


W 4.S SSS4e 2001 
Shetty, ltitu A. 
Effect of short-tera alpha 

lipoic acid suppleaentation 



LEWIS liBRARY 
UNT Health Scieoce Center 
3500 Ol'll> Bowie Blvd 
Ft Wortl'\ Texas76ID-2699 





Ritu A. Shetty. Effect of short-term antioxidant supplementation on age related cognitive 

and motor deficits Master of Science (Biomedical Sciences), August, 2001, 24 pp, 2 

tables, 11 figures, 30 references. 

During aging there is an increase in oxidative damage and loss of brain function that may 

reflect an increased level of oxidative stress. Studies have suggested that the increased 

oxidative damage in old rodents can be reversed, relatively rapidly, by experimental 

interventions like caloric restrictions and antioxidants capable of lowering oxidative 

stress (Forster et.al., 2000, Joseph et. al., 1995). Based on those findings, it was 

hypothesized that age-related declines in cognitive and/or psychomotor function are the 

result of molecular damage associated with oxidative stress. The current study addressed 

the possibility a decreasing oxidative damage could be produced with the antioxidant 

alpha lipoic acid, in aged mice, leading to a reversal of age-related impairments of 

psychomotor and cognitive functions. C57BL/6 mice aged 6 or 23 months were gavaged 

daily with 100 mglkg alpha-lipoic acid or the vehicle (0.9% saline; 2% methylcellulose). 

After 3 weeks of treatment, the animals were subjected to a battery ofbehavioral tests for 

motor and cognitive functions. Following the behavioral tests the animals were sacrificed 

brains were dissected and frozen for analysis of carbonyl concentration. The results 

showed significant age-related deficits in spatial learning, accuracy for spatial memory, 

recent memory, and psychomotor performance. None of these age-related deficits was 

reversed following the treatment with alpha lipoic acid. There was no reduction in 

carbonyl concentration with alpha lipoic acid supplementation. Thus we concluded that 

alpha lipoic acid supplementation had neither beneficial nor detrimental effects in 

·reducing oxidative damage in brain or in reversal the age-related decline in function. 



EFFECT OF SHORT-TERM ALPHA LIPOIC ACID SUPPLEMENTATION 

ON AGE RELATED COGNITIVE AND MOTOR DEFICITS 

Ritu A. Shetty, B.Pharm 

APPROVED: 

Major Profes&JJ g. t,L 



EFFECT OF SHORT-TERM ALPHA LIPOIC ACID SUPPLEMENTATION 

ON AGE RELATED COGNITIVE AND MOTOR DEFICITS 

THESIS 

Presented to the Graduate Council of the 

University of North Texas Health Science Center at Fort Worth 

In Partial Fulfillment of the Requirements 

For the Degree of 

MASTER OF SCIENCE 

By 

Ritu A. Shetty, B.Pharrn. 

Fort Worth, TX 

August, 2001 



ACKNOWLEDGEMENTS 

I would like to thank my advisor Dr. Michael J. Forster for his expert guidance 

and help throughout my thesis work. I enjoyed working in his laboratory for the past year 

and I am lucky to have got the opportunity to continue in his laboratory for my doctoral 

work. I would also like to thank Dr. Glenn Dillon and Dr. Hriday Das who served on my 

committee. I would like to extend my gratitude to all the members in the laboratory, Dr. 

Nathalie Sumien, Dr. Linda Kwong, Dr. Paul Morris, Dr. Scott Coleman, Shelley 

Mcdonald, Shondra Aubespin, Meghan Selvig, Jacquiline Selvig, Elva Flores, Kevin 

Heinrich, Susan Ruppell, Cynthia Taylor and Bradley Youngblood who have helped me 

in every step towards my competition of the degree. 

Last but not the least would like to thank my family and friends who have always 

supported and motivated me. 



1. Introduction 

The nature of specific biological processes that initiate or induce age-related 

declines in cognitive and/or psychomotor performance is poorly understood. One 

hypothesized mechanism is that an age-related accumulation of oxidative molecular 

damage leads to cellular dysfunction or loss in critical regions of the brain. This 

hypothesis is supported by findings that certain age-related functional losses are 

correlated with oxidative brain damage (Forster et al.,l996) and that such losses can be 

prevented by long-term caloric restriction, which appears to prevent accumulation of 

oxidative damage (Dubey et al., 1996). More recent findings have suggested that 

oxidative damage present in the brains of old mice can be decreased relatively rapidly 

following implementation of caloric restriction and/or antioxidants supplementation. A 

study by Forster et al., (2000) reported that, 15-22 month old C57BL/6 mice, after being 

maintained on an ad libitum (AL) from 4 months of age when switched to caloric 

restricted (CR) diet for a short period of 3 to 6 weeks, showed a decrease in protein 

oxidative damage in brain. Similarly, Carney et al.,1991 previously showed that 

administering the spin-trapping compound, N-tert-butyl a-phenylnitrone (PBN), resulted 

in a rapid decrease in brain protein oxidation that was correlated with behavioral 

recovery. 

