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Abstract
Objective: To observe the role of alpha lipoic acid (α-LA) and oxidative stress in STZ diabetic rats.
Methods: Male SD rats were randomly divided into 3 groups: Normal control group (NC, n=10);
Diabetes control group (DC, n=10) and Diabetes lipoic acid group (DL, n=10), feeding for 18w. From 12
to 18w, α-LA (60 mg/kg) was given to DL group. Morris water maze test was evaluated in the 12th and
18th week. MDA, p22phox (NADPH oxidase subunit), SOD and GSH-Px levels of hippocampal tissue
were determined in the 18th week. Results: the escape latency period: 12w, DC>DL>NC group (P<0.05);
18 w, DC>DL group>NC group (P<0.05). MDA p22phox, NADPH oxidase subunit: DC group>DL>NC
group (P<0.05). SOD and gsh-px: DC<DL group<NC group (P<0.05). Conclusion: Diabetes is one of the
factors which cause cognitive impairment, and α-LA could improve cognition and reduce hippocampal
oxidative stress. Moreover, α-LA could decrease the levels of oxidative stress and thereby improve the
cognitive dysfunction of STZ diabetic rats.
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Introduction
Diabetes can lead to cognitive dysfunction, whose clinical
manifestations are declined learning and memory ability, and
even dementia [1]. Studies have shown that diabetes is an
independent risk factor for dementia [2]. However, the specific
mechanism is not clear. What's more, currently, there is no
reliable and effective treatment for dementia induced by
diabetes.
Oxidative stress plays an important role in the development of
diabetes complications [3]. Oxidative stress refers to an
imbalance between oxidation and antioxidant in the body and
will lead to the production of a large number of free radicals,
resulting in tissue damage. Superoxide dismutase (SOD) and
glutathione peroxidase (GSH-Px) are important anti-oxidative
enzymes in the body, which can reflect the antioxidant capacity
of the body [4]. Malondialdehyde (MDA) is the most important
product of lipid peroxidation, which can reflect the degree of
lipid peroxidation of the body [5]. NADPH oxidase, a key
enzyme of oxidative stress, is the most important substance to
stimulate production of reactive oxygen species, and p22phox
is an important subunit of NADPH oxidase [6].
α-Lipoic acid (α-LA), known as the universal antioxidant and a
coenzyme present in the mitochondria, can eliminate
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pathogenic free radicals [7]. Because it is both lipid and water
soluble, it is able to reach all parts of the body. In this study, αLA was used as an intervention factor, and the changes of
cognitive function, and levels of SOD, GSH-Px, MDA and
NADPH oxidase subunit p22phox in hippocampal tissue in
streptozotocin (STZ)-diabetic rats before and after treatment
were observed to explore the effect of α-LA on cognitive
function of diabetes mellitus and its mechanism.

Materials and Methods
Experimental materials
α-LA injection and STZ were purchased from Yabao
Pharmaceutical Company, Shanxi, China, and Sigma-Aldrich
Chemical Company, St Louis MO, USA, respectively. SOD,
GSH-Px, MDA assay kits were purchased from Jiancheng
Biotechnology Co., Ltd., Nanjing, China. The Morris water
maze was manufactured by Huaibei Zhenghua Equipment Co.,
Ltd., Anhui, China.

