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CPABHEHUME INIUTOTOKCUYHOCTHU CUHTETHYECKUX
COCYIUCTBIX MPOTE30B IN VITRO
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®I'bOY BO Pa3zanckuii rocy 1apCTBEHHBI MEIUITUHCKUN YHUBEPCUTET
M. akaa. W.I1. [TaBnoBa Mun3zapasa Poccuu, Pszans, Poccus

Ileny. I3yuuTh U CpaBHUTh LIUTOTOKCUYHOCTh KJIFOUEBBIX BUJOB CUHTETUYECKHUX IIPOTE30B,
UCTIOJIB3YEMBIX B apTEepPHATbHON PEKOHCTPYKTUBHON XUPYPTHH, BKIIOYAs MOIUTETPAa(TOPITUICH
(ITT®D) n nonusTUNIEHTEpETANAT (TAKPOH).

Mamepuansvt u memoost. Ha xynbType NEpBUYHBIX 3HAOTEIHAIBHBIX KJIETOK MYHOYHOU
BeHbl uesoBeka (anrit. — human umbilical vein endothelial cells, HUVEC) 3 maccaxa npoBencH
MTS-tecT, ucnonbp3yeMslii B 1aOOPaTOPHBIX MCCIEOBAHUAX C IPUBIICUEHUEM KIETOYHBIX TEXHO-
JIOTUH JUIS U3Y4YEHUS IUTOTOKCUYHOCTH JIEKApCTBEHHBIX BEIIECTB U MEIUIMHCKUX u3aenuil. Tect
HO/Ipa3yMeBaeT HCIoNb30BaHue peareHTa MTS, npencrasistomero codoi 3-(4,5-aumernnTua-
30112-111)-5-(3-kapOokcumeTokcudennn)-2-(4-cynbhodennn)-2H-Terpazonuym; TOMOTHUTEIBLHO
ucnonb3yercs (heHazuHa Metocyibdar (PMS), urparommii posib 3JEKTPOH-CBSA3BIBAIOIIETO pea-
redra. B xoze skcniepumenTa kinetku HHKyOuposanuce ¢ IITOD u nakpoHom B Teuenue 24 yacos
npu 37°C ¢ cogepxanuem 5% CO». KynbTuBupoBaHHble B cTaHIapTHOI pocToBoii cpene HUVEC
BBICTYNUJIM B posid KOHTpoJsi. MTS B npucyTctBun PMS BoccTanaBnuBasics MUTOXOHIPUATbHBIMU
JeTUAPOTEHA3aMHU YHIOTEIHATIBHBIX KJIETOK B (hopMas3aH, UMEIOINi cuHee okpamuBanue. Cyrep-
HATaHT KyJbTYp KIETOK (DOTOKOJIOPOMETpPHUYECKH NpW TMoMomnu aHammzatopa Stat Fax 3200
(microplate reader) Awareness technology Inc. Palm City Fl. (CIILIA).

Pesynbmamur. HanmeHbIme cpeiHAe 3HAYCHUsI OTMeualuch B rpymie qakpona — 0,21 (0,20-
0,22) eqMHUI] ONITHYECKOM TIOTHOCTH, HAMOOJbIIE OTMEUeHBI B rpymine koutposs — 0,36 (0,35-
0,38); mokazarenu B rpymnme IIT®D cocrasuium 0,35 (0,33-0,36). [Ipu cpaBHEHHH UCCIIENYEMBIX
TPy CTATUCTHYECKH 3HAYMMBIEC pa3uyurs ObUTH OOHAPY)KEHBI MEKIY TPYIIION KOHTPOJIS U Ja-
kpoHa (p<0,001), koutposus u I[ITDD (p=0,037), nakpona u I[ITD®I (p<0,001). Nukydanus ¢ na-
KPOHOM IpuBeJa K yTHETEHUIO MeTa00JINYeCKO aKTUBHOCTH KJIeTOK Ha 41,7% 1o cpaBHEHHUIO ¢
rpynnoit koutpoias (p<0,001). MerabGoanueckass akTUBHOCTh KJIETOK, IOJIBEP’KEHHBIX BO3JIEH-
ctuto [ITDD, 6bu1a 61U3KOI K IpyTie KOHTPOJIA, T.€. COOTBETCTBOBAJIA ONTHUMAJIbHBIM YCIOBHIM
KyJIbTUBUPOBAHUS SHAOTEIHAIBHBIX KIETOK iN Vitro.

