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Abstract

Diabetes mellitus is one of the most common metabolic disorders that is associated with
many complications such as memory impairment and dementia. Alpha lipoic acid (ALA)
has been shown to have antihyperglycaemic and antioxidant effects. This study aimed to
evaluate the effects of ALA on spatial working memory, and acetylcholinesterase level in
type-2 diabetic Wistar rats. Thirty rats were divided into six groups of five each (n=5).
Diabetes mellitus was induced using a high-fat diet for six weeks followed by a single low
dose of streptozotocin (40 mg/kg) intraperitoneally and followed by a high-fat diet for
another two weeks. Group I served as normoglycemic control and received 1 ml/kg
normal saline, group II, III, IV, V, and VI were diabetic and received 1 ml/kg normal saline,
glibenclamide 1 mg/kg, ALA 100 mg/kg, ALA 200 mg/kg and ALA 400 mg/kg
respectively. All administrations were done orally for 21 days. Blood glucose level was
determined before and after administrations, spatial working memory was determined
using spontaneous alternation in the Y-maze, and the serum was used for the
determination of acetylcholinesterase level. The results showed that ALA at 200 mg/kg
significantly increased percentage alternation on day 21 with values of 69.73 + 2.67%
compared to the untreated group (57.97 + 2.27%). Serum acetylcholinesterase level was
significantly (p <0.05) reduced (78.62 + 1.66 U/ml) in the rats that received 400 mg/kg ALA
compared to the untreated group (88.28 + 1.82 U/ml). The findings of this study suggest
that ALA improved spatial working memory and acetylcholine activity in Wistar rats.

Diabetes mellitus (DM) is a metabolic disease or
disorder that has been associated with complications
in the nervous system especially the peripheral
nervous system (PNS) and several organs in the body,
such as the kidney, eyes, and brain [1]. Among the
complications of DM, cognitive dysfunctions are
relatively less addressed [2]. DM is characterized by
high blood glucose levels as a result of insufficient
insulin for the body's needs. Type-1 diabetes (T1IDM)

is an autoimmune disease that results in beta-cell
destruction. It usually presents in childhood, accounts
for 5-10% of all diabetes, is associated with the
presence of islet-cell antibodies, and patients require
lifelong insulin. Type-2 diabetes (T2DM), the most
common form of the disease, is influenced by lifestyle
factors, such as age, pregnancy, and obesity, but has a
strong genetic component. Multiple genes are thought
to be involved, each producing a small effect on T2DM
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risk [3].
Cognitive impairment has been linked with diabetes
mellitus (DM). Hence, prompting new demands for
accurate quantification of cognitive dysfunction
among persons with diabetes [4, 5]. Researchers
suggested that cognitive dysfunction should be listed
along with the chronic complications of DM like
diabetic diabetic neuropathy, and
diabetic Comorbid

impairments in the diabetic population are evident in

retinopathy,
nephropathy [6]. cognitive
clinical practice [7-9]. It has not been studied
comprehensively in the preclinical setting where the
emphasis is significantly given to research on the
amelioration of the macro- and microvascular
complications of DM [10]. Positive correlations have
been found to exist between DM and cognitive
impairment. It has been suggested that the central
nervous system (CNS) is a crucial target for diabetic
complications. these complications include micro-
vascular diseases; insulin resistance; activation of
polyol pathway; increased formation of advanced
glycation end-products (AGEs) and activation of
protein kinase C. All these could serve as a
mechanism underlining the pathogenesis and
progression of cognitive impairments in DM [6,11].

on the use of

There were recommendations

complementary therapies such as antioxidant

supplementation in patients with metabolic
abnormalities to boost their nutritional status and
immune system [12]. Existing evidence has proven the
beneficial effects of several antioxidant supplements
including Curcumin [13,14], pentoxifylline [15], and
lycopene [16,17] on reducing oxidative stress and
inflammation which are secondary to persistent
hyperglycemia. Oxidative stress and inflammation
appear to be major drivers in the pathogenic
mechanisms underlying the cognitive impairments in
DM. Antioxidants and

supplements like alpha lipoic acid could be potential

anti-inflammatory

therapeutic tools for preventing and treating cognitive

impairments.

