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00padOTKN HA YKYIOPOYHbIE PE3UHOBBIE TPOOKHU C
VICIIOJIb30BAaHUEM METO/Ia ONpejeJieHUuA KpaeBoro yrJia
CMaYuBaHUA MIOBEPXHOCTU

Xycaunos A.Jl.!, Eroposa C.H.2, XacanoBa A./l.!, Cumonosa H.H.!

@I'BOY BO «KasaHckuil HayuoHAabHblil 1ccned08amenseKiiil mexHoao2u1eckull yHusepcumemb»

2@I'BOY BO «Kasamckuil 2ocydapcmeettblit meduyuHckuil yHusepcumem» Munadpaea Poccuu, HHemumym
dapmayuu

Assessment of the destructive influence of sanitary cleansing on
pharmaceutical rubber stoppers using a method of measuring the
contact angle

Khusainov A.D.}, Egorova S.N.2, Khasanova A.D.}, Simonova N.N.!

‘Kazan National Research Technological University

2Kazan State Medical University, Institute of Pharmacy

AHHOTAITA

BriepBble IPOBeZIEHB! SKCIIEPUMEHTATIbHBIE HCC/I€ZOBAHNS BIUAHUSA CAHUTAPHO-TUTHEHNYeCKOU 00paboTKU Ha COo-
CTOsIHUE IIOBEPXHOCTH IIPOOOK PE3UHOBBIX METUIMHCKUX HA OCHOBE OYTHUJIOBBIX U I'aJIOOYTUIIOBBIX KAYIyKOB C UCIIOJIb30-
BaHMEM MeTOJia OIIPeZieJIeHHs KPAeBOro yIjla CMauuBaHUA.

YcTaHOBJIEHO, UTO CAHUTAPHO-TUTHEHHYECKass o0paboTka MpoOOK, MPOBOAUMAS TEpPe]] YKYIIOPKOH CTEPHJIbHBIX
¢opwm sekapcTBeHHBIX cpesicTB (JIC), BKIIIoUaoas mpeAcTePUIN3aHOHHYI0 OYHCTKY MPOOOK (2-KpaTHOE KUIISTUEHHE B
TedyeHHe 30 MUH B 1% pacTBope TpuHaTpuiidocdara Uau eKOro HaTpa U OJJHOKPaTHOE KUIISTYeHNe B 0.1% pacTBOpe Co-
JISTHOM KHICJIOTHI B T€YEHUE 30 MUH) U ITOCIIEAYIONIYIO CTEPUIN3AIUIO B aBTOKJIaBe IpH ¢ = 130 °C, naBieHud p = 0.2 MIla
B TedeHUe 60 MUH, JIEHCTBYET JIECTPYKTUBHO HA COCTOSTHHE UX IIOBEPXHOCTH U COIPOBOKIAETCS YMEHBIIIEHHEM KPAaeBOTO
yra cMauynBaHusA (yBeIndeHneM ruipo(IIbHOCTH TIOBEPXHOCTH IPODOOK), UTO MPUBOAUT K 3HAUUTEIBHOMY BBIMBIBAHUIO
KOMIIOHEHTOB PE3MHOBBIX IPOOOK U 3arpsA3HEHUIO0 UMU pacTBopoB JIC.

OmpeziesieHde KpaeBOro yrja CMAauUBAaHMA II03BOJIAET BOCIPOU3BOJUMBIM HHCTPYMEHTAIBHBIM METOAOM Bblf-
BUTDH U KOJIMYECTBEHHO OLIEHHUTH IIPOIIECCHI JECTPYKIIUY IIOBEPXHOCTH PE3UHOBBIX IPODOOK, UCIOIb3YEMBIX IS YKYIIOP-
KU CTepUIbHBIX pacTBopoB JIC. JJaHHBIN OKa3aTeslb MOXKET OBITh UCIIOJIb30BaH /I OLEHKY BIUAHHUA GapMareBTHKO-
TEXHOJIOTNYEeCKUX (HaKTOPOB (CAHUTAPHO-TUTHEHNYECKOH 00paboTKH, CTEpUIN3AlNY, KOHTaKTa ¢ pacTBopamu JIC u zip.)
Ha COCTOSHHE ITOBEPXHOCTU PE3UHOBBIX IIPOOOK, /I KOHTPOJIA JIECTPYKTUBHOH YCTOHYNBOCTH YKYIIOPOUHBIX CPEZICTB U
IIPOTHO3UPOBAHMUS COJIEPIKAHIS IIOCTOPOHHUX IIPUMeCEH B CTEPIIBHBIX pacTBopax JIC.

Karoueenle caoea: KpaeBoH yrojl CMaulBaHUsA, PE3UHOBBIE TPOOKH.

ABSTRACT

For the first time, experimental studies of the influence of sanitary cleansing on the surface of pharmaceutical rubber
(butyl- and halobutyl-based) stoppers were carried out by measuring the contact angle.

It was found that the sanitary cleansing of stoppers, carried out before the closure of sterile dosage forms of medicinal
products (MP), including pre-sterilization cleaning of the stoppers (2-fold boiling for 30 min in 1% solution of trisodium
phosphate or sodium hydroxide and a single boiling in 0.1% solution of hydrochloric acid for 30 min) and subsequent ster-
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ilization in an autoclave at t = 130°C, pressure p = 0.2 MPa for 60 min acts destructively on their surface and is accompa-
nied by a decrease of the contact angle (an increase in the hydrophilicity of the stoppers’ surface), which leads to significant
leaching of the components of rubber stoppers and their contamination of drug solutions.

