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Abstract
O, -producing complexes or associates have recently been isolated from blood
serum, goat milk, erythrocyte, leukocyte membranes, and medicinal plant membranes.
Fe(lll) ions in these complexes act as bridges for electron transfer from NADPH-
containing lipoprotein (NCL) to molecular oxygen, reducing it up to O, . On the other
hand, NADPH oxidase (Nox) of erythrocytes and leukocytosis are activated by NCL in
vitro. In fact, both serum and milk contain NCL.
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The main systems for the production of O, in mammalian milk and blood, as
previously stated, are polymorphonuclear leukocytes, as well as O, -producing complex
between NCL and Fe (I11). At the same time, Fe(ll1) ions can be found in milk, and anemia
can result from a Fe(lll) deficiency in milk. The superoxide (O, ) - producing
thermostable complex between NCL and Fe(lll): NCL-Fe(lll) was isolated and purified
from raw and boiled cow milk, for the first time. The specific O, -producing activity of
NCL-Fe(111) complex from milk, before and after boiling, practically does not change as a
result of milk boiling (this activity decreases by only 7-8%).

After incubating an aqueous mixture of NCL (5 mg/ml) with an aqueous solution
of Nox1 + Nox2 (erythrocytes or leukocytes membranes) isoforms, 5 mg/ml, at 37°C for
40 minutes, an ion exchange chromatography was performed on the column of DE
cellulose, equilibrated by water at pH9.5. The hNCL-Nox associate eluates from this
column with water at pH9.5

The specific O, -producing activity of hNCL-Nox isoforms of EM and LM
basically does not decrease when compared to the NCL-Fe(lll) complex. This is a
promising finding, suggesting that milk NCL has stimulating the Nox from erythrocytes or
leukocyte membranes in vitro does not decrease even after boiling.

In contrast to these O, -producing associates or complexes, NCL isolated from
them, suppresses the oxidation of adrenaline to adrenochrome, exerting a reducing-
antioxidant effect due to NADPH electrons in its composition (the Cu, Zn-SOD does not
inhibit this process). The NCL isolated from this complex, at the expense of NADPH, has
a reductive (antioxidant) influence and forms a hybrid O, -producing associate with
isoforms of the NADPH oxidase from erythrocytes and leukocytes membranes.

Thus the properties of the thermostable complex NCL-Fe(lll): O, -producing
activity, as well as the reductive (antioxidant) activity of NCL, are practically preserved
after milk boiling during 10-12 min.

Keywords and phrases:NCL, superoxide, thermostable complex.
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Cwdwnnuwghp

Upjwu  2htnihhg, wdh Ywpehg, Ephepnghuubiph b (Hlnghnubiph
pwnwurutiphg U nbinwpnyubph pwnwuputiphg dGynwwgyti Gu O, -wpunw-
npnn YndyGputbp Yuwd wunghwunubp:

Wu  Ynduwtpuubipnid  Fe(lll) pnuubpp  dhounpnutp &u  NADPH
wwpnibwynn  [hwynwpnnbhuhg  dnGynywiht peywoduhu  EiGYwnpnuubipp
thnfuwugdwt gnpdpupwgnid’ ujwagbgubiny wiu dhusl O,: Unwu Ynndhg, in vitro
wwjdwuubipnud NADPH opuhnwgp (Nox) wywphdwunid £ tphepnghinutiph L
Imynghwnutiph NADPH wwpniuwynn (hynwpnubhuny: @wuwnnpbu, U ohéndyp,
U Ywep wwpnuwynd Gu NADPH  wwpniuwynn  hynwypnuinbhu:
Ywplwuniuubph Ywenwd b wpwu dby Oxrh wpunwnpnypjuu  hhduwlwu
hwdwywnpgbpp wynhdnpdnunybwp |Gynghnubpu Gu, puswybu uwl NADPH
wwpniuwynn  hwynwpninbhuph W Fe-p (1) dholt O-wpuwnpnn  hwdwihpp:
UhUunyu dwdwuwy, Fe () hnuubipp Ywpnn Gu hwjnuwpbpgt] Yuend L Fe
(1) wupwywpwpniejniuhg Ywpnn £ wnwowtw] uwwywnynitunteiniu:

