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C-phycocyanin (phycocyanin) is a pigment-protein complex of the lightharvesting phyco-
biliprotein family that takes part in the primary phase of photosynthesis in lower plants. The
phycocyanin content depends on such factors as the species of microalgae, physical state of
biomass, extraction techniques, efc. The main methods for obtaining phycocyanin from biomass
include chemical, physical and enzyme treatments with the following purification by such
methods as precipitation with ammonium sulfate, ion exchange chromatography, and gel filtra-
tion chromatography. The commercial value of phycocyanin is directly related to the methods
of its obtaining, purification and purity. The ratio of absorbances Ag,¢/A,g, indicates the grade
of phycocyanin and is the principal index of its purity. If the ratio of Ag,y/Axg, is greater than 4,
phycocyanin can be used for pharmaceutical and analytical studies; at not less than 0.7, phy-
cocyanin can be used for the food industry and at not less than 3.9 phycocyanin can be used
as a reagent. The purified phycocyanin has some absorption maxima at the wavelengths of
610-625 nm, 353 nm and 277 nm. Its molecular mass ranges from 110 to 220 kDa. The search
for extraction methods is aimed at obtaining a high yield of phycocyanin of an appropriate
purity in industrial scale. This will allow a wider introduction of phycocyanin into the food,
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cosmetics and pharmaceutical industries as a safe product with many positive biological prop-
erties, in particular, antioxidant, antitumor, antiplatelet, antibacterial, hypotensive, anti-inflam-

matory, etc.
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Scientific interest to the study of phycobilip-
roteins and especially C-phycocyanin (phyco-
cyanin) is steadily growing. From 1909 to
2020, scientists from 86 countries published
the papers related to the theoretical issues of
the molecular mechanisms of the biosynthesis
of phycocyanin, deciphering its structure and
properties; the expression of genes responsible
for its biosynthesis; the development of me-
thods of its production, purification and use;
the aspects of its application in medicine, the
food, pharmaceutical, perfumery and cosme-
tics industries, in modern molecular immuno-
logical methods of analysis, etc. [1].

Structure and physicochemical
properies of C-phycocyanin

Microalgae are a group of photosynthetic
microorganisms, which embraces both pro-
karyotic and eukaryotic forms that convert
sunlight, water, and CO, to algal biomass [2].
Microalgae are a rich source of proteins,
similar to traditional protein sources such as
eggs, meat, milk and soybeans [3]. Microalgae
can be also a source of minerals, carbohy-
drates, and other essential nutrients, includ-
ing omega fatty acids and vitamins (B;, B,
B;, B¢, By, By, C, D and E) [2-5]. Among
such microalgae are Nostoc, Arthrospira,
Aphanizomenon, Geitlerinema, Thermolepto-
lyngbya sp., Thermosynechococcus vulcanus
NIES 2134, Synechocystis sp. PCC 6803,
Limnothrix sp. NSO1 [3, 6-9].
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Arthrospira platensis dry biomass powder
from Mexico contained 60 % of proteins,
28.5 % of carbohydrates, and 2.65 % of fats
[3]. The protein content of Spirulina is 50—
70 % of dried weight. Spirulina is the general
name of filamentous, multicellular, blue-green
microalgae that belong to two genera, namely
Spirulina and Arthrospira, which consist of
15 species. Spirulina platensis is the most
commonly available and widely used species
[4]. The high protein content means that algae
could be used as food products and animal
feed, including aquaculture, farm animals, and
pets [3]. Some of them are used in the human
diet for thousands of years [3].

Photosynthetic organisms like microalgae,
including cyanobacteria, and plants are the
main source of pigments [1]. It is worthy that
Cyanobacteria (cyanoprokaryotes) are an es-
pecially challenging group for classification
(species, genera, families, orders) as it has
undergone extensive restructuring and revision
in recent years with the incoming phyloge-
netic analyses based on molecular sequence
data [10].

