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Abstract

In China, herbal medicine has an extensive history for the treatment of cerebrovascular diseases. Clinical studies have shown that
stroke patients are more likely to experience significant memory decline in comparison to their healthy counterparts. Cognition is
improved in stroke patients treated with herbal medicine active components, Geniposide (GP) and Geniposide Rg1 (GRg1)
(together, called TLJN). However, the effect of TLJN in Alzheimer disease remains unknown. Therefore, we investigated the
behavioral effect of TLJN in male and female APP/V717I transgenic (Tg) mice. We conducted two different treatment strategies:
(1) pretreatment strategy: medically treated at the age of 3 months which lasted for 3 months; (2) early treatment strategy:
medically treated at the age of 6 months which lasted for 4 months. In open field test, locomotor activity and anxiety-like behavior
were not affected after TLUN administration in Tg mice. In Morris Water Maze test, spatial learning processes in both genders were
improved by TLJN treatments. Furthermore, retrieval processes were significantly improved in the pretreatment strategy for only
male mice, which also showed a trend for improved retrieval processes with early treatment. In the inhibitory avoidance test, TLJN
enhanced learning processes. In addition, gender differences were found in Tg mice exposed to TLJN treatments. In Tg male mice,
significant efficacy was seen at high and middle doses, and in Tg female mice, a low dose was more effective.
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accumulation of amyloid peptides. In the current study, we
aimed to compare gender differences and explore the effi-
cacy of TongLuoJiuNao (TLJN) based on behavioral
responses in APP/V7171 Tg mice, medical treatments of
which begun with the age of 3 months and 6 months.
TLJN consists of two main active components (GRg1 and
GP), which are extracted from two herbs.* GRg1 is a main
bioactive ingredient in Panax noto-ginseng, which has been
popularized as a hemostatic herb that invigorates and pro-
duces blood. Pharmacological research shows that GRgl
reduces brain amyloid protein level in an animal model of
aging™® and restores brain function.” GP is extracted from
Gardenia jasminoides, whose fruit has been used in Traditional
Chinese Medicine for more than a millennium to treat certain
febrile conditions. Recent studies have shown that GP inhi-
bits microglia-mediated inflammatory responses, reduces
the production of pro-inflammatory cytokines, decreases
the cytotoxicity of AB,® and induces neurotrophic effects.>”
Stroke and AD are both common in elderly individuals;

Introduction

Alzheimer disease (AD) is a neurodegenerative disease con-
sisting of cognitive and memory impairment. AD is often
accompanied by high cortical dysfunction, such as aphasia,
agnosia, or apraxia and other non-cognitive psychiatric
symptoms. Symptoms usually develop slowly with
memory loss or other neurasthenia symptoms occurring at
the early stage, followed by delusions or hallucinations,
decline of mind activities, and spatial disorientation, and
sever long-term memory loss and incontinence at the later
stages, eventually leading to the failure of bodily functions
and death. AD patients become increasingly dependent on
the assistance of others as AD progresses.

In the current study, we used APP/V7171 Tg mice, which
overexpress the “London” mutant of APP."* These mice
develop amyloid plaques between 12 and 14 months of
age, accompanied by vascular deposits.1 Furthermore, neu-
roinflammation, cognitive impairment, reduced long-
term potentiation, and neophobia occur as early as three

months.? Therefore, these responses occur earlier than the
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however, a possible relationship between the two remains
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controversial. Clinical studies'®"" have shown that stroke
patients are more likely to experience significant memory
decline compared with their healthy counterparts. Recently,
our phase II and III clinical trials have showed that cogni-
tion is improved when ischemia stroke patients are treated
with TLJN. Therefore, our group was interested in explor-
ing whether TLJN may be beneficial in AD therapy.
Therefore, in this study, we used APP/V717I Tg mice to
observe the neuroprotective effect of TLJN, with both
genders.