Unyh tinwgpwd Ywehg wnwuduwgyti| b dwppyb £ uniytipopuhnh (0,)
Yninpnwihu ndnyp (wywnhdniegnitup bdwgned £ dhugl 7-8 %), npp NADPH
wwpniuwynn thynwpnuintihuh W Fe (Il)-h dhol wnwowgnn hwdwihp k:

NADPH wwpniiwynn (hwynwpnwnbhuh (5 dg/d)) opwjhtu fuwnunipnh
huynipwghwih wprynwipnid Nox! + Nox2 (tphppnghwnubph W (Giynghinutiph
pwnwuputiphg) hgndubph opwypu |Mwdnypny (5 dg/dp 37°C-nd, 40 pnuwb),
hnuwihnfuwtwywihu ppndwinngpwdbhw hpwywuwgybi £ gbynynquihu 52 DE-
ny wnwudhtu unubph ypw U hwjwuwpwyonytp £ opny (pH9.5): NADPH
wwnpniuwynn |hwynwpnunbiht -Nox hppphnwjhtu dhwynpp sh dunwd wju nhppnid
U qunynud £ opnd’ pH 9,5 wwjdwuubpnud:

Wn hwdwihpp, puswybiu twl  fhynypninbhu nwbu pwpép obpdw-
Ywjniunyggnu'  gnpduwlwunpbu - wwhwwubind  owywhywlwu  uwyblunpwhu
wwpwdbwpbpp b wynhynieyniup huynipwghwihg 10-15 pnwt htwnn:

b wwppbpnipnit wyu O-wpwnwnpnn hwdwihph' npwughg  wnwud-
twgywd NADPH wwpniuwynn |hynwpnubhup 6uond £ wnptuwhuh opuhnw-
gnuip dpusl wnpbunppnd’ hp  pwnunpnypjwu dbe  wwpniuwlyynn NADPH
ElGYwpnuutiph opuhnwybpwlwuqunn wanbgnipjwu ywwntwnny (Cu, Zn-SOD-p
sh wpgbwynd wyu gnpdpupwgp): Mwpgynud £ wju hwdwihphg deynuwgwd
(hwynwpnwnbhup nh yGpwlwugunn (hwwopuhnwuw) wagnbgnyeiniu b duw-
Yynpnw £ hhpphnwjhtu Oz-wpwwnpnn b obipdwywinis Yww NADPH  opuhnwgh,
Enhrepnghuinubiph b Gynghinubiph pwnuwputiph hgndbiputiph hbin:

Uuwhuny' Ywpep bnwgubing 10-12 pnwyb hbnn gnpduwlwunpbu
wwhwwuynd £ obipdwlwyniu hwynwpnwthu-Fe (IIl) hwdwhph O, wpunwnpnn
wYywnhynieinup, husgwbu twl  jhynwpnnbhuh  Ybpwlwuqunn  (hwlwopup-
nwuw) wywnhyniejniup:

Pwtwih pwnbp L pwnwlwwwygnipjniuubp: NADPH wwpnibwynn
(hwynwpnwbhu, uniytipopuhn, stipdwlwyntt hwdwihp:
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AHHOTAIUSA

O, -TpoIyIUpyIONINe accOolMaThl WIH KOMIUIEKCHI OBUIM  BBIACICHBl U3
CBIBOPOTKH KPOBH, M3 MOJIOKA KO3, U3 dPUTPOIUTAPHBIX U JICHKOIUTAPHBIX MeMOpaH U U3
MeMOpaH JIEKapCTBEHHBIX PACTCHUI.

