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COMPUTER PREDICTION OF BIOLOGICAL ACTIVITY
OF DIMETHYL-N-(BENZOYL)AMIDOPHOSPHATE
AND DIMETHYL-N-(PHENYLSULFONYL)AMIDOPHOSPHATE,
EVALUATION OF THEIR CYTOTOXIC ACTIVITY AGAINST
LEUKEMIC CELLS IN VITRO
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Structural analogues of f-diketones — dimethyl-N-(benzoyl)amidophosphate (HCP) and dimethyl-N-
(phenylsulfonyl)amidophosphate (HSP) were synthesized and identified by the methods of IR, *H and *'P NMR
spectroscopy. Screening of biological activity and calculation of physicochemical parameters of HCP and
HSP compounds were done with the use of PASS and ACD/Labs computer programs. A wide range of biologi-
cal activity of synthesized compounds, antitumor activity in particular, has been found. Calculations of the
bioavailability criteria indicate that the investigated compounds have no deviations from Lipinski’s rules.
HCP compound is characterized by a high lipophilicity at physiological pH as compared to HSP. It was found
that cytotoxic effect of the studied compounds on the leukemic L1210 cells was of time- and dose-dependent
character. HCP is characterized by more pronounced and early cytotoxic effects as compared to HSP. It was
shown that 2.5 mM HCP increased ROS production 3 times in the early period of incubation, and decreased
cell viability by 40% after 48 h, and by 66% — after 72 h. Based on the computer calculation and undertaken
research, HCP was selected for target chemical modifications and enhancement of its antitumor effect.

Key wovrds: dimethyl-N-(benzoyl)amidophosphate, dimethyl-N-(phenylsulfonyl)amidophosphate, PASS-
prognosis, L1210 leukemic cells, ROS, cytotoxicity.

ne of possible directions of an efficient
O search for the ways of practical use of syn-

thesized chemical compounds today is the
prediction of probable kinds of their biologic activity
in silico based on the structural formula with the use
of new computer analysis technologies. Chemical
compounds, which display cytotoxic and anti-tumor
action and possess chemotherapeutic potential, de-
serve special attention.

Structural analogues of B-diketones, specifi-
cally sulphonylamidophosphates (SAPh) — com-
pounds with S(O,)N(H)P(O)= fragment and car-
bacylamidophosphates (CAPh) — compounds with
functional C(O)N(H)P(O)= fragment are attractive
objects of research in this direction. Sulphonamide
group (—SO,~NH-) is a structural fragment of
a number of antiseptic drugs, as well as enzymes
inhibitors used in chemotherapeutic practice [1].
Availability of phosphoryl group with high value
of negative charge on the oxygen atom in the struc-
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ture of these compounds determines their affin-
ity for metal ions, as well as a capacity of complex
formation and coordination binding with biological
molecules, that allows affecting their conforma-
tion and activity [2]. Variation of substituents near
phosphoryl, sulphonyl and carboxyl groups in SAPh
and CAPh composition creates additional condi-
tions for purposeful search of new compounds, in
particular those with antitumor action. One of the
simplest representatives of CAPh and SAPh classes
are dimethyl-N-(benzoyl)amidophosphate (HCP)
and dimethyl-N-(phenylsulfonyl)amidophosphate
(HSP). Abbreviations for the synthesized com-
pounds — HCP and HSP reflect their acid character
(symbol H), presence of phosphorus in their com-
position (symbol P), as well as the difference in
composition of their chelating node OXNPO - in
HCP compound X is the carbon atom, and in HSP
compound X is the sulphur atom. A rather broad set
of displaying biologic activity, antitumor action in
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particular, is available in the computer database for
these compounds. However, a necessary stage of
studying such action of the researched compounds
is an experimental estimation of their effects with
the use of transformed cell lines.

The work’s aim was to calculate physicochemi-
cal parameters of synthesized compounds — dime-
thyl-N-(benzoyl)amidephosphate and dimethyl-
N-(phenylsulfonyl)amidephosphate, to perform
computer prediction of their antitumor activity with
the use of PASS (Prediction of Activity Spectra for
Substances) and ACD/Labs computer programs and
to estimate toxic effect of these compounds on L1210
leukemic cells.