Lightharvesting complexes are composed
of proteins, which bind pigments (chloro-
phylls, bilins or carotenoids) in specific posi-
tions [11, 12]. Photosynthetic pigments in
cyanobacteria are divided into two classes:
water-soluble proteins, which are named phy-
cobiliproteins, and carotenoids and chloro-
phyll that are insoluble in water and have
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small molecular mass [2, 12]. There are four
types of phycobiliproteins. Phycocyanin, al-
lophycocyanin, and phycoerythrin found in
phycobilisomes, which are attached to the
outer surfaces of thylakoid membrane of cya-
nobacteria, red algae, and glaucophytes [11—
14]. Phycobilisomes are the largest protein
complexes in the living world and the major
light harvesting complex in cyanobacteria and
red algae. Their calculated molecular mass is
equal to approximately 16.8 megadaltons.
Phycobilisomes demonstrate an efficient ener-
gy transfer due to an elegant antenna-like
assembly [14]. Phycobilisomes consist of hun-
dreds of seemingly similar chromophores,
which are protein bound and assembled in a
fashion enabling highly efficient unidirec-
tional energy transfer to reaction centers. In
phycobilisomes, the complex is assembled
from two large substructures, rods and core.
The core contains 2—5 cylinders surrounded
by 68 rods. One of the most critical steps in
the functionality of phycobilisomes is the
energy transfer from the rod substructures to
the core substructure [11]. Phycobilisomes
contain also unpigmented proteins called lin-
ker proteins [11, 14].

Allophycocyanin, phycocyanin and phyco-
erythrin consist of a and B protein subunits and
different isomeric linear tetrapyrrole pros-
thetic groups (bilin chromophores) [14, 15].
These bilin chromophores differ in the arrange-
ment of their double bonds. The bilin groups
are attached to the polypeptides through thio-
ether linkages to cysteinyl residues [16].

The specific blue color of cyanobacteria and
other crytophytes, red algae is related to phy-
cocyanin pigment [7]. Phycocyanin usually
appears dark cobalt blue in the powder form

[3, 7, 13]. It has a covalent bond that binds to
prosthetic groups, which are the same as billins
[1]. Phycocyanin has an apparent molecular
mass of 110-220 kDa depending on its form
(monomer, dimer, trimer, hexamer, octamer,
etc.) [5, 6, 8]. The monomers of phycobilipro-
teins assemble into trimers, hexamers, and
further rods or cores, and finally form a com-
plete phycobilisome molecule [9].

Song et al. determined the molecular weight
of purified phycocyanin. It was 115 kDa, which
indicated that phycocyanin was trimer (af);.
The fundamental unit of the trimer consisted
of o and f subunits with the mollecular mass
of 17 and 21 kDa, respectively [8, 17]. The
crystallization of the phycocyanin isolated
from a filamentous thermophilic cyanobacte-
rium Thermoleptolyngbya sp. O-77 was stud-
ied under various crystallization conditions,
which resulted in the formation of blue single
crystals. The initial screening of X-ray crystal-
lographic analyses established that the single
crystals were in the conventional hexameric
(ap)e state [18].

The phycocyanin content can reach 60—
70 mg/g in cyanobacteria [3]. This content
depends on the species of microalgae, physical
state of biomass (dry, wet, or frozen weight of
cells), extraction technique, efc. The phyco-
cyanin yield from Geitlerinema sp. TRV57 was
30—45 mg per gram of the wet weight of the
cells [7]. The yield of phycocyanin from
Spirulina platensis was in the range of
0.57 mg/g (sonication) to 43.75 mg (sonication
with glass pearls) and depended on the extrac-
tion techniques [19]. The extraction of phyco-
cyanin from Arthrospira platensis (Mexico)
gave a crude phycocyanin content of 0.286 g/g
and purity of 0.46 [3].
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As for physical properties, phycocyanin
absorbs light and emits fluorescence at a wave-
length of approximately 650 nm [3]. Phyco-
cyanin is sensitive to heat, pH and undergoes
changes when exposed to high temperatures
[3, 5]. Phycocyanin is stable in the pH range
of 4.5 to 8.0 [5]. The purified phycocyanin has
the highest absorption at 610—625 nm [2, 3, 5,
6,9, 12, 15, 17]. The absorption maximum at
a wavelength of 610—625 nm is attributed to
the absorption of the chromophore [9]. The
visible absorption of phycocyanin can show
one more maximum at 652 nm [2, 6]. Hovewer,
this maximum can be induced by allophyco-
cyanin. Garcia et al. and Venugopal et al.
confirmed that this maximum can be referred
to allophycocyanin [12, 20]. The UV absorp-
tion of phycocyanin has two maxima at the
wavelenghts of 277 and 353 nm [6]. Allo-
phycocyanin and allophycocyanin B have the
maximum absorption at the wavelengths of
650—-652 and 671 nm, respectively. Some cya-
nobacteria contain additionally a red protein
named phycoerythrin with the maximum ab-
sorption at the wavelength of 560-565 nm
[13]. Allophycocyanin has a lighter blue color
than phycocyanin [12].