In vitro studies support the hypothesis that brain changes associated with 

cognitive or motor deficits in aging may be reversed by antioxidants with a short time 

frame. Joseph et.al., 1995 studied age associated loss of muscarinic facilitated dopamine 

release from striatal slices as a function of neuronal functional loss. It was found that 

incubation of slices from old animals in PBN increased muscarinic facilitated dopamine 
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release. Furthermore, another study showed that sensitivity of striatal slices to 

experimentally induced oxidative stress could be prevented by pretreatment with Trolox 

or PBN (Joseph et.al., 1996). These findings suggest the hypothesis that age related 

declines in cognitive and/or psychomotor function are the result of molecular damage 

associated with oxidative stress. If this hypothesis is correct, then treatment with an 

antioxidant that is effective in decreasing oxidative damage should also produce 

improvement in cognitive or motor performance of older animals. Accordingly the 

current studies addressed the possibility that the antioxidant, alpha lipoic acid, when 

administered over a relatively short period, could ameliorate deficits in cognitive or 

psychomotor performance of old mice. 

Animals and humans synthesize lipoic acid via unsaturated fatty acids (Carreau 

JP.1979). A mouse mLIPI eDNA was identified for lipoic acid synthase (Morikawa et al., 

2001). Lipoic acid in the form oflipoamide is an essential coenzyme in the mitochondrial 

dehydrogenase complexes (G.P.Biewenga et al.,1997). When administered exogenously, 

lipoic acid is easily converted to dihydrolipoic acid within the cells. This redox couple 

manipulates the NADH/NAD+ and NADPH/NADP ratios in the cell, which in intum 

modulate the cellular metabolism (Packer et al., 1997). The antioxidant action of alpha 

lipoic acid is due to its ability to chelate metals, reduce oxidative damage and recycle 

other vital antioxidants. It forms stable complexes with Cu 2+, Mn2+, Zn2+, Fe3+ (Sigel, H 

et al., 1978,) and has a protective effect on hepatocytes subjected to Cd2
+ toxicity 

(Muller, L et al., 1989). The redox couple protects macromolecules like proteins, lipids 

and DNA from oxidative damage (Scott et al., 1994, Arivazhagan et al., 2000, Hagen et 

al, 1999). The protection of macromolecules from oxidative damage could also be 
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explained from its ability to recycle antioxidants. Arivazhagan et al., 2000 showed an 

increase in the non-enzymatic anti-oxidants Vit E, Vit C and GSH, in blood of aged rats 

after administration of alpha lipoic acid. Another study showed that a diet supplemented 

with alpha lipoic acid when fed to rats increased glutathione and ascorbic levels that are 

normally low in aged rats (Hagen et al, 1999, Lykkesfeldt et al., 1998). Studies are being 

conducted on animal models to see the effects on alpha lipoic acid. There was an 

improvement in memory in aged rats and decreased age related decline in(?) NMDA 

receptor following treatment with alpha lipoic acid (Stoll et al.,1993). Age related decline 

in hearing loss was also decreased by alpha lipoic acid (Seidman et al., 2000). 

In the current studies, the ability of alpha lipoic acid to decrease oxidative damage 

was evaluated by assessing concentration of protein carbonyls in different regions ofthe 

brain after treatment with alpha lipoic acid. To determine if alpha lipoic acid could 

improve age-related cognitive or psychomotor dysfunction, separate groups of treated 

and control mice were subjected to a battery of behavioral tests that were previously 

shown to be sensitive to aging. 

2. Materials and Methods 

2.1. Animals 

Sixty-five C57BL/6 male mice aged 6 or 23 months were obtained from the 

National Institute on Aging and maintained individually in the University ofNorth Texas 

Health Science Center Vivariwn for two weeks prior to initiation of treatments. The mice 

were housed individually, 2 per cage, in 30.4 X 18 X 12.8 em clear polycarbonate cages 

that were modified into two-mouse units with a stainless-steel divider. Food and water 

were available ad libitum throughout the study, and the colony room was maintained at 
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23±1°C, on a 12-h, light-dark cycle beginning at 0600 hr. The mice were weighed on the 

day that treatment was initiated and at the end of the treatment period. 

2.2. Treatment 

The mice were divided into young control (n=l2), young treated (n=13), old 

control (n=20), old treated (n=20). The control mice were gavaged with the vehicle (2% 

methylcellulose; 0.9% saline) while the treated mice were gavaged with 100mg!kg/day of 

alpha lipoic acid (DL-6, 8-thioctic acid) (Sigma, St. Louis, MO). The behavioral testing 

ofthe mice started at the end of the third week of their treatment and continued over a 

period of 5 weeks. The tests were administered in the following order: Swim maze, 

locomotor activity, coordinated running, bridge walking, reflex battery, auditory startle, 

shock startle, discriminated avoidance. A week following the discriminated avoidance 

task, cortex, hippocampus, striatum, cerebellum, midbrain and hindbrain samples were 

obtained from the mice under terminal anesthesia (Avertin, 500 mg!kg mouse, ip). The 

samples were frozen in liquid nitrogen and maintained at -80° C until biochemical 

analysis. 