Materials and methods
Chemicals

GRgl and GP were purchased from Tianjin HeYi
Biotechnology Company (Tianjin, China). High-performance
liquid chromatography for GRgl and GP is described previ-
ously.* Aricept was purchased from Fisai Pharmaceutical
Company (Lot number: 070624A, Beijing, China). Beta-amy-
loid (AP) 17-42 monoclonal antibody was obtained from
Signet Laboratories (clone 4G8, Lot number: SIG-39220,
Dedham, MA, USA). The secondary antibody against
mouse IgG was purchased from COVANCE (Lot number:
CW0102, Beijing, China). SuperPolymer Rabbit & Mouse
horseradish peroxidase (HRP) Kit (Lot number: CW0117)
and 3,3'-diaminobenzidine (DAB) kit (Lot number:
CW0125) were bought from COVANCE.

Animals

The APP/V7171 Tg mice we used over-express a “London”
mutated human APP (V717I) under control of platelet-
derived growth factor promoter. The heterozygous Tg mice
in C57BL/6 background and non-Tg littermates were pro-
vided by the Institute of Laboratory Animal Science,
Chinese Academy of Medical Sciences, Beijing, China.'**?
After arrival, the animals were individually caged and
maintained at a constant temperature on a 12-h light-dark
cycle with accessing to food and water freely. After 2 weeks
of habituation to the facilities, experimental procedures
begun. All experiments were carried out in accordance
with the NIH Guide for the Care and Use of Laboratory
Animals. Efforts were made to minimize animal suffering
and to reduce the number of animals used.

Treatment

Wild type littermates of C57BL/6] mice were used as nega-
tive control group and described as normal. The APP/
V7171 Tg mice were randomly divided into five groups: a
model group was given saline solution, a positive drug
group was administered a therapeutic dose of Aricept
(also called Donepezil) and the drug TLJN of high dose,
middle dose, or low dose. For male mice, there are male
negative control group (MNC), male model group (MM),
male Aricept group (MA), male low dose of TL]N group
(MLD), male middle dose of TL]N group (MMD), and male
high dose of TL]N group (MHD). For female groups, there
are female negative control group (FNC), female model
group (FM), female Aricept group (FA), female low dose
of TL]JN group (FLD), female middle dose of TL]N group

(FMD), and female high dose of TL]N group (FHD). The
drugs were dissolved in saline solution, fed by self-admi-
nistered eating way:.

Based on clinical practice knowledge of Traditional
Chinese Medicine, the dosage of Panax notoginseng and
Gardenia jasminoides in stroke treatment was 5g and
8.5g, respectively. Measuring by HPLC, the concentra-
tions of GRgl and GP were 141mg/g and 122mg/g.
With reference to the book of Pharmacology
Experimental Method (page 203, edited by Shu-Yun Xu,
etc.), we transferred the amount used in human to mice:
dosage (mg/kg) =da*Kg/Ka. da is the dosage treated in
AD patient (mg/kg) and Kg/K, is the dosage conversion
factor of mice to human. Hence, according to this theory,
we calculated that in mice GRgl was 15.844 mg/kg-d and
GP was 18.311 mg/kg-d. Then, we defined this dosage as
a middle dose, and high-dose set of GRgl and GP was as
twice as that of middle dose and low-dose set was a half
of middle dose. Positive drug administration for the
group is 0.64935mg/kg-d of Aricept.

Treatment strategies are showed in Figure 1. In brief, in
pretreatment strategy, we medically administrated mice at
the age of 3 months which lasted for 3 months; in early
treatment strategy, we started the treatment at the age of
6 months which lasted for 4 months.

Open field

The task is performed in a plexiglas open field (reference in
a book: Methods of Behavior Analysis in Neuroscience,
page 35, edited by Sidney A. Simon and Miguel A.L.
Nicolelis), diametric 30 cm at the bottom, 40 cm at the top
and 40cm in height, with black wall and white bottom.
The apparatus was dimly illuminated by a 60-W lamp
placed above the box. Experiments were conducted in a
sound-attenuated room. After each trial, the box was
wiped by 96% ethanol to eliminate olfactory cues. A
camera connected to the computer was used to record
animal activities.

On the first day of training, mouse was submitted to a
habituation session by placing it in the empty open field for
5min. There were three habituation training for each mouse
with a 4-h interval delay. After 24 h of the last training, mice
were submitted to a 5-min trial. The circle was with diam-
eter of 15 cm, half of which was considered as middle zone.
The locomotor activity was recorded as total distance
within 5min, average speed, and time spent moving; the
anxiety was concerned as time spent in the center.

