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o,p'-Dichlorodiphenyldichloroethane (o,p’-DDD, mitotane) is used in the treatment of adrenocortical
cancer and Cushing's disease. This medicine induces numerous biochemical changes in the adrenal cortex,
as well as disorder in the mitochondrial structure. Therewith, the level of produced corticosteroid hormones
is significantly reduced. One of the possible causes can be a decrease in the NADPH level due to inhibition
of the activity of its reduction system and increased NADPH consumption during the glutathione reduction
catalyzed by glutathione reductase. o,p'-DDD is partially metabolized in the adrenal glands, and the main
metabolite (in terms of quantity) is o,p'-dichlorodiphenylacetic acid. However, attempts to find a physiologi-
cally active component among metabolites were unsuccessful. The most pronounced changes caused by o,p'-
DDD were found in the mitochondria of the adrenal cortex. The respiration at the level of IV and | complexes
is suppressed, the protein content of these complexes decreases. The phospholipid composition of the tissue
altered and the concentration of diphosphatidylglycerol, the most important component of mitochondrial
membranes, decreased. In our opinion, o,p'-DDD, owing to its high lipophilicity, accumulates in the mito-
chondria membranes and causes conformational disorder followed by disorder in mitochondrial functions. It
was shown that o,p’-DDD acts as an inhibitor of acyl-CoA-cholesterol acyltransferase (ACAT, SOAT1). There-
fore, adenocorticocytes accumulate free cholesterol, causing endoplasmic reticulum stress, mitochondrial
swelling and caspases activation. Increased apoptosis leads to a decline in adrenal function and to a decrease
in weight of adrenal glands.

Key words: adrenal cortex, steroidogenesis, mitotane, chloditane, glutathione, mitochondria, endoplas-
mic reticulum stress, apoptosis.

o,p'-Dichlorodiphenyldichloroethane (o,p'-
DDD) was used for many decades to treat adreno-
cortical cancer and Cushing’s syndrome. In medi-
cal practice it is used under the name of Mitotane
(Lisodren), in the USSR it was produced under the
name Chloditane. Various aspects of the biologi-
cal activity of o,p'-DDD have been thoroughly stu-
died in the Institute of Endocrinology and Metabo-
lism. The obtained results were summarized and
analyzed in the monograph by V. P. Komissarenko
and A. G. Reznikov [1]. In this review we present

findings on the mechanism of action of o,p'-DDD
that have been reported in the years since.

The mechanism of the o,p'-DDD effect on the
adrenal cortex has been studied since its adreno-
corticolytic effect was found [2]. Even early studies
showed that the effect of 0,p'-DDD is species-speci-
fic. Thus, adrenal glands of rats, mice, guinea pigs
and sheep were found to be o,p'-DDD resistant, and
only in humans and dogs o,p'-DDD inhibited the se-
cretion of corticosteroids and causes atrophy of the
adrenal cortex. However, attempts to inhibit steroi-
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dogenesis in vitro encountered considerable difficul-
ties. It is known that o,p’-DDD is virtually insoluble
in water (0.1 mg/1 at 25 °C; 0.3 uM), and adding of
0,p'-DDD in powder to the incubation medium in
some experiments had no success.

Important results that shed light on the condi-
tions for realization of o,p'-DDD action in vitro were
obtained by V. I. Kravchenko [3]. Blood plasma
containing a propylene glycol solution of o,p'-DDD
was used in the reported work. It was found that at
incubation of dog adrenal slices under these condi-
tions, synthesis of corticosteroids from endogenous
precursors, as well as from added progesterone did
not alter. However, in the experiments with dog ad-
renal homogenate, a clear decrease in the corticos-
teroid production was observed [3]. The penetrating
of o,p'-DDD into cells might be a very complex pro-
cess, so the incubation of the slices appears to be not
sufficiently accurate method in studying the action of
0,p'-DDD. A successful attempt to inhibit the corti-
costeroids secretion by o,p'-DDD was reported in [4].
The authors perfused the dog adrenal glands with a
solution of o,p’-DDD in Krebs-Ringer-bicarbonate
medium or in blood plasma. It was established that
the adrenal cortex did not respond to ACTH, added
to the perfused solution, by increased corticosteroid
production. Inhibition of steroidogenesis during the
incubation of slices in the o,p'-DDD containing me-
dium was not observed.