Determination of the contact angle allows by reproducible instrumental method to identify and quantify the destruc-
tion processes of the surface of rubber stoppers used for closing of sterile solutions of MP. This indicator can be used to
assess the influence of pharmaceutical and technological factors (sanitary cleansing, sterilization, contact with drug solu-
tions, etc.) on the rubber stoppers surface, to control the corrosive resistance of closures and to predict the amount of

impurities in sterile solutions of MP.

Keywords: contact angle, rubber stoppers.

BBEJAEHUNE

Pe3uHOBBIE MEIUITUHCKHE HTPOOKH KCIIOJIb3Y-
IOTCA [T YKYIOPKH (PJIAKOHOB CTEPUJIBHBIX JIEKap-
CTBEHHBIX (HOPM (MPPHUTAIUOHHBIX U WHBEKITHOH-
HBIX PACTBOPOB, TIJIA3HBIX Kallejib, JIMODUIH3UPO-
BaHHBIX IIOPOIITKOB AHTUOMOTUKOB U JIP.) B IIPOMBIIII-
JIEHHOM ITPOM3BOZICTBE U AITEYHOM H3TOTOBJIEHUU
JekapcrBeHHBIX cpenctB (JIC) Gosee 70 JeT, oHa-
KO IO HACTOSIIEr0 BPeMEeHH OTCYTCTBYIOT JJaHHbBIE O
BJIUSTHUY METO/IOB CAHUTAPHO-TUTHEHHYECKOI 06pa-
OOTKH Ha COCTOSTHHE ITOBEPXHOCTHU IMPOOKH, KOHTAK-
Tupyroieii ¢ JIC.

[ TpOM3BOJCTBA PE3HUHOBBIX NPOOOK WC-
MIOJIB3YIOTCsI PA3J/IMYHbIE BUBI KaydyKa: OyTHIKAy-
gyk (BK), xmopbyrmwikayuyk (XBK), 6pomOyTHiIKa-
yuyk (BBK) u zp. B cocraB pe3mHOBBIX cMecel, Kpo-
Me KaydyKa, BXOZAT TaKKe Pas3IudYHbIe BCIIOMOTa-
TeJIbHBIE BEIeCTBA: HAIOJIHUATEHN (MeJl CaCOS, JIA-
TONOH ZnS + BaSO4, TaJIbK MgSSi4OIO(OH)2, KaOoJINH
AL O, 28i0, - 2H,0, aspocun Si0,), aHTHOKCHAAH-
THI, IJIACTH(PUKATOPBI, aHTHPAAbl (ITOBBIMIAIOIIIE
CTOUKOCTb K BO3/IEICTBUIO MOHUBUPYIOUIUX U3JIyUe-
HHI), aHTHO30HAHTHI U JIp. [1], KOTOpbIE HAXOIATCS B
JIUCTIEPTUPOBAHHOM COCTOSTHUHY B ITOJIMMEPHOH OCHO-
Be U MIPAaKTUYECKU He BCTYIAIOT C Hel BO B3aUMO/IEH-
cTBHE [2], 0IHAKO MOTYT 3arpsA3HATH UHHEKIIMOHHbIE
pactBops! u npyrue JIC nonamu merasuios (Fe, Cu, Ti,
K, Na, Hg, Cd, Pb), a Takske Mn u As. FIcTOUHHKOM
MHUTPAIIU CEPOCOIEPIKATIINX COETMHEHUH 13 TPOOOK
B JIC sBIAIOTCA BYJIKAHU3yIOIIMe Tpymnsl [3]. Juist
BYJIKAHHU3AIUU PEBUHOBBIX cMecel Ha ocHOBe BK wc-
HOJIB3YIOT TIOJIMMEPHYIO cepy (S,), a A1 ycKopeHus
mpoliecca BYJIKAHU3AIUU — TeTPaMEeTHITUyPaMIU-
cynbduz (tuypam 1), KOTOPBIH OJHOCTBIO IIPETep-
IeBaeT MpeBpalleHuss ¢ 00pa3oBaHHEM 0oJiee TOK-
CHUYHBIX U KAaHIIEPOTEHHBIX BEIECTB: CEPOYIJIEPOZa
(CS,), cepooxucu yriepopa (COS), AuMeTHIAMTHO-
kapbamarta nunka [(CH 3)QNCSQ]QZn, TeTpaMeTUJITUO-
moueBuHbI (C 3H6NS) [4, 5].

B mpousBo/icTBE UMITIOPTHBIX MTPOOOK HA OCHO-
Be OyTHJIKaydyKa HCIIOJIB3YIOTCS 60Jiee TOKCUYHBIE
BYJIKAHU3YIOIIIME KOMIIOHEHTBI, 00JIajlatoniue KaH-
[IEPOTEeHHBIMU CBOWCTBAMH: MEPKANTOOEH30THA-

INTRODUCTION

Pharmaceutical rubber stoppers are used for
closing vials of sterile dosage forms (irrigation and
injection solutions, eye drops, lyophilized antibi-
otic powders, etc.) in industrial and pharmacy pro-
duction of medicinal products (MP) for more than
70 years, but there is still no data on the influence
of the sanitary cleansing methods on the state of
the stoppers’ surface that is in contact with the MP.

