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ABSTRACT

Objective: Lung mesenchymal stem cells (LMSCs) play important
roles in the maintenance of organ integrity and healing proces-
ses. It is important not to harm or decrease LMSCs, especially
in patients with lung diseases. Propofol may be administered to
patients with acute or chronic lung diseases due to the need for
anesthesia or sedation. We aimed to investigate the cytotoxic/
proliferative effects of propofol on LMSCs.

Methods: The mesenchymal stem cells were subjected to propo-
fol at 25 uM (Group P25), 50 puM (Group P50), 100 puM (Group
P100), or 0 uM (Group PO0). The values of the cell proliferation
curve and the normalized cell index at the 6%, 24", 48, and 72™
hours after propofol administration were obtained with the xCEL-
Ligence Real-Time Cell Analyzer system.

Results: The normalized cell index values were lower in Group
P100 compared to Group P25 at the 6%, 24", 48", and 72" hours.
They were also lower in Group P100 compared to Group PO
(p=0.001) at the 24™ hour, but this effect was not seen at the fol-
lowing time points.

Conclusion: The cytotoxic effect of 100 uM propofol was obser-
ved only after 24 hours and this effect was temporary. Therefore,
propofol can be used during anesthesia practices, but we recom-
mend using the lowest dose possible.
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Amag: Akciger mezenkimal kok hicreleri (AMKH), organ bitiin-
|Gglnin korunmasinda ve iyilesme siireglerinde 6nemli rol oyna-
maktadir. Ozellikle akciger hastaligi olan hastalarda bu hiicrelerin
sayl1 ve fonksiyonuna zarar verilmemesi son derece 6nemlidir. Akut
veya kronik akciger hastaligi olan hastalarda anestezi veya sedas-
yon ihtiyaci nedeniyle propofol uygulanabilir. Bu ¢alismada, pro-
pofoliin AMKH Uzerindeki sitotoksik/proliferatif etkisinin arastiril-
masi amaglanmistir.

Yontem: in vitro ortamda iretilen mezenkimal kék hiicrelere 25
MM (Grup P25), 50 uM (Grup P50), 100 uM propofol (Grup P100)
veya 0 uM propofol (Grup PO) eklendi. Propofol eklendikten son-
raki 6., 24., 48. ve 72. saatlerde hiicre proliferasyon egrisi ve nor-
malize hiicre indeksi degerleri xCELLigence real-time cell analyzer
cihazindan elde edildi.

Bulgular: Normalize hiicre indeksi degerleri 6., 24., 48. ve 72. saat-
lerde Grup P100’de P25’e gore daha duslkti. Normalize hiicre in-
deksi degerleri, sadece 24. saatte ve Grup P100’de Grup P0’a gére
daha disuktl (p=0,001), ancak bu etkinin sonraki saatlerde devam
etmedigi gorildi.

Sonug: Propofol ylksek dozlarda kullanildiginda sitotoksik etkiye
sahiptir, ancak bu etkinin kalici olmadigi gérilmustir. Bu nedenle
propofol anestezi ve yogun bakim uygulamalari sirasinda kullanila-
bilir ancak miimkiin olan en dislk dozun tercih edilmesi gerekti-
gini dusltniyoruz.

Anahtar sozciikler: Akciger, propofol, kok hiicre

INTRODUCTION

Mesenchymal stem cells (MSCs) are a type of stem cell with
capacities for proliferation and self-renewal. These cells have
a fibroblastoid morphology in vitro culture (1). The MSCs

must be plastic-adherent, express the proper positive (CD44
and CD90) and negative (CD11b/c and CD45) surface anti-
gens, and have multipotent differentiation potential (such
as adipogenic, chondrogenic, and osteogenic potential) ac-
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Propofol and Lung Mesenchymal Stem Cells

cording to the criteria of the International Society of Gene
and Cell Therapy (ISGCT) (2). These cells constitute a progen-
itor cell population that can be isolated from many tissues,
including those of the lungs. Lung mesenchymal stem cells
(LMSCs) play important roles in the maintenance of organ
integrity and healing processes and have immunomodulator,
anti-inflammatory, regenerative, regulative, and repairing ef-
fects (3).

