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Antioxidant mechanisms in neuroprotective action of lipoic acid on learning and
memory of rats with experimental dementia
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Alzheimer's disease (AD) is one of the most common dementia affecting about 36 million people and without effective
cure. Oxidative stress is one of many hypotheses for the AD mechanisms. Possible preventive AD effects of some
antioxidants continue to be the object of clinic and experimental research. The aim of this study was to evaluate the
antioxidant mechanism in the neuroprotective effect of lipoic acid (LA) on the cognitive functions in experimental
dementia. Alzheimer's disease type dementia was produced via scopolamine treatment (Sco, 1 mg/kg i.p., 11 days) on
male Wistar rats. Lipoic acid (LA, 30 mg/kg, i.p.) was applied for the same period. Learning and memory performance
of the rats were evaluated using passive avoidance learning test (Step through test). At the 24 hour after the last
treatment the brain frontal cortex, hippocampus, and striatum were isolated and homogenized. The homogenates were
used for determination of malondialdehyde (MDA), total glutathione (tGSH), and activities of superoxide dismutase
(SOD), glutathione peroxidase and catalase (CAT). The dementia model was verified by the cognitive tests used. In
brain structures of the Sco-group increased MDA, and decreased tGSH levels, as well as activated antioxidant enzymes
were observed. LA significantly improved cognitive functions and oxidative status damaged by Sco by increased tGSH
level, restored CAT and SOD activities. Thus LA significantly protects memory impairments of dement animals due to
its antioxidant capacity and could be used in prevention and therapy of AD.
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INTRODUCTION

Alzheimer's disease (AD) is the major senile type
of dementia. According to The World Alzheimer
Report (2016) in 2015 AD has affected about 47
million people. It is considered that this number will
reach more than 130 million in 2050. Various
hypotheses try to explain the mechanisms of AD,
including the oxidative stress (OS). Many studies
have shown increased lipid peroxidation, protein and
DNA oxidation in the AD brain [1-3]. Since OS is
involved in the pathogenesis of the disease it could
be assumed that antioxidants would have a
beneficial effect. There are evidences that higher
intake of vitamin E [4] and vitamin C [5] may reduce
the risk of dementia and AD.

Alpha lipoic acid (LA) is an endogenous
organosulfur ~ compound that demonstrates
considerable antioxidant properties. Lipoate, or its
reduced form, dihydrolipoate, reacts with reactive
oxygen species such as superoxide radicals,
hydroxyl radicals, hypochlorous acid, peroxyl
radicals, and singlet oxygen [6]. In addition it can
interact with vitamin C and glutathione, which may
recycle vitamin E. Moreover it is able to chelate
transition metal ions, in particular iron, preventing
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hydroxyl radicals’ generation via Fenton reaction
[7]. A positive effect of LA was shown in a number
of pathological conditions with OS ethology [8-
11].The effect of LA has been investigated also in
some neurodegenerative disorders. Li et al. [12]
demonstrated a protective effect of LA on
dopaminergic neurons in a model of Parkinson
disease through inhibition of intercellular ROS
levels and  mitochondrial ~ transmembrane
permeability. The intraperitoneal administration of
LA (30 mg/kg body weight/day) into aged rats for 14
days reduced lipid peroxidation and protein
oxidation in various brain regions [13]. These results
demonstrate that LA is a potent antioxidant for
neuronal cells against age associated oxidative
damage.

The goal of this work was to study the possible
neuroprotective effect of lipoic acid on scopolamine-
induced dementia and to evaluate its antioxidant
capacity in some brain structures of rats.

EXPERIMENTAL
Materials

The reagents (2-thiobarbituric acid, NADP*,
NADPH, reduced and oxidized glutathione,
riboflavine, methionin) were obtained from Sigma-
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Aldrich (Germany). Scopolamine was purchased
from ACROS Organics and a-lipoic acid from
Solupharm GmbH & Co. KG (Germany) (as
Thiogamma Turbo-Set solution for injection 600
mg, 50 ml). All other chemicals were of the highest
commercially available purity.

Animals

Male Wistar rats (180-200 g) were housed at 22°-
25°C with free access to food and water and a natural
day/night light cycle. The rats were divided in 3
groups (each with 6 animals) and animals were
treated for 11 days with saline (control group);
scopolamine (Sco group) (1 mg/kg i.p.) and the
combination lipoic acid (30 mg/kg i.p) and
scopolamine (1 mg/kg i.p.) - (LA+ Sco group).
Scopolamine was dissolved ex tempore in distilled
water. Lipoic acid was dissolved in a saline solution.
Drugs were administered intraperitoneally at a
volume of 0.10 ml/100 g b.w. Fresh drug solutions
were prepared on each day of the experiment.
Control groups obtained saline injections of the
same volume and via the same route of
administration.