Materials and Methods

Synthesis and structure of HCP and HSP
compounds. Initial compounds: benzamide (99%,
Sigma-Aldrich), benzolsulphonamide (99%, Sig-
ma-Aldrich), phosphorus pentachloride (reagent
grade, 95%, Sigma-Aldrich), concentrated sulfuric
acid (>95%, Trace SELECT Ultra, for ultratrace
analysis, Sigma-Aldrich), methyl alcohol (99.8%,
LABSCAN), as well as solvents (CCl,, dioxane and
2-propanol), chempure purity grade (SINBIAS).
Synthesis of dimethyl-N-(benzoyl)amidephosphate
and dimethyl-N-(phenylsulfonyl)amidephosphate
was carried out by the methods of [3, 4].

IR spectra of compounds were registered in
the range of 4000-400 cm™ by Fourier spectrometer
FT-IR Spectrum BX-II Perkin Elmer (samples in a
form of tablets with KBr). Spectra *H NMR (TMC
standard) were registered at room temperature by
pulse radiospectrometer Varian Mercury 400 with
operation frequency 400 MHz. The compound di-
lutions in DMSO-d6 were used for recording spec-
tra. Registration of spectra *P NMR (H,PO, outer
standard) was performed by spectrometer AVANCE
400 of Bruker company.

The obtained compounds were diluted to the
final concentration of 0.05 M.

Physicochemical parameters of HCP and HSP
compounds were estimated using ACD/Labs and
PASS computer programs.

Screening of probable biologic activity of com-
pounds was performed using PASS computer pro-
gram [5].

Cultivation of cells. Cells of mouse lymphocy-
tic leukemic line L1210 were obtained from the bank
of cell lines at R. E. Kavetsky Institute of Experi-
mental Pathology, Oncology and Radiology of NAS

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 6

of Ukraine. The cells were grown in RPMI 1640 me-
dium in the presence of 10% fetal calf serum, 2 mM
of L-glutamine, 50 1U/ml of penicillin, 50 pg/ml of
streptomycin in a moistened atmosphere containing
5% of CO, at 37 °C. L1210 cells were passaged in the
ratio 1:3-1:5 every 2-3 days when they reached the
concentration of 10° cells/ml.

Cells (0.2-10° cells/ml) were incubated during
different time intervals (24, 48 and 72 h) in the ab-
sence (control) and in the presence of the studied
chemical compounds.

Viability of cells was evaluated by the reduction
rate of 3-[4, 5-dimethylthiasole-2-yl]-2,5-diphenyl
tetrazolium bromide (MTT) [6]. The reaction was
conducted in 96-well plates. The number of cells in
the well was 4-10° in the volume of 200 ul. MTT so-
lution (4 mg/ml) was added to each well in amount
of 20 pl and incubated during 2 h at 37 °C. After
incubation the plates were centrifuged (600 g, 7 min)
and kept in darkness at a temperature of 4 °C for
20 h. Formazan sediment was diluted in 150 pl of
concentrated solution of dimethylsulphoxide. Fif-
teen minutes later the extinction was measured by a
digital spectrophotometer (pQuant, BioTEK, USA)
under A = 570 nm. Viability of cells was expressed
as a percentage of control.

The number of viable cells was determined af-
ter their staining with trypan blue (final concentra-
tion 0.4%) by calculating in the Goryaev chamber.
Morphological state of cells was evaluated by means
of the light microscope Olympus CKX41SF (Japan).

Production of reactive oxygen species (ROS) in
cells was determined with the use of 2,7-dichlorhyd-
rofluorescein diacetate (Sigma, USA), which was
added directly to the cell incubation medium (2:10%/
ml) to the end concentration of 5 pmol/l in a sample.
The probe fluorescence intensity was estimated by
spectrofluorimeter Shimadzu 150 RF (Japan), exci-
tation wavelength (A, ) — 480 nm, emission wave-
length (A, ) — 520 nm [7].

