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Constitutive NO synthases (¢cNOS) are the primary targets of diabetes mellitus and the impairment of cNOS
functioning in cardiovascular system is one of the hallmarks of this disease. The aim of this work was to
study the effect of a plant sterol ecdysterone (20-p-hydroxyecdysterone) on the NO synthases functioning
and RNS metabolism in heart mitochondria and the heart tissue in the rat model of streptozotocin-induced
type I diabetes. Diabetes development resulted in cNOS dysfunction both in heart mitochondria and heart
tissue. cNOS activity was dramatically suppressed, but 3-fold and 6-fold rise of iNOS activity was observed
in mitochondria and heart tissue respectively. Also, in mitochondria there was ~2.5 time s increase in urea
content and the activity of arginase 2 (ARG2), which could compete with NOS for the common substrate
L-arginine. Total RNS production was dramatically elevated in mitochondria of diabetic animals, which
well agreed with iNOS activation. Unlike this, in heart tissue dramatic increase of iNOS activity increased
the content of nitrosothiols (RSNO), while total RNS production remained close to control. Both in the heart
tissue and mitochondria, there was dramatic augmentation of superoxide production that correlated with
sharp elevation of iINOS activity and steep rise of diene conjugates (DC) content, which indicated strong
lipid oxidation. Ecdysterone treatment resulted in the reduction of iNOS activity and twofold elevation of
mtNOS activity as compared to control. However, in the whole heart tissue eNOS was restored only by half
of control level, which indicated specific action of ecdysterone on mtNOS isoform. RNS production returned
to control in mitochondria, and was by half reduced in the heart tissue, which indicated the abolition of
nitrosative stress. Correlation dependence between iNOS activity and superoxide production was found in
mitochondria, which could indicate iNOS uncoupling. The restoration of cNOS activity and the reduction of
INOS activity to control level after ecdysterone treatment well correlated with the reduction of superoxide
production and indicated possible INOS re-coupling, which resulted in the reduction of DC formation
to control level. So, STZ-induced type I diabetes dramatically up-regulated iNOS activity and suppressed
cNOS activity. Ecdysterone treatment reduced iNOS activity and restored constitutive NO biosynthesis to
control level, which abolished oxidative and nitrosative stress in cardiac mitochondria and heart tissue
of STZ-induced diabetic animals. Possible pathways involved in ecdysterone action on constitutive NO
biosynthesis were discussed.
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INTRODUCTION

Type [ diabetes (diabetes mellitus) is in the first
line of the causes of mortality worldwide. It is
well known that diabetes mellitus causes deep
impairments at systemic and functional level and
deregulation of metabolic processes in the living
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organism. Insulin deficiency in type I diabetes,
with following hyperglycemia, endothelial
dysfunction and cardiomyopathy are the most
common clinical markers of this disease [1].
The progress of diabetes results in oxidative and
nitrosative stress [2, 3], impairment of fatty acid
metabolism, activation of phospholipases and
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arachidonic acid cascade [4-6], development of
inflammation [7, 8], and triggering of multiple
apoptosis-related pathways.

Endothelial NO synthase (eNOS) and
mitochondrial NOS (mtNOS) are the key
factors in the maintenance of vessel tone
and heart functions. NO radical generated by
NO synthases triggers a complex network of
signaling pathways, primarily cGMP/PKG
signaling, resulting in cardioprotection [9]. Both
NO deficiency and NO overproduction under
pathophysiological conditions result in dramatic
deregulation of RNS and ROS metabolism [2, 3,
9-11]. NOS dysfunction (primarily, the so-called
NOS uncoupling resulting from the shortage
of NOS substrate and co-factors, such as L-
arginine and tetrahydrobiopterine [2, 11-13])
leads to severe impairments of RNS and ROS
metabolism. This condition could be aggravated
by the activation of inducible Ca?*-independent
NOS isoform iNOS (NOS2), which functioning
can result in RNS and ROS overproduction,
and the activity of arginase, the enzyme which
competes with NO synthases for the common
substrate L-arginine. The impairment of eNOS
functioning, disturbance of RNS and ROS
metabolism results in the development of
several pathophysiological states and conditions
in cardiovascular system. Constitutive NO
synthases (cNOS) are the primary targets of
diabetes and the deregulation of constitutive
NO biosynthesis is one of the key features of
this disease [13]. An urgent task for clinical
studies is a search for the effective therapeutic
strategies aimed at the abolition of oxidative and
nitrosative stress, which is common consequence
of diabetes.

