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Assessing biological aging following systemic administration
of bFGF-supplemented adipose-derived stem cells
with high efficacy in an experimental rat model
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Abstract. Biological aging (BA) is a tool for comprehensive
assessment of individual health status. A rat model was
developed for measuring BA by intravenously administering
adipose-derived stem cells (ADSCs) into rats and evaluating
several biochemical parameters. In addition, the effect of
basic fibroblast growth factor (bFGF) on the differentiation
potential of ADSCs was analyzed. A total of 12 male Sprague
Dawley rats were divided into autologous ADSC adminis-
tration (n=6) and saline administration (n=6) groups. The
ADSC administration group was further divided into the
bFGF supplemented (n=3) and bFGF non-supplemented (n=3)
groups. Biochemical parameters and antioxidant potential
were evaluated prior to fat harvest and ADSC administration,
as well as 1, 3, and 5 weeks following ADSC administration.
ADSC administration regulated inflammation, renal and
hepatic functions, and levels of antioxidant enzymes. The
cell doubling time of the bFGF-supplemented group was
shorter (P=0.0001) than that of the bFGF non-supplemented
group. Renal and hepatic functions were maintained with
bFGF supplementation, which possibly enhanced the effect
of ADSCs. The rat model developed in the present study
may promote better understanding of BA in the context of
bFGF-supplemented ADSC administration.
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Introduction

Human life expectancy has increased to the age of 90 years
and according to statistics obtained from the United States, it is
estimated that by 2050, the number of people aged 60 or above
is expected to more than double from the number in 2017 (1).
Owing to the rapid aging of a considerable proportion of
society, there is growing interest in improving the quality of life,
including understanding the anti-aging effect. Aging, however,
has different characteristics, such as progressive aging of specific
organs within individuals. Although, it is difficult to objectively
judge the extent of aging of an individual, several attempts
have been made nonetheless (2). Piantanelli ef al (3) elaborated
on the issue of the correct choice of uncorrelated markers,
Jackson et al (4) interpreted aging based on its correspondence
with individual life expectancy, and Nakamura et al (5) used
monkeys to study biomarkers of aging. Thus, objective criteria
are required for effectively evaluating aging.

The mechanism of aging is complex and associated with
various factors. Several theories have been proposed to
explain the process of aging, although none are completely
satisfactory (6). In particular, DNA damage and cell destruc-
tion due to excessive production and accumulation of
superoxide free radicals are known to be important factors
of aging (7). Studies on antioxidation, such as those on the
redox pathway, have been actively conducted to help prevent
aging (8-10).

At present, interest in stem cell research and experimen-
tation is increasing. Adipose-derived stem cells (ADSCs)
are relatively easy to harvest and can be extracted in large
quantities. Thus, their clinical applications are being studied
in various fields, such as tissue regeneration and wound
healing (11).

ADSCs act by inducing differentiation and releasing
cytokines, such as vascular endothelial growth factor, basic
fibroblast growth factor (bFGF), transforming growth factor-f§
(TGF-f), and interleukin-6, which have been reported to exert
an anti-aging effect by acting as antioxidants and inducing
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angiogenesis (12-14). Therefore, a model for assessing
anti-aging effects using ADSCs is required.

Chronological age refers to the degree of aging calculated
from the time following birth (10), but it fails to provide an
accurate indication of the aging process (15). One of the
typical methods for evaluating aging is measurement of
biological aging (BA), which represents the overall physi-
ological or functional age of each individual, and individuals
born at the same time may have different degrees of BA (16).
Therefore, BA is a tool for comprehensive assessment of
individual health status, including genetic and environmental
factors, and its determination is an objective method for
assessing disease status and the degree of functional impair-
ment (17).

