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The goal of the work was justification of standardization parameters of the product based on recom-
binant human IL-7 by “microbiological purity” parameter and development of its measurement method with
consideration of the requirements of guideline documents regarding quality of medicinal products. Suitabi-
lity assessment of microbiological purity testing procedures was performed. It has been established that the
studied product in standard testing methods possessed antimicrobial activity against test microorganisms
Basillus subtilis ATCC 6633 (on soybean casein digest agar and Sabouraud dextrose agar containing an
antibiotic), Candida albicans ATCC 10231 (on soybean casein digest agar and Sabouraud dextrose agar con-
taining an antibiotic), and possessed no antimicrobial activity against test microorganisms Staphylococcus
aureus ATCC 6538 (on soybean casein digest agar) and Pseudomonas aeruginosa ATCC 9027 (on soybean
casein digest agar). The efficacy of lecithin and polysorbate as substances eliminating antibacterial effect in
combination with 50-fold dilution of the test sample has been suggested and proven for the purpose of antimi-
crobial activity neutralization. The developed total aerobic microbial count measurement procedure for the
test product conforms to acceptance criteria provided by SPU (2.6.12), and can be used for its microbiological

purity control.

Key words: antimicrobial activity, microbiological purity, recombinant human interleukin-7.

playing a key role in T- and B-lymphocytes

development and homeostasis, involved in de-
velopment of dendritic cells, natural killers and
cells-lymphoid tissue inducers, which are essential
immunity links as well. IL-7 is capable of regula-
ting immune system homeostasis due to the ability
to maintain a balance between apoptosis and pro-
liferation processes of thymocytes, naive T-lympho-
cytes and memory cells, and thus maintaining the
consistency of abundance and functional activity of
these populations [1-3].

Recombinant proteins planned to be used in
medicine for therapeutic or diagnostic purposes
have to conform to specific requirements which dif-
ferentiate them from the proteins used exclusively
for research work [4, 5]. At the same time, specific
features of the use of recombinant proteins also ap-

I nterleukin-7 (IL-7) is an immune cytokine

ply specific requirements regarding their standardi-
zation. One of the elements of analytical standardi-
zation of pharmaceutical products is development of
the methods for testing microbiological purity.

It should be noted that this work is part of a
comprehensive work on the development of recom-
binant human IL-7 preparation and methods of its
biological standardization. At previous study steps,
we have scientifically justified composition and
technology of the product based on recombinant hu-
man [L-7 in the form of nasal spray (drops); quality
profile of such product [6, 7], its biological (specific)
standardization methods have been developed [8, 9].

The goal of the work was scientific justification
of standardization parameters of the product based
on recombinant human IL-7 in the form of nasal
spray (drops) by “microbiological purity” parameter
and development of the method for this parameter
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measurement with consideration of the requirements
of guideline documents regarding quality of medici-
nal products.

Materials and Methods

Nutrient media. Nutrient media (NM) in ac-
cordance with requirements of SPU (State Phar-
macopeia of Ukraine) 2.0 (2.6.12, 2.6.13) were used
during the tests. The NM were prepared from dry
nutrient media or individual ingredients; each nutri-
ent medium batch was tested for sterility, growth
and, when needed, inhibitory and indicator proper-
ties. The media list, characteristics, and media suit-
ability control results are shown in Table 1.

Test microorganisms. Test microorganisms in
accordance with requirements of SPU 2.0 (2.6.12,
2.6.13) were used during the testing. The list of test
microorganisms is shown in Table 2 (source of ori-
gin: Ukrainian collection of microorganisms).

The storage of test microorganisms was per-
formed in accordance with for Quality Control of
Medicinal Products by Microbiological Parameters.
Procedure of Receipt, Accounting, Storage and
Maintenance of Microbial Test Strains

Test microorganism suspensions, prepared
as detailed below, were used as inoculum for the
testing. Test microorganisms were cultured, each
separately, in an appropriate nutrient medium. Bac-
terial test strains were cultured in soybean casein di-
gest broth at temperatures from 30 to 35 °C for 18 to
24 h. Fungal test strains were cultured at the surface
of Sabouraud dextrose agar at temperatures from 20
to 25 °C. Test microorganism Candida albicans was
cultured for 2 days, and test microorganism Asper-
gillus brasiliensis (niger) was cultured for 5-7 days
till receipt of well-developed spores.

