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Young plasma attenuates cognitive impairment and the cortical 
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Background: Cerebral amyloid angiopathy (CAA) is characterized by the deposition of β-amyloid (Aβ) 
in leptomeningeal vessels and penetrating arterioles. Intracerebral hemorrhage (ICH) is one of the most 
destructive complications in CAA. Young plasma has been shown to improve cognitive, learning, and 
memory functions in Alzheimer’s disease (AD) model mice and is a new potential therapy. However, it is 
not clear whether young plasma can reduce cerebral hemorrhage and improve the prognosis of neurological 
function in APP/PS1 (which express APP695swe and PS1-dE9 mutations) mice with CAA disease.
Methods: The Y-maze, new object recognition (NOR), forced swimming, open field, sucrose consumption, 
and corner tests were used to evaluate the learning and memory, cognitive ability, and emotional changes in 
CAA model mice. The effect of young plasma on neurogenesis was analyzed by immunofluorescence. The 
level of Aβ in the cerebral cortex and hippocampus of mice was measured by enzyme-linked immunosorbent 
assay (ELISA). Finally, the area of cortical hemorrhage in mice was analyzed by fast blue-staining.
Results: We proved that young plasma improved cognition, learning and memory impairment, and anxiety 
in CAA model mice, prevented neuronal apoptosis, and enhanced neurogenesis in APP/PS1 mice. However, 
young plasma did not reduce the level of Aβ in the cortex and hippocampus of APP/PS1 mice. We also found 
that young plasma reduced the area of cerebral hemorrhage in APP/PS1 mice.
Conclusions: Our results show that young plasma can improve learning and memory, cognitive 
impairment, and anxiety in CAA model mice and can reduce the area of cortical hemorrhage.
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Introduction

Cerebral amyloid angiopathy (CAA) is a cerebrovascular 
disease which manifests clinically as progressively 
aggravated cognitive dysfunction,  transient focal 
neurological dysfunction, and repeated or multiple 
cerebral lobar hemorrhage (1-3). An autopsy shows that 
the incidence of CAA in the general elderly population 
is 10% to 40%, and the incidence of CAA in Alzheimer’s 

disease (AD) patients with Alzheimer’s disease is as high 
as 80% (4). There was no significant gender difference 
in the incidence of CAA, but the incidence increased 
significantly with age. The incidence of CAA autopsy 
in 60–70 years old is 33%, and it is as high as 75% over  
90 years old (5). Verbeek et al. (6) detected β-amyloid (Aβ) 
40, Aβ42 and tau protein levels in normal people, AD and 
CAA patients, and the results showed that Aβ40 and Aβ42 
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in CAA cerebrospinal fluid were significantly reduced, while 
tau protein and phosphorylated tau protein levels were 
significantly increased, suggesting that cerebrospinal fluid 
Aβ40, Aβ42, tau protein levels can be used as biological 
markers for advanced CAA sensitivity. Some studies have 
shown that there is a high risk of Apolipoprotein E (APOE) 
ε 4 allele developing into CAA with age (7). Most of CAA 
progressed to cerebral ischemia, accompanied by mental 
disorders and behavioral abnormalities, such as memory, 
dyscalculia and analysis, or hallucinations and delusions. 
Some patients showed nervous system abnormalities, such 
as dysphasia, clonus or generalized convulsions, and a 
few had hemiplegia. Severe cerebral hemorrhage occurs 
in patients with elevated blood pressure, accompanied by 
headache, nausea, vomiting and insanity. The characteristic 
neuroimaging changes of cerebral amyloid angiopathy 
include cerebral microbleeds (CMBs), white matter 
hyperintensity (WMH), enlarged perivascular space [EPVS, 
also known as enlarged Virchow-Robin space (dVRS)] and 
cortex Hemosiderin deposits on the surface. In 2010, the 
University of Munich Hospital in Germany released a revised 
version of the CAA Boston standard (8). If the autopsy found 
hemorrhage in the cerebral lobe and cortex, and diagnosed 
severe amyloid angiopathy, but no other causes of cerebral 
hemorrhage, it can be confirmed as suffering from CAA. If 
the results of CT and magnetic resonance imaging (MRI) 
show that the hemorrhage is limited to a single focus of 
hemorrhage in the cerebral lobe or cortex or with a small 
amount of hemosiderin deposition on the surface of the 
cortex, there is a certain degree of amyloid angiopathy, the 
age of onset is ≥55 years old, and there is no other cause 
of cerebral hemorrhage, then it is likely to be diagnosed as 
CAA. Currently, there is no effective treatment to prevent or 
reverse the deposition of amyloid. Clinically, it mainly treats 
the complications of CAA, such as dementia and recurrent 
cerebral hemorrhage, etc.

