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@DepMEeHTH ILUPOKO 3aCTOCOBYIOThCS y Oara-
THOX OioTexXHONOTIUHHMX Tporecax [4, 8, 10]. Bonu
IyXKe YyTIHBI 0 3MiH MOJEKYISPHOTO OTOYECHHS,
SIKe 3HAUHO BIJIPI3HAETHCS in Vivo Ta in Vitro, 10
MOXKE BIUTMBATH Ha iXHIO (YHKI[IOHAJIBHY AaKTHB-
HICTh. Y MEIUYHIA TNPAKTUI[I OCHOBHHM IIIJISIXOM
cralumizanii Ta MiJBUIICHHS O10[0CTYNMHOCTI 0io-
JIOTIYHO AaKTUBHHUX CIHONYK € MiKpOKAICyTIOBaHHS
B MOJIMEPHI CHUCTEMH, HANpHKIaA, Ha OCHOBI alb-
rimary Harpito [1, 5]. Ilpu npomy ¢yHmaMeHTaIbHI
JOCHTIUKEHHSI TaKUX CKJIAQIHHUX CHUCTEM, SIK Tiipo-
refi 3 OITKOBUM BMICTOM, YCKIIQIHIOIOTHCS THUM, IO
OiKH, 30KpeMa (PepMEHTH, € TETEPOTCHHUM KJIaCOM
010JTOTIYHIX MaKPOMOJIEKYIL.

Jia miAgBUWIIEHHS TeMIEpaTypHOi CTaOLIBHOCTI
(depMeHTIB Ta e(EKTHBHOCTI CIPSIMOBAHOTO TpPaHC-
MOPTYy B OpraHi3Mi, MOJOBXKEHHS TEPMiIHY BUKOpPH-
CTaHHSl Ta TOCHJICHHS 3aXHCTy BiJl HECHPHUATIH-
BHUX YMOB HaBKOJIMIIHBOTO CepeloBHIIa Oylu po3-
poOiieHi pi3Hi criocoOu iMMoOiTi3arii.

Ha cporoani Benuka yBara NpHIUIAETHCS iMMO-
Oimizanii depMeHTiB, sika I'PyHTY€ETbCS Ha IEpeBa-
rax BOYJOBaHOTO y MaTpHIli HAa OCHOBI Oiocymic-
HUX TIoJicaxapuiB (pepMeHTy TOPiBHSHO 3 BUIBHUM
(hepMeHTOM, 30KpeMa IIe CTOCYEThCS CTBOPEHHS 1
3aCTOCYBaHHS Y METUITMHI Ta 1HIIMX Taly3sax 0i0-
AKTHBHUX TiJJPOTENIEBUX CHUCTEM — HaBaHTaXKe-
HUX KackajoMm (epMEeHTIB 0I0CYyMICHHX TiIporese-
BUX HociiB [6]. Cepen mmpokoro kiacy (epMeHTiB
BUAUISIOTECS  cynepokcupaucmyrtaza (COJ), ka-
I ——
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Enzymes are widely used in many biotechno-
logical processes [4, 8, 10]. They are very sensitive
to changes in the molecular environment, which
is significantly different in vivo and in vitro, that
can affect their functional activity. In medical
practice, the main way to stabilize and increase
the bioavailability of biologically active com-
pounds is microencapsulation in polymer systems,
for example, based on sodium alginate [1, 5].
At the same time, fundamental research of such
complex systems as hydrogels with protein content
is complicated by the fact that proteins, in parti-
cular enzymes, are a heterogeneous class of bio-
logical macromolecules.

Various ways of immobilization have been
developed to enhance the temperature stability
of enzymes and the efficiency of directed transport
to a body, to extend the period of use and to
strengthen protection against adverse environmental
conditions.