In order to prepare the starting suspensions of
bacterial test strains, the broth cultures were diluted
using buffer solution with sodium chloride and pep-
tone pH 7.0 till formation of the suspension contai-
ning 10° to 10* CFU/mI of test microorganism.

In order to prepare the starting suspension of
test microorganism C. albicans, the culture was
washed from the surface of Sabouraud dextrose
agar using buffer solution with sodium chloride and
peptone pH 7.0, and diluted with the same solvent
till formation of the suspension containing 10° to
10* CFU/mlI of test microorganism.

In order to prepare the starting suspension of
test microorganism A. brasiliensis (niger), the cul-
ture was washed from the surface of Sabouraud dex-
trose agar using buffer solution with sodium chloride
and peptone pH 7.0, which contained 0.05% of poly-
sorbate-80, and diluted using buffer solution with
sodium chloride and peptone pH 7.0 till formation of
the suspension containing 10° to 10* CFU/ml of test
microorganism.

Suitability testing of total aerobic microbial
count measurement procedure. Total aerobic micro-
bial count measurement procedure conforms to the
requirements of SPU 2.0 (2.6.12).

Sample preparation: Transfer 10 ml of the
product into a sterile volumetric vessel, make up the
volume to 100 ml with sterile buffer solution con-
taining sodium chloride and peptone pH 7.0, and mix
thoroughly (sample A); transfer 10 ml of the product
into a sterile volumetric vessel, make up the volume
to 200 ml with sterile buffer solution containing so-
dium chloride and peptone pH 7.0, and mix thorou-
ghly (sample B). For total aerobic microbial count
(TAMC) measurement, inoculate 1 ml portions of
the prepared sample B via double-layer technique

Table 1 Nutrient media used for testing the procedure suitability

Medium name

Purpose

Soybean casein digest broth

Preparation of bacterial test strains, enrichment medium for detection of
Staphylococcus aureus, Pseudomonas aeruginosa

Soybean casein digest agar

TAMC! measurement

Sabouraud dextrose agar

Preparation of fungal test strains

Sabouraud dextrose agar
containing an antibiotic

TYMC? measurement

Mannitol salt agar

Differential diagnostic medium for Staphylococcus aureus isolation

Cetrimide agar

Differential diagnostic medium for Pseudomonas aeruginosa isolation

Remarks: 'TAMC - total aerobic microbial count; 2TYMC - total yeast/mold count.
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Table 2. Microorganisms used for testing the procedure suitability

Name of test microorganism Strain number Purpose
Bacillus subtilis ATCC 6633 Suitability testing of TAMC measurement procedure
Staphylococcus aureus ATCC 6538 Suitability testing of TAMC measurement procedure,
suitability testing of the procedure for identification
of individual microbial species
Pseudomonas aeruginosa ATCC 9027 Suitability testing of TAMC measurement procedure,
suitability testing of the procedure for identification
of individual microbial species
Candida albicans ATCC 10231 Suitability testing of TAMC and TY MC measurement
procedure
Aspergillus brasiliensis (niger) ATCC 16404 Suitability testing of TAMC and TYMC measurement
procedure

into each of two Petri dishes with soybean casein
digest agar. For total yeast and mold count (TYMC)
measurement, inoculate 1 ml portions of the pre-
pared sample A via double-layer technique into each
of two Petri dishes with Sabouraud dextrose agar
containing an antibiotic.

Inoculum preparation. For each of test micro-
organisms B. subtilis ATCC 6633, S. aureus ATCC
6538, P. aeruginosa ATCC 9027, C. albicans ATCC
10231 and A. brasiliensis (niger) ATCC 16404, star-
ting suspension of the monoculture was prepared,
which contained 10° | to 10* CFU/ml, as mentioned
above. The suspension was used as inoculums
during suitability testing of TAMC and TYMC
measurement procedure.

Procedure suitability testing. The samples were
prepared as specified by the method detailed above,
using the sterile solvent. Five individual 10 ml por-
tions were taken from the prepared sample B. Each
portion was inoculated with monoculture of one of
test microorganisms B. subtilis, S. aureus, P. aerugi-
nosa, C. albicans, A. brasiliensis (niger), for which
0.1 ml of inoculums (containing 10° to 10* CFU/ml)
were added to 10 ml of the sample.

