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Abstract: Luteolin can be found in many traditional Chinese medicines, it’s a falconoid compound derived from 
Lonicera japonica Thunb. This study aims to investigate the neuroprotective effects of luteolin against cognitive 
impairment induced by amyloid-β (Aβ) peptide and the underlying mechanisms in rats. The animal behavioral tests 
showed that luteolin could ameliorate Aβ-induced learning and memory impairment. In hippocampal tissue, the 
activity of choline acetyl transferase (ChAT), superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) in-
creased after treated by luteolin. Luteolin also reversed the increased activity of acetylcholine esterase (AchE). 
In hippocampi homogenate, the content of acetylcholine (Ach) increased, but malondialdehyde (MDA) reduced. 
Moreover, luteolin can increase Bcl-2/Bax ratio. This study demonstrated that luteolin could protect Alzheimer’s 
disease (AD) rats against Aβ-induced cognitive impairment through regulating the cholinergic system and inhibiting 
oxidative injuries. The results suggesting that luteolin may have potential as a therapy for AD.
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Introduction

Alzheimer's disease (AD), an irreversibly pro-
gressive neurodegenerative disorder, is more 
likely to affect older people. It associate with 
memory loss and its typical symptoms are 
memory impairment and cognitive decline 
[1-3]. At present, the pathogenesis of AD 
remains unclear and what we can do just symp-
tomatic alleviation [4], so seeking for effectively 
therapeutic agent becomes urgently. 

The previous study showed that cholinergic 
therapies produced effective improvement in 
AD patients [5]. Enhance the levels of acetyl-
choline (Ach) in the brain is very important in 
disease prevention. It could help prevent neuro-
nal degeneration by compensating the loss of 
cholinergic neuron. Moreover, oxidative dam-
age and formation of oxidized lipids and pro-
teins have been observed in the brain of 
patients with AD [6]. Antioxidants can help pre-
vent neuronal degeneration by preventing the 
generation of free radicals [7-10], and antioxi-
dant therapy can prevent the learning and 

memory deficits [11]. According to these 
researchers, we can surmise that adjusting the 
balance of cholinergic system and reducing oxi-
dative stress, could be an effective measure to 
treat AD.

Luteolin (3,4,5,7-tetra-hydroxylflavone) can be 
found in many traditional Chinese medicines. It 
has shown multiple functions including anti-
inflammatory, anti-oxidative and anti-carcino-
genic effects, etc [12-15]. In recent years, it has 
been applied in pharmacological and clinical 
practice. This study has examined if luteolin 
could improve learning and memory impair-
ment induced by infusion of Aβ (1-40) peptide in 
rats, further to determine the effect of luteolin 
on cholinergic system and oxidative injury.

Numerous studies have demonstrated that sol-
uble amyloid-β (Aβ) oligomers can induce neu-
ronal damage [16-18]. In this study, we estab-
lish cognitive impairment model through con-
tinuous intracerebroventricular infusion of Aβ 
(1-40) peptide in rats.
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Materials and methods

Materials

Luteolin was obtained from Chengdu Must 
Biotechnology Co., Ltd. (Chengdu, China), the 
purity of the chemical was more than 98.0%. 
Aβ (1-40) peptide was purchased from Sigma 
(Saint Louis, USA). Bcl-2, Bax and β-actin anti-
bodies were purchased from Cell Signaling 
Technology (Danvers, MA, USA). 

Animals

Sprague-Dawley rats (250 ± 20 g) were 
obtained from the Experimental Animal Center 
of Suzhou Aiermaite technology Co. Ltd. (SPF 
grade, Certificate No. SCXK20140007). The 
rats were housed in a room under temperature 
(23 ± 2°C), relative humidity (50 ± 10%), 12 h 
light/dark cycle and free access to water and 
food. 

Ethics statements

All animal experiments were performed in 
accordance with the Institutional Animal Care 
Committee of Yantaishan hospital.

Experimental procedure

Rats were randomly assigned to five groups: (I) 
sham control group; (II) Aβ (1–40); (III) Aβ (1–40) 
+ luteolin 50 mg/kg; (IV) Aβ (1–40) + luteolin 
100 mg/kg; (V) Aβ (1-40) + luteolin 200 mg/kg. 
Each group consisted of 10 rats.

Aβ (1-40) peptide was dissolved in 0.9% saline 
solution at a concentration of 1 nM/µl and incu-
bated at 37°C for one week [19]. Rats were 
anesthetized with 10% chloral hydrate (300 
mg/kg), Aβ (1-40) (2 µl) was slowly infused into 
the right lateral ventricle (A-3.0, L-2.0, V-3.3) 
[20]. The rats in the luteolin treatment groups 
(groups III, IV and V) received luteolin orally 
once daily for 17 days, respectively. I and II 
groups received the same volume of physiolog-
ic saline. 

