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Abstract

D-Galactose (D-gal) and L-glutamate (L-glu) impair learning and memory. The
mechanism of interaction between the gut microbiome and brain remains unclear. In
this study, a model of cognitive impairment was induced in tree shrews by intraperi-
toneal (ip) injection of D-gal (600 mg/kg/day), intragastric (ig) administration with
L-glu (2000 mg/kg/day), and the combination of D-gal (ip, 600 mg/kg/day) and L-glu
(ig, 2000 mg/kg/day). The cognitive function of tree shrews was tested by the Mor-
ris water maze method. The expression of A31-42 proteins, the intestinal barrier
function proteins occludin and P-glycoprotein (P-gp), and the inflammatory factors NF-
xB, TLR2, and IL-18 was determined by immunohistochemistry. The gut microbiome
was analyzed by 16SrRNA high-throughput sequencing. After administering D-gal and
L-glu, the escape latency increased (p < .01), and the times of crossing the platform
decreased (p < .01). These changes were greater in the combined administration of D-
gal and L-glu (p < .01). The expression of A31-42 was higher in the perinuclear region
of the cerebral cortex (p < .01) and intestinal cell (p < .05). There was a positive corre-
lation between the cerebral cortex and intestinal tissue. Moreover, the expression of
NF-xB, TLR2, IL-18, and P-gp was higher in the intestine (p <.05), while the expression
of occludin and the diversity of gut microbes were lower, which altered the biologi-
cal barrier of intestinal mucosal cells. This study indicated that D-gal and L-glu could
induce cognitive impairment, increase the expression of A31-42 in the cerebral cor-
tex and intestinal tissue, decrease the gut microbial diversity, and alter the expression
of inflammatory factors in the mucosal intestines. The dysbacteriosis may produce
inflammatory cytokines to modulate neurotransmission, causing the pathogenesis of
cognitive impairment. This study provides atheoretical basis to explore the mechanism
of learning and memory impairment through the interaction of microbes in the gut and
the brain.

KEYWORDS
cognitive impairment, D-galactose, gut microbes, intestinal mucosal barrier, L-glutamate, tree
shrew

Synapse. 2023;e22274.
https://doi.org/10.1002/syn.22274
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Improving Alzheimer’s disease by altering gut
microbiota in tree shrews with ginsenoside Rgl
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Hongbin Zhao*, Hong Zheng"* and Jianlin Jiao**
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One sentence summary: Ginsenoside Rgl may improve Alzheimer’s disease symptoms in tree shrews.

Editor: Rustam Aminov

ABSTRACT

Ginsenoside Rgl (GRgl) has neuroprotective effects on Alzheimer’s disease (AD). The occurrence and progression of AD are
closely related to gut microbiota. Few studies have learned the direct relationship between GRgl and gut microbiota. In this
study, we found an original way to research this relationship by using GRg1 in the AD model of tree shrews. Morris water
maze and immunohistochemistry were performed to test the cognition repairing function of GRgl by tree shrews and 165
ribosomal RNA sequencing was used to explore the composition and abundance of gut microbiota. After GRgl treatment,
the result of Morris water maze showed an improvement in cognitive function, and immunohistochemistry revealed a
decrease in tau protein. Moreover, 16StTRNA sequencing results showed the abundances of Proteobacteria and Verrucomicrobia
were significantly different, and Lactobacillaceae was significantly increased in the GRgl treatment group. It also showed that
the gut microbiome with middle and high doses of GRgl was close to the normal group. In conclusion, this study suggests
that GRg1 at middle and high doses may change the abundance of gut microbiota to improve AD, and that Proteobacteria and
Verrucomicrobia are key microbiota. This is the first report that has ever studied the relationship between GRgl and gut
microbiota in tree shrews.

