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The development of methods for the detection of polyamines in biological fluids is essential to im-
prove early diagnosis and treatment of patients with prostate cancer. One of the promising areas is the use of
noble metal nanoparticles. According to the literature data, there is no methodological approach have been
developed to reliably distinguish spermine from other polyamines, in particular, from their acetylated forms
and related compounds present in biological fluids. The paper presents the results of spectrophotometric de-
termination of spermine both alone and in the presence of putrescine, spermidine or urea in the urine using
gold nanoparticles. The results of the experiments proved that the developed method is suitable for the selec-
tive determination of spermine. It was shown that the presence of spermidine, putrescine, acetylated forms of
polyamines or carbamide does not affect the results of the analysis.

Keywords: spectrophotometric method, selective determination of spermine, gold nanoparticles, car-
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iogenic polyamines are very valuable in the
B diagnosis of prostate cancer (PCa). Polyami-
nes (PA), which include spermidine and
spermine, are polycations with three or four amine
groups. Almost all cells can produce polyamines, but
their production is especially high in rapidly growing
cells. Polyamine concentrations are often increased
in the blood and urine of cancer patients, and these
increased levels have been shown to correlate with
poor prognosis. The increased blood and urinary
polyamine levels are attributable to increased poly-
amine synthesis by cancer cells, since these eleva-
tions can be abolished by complete eradication of
tumors by surgery or radio-chemotherapy. The ca-
pacity of cancer tissue to produce abundant poly-
amines likely contributes to cancer cells’ enhanced
growth rates because polyamines are indispensable
for cellular growth [1].
The natural polyamines, spermidine, and sper-
mine, are found in almost every living cell at high
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micromolar to low millimolar quantities. Polyami-
nes are synthesized from arginine with arginase,
converting arginine to ornithine, and ornithine de-
carboxylase (ODC) catalyzing ornithine decarboxy-
lation to form putrescine, a polyamine precursor
containing two amine groups.

Putrescine is the initial polyamine for the bio-
synthesis of spermidine and spermine, as well as
methionine and ATP. Methionine, before being used
for the biosynthesis of spermidine and spermine, in-
teracts with ATP to form S-adenosyl-L-methionine
(S-AM). Decarboxylation of S-AM is catalyzed by
the enzyme S-adenosyl-L-methionine decarboxylase
(S-AMDC) (EC 4.1.1.50).

Decarboxylated S-adenosyl-L-methionine pro-
vides aminopropyl groups for enzymatic biosyn-
thesis of PA, which is carried out by two synthases:
spermidine synthase (EC 2.5.16) and spermine syn-
thase. Spermidine synthase catalyzes the formation
of spermidine by attaching one aminopropyl group
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to putrescine. Spermine synthase adds another simi-
lar group to spermidine, resulting in the formation
of spermine [2]. Polyamines are involved in diverse
functions as cell growth and differentiation, DNA
synthesis and stability, regulation of transcription,
ion channel regulation, and protein phosphorylation.
Intracellular spermine and spermidine are degraded
by spermidine/spermine N!-acetyltransferase
(SSAT) and N!-acetylpolyamine oxidase (APAO).
SSAT is a highly inducible enzyme, catalyzes the
transfer of an acetyl group from acetyl-coenzyme A
to the aminopropyl group of spermine and spermi-
dine. APAO was previously described as polyamine
oxidase but it preferentially catalyzes the oxidation
of the N'-acetylspermine and N'-acetylspermidine
produced by SSAT activity. This oxidation results
in the production of H,0,, 3-acetoaminopropanal,
and putrescine or spermidine, depending on the ini-
tial substrate. Mammalian spermine oxidase (SMO)
is an inducible enzyme that specifically oxidizes
spermine, with the production of H,O,, 3-amino-
propanal (3AP) and spermidine. In addition to de
novo synthesis and degradation, cellular polyamine
concentrations are also regulated by transmembrane
transport where cells take up polyamines from their
surroundings or export them to the extracellular
space [3].