Biochemical parameters should be evaluated to examine
BA (18). However, to the best of our knowledge, biochemical
parameters have not been extensively evaluated in a rat model
following ADSC administration for assessing BA. Furthermore,
the efficacy of intravenous systemic ADSC administration
is still debated (19). Therefore, the aim of the present study
was to develop a rat model for measuring BA by evaluating
a number of biochemical parameters post-intravenous ADSC
administration. In addition, the effect of bFGF on ADSC
culture was analyzed by comparing bFGF-supplemented and
non-supplemented groups.

Materials and methods

Animal experiments. A total of 12 male 6-week-old Sprague
Dawley rats (C57BL/6N; Orient-Bio, Inc., Seongnam, Korea)
with mean body weight of ~350 g were used to evaluate the
effects of ADSCs. Animals were maintained at a controlled
temperature (22+2°C) and humidity (55+5%) with a 12 h
light/dark cycle under specific-pathogen-free conditions with
free access to food and water. The rats were housed in an
animal facility and treated in accordance with the Guide for
the Care and Use of Laboratory Animals of Seoul National
University Boramae Hospital. Following a two-week quaran-
tine period, 12 rats were divided into the ADSC administration
(experimental group; n=6) and saline administration (control
group; n=6) groups. The ADSC administration group was also
divided into bFGF supplemented (n=3) or bFGF non-supple-
mented (n=3) groups.

Harvesting of autologous inguinal fat pads and preparation
of ADSCs. All surgical procedures were performed under
aseptic conditions. Rats were anesthetized by intraperitoneal
administration of a combination of Zoletil (Zoletil 100 at
20 mg/kg; Virbac Korea Co., Ltd., Seoul, Korea) and xylazine
(Rompun at 10 mg/kg; Bayer, Shanghai, China). Subsequently,
the left inguinal region was shaved and draped, and a 2.0-cm
incision was made along the inguinal fold. Then, the autolo-
gous inguinal fat pad (~3 g) was harvested.

The isolated fat tissues were washed thrice in PBS.
Following rinsing, the fat tissue was digested using 0.2 U/ml
collagenase NB6 GMP grade (SERVA Electrophoresis GmbH,
Heidelberg, Germany) at 37°C for 1 h with shaking. Stromal
vascular fraction was isolated from the digested fat tissue by
centrifugation at 252 x g for 5 min at room temperature and
filtering through a 100-xzm nylon mesh. The isolated cells were
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washed twice with PBS and plated in a T75 flask in a-minimal
essential medium (a-MEM; WelGENE, Inc., Daegu, Korea).
Rat ADSCs (rADSCs) were cultured in a-MEM supple-
mented with 10% fetal bovine serum (FBS; WelGENE, Inc.),
2 mM L-glutamine, and 100 U/ml penicillin/streptomycin.
The flasks were maintained in a tissue culture incubator at
37°C and 5% carbon dioxide. Cultured cells were harvested
following trypsinization when they exceeded 90% confluence
and sub-cultured at a density of 3x10° cells/T75 flask up to
passage 3. The medium was changed every 2-3 days.

bFGF treatment. Recombinant rat bFGF (3339-FB;
R&D Systems, Inc., Minneapolis, MN, USA) was added to
the growth medium in the bFGF supplemented group. The
bFGF concentration in the medium was 5 ng/ml. rADSCs at
passage 0 and 1 were seeded in a T75 flask at an initial density
of 3x10° cells and cultured for up to 3 passages. The medium
was changed every 2-3 days.

Determination of ADSC doubling time. The doubling time
of ADSCs in bFGF supplemented and a-MEM and 10% FBS
was calculated via a cell counting method with the following
formula: PD=t x Log2/(LogC2-LogC1). PD=Population
doubling, t=24 h, Log=10 based Log, Cl=lst cell count and
C2=2nd cell count.

