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Abstract
Aging is accompanied by alterations in the body with time-related to decline of physiological integrity and functional-
ity process, responsible for increasing diseases and vulnerability to death. Several ages associated with biomarkers were 
observed in red blood cells, and consequently plasma proteins have a critical rejuvenating role in the aging process and 
age-related disorders. Advanced age is a risk factor for a broad spectrum of diseases and disorders such as cardiovascular 
diseases, musculoskeletal disorders and liver, chronic kidney disease, neurodegenerative diseases, and cancer because of 
loss of regenerative capacity, correlated to reduced systemic factors and raise of pro-inflammatory cytokines. Most studies 
have shown that systemic factors in young blood/plasma can strongly protect against age-related diseases in various tis-
sues by restoring autophagy, increasing neurogenesis, and reducing oxidative stress, inflammation, and apoptosis. Here, we 
focus on the current advances in using young plasma or blood to combat aging and age-related diseases and summarize the 
experimental and clinical evidence supporting this approach. Based on reports, young plasma or blood is new a therapeutic 
approach to aging and age-associated diseases.
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Introduction

The aging process is related to a loss of physiological func-
tions across all organ systems within the body through 
disrupted homeostatic and regenerative mechanisms (Liu 
and Rando 2011). It is a driving factor of numerous age-
associated diseases, including neurodegenerative diseases, 
cardiovascular disease and liver, immune system disorders, 
and musculoskeletal disorders. No effective treatment was 

identified for most of these disorders, and despite several 
decades of research and clinical investigation, aging has 
declined the effectiveness of treatment (Castellano 2019; 
Kim et al. 2020a; Zhavoronkov 2020). To enhance the qual-
ity of life for aged people, strategies that combat aging-asso-
ciated dysfunctions are necessary.

The proper model to identify and study the aging process 
is red blood cells (RBCs) (Antonelou et al. 2010). Several 
biomarkers related to aging and senescence were observed in 
RBCs, such as the ferric-reducing ability of plasma (FRAP), 
cysteine influx, level of malondialdehyde, protein carbon-
ylation, and activity of the plasma membrane redox system 
(PMRS) (Kumar and Rizvi 2014; Tanase et al. 2016; Wang 
et al. 2015). Following the aging process, a remarkable 
decline has been seen in metabolic activity and the structure 
of RBCs (Bratosin et al. 1998). Different metabolomics data 
from human plasma showed that aging influences plasma 
metabolite levels, so abundant metabolites are connected 
with age (Chaleckis et al. 2016; Darst et al. 2019; Lehallier 
et al. 2019; Tanaka et al. 2018). Several studies notion that 
all the pro-aging and rejuvenating factors exist in the circula-
tion, and a board range of research with different methods 
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efforts to recognize these factors (Katsimpardi et al. 2014; 
Loffredo et al. 2013; Sinha et al. 2014). Plasma proteins 
have a critical role in aging and age-related diseases (Baht 
et al. 2015; Katsimpardi et al. 2014; Villeda et al. 2014). 
Moreover, various plasma proteins have been recognized as 
crucial rejuvenating factors, which showed beneficial effects 
in various tissues (de Magalhães et al. 2017). Appropriate 
using of these factors and accurate medical implementa-
tion into the bloodstream permit transporting signals to the 
internal systems of the body that regularly monitor aging 
(Vaiserman et al. 2018).

A large body of studies have showed that young plasma 
or blood has favorable effects in protecting against aged-
associated diseases in various tissues through restoring 
autophagy, increasing neurogenesis, and reducing oxidative 
stress, inflammation, and apoptosis. A rejuvenating effect 
of young blood/plasma has been shown in many organs, 
including the spinal cord (Ruckh et al. 2012), brain (Villeda 
et al. 2014), kidney (Huang et al. 2018), heart (Loffredo 
et al. 2013), liver (Liu et al. 2018), bone (Baht et al. 2015), 
and hair follicles (Keyes et al. 2013). Hence, the administra-
tion of young plasma or blood can be considered a potential 
strategy for prevention and treatment of age-associated dete-
rioration of organs. So, in this review, we attempt to explain 
the effect of young plasma/blood on aging-related diseases 
and role of it as a therapeutic approach to combat aging and 
age-associated diseases.

