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Introduction. Today nanotechnological preparations of micronutrients in the form of nanoparticles (NP) and 
nanoaquachelates (NAСH) are used in medicine, veterinary medicine, agriculture, perfumes and food products. 
Nanoscale causes increased bioavailability and biological activity of trace elements, which can have both positive 
and negative effects on human health. Thith is due to the special physicochemical properties of the NP, their 
large surface area and adsorption capacity. It is established that at interaction of nanoparticles with proteins there 
are disturbances of their structural organization (denaturation). To prevent adverse effects from the use of such 
nanopreparations, it is necessary to perform toxicological studies of their safety.
The aim of the study was to evaluate the safety of iron and copper nanopreparations (metal nanoparticles and their 
nanoaquachelates) on the structure of human blood plasma proteins in experiment in vitro.
Materials and methods. The object of the study were aqueous dispersions of nanoparticles of iron and copper (NP 
Fe 40 nm and NP Cu 20 nm), chemically synthesized and nanoaquachelates (NACH Fe and NACH Cu, particle 
size 200 nm), obtained by erosion-explosive nanotechnology. The study was performed on human plasma pro-
teins (albumin, immunoglobulin G) under conditions of their in vitro exposure to these nanopreparations. 
Changes in the structure of proteins were evaluated by the optical density of solutions on Mephane spectropho-
tometer at 405 nm and the mass spectrs of proteins by MALDI-ToF mass-spectrometry on an Autoflex II – 
(Bruker).
Results. It has been shown that the interaction of NP and NACН of metals leads to changes in the structure and 
mass of proteins. It was found that the optical density indices of protein solutions changed depending on the con-
centration of metal NP, their size, and the activity of the base metal. Thus, NP Cu and NACH Cu interacted more 
actively with albumin, while NP Fe and NACH Fe – with immunoglobulin G (IgG). It was shown that metals in 
the form of nanoparticels size < 100 nm caused more intensive structural changes in proteins than their HACH with 
particles size of 200 nm. Based on the obtained results, safe concentrations of metals NP were calculated: NP Fe – 
0.06 mg/ml, NP Cu – 0.03 mg/ml, NACH Fe and NACH Cu – 0.1 mg/ml.
Conclusions. The NP and NACH of iron and copper incubated with albumin and human IgG in vitro caused 
structural changes in both proteins and NP. Proteins increased the solubility of NP, which caused the release of 
metal ions, their attachment to the active groups of proteins, as evidenced by changes in the optical density of 
solutions and an increase in the mass of proteins. Due to the large surface area, metal NP adsorbed proteins on 
themselves, causing their aggregation and precipitation. The results obtained make it possible to recommend 
blood plasma proteins as an in vitro model for the express assessment of the safety and biocompatibility of micro-
element nanopreparations for human and animal health, as well as during their hygienic regulation.
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Introduction

Trace elements iron and copper are essential 
nutritional metals that play an important role in 
functioning of the nervous, endocrine and 
immune systems of the body. They are involved 
in almost all vital processes (metabolism, hema­
topoiesis, growth, reproduction, differentiation 
and stabilization of cell membranes, tissue respi­
ration). Deficiencies of these trace elements in 
the body are accompanied by specific structural 
and functional abnormalities, while their exces­
sive amounts can cause toxic effects [1, 2].

Iron and Copper enter the human body with 
food, as well as with vitamin preparations and 
dietary supplements in the form of salts (ions) 
[3]. Modern nanotechnology creates opportuni­
ties for the production of new forms of nano­
preparations of trace elements, in particular, in 
the form of nanoparticles (NP) and nanoaqua­
chelates (NACH), where nanoparticles contain 
molecules of water or biologically compatible 
carboxylic acids as ligands. Micronutrient 
nanoparticles are actively used in medicine, 
veterinary medicine, agriculture, perfumery and 
food products [4–6].

It is well-known that the mechanism and rate 
of penetration of metals through various biologi­
cal barriers depend on the physical and chemical 
properties of these substances, the chemical 
composition and the conditions of the internal 
environment of the body. Metals entering the 
gastrointestinal tract enter the blood, where they 
bind with plasma proteins and erythrocyte mem­
branes for their further transport to tissues and 
organs in a few minutes [7].