Identification of ADSC by flow cytometry and differentia-
tion assay. A routine protocol was used for identification of
ADSCs. Flow cytometry analysis was performed to analyze
the phenotype of cultured rADSCs. Nonspecific sites were
then blocked in 2% BSA (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) with PBS for 1 h at room temperature.
ADSCs at P3/P4 were stained for 2 h at room temperature
with antibodies for different cluster of differentiation (CD)
antigens, such as CD90-fluorescein isothiocyanate (FITC;
1:50; cat. no. REA897; Miltenyi Biotec GmbH, Bergisch
Gladbach, Germany), CD44-FITC (1:100; cat. no. L178; BD
Biosciences, San Jose, CA, USA), and CD45-FITC (1:100; cat.
no. HI30; BD Biosciences) prior to administration. rADSCs
were grown until 80% confluence, trypsinized, and pelleted
by centrifugation at 252 x g for 5 min at 37°C. Subsequently,
~3x10° cells were resuspended in 100 pl FACS buffer
(WelGENE, Inc.) containing 0.5% BSA in PBS. For FACS
analysis of surface markers, each sample was incubated for
30 min at 4°C in the dark. Following incubation, the labeled
cells were diluted with 1 ml FACS buffer, and pelleted at
252 x g for 5 min at room temperature and resuspended in
500 ul FACS buffer. Then, ~2x10* cells were analyzed per
sample using the BD FACS Accuri flow cytometer (BD
Biosciences).

Alizarin red S staining was performed for detecting
osteogenesis and oil red O staining for detecting adipogenesis
post-ADSC differentiation. Briefly, to explore the potential of
isolated ADSCs for osteogenic differentiation, ADSCs were
seeded at a density of 1x10*cells/cm?in 10-cm culture dishes,
and were grown with osteogenic induction medium, which was
comprised of Dulbecco's modified Eagle's medium (DMEM,;
WelGENE, Inc.) supplemented with 0.1 mM dexamethasone,
50 mM ascorbate, and 10 mM f-glycerophosphate sodium.
Mineralization of ADSCs was determined by alizarin red S
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Figure 1. The schematic schedule of the present experimental protocol. The isolated fat tissues were washed and digested. A total of 10° ADSCs (P2) were
administered via the femoral vein. At fat harvest, ADSC injection, and 1,3, and 5 weeks later, blood and urine samples were analyzed. ADSC, adipose-derived

stem cells; bFGF, basic fibroblast growth factor.

(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) staining
on day 21 post-drug treatment, and the staining was visualized
and photographed using bright-field microscopy (magnifica-
tion, x40).

Additionally, adipogenic differentiation was induced by
incubating ADSCs in adipogenic induction medium, which
contained DMEM supplemented with 10% FBS, 60 xgmol/l
indomethacin, 0.5 mmol/l 3-isobutyl-1-methylxanthine,
1 pmol/l dexamethasone, 5 ug/ml insulin, and 5 yg/ml genta-
micin sulfate (Sigma-Aldrich; Merck KGaA). Following
3 weeks of induction at 37°C, cells were washed once with
PBS and fixed in 4% formaldehyde for 15 min at room
temperature. Fixed cells were washed in 60% isopropyl
alcohol, and lipid droplets were stained for 1 h at room
temperature using the oil red O staining kit (Sigma-Aldrich;
Merck KGaA). Following three consecutive washes in
deionized water, the stained cells were photographed using
bright-field microscopy (magnification, x40; Thermo Fisher
Scientific, Inc.).

In addition, chondrogenic differentiation was assessed.
Confluent ADSCs were incubated at 37°C in chondrogenic
differentiation medium containing DMEM supplemented
with 10% FBS, 0.1 puM dexamethasone, 10 ng/ml TGF-f1
(R&D Systems, Inc., Minneapolis, MN, USA), insulin-trans-
ferrin-selenium (Life Technologies; Thermo Fisher Scientific,
Inc.), and 50 pg/ml ascorbate at 37°C. Medium was changed
every 2 days for 3 weeks.