Today, much attention is paid to enzyme
immobilization, which is based on the advantages
of an enzyme embedded in a matrix based on
biocompatible polysaccharides compared to a free
enzyme; in particular, it concerns the creation
and use in medicine as well as other fields of bio-
active hydrogel systems — biocompatible hydrogel
carriers loaded with a cascade of enzymes [6].
Amongawide class of enzymes, superoxide dismutase
(SOD), catalase (CAT), which are the factors of
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tanaza (KAT), ski € ¢akropaMu aHTHOKCHIAHT-
HOro 3axucty [2, 9], mmokozookcumasa (I'O), mio
MOXE BHUKOHYBard (PyHKLiI0O NPUPOJHHX HETOK-
CUYHUX OKHCHIOBauiB IykpiB [4]. Ha cporomni
MIPOIOBXKYIOTbCS ~ JOCTIUKEHHS  IOTEHLIaJbHOIO
MMPAKTUIHOTO BUKOPUCTAHHSI TakuX (QepMeHTiB |[3,
4, 10]. BOymoBani y rimporeneBi MikpoHOCii dep-
MEHTH TOTpPeOyIOTh JOBTOCTPOKOBOTO 30epiranHs
31 30epekeHHsIM (DepMEHTAaTHBHOT aKTUBHOCTI, 30-
Kpema Iie MOXKe 3a0e3IedyBaTucsl HU3bKHMH TEM-
neparypamm.

Metoro pobGotu  Oyao JIOCHIUKCHHS BILTUBY
3aMOpOKYBaHHS-BiAirpiBaHHA Ta 30epiraHHs 3a TeM-
neparypu —20°C Ha akTHUBHICTH BOYIOBaHUX y allb-
riHaTHI MIKpOKAICyau IIOOYIsIpHUX OinKiB-(ep-
MEHTIB: CyNEepPOKCUIANCMYTa3H, KaTajga3H Ta [IIOKO-
300KCH/1A3H.

Y nmocmigkeHHI BUKOPHUCTOBYBAJM aJIbriHAT HAT-
pito Hm3pKOi B’s3kocTi (2—4 cll); COH, KAT Ta
I'O (Sigma-Aldrich Chemical, HimeuunHa).

Po3unn anprinary Harpito 3 (epMeHTaMHu TOTy-
BaJIM HACTYITHHM YMHOM: 2 MJ PO3YHMHY (EpPMEHTY
B KoHmeHTpamii Imr/mu 3mimyBaiun 3 300 Mk
2%-ro po34MHY aJbriHATy HATPilo 1 JOBOAWIH IO
5 mn docharaum Oydepom (pH=7,4). Ilicas exc-
MO3UIlil PO3YMHY MPOTATOM TOIUHH OJIEPKYBAIN
MIKPOKAIICyJ I METOOM 10HOTPOITHOTO TeJNeyTBO-
peHHs 3a metomukoro S.V. Narozhnyi Ta cmiBaBt.
[6]. st mbOTO OTpUMaHWK PO3YMH JOJABAIHM Kpa-
IUIMHHO y BaHHy 3 2%-M BoaHuM po3unHoM CaCl,.
Mikpocepu excrnionysanu B pozuuni CaCl, npors-
TOM TOAWHH, Hajll iX BIAMHBAIH BiJ pPO3UUHY CaCl2
LUIIXOM 3-XBWIMHHOTO TieHTprudyryBanHs npu 1500g
1 Tomimanu y BiAmoBiaHWE Oydep st mpoBe-
JICHHSI TIOJIAJIBLINX JIOCIIi/IKCHb.

Konnenrpauito BOymoBaHuX (epMEHTIB BH3Ha-
Yanud CHEeKTPO(OTOMETPUYHO: BIMIpIOBaIH I1HTEH-
CUBHICTh NMOTJIMHAHHS TIPU JOBXKUHI XBUiIi 280 HM,
XapakTepHid Juia Oinka. 3a KOHTPOJNb NpUAMAIN
KOHIICHTPAIIF0 BUXITHUX PO3YMHIB. AKTHBHICTH
COJl BwW3Hauaau 3a JOMOMOTOIO PO3YHHY ajpe-
Haminy, akTuBHICTE KAT — momnionary amowito [7].
AxtuBHicTs 'O BumiproBamu B 0,05 M docdar-
Homy Oydepi (pH=7,4) 3 mI0K03010 y KOHIICHTpa-
mii 1 Mr/my 3a HaKOIMYEHHSM IEPEKUCY BOJIHIO,
KOHIICHTPAIIil0 SIKOTO BH3HAYAIH CIIEKTPOPOTOMET-
puuHo [4]. Yci chekTpu MONIMHAHHS 3arKcyBa-
mu Ha crnektpodoromerpi «Pye Unicam SP 8000»
(Pye Unicam Ltd, Benuka Bbputanis). Kontponem
BBKAJIM aKTUBHICTh (PEPMEHTIB y BUXITHOMY PO3-
YUH.