Buo16oo. B cpaBHeHuH ¢ mnonusTUIeHTepedTanaToM (JAaKPOHOM) MOJUTETPa(TOpITUIEH
(IIT®D) HanMeHee BBIPAKCHHO yrHETaJI METa0OJINYECKYI0 aKTHBHOCTh SHIOTEIIMOLUTOB IN VItro.

Knrwouesvie cnosa: yumomorxcuunocms;, [IT®D; oaxpon; HUVEC; in vitro.

COMPARISON OF CYTOTOXICITY OF VASCULAR PROSTHESES IN VITRO
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Aim. To study and compare cytotoxicity of the main types of synthetic prostheses used in
arterial reconstructive surgery, including polytetrafluoroethylene (PTFE) and polyethylene-
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terephthalate (Dacron).

Materials and Methods. On the culture of human umbilical vein endothelial cells (HUVEC)
of the 3" passage, MTS test was conducted that is used in laboratory examinations with attraction
of cellular technologies to study cytotoxicity of medical drugs and medical products. The test
implies use of MTS reagent that is 3-(4,5-dimethylthiazol-2-il)-5-(3-carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2H-tetrazolium; additionally, phenazine methosulfate (PMS) was used that plays
the role of electron-binding reagent. In the experiment, cells were incubated with PTFE and Dacron
within 24 hours at 37°C with 5% CO>. For control, HUVEC cultured in the standard growth
medium, were used. In the presence of PMS, MTS was reduced by mitochondrial dehydrogenases
of endothelial cells to formazan staining blue. Supernatant of cell cultures was evaluated by
photocolorimetric method on Stat Fax 3200 analyzer (microplate reader) of Awareness technology
Inc. Palm City FI. (USA).

Results. The lowest mean values were noted in Dacron group — 0.21 (0.20-0.22) optical den-
sity units, the highest values were noted in the control group —0.36 (0.35-0.38); parameters in PTFE
group were 0.35 (0.33-0.36). In comparison of the groups statistically significant differences were
found between the control group and Dacron group (p<0.001), control and PTFE group (p=0.037),
Dacron and PTFE (p<0.001). Incubation with Dacron led to suppression of metabolic activity of
cells by 41.7% as compared to the control group (p<0.001). Metabolic activity of cells exposed to
PTFE, approached that of the control group, that is, it corresponded to the optimal conditions of
culturing of endothelial cells in vitro.

Conclusion. In comparison with polyethylene-terephthalate (Dacron), polytetrafluoro-
ethylene (PTFE) showed the least suppression of metabolic activity of endothelial cells in vitro.

Keywords: cytotoxicity; PTFE; Dacron; HUVEC, in vitro.

The optimal method of revascularization In earlier studies, Dacron grafts showed
in the open reconstructive surgery of peri- satisfactory patency within 16 months with use
pheral arteries is use of autologous materials, of short sections 3.5 mm x 4 cm for coronary
in particular, of large saphenous vein. Rarely, artery bypass [3]. Here, PTFE vascular pros-
in complicated surgical situations, freshly theses used for coronary artery bypass showed
made or cryopreserved allogenous venous only 14% patency within 45 months [4].
or arterial prostheses are used that may lead Nevertheless, small diameter synthetic grafts
to immunosensitization reactions and uncon- practically are not used at present because of
trolled degradation processes. In cases the high risks for development of complications.
autologous material is unavailable, vascular With this, artificial prostheses find a wide
prostheses mostly of polytetrafluoroethy- use in reconstructive surgery of the aorta and
lene (PTFE) and polyethylene-terephthalate major vessels. Some authors report safety and
(Dacron) are used. reliability profile of Dacron prostheses to be

Vascular conduits made of PTFE were not lower than those of PTFE: according to the
first introduced into clinical practice in 1976 data of recent studies, structural defects occur
[1]. Prostheses made of Dacron have been used not more than in 0.2% of cases in the long-term
in cardiovascular surgery for more than 70 period after reconstruction [5]. However, in
years. Nowadays, the most Dacron prostheses comparison with Dacron, PTFE is a less porous
are coated with collagen or gelatin, or impreg- material due to which it is less permeable to
nated with silver; besides, to reduce thrombo- blood; despite chemical inertness of the material,
genicity, they are coated with heparin [2]. proteins and blood cells may deposit on PTFE as
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well [6]. According to some clinical studies,
patency of PTFE and Dacron prostheses is
comparable [7].