Systemic administration of autologous ADSCs. The following
surgical procedures were performed ~2 weeks following fat
harvesting and completion of autologous ADSC preparation.
Following adequate anesthesia, ADSCs (P2, 1x10° cells/300 ul
PBS/rat body weight of 300-400 g) were administered to the
experimental group and the control group was administered
with normal saline via the femoral vein. The blood and urine
samples of both groups were analyzed five times (prior to
fat harvest and cell administration, and following 1, 3, and
5 weeks (Fig. 1.)

Assessment of BA. Blood and urine samples were used for
biochemical investigation. Serum was collected by centrifu-
gation at 13,000 rpm (18,928 x g) for 20 min at 18°C. Whole
blood was collected in an EDTA tube and serum and whole
blood was transferred to the Neodin Veterinary Laboratory
(Seoul, Korea) for complete blood count (CBC) analysis,
which included estimation of white blood cells, neutro-
phils, lymphocytes, monocytes, eosinophils, basophils, red
blood cells, hemoglobin, hematocrit, mean cell volume,
mean cell hemoglobin, mean cell hemoglobin concentra-
tion, red cell distribution width, platelets and mean platelet
volume (MPV). Chemical investigations included assess-
ment of albumin, total bilirubin, blood urea nitrogen (BUN),
creatinine, uric acid, aspartate transaminase, alanine trans-
aminase (ALT), cholesterol, amylase, calcium, phosphorus,
lipase, high density lipoprotein (HDL), and low-density
lipoprotein (LDL) levels. Enzyme assays, such as those for
superoxide dismutase (SOD; using the Superoxide Dismutase
Activity Assay kit; cat. no. ab65354; Abcam, Cambridge,
UK) activity, total antioxidant activity (TAC; using the Total
Antioxidant Capacity Assay kit; cat. no. ab65329; Abcam),
and catalase activity (CT; using the Catalase Assay Kkit;
cat. no. 707002; Cayman Chemical Company, Ann Arbor,
MI, USA) were performed according to the manufacturer's
instructions.

Urine was collected using metabolic cages. The urine was
stored in plastic test tubes at 4°C prior to analysis following
the scheme presented in the Fig. 1. The urine samples were
weighed at the time of collection from the cages and trans-
ferred to Neodin Veterinary Laboratory for analysis of urine
protein, BUN, creatinine and creatinine clearance.

Statistical analysis. To build the prediction models, all param-
eters were clinically classified into biochemical profiles.
Repeated measures of analysis of covariance (RM ANCOVA)
were performed to identify the differences between groups of
measured values at each time-point. In cases when interac-
tions were significant, additional ANCOVA was performed
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Figure 2. (A) Harvesting autologous inguinal fat pads from each rat. Following shaving and draping of the left inguinal region, a 2.0-cm incision was made
along the inguinal fold, and the autologous inguinal fat pads were harvested. (B) Characterization of ADSCs. An optical microscope view of cultured ADSCs
was acquired (magnification, x40). (C) Flow cytometry analysis with common stem cell markers CD90 and CD44 and hematopoietic marker CD45 for charac-
terizing autologous ADSCs prior to administration. (D) Alizarin red S stained cells underwent osteogenic differentiation. (E) Oil red O-positive lipid droplets
indicate that cells underwent adipogenic differentiation. (F) Alcian blue staining was performed to detect chondrogenic differentiation. ADSC; adipose-derived
stem cells; CD, cluster of differentiation; FITC, fluorescein isothiocyanate.

at each time-point. The non-parametric RM ANCOVA was  values from time 1 to time 5. At this time, the adjusted P-value
performed following correcting the same value at time 1  was obtained using the Sidak method to prevent the increase
as the point prior to cell/saline administration. When the in Type I errors due to multiple tests (20). Analyses were
interactions were significant at the significance level of 5%, conducted using SAS version 9.2 (SAS Institute, Inc., Cary,
non-parametric ANCOVA was performed by correcting the  NC, USA). P<0.05 was considered to indicate a statistically
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Figure 3. Alterations in leukocyte variables and serum or urine kidney signal. Blood and urine were obtained from the rat model each time-point, and complete
blood count and chemical analyses were performed. Measurements in lean control and with ADSC administration were evaluated for (A) blood monocytes,
(B) MPV, (C) serum BUN, (D) serum creatinine, and (E) UCCR are presented. The value of monocytes was sustained in ADSC injected group compared with
that in saline group, which was increased. Conversely, all others (MPV, BUN, creatinine and UCCR) were downregulated following ADSC administration.
Data are presented as the mean + standard error of the mean. ADSC; adipose-derived stem cells; MPV, mean platelet volume; BUN, blood urea nitrogen;

