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INTRODUCTION

Manganese is an essential nutrient for biological systems. However,
its excess is potentially toxic resulting in neurodegenerative disorder,
clinically = known as  ‘“‘manganism’>  which  distinctive  for
hepatoencephalopathy. The purpose of the present study was to investigate
the toxic impacts of manganese chloride exposure on rat's liver and brain
tissues, and the relative efficacy of Ginkgo biloba and Rosemary in averting
such encephalohepatic damage. Rats were divided into 4 groups; control
group had free access to water and food materials; manganese chloride group
has received 50 mg/kg body weight/day in the drinking water (50 mg in 100
ml of water); Ginkgo biloba + manganese chloride group received a dose of
200 mg of Ginkgo biloba /kg body weight/day, orally dissolved in distilled
water; and Rosemary + manganese chloride group received a dose of 10 mg
of Rosemary /kg body weight/day, orally dissolved in distilled water by
gavage all for 45 successive days. Oxidative stress biomarkers were
evaluated in serum and tissues (liver and brain). Manganese chloride induced
lipid peroxidation, DNA fragmentation, chromosomal aberrations and
inhibited butrylcholinesterase activity. Concerning the brain and liver
antioxidant system, glutathione S -transferase , catalase activities, superoxide
dismutase and glutathione contents were reduced in Manganese chloride
group, while all of these parameters were sustained in Ginkgo biloba +
Manganese chloride and Rosemary + Manganese chloride groups. Our results
indicate that both Ginkgo biloba and Rosemary are efficacious in reducing
Manganese chloride deleterious effects on liver and brain tissues and also
exerted a genoprotective effect.

Copy Right, 1JAR, 2015,. All rights reserved

Manganese (Mn) is a transition metal that is essential for normal cell growth and development (Au et al.,
2008). It is commonly found in the environment as a constituent of dyes, fertilizers, fungicides, paints, lacquers,
glazes, dry batteries, fireworks and rubber and wood preservatives as well as it is critical for optimal immune
functioning, metabolism, reproduction, digestion, bone growth, and blood clotting (Dos Santos et al., 2010). Mn is
playing an important role in a number of physiological processes by serving as a constituent of some enzymes and
an activator of others involved in the regulation of amino acid, protein, lipid, and carbohydrate metabolism (Zheng

et al., 2011). Additionally, Mn functions as a cofactor for a variety of metalloenzymes such as

arginase, which
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is responsible for urea production in the liver, glutamine synthetase, an astrocyte-specific enzyme (Burton and
Guilarte, 2009), mitochondrial protein Mn superoxide dismutase (MnSOD), a critical enzyme in attenuating
oxidative stress, glutathione synthetase (Taylor et al., 2006), phosphoenolpyruvate decarboxylase, an essential
enzyme in gluconeogenesis (Crossgrove and Zheng, 2004), as well as those involved in neurotransmitter synthesis
and metabolism (Golub et al., 2005). Central nervous system is an important target for Mn toxicity; the brain has
the capability of retaining it for longer periods of time than in other organs, probably due to its difficulty in
eliminating the excess of this metal. Mn may cross the blood - brain barrier, and it is delivered to different brain
regions, via an axonal transport system. Exposure to excessively high Mn levels causes neurodegenerative disorder
referred to as “’manganism’” (Aschner et al., 2007; Dukhande et al., 2006), it is a motor syndrome in which
distinctive for hepatic encephalopathy.

Mn is generally believed to exert cellular toxicity via a number of mechanisms, including disruption of
mitochondrial function (Malecki, 2001), initiation of oxidative stress and induction of free radical production by
direct or indirect formation of reactive oxygen species (ROS) (Chtourou et al., 2010; Milatovic et al., 2011);
changes in the functions of all neurotransmission pathways, disruption of cellular calcium/iron homeostasis (Reaney
and Smith, 2005), and trace minerals (Chen et al., 2006), initiation of cytochrome c release and induction of
apoptosis (Roth et al., 2002).

ROS generated in tissues and sub-cellular compartments are efficiently scavenged by the antioxidant
defense system, which protect cells from DNA damage, protein oxidation, and lipid peroxidation (LPO). Mn
exposure enhanced the rate of ROS generation in mitochondria, increased single strand breaks of mitochondrial
DNA and decreased GSH levels in mitochondria and brain homogenates in a dose-dependent manner (Jiao et al.,
2008).

