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Summary

The work is devoted to the study of the
effect of a biostimulator and its compounds
with zinc on spontaneous, PHA-induced
blast transformation of T-lymphocytes in
patients with chronic viral hepatitis B, as
well as on the cytotoxic activity of natural
killers in colon cancer, and healthy donors
in the in vitro system. The results showed that
the biostimulator has a moderate regulatory
effect on spontaneous blast transformation
of lymphocytes in the in vitro system. The
costimulating effect of the biostimulator of
the PHA-induced blast transformation of
T-lymphocytes was revealed. A significant
increase in the membranotoxic function
of natural killer cells in relation to K-562
target cells was found under the influence of
a biostimulator after preliminary incubation
of the drug with effector cells. The biological
efficiency of splenic peptides increased after
the addition of zinc ions to them.
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Introduction. Thymus extracts,
including thymosin, are wused in the
treatment of cancer, autoimmune diseases,
many chronic infectious processes and
others [1-6].

The most important mechanism of action
of thymic peptides is the enhancement of
the functional activity of T-lymphocytes,
however, the multi-stage process of
developing an immune response involves

the activation of not only cellular, but also
humoral factors of immunity, contributing
to the increased production of specific
antibodies, cytokines, inflammatory factors
and others [6]. Natural immunity is largely
determined by killer cells (KC), which play
a decisive protective role in the early stages
of viral aggression [7].

Among the known thymus peptides, a
drug obtained from the spleen is of particular
interest. To increase the immunobiological
activity of peptides, we attempted to
combine them with metal ions, as is the
case in thymulin, which circulates in the
bloodstream as a nanopeptide combined
with zinc [6-8].

The aim of the work is to study the effect
of splenic peptides on the functional activity
of human T-lymphocytes and natural killer
cells in the in vitro system.

Material and methodology.
Determination of the effect of drugs on the
proliferative response of T-lymphocytes.

The peripheral blood mononuclears of
32 patients with chronic viral hepatitis B
aged 20-49 years served as the material for
the study of lymphocyte blastogenesis.

Phytohemagglutinin (PHA) (Sigma)
and concanavalin A (Con A) (Pharmacia)
in suboptimal concentrations (10 mcg/ml)
were used as an activator of the lymphocyte
blast transformation reaction (RBTL).

Modified and unmodified peptides
were added to the lymphocytes (1 million/
ml) in the experimental samples at a final
concentration of 0.01 mcg/ml. The tablet was
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incubated at 37 © C - 1 hour, after which the
corresponding mitogen was introduced into
the wells. Only mitogen was added to the
control samples of lymphocytes. Mitogen
was not used in the study of spontaneous
blast transformation of lymphocytes. After
48 hours, 3H-thymidine was added to the
samples at a concentration of 1 MCC/ml.
The reaction results were taken into account
72 hours after the start of cultivation.

To quantify the effect of protein peptide
compounds on the proliferative response of
T-lymphocytes, the exposure index (EI) was
used, which was calculated by the formula:

EI = (Pe — Ic)/Ic * 100%, where : Pe is
the number of pulses per minute (imp/min)
in the experiment;

Ic is the number of imp/min in the control.

Determination of the effect of drugs on
the cytotoxic activity of natural killers.

The material for the study of cytotoxic
activity was peripheral blood mononuclears
of 30 people, including 14 healthy donors
and 16 patients with colon cancer II- IV art.

The concentration of lymphocytes
isolated from peripheral blood was adjusted
to 1 million/ml. The membranotoxic activity
of natural killer cells was determined by the
ability of effector cells to damage target
cells labeled with 3H-uridine 9 [8].