Kak u3BecTHO, OCHOBHBIMH CHCTEMaMH IpoayIipoBanus O, B MOJOKE U KPOBH
MJICKOTIMTAIOIINX SIBIIIOTCS TTOMUMOP(OHYKIeapHbIe JeHKomuTh, a Takke O -
npoaypyromuid komruieke Mexay NADPH coxpepkamiero munomnporewna (HJII) u
Fe(Ill). ITpu atom monsl Fe(Ill) mpucyrctByer n B Monoke, a npu nedunure Fe(Ill) B
MOJIOKE HaOIomaeTcss aHeMus. V3 KUIITYEHOTO MOJIOKA KOPOBBI BBIACTHIIM M OYHCTHIIN
KOJIOMIHBIN pacTBop cymepokcua (O, ) — mpoxyrupyromero komiviekca Mexxay NADPH
conepxkarmM JunonporenHoM U Fe(Ill). DtoT komruteke, a Takxe HJIIT uMeroT BEICOKYIO
TePMOCTaOMIIBHOCTD, MPAKTHYECKH COXpaHSS ONTHUYECKHE CIICKTpalbHbBIC MOKa3aTelnd U
AaKTUBHOCTH TOCJIe MHKyOarnuu B TeueHue 10-15 mun.

VYaenpnas O, -npoayipytoiias akTuBHOCTh Komiutekca HIITT-Fe(I1l) u3 mosoxa
JI0 ¥ TIOCJIE €€ KUIAYSHHS MPAKTHUECKH He U3MEHSIETCs, B Pe3yJIbTaTe KUIITYSHU MOJIOKa
9Ta aKTUBHOCTh CHIDKAETCs Bcero Ha 7-8 %.

HutepecHo ¥ TO 00CTOATENBCTBO, 4YTO yaenbHas O, -TIPOAYIHMPYIOIIAs
aKTUBHOCTH THOpuHOTO acconara HJIIT mosoka ¢ uzodgopmamu NOX SpUTPOLUTAPHBIX U
JICHKOIMTAPHBIX MEMOpaH TaKKe MPAKTUYCCKH HE CHIDKAeTcs mo cpaBHeHHMo ¢ O -
npoayuupymomeid aktuBHoctd kKomiuiekca HIII-Fe(Ill). Dto monoxuTensHOE sBIECHHE,
CBUJICTENLCTRYONIEe 00 MMMyHOMOAyIupyromier aktuBHoctH HJIII Momoxa, koTopas
MPAKTUYECKU HE CHIDKACTCS JaXke MOCIIe KUMITYEHUS] MOJIOKa.

B pesymerate maKyOammu BogHO# cmecu HIIII (5 Mr/mim) ¢ BOZHBIM pacTBOpOM
n3opopm Nox1+Nox2 (3pHUTpOIHUTApHBIX ¥ JICHKOIUTAPHEIX MEMOpaH) Mo 5 MI/MJI IpH
37°C B Teuenme 40 MHMH OCYNIECTBISUIM HX HOHOOOMEHHYIO XpOMaTorpaduio Ha
OTAENBHBIX KOJNIOHKax ¢ memtono3o DE, ypaBHoBemenHno#t Bomou mnpu pHI,S.
I'ubpumaeiii accormatr HJITI-Nox He 3aaep)KMBaeTCs Ha 3TOW KOJIOHKE M DJIIOMPYETCS
BOJIOM, a Taxxke mpu pHI,S.

