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ABSTRACT

Introduction: The viability of mesenchymal stem cells (MSCs) during intravenous infusion can sig-
nificantly impact treatment efficacy, particularly with thawed cryopreserved MSCs. During infusion,
these thawed MSCs are suspended in saline at room temperature, which lacks nutrients and buffer-
ing capacity, leading to a gradual decline in cell viability. This study aimed to investigate the survival
of thawed MSCs during intravenous infusion and propose an optimal procedure to maximize cell
viability. Methods: Human MSCs derived from adipose tissues (ADSCs) and umbilical cords (UCM-
SCs) were utilized in this study. The MSCs were cryopreserved using a cryoprotectant-free medium
(MSCCryosave OTS) at -196°C at a concentration of 107 cells/mL. They were then naturally thawed
at room temperature. The 15.107 thawed MSCs in MSCCryosave OTS were suspended in 500 mL
Lactated Ringer solution. The bottle was connected to an infusion tube, with the valve opened at
a rate of 25 drops/min. Cell viability was assessed every 30 minutes until the bags were depleted.
In another experiment, cell viability was evaluated using a phosphate-buffered saline (PBS) solu-
tion supplemented with 5% human serum albumin (the solution named CellCarrier). Cell viability
was determined using a hemocytometer with trypan blue staining. Results: The results indicated
that the cell viability of thawed ADSCs and UCMSCs gradually decreased over time. For ADSCs, the
percentage of viable cells decreased from 92.95 + 1.33% post-thaw (at 0 h) to 8041 4+ 2.02% at
90 minutes of transfusion. For UCMSCs, the percentage decreased from 94.44 4+ 1.69% post-thaw
(at Oh) to 81.12 & 2.26% at 90 minutes of transfusion. At the last drop of the bag, the percentage
of viable ADSCs and UCMSCs was 48.22 + 14.08% and 59.39 + 14.54%, respectively, after approx-
imately 385 minutes of transfusion. Notably, cell viability significantly increased when cells were
infused with CellCarrier, remaining above 90% after 385 minutes (90.13 4 0.24% for UCMSCs and
90.09 £ 0.44% for ADSCs). Conclusion: This study suggests that using Lactated Ringer's solution
results in a rapid decline in cell viability. Therefore, reducing the transfusion time is crucial to main-
taining cell viability before administration to patients. We recommend keeping the transfusion
time under 90 minutes when using Lactated Ringer's or alternatively utilizing CellCarrier solution
for infusion.

Key words: Adipose derived stem cell, Cryopreservation, Mesenchymal stem cell, Umbilical cord
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INTRODUCTION

Mesenchymal stem cells (MSCs) are extensively uti-
lized not only for disease treatment but also for anti-

aging and longevity purposes!=>.

This widespread
application is attributed to their unique character-
istics that make them suitable for treating various
pathologies and combating aging processes. Specifi-
cally, MSCs can modulate the immune system, reduce
inflammation, inhibit apoptosis, stimulate angiogen-
esis, and differentiate into multiple types of functional
cells 8%, Notably, MSCs lack HLA-DR expression and
exhibit low immunogenicity, which makes them ideal
for allogeneic use 1. In recent years, “off-the-shelf”
allogeneic MSC products have been developed in cry-

opreserved forms, readily available for use 12-14,

Despite facilitating the clinical application of off-the-
shelf cyropreserved MSCs, some studies have re-
ported that thawed MSCs may have reduced potency
compared to fresh cells. Francois et al. (2012) in-
dicated that cryopreserved MSCs might experience
impaired immunosuppressive properties due to heat-
shock response and diminished interferon-y licens-
ing!>. Additionally, Moll et al. (2014) observed
that thawed MSCs exhibited reduced immunomodu-
latory and blood regulation properties '®. In another
study, IFNy-prelicensed thawed MSCs demonstrated
less lung tropism in vivo following intravenous injec-
tion compared to fresh MSCs'7. In contrast, Cruz et
al. (2015) reported that thawed bone marrow MSCs
were as effective as fresh cells in a murine model of
allergic airway inflammation 8. Similarly, Tan et al.
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(2019) found that thawed MSCs retained comparable
potency to fresh cells both in vitro and in a polymi-
crobial septic animal model *°.

While most studies focus on evaluating the survival
rate of MSCs post-thawing, no research has yet as-
sessed the survival of thawed MSCs over time during
intravenous infusion. This study aims to ascertain the
survival of thawed MSCs when suspended in infusion
solutions.

