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Abstract

Objective: To determine total protein content, antioxi-

dant activity, and protective ability of lyophilized human

gingival mesenchymal stem cells (hGMSCs)-secretome in

hydrogen peroxide (H2O2) induced oxidative stress

model.

Methods: Human GMSCs were cultured to obtain a

conditioned medium (secretome), then lyophilized to

produce lyosecretome. Total protein was determined by

bicinchoninic acid assay (BCA) and SDS-PAGE to

improve protein measurements. Antioxidant concentra-

tion was measured by ABTS assay, while the protective
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ability of lyosecretome against oxidative stress was

determined by the metabolic activity of osteoblast cells.

The study group was divided into a control group (cul-

ture medium) and a lyosecretome treatment group (0.0;

0.157, 0.313, 0.625, 1.25, 2.5, 5, and 10 mg/mL þ H2O2).

Results: Lyosecretome had a protein concentration of

2086.00 � 0.20 mg/ml, with a molecular weight of 174, 74,

61, 55, and 26 kDa, which are thought to facilitate cell

migration, as well as bind cytokines and growth factors.

Lyosecretome also provided the highest antioxidant ac-

tivity of 93.51% at a concentration of 4.8 mg/ml, with an

IC50 value of 2.08 mg/ml. The highest cell metabolic ac-

tivity (79.53 � 2.41%) was shown in the 1.25 mg/ml

lyosecretome treatment group. All concentrations of

hGMSC-lyosecretome attenuate the adverse effect of

H2O2-induced oxidative stress.

Conclusion: Lyosecretome obtained from hGMSCs can

maintain metabolic activity in osteoblast cells as protec-

tion against H2O2 oxidative stress.

Keywords: Gingival mesenchymal stem cells; Hydrogen

peroxide; Lyosecretome; Osteoblast cells; Oxidative stress

� 2024 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Gingival tissue is a source of human gingival-derived
mesenchymal stem cells (hGMSCs), which are easy to

collect with less morbidity when harvesting gingival tissue.
GMSCs are a subpopulation of tooth-derived mesenchymal
stem cells that exhibit characteristics of mesenchymal stem
cells (MSCs), such as high proliferation, multipotent differ-

entiation, and immunomodulation. Thus, hGMSCs repre-
sent a unique source of MSCs for potential applications in
tissue engineering and regenerative therapy. In recent years,

many studies have focused on novel cell-free therapies with
secretomes obtained from hGMSCs.1e5 Several bioactive
molecules, such as cytokines, proteins, growth factors,

chemokines, and nucleic acids released by MSCs, are
involved in cell-to-cell communication and cross-
communication that mediate the therapeutic effects of

MSCs.6e8 In addition, the secretome ofMSCs has a dual role
in triggering senescence of other MSCs, and in contributing
to the pathological stages of ischemic organ changes and
disorders.9

Cell-free therapies with secretomes have several advan-
tages over cell-based therapies, including ease of storage and
handling, lower immunogenicity, and lower costs to ensure

utility and feasibility in the clinic.10,11 However, handling
hGMSC-secretome products is a formidable challenge, and
further investigations are needed to elucidate their compo-

sition and properties of the secretome. Therefore, charac-
terization of hGMSC-secretome products is necessary to
ensure the reproducibility of hGMSC-secretome product
handling procedures and to evaluate the efficacy of hGMSC-

secretome products in periodontal tissue engineering and
regenerative therapy.

Secretome is a thermolabile biotechnology product, so it

cannot be dried using thermalmethods because it can degrade
its bioactive components. The lyophilization process using
the freeze-drying method is expected to maintain the func-

tional and structural integrity of the hGMSC-secretome. The
lyophilization process is helpful in reducing the rate of
degradation and maintaining the quality of secretome prod-
ucts so that secretome products have a longer shelf life.12

However, the freeze-drying method has weaknesses because
the pressure during freezing and drying can change the sta-
bility of biological products, so it is necessary to add cryo-

protectants to protect proteins from damage to ice crystals
formed during the freezing stage. In this case,mannitol is used
as a cryoprotectant because it provides controlled and com-

plete crystallization during the freeze-drying process, result-
ing in a strong crystal structure, which can maintain the
stability of the secretome during storage.12e14

