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ABSTRACT

Administration of lipopolysaccharide (LPS) impaired antioxidant mechanisms, increased peroxidation and impaired
mitochondrial redox activity causing brain inflammation as well as neuronal damage and impairment of brain
monoamines. Panax ginseng (P.ginseng) is a well-known herbal medicine; the main active constituent of ginseng is
ginsenosides or ginseng saponins that have neuroprotective activity. The aim of our experiment was to study the role
of Panax ginseng root in maintaining brain monoamines levels through the protection against LPS - induced
oxidative stress in rat model. In this experiment, we used forty rats and divided them into: control, ginseng,
lipopolysaccharide and ginseng treated groups. malondialdehyde (MDA) and paraoxonase activity (PON-1) were
estimated colorimetrically. Comet assay technique was used to determine the percent of DNA damage in addition to
brain monoamines assessment by HPLC. The data showed that lipopolysaccharide significantly increased brain
MDA, DNA damage percent and brain monoamines concomitant with a reduction in serum PON-1. Contrarily,
ginseng supplementation improved these values in treated group. P. ginseng is a very important supplement that
protects against brain injury and its benefit effect may be attributed to its high amounts of ginsenosides that have
antioxidant, anti-inflammatory effects that augment impairment of brain monoamines.
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INTRODUCTION

Lipopolysaccharide (LPS) is widely used in expenitakanimals to study the experimental inflammatma brain
injury model. LPS was found to impair antioxidanechanisms in addition to increasing peroxidatzom
disturbances of mitochondrial redox activity [1¢2using brain inflammation [3] besides neuronal agen[4] and
impairment of brain neurotransmitters[5].

Brain is a very sensitive organ to oxidative stidss to their high consumption of oxygen radicald generation of
large amounts of the reactive oxygen species (Rix8)are closely implicated in nervous system dissancluding
schizophrenia, Alzheimer’s disease and Parkinstissase (PD) [6].

It was reported that, generation of reactive oxyggrecies and oxidative stress are considered ianuort
pathogenetic mechanisms in the Parkinson's disgspart of these free radicals are produced bgxadation or
enzymatically through the action of monoamine og&l8 during dopamine metabolism [8,9] besides {heiential
to analyze the neuroprotective compounds for thgiity to act against these processes.

Ginsenosides (the active ingredients gmseng) are known for their immune stimulant, anti-inflavatory,

antioxidant and also neurotrophic properties. Adise properties givginseng their importance as a medicinal plant
and their ability to protect neuronal cells agathifferent neuronal diseases [10].
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Various reports have shown the beneficial effeftgiseng or its ginsenoside components in the blockadexft
uptake, [11] reductions in excitotoxicity [12, 18hd antioxidant effects, both through alteratiomsitric oxide
production as well as antioxidant enzyme activitieguired to eliminate free radicals, anti-inflantorgt actions
[14, 15] and altered expression of neurotrophitoiesf16].

From this point of view we aimed to investigate thée of Panax ginseng root in maintaining brain monoamines
levels in LPS-induced experimental brain injury.

MATERIALS AND METHODS

Chemicals
Lipopolysaccharide and neurotransmitters (dopansasgtonin and norepinephrine) standards (HPLC&ragtre
obtained from Sigma Chemicals Company (USA).

Plant
Panax ginseng root was purchased from a local market and dissbin ultrapure water

Experimental animals

This experiment consists of four groups of animadgsh group contains ten rats (male albino ratghieg 150 + 10
gram) that were obtained from the animal houséhefNational Research Centre (NRC), Giza, Egypt. dilimals
were housed in individual suspended stainless stgts at a controlled temperature, under 12-h/1igH dark
cycle, and allowed to acclimatize for a period 6fdays before the experiment; rats were allowed &ecess to
food and water. The guidelines of the ethical cand animals' treatment followed the regulationghef ethical
committee of National Research Centre.

Experimental design
Forty male albino rats were classified into foungps (10 rats in each group) as follows:

Group I: control group received a vehicle.
Group II: ginseng group receivedjinseng root powder dissolved in ultrapure water (22 mg hody weight / day)
orally for ten days [17].

Group lll: LPS group received a vehicle for ten slafollowed by intraperitoneal (i.p.) injection of
lipopolysaccharide (LPS; 100 mg/kg body weight,@r6].

Group 1V: treated group receiveginseng extract (22mg /kg body weight / day) orally fontdays followed by
intraperitoneal (i.p.) injection of lipopolysacchd® (LPS; 100 mg/kg body weight, once).

After four hours of LPS injection, blood was withgdm from the retro-orbital venous plexus of the eging
heparinized capillary tubes and collected in dgaaltubes for serum separation.