Phycocyanin has structural similarity to
bilirubin, which strongly inhibits the NADPH

A Cysoe COOH COOH

oxidase activity in human cell culture [2, 16].
The chemical structures of phycocyanin and
bilirubin are shown in Fig. 1.

Extraction of C-phycocyanin

Currently, specification and standard method
for the extraction and purification of the phy-
cocyanin form cyanobacteria are not estab-
lished due to the significant diversity of the
extraction methods. Thus, the development of
an effective purification process to get phyco-
cyanin of a high purity and adequate commer-
cial value is of great importance [8]. The phy-
cocyanin manufacture is commercially limited
because it depends significantly on the biomass
quality, culture conditions and extraction. The
extraction methods are considered to be the
principal factor for the optimum yield and
commercialization of phycobiliproteins. In
general, the extraction of phycobiliproteins
involves cell rupture for releasing these pro-
teins with a safe solvent in order to use these
proteins in the food, cosmetics, or pharmaceu-
tical industries without any toxicity and at a
lower cost [3].

Different techniques are reported to extract
phycocyanin from the biomass of microalgae
(dry, wet, and frozen) [3, 7]. The cell walls of
some cyanobacteria are quite resistant [3].

CH, COOH COOH

Fig. 1. Comparison of the structures of bilin chromophore of phycocyanin (a) and bilirubin (b) [2, 15, 16, 21]

410

Protein C-phycocyanin, structure, physicochemical and biological properties, methods of extraction

They consist of four layers: fibrils, peptidogly-
cans, proteins, and oligosaccharides, similar
to Gram-negative bacteria [3]. There are phy-
sical, chemical and enzymatic methods of
breaking cell walls. Physical methods include
homogenization (for instance, in the presence
of diatomaceous earth, high pressure homo-
genization, etc.), sonication, ultrasonication,
freezing/thawing, microwaving, etc. [2, 17].
Chemical methods include the extraction using
hydrochloric acid and acetic acid of different
concentrations, water, buffer solutions with
various values of pH (6, 7), supercritical fluid
process, etc. The lysozyme treatment refers to
enzymatic methods [2, 3, 19]. The combination
of above mentioned methods is also used, for
example, the combination of the extraction
with a buffer solution (pH 7.0) and the lyso-
zyme treatment [22].

The disintegration of cells promotes the
phycocyanin release from the cell into the
solution [19] and is directly related to the cell
rupture. However, Spirulina has resistant mul-
tilayered cell walls that complicates the extrac-
tion procedure [19]. Khandual et al. employed
several techniques of the phycocyanin extrac-
tion. The phycocyanin content was 46.65—
54.65 mg/g biomass, 43.13—45.02 mg/g and
35.54-37.88 mg/g, if water, phosphate buffers
at pH 7 and 6, respectively, were used [3].

Determination of the concentration
and purity of phycocyanin

The concentration of phycocyanin is very im-
portant technological index in the processes of
its extraction from the biomass of cyanobac-
teria. To our mind, this index can be used not
only for measuring the phycocyanin concentra-
tion in crude extracts, but also for the deter-

mination of the content of phycocyanin in the
powder form.

