MEJINYHI IIEPCIIEKTUBU / MEDICNI PERSPEKTIVI

5. Ozdemir K. Chlorine and chlorine dioxide oxida-
tion of natural organic matter in water treatment plants.
Environment Protection Engineering. 2020;46(4): 87-97.
doi: https://doi.org/10.37190/epe200407

6. Mesanagrenou M. [Water chlorination as a metod
of disinfection]. [Internet]. 2020 [cited 2023 Feb 12].
Greek. Available from: https://www.zythopedia.eu/50

7. Yu Zhong, Wenhui Gan, Ye Du, et al. Disinfec-
tion byproducts and their toxicity in wastewater effluents
treated by the mixing oxidant of CIO2/CI2. Water
Research. 2019;162:471-81.
doi: https://doi.org/10.1016/j.watres.2019.07.012

8. Prokopov OV, Lypovetska OB, Kulish TV, etal.
[Dangerous chlorites in drinking water: formation and remo-
val using chlorine dioxide in water treatment technology].
Environment and health. 2023;1(106):43-50. Ukrainian.
doi: https://doi.org/10.32402/dovkil2023.01.043

9. Meng-Yuan Xu, Yi-Li Lin, Tian-Yang Zhang, et
al. Chlorine dioxide-based oxidation processes for water
purification: A review. Journal of Hazardous Materials.
2022;436:129195.
doi: https://doi.org/10.1016/j.jhazmat.2022.129195

UDC 612.014.46:685.34.04-046.37:636.028:57.0.84:001.891.5

U.B. Lototska-Dudyk *,
B.P. Kuzminov,

N.Ye. Chemodurova,
V.A. Turkina

Danylo Halytsky Lviv National Medical University
Pekarska str., 69, Lviv, 79010, Ukraine;

10. Mokienko AV. [Chlorine dioxide: application in
water treatment technologies]. 2nd ed. Odessa: Feniks;
2021. p. 336. Russian.

11. Antomonov MYu. [Mathematical treatment and
analysis of medical and biological data]. 2nd ed. Kyiv:
MYCz “Medinform”; 2018. p. 579. Russian.

12. Jeligova H, Baudisova D, Pumann P, et al. [New
legislation and its requirements for risk analysis in the
production of drinking water. In: Drinking water: proceedings
of the conference]. Czech Budejovice; 2016. p. 125-30.
Czech. Available from:
https://szu.cz/wp-content/uploads/2023/02/1 2 Pitna vo-
da Tabor Jeligova et al Legislativa.pdf.

13. [DSanPiN 2.2.4-171-10. Hygienic Requirements
to Drinking Water for Human Consumption]. Kyiv; 2010.
p. 99-129. Ukrainian.

14. [Decree No. 70/2018 Coll. Decree amending Decree
No. 252/2004 Coll., which establishes hygienic requirements
for drinking and hot water and the frequency and scope of dri-
nking water control, as amended. Effective from 2018 Jul 24].
[Internet]. 2018 [cited 2023 Feb 12]. Czech. Available from:
https://www.zakonyprolidi.cz/cs/2018-70/zneni-0

