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Abstract: Alzheimer’s disease, the leading cause of dementia in the elderly, is a complex neurodegenerative disorder which leads to
a progressive decline in cognitive functions. A rapid screening model is highly demanded for identification and evaluation of novel
anti-Alzheimer’s disease drugs from a large numbers of compounds. Until now, numerous studies utilized zebrafish model for drug
discovery. Since aluminum can induce a similar biological activity in zebrafish as in Alzheimer patients, in this study, we developed
a novel animal model using 3 to 5 day post-fertilization larval zebrafish by optimizing the doses and duration of aluminum chloride
exposure. Six anti-Alzheimer’s disease drugs with a variety of mechanisms were tested to validate the newly developed zebrafish
model. Importantly, Rivastigmine, ThT, Flurbiprofen and AM-117 could increase the value of Dyskinesia Recovery Rate by
53.4-64%, 169.4-200%, 54.5-96% and 70.9-121%, respectively. Rivastigmine, Memantine, ThT, Flurbiprofen, Rosiglitazone and
AM-117 improved the value of Response Efficiency by 86.6-175.1%, 28.2-66.6%, 127.2-236.5%, 118.3-323.7%, 26.6-140.8% and
70.2-161.4%, respectively. Our results suggest that the zebrafish model developed in this study could be a useful tool for high
throughput screening of potential novel anti-Alzheimer’s disease leading compounds targeting acetylcholinesterase,
N-methyl-D-aspartic acid receptor, y-secretase, peroxisome proliferator-activated receptor-y and amyloid-p.
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1. Introduction Alzheimer’s disease [6, 7]. In recent years, zebrafish
models have attracted great attention and are widely
used due to its cost-efficiency. For example, Paquet et
al developed a tau transgenic zebrafish model to
identify the compounds that targeted tau
phosphorylation [8]. Inhibition of GSK3, a potential
AD drug target, led to the headless embryo of
zebrafish, in which the phenotype was used to
successfully identify several GSK3 inhibitors [9, 10].
However, most of the zebrafish models of AD are
transgenic, which is cost- and time-consuming, a new
zebrafish model for rapid screening of anti-AD drugs
is highly demanded.

Aluminum chloride is a standard chemical
previously used to induce AD models in rodents [5, 11,
12]. Given the fact that aluminum can reduce the
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AD (Alzheimer’s disease), the leading cause of
dementia in the elderly, is a complex
neurodegenerative disorder which often leads to a
progressive decline in cognitive functions [1, 2].
Many in vitro and in vivo studies demonstrated that
multiple factors, such as low acetylcholine level,
metal dyshomeostasis, oxidative stress and A
(amyloid-p) aggregation, may be involve in the
development of AD [3-5]. However, the pathogenesis
of AD still remains to be elucidated.

In order to screen the anti-AD drug, the
experimental animal models that mimic AD
pathological processes are essential. For a long time,
mice have been the dominant system for the study of
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model by aluminum chloride exposure. Here in this
study, we utilized 3-5 dpf (day post-fertilization) fish
larvae, instead of 6-8 months zebrafish described
previously as an optimum stage of zebrafish, to create
an AD model in order to perform high-throughput
drug screening as well as cut the cost. Three
conditions (AICI3 exposure concentration, AICI3
exposure period and drug treatment concentration)
were optimized in the model development, of which
Donepezil was used as a positive control drug. Six
anti-AD drugs (Table 1) marketed, or in clinical trials,
with a variety of mechanisms of action were applied
to validate the model. DRR (Dyskinesia Recovery
Rate) and RE (Response Efficiency) to light change
were used to quantify the drug efficacy. Our results
demonstrated that RE could be used as a reliable and
convenient measurement to evaluate all 6 anti-AD
drugs; whereas DRR was effective for Rivastigmine,
Thioflavine T, Flurbiprofen and AM-117, but not for
Memantine and Rosiglitazone.

2. Methods
2.1 Zebrafish Handling

The wild-type zebrafish of both sexes were used in
this study. Zebrafish embryos were generated by
natural pairwise mating in our aquaculture facility.
The fish were kept in the reverse osmosis water
containing 200 mg/L sea salt (conductivity of 480-510
uS/cm; pH of 6.9-7.2; hardness of 53.7-71.6 mg/L
CaCO0s) on a 14/10 h light/dark cycle (lights on at

Table1 Anti-AD drugs used in the study.

