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Abstract                                                                                                                                                                                                                                                                                                          
О2

−
-producing complexes or associates have recently been isolated from blood 

serum, goat milk, erythrocyte, leukocyte membranes, and medicinal plant membranes. 

Fe(III) ions in these complexes act as bridges for electron transfer from NADPH-
containing lipoprotein (NCL) to molecular oxygen, reducing it up to О2

−
. 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 О2
−
 in mammalian milk and blood, as 

previously stated, are polymorphonuclear leukocytes, as well as О2
−
-producing complex 

between NCL and Fe (III). At the same time, Fe(III) ions can be found in milk, and anemia 

can result from a Fe(III) deficiency in milk. The superoxide (О2
−
) - producing 

thermostable complex between NCL and Fe(III): NCL-Fe(III) was isolated and purified 
from raw and boiled cow milk, for the first time. The specific О2

−
-producing activity of 

NCL-Fe(III) 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 О2
−
-producing activity of hNCL-Nox isoforms of EM and LM 

basically does not decrease when compared to the NCL-Fe(III) 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 О2
−
-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 О2

−
-producing associate with 

isoforms of the NADPH oxidase from erythrocytes and leukocytes membranes.  
         Thus the properties of the thermostable complex NCL-Fe(III): О2

−
-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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Аннотация 

О2
−
-продуцирующие ассоциаты или комплексы были выделены из 

сыворотки крови, из молока коз, из эритроцитарных и лейкоцитарных мембран и из 

мембран лекарственных растений.   
Как известно, основными системами продуцирования О2

−
 в молоке и крови 

млекопитающих являются полиморфонуклеарные лейкоциты, а также О2
−
-

продуцирующий комплекс между NADPH содержащего липопротеина (НЛП) и 
Fe(III). При этом ионы Fe(III) присутствует и в молоке, а при дефиците Fe(III) в 
молоке наблюдается анемия. Из кипяченого молока коровы выделили и очистили 

колоидный раствор супероксид (О2
−
) – продуцирующего комплекса между NADPH 

содержащим липопротеином и Fe(III). Этот комплекс, а также НЛП  имеют высокую 

термостабильность, практически сохраняя оптические спектральные показатели и 
активность после инкубации в течение 10-15 мин.  

Удельная О2
−
-продуцирующая активность комплекса НЛП-Fe(III) из молока 

до и после ее кипячения практически не изменяется, в результате кипячения молока 
эта активность снижается всего на 7-8 %.  

Интересно и то обстоятельство, что удельная О2
−
-продуцирующая 

активность гибридного ассоциата НЛП молока с изоформами Nox эритроцитарных и 
лейкоцитарных мембран также практически не снижается по сравнению с О2

−
-

продуцирующей активности комплекса НЛП-Fe(III). Это положительное явление, 
свидетельствующее об иммуномодулирующей активности НЛП молока, которая 
практически не снижается даже после кипячения молока. 

 В результате инкубации водной смеси НЛП (5 мг/мл) с водным раствором 
изоформ Nox1+Nox2 (эритроцитарных и лейкоцитарных мембран) по 5 мг/мл при 
37

о
С в течение  40 мин осуществляли их ионообменную хроматографию на 

отдельных колонках с целлюлозой DE, уравновешенной водой при pH9,5. 
Гибридный ассоциат НЛП-Nox не задерживается на этой колонке и элюируется 
водой, а также при pH9,5. 

 В отличие от этих О2
−
-продуцирующих ассоциатов или комплексов, 

отделенный от них НЛП, наоборот, за счет электронов NADPH в своем составе, 

подавляет окисление адреналина в адренохром, оказывая восстановительный – 
антиоксидантный эффект (Cu,Zn-СОД не влияет на этот процесс). Изолированный 
от этого комплекса НЛП оказывает восстановительный (антиоксидантный) эффект и 

образует гибридный О2
−
-продуцирующий и термостабильный ассоциат с 

изоформами NADPH оксидазы (Nox) мембран эритроцитов и лейкоцитов.  
Таким образом, после кипячения молокав течение 10-12 минут практически 

сохраняются О2
−
-продуцирующая активность термостабильного комплекса НЛП-

Fe(III), а также восстановительная (антиоксидантную) активность НЛП. 

 
Ключевые слова и словосочетания: НЛП, супероксид, термостабильный 

ассоциат. 
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О2
−
-producing complexes or associates have recently been isolated from blood 

serum, goat milk, erythrocyte and leukocyte membranes, and medicinal plant membranes. 
Fe(III) ions in these complexes act as bridges for electron transfer from NCL to molecular 

oxygen, reducing it up to О2
−
. 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 О2

−
 in mammalian milk and blood, as 

previously stated, are polymorphonuclear leukocytes, as well as О2
−
-producing complex 

between NCL and Fe(III). At the same time, Fe(III) ions can be found in milk, and anemia 
can result from a Fe(III) deficiency in milk [5-7]. 

 Using the elaborated and universal method for isolation and purification of above 
mentioned thermostable О2

−
-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 О2

-producing complex NCL-Fe(III), which can be generated 

О2
−
 in homogeneous phase (in solution), as well as, in the gas phase. 