UCCR, urine cortisol:creatinine ratio.

significant result. Results were also expressed using t-test for
parametric data.

Results

Characterization of ADSCs and their multilineage differ-
entiation ability. Autologous inguinal fat pad was harvested
(Fig. 2A) and ADSCs were cultured, as presented in Fig. 2B.
ADSCs exhibited stem cell-like features such as strengthened
fibers that could migrate around the cell cluster. Prior to
ADSC administration, flow cytometry was used to evaluate
the phenotype of ADSCs (Fig. 2C). CD90, the marker for
progenitor cells, and CD44, the marker for ADSCs, were
present on 97.45 and 95.21% of the cells, respectively,
whereas the hematopoietic cell marker CD45 was absent.
Furthermore, osteogenic, adipogenic, and chondrogenic
differentiation potentials of ADSCs were monitored. Oil
red O staining following three weeks of induction under
adipogenic conditions indicated that ADSCs underwent
adipogenic differentiation (Fig. 2D). Alizarin red S (0.1%) was
used to study osteogenic differentiation potential, and results
suggested that the majority of ADSCs exhibited osteogenic
differentiation potential (Fig. 2E). ADSCs were incubated in
chondrogenic differentiation medium containing TGF-f for
3 weeks, and alcian blue staining was performed to examine
chondrogenic differentiation of ADSCs (Fig. 2F). Results

indicated that ADSCs successfully underwent chondrogenic
differentiation.

ADSC s affected aging-related metabolic parameters. Aging
is a progressive degenerative process tightly integrated with
inflammation. To monitor the inflammatory signals following
fat tissue extraction, CBC was monitored using rat blood
samples. The number of blood monocytes was lower in the
ADSC administration group than in the saline administra-
tion group at each time-point. Additionally, the percentage of
monocytes in the blood increased in the saline administration
group until five weeks following administration (the time of
experiment termination), but it was sustained in the ADSC
administration group without any significant change [Fig. 3A;
P=0.0081 (data not shown)]. MPV level was higher in the
ADSC administration group at the fat pad uptake site, but
this was reversed following the uptake. MPV level decreased
following ADSC administration, but it increased in the saline
group (Fig. 3B; P=0.0126), suggesting that administered
ADSCs may be differentiated into adipose cells, which can
reduce inflammation in rats.

A major function of the kidneys is to remove waste prod-
ucts and excess fluid from the body. Total serum BUN and
creatinine levels were markedly different between saline and
ADSC administered groups in a time-dependent manner.
BUN (Fig. 3C; P=0.0029) and creatinine (Fig. 3D; P=0.0095)
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Figure 4. Serum cholesterol, SOD, calcium, and a-amylase levels were determined. Bar graphs presenting (A) LDL, (B) HDL, (C) SOD, (D) calcium and
(E) a-amylase levels. Serum LDL and serum HDL levels were downregulated in the ADSC administration group, which tends to reduce the risk of heart
diseases. SOD level was increased following ADSC administration. Serum calcium level was lower in the ADSC administration group in a time-dependent
manner. The level of a-amylase, a calcium metalloenzyme, was also lower following ADSC administration, thus ADSC can maintain homeostasis of the blood
glucose level. Data are presented as the mean + standard error of the mean. SOD, superoxide dismutase; LDL, low-density lipoprotein; HDL, high-density

lipoprotein; ADSC; adipose-derived stem cells.
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Figure 5. Doubling time of ADSCs cultured with or without bFGF. bFGF
markedly increased the cell doubling rate at P1 and P2. Doubling time was
markedly shorter in the bFGF treated group, thus indicating the progenitor
cell feature. Data are presented as the mean =+ standard error of the mean.