8:30 a.m.) at a temperature of 28 °C. After the
completion of the experiment, 0.25 mg/ml tricaine
methanesulfonate was used to kill the various
developmental stages of zebrafish. The procedures
were in accordance with EU Directive 2010/63/EU for
animal experiments.

2.2 Chemicals

Acetylcholinesterase inhibitor DPZ (donepezil) was
purchased from TRC Canada. Memantine and
Aluminum chloride were purchased from Aladdin
Reagent Inc. Flurbiprofen and ThT were purchased
from Sigma-Aldrich Co., Ltd. Rosiglitazone was
purchased from Nanjing Tianzun Zezhong Chemical
Co., Ltd. AM-117 was synthesized in our laboratory.

2.3 Zebrafish AD Model Development

2.3.1 Optimization of AICl;
Concentration

For zebrafish, most developmental processes occur
within the first day, and the endothelial BBB
(blood-brain barrier) begins to function at 3dpf [14].
Consequently, 3dpf zebrafish were chosen as an
optimal stage for the model development. The
zebrafish were placed in a 6-well microplate at a

density of 30 zebrafish per well and treated with AICl;

Exposure

with three various concentrations (15, 50 and 150 uM)
from 3dpf to 5dpf to determine the optimal exposure
concentration of AICl;. After adding 150 uM of AlCls,
fish water pH value was reduced to 5.0.

Drug Mechanism Target(s) Status
Donepezil (DPZ) acetylcholinesterase inhibitor acetylcholinesterase Approved for AD
Rivastigmine acetylcholinesterase inhibitor acetylcholinesterase Approved for AD
Memantine N-methyl-D-aspartic acid receptor N-methyl-D-aspartic acid receptor |Approved for AD
antagonist
Thioflavine T AP aggregation inhibitor AB Tool medicine for AD
Approved for nonsteroidal
Flurbiprofen y-secretase inhibitor AP anti-inflammatory drug
Phase 111 clinical trials for AD
- . Approved for hypoglycemic drug
Rosiglitazone PPARY agonist AB Clinical trials for AD
AM-117 acetylcholinesterase inhibitor and acetylcholinesterase and Metal ions |Pre-clinical study
metal chelator
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2.3.2 Optimization of AICI; Exposure Period

After the optimization of AICl; exposure
concentration, 150 pM AICl; was used to treat
zebrafish with various time periods: from 2 dpf to 5
dpf, 3 dpf to 5 dpf and 4 dpf to 5 dpf respectively (30
zebrafish per group), and the optimal AICI; exposure
period was selected.

2.3.3 Optimization of the Positive Control Drug
Concentration

DPZ, approved for AD, was selected as the positive
control drug. To optimize the concentration of drug
treatment, zebrafish were co-treated with 150 uM
AICl3 and 5 uM or 10 uM DPZ from 3 dpf to 5 dpf
(30 zebrafish per group).

2.3.4 Model Grouping

Zebrafish were divided into four groups: control
group, vehicle group, model group and model+DPZ
group, each of which contained 30 zebrafish. The
control group was maintained in the reverse osmosis
water. The vehicle group was treated with 0.5%
DMSO (dimethyl sulfoxide). The model group was
treated with 150 uM AICl; from 3 dpf to 5 dpf. The
model + DPZ group was co-treated with 150 uM
AICl; and 10 uM DPZ from 3 dpf to 5 dpf. All
experiments were repeated for at least 3 times after
experimental conditions were optimized.

2.4 Assessing Anti-AD Drugs in the Zebrafish AD
Model

2.4.1 Determination of NOAEL (No Observed
Adverse Effect Level)

The zebrafish were treated with 150 uM AICl; from
3 dpf to 5 dpf, and then treated with a testing drug at 5
various concentrations (0.1 pg/Ml, 1 pg/mL, 10
pug/mL, 100 pg/mL and 500 pg/mL) from 3 dpf to 5
dpf. Each concentration of each drug contained 30
zebrafish. The survivals were counted and the
NOAEL of each drug was calculated by spss software
(version 16.0).