Transferable cells of the human myeloid
leukemia line K-562 (5 million/ml) labeled
with 3H-uridine: I MCC/ml were used as
targets and incubated at 37 °C in a water
bath for 1.5 hours. After that, the cells were
washed three times with a large volume of
medium 199 with 20% fetal calf serum.
To prevent effector cells from reutilizing
DNA hydrolysis products that included
a radioactive label, target cells were
incubated for 2 hours in a nutrient medium
(composition: RPMI-1640 with 10%
embryonic calf serum, 2 mM L-glutamine
and 40 mcg/ml gentamicin) at 37 © C and
washed again once in a large volume of
medium 199 with 20% fetal calf serum.

EC activity was expressed by the
cytotoxicity index (CI), which was
determined by the formula:

CI = (1 - the average value in the
experiment (imp/min) / the average value in
the control (imp/min) * 100%

Statistical processing of the results
was carried out using standard methods of
variational statistics with the calculation of
the arithmetic mean (M), its error (m) and
the Student criterion (t).

Results. It was found that the average
value of spontaneous RBTL in hepatitis
patients in control group 1 (without
incubation with mitogen and biostimulator)
was 280 £14 imp/min with a range of
individual fluctuations from 153 to 404 imp/
min. In the presence of immunomodulin
(control 2), the indicators of spontaneous
blastogenesis significantly increased on
average in the group to 351 +26 imp/min
with a range of individual fluctuations from
207 to 673 imp/min. The index of the drug's
effect on spontaneous RBTL was +25.3%
(P<0.05). The introduction of a zinc-
modified peptide into the culture increased
the rates of spontaneous transformation of
T-lymphocytes to an average of 415+36 imp/
min. With a range of individual fluctuations
from 248 to 650 pulses/min. The index of
the drug's effect on spontaneous RBTL was
+48% (P<0.05 with control 2 and P<0.001
with control 1).

We also studied the functional activity of
T-lymphocytes by their ability to enter the
mitotic cycle under the influence of PHA. It
was found that under the influence of lectin,
the blast transformation of lymphocytes in
general on control group 1 is (51.4+3.3) x
103 imp/min with individual fluctuations in
indicators from 41 to 74 thousand imp/min.

In control group 2, the average value
of this indicator did not significantly differ
from control 1 and amounted to 57.0+2.4
thousand imp/min with individual values
from 42 to 77 thousand imp/min. The
biostimulator impact index averaged +11%

per group.
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In the main group, the average value of
this indicator significantly differed from
control 1 and control 2 and amounted to
65.0+2.4 thousand imp/min with individual
values from 48 to 86 thousand imp/min.
The average exposure index of the modified
immunomodulin per group was +27%
(P<0.05 with control 2 and P<0.001 with
control 1).

Consequently, the modified biostimulator
had a significant stimulating effect on
the PHA-induced blast transformation of
T-lymphocytes. depending on the initial
sensitivity to PHA: in individuals with
initially reduced indicators, a stimulating
effect was revealed, and in individuals with
an initially normal response to PHA, no
effects were noted. Thus, the costimulating
effect of the modified biostimulator on the
PHA-induced proliferative response of
T-lymphocytes was noted.

In an experiment with pretreatment of
only mononuclears with the drug, similar
results were obtained. Thus, incubation
of effector cells with immunomodulin
(without target cells) showed a significant
stimulation of the membranotoxic activity
of natural killers in all studied groups. In
this group of experiments, 2 controls were
used: preliminary parallel incubation of
effector cells only in a nutrient medium
(control 1) and with a peptide (control
2). Metallopeptide was evaluated in the
experimental group. Thus, in healthy donors,
the EC cytotoxicity index was 51.2+1.9%;
incubation with a modified peptide increases
these values to 65.7 = 1.6%; preincubation
with immunomodulin activates them to
58.3+ 1.7%. The difference in the values
of the experiment with the controls was
significant (P<0.05 with control 2 and
P<0.001 with control 1).

In an experiment conducted on
lymphocytes of patients with colon cancer,
a deep decrease in the membranotoxic
activity of EC was found, which was 23.8+
1.5% (control 1). When cultured with
immunomodulin, these values are 29.3+

1.5% (control 2). Preliminary incubation of
effector cells with metallopeptide increases
the activity of EC to 34.3+ 1.3% (P<0.05
with control 2 and P<0.001 with control 1).

