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Abstract. Background. Oxidative stress is a multifactorial process involving numerous metabolic pathways
in the cell. Thyroid hormones play a significant role in reactive oxygen species production due to their ability
to accelerate the basal metabolism and to change respiratory rate in mitochondria. On the other hand, thyroid
hormones also differ from the cell antioxidant mechanisms in different ways, thus, creating a multivariate situa-
tion whose outcome is difficult to predict. The purpose of this study was to research the activity of oxidant and
antioxidant defense in the blood and in the thyroid tissue of patients with nodular goiter against the background
of autoimmune thyroiditis (AIT) and their changes due to the use of alpha-lipoic acid in preoperative preparation
and in the postoperative period. Materials and methods. The activity of oxidant and antioxidant defense in the
blood and in the thyroid tissue was studied in 80 patients with nodular goiter and AIT in the pre- and postopera-
tive periods. Results. The study showed that in patients with nodular goiter and AIT, there is an activation of
peroxidation and an increase in the functional ability of the antioxidant defense elements in the blood and in the
thyroid tissue. Conclusions. It has been found that inclusion of alpha-lipoic acid in the integrated treatment of
such patients contributes to a decrease in the activity of peroxidation, activation of antioxidant defense systems

and more rapid restoration of the thyroid function.
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Introduction

Surgery of endocrine organs will always face a com-
plex problem of combining surgical radicalism and post-
operative recovery of specific hormonal homeostasis.
The increase in the incidence of thyroid pathology in
Ukraine, associated with iodine deficiency, carcinogenic
effects, Chornobyl radionuclide radiation, and disorders
of the human immune system caused an increase in sur-
gical activity. First of all, it concerns nodular goiters and
tumors, autoimmune thyroiditis (AIT) with nodule for-
mation [1—3]. With an increase in the number of surgi-
cally treated patients, the number of cases of postopera-
tive hypothyroidism increases as well [4]. Although using
synthetic thyroid hormones solves the problem of com-
pensating the thyroid function, it does not always work
[5]. The main drawback of substitution therapy for hy-
pothyroidism with artificial hormones is the lack of feed-
back in the system of hormonal regulation, which can

only be achieved by a functioning thyroid parenchyma
[6—8]. The development of postoperative hypothyroid-
ism has long been the center of attention of researchers.
Most of them focus on autoimmune processes in the pa-
renchyma of the gland and on the parenchymal volume
loss [9—11]. Other pathogenic factors of hypothyroidism
during resection operations remain little known, so do
the mechanisms of nodule formation [12—14].

One of the reasons for this is the fact that until now,
many aspects of the pathogenesis of nodule formation
and, in particular, the development of postoperative
complications have not been fully understood.

According to the literature, the peroxidation of lipids
and proteins of the cell membranes, which occurs un-
der the influence of excess production of active forms of
oxygen (AFO) is the earliest stage in the pathogenesis of
AIT. In order to describe the imbalance in the system of
antioxidant — prooxidants, the term “oxidative stress”
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has been used in recent years. As a result of its develop-
ment, the destructive processes, that can be pathogenic
factors of the disease, become stronger [4, 11, 12, 15].
The actuation of peroxide oxidation processes (PO), de-
pending on the place of generation, distribution, type of
free radicals, duration and strength of their actions, as
well as on the redox status of the cell, may have different
effects on the cell signaling pathways, transcription fac-
tors, and some enzyme proteins. It leads to cell survival,
their proliferation, or death through apoptosis [16, 17].

Administrating analgesic and desensitizing drugs af-
ter a surgery on the thyroid gland prevents from correct-
ing other disturbances which occur in the thyroid gland
itself. The lack of drugs with targeted antioxidant action
in the integrated treatment contributes to uncontrolled
progression and activation of peroxide oxidation pro-
cesses in the blood and the thyroid tissue, which is be-
lieved to be the main cause of the development and pro-
gression of postoperative hypothyroidism.