To produce rubber stoppers, various types
of rubber are used: butyl rubber (BR), chlorobu-
tyl rubber (ChBR), bromobutyl rubber (BBR), etc.
The composition of rubber compounds, in addi-
tion to rubber, also includes different excipients:
fillers (chalk CaCO,, lithopone ZnS + BaSO,, talc
Mg 3Si O (OH),, kaolin A1,O x 28Si0, - 2H,0, aerosil
Si0,), antioxidants, plasticizers, antirads (increas-
ing resistance to ionizing radiation), antiozonants,
etc. [1]. They are dispersed in a polymer base and
practically do not interact with it [2], however, they
can contaminate injectable solutions and other
MP with metal ions (Fe, Cu, Ti, K, Na, Hg, Cd, Pb),
as well as Mn and As. The source of migration of
sulfur-containing compounds from stoppers into
MP are vulcanizing groups [3]. The polymer sul-
fur (S,) is used for vulcanization of butyl rubber
compounds, and to accelerate the vulcanization
process, tetramethyl thiuram disulfide (thiuram D)
is used, which completely transforms with the for-
mation of more toxic and carcinogenic substances:
carbon disulfide (CS ), carbon oxysulfide (COS), di-
methyl dithiocarbamate zinc ([(CH 3) 2NCS,] 2Zn),
tetramethyl thiourea (CSHﬁNS) [4, 5].

In foreign-made butyl rubber stoppers, more
toxic carcinogenic vulcanizing components such as
mercaptobenzothiazole (captax), N-ethylamine (dia-
zoaminobenzene), N,N-dithiomorpholine are used
[6]. It is also known that butyl rubber and halobutyl
rubbers are not resistant to detergents [7].

Manufacturing of stoppers and their sanitary
cleansing before MP closing (cleaning by boiling
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3071 (kamrakc), N-stuamMuH (gua3zoaMUHOOEH30II),
N,N-gurromopdosun [6]. 3BecTHO, UTO OyTHIKA-
VUYyK U TaJ0-OyTIWIKAYIYKH HECTOHKH K MOIOIUM
cpencrBam [7].

WsrorossieHre MPOOOK U CAHUTAPHO-TUTHEHU-
yeckas 00paboTka mepe; ykynopkoi JIC (Moiika Ku-
[IYEHUEM B IIEJIOYHBIX U KUCJIBIX CPEJICTBAX U CTe-
puin3anysa HachlleHHBIM I1apOM B aBTOKJIAaBax [8,
9]) COMpPOBOKAAIOTCA TEPMOOKUCTUTEBHONR U TEP-
MOTHJIPOJINTUYECKOH JIECTPYKIINEH cOCTaBa PE3UHBI,
BCJIEZICTBUE YEro MPOOKU MOTYT CTaTh UCTOYHUKOM
3arpsasHenusa JIC 3a cueT MUTrpaliuyl UHIPEAUEHTOB
PEe3UHOBOM CMeCH, IPOAYKTOB JIECTPYKIUH, PACTBO-
PUMBIX U JIETYIUX OPTAaHUYECKUX COeTMHEHNHN.

IMEJIb NCCJIEJOBAHUA

I/IBY‘IGHI/IG BJIMAHUA HpeILCTepHJII/IBaHHOHHOfl
OYUHCTKH W CTEpUIN3allui OCTPbIM HACBIINIEHHBIM
IIapoM B aBTOKJIaBaX Ha COCTOAHHE ITOBEPXHOCTHU
HpO6OK PE3UHOBBLIX MEAUITUHCKHX.

MATEPHAJIBI 1 METO/AbI

B xauecTBe KpUTEPHUS OIEHKU JIECTPYKIIUH IIPO-
60K OBLT BHIOPAH IMOKA3aTeIh — KPAeBOH yTOJI CMaYH-
BaHUsA O, ONpe/IessIEMBIN 110 HAKJIOHY ITOBEPXHOCTH
KAIUTH JKUJIKOCTH K CMOYEHHOH YaCTH IOBEPXHOCTH
TBepzaoro Tesia [10]. 3HaueHue yriia © sBJIAETCS KO-
JINYECTBEHHOH XapaKTePUCTUKOU TUAPODIIIBHOCTH /
ruApoOOHOCTH TTOBEPXHOCTH HCCIEMyEMBIX 0Opas-
IIOB PE3UH, UCIIOJIb3yeMbIX B IIPOU3BOJICTBE MPOOOK
apmaneBTHUECKOTO HA3HAUEHUS JIJIA YKYIIOPKH Jie-
KapCTBEHHBIX IPENapaToB IMapEHTEPAILHOTO BBEJe-
Hus [11]. CuuTaercs, YTO KUAKOCTh CMAYHBAET II0-
BEPXHOCTH TBEPZOTO TEJIA, €CJIH KPAEBOH YTOJI CMaYHU-
BaHUS MEHBIIE Q0°, U HE CMAUUBAET, €CII BEJTMINHA
KpPaeBOro yIJia cMaunBaHusA 6osibiiie 90° [12].