Morris Water Maze

To evaluate hippocampal-dependent spatial learning and
memory, mice were tested in a standard Morris Water
Maze task (reference in a book: Methods of Behavior
Analysis in Neuroscience, p. 147, edited by Sidney A.
Simon and Miguel A.L. Nicolelis). A 6cm diameter plat-
form was submerged in a 100cm circular pool of water,
lcm below. The water temperature was maintained at
27 £1°C throughout the course of testing. All trials were
monitored by a video camera placed about 2m above the
central of the pool. The water was made opaque by the
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Preventive Treatments

Pretreatment Strategy

Treated at the age of
3 months old,
lasting for 3 months.

Early Treatment Strategy

Treated at the age of
6 months old,
lasting for 4 months.

Behavioral Tests Immunohistochemistry Behavioral Tests Immunohistochemistry
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Two treatment strategies on APP/V7171 Tg mice — pretreatment and early treatment. For pretreatment, the mice were administrated at the age of 3 months

which lasted for 3 months of medication. For early treatment, the mice were treated at the age of 6 months old which lasted for 4 months. At the end of each treatment,
mice were tested in three different behavioural experiments — open field test, Morris Water Maze, and step-down test, and following with immunohistochemistry

assessments

addition of nontoxic white paint. The pool was placed in a
room surrounded by fixed spatial cues.

1. Habituation trial: each mouse received one habitu-
ation trial (one trial/day) in the Morris Water Maze
prior to the spatial training.

2. Spatial training: Training on the hidden platform
began within 24 h after the habituation trial. Hidden
platform training was carried out over five consecu-
tive days with three trials per day. The platform was
set to the center of the target quadrant of the pool and
remained in a fixed position throughout spatial train-
ing. During a given trial, the mouse was placed on the
platform for 15s, which allowed it to be familiar to
surroundings and reference location. Then the mouse
was gently introduced into the pool, at one of four
quadrants randomly as start quadrant, and was
allowed 1min to find the platform. If the animal did
not find the platform after 1 min, it was placed on the
platform for 10s. After each trial, the mouse was
patted gently with a towel to dry. Dependent meas-
ures acquired each trial are escape latency (in sec),
swimming distance (in cm).

3. Spatial memory testing: 24 h after the last trial of spa-
tial training, a probe test was conducted in the same
spatial training pool with the platform removed. All
mice started the probe test from the opposite quadrant
of the target quadrant. The dependent measures were
percentage of escape latency and percentage of dwell-
ing time in target quadrant.

Step-down test

The inhibitory avoidance apparatus was an acrylic box with
length 17 cm, width 13.5 cm and height 32 cm, whose floor
consisted of a grid of parallel copper network with diameter
0.3cm and spacing 1cm. A 5cm diameter, 5cm high insu-
lated platform was placed in the center of the floor. The
behavioral performance of animals was recorded by infra-
red sensors and was transformed into digital signal. After
each mouse was removed out, the box was cleaned with
alcohol to avoid the smell hint to the later mouse (reference
in a book: Methods of Behavior Analysis in Neuroscience, p.
142, edited by Sidney A. Simon and Miguel A.L. Nicolelis).

1. Training test: the animal was put into the box for 3 min
to habituate, then placed to the floor. An electric cur-
rent of 36 V was delivered to the copper grid. The mice
subjected to electric shocks would jump back to the
platform to avoid noxious stimuli. The cut-off time
was 300s. Their escape latency to step up to the plat-
form with all four paws was measured.

2. Retention test: it was carried out 24 h after the training
test, in a manner similar to training test except that the
animal was first put on the central platform. Their
escape latency to step down to the floor with four
paws was measured.