In control experiment 0.1 ml of the inoculum
of the same microorganism was added to 10 ml of
sterile solvent. Each inoculated sample (experimen-
tal and control) in the amount of 1 ml was plated into
2 Petri dishes as specified in the procedure. Soybean
casein digest agar was used for plating the samples.
The inoculations in soybean casein digest agar were
incubated at temperatures from 30 to 35 °C. Incuba-
tion of inoculations containing bacterial test strains
was performed within 3 days, and incubation of
inoculations containing fungal test strains was per-
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formed within 5 days. Two individual 10 ml portions
were taken from the prepared sample A. Each por-
tion was inoculated with monoculture of one of test
microorganisms C. albicans, A. brasiliensis (niger),
for which 0.1 ml of the inoculums (containing 103
to 10* CFU/mI) were added to 10 ml of the sample.
In control experiment 0.1 ml of the inoculum of the
same microorganism was added to 10 ml of sterile
solvent; 1 ml of each inoculated sample (experimen-
tal and control) was plated into 2 Petri dishes as
specified in the procedure. Sabouraud dextrose agar
containing an antibiotic was used for plating the
samples. Inoculations in Sabouraud dextrose agar
were incubated at temperatures from 20 to 25 °C for
5 days.

To obtain statistically significant results, the
testing was performed for three different product
batches.

Results and Discussion

Suitability of total aerobic microbial count
measurement procedure. At the first stage of the
work, we have carried out suitability testing of to-
tal aerobic microbial count measurement procedure,
included to the Quality Control Methods draft for
recombinant human IL-7 product in the form of na-
sal spray (drops).

Upon inoculation into NM from the product
dilution 1 : 10 in phosphate buffer solution with so-
dium chloride and peptone pH 7.0, the product pos-
sessed antimicrobial activity against test microor-
ganisms B. subtilis ATCC 6633 (in soybean casein
digest agar and Sabouraud dextrose agar containing
an antibiotic), C. albicans ATCC 10231 (in soybean
casein digest agar and Sabouraud dextrose agar con-
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taining an antibiotic). It has to be mentioned that, ac-
cording to the recommendations of SPU 2.0 (2.6.12),
during the procedure of suitability testing using
plate inoculation method, mean arithmetic value of
the number of colonies obtained in the presence of
test sample and in the absence of test sample (in the
control experiment) for each test microorganism has
to differ no more than twice.

The obtained results (Table 3) stimulated us
to study the potential of elimination of the product
antimicrobial effect against microorganisms in soy-
bean casein digest agar and Sabouraud dextrose agar
containing an antibiotic, using direct inoculation
method.

If growth inhibition of test microorganism is
observed (CFU number decrease more than twice),
justification should be presented, and the standard
procedure should be modified for the purpose of ob-
taining the probable test results. Literature [4] de-
scribes the following approaches to elimination and/
or neutralization of antimicrobial activity: first, the
increase of the volume of solvent or nutrient me-
dium; second, addition of specific or non-specific
inactivators to the solvent; third, use of the mem-
brane filtration method. A combination of the men-
tioned approaches can be used. The most adequate
approach, in our opinion, is the use of neutralizers;
it does not require additional testing steps and in-
volvement of additional material and technical
means, which is of special importance for routine

testing of product batches. In view of the product
formulation (including nipagin as a preservative) and
with consideration of the literature data and out own
experience [4, 9-13], we focused on the compounds
potentially exerting neutralizing effect against para-
bens — lecithin and polysorbate.

Thus, non-specific inactivators polysorbate-80
and lecithin, which were added to the solvent and nu-
trient medium, as well as dilution method were used
for neutralization of antimicrobial effects. Phosphate
buffer solution (PBS) with sodium chloride and pep-
tone pH 7.0 and neutralizing fluids (NF), different
by polysorbate-80 and lecithin concentrations, were
used as solvents for the sample preparation.

During the study of antimicrobial effect neu-
tralization potential, the product test samples were
prepared using a sterile solution, and monoculture
suspension of one of the following test microorga-
nisms: B. subtilis ATCC 6633 or C. albicans ATCC
10231, was added to the sample so that 1 ml of the
inoculated sample contained about 100 CFU of test
microorganism. In the control experiment, the same
quantity of microorganism monoculture suspension
was added to the sterile solvent. Each inoculated
sample (experimental and control) in the amount of
1 ml was plated into 2 Petri dishes with soybean ca-
sein digest agar. Incubation of inoculations was per-
formed at temperatures from 30 to 35 °C for no more
than 3 days, and the number of colonies grown on
NM was calculated.