The phycocyanin concentration and purity
are determined by spectrophotometric method
as described by Bennet and Bogard in 1973
[3]. The concentration (C—PC) is calculated
according to the formula below, using the
absorbances at the clue wavelengths of 620 nm
and 652 nm [3, 6, 8, 12, 20]:

C-PC (mg/mL) = (AbS620 - 0474(Ab5652))/534

Other authors calculated the amount of phy-
cocyanin in the sample, using one more equa-
tion of Bennett and Bogorad (1973) [17]:

C-PC (mg/mL) = (AbS620 - 07(Ab5652))/738

For computing the concentrations of allo-
phycocyanin (AlloPC), and phycoerythrin (PE)
such formulae are used [20]:

C-AHOPC = (A652 - 0208(A620))/509
C-PE = (Asg— 2.41(C-PC) — 0.849(alloPC))/9.62

The yield of phycocyanin from the algal
biomass can be calculated according to the
following formula:

Yield (mg/g) = (C—PC x Volume)/Biomass
The last formula can be also used for the

calculation of phycocyanin in the powder
form:

Content (%) = (C—PC x Volume x 100%)/powder,

where V is a used volume for dissolving the
powder of phycocyanin, powder is a weight of
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phycocyanin in mg. From our experience, it is
necessary to select appropriate weight and
volume of water for the spectrophotometric
evaluation of the phycocyanin content in the
obtained powder.

The purity of phycocyanin is usually eval-
uated, using such a ratio of absorbances as
Agr0/Asgo- This index is very important for
setting up the grade of phycocyanin. Moreover,
purity is directly related to process costs. In
general, the more purified phycocyanin, the
more expensive it is [15]. The absorbance at
a wavelenght of 620 nm indicates the phyco-
cyanin content whereas the absorbance at a
wavelenght of 280 nm is induced by the pres-
ence of proteins in the solution, which are rich
in aromatic amino acids [3, 12, 15, 23, 24].
The grades of phycocyanin depending on a
ratio of Ag,¢/A,g are shown in table 1.

Additionally, the absorbances ratio of
Agr0/Asgo less than 4 indicates the presence
of proteins in a phycocyanin sample [12].
Therefore, the purification of phycocyanin is
a very important step in the process of its
obtaining [5, 20]. It is very often carried out
by the precipitation with (NH,),SO,, the fol-
lowing centrifugation and dialysis [7]. Various
precipitating agents such as polyethylene gly-
col, ethanol, acetone, trichloroethane and am-
monium sulfate can be used. However, am-
monium sulfate due to its low heat of solub-
lization and bacteriostatic effect precipitates

readily and prevents the protein denaturation
[23]. The direct precipitation with (NH,),SO,
of different concentrations (20 %, 30 %, 40 %,
50 %, 60 %, 70 %) and fractional precipitation
(20-65 %, 30—65 %), which was maintained
overnight at 4 °C, are used for obtaining the
purified phycocyanin. The pellet was formed
by centrifugation at 4 °C and dissolved again
in water for quantification and purity tes-
ting [3]. The saturation with ammonium sul-
fate dissolved in acetate buffer (4.5, 0.1M)
eliminates other basic proteins to a remarkable
level with the simultaneous improvement in
the purity ratio (Ag,o/Asg) as well as separa-
tion factor (Agyo/Ags2). The presence of phy-
cocyanin, allophycocyanin, other proteins, and
nucleic acids corresponds to their maximum
absorption at the wavelengths of 620 nm,
652 nm, and 280 nm, respectively [20]. The
main role of dialysis is to remove the small
molecular weight components from the sam-
ple and to increase the ratio of the absor-
bances Ag /Ay [5, 20, 24]. Sarada et al.
pointed out that 50 % (w/v) ammonium sul-
phate solution precipitated phycocyanin
whereas 30 % (w/v) solution precipitated
other proteins. The crude phycocyanin frac-
tions obtained were respectively chromato-
graphed on a DE 52 column. The absorbances
ratio (Ago/Asgg) Was 4.69 [25].