Histological assessment of f-amyloid burden

After the behavioral tests, mice were sacrificed, brains dis-
sected and fixed with 4% formaldehyde in phosphate-buf-
fered saline. Serial 8 pm thick paraffin sections were cut
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Figure 2 Gender differences of locomotor activity in open field tests. Gender differences of total distance (a) and total time spent moving (b) under high-dose and
low-dose treatments of TLJN in pretreatment strategy. Total distance in cm, total time spent moving in seconds. Results are expressed as mean + SEM of the mice in

each group (n=8), by Student’s t-test, *P <0.05

throughout the right hemisphere and mounted on polyly-
sine-coated slides. After sections were dewaxed, they were
pretreated with citrate buffer for antigen retrieval, followed
by incubation with 0.3% H0, in 80% methanol for 15 min to
eliminate endogenous peroxidase activity. Sections were
exposed to monoclonal anti-Af 17-42 (1:500) at 4°C, over-
night. Secondary antibody against mouse IgG was then
added (1: 10,000) for 30min at room temperature. The
SuperPolymer Rabbit & Mouse HRP Kit and DAB kit
were used to enhance and visualize the signal, respectively.
Finally, the hematoxylin and eosin stain was added. Light
microscopic images (using the Nikon Eclipse 50i) were
taken from hippocampus from five series of sections. Two
brains from each group were examined.

Statistics

Results are expressed as mean =+ standard error of the mean
(S.E.M.). Student’s t-test was used to compare two groups of
littermate gender differences, one-way ANOVA for mul-
tiple groups in the same gender, two-way ANOVA for mul-
tiple groups of Tg model groups and treated APP/V7171
mice groups. Statistical analysis was performed using
GraphPad Prism software (version 6.00; GraphPad
Software Inc. CA, USA). Statistical significance was defined
as P <0.05, compared to APP/V7171 Tg mice.

Results

Locomotor activity and anxiety of APP/V7171 Tg mice
were not disturbed by TLJN treatment

The open field test measures locomotor activity. We con-
ducted an initial drug-screening test to determine if TL]N
could stimulate the motor ability of APP/V7171 Tg mice.
The most commonly used paradigms for this behavioral
test are total distance travelled, average speed, and time
spent moving. Furthermore, time spent in the center is
used to examine the changing patterns of anxiety-related
behavior. The more time spent centrally indicates the less
anxiety exhibited by the animal.

In the pretreatment strategy, total distance travelled and
time spent moving did not significantly differ between
APP/V7171 Tg and wild-type mice (data not shown).

Furthermore, TLJN treatments did not affect locomotor
activity in both genders (data not shown). However, com-
parisons between genders after pretreatments indicated
gender differences. Under a high-dose of TLJN, locomoter
activity in Tg male mice was significantly (P < 0.05 for total
distance and time spent moving) higher than that of female
mice (Figure 2). In terms of anxiety-like behavior, no signifi-
cant change in the time spent in the center was found for Tg
male or female mice.

In the early treatment experiment, the total distance,
average speed, and time spent moving did not significant
change between APP/V7171 Tg mice and wild-type mice.
Locomotor activity in male or female groups was not
affected by all three different doses of TL]N. However, a
better tendency in the total distance and time spent
moving was found in male with a low dose of TLJN com-
pared with the same treatment in female mice (data not
shown). No significant changes in the central time were
found between the different groups and different genders.

Taken together, the open field tests provided a status of
locomotor activity and anxiety-like behavior. Under both
treatment strategies, no significant changes were observed
between Tg and wide-type mice; however, gender differ-
ences were evident for locomotor activity in Tg mice after
TLJN treatments.

Spatial learning and retrieval processes in only
male mice were improved by TLJN treatment in the
pretreatment strategy

We assessed the spatial learning and memory of APP/
V7171 Tg mice via the MWM task.

Swimming distance and the latency to find the hid-
den platform were not significantly different in male
APP/V7171 Tg compared with male wild-type mice.
Interestingly, different starting points, which were divided
into two distinct regions (region A and region B) of the pool,
were observed on the first day of training (Figure 3al and
a2). In region A, a high or middle dose of TL]N in male Tg
mice showed significantly (high dose, P <0.001; middle
dose, P <0.05) shorter swimming distances and reduced
escape latencies (high dose, P <0.001; middle dose,
P <0.05). However, despite no significant differences
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Figure 3 Spatial learning performance of APP/V7171 Tg mice in the Morris Water Maze training test under pretreatment strategy. The swim distance (a1) and escape
latency (a2) of 6-month-old male mice in five consecutive days in the hidden platform training test. The swim distance (b1) and escape latency (b2) of 6-month-old
female mice in five consecutive days in the hidden platform training tests. Each point represents the mean distance or latency of three trials per day. Results are
expressed as mean + SEM of the mice in each group (n=8), by two-way ANOVA. *P < 0.05, **P < 0.01 vs the Tg model group. Swim distance (in cm), distance to the
hidden platform; escape latency (in seconds), time to the hidden platform; cut-off time is 60's