Current approaches to minimize the severity of Mn toxicity include enhancement of its sequestration and
elimination by using different treatment methods. Considering the relationship of Mn exposure with oxidative stress
and elemental homeostasis, we can speculate that the administration of antioxidants and natural biomolecules may
be protective in Mn toxicity. To our knowledge, an alternative approach for the management of Mn toxicity is yet to
be discovered. Ginkgo biloba (G. biloba) is one of the most popular herbal medicines in which extracts have been
utilized therapeutically for decades with a uniquely broad spectrum of activity (Kelly et al., 2005; Mahadevan and
Park, 2008). Numerous studies have shown that G. biloba has antioxidant (Arushanian and Be“1er, 2008), free
radical scavenging and hepatic and neuroprotective effects (Saleem et al., 2008). The studies of the underlying
principle behind the therapeutic action of G. biloba on chronic ailments, such as neurodegenerative diseases, has
focused on its antioxidant properties.

As well the use of plants is as old as mankind and plant food-derived antioxidants are increasingly
proposed as important dietary antioxidant factors. Natural products are cheap and claimed to be safe. Rosemary (R.
officinalis) is a common house - hold plant grown in many parts of the world and gaining interest for its
pharmacological properties (Mulinaccia et al., 2009; Nabekuraa et al., 2010). R. officinalis has been intensively
studied during the last 10 years; there is evidence that its aqueous extract has a large number of pharmacological
properties, including hepatoprotective and antioxidant activities (Bakirel et al., 2008; Pereira et al., 2005; Sotelo-
Félix et al., 2002).

Therefore, this study aimed to (1) characterize the encephalohepatic changes induced by subchronic
exposure to MnCl, (2) evaluate the possible protective effect of G. biloba and RM against MnCl, toxicity in rats and
(3) evaluate the antigenotoxic potential of R. officinalis extracts and G. biloba against oxidative DNA damage
induced by MnCl, toxicity.

1.MATERIALS AND METHODS

2.1. Experimental materials:

Manganese Chloride Tetrahydrate (MnCl, - 4H,0; 99.99%) was purchased From LOBA CHEMIE
PVT. LTD. P.Box No. 2042, MUMBAI, INDIA.

Ginkgo biloba (200 mg) was manufactured by PHARAONIA PHARMACEUTICALS FOR EMA PHARM
PHARMACEUTICALS INC., EGYPT.

Fresh Rosemary leaves were purchased from a local market in CAIRO, EGYPT.
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Reduced glutathione (GSH), catalase (CAT), superoxide dismutase (SOD), glutathione-s-transferase
(GST), lipid peroxidase (MDA), uric acid, butyryl cholinesterase (BchE), ammonia (NH3), protein and albumin
were purchased from BIODIAGNOSTIC INC., GIZA, EGYPT.
2.2. Experimental design:
2.2.1. Preparation of MnCl, - 4H,0 solution

MnCl, - 4H,0 solution was freshly prepared by dissolving MnCl, in drinking water (50 mg of MnCl, in
100 ml of water) at a concentration of 50 mg/kg body weight (Martins et al., 2012).
2.2.2. Preparation of Ginkgo biloba solution

G. biloba was freshly prepared as a suspension with distilled water and stored at 4° C. The suspension was
given orally via a gastro-esophageal gavage, once daily for 45 successive days at doses of 200 mg/100 ml/kg body
weight (Lian Wang et al., 2013).
2.2.3. Rosemary extraction method

The air dried leaves were coarsely powdered. 8 gm of R. officinalis powder were soaked in 100 ml hot
water (88° C) in water bath for 6 h. Then filtered by capron silic cloth 150 p and the filtrate were stored in dark
bottles in refrigerator at (4° C). These procedures were repeated weekly. During 24 hours each rat was orally
administrated 10 ml/kg body weight once daily for 45 successive days by gavage (Haloui et al., 2000).
2.2.4. Animals

Twenty eight healthy adult male Sprague-Dawley rats, weighing about 180 + 20 g and aged 7-8 weeks,
were purchased from the Medical RESEARCH INSTITUTE, ZAGAZIG UNIVERSITY, EGYPT. All animals were
housed in gang cages maintained in a room with controlled environment conditions and a 12-h light — dark cycle.
The animal experiments were carried out in accordance with the "Guide for the Care and Use of Laboratory
Animals: (2010). All efforts were made to minimize the number of animals used and their suffering.

