini et al., 1999). The work of
(Fordahl et al.,2012) indicates that wide
exposure to Mn has an effect on liver
metabolites, mainly causing disturbances in
lipid metabolism and thus excessive formation
of oleic acid, hydroxy-butyric acid and ketone
bodies, the latter being in surplus in the blood
will be eliminated in the urine, adding that
alterations in liver metabolites have been
correlated with tissue increase in manganese.
The liver participates in many phases of lipid
metabolism, esterification and elimination of
cholesterol, only free cholesterol determination
and serum esterification has been widely used
for the study of liver disease (Awde, 2014).
However, the results presented in our study
showed hypercholesterolemia and
hypertriglyceridemia in poisoned rats compared
to control rats. Our results are similar to the
work of Hanan et al. (2012); Sharma et al.
(2013) who found an increase in triglyceride
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and cholesterol levels in the blood after
administration of lead acetate.

In addition, the relationship between lead
acetate exposure and cholesterol levels suggests
a possible alteration in lipid metabolism
(Moussa et Bashandy, 2008). In contrast,
Zwingmann et al. (2003) have shown that Mn
can lead to biliary tract closure and inhibition
of bile acid transfer to the gallbladder and its
accumulation in the liver leading to
hypercholesterolemia

The work of Fordahl et al. (2012) indicates
that wide exposure to Mn has an effect on liver
metabolites, mainly causing disturbances in
lipid metabolism and thus excessive formation
of oleic acid, hydroxybutyric acid and ketone
bodies.

3.3. Activity of enzymes of oxidative status in
the liver

Endogenous antioxidant enzymes are
responsible for neutralizing the free radical and
preventing its action responsible for tissue
damage. Oxidative stress results from an
imbalance between the production of reactive
oxygen species (ROS) and antioxidant
defenses, which in turn causes a series of
events  deregulating  cellular  functions.
Antioxidant enzymes, such as SOD, CAT and
GPX form a team in solidarity with the defense
against ROS (Bandyopadhyay et al., 1999).

After Pb-Mn exposure, SOD, GPx and CAT
activity are significantly lower (p<0.001,
p<0.05) respectively in intoxicated rats
compared to hepatic control rats. After 21 days
of treatment with HEM, a marked improvement
in the activity of these enzymes was observed
in treated rats compared to intoxicated rats
(Table 03). It has been shown that the
accumulation of lead in the various liver cell
compartments produces oxidative damage by
strengthening the peroxidation of membrane
lipids and the oxidation of proteins, a
deleterious process produced solely by free
radicals (Villeda-Hernandez et al., 2001).

Several studies suggest that exposure to Mn
induces a variety of cellular changes due to
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increased oxidative stress, and inadequate the link between oxidative stress and
energy systems metabolisms and antioxidants mitochondrial dysfunction due to exposure to
(Roth et Garrick, 2003). Studies have shown , 2009).
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Figure 1: Optical microscopy of hepatic tissue stained with hematoxylin and eosin G :( x40). (A)G
:( x100) in sections of the liver of control rats appeared with normal architecture (B, B1) Rats exposed
to lead and manganese revealed a necrosis microfocus (blue arrow), portal inflammation (black arrow)
(C) of rats intoxicated with Pb-Mn and treated with HEM illustrates moderate inflammation (black
arrow). (D) normal liver sections of rats treated with HEM.
Arrows indicate A necrosis microfocus
Py % Portal inflammation
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Table 3. Liver antioxidant enzyme activity (SOD, GPx, CAT) in control rats, Pb-Mn and

Pb-Mn-HEM.
Concentration in the Pb-Mn Pb-Mn-HEM control HEM
liver
SOD(U/mg of protein) 0,22+ 0,14*** | 0,87+ 0,33*** | 1,03+ 0,26*** | 1,10+ 0,06
GPx(U/mg of protein) 25,31+ 0,31* | 38,62+0,08* 43,41+ 0,12* 40,75+ 0,62
CAT (U/mg of protein) | 11,38+ 0,15* 20,73+ 0,97* 25,27+0,22* 26,08+ 0,03

Values are reported as + SEM on average (**: p<0.01,*: p<0.05).