In dogs treated with 0,p'-DDD, a variety of bio-
chemical changes in the cortical tissue and atrophy
of the gland cortical layer were observed. Thus, a de-
crease in the activity of enzymes involved in NADP
reduction (a cofactor of hydroxylase reactions of
steroidogenesis) was established [5]. NADPH serves
as a hydrogen donor for hydroxylation reactions —
the most important reactions of steroidogenesis. It
is also a cofactor of glutathione reductase, which is
involved in maintaining the necessary level of re-
duced glutathione in cells. In the adrenal tissue of
dogs receiving o,p'-DDD, a considerable decrease in
the content of SH-groups was observed [6]. Under
these conditions the glutathione reductase activity
substantially increased. This increase was observed
already 24 h after a single feeding with o,p'-DDD at
a dose of 50 mg per kg of animal weight [7]. Such in-
crease in the activity of glutathione reductase might
be a compensatory response. In vitro, o,p'-DDD
also activated glutathione reductase of the adrenal
glands, but not of the kidneys and liver [8].

It is well known that glutathione is involved in
neutralizing peroxides, reactive oxygen species and

foreign compounds. The ability to neutralize foreign
compounds determines, to a large extent, the drug
efficacy and the development of tumor resistance
to pharmaceutical agents. These findings prompted
us to study how o,p'-DDD affects glutathione-S-
transferase (EC 2.5.1.18) activity in animals who
are sensitive or resistant to o,p'-DDD adrenocorti-
colytic action. Feeding dogs with o,p'-DDD caused
a decrease in the enzyme activity in the adrenal
glands, but did not change the enzyme activity in
the liver. Inhibition of glutathione-S-transferase ac-
tivity in the adrenal glands of dogs receiving o,p'-
DDD may be account for the adrenocorticolytic ef-
fect of the drug. In guinea pigs, the enzyme activity
increased in both the adrenal glands and the liver [9].
In vitro o,p'-DDD markedly inhibited the activity
of glutathione-S-transferase in dog adrenal glands
and less markedly in the adrenals of guinea pigs. In
rats receiving o,p'-DDD, the activity of glutathione-
S-transferase in the adrenal glands also decreased,
but increased in the liver [10]. The level of reduced
glutathione in these tissues changed in the opposite
way — increased in the adrenal glands and decreased
in the liver. This is the typical response of liver tis-
sue to xenobiotics.

Since treatment of adrenocortical cancer with
0,p'-DDD does not always give positive results,
some researchers have tried to find biochemical
predictors of the drug efficacy. Thus, ribonucleotide
reductase (EC 1.17.4.1) was considered as such a pre-
dictor [11]. This enzyme catalyzes the synthesis of
deoxyribonucleotides essential for DNA synthesis.
The enzyme contains two subunits encoded by dif-
ferent genes. The pronounced expression of RRM1
gene in patients is associated with shortening of re-
mission and life expectancy. Thus, in patients with
low level of RRM1 expression, mitotane treatment
prolonged the remission period. In patients with
high level of RRM1 expression such effect was not
observed. In vitro, mitotane caused a significant in-
crease in RRML transcription in SW13 cells, which
are resistant to mitotane, but not in mitotane sus-
ceptible H295R cells. Moreover, the suppression of
RRML1 by specific microRNAs sensitized SW13 cells
to mitotane. The authors suggested that RRM1 may
serve as a biomarker enabling to predict the tumor
response to mitotane treatment. A deeper analysis
of biomarkers for adrenocortical cancer sensitivity/
resistance to drugs was reported in [12]. The results
showed that mitotane and cisplatin are effective
in treatment of patients with low level of proteins
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RRM1 and ERCC1 (DNA excision repair protein).
CYP2W?1 was also considered as a biomarker [13].
The authors found that CYP2W1 expression was
high in the majority of adrenal tumors both benign
and malignant. Moreover, the level of immunore-
active CYP2W1 in tumors is associated with hor-
mone activity, a more differentiated phenotype, and
in cancer, with a better response to mitotane treat-
ment. These findings allow considering CYP2W1
as a possible marker to prognose tumor response to
mitotane used as an adjuvant or palliative therapy
after surgery. The activity of topoisomerase Ila and
thymidylate synthase as prognostic criteria was ana-
lyzed in [14]. The activity of these enzymes in tumor
tissue was found not to be associated with the effect
of mitotane.