In this regard, a plant sterol ecdysterone
(20-B-hydroxyecdysterone) could be a promising
medicine to treat cardiovascular disorders.
According to published data, ecdysterone
could be involved in the regulation of several
biological processes including the promotion
of protein synthesis, cell proliferation and
growth, improvement of liver secretory function,
maintenance of anabolic state, and enhancement
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of lean muscle mass [6, 14, 15]. Also, a structural
role of ecdysterone in the mitochondrial
membranes was reported [6]. However, positive
therapeutic effects of ecdysterone were doubted
in the literature [16].

Previous data have shown that ecdysterone
could be involved in the regulation of NO
biosynthesis. Ecdysterone treatment effectively
restored eNOS activity and abolished oxidative
stress in heart, vessels, and cardiac mitochondria
in rat model of type I diabetes [17, 18], but the
mechanisms of ecdysterone actions on RNS
and ROS production remained unexplored. So
the aim of this work was to study the effects
of ecdysterone on the NOS functioning, RNS
metabolism and ROS production in heart
mitochondria and the whole heart tissue in
the rat model of streptozotocin-induced type I
diabetes and to discuss possible mechanisms of
ecdysterone treatment on NO biosynthesis.

METHODS

All procedures performed in the studies were in
accordance with EU directive 86/609/EEC and
the ethical standards approved by the Ethics
Committee at A.A. Bogomoletz Institute of
Physiology, NAS of Ukraine. Adult Wistar rats
with 180-200 g body weight were used. The
animals were separated in three groups: control
(I), streptozotocin (STZ)-administered group
(1), and STZ-adminitered animals treated with
ecdysterone (III). STZ was applied at 5 mg/100 g
weight; ecdysterone was supplied with drinking
water (100 ng/100 g weight) for two months
after STZ administration. Animals were kept
on standard chow with free water access. Blood
glucose content was monitored with glucometer
‘Medisense’ (“Abbott”, USA).

Mitochondria were isolated by the standard
procedure. Hearts were thoroughly washed with
0,9% KCI (2°C) minced and homogenized in
standard isolation medium: 250 mM sucrose,
20 mM Tris-HCI buffer, 1 mM EDTA, pH 7.4.
Homogenate was centrifuged 7 min at 700 g
and, after removal of the pellet, 15 min at 11000
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g. The sediment was resuspended in a small
volume of EDTA-free medium and stored on
ice. The protein content was determined by the
Lowry method.

Enzymes activity was determined in tissue
homogenates and mitochondrial fraction after
the interruption of the reactions with HC1O, and
the removal of protein. Metabolite content too
was determined in protein-free extracts of tissues
and mitochondria. For this purpose, aliquots
of mitochondrial suspensions were sampled
and protein was removed by the addition of
0.5 M HCIO, with consequent precipitation 10
min at 10000 g. After the pellet was discarded,
supernatant was neutralized by the additions of
5 M KOH and centrifuged repeatedly for 5 min
at 10000 g. Protein-free extracts were stored
at -70°C and further used for the metabolite
analysis.

Total NOS activity (cNOS+INOS) was deter-
mined as described earlier [17] in the medium:
0.5 mM KH,PO,, 1 mM MgCl,, 2 mM CaCl,, 1
mM NADPH, 2 mM L-arginine, 5 mM Tris-HCI
buffer for 60 min at 37°C. Protein was added at
0.5-1.0 mg. The reaction was stopped by 0.3 ml
2N HCIO,. NOS activity was assessed based on
nitrite concentrations found after the reaction with
Griess reagent [19]. iNOS activity was determined
in the same medium as total NOS activity without
Ca?" and with the addition of 0.5 mM EGTA. To
find constitutive NOS activity iNOS activity was
subtracted from total NOS activity.