Early complications of reconstructive
interventions may often be attributed to unsa-
tisfactory biological compatibility of a pros-
thesis and a native vessel. Artificial grafts have
a tendency to absence of endothelization in
the areas outside the zones of anastomoses;
finally, on parts of prosthesis deprived of
endothelium, blood plasma protein, mainly
fibrinogen and platelets, deposit forming the
so called «pseudoneointima» reaching 1 mm
thickness, which eventually predisposes the
prosthesis to thrombosis and to increased risks
of infection in bacteremia [8]. More severe late
complications include hyperplasia of intima
especially in the zone of distal anastomoses
which develops by different mechanisms, cell
interactions and physical factors associated
with implantation of an artificial prosthesis
[9]. Many experimental and clinical in vivo
and in vitro studies were devoted to investiga-
tion of molecular-genetic aspects of patho-
genesis and possible ways of prevention of
development of peripheral atherosclerosis as
such and of complications of reconstructive
surgery including hyperplasia of intima,
thrombosis, ischemia-reperfusion [10-13].

In physiological conditions, endothe-
lium has athrombogenic surface on which
chondroitin and heparin sulfates are expressed,;
anticoagulation properties of intima are also
ensured by production of prostaglandin 12,
nitric oxide (1) and ADP-ase [14]. Impossibil-
ity to fully reproduce athrombogenic proper-
ties of a native vessel in an artificial vascular
prosthesis, on the whole predetermines the
destiny of artificial materials in the arteries in
surgery of peripheral arteries. An important
role in development of complications is played
by porosity of the material of vascular prosthe-
ses, compliance between an implanted graft
and a native vessel, peculiarities of the blood
flow in the zone of anastomosis.

Improvement of endothelization and
hemocompatibility of vascular prostheses, as

well as modification of their surface in general,
serve to prevent deposition of different blood
plasma proteins and to improve the long-term
patency of artificial grafts. The inner lumen
of grafts may be changed by application of
different compounds, for example, hydrophilic
polyethylene glycol, zwitterion polymers,
heparin and others. However, excessive
hydrophily prevents adhesion of endothelial
cells and formation of the optimal inner lining
of prostheses. Therefore, many research works
are directed to improvement of the functional
endothelization of prostheses by molecular-
genetic methods [15,16].

In vitro study of the influence of artifi-
cial materials used in the vascular surgery, on
cells of the vessel wall may provide additional
insight into the mechanisms of interaction of
cell elements of a native vessel, and also of
blood and vascular prosthesis. Under study are
peculiarities of adhesion of HUVEC to PTFE
material, for example, after modification of the
latter with low-temperature plasma; peculiari-
ties of biocompatibility of different materials,
for example, of silk fibroin and polyurethane
membranes in culturing with HUVEC; cyto-
toxicity of artificial materials is evaluated in
vitro for different kinds of exposure [17-19].

Evaluation of cytotoxicity in vitro in
general is widely used in preclinical trials in
studying the influence of different medical
drugs and medical products on cell culture.
Among the most requested in the routine labo-
ratory practice are MTT and MTS tests.

MTT test is based on the ability of mito-
chondrial dehydrogenases of living and
metabolically active cells to convert water-
soluble 3-(4,5-dimethylthiazol-2-il)-2,5-
diphenyl-2H-tetrazolium bromide (MTT) to
formazan possessing a different extent of
staining. In addition of dimethyl sulfoxide
(DMSO) to formazan, the latter dissolves
which permits to measure the optic density
of the obtained solution, and, in this way, to
evaluate metabolic activity of the studied cells
and, accordingly, cytotoxicity of the studied
substance or medical product.

POCCUMUCKUA MEOUKO-BUONOMMYECKUA BECTHUK
nmeHun akagemuka W.M. MaBnoea. 2020. T. 28. Ne2. C. 183-192

185

I.P. PAVLOV RUSSIAN MEDICAL
BIOLOGICAL HERALD. 2020;28(2):183-92



OPUITMHANBHOE NCCNEOOBAHUE
ORIGINAL STUDY

DOI:10.23888/PAVLOVJ2020282183-192

A similar method of cytotoxicity uses
MTS reagent 3-(4,5-dimethylthiazol-2-il)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)
-2H-tetrazolium in the presence of phenazine
methosulfate (PMS) that plays the role of

OCH,COOH

electron-binding reagent. MTS, like MTT, is
reduced by cells to formazan; the extent of
staining of the cellular supernatant may
be measured by a photocolorimetric method
(Figure 1) [20].