The purpose of this study was to research some of the
links of the pathogenesis of the development and pro-
gression of postoperative hypothyroidism in patients
with nodular goiters secondary to autoimmune thyroid-
itis by investigating the activity of lipid and protein per-
oxide oxidation in the blood and the thyroid tissue before
and after a surgical intervention, and to develop effective
methods of their prevention.

Materials and methods

During 2013 to 2016, on the basis of the Chernivtsi
Regional Clinical Hospital, 80 women with nodular
goiter secondary to autoimmune thyroiditis (NGAIT)
were screened. The control and main groups were com-
parable in age (34.20 + 10.33 and 38.00 + 10.62 years
respectively, p = 0.12), anthropometric data (body mass
index — BMI 23.50 &+ 2, 71 and 24.30 * 4.88 kg/m?, re-
spectively, p = 0.43) and the free T, level (4.40 + 0.91 and
4.40 £0.93 ng/1, p=0.93), but they differed in the level of
free T, (16.60 +2.02and 12.90 £ 3.42 umol/1,p<0.0001),
TSH (1.90 £0.76 and 4.90 £ 3,51 mU/1, p < 0.0001) and
TPOAb (11.90 + 13.92 and 255.70 = 340.58 mUn/I,
p = 0.0009). In general, the differences between the
groups were regular and confirmed an autoimmune le-
sion and a tendency to a decreasing function against the
background of AIT. The diagnosis was confirmed mor-
phologically after a surgical treatment.

The control (I) group of patients only received anal-
gesic drugs in the postoperative period. The experimen-
tal (IT) group of patients, in addition to this treatment,
received 300 units of alpha-lipoic acid intravenously
a day before the surgery and every day after it (for 4—5
days), and after the discharge — alpha-lipoic acid 1 tab-
let (300 mg) per day for 1 month. This is a drug with a
targeted anti-oxidant effect. Patients of both groups did
not differ in terms of surgical intervention and the meth-
od of intraoperative anesthesia. It should be noted that
patients in both groups had received substitution thera-
py with L-thyroxine (1.6 m/kg/day) before the surgery.
7 female patients in the experimental group were of re-
productive age.

Prior to the surgery, and on the first, third and fifth
days afterwards, all patients were evaluated for the ac-
tivity of peroxide oxidation and the state of antioxidant
systems by measuring the degree of oxidative modifica-
tion of proteins (OMP) in serum, the activity of cerulo-
plasmin (CP); in erythrocytes — the content of malonic
aldehyde (MA), the activity of Glutathione-peroxidase
(GPX) and catalase (CT) according to generally accept-
ed methods. The same blood and plasma parameters in
30 practically healthy donors were studied. The study ap-
proved by the Bioethical Commission of the Bukovinian
State Medical University, Chernivtsi, Ukraine (Protocol
#8,14.06.2017).

The pro- and antioxidant activity in 5 % homogenates
of the thyroid tissue altered due to goiter was investigated
by determining the activity of Glutathione-peroxidase,
Glutathione-S-transferase, and the degree of oxidative
modification of proteins. Autopsied specimens taken
from the residents of the Chernivtsi region who died in
accidents and whose thyroid gland was normal in volume
and structure were used as the control ones. 32 glands
obtained in Chernivtsi RCMI “Department of morbid
anatomy” were investigated.

Statistical processing of the data was carried out us-
ing the Statgraphics program (2010) by calculating the
Student’s criterion.

Results

It has been established that in patients with NGAIT
there is a significant activation of peroxide oxidation
processes — the level of MA in erythrocytes in patients of
group I was significantly higher (23.3 %) than that in the

Table 1. Blood antioxidant defense values in patients with nodular goiters secondary to autoimmune thyroiditis
in the earliest postoperative period while being treated with alpha-lipoic acid

Donors 1st day 3 day 5t day
Values (n = 30) Group | Group Il Group | Group Il Group | Group Il
(n = 30) (n = 50) (n = 30) (n = 50) (n = 30) (n = 50)
1 2 3 4 5 6 7