Results and Discussion

Dozens of compounds of CAPh and SAPh
classes have been synthesized and investigated by
physicochemical methods of analysis by this time
[8-10]. It was shown that the compounds of CAPh
class can be coordinated to metal in bidentate
chelating manner (through oxygen atoms of carbonyl
and phosphoryl groups) in the deprotonated form
and in monodentate way (through oxygen atom of
phosphoryl group) — in the neutral form. The num-
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ber of already known SAPh compounds and com-
plexes on their basis is considerably less than that
of carbacylamidophosphates [8]. Only bidentate and
bidentate-bridge ways of coordination are known for
SAPh compounds.

The composition of HCP and HSP compounds
is confirmed by NMR and IR spectroscopy, by
measuring melting points.

HCP: Melt. point 119 °C; IR (KBr): v = 3144,
1683 (CO), 1600, 1579, 1458, 1431, 1278, 1242
(PO), 1188, 1043, 903, 860, 775, 715, 517, 470 cm™;
'HNMR (DMSO-d6) — & = 9.87 (d, 1H, NH), 7.97
(d, 2H, Ph), 7.56 (t, 1H, Ph), 7.45 (t, 2H, Ph), 3.78 (d,
6H, OCH,);*PNMR (CH,CN): d = 1.22 (s).

HSP: Melt. point 121°C; IR (KBr): v = 3000,
2745, 1455, 1410, 1320 (vas(SO)), 1260 (PO),
1185(v(S0O)), 1100, 1075, 1060, 955, 885, 855, 780,
695, 605, 585, 535, 495, 435 cm™. 'HNMR (DMSO-
d6): 6 =791 (m, 2H, Ph), 7.65 (m, 1H, Ph), 7.58 (m,
2H, Ph), 3.57 (d, 6H, OCH3);*PNMR (DMSO):
d=-217 (9).

The results obtained evidence that the degree of
purity of HCP and HSP compounds is >98%.

HCP and HSP compounds differ only in the
composition of their chelating node OXNPO: X is
the carbon atom in HCP (Fig. 1, 4), and the sulfur
atom in HSP compound (Fig. 1, B).

PASS computer program was used to predict
biological activity of the compounds under study. It
permits us to predict above 4000 kinds of biologi-
cal activity, as well as the mechanism of action, mu-
tagenicity, carcinogenicity, interaction with target
molecules, etc., following the structural formula of
a chemical substance. The average prediction accu-
racy is 95%, and probability of occasional guessing
of one of 4000 kinds of activity — about 0.1% [5]. The
prediction results obtained with the help of PASS
computer program are presented as a list of probable
kinds of activity with calculated evaluation of availa-
bility (Pa) or absence of each kind of activity (Pi), in
a range of values from O to 1.

According to results obtained with the use of
PASS program the studied compounds can display
a broad range of biological activity (Table 1). HCP
and HSP compounds have much in common in the
predicted activity: the inhibition of antioxidant en-
zymes activity, ability to affect the oxygen content,
activation of caspase-8, antitumor and antileukemia
activity. But there are also some differences: HCP
can be an apoptosis inducer, a caspase-3 activator
and an alkylator, while HSP can display an analge-
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Fig. 1. Structural formulas of HCP(A) and HSP (B)
compounds

sic effect, affect the level of calcium ions in a cell,
regulate proliferation through activation of MAP ki-
nase. A common predicted property of the studied
compounds is their antitumor effect. L1210 mouse
lymphocytic leukemic cells were chosen as a bio-
logic object for its evaluation.

Using PASS program we can predict a kind of
biological activity of a chemical compound, but ef-
ficient concentrations and term of the action are to be
determined in the experimental researches in vitro.

The influence of chemical compounds in con-
centration range of 0.01-2.5 mM on viability of L1210
cells was investigated in the dynamics of incubation
at 24, 48 and 72 h, taking the content of viable cells
without additions as 100% (control). The investiga-
ted compounds in concentration of 0.01 mM did not
affect the viability of L1210 cells at 72 h of incuba-
tion (data are not presented).

