@ Crimson Publishers
Wings to the Research

ISSN: 2689-2707

TTEH e

*Corresponding author: Yijie Du, Qingpu
Traditional Chinese Medicine Hospital,
Shanghai, 201799, China and Suzhen Dong,
Shanghai Engineering Research Center
of Molecular Therapeutics and New Drug
Development, School of Chemistry and
Molecular Engineering, East China Normal
University, Shanghai, 200062, China

Submission: g January 20, 2026
Published: g March 11, 2026

Volume 6 - Issue 4

How to cite this article: Yadan Zheng, Yijie
Du* and Suzhen Dong*. Social Behavior
Impairment in Triple-Transgenic Model
of Alzheimer’s Disease. Trends Telemed
E-Health. 6(4). TTEH. 000641. 2026.

DOI: 10.31031/TTEH.2026.06.00064 1

Copyright@ Yijie Du and Suzhen Dong,
This article is distributed under the terms
of the Creative Commons Attribution 4.0
International License, which permits
unrestricted use and redistribution
provided that the original author and
source are credited.

Research Article ‘ @ ‘ @

Social Behavior Impairment in Triple-
Transgenic Model of Alzheimer’s
Disease

Yadan Zheng!, Yijie Du?* and Suzhen Dong'*

!Shanghai Engineering Research Center of Molecular Therapeutics and New Drug Development, School of
Chemistry and Molecular Engineering, East China Normal University, China

2Qingpu Traditional Chinese Medicine Hospital, China

Abstract

Progressive memory loss, behavioral and psychological symptoms of dementia and abolishment of
daily life activities are symptoms of Alzheimer’s disease. But few studies have addressed the issues of
social behavior. A series of behavior tests (include barber test, tube test, urine-making test, home cage
behavioral recording and nesting tests) were used to assess the social behavior ability of the 3xTg-AD
mice. 3xTg-AD mice couldn’t build up well-organized dominance hierarchy sequence and were impaired
in nest building behavior. The impairment in social behavior in 3xTg-AD mice provide another behavioral
tool to assess the benefits of therapeutic strategies in this animal model.
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Introduction

Alzheimer’s Disease (AD) is an age-related neurodegenerative disease that represents the
most common cause of dementia among people age 65 or older. It is characterized by two
classical lesions: diffuse and neurotic plaques composed of extracellular deposits of the Af
peptide and neurofibrillary tangles made of filamentous aggregates of hyperphosphorylated
tau protein [1-3]. AB is derived from its A Precursor Protein (APP) by sequential proteolytic
cleavages by (-site APP-Cleaving Enzymel(BACE1) and y-secretase complex [1]. BACE1
cleaves APP to form AB N-terminus and generate a C-terminal fragment, C99, as the substrate
for y-secretase [2]. y-Secretase is an intramembranous complex, of which PS1 constitute the
active site [4]. Thus APP, BACE1, PS1/PS2 and Tau play an essential role in the progress of the
disease. In fact, it is thought that the gene mutation of APP, PS1 or PS2 is the cause of some
Familial AD (FAD). It has been found that the gene mutation of tau in connection with AD or
Frontotemporal Dementias (FTD).

Experimental animal models have already been proven as a valuable tool for understanding
pathogenesis and developing related drugs. In order to study the pathogenesis of AD, many
different transgenic mice have been generated to elucidate the pathophysiology of AD,
including FAD-linked mutant APP or PS1 transgenic mice, co-expressing mutant PS1 and APP
transgenic mice, mutant Tau transgenic mice and PS1/PS2 conditional double knock-out mice,
etc. [5-7]. But these transgenic mice models can simply represent some neurodegenerative
disease symptoms with amyloid plaque deposition or Tau pathological symptoms. They
cannot completely simulate the pathological symptoms of AD patients. In 2003, a triple-
transgenic mouse model (3xTg-AD) was established by Oddo and his colleagues. The triple-
transgenic model harbors PS1 M146V, APPS we and Tau P301L transgene. With increasing
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age, the 3xTg-AD mice develop a progressive and age-dependent
AP deposits, neurofibrillary formation and cognitive disorder that
is similar with AD patients [8]. It is widely considered that the
3xTg-AD mouse is the closest model that mimic the developmental
changes in human AD brains [9]. In recent years, researchers
have obtained a number of important results using the 3xTg-AD
transgenic mice and have gotten several breakthroughs in revealing
the pathogenesis of AD [10,11].