Jlis BUBYEHHS BIUIMBY 3aMOpPOKYBaHHS Ta BiJi-
TpiBaHHS Ha CTaH DIOOYISIPHUX OiUTKIB-(GEpPMEHTIB
Yy CKJIa[i ambriHATHUX MIKPOKAICyJ OCTaHHI 3aMo-
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antioxidant protection [2, 9], glucose oxidase (GOxx),
which can perform the function of natural non-
toxic oxidizers of sugars [4] are distinguished.
Research into the potential practical use of such
enzymes continues today [3, 4, 10]. Enzymes
encapsulated in hydrogel microcarriers require
long-term storage with preservation of enzymatic
activity, in particular, this can be ensured by low
temperatures.

The purpose of this research was to study the
effect of freeze-warming and storage at a tempe-
rature of —20°C on the activity of globular pro-
teins-enzymes encapsulated into alginate microcap-
sules: superoxide dismutase, catalase, and glucose
oxidase.

Low viscosity sodium alginate (2—4 cP) was used
in the study; SOD, CAT and GOx (Sigma-Aldrich
Chemical, Germany).

Sodium alginate solution with enzymes was
prepared as follows: 2 ml of enzyme solution
at a concentration of 1 mg/ml was mixed with
300 ul of 2% sodium alginate solution and ad-
justed to 5 ml with phosphate buffer (pH=7.4).
After exposing the solution for an hour, micro-
capsules were obtained by ionotropic gelation as
reported by S.V. Narozhnyi et al. [6]. With this
aim the resulted solution was added dropwise to
a bath with a 2% aqueous solution of CaCl,.
Microspheres were exposed in CaCl, solution for
an hour, and then they were washed from CaCl,
solution by 3-min centrifugation at 1500g and
placed in the appropriate buffer for further studies.

The concentration of encapsulated enzymes was
examined spectrophotometrically: the intensity of
absorption at a wavelength of 280 nm, characteristic
of protein, was measured. The concentration of
the original solutions was used as a control. COD
activity was determined using an adrenaline solution,
CAT activity using ammonium molybdate [7]. GOx
activity was measured in 0.05 M phosphate buffer
(pH=7.4) with glucose at a concentration of 1 mg/ml
by the accumulation of hydrogen peroxide, the concent-
ration of which was spectrophotometrically determined
[6]. All absorption spectra were recorded with a Pye
Unicam SP 8000 spectrophotometer (Pye Unicam
Ltd, Great Britain). Enzyme activity in the original
solution was considered as a control.

To study the effect of freeze-warming on the
state of globular proteins-enzymes in alginate
microcapsules, the latter were frozen to —20°C at a
rate of 3—5 deg/min. It was then warmed in a water
bath at 37°C or stored in a freezer for 18 months.

The obtained results were statistically proces-
sed using the ‘Statgrap Hics Plus’ version 2.1 for
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poxyBanu g0 —20°C 3i mBuakictio 3—5 rpazn/xs.
Hani BimirpiBanu Ha BonsHiM Oani mpu 37°C abo
30epiraiay y MOpO3WIbHIA Kamepi BOpoAoBX 18 Mi-
CSLIIB.

CratuctnyHy OOpOOKY OTpHMaHHUX pPe3yNbTaTiB
MPOBOJMIM 3a JIONIOMOIOI0 CTaTMCTUYHOTO IaKe-
ta mporpamu «Statgrap Hics Plus» Bepcis 2.1 for
Windows (Manugistic, CIIIA). Jlani ma pucyHkax
HaBeJIeH] SIK CepeJIHE 3HAUeHHs + cTaHjapTHa Io-
MUWJIKa. 3HAYyIIiCTh BIJMIHHOCTI pe3yJbTaTiB OLli-
HIOBAJIM 3a mapHuM t-TectoM 1ipu p < 0,05.