3.4. The effect of lead and manganese on the
structural architecture of the liver
Histological sections of the liver of rats
intoxicated by lead and manganese show
necrosis and the hepatic parenchyma site of
swelling, ballooning of the hepatocytes and
lipid vacuoles within the hepatocytes producing
steatosis foci, a necrosis microfocus (Figure
01.B, B1) compared to the liver of the control
rats. These results are similar with studies by
Jarrar et al. (2012) suggesting that subchronic
exposure to lead causes liver damage in rats.
The appearance of inflammatory cells in liver
tissue due to sub-chronic exposure to lead may
suggest that lead may interact with proteins and
enzymes in interstitial liver tissue interfering
with the antioxidant defense mechanism and
lead to reactive oxygen species (ROS) which in
turn may mimic an inflammatory response
(Johar et al ., 2004). In addition, the liver is the
critical organ for regulating Mn homeostasis in
the body. In the same way, Mn toxicity is rare
and occurs mainly in the liver, probably
because of the primary role this organ plays in
eliminating Mn from the blood through biliary
excretion (Crossgrove et Zheng, 2004),
consumption of water contaminated with Mn
causes liver overflow which can lead to liver
damage (Peili et al., 2011).Indeed several
studies have reported that Mn induces a
histopathological alteration by a necrosis of the
liver and appoptoseperiportal (Rahelié et al.,
2006) which  could compromise the
detoxifying function of the liver to know how
to eliminate manganese (Zhang et al., 2003).
Mint is usually used in the treatment of biliary
system disorders, liver problems, irritable
bowel syndrome and inflammatory bowel
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disease (Bouchra et al.,2003). The effects of
mint are related to its effect on bile flow and
liver function (Taylor,1984 ). On the other hand
it is observed that blood glucose levels are
decreased in rats treated with Mentha spicata
EHM compared to intoxicated rats. The
administration of mint essential oil to rats
exposed to Pb-Mn resulted in a decrease in
blood glucose levels, it has been shown that
mint extract performs hypoglycemic activity
due to the presence of major components such
as menthol and menthone (Khodadust et al.,
2015) In addition, the results of Bayani et al.
(2017) indicated that aqueous extract of M.
spicata leaves possesses  hypoglycemic,
hypocholesterolemic and antioxidant properties
in diabetic rats. In parallel, a significant
decrease in transaminases (ALT,AST) was also
observed following the administration of
M.spicata HEM which indicates regulation of
liver function biomarkers.Consistent with the
results of this study, Rajesh et al. (2013)
reported that elevated serum ALT biochemical
markers in rats with hepatic lesions were
decreased with the addition of ethanolic extract
of mint leaves (Mentha arvensis) at 400 mg/kg
. Barbalho et al. (2011) studied the effects of
administration of mint juice twice daily for 30
days on certain biochemical parameters in
humans, the results showed a 41.5% reduction
in blood sugar, 58.5% in triacylglycerides,
66.9% in total cholesterol, 52.3% in LDL
indices, 70% in AST levels, 74.5% in ALT
levels.

Treatment with HEM in intoxicated rats
showed an improvement in cholesterol values,
triglycerides and oxidative status enzymes
(SOD,CAT, GPx). These results are similar
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with the work of Al-Fartosi et al. (2014)
showed that phenolic compounds of Mentha
longifolia and Mentha spicata leaf extract in
diabetic rats significantly reduced serum
cholesterol levels compared to untreated
groups. The cholesterol-lowering effect of mint
could be due to the menthol and menthone
content which has the property of reducing the
activity of a liver enzyme HMG CoA reductase
(a primordial enzyme in the synthesis of
cholesterol in the liver) and simultaneously
reducing cholesterol levels. (Poltowicz et
Wesyk, 2005). Mentha arvensis leaves have the
highest phenol and flavonoid content which
explains why it has the greatest antioxidant

property and reduces cholesterol levels
(Vishwakarma et al., 2014).
It has also been observed that the

administration of HEM M.spicata protective
action of liver tissue that could be explained by
the chelating and antioxidant effect of phenolic
components contained in HEM, which
significantly reduces free radicals generated by
intoxication that causes cell damage in liver
tissue. (Muruganathan et Srinivasan, 2016) Our
results are in harmony with Vinothkumar et al.,
(2013), which report that carvone reduces
oxidative stress by improving enzymatic
antioxidant activity in rats poisoned by 1,2-
dimethylhydrazine. However, other authors
have illustrated that treatment with carvone
restored the activities of serum ALT and AST
and ALP levels in rats treated with
streptozotocin, indicating the maintenance of
liver cell function and structure (Muruganathan
et Srinivasan, 2016). Another study indicated
that in vivo administration of peppermint
alcohol extract reduced the adverse effects of
CCl4 on liver function (Khodadust et al., 2015).

4. Conclusions

Exposure of developing wistar rats to Pb-
Mn revealed hepatotoxic effects resulting in
significant alteration of liver bio markers and
the antiradical system represented by different
enzymes. Treatment with M. spicata HEM
clearly demonstrated effective hypoglycemia,
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hypolipidemia and remarkable liver protection
in rats previously intoxicated with Pb-Mn.
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