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Abstract

This study examined the protective effects of Ginkgo biloba extract (GbE) on the learning and memory function

in aluminum-treated rats and potential mechanisms. Wistar rats were given daily aluminum chloride 500 mg/kg,

i.g, for one month, followed by continuous exposure via the drinking water containing 1600 ppm aluminum

chloride for up to 5 months. The ability of spatial learning and memory was tested by Morris water maze.

Aluminum administration significantly increased escape latency and searching distance, indicative of brain

dysfunction. GbE treatment (50–200 mg/kg, i.g) significantly protected against aluminum-induced brain

dysfunction, as evidenced by decreased escape latency and searching distance compared with the Al alone

group. To examine the mechanisms of the protection, the expressions of amyloid precursor protein (APP) and

caspase-3 in brain regions were examined by immunohistochemistry. GbE treatment reduced the contents of APP

and caspase-3 in hippocampus of aluminum-treated rats in a dose-dependent manner. At the highest dose of GbE

(200 mg/kg), the immunostain for APP and caspase-3 was returned to normal levels. In summary, this study

demonstrates that GbE is effective in improving the ability of spatial learning and memory of aluminum-

intoxicated rats. This protection appears to be due to a decreased expression of APP and caspase-3 in rat brain,

resulting in a decrease in the production of insoluble fragments of Abeta-amyloid.
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Introduction

Aluminum (Al) is considered as a potential etiological factor in Alzheimer’s disease (AD)

(McLachlan et al., 1991; Flaten, 2001; Heininger, 2000; Rondeau et al., 2000). Amyloid

neurotoxicity from aluminum excess is documented from both clinical observations and animal

experiments. The Al-induced syndrome of dialysis encephalopathy is characterized by speech

disturbances, seizures, and decline in psychological performance tests (Jack et al., 1983–84; Hantson

et al., 1995). Animal studies indicate that Al induced central nervous system impairments, in terms

of neuropathological, neurochemical, neurophysiological and neurobehavioral changes. Among them,

deficits of learning and behavioral functions are most evident. Al worsens ratTs learning ability

together with alterations in acetylcholinesterase activity (Bilkei-Gorzo, 1993; Zatta et al., 2002).

Excessive aluminum intake might lead to learning and memory impairments in rats (Qian et al.,

1997; Miu et al., 2003), and the deposit of Amyloid protein in central nerve cells and

overexpression of APP (Campbell et al., 2000; Xu et al., 1995). Current researches show that

Al-induced neurotoxicity is associated with apoptosis (Savory et al., 2003; Savory et al., 1999; Guo

and Liang, 2001) and oxidative stress (Abubakar et al., 2003; Di and Bi, 2003). However, the exact

mechanism of Al-induced brain dysfunction remains unclear, and there is no effective therapy for

Al-induced brain dysfunction. GbE, a well-known antioxidant, has been used to treat a variety of

neurological disturbances in Alzheimer’s disease, as evidenced by improving depression and short-

term memory loss (Kanowski et al., 1996; Le Bars et al., 1997; Hofferberth, 1994). However,

whether GbE could protect the Al-induced loss of learning and memory is not known. In the

present study, we have utilized Morris water maze task to evaluate the beneficial effects of GbE,

and examined the expression of APP and caspase-3 by immunohistochemistry as a mechanism of

action.
Materials and methods

Reagents

GbE containing 26% flavone glycosides and 6% diterpen lactone was obtained from

Xinbang Pharmaceutical Company (Guizhou, China), and prepared as 0.1% solution in saline.

The antibodies of APP-(rabbit-anti-rat) and caspase-3 (rabbit-anti-rat), Streptavidin-biotin

complex (SABC) kit and diaminobenzidine (DAB) staining kit were purchased from BOSTER

Biological Engineering Co. (Wuhan, China). Aluminum chloride (AlCl3, analytical grade) was

purchased from Sanxiao Chemical Company (Shanghai, China). All other reagents are of reagent

grade.

Animals

Sixty 8–12-week male Wistar rats (weighing 200–250 g) were obtained from Animal Center of the

Third Military Medical University (Chongqing, China). Animals were housed with a 12-h light/dark

cycle and at 22 8C and allowed free access to food and tap water. All animal studies were complied with

Animal Care and Use Guideline in China.
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Study design

The rats were first screened by Morris water maze test to exclude rats with unordinary scores. Thirty-

five qualified rats were then randomly divided into two groups: control (n = 7) and model (n = 28). Rats

were given daily AlCl3 solution (500 mg/kg, i.g, 0.5 ml/100 g) or saline (0.5 ml/100 g, i.g. for control)

for the first month, and then fed with AlCl3 solution (1600 ppm in distilled water) for up to 5 months.