The secretome is known to be less immunogenic

compared to MSCs, so it can be used as a cell-free therapy
that can promote functional recovery of various tissue in-
juries. However, the protective effect against oxidative stress-

induced bone tissue injury remains to be explored. This
oxidative stress can result in damage to various cellular
components of osteoblasts, contributing to conditions like

osteonecrosis. Additionally, it plays a vital role in initiating
impaired osteoblastic bone formation.15 Notably, hydrogen
peroxide (H2O2) acts as a potent oxidizing agent capable of

inducing cells to generate large amounts of reactive oxygen
species (ROS).16 These ROS are typically produced within
the mitochondria as part of normal cellular metabolism.
Elevated levels of ROS are associated with oxidative stress,

apoptosis, and cellular dysfunction.17 Furthermore, H2O2

can regulate cell function and induce cell death by
penetrating cell membranes and functioning as a secondary

messenger within signal transduction pathways.18e20 This
study aimed to determine the total protein content,
antioxidant activity, and protective ability of lyophilized

hGMSC-secretome in the H2O2-induced oxidative stress
model in vitro.

Materials and Methods

Study design

This research was an experimental study, and all research
was conducted at the Molecular Medicine Laboratory,

Center for Development of Advanced Science and Tech-
nology, Jember University.

Human-GMSCs (Code: hGMSCs-P5) and rat calvarial

osteoblast cells (Code: rOb-P3) were provided by the
Regenerative Dentistry Research Group. These cells were
characterized, cryopreserved, and stored for more than two

years in the Molecular Medicine Laboratory, Center for
Development of Advanced Science and Technology, Jember
University.2,3,8,21

http://creativecommons.org/licenses/by-nc-nd/4.0/
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The study group was divided into a control group (culture
medium), treatment group A1 (lyosecretome 0.0 mg/

mL þ H2O2), treatment group A2 (lyosecretome 0.157 mg/
mL þ H2O2), treatment group A3 (lyosecretome 0.313 mg/
mL þ H2O2), treatment group A4 (lyosecretome 0.625 mg/

mL þ H2O2), treatment group A5 (lyosecretome 1.25 mg/
mL þ H2O2), treatment group A6 (lyosecretome 2.5 mg/
mL þ H2O2), treatment group A7 (lyosecretome 5 mg/

mL þ H2O2), and treatment group A8 (lyosecretome 10 mg/
mL þ H2O2).

Cultivation of human-gingival mesenchymal stem cells
(hGMSCs)

In passage 5 (coded as hGMSCs-P5), hGMSCs were
cultured using Dulbecco’s modified Eagle’s Medium

(DMEM) in T75 culture flasks. The culture medium was
enhanced with 10% fetal bovine serum (FBS), 0.5%
Amphotericin B, and 2% Penicillin-Streptomycin. Human-

GMSCs were incubated in 5% CO2 at 37 �C. The culture
medium was replaced every three days until the cells reached
a of 70e80% confluency level.

Preparation and purification human-GMSCs-secretome

After reaching 80% confluency, hGMSCs were washed

with phosphate-buffered saline (PBS). Subsequently, cells
were treated with DMEM and 10% FBS, and incubated for
24 h in a 5% CO2 and at 37 �C. The culture medium (su-
pernatant) was collected in a conical tube and centrifuged at

173�g (3,000 rpm) for 10 min. This process was to remove
cell debris and apoptotic bodies, and to obtain secretome.
The secretome was filtered with a 0.22 mm filter, purified with

a 5 kD centrifugal filter ultrafiltration tube, and centrifuged
at 5,000�g at 4 �C for 40 min.

Lyophilization of hGMSCs-secretome

Lyophilization, also known as freeze-drying, is performed
to obtain secretome powder. Mannitol was dissolved in the

purified secretome for a final concentration of 0.5% (w/v).
Next, the solution was frozen at a temperature of �80 �C,
and freeze-drying was carried out at conditions of 80 � 10�1

mbar and a temperature of �50 �C for 72 h. Lyosecretome

products were stored at �80 �C until required for use.