"P<0.0001. ADSC; adipose-derived stem cells; bFGF, basic fibroblast growth
factor; P1, passage 1; P2, passage 2.

levels were reduced following ADSC administration. The
urine cortisol:creatinine ratio (UCCR), which detects renal
stress due to illness or pre-diabetes mellitus, was also mark-
edly decreased following ADSC administration (Fig. 3E,
P=0.0028) (21). Taken together, these findings suggest that
ADSCs can maintain normal renal status.

Cholesterol is an essential component of fats that can be
metabolized in the liver. LDL deposits on blood vessel walls
and adversely affects health. Serum LDL levels were lower in
the ADSC administration group than in the saline administra-
tion group (Fig.4A; P=0.0078), and serum HDL level was lower
in the ADSC administration group (Fig. 4B; P=0.0069). In the
present study, lower HDL levels in the ADSC administration
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Figure 6. The liver signal can be regulated by administration of ADSCs cultured with bFGF supplementation. (A) ALT and (B) a-amylase levels in bFGF
supplemented (right) and non-supplemented (left) groups. ALT level was downregulated in the bFGF-supplemented ADSC administration group. Additionally,
a-amylase level was unchanged in bFGF non-treated group, but it was lower in the bFGF-supplemented group. This suggested that ADSCs maintain liver
metabolism in anti-aging systems. Data are presented as the mean =+ standard error of the mean. ADSC; adipose-derived stem cells; bFGF, basic fibroblast

growth factor; ALT, alanine transaminase.

group could be due to lower LDL levels than that observed in
the saline administration group.

ADSC administration regulates antioxidant enzyme and
calcium and amylase levels. SOD constitutes an impor-
tant antioxidative line of defense in nearly all living cells
exposed to oxygen (22). SOD activity was lower at the sites
of fat tissue extraction in the ADSC administration group,
but it increased following ADSC administration and was
sustained until five weeks following ADSC administration,
which was the time of experiment termination (Fig. 4C;
P<0.0001).

Total calcium is often measured as a part of routine health
screening. Serum total calcium level was different between the
control and ADSC administration groups [lower in the ADSC
administration group in a time-dependent manner; Fig. 4D;
P=0.0002; (data not shown)].

The level of a-amylase, a calcium metalloenzyme that
hydrolyzes starch into sugars and contributes to blood glucose
regulation, was also determined. The level of a-amylase was
lower in the ADSC administration group than in the saline
administration group (Fig. 4E; P=0.0213), suggesting that
ADSCs can maintain homeostasis of blood glucose level as
starch uptake is decreased by a-amylase.

bFGF treatment facilitates stem cell repopulation. bFGF is the
growth factor necessary for maintenance of undifferentiated

state (23). To compare the effect of bFGF on ADSC culture
condition and on the body following ADSC administration,
the effect of ADSCs with or without bFGF was studied. bFGF
markedly increased the cell doubling rate at passages 1 and 2.
The population doubling time was also markedly shorter in
the group with bFGF supplementation than that in the bFGF
non-supplemented group at passages 1 and 2 (Fig. 5; P<0.001).