2. Materials and methods

2.1 Animals

A total of thirty (30) male Wistar rats weighing 200-
250 grams were used for the study. The animals were
housed in plastic cages under standard laboratory
conditions with free access to food and water.
allowed for two weeks for

Animals were

acclimatization to the laboratory environment before
the commencement of the experiments. The animals
were handled by principles guiding the use and
handling of experimental animals per the Universal
declaration of animals rights proclaimed in Paris on
15 October, 1978.

2.2 Drugs, reagents, and other materials

All drugs and reagents were obtained commercially
and were of analytical grades. The drugs, reagents,
equipment, and other materials that were used for the
study include alpha lipoic acid purchased from
Puritan's Pride Inc. (Ronkonkoma, New York, USA).
A digital glucometer was used for blood glucose
(Accu-Check Advantage, Roche
Diagnostic, Germany).

determination

2.3 Induction of diabetes and experimental design

The rats were fasted for about 13 hours before the
commencement of the experiment but were allowed
water ad libitum throughout the experiment. The
normal groups were fed with standard rat feed only
while the high-fat diet fed groups were as described
by Magalhaes et al., [18] with little modification. The
high-fat diet (HFD: 35% commercial feed, 25%
groundnut, 25% fat, and 15% groundnut oil) was used
for the induction of obesity and DM. rats were fed for
six (6) weeks followed by a single dose of
streptozotocin (STZ) 40 mg/kg intraperitoneally (IP)
followed by high-fat diet for another 2 weeks. Rats
fasted for 12 hours and fasting blood glucose levels
were measured to confirm the establishment of
diabetes [18]. Rats with fasting blood glucose levels of
16 mmol/L were considered diabetic and selected for
the study [18]. The fasting blood glucose level
estimation was done between 0700 — 0900 hours on
day O (pre-treatment) and day 21 (post-treatment).
The rats were divided into six (6) groups of five (5)
rats each (n = 5). All drug administrations were done
orally for 21 days as follows; Group I served as normal
control and received 1 ml/kg 0.9% normal saline;
Group II, IIL, IV, V, and VI were all diabetic and
received 1 ml/kg 0.9% normal saline, 1 mg/kg
glibenclamide, 100 mg/kg ALA, 200 mg/kg ALA, 400
mg/kg ALA respectively.

2.4 Y-maze test (Spontaneous alternation version)

In this version, each mouse is placed in the Y-maze for

6-8 minutes and the number of arms entered as well

as the sequence of entries is recorded and a score is

calculated to determine the alternation rate. An
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alternation is defined as entry into all three arms
consecutively. For instance, if an animal makes the
following arm entries: A, C, B, C, A, B, C, A, C, A, B,
C,A; the animal has made 13 arm entries 8 of which
are correct alternations. The number of maximum
spontaneous alternations is then the total number of
arms entered minus two, and the percentage
alternation is calculated as (actual
alternations/maximum alternations x100). A high
alternation rate is indicative of sustained spatial
working memory as the animals must remember

which arm was entered last to not re-enter it [19].

2.5 Determination of fasting blood glucose level
The blood samples were obtained from the rat tail

vein on days 0 (pre-treatment) and 21 (post-treatment).

A digital glucometer was used to measure the blood
glucose levels using the glucose oxidase principle [46]
using the digital glucometer (Accu-Check Advantage,
Roche Diagnosticc, Germany), and results were
expressed in mmol/L [47].

