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Alzheimer’s disease (AD) is an incurable 
devastating age-related neurodegenerative 
disorder with complex pathophysiology. 
According to the current hypothesis, 
inflammation is considered as one of the 
key nonamyloid components of the disease 
pathogenesis [1, 2]. Until recently, it was 
believed that neuroinflammation may be a 
central mechanism driving amyloid  (A
pathology and progression. Genetic studies 
along with results from epidemiological 
and translational research indicate that 
inflammation outside of the central nervous 

system or systemic inflammation is another 
detrimental factor that can contribute 
to AD initiation and progression [3, 4]. 
In peripheral inflammation, circulating 
phagocytes (granulocytes and monocytes) are 
key players [5]. Sporadic late-onset AD is to 
a greater extent based on chronic neuro- and 
systemic inflammation than on mutations 
related to A or tau generation. Consequently, 
appropriate in vivo models that reproduce 
the underlying inflammatory and AB-based 
mechanisms of the disease are needed for 
deep insight into AD pathophysiology and 
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This study was aimed to evaluate manifestations of systemic inflammation in rats with Alzheimer 
disease (AD) induced by injections of A1–40 and A25–35 by the assessment of functional polarization of 
circulating phagocytes.

Methods. AD was induced by intracerebral injections of A1–40 and A25–35 Wistar male rats. Intact 
and sham-operated animals were used as a control. AD development was affirmed by the assessment of 
cognitive impairment in behavioral tests (‘Open field’ test, apomorphine test, Barnes maze test), as well 
as by the level of death of dopaminergic neurons. The functional polarization of circulating phagocytes 
was designated by phagocytic activity, oxidative metabolism, and the expression of phenotypic markers 
CD80 and CD206, which were examined by flow cytometry.

Results. Circulating phagocytes from rats with A1–40-induced AD were characterized by increased 
fraction of phagocytizing monocytes with decreased endocytic activity, moderately up-regulated 
granulocyte ROS generation along with temperate increase of CD86+ mononuclear phagocyte fraction and 
high level of CD206 expression. Two widely accepted indices of systemic inflammation: NLR and SII were 
higher in these animals than those in control rats by 6,5 and 7,5 times respectively. In rats with A25–35-
induced disease, significantly increased granulocyte ROS generation was registered. NLR and SII values 
in these animals were slightly higher than those in control rats.

Conclusion. Therefore, A1–40 AD model reproduces disease-associated systemic inflammation at the 
greater extent than A25–35-induced pathology, and is more appropriate for the study of inflammation in 
the disease pathophysiology.
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developing pathogenetic treatment approaches 
[6]. A1–40 and A25–35 -induced AD animal 
models meet these requirements [7]. This 
study was aimed to evaluate manifestations 
of systemic inflammation in rats with AD 
induced by injections of A1–40 and A25–35 by 
the assessment of functional polarization of 
circulating phagocytes.

Materials and Methods

AD was induced by intracerebral 
injections of A1–40 and A25–35 Wistar male 
rats. Intact and sham-operated animals 
were used as a control. AD development was 
affirmed by the assessment of cognitive 
impairment in behavioral tests (‘Open field’ 
test, apomorphine test, Barnes maze test), as 
well as by the level of death of dopaminergic 

neurons. The functional polarization of 
circulating phagocytes was designated by 
phagocytic activity, oxidative metabolism, 
and the expression of phenotypic markers 
CD80 and CD206, which were examined by 
flow cytometry. All data are presented as mean 
± SD. Statistical differences were determined 
using ANOVA with Tukey’s post-hoc test. 
Differences were considered significant at 
P  0.05.

Results and Discussion

Disturbances in eating behavior, spatial 
memory and cognitive flexibility, as well as 
death of dopaminergic neurons were observed 
in the animals with both AD models (data 
are not presented), and were much more 
pronounced in rats with A1–40-induced AD. 

Table. Systemic inflammation biomarkers in rats with different AD models

Notes: a — percentage of cells emitting fluorescence; b — the mean fluorescence per phagocytic cell; # — P  
0.05 as compared to intact animals; 

* — P  0.05 as compared to sham-operated animals; & — P  0.05 as compared to animals with A1–40-
induced AD.