bFGF supplementation affects biological markers compared
with the non-bFGF supplemented group. Exposure to
D-galactose markedly elevated the levels of ALT, which may
be an aging marker (24). ALT level increased in the bFGF
non-supplemented group, but was lowered in the bFGF-supple-
mented ADSC administration group (Fig. 6A; P=0.0043).
Additionally, a-amylase level was unchanged in the bFGF
non-supplemented ADSC administration group, but was lower
in the bFGF-supplemented group (Fig. 6B; P=0.0032). These
results demonstrated that ADSCs serve a role in the mainte-
nance of liver metabolism in normal and anti-aging systems
by decreasing serum ALT and amylase levels. Kidneys are
associated with the critical regulation of salt, potassium,
and acid content of the body, which are determined by urine
protein, BUN, and creatinine levels (Fig. 7). Urine protein
level increased in the bFGF non-supplemented group, but
decreased in the bFGF-supplemented ADSC administration
group (Fig. 7A; P=0.0005). Urine BUN (Fig. 7B; P=0.0003)
and creatinine levels (Fig. 7C; P=0.0027) demonstrated a
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Figure 7. The markers of kidney function changed following ADSC administration in the bFGF supplemented group. (A) Urine protein, (B) urine BUN, and
(C) urine creatinine levels in bFGF supplemented (right) and non-supplemented (left) groups. Urine protein was markedly decreased in the bFGF-supple-
mented ADSC administration group compared with bFGF non-treated group. Urine BUN and creatinine levels exhibited similar patterns to that of urine
protein. bFGF affects the biological markers associated with hepatic and renal functions. Data are presented as the mean + standard error of the mean. ADSC;
adipose-derived stem cells; bFGF, basic fibroblast growth factor; BUN, blood urea nitrogen.

pattern similar to that of urine protein. These results demon-
strated that bFGF affects the biological markers associated
with hepatic and renal functions.

Discussion

Although immortality continues to be beyond our under-
standing, ways of deterring aging and extending life span are
being actively investigated. Owing to these efforts, several
aspects of the anti-aging mechanism, particularly the concept
of BA, have been identified. Nonetheless, the identification of
biomarkers of aging is an ongoing challenge (5). Owing to the
various physical, chemical, and environmental factors associ-
ated with aging, research on aging has encountered several
obstacles. Nevertheless, the ability to quantify aging of an indi-
vidual numerically and measure the extent of aging precisely
would enable physicians to realistically assess the efficacy of
a therapy. As a prelude to discussing these approaches and the

rationale for their selection, it is appropriate to first evaluate
the biological basis of aging.

In 1998, Nakamura et al (5) used a monkey model for
identifying biomarkers associated with aging, which were
divided into three stages, namely those related to longitudinal,
cross-sectional and stability analyses. In 2008, Dong et al (24)
developed equations for evaluating biological age in Korean
men and examined whether pathological conditions, such as
diabetes, affected BA using this equation.

An experimental model is required to assess BA. To the
best of our knowledge, the present study included the first
attempt to develop a rat ADSC model using autologous ADSCs
to realize this objective. In particular, bFGF was further added
to maximize the effect of BA by increasing the differentiation
potential of ADSCs. Furthermore, numerous variables and
biomarkers of aging were categorized and analyzed. As
described below, these physiological variables are considered
to represent functions of vital organs associated with successful



EXPERIMENTAL AND THERAPEUTIC MEDICINE 17: 2407-2416, 2019

aging and maintenance of life (25). For example, low levels or
reduction in albumin levels have a significant association with
all-cause mortality (26).

Hematology-associated cells undergo coagulation to
resolve the vasculopathy associated with oncology (27).
The monocytes and MPV levels in the CBC of the ADSC
administration group were markedly lower than those of the
saline administration group; the low monocyte activity in the
cell group could be due to the immunomodulatory effect of
ADSCs, and the low MPV rate could represent blood viscosity.

Serum BUN, urine creatinine level and UCCR are indicators
of renal function. Routine assessment or screening programs
associated with these indicators were used for incidental
detection of kidney diseases. Comparison of urine parameters
between bFGF-supplemented and non-supplemented groups
demonstrated remarkable results. Uric acid level was markedly
elevated, whereas urine BUN, protein and creatinine levels
were markedly reduced in the bFGF-supplemented group.
According to Crasto et al (28) renal functional was decreased
as concentration of FGF increased. Therefore, development of
cell therapy using bFGF and ADSC targeting the kidneys can
be beneficial for maintaining nephrological homeostasis.