"Guide for the Care and Use of Laboratory Animals"

Eighth Edition. Committee for the Update of the Guide for the Care and Use of Laboratory Animals.
Institute for laboratory animal research. Division on earth and life studies. NATIONAL RESEARCH COUNCIL OF
THE NATIONAL ACADEMIES. THE NATIONAL ACADEMIES PRESS. WASHINGTON, D.C.www.nap.edu
ISBN: 0-309-15401-4

2.2.5. Animals grouping and treatment

After 2 weeks of acclimatization, all animals were randomly divided into 4 experimental groups of 7 rats
each. Rats in the control or vehicles-received group had free access to water and food materials; those in the MnCl,
treated group were received 50 mg/kg body weight in drinking water (50 mg of MnCl, in 100 ml of water) for 45
successive days; those in the G. biloba + MnCl, treated group received a dose of 200 mg of G. biloba /100 ml/kg
body weight /day, orally dissolved in distilled water ; and those in the R. officinalis + MnCl, treated group received a
dose of 10 ml of R. officinalis /kg body weight /day, orally dissolved in distilled water by gavage for 45 successive
days.

2.3. Blood and organs sampling:

Twenty-four hours after the last dose of saline or MnCl,, the rats were anesthetized with diethylether
(Reyes et al., 2009), Then, blood samples were collected from the inner canthus of the eye by heparinized capillary
tube into 2 ml clean test tube. Following standing in room temperature for at least 30 min, the blood was centrifuged
at 5000 rpm for 10 min at that point the serum was separated, transferred into eppendorf tubes, and stored at -20° C
prior to determination of biochemical parameters. Immediately after the collection of blood samples, the animals
were euthanized, and their livers and brains were quickly excised, rinsed in ice-cold saline and used immediately or
stored frozen at -80° C until analysis.

2.4. Biochemical serum analysis:

Using commercially available diagnostic kits (BIODIAGNOSTIC CO., EGYPT), the activities of the
serum lipid peroxidase (MDA), Total protein, albumin, uric acid and butrylcholinesterase (BchE) were
spectrophotometrically determined following the manufacturer’s instructions.

2.5. Preparation of tissue homogenate as crude  enzyme source:
2.5.1. Assessment of oxidative stress markers.

Liver and brain were surgically removed then immediately rinsed with ice cold 1.15% KCL solution, pre-
cut into small pieces and taken for homogenization employing several strokes in a POTTER-ELVEJHAM
homogenizer using a Teflon pestle, in the appropriate buffer, to obtain 10% (w/v) tissue homogenate. Throughout
the homogenization process, the tissue homogenate was maintained on crushed ice in an ice bucket. The tissue
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homogenate was then centrifuged in a refrigerated high-speed centrifuged at 40C and at 10,000 x g for 20 minutes
(Muthuviveganandavel et al, 2011). Aliquots of the supernatant were utilized for the spectrophotometrical
assessment of the levels of the following: catalase (CAT) activity as the rate of disintegration of hydrogen peroxide
(Aebi, 1984), glutathione reduced (GSH) by using Ellman’s ragent (Beutler et al., 1963), lipid peroxidation (LPO)
assessed as the production of the thiobarbituric acid reactive substances (TBARS) in the presence of BHT (ohkawa
et al., 1979), glutathione-s-transferase (GST) activity as the rate of GSH conjugation of CDNB (Habig et al., 1974),
superoxide dismutase (SOD) activity as the enzymes can inhibit the phenazine methosulphate-mediated reduction of
nitroblue tetrazolium dye (Nishikimi et al., 1972).

2.5.2. Determination of Ammonia.

Ammonia was measured in serum and cerebral cortex. Blood (150 pL) was taken from the tail vein in the
morning (9:00 AM). The cerebral cortex was homogenized and deproteinized in 5 volumes of ice-cold, 6%
trichloroacetic acid, and kept on ice for 15 minutes. After centrifugation at 12,000 xg for 10 minutes at 4°C, the
supernatants were collected, neutralized with 2 mol/L KHCO3, and centrifuged at 12,000 xg for 10 minutes at 4°C
(Jover et al., 2006). Ammonia was measured on the neutralized supernatants using biodignostic kit.