AddexTUBHOE BINSHHE HA CMAaYUMBaHUE OKa-
3BIBAIOT COCTAB PE3MHOBBIX CMECEH, TeMIlepaTypa,
BJIQYKHOCTh, MOIOIIIME CPEJICTBA, B OCOOEHHOCTH —
MMOBEPXHOCTHO-aKTUBHBIE BerectBa (ITAB) [10]. IIpu
nobasnenny [TAB B BogHBIE pACTBOPHI KPaeBbIE YIJIbI
KareJsib Ha Tu/IpoOoOHBIX TOBEPXHOCTIX YMEHBIIIAI0T-
cs1 1 HabJTIoIaeTcsl TIepexoy] OT HeCMaYMBaHUA K CMa-
quBaHUIO. 111 YKYTIOPOUHBIX ITPOOOK, KOHTAKTUPY-
IOIUX InTesTbHOe BpeMs ¢ JIC, cTabrIbHOCTD MTOKa-
3aTeJisi «KPaeBOH YroJl CMAaYyUBaHUsS», XapaKTEPHU3Y-
IOIIleT0 U3MeHeHHUA MUKpopesbeda U ruipodubHO-
¢t/ TUIPo(POOHOCTH TTOBEPXHOCTH MPOOKK U YCTOM-
YHUBOCTh PE3UH K JIECTPYKIIUU BO BPEMS CAHUTAPHO-
TUTUEHUYIECKOH 00paboTKH MPOOOK, CTEPIIIN3AIUN 1
xpaneHus JIC, mmeer BayKHOe 3HAUEHUE.

MeToz; aTOMHO-3MUCCHOHHOM CIIEKTPOCKOIUU
II03BOJISIET TIPOBOJUTH 3JIEMEHTHBIN aHAIN3 HOHOB
MeTaJUIOB U HEMETAJIJIOB B IIPUCYTCTBUH PACTBOPEH-

in alkaline and acidic agents and sterilization with
saturated steam in autoclaves [8, 9]) are accompa-
nied by thermo-oxidative and thermo-hydrolytic
decomposition of the rubber, as a result of which
stoppers can become a source of contamination of
MP due to the migration of rubber compound in-
gredients, degradation products, soluble and vola-
tile organic compounds.

AIM OF THE RESEARCH

To study the influence of pre-sterilization
cleaning and sterilization with superheated steam
in autoclaves on the surface state of pharmaceutical
rubber stoppers.

MATERIALS AND METHODS

To assess the destruction of stoppers, as a cri-
terion, we used the contact angle ©, determined by
the slope of the drop surface to the wetted part of
the solid surface [10]. The value of the angle © is
a quantitative characteristic of the hydrophilicity/
hydrophobicity of the rubber samples’ surface used
in the production of pharmaceutical stoppers for
closing drugs for parenteral administration [11]. It
is considered that a liquid wets the surface of a solid
if the contact angle is less than 90° and does not
wet if the value of the contact angle is greater than
90° [12].

The composition of rubber compounds, tem-
perature, humidity, detergents, especially surface
active agents (SAA), have a significant impact on
wetting [10]. When surface-active agents are added
to aqueous solutions, the contact angles of drops
on hydrophobic surfaces decrease and a transition
from non-wetting to wetting occurs. For stoppers
that contact with a MP for a long time, the stabil-
ity of the contact angle is an indicator of great im-
portance, characterizing changes in the microrelief
and hydrophilicity/hydrophobicity of the stoppers’
surface and the rubber corrosion resistance dur-
ing sanitary cleansing of stoppers, sterilization and
storage of drugs.

The atomic emission spectroscopy makes it
possible to carry out elemental analysis of metal
and non-metal ions in the presence of organic sub-
stances dissolved in water, as well as to determine
the total content of polymer sulfur in the form of bi-
valent (S,) from sulfur-containing organic and or-
ganometallic compounds and silicon, passing into
aqueous extracts from rubber stoppers. It should be
borne in mind that only elemental analysis of metal
and non-metal cations is performed by the atom-
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HBIX OPTaHUYECKHUX BEIIECTB B BOJIE, 4 TAKIKE OIIPe/Ie-
JISATH 00IIee coieprKaHye MOJTUMEPHON CEPBI B BUJIE
ABYXBaJIeHTOH (S,) M3 cepocoziepKaIlux OpraHuye-
CKUX M META/UIOPTaHUYECKUX COEQUHEHUN W KpPeM-
HUsI, TIEPEXOAIINX B BOJHBIE BBHITSIKKH U3 PE3UHO-
BBIX MPOOOK. IIpu 3TOM CJIeZ[yeT YUUTHIBATh, UTO Me-
TOJIOM aTOMHO-3MUCCHOHHOHN CIIEKTPOMETPUU IIPO-
MU3BOJIUTCS TOJIPKO DJIEMEHTHBIH aHa/IN3 KaTHOHOB
METAJUIOB U HEMETAJLJIOB, a 00Ijee KOJIMYECTBO COe-
JUHEHUH, COZEPIKAIUX 9TU JIEMEHTHI, 3HAYUTEb-
HO 0oJIBIIIE.