Polyamine biosynthesis is up-regulated in ac-
tively growing cells, including cancer cells, there-
fore polyamine concentration as well as gene expres-
sion and activity of enzymes involved in polyamine
biosynthesis, especially ODC, are higher in cancer
tissues than in normal surrounding tissues. Numer-
ous reports have shown that both blood and urine
polyamine concentrations are often increased in
cancer patients. A close correlation between blood
polyamne levels and urinary polyamines has also
been found in cancer patients. Moreover, these levels
decrease after tumor eradication and increase after
relapse, indicating that polyamines synthesized by
cancer tissues are transferred to the blood circulation
and kidney, where they are excreted into the urine
[4].

Transformation of prostate cells is accompa-
nied by typical changes in the activity of metabolic
enzymes of PA and changes in their content [5-7].

There are data presented in the literature, con-
cerning the presence of differences in the metabo-
lism of PA in PCa not only in comparison with nor-
mal tissue and benign prostate tumors, but also with
malignant tumors of other localizations [5, 8, 9].

PCa is characterized by an increase in spermi-
dine synthase (SDSY) activity, upregulation of SSAT
and spermine oxidase (SMOX) and a sharp decrease
in spermine levels, which is apparently caused by
increased both SSAT and SMOX activity [8, 10-13].

The consequence of a sharp decrease in sper-
mine in PCa tissue results in a decrease of sper-
mine levels in biological fluids, in particular in
urine. There are many works devoted to the study
of the possibility of using spermine as a marker of
PCa [9, 14-17]. But the evaluation of spermine, as
a rule, was carried out using complex and expen-
sive methods. In order to use spermine as a marker
of PCa in a clinical laboratory, it is necessary to
develop a simple, low cost and fast method for its
determination.

A promising direction in the early diagnosis of
cancer is the use of gold nanoparticles [18]. Among
various organic and inorganic nanoparticles, gold
has unique optical surface plasmon resonance (SPR)
properties, thanks to which they have attracted the
attention of researchers, especially in the biologi-
cal and medical fields. Due to the optical proper-
ties, which are based on the phenomenon SPR, gold
nanoparticles can be used in ultrasensitive methods
for the diagnostics of cancer. SPR is the process by
which gold electrons resonate in response to radia-
tion, causing them to absorb and scatter light. Gold
nanoparticles (AuNPs) can be given different sizes
and shapes, as a result of which the maximum shift
of the localized SPR can vary from 520 to 800-
1200 nm [19]. The most common methods that use
AuNPs for the diagnosis of cancer are spectromet-
ric, colorimetric, fluorimetric, as well as methods of
magnetic resonance and biosensor analysis. Fluori-
metric methods are usually more sensitive than
colorimetric, but the latter do not require complex
equipment [20].

We investigated the possibility of using stabi-
lized colloidal gold nanoparticles (AuNPs) to detect
spermine in specially prepared solutions. Among the
biologically important polyamines are putrescine,
spermidine and spermine. Spermine can be con-
sidered as a promising biochemical marker for the
differential diagnostics of human prostate cancer. In
particular, its concentration in the urine of patients
with prostate cancer is probably lower than that in
patients with benign prostate tumors and healthy
men [21]. This may allow to perform a timely test
of the subject without the use of invasive diagnos-
tic methods. An obstacle to the introduction of this
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approach is the cross-influence of other PA on the
results of analytical measurements of spermine
content. Thus, the problem is the lack of clinically
adapted selective methods for the determination of
spermine in biological fluids, in particular in urine,
in the presence of concomitant PA (in particular
spermidine). We noted that other widely-used meth-
ods such as enzyme-linked immunosorbent assay
or immunofluorescence analysis, high-performance
liquid chromatography, capillary electrophoresis are
time-consuming and high-priced [22, 23].