Morris water maze test

The Morris water maze test [21] was carried out 
after the last administration and was evaluated 
blind to the treatments by the observer. 

The apparatus consisted of a circular water 
tank (130 cm diameter and 50 cm high). The 

water temperature was kept at 24 ± 1°C. 
Animals were tested for place-learning acquisi-
tion with the escape platform (11 cm diameter) 
located in the middle of the southeast quad-
rant, 1.5 cm below water surface. Swimming 
paths of the rats were monitored by a video 
camera linked to a computer through an image 
analyzer (SMART, Panlab SL, Barcelona, Spain). 
Training were performed four times daily for 5 
days, introducing the rats randomly from each 
of the four starting positions while facing the 
wall, and allowing them to swim freely until they 
found the platform. At the end of each trial, the 
rat was allowed to stay on the platform for 10 s. 
The rats were guided to the platform and left 
there for 10 s if failing to find the platform with-
in 120 s.

On the sixth day, the platform was removed and 
allowing each rat to swim freely for 120 s inside 
the pool, escape latency to find the hidden plat-
form was measured.

Single-trial passive avoidance test

The Single-trial passive avoidance test was 
evaluated by the method of Bagheri and the 
minor modlifications [22]. The apparatus con-
sisted of an illuminated box (20 cm × 30 cm × 
40 cm) and a dark box (20 cm × 30 cm × 40 
cm). On the first and second days, rats were 
placed in the apparatus for 15 min to habitu-
ate. On the third day, rats were placed in the 
illuminated compartment for 5 min. Then the 
guillotine door was lifted, as soon as the rat 
had entered the dark chamber through the guil-
lotine door, a single electric (1 mA, 1 s) was 
applied. The interval between placement in the 
illuminated chamber and entry into the dark 
chamber was measured as step-through laten-
cy (STL). 24 h after the shock, the rat was 
placed in the illuminated box again and the STL 
was determined. The test was concluded when 
the animal entered into the dark compartment, 
the observation period was regarded as 5 min.

Biochemistry measurement

After behavioral tests, the rats were anesthe-
tized with 10% chloral hydrate (300 mg/kg), 
the hippocampus were isolated quickly. Then 
weighed the hippocampus and prepared as a 
5% (w/v) tissue homogenate in 0.9% saline 
solution. The homogenate was centrifuged and 
the supernatant was collected. The levels of 
acetylcholine esterase (AchE), choline acetyl 
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transferase (ChAT), Ach, glutathione peroxidase 
(GSH-Px), superoxide dismutase (SOD) and 
malondialdehyde (MDA) were measured accord-
ing to the manufacturer’s instructions (Nanjing 
Jiancheng Technology Co., Ltd). 

Western blot analysis 

The levels of Bcl-2 and Bax were detected by 
western blot analysis. The rat hippocampus 
was homogenized in lysis buffer containing 
complete protease inhibitor cocktail (1 M Tris–
HCl (pH 8.0), 5 M NaCl, 10% Nonidet P-40 and 
1 M 1,4-dithio-dl-threitol (DTT)). After quanti-
tated with the bicinchoninic acid (BCA) protein 
assay kit (Beyotime Biotech, Shanghai, China), 
proteins were separated by 12% sodium dodec-
yl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred into polyvinylidene 
difluoride (PVDF) membrane. After the blots 
were blocked with 5% fat-free dried milk for 2 h 

ance (ANOVA) followed by Dunnett’s test. P < 
0.05 was considered to indicate statistically 
significant.

Results

Luteolin significantly improved Aβ-induced im-
pairments in spatial learning and spatial work-
ing memory 

The escape latency to find the hidden platform 
in all rats during the water maze test is shown 
in Table 1. The results suggested that Aβ- 
injected rats had spatial learning and memory 
impairment. While, administration of luteolin 
caused a significant improvement in the longer 
escape latencies compared to relevant data for 
the Aβ group (P < 0.05, P < 0.01). These results 
indicate that Aβ injection leaded to the impair-
ment in spatial learning and memory, and treat-
ment with luteolin significantly attenuated the 