among treated mice from 1-5 training days in region B, the
low-dose-treated Tg mice were similar to wild-type mice in
this region (Table 1). Therefore, these results suggested that
treatment as early as three months of age enhanced spatial
learning in APP/V7171 Tg male mice.

Swimming distance was significantly (P < 0.05) longer in
female Tg mice on days 2 and 4 of training. A high or low
dose of TLJN in female Tg mice showed a significant
(P <0.05and P < 0.01, respectively) reduction in swimming
distance on day 2 of training. A significant (P < 0.05) reduc-
tion by the low-dose treatment was also observed in the
escape latency on day 2 (Figure 3b2). As the positive con-
trol, Aricept, also markedly reversed the swimming dis-
tance (P <0.01) and escape latency (P <0.05) in female Tg
mice (Figure 3b1 and b2). Furthermore, results from a high-
or low-dose treatment of TL] were similar to wild-type
female mice (Table 1).

In the probe test, the percentage of distance and time
spent in target quadrant (both at approximately 35%) of
male Tg mice was slightly reduced compared with wild-
type mice (Figure 4), indicating that retrieval ability was
still maintained at approximately similar levels to wild-
type in these mice at the age of 6 months. However, male
Tg mice exposed to all three doses of TLJN showed a

significantly better performance in the percentage of dis-
tance (high-dose, P < 0.01; middle-dose, P < 0.05; low-dose,
P <0.01) and time spent in the target quadrant (high-dose,
P < 0.05; middle-dose, P < 0.05; low-dose, P <0.01) (Figure
4al and a2). Furthermore, Aricept significantly (P <0.01)
increased the percentage of time spent in the target quadrant
compared with male Tg mice (Figure 4a2). However, retrie-
val capability was promoted in female Tg mice treated with a
middle or low dose of TLJN to a similar level seen in the
wild-type group (Figure 4b1 and b2).

Spatial learning and retrieval processes were improved
in both genders by early TLJN treatment

In male mice, swimming distance was not significant
among treated mice groups. The escape latency was signifi-
cantly shortened with a high or low dose of TL]N (both
P <0.05) on day 4 of training as well as on day 5 with a
high dose (P <0.01) or middle dose (P < 0.05) (Figure 5a2).
Moreover, spatial learning was not evident in male Tg mice.
A significant (P < 0.05) difference in swimming distance in
female Tg mice at day 5 of training was seen with a low
dose of TLJN (Figure 5bl). In addition, under early treat-
ment, Aricept did not improve these paradigms in both
genders. In the probe test, Tg male mice showed
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significantly (P <0.01) worse performance compared with
wild-type mice in percentage of distance (Figure 6al) and
percentage of time spent in the target quadrant (Figure 6a2).
Male Tg mice treated with a middle dose of TLJN

Table 1 Relative value improved from day 5 to day 1 in pretreatment
strategy

Swim distance Escape latency

Difference Difference
between Relative  between Relative
means value means value
Gender Group (cm) (%) (s) (%)
Male MNC 883.33 100.00 32.32 100.00
MHD 401.30 45.43 11.73 36.29
MMD 416.10 4711 18.73 57.95
MLD 746.96 84.56 34.72 107.40
MA 639.06 72.35 20.31 62.65
MM 711.60 80.56 33.32 103.10
Female  FNC 850.71 100.00 35.44 100.00
FHD 717.11 84.30 32.30 91.14
FMD 532.82 62.63 15.85 44,71
FLD 719.26 84.55 27.47 77.49
FA 519.75 61.10 19.11 53.91
FM 696.36 81.86 27.44 77.41