OmnpeziesieHrie TUHAMUYECKOTO KPAaeBOTO YIJIa
cMauuBaHuA O nmposoguau Ha Tensuomerpe DCAT 21
(Tepmanwusi). B aHHOM TEH3HMOMETpPE HCIIOJIB30BaH
MeTo7; BambypHa, 0CHOBaHHBIN HAa U3MEPEHUH MIPHU-
pocra Macchl CMauMBAIOIIEH dKUAKOCTH Ha UCCIIEye-
MOM 06pasIie, yIep>KUBAEMOH €ro MMOPUCTOU ITOBEPX-
HOCTBIO TIOCJIe TIOTPY?KEHUS B JKUIAKOCTh B PE3YJIbTa-
Te KAMWUISPHBIX ABJIEHUU U aICOPOIIUY KHUTKOCTH.
[Tpu urcc/ieIOBaHUU KPAeBOro yIyia CMauMBaHUs UC-
moyib30Batl  «IIOpPOJIIOKC» — CTAaHZAPTHYIO >KH[I-
KOCTh C WU3BECTHOHM IUIOTHOCTHIO, BSI3KOCTBHIO M TIO-
BEPXHOCTHBIM HATSDKEHHEM W UCTWLINPOBAHHYIO
Bozmy. PesysbraThl HCCIIEZIOBAHMHN THUHAMUYECKOTO
KpPaeBoro yria cMayuBaHusi (OPMHUPOBATIUCH C KC-
[I0JIb30BAaHUEM IIPOTPAMMHOTO OOecrieueHus] TeH3HU-
ometpa DCAT 21.

O0OBEeKTaMU HCCJIEIOBAHUKA OBLIM MOJIE/IbHbBIE
IUIACTUHBI, W3TOTOBJIEHHbIE IIpeccoBaHWeM [13] Ha
OCHOBE PE3UHOBBIX CMecell Mapok 27-599/36 (100 %
XBK), 52-369/1 (80 % BK + 20 % XBK), 52-599/1
(100 % BK), TOIIMHON 2 MM B UCXOZ[HOM COCTOSTHUH,
MPOIIEAIINe CAHUTAPHO-TUTHEHUYECKYI0 00paboT-
Ky (IIpeICTepUIN3AI[HOHHYI0 OUUCTKY U CTEPUIN3a-
IHI0).

[IpuroTosyieHre MOIOIIUX CPEACTB 1 obpa-
OOTKHM IUTACTHH ITPOBOJUJIOCH B COOTBETCTBHUU C TpPe-
6oBanusimu [8, 9]. IIpeacrepuiu3aiioOHHasT OUKCT-
Ka MOJIEJIbHBIX IIJIACTHH COCTOSIIA M3 MX 00paboT-
KH JIByKPaTHBIM KHUIITYEHHEM B 1% pacTBOpe TPH-
Harputidocdara B TeueHre 30 MHUH U OTHOKDAT-
HBIM KHUIISTUEHHEM B 0.1% PacTBOpPe COJITHOU KUCJIO-
THI B TedyeHre 30 MUH. C IeJIbI0 MAaKCUMAaJIbHOTO CO-
XpaHEeHUs BBIMBIBAEMbBIX BEIIECTB (J1JIs1 UCKIFOUEHMUS
MIOTEPH MIPU ITPOMBIBKE) ITPU KOJIMUECTBEHHOM OITpe-
JIeJIEHUY KAaTHOHOB METAJUIOB U HEMETAJLJIOB OII0JIa-
CKMBaHUE MOJIEJIbHBIX IUIACTHH JI0 HEHUTPaJbHOTO
pH mnocsie 06paboTKH B KaXI0OM MOIOIIEM PacTBOpE
HE IIPOBOINJIOCH.

CTepun3aIiuio MOJIEJIbHBIX IIJIACTHH OCYIIECT-
BJISLJTA B CTEKJITHHBIX KOJIOAX, YKYTIOPEHHBIX aJTIOMH-
HUEBOU (OJIBrOU «II07] 0OBA3KY», B AUCTUIINPOBAH-
HOH BOJIe B COOTHOIIIEHHH IIJIACTHHA,/BOJA 1T : 10 MJL
OnHOBpEMEHHO C 00pasIlaMH IUIACTUH B aBTOKJIABE

ic emission spectrometry, and the total quantity
of compounds containing these elements is much
higher.

The dynamic contact angle ® was measured
using a DCAT 21 tensiometer (Germany). This ten-
siometer is based on the Washbourne method that
evaluates the increase in the mass of a wetting
fluid on a test sample held by its porous surface
after immersion in a liquid, as a result of capillary
phenomena and liquid adsorption. When studying
the contact angle, we used “Porolux” — a standard
liquid with a known density, viscosity and surface
tension, and distilled water. The results of stud-
ies of the dynamic contact angle were summarized
using the software of the DCAT 21 tensiometer.

The objects of studies were test plates made by
pressing [13] and based on rubber compounds of
27-599/3B (100% ChBR), 52-369/1 (80% BR + 20%
ChBR), 52-599/1 (100% BR) grades, 2 mm thick in
its original state. These plates underwent sanitary
cleansing (pre-sterilization cleaning and steriliza-
tion).