Therefore, one of the most important re-
quirements for obtaining phycobiliproteins of

Table 1. Grades of phycocyanin depending on a ratio of Ag,)/Ajs

Ne The absorbance ratio of Agy¢/Asg Type of grade
0.7< food grade [3, 12, 15, 17, 22]
3.9< reactive grade [15, 17, 22]
4.0< analytical grade [15, 17], for biochemical studies [20], medical studies [5]
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appropriate grade is the selection of a suitable
extraction protocol.

Song et al. used a combination of the meth-
ods for purification, which involved ammo-
nium sulfate precipitation, hydrophobic inter-
action chromatography, ion exchange chroma-
tography and gel filtration chromatography. As
a result, they obtained phycocyanin with a very
high purity ratio (Agyo/Asgy) of 5.32 [17].

Antioxidant activity of C-phycocyanin

Excessive generation of the oxygen free radi-
cals plays a key role in the destruction of bio-
logically active molecules, such as DNA, pro-
teins, lipids, carbohydrates. Antioxidant mol-
ecules are reported to have an ability to lessen
the production of reactive oxygen species or
at least to halt their progression and, respec-
tively, to delay or inhibit the oxidation process
and to mitigate a toxic effect of reactive oxy-
gen species [7, 26]. Exogenous antioxidants
are derived from the natural sources like bac-
teria, algae, plants and beekeeping products
[7, 27]. Among exogenous antioxidants, there
are carotenoids (beta carotene), phenolic acids
(gallic acid, protocatechuic acid, p-coumaric
acid, ferulic acid, etc.), flavonoids (querce-
tin, kaempferol, catechins, etc.), vitamin C and

DPPH

E, etc. [2, 7, 27, 28]. In general, antioxidants
are the substances protecting cells from the
harm induced by the unstable molecules known
as free radicals [7, 22, 29]. The oxidative stress
1s a major source of inflammation [17].
1,1-Diphenyl-2-picrylhydrazyl (DPPH) is
often employed as a reagent to evaluate the
free radical scavenging activity of antioxidants
and their mixtures, including herbal prepara-
tions and beekeeping products [22, 27, 29, 30].
DPPH is a stable free radical, which accepts
an electron or hydrogen radical from an anti-
oxidant to become a stable diamagnetic mol-
ecule, nonradical form DPPH-H. In the hydro-
gen atom transfer mechanism, the free radical
DPPH takes one hydrogen atom of an anti-
oxidant, and the antioxidant itself becomes a
radical. This reduction is visualized by the
colour change of reaction mixtures from purple
to light purple or even yellow, depending on
the concentration of DPPH and antioxidants,
and colour of reaction mixtures. These changes
in colour are determined by a decrease in the
absorbance at a wavelength of 514-517 nm
[22, 27, 28]. According to our unpublished
data, the absorption maximum of DPPH in
50 % aqueous solution of ethanol was ob-
served at a wavelength of 525-526 nm. This

O,N
H P AR
\ //\}——NO; + k/a -
\\ r.-’r ‘\L/
oN"

DPPH-H

Fig. 2. The mechanism of interaction of DPPH with an antioxidant (R:H — antioxidant radical scavenger; R — anti-

oxidant radical) [28].

413



N. I. Hudz, V. A. Turkina, A. M. Filipska et al.

peak is due to the resonance of the radical [29].
The mechanism of interaction of DPPH with
an antioxidant is presented in Fig. 2.

The percentage scavenging effect of phy-
cocyanin extracted from marine filamentous
cyanobacteria Geitlerinema sp TRV57 in the
concentrations 5 pg/mL and 200 pg/mL was
68.75 % and 78.75 %, respectively [7].
Phycocyanin extracted from Oscillatoria min-
ima in the concentration of Img/ml showed
44 % of DPPH radical scavenging activity
[20]. Phycocyanin from S. platensis had high
antioxidant activity in vitro [22].