It was found that metals in the form of NP can 
easily penetrate through epithelial cells, spread 
along the paths of nerve cells, blood and lym­
phatic vessels. Doing so, they selectively accu­
mulate in different cell types and in certain cel­
lular structures. Having small size, large surface 
area, charge and high biological activity, metal 

particles can interact with nucleic acids, pro­
teins, contribute to their unique distribution in 
organs and tissues, as well as disrupt functions 
of these biological components [8, 9].

Considering the above, the synthesis and 
application of nanopreparation of trace elements 
not only opens up new perspectives, but also 
creates new risks. The lack of fundamental know­
ledge of the possible risks to human health 
necessitates the conduct of appropriate toxico­
logical studies. A detailed study of the behaviour 
of metal particles in the living organism is now 
one of the priority tasks of a new direction of pre­
ventive toxicology, nanotoxicology [10, 11].

Among the methods of nanotoxicology, much 
attention is paid to, in vitro models and test sys­
tems, alternative experiments on animals [9, 12, 
13]. To establish the overall toxicity of chemical 
compounds, blood plasma proteins are consi­
dered as an alternative model [14]. This is 
because blood proteins perform a number of 
important functions in the body: transport, pro­
tective, and trophic. Proteins also create osmotic 
pressure and are involved in the maintenance of 
blood pH, as well as providing protection against 
blood loss. Proteins belong to the class of natural 
polymers, for which the relationship between 
structure and functional properties of macromol­
ecules has been established. Both their amino 
acid (peptide) sequence and the three-dimen­
sional structure, which is formed in the process 
of clotting, are extremely important for the func­
tioning of proteins [15].

It has been proved that during the interaction 
of proteins with heavy metal ions the following 
changes occur: binding and blocking of protein 
active centres, their denaturation, with the pro­
tein molecule losing its native structure state 
and necessary properties for functioning in the 
cell. In addition to disruption of the structure, the 
interaction of metal NР with proteins can inten­
sify the transport of toxic substances inside the 
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cell, disrupt metabolism, unusual accumulation 
and distribution of NР in the tissues of the body 
[16].

In our previous studies, the effect of lead ions 
and lead sulfide nanoparticles (NP PbS) with 
size of 26–34 nm and 50–80 nm on the struc­
ture of human albumin and IgG was established. 
It was shown that lead ions and PbS NP during 
in vitro incubation with proteins cause their 
structural and functional changes, the extent of 
which depended on the metal concentration in 
incubation solution and particle size [17, 18].

In the study [19], were found, that incubation 
with proteins to increase the solubility of ZnO, 
CdSe, iron and aluminum oxides nanoparticles. 
Metal nanoparticles also influenced protein 
molecules, causing their aggregation, denatu­
ration and impaired functional activity. Other 
authors [20] investigated that albumin, when 
added to the solution of NP PbS, covered their 
surface and increased their size, as evidenced by 
the broadening of diffraction reflection bands.

So, in order to prevent the adverse effects of 
exposure to nanopreparation of trace metals on 
human health, it is necessary to carry out toxico­
logical studies on their safety.

The aim of this work was to assess the safety 
of iron and copper nanopreparations (metal 
nanoparticles and their nanoaquachelates) in 
terms of their influence on the structure of 
human blood plasma proteins in in vitro experi­
ments.

Materials and methods of research

The nanoparticles of iron (NP Fe) and copper 
(NP Cu) were synthesized chemically and charac­
terized by physico-chemical properties in the 
Institute of Biocolloid Chemistry. F. D. Ovcha­
renko of the National Academy of Sciences of 
Ukraine [21] and presented for study in the form 
of aqueous dispersions. The aqueous dispersion 

of NP Fe was with spherical particles, average 
size 40 nm, iron concentration 10 mg/ml. The 
aqueous dispersion of NP Cu was with spherical 
particles, average size 20 nm, copper concentra­
tion 8 mg/ml.

In this work we investigated iron and copper 
nanoacquachelates (NACH Fe and NACH Cu), 
which were obtained from chemically pure metal 
plates using Kaplunenko-Kosinov’s method of 
nanomaterials and nanotechnology [22]. Nano­
acquachelates are complexes of metal nanopar­
ticles with carboxylic acid molecules, which 
increases their bioavailability and biological 
activity. The nanoacquachelates of both metals 
were spherical in shape, average size 200 nm, 
metal concentration in solution was 100 mg/ml.