CrarTs HagiiIa 10 penaxuii
12.07.2023

https://doi.org/10.26641/2307-0404.2023.4.294232

HET-CAM TEST IN EVALUATION
OF IRRITATING ACTION OF ADHESIVES
USED IN SHOE MAKING INDUSTRY

Jlvsiscokuti HayionanvHull Meouunull yrigepcumem imeni JJanuna I anuybkozo

eyn. Ilexapcvka, 69, Jlvsis, 79010, Ykpaiua
*e-mail: ulyanalot@gmail.com

Humysanna: Meouuni nepcnexkmueu. 2023. T. 28, N 4. C. 189-199

Cited: Medicni perspektivi. 2023;28(4):189-199

Key words: shoe adhesives, irritating action, the hen's egg test on the chorioallantoie membrane assay, in vitro method
Kuro4oBi ciioBa: gzymmesi aoze3usu, noopasHio8aibHull egpexm, mecm Ha XopioaiaHmoicHitl 00010HYI KYPAYO020 ALY,
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Abstract. HET-CAM test in evaluation of irritating action of adhesives used in shoe making industry. Lototska-
Dudyk U.B., Kuzminov B.P., Chemodurova N.Ye., Turkina V.A. The global tendency of the contemporary scientific
studies is using alternative biologic models as substitutes of experimental animals. HET-CAM (The Hen's Egg Test on
the Chorioallantoie Membrane Assay) is an alternative to in vivo tests involving experimental animals. This test is actively
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used in different biomedical studies. The aim of our work was to study the irritating potential of adhesives used in shoe
making industry in experimental setting using the alternative HET-CAM method. Polyurethane, polychloroprene, rubber
and styrene-butadiene adhesives that are widely used in shoe-making industry were studied . HET-CAM test was used for
the evaluation of the irritating action of the aforementioned adhesives. All adhesives were applied directly onto the
chorioallantoic membrane of chick embryos with reactions and changes (hemorrhages, vascular lysis and coagulation)
observed and registered in 30, 120 and 300 seconds after the application of the adhesive. Irritating potential of the
adhesives was evaluated according to a calculated irritating index. The most pronounced signs of irritating action were
caused by polyurethane adhesives, namely hemorrhages and coagulation (30 sec) — two-component adhesive and hemor-
rhages (30 sec) and coagulation (120-300 sec) — one-component adhesive. Vascular reactions from application of sty-
rene-butadiene adhesives manifested predominantly with lysis and hemorrhages (30 sec), in some samples these reactions
were observed at a later time-point (120-300 sec). Irritating action of rubber adhesives manifested mostly with hemor-
rhages (30 sec), one observation showed lysis (120 sec). Polychloroprene adhesive caused hemorrhages (30-120 sec)
and also lysis (30 sec) in one of the samples. According to the irritating index, polyurethane (one- and two-component)
and styrene-butadiene adhesives were estimated to be strong irritants, while rubber and polychloroprene ones cause
moderate irritating action. HET-CAM test can be used as a component in the evaluation of evidence of irritating action
of shoe adhesives.

Pegepar. 3actrocyBanuss HET-CAM-tecty AJdA AOCTIIKEHHSI MOAPA3HIOBAJBHOI Hii B3YTTEBHX aare3mBiB.
Joroubka-Ayauk Y.b., Ky3bminos B.II., UemoaypoBa H.€., Typkina B.A. [o6arvHoro menoenyicto cyuacHux
00Ci0HCeHb € BUKOPUCTNAHHA ANbMEPHAMUBHUX OION02IUHUX MOOeell HA 3aMiHY YU 0OMediCeHHs eKCnepUMeHmie Ha
meapunax. HET-CAM (The Hen's Egg Test on the Chorioallantoie Membrane Assay) mecm ciyscums anomepHamugoo
mecmig in Vivo Ha eKcnepuMeHmanibHux meapuHax ma aKmueHo SUKOPUCMOBYEMbCA 8 PIZHUX 2ANY3AX OioMeOUudHUX
Odocnidicenv. Memoro pobomu 6y10 00CHIOUMU 6 EKCHEPUMEHMANLHUX YMOBAX NOOPA3HIOBANbHULL NOMEHYIAN 83VMMEBUX
aoee3usis 3 BUKOPUCMAHHAM anbmepHamuenozo memody HET-CAM. Jocrioscysanu noniypemanogi, noaixioponpeHosi,
KayuyKo8i ma cmupoi-0ymaodicHosi adee3usu, sIKi BUKOPUCHIOBYIOMbCS 6 MEXHON02IT Gueomosiiens 63ymmsi. J{is oyinku
noopasHsanbHoi Oii Knetiosux cnoayk sukopucmano memod HET-CAM. Kneti y namusnomy euensioi Hanocunu Oes-
NnocepeOHbO HA NOBEPXHIO XOPIOALAHMOICHOT 000IOHKU KYPAUUX eMOPIOHI8 ma CnOCmepiednu 3a 3MIHAMU MA PeaKyismu.:
BUHUKHEHHAMU 2emopasitl, 1i3ucom cyour ma xoacynayiero. Li epexmu giocmedrcysanu uepes 30, 120 ma 300 ¢ 6io uacy
HAaHeCeHHs KJlet0 HA XOpioanaHmoicHy 0OONOHKY. 3a po3paxo8anum iHOeKcOM NOOPA3HEeHHS OYIHI8ANU IPUMAMUEHY
akmusHicme adee3ugie. Hanldinbuii npossu noopasHoanbHoi 0ii 3aghikco8ani npu HaneceHHi Noaiypemanosux ao2e3usis,
a came: 2emopacii ma xoaeynayis (30 ¢) — 0sokomnonenmuul aoeesus, zemopacii (30 c¢) i koazynayia (120-300 ¢) —
ooHoKkomnoneHmHuil aozesus. CyouHHi peakyii 8i0 HaHeCceHHs CMUPOI-OYMAOdICHOBUX Kei8 NPOAGUNUC NEPeBaNCHO
nisucom, eemopaciamu (30c), 8 okpemux spaskax yi 3minu nposeunuca nizuiwe (120-300 c), koazynayiero 8 mpvbox npobax
(30 c abo 300 c). IloopaszHrosanvruii NOMeHYia Kay4yKo8020 Kielo NPoasiaEmbCa nepeadxcHo cemopaziamu (30 ¢), 6 00Hit
npob6i makoic i nisucom (120 ¢); nonixnoponpenogozo xnero — nepesasicho eemopacismu (30-120 ¢) ma nizucom (30 c)
00H020 3pasKka. 3a 3HAYEHHSM [HOEKCYy NOOPA3HEHHS NOMYPemanosi (00HO- i 080KOMNOHEHMHL), CIMUpOI-0YmMaoi€HO8I
aoee3usu OYiHeHO SIK CUTIbHE NOOPAZHUKU, KAYYYKOSUL MA NONIXIOPONPEHO8ULL — NOMIPHOL nodpasuiosanvhoi 0ii. HET-CAM-