B ommume ot 3tEx O, -MPOAYLHUPYIOIIMX aACCOLUATOB MM KOMILICKCOB,
otnenennelii or HuX HIIII, Haobopor, 3a cuer 3nekTtpoHOB NADPH B cBOEM cocrage,
MOJABIISICT OKWCJICHUE aJpeHalnHa B agpeHOXPOM, OKa3bIBash BOCCTAHOBHUTENLHBIA —
anTHokcuaanTHeId 3ddekt (Cu,Zn-COJ] He BrusieT Ha 3TOT mpornecc). V3oimpoBaHHBIN
ot atoro komrutekca HJIIT oka3piBaeT BOCCTAHOBHUTEIBHBIN (AHTHOKCUAAHTHBIN) 3P deKT u
obpasyer rubpumseii O, -NPOAYIMPYIOMIMKA W TEepMOCTAOWIBHBIA —accomuar ¢
nzoopmamun NADPH okcunaszel (Nox) MeMOpaH 3pUTPOIMTOB M JIEHKOIIUTOB.

Taxum o6pa3om, TociIe KAMSTUEHHU MOJIOKaB TeueHue 10-12 MUHYT nmpaKkTHYeCKH
coxpansirorcss O, -IPOAYIHPYIOIIas aKTHBHOCTh TepMocTaOmibHOTO KoMmruiekca HIIII-
Fe(III), a Tak>xe BocCTaHOBUTENbHAS (AHTHOKCUAAHTHYIO) akTuBHOCTH HJIIL.

Kiarouesble cjoBa u ciaosocodyeranmsi: HJIII, cynepokcuj, TepMOCTaOUIbHBIN
accouuar.
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O, -producing complexes or associates have recently been isolated from blood
serum, goat milk, erythrocyte and leukocyte membranes, and medicinal plant membranes.
Fe(lll) ions in these complexes act as bridges for electron transfer from NCL to molecular
oxygen, reducing it up to O, . On the other hand, NADPH oxidase (Nox) of erythrocytes
and leukocytosis are activated by NCL in vitro. In fact, both serum and milk contain NCL
[1-4]. The main systems for the production of O, in mammalian milk and blood, as
previously stated, are polymorphonuclear leukocytes, as well as O, -producing complex
between NCL and Fe(ll1). At the same time, Fe(lll) ions can be found in milk, and anemia
can result from a Fe(l11) deficiency in milk [5-7].

Using the elaborated and universal method for isolation and purification of above
mentioned thermostable O, -producing associates and complexes from animal and plant-
origin membranes and biofluids [8], is necessary from raw and boiled cow milk to isolated
and purified thermostable O, -producing complex NCL-Fe(lll), which can be generated
0O, in homogeneous phase (in solution), as well as, in the gas phase.

The goal of this study: is to isolate and purify of thermostable O, -producing NCL-
Fe (I11) complex from raw and boiled cow milk to determine its composition, optical
spectral parameters, the mechanism of O, production by this complex, and hybrid
associates with Nox from erythrocytes and leukocytes membranes in vitro; to determine
the stationary concentration of produced O, in solution and gas phase.

Material and methods

Isolation and purification of the O, -producing NCL-Fe (I11) complex from
cow milk

The O, -producing NCL-Fe(l1) complex was isolated and purified from raw and
boiled cow milk using a universal method, that included precipitation of the complex at
pH4.8 and dissolving the precipitate at pH9.5. This complex's aqueous opalescence
solution was subjected to ion exchange chromatography at pH9.5 on the DE-52 cellulose
column. The O, -producing complex does not remain within the column and is free
evaluated. Under these conditions, the acidic proteins were adsorbed on this column. This
fraction of the NCL-Fe(lll) then underwent gel-filtration on the Sephadex G-100 column
(Pharmacia, Sweden) at pH9.5.Theeluated fractions with symmetrical elution diagrams
were collected.

Determination of the Fe(l11) in the composition of NCL-Nox

Using the ortophenantroline optical spectral method [9], the content of Fe(lll) in
this complex was determined, after separation of the Fe(lll) by 50 mkM EDTA and
reduction of Fe(l11) to Fe(Il) by sodium dithionite.