Among the clinical complications caused by CAA, 
cerebral hemorrhage is the most destructive. The clinical 
manifestations of CAA are partially similar to AD, and 80% 
or more of CAA patients demonstrate AD pathological 
changes (9). Studies have shown that high-fat diet can 
enhance cerebral amyloidosis and cognitive impairment in 
AD model mice and significantly promote the development 
of AD-like pathology by enhancing cerebral amyloidosis 
and oxidative stress which has nothing to do with metabolic 
disorders (10).CAA is a cerebral vessel disease caused by Aβ 
deposition at the vessel walls (2,11,12) and is a major cause 
of intracerebral hemorrhage (ICH) (11,13). The imbalance 

of Aβ production and the clearance of Aβ seem to lead to 
AD-related cognitive impairment (14). Studies have shown 
that the decrease of endogenous Neprilysin level will 
prolong the half-life of amyloid beta protein in the body, 
increase the levels of Aβ40 and Aβ42 in brain and plasma, 
and then lead to the occurrence of amyloid angiopathy (15). 
Therefore, reducing the aggregation of Aβ or clearing Aβ 
is an effective therapeutic strategy for CAA. With the aging 
of the population, there is an urgent need to find a cure for 
the disease. Studies have shown that the key mechanisms 
of removal of Aβ include vascular transport across the 
blood brain barrier (BBB) (16), the glymphatic system (17), 
enzymatic degradation and cellular uptake, or through the 
intramural perivascular drainage (IPAD) system (18,19).

CAA mainly arises from Aβ deposits in the leptomeningeal 
vessels and penetrating arterioles. The relative incidence 
of cortical hemorrhage has been increasing, but there is no 
effective drug treatment for cortical hemorrhage.

In 2005, Conboy et al. (20) proved the regenerative 
ability of young blood through a parabiosis experiment, 
in which young and old mice were connected by surgery 
and shared a blood circulatory system. Then, in 2011, 
Villeda et al. (21) showed that plasma, rather than whole 
blood infusion, is the component in young blood that 
improves the cognitive function of old mice and pointed 
out that there are soluble factors in old blood that inhibit 
neurogenesis. Several studies have shown that either by 
injecting young plasma or by parabiosis, young plasma 
can reverse synaptic plasticity and cognitive function in 
older amyloid precursor protein APP transgenic mice 
(APP mice) (21-23), as well as improving the function of 
aged organ/tissues, including the liver, brain, and skeletal 
muscles (24,25). In addition, Sinha et al. (26) found that 
increasing the circulating protein growth differentiation 
factor 11 (GDF11) levels in aged mice can regulate muscle 
aging and improve muscle structure and function. The C-C 
motif chemokine ligand 11 (CCL11) and β2-microglobulin 
levels in mice and humans increase with age, reducing 
neurogenesis and causing memory impairment in older 
mice and humans. Their experiments showed that the levels 
of CCL11 and β2-microglobulin in aged mice decreased 
after young plasma treatment, thus improving the memory 
impairment of aged mice (21,27). Furthermore, raising 
testosterone levels can restore skeletal muscle regeneration 
in aged mice (28). Therefore, several components in young 
blood play an important role in the brain regeneration of 
aged mice.