Keywords: Alzheimer’s disease; ginsenoside Rgl; tree shrew; gut microbiota; Morris water maze; tau protein

INTRODUCTION neuroprotective drugs have been discovered in preclinical stud-
ies (Ji et al. 2017; Li et al. 2016). However, no drugs have shown
the effect of inhibiting the deterioration of AD significantly.
Ginseng is a traditional medicinal herb that has been applied
widely for the treatment of memory loss in Asia (Hu et al. 2014).
Ginsenoside Rgl (GRgl) is the major pharmacologically active
ingredient of Panax notoginseng, and plays a neuroprotective
role in AD (Bac-Sheng et al. 2014). GRg1 ameliorates the impair-
ment of learning and memory in SAMP8 mice (Shi et al. 2010).
Fuzheng Quxie Decoction (FQD) at a medium dose not only

Alzheimer’s disease (AD), which plays a critical role in causing
memory loss, cognitive impairment and behavior changes, leads
to death about 9 years after diagnosis. Studies have shown the
pathological features of AD including senile plaques and neu-
rofibrillary tangles. The major constituent of senile plaques is
amyloid-g peptides (Ag), which are generated as cleavage frag-
ments by the action of y and p secretase on amyloid precur-
sor protein (APP) metabolism (Xing et al. 2013). So far, numerous

Received: 22 August 2019; Accepted: 16 January 2020

@© FEMS 2020. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com
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Aregs-IGFBP3-mediated SMC-like cells apoptosis »
impairs beige adipocytes formation in aged mice

Shifeng Wang"*®, Yuanxu Cui"»*>*%, Limei Wang'-®, Chun Feng’®, Yifei Sun®, Bangyun Huo®, Honglu Jiang®,
Mingyu Zhao’, Yingying Tu’, Qiyue Wang ?, Yutao Yang ’, Qiang Zhang'""

ABSTRACT

Aging is associated with a decline in the browning capacity of white adipose tissue (WAT), contributing to metabolic dysfunction. Beige adi-
pocytes, which dissipate excess energy as heat, are a key feature of this process. In this study, we investigate the role of adipose stem and
progenitor cells (ASPCs), specifically the Aregs (CD142+) subpopulation, in regulating beige adipocyte formation in aged mice under cold
stimulation. Our findings reveal that Aregs significantly increase in the subcutaneous WAT (SWAT) of aged mice following cold exposure. We
further demonstrate that Aregs secrete insulin-like growth factor binding protein 3 (IGFBP3), which appears to play a pivotal role in the cross-talk
between adipogenesis-regulatory cells (Aregs) and smooth muscle cell-like (SMC-like) cells, thereby leading to the inhibition of beige adipocytes
formation. Functional enrichment analysis highlighted the activation of TGF[3, MAPK and p53 signaling pathways in SMC-like cells, all of which are
known to induce cell apoptosis and fibrosis. Moreover, IGFBP3 was found to interact with receptors and signaling molecules, including Egfr, Irf1
and Cdkn1a, in SMC-like cells, enhancing their apoptosis. Co-culture experiments confirmed that IGFBP3 significantly suppressed the formation
of beige adipocytes, further corroborating its role in impairing browning. Overall, our study provides novel insights into the molecular mechanisms
by which Aregs and IGFBP3 contribute to the age-related decline in WAT browning. These findings suggest potential therapeutic targets for

reversing impaired WAT browning in aging and related metabolic disorders.
© 2025 The Author(s). Published by Elsevier GmbH. This is an open access article under the CC BY license (nitp:/creativec

s.org/licenses/by/4.0/).

Keywords Aregs; IGFBP3; SMC-Like cells; Browning; Aging

1. INTRODUCTION metabolic dysfunction [11,12]. This decline is thought to contribute to

the increased risk of obesity, insulin resistance, and CVD observed in

Adipose tissue plays a pivotal role not only in energy storage but also
as an active endocrine organ regulating systemic metabolism. Among
its subtypes, brown adipose tissue (BAT) and beige adipose tissue
have gamered attention for their unique ability to dissipate energy via
thermogenesis, mediated by mitochondrial uncoupling through
uncoupling protein 1 (UCP1) [1,2]. Beige adipose tissue, in particular,
has drawn significant interest due to its remarkable plasticity. It can
transdifferentiate from widespread white adipose tissue (WAT) or de
novo differentiate from beige progenitor cells scattered within WAT
under specific stimuli, such as classical cold exposure. De novo
differentiated beige progenitor cells exhibit smooth muscle-like (SMC-
like) characteristics [3—5]. This entire process, referred to as
“browning” [6,7], holds great potential for combating obesity, car-
diovascular diseases (CVD), and other metabolic disorders [8—10].