Blood anti‑aging/pro‑aging factors

Interestingly, blood plasma is strongly identified as a poten-
tial and essential additive to increase in vitro progression 
and also survival of systems related to intracellular models 
(Greiner et al. 2011; Vogel et al. 2006; Walenda et al. 2011). 
So, it was observed that injection of young mice’s blood 
or derivate in it to the blood flow of old mice has led to 
increased tissue-protective effects and regeneration of the 
organism related to aging (Loffredo et al. 2013; Villeda et al. 
2014). The interest in the rejuvenation of old tissues follow-
ing the application of young blood lies in identifying specific 
factors like cytokines, chemokines, hormones, or miRNAs 
(Kang and Yang 2020).

Apelin

Apelin is a hormone, a 13-amino acid peptide, declining 
with age in humans and mice, which was firstly known as 
an endogenous ligand with the obligation of regulating 
gastric acid production via a G-protein-coupled receptor, 
APJ (Tatemoto et al. 1998; Vinel et al. 2018). Both, apelin 
and APJ are broadly present in most of the body parts, and 

also have essential roles in various organs. Interestingly, 
apelin alleviates the symptoms of different illnesses such 
as hypertension (Zhang et al. 2009), metabolic disorders 
(Dray et al. 2008), neurological dysfunctions (Duan et al. 
2019), hepatic diseases (Melgar-Lesmes et al. 2011), and 
also gastrointestinal diseases (Ge et al. 2018). A significant 
reduction in the circulating levels of apelin is reported in 
aged mice (Vinel et al. 2018). Despite the healthy appear-
ance, the Apln − / − and Aplnr − / − mice undergo acceler-
ated aging in several organs. However, pharmacologic or 
genetic inhibition of apelin-mediated signaling caused pro-
gressive cellular senescence, and a reduction in age-related 
pathologies was observed following the systemic restora-
tion of apelin in mice (Rai et al. 2017). Cellular senescence 
is defined as a highly stable cell cycle arrest in response 
to several stressors, such as exposure to genotoxic agents, 
hypoxia, mitochondrial dysfunction, deprivation of nutri-
ents, and oncogene activation. It arises throughout the lifes-
pan and can have harmful effects on tissue function because 
of the numerous proteins they secrete. Cellular senescence 
contributes to tissue regenerative potential and function 
decline, inflammation, and tumorigenesis in old organisms 
(Chaib et al. 2022).

Myofibers have a role in the production of apelin, and 
robust production of apelin is stimulated by muscle contrac-
tion during exercise. Still, a remarkable decrease in apelin 
synthesis in the skeletal muscles and plasma was reported in 
old mice and humans (Vinel et al. 2018). Also, a reduction 
in the expression levels of apelin receptors was reported in 
muscle stem cells of aged mice (Vinel et al. 2018). So, using 
apelin supplements could restore skeletal muscle function by 
increasing the biogenesis of mitochondria (Vinel et al. 2018).

Beta 2–macroglobulin (β2M)

All nucleated cells can produce β2M; under normal physi-
ological conditions, it is present in circulation. Enhanced 
plasma rates of β2M were reported in aged mice, while intra-
hippocampal or intravenous injection of β2M in young mice 
progressively led to impairment in neurogenesis process 
and cognitive dysfunction (Smith et al. 2015). Smith et al. 
reported a significant elevation of β2M in human cerebro-
spinal fluid (CSF) who have high age (Smith et al. 2015), 
although an association has been observed between β2M and 
frailty in the elderly (Liu et al. 2017). Recently, Althubiti 
and colleagues showed an elevation of β2M protein level 
in the human blood serum of aged persons, which could 
also have an association with the oxidative stress status of 
samples (Althubiti et al. 2021). The research on single-
cell transcriptomic data proposes the β2M secretion by 
cardiomyocytes that stimulate cardiac fibroblast following 
ischemia–reperfusion injury (Molenaar et al. 2021), likely 



Naunyn-Schmiedeberg's Archives of Pharmacology	

1 3

demonstrating a tissue-specific role and function of β2M 
(Höving et al. 2022).

