ISSN 2409-4943. Ukr. Biochem. J., 2016, Vol. 88, N 4

UDC 616-006/-08:57.04 doi: http://dx.doi.org/10.15407/ubj88.04.040

THE EFFECT OF PERIOPERATIVE ANALGESIC DRUGS
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We aimed to investigate the effect of perioperative analgesia with nonselective cyclooxygenase-2
inhibitor dexketoprofen and opioid drug omnopon on the functional activity of immune cells in tumor excision
murine model. Lewis lung carcinoma cells were transplanted into hind paw of C57/black mice. On the 23"
day tumor was removed. Analgesic drugs were injected 30 min before and once a day for 3 days after the
surgery. Biological material was obtained a day before, 1 day and 3 days after the tumor removal. IFN-y, IL-
4, IL-10 and TGF-p mRNA levels in splenic cells were assessed by quantitative real-time RT-PCR. Cytotoxic
activity of splenocytes was estimated by flow cytometry. We found that in splenocytes of mice received opioid
analgesia IL-10 mRNA level was increased 2.3 times on day one after the surgery compared to preoperative
level (P < 0.05), while in dexketoprofen group this parameter did not change. IFN-y gene expression level on
day 3 after tumor removal was 40% higher in splenocytes of dexketoprofen treated mice as compared with
omnopon treated animals (P < 0.05). Cytotoxic activity of splenocytes on day 3 postsurgery was (62.2 £ 2.4)%
in dexketoprofen against (50.2 + 3.3)% in omnopon group. In conclusion, perioperative analgesia with
cyclooxygenase inhibitor dexketoprofen in contrast to opioid analgesia with omnopon preserves higher

functional activity of murine immune cells in the experimental model of tumor surgery.
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( j ancer is a leading cause of morbidity and
mortality. Surgical resection of primary
tumors is a common therapy for cancer,

however, mortality from metastasis remains high.

Clinical and experimental studies have shown that

surgical stress factors, including tissue trauma, pain,

anesthetic drugs and opioids, markedly affect the
immune system, including both the specific and the
non-specific immune response, thus creating condi-

tions for tumor immune-evasion [1, 2].

Opioid pharmacotherapy are often used for
the treatment of surgical and cancer pain, howe-
ver, recent studies suggest the possibility that they
might influence the rate of disease-free survival
after tumor resection [3]. Acute and chronic opioid
administration is known to have inhibitory effects
on antibody production, natural killer cell activity,
cytokine expression, and phagocytic activity [3, 4].
In recent years cyclooxygenase-2 (COX-2) inhibitors
are actively studied as a new analgesic drugs which
can substitute opioids or reduce their dose. COX-2
inhibitors are particularly interesting as analgesics
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for cancer surgery, as there is a growing body of
evidence about their influence on cancer incidence
[5, 6].

Despite a number of studies dedicated to com-
parison of antinociceptive effect of COX-2 inhibitors
and opioids on murine models, there are limited data
on tumor surgery models. Thus, we aimed to inves-
tigate the influence of analgesia with nonselective
COX-2 inhibitor dexketoprofen on the functional
activity of immune cells in tumor excision murine
model.

Materials and Methods

Animal model and surgery design. 50 males of
C57/black mice weighting 18-22 g and 1.5 months
old were used for this study. Mice were housed in
an animal care facility of the National Cancer Insti-
tute, Ukraine. All procedures with animals were per-
formed in accordance with the principles of humani-
ty as it was written in “General principles of animal
experimentation” approved by the National Congress
on Bioethics (Kyiv, 2001-2007) and in accordance



R. I Sydor, N. M. Khranovska, O. V. Skachkova, L. M. Skivka

with Council directive of November 24, 1986 on the
approximation of laws, regulations and administra-
tive provisions of the Member States regarding the
protection of animals used for experimental and
other scientific purposes (86/609/EEC).

Lewis lung carcinoma (LLC) cell line was
used as an experimental tumor model. LLC cells
were kindly provided by the Bank of Cell Line of
R. E. Kavetsky Institute of Experimental Pathology,
Oncology and Radiobiology, NAS of Ukraine. LLC
cells were transplanted subcutaneously into the right
hind paw in the amount of 4x10° cells per mouse.
After the tumor cells transplantation experimental
animals were randomized by weight and assigned
to 3 groups (15 animals per group): experimental
group I (received for perioperative analgesia 10 mg/
kg of opioid drug omnopon), experimental group II
(received for perioperative analgesia 20 mg/kg of
NSAID dexketoprofen) and control group (received
equivalent volume of saline instead of analgesics).
5 mice were used as intact control (without tumor
transplantation, surgical intervention and drugs ad-
ministration) to assess the physiological levels of
studied parameters.