METHODS

Expansion of ADSCs and UCMSCs

Adipose-derived stem cells (ADSCs) and umbili-
cal cord-derived mesenchymal stem cells (UCMSCs)
were sourced from the Cellbank at the Stem Cell
Institute, University of Science, Vietnam National
University, Ho Chi Minh City (VNUHCM), Viet-
nam. ADSCs were thawed and cultured in ADSCCult
I medium (Regenmedlab, Ho Chi Minh City, Viet-
nam), while UCMSCs were thawed and cultured in
MSCult I medium (Regenmedlab, Ho Chi Minh City,
Vietnam). Subculturing of these cells was performed
using the enzyme Deattachment (Regenmedlab, Ho
Chi Minh City, Vietnam) at a splitting ratio of 1:3.

Crypropreservation and thawing

ADSCs and UCMSCs were harvested and cryopre-
served in MSCCryosave OTS medium, a DMSO-
free cryopreservation medium (Regenmedlab, Ho
Chi Minh City, Vietnam), at a concentration of 107
cells/mL per cryovial. The cryovials were cooled at a
rate of 1°C per minute in a freezing box and stored
overnight at -86°C. All vials were subsequently trans-
ferred to liquid nitrogen tanks the following day.

The thawing process was conducted according to the
manufacturer’s guidelines. Briefly, in step 1, the cry-
ovials containing ADSCs and UCMSCs were trans-
ferred from the liquid nitrogen tank to a -86°C freezer
overnight. In step 2, the vials were placed at room
temperature to allow for natural thawing. The ice
in the vials completely thawed within 5 to 10 min-
utes. Once the ice was completely dissolved, the cell
suspension was mixed with Afterfreeze solution (Re-
genmedlab, HCMC, VN) in a 1:1 ratio (cell suspen-
sion: Afterfreeze solution). The thawed vials were
then used in subsequent experiments.

Experimental design to determine the cell
viability of ADSCs and UCMSCs during infu-
sion

A 30 mL thawed cell suspension, comprising 15 mL
of MSCCryosave OTS and 15 mL of Afterfreeze from

15 vials, was administered into a 500 mL Lactated
Ringer’s solution bottle. The infusion tube was at-
tached to this bottle, and the flow rate was adjusted
to 25 drops per minute. Approximately 20-30 drops
were collected every 30 minutes to assess cell viability
(Figure 1). The experiments were conducted in trip-
licate.

Cell viability

Cell viability was assessed using a hemocytometer
with trypan blue staining. To evaluate cell viability
using Trypan Blue and a hemocytometer, harvested
cells were first suspended in a liquid medium. The
cell suspension was then mixed with an equal volume
of 0.4% Trypan Blue solution. The hemocytometer
was cleaned, and a coverslip was placed over it. The
stained cell mixture was loaded into the chamber, al-
lowing it to distribute by capillary action. Under low
magnification on a microscope, cells were counted on
the grid: clear cells were counted as viable, while blue-
stained cells were considered non-viable. For accu-
racy, a minimum of 100 cells was counted. Viability
was calculated by dividing the number of living cells
by the total number of cells and adjusting for the di-
lution factor.

Statistical analysis

Each experiment was independently repeated three
times. Results are expressed as the mean + stan-
dard deviation (SD). Statistical significance was deter-
mined at p < 0.05. Data processing and plotting were
performed using Prism software.

RESULTS

The viability of MSCs gradually decrease
following time during the dropping

The data depicted in Figure 2 demonstrate that AD-
SCs suspended in Ringer lactate solution exhibit a
progressive decline in viability as the infusion pro-
gresses. Specifically, after 90 minutes of infusion, the
viability rate of the cells dropped to 80.41 £ 2.02%,
from an initial rate of 92.95 & 1.33% at 0 minutes (p <
0.05). Following the completion of a 530 mL infusion
at 385 minutes, the viability rate further diminished
to 48.22 4 14.08%. Linear regression analysis reveals
that the viability rate declines over time according to
the equation y = -0.1168x + 91.506 (R* = 0.9945).

Similarly, UCMSC cells exhibit a declining survival
rate over time (Figure 3). Initially, at 0 minutes, the
cell survival rate was 94.44 & 1.69%. This rate de-
creased to 81.12 £ 2.26% following 90 minutes of in-
fusion and further declined to 59.39 + 14.54% at 385
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‘ At each time point, take 20-30 drops of the solution to determine the cell viability rate ‘

Figure 1: The digram depicts the experimental setup utilized in the study. Adipose-derived stem cells (ADSCs)
and umbilical cord mesenchymal stem cells (UCMSCs) are cryopreserved using MSCCryosave OTS and allowed to
thaw naturally. Subsequently, the cell suspension is combined with an Afterfreeze solution in a 1:1 ratio before
infusion into Lactated Ringer’s solution. The infusion proceeds at a rate of 25 drops per minute until completely
empty. At 30-minute intervals, samples consisting of 20-30 drops of the cell suspension are collected for assess-
ment of cell viability.
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Figure 2: The viability of adipose-derived stem cells (ADSCs) progressively decreased in the infusion
medium. After 90 minutes, the percentage of viable cells was 80.41 + 2.02%, and after 385 minutes, it decreased
to 48.22 + 14.08%. The change in viable cell ratio over time is described by the equation y =-0.1168x + 91.506
(R% = 0.9945). (A) The chart, (B) Table of viable cells following time; (C) Linear regression analysis reveals that the
viability rate declines over time according to the equation y = -0.1168x + 91.506 (R> = 0.9945).