Table 1. Effects of luteolin on the escape latency to find the hidden platform in water maze test
Groups 1 day 2 day   3 day 4 day 5 day 6 day
sham 34.17 ± 6.12 29.11 ± 5.73 20.09 ± 4.46 13.31 ± 1.99 8.43 ± 1.72 8.31 ± 2.41
Aβ 73.41 ± 12.10 61.71 ± 10.47 43.44 ± 9.93 39.93 ± 10.03 30.41 ± 7.01 25.72 ± 6.03
Aβ + luteolin 50 mg/kg 66.76 ± 10.03 53.91 ± 11.12 40.03 ± 9.97 30.11 ± 8.83 22.12 ± 5.13 18.92 ± 4.41
Aβ + luteolin 100 mg/kg 58.61 ± 6.41* 40.11 ± 9.41* 28.37 ± 6.13* 21.51 ± 4.81* 16.16 ± 3.71* 13.93 ± 2.86*

Aβ + luteolin 200 mg/kg 41.07 ± 6.35# 30.15 ± 6.92# 22.17 ± 7.69# 15.16 ± 4.31# 13.93 ± 3.17# 10.33 ± 2.86#

Values are mean ± SD. *P < 0.05, #P < 0.01 vs. Aβ group.

Figure 1. Effects of luteolin on step-through latency in the single-trial passive 
avoidance test. **P < 0.01 vs. sham group, #P < 0.05, ##P < 0.01 vs. Aβ group.

at room temperature, the 
membranes were incubated 
overnight at 4°C with corre-
sponding primary antibod- 
ies. Subsequently, the mem-
branes were incubated with 
the corresponding secondary 
antibodies at room tempera-
ture for 2 h. The blots were 
visualized with enhanced che-
miluminescence (ECL) detec-
tion system (Amersham), and 
the results were analyzed  
by LabImage version 2.7.1 
(Kapelan GmbH, Halle, Ger- 
many).

Statistical analysis

Statistical analysis was per-
formed by using SPSS 17.0, 
data were reported as the 
mean ± SD. Differences be- 
tween groups were analyzed 
by one-way analyses of vari-
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impairment of performance in 
the test trials.

Luteolin significantly im-
proved Aβ-induced impair-
ments in cognitive capacities

The data of STL of rats in the 
single-trial passive avoidance 
test are presented in Figure 
1. No significant differences 
were observed between the 
groups in initial latency. The 
Aβ-injected rats developed a 
marked impairment in STL 
compared with the sham-
operated rats (43.04 ± 4.21 s 
and 98.12 ± 2.13 s, respe- 
ctively). However, treatment 
with luteolin reversed this 
impairment. The results sh- 
owed that treatment with lute-
olin did produce a significantly 
improvement in cognitive ca- 
pacities in Aβ-injected rats.

Effect of luteolin on the levels 
of Ach, AchE and ChAT in hip-
pocampi homogenate

We observed the effects of 
luteolin on the content of Ach, 
and the activities of AchE and 
ChAT in hippocampus of rats. 
The finding showed (Figure 2) 
that the contents of Ach and 
the activity of AchE increased 
in luteolin treated groups (P < 
0.05, P < 0.01), but ChAT 
activity decreased in the hip-
pocampus. We could deduce 
that luteolin could significant-
ly influence the cholinergic 
system.

Effect of luteolin on the levels 
of SOD, GSH-Px and MDA in 
hippocampi homogenate

In this study, we tested the 
homogenate levels of the anti-

Figure 2. Effects of luteolin on 
the levels of Ach, AchE and ChAT 
in hippocampi homogenate. **P < 
0.01 vs. sham group, #P < 0.05, 
##P < 0.01 vs. Aβ group.
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oxidant enzymes (SOD and 
GSH-Px) and end product of 
oxidation (MDA). The results 
showed a significant decline 
in the level of SOD and GSH-
Px (104.42 ± 8.81 U/mg pro-
tein and 7.41 ± 1.84 nmol/mg 
protein, respectively), along 
with the noticeable rise of the 
level of MDA (8.33 ± 0.48 
nmol/mg protein). Those dat- 
es were observed in Aβ- 
injected rats compared with 
sham-operated rats, while 
treatment with luteolin in- 
creased the homogenate level 
of SOD and GSH-Px, simulta-
neously decreased the ho- 
mogenate MDA level (P < 
0.05, P < 0.01) (Figure 3). 

Effect of luteolin on Bcl-2/
Bax ratio in hippocampi ho-
mogenate

To confirm the effects of  
luteolin on apoptosis in Aβ- 
injected rat model of AD, we 
tested Bcl-2/Bax ratio. The 
results showed that the Bcl-2/
Bax ratio decreased in Aβ- 
injected alone groups com-
pared with sham group (Figure 
4). While treatment with luteo-
lin this decrease was greatly 
blocked. The results suggest-
ed that luteolin protected 
Aβ-injected rat model of AD 
via regulating the Bcl-2 family 
proteins.