The preparation of detergents for treating the
plates was carried out under the requirements
[8, 9]. The pre-sterilization cleaning of the test
plates consisted of their double boiling in 1% triso-
dium phosphate solution for 30 min and once boil-
ing in 0.1% hydrochloric acid solution for 30 min.
To maximize the preservation of eluted substances
(to avoid losses in washing) during the quantita-
tive determination of metal and non-metal cations,
we did not rinse the test plates to neutral pH after
treatment in each detergent solution.

Sterilization of test plates was carried out in
glass flasks, closed with an aluminium foil strap-
ping, in distilled water at a plate/water ratio of
1 g : 10 ml. Simultaneously with the samples of
the plates, an equal amount of distilled water was
sterilized in an autoclave (control). The plates were
sterilized in an autoclave at t = 130°C, pressure
p = 0.2 MPa for 60 min. This mode of steriliza-
tion is mainly used for rubber stoppers 4C , which
are used to close liquid forms of MP, and is rec-
ommended for comparative experimental studies
[8, 14]. After sterilization, the plates were removed
from the flask, rinsed with distilled water until
reaching neutral pH, placed again in a flask with
distilled water (1 : 10) and sterilized in the autoclave
in the mode used for sterilizing liquid MP — for
30 min at t = 120°C, p = 0.11 MPa.

After sterilization, the aqueous extracts were
poured into clean flasks and studied for the content
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CTEPUJTU30BAJIM PABHOE KOJIMYECTBO JIUCTHJLIMPOBAH-
HOH BOzIbI (KOHTPOJIB). CTEPUIU3AIMIO IJIACTUH IIPO-
BOJIWJIU B aBTOKJIaBe IpH t = 130 °C, 1aBseHuu p = 0.2
MIIa B Teuenne 60 MuH. JJaHHBIA PEKUM CTEPIIIN3A-
MM UCIIOJIB3YETCSA B OCHOBHOM JIJIs ITPOOOK 411, KoTO-
pbIMU YKyTIOpHUBaIoOT *kuikue opmel JIC, 1 pekomeH-
JIOBAH JIJIs CPABHUTEJIBHBIX SKCIIEPUMEHTAIBHBIX HC-
cienoBanuii [8, 14]. Ilocite cTepru3aiuy IIACTHHBI
BBIHUMAJIM U3 KOJIOBI, OIIOJIACKUBAIN JMCTHJLIAPO-
BaHHOM BOJIOU /10 HEUTPAIBHOTO 3HaUeHUA pH, BHOBB
MOMEIAIN B KOJIOy C JIUCTHJUIMPOBAaHHOW BOJIOHU
(1:10) 1 CTEpHUIN30BAIM B aBTOKJIABE B PEIKHIME, ITPH-
MEHsIEMOM IIpU cTeprym3anu Kuakux JIC — B Teue-
HHe 30 MuH 1pu t = 120 °C, p = 0.11 MIIa.

BojiHbIe BBITSKKU TIOC/IE CTEPUIU3AIUU CJIH-
BJIM B YKCTBIE KOJIOBI U HUCCIIEZIOBAIIN HA COZIEPIKA-
HHE KaTHOHOB META/JIOOPTAaHUYECKHX M MEeTaJlJIO-
HEOPTraHUYECKUX COEIUHEHUH C WCIIO0JIb30BAHHEM
aTOMHO-3MHCCUOHHOTO crnektpomerpa iCAP 6300
Duo (CIITA) o meTosuke [15]. ITapayuiespbHO Hccie-
JTOBAJTU BOJTHBIE BBITSI?KKH, TIOJIyYeHHBIE U3 MOJIEJb-
HBIX IUTACTUH, He IPOIIE/IIINX IPe/CTePUITN3aIOH-
HYI0 OYHCTKY U IPOCTEPUIN30BAaHHBIX B aBTOKJIABE B
TedeHue 30 MuH 11pu t = 120 °C, p = 0.11 MIIa.

PE3YJIBTATBI 1 OBCYXK/IEHUE

B Tabs. 1 mpezacTaBiieHbl Pe3yJIbTATHI OIIpPEZie-
JIeHUsI JIMHAMHYECKOTO KpaeBOro yIyia cMaduBa-
Hus O uccaeayeMbIx 00pas3IoOB MOJIETLHBIX PE3UHO-
BBIX IUIACTUH B UCXO/THOM COCTOSTHUY U ITPOIIIEZIIIIX
CAaHUTAPHO-TUTUEHUYECKYIO0 00paboTKy (IpeicTepu-
JIN3ANMOHHYIO0 OUKCTKY U CTEPHIH3AIUIO B ABTOKJIA-
BE B TeueHre 60 MUH).

VcTaHOBIEHO, YTO B pe3yJibTaTe CAHUTAPHO-
TUTHUEHUYECKOH 06pabOTKU MOJIEIbHBIX PE3NHOBBIX
IUIACTHH ITPOVICXOAUT CHIDKEHUE KPAeBOTo yIyia cMa-
YMBaHUS, CBU/IETEJIbCTBYIOIIEE O IECTPYKIIUU UX I10-
BepxHocTU. HanboJibliiee n3aMeHeHHE KPaeBOTo yrjia
cMauuBaHUA — Ha 21.85° — OTMeueHO Jji Pe3UHO-
BBIX IIJIACTHH HAa OCHOBE OyTHJIKAyUdyKa.