Aggregate instability is inherent in metal na-
noparticles (NPs) in colloidal solution. Therefore, in
the process of synthesis of NPs, the stabilizers in the
form of surfactants (sodium dodecyl sulfate, cetyltri-
methylammonium bromide, tetramethylammonium
bromide) and polymers (polyethyleneglycol, polysty-
renesulfonate, poly-L-glutamic acid, etc.) are usually
used [24], which increase the stability of the system
owing to hydrophilic-hydrophobic interactions. An-
other approach to the stabilization of NPs is the use
of substances that provide an electric potential on the
surface of metal particles, which prevents their in-
teraction with each other by repelling equal charges.
Molecules of such substances usually contain groups
that are able to form donor-acceptor bonds, in par-
ticular carboxyl and amino groups. The synthesis of
AuNPs using sodium citrate is a classic example of
this approach [25].

Among other properties of nanoparticles, they
are able to promote apoptosis of tumor cells [26].

Nowadays the most common methods for
the detection of polyamines in blood and urine
are high performance liquid and gas chromatogra-
phy, enzyme-linked immunosorbent assay, mass
spectrometry. Although they are widely used, they
have a number of disadvantages such as a long peri-
od of analysis, high price and the possibility of cross
reactivity with metabolites of blood or urine.

The aim of our work was to develop a spectro-
photometric method for the selective determination
of spermine using AuNPs and prove the possibility
of its use in practice.

Materials and Methods

Spectrophotometric studies of the interaction of
AuNPs with biologically important PA (putrescine,
spermidine, spermine) were performed. Colloidal
gold, synthesized and kindly provided by the staff
of the Institute of Surface Chemistry of the Nation-
al Academy of Sciences of Ukraine was stabilized
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with sodium citrate [21]. The concentration of Au
in the colloidal solution was 3:10* M, the maximum
band of localized surface plasmon resonance (ISPR)
corresponded to A = 526 nm. The size of AuNPs,
determined by the method of registration of diffuse
light scattering (DLS), was in the range of 13-25 nm
(Fig. 1).

To the flat-bottomed wells of the plate (96 *)
was added 80 pl of colloidal solution of AuNPs
(3-10* M) and their (-potential corresponded to
-27 —-30 mV. Furthermore, to the solution of AuNPs
was added 10 pl of the corresponding PA and 10 pl
of H,O. Water was added as an aliquot of an ad-
ditional factor whose effect on the aggregation of
AuNPs in the interaction with PA was investigated
in some variants of experiments (in this case it was
urea or urine of patients and healthy men). Thus, the
final concentration of colloidal gold was 2.4-10* M,
and the final concentration of urea was equal to its
average content in the daily urine of healthy men
6.7-10° M [27]. The sample was mixed thoroughly
with a sampler and immediately placed on a reader
Synergy HT (USA), where the absorption spectra in
the range of 350-800 nm were measured with a pe-
riod of 2 nm. Measurements of a series of samples
lasted from 5 to 8 min and were repeated three times
for each of them.

In some cases, PA caused the aggregation of
colloidal gold nanoparticles. This caused a noticeable
changes in the color of the AuNPs/PA system sample
from pink to blue. At the same time, the drift of the
ISPR band into the long-wavelength red region of the
spectrum was recorded spectrophotometrically.