The global tendency of the contemporary scien- predict toxity of industrial toxins, pesticides,

tific studies is using alternative biologic models as
substitutes of experimental animals. European direc-
tive 2010/63/EU has declared the 3R principle:
replace, reduce and refine, when it comes to experi-
mental studies, encouraging innovations in experi-
mental models, such as in vitro and in silico ones [1,
2]. The model of chorioallantoic membrane of a chick
embryo (CAM) can be an excellent platform that
corresponds to the 3R principle.

CAM is a useful model for studying irritating
potential of chemicals because of its ability to react to
them with full-scale inflammation due to high
vascularization. This process is similar to the one
developing in rabbit conjunctiva following exposure
to chemical substances and thus can be used as a
substitute of the Draize’s test [3].

HET-CAM test (The Hen's Egg Test on the
Chorioallantoie Membrane Assay) is actively used in
different areas of biomedical studies, including to
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medical agents, cosmetics, antiseptics and dental
materials [4, 5, 6, 7].

HET-CAM test is a relatively simple, fast and
cheap model that allows screening of large quantities
of samples in a short time span [8, 9]. This test does
not require formal procedures of an ethics committee
approval because chick embryos are not considered
living organisms in many countries until the 14 day
of its development. CAM is not innervated and the
experiments are terminated before the development
of pain centers in the brain, which makes the system
free of the need to seek formal approval required for
animal experiments [10].

Universality, possibility of different substances use,
speed and simplicity of the method make HET-CAM
test a promising alternative for the evaluation of irrita-
ting potential of adhesives. Therefore, the purpose of the
work was experimental evaluation of irritating potential
of shoe adhesives with the use of HET-CAM test.

Ha ymoeax niyensii CC BY 4.0
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MATERIALS AND METHODS OF RESEARCH

Polyurethane, polychloroprene, rubber and styre-
ne-butadiene adhesives used in shoe-making industry
were studied.

HET-CAM test was used for the evaluation of irrita-
ting action of adhesive substances [11]. The procedures
followed the recommendations of the Law of Ukraine
"On approval of the procedure for carrying out experi-
ments on animals No. 249 of 03.01.2012, “Directive
2010/63/EU of the European parliament and of the
Council 0£22.09.2010 on the protection of animals used
for scientific purposes as amended by regulation”. The
study was approved by the Board of Bioethics at Danylo
Halytsky LNMU, protocol No. 6, dated June 22, 2019.

The object of the study was chorioallantoic
membrane (CAM) of 9-10 days old chick embryos.
Fresh (up to 7 days old) chicken eggs weighting 50-
60 g were used (n=24). The eggs were checked using
an ovoscope; the eggs that were deformed, not viable,
had thin or cracked shells or other defects were
excluded from the study. The selected eggs were
incubated at 38.3+0.2°C and relative humidity of

58+2%. Ovoscopy and control of the embryos
development were conducted daily during incubation.

0.9% solution of sodium chloride (NaCl) was used
as a negative control. 1% solution of sodium dodecyl
sulfate (SDS) known for its irritating effect in vivo
experiments was used as a positive control.