MA, pmol/l 8.17 + 1.21 1327 +1,46 | 9,86 +1,17 | 12,66+ 1,12 | 9,11 +1,23 | 12,17 +1,52 | 8,37 + 0,96

of erythrocytes T P1—2*** p2-3*** P1-4*** P4-5*** P1-6*** P6-7***
49,93 + 1,63 | 61,03 +1,72 | 42,97 + 1,92 40,71 £ 1,74

OMP, uodlg | 39,61+ 1,23 | 5683 L 177 | Tpq_gi | Tpygei T | Upg el | 593822111 Tpg 7

P P2—3** P2—4* P4—5*** P6—7***

Notes: group l includes the patients who were not administered alpha-lipoic acid; group Il consisted of the patients
who were administered alpha-lipoic acid; * — probability coefficient P between the groups — < 0,05; ** — < 0,01;
*** — < 0,001 (only statistically reliable differences are given).
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donors. There was also an increase (by 21.8 %) in their
OMP activity.

In patients from the experimental group, after a single
administration of alpha-lipoic acid, the level of MA was
only higherby 11.4 %, and of OMP — by 14.3 % (table 1).

The activity of antioxidant defense enzymes was
found to decrease significantly in patients with NGAIT:
the activity of CP — by 11.2 %, of GPX — by 3.6 % and
of CT — by 8.2 %. A single administration of alpha-lipoic
acid led to a reliable (by 11.5 %) increase in CP activity.
At the same time, the activity of CT decreased by 8.9 %,
and the GPX remained almost unchanged (table 2).

On the 1% day after the operation the patients from
the control group had an increase in the level of MA by
37.3 % and OMP — by 29.7 %, while in the experimental
group there was a decrease of the first value by 35.2 %,
and OMP remained almost unchanged. On the 3 day af-
ter the operation the patients from the control group had
a reliable increase in the level of MA and OMB (31.1 %
and 42.3 % respectively), while in the experimental pa-
tients these values remained almost unchanged compared
to the first day. On the 5™ day after the surgery the ac-
tivity of peroxide oxidation processes in the blood of the
patients in the control group remained higher than those
before the operation, while in patients in the experimen-
tal group these values were significantly lower (table 1).

The activity of CP in blood plasma of patients in the
control group was found to decrease progressively from
It to the 5™ day of the postoperative period — from
77,2 £ 5,61 to 59,32 £ 4,42 uod/g of protein, and in
patients of the experimental group, it increased reli-
ably from 77,20 + 5,61 to 97,31 + 4,42 uod/g of protein
(p <0.001). The same pattern is characteristic of the ac-
tivity of CT. The GPX activity in patients of both groups
decreased significantly to the 3 day after the surgery and
increased on the 5" day, and it was more pronounced in
patients from the experimental group (table 2).

Studying the oxidant and antioxidant defense values
in the thyroid tissue found that the severity of OMP in
the tissue altered due to goiter is reliably higher (by 23.8
%) compared with healthy tissue, while GPX and Gluta-
thione-S-transferase activity is significantly lower. A sin-
gle administration of alpha-lipoic acid reduces the activ-
ity of the processes of oxidative modification of proteins,
promotes the activation of antioxidant defense systems:
the level of GPX and Glutathione-S-transferase in these
patients was significantly (by 9.7 and 28.6 % respectively)
higher compared to the patients in the control group, but
lower compared with the values in the unchanged thy-
roid tissue (table 3).

Studying AOD values in patients of both groups
showed that CT activity in the patients from Group I

Table 2. Blood antioxidant defense values in patients with nodular goiters secondary to autoimmune
thyroiditis in the earliest postoperative period while being treated with alpha-lipoic acid

1% day 34 day 5" day
Donors
Values (n = 30) Group | Group Il Group | Group Il Group | Group Il
(n =30) (n =50) (n=30) (n =50) (n =30) (n =50)
1 2 3 4 5 6 7

cT, 16873+ | 15251+ | 16227+ | 14988+ | 17928+ | 13896x | 'oLAl*
pmol/min » n 14,40 12,69 11,07 10,19 16,33 11,43 P8
236,82 +