Aqueous solutions of the studied PA did not
have light absorption bands in the visible part of the
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Fig. 1. Distribution by size of colloidal gold nano-
particles (AuNPs) according to DLS
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spectrum, so the original band of the AuNPs/PA
system always corresponded to the ISPR of colloidal
gold, and in all cases its maximum A = 526 nm. Re-
garding the obtained data, the corresponding sym-
bols were introduced: the symbol A__ . denotes the
wavelength corresponding to the maximum of the
original band of gold ISPR (526 nm) both in the case
of its further shift to the long-wavelength part of the
spectrum, and the wavelength equal to the maxi-
mum of a single band conditions of absence of its
shift (also 526 nm). The symbol A__, indicates the
wavelength corresponding to the maximum of the
shifted band ISPR. The same applied to the values of
the optical density of the samples for these A, , and
Ao ltwas denotedas | and|1__ ., respectively.
Urine samples of healthy men (10 samples) and
patients with PCa cancer of IlI-11l stage (20 sam-
ples) were studied by the ELISA method. We used
morning urine as samples for research. Further-
more, we analyzed samples of urine by the proposed
method, among which were samples of 3 healthy
men and 3 patients with PCa of stage Ill. All pa-
tients were treated in the Department of Plastic and
Reconstructive Oncourology of the National Cancer
Institute of the Ministry of Health of Ukraine, their
average age was 65.5 + 2.5 years, the age of healthy
men in the control group was 61.5 + 4.5 years. Pa-
tients were examined according to the standards
of diagnosis and treatment of patients approved by
the orders of the Ministry of Health of Ukraine, the
stage of PCa was determined according to the In-

max2’

ternational Classification of Malignant Neoplasms
TNM 7 (2009). According to the information given
by the Department of Plastic and Reconstructive
Oncourology all patients had given their written
agreement for use of their material for scientific pur-
poses. The research was approved by the Bioethical
Committee of IEPOR of NAS of Ukraine (protocol
No. 3, approved on 24" of September 2021).

Statistical processing of the obtained results
was performed using Microsoft Excel.

Results and Discussion

The research results are presented in Tables 1-8
and Fig. 2-4. It is observed that only a very high con-
centration of putrescine (1 mM) can cause aggrega-
tion of colloidal gold nanoparticles, which does not
occur at concentrations up to 10 uM (Table 1).

High and ultra-high concentrations of spermi-
dine (5 UM - 1 mM) to a greater extent than putres-
cine at the same values, cause aggregation of col-
loidal gold nanoparticles and, as a consequence, the
shift of the ISPR band in long-wavelength region
(Table 2).

This could cause some obstacles to the selec-
tive determination of spermine, but it is impossible
to encounter such high concentrations of spermidine
in biological fluids (Fig. 2). For all tested spermine
concentrations, a shift of the ISPR band of colloidal
gold to the long-wavelength part of the spectrum was
detected. Theratio | /1 _ for the system AuNPs/

max2"  maxl

spermine in its values goes to the “plateau” in the

Table 1. Interaction of colloidal gold nanoparticles with putrescine (Put)

b B I N N TR Y TR/ O PSR WY
107 526 - 0.134 £ 0.029 - - -
5.10° 526 - 0.162 + 0.036 - - -
10® 526 - 0.158 + 0.032 - - -
103 526 684 0124 £0.025  0.147 £ 0.028 119 + 158
Table 2. Interaction of colloidal gold nanoparticles with spermidine (Spd)
R B T B TR Y Y/ O P RSY W
107 526 - 0.150 £+ 0.035 - - -
5-10¢ 526 664 0124 £0.028  0.140 £0.034 113 +138
10° 526 674 0132 +0.032  0.157 £ 0.036 119 +148
10 526 702 0119+ 0.022  0.146 £ 0.032 1.23 + 176
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Fig. 2. Absorption spectra of AuNPs (curve 1) and

AuNPs/spermidine 7.2 uM systems (curve 2)

range of spermine concentrations from 100 nM to
5 uM (Table 3, Fig. 3). Thus, the selective determi-
nation of spermine in biological fluids in the pres-
ence of spermidine or putrescine by colorimetric
parameters of a colloidal solution of gold nanoparti-
cles can be successfully performed if the content of
spermine and associated PA does not exceed 100 nM
(Tables 1-3), at least several hundred nM. This fully
corresponds to the conditions of diagnostic determi-

nation of the level of spermine in the urine of pa-
tients at risk of prostate cancer, because the expected
values of the concentration of PA in it fluctuate be-
low 100 nM (Fig. 4).