To test each adhesive, three eggs were used. Posi-
tive and negative controls were tested on three eggs
as well. 0.3 ml of each adhesive was applied directly
onto the surface of CAM using a disposable glass pi-
pette. Reactions of CAM were observed for the dura-
tion of 300 sec using a microcamera-endoscope. The
following reactions were observed:

- hemorrhages (hemorrhage from a vessel);

- vascular lysis (lysis of blood vessels);

- coagulation (intravascular and extravascular de-
naturation of proteins).

Appearance of the aforementioned effects was
registered in 30, 120 and 300 sec after the application
of the adhesive onto CAM. The results were eva-
luated according to Table 1.

Table 1
Criteria of the study results evaluation (in points) [11]
Points
Effect / Exposition
30 sec 120 sec 300 sec
Lysis 5 3 1
Hemorrhage 7 5 3
Coagulation 9 7 5

The irritating index (total score) was calculated as
a sum of all points for all tested effects. The irritating
index was used as the criterion for classification of
irritating action of the adhesives tested (Table 2).

The data obtained were analyzed using variative sta-
tistics methods using Google Sheets and MedStat v.5.2.
(Copyright® 2003-2019). Taking into consideration

small size of samples, non-parametric statistical me-
thods were applied: the data were presented as the
median and quartiles while describing quantitative
results (Me [Q1; Q3]) [12].

RESULTS AND DISCUSSION

Changes of CAM induced by 1% SDS, 0.9% NaCl
and adhesives samples are presented on Figure.

Table 2

Classification of irritating action according to the irritating index [11]

Irritating Index (points)

Risk Category for Irritating Action

0-0.9 No irritating action

1-4.9 Weak irritating action

5-8.9 Moderate irritating action

9-21 Severe irritating action
23/ Tom XXVIIl/ 4
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Exposition

Sample Before the exposition

30 sec 120 sec 300 sec

Negative Control

Egg
Nel

Egg
Ne 2

Ne 3

Polyurethane adhesive Bonicol Pur

Egg
Ne 1

Egg
Ne2

Egg
Ne 3

192 Ha ymosax niyensii CC BY 4.0
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Polyurethane adhesive Bonicol Ter

Egg
Ne 1

Styrene-butadiene-styrene (SBS) adhesive

Egg
Ne 1

Egg
Ne 2
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Rubber adhesive Bonicol MG

Egg
Ne 1

Egg
Ne 2

Egg
Ne 3

Polychloroprene adhesive Naryt GTA-1

Egg
Ne 1

Egg
Ne 2

194 Ha ymosax niyensii CC BY 4.0
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Styrene-butadiene rubber latex (SBR)

Egg
Ne 1

Egg
Ne 2

Egg
Ne 3

Positive Control

Egg
Ne 1

Egg
Ne2

Analysis of irritating action of shoe adhesives. Images of CAM inoculated
with negative control, positive control and samples of the adhesives

23/ Tom XXVIII/ 4 195
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Dynamics of vascular impairment (lysis, hemor-
rhages, coagulation) of CAM at certain time-points is
shown in Table 3.

Application of 0.9% NaCl onto CAM did not
cause any visible changes for the duration of the

experiment with the exception of 2 samples that
showed minor vascular lysis at 300 sec.
contrary, application of 1% SDS onto CAM resulted
in full inflammatory reaction.

Irritation action signs (points)

On the

Table 3

Lysis Hemorrhage Coagulation
Observation / Effect Total score
30 sec 120 sec 300 sec 30 sec 120 sec | 300 sec | 30 sec 120 sec | 300 sec
Negative control
Observation 1 - - - - - - - - - 0
Observation 2 - - 1 - - - - - - 1
Observation 3 - - - - - - - - - 1}
Polyurethane adhesive Bonicol Pur
Observation 1 - - - 7 - - - 7 - 14
Observation 2 - - - - 5 - - 7 - 12
Observation 3 - - - 7 - - - 5 12
Polyurethane adhesive Bonicol Ter
Observation 1 - - - 7 - - 9 - 16
Observation 2 - - - 7 - - 9 - 16
Observation 3 - - - 7 - - - 7 - 14
Styrene-butadiene-styrene (SBS) adhesive
Observation 1 - 3 - 7 - - - - 10
Observation 2 5 - - 7 - - - - 12
Observation 3 5 - - - - - 9 - 14
Rubber adhesive Bonicol MG
Observation 1 - - - 7 - - - - 7
Observation 2 - - - 7 - - - - 7
Observation 3 - 3 - 7 - - - - 10
Polychloroprene adhesive Naryt GTA-1
Observation 1 - - - 7 - - - - 7
Observation 2 5 - - - 5 - - - 10
Observation 3 - - - 7 - - - - 7
Styrene-butadiene rubber latex (SBR)
Observation 1 - - - 7 - - - 5 12
Observation 2 - - 1 7 - - - - 8
Observation 3 - - - 7 - - - 5 12
Positive control
Observation 1 5 - - - 5 - - 5 15
Observation 2 5 - - 7 - - - 5 17
Observation 3 5 - - 7 - - - - 12
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The most pronounced signs of irritating action
on CAM were caused by polyurethane adhesives,
namely hemorrhages and coagulation (30 sec) —
two-component adhesive and hemorrhages (30 sec)
and coagulation (120-300 sec) — one-component
adhesive.