Discussion

Aβ is the key player in neuro-
nal damage and dementia in 
AD patients, in this study, we 
established cognitive impa- 
irment model through con- 

Figure 3. Effects of luteolin on the 
levels of SOD, GSH-Px and MDA in 
hippocampi homogenate. **P < 
0.01 vs. sham group, #P < 0.05, 
##P < 0.01 vs. Aβ group.
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tinuous intracerebroventricular infusion of Aβ 
(1-40) peptide in rats. Our study confirmed that 
continuous infusion of Aβ (1-40) into the cere-
bral ventricle induced spatial learning and spa-
tial working memory deficits in the rats. The 
findings showed that luteolin significantly ame-
liorated the impairment of spatial learning and 
working memory in Morris water maze test and 
single-trial passive avoidance test. These re- 
sults demonstrate that luteolin could protect 
AD rats against Aβ-induced cognitive impair- 
ment.

Previous studies have showed that Aβ (1-40) 
can lead to cholinergic dysfunction and cogni-
tive impairment [23, 24]. Ach is a key transmit-
ter in brain which influences learning and mem-
ory. Enhance the levels of Ach in the brain is 
very important in disease prevention, it could 
help prevent neuronal degeneration by com-
pensate the loss of cholinergic neuron. ChAT 
and AchE are important for maintaining a sta-
ble level of Ach in brain. In our study, the cholin-
ergic system was slightly impaired in the 
Aβ-infused rats. The results showed a signifi-
cant increased activity of AchE and decreased 
activity of ChAT, as well as a significant decrease 

able to transform intracellular superoxide anion 
to H2O2. MDA is the end-product of the oxygen-
derived free radicals and lipid oxidation, which 
reflects the damage caused by reactive oxygen 
species. Our study showed that the injection of 
Aβ (1-40) in rats decreased the activities of 
SOD and GSH-Px, but enhanced MDA produc-
tion. However, luteolin could significant ame- 
liorate these abnormalities. These biological 
parameters demonstrated the luteolin appears 
to be an effective antioxidant, and the neuro-
protective effects of luteolin might because of 
its antioxidant capacity.

Some studies have provided that neurodegen-
eration in AD is associated with apoptosis [26, 
27]. The apoptosis always link with genes under 
physiological and pathological conditions. The 
Bcl-2 and Bax genes are suggested to play a 
major role in determining cell’s survival or death 
under the condition of apoptotic stimulate [28]. 
Bcl-2 plays an important role in the mainte-
nance of cell survival, while the main role of 
Bax is to accelerate the apoptotic. Bcl-2 and 
Bax have been thought to implicate in the pro-
cess of apoptosis [29]. In the present study, the 
injected of Aβ (1-40) leaded to the expression 

Figure 4. Effects of luteolin on apoptosis induced by infusion of Aβ peptide. 
**P < 0.01 vs. sham group, #P < 0.05, ##P < 0.01 vs. Aβ group.

in the content of Ach in hippo-
campus of rats. While, treated 
with luteolin could reverse 
this abnormality. It was dem-
onstrated that luteolin could 
significantly influence the cho-
linergic system, also explain 
the behavioral improvement 
we observed in the treated 
rats.

Oxidative damage plays an 
important role in the develop-
ment and progression of AD 
[25], which was associated 
with Aβ-induced neuronal da- 
mage. In the present study, 
we found that luteolin rever- 
sed Aβ-induced oxidative inju-
ries. There are some enzymes 
in cellular protection against 
damage from oxygen-derived 
free radicals, such as GSH-Px 
and SOD. The main physiologi-
cal function of GSH-Px is free 
radical scavenging, antioxi-
dant and anti-aging. SOD is 
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of Bcl-2 protein was reduced, while the expres-
sion of Bax protein was increased. These 
changes finally leaded to the decrease of Bcl-2/
Bax ratio. However, treatment with luteolin, the 
ratio was obviously improved. The results 
showed that luteolin could attenuate the 
Aβ-induced apoptosis in AD rats. Therefore, we 
speculated that luteolin protected Aβ-injected 
rat model of AD via regulating the Bcl-2 family 
proteins.

In conclusion, we have demonstrated that lute-
olin improved Aβ-induced learning and memory 
deficits in AD model rats. The mechanisms of 
action for luteolin include regulating the cholin-
ergic system and inhibiting oxidative injuries. 
Our findings suggest, luteolin has a strong 
potential for neuroprotection. Thus, it may be 
effective as a treatment for AD. This study pro-
vides basis for further research of effective 
substance and mechanism.
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