Determination of total protein

The total protein of secretome and lyosecretome was
determined by bicinchoninic acid (BCA) Assay. The lyose-
cretome was dissolved in a basal medium with the same

concentration as the secretome. The dissolved sample was
placed in 25 ml of a 96-well plate. Concentration absorbance
calibration curves were prepared using Bovine Serum Al-

bumin (BSA) standards. The reagent solution was added to
each sample or standard (ratio 1:1) as much as 200 ml. The
plate was shaken for 30 s and incubated at 37 �C for 30 min.
After incubation, the absorbance value of 562 nm was read

with a microplate reader.
Determination of protein molecular weights

The protein molecular weights of secretome and lyo-

secretome were determined by the sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) method.
The lyosecretome was dissolved in a basal medium with
the same concentration as the secretome. Samples with a

concentration of 40 mg/ml were placed into the Eppendorf
tube as much as 50 ml for each sample. All samples were
heated to denature the protein at 95 �C for 3 min. Buffer

solution (50 ml) was added to each sample. Samples and
protein ladder markers were inserted into each well on the
gel. The gel is put into the electrophoresis apparatus with

a voltage of 50e80 V until the sample moves to the bot-
tom of the gel. Next, the gel was soaked in Coomassie
Brilliant Blue (CBB) dye. The gel was washed with

distilled water and de-stained with 20% methanol and
10% acetic acid until the CBB dye only coloured the
protein markers.

Antioxidant analysis

The free radical scavenging activity of lyosecretome was
performed by 2,2-azino-bis-3-ethylbenzothiazoline-6-

sulphonic acid (ABTS) assay. ABTS (19.2 mg) was dis-
solved in 5 mL of distilled water (aquadest) to obtain a
7 mM solution. Additionally, 3.31 mg of potassium per-

sulphate was dissolved in 5 mL of aquadest to form a
2.45 mM potassium persulphate solution. The ABTS and
potassium persulphate solutions were mixed and incubated

in darkness at room temperature for 14 h to prepare the
ABTS reagent. Furthermore, lyosecretome was diluted to
various concentrations (0.8, 1.6, 2.4, 3.2, 4.0, and 4.8 mg/
ml). The ABTS reagent and the lyosecretome sample so-

lution were mixed in a cuvette at a volume ratio of 1:4. The
mixture was incubated at room temperature. After 10 min,
the absorbance was measured at 734 nm using a spectro-

photometer. The antioxidant activity of lyosecretome to-
wards ABTS$þ was measured using the formula ABTS$þ
scavenging effect (%) ¼ ((ABeAA)/AB) � 100. AB is the

absorbance of ABTS radical þ methanol; AA is the
absorbance of ABTS radical þ sample extract/standard.
Ascorbic acid was used as a standard substance. The re-
sults are presented in IC50 value (mg/ml) corresponding to

inhibition concentration at which 50% radicals are
scavenged.

Induction of oxidative stress in rat calvarial osteoblast cells

Rat calvarial osteoblast cells at passage 3 (Code: rOb-P3)

were cultured in T75 culture flasks until they reached 80%
confluency. Subsequently, these cells were harvested and
seeded onto a 96-well plate at a density of 10,000 cells per
square centimeter (10,000 cells/cm2). The culture medium

used for the cells consisted of DMEM media supplemented
with 10% FBS, 0.5% Amphotericin B, and 2% Penicillin-
Streptomycin. The seeded cells were then placed in an incu-

bator with an environment of 5% CO2 at a temperature of
37 �C for 48 h.



Figure 1: Absorbance curve of total protein concentration. The total protein concentration absorbance curve was calibrated using BSA

standard.

Table 1: Total protein concentration in secretome and lyose-

cretome of human-GMSCs.

Sample Total protein � SD (mg/ml) Significance (P)

Secretome 2104.00 � 0.21 0.971

Lyosecretome 2086.00 � 0.20
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Following this incubation period, the culture medium was

discarded, and 100 ml of basal medium containing hGMSCs-
lyosecretome at various concentrations (0.157; 0.313; 0.625;
1.25; 2.5; 5; and 10 mg/ml) was added to the cells. The cells
were then subjected to another 24-h incubation in the same

5% CO2 and 37 �C environment. Subsequently, the culture
Figure 2: Protein profiling of secretome and lyosecretome. Proteins obt

by SDS-PAGE gel, and characterized based on their molecular weigh
medium was removed and replaced with 100 ml of H2O2 so-

lution at a concentration of 1 mM, mixed with the culture
medium to induce oxidative stress in one group of cells. The
other group, serving as a control, did not receive H2O2 in-

duction. Both groups of cells were then incubated for an
additional 24 h under the same conditions. The morphology
of rat calvarial osteoblast cells was observed with an inverted
microscope.

Measurement of metabolic activity in rat calvarial osteoblast

cells

Metabolic activity in rat calvarial osteoblast cells was
measured by MTT assay. Initially, 10 ml of MTT solution
was added to each well and incubated for 4 h. Subsequently,
ained from secretome (S) and lyosecretome (SL10) were separated

t in kilo Daltons (kDa).



