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Abstract: The aim of this study is the practical determimatdf the proliferation rate of human stem cella iniological

environment using laboratory methods. Stem ceksumique in their ability to self-renew and diffetiate, which

distinguishes them from most differentiated celigh as cardiac muscle cells, which cannot regenafter injury. This
makes stem cells highly significant in the fieldsregenerative medicine and experimental pharmagol®he study
utilized the MTT assay, a colorimetric techniquattenables the visualization of cell viability thgh mitochondrial
activity. Viable cells reduce MTT into a formazaged measurable by a spectrophotometer. The expetsnveere

conducted using an inverted microscope and spduitometer in laboratory conditions. Based on dsaduation, we

assessed the proliferation activity and formulatedclusions about the mitotic behavior of stemscefider controlled
in vitro conditions. This method offers a usefubegach for monitoring cellular responses to phaotaggcal treatments
and for supporting tissue regeneration research.

1 Introduction of viable cells, making the MTT assay an effectival for
This article focuses on the practical assessment &psessing cell proliferation and cytotoxicity [Zhe MTT
human stem cell proliferation in a biological emviment test is a simple and effective method for quantycell
using the colorimetric MTT assay and standard latopy ~ Viability and proliferation. It measures the corsien of
equipment. The regeneration of tissues and celiskigy ~Yellow tetrazolium to purple formazan in the mitoohria
topic in modern biomedical research, especially fdf living cells. The resulting product is dissolvedd
conditions involving irreversible cell damage, sastheart analyzed by spectrophotometry, providing an indirec
attacks where lost cardiomyocytes cannot regenerdtgasure of live cell count and growth over time.
naturally [1]. The practical component was carried out under
Stem cells are unique due to their ability to seifew laboratory conditions using accessible equipment,
and differentiate into various cell types—a propértown demonstrating the MTT assay as a reliable tool in
as pluripotency—making them valuable tools irPiomedical research [1,3,4].
regenerative medicine and drug testing.
Proliferation, the process of increasing cell nurabe2  Stem cellsand cell proliferation
through mitosis, must be tightly regulated to meimt Stem cells are undifferentiated cells with theigbtb
tissue balance and prevent disease. This articledes self-renew and differentiate into various cell typ&hey
theoretical background on cell metabolism andre essential for embryonic development and tissue
proliferation, specifics of stem cell growth, anetalled regeneration in adults. Mesenchymal stem cells (8)SC
steps for conducting the MTT assay. can replicate continuously and specialize into iplltcell
Authors Niu at al. state that the MTT assay is base types—a property called pluripotency.
the conversion of yellow MTT to purple formazan by Stem cells vary in their potency:

mitochondrial dehydrogenases in living cells, pdivi a - Totipotent: capable of generating all cell types
reliable method for quantifying cell viability. Ithe including embryonic and extraembryonic tissues.
theoretical background, they emphasize that theuatraf - Multipotent: can produce several related celesp
formazan produced is directly proportional to thenber - Unipotent: limited to one specific cell type.
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Sources include: the bottom of the wells. To enable accurate

- Placental and amniotic fluid: high potential dedier  spectrophotometric measurement, a solvent suciV&®
ethical concerns. (dimethyl sulfoxide) was added the next day toaligsthe

- Umbilical cord blood: rich in hematopoietic andcrystals into a homogenous purple solution. The
mesenchymal stem cells. absorbance of this solution, directly proportiotalcell

- Adult tissues: like bone marrow and fat, offeringhumber, was read using a spectrophotometer [7,9,10]

accessible research material.
3.2 Cdl culture procedure

Cell proliferation—the increase in cell number—is Proper cell culture techniques are essential tarens
crucial for tissue growth and healing but mustigatly  consistent and reliable results in any biologicgay. In
regulated. Disruptions in this process are linkediseases this study, MSCs were maintained under sterileifrov
like cancer. conditions using essential laboratory equipment sas

The MTT assay is a common method to assess cilminar flow cabinets, CO incubators, centrifuges,
viability and proliferation in vitro. It measureshet inverted microscopes with imaging systems, andhet
reduction of the yellow MTT compound into purplesterilizers. The culture environment was carefully
formazan by metabolically active cells. Absorbaiso@ad controlled to replicate physiological conditionsgluding
spectrophotometrically, indicating the number ddble temperature (37°C), humidity, and €@vels (5%) to
cells. Though simple and cost-effective, the methoghaintain pH via a bicarbonate buffering system.
depends on mitochondrial activity and may not wtfle  Cells were grown in a nutrient-rich culture medium

actual proliferation under all conditions [1,3,5,6] composed of DMEM/F-12 mixed 1:1 with Alpha MEM,
supplemented with 5 mL of fetal bovine serum (FB®)s

3 Reaultsand discussion medium combination provided essential amino acids,

3.1 Stemcdl proliferation testing glucose, vitamins, and trace elements necessaopfonal

MTT assay is a colorimetric technique widely used tgrowth and differentiation. Sterility was maintainet
assess cell viability by measuring mitochondriaivity, ~ €very step, and all materials were pre-sterilizedamdled
which reflects the number of living cells. The aseslies under aseptic conditions. The medium was changeryev
on the ability of active mitochondria in viable lseto ~ 2—3 days to replenish nutrients and remove wastéugts.
reduce the yellow tetrazolium salt MTT (3-(4,5- Additional steps involved preparing the working
dimethylthiazol-2-yl)-2,5-dipheny! tetrazolium brage) €nvironment in the laminar box with UV sterilizatio
into dark purple formazan crystals. Dead or damag#d before initiating any cell handling. All instrumensuch as
lack this capability, —making the methodpipettes, Petri dishes, and media containers, were
a sensitive indicator of cell health and prolifeat[7,8].  introduced into the sterile workspace without direc

In the experiment, the MTT substrate was introducegPntact. Before and after use, the workspace vesnet
into 96-well microplates containing cultured cellthe thoroughly. The cells were regularly observed uraier
conversion of MTT to formazan was carried out oighy  inverted microscope to monitor morphology, densityd
with the formazan product being insoluble and iseftat ~contamination [11,12].