Metabolism of o,p'-DDD incubated with dog
adrenal mitochondria, microsomes and cytosol was
studied [15]. In the presence of NADPH and system
of its reduction, mitochondria converted o,p’-DDD
into five different compounds, among which o,p'-di-
chlorodiphenylacetic acid was identified. The
metabolism was sharply inhibited when the incuba-
tion was carried out in a CO atmosphere, or in the
absence of NADPH in the medium. o,p'-DDD was
not metabolized in cytosol and microsome fractions.
The authors suggested that the ability of metabolites
to covalently bind to mitochondria proteins deter-
mines the adrenocorticolytic activity of o,p'-DDD
[16]. Incubation of dog adrenal homogenate with
125]-labeled o,p'-DDD showed that the radioactivi-
ty was mainly associated with proteins, and the
phospholipid fraction contained about 17% of the
total radioactivity [17]. After hydrolysis of the com-
plexes, the only metabolite of o,p’-DDD was found
to be chlorophenyl-1-iodophenylacetic acid. After
incubation of the dog, bovine and human adrenal
homogenates, the bound o,p'-DDD metabolites were
separated by electrophoresis [18]. The electrophore-
grams were similar for all homogenates. Among
the radiolabeled proteins, cytochrome P450  was
detected by Western blotting. The hypothesis that
o0,p'-dichlorodiphenylacetic acid (o,p'-DDA) is the
active metabolite of o,p’-DDD was tested [19]. The
authors studied the effect of 0,p’-DDA on H295R and
SW13 cell lines. o,p'-DDA, unlike o,p'-DDD, did not
inhibit cell proliferation, nor decrease gene expres-
sion, respiration, nor cause oxidative stress or apop-
tosis. During incubation of the cells with o,p'-DDA,
its concentration in the medium, in contrast to
o,p'-DDD, did not alter suggesting that o,p’-DDA did

not enter the cells. o,p’-DDA was not detectable in
adrenal tissue of o,p’-DDD-treated patients indica-
ting that there was no cellular o,p’-DDA uptake or its
in situ formation [19].

Histologic and electron microscopic changes in
the dog adrenal cortex occurring after o,p'-DDD ad-
ministration were described in a number of research
[20-22]. Electron microscopy analysis demonstrated
that adrenal mitochondria swelled in 2-4 h after a
single administration of o,p'-DDD to dogs. o,p'-DDD
was found to affect endoplasmic reticulum, to lead
to myeloid-like structure formation, as well as an
increase in the number and size of autolysosome
structures [20, 21]. Analysis of H295R and SW13
adrenocortical cancer cells exposed to o,p'-DDD
by electron microscopy revealed dose- and time-
dependent changes in mitochondria structure [23].
Swelling and disruption of cristae, formation of mye-
lin-like structures on the inner mitochondrial mem-
brane as well as cytoplasmic vacuolization were ob-
served. Increasing of o,p'-DDD concentration led to
a decrease in the total number of mitochondria. Mi-
tochondria swelling and degeneration were also ob-
served in the experiments on culture of Fang-8 cells
exposed to o,p'-DDD (Fang-8 cells derived from
estrogen-producing adrenal tumor and retained ster-
oidogenic activity) [24]. In vitro o,p'-DDD caused a
drastic inhibition of mitochondrial respiration in the
liver and kidneys of dogs and guinea pigs [25].