Cadherin‑13

Another circulating factor that decreases with age is cad-
herin-13, which regulates cellular functions by cooperat-
ing with membrane-bound molecules. Despite attaching to 
the cell membrane, cadherin-13 is identified in the blood. 
A correlation was observed between decreased levels of 
circulating cadherin-13 and coronary artery disease (Pfaff 
et al. 2015). Its expression level is high in developing and 
mature brains (Takeuchi et al. 2000), and is also identified 
as a gene with risk of ADHD (Rivero et al. 2015). In the 
study tried by Yang and colleagues, they detected a reduc-
tion in plasma rates of cadherin-13 in old mice. In contrast, 
intraperitoneal injection of cadherin-13 resulted in a delay 
in bone loss following aging (Yang et al. 2020). Cadherin-13 
is considered an age-associated bone factor and has a crucial 
role in osteoporosis/osteopenia during the aging process, so 
it could be considered a novel therapeutic molecule to bone 
loss treatment (Kang and Yang 2020).

Matrix metalloproteinase 9 (MMP9) 
and monocyte chemotactic protein 1 (MCP1)

In the multi-analyte research conducted by Chiao and col-
leagues, they revealed high levels of MMP9 and MCP1 in 
both plasma and in tissue of the left ventricle in old mice. 
So, they suggested MMP9 and MCP1 as potential biomark-
ers for heart aging (Chiao et al. 2011). In a recent clinical 
research, authors verified a high level of MMP9 in serum 
and saliva fluid of patients who suffer from cardiovascular 
disease (Isola et al. 2021). Furthermore, enhanced cardiac 
protection was observed in MMP9 knockout mice follow-
ing the ischemia–reperfusion-induced myocardial infarc-
tion (Romanic et al. 2002), while MCP1 likely has a key 
role at the beginning of cardiovascular disease (Niu and 
Kolattukudy 2009). Later, progressive studies reported both 
MCP1 and MMP9 as potential biomarkers for aging in sys-
temic level in the body (Kim et al. 2016).

Eotaxin 1

The chemokine Eotaxin 1, identified as C–C motif 
chemokine 11 (CCL11), showed a significant elevation 
with increasing age (Hoefer et al. 2017). It was showed that 
there is a negative association between increased plasma 
levels of Eotaxin 1 and neurogenesis (Villeda et al. 2011). 
Also, a study has shown a positive association between the 

Eotaxin 1 concentration and chronologic age by measuring 
the plasma levels of Eotaxin 1 in healthy humans (Villeda 
et al. 2011). Following the injection of CCL11 into young 
mice, the symptoms of aging in hippocampus, such as eleva-
tion of microglial activation and reduction in synapses, were 
observed (Das et al. 2019). Previous research also showed 
the negative association of CCL11 in plasma on the memory 
function of patients who have Alzheimer’s dementia and 
elderly individuals living in rural communities (Bettcher 
et al. 2016; Butcher et al. 2018). However, a recently pub-
lished clinical trial study measured the CCL11 plasma level 
in individuals with preclinical symptoms of Alzheimer’s 
disease (AD) and healthy aged persons and did not find any 
significant changes among both groups (Prins et al. 2022). 
The most potential target of CCL11 in cardiovascular dis-
ease is the specific endothelial cells in the coronary arteries 
which led to increased vascular permeability and consequent 
activation of pathways such as p38-MAPK, STAT3, and NF-
kappaB (Wu et al. 2013), but so far, no connection has been 
found between plasma levels of CCL11 and age-related car-
diovascular disease (Höving et al. 2022).

Oxytocin

The hormone oxytocin is another factor related to the aging 
process (Höving et al. 2022). In the study tried by Elabd and 
coworkers, they reported an age-related decline in plasma 
oxytocin and its relationship with defects in muscle regener-
ation. In addition, it was observed that oxytocin has a crucial 
role in rejuvenating the muscle stem cells through promoting 
their proliferation following muscle damage. Furthermore, 
premature sarcopenia was shown in the aged Oxt−/− mice 
(Elabd et al. 2014). Mice and rhesus macaques observed 
an age-related decline in circulating oxytocin levels (Elabd 
et al. 2014; Parker et al. 2010). A remarkable reduction in 
the oxytocin level was also observed in postmenopausal 
women with osteoporosis (Breuil et  al. 2011). Interest-
ingly, oxytocin has a protective effect on cardiomyocytes 
by exerting anti-apoptotic and anti-inflammatory properties 
(Jankowski et al. 2020). An animal model study showed the 
increased level of oxytocin and its receptor expression in 
the heart of developing rats, which its amount decreased to 
lower levels postnatally (Jankowski et al. 2004).