Figure 3: Densitometric analysis of protein bands intensity in secretome and lyosecretome. A band’s Retention factor (Rf) value is calculated

based on the peak index’s position in relation to the profile length. Next, the molecular weight of each band is analyzed from their Rf

values.

Figure 4: Linear correlation between lyosecretome and antioxidant activity. The correlation coefficients (R2) of hGMSCs-lyosecretome with

ABTS assays are 0.98297, confirming that hGMSCs-lyosecretome had strong contribution to radical scavenging activity.
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100 ml of SDS-HCL solution was added to each well and
incubated at 37 �C for an additional 4 h. The absorbance was

then measured at a wavelength of 570 nm using a microplate
reader. This measurement allowed the determination of op-
tical density for both the treatment and control groups. The
Table 2: Protective ability of hGMSCs-lyosecretome in oste-

oblast cells against H2O2 oxidative stress.

hGMSCs-lyosecretome

(mg/ml)

Cell metabolic

activity � SD (%)

Significance

(P)

Control 100 � 2.74b 0.000

0 70.86 � 1.21a 0.000

0.157 74.83 � 0.49a 0.213

0.313 79.24 � 2.55a,b 0.014

0.625 79.49 � 2.64a,b 0.011

1.25 79.53 � 2.41a,b 0.011

2.5 78.38 � 6.44a,b 0.024

5 78.67 � 1.69a,b 0.020

10 76.26 � 3.26a 0.095

a Significantly different to the control group.
b Significantly different to the treatment group A1 (lyosecre-

tome 0 mg/mL þ H2O2).
percentage of metabolic activity in rat calvarial osteoblast
cells was calculated based on the formula for cell metabolic

activity (%) ¼ 100 � (ODs/ODc). Where the ODs represent
the average optical density of the tested samples, and ODc
represents the average optical density of the control samples.

Data analysis

Data on total protein in the secretome and lyosecretome

of hGMSCs were analyzed using the Paired Sample t-test.
Protein molecular weight was analyzed with Gel Analyzer
19.1 Software. Furthermore, data on the percentage of

metabolic activity in rat calvarial osteoblast cells was
expressed as the mean � standard deviation (SD) and
analyzed by one-way analysis of variance, with a significance
of <0.05.

Results

Total protein

Based on the BCA assay, the secretome and lyosecretome
of hGMSCs had no significant difference in total protein
concentration (P ¼ 0.971). The total protein concentration
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absorbance curve was calibrated using the BSA standard
Figure 1. The total protein concentration in the secretome

was 2104.00 � 0.21 mg/ml and in the lyosecretome was
2086.00 � 0.20 mg/ml Table 1.

Protein molecular weights

Proteins were separated by the SDS-PAGE and charac-
terized based on their molecular weight in kilo Daltons

(kDa). SDS-PAGE showed blue protein bands on acryl-
amide gel Figure 2, which were then analyzed with Gel
Analyzer 19.1 Software Figure 3. The protein in the

secretome has five bands with a molecular weight of 171,
74, 64, 56, and 26 kDa, while the protein in lyosecretome
also has five bands with a molecular weight of 174, 74, 61,

55, and 26 kDa.

Antioxidant activity

The antioxidant activity of lyosecretome was determined
from the oxidation of potassium persulphate with ABTS salt.
The principle of the ABTS method is the ability of antioxi-
dant compounds to stabilize free radical compounds by

providing proton radicals, which is characterized by a
reduction in the blue color to a colorless state. Lyosecretome
had the highest antioxidant activity of 93.51 � 0.37% at a

concentration of 4.8 mg/ml, with an IC50 value of 2.08 mg/
ml. The antioxidant activity of lyosecretome towards
ABTS$þ exhibited in a concentration-dependent manner

Figure 4. Furthermore, the activity of lyosecretome against
ABTS radicals was significantly lower compared to the
antioxidant activity of ascorbic acid (P < 0.05). Ascorbic
acid had the highest antioxidant activity of 99.82 � 0.09%

at a concentration of 0.006 mg/ml, with an IC50 value of
0.0018 mg/ml.