GPX, 05517 | 181.82% | 19781x | 18355x | 21983% 1 90143, 14,72

umol/min » n = 12,68 13,73 11,81 ey 10,34 P17
P67

CP, uod/g 77005561 | 6212387 8164416 |61,88+342 | 8562378 | 58,16x2,78 | 9333 2107

of protein 20 £5, P12 o3+ P14+ P45+ P1—6** b

Notes: group | — includes the patients who were not administered alpha-lipoic acid; group Il consisted of the
patients who were administered alpha-lipoic acid; * — probability coefficient P between the groups — < 0,05; ** —
< 0,01; ** — < 0,001 (only statistically reliable differences are given).

Table 3. Values of oxidant and antioxidant defense in the thyroid tissue of patients
with nodular goiter secondary to autoimmune thyroiditis while using alpha-lipoic acid

Unaltered thyroid The tissue altered due | The tissue altered due to goiter
tissue to goiter (control group) (experimental group)
Values (n=32) (n = 30) (n = 50)
1 2 3
OMP, uod/g of protein 46,19 + 2,75 60§18_§*€;92 44|,3022_§*§;96
GPX, pmol/min * g of tissue 191,55 + 14,55 166,65 = 15.85 178292 10.54
. 18,61 + 1,88
G-S-transferase, pmol/min ¢ g 12,72 + 1,43 : xn
o peaan 24,65 + 1,82 b1_p*+ E;:g***

Notes: * — probability coefficient P between the groups — < 0,05; ** — < 0,01;

reliable differences are given).

*** — < 0,001 (only statistically
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(table 2) tended to decrease over the entire observation
period, while in the patients from Group II it increased
progressively, differing from the same value in the pa-
tients from group I on the 5—6 days after the surgery.

The activity of GPX in patients of Group I tended
to increase during the immediate postoperative period
and only on the 5" day after the operation its activeness
approached that of the donors. In the patients from the
second group the activity of the GPX grew in a more pro-
nounced way. This value was reliably higher than that in
the patients of group I on the 3 day after the surgery,
and in comparison with donors it was much higher both
on the 39 and on the 5" days of the postoperative period

The activity of CP in the patients from Group I tend-
ed to decrease, while in the patients from Group II it
increased reliably as early as beginning from the 3 day
after the surgery, exceeding the same value in the donors.
On the 5" day after the surgery, the CP level was reliably
higher than both in group I and in donors.

Discussion

H. Erdamar et al. (2008) found that hypothyroidism
was associated with enhanced oxidative stress and lipid
peroxidation, and supposed that this might lead to the
development and progression of atherosclerosis. Reac-
tive oxygen species (ROS) have been reported to induce
oxidative damage to membrane lipids, proteins, and
DNA, and might in cell death by necrosis or apoptosis
(Hancock J.T. et al., 2001). Both glutathione peroxidase
and catalase are major defenses against harmful effects
of ROS in cells, and in cultured thyrocytes, both have a
high capacity to degrade exogenous hydrogen peroxide
(H,0,) (Nekrasova T.A. etal., 2011).

Specifically, observations indicate that GPX is in-
volved in the degradation of fairly low H,O, levels,
whereas CT is required to degrade H,O, at higher con-
centrations. It is thus possible that the lower activities of
GPX and CAT lead to H,0,-induced apoptosis of thy-
roid cells in Hashimoto's thyroiditis patients. In an in vi-
tro study by (Shen H.M. et al., 2001). Impaired capacity
of GPX in degrading H,0O, in cultured thyroid pig cells
aggravated the apoptic response. This data and present-
ed results suggest the possibility that reduced GPX and
CAT activities in hypothyroid patients might participate
in initiation of the autoimmune process might lead to
H,0,-induced damage of thyroid cells related to cystolic
oxidative stress.