2.4.2 Testing drug grouping

240 zebrafish were divided into eight groups (30 *

8) for each drug. Besides the four groups mentioned in
part 2.3.4, Control + Drug Chign group, Model + Drug
Ciow group, Model + Drug Cogerate group and Model +
Drug Chignh group were added. The Ciow, Crmoderate aNd
Chigh Were established based on the NOAEL of each
drug (In most cases, Chign = NOAEL, Choderate =
1/5NOAEL, Ci,w = 1/25 NOAEL). The Control +
DrugChign group was maintained in the reverse
osmosis water from 3 dpf to 5 dpf, and treated with
the high concentration of a drug. Model + DrugCiow
group, Model + DrugCpogerate group and Model +
DrugChigh group were co-treated with 150 pM AlCl;
and a testing drug at low, moderate, high
concentrations, respectively from 3 dpf to 5 dpf.

2.5 Experiment Procedure and Video Tracking

5 dpf larvae were loaded into 48-well plates (Nest
Biotech), the temperature of which was maintained at
28 °C. All experiments consisted of 60 min containing
3 cycles of a light/dark phase (10 min light and 10min
dark each). Zebrafish movement D (distance) and AS
(speed change) to light-dark and dark-light cycles
were recorded by viewpoint behavior analyzer
(Zebralab V3, ViewPoint Life Sciences Co., Ltd.) for
further analysis. Zebrafish movement distance was
used for DRR quantification and AS for calculating
RE.

2.6 Data Analysis

Via SPSS software (version 16.0), data were
expressed as means + SEM, and analyzed by ANOVA
and Dunnett’s method to test for variability between
each trial considering P < 0.05 as a significant. DRR
and RE are two selected parameters for assessing
anti-AD drug efficiency in this model [15, 16]. DRR

. AS,, -AS
was defined as DRR) = — " “m® 1009 , where AS

vehicle ~ model

was defined as AS:%, where D is the movement

distance of zebrafish, T is the movement time period;

S

. . AS ., -A
RE is defined asre(9) = —*¢ "™ x1000, Where AS

vehicle model
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is the speed changes of zebrafish after light stimulus
change.

2.7 Quality Control Standard

Successful  experiments must meet all the
milestones below: (i) zebrafish natural death in
untreated and vehicle-treated groups was < 10%; (ii)
there was no statistical difference (p > 0.05) in
assessed endpoint or signal between untreated and
vehicle-treated groups; (iii) intraplate and interplate
CV (coefficient of variation) was < 25%; and (iv) the
positive control drug worked (p < 0.05 as compared
with model group and mean difference > 1 SD of
model group) [16].

3. Results
3.1 Construction of a Zebrafish Model for AD

To develop a new zebrafish model for rapid
anti-AD drug screening and assessment, we first
tested the doses for AICl; treatment. Three
concentrations with 15 pM, 50 uM and 150 puM AICl;
were used to treat zebrafish at 3dpf-5dpf. As shown in
Figs. 1a and 1b, there are no significant changes for
AS (average speed) and AS (speed change) within 15
uM and 50 uM AICl; groups. Only the 150 uM AICl3
group slows down the movement of zebrafish
significantly. The AS and AS, which are 1.54 + 0.17
(p < 0.001) and 1.70 + 0.15 (p < 0.01) respectively,
are 36% and 37% lower than the untreated group.
150uM AICI; was, therefore, chosen as the optimal
exposure concentration.

The AICI; exposure duration was optimized after
the exposure concentration was fixed. From the results
shown in Fig. 1c and 1 d, the AS and AS in 4 dpf-5
dpf group are not different from those in the untreated
group, whereas a decrease in AS and AS was observed
in 2 dpf-5 dpf group and the 3 dpf-5 dpf group. Since
the results for both 2 dpf-5 dpf group and 3 dpf-5 dpf
group were very close, 3 dpf-5 dpf with a shorter
treatment was chosen as the optimal exposure period.

As the first-line drug for AD treatment, DPZ was

used as a positive control in the model development.
As shown in Fig. le and 1f, compared with the
untreated group, the 5 uM DPZ group only improved
the AS from 1.35 £ 0.08 to 1.79 + 0.12 (p < 0.05) with
a response efficacy of 49%, whereas the 10 uM DPZ
group showed a potent response efficacy for both the
motility (AS, 102%, p < 0.05) and response (AS,
116%, p < 0.01). Therefore, 10 uM DPZ was chosen
as the treatment concentration.