Systemic inflammation 
biomarker

Intact animals, 
n = 10

Sham-operated 
animals, n = 10

A1–40-induced AD, 
n = 10

A25–35-induced 
AD, n = 10

Monocyte phagocytosis 
percentagea 7.60 ± 1.33 6.56 ± 0.45 42.53 ± 6.14#* 14.03 ± 3.31#*&

Monocyte phagocytosis 
indexb, MFI 31.10 ± 9.58 31.15 ± 3.70 21.39 ± 4.13#* 92.00 ± 9.64#*&

Monocyte ROS generation, 
MFI 35.16 ± 7.00 101.38 ± 17.60# 44.77 ± 9.73#* 132.91 ± 35.50#*&

Granulocyte phagocytosis 
percentage 49.29 ± 9.22 34.38 ± 16.39 68.05 ± 11.37#* 65.85 ± 7.07#*&

Granulocyte phagocytosis 
index, MFI 31.54 ± 2.40 54.68 ± 12.19# 73.51 ± 14.15#* 55.32 ± 2.54*&

Granulocyte ROS 
generation, MFI 123.84 ± 30.00 359.03 ± 77.58# 147.60 ± 21.69* 656.95 ± 99.10#*&

Phagocyte fraction 
expressing CD86 10.03 ± 2.70 97.50 ± 19.59# 51.67 ± 5.11#* 39.74 ± 9.51#*&

CD86 expression level in 
phagocytes, MFI 41.19 ± 0.53 167.29 ± 42.78# 30.20 ± 2.00#* 66.28 ± 8.67#*&

Phagocyte fraction 
expressing CD206 10.48 ± 0.96 1.33 ± 0.38# 12.48 ± 2.83* 23.79 ± 7.28#*&

CD206 expression level in 
phagocytes, MFI 20.13 ± 2.62 45.32 ± 10.04# 96.12 ± 12.25#* 20.69 ± 0.48*&

Neutrophil to lymphocyte 
ratio 0.64 ± 0.19 0.68 ± 0.13 4.42 ± 0.13#* 0.88 ± 0.27&

Systemic immune 
inflammation index (SII) 139.65 ± 31.07 233.06 ± 40.73# 1760.89 ± 125.36#* 272.39 ± 65.47#&
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Circulating phagocytes from rats with 
A1–40-induced AD were characterized by 
increased fraction of phagocytizing monocytes 
with decreased endocytic activity, moderately 
up-regulated granulocyte ROS generation 
along with temperate increase of CD86+ 
mononuclear phagocyte fraction and high 
level of CD206 expression (Table). Two widely 
accepted indices of systemic inflammation: 
NLR and SII were higher in these animals 
than those in control rats by 6,5 and 7,5 times 
respectively. In rats with A25–35-induced 
disease, significantly increased granulocyte 
ROS generation was registered. NLR and SII 
values in these animals were slightly higher 
than those in control rats.

In this study, two most commonly 
used interventional models of AD were 
used. A1–40 represents full-length peptide 
which is predominantly present in amyloid 
plaques in AD patients. A25–35 represents 
the shortest fragment of full-length A 
peptide with neurotoxic properties [8]. In 
both models, recapitulating of cognitive 
impairment, which is characteristic for 
AD patients, were observed in lesioned 
rats. Both models are considered as most 
appropriate for the study of AD-associated 
inflammation. Nevertheless, patterns 
of systemic inflammation manifestation 
differed significantly in animals with 
different models. Canonical indices of 
systemic inflammation (NLR and SII) were 
drastically increased in rats with A1–40 
AD model. Cognitive impairment was 
also more prominent in these animals as 
compared to A25–35-induced model (data 
are not shown). Moreover, functional 

characteristics of circulating phagocytes 
(decreased monocyte phagocytic activity 
along with moderate increase in the number 
of CD86+ cells) indicate appearance of 
circulating monocytic-myeloid-derived 
regulatory cells, that is typical in the course 
of prolonged systemic inflammation [9]. 
In rats with A25–35-induced model, NLR 
and SII values evidence low-grade systemic 
inflammation, of a rather reparative nature, 
considering augmented ROS generation by 
granulocytes, which was found to promote 
tissue reparative processes [10]. Literature 
data and our previous experiments indicate 
that pronounced peripheral inflammation 
is associated with aggravation of neuro-
inflammation and neurodegenerative disease 
progression [11, 12]. Therefore, A1–40 
AD model reproduces disease-associated 
inflammation at the greater extent. 

Conclusion

Taken together, our findings indicate 
that AD model in rats, based on intracerebral 
injection of full-length A  peptide 
(A1–40) is more appropriate for the study of 
inflammation in the disease pathophysiology, 
considering the association of significant 
cognitive impairment with prominent systemic 
inflammation in lesioned animals. 
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