Discussion. The principal feature of
the action of fetal peptides of the spleen
is the dependence of the severity and
direction of their effects on the initial state
of the regulated cells, which contributes
to the normalization of the processes out
of balance [9, 10, 11, 12]. In particular, as
our study showed, immunomodulin does
not have mitogenic activity, but shows
it only with simultaneous stimulation
of PHA or endogenous mitogens (with
spontaneous blast transformation). This
indicates in favor of the costimulating effect
of immunomodulin and zinc-containing
metallopeptide on the lymphoblastic
response. The costimulating effect of thymic
peptides on blastogenesis is obviously
realized through a specific receptor found
on lymphocytes. Apparently, simultaneous
activation of receptors for PHA and thymus
peptide is an enhanced stimulus for the
process of lymphocyte proliferation.

It must be recognized that when studying
the biological feasibility of a particular
peptide regulator, problems arose due to
the pleiotropy of its action, i.e. the ability to
interact with structurally different receptors
localized on many cell populations and
cause a whole range of diverse biological
effects. It is believed that this depends not
so much on its primary structure as on the
stereochemical structure and the volumetric
pattern of the distribution of -electric
charges, which allows the peptide to react
with receptors of various configurations
[2,13, 14].

The results of our research on the
activity of natural killers showed that in
the case of preliminary joint incubation
of the biostimulator by effector cells, the
membrane-toxic function of the EC was
enhanced. We have previously shown that
interferogenesis in lymphocyte culture is
significantly enhanced under the influence
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of immunomodulin [II]. It is possible
that the effect of immunomodulin and
metallopeptide on EC may also be due to
the activation of T-lymphocytes through
specific receptors, which, in turn, leads to an
increase in the production of IFN-y, IL-2, IL-
12, IL-15, etc. cytokines with simultaneous
appearance of receptors for them on other
subpopulations of lymphocytes [6, 15, 16,
17]. The consequence of these influences
was an increase in the membranotoxic
activity of natural killer cells, since IL-2
directly, without interaction with the CD25
receptor, triggers natural killers for a
cytolytic reaction [12,17]. Despite the fact
that ECS do not express CD-25-y-chains
of the high affinity receptor for IL-2, cells
respond to it by proliferation and increased
cytolytic activity [16,17].

Earlier in the experiment, we showed a
receptor-mediated effect of the biostimulator,
an increase in the concentration of Ca2+ in
thymocytes, which was accompanied by
the redefinition of Ca2+ ions between the
endoplasmic reticulum and mitochondria
with an increase in the process of biological
oxidation and an increase in the energy of
cells [18].

Conclusion. Consequently, we have
established that biostimulants combined
with zinc have a regulating effect on the
proliferative activity of T-lymphocytes
through the interaction of their cellular
recetors with mitogen and thymus peptides,
which ultimately leads to the cascade
synthesis of cytokines, which, in turn,
modulates the proliferation of T cells and
the cytotoxic activity of natural killers. An
increase in the membranotoxic function of
natural killer cells in relation to K-562 target
cells was detected under the influence of a
biostimulator after preliminary incubation
of the drug with effector cells. The biological
efficiency of splenic peptides increased after
the addition of zinc ions to them.
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Koxoayvip ouocmumynamopnapoinoiy
T-numepoyummep men maodouzu
oamipywinepoin bencenoinizine acepi