2.5.3. Tissue homogenization and butyrylcholinesterase extraction.

For butyrylcholinesterase extraction, small pieces of liver and brain stored at -80° C were thawed slowly at
4° C and homogenized (10% wi/v) in ice-cold Tris-saline buffer (50 mM Tris-HCI, 1 M NaCl, and 50 mM MgCl,,
pH 7.4) containing 0.5% (w/v) Triton X-100 and supplemented with a cocktail of proteinase inhibitors (Sa’ez-
Valero et al., 1993). The suspension was then centrifuged at 5000 rpm for 1 hr at 4° C to recover a cholinesterase
rich fraction. BchE activity was determined by using biodignostic Kit.

2.6. Molecular assessment
2.6.1. Chromosomal aberrations

The genotoxic effect on liver and brain was evaluated by cytogenetic assay according to the method of
(Nagpure et al., 2007).

2.7. DPA assay
The diphenylamine (DPA) reaction was performed by the method of (Paradones et al., 1993) for
determination the percentage of mitochondrial DNA fragmentation.

2.8. Statistical analysis

Data were expressed as meant SE and statistical analysis was performed using one-way analysis of
variance (ANOVA) followed by the Duncan analysis to assess significant differences among treatment groups. The
criterion for statistical significance was set at P < 0.05. All statistical analysis was performed using SPSS statistical
version 22 software package (SPSS1 Inc., USA).

3. RESULTS

3.1. Serum biochemical parameters

Our results depict that MnCl, oral administration for 45 successive days caused marked hepatic
encephalopathy which evidenced by the significant (P < 0.05) elevation in both serum and brain ammonia compared
with control rats (Table 1). However, G. biloba and R. officinalis treated MnCl, challenged rats showed marked
reduction of serum and brain ammonia level, which were less than the range observed in MnCl, treated rats and within
the range of the control rats.

In line with ammonia, there was a marked and significant (P < 0.05) elevation of uric acid in serum (Table
1) of rats treated orally with MnClI, for 45 successive days in comparison to those in control group, as well as rats in
G. biloba and R. officinalis treated groups exhibit significant (P < 0.05) decrease in serum uric acid compared with
those in MnCl, and control groups.

3.2. Indices of antioxidant status and butyrylcholinesterase activity
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MnClI, treated rats showed marked elevation (P < 0.05) in MDA level in serum, liver and brain tissues
compared to those in control group, as well as this findings were restored into normal ranges in G. biloba + MnCl,
and R. officinalis + MnCl, treated rat groups (Table 1).

In relation to control rats, the MnCl, treated group had significant reduction in liver and brain GSH content,
GST activity, CAT activity and SOD activity (P < 0.05).

Further, the levels of GSH content, GST activity, CAT activity and SOD activity in both the liver and brain
tissues of G. biloba + MnCl, and RM + MnCl, treated rats were greater than those of the MnCl, treated rats (Table
2). Further, as shown in (Table 2), BchE activity in serum, liver and brain tissues of MnCl, treated rats was
significantly lesser than that in the control group and significantly higher than that in the G. biloba + MnCl, and R.
officinalis + MnCl, treated rats (P < 0.05).

3.3. DNA fragmentation and chromosomal aberrations

Data revealed increase in percentage of DNA fragmentation (in liver and brain tissues) in line with
reduction in total protein content (in liver and brain tissues) and albumin (in serum) in MnCl, treated rats (Table 3)
than normal control group.

In contrast G. biloba + MnCl, and R. officinalis + MnCl, treated rats showed marked reduction in DNA
fragmentation (in liver and brain tissues) in line with elevation in total protein content (in liver and brain tissues) and
albumin (in serum) in MnCl, treated rats (Table 3) than MnCl, treated rats toward the normal control group.

Table (4) and (5) showed marked elevation in chromosomal aberrations in both liver and brain tissues
respectively in MnCl, treated rats which in turn subsided with the administration of G. biloba and R. officinalis.