All experiments were performed according to the
“Principles of Laboratory Animal Care” (NIH
publication No. 85-23, revised 1985), and the rules
of the Ethics Committee of the Institute of
Neurobiology, Bulgarian Academy of Sciences
(registration FWA 00003059 by the US Department
of Health and Human Services).

Methods
Behavioral test

Learning and memory performance of the rats
were evaluated using passive avoidance learning test
(Step through test) [14]. The apparatus consisted of
two separate chambers connected through a
guillotine door. One chamber was illuminated, while
the other was dark. The floor of the dark chamber
consisted of steel grids for delivering electric shocks
by an isolated stimulator. For the record of initial
latency (acquisition latency time) rats were
individually placed in the illuminated chamber.
After a habituation period (5 min), the guillotine
door was opened and after the rat entered the dark
chamber, the door was closed and an inescapable
scrambled electric shock (0.5 mA, 1 s once) was
delivered. The time of entrance into the dark
chamber was recorded and rats with initial latency
(IL) >60 s were excluded from the study.

Twenty-four hours (for short-term memory)
later, before obtaining the treatment and on the 12"
day (for long term memory) each rat was placed in
the illuminated chamber for retention trial (step-

through latency). The interval between the
placement in the illuminated chamber and the entry
into the dark chamber was measured as step-through
latency (STL up to a maximum of 180 s as cut-off).
Behavioral observations were carried out from 9
am.to 12 a.m.

Tissue preparations

At the 24" hour after the last treatment (on the
12" day) the animals were decapitated. Brains were
quickly removed on ice and the next brain structures,
related to learning and memory: cerebral cortex,
hippocampus and striatum, were dissected by the
method of Valzelli and Garattini [15]. A 10%-
homogenate of each structure was obtained by a
Potter-Elvehjem glass homogenizer with a Teflon
pestle. The homogenates were centrifuged for 10
min at 3000 rpm, and a post nuclear fraction was
obtained. This preparation was used for quantitative
measurement of the levels of total glutathione and
lipid peroxidation. Part of the post nuclear
homogenate was centrifuged for 20 min at 12,000
rpm (temperature control, between 0° and +4°C).
The resulting postmitochondrial supernatant was
used for measuring the antioxidant enzyme
activities.

Analytical methods

Protein content was measured by the method of
Lowry et al. [16].

Lipid peroxidation (LP) was determined by the
amount of thiobarbituric acid reactive substances
(TBARs) formed in fresh biological preparations
[17]. The postnuclear homogenates of the brain
structures (mg protein/ml) in 0.15 M KCI-10 mM
potassium phosphate buffer, pH 7.4, were heated for
15 min at 100°C in the presence of 2.8%
trichloroacetic acid + 5N HCI + 2% thiobarbituric
acid in 50 mM NaOH (2:1:1 v/v) for color
developing. The absorbance was read at 532 nm
against appropriate blank. The values were
expressed in nmoles malondialdehyde (MDA) per
mg protein, with a molar extinction coefficient of
1.56 x 10°Mtcm?,

Total glutathione (tGSH) level was measured
according to Tietze [18] and was expressed in ng/mg
protein, with glutathione oxidized (GSSG) as a
reference standard.

Catalase (CAT) activity was determined
according to Aebi [19]; the enzyme activity was
expressed as A Ezo/min/mg protein.

Cu,Zn-superoxide dismutase (SOD) activity,
determined according to Beauchamp and Fridovich
[20], was expressed in U/mg protein (one unit of
SOD activity is the amount of the enzyme producing
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a 50%
reduction).

Glutathione peroxidase (GPx) activity was
measured by the method of Gunzler et al. [21] and
was expressed in nmoles NADPH oxidized per
minute per mg protein, with a molar extinction
coefficient of 6.22x10°M1cm™.

Statistics

inhibition of Nitroblue tetrazolium

The results were statistically analyzed by one-
way ANOVA (Dunnett post-test), with p<0.05
accepted as the minimum level of statistical
significance of the established differences.

RESULTS

Effect of LA on learning and memory of dement
animals

Our results exhibited significant damage of
learning and memory of Sco treated animals. Step
through latency (STL) of passive avoidance
response in Sco treated group was decreased
significantly. The established decrease was by 53%
at the 24" hour (for short-term memory) and by 50%
at the 12" day (for long-term memory) in
comparison to healthy controls (p<0.05, Fig. 1).
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Fig. 1. Effect of LA (on the 24™ hour and 12™ day) on
learning and memory (step-through latency - STL) in rats
with scopolamine model of dementia (mean+SEM).

controls Sco

LA administration demonstrated significant
improving effect on the learning and memory of
animals treated simultaneously with Sco. STL in the
group with combination LA+Sco increased
significantly by 42% in comparison to Sco treated
group (Fig. 1).