Isolation and purification of the total fraction of Nox1 + Nox2 isoforms from
erythrocyte (EM) and leukocyte membranes (LM)

The pH of aqueous mixtures of EM and LM was adjusted to 9.5 by adding 0.1 M
KOH and 50 uM ferric hemoglobin (Hb), isolated from human erythrocytes, and incubated
at 37°C for 1.5 hours. After centrifugation at 5800 xg for 10 min, supernatants were
subjected to ion exchange chromatography on the column with DE-52 cellulose. After
elution of the Hb fraction with 0.005 M potassium phosphate buffer, pH7,4 (PPB), the
total fraction of Nox1 + Nox2 isoforms of EM or LM was eluted by 0.2 M PPB from these
columns. Following gel filtration of the total fraction of Nox1+Nox2 isoforms on a
Sephadex G-100 column, traces of Hb in the complex with Nox were removed using an
ethanol-chloroform solution (9:1 ml/ml, for 10 ml of solution).

Isolation of NCL from NCL-Fe(l11) complex
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EDTA (2x10™ M) was used to remove Fe(l11) from this complex, followed by ion-
exchange chromatography on DE-52 cellulose at pH9.5. Under these conditions, EDTA
with Fe(l11) is absorbed on this column, and NCL is eluted quickly.

The preparation of hybrid NCL-Nox associate (h NCL-Nox) between NCL
from NCL-Fe(l11) complex and total fraction of Nox1 + Nox2 isoforms from EM and
LM

After incubating an aqueous mixture of NCL (5 mg/ml) with an aqueous solution of
Nox1 + Nox2 (EM) or (LM) isoforms, 5 mg/ml, at 37°C for 40 minutes, an ion exchange
chromatography was performed on the column of DE cellulose, equilibrated by water at
pH9.5. The hNCL-Nox associate eluates from this column with water at pH9.5

Determination of NADPH

The presence of NADPH in the complex of NCL-Fe(lll), hybrid associate hNCL-
Nox, or NCL was determined using a spectrofluorimetric method on a «Perkin Elmer»
spectrofluorimeter (USA). NADPH has an emission peak at 430 nm and an excitation peak
at 370 nm [10]. It was determined the fluorescence intensity «F» in relative units.

Determination of O, -producing activity of the complex of NCL-Fe(lll) and
hybrid associates

The adrenaline method was used to determine the O, -producing activity of the
complex of NCL-Fe(lll) and hybrid associates hNCL-Nox, as well as the reductive
(antioxidant) effect of NCL [11]. As a unit of the O, -producing activity is 50%
stimulation of the formation of adrenochrome (at 500 nm) during oxidation of adrenaline
by superoxide radicals, was produced by 1 mg NCL-Fe(l11) complex or associate: U/mg.

Determination of the stationary concentration of produced O,

The stationary concentration of O, , produced by a complex of the NCL-Fe(lIl) or
hybrid associate: hNCL -Nox was determined by the adrenaline method also, determining
the maximal optical absorbance of adrenochrome (at 500 nm), was formed during
oxidation of adrenaline with produced O, [11].

At the same time, the stationary concentration (M) of produced O, is equivalent to
the concentration of formed adrenochrome, with the molar extinction (E) to 750 M cm™.
By determining the value of Asq/E, the stationary concentration (M) of O, , produced by
these sources in the solution was determined. As a control, the optical absorbance of
adrenochrome formed during the oxidation of adrenaline by the air oxygen was used. The
stationary concentration of gas phase O, , was generated during bleeding by O, (0,1atm, at
room temperature, during 5 min) of the solution of NCL-Fe(lll) and transferring of the
0, - O, mixture by glass or silicone tube to the adrenaline solution.

The malondialdehyde (MDA) product of lipid peroxidation in NCL was determined
using the Vladimirov and Archakov method [12].

The electrophoresis of NCP-Fe(lll) was carried out on the 7% PAAG for the
proteins with acidic and basic character.