Surgical removal of tumor was performed on
day 22 after inoculation. Mice were anesthetized by
ketamine (25 mg/kg intraperitoneally), tumor paw
was ligated and amputated on the level of knee joint.
Analgesic drugs (or saline in control group) were in-
jected intraperitoneally 30 minutes before the tumor
excision and once a day for 3 days after the surgery.

Five mice per group were euthanized at 3 time-
points: before the surgery, day 1 and day 3 after
surgery. The number and volume of lung metastatic
lesions were measured and spleens were taken for
the evaluation of cytokines genes expression and cy-
totoxic activity of splenocytes.

Gene Expression Analysis by Quantitative
Real-Time RT-PCR. Spleens were soaked overnight
in RNAlater solution (Ambion, USA) and kept fro-
zen until use at -70 °C. Total RNA was extracted
using Ribozol (Amplisens, Russian Federation).
Concentration of purified RNA was determined by
measuring the absorbance at 260 nm using Nanodrop
1000 (Thermo Scientific Inc, USA). cDNA was syn-
thesized from 200 ng total RNA in a 20 pl reaction
mixture using the High-Capacity cDNA Reverse
Transcription Kit with RNase Inhibitor (Applied
Biosystems, USA). Quantitative Real-time PCR was
performed in a total volume of 25 ul containing 5 ul
of cDNA, 12.5 pl 2X Maxima SYBR Green qPCR

Master Mix (Thermo Scientific Inc, USA), 0.25 uM
of each specific forward and reverse primers on ABI
Prism 7500 Sequence Detection System (Applied
Biosystems, USA) using Software Version 2.0.1. The
PCR cycling conditions included an initial denatura-
tion at 50 °C (2 min) and 95 °C (10 min), followed
by 40 cycles at 95 °C (15 s) and 60 °C (1 min). Melt-
curve analysis was performed immediately after
the amplification protocol to determine if nonspe-
cific products were amplified. Results of PCR were
quantified using delta ct method. The mRNA level
was normalized to housekeeping gene glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) expres-
sion. Primers were designed using Primer Express
Software v2.0 and synthesized by Assay-by-Design
service (Applied Biosystems, USA): forward primer
5'-CAGCAACAACATAAGCGTCA-3" and reverse
primer 5 CCTCAAACTTGGCAATACTCA-3’
for IFN-y; forward primer 5-CACTTGAGAGA-
GATCATCGGC-3' and reverse primer 5'-TGC-
GAAGCACCTTGGAAGCCC-3" for IL-4; for-
ward primer 5-TGGACAACATACTGCTAACC-3'
and reverse primer 5-GGATCATTTCCGATAA-
GGCT-3' for IL-10; forward primer 5-ACACG-
GAATACAGGGCTTTCGATTCA-3' and reverse
primer 5-CTTGGGCTTGCGACCCAGTAGTA-3'
for TGFp; forward primer 5-GCCATCAACGAC-
CCCTTCATT-3' and reverse primer 5-GCTCCTG-
GAAGATGGTGATGG-3' for GAPDH.

Cytotoxic activity assay. Spleen was excised
from mice and transferred to 5 ml complete RPMI-
1640 medium. Tissue was homogenized, washed and
resuspended in RPMI-1640 medium. Viable cells
were counted using hemocytometer. Obtained sple-
nocytes were used as an effector cells (EC). Mice
lymphoma cell line OH-1 (kindly provided by the
Bank of Cell Line of R. E. Kavetsky Institute of
Experimental Pathology, Oncology and Radiobiol-
ogy, NAS of Ukraine) was used as target cells (TC).
TC were placed in a 96-well plate by 2x10* cells/
well in a volume of 0.1 ml, and EC were placed by
4x10° cells/well in a volume of 0.1 ml at the TC/EC
ratio of 1 : 20. After 12 h of incubation in the 5%
CO, atmosphere at 37 °C cells were transferred to
cytometry tubes and stained with fluorochrome pro-
pidium iodid (2.5 pg/ml). Percentage of dead TC was
evaluated by using FACSCalibur flow cytometer and
CellQuest Pro software (Beckton Dickinson, USA).