The goal of this study: is to isolate and purify of thermostable О2
−
-producing NCL-

Fe (III) complex from raw and boiled cow milk to determine its composition, optical 
spectral parameters, the mechanism of О2

−
 production by this complex, and hybrid 

associates with Nox from erythrocytes and leukocytes membranes in vitro; to determine 
the stationary concentration of produced О2

−
 in solution and gas phase.  

Material and methods 

Isolation and purification of the О2
−
-producing NCL-Fe (III) complex from 

cow milk 

The О2
−
-producing NCL-Fe(III) 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 О2

−
-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(III) 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(III) in the composition of NCL-Nox 
Using the ortophenantrolinе optical spectral method [9], the content of Fe(III) in 

this complex was determined, after separation of the Fe(III) by 50 mkM EDTA and 
reduction of Fe(III) to Fe(II) 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 μM 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(III) complex 
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EDTA (2x10
-4

 M) was used to remove Fe(III) from this complex, followed by ion-

exchange chromatography on DE-52 cellulose at pH9.5. Under these conditions, EDTA 
with Fe(III) 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(III) 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(III), 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 О2

−
-producing activity of the complex of NCL-Fe(III) and 

hybrid associates 

The adrenaline method was used to determine the О2
−
-producing activity of the 

complex of NCL-Fe(III) and hybrid associates hNCL-Nox, as well as the reductive 

(antioxidant) effect of NCL [11]. As a unit of the О2
−
-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(III) complex or associate: U/mg. 

Determination of the stationary concentration of produced О2
−
 

The stationary concentration of О2
−
, produced by a complex of the NCL-Fe(III) 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 О2

 [11].  

At the same time, the stationary concentration (M) of produced О2
−
 is equivalent to 

the concentration of formed adrenochrome, with the molar extinction (E) to 750 M
-1

cм
-1

. 
By determining the value of A500/E, the stationary concentration (M) of О2

−
, 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 О2

−
, was generated during bleeding by О2 (0,1atm, at 

room temperature, during 5 min) of the solution of NCL-Fe(III) and transferring of the 
О2

−
- О2  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(III) 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  О2
−
-producing complex NCL-Fe(III) for the first time. The 

aqueous opalescence solution of the NCL-Fe(III) 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 О2
−
-

producing complex NCL-Fe(III) 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 

аggregation 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(III). 
The second factor of the purity is a symmetrical evaluation diagram from G-100 Sephadex 
and the third factor is invariable of the relation А412/А280 during further purification of 

NCL-Fe(III). 
The presence of MDA in NCL from raw and boiled milk is up to 2,4x10

-5
 M/mg 

and 2,1x 10
-5

 M /mg, respectively. 

The specific content of NCL-Fe(III) 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(III) in the composition of the NCL-Fe(III) 
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 opalescencе solution of NCL-Fe(III) 
complex from raw and boiled milk and NCL are not changed in the visible UW region of 
the spectra (Fig. 1). 

 
Fig. 1. Optical absorption spectra of opalescenсе solution of NCL-Fe (III) 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(III) 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 opalescencе solutions (at pH9.5) 
of О2

−
-producing hybrid associate between Nox from EM or  LM and NCL from cow milk 

complex NCL-Fe(III)    (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(III) and hybrid associates. 

The higher thermostability of the О2
−
-producing complex NCL-Fe(III) from cow 

milk and hNCL-Noxcan be connected with the increase in the temperatures to 280-300
o
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 О2
−
 production by the complex of NCL-Fe(III) was 

conditioned with the transfer of electrons from NCL to Fe(III), then to О2, reducing it up 

to О2
−
. The immediate mechanism of О2

−
production by hNCL-Nox associate was 

conditioned with transfer of the electron from NCL to the Fe(III) of the heme group of 
Nox, then to О2, reducing it up to О2

−
. The Cu, Zn-SOD completely inhibits adrenaline 

oxidation by the produced О2
−
. 

The specific О2
−
-producing activity of NCL-Fe(III) 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 О2
−
-producing activity of hNCL-Nox isoforms of EM and LM 

basically does not decrease when compared to the NCL-Fe(III) 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 
О2

−
-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 О2
−
, generated from complex NCL-

Fe(III) 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 О2

−
).  

In fact, oxygen can stabilize the gas phase О2
−
 by forming the coordination band 

between О2 and О2
−
. On the other hand, it is known, that the gas phase О2

−
 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].  
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The generated monocomponent and regulated stationary concentration of gas phase 

О2
−
 by enzymatic way from cow milk NCL-Fe(III), 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   О2
−
, the monocomponent and regulated stationary 

concentration of produced О2
−
continuously and enzymatically by milk NCL-Fe(III) 

complex is preferential. The fundamental significance of the obtained results: 1) the 

immediate mechanism of the production of О2
−
by complex of NCL-Fe(III) 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 О2
−
 from solutions of this 

complex of NCL-Fe(III) 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-(FeIII) complex as new sensitive tests for evaluation of the 

quality of the milk; the use of the gas phase О2

 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 О2
−
-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 О2
−
-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 О2

−
-producing 

complex NCL-Fe (III) practically remain unchanged. 
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