Development of stable culture of adre-
nal tumor cells played an important role in fur-
ther research of the mechanism of o,p’-DDD ac-
tion — many researchers began to use them in the
studies. 0,p'-DDD (10-40 uM) inhibited basal and
CAMP-activated hydrocortisone secretion by H295
cells, but did not cause their death [26]. It inhib-
ited the basal expression of StAR and P450__ pro-
teins and decreased the expression of MRNA StAR,
CYP11A1 and CYP21. It was found that o,p'-DDD
has a stimulatory effect on CYP11BI. The addition
of CAMP to control samples elevated the expres-
sion of steroidogenic genes. o,p’-DDD (40 uM) al-
most completely neutralized the effect of cAMP.
The authors concluded that o,p’-DDD can inhibit
corticosteroid biosynthesis via non-specific interac-
tion with transcription of steroidogenic enzymes.
Gene expression in H295R cells treated with o,p’-
DDD at concentrations that inhibit steroidogenesis
but do not affect cell viability was studied [27]. Iso-
lated RNA was further analyzed using microarrays.
Compared to control, differences in the expression of
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117 genes were found. Three steroidogenesis regu-
latory genes HSD3B1, HSD3B2 and CYP21A2 were
underexpressed, and four genes GDF15, ALDH1L 2,
TRIB3 and SERPINE2 were overexpressed. A de-
crease in the mRNA level of cytochromes CYP11A1
and CYP17A1 in H295R cells in the presence of
0,p'-DDD was shown in the study [28]. o,p'-DDD
was found to cause a decrease in the level of MRNA
protein kinase A regulatory subunit (PRKARLA).
These changes explain the molecular mechanisms of
inhibition of steroidogenesis by o,p'-DDD.

Quialitative and quantitative alterations in the
mitochondrial morphology and function in H295R
and SW13 cells were evaluated in [23]. The accu-
mulation of o,p’-DDD and o,p'-DDE (o,p'-dichlorodi-
phenyldichloroethylene — metabolite of o,p'-DDD)
in H295R cells was found to be dependent on the
concentration (directly proportional) in the me-
dium (10-100 pM). The number of cells decreased
proportionally to concentration and time. Such de-
crease may result from the combined effect on via-
bility and proliferation. The IC_; for these param-
eters ranged from 10 to 20 uM. The toxic effect
of 0,p'-DDD on SW13 cells was also established.
Quantification of apoptosis by annexin V showed
that exposure to 0,p'-DDD at doses of 30 and 50 uM
for 48 h led to an increase in the percentage of apo-
ptotic cells. The level of caspase-3 and -7 increased
in the cells. The increased caspase-3 and -7 activities
in these cells were also shown by other researchers
[28]. The influence of 0,p'-DDD on apoptotic DNA
fragmentation in vitro was analyzed in our work [29].
It was shown that apoptosis significantly increased
during incubation of the adrenocortical adenoma
slices in the presence of 50 uM o,p'-DDD. The ef-
fects of o,p'-DDD are particularly pronounced in the
conditions of activation of the adrenal cortex func-
tion [30]. Even at a concentration of 5 uM, o,p'-DDD
prevents Ca ions penetration into cells triggered by
an increase in the medium K* level. o,p'-DDD sig-
nificantly inhibited the activation of protein, RNA
and DNA synthesis under conditions of activation of
aldosterone synthesis by increased K* level.

The mitochondrial function was monitored by
measuring the membrane potential using JC-1 dye.
0,p'-DDD caused a more pronounced decrease in
the membrane potential compared to effect of well-
known ionophore valinomycin. Oxygen consump-
tion by mitochondria isolated from H295R cells ex-
posed to o,p’-DDD for 48 h was determined. Even
concentration of 10 pM led to a significant decrease

in respiration in the presence of succinate. Inhibition
increased up to 82% at a concentration of 50 uM.
Western blot analysis showed that o,p'-DDD reduced
the expression of the mitochondrial anion channel
VDAC in the outer membrane, increased the expres-
sion of caspase-3 but did not affect the level of suc-
cinate dehydrogenase (complex Il) in the mitochon-
dria inner membrane [23]. The effect of 0,p'-DDD
on respiratory chain was studied on cultured H295R
and SW13 cells derived from human adrenocorti-
cal carcinoma [31]. It was shown that o,p’-DDD
at a concentration of 50 uM inhibited respiration
2-fold in both cell lines at the stage of complex 1V
(cytochrome c oxidase). The activity of complex 11
(succinate-ubiquinone oxidoreductase) remained
unchanged. Complex 111 (ubiquinol-cytochrome c
oxidoreductase) was inhibited slightly and only in
SW13 cells. The IC,, for the IV complex was found
to be ~ 67 uM. It is known that cytochrome oxidase
includes 13 subunits; three of them are encoded by
the mitochondrial genome, the rest — by nuclear. Mi-
tochondrial : nuclear subunits ratio in transcripts re-
duced in H295R cells treated by o,p’-DDD by 70%.
Similar results were obtained in experiments with
SW13 cells. Protein analysis revealed that exposure
for 48 h reduced the level of complexes 1V and | by
45-70%, but did not alter the level of complexes Il
and 111 [31].