The toxic effect of HCP compound in concen-
trations 1.25 and 2.5 mM on leukemic cells (Fig. 2,
A) was detected. The dynamics of display of cyto-
toxic effect of the studied compounds was delayed.
Thus, under the effect of HCP in concentration of
1.25 mM, a 30% decrease of the cells viability was
observed in 48 and a 50% decrease — in 72 h.

With HCP concentration being increased to
2.5 mM, the cell viability decreased by 40% in 48 h,
in 72 h the cytotoxic effect was enhanced and the
cell viability decreased by 66% (Fig. 2, A). The toxic
effect of HSP compound on L1210 leukemic cells
was less expressed. At a concentration of 2.5 mM
the decrease of L1210 cells viability by 30% was ob-
served within 48 h, however no further increase of
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Table 1. Predicted kinds of HCP and HSP biological activity according to PASS computer program

Ne Chemical compound \ Pa \ Pi \ Type of biological activity
1 HCP 0.710  0.004 Antineoplastic enhancer
Molecular Formula: C;H,,NO,P 0.626  0.010 Antineoplastic (non-
Hodgkin’s lymphoma)
ChemSpider ID: 1284096 0.472  0.024 Caspase 8 activator
0.445 0.072 Oxygen scavenger
Systematic name 0.395 0.075 Apoptosis agonist
Dimethyl-N-(benzoyl)amidophosphate 0.364  0.067 Caspase 3 activator
0.259  0.024 Antineoplastic (lymphocytic
leukemia)

0.208  0.059 Glutathione peroxidase inhibitor
0.241  0.098 Antitoxic

0.132 0.052  Glutathione synthase inhibitor
0.117 0.059  Antineoplastic, alkylator

2 HSP 0995 0.003 Analgesic, non-opioid
Molecular Formula: C;H,,NO,PS 0360 0.013 Antineoplastic enhancer
0.375 0.112 MAP kinase stimulant
ChemSpider ID: 1721921 0.301 0141 Caspase 8 activator
0.276  0.141  Superoxide dismutase inhibitor
Systematic name 0.279  0.145 Calcium regulator

Dimethyl-N-(phenylsulfonyl)amidophosphate  0.306 ~ 0.172  Oxygen scavenger
0.189  0.070  Glutathione peroxidase inhibitor
0118  0.080 Antineoplastic (lymphocytic
leukemia)

Pa — probability of revealing activity; Pi — probability of the absence of activity.
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Fig. 2. Viability of L1210 cells in dynamics of incubation with HCP (A) and HSP (B) in different concentrations
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L1210 control

1210 +2,5 mM HCP

L1210 +2,5 mM HSP

Fig. 3. Microphotographs of L1210 cells incubated for 48 h with HCP or HSP (phasecontrast microscope,

x400)

cytotoxic effect was observed within the following
terms (Fig. 2, B).

Morphologic analysis showed that L1210 cells
treated for 48 h with 2.5 mM HCP or HSP differed
from those in control. Fragmented cells, as well as
the enlarged cells, with swollen nuclei appeared in
the field of vision (Fig. 3). The number of viable
L1210 cells was found to be decreased by 33% at
48 h and by 50% - at 72 h of incubation (Table 2).
Treatment with 2.5 mM HSP resulted in a decrease
of the number of cells without substantial changes of
their morphologic features (Fig. 3, Table 2).

Thus, as a result of both virtual screening and
experimental research, HCP compound proved to be
more cytotoxic to the tumor cells compared to HSP
compound.

ROS production in the intracellular space and
development of oxidative stress is supposed to be one
of possible mechanisms of a toxic effect of chemi-
cal compounds. ROS production in L1210 cells was
evaluated 2 and 5 h after adding HCP and HSP com-
pounds in concentration of 2.5 mM. No significant
changes in ROS level in the cells were revealed two
hours after HCP and HSP introduction into incuba-
tion medium. But with the incubation term being
increased to 5 h, a decrease of ROS level in L1210
cells was observed. ROS production was more inten-
sive under the effect of HCP (a 3-fold intensification
compared to control), than under the effect of HSP
(a 2-fold intensification) (Fig. 4). A higher prooxidant
activity of HCP compound is assumed to determine
its higher cytotoxic effect on the cells.