We further assessed the model by dividing the
zebrafish into four groups as described in methods
2.3.4 and the behaviour characteristics in each group
were examined. As shown in Table 2, the analysis of
variance (ANOVA) revealed that there were no
statistical differences between the control group and
the wvehicle group (p > 0.05), but significant
differences were observed between the model group
and the vehicle group (p < 0.05), as well as between
the model group and the model + DPZ group (P <
0.05). The vehicle group was evaluated in order to
check the effect of DMSO in experiments, and indeed
there is no significant effect for 0.5% DMSO, as
shown in Fig. 2a. The results were consistent with the
report by Senger et al [13]) . Furthermore, the
administration of DPZ improved the AS of zebrafish
compared to the model + DPZ group. The similar
results were also observed in AS (Fig. 2b). The AICI;
exposure decreased AS of the model group to 1.82 +
0.17, whereas the model + DPZ group rescued AS to
2.44 + 0.11, which was close to the AS in the vehicle
group. The DRR and RE values for DPZ treatment
were 90.5% and 96.9%, respectively.

3.2 Testing Anti-AD Drugs with a Wide Variety of
Targets

To investigate whether anti-AD drugs could be
evaluated in the zebrafish AD model developed as
above, six anti-AD drugs (Rivastigmine, Memantine,
ThT, Flurbiprofen, Rosiglitazone and AM-117) either
marketed or currently under development with
different anti-AD mechanisms were selected and
tested in this study.
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Fig. 1 a) and b) Optimization of AICI; exposure concentration. The zebrafish from 3 dpf to 5 dpf were treated with AICI; at
three various concentrations (15, 50 and 150 pM) to determine the optimal exposure concentration; c¢) and d) Optimization of
AICI; exposure period. 150 pM AICI; was used to treat zebrafish at various time periods: from 2 dpf to 5 dpf, 3 dpf to 5 dpf
and 4 dpf to 5dpf respectively; e) and f) Optimization of drug treatment concentration.The zebrafish were co-treated with

150 pM AICIl; and 5 pM or 10 pM DPZ to determine the concentration of DPZ.

Table 2 The AS and AS values of control, vehicle, model and model + DPZ group (mm/s).

Groups Average Speed (AS) Speed changes after light stimulus (AS)
Control 2.45+0.30 2.66x0.16

Vehicle 2.74+0.32# 2.46x0.18#

Model 1.91+0.23* 1.82+0.17*

Model+DPZ 2.48+£0.35** 2.44+0.11**

#p > 0.05 vs. Control; * p < 0.05 vs. Vehicle;* p < 0.05 vs. Model.

3.2.1 NOAEL of Drugs

The NOAELs of Rivastigmine, Memantine, ThT,
Flurbiprofen, Rosiglitazone and AM-117 were 250,
100, 1, 10, 10, 25uM, respectively. Based on the
NOAELs, we set the high, moderate and low
concentrations of each drug (Table 4, the column of
concentration) for the efficacy assessment.

3.2.2 DRR (Dyskinesia Recovery Rate)

As shown in Table 3, for all six drugs the ASs of

the vehicle group were close to those of the control
group, while the ASs of the model group were
significantly lower than those of the vehicle group.
The ASs of the model+ DPZ group were significantly
recovered to the level of the vehicle group. These data
indicated the reliability and reproducibility of the
model. The results also showed that Rivastigmine,
Memantine, ThT, Flurbiprofen, Rosiglitazone
and AM-117 increased DRR by 53.4-64%, -9.1-37.3%,
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Fig. 2 a) The AS (average speed) relative to control/vehicle of zebrafish exposed to AICI; only, or treating with DPZ. b)
Speed change after light stimulus (AS) relative to control/vehicle of zebrafish exposed to AICI; only, or treating with DPZ.

Table 3 The average speed (AS) of six drugs (mm/s).

Control + Model + Model + Model + Model +
DrugChigh DPZ DI'UgC|0W DrungDdeme DrugChigh

Rivastigmine 2.85+0.20 2.74+0.17# 148+ 0.17## 270+ 0204 225+ 0.17### 2.15+0.16** 228+ 0.18%** 222+ 0.18**
Memantine  2.82+0.16 245+ 0.19% 1.69+ 0.18## 1.07 + 0.12#### 2.37 + 0.18### 1.97 + 0.18%*** 1,62 + 0.19%*** 176 + 0.24****
ThT 216+0.16 2.32+0.16# 1.89+0.18## 2.30x 0.17# 245+ 0.17### 2.69 £ 0.20*** 2.63 £ 0.20*** 2.76 £ 0.17***
Flurbiprofen 2.20+£0.13 254+ 0.16# 1.95+ 0.17## 2.27 + 0.23# 2.50 + 0.16### 2.27 £ 0.16**** 2,52 + 0.20* -