Propofol is an intravenous anaesthetic agent commonly
used to induce and maintain anesthesia in patients (4). It de-
creases proinflammatory cytokines, inhibits neutrophil and
macrophage chemotaxis, and reduces free oxygen radicals
(5). Propofol may be administered to patients with acute or
chronic lung disease due to the need for sedation or anesthe-
sia. It is important not to harm or decrease LMSCs, especially
in patients with acute or chronic lung disease. To our knowl-
edge, the effects of propofol on LMSCs have not yet been
established. Therefore, this study aimed to investigate the
effects of different propofol concentrations on LMSCs using
the xCELLigence Real-Time Cell Analyzer (RTCA).

MATERIAL and METHODS

This study was approved by the local ethics committee for
animal experimentation (Ethical Committee Ref No: G.U.E.T
18.003, date: 16.01.2018). All experimental procedures were
performed in accordance with the ethical standards recom-
mended by the relevant institutional review board. Further-
more, this study was conducted according to the Guide for
the Care and Use of Laboratory Animals and reported accord-
ing to ARRIVE guidelines.

Two newborn male Wistar albino rat pups obtained from the
Gazi University Animal Laboratory were euthanized after the
administration of intramuscular ketamine (50 mg kg!) and
xylazine (5 mg kg?). Sternotomy was performed carefully to
avoid damaging the lungs after sterilization with 70% ethanol.
Lung lobes were transferred to 50-mL tubes containing 35
mL of cold 30% citrate-phosphate-dextrose adenine (CPDA-
1) anticoagulant (26.30 g trisodium citrate dihydrate, 3.27 g
ascorbic acid monohydrate, 2.22 g monosodium dihydrogen
phosphate, 31.80 g D-glucose, and 0.275 g adenine in 1 L pu-
rified H,0; this solution was filtered using a sterile 0.22-um
membrane filter before use) in phosphate-buffered saline to
remove blood and debris. Because of the risk of needing to
repeat the study, some of the rat lung tissue was preserved in
glycerol and dimethyl sulfoxide (DMSO) at -80 °C.

Lung tissues were cut into small pieces and placed into cell
culture flasks. These pieces were cultured at 37 °C in a sterile
incubator (Nuve, Turkey) with 5% CO,and >95% humidity. The
cell population was expanded in a specific MSC medium with
20% fetal bovine serum (Lonza, Belgium), 2% L-glutamine
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(Lonza, Belgium), 1% penicillin/streptomycin/amphotericin
(Biological Industries, Israel), and 77% low-glucose Dulbec-
co’s modified Eagle medium (Gibco, USA). The medium was
changed every 3 days and cells were passaged at 80% conflu-
ency. The cells between passage 2 and passage 3 were used
for characterization and differentiation.

Surface Marker Detection

The surface antigen markers of MSCs were detected using a
flow cytometer (FACSAria Ill, USA). Cells were stained with
CD11b/c, CD90, CD44, and CD45 conjugated fluorescent an-
tibodies (all from BD, USA) and analyzed by flow cytometry
with the appropriate software.

Adipogenic, Osteogenic and Chondrogenic Differentiation

When the first cultures reached 80% confluence, cells were
incubated in differentiation mediums for 3 weeks. The differ-
entiation capacity of the LMSCs was evaluated using differ-
entiation lineage-specific mediums (Gibco, USA) according
to the manufacturer’s instructions. Alizarin Red S staining
(Sigma, USA) for osteogenic differentiation, Oil Red O staining
(Sigma, USA) for adipogenic differentiation, and Alcian Blue
staining (Sigma, USA) for chondrogenic differentiation were
performed according to the manufacturer’s instructions.

Immunophenotyping of the Cell Population

After the cell population showed a predominant fibro-
blast-like morphology at passage 2, surface antigens were
assessed by flow cytometry (>40,000 cells counted in a gated
area). The lung cell population expressed several cell surface
antigens identified with MSCs. Flow cytometry indicated that
the MSCs expressed CD44 and CD90. However, the expres-
sions of CD11b/c and CD45 were generally negative (93.9%
CD44+, 89.5% CD90+, 18.7% CD45+, 10.5% CD11b/c+).