2.6 Termination of experiment and sample collection

On day 21 (3 weeks after the treatment period), all rats
were subjected to light anesthesia by exposing them
to chloroform soaked in cotton wool placed in an
anesthetic box. Blood samples of about 5 ml were
collected from the heart of each rat from all groups by
cardiac puncture. The samples were collected in
Eppendorf tubes and allowed to clot. Thereafter, the
serum was separated by centrifugation at 3000 rpm
for 10 minutes. The serum was used for
acetylcholinesterase assay using an
acetylcholinesterase enzyme (AChE) ELISA kit (Cat-
bio-14126, Shanghai Coon Koon Biotech Co., Ltd,
Shanghai, China) according to the manufacturer's

instruction.

2.7 Statistical analysis

Statistical Package for the Social Sciences version 22
(SPSS 22) was used to analyze the data. Data obtained
were presented as mean + standard error of the mean
(SEM). Analysis of variance (ANOVA) was employed
to compare the level of significance between
experimental groups. Tukey’s post hoc was conducted
to determine the degree of difference between groups.
Values of p < 0.05 were considered significant.

3. Results
To determine the effect of ALA on fasting blood
glucose level (Table 1), diabetic animals were given

different doses of ALA (100 mg/kg, 200 mg/kg, and
400 mg/kg) daily for 21 days, and blood glucose level
was checked at the beginning (day 0) and end (day 21).
We observed a significant (p < 0.05) decrease in the
fasting blood glucose level across the three doses after
21 days, especially in the group administered ALA
400 mg/kg (8.60 + 0.68 mmol/L) compared to the first
day of administration (20.44 + 1.01 mmol/L). Also, the
group that received 400 mg/kg ALA showed
significant [F (5, 30) = 55.51, p < 0.0001)] reduction
(Group VI: 8.60 + 0.68 mmol/L) in fasting blood
glucose level compared to the diabetic control group
(Group II: 20.06 = 0.70 mmol/L).

Table 1. Effect of ALA on Fasting Blood Glucose Levels of
Type-2 Diabetic Wistar Rats.

Groups Day 0 Day 21
(mmol/L) (mmol/L)

Normal + NS (1 ml/kg) 4.88 £0.50 4.84 +£0.25°
DM + NS (1 ml/kg) 19.96 +1.202 20.06 £ 0.702
DM + Glib (1 mg/kg) 19.76 £ 1.022 7.02 £ 0.792be
DM + ALA (100 mg/kg) 20.86+1.40°  10.02 +0.712bc
DM + ALA (200 mg/kg) 21.44+1.142 8.78 £ 0.942bc
DM + ALA (400 mg/kg) 20.44 +1.012 8.60 + 0.68b<

Values having superscript letters a, b, and c are statistically
significant (p < 0.05) compared with the normal control group
(Normal + NS), diabetic control group (DM + NS), and day 0
respectively. NS: Normal saline; DM: Diabetes mellitus; Glib:
Glibenclamide; ALA: alpha lipoic acid.

We also observed a significant (p <0.05) increase in the
percentage alternation (Fig. 1) across the three doses
of ALA after 21 days of administration with the
highest change observed at the dose of 100 mg/kg
(67.63 + 2.61%) compared to day 0 (pre-treatment) of
the same group (55.36 + 1.83%).

80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

Percentage Alternation (%)

Normal + DM+ 1
Iml/kg ml/kgNS mg/kg mgkg mgkg mgkg
NS Glib ALA ALA ALA

DM+1 DM+100 DM +200 DM + 400

ODay 0 (%) Day 21 (%)

Figure 1. Effect of ALA on Spatial Working Memory using
Y-maze test in Type-2 Diabetic Wistar Rats.

(Values with error bars having different superscripts letters a,b are
significant (p < 0.05); a and b = compared with day 0 (same group),
and ¢ = compared with diabetic control (DM + NS). NS: Normal
saline; DM: Diabetes mellitus; Glib: Glibenclamide; ALA: alpha
lipoic acid).
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There was no significant [F (5, 30) = 1.84, p > 0.05)]
increase in percentage alternation between the
different groups on the same day (day 21).