Cellulose DE-52 ("Whatman", England) and Sephadex G-100 ("Pharmacia”,
Sweden) were used. During the investigation, the spectrophotometer “Cary 60” UV/VIS,
spectrofluorimeter "Perkin Elmer” (USA), centrifuge K-24 and K-70 (“Janetzki”,
Garmany) were used.

The statistical processing of the obtained results was carried out by the Student-
Fisher variation statistics method, with the determination of the reliability criterion «p» (M
+m, n=6).

Results and discussion
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Using the universal method, from raw and boiled (10-15 min) cow milk was
isolated and purified the O, -producing complex NCL-Fe(lll) for the first time. The
aqueous opalescence solution of the NCL-Fe(lll) complex is not adsorbed on DE-52
cellulose at pH9.5. After the concentration of this fraction, the gel filtration on the
Sephadex G-100 at pH 9,5 was carried out. The fractions evaluated with a symmetric
elution diagram were collected.

In PAAG electrophoresis for the acidic and basic character proteins, the O; -
producing complex NCL-Fe(lll) from cow's milk was aggregated on the exit of the
PAAG-containing tubules. It is possible, that under the influence of the electricity the
aggregation of the NCL-Nox on heterogeneous phase (on PAAG) was carried out. The
presence on the PAAG of acidic and basic character proteins, which are colored by amido
black, was not detected. This is the first indirect factor of the purity of the NCL-Fe(lIl).
The second factor of the purity is a symmetrical evaluation diagram from G-100 Sephadex
and the third factor is invariable of the relation Aj12/Azg0 during further purification of
NCL-Fe(IlI).

The presence of MDA in NCL from raw and boiled milk is up to 2,4x10”° M/mg
and 2,1x 10”° M /mg, respectively.

The specific content of NCL-Fe(lll) in raw and boiled milk, determined after
desalting and vacuum lyophilization is 17.1 £ 0.12 mg/ml and 16.7 £ 0.11 mg/ml of milk
(p <0.05), respectively. The content of the Fe(lll) in the composition of the NCL-Fe(lll)
from raw and boiled milk were 2,4 mkM/ml + 0,01 and 2,1 mkM/ml £ 0,03 (p<0,005,
n=6), correspondingly.

The form of optical absorption spectra of the opalescence solution of NCL-Fe(lll)
complex from raw and boiled milk and NCL are not changed in the visible UW region of
the spectra (Fig. 1).

1.2
A k
0.8 %t \
J
0.4 \
1 1 | L Il L |
280 380 480 580 nm

Fig. 1. Optical absorption spectra of opalescence solution of NCL-Fe (I11) complex from
milk or NCL before (-----) and after milk boiling (__ ) at pH 9.5.

There is a protein-specific optical absorption at 280 nm in the UV region. The
forms of optical absorption spectra and the intensity of the optical absorption of NCL do
not change after Fe(lll) removal. As shown in Fig. 2, there is characteristic background
absorption of the isoforms of a hybrid associate of NCL between Nox from erythrocyte or
leukocyte membranes (hNCL-Nox).
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Fig. 2. Optical absorption spectra in the visible region of opalescence solutions (at pH9.5)
of O, -producing hybrid associate between Nox from EM or LM and NCL from cow milk
complex NCL-Fe(lll) (raw (---) and boiled (___ ) milk).

In Fig.2 there are characteristic optical absorbances for the Nox in hybrid associates
in the oxidized state (360 nm, 412 nm, 530, and 560 nm). In the UW region, the
characteristic spectra for the protein optical absorption at 280 nm were indicated for the
isoforms of hNCL-Nox (EM) and hNCL-Nox (LM).

Furthermore, ion-exchange chromatography and gel filtration do not decay the
complex of NLC-Fe(l11) and hybrid associates.

The higher thermostability of the O, -producing complex NCL-Fe(lll) from cow
milk and hNCL-Noxcan be connected with the increase in the temperatures to 280-300°C,
during nanosecond, for transmission of oxidation/reduction metabolic process [13].