2. 3. Tests for learning and memory 

2.3.1. Swim maze 

Testing was conducted as described previously (Forster et al., 1996). The apparatus 

consisted of an aluminum tank (11 Ocm dia x 60 em deep) filled with white colored tap 

water to a depth of34 em and maintained at temp of24°C. The mouse was required to 

locate a platform (10 x 10 em) situated 1cm beneath the surface of water. A camera 
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(Burle, Lancaster, PA, Model # TC655EAC) and computerized tracking system (San 

Diego instruments model# SA-3) was used to record the position of the mouse. 

During the pre-training phase, a black curtain was placed over the tank and the 

mice were allowed to swim and climb onto the platform without extramaze cues 

available. On each trial the mice were allowed to swim from one end of a straight alley 

(76 x 11 x 41 em, placed in the middle of the tank) and climb to the hidden platform at 

the other end ofthe alley. The mouse remained on the platform for lOs and was then 

placed in a holding cage for a 5-minute intertrial interval. This phase consisted of 4 

sessions of 5 trials each over a period of 2 days. The morning and afternoon sessions 

were separated by at least 2 hours. The time (sees) for the mouse to reach the platform 

was recorded on each trial. 

During the acquisition phase, the curtain and alley were removed and the mouse 

was required to locate the platform using spatial cues in a period of 90s. After a period of 

lOs resting on the platform, the mouse was placed back to the holding cage for an ITI of 

10 min. The acquisition phase consisted of 8 sessions, 5 trials each session, over a period 

of 4 days. Performance was measured by variables path length and swim speed. A sixth 

trail (a probe trail) was performed at the end of the 4th and 7th session in which the 

platform was lowered for a period of 40s and the performance was measured by number 

of target site entries (T entries). This measure provided an area covered corresponded to 

learning to locate the platform using spatial cues and provide a measure of the spatial 

preference/bias for the platform position. 

Sessions 9 and 10 were carried out after a delay of 60 hours, with the platform 

still in the original location. The objective was to assess how well the mouse could retain 

5 



the platform location over a 60 hour period. The platform was moved to a new location 

before session 11, and the ability of the mouse to learn the new position was measured, 

using the same variables, over sessions 11 through 14. A probe trial was performed after 

the 11th and the 14th sessions. 

2.3.2. Discriminated avoidance test: 

Apparatus used for this test was a T -maze. It was constructed of acrylic (black 

acrylic was used for the sides and clear is used for the top). The maze was divided into 3 

compartments a start box (10 x 6.3 x 6 em), stem arm (17.5 x 6.3 x 6 em) and 2 goal arms 

(14.5 x 6.3 x 6 em) each separated by clear acrylic doors. The maze is placed on a 

stainless steel grid floor with stainless steel bars, which is connected to an animal shocker 

(adjusted to deliver 0.27 rnA). The shocker is controlled using a foot switch. 

The test consists of 2 sessions over a period of 2 days with a maximum of 25 

trials per session, an ITI of 60s. The mouse was placed initially in the start box with the 

door closed, the stopwatch was started as soon as the door was opened. The goal was to 

teach the mouse to reach the 'goal arm' (arm opposite to the one which the mouse choose 

for the first time) under 5s. Teaching may involve motivating with a shock. Shock may 

be continued for a maximum time of 60s. A mouse finished his session if he gets 4 out 5 

trials consecutive trials under 5s. 

2.4. Tests for Psychomotor function 

2.4.1. Locomotor activity 

Spontaneous ambulation and rearing were measured during a 16-minute session 

using a Digiscan apparatus (Accuscan instruments, model RXYZCM (16)) as described 
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previously (Forster, 1987; Forster et al. 1991). The mice were placed in a clear acrylic 

chamber (40.5 x 40.5 x 30.5) housed in sets of two, within sound-attenuating cabinets. A 

panel of infrared beams ( 16 beams) and corresponding photodetectors were located in the 

horizontal direction along the sides of each activity chamber. A 7.5-W incandescent light 

above each chamber provided dim illumination and fans provided an 80-dB ambient 

noise level within the chamber. 

2.4.2. Coordinated running 

The apparatus was a motor-driven treadmill (Accuscan Instruments, Model # 

RRF) with a nylon cylinder (45 em length, diameter 3.2 em) mounted horizontally at a 

height of 35.5 em above a padded surface. The cylinder had four, 11-cm wide 

compartments separated by black acrylic dividers. On a given trial, mice were placed on 

the cylinder and a microprocessor-controlled motor rotated the cylinder with an 

acceleration of 0.5 rpm/sec. The trial ended when the mouse fell from the cylinder or a 

speed of 75 rpm was reached. The latency to fall was recorded on each of six trials that 

were spaced at 1 0-min intervals within each session. The mice received 2 sessions daily 

until a criterion of stability was reached (i.e., until the average latency to fall did not 

increase by more than 15% over the last three sessions). The average latency to fall on 

the last training session was the measure of performance considered. 