To determine the effect of ALA on serum AChE level
(Fig. 2), diabetic animals were given different doses of
ALA (100 mg/kg, 200 mg/kg, and 400 mg/kg) daily for
21 days and serum AChE level was determined after
the administration. We observed a significant [F (5, 30)
=14.82, p <0.0001)] decrease in the serum AChE level
of rats administered ALA 400 mg/kg (78.62 + 1.66
U/ml) compared to the diabetic control group (88.28 +
1.82 U/ml).

120.00
100.00
80.00

60.00

40.00

Serum AChE level (U/ml)

20.00

0.00

Normal + DM +1 DM +1 DM +100 DM+200 DM +400
Iml/kg NS ml/kg NS mg/kg Glib mg/kg ALA mg/kg ALA mg/kg ALA

Figure 2. Effect of ALA on Serum AChE Level in Type-2
Diabetic Wistar Rats.

(Values with error bars having * are significant (p < 0.05) compared
to group II. NS: Normal saline; DM: Diabetes mellitus; Glib:
Glibenclamide; ALA: alpha lipoic acid; AChE:
Acetylcholinesterase.)

4. Discussion
Several scientific researchers have over the years
associated diabetes mellitus with peripheral nerve
Alzheimer's disease, and
DM also alters the

metabolism of lipids and proteins adversely [20-22].

damage, cognitive

impairment. intermediary

The wuse of chemicals such as alloxan and
streptozotocin has been used for many decades to
induce diabetes mellitus in experimental animals.
Other methods used to induce diabetes mellitus

include dietary formulations such as a high-fat diet to

induce insulin resistance and diabetes mellitus [23-25].

It was postulated that hyperglycemia, oxidative stress,
dyslipidemia, and inflammation are the major
mediators for the pathogenesis and progression of
memory impairment in diabetes mellitus [26, 27].
Alpha lipoic acid (ALA) has been used for some years
now as an antioxidant with antihyperglycemic and

anti-inflammatory effects. It is also used to treat many

ailments because of its wide spectrum of
pharmacological activities [28, 29]. Scientific research
spanning more than a decade has confirmed the
of ALA and

established its ability to act as a chemo-preventive

diverse pharmacological effects
agent as well as a potential therapeutic agent against
several chronic diseases. This study investigated the
influence of type-2 diabetes on fasting blood glucose
levels, cognitive function, and some biomarkers of
oxidative stress and the possible modulatory role of
ALA.

In this study, we observed that all three doses of alpha
lipoic acid significantly (p <0.05) decreased the fasting
blood glucose level when compared to the control
group. The decrease in the fasting blood glucose level
observed in the present study suggests that daily
administration of alpha lipoic acid improved the
hyperglycaemic condition induced by a high-fat
diet/streptozotocin  in  experimental = animals.
Indicating that alpha lipoic acid has a strong
antihyperglycemic effect. Also, the treatment group
and normoglycemic control group showed no
significant (p > 0.05) difference, hence suggesting that
alpha lipoic acid might have led to the recovery of
insulin resistance and aided in the transport of
glucose into tissues. The findings of the present study
agreed with the Ansar et al., [30], in which alpha lipoic
acid improved insulin resistance and diabetic
condition in type-2 diabetic patient. Also, Elbadawy et
al. [31] reported an ameliorative effect on peripheral
neuropathy, glycated hemoglobin, and lipid profiles

in diabetic patient.