The above data demonstrate that mitochondria
are likely to be the main intracellular target for the
o,p'-DDD action. It is mitochondria where the most
important reactions of respiration and oxidative
phosphorylation as well as steroidogenic reactions
occur. Interaction between mitochondria and endo-
plasmic reticulum (ER) was reported to play an im-
portant role in steroidogenesis [32]. This interaction
occurs in the specialized contact cites and results in
the formation of specific subcellular domains called
mitochondrial-associated membranes (MAMS).
This coupling plays an important role in some cel-
lular processes, in particular, in Ca?* transport and
apoptosis [33]. Thus, MAMs may be considered as
functional adapters of changes in cell homeostasis.
It was shown in [34] that FATEL, a cancer-testis an-
tigen, plays an important role in the regulation of the
ER - mitochondria distance [34]. FATEL is expressed
in adrenal cancer cells under the control of the tran-
scription factor SF1 and increases the distance be-
tween ER and mitochondria, reducing mitochondrial
Ca?" uptake. FATEL also decreases sensitivity to pro-
apoptotic effects and to 0,p’-DDD [34].
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Steroidogenesis occurs mainly on mitochon-
drial membranes, the main components of which are
cholesterol and phospholipids [35]. The adrenal gland
is characterized by a high content of 7,10,13,16-do-
cosatetraenoic acid (a trivial name adrenic acid) in
phospholipids. The phospholipid composition of the
adrenal glands of humans and dogs is very close
and differ only in the sphingomyelin level which
was found to be significantly higher in humans
[36]. In dogs treated with o,p’-DDD (50 mg/kg) the
phospholipid composition of the adrenal cortex was
shown to be altered. The level of phosphatidylserine,
phosphatidylinositol and sphingomyelin increased,
whereas the level of diphosphatidylglycerol and
lysophosphatidylethanolamine decreased. Such de-
crease in the diphosphatidylglycerol level is associa-
ted with the destruction of mitochondria caused by
0,p'-DDD [37]. It is known that diphosphatidylglyce-
rol (cardiolipin) is an important constituent of the in-
ner mitochondrial membranes [38]. The formation
of a cholesterol complex with cytochrome P450_
(which cleaves the cholesterol side chain to form
pregnenolone) appeared to depend on the phospho-
lipid composition of the medium, and cardiolipin is
the most active phospholipid [39].

A direct interaction of o,p'-DDD with mem-
branes was studied on unilamellar membrane sys-
tem prepared from cholesterol and phospholipids
(phosphatidylcholine, phosphatidylethanolamine,
phosphatidylserine) [40]. o,p’-DDD constituted 20
molecular % of phospholipids. It was found that
0,p'-DDD and its main metabolite dichlorodipheny-
lacetic acid (0,p’-DDA) bind to lipid membranes an-
choring into the lipid-water interface. o,p’-DDD, but
not o,p'-DDA, directly causes a disruption to the bi-
layer structure leading to increased membrane per-
meability for polar molecules. We studied the effect
of o,p'-DDD on the process of mitochondria swelling
in vitro [41]. Adding o,p'-DDD to the medium was
found to increase dramatically the rate and degree
of the adrenal mitochondria swelling. The nature
and value of the changes depend on the o,p’-DDD
concentration in the conditions of constant concen-
tration of mitochondrial protein. The peculiarity of
the o,p'-DDD-induced swelling is the inverse tem-
perature-degree dependence: with increasing tem-
perature, the degree of swelling decreases. These
findings may indicate that weak bonds (hydrophobic
or Van der Waals) are formed between o,p’-DDD and
the mitochondrial lipid components. These bonds
readily dissociate as the temperature rises. The sig-

nificance of the membrane structures in the effects
of 0,p'-DDD was confirmed by the results of Jacobi
et al [42]. The authors studied the effect of 0,p'-DDD
on human erythrocytes in vitro. At the therapeutic
doses of 0,p'-DDD, phosphatidylserine translocation
in erythrocyte membranes from the inner layer into
the outer layer occurred. Under these conditions the
cellular Ca?* level substantially increased, hemoly-
sis was enhanced. In the absence of Ca*, inhibition
of translocation of phosphatidylserine, determined
by annexin V binding, was observed. Moreover,
0,p'-DDD inhibited the Ca?*-induced shrinkage of
erythrocytes.