Statistical analysis. Statistical analysis was
performed by Statistica 10 (StatSoft Inc., USA). To
determine data statistical significance for normal
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distribution we used Student’s #-test; Mann Whit-
ney test was used for comparison of two indepen-
dent groups and Wilcoxon test — for comparison of
two dependent groups for nonparametric data. The
values of P < 0.05 were considered as significant.

Results and Discussion

Surgical trauma is associated with excessive
inflammatory response followed by a compensa-
tory anti-inflammatory response syndrome that is
primarily mediated by cells of the adaptive immune
system and results in dramatic depression of cell-
mediated immunity [2, 4]. Cytokines are vital in the
inflammation process, playing an important role in
both strengthening and suppressing the inflamma-
tory response. Several results have confirmed the re-
lationship between operative technique and cytokine
response. They underline the importance of cytokine
network changes that can play a role in the quality
of post-operative care [7]. IFN-y and IL-4 are the
main cytokines that regulate the switch of immune
response either toward cell-mediated (pro-inflamma-
tory) Th-1 type or humoral (anti-inflammatory) Th-2
type.

We did not observe any significant changes
in IL-4 gene expression level in the immune cells
from tumor-bearing animals after tumor resec-
tion, as well as differences between these indices in
tumor-bearing and intact mice. In contrast, [FN-y
mRNA level was significantly lower (P < 0.05) in
splenocytes of tumor-bearing mice as compared to
intact animals (Fig. 1, A), but showed a tendency to
increase in all study groups on day 1 after tumor
excision, reaching the level of intact animals. Al-
though, to day 3 after the surgery this dynamics
remains only in the dexketoprofen treated mice,
whereas in omnopon-treated animals as well as in
control animals the level of IFN-y mRNA was sig-
nificantly lower. Postoperative upregulation of IFN-y
gene expression can be caused by the abrogation of
tumor-induced immune suppression after removal of
a malignant tissue. Post-surgical immune suppres-
sion is realized through several mechanisms, includ-
ing the increase of PGE, secretion by myeloid cells
[8]. PGE, has a negative effect on IFN-y expression
and secretion by NK-cells [9].

In our study on day 3 after the surgery IFN-y
mRNA level were significantly lowered in splenic
cells of mice after surgery without analgesics com-
pared to intact animals, while in dexketoprofen
treated mice it remains on the intact level and was
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2.4 times higher than in control mice (P < 0.02). In
splenocytes of mice received opioid analgesia, [FN-y
gene expression level was 1.7 times higher than in
control group (P < 0.05) but still lower than that in
dexketoprofen mice by 40% (P < 0.03). These find-
ings are consistent with the data obtained on cancer
pain model, pointing that analgesia can prevent pain-
induced immune suppression and thus metastatic
growth [10]. On the other hand, immunological ben-
efits from pain relief could be diminished when opi-
oid analgesics are used: in vitro studies have shown
that morphine and other opioids can interfere with
IFN-y promoter activity in immune cells through
cAMP dependent signaling from opioid receptors
[11]. Exerting a comparable analgesic effect, dexke-
toprofen lacks immunosuppressive properties of opi-
oids. Furthermore, dexketoprofen inhibits synthesis
of PGE2, which is known to augment IFN-y and
other pro-inflammatory cytokines expression [12].

Anti-inflammatory cytokines, such as TGF-p
and IL-10, may aggravate surgical stress-induced
immune suppression. As a pleiotropic cytokine,
TGF-B regulates various immune cell types inclu-
ding natural killer cells, myeloid cells, CD4+ and
CD8+ T cells, promotes generation of T-regulatory
cells. These properties are essential for the mainte-
nance of tissue homeostasis and self-tolerance, but
are also involved in tumor immune evasion mecha-
nisms [13]. Surgical trauma, pain and blood loss
were shown to induce the increase of systemic levels
of TGF-f [8].

In current study, we observed a potent increase
of TGF-B mRNA level in splenocytes of tumor-
bearing mice after surgical procedure (Fig. 1, C). In
mice that were underwent tumor removal without
analgesia on day 1 after the surgery TGF-p3 gene ex-
pression level was elevated 8.7 times as compared to
preoperative level (P < 0.05), while in mice, received
analgesic drugs it was increased 4.5 and 4.8 times
for omnopon and dexketoprofen group respectively
(although in these groups it was not statistically sig-
nificant, P = 0.06). Differences in TGF- gene ex-
pression changes between control mice and those re-
ceiving analgesia in perioperative period may be due
to the involvement of this cytokine in pain modu-
lation during trauma and recovery. Thus, systemic
administration of a TGF-P neutralizing antibody was
shown to enhance mechanical allodynia in mice af-
ter sciatic nerve injury [14], as well as modulate pain
severity in A-carrageenan-induced inflammation in
rat model [15].
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Fig. 1. Cytokines genes expression levels (a — IFN-y, b — IL-4, ¢ — TGF-f, d — IL-10) in splenocytes of tumor-
bearing mice before and after tumor resection: t0 — 1 day before the surgery, t1 — 1 day after, t3 — 3 days after
the surgery. Values are given as meam+=SEM (n = 5), a.u. — arbitrary units; °P < 0.05 compared to omnopon
group; *P < 0.05 compared to control group; *P < 0.05 compared to preoperative values