In order to improve the understanding of young blood, 
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Wang et al. (29) extracted extracellular vesicles (EVs), from 
the serum of young mice and evaluated the regeneration 
effect in old mice. They found that EVs could reduce the 
chronic inflammatory reaction in old mice. In addition, 
studies have shown that thrombospondin-4 (THBS 4) and 
SPARC-like protein 1 (SPARCL1) in the serum of young 
rats can directly act on neurons and stimulate dendritic 
formation and synaptic formation (30). Some studies have 
also shown that cytokines, interleukins, and growth factors 
secreted by young activated T lymphocytes significantly 
increase the proliferation and migration rate of C2C12 
myoblasts, which is beneficial to muscle regeneration (31). 
Yuan et al. (32) found that young plasma can significantly 
reduce the acute brain injury caused by cerebral hemorrhage 
in elderly rodents, and they believe that young plasma and 
its circulating “young factors”, such as IGF-1, may help 
to treat the symptoms of cerebral hemorrhage in elderly 
patients. Although young plasma shows beneficial effects in 
old mice, the effects of young plasma on CAA model mice 
and the extent to which they are involved in the clearance of 
Aβ is not clear.

To determine the effect of young blood plasma on 
elderly APP mice, we used the young blood injection 
method by centrifugally separating the blood components 
of healthy young mice, and then injecting them into the 
elderly APP/PS1 mice. These APP mice are characterized 
by the rapid appearance of Aβ depositions (33) and exhibit 
behavioral phenotypes similar to the cognitive impairment 
and psychiatric symptoms seen in AD patients (34). Next, 
we tested the learning and memory abilities of aged APP/
PS1 mice exposed to young blood. Finally, we analyzed the 
changes in Aβ expression and the cortical hemorrhage area 
in the brains of these mice.

We present the following article in accordance with the 
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-8008).

Methods

Experimental design

The following mouse lines were used: young mice 
(n=50, aged 3–4 months) and aged APP/PS1 mice (with 
a C57BL/6J genetic background) (n=10, 18–22 months) 
were purchased from the Model Animal Research Center 
of Nanjing University in China (Nanjing, China). Wild-
type (WT) mice of the same background (with a C57BL/6J 
genetic background) and age (n=5, 18–22 months) were 

used as a control group. All studies were undertaken with 
female mice. The mice were raised under specific pathogen-
free conditions with a 12-hour light-dark cycle. Food and 
water were freely available. The health status of the mice 
was monitored every two weeks to exclude problematic 
mice from the study. The animals were treated according 
to the standards of animal protection and use according 
to the Committee of Zhengzhou University. This study 
was approved by the Ethics Committee of Zhengzhou 
University.

The mice were assigned to three groups that were equal 
in size (n=5): WT mice, aged APP/PS1 mice, and aged APP 
mice plus young plasma (APP/PS1-YP) (Figure 1A). There 
was no significant difference in body weight and age among 
the groups.

After the plasma injection phase was completed (28 days), 
behavioral tests were used to evaluate changes in memory, 
cognition, and mood of the mice. The Y maze and new 
object recognition test (NOR) were conducted on the first 
day, the open-field test and the forced swimming test were 
conducted on the second day, the sucrose consumption test 
was conducted on the third day, and the corner test was 
conducted on the 1st, 3rd, and 7th days. After the behavioral 
tests were completed, the mice were anesthetized with 
10% chloral hydrate (400 mg/kg) and then sacrificed, 
and the brain tissues were processed for the ELISA and 
immunofluorescence experiments (Figure 1B).

Blood collection and administration

The blood of the young mice was taken at the time of 
death by caudal vein bleeding or intracardiac hemorrhage 
and collected into an Ethylene Diamine Tetraacetic Acid 
(EDTA, Shanshan Medical, China) coated tube. The whole 
blood was used for centrifugation at 1,000 g for 10 minutes 
at 4 ℃. Then the plasma and lymphocyte aliquots were 
stored at −80 ℃ until use. Before administration, the plasma 
was dialyzed with a 3.5 kDa Slide-A-lyzer dialyzer (Thermo 
Scientific, USA) in a phosphate buffered solution (PBS) to 
remove the EDTA. The mice in the treatment group were 
systematically treated by injecting young plasma (100 µL/
injection) into the tail vein twice a week for 4 weeks.