Three months after aluminum administration, The brain dysfunction models were established. The

model rats were then treated with GbE (50 mg/kg, 100 mg/kg, and 200 mg/kg) for two months to

examine their learning and memory function by Morris water test.

Morris water maze task

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, place 2 cm below the water level). The test

procedure is based on the method previously described (Gage, 1984; Morris, 1984). Briefly, the rats

were trained twice a day for 7 days. On day 1, the rats were placed in the water pool and allowed

to swim freely for 2 min with no way to escape. The water temperature was adjusted to 26F1 8C.
On day 2, 0.75 kg milk power was dissolved in the pool, making the water opaque. The platform

was hidden in one of the four locations in the middle of each quadrant (SW, NW, NE and SE). The

rats were placed in the pool gently from the one of four quadrants. The rats have to find the

platform in order to escape. The time taken to escape from water (escape latency) and the path

crossed the water (searching distance) were measured. The first placed location was randomly

changed for each tested rat. Four trials were conducted every day for each placed location. The

procedure continued for 7 days, then once every month after treated with AlCl3 solution and/or

GbE. The escape latency and searching distance were used in the evaluation of the learning and

memory functions.

Brain sample preparation

Two months after treatment with GbE, rats were fixed in a supine position after 35% chloral hydrate

anesthesia to fully expose thorax and heart. A tracer (No 16) connected with transfusion pump was

inserted into aorta through the tip of heart. Ventura aorta was clamped, and atria was cut open, then

transfused forward with cold (4 8C) phosphate buffer solution (PBS, 0.1 mol/L). When the outflow of

PBS from left atria was limpid, PBS was replaced by cold formalin (4 8C) until the carcass turned rigid.

Brain tissues were removed and fixed in formalin (4 8C) over night. On the next day, the tissues were

removed and deposited in saccharose solution (20%, containing anti-septics). Freezing coronal brain

tissue slice was prepared at 30-Am thick each.

Immunohistochemistry

Freefloating incubation and SABC (streptavidin-biotin complex) method were used for detection.

DAB was used as a staining agent. Rabbit normal immune serum was used to replace primary antibody

(antibody-APP, antibody- caspase-3) in negative control group. PBS was used to replace secondary

antibody in working control group.
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Statistical method

Data are mean F SD. Adopt q-test and t-test of Microsoft excel. There is significant discrepancy

when P V 0.05.
Results

Effects of GbE on the damages of learning and memory function induced by AlCl3

After training for 7 days, 35 rats were divided into 2 groups, with similar credits in escape latency and

searching distance. The model Rats received 500 mg/kg AlCl3 solution by garage for one month and

1600 ppm through the drinking water for two months. Following the first month i.g Al treatments, the

animal body weights were not different from controls. Rats were then fed with aluminum-containing

water for up to 5 months, and this treatment procedure did not affect animalTs growth. However, Morris

water maze test showed that the learning and memory functions of model rats become significantly

longer from control, indicative of brain dysfunction (Fig. 1). Then the model rats were divided into four

groups: Model, treated with AlCl3 solution only, or with GbE at the dose of 50 mg/kg, 100 mg/kg, and

200 mg/kg. The learning and memory functions of the GbE-treated groups were significantly shorter in a

dose-dependent manner (Fig. 2).
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Fig. 1. A. Escape latency of rats ingested AlCl3; B. Searching distance of rats ingested AlCl3, in which rats were given AlCl3
solution (500 mg/kg, i.g.) or saline (control) for first month, and then fed with AlCl3 solution (1600 ppm) for up to 5 months, *P

V 0.05 vs control.
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Fig. 2. Effects of GbE (at the dose of 50, 100, 200 mg/kg/d for two months, respectively) on escape latency (A) and searching

distance (B) of rats ingested AlCl3. *P V 0.05 vs model.
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Effects of GbE on APP and caspase-3 induced by AlCl3 in rats