In addition to memory loss, the symptoms of AD patients
include behavioral and psychological symptoms of dementia and
abolishment of daily life activities [12]. Therefore, it is important to
get the information of AD animal models in preclinical behavioral
screening. But till now, few researches have been performed to
study such social behaviors. By chance, we observed that there
was difference in the whiskers of 3xTg-AD and wild-type mice.
Almost all 3xTg-AD mice have full sets of whiskers. But only one
of the 129/C57BL6 mice has full sets of whiskers. The others lost
part of whiskers. Even some lost full sets of whiskers. Previous
studies have showed that whisker trimming is an indicator of
social hierarchy [13]. Therefore, loss of whisker trimming in 3xTg-
AD mice may indicate the changes of dominance hierarchy. So, the
rank hierarchy of 3xTg-AD mice and their wild-type counterparts
were detected by barber test, tube test and urine marking assay
[14]. Impairment in executive functions and daily life activities are
early signs of Alzheimer’s disease. This issue in 3xTg-AD mice has
not been studied in details. Nesting behavior is a natural daily life
activity. Here, the nest building ability of 3xTg-AD was also analysed.
Meanwhile, some home cage behaviors, like self-grooming, social
grooming, mounting, tail pulling and sniffing were also detected.

Material and Methods
Animals

3xTg-AD mice on 129/C57BL6 background were purchased
from Jackson lab and were breed in our lab. The age-matched male
mice with the same genetic background (B6CBA) were served as
wild-type (wt.) control. Six months old 3xTg-AD mice (n=48, 24
females and 24 males) and control mice (n=44, 22 females and
22 males) were housed (four mice per cage) on a 12h light/dark
cycle under constant temperature and humidity. The animals were
provided with free access to food and water. All animal experiments
were approved by the Committee for the Care and Use of Laboratory
Animals at ECNU and conducted in accordance with the regulations
(2004) from the Chinese Ministry of Science and Technology.

Barber test

After housing the mice together for two weeks, the percentage
of subjects having a full complement of whiskers was recorded.
To determine if whiskers loss observed in wild-type mice resulted
from social interactions when housed with other wild-type mice,
the 3xTg-AD mice were housed with other 3xTg-AD mice. After 6
weeks, the presence of whiskers in both wild-type and 3xTg-AD
mice was recorded and taken a picture [15].

Tube test

The tube test assay was performed according to [15,16].
Briefly, each mouse was placed at one end of the tube in a 30 cm
long and three cm diameter (as shown below) until it got out at
opposite ends of the tube (8 times at each direction,16 times in all).
Before the test, each mouse was placed at each end three times for
training. Then, two mice were placed at opposite ends of the tube
and released. A subject was declared a “loser” when it backed out of
the tube within two minutes (round robin, four mice at each cage,
a total of six pairs). In addition, randomly selected 20 wide-type
and 3xTg-AD mice, a wide-type and a 3xTg-AD mice were placed in
the tube for the test. Between each experiment, using 75% alcohol
cleaned the pipe.

Urine-marking test

Urine marking test were the cages

(26cmx21cmx26cm) separated by the wire mesh with white filter

performed in

paper below the bottom of the cage. Each pair of mice was placed in
the cage for two hours. The urine marking was observed under the
excitation of UV light. The area of the urine marking was calculated
and recorded [17].

Home cage behavioral video recording

The home cage behavior was analyzed according to previous
studies [15]. Eight cages of wide-type and eight cages of 3xTg-
AD mice were video recorded simultaneously for 4h (two hours
during the dark cycle and two hours during the light cycle).
Various home cage behaviors (including self-grooming, social
grooming, mounting, tail pulling and sniffing) were scored by two
experimenters.

Nesting patterns

Nesting building ability was assessed according to previous
studies15. Briefly, a 5x5 cm piece of cotton nesting material was
put in each cage. After 45 min, photographs were taken of each nest
and each nest depth was measured.

Statistical analysis

All data were analyzed by SPSS 10.0. The intergroup difference
of measurement data was compared by using two-tailed t-tests or
Mann-Whitney U test. Count data between groups were compared
using the x2 test, Values are expressed as mean+SEM. P value of
<0.05 was considered as “significant” and p value of <0.001 was as
“highly significant”.

Result
Barber test

Whiskers of wild-type mice and 3xTg-AD mice were checked in
this test. The results showed that a significant difference had been
observed in wide type mice and the 3xTg-AD mice. In each cage, only
one mouse had intact whiskers, while its cage-mates had patches
of missing facial fur (FigurelA). But in all the 12 cages of 3xTg-AD
mice, all mice had full sets of whiskers (Figure 1B), indicating that
no social hierarchy had been established for them.
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Figure 1: Representative Facial whisker patterns of 3xTg-AD mice (A) and wild-type mice (B). There was one mouse
with intact whisker (barber) and the rest 3 mice with whiskers trimmed or plucked in wild-type cage. In contrast, all
3xTg-AD mice had full sets of whiskers.