The results of the DPPH assay depend on
the ratio of DPPH radical to the antioxidant
[27, 29]. Therefore, it is impossible to compare
the results of different authors if they use var-
ious ratios of a DPPH solution to phycocyanin
and, what is more important, without a positive
control. However, it can be declared that phy-
cocyanin has an antioxidant potential.

Phycocyanin attracts an attention of the
researchers in different fields due to its nutri-
tional and medicinal properties and the role of
colorant in the food and medicinal products
[3, 12]. Phycocyanin pigment, as a bioactive
component of phycobiliprotein complexes,
possesses antioxidant [26], anticancer [8, 15,
31, 32], antiplatelet [23, 33], antibacterial [25,
34], antihypertensive [35], anti-inflamation
[36] activities.

Biological activity of C-phycocyanin

It seems that phycocyanin causes apoptosis in
cancer cells due to impaired mitochondrial
function, reducing the expression of anti-apop-
totic proteins such as Bcl2 and Stat3, as well
as the ratio of glutathione to its oxidized form,
and increasing the expression of pro-apoptot-
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ic proteins [8], downregulating the NF-kB
pathway [31]. Phycocyanin suppressed the in
vitro proliferation and induced apoptosis in
non-small cell lung cancer cell lines because
of the inactivation of the NF-kB pathway [31].
Aditionally, phycocyanin induces the tumor
cell cycle GO/G1 arrest, promotes the tumor
cell apoptosis through the cell membrane sur-
face death receptor (exogenous) pathway, in-
hibits the COX-2 expression and tumor cell
metastasis, down-regulates the extracellular
signal-regulated kinase signaling pathways and
up-regulates the JNK and p38 mitogen acti-
vated protein kinase signaling pathways to
induce the tumor cell death [32]. Therefore,
phycocyanin could be regarded as a potential
drug candidate for the further nonclinical and
clinical studies in the cancer treatment.

Arsenic-induced oxidative stress in the rats
was attenuated by phycocyanin. The elevated
liver enzyme levels AST and ALT reduced.
The increased serum AST and ALT levels are
the markers of liver dysfunction [37].

Phycocyanin is an inhibitor of platelet ag-
gregation that may be associated with such
mechanisms as the inhibition of thromboxane
A2 formation, intracellular calcium mobiliza-
tion and platelet surface glycoprotein IIb/Illa
expression, increasing cyclic AMP formation
and platelet membrane fluidity [33].

The long-term administration of phycocya-
nin can reduce systemic blood pressure by
enhancing eNOS expression in aorta that is
stimulated by adiponectin. Therefore, phyco-
cyanin may be beneficial for preventing endo-
thelial the dysfunction-related diseases in
metabolic syndrome [35].

Phycocyanin significantly reduced Kupffer
cell phagocytosis and the associated respira-
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tory burst activity, while the latter effect may
contribute to the suppression of the oxidative
stress-induced tumor necrosis factor-a (TNF-a)
response and NO production by hyperthyroid
state. Moreover, the thyroid hormone treatment
increased the levels of TNF-a in the serum by
82 times over control values. This effect was
suppressed when the rats were pretreated with
either C-phycocyanin, a-tocopherol, or GdCls.
Thus, such activity of phycocyanin supports
its anti-inflammatory potential [36] .

Phycocyanin inhibited the growth of drug
resistant bacteria Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa and
Staphylococcus aureus [25].

Conclusion

Phycocyanin is a blue colored phycobilipro-
tein pigment, which is present in plentiful
amounts in cyanobacteria. Its content de-
pends on the species of cyanobacterium, and
extraction techniques. The basic unit of phy-
cocyanin consists of a and f subunits with
the mollecular mass of 17 and 21 kDa, re-
spectively. The concentration and purity of
phycocyanin are very important technologi-
cal and commercial quality indexes. The
ratio of absorbances Ag,o/A,g indicates the
grade of phycocyanin. If the ratio of absor-
bances A4yo/Asgo 1s more than 4, phycocyanin
is considered to be highly pure as pharma-
ceutical and analytical agents. The purity of
not less than 0.7 and 3.9 is considered as a
food grade and reactive one, respectively.
The review reveals that the phycocyanin pig-
ment possesses numerous biological proper-
ties and it can be used as a promising phar-
maceutical and nutraceutical active sub-
stance. Among biological activities are anti-

bacterial, anti-inflamation, antihypertensive,
and anticancer ones.
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Binok C-¢dikounianin, iforo crpykrypa, pizuko-
ximiuni Ta O6iosoriuni BaacTuBocTi, MeToqH
eKCTparyBaHHs