Figure 1 SCs on day 20 of cultivation

~ 166 ~
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3.3 Execution of the MTT assay

Figure 1 shows MSCs on the 20th day of cultivagon The absorbance was measured at a specific wavelengt
each point, the yellow MTT reagent was added toviélés, using a spectrophotometer. Positive control wells
and the cells were incubated for approximately Grb@t containing only live cells and blank wells with pmhedia
37°C to allow sufficient conversion to purple foraa by were included to ensure measurement accuracy. The
viable cells. After incubation, DMSO was added t@bsorbance readings from blank wells were subulacte
dissolve the formazan crystals, resulting in a amie from sample readings to eliminate background naise
colored solution suitable for quantification. Oguie 2 isolate the true signal of cellular metabolic atyiv
there is the conversion of MTT to formazan. Cell detachment was performed using trypsin,
a proteolytic enzyme that facilitates the removdl o
adherent cells from culture vessel surfaces. Mpsinized
cells were centrifuged to form a pellet and resodpd in
fresh medium before being distributed evenly inklsv
Care was taken to ensure uniform volume acrossswell
(typically 100 pL) to prevent errors in optical dé@gs. The
figure 3 shows the 96 — well plate after the additof
DMSO. On figure 4 is shown the operation of trypsin

Following the assay, the spectrophotometric data wa
analyzed to assess cell growth dynamics. Higher
absorbance indicated increased proliferation. Table
shows the measured values, and it is clearly @shat the
viability in sample 1 was 87.78%, while in sampli¢ \®as
84.07%. This means that a higher number of livks ehs
present in sample 1 [2,13-15].

Figure 2 Conversion of MTT to forman

Table 1 Measured averaged spectrophotometer valitegesulting concentrations

1 2 3 4 |5/6(7/8/9|10] 11 12
A sar2nplesample B Control | o,
B 0.15¢ 490
© 0.15: 490
D 0.15¢ 490
E 0,15: 490
F averag| 0,237 0,22 0,27( |49
G % | 87,7¢| 84,01 100% |49

The concentration was calculated by direct proporti
according to the formula:

absorbance of sample — absorbance BLK

"~ absorbance of control — absorbance BLK
- 100%

After placing the cells into a 96-well plate, teiwdum
is added to each well, and the plate is then ineabfor
three hours at 37°C. During this time, the mitoah@nof =
viable cells convert the MTT substrate into purple
formazan. As a result of this activity and convemsidark
purple crystals are formed. These dark purple atysettle
at the bottom of the wells. Figure 5 shows strajniith ?3’
tetrazolium.

ha

Figure 3 96-well plate aftrthe addition of DMSah&nt
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Figure 5 Formed crystals of purple formazan

4 Conclusion The main contribution of this work lies in the pieal
This article focuses on evaluating the proliferataf ~ validation of the methodology using accessible lab
human mesenchymal stem cells using the colorimet@luipment and its successful application for tragigell
MTT assay. This method quantifies cell viabilitysbd on ~ growth. Limitations of the method were identified—
metabolic activity and serves as an indirect indicaf ~Primarily its dependence on mitochondrial activitshich
proliferation under laboratory conditions. may not always reflect true proliferation. Therefor
In the practical part, cells were cultured overesak CcOmplementary techniques such as BrdU incorporation
days, and their activity was assessed by measurik§67 staining, or flow cytometry are recommended f
absorbance via spectrophotometry. The results rmonfi @ more complete view of the cell cycle.
that the MTT assay is suitable for monitoring gethwth Future research could explore other stem cell types
invitro. This experimenta| approach also a"owéhelr behavior under different culture Condltloaﬂd their
observation of environmental effects on prolifevatand response to growth factors or drugs. These stuiakl

can be applied to assess the cytotoxicity of testdt€lp optimize culture protocols and support the
substances. development of effective regenerative medicinetetyias.

~ 168 ~

Published by Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 11 2025 Issue: 4 Pages: 165-169 ISSN 2453-675X

Technical procedure in vitro evaluation of human stem cell growth using the MTT assay
Lucia Tkacova, Jana Cajkova, Darina Bacenkova, Marianna Trebunova

The MTT assay, despite being simple and cost- Spring Harbor Protocolsyol. 2018, No. 6, pp. 469-
effective, has limitations, such as dependence on 471, 2018. https://doi.org/10.1101/pdb.prot095505
mitochondrial activity, which may not always reges [9] RISS, T.L., MORAVEC, R.A., NILES, AL,
true proliferation. Therefore, it is recommended to DUELLMAN, S., BENINK, H.A., WORZELLA, T.J.,
combine it with complementary assays like BrdU MINOR, L.: Cell Viability Assays 2013 May 1
incorporation, Ki-67 staining, or flow cytometry rfo [Updated 2016 Jul 1], In: Markossian S, Grossman A,
a comprehensive understanding of the cell cycle and Baskir H, et al., editors. Assay Guidance Manual
viability. [Internet], Bethesda (MD): Eli Lilly & Company and
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