In 1994, at the European Congress on Endo-
crinology, we hypothesized that adrenocorticocyte
membranes are the main locus of the o,p'-DDD ac-
tion. Dissolving in the lipid phase of membranes,
it disrupted their organization, and changes in the
membrane physico-chemical properties led to the
cell damage [43]. The possible sequence of events
was suggested to be as follows: 1. Accumulation of
0,p'-DDD in membranes. 2. Damage to the mem-
brane functions (ion pumps, electron transport, func-
tion of membrane-bound enzymes). 3. Activation of
peroxidation processes. 4. Impairment of synthesis
and function of macromolecules by products of per-
oxidation (Fig.).

The discovered inhibitory effect of 0,p'-DDD
on sterol O-acyltransferase (EC 2.3.1.26), often re-
ferred to as ACAT (acyl-CoA cholesterol acyltrans-
ferase) or SOAT [44], has drawn a lot of attention. In
adrenal tissue this enzyme converts cholesterol into
its esters. There are two isoforms of the enzyme that
differ in distribution and function. SOAT1 is present
in adrenal, kidney and macrophages. Some inhibi-
tors (PD132301-2 (or ATR-101) is the most studied)
of this enzyme, developed for treatment of athero-
sclerosis, induce degeneration of adrenal cortex [45].
This effect was observed in dogs; however it was not
found in rats and mice. The study of inhibition of
ACAT significantly improved and deepened the un-
derstanding of the mechanism of o,p'-DDD adreno-
corticolytic activity.

In vitro, in H295R cells, ATR-101 induced mi-
tochondria hyperpolarization, increased the ROS
formation within 1 h of exposure [46]. ATR-101
treatment of H295R cells led to the accumulation
of free fatty acids and cholesterol that induces ER
stress [47]. In so doing the increased caspase 3/7 ac-
tivity and activation of apoptosis, assessed by ter-
minal deoxynucleotidyl transferase nick end labe-
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Mitochondrial matrix

Inner membrane

Cholesterol

The scheme of mitochondrial processes affected by o,p'-dichlorodiphenyldichloroethane (o,p'-DDD, mitotane,
chloditane). A —adrenodoxin, AR — adrenodoxin reductase, Cyt P450 — cytochrome P450_, I-IV — mitochon-

drial respiratory chain enzymes, Q — ubiquinone

ling (TUNEL assay), were observed. ATR-101 also
caused the unfolded protein response resulting in ER
stress. Treatment of dogs with ATR-101 decreased
the formation of corticosteroids and induced adreno-
corticocytes apoptosis, followed by a decrease in the
adrenal cortex. The authors suggested that the use of
ATR-101 (the ACAT inhibitor) may be promising in
the treatment of adrenalcortical cancer [47]. In H295
cells, o,p'-DDD dramatically increased the expres-

10

sion of reticular stress marker CHOP (transcription
factor encoded by the DDIT3 gene) [44]. o,p'-DDD
also activated two preceding stress factors XBP1
and elF2a. In adrenal cancer cells, the expression
of ACAT varies and this can define the o,p'-DDD
susceptibility of these cells. Since the endoplasmic
reticulum stress can be activated by various com-
pounds, the potential synergy between o,p'-DDD
and proteasome inhibitors: MG132, bortezomib
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and carfilzomib was studied [48]. The expression of
MRNA and proteins, markers of endoplasmic reticu-
lar stress, was evaluated on H295 cells. Synergism
between o,p’-DDD and proteasome inhibitors was
shown. Proteasome inhibitors can be considered as
promising agents for the adrenocortical cancer treat-
ment in combination with o,p’-DDD.