The mechanism linking hypothyroidism with oxida-
tive stress and antioxidants is unknown. The effects of
hypothyroidism on antioxidants parameters have been
investigated in hypothyroid patients with intellectual
disability (Ai J. et al., 2003). Antioxidant deficiencies
may lead to a failure to effectively combat extrinsic fac-
tors (i.e., weather, diet, drugs, and physical exercise) and
intrinsic factors (i.e., injuries, weakness, and fatigue in-
volved in oxidative stress. An extensive body of evidence
now exists confirming that antioxidants are involved in
the cellular defense against oxidative stress in a variety of
pathological conditions.

It has been suggested that hypothyroidism lead to
oxidative stress and to a reduction of antioxidant de-

fenses. In addition, previous experimental studies have
reported that hypothyroidism is characterized by endo-
thelial dysfunction of blood vessels (Andreev A.Yu. et al.,
2005). In agreement with previous findings, thyroid hor-
mones are involving in combating the toxicity of oxida-
tive stress (Oliynyk V.A., 2006).

Thus, under normal conditions, the protective ef-
fect of thyroid hormone against oxidative stress can be
explained by the function of antioxidants as a defense
system. However, a chronic state of hypothyroidism is
characterized by impairments in the redox potential.
This lead to free radical chain reactions and to metabolic
suppression on antioxidant capacity. Results from this
study support the suggestion that the hypothyroidism
of patients in some way is linked to the low levels of the
major antioxidant molecules found in these patients. The
depletion of antioxidants observed in hypo-thyroid indi-
viduals may reflected the increased free radical produc-
tion in the electron transport chain in the mitochondrial
inner membrane (Mishunina T.M. et al., 2009).

The increase of free radicals is not compensated, as
one would expect, by a decrease of antioxidants. A high
oxidative state in hypothyroid people has metabolic and
biochemical characteristics such as increased mitochon-
drial enzyme activity.

Thus, it is likely that patient's cells are damaged by
prolonged oxidative stress that far exceeds the capacity of
the patient's organs to synthesize antioxidant molecules
or to synthesize them from extra cellular sources (Mis-
hunina T.M. et al., 2009).

In this regard, it can be assumed that autoimmune
aggression against thyroid hormones, whose structure
changes due to the activation of peroxide oxidation pro-
cesses, is one of the mechanisms of hypothyroidism.
Including alpha-lipoic acid in the process of treatment
leads to the normalization of hormonal homeostasis.
A month after the surgery, the level of TTG practically
did not differ from that of donors, which is evidence of
normalization of the thyroid gland function and reduc-
tion of the signs of hypothyroidism. The remote monitor-
ing results of the experimental group of patients confirm
the efficacy of using alpha-lipoic acid in the integrated
treatment of postoperative hypothyroidism in patients
operated for NGAIT. The 2—3 years after the surgery,
the level of TTG practically did not differ from that of
donors and in five women of fertile age their pregnancy
and delivery were without complications.

Conclusions

1. Patients with nodular goiter secondary to auto-
immune thyroiditis experience an activation of the per-
oxidation and an increase in the functional ability of the
antioxidant defense elements in the blood and in the thy-
roid tissue.

2. Asurgeryleadsto a progressive imbalance between
the pro- and antioxidant systems of the blood during the
earliest postoperative period.

3. Including alpha-lipoic acid in the integrated treat-
ment of such patients causes a decrease in the activity of
the peroxidation processes as well as the activation of the
antioxidant systems in the blood and in the thyroid tis-
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sue, contributes to a fast functional recovery in the thy-
roid gland.

4. The remote monitoring results of the experimental
group of patients confirm the efficacy of using of alpha-
lipoic acid in the integrated treatment of postoperative
hypothyroidism in patients operated for NGAIT.