IMonyueHHBIE pE3YJIbTATHI, CBUJIETEIbCTBYIO-
1Y€ O IECTPYKIIUH ITOBEPXHOCTU TPOOOK, TIO3BOJIS-

TaGauna 1. 3HaYeHU I TUMHAMUYECKOT0 YIJ1a CMAuYUBaHUS
Table 1. Dynamic contact angle values

of cations of organometallic and non-organome-
tallic compounds using an iCAP 6300 Duo atomic
emission spectrometer (USA) according to the pro-
cedure [15]. Simultaneously, we studied the aque-
ous extracts obtained from test plates that had not
undergone pre-sterilization cleaning and sterilized
in the autoclave for 30 min at t = 120°C, p = 0.11
MPa.

RESULTS AND DISCUSSION

Table 1 shows the results of measuring the dy-
namic contact angle @ for the test rubber plates at
the baseline and after sanitary cleansing (pre-ster-
ilization cleaning and sterilization in the autoclave
for 60 min).

It was established that the sanitary cleansing
of test rubber plates results in the contact angle de-
crease, which indicates the destruction of their sur-
face. The maximum change in the contact angle —
by 21.85° — was for butyl rubber plates.

The results obtained that indicate the destruc-
tion of the stopper surface, allow us by changes in
the values of the contact angle to assess the influ-
ence of sanitary cleansing on the microrelief and
hydrophilicity of the stopper surface. The data on
the change in the dynamic contact angle after sani-
tary cleansing of the test rubber plates were com-
pared with the results of the analysis of the con-
tent of migrating substances in aqueous extracts
obtained from autoclaving of the studied plates, by
metal and non-metal cations with the atomic emis-
sion spectroscopy (Table 2).

The data in Table 2 indicate that the sanitary
cleansing of stoppers (the test plates), designed to
ensure the microbiological and chemical purity of
sterilized solutions of MP, does not provide the pu-
rity of the solutions with respect to the content of
metal and non-metal cations, and in some cases
even increases the migration of cations from the
surface of the stoppers. So, from the test plates of

MarepuaJ njaacTHHbI (Mapka

VYron cmaunBauus O, rpaa.* / Contact angle O, deg.*

CHuKeHUe yTia

PE3UHOBOM cMecH)
Plate material (rubber compound

HcxomHble 1acTUHBI

cMauuBaHus O, rpas.

CTepI/IJ'II)HI)Ie IIJIACTUHBI Decrease in contact

grade) Baseline plates Sterile plates angle ©, deg.
27-599/3B | 27-599/3B 109.77 £ 0.17 99.57 + 0.13 10.50
52-369/1 110.53 £+ 0.04 95.64 £ 0.10 14.89
52-599/1 110.73 + 0.18 88.88 + 0.94 21.85

* Beero 6bLIO 3 TOBTOPHOCTH UCIIBITAHUH.
There were 3 replicates of the tests in total.
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0T TI0 U3MEHEHUSAM 3HAYEHUH KPAaeBOro yrja cMa-
YUBAHUSA OIEHUTh BJIIMSHUE CAHUTAPHO-THUTHEHU-
YecKkol 06paboTKH Ha M3MeHeHHe MUKpopebeda
U ru/IpOoUIBHOCTH IOBEPXHOCTH IPOOOK. /[aHHBIE
0 W3MEHEHUIO JMHAMUYECKOTO KpaeBOTO yIJia
CMaYyHBaHUs IMOCJIE CAHUTAPHO-TUTHEHUYECKOH 00~
paboTKU MOJETbHBIX PE3UHOBBIX IUIACTUH OBLTH
COTIOCTABJIEHBI € Pe3yJIbTaTaM{ aHaJN3a CoOJEpP-
JKQHWs MUTPUPYIOIIHUX BEIECTB BOJAHBIX BBITSKEK,
MMOJIyYEHHBIX IT0CJIE ABTOKJIABUPOBAHUS HCCIIETye-
MBIX IIACTUH, 10 KATUOHAM METAJJIOB U HEMETAJI-
JIOB METOJIOM aTOMHO-3MUCCUOHHOU CIIEKTPOCKO-
nuu (tabs. 2).

JlanHbple TabJI. 2 CBUAETEIIBCTBYIOT O TOM, YTO
CaHUTApHO-TUTHEHUYecKas o00paboTka mpoboK
(MozeIbHBIX IUIACTHH), IIpeIHA3HAYEeHHAs JJIA
obecrieueHuss MUKPOOHMOJIOTUYECKOH W XUMHUYe-
CKOHM YHCTOTHI CTepUJIN3yeMbIX pacTBopoB JIC, He
obecrieynBaeT YHUCTOTHI PACTBOPOB B OTHOIIEHUH
COJIEpPIKaHU KATHOHOB METAJUIOB U HEMETAJLJIOB, a
B psJie CJTydaeB Jake YBEJIUIUBAET MUTPAIUIO Ka-
THOHOB C MOBEPXHOCTH MpPOOOK. Tak, u3 Momenb-
HBIX IIJIACTUH MapKU PE3UHOBOU cMecH 27-599/3B
Ha ocHOBe XBK cymiecTBeHHO yBeJIMUMBAETCA TIepe-
XOJT B paCTBOP KaTHOHOB QJIIOMUHUS, JKejie3a, Map-
raHIia; U3 pe3NHOBOI cMecu MapkKu 52-369/1 (80 %
BK + 20 % XBK) 06oJiee MHTEHCUBHO BBIMBIBAIOT-
cs KATUOHBI jKeJie3a, MapraHila, HUKeJss, [UHKa, a
U3 IJIACTUH Ha OCHOBE PE3WHOBOU CMeCH 52-599/1
(100 % BK) ycuiuBaercss MUTpalisi KATHOHOB HU-
KeJIs U [UHKA.