However, the ability of adipose tissue to undergo browning declines
with aging. Aged individuals exhibit a reduced capacity for beige fat
formation, which is often associated with impaired thermogenesis and

the elderly [12,13]. The diminished browning capacity in aging fat
depots has been linked to changes in the adipose tissue microenvi-
ronment, including altered stem cell function [14,15], the accumulation
of inflammatory mediators [8] and a reduced response to cold expo-
sure [16]. Understanding the cellular and molecular mechanisms
behind this decline in browning ability could provide valuable insights
into how aging exacerbates metabolic diseases and identify potential
therapeutic targets to reverse these age-related changes.

Adipogenesis-regulatory cells (Aregs), a CD142+ subpopulation of
adipose stem and precursor cells (ASPCs), were first identified and
molecularly characterized in 2018 by Schwalie et al. These cells are
refractory to adipogenesis and exhibit a paracrine capacity to suppress
adipocytes formation in vitro and in vivo, suggesting a critical role in
regulating adipose tissue plasticity and metabolic functions [17]. A
recent study has suggested that Aregs may play a pivotal role in the
remodeling of WAT under cold stimulation [18]. Additionally, it has
been shown that the anti-adipogenic activity of Aregs increases with
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Study of the Application of Sprague-Dawley Rats for Disease
Research Based on Hematological Parameters
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Abstract—This work aimed to obtain hematological parameters of Sprague- Dawley (SD) rats with different
ages and genders, which supports the application of SD in drug screening, disease diagnosis, and treatment
research. 26 hematological parameters of SD rats with ages of 3-12-21-week-old were obtained, 12-week-old
were the least discrete, 3-week-old were obviously clustered together. White blood cell count (WBC), Mono-
nuclear cell count (MONO), Platelet (PLT) and Platelet count (PCT) were significantly discrete at all weekly
ages, while Mean corpuscular hemoglobin concentration (MCHC), High fluorescence intensity reticulocyte
ratio (HFR), and Red blood cell distribution width-CV value (RDW-CV) were relatively clustered. The
LYMPH (%), HFR (%), HCT (%), MCV, NEUT, MONO, RET (%), RDW-CV (%), and MCHC have a
significance in different ages, as well as HCT (%), RBC, RDW-CV (%), RDW-SD in different genders. In
conclusion, 12 weeks old SD rats should be selected as far as possible when testing hematological parameters,
and 3 weeks old rats should be used only for adolescent related diseases research; gender is a great important
factor in hematological parameters; MCHC, HFR and RDW-CV may be a marker in disease model of SD

rat. These data will provide useful clinical indices for disease research of SD rat.

Keywords: SD rat, hematological parameters, gender, age, disease research

DOI: 10.1134/51062359022050120

1. INTRODUCTION

Hematological parameters are an important data in
clinical test (Kristensen et al., 2017; Ying et al., 2017).
According to the quantity changes and morphological
distribution of red blood cells, white blood cells and
platelets, early signs of many diseases can be found
(Hildebrand et al., 2012; Stotz et al., 2013). Blood rou-
tine is an important reference for the study of toxicol-
ogy and toxic reaction, and it can be used to determine
whether the exogenous subjects have toxic effects on
blood of the organism (Chen et al., 2017). Because
most of the biomedical researches can’t be conducted
directly on humans, it is particularly important to
select reliable laboratory animals. The data of hemato-
logical parameters which were found in early research
might differ in different degrees as SD rats grew older
(He et al., 2017; Jakob et al., 2014). This suggests that
different studies may need rats with different ages.

SD rat is a laboratory animal of outbred stocks and
clear genetic background, which are most commonly

used for pharmacodynamics and toxicology research
(Crincoli et al., 2016; Hanci et al., 2018). Therefore, it
is a great significance to select SD rat for disease
research by understanding the variation of hematolog-
ical parameters with different ages and genders. How-
ever, in previous studies, the hematological parame-
ters were not comprehensive enough and may be not
100% accurate, or the values might be affected by
nutrition, animal housing, and experimental methods
(Cora et al., 2012; Heet al., 2017). Despite different
hematological parameters for SD rats have been provided
in some studies, the values are more than 5 years. The
recent study of hematological parameters lack refer-
ence values of age (Delwatta et al., 2018). In addition,
these publications lack sufficient data for a detailed
analysis for SD rats by sex and age.

The hematological parameters of normal SD rat
are very important for laboratory animal selection.
Jacob Filho et al. research the hematological parame-
ters of different ages on Wistar rats (Jacob Filho et al.,
2018), whereas researchers neither tested enough
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