Behavior testing

Y-maze
The Y-maze test was used to assess the short-term memory 
of the mice. The maze consisted of three 30 cm-long arms 
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(named starter arm, novel arm and other arm) at a 120° 
angle to each other in the shape of a capital Y and was made 
of grey wood covered with black paper. The mouse was 
placed on the distal end of the starting arm, the novel arm 
was blocked with a partition, and the mouse was allowed 
to explore freely in the maze for 5 minutes. The maze was 
then wiped with 80% alcohol to prevent odor hints. Two 
hours later, the novel arm was opened, and the mouse was 
put into the Y-maze again to evaluate its spatial memory. 
The number of times and time the mouse entered the novel 
arm was recorded, as well as the total exploration time.

NOR test
The novel object recognition test consists of the habit 
phase, training phase and testing phase. Before the 
experiment, each mouse was put in a black polyethylene 
plastic test box (25 cm × 40 cm × 25 cm) to adapt for  
48 hours. After 24 hours, two identical objects were placed 
at the opposite corners of the box. The mouse was placed 
in the test box for 10 minutes before the test in order to 
become comfortable with the equipment. Then the mouse 
was placed back in its cage and the objects and boxes 
were cleaned between each animal with 80% ethanol to 
reduce the smell that might affect the results of the next 
mouse test. An hour later, one of the objects was replaced 
by a novel, different object. Again, each mouse was given  
3 minutes to explore the object. The mice were considered 
to be exploring the novel object only if they were within 

2 cm of the novel object and not sitting on or leaning 
against it. The exploration times of the novel object and the 
familiar object were recorded, and the discrimination index 
(DI) was used to evaluate the mouse’s recognition ability, 
that is, DI = (time exploring novel object)/(time exploring 
novel object + time exploring familiar object) ×100%.

Forced swimming test
In the forced swimming test, the mice were placed in 
containers containing warm water (23–25 ℃) for 8 minutes 
(width: 20 cm; length: 40 cm; depth: 20 cm; water level: 
14–15 cm). The mice were not allowed to touch the bottom 
of the container. The duration of immobility was recorded 
during the last 6 minutes of the 8-minute test period. When 
the mouse floated in an upright position it was considered 
immobile, and mice with depressive-like behavior showed 
increased immobile time.

Open field test
The open field test was used to evaluate the exploratory 
activity and anxiety behavior of the mice. It consisted of a 
50 cm × 50 cm × 40 cm wooden box, with a center area of 
25 cm × 25 cm and the remaining surrounding area. Each 
mouse was placed in the center of the field and allowed to 
explore freely for 10 minutes in a quiet environment. Then 
the field was cleaned with 50% alcohol to remove the scent 
marks. The distance covered and amount of time spent in 
the center and surrounding areas were measured by the 

Figure 1 Experimental design. (A) The experiment was divided into three groups, in which APP/PS1-YP mice were injected with young plasma 
(100 L/injection) through the tail vein twice a week for 4 weeks; (B) after completing various behavioral tests, the mice were sacrificed. WT, 
wild-type mice; APP/PS1, APP/PS1 mice; APP/PS1-YP, aged APP/PS1 mice plus young plasma; NOR, novel object recognition.
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tracking system. The percentage of time the mouse spent 
in the center and corner was calculated as a measure of 
anxiety.

Sucrose consumption
Animals tend to ingest large amounts of sweet substances or 
solutions. Compared with their normal daily liquid intake, 
rodents show a significantly higher preference for sucrose 
solution and consume more liquid when sucrose solution is 
introduced. However, the sucrose intake of depressed mice 
is known to decrease. In this study, the mice were subjected 
to 3 hours of food and water deprivation before the sucrose 
test. Then, the same amount of ordinary water with a 2% 
sucrose solution was placed in a cage familiar to the mice to 
avoid the effects of the external environment on the results. 
The amount of normal water with a 2% sucrose solution 
consumed within 3 hours by each animal was recorded. The 
results were expressed as sucrose consumption per animal 
(mL)/(water consumption + sucrose consumption) ×100%.