2.4.3. Bridge-walking 

The apparatus consisted of a clear acrylic bridge (60 em long) suspended 

horizontally between 2 platforms 35.5 em above the flat surface and 2.5 em padded 

surface. Different bridges were used each day (large square, small square, large round, 

small round). The mouse was placed on the platform and then dragged to the center of the 
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bridge. The time taken by the mouse to reach the platform (sees), rest time (sees) and fall 

from the bridge was recorded. There were 3 trials in one session. 

2. 4. 4. Wire suspension 

The mouse was suspended by its front paws from a horizontal steel wire (0.2 x 70 

em) 33 em above the foam padding (2.5 em thick). Each session has 2 trials and the time 

required for fall as well as the time required to thread was recorded. 

2. 4. 5. Reflex battery 

Each of the following tests was performed for 4 consecutive days one session per 

day: (1) The latency to travel one mouse length after the mouse was placed on a table 

(walking initiation); (2) The latency to turn around when placed in a 14x 3x14 em blind 

alley (alley turning); (3) The latency to turn 180 degrees when the mouse was placed in 

the center of a wire mesh board (53 x 30 em inclined at an angle of 45° (negative 

geotaxis) 

2. 4. 6. Startle response 

A commercially available system (SR-Lab, San Diego Instruments, San Diego, CA) was 

used to measure auditory- and shock-induced startle responses. During testing, the mice 

were restrained in a transparent acrylic tube (13 X 4 em dia) that was attached to an 

acrylic base containing a piezio-eleetric force transducer. For the shock-startle 

experiments, the restraining tube had a floor consisting of seven stainless steel bars (0.1 

em dia) spaced 0.5 em center to center and wired for scrambled constant current shock 

from a commercial shock source (San Diego Instruments, San Diego, CA). Each 

restraining tube and transducer base was housed in a sound-/vibration-attenuating cabinet 

containing a speaker that generated a background white noise level of35 db. Presentation 
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of shock and auditory stimuli and recording of data were accomplished using a 

microprocessor, interface, and software supplied by San Diego Instruments (San Diego, 

CA). 

Startle response testing was conducted in two separate sessions, with the shock 

startle test occurring 24-h following the auditory test. Both sessions began with a 5-min 

acclimation period that was followed by presentation of the stimuli at 30-s intervals. For 

auditory startle, 20-ms white noise stimuli (0, 90, 100, 110, 120 or 140 db) were 

presented 12 times each according to a random sequence. For shock startle, 100-ms shock 

stimuli (0, 0.02, 0.04, 0.08,0.12, 0.16, 0.24, 0.32 or 0.64 rnA) were presented 5 times 

each according to a random sequence. The maximum response amplitude and the time to 

maximum response were recorded within a 300-ms response window following each 

stimulus presentation. 

2.5. Determination of protein carbonyl (CO) concentration: 

Protein carbonyl content was measured in tissue homogenates as previously 

reported (Sohal et. al 1994). A 5% (WN) tissue homogenate was prepared in 5 mM 

phosphate buffer (pH 7.5) containing proteases inhibitor (1 pellet/10m!, Complete Mini 

EDT A-Free. Roche Diagnostics GmbH, Mannhein Gennany) and 0.1% Triton X. The 

homogenate was centrifuged at 200g for 5 mins and the supernatant was diluted to obtain 

a 0.5-1 mglml protein concentration. The supernatant was added to 10 mM 

dinitophenylhydrazine (DNPH) in 2N HCL (samples) or 2N HCL (blank) in 1:5 ratio. 

The tubes were then incubated for 1 hr at room temperature in the dark. The proteins 

were precipitated by adding trichloroacetic acid (TCA-1 00/o final concentration) and 
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samples were centrifuged at 5000 rpm for 5 minutes. The supernatant was discarded and 

the pellets were washed at least 3 times with 1 ml ethanol/ ethyl acetate ( 1 : 1) and 

dissolved in 650 J.ll of denaturing buffer (1 OOJ.LM of sodium phosphate buffer with 3% 

SDS at pH-6.8). The controls and samples were read at 360 nm on a spectrophotometer 

and nmols of carbonyl/mg of protein was calculated using the excitation coefficient of 

22.0 mmor1cm"1 
• 
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3. Results: 

3.1. Body weight 

Average body weight (gms) of young animals changed with time (i.e start to the 

end of the study). The young animals differed in their weights when compared to old 

animals at the start ofthe study (Fig-1). This difference was lost as the young animals 

gained weight by the end ofthe study. The 2 experimental groups of young mice, control 

and treated varied at the start of the study in their average body weights and remained 

different till the end of the study. The average weight of the old experimental groups of 

mice remained same throughout the study. A 3-way analyses of variance with age, 

treatment group and time as factors revealed a significant main effect of age and 

treatment (F's>6.43, p's<0.016) but did not indicate a significant effect of the interaction 

between treatment and any other factor(F's <0.744, p's>0.395). A within subject repeated 

measure analyses showed that treatment did not change over time (F=0.744, p=0.395) but 

an analyses of age over time was significant (F=7.420, p=O.OlO). 