Note: The difference between means (from day 5 to day 1) of Negative Control
group is considered as 100%, and the Relative Value of other groups are com-
pared with Negative Control group. Each group: n=8.
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performed significantly (P < 0.01) better in the distance per-
centage (Figure 6al) and percentage of time spent in the
target quadrant (Figure 6a2). Male Tg mice treated with a
high or low dose of TL]N spent a significantly (P < 0.05)
greater portion of time in the target quadrant (Figure 6al)
with an increased swimming distance in the target area
(Figure 6a2). Compared with Tg mice, Aricept did not sig-
nificantly reverse the percentage of distance (Figure 6al)
and percentage of time spent in the target quadrant
(Figure 6A2). Compared with female wild-type mice,
female Tg mice showed significantly (P < 0.05) worse per-
formance for the percentage of distance (Figure 6b1), and a
tendency of a reduced percentage of time spent in the target
quadrant (Figure 6b2). A significantly (P < 0.05) better per-
formance was found for the percentage of distance (Figure
6bl) and percentage of time spent in the target quadrant
(Figure 6b2) in female Tg mice exposed to a low dose of
TLJN. Aricept did not significantly reverse the percentage
of distance (Figure 6b1) and the percentage of time spent in
the target quadrant (Figure 6b2) compare with Tg mice.

TLJN increased passive avoidance learning in Tg mice

Learning and long-term retention (at 24h) by measuring
inhibitory avoidance were evaluated in mice given early
treatment (Figure 7). The escape latency was significantly
(P <0.01) different between Tg mice mice and wild type
mice in the male (Figure 7a) and female (Figure 7b).
Under early treatment in male Tg mice, the three different
doses of TL]N significantly (P < 0.01) decreased the latency
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Figure 4 Memory performance of APP/V7171 Tg mice in the Morris Water Maze probe test under pretreatment strategy. The percentage of distance in target
quadrant (a1) and time in target quadrant (a2) of 6-month-old male mice in probe test. The percentage of distance in target quadrant (b1) and time in target quadrant (b2)
of 6-month-old female mice in probe tests. Results are expressed as mean + SEM of the mice in each group (n = 8), by one-way ANOVA. *P < 0.05, **P < 0.01 vs the

model group. Cut-off time is 60s
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Figure 5 Spatial learning performance of APP/V7171 Tg mice in the Morris Water Maze training test under early treatment strategy. The swim distance (a1) and
escape latency (a2) of 10-month-old male mice in five consecutive days in the hidden platform training tests. The swim distance (b1) and escape latency (b2) of 10-
month-old female mice in five consecutive days in the hidden platform training tests. Each point represents the mean distance or latency of three trials per day. Results
are expressed as mean + SEM of the mice in each group (n = 8), by two-way ANOVA. *P < 0.05, **P < 0.01 vs. the Tg model group. Swim Distance (in cm), distance to
the hidden platform; Escape Latency (in seconds), time to the hidden platform; cut-off time is 60's
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Figure 6 Memory performance of APP/V7171 Tg mice in the Morris Water Maze probe test under early treatment strategy. The percentage of distance in target
quadrant (a1) and time in target quadrant (a2) of 10-month-old male mice in probe test. The percentage of distance in target quadrant (b1) and time in target quadrant
(b2) of 10-month-old female mice in probe test. Results are expressed as mean + SEM of the mice in each group (n = 8), by one-way ANOVA. *P < 0.05, **P < 0.01 vs the
model group. Cut-off time is 60s
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Inhibitory avoidance performances on the APP/V7171 Tg mice in step-down test under early treatment strategy. (a) The escape latency of 10-month-old

male mice in the training process of step-down test. (b) The escape latency of 10-month-old female mice in the training process of step-down test. Results are
expressed as mean + SEM of the mice in each group (n = 8), by one-way ANOVA.*P < 0.05, **P < 0.01 vs the model group. Escape latency (in seconds), time step up to

the platform; cut-off time is 300's

(Figure 7a). In female Tg mice, latency was also markedly
reduced by all three doses (high, P <0.05, and middle and
low both P < 0.01) (Figure 7b). Therefore, these results indi-
cated that TLJN increased inhibitory avoidance learning in
APP/V7171 Tg mice. The same behavior was observed for
Aricept treatment (P <0.01). Memory deficits, which were
only observed in female Tg mice, were not significantly
improved by TLJN treatment (data not shown). Moreover,
the pretreatment strategy did not significantly improve
these deficits (data not shown).