Corner test
The corner test is used to test sensory and motor disorders 
after cerebral cortex and substantia nigra striatum injury 
at 1, 7 and 14 days after cerebral hemorrhage. The 
experimental device consists of two boards each measuring 
30 cm × 20 cm × 1 cm with the edges of the boards 
connected at an angle of 30 degrees. The mouse is placed 
between the two boards. When the mouse enters the depths 
of the corner, the whiskers on both sides are stimulated. 
Normally, the mouse will turn upward, left or right, and 
then leave the corner. Mice affected by cerebral ischemia 
tend to turn to the undamaged side (35). In this study, this 
process was repeated for each test until 10 correct turns 
were recorded for each animal and the percentage of left 
turns was calculated. Occasional turns were not counted.

Enzyme-linked immunosorbent assay (ELISA)

A beta-amyloid total Aβ ELISA Kit (Covance, Princeton, 
NJ, USA), was used according to the manufacturer’s 
instructions to measure the level of soluble Aβ in the 
brains and peripheral blood of the mice. The hippocampus 
of each group was homogenized in lysis buffer. Diluted 
protein standards and samples were added to a 96-well 
ELISA plate, and then HRP-labeled antibodies for Aβ 
were added to form an antibody-antigen-enzyme-labeled 
antibody complex. After washing with phosphate buffered 
saline (PBS) solution, a solution of TMB substrate was 

added and converted to blue under the catalysis of HRP. 
Then the stop solution was added to stop the reaction. The 
absorbance at 450 nm was detected by a microplate reader, 
and the concentration of Aβ was calculated according to the 
standard curve.

Immunofluorescence

The mice were anesthetized with 400 mg/kg chloral hydrate 
(Sigma-Aldrich, USA), then 0.9% saline was infused into 
the hearts of the mice, and their brains were dissected and 
fixed in 4% paraformaldehyde phosphate buffer at 4 ℃ 
for 48 hours, and then cryopreserved with 30% sucrose. A 
cryostat was used to cut 30 µm continuous sections. Next, 
the sections were incubated with 0.3% hydrogen peroxide 
in methanol for 10 minutes, and then blocked with 10% 
normal goat serum in PBS for 20 minutes. Single staining 
of the IBA1 (ionized calcium binding adaptor molecule 
1) and GFAP (glial fibrillary acidic protein), was achieved 
by blocking with anti-Iba1 (1:200, goat polyclonal anti-
Iba1, Abcam, USA, #ab5076) and anti-GFAP (1:2,500, 
chicken polyclonal ant-GFAP, Abcam, USA, #ab4674) and 
incubated at 4 ℃ overnight in the solution. After washing 
three times with PBS the next day, the sections were 
incubated with an Alexa 484-conjugated IgG secondary 
antibody (Invitrogen, CA, USA) for 2 hours, and finally 
4’,6-diamino-2-phenylindole (DAPI) (Solarbio, China) was 
used for the fluorescent nuclear staining. After 15 minutes 
of incubation, the coverslip was thoroughly washed with 
distilled water.

Immunofluorescence analysis and quantification

A confocal scanning microscope (Leica, Germany) was used 
to image the immunofluorescence staining. The ImageJ 
software of the National Institutes of Health was used to 
measure the average signal intensity. The intensities of 
Iba1 and GFAP were measured in the whole image. The 
hippocampus and hemispherical cortex of each group of 
animals were analyzed. Then the average area of Iba1 
positive cells was measured by ImageJ software, and 
the quantity of GFAP positive cells was expressed as a 
percentage.