Our data showed that, oral administration of G. biloba and R. officinalis ameliorate oxidative stress
in serum, liver and brain caused by MnCl, oral administration and reduced hepatic encephalopathy and restored all
alterations toward normal values.

Table (1) Showed Ammonia in Serum (umol/l) and Brain (umol/gm Tissue), Serum Uric Acid (ma/dl), Liver
and Brain Uric Acid (mg/gm tissue) and MDA in Serum (nmol/ml), MDA in Liver and Brain (nmol/gm tissue)
in The Experimental Rats.

Groups ; RM
Control MnCl, I(\B/I'nglll()ba *
Parameters 2 + MnCl,
37.45 130 78.60 48.30
S * t * *
T erum 1.89% 1.36% 1.5# 1.29 1
[«5)
2 0.22 0.59 0.29 0.24
g Brai + + + +
2 ran 0.01* 0.02% 0.02# 0.01 #*
3.33 5.92 4.57 3.53
+ + + +
Serum 0.18* 0.27+ 0.174 0.11*
0.84 1.69 1.15 0.94
2 . * + + +
< Liver 0.03* 0.09" 0.07* 0.02%
5
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0.31 0.86 0.54 0.43
A + + + +
Brain 0.01* 0.05' 0.03" 0.02*
12.9 26.32 18.98 13.22
Serum + + + +
0.68* 0.99% 0.32+# 0.62*
25.84 44.6 32.91 25.81
Liver + + + +
0.66* 0.88F 1,204 0.64*
59.61 78.24 50.13 54.42
) + + +
< Brain 2.34% 1.32% 1.83* *
g 258 *

Data are expressed as means * S.E. Data having different superscript are significant at P < 0.05.

Table (2) Explores Reduced GSH Content (mg/gm Tissue), GST Activity (U/gm Tissue), CAT Activity

(mag/gm Tissue), SOD Activity (U/gm Tissue) and MDA Level in serum (nmol/ml) and in Liver and Brain

(nmol/gm Tissue) and butyrylcholine esterase activity in serum (U/L) and in liver and brain (U/gm tissue) in

The Experimental Rats.

Groups G. biloba + RM +
Parameters Control MnCl, MnCl, MnCl,
74.92 48.76 71.06
Liver * 42'192 13" + +
1.58* -~ 2.217 2.47*
. 47.42 21.52 37.0 37.93
T3 Brain N * * s * 4 +
8 § 2.68 0.97 1.77 062
48.14 20.54 33 38.96
Liver + + + +
1.92* 0.58" 1.27% 27"
> 6.87 4.68 6.28 74
= > Brain e * = +
28 0.36 0.32 0.42 0.34 %
8.44 4.68 7.21
= ? Liver * x * i48
S * f #
8 g 0.26 0.31 0.36 045 *
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6.04 331 445 5.22
Brain N + R, +
0.32 0.22" 0.45 0.25 #*
50 22.23 46. 00
Liver * + * 51.57
* il *7F =
1.79 0.99 1.39 13T
37.28 20.83 32.80
A *? Brai + + + 28'11
o5 rain 0.80* 1.01' 1.07 | 20+
v © .
485.17 259.8 304.8 263.97
. serum * * + *
= 13+ 6.93* 12.7# 5.44%*
B
© 138.43 32.95 103.5 92.71
§ Liver + + + +
S 3.4* 0.95¢ 3.5 2.4"
[«5}
3 123.26 8+3.28 23.94 66.47
2> Brain T a1x ot I +
5 3.81 3.20 1.4 109"

Table (3) Showed Serum Albumin and Total Protein (mg/gm Tissue) and Percentage of DNA Fragmentation

(%) In Liver and Brain in the Experimental Rats.

Groups G. biloba | RM +
P Control MnCl, + MnCl, MnCl,
Parameters
1.25 2.25 2.58
2.66
- + + +
Serum albumin +0.19%
0.09° 0.12* 0.12*
92.5 120.5 146.07
§ Liver 1162'26* * t * +
S ' | 1.05 0.6 1.59"
o
& Srain 66.2 36.0 548 + | 56.4
2 +2.06* 113t 1.2 + 1.19*
. Liver 15.9 + | 40.6 + 219 + 189 +
= 1.14* 2.47" 1.47 1.37%
< € 39.2
Z g Brain 1358 + | = 222 + 13'3
—~ [e)] * T + -
9\?/‘6 g c 0.48 0.67 1.3 0.817

Data are expressed as means * S.E. Data having different superscript are significant at P < 0.05.
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Table (4) Showed The Types of Brain Chromosomal Aberration in The Experimental Rats.