Plaque were not detected in the brain

At the age of 10 months, different levels of APP expression
have been found among groups (Supplementary Figure 1).
However, although we found senile plaques in hippocam-
pus at the age of 12 months, absence of plaques occurred in
both earlier 6-month-old and 10-month-old mice. Also,
damage and atrophy were not evident (Figure 8(a) to (d)).

Discussion

In the present study, APP/V7171 Tg mice developed behav-
ioral deficits as early as 3 months of age, and thus repre-
sented a model of early onset familial AD. A is absent in
young APP/V7171 Tg mice; however, levels of soluble A in
the brain are significantly increased.'* Under platelet-derived
growth factor beta polypeptide promoter, senile plaques
become evident in mainly the cortex and hippocampus of
12-month-old APP/V7171 Tg mice.’® Furthermore, exten-
sive amyloid peptides are deposited between 12 and 14
months,'* with AB42 as the peptide with the most pro-
nounced increase.® This increase is likely to be due to the
close y-cleavage site of London V7171 mutation, resulting in
increased production of AP42.'® In some studies, amyloid
plaques have also been observed at 10 months of age."”
However, in the present study, amyloid depositions was
not seen in Tg mice at this age. This difference may due
to the use of a different AB antibody.'®

Although no amyloid deposition occurred in APP/ V7171
Tg mice in the current study, behavioral impairments were
evident as early as 6 months of age. Furthermore, at 10

months, APP/V7171 Tg mice performed significantly
worse than wild-type mice. Interestingly, gender differ-
ences occurred after TL]N treatments. Under the pretreat-
ment strategy, the high or middle dose of TL]N significantly
improved spatial learning behavior in Tg male mice, and
the high or low dose (particularly the low dose) signifi-
cantly improved spatial learning behavior in Tg female
groups. In contrast, under the early treatment strategy,
male mice performed significantly better with all three dif-
ferent doses of TLJN, whereas only a low dose of TLJN
significantly improved behavioral performance in female
mice (Figure 9). Therefore, we hypothesize that a high
dose and middle dose of TLJN are more effective in
males, whereas a low dose of TLJN is more efficacious in
females. Furthermore, male Tg mice performed signifi-
cantly better on the first day of training in the MWM task
under the pretreatment strategy of a high or middle dose,
thus suggesting a preventive role of TL]N. There is a clear
gender difference in brain disease patients, where in the
USA the prevalence for AD in women has doubled that of
men, and in contrast more men than women are diagnosed
with Parkinson’s disease (PD).'? Furthermore, neurological
diseases, such as AD, PD, Tourette’s, and attention-deficit
hyperactivity disorder, which involve the dopamine trans-
porter, are more prevalent in women after merlopause.20
Moreover, reduced testosterone levels have been found in
men AD patients. Testosterone is metabolized to dihydro-
testosterone, which is then converted to 5a-androstane-3a,
5a-androstane-3p,17B-diol, and 17p-diol.* > The latter two
hormones have greater affinity for estrogen receptor
beta.”"** Therefore, sex hormones may play an important
role in brain diseases, despite most studies on rodent
models for brain disorders favoring the use of male animals
due to the argument of the estrous cycle and fluctuating
gonadal hormones in female rodents.*

One component of TLJN, GRg1, is neuroprotective in the
Spraque Dawley rat model of middle cerebral artery occlu-
sion® as well as exhibiting estrogen-like protective effects
on neurons.”’ The other component, GP, prevents cell
damage in rat hippocampal slice culture® and exhibits
anti-inflammatory effects. In animal models of AD, Ap42
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Figure 8

Immunohistochemical analysis of Ap plaque deposition in brain sections. (a) Image of the hippocampus from representative brains of 6-month-old male

mice (scale bar: 100 um). (b) Image of the hippocampus from representative brains of 6-month-old female mice (scale bar: 100 pm). (c) Image of the hippocampus from
representative brains of 10-month-old male mice (scale bar: 100 um). (d) Image of the hippocampus from representative brains of 10-month-old female mice (scale bar:
100 pum). () Image of the hippocampus from representative brains of 12-month-old Tg mice (scale bar: 100 um). The brains were examined visually and no quantitative
analysis was conducted. (A color version of this figure is available in the online journal.)