OCH,COOH
o e
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-~ N\
% ,N Dehydrogenase enzymes "~ u
N=N+ N=
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s =S
N7/\ Nﬁ\
Formazan

MTS

Fig. 1. The scheme of reduction of MTS to formazan under action of dehydrogenases

The most popular object for in vitro
study of different vascular diseases and patho-
logical conditions is human umbilical vein
endothelial cells (HUVEC). HUVEC possess a
number of advantages: convenient isolation,
relatively low cost, easy culturing in laboratory
conditions. HUVEC were first isolated and
cultured in vitro by E. Jaffe, etal. in 1973 [21].
The HUVEC line is most commonly used in
in vitro studies in the field of vascular biology.
HUVEC are used both to study physiological
processes occurring in the endothelium, and
to model different pathological processes,
in pharmacological research, and in studying
effects of medical products.

In fundamental research human umbili-
cal vein endothelial cells are often used as
a model of choice for biomedical industry
and preclinical experiments.

Thus, the aim of the given work was to
study and compare cytotoxicity of the key
types of synthetic prostheses used in the
arterial reconstructive surgery including
polytetrafluoroethylene (PTFE) and poly-
ethylene-terephthalate (Dacron).

Materials and Methods

In the experiment, cultures of the
primary endothelial cells of the human umbili-
cal vein of 3" passage were used. Isolation and

culturing of cells were carried out in
Laboratory of cell technologies of Central
Scientific Research Laboratory of Ryazan
State Medical University according to the
standard accepted protocols. The tested objects
were PTFE and polyethylene-terephthalate
(Dacron) 4x4 mm in size of the same mass
(25 mg). The design size and mass of the
materials were selected taking into account
the optimal coverage of the surface area of
membrane inserts and the results of the pre-
liminary experimental studies. As a control,
growth endothelium medium ECGM (Cell
Applications Sigma/Aldrich, catalogue num-
ber 211-500) was used that was added into a
well on the plate in the quantity similar to that
in other wells. The experiment was performed
three times with different primary HUVEC
lines to exclude measurement errors.

In the course of each experiment primary
HUVEC were inoculated into the rows of wells
of 12-well plate (Corning, catalogue number
3512) (3" passage). The time of growth of
cells in 12-cell plate before addition of the
tested objects was 48 h at 37°C in a thermostat
with 5% CO2 (CO: incubator WS-180CS,
World Science, Korea). On achievement of
80% confluence, the tested objects of 25 mg
mass were introduced into the membrane

POCCUUCKUN MEOUKO-BEMONOMMYECKUA BECTHUK
nmeHu akagemuka W.M. Naesnosa. 2020. T. 28. Ne2. C. 183-192

186

I.P. PAVLOV RUSSIAN MEDICAL
BIOLOGICAL HERALD. 2020;28(2):183-92



DOI:10.23888/PAVLOVJ2020282183-192

OPUI'MHAJBbHOE UCCINEOOBAHUE

ORIGINAL STUDY

inserts of 12-well plate (Corning, 6.5 mm,
growth area 0.33 cm?, pores 0.4 um, catalogue

number 3413) and were incubated for 24 hours
at 37°C with 5% of CO> (Table 1).

Table 1
Experimental Design
Time Control Dacron PTFE
Oh HUVEC 0.1 x 10° HUVEC 0.1 x 10° HUVEC 0.1 x 10°
48 h ECGM 25 mg of Dacron 25 mg of PTFE
72h MTS/PMS MTS/PMS MTS/PMS
73.5h Transfer of contents of wells to 96-well plate for measurement of optical density

After 24 hours, membrane inserts were
taken out of the plates and were exposed to
MTS/PMS reagents (Abcam, catalogue num-
ber ab223881) for 1.5 hour at 37°C with 5%
CO.. After this period the obtained solutions
(cell supernatant) with different extent of
staining were transferred to 96-well plates

(Corning, catalogue number 3599) for evalua-
tion of the optical density on analyzer ((Stat
Fax 3200 (microplate reader), Awareness tech-
nology Inc. Palm City Fl., USA)) at 490 nm
(reference value 640 nm). From each well not
less than 5 samples were taken to exclude
measurement errors (Figure 2).