Among human blood plasma proteins, were 
selected for experiments those, wich performing 
transport and protectivefunctions, albumin and 
immunoglobulin G (IgG) (Sigma, USA).

Spectrometry with the determination of the 
optical density of solutions was used to deter­
mine the effect of metal NP on proteins. Working 
solutions of NP and NACH metals were prepared 
in deionized water. Protein solutions were pre­
pared on 0.9 % NaCl with a final protein concen­
tration of 1 mg/ml. During the experiment, the 
protein was gently mixed with a 1:1 with solution 
of NP and NACH metals, than incubated for 2 
hours at 37 °C. A series of assays were performed 
for each protein: 1 tube – 1 ml protein + 1 ml 
0.9 % NaCl (negative control); 2 tube – 1 ml 
protein + 1 ml 0.1 M HCl (positive control); 
3–8 tube – 1 ml protein + 1 ml NP Fe solution 
(iron concentration: 0.5; 0.25; 0.125; 0.063; 
0.031 and 0.015 mg/mL); 9–14 tube – 1 ml 
protein + 1 ml NP Cu solution (copper concen­
tration: 0.5; 0.25; 0.125; 0.063; 0.031 and  
0.015 mg/ml); 15–20 tubes – 1 ml protein +  
1 ml NACH Fe solution (iron concentration: 1.0; 
0.5, 0.25; 0.1; 0.05; 0.025 mg/ml); 21–26 
tubes – 1 ml protein + 1 ml NACH Cu solution 
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(copper concentration: 1.0; 0.5; 0.25; 0.1; 0.05;  
0.025 mg/ml). Optical density of research tubes 
solutions was measured in relation to negative 
and positive controls on spectrophotometer 
Mefan (Ukraine) at wavelength 405 nm [14].

Protein structure disturbance (degree of dena­
turation) after exposure to nanopreparation of 
metals was calculated by the formula:

 ODTT/ODPC • 100 %, where:

ODTT – optical density of protein solution 
with nanopreparates (test tubes);

ODPC – optical density of protein solution 
with 0.1 M HCl (positive control).

MALDI-ToF mass spectrometry (Matrix 
Assisted Laser Desorption/Ionization Time of 
Flight) is one of the modern methods for the 
investigation of high molecular weight of biologi­
cal compounds such as proteins, nucleic acids, 
lipids and oligosaccharides. This method allows 
investigating protein modifications, fragmenta­
tion pathways and the structure of formed cova­
lent and non-covalent complexes. The method is 
based on matrix-activated laser desorption ioni­
sation with time-of-flight analyser. Protein iden­
tification by MALDI-TоF mass spectrometry has 
driven the development of proteomics and is now 
used as one of its main tools [23, 24].

For MALDI-ToF mass spectrometry, working 
solutions of human albumin and IgG (protein 
concentration 1 mg/ml) were diluted with deioni­
sed water in the ratio of 1:100. Experimental 
solutions of metal nanoparticles were prepared 
by diluting matrix concentrations to (0.1; 0.01; 
0.001 mg/ml) in deionized water. Up to 0.1 ml of 
working protein solution was added to 0.1 ml of 
NP or NACH of metal solution (analyte), incu­
bated 2 hours at 37 °C, then mixed with Sinapic 
Acid (SA) matrix (Fluka) in a ratio of 1:1 and 
applied to a standard steel substrate. After co-
crystallization of the matrix with the analyte, the 

substrate was placed in the working area of the 
mass spectrometer [24]. Protein mass spectra 
were measured on an Autoflex II – (Bruker) 
massspectrometer. Researches were conducted in 
a range of values from 19 000 m/z to 300 000 m/z. 
Total spectra of positive ions were analysed, 
which were obtained by the accumulation of  
600 single spectra. Protein mass spectra were 
studied at the Muldy Centre of Chuiko Institute 
of Surfase Chemistry of the National Academy of 
Sciences of Ukraine. 

Statistical processing of obtained results was 
performed using the methods of variation statis­
tics with the help of statistical analysis program 
Exell 2007.