Table 3. Results of suitability testing of total aerobic microbial count measurement procedure in the product

(batch 0116)

Mean CFU value of test
microorganism on Petri dishes

Ratio of mean
CFU value in

Test microorganism the absence and NM name
In the presence | In the absence in the presence
of product of product of the product
TAMC measurement
B. subtilis ATCC 6633 13 27 2.08 Soybean casein
S. aureus ATCC 6538 54 60 11 digest agar
P. aeruginosa ATCC 9027 83 84 1.01
C. albicans ATCC 10231 18 43 2.39
A. brasiliensis ATCC 16404 9 26 2.89
TYMC measurement
C. albicans ATCC 10231 20 46 2.30 Sabouraud dextrose
A. brasiliensis ATCC 16404 15 44 2.93 ag;]r ;r?t?:)?:)?; 2 g
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Table 4. Results of studying the product antimicrobial activity neutralization potential

Mean CFU count on Petri dishes™
Dilution Solvent B. subtilis C. albicans A. brasiliensis
ATCC 6633 ATCC 10231 ATCC 16404
Soybean casein digest agar
1:10 ) _ 12 20 11
1:20 PBS W1t_h sodium 1 22 13
chloride and
1:50 18 18 17
peptone, pH 7.0
Control 30 45 35
1:10 _ 13 10 12
1:20 F';')Ty‘;‘g:gafg gg‘ 15 12 15
1:50 3 g/l lecithin 21 20 24
Control 32 43 31
1:10 ) 14 21 12
1:20 F':::y‘g)‘:gafg gg 17 25 31
1:50 5 g/l lecithin 2 46 30
Control 27 44 30
Sabouraud dextrose agar containing an antibiotic
1:10 ) Not performed 12 1
1:20 rl)\cIJII:y\;\(/)I:EaEt,S z%l Not performed 30 20
1:50 5 g/l lecithin Not performed 44 34
Control Not performed 42 37

Remark: * the data of three consecutive experiments are presented (P < 0.05)

Additionally, it was suggested to use the dilu-
tion 1 : 50, which assures partial neutralization of
antimicrobial effects, and receipt of reliable results of
viable cells calculation. Dilution increase to 1 : 100
is not correct, as in case of using such dilution
during control of the product containing maximum
permissible microbial count — 1000, growth of no
more than 10 colonies will be observed on each dish,
which essentially increases the risk to obtain either
false positive or false negative test results, as well as
affects reliability of the obtained results. The results
of studies on neutralization of the product antimi-
crobial effects (Table 4 and Fig. 1-2) confirm that the
suggested procedure allows us to eliminate the prod-
uct antimicrobial activity effectively in antimicrobial
purity testing conditions.

The product microbiological purity standar-
dization has been established in accordance with
requirements of SPU 2.0 (5.1.4) as for non-sterile
medicinal products for nasal use: the product may
contain total aerobic microbial count (TAMC) no
more than 102 CFU/ml, total yeast and mold count
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(TYMC) no more than 10* CFU/ml, the presence of
Staphylococcus aureus in 1 ml and the presence of
Pseudomonas aeruginosa in 1 ml is not permitted.

In order to unify the product microbiological
purity testing by various parameters during TAMC
and TYMC measurement, as well as during tests for
detection of individual microbial species (S. aureus,
P. aeruginosa), we have suggested to use the same
solvent (neutralizing fluid) with the same product
dilution (1 : 50). It has been established that, in sug-
gested testing conditions the product does not exert
antimicrobial effects against test microorganisms
S. aureus ATCC 6538 (on soybean casein digest
agar) and P. aeruginosa ATCC 9027 (on soybean
casein digest agar).