Both the structure and physicochemical proper-
ties of chemical compounds are of importance for
explaining possible mechanisms of their biological
activity. One of the criteria for recommendation of
the chemical compounds as pharmacologic prepara-
tions is their correspondence to the so-called Lipin-
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Table 2. The number of viable L1210 cells (%
of control) at different time after incubation with
chemical compounds (M =m, n = 4)

. Time, h
Chemical compound 48 ‘ 72
HCP 1.25 mM 73+2* 65 +5*
2.5 mM 67 £ 3* 50 + 4*
HSP 1.25 mM 80£5 805
2.5 mM 75 + 6% 70 £ 6*

*P < 0.05 compared to a sample incubated without
additions.
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20-
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0 -

Control HCP  HSP

Fig. 4. ROS level in L1210 cells after adding 2.5 mM

HCP and HSP into incubation medium of (M £+ m,
n=2~0)

Control HCP  HSP

ski’s rules, according to which a compound being
a candidate to medicine should meet the following
requirements: molecular mass (M, ) no more than
500 Da; lipophilicity parameter, or coefficient of
distribution in an octanol/water system (logP) — no
more than 5; the number of hydrogen bond donors —
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no more than 5; the number of hydrogen bond accep-
tors — no more than 10. If two or more requirements
of these rules are not satisafied, there is a risk of the
low compound bioavailability [11].

Besides Lipinski’s rules the indexes of mo-
lecular polar surface area (<140 A?), the number of
rotating nonterminal bonds (no more than 10), the
number of aromatic rings (no more than 4) are reco-
mmended for evaluation of bioavailability of chemi-
cal compounds [12-14]. Physicochemical parameters
of HCP and HSP calculated with the use of ACD/
Labs program are presented in Table 3.

The analysis of results obtained shows that
HCP and HSP compounds meet the requirements of
both Lipinsky’s and Weber’s rules.

One of the basic criteria of biological activity
of a chemical compound is its lipophilicity estimated
by the coefficient of distribution in an octanol/water
system (logP). The choice of n-octanol as a com-
parison phase is based on the fact that the balance
of polar and nonpolar fragments in the molecule of
n-octanol imitates adequately the lipophilic proper-
ties of lipids and proteins in the cells and tissues of
animals and plants. The penetration of compound
through cell membranes, binding to biomacromole-
cules, adsorption, distribution, metabolism, removal
and toxicity [14, 15] depend on the degree of the
compound lipophilicity. According to theoretical
calculations (Table 3), logP parameter was 0.33 and
0.11 for HCP and HSP, respectively, that evidences
for a higher lipophilicity of HCP.

Lipophilicity of HCP and HSP as representa-
tives of weak NH-acids, is more precisely estimated
by logD parameter, which represents the ratio of
general concentration of a compound (its ionized
and nonionized form) in two liquid phases (octanol/
water) and is dependent on the medium pH.

The dependence of logD index for HCP and
HSP compounds on the medium pH is shown on
Fig 5. It is established that HCP compound is better

LogD A
0.33
-0.00
-0.33
-0.67
-1.00

pH
1 2 3 45 6 7 8 9101112 13 14

-1.67

Table 3. Physicochemical parameters of HCP
and HSP compounds calculated with the use of
ACD/Labs program

Physicochemical Chemical compounds

parameters HCP HSP
M, Da 229.17 265.22
logP 0.33 011
H bond donors 1 1
H bond acceptors 5 6
Freely rotating bonds 4 5
Polar surface area, A2 74 100
pKa 9.66 2.37

dissolved in octanol than in water when pH values
are below 10 (Fig. 5, 4), while for HSP compound
(Fig, 5, B) this range is much more narrow (pH be-
low 2) and does not correspond to physiological
values (pH 7.4). It is known that high biological ac-
tivity is, as a rule, a characteristic of the substances
with intermediate solubility. Thus, logP value in the
range of -1 — +5 is optimal for substances intended
for peroral use. If logP > 5 the compound possesses
high lipophilicity and its accumulation in lipid layer
of membranes could prevent its absorption [14].