3.2. Tests for learning and memory 

3.2.1. Swim Maze 

Analysis of data from the pre-training phase did not indicate a significant 

difference in average latency to reach the platform among the groups, either as a function 

of age or treatment (all F's<3.78). Path length declined as a function of sessions for the 4 

experimental groups of mice (Fig-2, 3 top panel). The mice traveled shorter distance to 

locate the platform by the end of acquisition (session 8). It reached a baseline during 

retention (sessions 9 and 10) and in reversal (sessions 11-14) mice relearned and 

relocated the platform reaching a baseline by the end of the session. Swim speed for 
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young experimental groups of mice remained approximately the same across sessions 

(Fig-2 bottom panel). Alpha lipoic acid supplementation in young mice did not produce 

any improvement in their path length or speed. Fig-3, shows an age-related decline in all 

3 phases for path length and speed. The old control mice performed poorly when 

compared to the young control mice, with lower path lengths and slower speeds. Alpha 

lipoic acid supplementation in old mice did not reverse or reduce this age-related decline. 

The over all observations were corroborated when the two measures was 

subjected to 3-way analysis of variances (with age, treatment and sessions as the factors). 

These analyses revealed significant main effects of age (F's .2: 4.187 and p's < 0.05) but 

did not indicate a statistically significant main effect of the treatment, or an interaction 

between age and treatment across the sessions (F's> 1.59, p's >0. 213). 

A 6th trial in sessions 4, 7, 11 and 14 sessions of swim maze task was performed 

as a probe trial. In this trial platform is lowered for 40s, the number of entries that the 

mouse makes into the 'target' was then recorded. The number of entries made by the old 

mice was lower than that of the young mice. There was a trend toward increase in the 

number of entries made by groups of mice supplemented with alpha lipoic acid when 

compared to their corresponding control groups of mice (Fig-4). The statistical analyses 

showed that there was a significant main effect of age and this effect was seen on the last 

probe trial (F = 14.28, p< 0.001). However, neither the interaction between age and 

treatment was significant (p=0.499) nor the trend for number of entries in the treated 

groups was significant (p=0.211). 
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3.2.2. Discriminated avoidance test 

Fig-5 depicts a plot of the averages(± S.E) of the total number of trials taken to 

reach criterion on day 1 and day 2. In both the plots the total number of trials taken to 

complete criterion by the old groups of mice was greater than the young groups of mice. 

Treated old mice on day 1 showed a decrease in the number of trials to complete criterion 

when compared to their old control group, but on day 2 this effect was not seen. 

Statistical analyses showed that there was a significant main effect of age (F's>8.6, 

p's<0.006) on both day 1 and day 2. Effect of treatment or interaction of age with 

treatment was not significant in the 4 experimental groups (F's<2.4, p's>0.5). 

3.3. Tests for Psychomotor function 

3.3.1. Locomotor Activity 

Variables horizontal distance and vertical activity measured performance of the 4 

experimental groups of mice in locomotor activity (Fig-6). The left panel shows the mean 

horizontal distance (±S.E) traveled by a mouse. It was found that the young group of 

mice traveled longer distances than the old group of mice. On the other hand vertical 

activity measured was more or less constant for the two age groups (right panel). There 

was no difference between control and alpha lipoic acid treated mice in their horizontal 

distance or vertical activity. A 2-way analysis of variance (ANOVA) showed that the age 

related decline in distance traveled was significant (F= 8.248, p=0.006). 

3.3.2. Coordinated running 

Fig-7: shows the maximum latency (±S.E) achieved by the 4 experimental groups 

of mice in 7 sessions in a rotorod test. From the graph the maximum latency achieved by 
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young mice in the test was greater than that of the old mice. Alpha lipoic acid 

supplementation in young or old mice did not result in improvement in their maximum 

latency. ANOVA showed a significant main effect of age (F=29.113, p<O.OOl) but did 

not indicate any significant effect of treatment or interaction of age with treatment 

(F's<l, p's >0.05). 

3.3.3. Bridge-walking 

Fig-8 is a plot of the average latency to fall (±S.E) for 4 different bridges. The old 

mice showed a tendency to fall faster than the young mice did. Alpha lipoic acid 

supplementation in young and old mice did not have any effect on their latency to fall. A 

2-way ANOVA showed a significant main effect of age (F=29.113 and p<O.OOl) but did 

not show a significant effect of either treatment or an interaction of treatment with age 

(F's<l.l, p's>0.29). 