Osteocalcin (OCN)

Bone-derived hormone OCN is another hormone that has 
been shown to decrease with age in all primates (Khrimian 
et al. 2017; Mera et al. 2016; Smith 2020). ELISA assays 
used by Mera and coworkers identified a remarkable decline 
in the plasma levels of OCN with advanced age in both male 
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and female mice (Mera et al. 2016). In addition, an asso-
ciation between a decline in plasma levels of OCN and a 
decline in cognitive functions was reported. Furthermore, 
applying the young plasma OCN into old mice could par-
tially reverse the beneficial effects on cognitive function, 
while improvement in the cognitive abilities of aged mice 
was observed by systemic administration of OCN (Khrimian 
et al. 2017). In humans, a sex-specific effect of OCN was 
observed, so declining in the serum levels of OCN led to a 
default in left ventricular systolic function in men but was 
not observed in women (Zhang et al. 2019).

Growth differentiation factor 11 (GDF11)

Besides the contradictory findings in the literature, GDF11, 
which is also identified as bone morphogenetic protein 11 
(BMP-11), is considered an age-related protein (Kang and 
Yang 2020). Loffredo and colleagues identified GDF11 as an 
anti-aging factor that reverses age-related cardiac hypertro-
phy (Loffredo et al. 2013). Besides its anti-aging effect in the 
heart, GDF11 has a protective role in reversing skeletal mus-
cle aging so that, following systemic delivery of GDF11 pro-
tein, genomic integrity in aged muscle stem cells is restored 
and improved both muscle physiology and also physical 
functions (Sinha et al. 2014). Moreover, GDF11 plays an 
effective role in improving the aged brain via promoting 
vascular remodeling and, also in neurogenesis (Katsimpardi 
et al. 2014). In contrast to the protective role of GDF11 in 
aging, some follow-up studies showed the negative effect of 
GDF11 in aged tissues. GDF11 resulted in impaired muscle 
regeneration in mice by inhibiting myoblast differentiation 
(Egerman et al. 2015). In addition, Hinken and colleagues 
showed GDF11 did not have an influential role in the out-
growth of muscle stem cells (Hinken et al. 2016); indeed, 
skeletal and cardiac muscle atrophy was observed follow-
ing the systemic overexpression of GDF11 (Hammers et al. 
2017). GDF11 has a negative impact on bone formation; 
thus, inhibition of GDF11 functions could effectively pre-
vent age-related osteoporosis (Liu et al. 2016). In line with 
the controversial result, in a recently published study by 
Peng and colleagues, after measurement of human serum 
GDF8 and GDF11, no age-related alteration was observed 
in GDF8 or GDF11 in the serum sample of healthy men 
between 20 and 90 years (Peng et al. 2022).

Tissue inhibitor of metalloproteinases 2 
(TIMP2)

TIMP2 is another circulating factor that declines with age 
(Kang and Yang 2020). Castellano and colleagues reported 
a notable decrease in plasma and hippocampus levels of 

TIMP2 in aged mice. They showed an improvement in 
the hippocampus function after enriching the plasma of 
the human umbilical cord with TIMP2. Most importantly, 
systemic supplementation with TIMP2 increased cognition 
and plasticity of synapses in old mice. They conclude that 
plasma TIMP2 is key in reversing age-related neuronal dys-
function (Castellano et al. 2017). It is suggested that TIMP2 
is implicated in the homing mechanisms of mesenchymal 
stem cells (Ries et al. 2007). In addition, TIMP2 deficiency 
led to inhibition in cardiac remodeling processes in mice 
following myocardial infarction, which occurs through the 
inhibition of membrane type 1 matrix metalloproteinase 
(Kandalam et al. 2010). In contrast, Kelly and colleagues 
in a clinical cohort with 1313 patients showed an associa-
tion between the increased plasma levels of TIMP1, TIMP2, 
and TIMP4 and a high risk of adverse cardiovascular events 
following the acute myocardial injury (Kelly et al. 2010).

Human serum albumin (HSA)

HSA is the most rich protein in blood serum and pos-
sesses various functions in the maintenance of the colloidal 
osmotic pressure of the blood, and most prominently, in the 
transportation of ions, cell toxins, or cytokines (Yang et al. 
2014). Furthermore, effective anti-oxidative properties of 
serum albumin were reported in the literature (Roche et al. 
2008). Also, previous literature has showed a slight decline 
in serum HAS during the aging process (Greenblatt 1979; 
Weaving et al. 2016). The study by Costa and Páez summa-
rized present knowledge about the therapeutic approach for 
patients with Alzheimer’s disease by using plasma exchange 
with albumin replacement (Costa and Páez 2021). The meta-
analysis study result of Wang and colleagues revealed a cor-
relation between decreasing HSA and the elevation of atrial 
fibrillation risk (Wang et al. 2021). Recently, the protective 
effect of HSA has been showed against oxidative stress in 
mouse hippocampal slice cultures and adult human stem 
cell–derived neurons (Ruiz-Perera et al. 2021).