The cell population was expanded in differentiation mediums
for 3 weeks. Osteogenic, adipogenic, and chondrogenic dif-
ferentiation potential was thus induced in these cells. Osteo-
genic differentiation was identified by positive Alizarin Red
staining, adipogenic differentiation was identified by positive
staining with Oil Red O, and chondrogenic differentiation was
identified by staining with Alcian Blue. These results allowed
the isolated lung cell population to be defined as LMSCs ac-
cording to the criteria of the ISGCT (2).

Propofol Cytotoxicity Study

The effect of propofol on LMSCs was investigated with the
xCELLigence RTCA (Roche Applied Science, Germany, and
ACEA Biosciences, USA). The xCELLigence RTCA is an useful
equipment for cytotoxicity analysis and monitors 16-well
e-plates to measure electrical impedance. Different numbers
of adherent cells in the cell culture change the impedance
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values. Thus, this system detects cell adhesion, spreading,
proliferation, and apoptosis. The measure of cell adhesion is
defined as the cell index (Cl), but a normalized CI (NCI) can be
used to reduce the influence of inter-experimental variations
and to ensure the same baseline. The NCI has been defined
as the ratio of the Cl value to the initial Cl value immediate-
ly after injecting a chemical solution into the well. In other
words, NCI(a)=CI(a)/CI(O), where CI(O) is the cell index at the time
of exposure (6). In the present study, 2x10*cells were seeded
per well. Propofol was applied to the wells at the 28" hour
when cells were in the logarithmic phase. As propofol’s sol-
vent, 0.1% DMSO was used.

Cells were subjected to propofol at 25 uM (Group P25), 50
UM (Group P50), or 100 uM (Group P100). The MSC medium
containing 0.1% DMSO was applied to the wells in the con-
trol group (Group PO0). All experiments were repeated at least
three times. The cell proliferation curve and NCl values at the
6th, 24", 48™ and 72™ hours after propofol treatment were
obtained using the xCELLigence RTCA.

Statistical Analysis

Statistical analysis was performed with IBM SPSS Statistics
20.0 for Windows (IBM Corp., USA). All data were presented
as mean + standard deviation (SD) and minimum-maximum
values. Shapiro-Wilk and Kolmogorov-Smirnov tests were
used to evaluate the normality of continuous data. One-way
analysis of variance and Kruskal-Wallis H tests were used to
evaluate differences between groups. The Bonferroni method
as a post hoc test was used to determine the groups between
which differences arose in the event of statistically significant
differences between the groups. Data were analyzed at a 95%
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confidence level and results were considered significant at
p<0.05.

RESULTS

Figure 1 shows the proliferation curves of all groups after
propofol treatment. Group P25 showed better proliferation
curve results than Groups PO, P50, and P100.

Six hours after propofol treatment, NCI values were 0.978
+ 0.010, 0.990 + 0.485, 0.897 + 0.765, and 0.885 + 0.656 in
Groups PO, P25, P50, and P100, respectively (p=0.031). The
NCI values were significantly higher in Group P25 than Group
P100 (p=0.008).

Twenty-four hours after propofol treatment, NCI values were
1.513+0.735),1.687+0.108, 1.347 +0.140, and 1.315 + 0.645
in Groups PO, P25, P50, and P100, respectively (p=0.000). The
NCI values were significantly higher in Group PO than Group
P100 (p=0.001). The NCI values were also significantly higher
in Group P25 compared to Group P100 (p=0.000) and Group
P50 (p=0.001).

Forty-eight hours after propofol treatment, NCI values were
1.778 £0.129,2.489+0.212,1.680 £ 0.150, and 1.645 + 0.148
in Groups PO, P25, P50, and P100, respectively (p=0.010). The
NCI values were significantly higher in Group P25 compared
to Group P100 (p=0.005) and Group P50 (p=0.005).

Seventy-two hours after propofol treatment, NCI values were
1.539+0.097,2.307 +0.274,1.499 £ 0.134, and 1.456 £ 0.157
in Groups PO, P25, P50, and P100, respectively (p=0.014). The
NCI values were significantly higher in Group P25 compared
to Group P100 (p=0.005) and Group P50 (p=0.005).
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Figure 1: The proliferation
curves of all groups following
propofol treatment (Blue:
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DISCUSSION

In the present study, it was aimed to investigate the effects of
different propofol concentrations on LMSC proliferation. Ac-
cording to our results, the highest dose of propofol (100 uM)
reduced LMSC proliferation more than the lowest dose (25
uM) at the 6%, 24, 48™, and 72" hours.