In all brain tissue slices, cytoplasm and membrane of cone-shaped cell in hippocampus showed

deepest yellow stain for APP and caspase-3 in model rats. APP is a transmembrane glycoprotein that

extends its carboxylic terminal into cytoplasm. Caspase-3 is considered to be a prominent effector

caspase, and caspases are cysteine proteases that are thought to be critical in the execution of apoptotic

cell death. A distinct yellow stain could be observed in cytoplasm and membrane of the cone-shaped

cell. Following GbE treatment, the immunostain was decreased in a dose-dependent manner. The results

clearly indicated that the level of APP (Fig. 3) and caspase-3 (Fig. 4) overexpression in model rats’

hippocampus was significantly attenuated by the treatment with GbE.
Discussion

GbE, at doses of 50–200 mg/kg, is beneficial in a broad range of physiological dysfunctions and

pathological conditions, including those involved in the inhibition of free radical formation (Pietri et

al., 1997), anti-platelet aggregation and anti-thrombotic effects (Kim et al., 1998). GbE also protected

against hypoxia-induced ATP decrease in endothelial cells (Janssens et al, 1995), and significantly



Fig. 3. Immunohistochemistry photos of APP. A) APP Control (�400). APP is a transmembrane glycoprotein that extends its

carboxylic terminal into cytoplasm. A distinct yellow stain could be observed in cytoplasm and membrane of the cone-shaped

cell; B) APP Al (�400); C) APP Al+GbE100 mg/kg/d (�400); D) APP Al+GbE 200 mg/kg/d (�400).

Fig. 4. Immunohistochemistry photos of caspase-3. E) Caspase-3 Control (�400). F) Caspase-3 Al (�400). G) Caspase-3

Al+GbE 100 mg/kg/d (�400). H) Caspase-3 Al+GbE 200 mg/kg/d (�400).
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improved the function of lymphocytes (Turcan et al., 1995). GbE also helps modulate cerebral energy

metabolism and inhibits acetylcholinesterase in brain (Sastre et al, 1998; Wettstein, 1999).

Furthermore, Both the Abeta aggregation and the caspase-3 activity can be inhibited by treating

cells with GbE 761(Luo et al, 2002). Numerous pharmacological and clinical studies of GbE have

demonstrated a beneficiary effect in enhancing short-term memory (Winter, 1998). Overall, GbE is an

important remedy for aging and the elderly to restore proper function and to prevent degenerative

changes.

In the present study, we have clearly demonstrated that GbE protected the brain disorder induced by

AlCl3 solution, as evidenced by Morris water maze test, and the brain specific expressions of APP and

caspase-3 in a dose-dependent and time-dependent manner. Thus, the present study provides mechanistic

basis for GbE in the treatment of brain disorders.

The proteolysis process of APP has two pathways. One is secretive pathway. The other is

endocytotic pathway. In secretive pathway, APP is cleaved by a-secretase to generate Abeta

segment. While in endocytotic pathway, APP is first cleaved by h-secretase where abutting against

the amino-terminal of Abeta segment. The process generates a surface APP (APPs) and a P11
segment which contains an integrated Abeta segment. Then P11 is cleaved by g-secretase at the

carboxyl end of Abeta segment to generate integrated Abeta (Selkoe, 1993, 2002). Caspase-3

mediated cleavage of the APP has been proposed as a putative mechanism underlying amyloidosis

and neuronal cell death in AD (Ayala-Grosso et al, 2002), Caspase-3 is the predominant caspase

involved in APP cleavage, consistent with its marked elevation in dying neurons of Alzheimer’s

disease brains and co-localization of its APP cleavage product with Abeta in senile plaques.

Caspases thus appear to play a dual role in proteolytic processing of APP and the resulting

propensity for Abeta peptide formation, as well as in the ultimate apoptotic death of neurons in

Alzheimer’s disease (Gervais et al, 1999).

The present study shows that the levels of APP and caspase-3 were increased in model group

compared with controls. This suggests aluminum salt can induce the overexpressions of APP and

caspase-3. The overexpressions of APP and caspase-3 are important mechanisms of biochemistry and

neuropathogenesis. After treatment with GbE, the levels of APP and caspase-3 in brain dysfunction

model rats were reduced. Thus it is suggested that the beneficial effects of GbE in brain dysfunction

model rats induced by aluminum salt are probably due, at least in part, to lowering the expressions of

APP and caspase-3 induced by aluminum salt, which contributes to decrease the production of insoluble

fragments of Abeta.

In summary, the present study demonstrates that long-term treatment with GbE significantly

ameliorates the learning and memory ability in Morris water maze in rats chronically exposed to Al. GbE

also suppressed the Al-induced overexpressions of hippocampal APP and caspase-3 immunoreactivity.

The potential relevance of the present results to clinical therapeutics in the treatment of brain

dysfunction, including AlzheimerTs disease, deserve further investigation.
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