IL-10, together with TGF-f3, was shown to play
a role in surgically induced immunosuppression, at-
tenuating pro-inflammatory cytokine production and
reducing monocyte HLA-DR expression after major
surgical trauma [8§].

In current research, after the surgical tumor
removal we observed a significant increase in IL-
10 gene expression in splenocytes of control mice
and mice receiving omnopon analgesia, but not in
dexketoprofen treated mice (Fig. 1, D). The highest
mRNA level of IL-10 on day 1 after the surgery was
observed in omnopon group, where it increased 2.3
times as compared to baseline values (P < 0.03),
though on day 3 after the surgery it decreased. This
is consistent with findings, that subcutaneous mor-

phine or heroin administration in mice upregulates
IL-10 expression in splenocytes with peak values 24
hours after the injection [16]. In contrast to omno-
pon and control group, immune cells of mice treated
with dexketoprofen analgesia, showed no significant
elevation of IL-10 mRNA level after the tumor exci-
sion. Inhibition of PGE, synthesis by dexketoprofen
can be a reason for this, as PGE, is known to upregu-
late IL-10 secretion in murine immune cells [17].
Cell-mediated immune response is essential
in the elimination of malignant cells. Cytotoxic ef-
fector cells, such as NK cells and CTL, are capa-
ble of recognizing and killing malignant cells, but
in contrast to CTL, NK cells exert their function
without prior sensitization or MHC restriction [18].
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Fig. 2. Cytotoxic activity of splenocytes of tumor-
bearing mice against OH-1 target cells before and
after tumor resection: t0— 1 day before the surgery,
tl — 1 day after, t3 — 3 days after the surgery. Values
are given as meam+=SEM (n = 5); °P < 0.05 com-
pared to omnopon group; *P < 0.05 compared to
control group; *P < 0.02 compared to preoperative
values

Functional activity of host NK cells is often com-
promised by tumor and can be additionally altered
by analgesic and anesthetic drugs using during the
surgery [19]. In current study, we measured cyto-
toxic activity (CA) of splenic immune effector cells
of tumor-bearing mice against allogenic target cells
(TC), so it represents mainly a cytotoxicity of splenic
NK cells (Fig. 2).
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Splenocytes of tumor-bearing mice showed
slightly reduced cytotoxic activity against OH-1 TC
as compared with intact animals ((39.5 + 4.1)% vs
(49.2 £ 3.2)%, P = 0.09). On day 1 after tumor re-
moval cytotoxic activity increased significantly in all
study groups as compared to values before the sur-
gery (P < 0.05), though a subsequent decrease was
observed. However, on day 3 after the surgery the
highest level of splenocytes cytotoxicity retained in
animals treated with COX-2 inhibitor dexketoprofen
with mean values (62.2 + 2.4)% against (50.2 + 3.3)%
in omnopon-treated mice and (47.6 = 1.7)% in con-
trol mice (P < 0.02). It has been reported, that PGE,
suppresses the cytolytic effector functions of NK
cells, in a mechanism involving suppression of IL-2,
and inhibits production of IFN-y by NK cells [20].
Furthermore, PGE -mediated suppression of NK cell
function during surgery has been shown to facilitate
the establishment of metastases in experimental ani-
mals [21]. In current experimental model of tumor
surgery we observed the escalation of metastases
growth after primary tumor removal (Fig. 3).