Statistical analysis

The data are expressed as mean ± SD. The computer 
program GraphPad Prism 8.0 (Graph-Pad Software, 
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Inc., La Jolla, CA, USA) was used for all analyses, with 
a statistical significance level of P<0.05. The Shapiro-
Wilk test or Kolmogorov-Smirnov test was used to test 
the normality of the data distribution in each group 
of experiments. The F test showed that there was no 
significant difference in variance among groups. One-way 
ANOVA was used to analyze between-group differences, 
and a two-way ANOVA was used to analyze the corner test 
data followed by a post hoc Tukey’s test.

Results

Young plasma improves memory, cognition, and mood in 
APP/PS1 mice

To evaluate whether young plasma can improve cognitive 
function and emotion in APP/PS1 mice, we injected 
young plasma into APP/PS1 mice, and then carried out 
several behavioral tests. In the Y maze test of spatial 
working memory, the number of times and time spent 
entering the new arm of APP/PS1-YP were significantly 
higher than those of APP/PS1 mice (Figure 2A,B, *P<0.05, 
**P<0.01,****P<0.0001), indicating that young plasma 
improved the short-term memory of APP/PS1 mice. In 
order to examine the effect of young plasma on recognition 
memory, we carried out the NOR test. One-way analysis of 
variance (ANOVA) showed that F=48.47, P<0.0001. The 
discrimination index of APP/PS1 mice was significantly 
lower than that of normal WT mice, and the discrimination 
index of APP/PS1-YP was significantly higher than that 
of APP/PS1 mice (Figure 2C). The above data suggest that 
young plasma can effectively improve the cognitive and 
memory function of APP/PS1 mice.

The forced swimming test was used to assess the effect of 
youth plasma on anxiety in APP/PS1 mice. In comparison 
with the control group, the immobile time of the APP/
PS1 group and the APP/PS1-YP group was increased. 
However, the immobile time of the APP/PS1-YP group 
was significantly shorter than that of the APP/PS1 group. 
(ANOVA, Figure 2D). In the sucrose consumption test, the 
result of the Brown-Forsythe ANOVA was F(2,10.65)=27.74 
P<0.0001. Games-Howell’s multiple comparisons test 
showed that the sucrose consumption ratio of the APP/PS1 
group was significantly lower than that of the WT group 
(***P<0.001, Figure 2E), while the APP/PS1-YP group’s 
consumption was significantly higher than that of the 
APP/PS1 group (**P<0.01, Figure 2E). It is suggested that 
young plasma therapy partially restored the depression-like 

behavior of the APP/PS1 mice.
Figure 2F, G detail the results of the open field test. 

Compared with the control group, the central exploration 
time of the APP/PS1 mice was significantly lower (**P<0.01, 
Figure 2F), and the ratio of central exploration time to total 
exploration time was also significantly lower than that of the 
control group (*P<0.05, Figure 2G). However, compared 
with the APP/PS1 mice, the APP/PS1-YP mice spent a 
longer time in the center (*P<0.05) and had a higher ratio 
to total exploration time (*P<0.05). This test indicates that 
young plasma can effectively improve the anxiety of APP/
PS1 mice.

The corner test (Figure 2H) two-way ANOVA showed an 
interaction effect of F(4,36)=7.323 P<0.001. Tukey’s multiple 
comparisons test indicated that the percentage of left turns 
in the APP groups was significantly lower than that in the 
WT group (****P<0.0001), while that in the APP/PS1-YP 
group was significantly higher than that in APP/PS1 group 
(**P<0.01).

Young plasma promotes neurogenesis in APP/PS1 mice

To determine whether young plasma can increase 
neurogenesis in APP/PS1 mice, we performed an 
immunofluorescence analysis (Figure 3A). The results 
showed that the number of neurons in the APP/PS1 mice 
were significantly increased compared with those of the 
APP/PS1 mice treated with young plasma (Figure 3B,C). 
These results indicate that the decrease in neurogenesis in 
APP/PS1 mice is at least partially restored by treatment 
with young plasma.