3.3.4. Wire Suspension 

Fig- 9 is a plot of average latencies of a mouse for 4 days in a wire test. Young 

mice had a lower tendency to fall when suspended from a wire (the left panel) and had a 

much faster tendency to tread (right panel, note that this is shown on an inverse scale) 

than old mice do. The latency to tread decreased on supplementation with alpha lipoic 

acid in young mice. In old mice, however, this effect was not seen. Statistical analyses 

(with age and treatment as factors) showed a significant main effect of age in both 

latency to fall and latency to tread (F's ~ 22.659 and p's < 0.001) while latency to tread 

showed an effect of treatment of alpha lipoic acid (F=4.119 and p= 0.047). The 

interaction for age and treatment was significant at (F=4.520 and p=0.038). 
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3.3.5. Reflex battery 

In the reflex battery there was an effect on walk initiation test with age and an 

effect in alley tum with alpha lipoic acid supplementation in young mice (Table 1 shows 

average latencies in sees for 4 sessions ± S.E). In walk initiation test, the old mice took a 

longer time to move one mouse length as compared to young mice. There was no age 

related decline in performance in alley tum and negative geotaxis. However, the ability of 

young mice to alley tum improved with supplementation of alpha lipoic acid. A 2-way 

analysis of variance (with age and treatment as factors) showed a significant main effect 

of age for walk initiation (F=ll.089, p= 0.002) and for the alley tum test, showed a 

significant main effect of treatment in the young group of mice (F=ll.112, p=0.003). 

3.3.6. Startle response: 

Fig-10 show plots ofthe 4 experimental groups ofmice subjected to different 

leyels of auditory stimuli. The plot of response amplitude in the left panel shows a pattern 

of increase and then a plateau for all 4 experimental groups. The young mice showed 

higher response amplitude as compared to the old mice. Reaction time in the right panel 

at 140 db showed no difference between the 4 experimental groups of mice. Alpha lipoic 

supplementation in young and old mice did not improve their ability to hear, their 

response amplitude and reaction time were similar to that of that of the controls groups of 

mice. A 2-way ANOV A showed a significant main effect of age in response amplitude 

(F's>35.968, p's<O.OOl) but there was no significant effect of treatment and the 

interaction between age and treatment did not show significance (F's<0.65,p's>0.448). 

For shock startle response amplitude improved with different levels of shock 

stimuli (left panel Fig-11 ). The response to shock in old group mice was slower as 
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compared to the young group of mice. Alpha lipoic acid supplementation in young and 

old mice did not produce any improvement in their response. Reaction time at 0.64 rnA 

stimulus intensity, in the right panel showed that there was an age-related decline in 

reaction of old group of mice when compared to reaction in young group of mice. 

Statistical analyses showed that there was a significant main effect of age in response 

amplitude and reaction time (F's>26.8, p's<O.OOl). The effect of treatment and the 

interaction between age and treatment did not show significance (F's<2.48,p's>0.830). 

3.4. Determination ofprotein carbonyl (CO) concentration 

Frozen brain regions were used for the assay. Table-2 shows an average (± S.E) of 

CO concentration in nmollmg of protein in homogenates for the 4 experimental groups in 

the different brain regions. There was no increase in carbonyl concentration in 

cerebellum, cortex, hippocampus, striatum and midbrain of old mice as compared to 

young mice. However, hindbrain showed an in CO concentration in old control mice as 

compared to the CO concentration in young control mice. Alpha lipoic acid 

supplementation in young and old mice did not result in any change in CO concentration. 

Statistical analyses of the data did not show a significant effect in measured CO 

concentration in cerebellum, cortex, hippocampus, striatum and midbrain with age as the 

factor (F's<l.5, p's>0.23). A planned comparison between the hindbrain of young control 

and old control group was significant (p=0.008). A two-way analysis of variance showed 

that there was no significant effect of treatment or interaction of age and treatment 

(F<4.1, p>0.2) in all the six brain regions. 
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4. Discussion 

It was hypothesized that age- related decline in cognitive and/or psychomotor 

functions is the result of oxidative damage leading to loss in brain function. In the present 

we tested whether a treatment with an anti-oxidant alpha lipoic acid would reduce this 

damage and cause an improvement in brain function. 

The results from the present study demonstrate that there was no improvement of 

cognitive or psychomotor performance in old C57BL/6 mice treated with alpha lipoic 

acid. In the swim maze task for both platform and probe trials, the performance of 

experimental C57BL/6 mice improved as a function of sessions. The mice learned to 

locate the 'target' using spatial cues. There was an age-related decline in performance of 

the old mice but the treatment with the antioxidant alpha lipoic acid did not reverse this 

decline in performance. The old treated mice performed as poorly as the old control 

group of mice. Following the swim maze task, the mice were subjected to different levels 

of motor activity. The age-related deceleration in activity as shown in previous studies 

was reproduced (Forster et al., 1991, Forster et al., 1996). However, in alley turn and wire 

suspension test there was an effect on the performance of young group of mice 

supplemented with alpha lipoic acid. The latency of young treated mice to turn in an alley 

and tread in a wire was significantly lower than their corresponding control group. In 

startle, another test for reflex, the magnitude and duration of startle response to different 

levels of shock and auditory stimuli was measured. The mice showed an age-related 

decline in their reflex, but showed no improvement in their response in mice 

supplemented with the alpha lipoic acid. The beneficial effect of the antioxidant was 

restricted in 2 test involving reflex capacity and muscle strength. If supplementing the 
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mice with the antioxidant had any improvement in their reflex than the data from startle 

should have supported it. Therefore the beneficial effect of the drug seen in young mice 

for the 2 test cannot be explained. In discriminated avoidance test, there was a decline in 

short-term memory in aging mice which was not reversed by alpha lipoic acid 

supplementation. 