Groups G. biloba RM +
. . Control | MnClI
Brain chromosomal aberration 2 + MnCl, MnCl,
1
Gap 11 7 2
2
Break 10 5 2
. 1
Deletion 10 4 3
Ring 0 9 5 3
L 1
stickiness 12 7 2
End to end association 1 9 5 3
Total chromosomal aberration 100 £ 10.16 5.50 2.50 *
0.25* + 047" + 0.50" 0.22"

Table (5) Showed The Types of Liver Chromosomal Aberration in The Experimental Rats.

Groups G. biloba RM +
trol MnClI
Liver chromosomal aberration Contro ncl; + MnCl, MnCl,
Gap 0 9 6 2
Break 1 8 4 1
Deletion 1 7 4 2
Ring 0 6 6 1
stickiness 1 9 5 2
End to end association 0 7 5 1
0.50 766 500 150

i * - ) T

Total chromosomal aberration + 0.22 0.491 + 0.36 0.99%

4. DISCUSSION

Despite being an essential element, MnCl, has been proven to cause hepatic encephalopathy when present
in the body for long time; it causes alterations in the oxidative stress biomarkers and in the antioxidant pathways
(Huang et al., 2011; Liapi et al., 2008). The discrepancy between Mn concentrations in blood and that in its
targeted tissues, particularly liver and brain, is attributable to the nature of its intracellular distribution and tissue
accumulation. Epidemiological and experimental studies have suggested that exposure to high concentrations of
MnCl, is associated with its accumulation in major organs, particularly the liver (Thomsen et al., 2004), and brain
(Liccione and Maines, 1988). Excessive accumulation of MnCl, in the brain leads to the development of a
syndrome called manganism (Aschner et al., 2007; Normandin and Hazell, 2002), and accumulation in the liver
causes damage to hepatocytes, resulting in reduced excretion of Mn (Madejczyk et al., 2009).

In our study MnCl, challenged group exhibited significantly increased levels of both serum and brain
ammonia in contrary to control group, and this was in agreement with (Kosenko et al., 1997; Norenberg, 2003)
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who mentioned that ROS participates as a critical factor in the mechanism of hepatoencephalopathy production,
especially in hyper-ammonemic conditions.

(Abraham and Maria, 2009) mentioned that the pathogenic role of portosystemic shunts and elevated
blood ammonia concentrations are part of the hepatic encephalopathy syndrome as in normal subjects, intestinal
ammonia, produced from nitrogen products, is taken up by the liver and metabolized to urea. Damaged livers do not
accomplish this step adequately; then, portosystemic shunts are created and ammonia is sent to the systemic
circulation and finally reaches the brain.

Exposure to MnCl, in our experiment was accompanied by excessive ROS production which in turn
induces the oxidation of membrane polyunsaturated fatty acids, yielding a multitude of lipid peroxidation products
(Halliwell and Gutteridge, 1990), as there was an increase in serum, liver and brain MDA levels, which indicated
increased oxidative stress and lipid peroxidation. The observed elevation in lipid peroxidation can be attributed to
the increased level of free radicals (Lavie et al., 2004), in addition, oxidative stress associated with lipid
peroxidation has been implicated in the patho-physiological mechanisms underlying several neurodegenerative brain
disorders (de la Monte et al., 2000), suggesting that oxidative stress is a potential contributor to the cellular injury
associated with MnCl,.

Butyrylcholinesterase (BchE) is enzyme that catalyses the hydrolysis of the neurotransmitter acetylcholine,
a key process in the regulation of the cholinergic system (Darvesh S. et al., 2003). A recent study has shown that
BchE can promptly and apparently substitute AchE in maintaining the structural and functional integrity of central
cholinergic pathways (Mesulam MM et al., 2002). Then, the inhibition of BchE might result in deleterious
peripheral cholinergic effects. Moreover, as BchE is located mainly in plasma and has a lower specificity than
acetylcholine esterase (AchE), its physiological role can be considered broader than that of AchE.