H. I. T'yn3e, B. A. Typkina, A. M. ®ininceka,
O. b. Ky3pminos, P. C. Koputhiok, B. 1. JIybeneus,
[1.-I1. Beuopek, H. CaBurkiene

C-diromianiH (¢ikoriaHiH) — 1€ MrMEHTHO-O1TKOBHIA
KOMIUIEKC 13 cimMelicTBa (hiKOOUTIIPOTEIHIB, sSKuii Oepe
y4JacTh y NEpBHUHHIH cTaii pOTOCHHTE3y HIKIMX POCIIHH.
Yumict (ikoriaHiHy 3aJI€KUTH BiJl O0ararb0X YHHHUKIB,
cepell SIKUX OCOOJNMBE 3Ha4Y€HHS MalOTh BHJ MiKPOBOZIO-
pocreii, piznuHMi cTan OioMacH i METOJIM eKCTPAKIIii.
o ocHOBHUX criocobiB onepxaHHs (ikomiaHiHy 3 0i0-
Macu BIZIHOCATH XiMi4HY, (bi3uuHy i epMeHTaTHBHY 00-
PpoOKH, HACTYITHE OYMIIICHHST METOIAMH OCaJPKEHHS, I0HO-
00MiHHOI Xpomarorpadii i reap-(piuTsTpaniitHoi Xpomaro-
rpacgii. Komepmiiina 1inHicTh (ikolliaHiHy TOB’s3aHa
3 BHOOPOM METO/IIB OTPUMaHHS i OYMIIICHHS Ta CTYIICHEM
HOTO YHMCTOTH, SIKY KOHTPOITIOIOTH 3a CITiBBiTHOIICHHIM
OINTHYHOIO TIONTMHAHHS 3a JOBKUH XBWIb 620 1 280 HM.
SIkmo 3Ha4YeHHS CHiBBiTHOIICHHS OUThIIe >4, (ikomiaHiH
BBa)KalOTh BUCOKOYHCTHAM 1 BHKOPHCTOBYIOTH B aHATITHY-
HUX 1 (apMaleBTHYHUX JIOCIIDKEHHSIX; SIKIO HE HIDKYE
0,7 — my1st BUKOPUCTAHHS y XapuyoOBHUX NPOIAYKTaxX; HE
HIKIE 3,9 — BUKOPHCTOBYIOTH SIK XIMIYHUN pEareHT.
VY cnekTpi MOIMHAHHS OYHUILIEHOTO (hiKOLiaHIHA € MaKCH-
MYMH HOITIMHAHHS 32 TIOBXUH XBWIb 610-625 HM, 353 HM
i 277 am. MonekyrnsipHa maca € B miamasosi Bix 110 mo
220 xDa. Ilouryk MeToniB €KCTpakiii CpsMOBaHO Ha
OZICp’KaHHSI BUCOKOTO BHXOAYy (hiKOLiaHiIHY BiJIIOBiIHOT
yrctoTh. Le crpusTiMe mupnioMy BIPOBAIKEHHIO IIi€T
010JI0TIYHO aKTUBHOI CITOIYKH, 1[0 BOJIO/I€ aHTHOKCHIAHT-
HUMH, IPOTUIYXJIMHHUMH, aHTHAr PETaHTHIMH, aHTHOAK-
TepiaTbHUMH, TIOTEH3UBHIMH, IPOTH3aaIbHAMH BIIac-
TUBOCTSIMH B XapyoBy i (hapMalieBUYHy ITPOMHUCIIOBOCTI.