Fig. 2. 96-well plate with cell supernatant after incubation
with MTS/PMS before measurement of optical density

Statistical processing of the data obtain-
ned was carried out using software package
Statistica 10.0 (Stat Soft Inc., USA).

Results and Discussion

The lowest average values of optical
density in the supernatant were noted in
Dacron group — 0.21 (0.2-0.22) optical density
units (ODU), the highest values were noted in

the control group 0.36 (0.35-0.38) ODU;
parameters in PTFE group were 0.35 (0.33-
0.36) ODU. Comparison of the studied groups
showed statistically significant differences
between the control and Dacron groups
(p<0.001), control and PTFE (p=0.037),
Dacron and PTFE (p<0.001, Figure 3).
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Fig. 3. Comparison of the optical density values in the studied groups
in the experiment on cytotoxicity

Note: all comparisons between groups are statistically significant (p<0.05)

Analysis of cytotoxicity implies investi-
gation of the probability for the influence of
some material on viability of cells, for exam-
ple, on metabolic activity, integrity of cell
membranes, cell growth. Study of cytotoxicity
and/or viability of cells in vitro has a number
of advantages, such as rapid implementation of
examinations, relatively low cost and also a
possibility of using human cells with no risk
for patient’s health; besides, in vitro use of hu-
man cell lines may give more precise results
than some in vivo experiments on animals.

There exists a large amount of methods
for evaluation of cytotoxicity: 1) method ex-
cluding use of any dyes/kinds of staining; 2)
colorimetric methods; 3) fluorometric meth-
0ds; 4) luminometric methods. MTS-test used
in the present work, along with MTT, XTT,
WST-1, WST-8, LDH, SRB and NRU meth-
ods, is referred to colorimetric methods [22].

MTS-test is a rapid, sensitive and specific
method to study cytotoxicity in vitro. A

limitation of the method may be influence of
time of incubation and type of cells on the re-
sults.
However, the results of studies show that the
choice of the optimal time of exposure to MTS
gives reliable experimental results [22].

MTS-test may be used to study cyto-
toxicity of materials applied in different fields
of medicine both for evaluation of the direct
contact with cells and also of indirect contact,
for example, with use of membrane systems
[23]. A study of cytotoxicity plays an
important role in the cardiovascular surgery
as well. Thus, works are under way to study
prosthetic valves on the basis of LLDPE,
PTFE, Dacron, bovine and porcine pericar-
dium coated with hyaluronic acid, where
methods of evaluation of cytotoxicity (LDN-
methods) were actively used [24].

The experiment conducted by the au-
thors showed that the most cytotoxic substance
in relation to HUVEC was Dacron:
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examination of the optical density of superna-
tant obtained from cells incubated with this
material demonstrated minimal parameters in-
dicating 41.7% suppression of the metabolic
activity of cells in comparison with the control
group. Metabolic activity of cells exposed to
PTFE was close to that of the control group
(reduction of the optical density not more
than by 2.8%), that is, it corresponded to
the optimal conditions of functioning of
endothelial cells in vitro.

Evaluation of cytotoxicity permits to
study the reaction of cells to exposure to differ-
ent materials. The work for studying cytotoxi-
city of the key materials used in vascular sur-
gery, with application of MTS-test on the pri-
mary human umbilical vein endothelial cells
being a convenient and available material for in
vitro studies, showed a possible relatively sim-
ple and available laboratory method of evalua-
tion of the influence of artificial prostheses on
the main elements of the vascular wall. The
method is reproducible, which was evidenced

by the results of repeated experiments.

The approach used in the given work,
provides a routine method to study the
influence of different conditions of the extra-
cellular environment, prosthetic coatings,
chemical agents on metabolic activity of cells
that may expand knowledge of the processes
of hemocompatibility, endothelization of
vascular prostheses and hyperplasia of intima
in in vitro conditions.

Conclusions

1. Polyethylene-terephthalate  (Dacron)
possesses a cytotoxic effect for the primary hu-
man umbilical vein endothelial cells in vitro, sig-
nificantly suppressing metabolic activity of cells.

2. In comparison with polyethylene ter-
ephthalate (Dacron), polytetrafluoroethylene
produces a minimal damaging effect on endo-
theliocytes in vitro.

3. MTS-test may be used for routine
laboratory study of the influence of materials
applied in reconstructive arterial interventions,
on the cells of vascular system in vitro.
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