Following the behavioral test the C57BL/6 male mice were tested for reduction 

in oxidative damage by assaying for oxidized proteins in the different brain regions. Here 

the beneficial effect of the drug alpha lipoic acid by reducing the protein damage in brain 

was not seen. However, there was a trend toward decrease in damaged proteins in old 

treated mice in their assayed brain regions. 

The experimental design for the current study was based on published studies. 

The dosage for the study was based on studies cited in the literature showing an effect of 

the drug with 100 mglkg body weight of the mice (Stoll et. al; 1993, Stoll et.al). In the 

literature, treatment regimen before assaying for drug effects was 14 days, in the current 

study the behavioral testing was started in the 3rd week of the treatment. The reasons for 

alpha lipoic acid not showing any beneficial effects in the present study when compared 

to other studies could result from a difference in the experimental design. Alpha lipoic 

acid could be specific to a species, strain or gender. Most of the studies were done on rats 

or a different strain of mice. Stoll et. al; 1993 showed that there was an increase in 

NMDA receptors in female NMRI mice with an improvement in memory in habituation 

test. Another study by Stoll et. al involved checking for improvement in cognition in 

different species of rodents, female NMRI mice and rats. The experimental design 

involved different routes of administration for different behavioral test and two different 
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alpha lipoic acid dosages for rats. There was no improvement in performance of mice 

treated with the antioxidant in the habituation test, however the performance of old mice 

in swim maze task improved with alpha lipoic acid supplementation. For active 

avoidance tests there was an improved performance in treated rats that was dose 

dependent. To show improvement in higher cognitive tasks like swim maze there may be 

a need to have a higher dose of alpha lipoic acid, have different dosage groups for the 

antioxidant, have a different route of administration. The route of administration used for 

our study was oral, as that is the most preferred route of administration in humans. 

A study of rats supplemented with alpha lipoic acid suggested that there was a 

dose dependent increase in activity of superoxide dismutase, catalase and glutathione 

peroxidase. In the same study it was concluded that the protection of treated tissues from 

lipid peroxidation was due to the beneficial effects of alpha lipoic acid in restoring the 

activity of important enzymatic and non-enzymatic antioxidants, which is declined during 

aging (Arivazhagan, Petal., 2001). There is a need to test for other endpoints of 

oxidative damage like lipid damage, activity of the antioxidant enzymes and DNA 

damage, as many studies have shown protection by alpha lipoic acid supplementation at 

these endpoints. 

Schupke et al., 2001 investigated the metabolism of racemic alpha lipoic acid in 

mice, rats, dogs and humans. It was found that alpha lipoic acid was extensively 

metabolized irrespective of the species and mitochondrial~- oxidation played a major 

role in the metabolism of alpha lipoic. While the metabolism of alpha lipoic acid in mice 

and rats was comparable to that found in humans, a predominant metabolic pathway, 

glycine conjugation was found in mice but not humans. In dogs, the major metabolite was 
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methyl sulfoxides. From this study, it was evident that alpha lipoic acid was subjected to 

heavy metabolism. Following oral administration of alpha lipoic acid, there were no 

detectable amounts of the drug itself but measurement with HPLC showed a profile of 

metabolites at different time points. More than half of the drug was rapidly excreted in 

the first 24 hours. The metabolites of alpha lipoic acid showed increasing polarity rrom 

mouse to rat to dog. A question arises; will alpha lipoic acid prove to be an effective 

antioxidant with such high rates of metabolism? Thiol group in the mitochondrial 

complexes have been shown to play an important role in protection from lipid 

peroxidation (Lioubov et al., 2001). Therefore, restoring the thiol group would be very 

important for the antioxidant effects of alpha lipoic acid, which is lost when it is 

metabolized. It is known that the redox couple, dihydrolipoic acid/lipoic acid recycles all 

antioxidants. It could be possible that alpha lipoic acid and other antioxidants act 

synergistically, that is the recycling of other antioxidants take place before alpha lipoic 

acid is metabolized. In a clinical study by Marangon et.al; 1999 alpha lipoic acid alone 

decreased the protein carbonyl levels in plasma but there was an added protection from 

lipid damage with addition of a tocopherol. Another study showed that a diet 

supplemented with Vit. E and alpha lipoic acid protects the aged rat heart from ischemia

reperfusion induced lipid peroxidation (Coombes et.al; 2000). In this study the level of 

. alpha lipoic acid in aged rats on an antioxidant diet was not significantly higher than the 

control rats, but showed a higher level ofVit. E. This suggests that the antioxidant effect 

of alpha lipoic acid could be by recycling the antioxidant Vit. E, which prevented the 

lipid damage. 
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To summarize, from the present study it was concluded that the antioxidant alpha 

lipoic acid neither had any beneficial nor any detrimental effects both in improving brain 

function as well as reducing damage on the tested experimental model. Further research 

is required in areas of different dosage of alpha lipoic acid, testing for levels of alpha 

lipoic acid in different tissues, testing for different end points of oxidative damage and 

supplementation with combination of different antioxidants. 
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Figure legends 

Fig-1: Average weight in gms (±_S.E) of the 4 experimental groups ofC57BV6 mice at 

the start of study (left panel) and end of study (right panel). • Indicates a significant 

difference from age-matched control (Students T-test following ANOVA). 