Exosomes

Exosomes are mediators of serum-induced effects and have a 
role in transporting anti-aging/pro-aging factors in circulat-
ing blood. Recently, several studies focused on the potential 
role of young plasma exosomes or exosomes derived from 
stem cell culture supernatants in different aspects of regen-
erative medicine (Jayaraman et al. 2021; Sun et al. 2021). In 
the animal study on the murine model, significant improve-
ment in cardiac repair was observed following both intramy-
ocardial and intravenous infusion of stem cell–derived 
exosomes (Ju et al. 2018; Zhao et al. 2019). The data of the 
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survey conducted by Xu and colleagues showed exosomes 
derived from mesenchymal stem cells remarkably reduced 
apoptosis after hypoxic injury (Xu et al. 2020). Moreover, 
the study by Bobis-Wozowicz and colleagues reported the 
potential of induced pluripotent stem cell–derived exosomes 
in the induction of proliferation. Also, they increased the 
cardiac and endothelial differentiation potential of human 
heart–derived mesenchymal stromal cells (Bobis-Wozowicz 
et al. 2015). In recent research, Lee and colleagues evalu-
ated the effects of young mice serum samples of exosomes 
in Huntington’s disease (HD). In the in vitro model, they 
showed an improvement in the pathological markers of HD 
(Lee et al. 2021).

Thrombospondin‑4 (THBS4) and SPARC‑like 
protein 1 (SPARCL1)

In the investigation of identifying rejuvenating factors pre-
sent in the blood, Gan and colleagues, using mass spec-
trometry of plasma, found various proteins enhanced in old 
or young blood (Gan and Südhof 2019). From the proteins 
abundant in young plasma, THBS4 and SPARCL1 were 
more prominent. These two proteins have a crucial role in 
increasing synaptic density, responses, and induction of 
branching in dendrites of neurons that are trans-differenti-
ated from human embryonic stem cells (Yang et al. 2020). 
Interestingly, both proteins are synaptogenic factors secreted 
from astrocytes, and they are extracellular matrix-associated 
proteins (Banker 1980). Proteins THBS1 and 2 are secreted 
from astrocytes and induce synaptogenesis, while THBS4 
improves neurite adhesion and outgrowth (Arber and Caroni 
1995). SPARCL1 has a role in regulating CNS synaptogen-
esis (Kucukdereli et al. 2011). Despite the achievement of 
this knowledge that THBS4 and SPARCL1 both are enriched 

in young mouse blood and in in vitro studies elevate synapse 
formation, their effects on process of rejuvenation in the 
brain remain unknown in animal models (Fig. 1) (Kang and 
Yang 2020).

The effect of young blood/plasma in aging 
and aged‑related diseases

Alzheimer’s disease

AD is the common form of dementia among the older peo-
ple, and prevalence of it rises with age (Jiao et al. 2015). The 
neuropathological hallmarks of AD include accumulation of 
amyloid-β (Aβ) plaques, intracellular neurofibrillary tangles 
formation, hyperphosphorylated tau protein, and neuronal 
loss (Gong et al. 2018). Recent studies have shed light on 
the therapeutic effects of young blood for aging-related dis-
eases. Xia and colleagues observed that exogenous young 
blood serum administration could attenuate hippocampal 
learning and memory impairments, reduce Aβ plaque load, 
restore synaptic plasticity and synapse formation, and repair 
cholinergic circuit in aged AD model. They found that neu-
roprotective effects of young blood serum were mediated 
by activating repressor element 1-silencing transcription 
factor (REST)/Forkhead box protein O1 (FOXO1) signal-
ing. Also, they revealed that pharmacological blockage of 
cholinergic activity abolished the neuroprotective actions 
of young blood in AD animals (Xia et al. 2019). It has been 
showed REST/FOXO1 signaling mediates stress resistance 
against toxic injuries related to AD and maintains neuronal 
physiology (Lu et al. 2014). Another study revealed that 
young blood improved working and associative memories in 
a transgenic mouse model of AD (Middeldorp et al. 2016). 
It has been reported that young plasma administration for 