Rosiglitazone 2.87 +0.20 2.60+ 0.18# 1.92 + 0.19## 2.08 + 0.17###H# 2.37 £ 0.22### 1.99 + 0.18%*** 2,07 £ 0.17**** 1.66 + 0.18****
AM-117 254+0.16 2.24+0.16# 1.80+0.16## 2.51+0.15#  2.30 £ 0.14### 2.11+0.14%%** 224+0.14*  233+0.17**

# p > 0.05 vs. Control; ## p < 0.05 vs. Vehicle; ### p < 0.05 vs. Model; #### p < 0.05 vs. Control; * p < 0.05 vs. Model; ** p <
0.005 vs. Model; *** p< 0.001 vs. Model; **** p > 0.05 vs. Model; All the values presented are the average speed of the drug treated
fish.

Groups Control Vehicle Model

Table 4 The DRR values of six drugs at low, moderate and high concentrations.

Drug Sl(i\rjlgentratlon DRR% D Drug ﬁl?\qgentratlon DRR% 0
10 53.4 0.00298 1 54.5 0.17434
Rivastigmine 50 64.0 0.00012 Flurbiprofen 25 96 0.04129
250 58.6 0.00310 10 - -
10 37.3 0.15676 1 9.6 0.7307
Memantine 50 -9.1 0.73492 Rosiglitazone 2.5 214 0.50376
100 9.2 0.73728 10 -37.8 0.12928
0.1 183.3 0.00023 1 70.8 0.09505
THT 0.25 169.4 0.00342 AM-117 5 99.3 0.03251
1 200 0.00044 25 121 0.00329

All the values presented are calculated by the average speed of the drug treated fish.

169.4-200%, 54.5-96%, -37.8-9.6% and 70.9-121%, (p < 0.001), ThT (p < 0.005), Flurbiprofen (p < 0.05)
respectively (Fig. 3). Statistically significant positive and AM-117 (p < 0.05), and at a high concentration of
effect on DRR (Table 4) was observed at a low Rivastigmine (p < 0.005), ThT (p < 0.001) and
concentration of Rivastigmine (p < 0.005) and ThT (p AM-117 (p < 0.005). Memantine and Rosiglitazone
< 0.001), at a moderate concentration of Rivastigmine had no significant effect on DRR (p > 0.05; Table 4).
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Fig. 3 The DRR values of six drugs (Rivastigmine, Memantine, ThT, Flurbiprofen, Rosiglitazone and AM-117).

Table 5 Speed changes after light stimulus alteration of six drugs (mm/s).

. + + + + +
Groups Control Vehicle Model (D:(:S;rg:igh :\Dﬂggel “DA::%(E(I;IOW l\DAr(:J(:;ecl:mode,ate II\D/Ir(l)JdgeCIhigh
Rivastigmine 2.42+0.23 248+ 0.13# 1.50+ 0.15## 2.49+ 0.21# 219+ 0.14### 2.73+0.10*** 235+ 0.12*** 3.21 + 0.08***
Memantine  2.08+0.14 2.33+0.17# 1.39+0.11## 2.29+ 0.12# 245+ 0.13### 1.65+ 0.10**** 1.85+0.09** 2.01+0.11*
ThT 224+0.13 229+0.16# 1.62+0.17## 2.10 + 0.09# 221 £ 0.14###  2.47 £ 0.13***  3.20 + 0.10*** 3.07 + 0.09***
Flurbiprofen 240+0.09 2.28+0.11# 191+ 0.12## 1.92 + 0.08#### 2.88 £ 0.10### 2.35+0.09** 311+ 0.67*** -
Rosiglitazone 2.05+0.11 2.40+0.16# 1.58+0.10## 2.61 % 0.10# 2.17 £ 0.09### 2.16 + 0.11*** 274 + 0.12*** 1.80 £ 0.10****
AM-117 212+0.16 2.10+0.19# 1.60+ 0.12## 1.39 + 0.13#### 2.70 + 0.12### 2.16 + 0.12*** 240+ 0.15*** 1.95+ 0.08*

#p > 0.05 vs. Control; ## p < 0.05 vs

. Vehicle;### p < 0.05 vs. Model; #### p < 0.05 vs. Control; * p < 0.05 vs. Model; ** p < 0.005

vs. Model; *** p < 0.001 vs. Model; **** p > 0.05 vs. Model; All the values presented are the average speed of the drug treated fish.
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Fig. 4 The RE values of six drugs (Rivastigmine, Memantine, ThT, Flurbiprofen, Rosiglitazone and AM-117).