The data presented in the review shows that
0,p'-DDD, being a highly lipophilic compound, in-
teracts with the adrenal membrane structures. This
accumulation causes a disorder in function of mi-
tochondrial membranes and endoplasmic reticulum,
resulting in apoptosis and adrenocorticocyte death.
Understanding the mechanism of o,p’-DDD adreno-
corticolytic action enables researchers to find possi-
ble ways to improve efficacy of treatment of adreno-
cortical cancer and Cushing's disease.
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B ornsaai HaBemeHo mani momo O0i0XiMiYHOTO
MeXaHisMy Ail  o,n’-muxyopaneHiInXI0peTany
(o,n- A, wmiToTaH), SKUH BHKOPUCTOBYETHCS
IUIsS JTIKYBaHHS pPaKy KOPH HAJHUPKOBHX 3aJI03
i xBopoOu Kymmnra. Ilix BmmBOM mpenapatry
BUHHUKAIOTh YHCICHHI OiOXiMi4HI 3MiHM B KOpi
HAJHUPKOBUX 3aJl03 1 MOPYUIYETHCS CTPYKTypa
MiTOXOHIpiH. [Ipy bOMY iICTOTHO 3HMKYETBHCS yT-
BOPEHHSI KOPTUKOCTEPOITHUX ropMoHiB. OmHI€0 3
MOKJINBUX TIPUYUH IIHOTO MOXKE OyTH 3HWKECHHS
piBHss NADPH uepe3 npurniueHHsi akTHBHOCTI CH-
CTeM HOT0 BiTHOBJICHHS 1 ITiIBUIIICHOI BUTPATH JJIS
BIJIHOBJIGHHSI TJIyTaTIOHY IJIyTaTIOHPEIYKTa30I0.
Y wHagHupkoBux 3aiozax o,n-JJIJ[ 4dacTkoBO
MeTaboIi3yETBCA 1 HOTO OCHOBHHUM METa0OJITOM
€ o,n'-nuxyiopaudeHIoNToBa KUCIOTa (3 TOY-
KM 30py KijpkocTi). OgHak cnpoOu 3HAHTH cepen
MeTaboiTiB (Di310J0TIIHO AKTUBHUH KOMIIOHEHT HE
Manu ycmixy. HaiiBupaxeHimi 3MiHH, CIpHYMHEH]
on'-JIJ1J1, 3HaiileH0 B MITOXOHAPISAX KOPKOBOTO
niapy HaJHAPKOBUX 3aJ103: NPUTHIYYETHCS M-
xaHHs Ha piBHI IV 1 [ KOMIIEKCiB, 3HUKYETHCS
BMICT TMPOTEIHIB MHUX KOMIIJIEKCIB, 3MIHIOETHCS
dhocdoiniIHUM CKJIa TKAHUHH 1 3HHKYETHCSI BMICT

mudocharmaunraineponry —  HaHBaKJIMBIIIOTO
KOMIIOHEHTa MeMOpaH wMmiToxoHApiin. Ha Hamry
nyMKy, o,n"-J1J1J1 3aBasiku BUCOKiH TimodiIbHOCTI
HAKOTMYYETBCS B MeMOpaHax MITOXOHJApIH i
3YMOBJIOE iX KOH(OpMAIHI TOPYIIEHHS 3 TIO-
JATBIIAM TOpyIIeHHAM GyHKIIT. BcTaHOBNIEHO, 110
on'-JIJI/1 e inriditopom ammi-CoA-xonecTepo-
aunrpancdepazu (AXAT, SOATI1). Yepes ue B
aJIPCHOKOPTUKOITUTaX HAKOMMUYYETHCS BiITBHUHN XO-
JIECTEPOJI, BAHUKAE CTPEC €HJIOIIA3MaTUYHOTO pe-
THKYJIyMa, PO3BUBAETHCS HAOyXaHHS MITOXOHPIH 1
aKTUBYIOThCS Kacrnasu. [locunieHHs amonTosy mpu-
3BOJIUTH JI0 3MEHIICHHsI (DyHKIII1 3aJI03H1 1 3HUIKCH-
HA 11 Macu.

KnmodoBi cioBa: Kopa HATHAPKOBHUX 3a-
J103, CTEPOIOTeHe3, MITOTaH, XJIOJUTAaH, [NIyTaTIOH,
MITOXOH/IPii, CTPEC EHJOMIa3MaTHYHOTO PETUKY-
JyMa, armonTo3.