Young plasma does not significantly reduce Aβ levels in 
APP/PS1 mice

We first analyzed the levels of Aβ40 and Aβ42 in the total 
homogenates of the cortex and hippocampus of the three 
groups of aged mice by ELISA (Figure 3D,E). The data 
showed that compared with the APP/PS1 group, the levels 
of Aβ40 and Aβ42 in the cortex and hippocampus of the APP/
PS1-YP group did not change significantly. This indicates 
that injection of young plasma does not reduce Aβ levels in 
the cortex and hippocampus.

Young plasma can reduce the cortical hemorrhage area in 
APP/PS1 mice

We explored the condition of ICH in the cerebral cortex of 
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Figure 2 The changes in cognition, memory and emotional behavior of mice in each group. (A) In the Y-maze, the ratio of the time spent 
on the new arm to the total time was recorded. (B) The percentage of times the mice entered the new arm. (C) In the new object recognition 
experiment, the percentage of the mouse’s exploration time on novel objects in the total exploration time. (D) In the forced swimming test, 
the duration of immobility in the container was recorded, and the mice with depressive behavior stayed longer. (E) The percentage of 2% 
sucrose solution consumed by mice within 3 hours. (F) The duration of time mice stayed in the center was recorded in the open-field test. (G) 
The time ratio of center to corner in the open field test. (H) The percentage of mice turning left in the corner test. Results are mean ± SD. 
Statistics: *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001. WT, wild-type mice; APP/PS1, APP/PS1 mice; APP/PS1-YP, aged APP/PS1 mice 
plus young plasma; NOR, novel object recognition.
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Figure 3 Immunofluorescence and ELISA analysis. (A) Representative areas of Iba1 and GFAP positive cells, Scale bar = 50 µm; (B) average 
area of Iba1 positive cells; (C) quantitative percentage of GFAP positive cells; (D) ELISA analysis of Aβ40 levels in mouse cerebral cortex 
and hippocampus; (E) ELISA analysis of Aβ42 levels in mouse cerebral cortex and hippocampus; Results are mean ± SD. Statistics: **P<0.01; 
***P<0.001; ****P<0.0001. WT, wild-type mice; APP/PS1, APP/PS1 mice; APP/PS1-YP, aged APP/PS1 mice plus young plasma; NOR, 
novel object recognition; IBA1, ionized calcium binding adaptor molecule 1; GFAP, glial fibrillary acidic protein; DAPI, 6-diamino-2-
phenylindole.
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mice. The brain tissues of the different groups of mice were 
stained with fast blue to estimate the size of the hematoma, 
and then the cortical hemorrhage area of each group of 
mice was measured. Overall, the hematoma area of the WT 
group was smaller than that of the APP/PS1 group, while 
the hematoma area of the APP/PS1 group was larger than 
that of the APP/PS1-YP group (Figure 4, ****P<0.0001). 
This data indicates that young plasma can reduce the 
cortical hemorrhage area of APP/PS1 mice.

Discussion

In summary, our research shows that injecting young 
plasma into APP/PS1 mice not only significantly improves 
the cognitive memory and anxiety of APP/PS1 mice, but 
also reduces the area of cerebral cortex hemorrhage caused 
by CAA disease. However, treatment with young plasma 
did not reduce amyloid levels in late-stage mice. This study 
further confirmed the positive and beneficial effects of 
young plasma on CAA disease.

Our experimental results showed that there was no 
significant decrease in the level of Aβ in the brain and 

peripheral blood of elderly mice infused with young 
plasma. A series of studies have shown that the reduction 
of the synaptic proteins synaptophysin and calbindin in 
the dentate gyrus in AD mouse models was reversed by 
heterochronic parabiosis experiment, but the levels of 
amyloid plaques, soluble Aβ and Aβ42, and the activation 
of microglia were not changed (36). In old mice, young 
mouse plasma had a good effect on some disease parameters 
but it did not reverse all aspects, insofar as treatment with 
young plasma did not reduce the level of amyloid protein in 
the mouse model (37). Furthermore, the process of blood 
circulation from young mice to AD mice reversed the loss 
of hippocampal synapses and the abnormal expression of 
many genes involved in key neuronal signal pathways but 
did not reduce the deposition of Aβ or the activation of 
microglia (38).