Conflicts of interests. Authors declares the absence
of any conflicts of interests that might be construed to in-
fluence the results or interpretation of their manuscript.
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BAH3 YkpQiHu «byKOBUHCHKNA ASPIKABHUN MEANYHWV YHIBEpCUTET», M. YepHisLi, YkpaiHa

Hogi niaAxoAmn A0 NiCAI0NEePALMHOIO AiKyBAHHS XBOPUX
HQA BY3AOBUM 300 i ABTOIMYHHUM TUPEOTAUT

Pestome. Axmyaavnicmos. OxcupanTHMii cTpec — Garatodak-
TOPHUI MpOLEC, 10 BKIOYAE YUCIECHHI METa0OMIUHI LUISIXU
B KJIiTUHi. [OpMOHM IIMTONONIOHOT 3aJ103U BilirparoTh 3Ha-
YHY POJIb y BUPOOHUIITBI aKTUBHUX (DOPM KHUCHIO 32 PaXyHOK
X 3AaTHOCTI TPUCKOPUTU OCHOBHUI METa0O0JIi3M i 3MiHIOBATU
YacTOTy AUXaHHSI B MiTOXOH/PiSX. 3 iHIIOrO OOKY, TOPMOHU
IIUTOTIOAIOHOT 3a7103U TaKOX BiPi3HSIOTHCS Bifl aHTUOKCU-
JMAHTHUX MeXaHi3MiB KJIITUH Pi3HUMU IILISIXaMU, CTBOPIOIO-
Yyu TUM caMMM OaraToBapiaHTHY CHUTYallilo, pe3yJbTaT sKOi
TSKKO Tependayutu. Memoro 1aHOTO JOCTIIKEHHS OYJI0 BU-
BUEHHSI aKTUBHOCTiI OKCUIAHTHOTO Ta AaHTUOKCUIAHTHOTO 3a-
XMCTY B KPOBi Ta TKAHUHI IIUTOIOAIOHOI 3aJ1031 B MalliEHTIB
i3 BY3JJOBUM 3000M Ha TJIi aBTOIMyHHOTO TUPEOIAUTY Ta iX
3MiHM BHACJIi/IOK 3aCTOCYBaHHS ajib(da-Jino€eBOi KUCIOTU B
nepenonepauiiHiii miaroTosii Ta B MicasonepauiiHoMy me-
pioni. Mamepiaiau ma memoou. AKTUBHICTb OKCHUIAHTHOTO

Ta aHTUOKCUIAHTHOTO 3aXMCTy B KPOBi Ta TKAHWHI IIUTOMO-
Ji0HO1 3a1031 BuBYajiach y 80 XBOpUX Ha By3JI0BUiIl 300 Ha
TJi aBTOIMyHHOTO TUPEOIIUTY B JO- Ta IMicjsionepauiiHoMy
nepionax. Pesyavmamu. Y NOCIiIXEHHI OyJO BCTaHOBJICHO,
110 B MAIiEHTIB i3 BY3JJOBUM 3000M Ha TJIi aBTOIMYHHOTO TH-
pPEeOINNUTY CIOCTEPIraloThCsl aKTUBALlig MEPOKCUAALL] Ta Mil-
BUILEHHS (DYHKIIOHAIBHOI 3[aTHOCTI aHTUOKCUAAHTHUX
€JIEMEHTIB 3aXMCTY B KPOBi Ta TKAHWHI ILIUTOIOAIOHOI 3aJ1031.
Bucnosru. BkitoueHHs anbda-JirnoeBoi KUCJIOTU B KOMITICK-
CHe JIIKyBaHHST TAKMX XBOPUX CIIPUSIE€ 3HUXKEHHIO aKTUBHOCTI
MEePOKCUIHUX MPOLIECIB, aKTUBALIIT AHTUOKCUJAHTHUX CUCTEM
3aXMCTY Ta OUIBII LIBUAKOMY BiTHOBJIEHHIO (DYHKIIiT LIMTOMO-
NiOHOT 3aJ103M1.

