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Protective Effect of Ginkgo Biloba Leaf Extract on Learning and 
Memory Deficit Induced by Aluminum in Model Rats 
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ABSTRACT Objective: To examine the protective effect of Ginkgo biloba leaf extract (GbE) on learning 
and memory deficit induced by aluminum chloride (AICI3), and explore its mechanisms. Methods: The rat 
models with learning and memory deficit were induced by administering via gastrogavage and drinking of 
AICI3 solution. And the model rats were treated with GbE at the dose of 50, 100, 200 mg/kg every day for 2 
months accompanied with drinking of AICI3 solution, respectively. Their abil it ies of spatial learning and mem- 
ory were tested by Morris water maze, and the acetylcholinesterase (ACHE) activity in serum was assayed 
with chemical method, the AChE expression in hippocampus was observed by immunohistochemistry assay, 
and then quantitative analysis was done by BI 2000 image analysis system. Results: Learning and memory 
deficit of rats could be induced by AICI3 solution ( P<O. 01 ) ,  and AChE expressions in rats hippocampus were 
increased ( P < 0 . 0 1 ) ~  GbE ameliorated learning and memory deficit and reduced AChE expression in rats 
hippocampus in a dose-dependent manner, while GbE significantly increased serum AChE activity at the dose 
of 200 mg/kg each day ( P < 0 . 0 5 ) .  Conclusion: GbE can ameliorate learning and memory deficit induced by 
AICI3, which may be due to its inhibition of the AChE expression in hippocampus. 
KEY WORDS Ginkgo biloba leaf extract, aluminum chloride, learning and memory, acetylcholinester- 
ase, rats 

The neurotoxicity of aluminum came to light in 
the context of dialysis of encephalopathy caused by 
aluminum accumulation in patients with dialytic en- 
cephalopathy {1) . The aluminum induced syndrome of 
dialytic encephalopathy is mainly characterized by 
paraphasia, aphasia, and decline in psychological 
performance test ~2'3) . As to animals, aluminum seri- 
ously worsened rats learning accompanied with the 
increase of acetylcholinesterase (ACHE) activity 
and decreased acetylcholinetransferase activity ~4'5) . 
Oral administration of aluminum chloride (AICI3) in- 
duced decreasing cholinergic and noradrenergic ac- 
tivit ies ~6). Rabe A, et al. found that the neurofibril- 
lary changes following learning deficit in rabbits was 
induced by aluminum. These studies demonstrated 
that the function of cholinergic system is closely re- 
lated with cognitive function of animals, and cholin- 
ergic neurons in hippocampus and amygdaloid nucle- 
us are most likely to be playing an important role in 
the activity of sleep and memory ~7) . The model with 
learning and memory deficit induced by aluminum is 
always used to examine the effect of the drug used. 

The pharmacological effects of Ginkgo biloba 
leaf extract (GbE),  with its main active ingredients 
as flavone glycosides and diterpene lactone, had 
effect on antioxidant, free radical scavenging, 
nerve protection, and platelet aggregation inhibi- 
tion ~8) . Lots of pharmacological and clinical studies 
demonstrated that GbE has a positive effect in en- 
hancing short-term memory (9} , and so it is primarily 
used as an important remedy against aging and de- 

generative changes. However, the influence of GbE 
on the AChE changing induced by aluminum in the 
central and peripheral nerve system need to be fur- 
ther researched. In the present study, the model 
with learning and memory deficit induced by AICI3 
solution was used to observe the effect of GbE on 
learning and memory and AChE both in hippocampus 
and in serum in rats. 