Effects of LA administration on OS markers in
brain structures of dement animals

An increase of LP was observed in the brain
tissues of Sco-treated animals in comparison to the
control rats (Fig. 2). The administration of
scopolamine led to elevation of TBARs content in
cortex by 14.2%, in hippocampus by 51.6% and in
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striatum by 31.4%. In cortex, the LA reduced the
Sco-induced elevation of TBARs by 16.5% as
compared to Sco-group. However, in the others
structures striatum and hippocampus the LA did not
significantly reduce the Sco-induced elevation of
TBARs (Fig. 2).
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Fig. 2. Effect of LA on lipid peroxidation in brain
structures (cortex, hippocampus and striatum) of rats with
scopolamine model of dementia (mean+SEM); *p<0.05
vs. control group, Tp<0.05 vs. scopolamine group.

In comparison to the control group the treatment
of the animals with Sco led to decrease of tGSH level
by 4% in the cortex, 26.7% in hippocampus and
22.3% in striatum (Fig. 3). The LA had a positive
effect preventing the Sco-induced reduction of tGSH
level. In the Sco+LA group the levels of tGSH in all
brain structures were similar to those in the control
group (Fig. 3).
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Fig. 3. Effect of LA on total glutathione levels in brain
structures (cortex, hippocampus and striatum) of rats with
scopolamine model of dementia (mean+SEM); *p<0.05
vs control group, Tp<0.05 vs scopolamine group.

In the Sco-group there was a significant
activation of antioxidant enzymes in different brain
regions: CAT activity was increased by 30.1% in the
cortex, 31.3% in hippocampus and 56.3% in striatum
(Fig. 4); SOD activity was increased by 73.6% in the
cortex, 62.0% in hippocampus and 90.6% in striatum
(Fig. 5); GPx activity was increased by 5.3% in the
cortex, 6.0% in hippocampus and 8.9% in striatum
(Fig. 6) compared to healthy control.
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Fig. 4. Effect of LA on CAT activities in different
brain structures in rats with scopolamine model of
dementia (mean+SEM);*p<0.05 vs control group,
+p<0.05 vs scopolamine group.
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Fig. 5. Effect of LA on SOD activities in different
brain structures in rats with scopolamine model of
dementia (mean+SEM);*p<0.05 vs control group,
+p<0.05 vs scopolamine group.
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Fig. 6. Effect of LA on GPx activities in different
brain structures in rats with scopolamine model of
dementia (mean+SEM); *p<0.05 vs control group,
+p<0.05 vs scopolamine group.

From the detected increase of antioxidant
enzymes’ activities, that of the GPx was the lowest,
less than 10%. The LA administration jointly with
Sco restored the CAT activities and slightly
decreased the Sco-induced increase of SOD
activities. The GPx activities were strongly inhibited
in the Sco+LA group.

DISCUSSION

It is believed that oxidative stress is a critical
factor in AD and scopolamine treatment of animals
increases oxidative stress in the whole brain, as well
as in the brain structures associated with memory
and learning [23]. In our study Sco-treatment of rats
significantly increased TBARs concentration and
decreased tGSH level. Our data confirmed the ability
of scopolamine to produce similar to AD type
dementia accompanied by oxidative stress. This
effect was established by many other studies in the
literature [24-27]. In the present study we also
observed an increase in antioxidant enzyme
activities after Sco treatment of the rats. Similar to
our findings EI-Sherbiny et al. [26] observed an
increase in brain GPx activity in rats after acute
administration of scopolamine (1.4 mg/kg, i.p.).
Literature data related to antioxidant enzyme
activities after animal treatment with scopolamine
are controversial. Nade et al. [28] found a decrease
in SOD activity after injection of young mice (8
weeks age) with Sco (1 mg/kg, i.p.). Budzynska et
al. [24] noticed a significant decrease in GPx
activities in whole brain, prefrontal cortex and
hippocampus, as well as a significant decrease in
both glutathione reductase and SOD activities in
prefrontal cortex and hippocampus in scopolamine
treated mice (1 mg/kg, i.p.) in comparison to saline-
treated group. The research of Tabari et al. [29]
showed little changes in brain SOD and GPx in
tissue in animals which had received scopolamine.
The differences in obtained data may be due to
differences in experimental design rather than to the
difference in animals’ species used. In regard to our
results, it could be assumed that the activation of
antioxidant enzymes in response to Sco-induced OS
is a cellular protective mechanism. It has been found
that the chronic stress induces an increase in
oxidative enzyme (Mg-SOD, Cu,Zn-SOD, and
CAT) activities in rat hippocampus [30]. The
negligible activation of GPx, detected in our study,
is probably related to the reduction of the tGSH that
is a substrate for the enzyme.