Anoamna

Kymvic  bOuocmumynsimopouly
OHbIH  MbIPLIUNEH — KOCBLIbICLIHBIY — CO-
svumanel B eupycmulx  eenamumi - Oap
HayKacmapoagwl T-num@oyummepoin
o30icinen, @I A-undyxyusnanzan  bracm
mpanchopmayusicolna, COHOAU-aK
moK iwex Kamepui icicindezi mabuzu
onmipywinepoiy dxcaue in vitro cyiecinoeci
cay OOHOPLAPObIH YUMOMOKCUKATIbIK,
Oencenoinicine acepin 3epmmeyee APHANEAH.
Homuoicenep OUOCMUMYTAMOPOLIH, in
vitro Jrcytiecinoesi aumpoyummepoiy
030I2iHeH  JICapbliblil  MPaHcHopmayus-
CbIHA KaAblnmvl pemmeyuli acep ememiHiH
Kepcemmi. T-numepoyummepoin Gea-
unoykyusinanean bracm  mpancgopmayus-
Cbl  PeaKyusiCbIHblY — OUOCMUMYISIMOPLIHbIH
KOCMUMYIAYUATLIK ~— 2cepi  AHbIKMAAObL.
Dppexmopnvix  Jcacywanapmen  npena-

HCOHE

pammoel  ai0bIH  anad  UHKYOAYUAIARAHHAH
Kellin ouocmumynamopovly acepinen K-562
HbICAHATILL  JHCACYULANAPBIHA — KAMbLCHbL
mabduau onmipyuii acacyuanapovly
MEMOPAHOMOKCUKATIBIK, DYHKYUACLIHBIY
CeHiMOI  Kyweroi anvlkmanosl. Koexbayvip
Nenmuomepiniy  OUOLOSUAIBIK — MUIMOLTIZT
0Napaa Mulpblil UOHOAPHL KOCHLIZAHHAH KeUiH
ecmi.

Tyitinoi ce3zoep: buoCmMuMynIamop, UMMy-
HomoOynamop, aumuodeneiep, T-numgoyum,
MEMANIONEenmuo, UMMYHUMEN MAanubliblebl,
in vitro.

Bauanue ouocmumynamopos u3
cenes3enku na akmugnocms T-numgpoyumoes
U HAMypaIbHbIX
Kuiepog

Paboma noceswena usyuenuro GnusiHusL
OUOCMUMYIAMOPa U e20 COeOUHeHUs C YUH-
Kom Ha cnowmanuyio, @I A-undyyuposanmnyio
oracmuyro mpancgopmayuio T-1umpoyumos
V OONbHBIX XPOHUHECKUM GUPYCHbIM 2enamul-
mom B, a makoice na yumomokcuuecKkyo ax-
MUBHOCMb HAMYPATILHBIX KULIEPO8 ) paKa
MOACMOU KUWKY, U 300POBbIX OOHOPOS 8
cucmeme in vitro. Pesyremamvr nokazanu,
Ymo OUOCMUMYIAMOP OKA3bIBAECM YMepeH-
Hoe pezynupyloujee GIusHUue Ha CHOHMAHHYIO
oracmuyo  mpancopmayuio auUMPoYUmos
6 cucmeme in Vvitro. Bulssnen kocmumynupy-
owull d¢hgexm duocmumynIMOpa peaxyuu
@I A-unoyyuposanuoil b1acmuol mpancgop-
mayuu  T-numpoyumos. ObHapysceno 0o-
cmoseproe ycuienue MemopanomoKCU4eckoll
@YHKYUU ecmeCmBeHHbIX KIAeMmOK-KULIepPO8
no omuoweHuro K kiemxkam mumersim K-562
100 GIUSHUEM OUOCIUMYISIMOPA NOCAe NPeo-
sapumenvHou UHKYOayuu npenapama ¢ ¢h-
Gexmoprvimu  kKniemkamu.  buonoeuueckas
aghghekmusHoCcmv  cene3eHUUHbIX Nenmuo08
803pOCIA NOCIE NPUCOCOUHEHUS K HUM UOHO8
YUHKA.

Knrwouesvie cnosa: ouocmumynsimop, um-
MyHOMOOYAsIMOp, aumumena, T-rumgpoyum,
Memanionenmuo, UMMYHoOeuyum, in vitro.
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