Brain was removed quickly, washed with cold salsmution (0.9% NaCl), homogenized and prepared for
biochemical estimations.

Preparation of tissue homogenate

One gram of brain tissue was homogenized in fiv@hosphate buffer, pH was adjusted at 7.4 twtrifuged
at 4000 rpm at 4°C for 15 minutes using coolingtéimye (Laborzentrifugen, 2K15, Sigma, Germanythe
supernatant was then separated and used for astinadit biochemical parameters[18].

Biochemical analysis

Determination of brain lipid peroxidation

Malondialdehyde was determined by measuring thimbaic reactive species using the method described
previously [19] in which the thiobarbituric acida@ive substances (TBARS) react with thiobarbitia@d to
produce a red colored complex having peak absoebaing32 nm.

Determination of serum paraoxonase activity

The aryl esterase activity of paraoxonase was medspectrophotometrically in supernatants usirgnghacetate
as a substrate. In this assay, aryl esterase/yyarase catalyzes the cleavage of phenyl acetataing in phenol
formation. The rate of phenol formation is measusgdnonitoring the increase in absorbance at 27@&ng5 ° C.
The working reagent consisted of 20 mM Tris/ HCffey pH 8.0, containing 1 mM CaCl2 and 4 mM phenyl
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acetate, as the substrate. Samples diluted inaaft:3 in buffer were added and the change isodiiance was
recorded following a 20s lag time. Absorbance ab 2¥n was taken every 15 s for 120 s using UV
spectrophotometer [20].

Comet assay

Comet assay has been developed to detect celliar damage according to Singh et al. [21] after rfiodiion of
the previous method [22]. Lymphocytes were isolaied washed by phosphate buffered saline (PBSHat.p.
Ten ul of the cells were suspended in gbof 0.5% low melting agarose to pipette on micaysc slides with a
layer of 1% agarose, spread using a cover slipragigitained on an ice-cold flat tray for 5 min. widify. After
removal of the cover slip, the slides were immeiigsecbld lysis solution for 1 hour, followed by eteophoresis at
25V, 300 mA, for 40 min. then, the slides werethyeremoved from the tank and washed three timak @i4 M
Trisma base at pH 7.5 for 10 min. Tweptyfrom ethidium bromide (1@g/ml) was added to each slide.

Visualization and analysis of comet slides

The slides were examined at 40x magnification ulimyescence microscope (Leica Microsystems, CMSGEH,
Wetzlar, Germany. Model DM 2500) and power Max. M80equipped with an excitation filter of 549 nmdaa
barrier filter of 590 nm. Damaged cells were viged by the “comet appearance”, with a brightlyofiescent head
and a tail to one side formed by the DNA containgtigind breaks that were drawn away during elebtgsis.
Samples were analyzed by counting the damagedwietif 100 cells per slide to calculate the percémtamage.

Assessment of brain neurotransmitters by HPLC

Brain dopamine, norepinephrine, and serotonin vesténated according to the method described prelida8]
using reversed phase HPLC column (5 um, 25 x O6and quaternary pump (G131A model). The mobilesgh
was consisted of potassium phosphate buffer antlanet in a ratio of 97/3 (v/v) and a flow rate ofril/min. UV
detector was set at 270 nm; 20ul from differentittbhs of standard also from each sample were tiejeonto
HPLC. The concentration of dopamine, norepinephaimeé serotonin were determined using standard curve

Statistical analysis

The given data were expressed in the form of meatatidard error (M SE) and were analyzed usingSSPS
(Version16) by one-way ANOVA to assess differenbeveen the mean of each group. When P value sghes

or equal 0.05 it was considered a significant diffee.

RESULTS
In the present study, intraperitoneal injection liplopolysaccharide in a dose of (100 mg/kg body ghBi

significantly increased brain MDA in addition to BiN\lamage (P = 0.00) (figure 1) along with a redutdf serum
PON-1 f = 0.00) (table 1).

Table (1) : Oxidant / antioxidant parameters in bran tissue in different studied groups.

ups
Paraoxonase MDA 9%DNA damage
U nmol/g tissue
Parameters
Control
Mean +SE 506.0 + 27 274 +13 85+.5
Ginseng
Mean +SE 514.0 £ 25 273.0 13 55+.5
p? 0.021 N.S. N.S.
LPS
Mean +SE 3803'801611 404.0 £13 39.5+25
p? ) 0.000 0.000
Treated
452.0+24 269.0 +19 29.0+3
Mean =5& N.S. N.S. 0.000
po 0.000 0.000 0.004
Sgnificant value < 0.05

P? value compared to control group.
P°value compared to LPS group.