BUOXUMUWYECKHWI MEXAHU3M
JNEWCTBUS o,n'-1JJ1 HA KOPY
HAJIMOYEYHBIX )KEJE3

A. C. Mukowa, E. U. Kog3yn

I'Y «IHCTUTYT SHIOKPHHOJIOTHH U 0OMEHA BEIIECTB
M. B. I1. Komuccapenko HAMH Vkpannsi», Kues;
e-mail: asmikosha@gmail.com

B o0030pe mpencraBiieHBl ITaHHBIE O OHO-
XUMHAYECKOM MexaHu3Me JeHCTBHS on'’-
nuxyopaudenunauxiaopstana (o,n-AA1, wmwuto-
TaH), KOTOPBIH WCIONB3yeTCs [JIs JICUeHHUS paka
KOpBI HAATIOYCUHUKOB U Ooiye3nu Kymmara. [lox
JIECTBUEM TIperapara BO3HHUKAIOT MHOTOYHCIICH-
HbIe OMOXMMHUYECKHe H3MEHEHUS B KOpe HaJIrmo4ed-
HBIX )KeJIe3 M HapyIIaeTCs CTPYKTYpa METOXOHIPHH.
[Ipu >TOM CymIecTBEHHO CHIKaeTcs oOpa3oBaHWE
KOPTHKOCTEPOUTHBIX TOPMOHOB. OTHOM M3 BO3MOX-
HBIX TIPUYHIH 3TOTO MOXET OBITh CHH)KEHUE YPOBHS
NADPH u3-3a nogaBieHust aKTUBHOCTU CUCTEM €T0
BOCCTAHOBJICHHSI ¥ TOBBIIIEHHOTO PacXOJOBaHMS
JUIS. BOCCTAHOBJIGHWSI TIyTaTHOHA TIIYTaTHOHpE-
nykTtazoi. B Hammoueunukax o,n’-J1J1J1 gactuano
MEeTa0OM3UPYETCS] 1 OCHOBHBIM €0 METa0OIHTOM
ABISICTCS 0,1 -AUXJIOpAN(DEHUITYKCYCHAsT KHCIOTa
(c Toukm 3peHmsA KomndecTBa). OTHAKO TOMBITKH
HaWTH cpean MeTabONTUTOB (DHU3MOIOTHUCCKH aK-
THBHBIN KOMITOHEHT ObLITH Oe3ycrentHel. Hambomee
BBIp@XKEHHbIE U3MEHEHU, BbI3biBaeMbie o,n"-JIJ1]1,
BBISIBIIEHBI B MUTOXOHJIPHSX KOPKOBOTO BEIIECTBA
HAJIOYEYHNKOB: TIOJABIISETCS AbIXaHUE HA yPOBHE

1
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IV u I koMIekcoB, CHU)KAETCs COAEpKaHUE MPO-
TEUHOB 3TUX KOMILICKCOB, M3MeHseTCsl Gocdou-
MHATHBIA COCTaB TKAHW M CHUYKACTCS COMEpKaHUE
nudochaTHAUITIIHIICPOSIa — BAXKHEHIIIEr0 KOMIIO-
HeHTa MeMOpaH MutoxoHapuil. [lo Hamemy MHe-
Huw, o,n'-JIJI/1 m3-3a BBICOKOW JHITOPHIBHOCTH
HAKaITUBACTCS B MEMOpaHaX MUTOXOHAPUM U BbI-
3bIBaeT ee KOH(hOPMaIMOHHBIC HAPYIIIEHHUS C ITOCIIe-
JYIOUIMMU HapyIIEHUSIMU (YHKIIUU. YCTaHOBJICHO,
gro o,n"-AJ]] sensercs narnOutopom aruia-KoA-
xonecteponammiitpancepassl  (AXAT, SOATI).
N3-3a 3TOrO0 B aAPEHOKOPTUKOIMTAX HAKaIlJIHUBa-
eTcsi CBOOONHBIN XOIIECTEPOJ, BO3HHKAET CTPECC
9HJOMIa3MaTHYECKOTO PETUKYIYyMa, pa3BUBAETCs
HaOyxaHWe MATOXOHJIPUI U aKTUBHUPYIOTCS Kacra-
3bl. YCHJIEHUE aloINT03a MPUBOJUT K YMEHBIIEHUIO
(YHKITUY JKelle3bl U CHUIKCHUIO €€ MaccChl.

KnoueBbpie cimoBa: Kopa HaAMOYEUHBIX
JKeJie3, CTePOMI0TeHEe3, MUTOTaH, XJIOAUTAaH, IIyTa-
THOH, MUTOXOH/JIPHH, CTPECC IHAOIIa3MaTHYECKO-
I'0 PETUKYJIyMa, arloNTo3.
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