Arginase activity was assessed based on the
determination of urea, which is the end product
of arginase reaction, with diacetyl monoxime
using the urea kit (“Felicit diagnostic”, Ukraine).
Activity was expressed as the amount of urea,
nmol-min~!-mg™"! protein.

NADH-dependent nitrate reductase activity
was found based on the determination of nitrate
with brucine method. Activity was expressed as
the amount of reduced nitrate, nmol-min~'-mg™!
protein [20].

Nitrite concentrations were determined in
protein-free extracts with Griess reagent [19].
Griess reagent was prepared by mixing equal
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volumes of 0.1% water solution of N-(1-naphthyl)
ethylenediamine dihydrochloride with 1%
sulfanilamide in 5% H,PO, just before use. 0.5 ml
aliquots of mitochondrial protein-free extractions
were sampled and mixed with Griess reagent in a
proportion 1:1 by volume. 5 min after absorbance
at 546 nm was measured; nitrite concentration was
determined from calibration curves.

Total S-nitrosothiol content was found based
on S-nitrosothiol decomposition with HgCl, by
the method of Saville [21]. Nitrite concentrations
after S-nitrosothiols decompositionwas found
with Griess reagent [19].

The determination of nitrate was conducted
with brucine method based on the reaction of
the nitrate with brucine sulfate ina 13 N H,SO,
solution at 100°C. The color complex was mea-
sured spectrophotometrically at 410 nm with a
nitrate kit (“Felicit diagnostic”, Ukraine) [17].

Superoxide generation was monitored
spectrophotometrically in homogenates by
cytochrome c¢ reduction at 550 nm in 5 mM
Tris-HCI buffer (pH 7.4) at 37°C. Superoxide
formation was quantified using molar extinction
coefficient 21000 mol-'-cm! [22]. Diene con-
jugates were determined spectrophotometrically
in heptane extracts of tissues and mitochondrial
preparations [18].

All reagents were from “Merck” (USA).
Kits for determination of nitrate, Fe", urea, and
uric acid were supplied by “Felicit diagnostic”
(Ukraine). Radiolabeled probes for the determi-
nation of eicosanoids were of “Amersham” (UK).
Deionized water was used for solutions preparation.

The data were expressed as mean = S.E. of
4-6 independent experiments. Correlation de-
pendences and Pearson correlation coefficients
R? and the reliability of correlations were found
using Excel 7.0. Statistical analysis was per-
formed using paired Student’s t test; P < 0.05
was taken as the level of significance.

RESULTS

As it was shown in earlier research [17], ec-
dysterone treatment improved blood glucose
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level in STZ-treated diabetic animals. After the
experiment blood glucose level remained at 6.4
+ 0.6 mmol/l in control group and reached 21.1
+ 6.7 mmol/l in STZ-treated group. Ecdysterone
treatment reduced it to 9.1 = 0.7 mmol/l, which
was near the control level.

As we observed, STZ-induced type I diabetes
had a dramatic impact on the constitutive NO
biosynthesis. Dramatic suppression of cNOS
activity, but ~3- and ~6-fold increase in the
iINOS activity was observed respectively (Fig.
1) showing a reciprocal regulation of cNOS and
iNOS activities both in heart mitochondria and
heart tissue of STZ-treated diabetic animals.
Observed ratio of cNOS/iNOS activity was
dramatically reduced in mitochondria and the
whole tissue. iNOS activation in mitochondria
was accompanied by strong activation of

mitochondrial arginase (ARG2) (Fig. 1), which
indicated speeding up of L-arginine metabolism.