Results of research and discussion

It is now known that during the interaction of 
heavy metal ions with blood plasma proteins in 
concentrations higher than physiological, they 
can bind to the protein sites, which are localized 
on the surface or in the interdomain space. The 
interaction of metal ions with the ligands on the 
surface of the protein causes a decrease in the 
compactness of the globule packing and its 
unfolding into the extramolecular space. This 
increases the ability of hidden protein compo­
nents in the native molecule to intermolecular 
interactions with the formation of supramolecu­
lar aggregates, thus increasing the optical den­
sity of the solution. The incorporation of metal 
into internal compartments of protein leads to 
the increase of compactness of protein molecule 
and corresponding decrease of solution optical 
density [15, 16]. Thus, measurement of solution 
optical density can be used as an indicator of 
conformational changes in a protein molecule.

According to the results of measurements of 
optical density of human blood plasma protein 
solutions after incubation with NP Fe and NP 
Cu, it was found that these parameters for 
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both protein solutions change in direct depen­
dence on concentration of metal NP. The per­
centage of albumin denaturation was calcu­
lated to be 61.7 % for albumin and 86.9 % for 
Ig G when exposed to NP Fe in the concentra­
tion (0.5 mg/ml) compared to the positive 
control; after exposure to NP Cu (0.5 mg/ml), 
this index was 180.3 % for albumin and 
70.3  % for Ig G, respectively. A decrease in 
the exposure dose of metals NP also caused 
less structural changes in the proteins. The 
lowest concentration of NP Fe and NP Cu 
(0.015 mg/ml) did not significantly affect the 
structural organization of albumin and IgG, 
the optical density values of the study samples 
were close to those of the negative control 
(protein + 0.9 % NaCl) (Fig. 1).

Thus, the determined values of the optical 
density of human albumin and IgG solutions 
after in vitro exposure to metasl NP allow us to 
conclude that their effect on plasma proteins 
depended on the NP size, the concentration and 
biological activity of the metal. NP Fe were more 
active to IgG, but NP Cu were more active to 
albumin. Based on the results of the studies, the 

concentration of metals NP that did not cause 
structural changes in the proteins, in particular, 
for NP Fe – 0.06 mg/ml and NP Cu – 0.03 mg/
ml, which can be safe in the human body.

Measurementof the optical density of protein 
solutions after in vitro incubation with metals 
NACH showed the following results (Fig. 2) The 
denaturation of albumin after exposure to NACH 
Fe at the highest concentration (1.0 g/ml) was 
28.5 %, and IgG – 66.5 %. Percentage of albu­
min denaturation after exposure to NACH Cu at 
the same concentration (1.0 g/ml ) was 52.8 %, 
and IgG – 41.9 %, respectively. Low concentra­
tions of both metals NACH (0.1; 0.05 and  
0.025 mg/ml) did not affect the structural orga­
nization of human albumin and IgG in in vitro 
experiments (Fig. 2). 

 Thus, for NP Fe and NP Cu, as well as for 
NACT of this metals, a direct dependence of the 
optical density indicators on the metal concen­
tration in the incubation solution was estab­
lished. It is necessary to note, that NACH metals 
also show selective activity in relation to pro­
teins, namely, NACH Fe was more active to IgG, 
and NACH Cu – to albumin. The data on the 

 Fig. 1. Degree of denaturation of human plasma proteins (in % to positive control) after 2 hours of 
incubation in vitro with solutions of NP Fe and NP Cu at different concentrations of the metals
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optical density of proteins exposed to NACH of 
metals made it possible to determine their con­
centration – 0.1 mg/ml, which had no influence 
on the structure of both proteins.

Comparison of the optical densities of protein 
solutions after incubation with Fe and Cu nano­
preparates leads to the conclusion that NACH Fe 
and NACH Cu had less effect on the structure of 
human blood plasma proteins under in vitro 
conditions than those metalsnanoparticles. 
NACH Fe and NP Fe were more active to IgG, 
while NACH Cu and NP Cu showed greater 
activity agains albumin. The affinity of copper 
nanopreparates to albumin, and iron nanoprepa­
rates agains IgG can be explained by the fact 
that, under physiological conditions, copper ions 
that enter to the blood are primarily bound by 
albumin and transported further to the liver, 
whereas iron ions are mainly bound by the 
β-globulin protein fraction, take part in the syn­
thesis of immunoglobulins [16].