Cell metabolic activity

The protective ability of hGMSCs-lyosecretome in osteo-
blast cells against H2O2 oxidative stress was determined by cell

metabolic activity. Lyosecretome with a concentration of
0.157; 0.313; 0.625; 1.25; 2.5; 5 and 10 mg/ml were adminis-
tered to osteoblast cells before H2O2 induction. The treatment

group A1 (lyosecretome 0 mg/mL þ H2O2) had lower cell
metabolic activity (70.86 � 1.21%) than the control group
(100 � 2.74%). All concentrations of hGMSCs-lyosecretome
attenuate the adverse effect of H2O2-induced oxidative stress

(P ¼ 0.000). The cell metabolic activities of the lyosecretome
treatment groups (0.157; 0.313; 0.625; 1.25; 2.5; 5; and 10 mg/
ml) were higher than the treatment group A1 (lyosecretome

0 mg/mL þ H2O2). The lowest cell metabolic activity
(74.83 � 0.49%) was shown in the lyosecretome treatment
group at a concentration of 0.157 mg/ml. In comparison, the

highest metabolic activity (79.53 � 2.41%) was shown in the
1.25 mg/ml lyosecretome treatment group Table 2.

Discussion

MSCs-secretome stimulates tissue-resident MSCs to
proliferate and express higher levels of osteoblast markers,

resulting in new tissue mineralization with the formation of
new trabeculae.22,23 With standardized manufacturing
procedures, MSCs-secretome is easily isolated from cell

culture supernatants and formulated into freeze-dried phar-
maceutical preparations.24,25 Therefore, this study
investigated the capacity of the hGMSCs-secretome,

known as lyosecretome to protect rat calvarial osteoblast
cells from the adverse effects of H2O2-induced oxidative
stress. In addition, the proteomic level and antioxidant ac-

tivity of hGMSCs-lyosecretome were also determined.
Secretome and lyosecretome contain biomolecules, espe-

cially proteins, which are very sensitive to physical and
chemical influences, resulting in a denaturation process that

results in changes to their structure and activity.26 Therefore,
secretome-containing protein must be stored at low tem-
peratures ranging from�20 �C to�80 �C or stored in freeze-

dried preparations with a lyophilization process to maintain
the protein content without losing its function.27 The
lyophilization process changes the secretome to

lyosecretome with the addition of cryoprotectant, then
freeze-dried.28 Mannitol, as a cryoprotectant agent, plays a
role in preventing damage to protein particles during the
lyophilization process.24 This study has proven that

lyophilization of secretome obtained from hGMSCs into
lyosecretome is able to maintain its protein content in
freeze-dried powder preparations, with a mass loss of only

0.85%. The protein concentration in the hGMSCs-secretome
was 2104.00� 0.21 mg/ml, and in the hGMSCs-lyosecretome
was 2086.00 � 0.20 mg/ml (Table 1). These data are in

accordance with previous studies that the lyophilization
process is considered successful if the mass loss in
lyosecretome is not more than 1% of its initial content.29

SDS/PAGE is a protein analysis technique used to sepa-
rate proteins based on their size in a polyacrylamide gel
matrix. The molecular weight of the protein in the secretome
and lyosecretome obtained from hGMSCs was determined

by the size of the protein bands on SDS-PAGE. The thickest
band showed the highest intensity projection. Overall, the
molecular weight of the secretome and lyosecretome proteins

has almost the same band thickness, except that the lyose-
cretome protein band with a molecular weight of 61 kDa has
a wider thickness than the secretome with a molecular weight

of 64 kDa. The thickness of the protein bands produced by
SDS-PAGE is affected by the quantity of protein, not by the
size of the protein molecular weight contained therein. Pro-

teins with the same molecular weight are not necessarily the
same type of protein because each protein has differences in
its structure.30

Previous studies reported that most of the proteins in

lyosecretome obtained from adipose-derived mesenchymal
stem cells were vesicles/exosomes and annotated extracel-
lular matrix. Functionally, this lyosecretome plays a role in

various biological processes such as the immune response,
cell metabolism, stress response, and cytoskeleton mainte-
nance. Nonetheless, the protein families most implicated are

heat shock proteins (HSPs), structural proteins, and endo-
peptidase inhibitors, as well as proteins involved in oxidative
stress responses.24 In this study, proteins in secretome and
lyosecretome obtained from hGMSCs are thought to have

protein types such as a-2-macroglobulin, Fa1p, peptide
binding proteins 72/74, a-(1,4)-glucosidase, heat shock
cognate 71 kDa protein, extracellular matrix protein-1, a-
tubulin, and chymotrypsinogen.31e37 For instance, a-2-
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macroglobulin functions as an extracellular macromolecule
with a broad-spectrum protease inhibitory role. It serves as

an ideal substrate for various catalytic types of endopepti-
dases. In addition to its role in regulating extracellular pro-
teolysis, Alpha-2-macroglobulin also contributes to diverting

proteolysis towards smaller substrates. Moreover, it aids in
facilitating cell migration and binding growth factors, cyto-
kines, and damaged extracellular proteins.38