Fig. 1   The effects of aging on 
blood factors in organs. β2M, 
beta 2–macroglobulin; MMP9, 
matrix metalloproteinase 9; 
MCP1, monocyte chemotactic 
protein 1; OCN, osteocalcin; 
GDF11, growth differentiation 
factor 11; TIMP2, tissue inhibi-
tor of metalloproteinases 2; 
HSA, human serum albumin
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5 weeks restored the synaptic proteins (synaptophysin and 
calbindin) in the dentate gyrus, without changing amyloid 
plaques and microglial activation. This treatment could 
reverse the abnormal expression of the extracellular Signal-
Regulated Kinase (ERK) and the p38 Mitogen-Activated 
Protein Kinase (MAPK) (Middeldorp et al. 2016).

Young plasma transfusion to 3 × Tg-AD mice improved 
the spatial learning and short-term memory and diminished 
both tau and Aβ pathologies, in the mouse brain. Moreover, 
young plasma reduced Iba 1 level, a microglia marker, in 
the hippocampus, showing inhibition of neuroinflammation. 
However, there were not any significant changes in levels of 
synaptic proteins (synapsin 1, synaptophysin, postsynaptic 
density protein 95, cyclic AMP response element-binding 
protein (CREB), and phosphorylated CREB (p-CREB), and 
neurogenesis in dentate gyrus after treatment with young 
plasma (Zhao et al. 2020). It has been shown that infusion 
of plasma from young exercised mice attenuated cognitive 
deficits through increasing hippocampal neuroplasticity and 
mitochondrial functions and apoptosis suppression in AD 
mice (Kim et al. 2020b). The findings of this study showed 
that decreased protein level brain-derived neurotrophic fac-
tor (BDNF) was reversed by treatment with plasma from 
young exercised mice. However, this treatment failed to 
reduce tau hyperphosphorylation.

Aged brain

Aging drives cognitive dysfunction and susceptibility to 
neurological disorders in the healthy adult brain (Bishop 
et al. 2010). Given the increase in the percentage of old 
humans, it is essential to identify a means to preserve cog-
nitive integrity by protecting or counteracting the aging 
process (Andrews-Hanna et al. 2007). In another study on 
aged mice, young blood can improve age-associated cogni-
tion deficits in both contextual fear conditioning and spatial 
learning and memory and rejuvenating synaptic plasticity by 
activating the CREB in the aged hippocampal (Villeda et al. 
2014). Remyelination is a spontaneous regenerative process 
in the adult central nervous system (CNS) to restore salta-
tory conduction, impede axonal degeneration, and promote 
functional recovery (Edgar and Nave 2009). With advancing 
age because of changes in the environmental signals regulat-
ing remyelination and also alternations in epigenetic within 
oligodendrocyte precursor cells, remyelination reduces 
(Shen et al. 2008). The findings of Ruckh et al. explained 
that, in the aging CNS, exposure to a young systemic milieu 
increases activity of remyelination (Ruckh et al. 2012).

GDF11 is a youth factor that belongs to the transform-
ing growth factor β (TGFβ) family. It is founded in vari-
ous tissues, including the brain and the myocardium and 
its level diminishes with advanced age in both the blood 
circulation and tissues (Loffredo et al. 2013). Injection of 

young plasma (three times per week, for 4 weeks) to old 
rats protected from oxidative stress (Tripathi et al. 2021). 
It reduced generation of reactive oxygen species (ROS) and 
increased the ferric-reducing ability of plasma levels (anti-
oxidant ability of plasma), and also upregulated levels of 
reduced glutathione. In addition, increased protein carbonyl 
and malondialdehyde levels as well advanced oxidation of 
protein product (AOPP) content were reversed by young 
plasma treatment in old aged animals (Tripathi et al. 2021).

Cognitive  dysfunction is commonly observed in the 
elderly patients who underwent anesthesia and surgery, 
which manifests changes in CNS function that persist for 
several days to years and affect the quality of life (Yuan 
et al. 2019). It has been reported that anesthesia and surgery 
suppress synaptic function via activating mammalian target 
of rapamycin and inhibiting autophagy (Gao et al. 2021). 
Recently, young plasma can reverse anesthesia and surgery-
induced cognitive decline through activation of the TrkB/
ERK/CREB signaling pathway and improvement in hip-
pocampal synaptic plasticity (Li et al. 2022).