A Y-maze test was carried out to determine the spatial
memory ability of rats. The Y-maze task was carried
out to assess the animals' spontaneous tendency to
alternate among the 3 arms of the maze, often linked
to working memory. Results obtained in Fig. 1 clearly
showed that hyperglycemia and diabetes mellitus
might be linked to cognitive decline and memory
impairment. We observed a non-significant change in
the working memory of the experimental rats in the
diabetic control group between day 0 and day 21. A
recent discovery of insulin receptors in the brain areas
associated with learning and memory, especially the
hippocampus has improved the understanding of the
possible involvement of insulin in memory encoding
[32, 33]. The non-significant change observed in this
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group might be a result of the increase in the insulin
level and its possible role in memory encoding and or
consolidation. However, the group that received
different doses of ALA showed significant increase in
spatial working memory after administration
compared to day 0 (pre-treatment). This improve-
ment might be associated with the reduction in the
level of AChE level as seen in the present study.
Increased phosphorylated tau proteins have been
shown to increase the expression and activity of AChE
in the synaptic cleft and hence, decrease the activity of
acetylcholine (a neurotransmitter implicated in
memory formation) [43]. It might also be due to the
lipid lowering effect of ALA in hyperglycaemic rats
[49]. Dyslipidaemia is believed to be among the major
players in the pathogenesis and progression of
memory impairment in diabetes. Also, it could be due
to the blood glucose-lowering effect of ALA and
decreased shunting of glucose into the hexosamine
pathway. Glucose shunting into the hexosamine
pathway and activation of the polyol pathway has
been linked to the onset and progression of cognitive
decline among the diabetes population through
neuronal injury [34]. These pathways might promote
additional vascular ROS production that activates
proinflammatory pathways associated with key
molecular events in atherogenesis [34-36]. The results
obtained in the high-dose of ALA treated group
showed a significant (p< 0.05) increase in percentage
spontaneous alternation in the Y maze test when
compared to the diabetic control group on day 21.
This is an indication that ALA at a high dose may
improve spatial working memory. The group that
received standard antidiabetic drugs did not show
any significant increase in spatial working memory
compared to the diabetic control group on day 21.
Increased ROS generation, polyol pathway activation,
advanced glycation end products, and glucose
shunting into the hexosamine pathway cause
neurotoxicity, cognitive impairment, neuronal death,
and end-organ damage due to hyperglycaemia [37-
39]. This finding was similar to the Villasana et al. that
showed ALA prevents radiation-induced impairme-
nts in spatial memory retention in the water maze
probe trials following reversal learning [40]. Also,
Memudu and Adanike reported that Alpha lipoic acid
reverses scopolamine-induced spatial memory loss
in the

and pyramidal cell neurodegeneration

prefrontal cortex of Wistar rats [41]. Attenuation of
spatial working memory impairment of ALA also
reported [48].

One of the major neurotransmitters found in the
hippocampus that help in memory formation is
Acetylcholine like
neurotransmitters binds to both presynaptic to

acetylcholine. other
regulate its secretion and postsynaptic receptors and
activate it. The activity of which is also controlled by
the effect of acetylcholinesterase (AChE) [42-44].
AChE is a key enzyme in the cholinergic nervous
system which is commonly associated with 3-amyloid
plaques and neurofibrillary tangles (NFT). Increasing
evidence suggests that both 3-amyloid protein (A{3)
and abnormally hyperphosphorylated tau (P-tau) can
influence AChE expression [43]. In this study, we
observed a significant decrease in the amount of
acetylcholinesterase in rats administered ALA 400
mg/kg (figure 2) compared to the diabetic control
group. This is a clear indication that at this dose, the
activity of AChE was significantly reduced hence
increasing the effect of Ach at the postsynaptic
membrane Ach receptors. This is an important
indication of a possible reason for the improved
memory observed in the present study. This reduction
might be accompanied by a decrease in tau protein
AChE
inhibitors (AChEI) are thought to be important
enhancers of cholinergic transmission. They act by
inhibiting the effect of AChEs. A3 peptides influence
AChE levels, thus AP might be responsible for
increased AChE around plaques [44]. This finding

phosphorylation and plaque formation.

conforms to that of Arivazhagan et al. who reported
that lipoic acid is effective in the restoration of the
activity of acetylcholinesterase in aged rats [45].

5. Conclusions

Results obtained in the present study demonstrated
that Type-2 diabetes mellitus causes memory
impairment, which significantly improved after 21
days of administration of ALA. Spatial working
memory was improved by ALA's antihyperglycemic
and acetylcholinesterase reducing effects.
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