Thus, a more evident cytotoxic effect of HCP
compound compared to HSP compound revealed
by this study may be explained by its higher lipo-
philicity at physiological values of medium pH (7.4)
and hence by better permeability through cell mem-
branes and higher biological efficiency.

The higher value of negative logarithm of dis-
sociation constant of HCP (pKa = 9.66) as compared
to HSP (pKa = 2.37) is also in agreement with its
more evident toxic effect on L1210 cells. The proba-
bility of proton dissociation from HCP molecule is
low, and hence the concentration of its nondissocia-

LogD
0.11 =

-0.23 1 203 4 5 6 7 8 9 1011 12 13 14
-0.56

-0.89 3
-1.22 \

-1.89 —=——= ==

pH

Fig. 5. Characterization of HCP (4) and HSP (B) lipophilicity by LogD index
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ted (molecular) form is higher. This molecular form
contains both electrophilic and nucleophilic centers,
which are sterically distributed in such way that can
interact with corresponding electro- and nucleo-
philic sections of proteins, nucleic acids and other
biomolecules.

Based on computations and conducted research,
one can conclude that HCP compound is promising
for the purposeful chemical modification with the
aim to intensify its antitumor effect. Thus, the intro-
duction of substituents with already known anti-tu-
mor activity (e.g., aziridine or dichlorodiethylamine
group, etc.) near OCNHPO functional group could
be useful. An alternative possible way of modifica-
tion is the creation of complexes with nanostructures
(in particular with fullerene C,) as drug carriers.
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CuHTEe30BaHO Ta  ieHTH(IKOBAaHO  Me-
tomamu 4, 'H Tta 3P SMP cnekrpockormii
CTPYKTYpHI aHaJOru [-IUKETOHIB — JHUMETHII-
N-(6enzoimamigopocpar (HCP) ta mumernn-N-
(benincynnpdponimaminopocdar (HSP). 13 Bukopu-
CTaHHAM KoMmIT PoTepHux mporpam PASS ta ACD/
Labs 3mificHeHO CKpUHIHT 0i0JOTi9HOI aKTHBHOCTI
Ta po3paxoBaHi (Hi3WKO-XIMIUHI TapaMEeTpH CIO-
nyk HCP Tta HSP. BusiBieHO WHPOKUH CHEKTP
010JIOTIYHOI aKTHBHOCTI IIUX CIIOJYK, 30KpeMa
MPOTUIYXJINHHY aKTHBHICTh. TeopeTuuHi pospa-
XYHKHA KPHUTEPiiB Ol0AOCTYMHOCTI BKa3ylOTh Ha
T€, W0 JOCHIJKyBaHI CIONYyKH HE MAaroTh >KO[-
HUX BiaxuiieHb Big mpasuit Jlinincekoro. Criomyka
HCP xapakTepn3yeThCs BHIIOKO JHMOQLIBHICTIO 32
¢izionoriunux 3HaueHs pH nopisasHO 3 HSP. Ipo-
JEMOHCTPOBAHO Yaco- Ta J0303aJI€KHUN LUTOTOK-
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CUYHUH eeKT JOCiPKYBaHUX CHOJYK OO JIeH-
Kko3HUX KJiTUH L1210. BusiieHno 6inbin BUpa3HUMA
Ta paHHiil uutorokcuunuii epekr HCP mopiBHsIHO
3 HSP. 3a nii cnonyku HCP y xonuentpanii 2,5 MM
CIIOCTEpIrasioch 3-pa3oBe IOCUJICHHS MPOIYKY-
BanHs1 ADK y panniii nepiox iHKyOanii, 3HUKEHHS
JKUTTE3MaTHOCTI KiriTuH Ha 40% depes 48 roj 1 Ha
66% — uepe3 72 ron. Ha miacraBi KOMII'IOTEpHHUX
pPO3paxyHKIB Ta MPOBEACHHUX JOCIIKEHh MOXKHA
IiATH BHCHOBKY, o crnonyka HCP € nepcnekTus-
HOIO JIUISI II1JIECITPSIMOBAHOT XIMI4HOT Moaudikalrii 3
METOI0 IOCHJICHHS 11 MPOTHITY XJTMHHOT 1.