Thus, the conducted studies are indicative of
the fact that the developed procedure of total aero-
bic microbial count measurement for the test product
conforms to the acceptance criteria of SPU 2.0
(2.6.12) and can be used in microbiological purity
control.
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Test microorganism — B. subtilis ATCC 6633
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Fig. 1. Results of studies of antimicrobial effect neutralization using various test microorganisms on soybean
casein agar. Solvents variants: 1 — PBS with sodium chloride and peptone, pH 7.0; 2 — NF with 30 g/l poly-
sorbate-80, 3 g/l lecithin; 3 — NF with 50 g/l polysorbate-80, 5 g/l lecithin

Scientific standardization of recombinant hu-
man interleukin-7 based product in the form of nasal
spray has been performed: the product may contain
total aerobic microbial count (TAMC) no more than
102 CFU/ml, total yeast and mold count (TYMC) no
more than 10* CFU/mI; the presence of S. aureus in
1 ml is not permitted, the presence of P. aeruginosa
in 1 ml is not permitted. Suitability assessment of
microbiological purity testing procedures was per-
formed. It has been established that the test product
in standard testing methods possessed antimicro-
bial activity against test microorganisms B. subti-
lis ATCC 6633 (on soybean casein digest agar and

Sabouraud dextrose agar containing an antibiotic),
C. albicans ATCC 10231 (on soybean casein digest
agar and Sabouraud dextrose agar containing an
antibiotic), and possessed no antimicrobial activity
against test microorganisms S. aureus ATCC 6538
(on soybean casein digest agar) and P. aeruginosa
ATCC 9027 (on soybean casein digest agar). The
efficacy of lecithin and polysorbate as substances
eliminating antibacterial effect in combination with
50-fold dilution of the test sample has been suggest-
ed and proven for the purpose of antimicrobial activ-
ity neutralization. The developed procedure of total
aerobic microbial count measurement for the test
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Fig. 2. Results of studies of antimicrobial effect
neutralization using various test microorganisms on
Sabouraud dextrose agar. Solvent: NF with 50 g/l
polysorbate-80, 5 g/l lecithin

product conforms to acceptance criteria provided by
SPU 2.0 (2.6.12), and can be used for its microbio-
logical purity control.

PO3POBKA METOAY
BHUIIPOBYBAHHA
MIKPOBIOJIOTTYHOI
YUCTOTHU ITIPEITAPATY HA
OCHOBI PEKOMBIHAHTHOI'O
THTEPJIEWKIHY-7 JIOAUHU
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Mertoro  pobotu  Oyno  oOrpyHTyBaHHS
napaMeTpiB CTaHAapTH3alii mpenapary Ha OCHOBI
PEKOMOIHAHTHOTO IHTEpJICHKIHY-7 JIFOOUHHU 34
MMOKa3HUKOM  «MiKpOOiOJIoTidHA YHCTOTa»  Ta
po3po0Ka MeTONy BHM3HAYEHHS I[OT0 TOKA3HU-
Ka 3 ypaxyBaHHSM BHUMOT KEPiBHHX JIOKYMEHTIB
00 SKOCTI Jikapchkux 3aco0iB. Ilposene-
HO OI[IHKY MPHUAATHOCTI METOAUK BU3HAYCHHS
MIKpOOIONIOTriYyHOT YMCTOTH. BeraHoBIeHO, 110
JOCITIKYBaHAM TIpernapar 3a CTaHAapTHUX METOIIB
JOCTIPKEHHS] BUSIBJISIB aHTUMIKPOOHY aKTHBHICTH
0 BITHOLICHHIO 10 TecT-Mikpoopranizmis Bacillus
subtilis ATCC 6633 (Ha coeBo-Ka3eiHOBOMY arapi
ta Ca0ypo-IeKCTPO3HOMY arapi 3 aHTHOIOTHKOM),
Candida albicans ATCC 10231 (Ha co€eBo-
ka3zeiHoBoMy arapi Ta CaOypo-IeKCTpO3HOMY arapi
3 aHTHOIOTHKOM) i HE BUSBIISIB aHTUMIKPOOHY JIit0
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BITHOCHO TeCT-MiKpoopraHiamiB Staphylococcus
aureus ATCC 6538 (Ha coeBo-Ka3eiHOBOMY arapi)
ta Pseudomonas aeruginosa ATCC 9027 (na
CO€BO-Ka3e{HOBOMY arapi). 3 METOI0 HelTpamizarwii
AHTUMIKPOOHOI aKTHUBHOCTI OyJiO 3aIpoIlOHO-
BAaHO Ta JOBEICHO €(EeKTHBHICTh BHKOPUCTAH-
HS JIGHUTHUHY Ta MojicopOary SK pPE4YOBHH, IO
3HIMAIOTh aHTHOaKTepiadbHUU e(eKT 3a po3-
BE/ICHHS JIOCHiKyBaHoro 3paska y 50 pasis.
Po3poOiena MeTonuka BH3HAYECHHS 3arajbHO-
ro 4Yucia S>KUTTE3NATHUX MIKPOOPTraHi3MiB aJis
JIOCTIKYBAHOTO Tpernapary, 3a BuMorown JDY,
BIJIITOBiTa€ KPUTEPisIM MPUATHOCTI Ta MOXKe OyTH
BUKOPHUCTAHA JIJIT KOHTPOITFO HOTO MiKpPOOi0I0TiuHOT
YUCTOTH.