METHODS 

Drugs and Reagents 
GbE (containing 26% flavone glycosides and 

6% diterpene lactone) was purchased from Xinbang 
Pharmaceutical Factory, and prepared with normal 
saline before using. The antibody of AChE (rabbit- 
anti-rat) was purchased from Santa Cruz Co. ,  and 
diluted as 1 : 200. Streptavidin-biotin complex 
(SABC) kit ( rabbi t )  and diaminobenzidine (DAB) 
staining kit were purchased from BOSTER Biological 
Engineering Co. ,  China. AChE kit was purchased 
from Nanjing Jiancheng Bio-engineering Institute. 
AICI3 (identif ied analytical grade) was purchased 
from Sanxiao Chemical Industry Factory and pre- 
pared as 50 g/L  and 1.6 g/L solution with distil led 
water, and placed in 4 "(3 refrigerator for use. 
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Apparatus 
Morris water maze and BI2000 image analysis 

system (Chengdu Taimeng Co. ) ,  721 prismatic 
photometer (Shanghai Shenhua Instrument Co. ) ,  
Electron Balance (Beijing Sartorius Balance Co.,  
Ltd), HL-2 transfusion pump (Shanghai Jingke In- 
dustrial Co. ,  L td . ) ,  and COIC optics microscope 
(Chongqing Optics Instrument Factory). 

Animals 
Thirty-five qualified 8-12 weeks old male Wist- 

ar rats (grade ~ ,  weighing 200-250 g) were sup- 
plied by the Experimental Animal Center of the Third 
Military Medical University. Qualification number 
was 2002018. The animals were housed with a 12 h 
light/dark cycle and at 22.0 ~ and allowed free ac- 
cess to food and distilled water or AICI3 solution. 
Ordinary forage was given, and all the rats were got 
out of touching with aluminum ware. 

Grouping and Treatment of Animals 
After screening by Morris water maze, the 

qualified 35 rats were randomly divided into the nor- 
mal control group (n = 7) and the mode~ group (n = 
28) by simple randomized sampling method. The 
model rats were administered by gastrogavage with 
50 g/L AICI3 at the concentration of 1 ml/100 g dur- 
ing the first month and made to drink 1.6 g/L AICI3 
solution. In the later 2 months, they were only al- 
lowed to drink 1.6 g/L AICG solution, and after their 
learning and memory function obviously decreased, 
the model rats were further divided into four groups: 
AICI3 group, and the 3 treated groups (low, middle 
and high dose of GbE group), with 7 rats in each 
group. The rats in the control group were fed with 
distilled water all the time, and 3 treated groups 
were administered with GbE 50 mg/kg, GbE 
100 mg/kg, GbE 200 mg/kg and AICI3 solution ev- 
ery day for 2 months, respectively. AICI~ group and 
the control group were treated with the same volume 
of distilled water. The abilities of learning and mem- 
ory were tested by Morris water maze once a 
month. After being treated for 2 months, all the ani- 
mals were sacrificed, and the serum AChE activity 
was assayed by chemical method, the AChE ex- 
pression in hippocampus was determined by immu- 
nohistochemistry (IHC)assay, and then quantitative 
analysis was done by BI2000 image analysis sys- 
tem, respectively. 

Morris Water Maze Experiment 
The apparatus consists of a large circular pool 

(120 cm in diameter, 38 cm in height) and a clear 
Perspex platform (12 cm in diameter, 28 cm in 
height, placed 2 cm below the water level) as well 

as recording system. The test procedure was oper- 
ated according to the method in literature published 
as previously described ~10,~1~. The procedure con- 
tinued for 7 days firstly, and then was tested once a 
month after the start of treatment with AICI3 solution 
and GbE or distilled water. The escape latency and 
searching distance were used to evaluate the learn- 
ing and memory functions of rats. 

Preparations of Serum and Brain Sampling 
Two months after treatment with GbE or dis- 

tilled water, the rats were anesthesized with 35% 
chloral hydrate in a concentration of l ml/kg, and 
2 ml blood from the vein of eye socket of each rat 
was placed in dry test tubes at 4~ for one night, 
and the supernate was prepared for use. Prepara- 
tion of brain sample was prepared as previously de- 
scribed ~2~ . 

Determination of AChE Levels 
The 0.05 ml serum sample of each rat was used 

to measure AChE activity by chemical methods (ac- 
cording to the instruction of kit). 

Immunohistochemistry Assay 
Free floating staining and SABC method were 

used for detection. DAB was used as a staining a- 
gent. The rabbits normal immune serum was used to 
replace primary antibody (antibody-AChE) in nega- 
tive control group. PBS was used to replace primary 
antibody in working control group. 