3.2.3 RE (Response Efficiency)

Another parameter described in the zebrafish model
was RE, which reflected the changes of the zebrafish
swimming speed after light stimulus change from light

to dark or from dark to light. As shown in Table 5, the
ASs in control group, vehicle group, model group and
model + DPZ group further supported the reliability
and reproducibility of the model and the RE values for
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Table 6 The RE values of six drugs at low, moderate and high concentrations.

Concentration

Concentration

Drug (uM) RE % p Drug (M) RE % p

10 126.3 0 1 118.3 0.00492
Rivastigmine 50 86.6 0.00004 Flurbiprofen 25 323.7 0

250 175.1 0 10 - -

10 28.2 0.1028 1 71.2 0.00026
Memantine 50 49.1 0.00218 Rosiglitazone 25 140.8 0

100 66.6 0.00024 10 26.6 0.12563

0.1 127.2 0.0002 1 112.4 0.00228
THT 0.25 236.5 0 AM-117 5 161.4 0.00013

1 216.6 0 25 70.2 0.02818

All the values presented are calculated by the average speed of the drug treated fish.

Rivastigmine, ~Memantine, ThT, Flurbiprofen,
Rosiglitazone and AM-117 were 86.6-175.1%,
28.2-66.6%, 127.2-236.5%, 118.3-323.7%,

26.6-140.8% and 70.2-161.4%, respectively (Fig. 4).
Statistically significant positive effect on RE (Table 6)
was observed at low, moderate and high
concentrations for Rivastigmine (p < 0.001) and ThT
(p < 0.001), at moderate and high concentrations for
Memantine (p < 0.005), and at low and moderate
concentrations for Flurbiprofen (p < 0.005),
Rosiglitazone (p < 0.001) and AM-117 (p < 0.005).

4. Discussion

The primary goal of this work was to develop an in
vivo zebrafish model which could be used for
screening anti-AD drugs. Different from the model
reported by Senger et al., [13] who used adult
zebrafish, in this study we employed larval zebrafish
for the model development. After determining the
optimal doses and duration for AICI; treatment, the
zebrafish AD model was successfully established,
and the data shown in Table 2 indicated the reliability
and reproducibility of the model. The model as
finally validated by six commercial AD drugs.
Except Memantine and Rosiglitazone, our model
significantly responded the rest four drug treatment in
the measurement of both DRR and RE. For the
limitations of the study, the zebrafish model
developed and validated in this study could be a rapid
and high throughput screening method in drug

discovery to find the hits, which could further be
confirmed by the classical AD model and transgenic
animal model.

Rivastigmine is one of the five acetylcholinesterase
inhibitors approved for AD treatment [17], among
which DPZ and Rivastigmine are the world's
best-selling anti-AD drugs. It showed the highest
NOAEL and moderate effect on speed recovery of
zebrafish (DDR = 53.4%-64.0% with p < 0.005)
among the six drugs. In contrast, Rivastigmine
showed high RE values (86.6%-175.1%) with p <
0.0001. Since DPZ is also an acetylcholinesterase
inhibitor, this model might be suitable for the study of
acetylcholinesterase inhibitors, especially in the
context of RE.

Besides acetylcholinesterase inhibitors, another
important anti-AD drug approved for marketing is
Memantine, which is an N-methyl-D-aspartic acid
receptor antagonist [17]. Since the excess of
glutaminergic stimulation results in an over-activation
of the N-methyl-D-aspartic acid receptor, which leads
to calcium overflow into the neurons and thus
promoting cell death, Memantine can block the
N-methyl-D-aspartic acid receptor, decrease cell death
and alleviate symptoms of AD. As shown in Table 3,
after Memantine treatment with low concentration (10
uM), the average speed of zebrafish was partially
recovered, while no significant change was observed
in moderate (50 uM) and high concentration (100 uM)
groups. Furthermore, the observation that the AS of
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the Control + DrugChign group is significantly lower
than the vehicle group suggests the neurotoxicity of
Memantine at high concentration (100 uM). This
result indicates that DRR might not be the suitable
parameter in this model for Memantine, however, RE
can be used as a parameter in the measurement of RE
could be used for the screening of anti-AD drugs