KawuoBi caosa: C-dixomianin, ¢ikodiminporeiny,
HYUCTOTa
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Benok C-pukonuanmuH, ero CTpyKkTypa, Gpu3snko-
XHMHYeCKHe H 0M0JIOTHYEeCKHEe CBOMCTBA, METOABI
IKCTPAKIUH

H. U. I'ynsse, B. A. Typkuna, A. M. ®ununckas,
A. Bb. Ky3smunos, P. C. Koputhiok, B. 1. JIyGener,
I1.-I1. Bewyopexk, H. CaBunikuene

C-¢uxormanvH ((pUKOIMAHIH) — MHUTMEHT-O0SITKOBBIN
KOMIIIEKC M3 ceMeicTBa (PUKOOMIIMIIPOTENHOB, YUacTBY-
FOIINH B MEPBUYHOMN cTammy (OTOCHHTE3a Y HU3MINX
pacrenwmii. Comeprkanne (pUKOIMaHIHA B OFOMacce 3aBH-
CHUT OT BHJa BOJOpPOCIeH, (PU3HYECKOTO COCTOSIHUS OHO-
MaccChl ¥ METOJIOB SKCTpaKIMK. OCHOBHBIE CIIOCOOBI U3-
BJIEYCHUS (PHKOIMAHIHA U3 OMOMACCHI BKIIFOYAIOT XUMHU-
YecKyo, (pr3nuecKyro i GpepMeHTaTUBHYIO 00paboTKy
C MTOCTIEAYIOIIEH OYNCTKON METOAaMH OCAXKICHNSI, HOHO-
00OMeHHOM Xpomarorpadu, Telb-PHIBTPAHOHHON XPO-
marorpadun. Kommepueckas ieHHOCTh (PUKOLIMaHHHA
HaNpsIMyIO CBsi3aHa C BBIOOPOM METOJIOB ITOJIYYEHUS U
OYHCTKH Y CTEIICHBIO €TI0 YHCTOTHI, KOTOPYIO KOHTPOJIH-
PYIOT TIO COOTHOLICHHUIO ONTHYECKOTO MONIOLICHUS IPU

418

mmHax BoiH 620 u 280 uMm. DUKOIMAHUH CYUTAETCS
BBICOKOYHCTBIM U UCTIONIB3YeTCS B aHATTMTHIECKUX U (ap-
MaIIeBTUYECKUX UCCIICIOBAHUAX, €CJIM 3HAYCHUE COOTHO-
menust Oombiie 4; eciu He Hibke 0,7 — B HUILEBBIX
MPOIyKTax; He HIDkKe 3,9 — B KauecTBe peareHra. B criek-
TpE TOIVIOIICHUS OYHUINCHHOTO (PUKOI[MAHWHA €CTh MaK-
CHMYMBbI NOIJIOLIEHUS NPU JUIMHaX BojH 610—625 HM,
353 um u 277 HM. MONeKyIsIpHBIA Bec HAXOOUTCS B IHa-
na3oHe ot 110 no 220 xDa. ITonck METo0B SKCTPaKIIH
HaTIpaBIICH Ha TMOJYYCHUE BBICOKUX BBIXOAOB (DHKOIIHA-
HUHA OMNPEIEICHHON YUCTOTHI B TTPOMBIILUIEHHBIX Mac-
mrabax. To 1acT BO3MOXKHOCTh OoJjiee IIUpPE BHEAPUTH
9Ty OMOJIOTUYECKY aKTUBHYFO CYOCTaHIINIO, 00T Ial0MIyI0
AQHTHOKCHIaHTHBIMH, IPOTUBOOITYXOJIEBBIMHU, aHTHOAKTE-
pHATEHBIMU, TUTIOTCH3UBHBIME M TIPOTHBOBOCHATUTECIIb-
HBIMH CBOWMCTBAMH B IHIICBYIO U (PapMarieBTHICCKYIO
TIPOMBIIIIICHHOCTb.

Knamouesbie cJioBa: C-puxonmanuH, GHUKOOUIUIIPO-
TEHHBI, YUCTOTA
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