With the exception of the main biogenic PA,
some interest invokes their acetylated forms, which
occur during catabolism under the influence of sper-
midine/spermine acetyltransferase (SSAT) [28, 29].
Always present in biological fluids, they could influ-
ence the results of selective determination of sper-
mine, which has diagnostic value on its own. Further
research is devoted to issue mentioned above (Ta-
bles 4-6). In the first stage of the research, experi-
ments were performed with polyamines acetylated
by the first nitrogen atom, even in the case of sper-
mine and spermidine, for a more correct comparison
with the acetylated diamine putrescine.

It is shown that neither N-AcPut nor N*-AcSpd
is able to interfere with the determination of sper-
mine. Although, the acetylated form of putrescine
(N-AcPut) and the acetylated form of spermidine
(N*-AcSpd) nevertheless promotes emergence of a
new maximum of a ISPR band, but at concentrations
higher than 100 nM (Table 4, 5), acetylated spermine
(N*-AcSpn) causes a maximum drift of the ISPR

Table 3. Interaction of colloidal gold nanoparticles with spermine (Spn)

Concentration | A, Ao
of Spn’ M nm nm Imaxl’ 0. Ima><2’ 0. u. Ima><2/|ma><1 x‘maxZ  Mmaxa? nm
107 526 650 0.124 £ 0.030 0.135 + 0.032 1.09 +124
5-10¢ 526 680 0.114 £ 0.025 0.134 £ 0.032 118 + 154
10° 526 680 0.116 + 0.020 0.140 £ 0.034 121 + 154
10°® 526 698 0.115 £ 0.025 0.137 £ 0.035 119 + 172
1.25
l ]
1.20 1
115
E
<§ 1.10
- 1.05
1.00
0.95
107 5.10¢ 10° 103

Fig. 3. Dependence of |
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Fig. 4. Absorption spectra of AuNPs (curve 1) and AuNPs/spermine: 9, 36, 90, 450, 600, 690 and 900 nM —

curves 2-9, respectively

band only at concentrations above 5 pM. Therefore,
N-AcSpn differs in some way from non-acetylated
spermine and cannot interfere with the selective de-
tection of the N*-AcSpn (Tables 1, 6).

It should be noted that the non-acetylated pu-
trescine at a very high concentration (1 mM) caused
a drift of the ISPR band of colloidal gold in the long-
wavelength part of the spectrum (Table 1). In con-
trast, N-AcPut at all concentrations studied, up to 1
mM inclusively, did not cause such a shift (Table 4).

Acetylated spermidine (N*-AcSpd) caused a
drift of the colloidal gold ISPR band only at ultra
high concentrations (1 mM), which did not occur at
lower levels of its concentration (Table 5).

Acetylated spermine (N*-AcSpn) caused a shift
of the ISPR band of colloidal gold, starting from a
concentration of 5 uM and above. It did not cause
aggregation of colloidal gold nanoparticles at a con-
centration of 100 nM, as well as at lower concentra-
tions (Table 6).

Almost complete correlation of spectrophoto-
metric characteristics and values of the ratio | _ ./
I, for concentrations of N*-AcSpn at 10 uM and
1 mM indicates that the process of aggregation of
colloidal gold nanoparticles in its interaction with
acetylated spermine reaches a “plateau” in the range
between 5 and 10 uM.

Therefore, acetylated forms of PA, N*-AcSpd
and N*-AcSpn in particular, are also able to cause
drift of the ISPR colloidal gold band in the long-
wavelength part of the spectrum due to the aggre-

gation of its nanoparticles through PA “bridge”.
However, it seems that this process is directly pro-
portional to the number of positively charged acetyl
groups and the length of the carbon structure of the
PA molecule. For example, acetylated diamine N-
AcPut did not cause a shift in the band of colloidal
gold (Table 4), in contrast to unacetylated putres-
cine, which at a concentration of 1 mM provoked
its drift at 158 nm (Table 1). The results of our re-
search show that the longer carbon chain of aliphatic
PA molecules, the lower their concentrations cause
the phenomenon of aggregation of colloidal gold na-
noparticles, which can be registered by shifting its
ISPR band (Tables 1-6).