Cholesterol serves an important role in the liver. LDL assists
in transport of metabolites from the liver to regional cells;
however, large quantities of LDL are not metabolized properly,
which may convert into oxidized cholesterol in blood vessels
and cause vasculopathy (29). In the present study, LDL levels
in the ADSC administration group was markedly lower than
that in the saline administration group. This may be caused by
ADSCs, which positively affect the hepatic system and improve
BA. Additionally, a positive association between serum LDL
levels and the development of the first or subsequent attacks of
coronary heart disease was observed in a previous study (30).
Furthermore, cholesterol levels decreased markedly in the bFGF
non-supplemented group over time, but remained unchanged
in the bFGF-supplemented group. Singh et al (31) previously
reported that FGF induces expression of various cytokines in
hepatocytes. Conversely, the ALT level increased in the bFGF
non-supplemented group at the late stage, but was maintained
at low levels in the bFGF-supplemented group. These results
suggest that the hepatic organs associated with ALT are more
likely to be affected by bFGF and ADSCs over time.

Serum calcium levels are essential for the evaluation of
electrolyte-related metabolism. Calcium levels affect levels
of other electrolytes, such as sodium and potassium, through
various pumps and channels (32). The serum calcium level was
markedly affected by ADSC administration, indicating that
ADSC:s affect electrolyte metabolism.

The enzyme parameters were compared between the two
groups in the present study. Three ELISA kit-based assays
were performed for assessing TAC, SOD, and CT activities,
which are the major determinants of the rate of aging associ-
ated with endogenous oxidative stress. In the present study,
SOD activity improved with time following administration
of ADSCs, which suggests that ADSCs can be differentiated
into damaged cells that produce and activate SOD to lower
the aging rate. This has also been confirmed in a worm model
and has been identified as an anti-aging target (33). Reactive
oxygen species (ROS) and reactive nitrogen species (RNS)
serve important roles in the regulation of cell survival. In
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general, moderate levels of ROS/RNS may function as signals
to promote cell proliferation and survival, whereas severe
increases in ROS/RNS levels can induce cell death. Under
physiological conditions, the balance between generation and
elimination of ROS/RNS maintains the proper function of
redox-sensitive signaling proteins. Oxidative stress may lead
to aberrant cell death and contribute to disease development
when redox homeostasis is disturbed (34). The role of ADSCs
in these redox signaling pathways should be further studied
from a molecular and genetic point of view. Assessment of
antioxidant factors in the BA assay is essential considering the
anti-aging effects of ADSCs.

It is an important and challenging task to identify a valid
biomarker for each affected individual. Experiments with
monkey model indicated that valid biomarkers differ between
macaques and humans owing to differing environments (5).
Furthermore, owing to the requirement of minimum criteria
for a potential biomarker (35), identifying a valid biomarker
has become a highly sophisticated task.

Taken together, these findings suggest that ADSCs affect
the physiological characteristics of an individual. The type of
cell therapy that may be applied to the various BA component
variables can also be determined. The results of the present
study can be used to develop a BA model and customize cell
therapy.

However, the present study is not without limitations. First,
biopsy could not be performed following tissue sampling and
human biopsy was not allowed in a clinical setting. Therefore,
blood and urine were sampled. Second, according to the results
of the present study, experiments were planned using adult rats.
Third, formulating a BA equation for ADSCs was challenging.
A number of previous studies have attempted to formulate BA
equations using biomarkers (3,24). In the present study, the aim
was to develop models for assessing human BA and producing
optimized stem cell therapeutics by developing highly efficient
stem cell extraction technology from the human adipose tissue.
The rat model designed in the present study may form an
important basis for further developments in this field.

The present findings suggest that the rat model devel-
oped herein may help researchers elucidate the anti-aging
mechanism associated with ADSCs along with bFGF supple-
mentation. The present study suggests using a standardized
anti-aging rat model for measuring BA with physical and
biochemical parameters following intravenous administration
of ADSCs.
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