Experimental method
Experimental grouping and model preparation: Thirty
healthy clean grade male SD rats weighing 150-170 g were
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purchased from the Animal Experiment Center of Hebei
Medical University. After one-week adaptive feeding, rats
were divided into the normal control (NC) group, diabetes
control (DC) group, and diabetic lipoic acid (DL) group, with
10 rats in each group. Then rats were fed for 18 weeks.
Rats were given intraperitoneal injection of STZ (60 mg/kg).
Rats whose tail vein plasma glucose levels were no less than
16.7mmol/L were viewed as STZ diabetic rats. From the week
13 to the week 18, rats in the DL group were given
intraperitoneal injection of α-LA (60 mg/kg), while rats in the
DC group were given intraperitoneal injection of the same
amount of normal saline.
Morris water maze experiment: The Morris water maze
experiment was performed on rats in each group in the week 1,
week 12 and week 18. Morris water maze is a round pool, 150
cm in diameter and 60 cm deep. The pool was divided into 4
quadrants. The platform is 40 cm high, and located in the
center of the first quadrant. The water depth was set at 42 cm,
and milk powder was poured into water in order to make it
milky white. The water should be within one degree of 25°C.
The experiment was conducted for 5 days. The first 4 days
were for training, every day of which rats were trained in each
of the 4 quadrants for 1 time. On the fifth day, rats underwent
testing. The escape latency (the time rats take to find the
platform after placed into the water) was recorded.
Tissue preparation and detection of SOD, GSH-Px, and
MDA in hippocampus tissue: Rats were anesthetized by
intraperitoneal injection of 10% chloral hydrate (3 mg/kg) and
underwent craniectomy (in a sterile condition) at the end of the
week 18. The hippocampus tissues were placed in liquid
nitrogen and stored at -70°C in the refrigerator for the
detection of SOD (the xanthine oxidase method), GSH-Px
(5,5'-dithio-bis(2-nitrobenzoic acid)), MDA (the thiobarbituric
acid (TBA) method). The operation was conducted according
to kit instructions.
Detection of mRNA of NADPH oxidase subunit p22phox in
hippocampus tissue: According to instructions of Trizol kits
(Invitrogen Inc., Carlsbad, CA, USA), the total RNA was
extracted from the hippocampus tissue. Reverse transcription
was carried out according to the instruction of TaKaRa reverse
transcription kit. The reaction system was 10 μl. The
conditions were 37°C for 15 min and 8°C for 5 min. NADPH
and β-actin primers were synthesized by Sangon Biotech
(Shanghai) Co., Ltd. (Table 1). Real-time PCR was carried out
using ABI PRISM 7000 HT, with the reaction system of 20 μl.
The procedures for two-step PCR were listed as follows: initial
predenaturation at 95°C for 30 s; followed by 40 consecutive
cycles of denaturation at 95°C for 5 s and extension at 60°C for
34 s. The Ct valueswere obtained and the comparison between
group was performed according to the formula: Folds=2(-ΔΔCt).
Table 1. Sequences of NADPH and β-actin primers.
Gene
names

Primer sequences

Amplified
fragment lengths

NADPH

5′- TCTGGGAGCAACACCTTGGAAAC -3′

119bp

5230

5′- AGAAGCCAAGTGAGGCCGAAGAG -3′
5′-GGCATGGACTGTGGTCATGA-3′
β2-actin

186bp
5′-TTCACCACCATGGAGAAGGC-3′

Statistical methods
All data analysis was conducted using SPSS (version 13.0).
The results of water maze test were analyzed by repeated
measures analysis of variance (ANOVA). Count data were
presented as (x̅ ± s). Comparisons between groups were
performed using one-way ANOVA. A P value of less than 0.05
was considered statistically significant.

Results
General conditions
Rats in the DC group were apathetic and retarded with thin
skin. “Three polys and one little” symptoms were obvious.
During the intervention process, the condition of rats in the DL
group was better than that of rats in the DC group. Rats in the
NC group reacted adroitly with luster hair colors and normal
diets.

Results of the Morris water maze experiment (the
escape latency)
As shown in Table 2, in week 12, the escape latency of the DC
group was not significantly different from that of the DL group
(P>0.05), while it was significantly prolonged compared with
that of the NC group (P<0.05), indicating that diabetes had
caused cognitive dysfunction in the DC group.
In week 18, the escape latency of the DL group was
significantly shortened in comparison with that of the DC
group (P<0.05). However, it was still longer than the escape
latency of the NC group (P<0.05), indicating that α-LA can
ameliorate cognitive dysfunction caused by diabetes.
Table 2. Results of the Morris water maze experiment.
Group