Our results showed that the coadministration of
LA with Sco led to a decrease of Sco-induced OS,
demonstrated in decreased LPO, increased GSH and
restored levels of antioxidant enzymes SOD and
CAT to the baseline values. Moreover, an
improvement in the learning and memory processes
was established after 11 days of administration of
LA despite the simultaneous administration of Sco.
Although these results could not provide clear
understanding of the mechanism of action of the LA,
it could be hypothesized that the antioxidant
properties of LA are able to affect positively the
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impaired brain cognitive functions. It has been
suggested that nutritional LA does not act as a direct
antioxidant, but it stimulates important stress
response pathways in cell affecting endogenous
cellular antioxidant levels and diminishing the pro-
inflammatory processes [31]. Regardless of whether
LA acts directly or indirectly, it has been
demonstrated that the administration of 600 mg of
LA/daily along with the standard treatment with
choline-esterase inhibitors to patients with AD for a
period of 12 months led to a stabilization of
cognitive functions [32]. The extended study up to
48 months showed lower progression of the disease
in patients with additive LA supplementation
compared to patients with standard therapy [33].
Therefore, our results, in agreement with some
literature data, indicate a significant protective effect
of LA on brain structures against scopolamine-
induced memory impairment and oxidative damage.
In conclusion, our study suggests that LA as a
powerful antioxidant may provide a successful
approach in prophylactics and therapy of AD.
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(Pesrome)

Bonecrra Ha Anixaiimep (AD) e emna ot Haif-uecTo cpernanute (GOpMH Ha JEMEHIHs, KOSATO 3acsira OKojo 36
MUJIHOHA TYIIX U HiIMa e(eKTHBHO JedeHne. OKCHIATHBHUAT CTPEC € €HA OT IIPEATIONIaraeMUTe MPUYNHA 38 MEXaHI3Ma
Ha neiictBie Ha AD. Bb3MOXHUTE NpEeBaHTUBHM €(EKTH HA HIKOW aHTHOKCHIAHTH MPOABIDKABAT Jia ca IpeIMeT Ha
KJIMHUYHH U eKCIIEPUMEHTAIIHY u3ciienBanus. LlenTa Ha ToBa u3cnenBaHe € Ja ce OLCHU aHTHOKCUAAHTHUAT MEXaHU3bM
Ha HEBPONMPOTEKTHBHUSA ehekT Ha jurnoeBata kucenuHa (LA) BbpXy KOTHHTHBHHTE QYHKIIMH MPH EKCIEPUMEHTAITHO
npenr3BUKaHa JeMeHIus. JleMeHnus 0T AMxaiiMepoB THII € MpeIU3BUKaHa Ype3 Mpuilarane Ha ckomoiamuH (Sco, 1
mg/kg unTpaneputoHeanHo, i.p.) Ha Mexka Wistar mrbxose B mpoasmkerue Ha 11 mau. Jlunoesa kucenuua (LA, 30
mg/kg i.p.) e nprtarana npe3 cpums nepuo. OOy4eHHETOo U aMeTTa Ha INTbXOBETE Ca OLCHEHH C IIOMOIITA Ha ITACHBCH
TecT 3a 00y4eHHe 3a H30sArBaHe Ha HenpHATHU cutyauunu (Step through test). Ha 24-us gac cnen mocneqHOTO npriiarase
(poHTamHAaTA MO3BYHA KOPA, XMIOKAMIYCHT M CTPHATYMbBT Ca H30JIMPAHH M XOMOTCHH3WPAHH. XOMOTCHATHUTE ca
M3M0JI3BaHU 3a onpeneisine Ha ManonoB auanaexun (MDA), o6 rinyratron (tGSH) u akTHBHOCTUTE HA CYMEPOKCH]T
aucmytaszara (SOD), rmyTaTHOH nepokcuaaszata u katanasara (CAT). MozenbT Ha JeMEHIUATA € IPOBEPEH C OMOIITA
Ha KOTHUTHBHHU TecToBe. B Mo3puHHTEe CTpyKTypu Ha ScCO-rpymara MDA ce nosumaBa, tGSH ce moHmkaBa u ce
HaOIIOaBaT AaKTMBHPAHM AaHTHOKCHJAHTHH eH3MMH. LA 3HaumTenHo nomoOpsBa KOTHHUTHBHUTE (QYHKIMH U
OKCHIIATHBHHUS CTATyC, BIOMICHHU OT SCO, 4upe3 mopuiieHoTo HUBO Ha tGSH, Bbh3cranoBenute CAT u SOD akruBHOCTH.
ITo To3u HauuH LA 3HaumnTEIIHO MTOIOOPsIBA BIIOIICHATA TAMET Ha YXMBOTHH C JIEMEHIIUS IOCPEICTBOM aHTUOKCUIAHTHUSI
CH KaranuTeT 1 01 MOoTJIa Jia ce M3I0JI3Ba 3a NpeBeHust U Tepanus Ha AD.
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