The fluorescence intensity «F»(in relative units) of the NADPH in the composition
of the complex NCL-F(III) for the raw and boiled cow milk was practically similarly:
45,5+2,2 and 44,3+0,7 (p>0,005, n=6), correspondingly.

The immediate mechanism of O, production by the complex of NCL-Fe(lll) was
conditioned with the transfer of electrons from NCL to Fe(lll), then to O,, reducing it up
to O, . The immediate mechanism of O, production by hNCL-Nox associate was
conditioned with transfer of the electron from NCL to the Fe(lll) of the heme group of
Nox, then to O,, reducing it up to O, . The Cu, Zn-SOD completely inhibits adrenaline
oxidation by the produced O, .

The specific O, -producing activity of NCL-Fe(lIl) complex from milk, before and
after boiling, practically does not change as a result of milk boiling (this activity decreases
by only 7-8%). The specific O, -producing activity of hNCL-Nox isoforms of EM and LM
basically does not decrease when compared to the NCL-Fe(lll) complex. This is a
promising finding, suggesting that milk NCL has stimulating the Nox from erythrocytes or
leukocyte membranes in vitro does not decrease even after boiling. In contrast to these
0O, -producing associates or complexes, NCL isolated from them, suppresses the oxidation
of adrenaline to adrenochrome, exerting a reducing-antioxidant effect due to NADPH
electrons in its composition (the Cu, Zn-SOD does not inhibit this process).

The stationary concentration of gas phase O, , generated from complex NCL-
Fe(lll) from raw and boiled cow milk were: 1,6 £ 0,04 mkM and 1,4+0,1 mkM (p>0,005,
n=6) by 1mg complex, during 1 min at room temperature (the catalytically amount Cu,Zn-
SOD inhibited also the formation of gas phase O, ).

In fact, oxygen can stabilize the gas phase O, by forming the coordination band
between O, and O, . On the other hand, it is known, that the gas phase O, is formed in
the air, by reducing the molecular oxygen by negative metal ions traces; during reduction
of oxygen by the electrochemical way; within plant photosynthesis, called “gas-phase
superoxide generator” [14-16].

170



The generated monocomponent and regulated stationary concentration of gas phase
0O, by enzymatic way from cow milk NCL-Fe(lll), can be used with the oxygen mask at
the lung infection diseases in experiments, as well, in perspective, in clinics, also. In
comparison with the other gas phase O, , the monocomponent and regulated stationary
concentration of produced O, continuously and enzymatically by milk NCL-Fe(lll)
complex is preferential. The fundamental significance of the obtained results: 1) the
immediate mechanism of the production of O, by complex of NCL-Fe(lIl) from milk and
hNCL-Nox. By this mechanism as an electron bridge it was used the connected NADPH
in the composition of NCL, but not free NADPH; 2)the formation of the monocomponent
and regulating the stationary concentration of gas phase O, from solutions of this
complex of NCL-Fe(lll) or hNCL-Nox associate; 3) the stabilization of the gas phase
superoxide radicals by molecular oxygen.

The practical significance of obtained results, in particular, the qualitative and
quantitative changes of NCL-(Felll) complex as new sensitive tests for evaluation of the
quality of the milk; the use of the gas phase O, as a antimicrobial and anticancer agent; as
a stimulator of the proliferation of bone marrow stem cells in culture, etc.

In fact, NCL can be a component of milk immunomodulation and can have a
positive effect on immunodeficiency [17], by stimulating the O, -producing activity of
Nox isoforms of immune cell membranes. However, for this conclusion, it is necessary
that similar investigations in experiments, after feeding of the NCLto the animals will be
carried out. On the other hand, the O, -producing complex and hybrid associates can be
used as natural, potential bactericidal and antiviral agents, particularly at high
temperatures.

Conclusion

Thus after boiling cow milk, the physicochemical properties of O, -producing
complex NCL-Fe (Il1) practically remain unchanged.
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