the 27-599/3B ChBR-based rubber compound, the
migration of cations of aluminium, iron, manga-
nese into the solution increases significantly; cat-
ions of iron, manganese, nickel, zinc are leached
more intensively from the 52-369/1 (80% BR +
20% ChBR) rubber compound, and the increased
migration of nickel and zinc cations — from the
plates made of the 52-599/1 (100% BR) rubber
compound.

The data obtained confirm that the sanitary
cleansing which is used for the preparation of stop-
pers before closing the MP has a destructive influ-
ence both on the surface of the plates, and the plates
as a whole, which is accompanied by a significant
leaching of the rubber ingredients into aqueous
sterile solutions. This also makes it necessary to
control the amount of rubber ingredients in sterile
solutions of MP closed with rubber stoppers.

CONCLUSION

The technique used for the first time for mea-
suring the dynamic contact angle ® makes it possi-
ble to reveal and quantify the destruction processes
of the rubber stoppers’ surface that contacts with
sterile forms of MP with a reproducible instrumen-
tal method.

This method can be used to assess the influ-
ence of pharmaceutical and technological factors
(sanitary cleansing, sterilization, contact with solu-
tions of MP, etc.) on the surface state of rubber stop-

Ta6auna 2. CozieprkaHre XUMUYECKHUX 2JIEMEHTOB B HCCJIeAyEMbIX 0Opasmax (Mr/m, +10 %)
Table 2. The content of chemical elements in the test samples (mg / 1, + 10%)

Mapka pe3auHOBOI
cMecH
Rubber compound
grade

As B Ca Cd Cr Cu Fe

Li Mg Mn Na Ni P S Si Sr Zn

27-599/3b:

27-599/3B:

CI'O e mpoBoZMIIaCH 0.002 — 0.061 0.881 — — — —
without SC

CI'O npoBoauIach
with SC

52-369/1:

CI'O me mpoBOIMIIaCH 0.031 — 0.382 1.86 — — — —
without SC

CI'O mpoBozaunach
with SC

52-599/1:

CI'O He mpoBOZiMJIACh 0.050 — 0.649 2.69 — — — 0.006
without SC

CI'O npoBozaunach
with SC

0.004 — 0.041 0.815 — — — 0.001

0.012 — 0.121 1.84 — — — 0.001

0.022 — 0.273 274 — — — 0.001

0.043 — 0.613 0.001 0.701

0.069 — 0.154 0.002 0.739

0.026 — 0.086 0.001 0.215 — — 0.503 1.18 0.006 1.150

0.020 — 0.090 0.006 0.232 — — 0.339 075 0.007 0.462

4.62 3.44 0.011 0.313

0.044 — 0.449 0.002 0.512 0.002 — 1.60 159 0.013 0.542

3.12 5.52 0.012 0.220

0.046 — 0.161 0.001 0.445 0.013 — 271 2.36 0.013 0.604

IIpumeuanue. CI'O— caHUTApHO-TUTHEHUYECKAS 00pabOTKA.

Note. SC— sanitary cleansing.
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IlonmyyeHHble JaHHBIE IOATBEPXKAAIOT, YTO
CaHUTAPHO-THUTMEHNYecKass 00paboTKa, KOTopas UC-
IIOJTB3YETCST JIJIA TOJITOTOBKU TPOOOK TEpesl VKy-
OpKo# crepmabHBIX JIC, OKa3bIBaeT /IeCTPYKTHB-
HOe JlelicTBHE KaK Ha IOBEPXHOCTh IUIACTUH, TaK U
Ha IUTACTUHBI B I1€JIOM, UTO COIIPOBOK/IaeTCsA 3HATHN-
TeJIbHBIM BBIMBIBAHNEM UHIPEIUEHTOB pe3UH B BO-
JTHble CTEPUJIbHBIE PACTBOPBL. JTO OOYCIOBIHBAET
TaKke HeOOXOIMMOCTh KOHTPOJISI COAEPIKAHUS WH-
rPeIUeHTOB Pe3UH B CTepUJIbHBIX pacrBopax JIC,
YKYIIOPEHHBIX PE3MHOBBIMU ITPOOKAMH.

3AK/IIOYEHUE

BrepBble MCIIOIb30BAHHASI METOAUKA OIpPeEJie-
JIEHHSI JUHAMUYECKOTO0 KPAeBOro yIjia CMaduBa-
HUsA O MMO3BOJISET BOCIPOU3BOAMMBIM UHCTPYMEH-
TaJIbHBIM METO/IOM BBISIBUTH U KOJIUYECTBEHHO Ol1e-
HUTH IIPOIIECCHI JECTPYKIINH, BIUSIOIINE HA COCTO-
SHYE TIOBEPXHOCTH PE3UHOBBIX IPOOOK, KOHTAKTH-
pyemoii co crepusibHbIMEU hopmamu JIC.
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ile solutions of MP.
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