6732



Biomedical Research and Therapy 2024, 11(9):6730-6736

(A) 100+ (B) Time Cell viability (%)
8 (Minutes)
a 0 94.44 + 1.69
g 60 30 80.44 +2.55
2 60 84.71 + 2.30
% 404 90 81.12 + 2.26
g 120 77.19 £5.33
= 2 180 71.41 + 8.84
0 240 67.82 + 12.29
L4 I I ] ] ] 1 1 1] 1] 300
0 30 60 90 120 180 240 300 385 63.04 + 14.82
Time [min], n=3 385 (~530mL) 59.39 + 14.54
(C) 120.00
100'”‘94;."’489._ “,,
9471 1
g 80.00 _
59.39
£ 60.00 i
s .
> 40.00 y = -0.0902x + 90.585
g R? = 0.958
(&)
20.00
0.00

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420
Time (minutes)

Figure 3: The viability of umbilical cord derived mesenchymal stem cells (UCMSCs) gradually decreased
in the infusion medium. After 90 minutes, the percentage of viable cells was 81.12 + 2.26%, which further de-
creased to 59.39 + 14.54% after 385 minutes. The viable cell ratio over time followed the equation y =-0.0902x +
90.585 (R? = 0.958). (A) The chart, (B) Table of viable cells following time; (C) Linear regression analysis reveals that
the viability rate declines over time according to the equation y =-0.0902x + 90.585 (R =0.958).
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Figure 4: The chart describes the comparative survival efficiency of adipose derived stem cells (ADSCs) and
umbilical cord derived mesenchymal stem cells (UCMSCs) when infused in Lactated Ringer solution and
CellCarrier solution. The results show that the cell survival rate in the CellCarrier solution is significantly higher
than in the Lactated Ringer solution after 60 minutes of infusion (p < 0.05). (A) UCMSCs, (B) ADSCs. * p < 0.05, **
p <0.01
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minutes (p < 0.05). After the infusion of 530 mL over
385 minutes, the survival rate remained quite low at
59.39 £ 14.54%. Linear regression analysis indicated
that the cell survival rate decreased over time, follow-
ing the equation y = -0.0902x + 90.585 (R? = 0.958).

The viability of MSCs is significantly im-
proved in CellCarrier

The viability rate of MSCs, including ADSCs and
UCMSCs, significantly increases when they are in-
fused in a CellCarrier solution. For UCMSCs, there
is no significant change in cell viability during the ini-
tial 30 minutes (89.77 £ 3.88 in Lactated Ringer vs.
93.87 £ 1.90 in CellCarrier, p > 0.05). However, at
60 minutes, the viability rates significantly differ be-
tween cells suspended in Lactated Ringer solution and
those in CellCarrier solution (85.03 & 3.22 in Lactated
Ringer vs. 92.41 % 1.78 in CellCarrier, p < 0.05). This
difference becomes more pronounced from 90 min-
utes to 385 minutes (Figure 4 A). At 385 minutes,
the viability rate of UCMSCs in CellCarrier solution
reaches 90.09 £ 0.44%, in contrast to only 49.32 +
15.31% in Lactated Ringer solution (p < 0.01).
ADSCs exhibit a survival pattern similar to UCMSCs.
As illustrated in Figure 4 B, the survival rates of AD-
SCs are comparable in both Lactated Ringer and Cell-
Carrier solutions during the initial 30 minutes (90.77
=+ 4.08% in Lactated Ringer vs. 92.87 & 1.80% in Cell-
Carrier; p > 0.05). However, from 60 to 385 min-
utes, the survival rate in the CellCarrier solution is
significantly higher than in the Lactated Ringer solu-
tion (p < 0.05). Specifically, at minute 60, the survival
rate in the Lactated Ringer solution is 88.03 =+ 4.12%,
whereas itis 92.41 4 1.58% in the CellCarrier solution
(p < 0.05). By minute 385, the survival rate drops to
50.32 £ 13.31% in the Lactated Ringer solution, while
itremains at 90.13 = 0.24% in the CellCarrier solution
(p <0.01).