Week 12

Week 18

Escape latency, s

Escape latency, s

DC

101.42 ± 12.57#

96.22 ± 15.54#

DL

99.49 ± 13.12#

86.53 ± 11.69*,#

NC

52.32 ± 6.38

47.21 ± 5.44

*P<0.05

compared with the DC group, #P<0.05 compared with the NC group

Oxidative stress-related results
Comparison of mRNA expression levels of NADPH oxidase
subunit p22phox: DC group>DL group>NC group (P<0.05).
The mRNA content of the DC group was 3.16 times as much
as that of the NC group (P<0.05). The mRNA content of the
DL group was 2.36 times as much as that of the NC group
(P<0.05) (Figure 1).
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Comparison of MDA, SOD and GSH-Px in different
groups:
•

DC group>DL group>NC group (P<0.05). The MDA
content of the DC group was significantly higher than that
of the NC group (P<0.05). The MDA content of the DL
group was significantly higher than that of the NC group
(P<0.05) (Table 3).
Compared with the NC group, the DC group and DL group
showed declines of SOD and GSH-Px levels and an
increase of MDA levels (P<0.05).
Compared with the DC group, the DL group showed
increases of SOD and GSH-Px levels and a decline of
MDA levels (P<0.05).
The above results indicate that the anti-oxidative stress
ability of the brains of STZ diabetic rats' brains was
decreased, and that α-LA could increase the anti-oxidative
stress ability of STZ diabetic rats' brains.

•

•

•

Table 3. Contents of MDA, SOD and GSH-Px in different groups.
Group

MDA (mmol/L)

SOD (U/ml)

GSH-Px (U/ml)

DC

3.98 ± 0.92*

40.64 ± 11.33*

70.55 ± 14.71*

DL

2.46 ± 0.37*,#

56.39 ± 12.58*,#

74.26 ± 13.52*,#

NC

1.73 ± 0.45

80.53 ± 16.65

79.42 ± 13.43

*P<0.05compared

with the NC group; #P<0.05 compared with the DC group.

α-LA, known as the most powerful natural antioxidant [10], is
both water and lipid soluble, which enables it to go through the
blood-brain barrier smoothly and thus protect cerebral neurons
[11]. In recent years, the effects of α-LA on the CNS and
cognitive dysfunction gain more and more attention.
Tomassoni et al have confirmed that α-LA can protect the
nerve tissue of patients with brain trauma and stroke [12].
Hager et al. have found that α-LA can significantly slow
rogression of Alzheimer's disease [13]. Meanwhile, the number
of studies on the impacts of α-LA on diabetic cognitive
dysfunction is gradually increasing. Sharma et al have shown
that α-LA could prevent cognitive impairment and oxidative
stress induced by intracerebroventricular streptozotocinable to
reduce the degree of lipid peroxidation in the brain tissue of
STZ diabetic rats, and therefore alleviate cognitive impairment
[14].
In this study, α-LA was used as an intervention factor to treat
STZ diabetic rats with cognitive dysfunction for 6 weeks. The
escape latency in the Morris water maze navigation and
positioning experiment was applied to evaluate the cognitive
function in rats. The levels of SOD, GSH-Px and MDA were
used to reflect the oxidative stress in hippocampus tissue. The
results showed that in week 12 when the model was
established, cognitive dysfunction (prolonged escape latency)
occurred in STZ diabetic rats. A 6-week α-LA intervention
improved cognitive dysfunction significantly (reduced escape
latency). At the same time, the activities of SOD and GSH-Px,
which reflect the antioxidant capacity of the body, increased.
Also, the expression of the subunit p22phox of NADPH
oxidase, the key enzyme of oxidative stress, was decreased.
The level of MDA, which reflects the degree of lipid
peroxidation in the body, decreased, indicating that oxidative
stress levels in hippocampus tissue was improved. Therefore,
we inferred that the ability of α-LA to improve diabetic
cognitive function may be related to its strong antioxidant
effects.
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Discussion
Diabetes mellitus is a metabolic disease characterized by
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the central nervous system (CNS) [8]. With the increase of
morbidity year by year, CNS lesions in diabetic patients, whose
main manifestation is cognitive dysfunction, have attracted
more and more research focus. Studies have shown that
chronic hyperglycemia can produce direct toxic effects on CNS
through oxidative stress, causing changes in functions and
structures of hippocampal neurons, and leading to diabetic
cognitive dysfunction [9].
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