KnawouoBi cinoBa:
AKTUBHICTB, MiKpoOionoriaaa
pEeKOMOIHAHTHUHN iHTEpIeHKiH-7 JTIOINHH.

aHTHUMIKpOOHa
YUCTOTA,

PASPABOTKA METOJA
NCIIBITAHUSA
MHUKPOBHUOJIOTMYECKOM
YUCTOTHBI HPEITAPATA HA
OCHOBE PEKOMBUHAHTHOI'O
HUHTEPJEMKWHA-7 YUEJIOBEKA
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Lensto paboTel OBIIIO 0OOCHOBAaHWE Tapame-
TPOB CTaHJAPTH3AIMU TIperapara Ha OCHOBE pe-
KOMOWMHAHTHOTO HWHTEPJICHKHHA-7 YeJOBEKa 110
ITOKA3aTeN0 «MUKPOOHMOIIOTHYECKAs YUCTOTa» U
pa3paboTKa MeToJla OIpEe/IENIeHNs ATOTO MoKa3aTe-
7 C y4eTOM TpeOOBaHMI PYKOBOIAIINX JTIOKYyMEH-
TOB TI0 Ka4eCTBY JIEKaPCTBEHHBIX cpeAcTB. [IpoBe-
JIEHa OIIeHKAa MPHUTOHOCTH METOIHK OIpEIeICHHS
MHKPOOHOJIOTHYECKON YUCTOTHI. YCTaHOBJICHO, YTO
WCCIIEeyeMbIi TIpenapar MpH CTaHJIAPTHBIX METO-
JlaX WCCIIEJOBAaHUS TPOSBISII aHTUMUKPOOHYIO
aKTHBHOCTH B OTHOIIEHWH TECT-MHUKPOOPTaHU3MOB
Bacillus subtilis ATCC 6633 (na coeBo-Ka3eHHOBOM
arape 1 Calypo-IeKCTPO3HOM arape, coep KaiiemM
antuonotuk), Candida albicans ATCC 10231 (ma
coeBo-kazemHoBOoM arape u Cabypo-meKkcTpos-
HOM arape, CoiepyKamieM aHTHOMOTHK) W HEe Ipo-
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SIBJISUT aHTUMHUKPOOHOE JEWCTBUE 0 OTHOIICHHIO
K TecT-MHKpoopranusmam Staphylococcus aureus
ATCC 6538 (Ha coeBO-Ka3eMHOBOM arape) u
Pseudomonas aeruginosa ATCC 9027 (ua coeBo-
kazenHoBOM arape). C 1enbio HeHTpaau3aluu aH-
TUMUKPOOHOH aKTUBHOCTH OBLIO MPENJIOKEHO HC-
MOJIb30BaHKE JISLIUTHHA U MoJKcopOara 1 JoKa3aHa
X 3QPEKTUBHOCTH KaK BEIIECTB, CHUMAIOIINX aH-
THOAKTEPUATBHBIN 3P QEKT MpH pa3BeICHUH UCCIe-
nyemoro oopasna B 50 pa3. Pazpaborannas meTou-
Ka OompefesieHns OOIEero Yucia >KU3HECIIOCOOHBIX
MHUKPOOPTraHU3MOB [IJISl UCCIIENYEeMOro mpenapara,
npenbsaBisieMblM ['DY, COOTBETCTBYET KPUTEPUIM
MPUTOJHOCTH U MOXKET OBITH HMCIIOJb30BaHA IPH
KOHTPOJIE €0 MUKPOOHOJIIOTHYECKON YUCTOTHI.

KnrmoueBbie cioBa: aHTUMUKPOOHAS aK-
TUBHOCTh, MUKPOOHOJIOTHYECKAsl YHCTOTA, PEKOM-
OMHAHTHBINM MHTEPJICHKUH-7 YeJIOBEKa.
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