KnwuoBi CJIOBa: TAMETHII-N-
(6enzoim)aminodocdar, numeTuI-N-(denin-
cynbdoninmaminodocdar, PASS-nporunos, neiko3ni
kaituad L1210, AOK, HMTOTOKCUYHICTE.
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CuHTe3upoBaHbl W UACHTUQHUIIMPOBAHBI
meromamu MK, H u *P SAMP crnextpockonuu
CTPYKTYPHBIC aHAJlOTH [-IUKETOHOB JHMETHII-
N-(6enzomm)amugopocdar (HCP) u aumernn-N-
(penuncynsonmmamugopochar (HSP). C wuc-
MI0JIb30BAHMEM KOMITBIOTEPHBIX INporpamm PASS
n ACD/Labs ocyiecTBiIeH CKpUHUHT OHOJIOTHYE-
CKOW aKTUBHOCTH M PacCUYUTAaHBI (PU3UKO-XUMHUUE-
ckue napamerpsl coennHennidi HCP n HSP. Briss-
JICH IIUPOKUN CIIEKTP OMOJIOTMYECKON aKTHBHOCTH
HCCIIElyeMbIX COCTUHEHNH, B YaCTHOCTU MTPOTUBO-
OIlyXOJIeBasi aKTUBHOCTh. TeOopeTHUECKUE pacueThl
KpUTEpUEB OMOIOCTYTHOCTH YKA3bIBAIOT HA TO, YTO
HCCIIelyeMble COCAMHEHUSI HE UMEIOT OTKJIOHCHHH
ot npasui Jlununckoro. Coenqunenne HCP xapak-
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TEpU3yeTCs BEICOKOH TUTO(UIBHOCTBIO ITpH (prsno-
Jorudyeckux 3HaueHusax pH mo cpasuenuro ¢ HSP.
[IponeMoHCTpUPOBAaHBI BpeMs- M J10303aBHCHMBbIE
HuTOTOKCHYeCKHEe d(PQeKThl HucciuenyeMblXx coe-
JUHEHUN B OTHOIICHHUH JIEMKO3HBIX KiieTok L1210.
BeisiBiieH 0osiee BbIpa3UTEIbHBIN M PAHHUN IUTO-
tokcnveckuit 3¢dext HCP no cpaBuenuto ¢ HSP.
[Tpu no6asnennn HCP B konuenTpaunu 2,5 MM Ha-
OJr01a710Ch 3-KpaTHoe ycuiieHue BeipadoTku ADK B
paHHMI nepro] HHKYOAuU, CHUKEHUE JKU3HECTIO-
coOHocTH KiIeTok Ha 40% uepe3 48 u Ha 66% — ye-
pe3 72 4. Ha ocHOBaHUH KOMITBIOTEPHBIX pacieTOB
1 TIPOBEIEHHBIX MCCIIeIOBAHUI C/iejaH BBIBO, YTO
coenuHenne HCP saBiseTcs mEepCHeKTUBHBIM IS
LIEJICHAIIPABJICHHON XUMUUYCCKOW MOAU(PHUKAIINH,
YCUJIMBAIOILEH €ro NPOTUBOOIYX0JIEBOE ICHCTBHE.

KnrmodaeBbie cioBa:gumeTni-N-(OeH30MIT)
amuaodocdar, nuMeThI-N-(heHuICy b OHMIT)
amuaodocdar, PASS-poruos, aeiko3Hble KICTKH
L1210, A®K, TMTOTOKCHIHOCTb.
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