The use of the spectrophotometric method for
the determination of spermine could be hindered
by carbamide (Carb), which is always present in the
urine at a fairly high concentration. To shed light on
this issue, experiments were performed in which car-
bamide was introduced into the AuNPs/PA system at
a final concentration corresponding to its content in
the daily urine of adult men, namely 6.7-10° M. As
shown in Table 7, the carbamide did not affect the
process of aggregation of AuNPs in their interaction
with PA (Tables 1-3, 7).

Table 8 presents the results of determining the
concentration of spermine in the urine samples of
healthy men and patients with PCa, obtained by re-
placing in the test system AuNPs/spermine polyam-
ine solution with an aliquot of native urine. For com-
parison, similar data were obtained by the method of
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Table 4. Interaction of colloidal gold nanoparticles with acetylated form of putrescine (N-AcPut)

Concentration | A__ ., A axo:
ofN-AcPut, M nm nm Imaxl’ 0. u. ImaxZ’ 0. u. ImaxZ/Imaxl 7\'maxz T Mmaxt? nm
107 526 - 0.126 + 0.020 - - -
5-10¢ 526 - 0.169 £ 0.036 - - -
10° 526 - 0.194 + 0.038 - - -
103 526 - 0.196 + 0.034 - - -
Table 5. Interaction of colloidal gold nanoparticles with acetylated form of spermidine (N*-AcSpd)
Concentration | A, Aot
Ole-ACSpd, M nm nm Imaxl’ 0. u. ImaxZ’ 0. u. ImaxZ/Imaxl )\'maxz ~ Mmaxy? nm
107 526 - 0.152 + 0.032 - - -
5-10¢ 526 - 0.163 + 0.038 - - -
10° 526 - 0.197 + 0.036 - - -
103 526 738 0152 £0.034  0.193£0.035 1.27 +212
Table 6. Interaction of colloidal gold nanoparticles with acetylated form of spermine (N*-4cSpn)
Concentration | A, Mo
Ole-ACSpl’l, M nm nm Imaxl’ 0. u. Imaxz’ 0. u. Imalelmaxl xmaxz  Mmaxa? nm
107 526 - 0.165 + 0.034 - - -
5-10° 526 670 0129 £0.026  0.139 £ 0.030 1.08 + 144
10 526 1744 0142 +0.032  0.187 £ 0.038 1.32 + 218
103 526 752 0.143 £ 0.032 0.183 £ 0.035 1.28 + 226

Table 7. The role of carbamide (Carb) in the process of aggregation of colloidal gold (Au) nanoparticles in
their interaction with polyamines (PA)

Test-system kﬁ*?ﬁl’ kmﬁ’ | 5 0. U [ 0 0. U I kmaﬂn_mxmaxl’
Au 526 - 0.206 + 0.005 - - -
Au + Carb 526 - 0.207 + 0.003 - - -
Au + PA (510 M)
Au + Put 526 - 0.196 + 0.039 - - -
Au + Spd 526 640 0.169 + 0.035 0.183 + 0.038 1.08 + 115
Au + Spn 526 650 0.145 + 0.032 0.179 + 0.036 1.23 + 125
Au + PA (510 M)
+ Carb
Au + Put + Carb 526 - 0.192 + 0.038 - - -
Au + Spd + Carb 526 650 0.157 + 0.034 0.185 + 0.035 118 + 125
Au + Spn + Carb 526 676 0.141 + 0.032 0.177 £ 0.036 1.26 + 154
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Table 8. Determination of Spn content in the urine of healthy men and patients with PCa (stage 11-111)
System AuNPs/ I I L1 Spn (M), graphic Spn (ng/ml),
urine 526 680 680" 526 determination ELISA
Healthy men 0.204 £0.050  0.245 £ 0.046 1.20 8-10° 162.5 +59.3
Patients with PCa  0.176 + 0.052 0.198 + 0.049 113 ~ 1-10° 13.8+7.2

ELISA. The concentration of spermine, calculated
from the calibration curve (Fig. 3), is lower in the
urine samples of patients with PCa, compared with
the concentration of spermine in the urine samples
of healthy men. The content of spermine in the
urine of sick and healthy men, determined by ana-
lytical methods, shows the same trend and confirms
the legitimacy of spectrophotometric/colorimetric
method of selective determination of spermine in
the presence.