Propofol is frequently used in anesthesia and intensive care
practices (4). It was previously concluded that the propofol
blood concentration during sedation is 2 ug mL? (11.2 pM)
while it is 4 pg mL? (22.4 uM) during general anesthesia (7).
However, higher doses of propofol have been applied in pre-
vious cell culture experiments (8,9). For this reason, it was
decided to use doses of 100 uM and below in our study. In
addition, the propofol doses used in the present study were
the same as in previous cell culture experiments (8-10).

Propofol is an intravenous, non-water-soluble agent. Dimeth-
yl sulfoxide is a non-cytotoxic propofol solvent commonly
used in in vitro studies. It has been shown that DMSO is not
cytotoxic to live cells at a concentration of 0.1% (11). There-
fore, 0.1% DMSO was used as a propofol solvent in the pres-
ent study.

Propofol has significant effects on many different tissue-spe-
cific MSCs (8,9,12). When sevoflurane or propofol was admin-
istered to cultured bone marrow-derived MSCs, sevoflurane
was shown to reduce cell viability at concentrations of 2.3%
and 3%, while propofol had no effect (8). However, in that
study, the exposure time was 4 hours. Zhou et al. added the
sera of their patients, obtained after the administration of
general anesthesia with sevoflurane or propofol, to cultured
neural stem cells (13). They subsequently reported lower cell
viability and density and higher superoxide dismutase and
glutathione peroxidase levels in the sevoflurane group. How-
ever, Li et al. showed that stem cell proliferation and viability
decreased after propofol administration (14). In the present
study, only 100 uM propofol had decreased cell proliferation
compared to the control group at the 24 hour. It was shown
that propofol did not significantly affect NCI values at other
doses or at other times compared to the control group. This
may be due to propofol, which has no lasting effect on the
proliferation of LMSCs, being rapidly eliminated such that its
effects disappear.

The dose of propofol may also be a parameter affecting cell
proliferation. Palanisamy et al. studied the effects of 2.5 and
5.0 ug mL? propofol on neural progenitor stem cells at the
4t and 24" hours (10). Neither dose of propofol caused cell
death after 4 or 24 hours. Neither dose of propofol decreased
cell proliferation after 4 hours, but cell proliferation de-
creased after 24 hours. This effect was temporary, however,
and the neural stem cell pool was not affected. The propofol
doses used in that study were similar to blood sedation con-
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centration levels, so it is not surprising that cell viability and
proliferation were not affected. Tao et al. found that adult
rat-derived hippocampal neural stem cell viability and prolif-
eration increased with 50 and 100 uM propofol at 24 hours,
while there was no change with 10 uM propofol compared to
the control group (9). On the contrary, our study showed that
LMSC proliferation decreased with 100 uM propofol after 24
hours. While similar doses were used in our study, the differ-
ence in results may be due to the different stem cell types,
different environmental conditions of the stem cells, or the
use of different viability and proliferation tests.

We demonstrated that LMSCs with 25 uM propofol showed
better proliferation patterns than the cells with 0, 50 and 100
UM propofol in this study. A previous study reported that
propofol had negative effects on adipose-derived stem cell
proliferation, migration ability, invasion ability and cell via-
bility via phosphatidylinositol 3-kinase/protein kinase B and
wingless-related integration site pathways (12). These path-
ways play an important role in the autocrine and paracrine
functions of the cell membrane and cell proliferation activ-
ities (15,16). Chen et al. concluded that low-dose (10 uM)
propofol activated hippocampal neurogenesis, increased the
number of viable cells and expressed higher mitochondrial
metabolism genes in cultured neural stem cells, while high-
dose (100 uM) propofol did not affect these cells (17). How-
ever, Lv et al. indicated that 5 and 25 uM propofol inhibited
lipopolysaccharide-induced apoptosis in lung epithelial cell
cultures, while 1 uM propofol had no effect (18). Another
previous study found that 25 uM propofol had been effective,
while 50 and 250 puM propofol had negative effects on car-
diac myoblasts cell viability (19). Although propofol reduces
proinflammatory cytokines, inhibits neutrophil chemotaxis,
decreases reactive oxygen species and scavenges free radi-
cals, the differences between experimental systems, proto-
cols and doses may cause these different results.