The tendency to increase in the number and
volume of metastases after tumor resection was
more pronounced in control group than in animals
received analgesics. On day 3 after the surgery mean
volume of lung metastatic lesions in control group
was 65.9 + 12.5 mm?® compared to 42.3 + 8.6 mm?
in omnopon group and 37.0 = 4.3 mm?, though these
differences were not statistically significant. It is
well known that surgical resection of primary tumor
can trigger the growth of pre established distant me-
tastases, and recent studies have shown that outcome
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Fig. 3. Number (A) and volume (B) of lung metastasis before and after primary tumor resection: t0 — 1 day
before the surgery, tl — 1 day after, t3 — 3 days after the surgery. Values are given as meam+SEM (n = 5)
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of this process depends on functional activity of im-
mune cells during perioperative period [4]. Although
in our study perioperative analgesia with dexketo-
profen results in higher postsurgical levels of [FN-y
mRNA expression and NK cells cytotoxic activity
compared to opioid analgesia, the absence of statisti-
cal differences in metastatic volume between these
two groups could be due to the short observational
time, and further researches targeted on long-term
outcome could probably reveal more.

In summary, perioperative analgesia with cy-
clooxygenase inhibitor dexketoprofen in contrast
to opioid analgesia with omnopon preserves higher
functional activity of murine immune cells in the ex-
perimental model of tumor surgery, which is repre-
sented by higher natural killer cells cytotoxic activ-
ity and higher expression of [FN-y mRNA. Obtained
data provides the basis for further researches of non-
steroidal anti-inflammatory drugs as a perspective
alternative for opioid analgesia in cancer surgery.
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JocmipkyBanu — BIUIMB — epionepaiiiiHOro
3HEOOJICHHSI HECEJICKTUBHUM 1HTIOITOPOM IIHMKJIO-
OKCUTCHA3H-2 JEKCKETONPO(EHOM Ta OIioiIHUM
AQHAJITETUKOM OMHOIIOHOM Ha (YHKIIOHAJBHY
AKTHUBHICTh IMYHHUX KIITHH MUIICH Ha MOJEIi
BUJAJICHHS Tepelernienol nyxiauHu. KapuuHo-
My JereHb JIbIOiC mepenieriroBail MUIIaM JIiHiT
C57/black B 3agHio namy. Ha 23-t10 100y myxiu-
HY BHJAJSIM XipypriduHo. AHaJITETHUKHA BBOJVIIH
3a 30 xB 110 Ta pa3 Ha A00y MPOTATOM 3 Ni0 micis
omepariii. 3abip OiosoriyuHoro wmarepiajay Mpo-
BOIMJIM 3a 700y 10, Ha l-my Ta 3-Ti0 J00y micis
oneparnii. PiBens excrpecii MPHK IFN-y, IL-4, IL-
10 Ta TGF-B B crieHOIMTaX BU3HAYAIA METOIOM
kinpkicHoi TIJIP B pexumi peanbHoro yacy. Llu-

TOTOKCUYHY aKTHUBHICTh CILICHOIIUTIB OLIHIOBAIU
METOIOM IPOTOYHOI LUTOMETpii. BeTanoBuiu, mo
piBerr MPHK IL-10 3poctaB y 2,3 pasa Ha l-my
J00y Mmicis onepaiii TOpiBHSHO i3 oonepaliiitHuM
piBHeM (P < 0,05) B criieHOLMTaX MUMICH, SKi OT-
pUMYBaJIH OIIOIIHY aHAJTe3ilo, TOAl K y pasi 3a-
CTOCYBaHHS JIEKCKETONPOQEeHY el MOKa3HUK Maii-
e He 3MiHIoBaBcs. PiBens ekcnpecii MPHK IFN-y
Ha 3-Ti0 700y miciist onepatii 0y Ha 40% BUIIUM
y CIUICHOIIUTAaX MHILEH, SIKi OTPUMYBAJIU JIEKCKe-
Tonpod)eH MOPIBHSIHO 3 THUMH, IO OTPUMYBATU
omHonoH (P < 0,05). LluToTOKCHMYHA aKTHBHICTh
CIUICHOLMTIB Ha 3-Tr0 100y micis omnepamii cra-
HoBmiIa (62,2 + 2,4)% 3a 3aCTOCYBaHHS JEKCKETO-
npodeny nopieasHO 3 (50,2 + 3,3)% 3a ananresii
OMHOITOHOM. Y MiJICYMKY, MICJISI XipyprivHOro BH-
JaJIeHHs TePelIeIUIeHOl MyXJINHN (QyHKIIOHATbHA
AKTHBHICTh KJIITUH IMYHHOI CUCTEMH MHILEH € BH-
LIOK0 Y pa3i 3aCTOCYBaHHs aHAJTe3il JIGKCKeTOMPO-
(beHOM, HiXk 3a 3aCTOCYBaHHS OMHOIIOHY.