The data, given in Tables 1-6 allow us to de-
clare that other polyamines (spermidine, putres-
cine), including their acetylated forms do not affect
a selective detection of spermine, if their concentra-
tion does not exceed 500 nM. On the other hand,
spermine can be presented in urine at concentration
lesser than 100 nM (Fig. 3).

Conclusions. According to the results of ex-
perimental data, it was determined that the develo-
ped spectrophotometric method with use of syn-
thesized colloidal gold nanoparticles is suitable for
the selective determination of spermine in the urine
of patients with prostate cancer, insensitve to other
polyamines (putrescine, spermidine) and urine me-
tabolites (carbamide) because their concentration
does not exceeds 100-500 nM and could be used in
future practice as an additional tool alongside with
such traditional methods as PSA test, biopsy and
others.
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Po3poOka meToniB BU3HAUCHHSI MOJiaMiHIiB Y
010JIONYHMX KJITHHAX HEOOXiZHa g BIOCKOHA-
JICHHS PaHHBOI JA1arHOCTUKH Ta JIKyBaHHS y XBO-
pHUX Ha paK NepenMiXypoBoi 3a103U. 3aCTOCYBaHHS
HAHOYACTHHOK OJIATOPOIHUX METaJiB € OJHHUM i3
MEPCIEKTUBHUX HANPSMIB y A1arHOCTHUL 3aXBOPIO-
BaHb. 3riHO 3 JaHUMH JIiTepaTypH, 10ci He OyIo
PpO3pO0IIEHO METONY, SIKUI OU T03BOJIUB JIOCTOBIPHO
BIJIPI3HUTH CIIEPMiH BiJ IHIIMX TONiaMiHIB, a Ta-
KOX iX aneTusnpoBaHuX (OPM 1 1HIIMX MOJIEKYI,
MPHUCYTHIX y OloJIOTiYHMX piauHax. 30Kpema, He-
JOCTaTHbO BHUBYEHO BIUIUB TaKMX BTOPUHHUX
MeTaboJIiTiB, K CEYOBHMHA, LIO MPHUCYTHS y ceui
3JI0POBUX JIIOJICH 1 XBOPUX HA paK MEpeaMiXypoBoi
3as03u. Po3po0ieHnit MeTox JEMOHCTPYE CIICK-
TpoOTOMETPpUYHE BHU3HAYCHHS 32 JIOMOMOTOIO
HAHOYACTHHOK 30JI0Ta BJACHE CIEPMiHY, a TaKOX
CHEpMiHY B KOMOIHAIII1 3 IHIIUMU TOJIiaMiHAMMU, Ta-
KUMH SIK TyTPECLUH 1 criepMiinH, a00 CEYOBHUHOIO.
[lokazaHo, 0 METOA MOMKHA 3aCTOCOBYBAaTH MJIS
CEJICKTUBHOI'O BH3HAUYEHHS CIEPMiHY, a HasgBHICTh
CIEPMiAMHY Ta Iy TPECUUHY ICTOTHO HE BIUIMBAE HA
pe3yybTaTh A0CTiKeHb. biiblie Toro, He OyJI0 OT-
PUMaHO XOAHMX JI0Ka3iB BIUIMBY aleTHIHOBAHUX
(dopM moyiaMiHiB 200 CEYOBMHU HA BU3HAYCHHS
CIIEpMiHY.
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