Vascular reactions of CAM resulting from appli-
cation of styrene-butadiene adhesives manifested
predominantly with lysis and hemorrhages (30 sec),
in some samples these reactions were observed at a
later time-point (120-300 sec).

Irritating action of rubber adhesives is manifested
mostly with hemorrhages (30 sec), one CAM showed
lysis (120 sec).

Polychloroprene adhesive caused hemorrhages (30-
120 sec) and also lysis (30 sec) in one of the samples.

Median values of irritating indices of the adhe-
sives studied and the degree of their irritating action
are shown in Table 4.

The value of the irritating index for the positive
control is 15(13.5+16) for 1% SDS. In the negative
control, i.e. 0.9% NaCl (sodium chloride), irritating
index was 0(0-+0.5).

According to the irritating indices (Table 4),
polyurethane (one- and two-component) and styrene-
butadiene adhesives are classified as agents of severe
irritating action, while rubber and polychloroprene
adhesives — of moderate irritating action. The results
obtained by us coincide with the data given in the
scientific literature [13, 14, 15]. This action of the
shoe adhesives is cased mostly by their functional
components, with solvents playing the main role.

Table 4

Risk category according to irritating potential of shoe adhesives

Type of adhesive

Irritating index Risk category according to irritating potential

Me (Q1+Q3)
Polyurethane adhesive Bonicol Pur 12 (12+13) Severe irritating action
Polyurethane adhesive Bonicol Ter 16 (15+16) Severe irritating action
Styrene-butadiene-styrene (SBS) adhesive 12 (11+13) Severe irritating action
Rubber adhesive Bonicol MG 7 (7+8.5) Moderate irritating action
Polychloroprene adhesive Naryt GTA-1 7 (7+8.5) Moderate irritating action
Styrene-butadiene rubber latex (SBR) 12 (10+12) Severe irritating action
The authors [16, 17] confirmed the irritating effect CONCLUSIONS

of organic solvents and proved that even in low con-
centrations (up to 10%) they exhibit the properties of
serious irritants. This explains the severe irritating
effect of polyurethane adhesives, where the solvent
makes up 75-80%, and moderate, which is due to re-
duction of part of solvent in polychloroprene and
rubber adhesives.

The increase in the irritating effect of adhesive
Bonycol Ter is due to the addition of an isocyanate
solution to its composition, which is confirmed by
researchers [18, 19], SBS and SBR adhesives — sty-
rene and methacrylic acid [20]. Irritating action of the
components of shoe adhesives is confirmed by their
inclusion into the ChemSkin DB [19].

The study of the irritating effect of shoe adhesives
by the HET-CAM method expands the spectrum of
research of industrial compounds in in vitro toxico-
logy. Researchers [20, 21] noted the excellent sensi-
tivity of HET-CAM test for insoluble and slightly
soluble compounds, shoe adhesives among them.

1. Hemorrhages were the main effect of shoe
adhesives application onto CAM observed in 30 sec
in the majority of samples and in 120 sec in three
samples. Coagulation was observed in case of appli-
cation of polyurethane and styrene-butadiene adhe-
sives (30-120-300 sec of the experiment). Lysis was
seen (30 sec) in case of styrene-butadiene and poly-
chloroprene adhesives application. Four types of
adhesives were estimated as strong irritants and two
others as moderate irritants respectively.

2. HET-CAM test can be used as a part of proven
estimation of irritating action of shoe adhesives.
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