The next step in the investigation of the effects 
of NF and NACH of iron and copper on human 
plasma proteins was the determination of their 
mass spectra by MALDI-TOF mass spectrome­

try. The measurement of the mass spectra of 
blood plasma proteins after in vitro incubation 
with NP and NACH of metals showed that they 
changed significantly especially after incubation 
with metals NP (Fig. 3–6).

The peak with the highest mass in the first 
spectrum corresponded to the mass of the whole 
IgG molecule and was 148,660 m/z, corre­
sponding to the molecular ion of the IgG mole­
cule. The peak of 74 424 m/z, corresponds to the 
connected H and L chains of the molecule, the 
peak of 49 600 m/z is heavy chain and the peak 
of 23 300 m/z is light chain of IgG molecule 
(Fig. 3). It should be noted that the obtained 
mass-spectrum of human IgG and its interpreta­
tion is in agreement with that of the authors [25].

After incubation of IgG with NP Fe changes of 
m/z values of corresponding peaks in the mass-
spectrum of positive ions of this protein (Fig. 3, 
spectrum 2, 3, 4) in all concentrations compared 
to the values in the control (Fig. 3, spectrum 1) 
were determined.

The calculated increase in mass value of whole 
IgG molecule after interaction with NP Fe at con­
centrations (0.1 and 0.01 mg/ml) corresponded 

Fig. 2. Degree of denaturation of human plasma proteins (in % to positive control) after 2 hours of 
incubation with aqueous solutions of NACH Fe and NACH Cu at different concentrations of the metals



145

17(3)'2021
ISSN 2223-6775, Ukrainian Journal of Occupational Health, 2021, 17 (3), 139–150

ORIGINAL PAPERS

Fig. 3. Mass spectra of immunoglobulin G after incubation with NP Fe: 1 – control;  
2 – with 0.1 mg/ml NP Fe; 3 – with 0.01 mg/ml NP Fe; 4 – with 0.001 mg/ml NP Fe 

Fig. 4. Mass spectra of immunoglobulin G after incubation with NP Cu: 1 – control;  
2 – with 0.1 mg/ml NP Cu; 3 – with 0.01 mg/ml NP Cu; 4 – with 0.001 mg/ml NP Cu
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to mass values of 35 and 15 Fe atoms, respec­
tively, whereas the mass values of IgG at 0.001 
mg/ml concentration of NP Fe did not signifi­
cantly differ from those of control. The latter may 
be evidence, that NP Fe at a concentration of 
0.001 mg/ml had no effect agains IgG.

The in vitro incubation of human IgG with NP 
Cu caused slightly different changes in its mass 
spectrum (Fig. 4).

The addition of Cu atoms into the whole IgG 
molecule occurred at the concentrations of 0.1 
and 0.01 mg/ml (respectively, 10 and 2 atoms), 
while the 2-nd peak intensity spectrum was 
weak, which may indicate changes in the struc­
ture of this protein, in particular its aggregation 
and deposition. The most active NP Cu attach­
ment (17, 15 and 16 atoms) was detected for the 

IgG fragment with the mass of about 49 000 m/z 
corresponding to the heavy chain. It should be 
noted that the masses of the light chain of the 
IgG molecule did not change after incubation 
with different concentrations of NP Cu.

Thus, the results of measurements of IgG 
mass spectra suggest that NP Fe was most 
active against the whole IgG molecule, whereas 
NP Cu was actively attached to its H-heavy 
chain.

The next protein examined was human albu­
min. The mass of the whole albumin molecule 
is 65 to 66 kDa. One of the main features of the 
albumin molecule, which has a transport func­
tion, is its ability to bind a large number of 
different compounds, including metal ions [15, 
26].

Fig. 5. Mass spectra of albumin after incubation with NP Fe: 1 – control; 2 – with 0.1 mg/ml NP Fe;  
3 – with 0.01 mg/ml NP Fe; 4 – with 0.001mg/ml NP Fe 
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It was determined that the mass of albumin in 
the control sample was 66 355 m/z (Fig. 5), 
which corresponds to the ion of the albumin mol­
ecule and does not differ from the values of other 
authors [25].

 The measurement of the mass spectra of 
albumin after incubation with Fe-particles at a 
concentration of 0.1 mg/ml showed an increase 
in the m/z value of the protein molecule com­
pared to control by 245 a.s.m., which corre­
sponds to 4 Fe atoms. The other two Fe concen­
trations did not change the mass of the albumin 
(Fig. 5).