targeting the N-methyl-D-aspartic acid receptor
(Table 6).
AB(Amyloid-B), formed by the continuously

proteolytic processing of B-amyloid precursor protein
by B- and y-secretase [18, 19], plays a central role in
the pathogenesis of AD. The degradation of AP in the
brain can be increased by the activation of PPARy
receptor via increasing the level and activity of the
IDE (insulin degradation enzyme) [20, 21]. Therefore,
three drugs (ThT, Flurbiprofen and Rosiglitazone)
targeting at aggregation, generation and degradation
of AP respectively were selected for the model
validation. ThT, an inhibitor of AP aggregation, is a
tool medicine for AD. Flurbiprofen and Rosiglitazone,
approved as a nonsteroidal anti-inflammatory drug
and a hypoglycemic drug, are in the clinical trials for
AD as a y-secretase inhibitor and a PPARy agonist. As
shown in Table 4 and Table 6, both ThT and
Flurbiprofen had effects on DRR and RE, while
Rosiglitazone only affected RE. This could be
explained by the mechanism of Rosiglitazone.
Rosiglitazone is targeting at degradation of A, which
is after aggregation and generation phase. Therefore, it
might take longer for Rosiglitazone to affect DRR.
Notably, all zebrafish were dead when treated with
10uM of Flurbiprofen. These results indicate that high
concentrations of y-secretase inhibitor and aluminum
ions may have toxic effects on zebrafish. Another
reason may due to the side-effect of y-secretase
inhibitors, in which the treatment affects the Notch
signal pathway related to the growth of neural cells
[22]. This observation is perfectly in line with the
results in which knockdown of y-secretase is lethal in
mice model [23]. Therefore, y-secretase inhibitors

with suitable concentration could be used in this
model as anti-AD drugs screening.

It was reported the level of metal ions in AD
patients is 3-7 folds higher than that of healthy
individuals  [24], which suggest that the
dyshomeostasis of biometals (Fe, Cu, Zn) in the brain
may contribute to AD pathology. Additionally,
simultaneous inhibition of acetylcholinesterase and
decrease of metal ions may form a synergistic effect
on the treatment of AD [25, 26], as both drugs
decelerate the AP aggregation via different
mechanisms. Therefore, AM-117, an
acetylcholinesterase inhibitor and a pro-metal chelator,
was designed as a MTDL (multitarget-directed ligand)
in our laboratory (none publication data). It’s not
surprised that our data showed the DRR measurement
was increased in a dose-dependent manner upon
AM-117 treatment. In addition, the effect of AM-117
was similar to that of DPZ although targeting two
different targets. Upon penetrating into the brain,
AM-117 first inhibits acetylcholinesterase, and in
return AM-117 is then hydrolyzed to AM-117a which
acts as a metal chelator. Since AS was measured three
days after drug treatment, most of AM-117 might not
be hydrolyzed, thus could not serve as a metal
chelator.

5. Conclusion

In the present study, we developed a motility- and
response ability- based in vivo screening animal model
using larval zebrafish in order to cut the experiment
cost and duration, and increase the experimental
reproducibility. Six commercial drugs with various
inhibitory mechanisms were tested in this model. The
RE as a biomarker developed for this model could be
used for screening the compounds targeting
N-methyl-D-aspartic acid receptor, AB,
acetylcholinesterase, y-secretase and PPAR-y. Our
work suggested that the novel zebrafish AD model
may be a useful system for high throughput primary
screening of novel anti-AD compounds.
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A new animal model using 3dpf to 5dpf larval zebrafish with DPZ (donepezil) as positive control was developed for the biological
evaluation of anti-AD compounds. Furthermore, six anti-AD drugs marketed, or in clinical trials with a variety of mechanisms were
tested to validate the newly developed zebrafish AD model.

Chemical compounds:
Donepezil (PubChem CID: 3152); Rivastigmine (PubChem CID: 77990); Memantine (PubChem CID: 181458); Thioflavine T
(PubChem CID: 24900146); Flurbiprofen (PubChem CID: 87570142); Rosiglitazone (PubChem CID: 77999)