The xCELLigence RTCA system is a dynamic, real-time, la-
bel-free cellular analysis system with high sensitivity and
specificity, and it has taken the place of conventional assays
for cellular analysis. Conventional viability and proliferation
tests use pre-markers to show cell proliferation and pretreat
stem cells, and they are highly sensitive to ambient condi-
tions. However, real-time, label-free, quantitative examina-
tion of the cells without any pretreatment is optimal. The
xCELLigence RTCA offers an ideal system and has been used
successfully in many previous cytotoxicity studies (20,21).
Therefore, we used the xCELLigence RTCA system in the pres-
ent study to investigate propofol’s cytotoxic effects.

There are some limitations to the present study. This study
was conducted in vitro and complementary in vivo studies
are needed to support our findings. In addition, the study did
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not investigate the pathway through which 100 uM propo-
fol caused temporary cytotoxicity after 24 hours. Previous
studies showed that propofol might increase cytotoxicity by
upregulation of microRNA-206, increasing mitochondrial fis-
sion by increased expression of activated dynamin-related
protein 1 and cyclin-dependent kinase 1 and down-regula-
tion of microRNA-21 in other stem cells (14,22,23). Future re-
search should focus on the mechanisms by which high-dose
propofol causes cytotoxicity in LMSCs. Furthermore, western
blotting or reverse transcription-quantitive polymerase chain
reaction analyses were not used to detect proteins related to
important signalling pathways for investigating the prolifera-
tive effect of 25 uM propofol in our study. This study consti-
tutes an important step in evaluating the efficacy and safety
of propofol in patients with lung diseases. Further large-scale
prospective studies on this topic will provide us with a better
ability to identify the potential advantages or disadvantages
of propofol.

CONCLUSION

The present study has confirmed that a high dose (100 uM) of
propofol decreased the proliferation of cultured LMSCs com-
pared to a low dose (25 uM) at the 6™, 24™, 48", and 72"
hours. Cytotoxic effects of propofol were observed only after
24 hours and at a dose of 100 uM, however, this effect was
temporary. Therefore, propofol can be used in anesthesia and
intensive care practices, but we recommend using the lowest
dose possible.

AUTHOR CONTRIBUTIONS

Conception or design of the work: SC, JE

Data collection: SC, FAP, MST

Data analysis and interpretation: SC, FA

Drafting the article: SC

Critical revision of the article: JE, FAP, OO

The author (SC, JE, FAP, MST, OO) reviewed the results and
approved the final version of the manuscript.

REFERENCES

1. Naji A, Eitoku M, Favier B, Deschaseaux F, Rouas-Freiss N,
Suganuma N. Biological functions of mesenchymal stem cells
and clinical implications. Cell Mol Life Sci 2019;76(17):3323-48.

2. Dominici M, Le Blanc K, Mueller I, et al. Minimal criteria
for defining multipotent mesenchymal stromal cells. The
International Society for Cellular Therapy position statement.
Cytotherapy 2006;8(4):315-7.

3. Klein D. Lung multipotent stem cells of mesenchymal nature:
Cellular basis, clinical relevance, and implications for stem cell
therapy. Antioxid Redox Signal 2021;35(3):204-16.

JARSS 2023;31(4):277-282

10.

12.

13.

14.

15.

16.

17.

18.

19.

Catalca S. et al.

Sahinovic MM, Struys MMRF, Absalom AR. Clinical
pharmacokinetics and pharmacodynamics of propofol. Clin
Pharmacokinet 2018;57(12):1539-58.

Marik PE. Propofol: An immunomodulating agent. Pharmaco-
therapy 2005;25(5 Pt 2):285-33S.

Atienzar FA, Gerets H, Tilmant K, Toussaint G, Dhalluin S.
Evaluation of impedance-based label-free technology as a tool
for pharmacology and toxicology investigations. Biosensors
(Basel) 2013;3(1):132-56.