Tube test

Tube test was used to identify pairs of dominant and submissive
mice. Mice were tested pair-wise using a round robin design, and
the social rank was assessed on the basis of winning against the
other cage mates. In 11 cages of wide-type mice, two cages of mice
failed to establish social hierarchy. However, ten cages of 3xTg-
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AD mice (in total of 12 cages) failed to establish social hierarchy.
Meanwhile, the latency of social hierarchy establishment in tube
test was longer for 3xTg-AD mice than that for wild-type mice. In
the tests between wide-type mice and 3xTg-AD mice, 70% wide-
type mice acquired a dominant position, indicating that the 3xTg-
AD mice have a reduction in the ability of competing the dominant
position (x2=6.40, p<0.05) (Figure 2).

— %

3xTg-AD

Figure 2: Time spent in the tube of the wild-type mice and 3xTg-AD mice. The wild-type mice spent less time than
3xTg-AD mice.

Urine-marking test

In 12 cages of 3xTg-AD mice, eleven cages of mice didn’t have
established a dominance-subordinate relationship. But only 2 of
11 cages wide-type mice didn’t have established the relationship.

Compared to the wide-type mice, 3xTg-AD mice obviously had
smaller urine-marking areas (p<0.05) (Figure 3). The results
revealed that the ability of establishment social hierarchy was
impaired in 3xTg-AD mice.
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Figure 3: The representative view and integrated optical density of urine-marking between wild-type and 3xTg-AD

mice. (A) Representative urine-marking of wild-type and 3xTg-AD mice. (B) The statistic results of integrated optical

density of urine, which is the sum of all pixel grey levels over the urine which determined from the original grey scale
image.

Home cage behavioral video recording

Wide type mice and 3xTg-AD mice were video recorded for four
hours (2 hours during the dark cycle and 2 hours during the light
cycle) and the frequencies of social interaction and self-grooming
were recorded. The results showed there was no difference in the
frequency of social interaction and self-grooming between wide
type mice and 3xTg-AD mice (Figure S1).

Nesting patterns

For nest building test, the wide type mice torn apart cotton
cushion to form fluffy nests within 45 minutes, while the 3xTg-AD
mice almost did nothing to build nests (Figure 4A). In addition,
wild-type mice-built nests that averaged 4 cm in depth, while 3xTg-
AD mice built shallower, with depths that averaged about 2cm
(Figure 4B), indicating impairment of the latter in nesting behavior.
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Figure 4: The representative nests and depth of nesting patterns between wild-type and 3xTg-AD mice. (A)The
photograph of the depth of the nest (B) After 45 minutes, the introduction of a nestlet wafer into each cage. **P<0.01.
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Discussion

It is well known that 3xTg-AD mouse is the best AD animal
model that mimics most of the symptoms of AD patients. Many
researches have been done to elucidate the phenotypes of the
mice. However, the social behavior ability of this animal model is
still unknown. Our analysis of 3xTg-AD mice by whisker trimming,
tube test and urine marking assay showed that 3xTg-AD mice can’t
establish a well-organized dominance-subordinate relationship
like what their wild-type counterparts do. Besides, the nesting
ability of 3xTg-AD mice is impaired.

The social behavior of animals refers to various forms of the
mutual influence and interaction between social animals. Animals
living in the community (e.g. lions, wolves, monkey, chicken,
rats, ants and bees, etc.) have more opportunity to contact with
each other, so individual animal obtains corresponding position
by competition based on own strength. Then they formed the
individual dominant and subordinate, called the dominance
hierarchy sequence. The dominance hierarchy sequence has an
extremely important position in animal social behavior. First, it
guarantees that the superiority individual (i.e. has a strong body,
well-developed skills and a good reactivity, etc.) enjoy the food,
areas and mate resources priority. Second, it reduces the damage by
avoiding the frequent fights between group members. Ultimately,
in the dominance hierarchy sequence, the superiority individual
establishes authority and leads the subordinate individual to
defend against enemies and maintain the interests and security of
the whole community. Therefore, it is a benefit for social animals
to establish dominance hierarchy sequence. But here it has been
showed that 3xTg-AD mice can’t establish a stable social hierarchy,
which might indicate that social behavior of the mice was greatly
impaired. Although no reports on changes in social hierarchy
in AD animal models have been found till now, deficits in social
communication [18], exploring social odors, discriminating social
individuals, and habituation [19] have been described in APP/
PS1 double mutant model of AD. The impairment of 3xTg-AD mice
in establishing social hierarchy may be derived from deficits of
social communication, which need further investigations. Nesting
construction is an affiliative social behavior that may reflect daily
life activities. Previous studies have revealed that nesting ability
is progressively impaired in Tg2576 mice [20] and APPswe/PS1
bigenic model of Alzheimer’s disease, Besides, other groups also
found abnormal nesting behavior in 3xTg-AD mice [21,22], which
is consistent with our results.

Conclusion

In summary, the present study showed that 3xTg-AD mice can’t
establish well-organized social hierarchy and exhibit impaired
nesting ability, indicating that the mice are abnormal in the daily
life activity. Thus, the mice can mimic the symptoms of AD patients
in social behavior, which make them a better tool to study AD
mechanisms and assess new AD drugs.
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