Hydrogen peroxide is a strong oxidizing agent, which can
induce cells to produce large amounts of ROS.16 Abnormal
H2O2 levels inhibit cell differentiation and lead to cell
apoptosis or necrosis.39,40 Oxidative stress, resulting from

excessive ROS formation, has been shown to damage
various cellular components of osteoblasts and has been
suggested as an essential initiating factor for impaired

osteoblastic bone formation.41 An in vitro study showed
that ROS decreased bone formation by inhibiting the
processes of osteoblastic cell proliferation, differentiation,

and calcification.42

In order to determine the survival/defense response of
osteoblasts to oxidative stress, this study evaluated the pro-
tective ability of hGMSCs-lyosecretome in osteoblast cells

against H2O2 oxidative stress based on cell metabolic activ-
ity. This study revealed that hGMSCs-lyosecretome signifi-
cantly prevented H2O2-mediated alterations in osteoblasts.

All concentrations of hGMSCs-lyosecretome attenuate the
adverse effect of H2O2-induced oxidative stress in osteoblast
cells Table 2. These cytoprotective properties are thought to

involve the ability of hGMSC-lyosecretome to directly
scavenge free radicals, enhance endogenous antioxidant de-
fenses, immunomodulate through suppression of reactive

oxygen species, alter mitochondrial bioenergetics, and
contribute functional mitochondria to osteoblast cells
damaged by H2O2 induction.

In addition, h-GMSCs-lyosecretome is thought to also

inhibit H2O2-induced osteoblast dysfunction, possibly by
increasing mitochondrial membrane potential and decreasing
markers ofmitochondria-mediated apoptosis.Oxidative stress

plays a critical role in cellular apoptosis through multiple
pathways, including mitochondria, death receptors, and
endoplasmic reticulum stress. Additionally, it triggers the

activation of key cellular components such as nuclear factor
kB, protein kinase, and caspases.43,44 H2O2 serves as a
secondary messenger, penetrating cell membranes to

participate in signal transduction pathways.19 ROS are a
normal product of cell metabolism; an excess of ROS,
particularly from mitochondria, can cause cellular function
and induce apoptosis.17 However, early autophagy through

the endoplasmic reticulum stress pathway can reduce
oxidative damage to osteoblasts.45 Autophagy protects cells
against various cytotoxic stimuli by decreasing damaged

organelles at an early stage. Nevertheless, an overabundance
of autophagy can ultimately result in cell death.46,47

Changes in the composition of the MSC secretome that

occur during senescence can have a negative impact on body
health, so a healthy MSC secretome is needed for tissue
repair and homeostasis. During senescence, the MSC secre-
tome undergoes markedmodifications in its composition and

develops a senescence-associated secretory phenotype
(SASP). Therefore, analysis of the MSC secretome is essen-
tial before use in secretome therapy because the MSC

secretome can lose its beneficial functions and also exert
negative pro-inflammatory and pro-aging activities when
MSCs become senescent.48

Lyosecretome from hGMSCs can be exploited as an
attractive alternative to cell-based therapies. Therefore,
molecular characterization and physicochemical character-

ization at the proteomic level are needed to control the
quality of hGMSCs-lyosecretome. A key aspect of hGMSCs-
lyosecretome production is the isolation of secretome from

the hGMSCs supernatant by a validated, scalable, and good
manufacturing practice (GMP)-compliant production pro-
cess, thereby obtaining a standardized medicinal product
suitable for clinical application.
Conclusions

In conclusion, this study confirmed that hGMSCs-
lyosecretome had antioxidant activity of 93.51 � 0.37%,
and hGMSCs-lyosecretome with a concentration of 1.25 mg/

ml was able to counteract H2O2-induced oxidative stress
damage in osteoblast cells. Therefore, hGMSCs-
lyosecretome has the potential as a secretome-based ther-

apy for treating several bone diseases. Future studies are
needed to validate the effect of hGMSCs-lyosecretome in
osteogenic tissue by using a mouse oxidative stress model.
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