Chung HG, Myung SA, Son HS, et al. In vitro effect of clinical
propofol concentrations on platelet aggregation. Artif Organs
2013;37(1):E51-5.

Zhou X, Li YQ, He W, et al. Effects of sevoflurane and propofol on
cultured bone-marrow mesenchymal stem cells of rats. Int J Clin
Pharmacol Ther 2013;51(4):332-7.

Tao T, Zhao Z, Hao L, Gu M, Chen L, Tang J. Propofol promotes
proliferation of cultured adult rat hippocampal neural stem cells.
J Neurosurg Anesthesiol 2013;25(3):299-305.

PalanisamyA, Friese MB, CotranE, etal. Prolonged treatment with

propofol transiently impairs proliferation but not survival of rat
neural progenitor cells in vitro. PLoS One 2016;11(7):E0158058.

. Chen X, Foote AG, Thibeault SL. Cell density, dimethylsulfoxide

concentration and needle gauge affect hydrogel-induced
bone marrow mesenchymal stromal cell viability. Cytotherapy
2017;19(12):1522-8.

Yin G, Wang J, Zhong Y, Wu W. Propofol suppresses adipose-
derived stem cell progression via PI3K/AKT-Wnt signaling
pathway. BMC Anesthesiol 2022;22(1):65.

Zhou X, Lu D, Li WD, et al. Sevoflurane affects oxidative stress
and alters apoptosis status in children and cultured neural stem
cells. Neurotox Res 2018;33(4):790-800.

Li Y, Jia C, Zhang D, Ni G, Miao X, Tu R. Propofol-induced
neurotoxicity in hESCs involved in activation of miR-206/PUMA
signal pathway. Cancer Biomark 2017;20(2):175-81.

Elisa B, Silie AS, Hilde A, et al. Cross talk between
phosphatidylinositol 3-kinase and cyclic AMP (cAMP)-protein
kinase a signaling pathways at the level of a protein kinase B/
beta-arrestin/cAMP phosphodiesterase 4 complex. Mol Cell Biol
2010;30(7):1660-72.

Evangelisti C, Chiarini F, Cappellini A, et al. Targeting Wnt/
B-catenin and PI3K/Akt/mTOR pathways in T-cell acute
lymphoblastic leukemia. J Cell Physiol 2020;235(6):5413-28.
Chen K, Lu D, Yang X, et al. Enhanced hippocampal neurogenesis
mediated by PGC-1a-activated OXPHOS after neonatal low-dose
Propofol exposure. Front Aging Neurosci 2022;14:925728.

Lv X, Zhou X, Yan J, Jiang J, Jiang H. Propofol inhibits LPS-
induced apoptosis in lung epithelial cell line, BEAS-2B. Biomed
Pharmacother 2017;87:180-7.

Lee S, Kim K, Kim YH, et al. Preventive role of propofol in hypoxia/
reoxygenation-induced apoptotic H9c2 rat cardiac myoblast cell
death. Mol Med Rep 2011;4(2):351-6.

281



Propofol and Lung Mesenchymal Stem Cells

20. Oberg HH, Peters C, Kabelitz D, Wesch D. Real-time cell analysis 22. Twaroski DM, Yan Y, Zaja |, Clark E, Bosnjak ZJ, Bai X. Altered

(RTCA) to measure killer cell activity against adherent tumor mitochondrial dynamics contributes to propofol-induced cell

cells in vitro. Methods Enzymol 2020;631:429-41. death in human stem cell-derived neurons. Anesthesiology
21. Kanemaru H, Mizukami Y, Kaneko A, Kajihara I, Fukushima S. 2015;123:1067-83.

A protocol for quantifying lymphocyte-mediated cytotoxicity 23. Twaroski DM, Yan Y, Olson JM, Bosnjak ZJ, Bai X. Down-regulation

using an impedance-based real-time cell analyzer. STAR Protoc of microrna-21 is involved in the propofol-induced neurotoxicity

2022;3(1):101128. observed in human stem cell-derived neurons. Anesthesiology

2014;121(4):786-800.

282 JARSS 2023;31(4):277-282