Referring to neurotransmitters, our present study reported a significant inhibition of serum, liver and brain
BchE activity which observed following lengthy period of exposure to MnCl,, in rats, and this may be attributed to
that BchE prevents the hydrolysis of Ach, leading to accumulation of Ach in the synaptic cleft and over stimulation
of muscarinic and nicotinic Ach receptors. Decreased activity of BchE, the enzyme responsible for Ach hydrolysis,
was shown to be associated with increased oxidative stress (Milatovic et al., 2006), corroborating other reports on
the ability of MnCl, to increase oxidative stress (Hamai and Bondy, 2004).

Such observation came in disagreement with (Amin et al., 2011) who reported a high BchE activity in
MnCl, treated rats, which in turn decrease the vasodialting effect of acetylcholine via its hydrolysis causing
vasoconstriction of brain blood vessels rendering it susceptible to dysfunction.

Regarding to the increase in uric acid content in the liver and brain tissue in MnCl, treated rats as shown in
was an indication of an increase in purine metabolism that remains targeted by free radicals that produced from
MnCl,, These results were confirmed by the increase in percentage of DNA fragmentation and chromosomal
aberrations. Interestly, elevated uric acid in serum was thought to determine whether increased levels of uric acid are
associated with the presence of silent brain infarction (SBI) (Heo and Lee, 2010).

Glutathione (GSH), glutathione transferase (GST), catalase (CAT) and superoxide dismutase (SOD) have
been commonly used as a biomarker of oxidative stress (Erikson et al., 2004). Our results revealed significant
reduction in GSH, GST, CAT and SOD levels in liver and brain in MnCl, exposed rats (Marreilha dos Santos et
al., 2011) which indicate liver and brain dysfunction.

It was provoked that using of G. biloba in our study was just a perfect choice as it reveals a significant
protective effect against MnCl, toxicity, the cellular mechanisms underlying the multiple effects of G. biloba
can be attributed to the different constituents of the extract, which may act independently or synergistically. The
most important constituents of  G. biloba extract that contribute to its pharmacological effects include flavone
glycosides (quercetin, kaempferol, and isorhamnetin) and terpene lactones (ginkgolides and bilobalide)
(Mahadevan and Park, 2008). The study of the underlying principle behind the therapeutic action of G. biloba on
chronic ailments, such as neurodegenerative diseases, has focused on its antioxidant properties.

The two proposed mechanisms of the antioxidant action are (1) directly scavenging free radicals and (2)
indirectly inhibiting the formation of free radicals. G. biloba can scavenge reactive oxygen (ROS), such as hydroxyl
radicals (OH¢), peroxyl radical (ROOQs), superoxide anion radical (O2-), nitric oxide radical (NO-) and hydrogen
peroxide (H202) (Louajri et al., 2001). G. biloba can also enhance activities of antioxidant enzymes, such as
superoxide dismutase (SOD), glutathione s-transferase, and catalase thereby indirectly contributing as an antioxidant
(Atmaca et al., 2005; DeFeudis and Drieu, 2004), and improves cell viability, a fact that was reflected in our
results in the form of increased GSH levels and GST, SOD and CAT activities, these are protective enzymes that
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function against ROS-induced uncoupling of oxidative phosphorylation, and thereby G. biloba increases ATP levels
and regulates energy metabolism (Tendi et al., 2002).

Previous studies have shown that, G. biloba has a regulatory effect on the activities of brain acetylcholine
(Ach), and it is able to increase the rate of Ach turnover and to stimulate binding activity of ligands to the
muscarinic receptors (Smith and Luo, 2003). Furthermore, it can reverse the beta-amyloid-inhibited Ach release, a
fact that is indicated by a direct interaction of G. biloba on the cholinergic nerve terminals (Lee et al., 2004). In
addition, when administered in doses that exhibit antiamnesic activity, G. biloba was found to retain the expression
and activity acetyl cholinesterase (AchE) in a dose-dependent manner, a fact that enhances cholinergic transmission
(Gong et al., 2006). These outcomes suggest that G. biloba may elicit its antiamnesic effect by enhancing central
cholinergic transmission.