Omninka e(peKTHBHOCTI BOYHIOByBaHHS (KOHLIEH-
Tpauiss BOyZOBaHOTO (EPMEHTY IO BiJHOIICHHIO
JI0 KOHIIGHTpaIii y BHUXIJIHOMY pO34MHI) TOKa3a-
Jla, MO BCi TOCHIHKyBaHi (hepMEHTH BOYIOBYHOTHCS
y anbpriHatHi TpUBUMIpHI MikpoHocii (puec. 1).
He3nauni BiAMIHHOCTI IIHOTO ITOKa3HHKa MOXKYTh
MOSICHIOBATUCS PI3HUMHM MOJIEKYSIPHUMU MacaMu
Ta/abo CTPyKTypoio ¢epMeHTy. AKTHBHICTH BOy-
JOBaHUX (PEPMEHTIB X04a 1 BiJIPi3HAETHCS, aje 3Ha-
XOIUTHCSl HA JIOCTaTHHOMY (TIOPIBHSHO 3 BHXIJIHUM
PO3YMHOM) piBHi (pHC. 2).

3aMOpOXKyBaHHS-BIIITPiBaHHS aJbriHATHUX Mi-
KpoKamncya i3 BOyZoBaHMMH (epMEeHTaMH TIpHU3-
BOJHJIO JI0 YaCTKOBOTO BUX0Ay OinkiB (puc. 3). Kinb-
KicTh OinKa, SIKHUH BUXOIUTh, WMOBIPHO 0OYMOB-
JIGHUH Horo MoJekyisipHor Macoro. Tak, 3amopo-
JKYBaHHS-BIITPIBAaHHS ~aJIbIHATHUX MIKPOKAICYI
i3 COJl Buknmkae 3HauHy BTpary Ouka (46%),
y Toif wac sk Brpata KAT e miniMamsHOIO. Moe-
KyJIsIpHa Maca karanmasu ckimamae 240 k/la 1 € Haii-
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Fig. 1. Effectiveness of enzymes encapsulated into alginate
capsules: SOD - superoxide dismutase, GOx — glucose
oxidase, CAT — catalase.
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Puc. 2. Bnnve HU3bKNX TemnepaTyp Ha akTUBHICTb dep-
MeHTY, BOyAOBaHOro y anbriHaTHi MiKpokancynu: m — Ao
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—20°C.

Fig. 4. Influence of low temperatures on activity of the
enzyme encapsulated in alginate microcapsules: m — before
freeze-warming, » — after storage at —20°C.

Windows (Manugistic, USA). Data in figures are
presented as mean =+ standard error. The significance
of the difference of the results was assessed in pairs
t-test at p < 0.05.

Evaluation of the encapsulation efficiency (the
concentration of encapsulated enzyme in relation
to the concentration in original solution) showed
that all the studied enzymes were incorporated into
alginate three-dimensional microcarriers (Fig. 1).
Minor differences (of this index) can be explained
by different molecular weights and/or structure
of the enzyme. The activity of the encapsulated
enzymes, although different, is at a sufficient
(compared to original solution) level (Fig. 2).

Freeze-warming of alginate microcapsules with
encapsulated enzymes resulted in partial release of
proteins (Fig. 3). The amount of protein that comes
out is probably determined by its molecular weight.
Thus, freeze-warming of alginate microcapsules
with SOD causes a significant loss of protein (46%),
while the loss of CAT is minimal. The molecular
weight of catalase is 240 kDa and is the highest
among the studied proteins, the output of catalase
from microcapsules does not increase, even after
their storage at —20°C for 18 months (see Fig. 2).
Long-term storage of microcapsules with the
addition of GOx at —20°C leads to significant (~2.5
times more) loss of protein (Fig. 3).