Brain monoamines (dopamine, norepinephrine andt@a@rg levels were significantly increase<(.00) in LPS
group compared to control, howevBgnax ginseng supplementation significantly decreased theseegaf<0.05)
compared to LPS group (table 2).
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Table (2): Brain monoamines levels in different stdied groups

arameters| Norepinephrin Dopamine Serotonin
Group (ug/g tissue) | (pg/g tissue)| (pg/g tissue)
Control
Mean +SE 2+.06 25+.3 22+ 4
ginseng
Mean *+SE 25+.08 32+.3 25+.2
P2 N.S. N.S. N.S.
LPS
Mean *SE 6=+.2 6+.8 4+.1
P2 0.000 0.001 0.000
Treated
Mean *SE 2.4+ .08 22=+1 28=+.1
p? N.S. N.S. N.S.
P 0.000 0.001 0.002
Sgnificant value < 0.05

Pa value compared to control group.
Pb value compared to LPS group.

--
--

Figure1. Graphics of DNA damage appears normal DNA in
A): control group ( 8.5%) and B): Panax ginseng group

( 5.5 %) compared to C) LPS group in which DNA damage
elevated to 39.5% by lipopolysaccharide injection in a dose
of (100 mg/kg body weight) and D ) Panax ginseng treated
group ( 29% ).

DISCUSSION

ROS —induced oxidative stress cause tissue damagéfbrent mechanisms including lipid peroxidatigrotein

oxidation, DNA damage and depletion of thiols.dtwidely documented that the toxicity of aflatoxinnormal

differentiated cells is a result of high levels RP®duction [23]. Many scientists indicated thatitoagents are
resulting in excessive lipid peroxidation [24],\ed&on of protein oxidation and DNA damage withancomitant
reduction of reduced glutathione (GSH) level [25].

Under normal physiological conditions, small amauot lipid peroxidation occur in body tissues daethie high
content of fatty acids in the cell membranes [2Bkse amounts will be elevated after cytotoxic #geunich as
lipopolysacharide.

In our experiment, intraperitoneal injection ofdgwlysaccharide significantly increased MDA and DNamage
concomitant with a reduction of PON-1. These ressalte in agreement with our previous work [5] inickhthe
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administration of LPS has been shown to impair cidiant mechanisms, increase peroxidation and impai
mitochondrial redox activity.

Paraoxonase enzyme that acts as an antioxidant agdnprevents the LDL oxidation is transportednglavith
HDL in the plasma after synthesized in the livef][2

In the current study, it was found that ginseng improved antioxidants' levels and decreased méatdehyde
levels inginseng treated group when compared to LPS group. In ageaeg other study found that ginseng extracts
scavenge oxidative species [28]; also, it was eigid thaginseng extracts attenuate lipid peroxidation [29]. These
results may be related to saponins which play aamaje in antioxidant activities. In addition, genoides have
powerful antioxidant activities besides their radiscavenging activities by the stimulation of gexpression of
antioxidant enzymes and improving their activifigg].

In addition to saponin (ginsenosideB),ginseng contains many active compounds such as phenofigpoands,
alkaloids, peptides, polyacetylenes and acidic saadgharides [31]. However, ginsenosides are comsidbe main
active compound if? ginseng in accordance to their pharmacological activifg?.

The elevation of brain monoamines in our study aagmented by ginseng administration treatment. Wggested

this improvement in brain monoamines may be du¢hto antioxidant and anti-inflammatory effects Rdnax
ginseng that regulate releasing of brain monoamines. dsndicated that ginseng compounds may be used in
treatment of memory deficits and improving centfadlinergic function [33].

In the same line, it was observed that, ginsenesttdanced norepinephrine and dopamine in ceredriaix which
explained the important effect of ginseng extragbru cognitive processing attention, integrated @gAsotor
function and auditory reaction time in healthy ®dt§ [34]. Indeed, it was shown th& ginseng total saponins
modulates dopaminergic activity at both presynaatid postsynaptic receptors, and blocks behavseraditization
induced by psychostimulants such as morphine, necanethamphetamines and nicotine. It was indictitatP
ginseng regulated the releasing of serotonin [10]; theggasted that in rat brain, saponins enhanced biogen
amines. In addition, ginsenoside Rg2 interactec wiicotinic receptor subtypes directly besides fatipn of
GABA-ergic transmission in experimental animals.

Other suggestion was postulated by the previoudysthat indicatedP. ginseng improved neuronal death and
clinical behavior through regulation of infammatomediators (TNFe, IL-1B, IL-6 and iNOS), microglial
activation [35].

From these data, we concluded tRaginseng is a very important supplement that protects ajdrain injury and
its benefit effect may be attributed to its highcamts of ginsenosides that have antioxidant andirgffammatory
effects that augment impairment of brain monoamines
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