Knmo4doBi cnoBa: OMHOIOH, JEKCKETO-
npodeH, iHTIOITOp IMKIOOKCHUTeHA3U-2, IMYHHI
KIJIITUHY, BUJAJICHHS [Ty XJTHHH.
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P. 1. Cuoop'?, H. H. Xpanoeckas',
O. B. Craukosd', JI. M. Cxusxa’®

'"HarroHa1pHBINH HHCTHTYT paka, Kues, Ykpanua;
’KueBCK M HAITMOHATBHBIN YHUBEPCUTET
umenu Tapaca llleBuenka, YkpanHa;
e-mail: creatogen@gmail.com

W3yuanu BausHMUE NEepHONEepallMOHHON aHal-
Te3WH C UCIOJNIH30BaHUEM HECEJIEKTHUBHOIO HMHTH-
OUTOpa IUKIOOKCUTEHA3bl-2 JIEKCKETONpOopeHa u
ONHMOMHOTO aHAJITeTHKa OMHOIOHA Ha (YHKIIHO-
HaJbHYIO0 aKTUBHOCTh UMMYHHBIX KJIETOK MBIIIECH
Ha MOJIENIN XUPYPIHUUECKOro yJaajeHHs] MepeBUTOM
onyxonu. Kapuunomy nerkux JIptouc mnepeBuBa-
nu meimaM guaun C57/black B 3anHor0 namy. Ha
23-pM CYTKHM OIYXOJb YAAISUIM XHUPYPTrUUYECKU.
AmHanreTuku BBonuau 3a 30 MUH 710 U pa3 B CYTKH
B TeueHue 3 JHeH mociie onepamuu. 3adop Ouoso-
TUYECKOro Marepuaja MPOBOAMIIM 33 CyTKH J0, Ha
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I-e u 3-pU CYTKH MOCIJE ONEpaluu. YPOBEHBb JKC-
npeccun MPHK IFN-y, IL-4, IL-10 u TGF-f B crie-
HOLIMUTAX OMpPEJeNsIM METOJOM KOJIMYEeCTBEHHOM
[IIIP B pexuMe peallbHOro BpeMeHH. L{uToTokcu-
YEeCKYyI0 aKTMBHOCTbH CIUICHOIIUTOB OLIEHHUBAJIH Me-
TOAOM IPOTOYHOU HUTOMETPUU. YCTAHOBJIEHO, YTO
B CIUIEHOLIMUTAX MBILIEH, MOTyUYaBIIUX OMHOUIHYIO
ananresuto, yposenb MPHK IL-10 yBenumumuBanics
B 2,3 pa3a Ha l-e cyTKH IocJie Oorepaluu 1o cpas-
HEHHUIO ¢ JoonepanMoHHbIM ypoBHeM (P < 0,05),
TOr/Ia KaK MPH aHAJITe3UH JEKCKETONPO(EHOM 3TOT
roKa3aTejab MOYTH HE M3MEHsICA. YPOBEHb JKC-
npeccun MPHK IFN-y Ha 3-pu cyTku mocie orme-
paruu Obu1 Ha 40% BBIIIE B CIUICHOLIMTAX MBIIICH,
MOJYYaBIIMX JIEKCKETONMPOPEH IO CPaBHEHHUIO C
TEeMH, KOTOpbIe Nnostyyaiau oMHomnoH (P < 0,05). Lu-
TOTOKCHYECKass aKTUBHOCTH CIUJICHOLIUTOB Ha 3-bU
CYyTKH TIOCIIE Oomepanuu coctaBisiia (62,2 = 2.4)%
[P IPUMEHEHUH JIeKCKeTonpodeHa no cpaBHEHUIO
¢ (50,2 + 3,3)% npu aHanre3uu OMHOMOHOM. Takum
00pa3oM, Toclie XUPYPruuecKoro yaaieHus nepe-
BUTOW ONYXOJIH (PYHKIIMOHAJIbHAS aKTHBHOCTb KJIe-
TOK UMMYHHOWH CHCTEMBI MBIIIEH BBIIIE IIPU HPU-
MEHEHUHU aHaJTe3NH JEKCKeTOMPO(EHOM, YeM MpH
MIPUMEHEHUH OMHOIIOHA.

KnrogyeBble C0Ba: OMHOIIOH, JEKCKETO-
podeH, UHrUOUTOP UKIIOOKCUTEHA3bI-2, UMMYH-
HBIE KJIETKH, YAAJICHUE Oy XOJIH.
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