Incubation of albumin with NP Cu solution at 
the highest concentration of 0.1 mg/ml did not 
produce a clear mass spectrum (Fig. 6, spectrum 
2). Low concentrations of NP Cu (0.01 mg/ml 

and 0.001mg/ml) did not significantly affect the 
albumin structure and did not change the m/z 
value (Fig. 6).

The disappearance of the peak in the low molec­
ular weight zone corresponding to the albumin 
molecule after incubation with Cu particles can be 
explained by its adsorption on the surface of these 
particles, which contributed to their aggregation 
and made it impossible to determine the mass 
spectrum. This assumption is supported by litera­
ture data [27, 28], where it is shown that metal 
particles are capable of adsorbing proteins on their 
surface, forming a so-called «protein corona».

The results of measuring the mass spectra of 
albumin and IgG after incubation with the solu­
tions of NACH Fe and NACH Cu showed that 
they produced less effect than metal particles in 

Fig. 6. Mass spectra of albumin after incubation with NP Cu: 1 – control; 2 – with 0.1 mg/ml NP Cu; 
3 – with 0.01 mg/ml NP Cu; 4 – with 0.001 mg/ml NP Cu 
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terms of peak intensity and number of attached 
atoms. Thus, after incubation of IgG with NACH 
Fe (iron concentration 0.1 mg/ml) the m/z value 
of the molecule increased by 316 a.u.m. (6 atoms 
of Fe), and with NACH Cu (concentration of Cu 
0.1 mg/ml) increased by 655 a.u.m. (10 atoms 
of Cu). Incubation of albumin with NACH Fe 
solution in highest concentration (0.1 mg/ml) 
caused the increase of m/z value of protein mole­
cule by 60 a.o.m. (1 Fe atom), and with NACH 
Сu – by 762 a.o.m. (12 Cu atoms). The results 
indicate that NACH Cu in both proteins had a 
higher activity than NACH Fe (Fig. 7).

Since it is known that metals that enter the 
bloodstream bind temporarily to proteins that are 
responsible for their transport, distribution in 
organs and tissues and elimination. Consequently, 
it can be assumed that the interaction of metals 
NP and NACH with albumin is a regulatory 
mechanism that controls their content in blood 

and entry to organs [16, 17, 26]. The peculiarities 
of the influence of metals NP and NACH on the 
specific protein immunoglobulin G, which has a 
protective function in the body, were revealed; 
their binding to the active groups of this protein 
(SH-, COON-, NH-) causes its structural chang­
es, as well as changes in the NF metals them­
selves [18]. The latter can be used in nanoprepa­
rations to enhance their bioavailability.

Conclusions

1.	Iron and copper nanoparticles (NP Fe, NP 
Cu) and nanoaquachelates (NACH Fe, NACH 
Cu) caused structural changes in blood pro­
teins after incubation with human albumin 
and IgG under in vitro conditions. At the 
same time, the proteins increased the solubil­
ity of NP, which promoted the release of metal 
ions, their attachment to the active groups of 

Fig. 7. Mass spectra of albumin and IgG after incubation with NACH Fe and NACH Cu: 1 –control;  
2 – NACH Fe 0.01 mg/ml; 3 – NACH Fe 0.1 mg/ml; 4 – NAFH Cu 0.01 mg/ml; 5 –NACH Cu 0.1 mg/ml
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proteins and an increase in the optical density 
of solutions and the weight of proteins. Metals 
NP caused more pronounced structural 
changes in proteins than their NACH.

2.	Metal nanoparticles and their nano­
aquachelates exhibited selective activity 
towards proteins, which depended on the size 
of the nanoparticles, their concentration in the 
incubation medium and the biological activity 
of the base metal. NP Cu and NACH Cu inter­
acted more actively with albumin, whereas NP 
Fe and NACH Fe did so with IgG.

3.	It was determined that the concentrations 
0.06 mg/ml of NP Fe and 0.03 mg/ml of 
NP Cu, 0.1 mg/ml of both NACH Fe and 
Cu did not cause any changes in the protein 
structure.

4.	The in vitro model «human blood plasma 
proteins» can be proposed to assess the 
degree of toxicity and biocompatibility of 
metals nanopreparates and other nano­
materials, as well as their combination with 
classical toxicological studies in vivo of 
their hygienic regulation.
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