KiouoBi cioBa: Bysinosuii 306 3 aBTOIMYHHUM THUPEOIN-
TOM; OKCUJIAHTHUI Ta aHTUOKCUIAHTHUI 3aXUCT; aibda-Ji-
MOEBA KMCJIOTA
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BI'Y3 YkpauHbl «byKOBUHCKUM rOCYAQPRCTBEHHbIV MEAVLMHCKUA YHUBEPCUTET», I. YHepHOBLbI, YkpaAnHQ

HoBble NoAXoAbl K NOCA€ONEePALUOHHOMY A€YEHUIO GOABHbIX
Y3AOBbIM U AQYTOUMMYHHbIM TUPEOUAUTOM

Pe3iome. Axmyaavnocms. OKCUIAHTHBIA CTpecC — MHOTO-
daxkTopHBI Mpouecc, BKIIOYAIOUIUNA MHOTOYMCIEHHBIE Me-
TaboIMYecKre MyTH B KJeTKe. [OpMOHBI IIIMTOBUIHOM KeJie-
3bl UTPAIOT BAXHYIO POJIb B MPOM3BOICTBE aKTUBHBIX (HhOPM
KHUCJIOPO/Ia 332 CYET MX CIIOCOOHOCTU YCKOPUTb OCHOBHOM
METaboJIM3M U U3MEHSTh YACTOTY JIbIXaHUSI B MUTOXOHIPUSIX.
C npyroii CTOPOHBI, TOPMOHBI ITUTOBUIHOM XKeJIe3bl TAKXKE OT-
JIMYAIOTCST OT AHTUOKCUIAHTHBIX MEXaHU3MOB KJIETOK pa3iny-
HBIMM TMYTSIMU, CO3/1aBasi TEM CaMbIM MHOTOBapUaHTHYIO CH-
Tyaluio, UCXOJ KOTOPOii TPYIHO nipenBuieTb. Ileasto naHHOTO
WCCIeNOBaHMs OBUIO M3yUeHUEe aKTMBHOCTU OKCUIAHTHOU W
AHTUOKCHU/IAHTHOW 3alllUThl B KPOBU W TKAHU IIUTOBUIHOMN
KeJe3bl y MAlMeHTOB C y3JI0BbIM 3000M Ha (hOHE ayTOMMMYH-
HOTO TUPEOWINTA ¥ UX U3MEHEHMSI B pe3yJIbTaTe MPUMEHEHHSI
ab(a-TUTI0EeBON KUCIOTHI B IPENOTIePallMOHHON TTOATOTOB-
KE ¥ TOC/IeoNnepaluoHHOM riepuone. Mamepuaavt u memooboL.

AKTHMBHOCTh OKCHJIAHTHOM M aHTUOKCUAAHTHOM 3alllUTHI B
KPOBM Y TKAHU HIMTOBUIHOM XeJie3bl u3yyanach y 80 O0JbHbBIX
Y3JIOBBIM 3000M Ha (hOHE ayTOMMMYHHOTO TUPEOUINTA B I0- 1
ocJieonepaluoHHoM nepuonax. Pezyasmamot. B uiccinenona-
HMM ObLJIO YCTAHOBJIEHO, YTO Y IMALIMEHTOB C Y3JI0BBIM 3000M Ha
(boHe ayTOMMMYHHOTO TUPEOMINTA HAOJIIOMAIOTCSI aKTUBALIMS
TEPOKCUIAIIMY U TIOBBIIIEHNE (DYHKIIMOHATBHON CITOCOOHO-
CTY AHTUOKCUIAHTHBIX 3JIEMEHTOB 3aIUThl B KPOBY U TKAHU
LLIMTOBUIHON XeJie3bl. Boieodst. BkinoueHue anbda-aumnoeBoit
KUCJIOTHI B KOMIUIEKCHOE JIeUeHNE TaKNX OOJIbHBIX CITOCOOCT-
BYET CHIDKEHMIO aKTUBHOCTH IIEPOKCUIHBIX IIPOLIECCOB, AKTH-
Ball aHTUOKCUIAHTHBIX CUCTEM 3allUThI U OoJiee ObICTPOMY
BOCCTAHOBJICHUIO (DYHKIIMHY U TOBUIHOM XKeJIe3bl.
KiioueBbie cj10Ba: y310B0ii 306 ¢ ayTOMMMYHHBIM THPEO-
WIUTOM; OKCHUIAHTHAs M aHTUOKCUIAHTHAs 3alllnTa; ajbda-
JIATIOEBAsT KUCJIOTA
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