The activity of all enzymes that remained
encapsulated into alginate microcapsules after



BHIIOIO cepex BUBUYCHHX OUIKiB, Buxig KAT i3
MIKPOKAIICyJI He 301TBITY€ThCS, HaBIiTh MIiCII 1X 30epi-
ragas npu —20°C Bupomomx 18 wmicsamiB (quB.
puc. 2). JloBroctpokoBe 30epiraHHs MIKpPOKAICYIT
13 momaBanasM 'O mipu —20°C mpu3BOIUTE A0 3HAY-
HOT (y ~ 2,5 pa3u Oinblie) BTpatu Oinka (puc. 3).

BcraHoBieHo, 10 aKTHBHICTh YCIX (EpMEHTIB,
K1 3aNMAIIMINCS BOYIOBaHWMH Yy albliHaTHI Mi-
KpPOKaICyJau Miciasi 3aMOpPOKyBaHHs-BiJirpiBaHHS,
30epiraetTbes (AuB. puc. 2) 1 3HaYyIIEe HE 3MIHIOETh-
Csl MIiCJsl JOBTOCTPOKOBOTO 30epiraHHs 3a Ii€i TeM-
neparypH.

OTxe, BIUIMB TIOMIPHO HHU3BKHAX TEMIIEPATyp
(=20°C) Ha Mikpokancynu 3 BOyoBaHUMHU (hepMeH-
TaMU BHABISETHCA Yy YACTKOBOMY BHXOJI OCTaH-
HIX, SKHH MOKe 301TBITYBaTHUCS 3a JITOBIOCTPOKO-
BOTO 30epiraHHs 3a Ii€i TeMIepaTypH.

IasixoM s 3HMOKEHHS BHXOAY (DEpMCHTIB
Moxe OyTn Moaudikaiis anbriHATHUX MiKpOKarl-
Cyll IHIIMMH OlOCYMICHUMH pPEUOBHHAMH, 30KpeMa
XITO3aHOM.

TakuM umHOM, pe3yabTaTd MPOBEACHUX AOCIHiJ-
JKeHb TI0Ka3alil e(EeKTUBHICTh METOMY 10HOTPOTI-
HOTO TEJICYTBOPEHHS Ul OTPHMAHHS aJblHATHUX
Mikpoxaricyn i3 BOymoBanumu (epmentamu (CO/L,
KAT, I'O) 3 pocrarHiM (TOPIBHSHO 3 BHXITHUM
pPO3YMHOM) piBHEM AaKTHBHOCTI. AKTHUBHICTH YCIX
(bepMeHTIB, MO 3TAMIMINCS BOYJOBAHUMH ITiCIIS
HU3BKOTEMIIEPAaTypHOTO BIUIMBY, 3HaUylle HE 3Mi-
HIOETBCS. BinMmiHHOCTI y BOymOByBaHHI (epMeH-
TiB Tichs 30epiraHHs 3a MOMIPHO HHM3BKHX TEM-
neparyp MOXYThb TOSCHIOBAaTUCS PI3HUMH IXHIMH
MOJIEKYJISIPHUMH MacaMu Ta/abo CTPYKTYpOIo.
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Fig. 3. Effect of low temperatures on protein release
from alginate microcapsules: = — before freeze-warming,

— after storage at —20°C, * — differences are significant,
p <0.05.

freeze-warming was established to be kept (see
Fig. 2) and did not significantly change after long-
term storage at this temperature.

Therefore, the effect of moderately low tempera-
tures (—20°C) on microcapsules with encapsulated
enzymes is manifested in the partial yield of the
latter, that can increase during long-term storage at
this temperature.

Modification of alginate microcapsules with
other biocompatible substances, in particular chi-
tosan, can be a way to reduce the yield of enzymes.

Thus, the research results showed the effectiveness
of the ionotropic gelation for obtaining alginate
microcapsules with encapsulated enzymes (SOD,
CAT, GOx) with a sufficient (compared to the original
solution) activity level. The activity of all enzymes
that remained encapsulated after low-temperature
exposure did not change significantly. Differences
in the incorporation of enzymes after storage at
moderately low temperatures can be explained by
their different molecular weights and/or structure.
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