Image Analysis 
IHC analysis module of BI2000 image analysis 

system was used to semi-quantitatively determine 
the level of AChE in hippocampus in brain tissue 
slices. The content of AChE was expressed by mean 
absorbance (MA) and mean gradation (MG). High- 
er MA means more expression, whereas higher MG 
means less expression. 

Statistical Analysis 
All experimental results were expressed as 

mean -+ standard deviation. Statistical analysis was 
performed by t test and q test. A probability level 
of P~O. 05 or P<O. 01 was considered as signifi- 

cant. 

RESULTS 

Effect of AICI3 on Learning and Memory 
Morris water maze test showed that learning 

and memory functions of model rats were significant- 
ly longer as compared with that of the control group 
( P < 0 . 0 1 )  including escape latency and searching 
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distance, indicating that the rat models of learning 
and memory deficit were established successfully. 
See Figure 1, 2. 
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Figure 1. Escape Latency of Rats Induced by 
AICI3 Solution for 0 month, 3 months and 5 months 

Note: ~ * P<0.01, compared with the control group 

Figure 4. Searching Distance of the Treated- 
Groups by GbE at the Dose of 50, 100, 200 mg/kg 

Every Day for Two Months 
Note: * * P< 0.01, compared with the AICI3 group 

Figure 2. Searching Distance of Rats Induced by 
AICI3 Solution for 0 Month, 3 Months and 5 Months 

Note:" * P~0.01, compared with the control group 

Effect of GbE on Learning and Memory Defi- 
cits Induced by AICI3 

After being treated with GbE for two months, 
the learning and memory credits of the GbE-treated 
groups were significantly shorter in a dose-depend- 
ent manner ( P < 0 . 0 1 ) ,  see Figure 3, 4. During the 
procedure, the changes in body weight of the rats in 
all groups had insignificant difference. 

Figure 3. Escape Latency of the Treated-Groups by 
GbE at the Dose of 50, 100, 200 mg/kg 

Every Day for Two Months 
Note: * " P~0.01, compared with the AICI3 group 

Effect of GbE on Serum AChE Activity 
The serum AChE activity was insignificantly dif- 

ferent between the control group and AICI3 group. 
After being treated with GbE, higher expression in 
the serum AChE activity was shown in the high GbE 
dose group as compared with AICI3 group (P  < 0. 
05). See Figure 5. 

Figure 5. Effect of GbE 50, 100, 200 mg/kg on 
Activity of AChE in Serum 

Note: * P d0.05, compared with the AICI3 group 

Effect of GbE on the AChE Expression in Hip- 
pocampus 

In all brain tissue slices, cytoplasm and mem- 
brane of cone-shaped cell in hippocampus showed 
deepest stain in the AICI3 group and the most under- 
tint in the control group, and the staining showed to 
be gradually paler and paler with the increase of 
dose of GbE. Image analysis showed that the MA 
value was the highest and MG was the lowest in the 
AICI3 group, while the MA value was the lowest and 
MG was the highest in the control group. The MA 
value was decreased along with the increasing dos- 
age, and MG value was increased in a dose-de- 
pendent manner in the treated groups. Either the 
value of MA or MG had insignificantly difference be- 
tween the high-dose treated group and the control 
group. Above results indicated that the level of 
AChE in hippocampus in AICI3 group was elevated 
and decreased after being treated with GbE, even 
reaching the normal level when treated at the dose 
of 200 mg/kg every day. See Figure 6-8 . 

DISCUSSION 

In the last 20 years, it has been realized that a- 
luminum ingestion can induce adverse reactions on 
the central nervous system both in animals and hu- 
man beings. Clinically, individuals undergoing dialy- 
sis may experience the neurotoxic effects of aluminum. 
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Figure 6. The Expression of ACHE in Hippocampus 
Notes; A: AICI3, B= Control, C: AICI3--GbE 50 mg/kg , D= AICI3§ 100 mg/kg , E: AICI3§ 200 mg/kg (X400) 

function, assessed by the end of 3 months, was 
characterized by retarded memory and learning func- 

tions. These findings coincided with those reported 
by Yen-Koo, who found a notable effect of aluminum 
on conditioned avoidance in young mice (~4) . 