DISCUSSION

Mesenchymal stem cell therapy is currently among
the most widely used forms of stem cell therapies.
Mesenchymal stem cells derived from adipose tissue
(ADSCs) and those sourced from umbilical cord tis-
sue (UCMSCs) are employed in treating various con-
ditions, including chronic obstructive pulmonary dis-
ease, diabetes, autoimmune diseases, and stroke -3,
Unlike certain other stem cell types, MSCs demon-
strate low HLA-DR expression and minimal im-
munogenicity, which facilitates their use in allogeneic
transplantation®~!!. Consequently, off-the-shelf cry-
opreserved MSC products have been developed for

immediate application. Although the post-thaw via-
bility of these cells has been extensively studied, their
survival during infusion over time has not been thor-
oughly explored. This study is the first to examine the
survival of thawed MSCs throughout the infusion pe-
riod, with a focus on UCMSCs and ADSCs. Prelimi-
nary research suggests that both the duration of infu-
sion and the choice of infusion solution considerably
affect the survival of thawed mesenchymal stem cells.
The study’s findings indicate that MSCs, when thawed
and stored in Ringer lactate solution, experience
rapid cell death during infusion at room tempera-
ture. Specifically, both UCMSCs and ADSCs exhib-
ited over 20% cell death after 90 minutes of infusion.
This suggests that Ringer lactate solution is inade-
quate for sustaining MSC viability over extended pe-
riods. Contrasting these findings, Ngo et al. (2021)
reported that Ringer lactate could maintain high sur-
vival rates for ADSC and UCMSC, with more than
70% viability at room temperature after 72 hours 2.
The key difference between our study and that of Ngo
et al. lies in the cell condition; our study utilized
frozen and thawed cells, whereas Ngo et al. (2021)
employed fresh cells. Sultana et al. (2022) recom-
mended storing ADSCs in carrier solutions like saline,
5% DS, Hepa-Sal, or HS at 4 °C, ideally for less than
6 hours and no more than 12 hours?!. Furthermore,
Kubrova et al. (2020) demonstrated a significant re-
duction in ADSC cell number and metabolic activity
after 4 hours at three temperatures studied (4 °C, 23
°C,and 37 °C) 22,

The process of freezing and thawing inevitably in-
flicts damage on MSCs. Post-thawing, when MSCs
are suspended in Lactated Ringer solution, they may
continue to experience membrane damage, resulting
in cell death. In our subsequent research efforts, we
enhanced the thawing medium by employing Cell-
Carrier solution, which is a phosphate-buffered saline
(PBS) supplemented with 5% human albumin. Our
findings indicate that PBS with 5% human albumin
significantly improves the survival rate of cells post-
90 minutes of thawing. Although the survival rate of
MSCs, UCMSCs and ADSCs, gradually declines after
90 minutes of infusion, the rate remains above 90%
until the infusion concludes at 385 minutes. This ob-
servation mirrors findings related to hematopoietic
stem cells derived from cord blood?*. Lachica et al.
(2023) identified PBS augmented with 5% human al-
bumin as a suitable medium for the preservation of
thawed hematopoietic stem cells, wherein mononu-
clear cells (MNCs) remain stable for up to 4 hours,
and CD34" hematopoietic stem cells maintain stabil-
ity for up to 6 hours. They confirmed that cord blood
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hematopoietic stem cells can be satisfactorily washed
and stabilized in PBS with 5% human albumin up to
4 hours post-thawing 23,

Hence, this study underscores the necessity of consid-
ering post-thaw utilization of off-the-shelf MSC prod-
ucts intended for therapeutic applications. The choice
of storage solution post-thawing significantly influ-
ences the viability of MSCs. To mitigate cell death
during infusion, it is imperative to reduce the in-
fusion duration and employ an appropriate infusion
medium, such as PBS with 5% human albumin. Fur-
thermore, for optimal therapeutic efficacy, the dosage
should be calculated based on the actual number of
viable cells during infusion.

CONCLUSION

The study evaluates the viability of thawed MSCs de-
rived from umbilical cords and adipose tissue dur-
ing infusion with Lactated Ringer solution. Although
Lactated Ringer is traditionally used for MSC infu-
sions, it may be suboptimal for thawed cells due to an
increased cell mortality rate over time. The findings
suggest that using phosphate-buffered saline (PBS)
supplemented with 5% human albumin significantly
improves cell viability during infusion. These prelim-
inary results recommend that thawed MSCs should
meticulously choose appropriate infusion solutions to
ensure the delivery of a viable cell dosage.

ABBREVIATIONS

ADSCs - Adipose-derived Stem Cells, DMSO -
Dimethyl Sulfoxide, HLA-DR - Human Leukocyte
Antigen-DR isotype, MNCs - Mononuclear Cells,
MSCs - Mesenchymal Stem Cells, PBS - Phosphate-
Buffered Saline, UCMSCs - Umbilical Cord-derived
Mesenchymal Stem Cells
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