Cerebrovascular diseases

The incidence of stroke enhances significantly with advanc-
ing age (Ramirez-Lassepas 1998). Experimental and clinical 
stroke studies have showed that age associates with poor 
histologic outcome and worsened neurobehavioral impair-
ments after ischemic stroke (Miao et al. 2013; Umehara et al. 
2018). Up to now, no effective treatment has been introduced 
to cope with stroke post-complications.

Pan et al. used an animal model of ischemic stroke injury 
to investigate the effect of young plasma on infarct volume 
and neurobehavioral tests. They showed that administration 
of young plasma into aged rats reduced infarct volume and 
improved motor impairment after ischemic stroke (Pan et al. 
2017). Cerebral amyloid angiopathy (CAA) is characterized 
by the deposition of Aβ in the walls of pial arteries and 
cortical perforators. CAA is a major cause of spontaneous 
intracerebral hemorrhage (ICH) in old people and plays an 
important role in age-associated cognitive decline (Jäkel 
et al. 2022). A study conducted by Li et al. showed that 
administration of young plasma ameliorated cognition and 
learning and memory impairments, and diminished anxiety 
in CAA model mice. It inhibited neuronal apoptosis and 
promoted neurogenesis in APP/PS1 mice. This treatment 
did not diminish the Aβ level in the cortex and hippocampus 
of APP/PS1 mice. Besides, they demonstrated that young 
plasma decreased the area of cerebral hemorrhage in APP/
PS1 mice (Li et al. 2021).

A study has reported that administration of young 
plasma plays obviously therapeutic roles in the diminu-
tion of acute brain injury induced by ICH in aged rodents. 
In this study, the treatment with young plasma decreased 
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the mortality rate and neurological deficit score in aged 
ICH rats, which might be because of the reduction of brain 
water content and increased survival neurons around the 
peri-hematoma brain tissues. Interestingly, this treatment 
enhanced brain IGF-1 level, whereas the mRNA level was 
not altered (Yuan et al. 2019).

Depression

Late-life depression is the most mental disorder among old 
people and is related to cognitive deficits and executive 
dysfunction (Bulut 2009). It has been shown that young 
plasma eases depression-like behaviors in chronic unpre-
dictable mild stress old rats through decreasing apopto-
sis in prefrontal cortex area (Ghaffari-Nasab et al. 2021). 
They also found that administration of young plasma can 
increase the sucrose consumption ratio in the sucrose 
preference test and the decrease in immobility time in 
the forced swimming test, indicating improved depres-
sion-like behaviors. Additionally, young plasma notice-
ably decreased the levels of interferon-gamma (IFN-γ), 
indoleamine 2,3-dioxygenase, kynurenine (Kyn), and 
Kyn to tryptophan (Kyn/Trp) ratio in the prefrontal cortex 
area. Also, the expression of the serotonin transporter and 
growth-associated protein (GAP)-43 was downregulated 
following chronic mild stress, which was reversed by young 
plasma therapy (Ghaffari-Nasab et al. 2022).

Liver

Aging is commonly related to defective autophagy and 
reduction of the liver function and restoration of autophagy 
promotes longevity and improves age-related anomalies. A 
reduced autophagy in an aged cell leads to harmful sub-
stances accumulation and finally apoptosis (Luo et al. 2013). 
Liu et al. (2018) found that young plasma can reverse age-
dependent changes in hepatic function through the restora-
tion of autophagy. Administration of young plasma signifi-
cantly reduced serum levels of aspartate aminotransferase 
and alanine transaminase in old rats. Increased steatosis 
and fibrosis in aged livers were decreased by young plasma 
treatment. Moreover, young plasma-treated rats showed less 
senescence-associated b-galactosidase (SA-b-gal) activity 
and accumulation of lipofuscin (an autofluorescent com-
pound), as well 16 and p21 protein levels, which are cellular 
senescence markers. Also, they showed that young plasma 
diminishes aged-induced endoplasmic reticulum stress and 
increased ability of liver regeneration (Liu et al. 2018). In 
aged livers, activity of autophagy is downregulated, whereas 
the autophagy restoration improves cellular maintenance and 
hepatic function (Schneider et al. 2015). Also, young serum 
substantially attenuated age-dependent liver ischemia–reper-
fusion injury via restoration of autophagy through activation 

of AMPK/ULK1 axis (Liu et al. 2019). Brack and cowork-
ers revealed that young blood diminished age-dependent 
increase in tissue fibrosis through suppression of the Wnt 
signaling pathway in aged myogenic progenitors (Brack 
et al. 2007).