Pretreatment strategy  Early treatment strategy
LD HD
Male Aricept MD Male
Female HD LD Female
Aricept

LD: Low-dose of TLJN; MD: Middle-dose of TLJN; HD: High-dose of TLJN

Figure 9 A summary illustration of significantly improved performance under
different doses of TLJN and Aricept treated on APP/V717] Tg mice in Morris
Water Maze tests

is considered as the first peptide to be deposited in vessels,
further entrapping massive amounts of soluble AB40 pep-
tide, and ultimately occurring extensive amyloid plaques in
vascular plaques.” In addition, our previous findings have
shown that TLJN reduces amyloidogenic processing of
amyloid precursor protein in APP23 Tg mice.”” At 3
months of age (prior to amyloid deposition), APP23 Tg
mice exhibit activated microglia and astroglia, with a heigh-
tened inflammatory profile consisting of increased mRNA
levels of interleukin (IL)-1B, IL-6, major histocompatibility
complex II, and macrophage-colony stimulating factors.
Therefore, the combination of accumulated AP, vascular
plaques, and the inflammatory response may further con-
tribute to neuronal dysfunction, creating a vicious cycle that
may ultimately play a role in behavioral impairment and
the pathological progression of AD.? Although the mechan-
isms underlying AD still remain elusive, findings from the
present study have demonstrated a preventive effect of
TLJN, by reversing the behavioral deficits on APP/V717

Tg mice and illustrated the dose-dependent effect on
gender differences.

Male Tg mice at 10 months showed less preference for
the target quadrant in the probe test of the MWM task. First,
this effect may be due to the tendency for a reduced average
speed of male Tg mice compared with female Tg mice, sug-
gesting that male mice could not swim through the entire
field within the period of 60's. Second, for the escape latency
(within 60 s time-frame), the mean value of female Tg mice
was approximately 35s, whereas that of male Tg mice was
approximately 49s and more than 60% of these did not
reach the target quadrant within the 60s period (hence
assigned an escape latency of 60s). Third, we compared
the data to 0.25 by Student’s t-test, which resulted in no
significant difference between percentage of distance in
the target quadrant or percentage of time spent in the
target quadrant. Therefore, if enough time was given for
swimming time, the preference of the target quadrant
may occur. The positive control, Aricept, is a member of
the acetylcholinesterase inhibitor family, and has been
approved by the Food and Drug Administration for ameli-
orating cognitive and behavioral impairments in AD
patients.*® We observed a positive effect of Aricept on pre-
treatment strategy rather than the early treatment. This
result is consistent with an earlier report in which Aricept
improves the outcome from the MWM task of APP/V7171
Tg mice treated as early as 3 months.’’ However, under the
early treatment strategy, we did not observe a significant
improvement in Aricept group. This effect may have been
due to the experimental conditions of behavioral tests, the
age of mice, sample size, and starting time of drug admin-
istration.” These factors may have resulted in undetectable
behavioral changes in response to Aricept treatment. In
addition, the dosage of Aricept in this study was 0.65 mg/
kg/day, which is much less than other studies (0.92mg/kg/
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day).”'w'32 Furthermore, clinical studies have shown that
cognitive effects are better at a higher concentration of
Aricept (23 mg/day) compared with a lower concentration
(5mg/day or 10 mg/day).* Therefore, we suspect that the
lack of effect of Aricept on the early treatment strategy was
due to its dosage. In summary, TL]N prevented age-related
spatial learning and memory deficits in the APP/ V7171 Tg
mouse model, which were gender-dependent. Under pre-
treatment, APP/V7171 Tg mice that exhibited a preventive
effect indicated that TLJN delayed AD-like pathogenesis.
Furthermore, gender differences were evident after TLJN
treatments, thus providing new light on further studies to
explore the effect and mechanisms of TL]N on the estrogen
pathway.
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