Young blood reverses cognitive deficits in aged mice. 
The presence of one or more soluble Aβ aggregates may 
cause some early morphological and functional synaptic 
defects, which may lead to memory dysfunction in APP 
mice (39). Consistent with our findings, Villeda et al. (21) 
have shown that aged mice that share blood with young 

Figure 4 The representative fast blue-stained sections and the quantitative results of hematoma volume were obtained in each group. (A) 
Representative fast blue-stained sections of the three groups of mice. Scale bar =1 mm. (B) Quantitative results of hematoma volume based 
on fast blue-stained sections. ***P<0.001; ****P<0.0001. WT, wild-type mice; APP/PS1, APP/PS1 mice; APP/PS1-YP, aged APP/PS1 mice 
plus young plasma.
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mice exhibit enhanced long-term potentiation (LTP)-
increased neurogenesis and improved cognitive function. 
Other studies have shown that injecting young plasma into 
old mice can improve their performance on the Radial 
Arm Water Maze (RAWM) test, novel object recognition 
tests and contextual fear conditioning (40).This was further 
expanded by the use of human plasma extracted from the 
umbilical cord. Human cord plasma therapy revitalized 
the hippocampus and enhanced synaptic plasticity and 
hippocampal-dependent cognitive ability in aged mice (41). 
These results support a role for young plasma in slowing 
down the progression of diseases associated with amyloid 
deposition.

However, some studies have suggested that young 
plasma can reduce the pathological changes of hippocampal 
Aβ plaques. Xia et al. (42) have shown that intravenous 
injection of young serum can alleviate the learning and 
memory impairment of aged AD model mice, reduce the 
pathological changes of hippocampal Aβ plaques, restore 
synaptic formation and synaptic plasticity, and then repair 
hippocampal cholinergic circuits. Zhao et al. (43) also 
believe that young plasma therapy can not only reduce 
neuroinflammation in the brain of AD model mice, but 
also reduce the pathological levels of tau and A β. We 
believe that the reason for the inconsistency between 
our research and these findings may be related to the 
duration, frequency, and plasma dose of young blood 
injections. At present, the most suitable time, frequency 
and dose of continuous injection of young blood have not 
been determined. Since a large number of studies have 
demonstrated the potential therapeutic characteristics of 
young blood for elderly diseases, it is necessary to further 
clarify the continuous injection time, frequency, duration, 
and plasma dose of young blood.

In this study, we studied the effects of young plasma 
therapy on behavior and brain A β protein levels in CAA 
model mice. Considering that young plasma may also 
have effects on blood lipids, amyloid plaque deposition, 
neuroinflammatory proteins and mRNA markers, we will 
evaluate them in the next study, which will be reflected in 
our follow-up research articles.

Although young plasma shows beneficial effects in the 
treatment of APP mice, this is only a preclinical animal 
study, and whether it also shows beneficial effects in human 
diseases needs to be confirmed by larger clinical trials. 
Moreover, the effect of the mouse model used in this study 
on the frequency of plasma administration or the volume 
given per injection have yet to be studied. However, this 

study is important because it demonstrates the potential 
therapeutic value of young plasma by improving the 
symptoms of diseases associated with Aβ deposition. At 
present, no harmful effects of young plasma on aged APP 
mice have been found.

In summary, young blood plays an important role in 
human neurodegenerative and neurovascular diseases and 
shows promise for a potential clinical application. Our 
study provides further experimental evidence to confirm the 
potential role of young plasma in the treatment of patients 
with CAA. It is not fully clear how young plasma exerts 
its effect. Future studies must clarify the mechanisms of 
these interactions in order to determine their potential in 
therapeutic applications.

Conclusions

In summary, we found that young plasma did not reduce 
amyloidosis in a CAA mouse model, but young plasma 
improved cognitive impairment and cortical hemorrhage in 
CAA model mice, and no adverse effects of young plasma 
were observed during the experiment. Our study shows that 
young plasma is promising as a clinical therapeutic agent for 
CAA.
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