Fig-2: Performance of the two young groups ofC57BL/6 mice on swim maze task. 

Measured variable were mean path length (em+ S.E in the top panel) and mean speed 

(em/sec ±_S.E in the bottom panel) as a function of session. 

Fig-3: Performance ofthe different experimental groups ofC57BL/6 mice on swim maze 

task. Measured variable were mean path length (em + S.E in the top panel) and mean 

speed (em/sec + S.E in the bottom panel) as a function of session. 

Fig-4: Performance during a probe trial in the swim maze task for different age groups of 

control and alpha lipoic acid treated C57BL/6 mice. The measured variables were 

average number of entries made into the target (±_S.E) for the probe trial on 4, 7, 11 and 

14 session for the 4 treatment groups. • Indicates a significant difference from age

matched control (Students T -test following ANOV A). 

Fig-5: Performance during a discriminated avoidance test for different age groups of 

control and alpha lipoic acid treated C57BU6 mice. The measured variables were 

number of trials (mean± S.E) required to complete criterion on day 1 in the left panel and 

day 2 in the right panel for the 4 experimental groups. • Indicates a significant difference 

from age-matched control (Students T-test following ANOVA). 



Fig-6: Performance during a locomotor activity test for different age groups of control 

and alpha lipoic acid treated C57BL/6 mice The measured variables were horizontal 

distance (mean ems ± S.E) in the left panel and vertical activity (mean counts± S.E) for 

the 4 experimental groups. * Indicates a significant difference from age-matched control 

(Students T -test following ANOV A). 

Fig-7: Performance during a rotorod test for different age groups of control and alpha 

lipoic acid treated C57BL/6 mice Running performance was measured by latency to fall 

(± S.E). * Indicates a significant difference from age-matched control (Students T -test 

following ANOV A). 

Fig-8 Performance during a bridge-walking test for different age groups of control and 

alpha lipoic acid treated C57BL/6 mice The measured variable was mean latencies to fall 

across 4 different bridges in sees (±_S.E). *Indicates a significant difference from age

matched control (Students T -test following ANOV A). 

Fig-9 Performance during a wire-suspension test for different age groups of control and 

alpha lipoic acid treated C57BL/6 mice The measured variables were latency to fall 

(mean sees ± S.E) as shown in the left panel and latencies to tread (right panel) in (mean 

sees ±_S.E). Note that latency to tread is shown on an inverse scale. • Indicates a 

significant difference from age-matched control. •• Indicates significant difference of the 

2 groups of young mice. (Students T-test following ANOVA). 



Fig-10: Performance during an auditory startle test for different age groups of control and 

alpha lipoic acid treated C57BL/6 mice. Sensory reflex was measured by response 

amplitude (mean mV/gm ± S.E) in the left panel and reaction time at 140 db (mean sec± 

S.E) in the right panel. 

Fig-11: Performance during a shock startle test for different age groups of control and 

alpha lipoic acid treated C57BL/6 mice Sensory reflex was measured by response 

amplitude (mean mV/gm ± S.E) in the left panel and reaction time at 0.64 mA (mean sec 

± S.E) in the right panel. * Indicates a significant difference from age-matched control 

(Students T -test following ANOV A). 
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Table 1 

Average latencies in sec(± S.E) of the 4 experimental groups subjected to a reflex battery 

across for four days. 

Young Old 

Treatment Groups Control Treated Control Treated 

Walk Initiation 2.2.±().4 2.2+0.3 5.7±1.1* 4.7±0.86 

Alley Tum 25.1±3.6 11.8±1.5** 26.1±3.2 18.1±2.9 

Negative Geotaxis 16.7±2.0 14.6±2.1 22.2±2.6 19.4±2.6 

* Indicates a significant difference from age-matched control (Students T -test following 

ANOVA). 

**Indicates significant difference of the 2 groups of young mice. (Students T-test following 

ANOVA). 



Table2 

Average CO concentration in nrnollmg of protein in tissue homogenates for the 4 

experimental groups in different brain regions (young control and treated n=6 in each 

group, old control n=5, old treated n=4). 

Young Old 

Treatment Groups Control Treated Control Treated 

Cerebellum 4.1±0.4 5.2±1 5.3±0.6 4.5±0.8 

Cortex 4.7±0.9 6.2±0.6 4.8±0.9 4.1±0.7 

Hippocampus 4.0±0.4 3.8±0.3 3.9±0.3 3.3±0.2 

Striatum 4.1±0.8 4.4±0.5 5.6±1 4.6±0.5 

Midbrain 2.4±0.2 2.3±0.1 2.5±0.2 2.2±0.2 

Hindbrain 5.2±0.3 6.0±0.6 6.5±0.2* 6.2±0.7 

* Indicates a significant difference from age· matched control (Students T -test following 

ANOVA) .. 