Kidney

In a study, it has been shown that a young blood environ-
ment could enhance the autophagy and ease apoptosis and 
inflammation in aged kidneys in a heterochronic parabiosis 
animal model (Huang et al. 2018). Furthermore, some stud-
ies have been revealed that renal fibrosis is associated with 
enhanced NF-κB expression which can activate fibroblasts 
and renal tubular cells to secrete cytokines, and exert a posi-
tive feedback effect on angiotensin, promoting renal fibrosis 
via several pathways (Chung et al. 2017; Woods et al. 2001). 
Plasminogen activator inhibitor-1 (PAI-1) inhibits the degra-
dation of the extracellular matrix by reducing plasmin gen-
eration and induced by angiotensin and is essential in remod-
eling of renal fibrosis (Yamamoto et al. 2014). The level of 
angiotensin and PAI-1 enhanced with increasing age, and 
aged mouse parabiose to young mouse has restored the abil-
ity of antifibrosis via downregulation of PAI-1, angiotensin, 
and pNF-κB expression (Huang et al. 2018).

Bone

With aging, the capacity tissues to repair and regenerate 
decrease. Hence, bone repair and associated processes, such 
as an osseous integration of implants, happen at a slower 
speed in old patients relative to young patients (Nilsson 
and Edwards 1969). Baht et al. (2015) examined the role 
of young plasma in fracture repair and osteogenic potential 
in aged animals. They found that young plasma reversed 
the aged fracture repair phenotype and reduced osteoblas-
tic differentiation capacity of aged mice through modulate 
β-catenin signaling (Baht et al. 2015).

Adipose tissue

Cellular senescence is an essential aging mechanism that 
contributes to age-associated chronic inflammation and 
organ dysfunction such as visceral adipose tissue. The 
phenomenon of cellular senescence is characterized by the 
increased expression of cyclin-dependent kinase inhibitor 
genes: p16 (Cdkn2a) and p21 (Cdkn1a/ Cip1), accompa-
nied by an exhibition of aged-related secretary phenotype 
(Tchkonia et al. 2010). A study examined young plasma in 
cellular senescence phenotypes in the visceral adipose tis-
sue of aged mice. They found that expression of pro-inflam-
matory cytokines (Mcp-1 and Il-6), p16, and p21 reduced 
in the presence of young serum (Ghosh et al. 2019). It is 
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well known that impaired autophagy results in inflammation 
in aging visceral adipose tissue. So, the beneficial effect of 
circulating factors in young blood can be mediated through 
the restoration of autophagy activity (Ghosh et al. 2016). 
The effects of young blood/plasma in aged-related diseases 
reported in studies are summarized in Table 1.

Side effects of blood transfusion

Blood transfusion (RBCs, plasma, or platelets) has some 
critical risks, and certain complications are more probable 
with plasma than other kinds of blood components. Experi-
mental and clinical research on the patients confront reac-
tions after infusion of fresh-frozen plasma and blood dem-
onstrated the etiology and pathogenesis of adverse effects 
(Pandey and Vyas 2012). The list of side effects following 
the transfusion is well recognized and includes (1) transfu-
sion-related circulatory overload, (2) allergic and anaphy-
lactic responses, and (3) transfusion-associated acute lung 
injury. Besides, less common risks contain hemolytic trans-
fusion reactions, transmission of infections, post-transfusion 
purpura, febrile nonhemolytic transfusion reactions, and 
RBC alloimmunization (Menis et al. 2015). Although most 
of these adverse effects are not lethal and can be treated, 
developing new approaches for plasma and blood transfusion 
will raise transfusion safety by diminishing inappropriate.

Conclusion

Young blood has rejuvenating effects on aged animals. 
Numerous emerging studies show the potential of young 
blood in treating a variety of pathologies after aged-related 
diseases. Young blood can be effective in the control of 
inflammation, apoptosis, autophagy, neurogenesis, synaptic 
plasticity, and myelination following aged-associated diseases. 
So numerous proteins, hormones, and chemokines were dis-
covered in plasma that have pro-aging or anti-aging effects. 
More investigations into identifying other effective agents and 
functions of young blood will help to develop novel strategies 
for combat with aging and age-related diseases.
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