Figure 7. Effect of GbE 50, 100, 200 mg/kg on 
Level of MA of AChE in Hippocampus 

Notes= ~ P<O. 05, ~ * P<O. 01, compared with the con- 
trol group; c P<0.01, compared with the model group 

Figure 8. Effect of GbE 50, 100, 200 mg/kg on 
Level of MG of AChE in hippocampus 

Notes= * P<0.05 ,  *~ P<0 .01 ,  compared with the 
control group; A P<O. 01, compared with the model group 

Further more, workers exposed to aluminum dust or 
fume showed a decreased cognitive function as seen 
in several cross-sectional field studies. Another re- 
search showed that impairment of behavioral per- 
formance was found in workers exposed to aluminum 
fume ~3) . In the present study, rats were exposed to 
aluminum via administering and drinking of AICI3 so- 
lution for 3 months, and there were no detrimental 
effects on weight gain. The neurobehavioral dys- 

Cholinesterases are a large family of enzymatic 
proteins widely distributed throughout both neuronal 
and non-neuronal tissues. In AIzheimer's disease 
(AD) ,  epidemiological studies suggest an implica- 
tion of an abnormal focal accumulation of aluminum in 
the brain. In this retrograde affection, aluminum may 
interfere with various biochemical processes inclu- 
ding Acetylcholine (Ach) metabolism, and can thus 

act as a possible etiopathogenic cofactor. Ach in 
brain is considered to be closely related to short- 
term memory, and the degree of Ach reduction was 
positively correlated with dementia severity ~ls~ . The 
clinical symptoms of AD patients can be improved by 
increasing the function of Ach system. So it is con- 
sidered that Ach quantities are a major symbol in 
judging spatial memory of rats. As no effective 
method can be found to determine Ach level till now, 

the determination of key enzyme decompounding 
and/or compounding Ach is used to reflect indirectly 
Ach level. AChE is the key enzyme decompounding 

Ach, and AChE inhibitors are used to treat learning 
and memory deficit. And that is why AChE expres- 
sion in hippocampus and AChE activity in serum 

were examined in the present study. 

Aluminum can enhance the activity of AChE in 
vivo and in vitro <6) , although there were reports that 
in vivo exposure of rats to aluminum for 90 days 
could cause decrease in AChE activity ~16) . In the 
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present s tudy,  a luminum increased the AChE ex-  

press ion,  but it d id not af fect  the AChE ac t i v i t y  in 

serum. GbE could par t ia l l y  reverse learning and 

memory def ic i t  induced by a luminum, and the ex-  

pression of AChE in h ippocampus was decreased in 

a dose-dependent  manner. It is speculated that GbE" 

s amel io ra t ion  of learning and memory def ic i t  in- 

duced by aluminum is re lated to its inh ib i t ion of the 

express ion of AChE in h ippocampus.  

In add i t ion ,  we  also found AChE ac t i v i t y  in ser-  

um was s ign i f icant ly  inf luenced by GbE at the dose of 

200 mg /kg  every  day. AChE in serum comes main ly  

from l iver  ce l l ,  wh ich  can main ly  be used to est imate 

stor ing ab i l i t y  of l iver  and prognosis of l iver  d isea-  

ses. It seems to suggest that GbE is e f fect ive in pro- 

tect ing and enhancing l iver funct ion,  and therefore 

its c l in ical  app l ica t ion  is benef ic ia l .  At  the same 

t ime,  most l ike ly  it does not produce cho l inerg ic  

symptoms during the course of t reatment ,  such as 

nausea,  vomi t ing ,  etc. 

In conclus ion,  GbE can amel io ra te  learning and 

memory def ic i t  induced by AICI3 in rats,  and its 

mechanism may be due to its inh ib i t ion of AChE ex-  

pression in h ippocampus.  
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