In the current study G. biloba protected rat liver and brain against DNA damage induced by MnCl,
exposure (Zhang et al., 2000). In addition, ginkgolide B and bilobalide, the main constituents of G. biloba, inhibit
apoptosis and prevent DNA fragmentation induced by hydroxyl radical and hydrogen peroxide induced by MnCl,
(Ahlemeyer and Krieglstein, 2003).

In addition to its direct protective effect against ROS and induced DNA damage, G. biloba can stimulate
the DNA repair machinery via protection against the ROS inhibitory effects and direct stimulation to DNA repair, in
our results, G. biloba decreased both liver and brain chromosomal aberration levels. These findings show the ability
of it to protect against oxidative DNA damage not only centrally but also in the peripheral tissues in animals
exposed to MnCl,, a fact that suggests its usefulness in the protection against central and peripheral morbidities that
may result from chronic exposure to MnCl, (Marques et al., 2011).

There is evidence that the aqueous extracts of the leaves of R. officinalis L. have a large number of
pharmacological (Nabekuraa et al., 2010; Pereira et al., 2005) properties, including hepatoprotective (Sotelo-Félix
et al., 2002) and antioxidant activities. (Bakirel et al., 2008) concluded that R. officinalis water extract and its
antioxidant compounds inhibit lipid peroxidations and free radicals generation in vitro and in vivo and this was in
agreement with our finding in which the level of MDA in serum, brain and liver tissues was significantly reduced
confirming inhibition of lipid peroxidation.

The active compounds of R. officinalis extracts are mainly phenolic compounds, which belong to three
groups: phenolic diterpenes, flavonoids and phenolic acids (Mulinaccia et al., 2011). Carnosic acid which is the
major phenolic diterpene present in RM leaves and carnosol, both of which have been suggested to account for over
90% of the antioxidant properties of R. officinalis extract ,and rosmarinic acid, rosmanol, a hydroxyl cinnamic acid
ester, are the main antioxidant compounds present in RM (Al Sheyab et al ., 2012).

Several biological activities of some of these compounds of R. officinalis extracts are probably linked
to their ability to reduce the oxidative damage caused by free radicals over cellular elements like DNA, proteins or
membrane phospholipids. It is generally assumed that these antioxidant molecules from R. officinalis may act as free
radical scavengers but additionally might play a role by regulating the activity and/or expression of certain
enzymatic systems implicated in relevant physiological processes like apoptosis, or xenobiotic-metabolizing
enzymes in liver (Offord et al., 2002; Fawcett et al., 2002) Consequently, the effects of R. officinalis on impaired
Ach-stimulated vasodilation was through restoring the brain GSH, CAT, GST, SOD level and decrease brain MDA
compared to the MnCl, treated rats. This support the hypothesis that oxidative stress contributes to brain and liver
dysfunction, and this findings came in agreement with ours as there was a significant induction of antioxidant
enzymes (GSH, GST, CAT and SOD).

In this study, inclusion of R. officinalis extract provided an anti-lipoperoxidant activity, as it reduced the
formation of MDA, DNA fragmentation, chromosomal aberrations, and uric acid and ammonia levels, thus
confirming the anti-encephalohepatotoxic action of R. officinalis extract (Fahim et al., 1999; Posadas et al., 2009).
Conflict of interest statement:

None of the authors has any financial interest or conflict of interest related to the manuscript.

CONCLUSION

Manganese is an essential nutrient, which can be harmful at higher doses or accumulations. As Mn toxicity
can cause a humber of functional problems, such as manganism, it is imperative that we understand the mechanisms
of damage to attempt to prevent or counter them.
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In conclusion, MnCl, accumulates specifically in the mitochondrial matrix, where it increases the rate of
free radicals production leading to initiation of the apoptotic processes. It must be recalled that the presence of
oxidative stress in liver and brain without adequate defenses aggravates the hepatoencephalopathic condition.

In our study, treatment with G. biloba and R. officinalis was significantly reversed the deleterious effects of
MnCl,. Although they are widely exerted, there are only few reports available analyzing the molecular events
establishing these therapeutic attributes to heavy metals especially manganese, so our study is of significantly
important.

Because of the ease of administration and low cost and low toxicity of G. biloba and R. officinalis, it is of
potential use in the therapy of manganese toxicity.

Future research endeavors should be aimed not only at pinpointing the mechanisms underlying the damage
but also at identifying biomarkers for exposure and treatment strategies.
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