The analysis of stable metabolites of ROS
and RNS showed dramatic reduction of NO,"
formation both in mitochondria and the whole
heart tissue (Fig. 2). Nitrosothiols (RSNO)
formation too was reduced by half in heart mito-
chondria of diabetic animals (Fig. 1). However,
total RNS production in mitochondria, based
on most abundant metabolite nitrate, was two-
fold elevated as compared to control (Fig. 2).
In mitochondria, there was a ~3-fold increase
in superoxide production; this was in line with
steep rise of diene conjugates’ content, which
indicated strong lipid oxidation (Fig. 3). Two-
fold elevation of urea content in mitochondria
well agreed with 2.5 time’s increase of ARG2
activity (Figs. 1; 3).
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Fig. 1. The effect of ecdysterone treatment on cNOS, iNOS and ARG activity in mitochondria (A-C) and heart tissue (D-F) of
STZ-induced diabetic animals. C — control, D — diabetes, D+E — ecdysterone treatment. M + m, n = 10. *P < 0.05 as compared

to control; #P < 0.05 as compared to diabetes

16

ISSN 2522-9028 ®ision. scyph., 2023, T. 69, Ne 1



0O.V. Akopova, Yu.P. Korkach, V.I. Nosar, V.F. Sagach

In the whole heart tissue reciprocal regulation
of cNOS and iNOS activities was observed
as well, however total arginase activity was
practically unchanged (Fig. 1). Similarly to
mitochondria, NO,” formation was dramatically
reduced (Fig. 1D). Instead ~4.5-fold rise in
RSNO formation was observed, which well
agreed with extreme elevation of iNOS activity
(Fig. 1B, D). However, unlike mitochondria,
despite high level of RSNO, NO,™ production
in the whole heart tissue remained close to
control level. Similarly to mitochondria, 2.5-
fold elevation of superoxide production and
similar increase in DC content in heart tissue
was observed.

In mitochondria, a reliable correlation bet-
ween iNOS activity and superoxide formation
was found (Fig. 4A). Also, the increase of iNOS

activity correlated with the elevation of NADPH-
dependent nitrate reductase activity (Fig. 4B),
which possibly could prevent an excess nitrate
formation in the heart tissue (Fig. 2E).
Ecdysterone treatment resulted in the re-
duction of iNOS activity and the restoration of
constitutive NO biosynthesis in mitochondria
and the heart tissue. Twofold elevation of mito-
chondrial NOS activity was found, while in the
whole heart tissue it was restored only by half of
control level, which indicated possible specific
action of ecdysterone on mitochondrial cNOS
isoform (Fig. 1). NO;™ production returned to
control in mitochondria and was by half reduced
in the heart tissue (Fig. 2). Reduction of iNOS
activity to control level and the restoration of
cNOS activity after ecdysterone treatment well
correlated with the reduction of superoxide

A amT, C B amT, C C Dm,g
0,16 mMT,D 180 = * mMT,D m VI,
A MT, D+E
0,14 1 T @MT,D+E 160 o @MT, D+E 0,6 - #
H 140 -
0,12 o J # 0,5 -
o 0,1 ] ?120 4
100 - 0,4
= 0,08 1 = g
80 - =
E 0,06 * £ 5 031
) 60 + £
0,04 A 40 - <02 +
0,02 { 20 0,1
0 0 4 0
NO2 NO3 RSNO
D ac E F oc
0,5 = # ®D 100 - 1,4 1 mD
@D+E *  @D+E
1,2
04 4 80 -
1 o
[+Ts]
0,3 o * £ 60 o o
“—E £ £08 4
[} ©°
£ | | .
£02 E 40 E 06
0,4
0,1 4 20 -
0,2
0 0 0
NO2 NO3

RSNO

Fig. 2. The effect of ecdysterone treatment on stable RNS in mitochondria (A-C) and heart tissue (D-F) of STZ-induced diabetic
animals. C — control, D — diabetes, D+E — ecdysterone treatment. M = m, n = 10. *P < 0.05 as compared to control; #P < 0.05
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generation, which resulted in the reduction of
DC formation to control level both in the whole
heart and mitochondria (Fig. 3). Arginase ac-
tivity was reduced to control in mitochondria,
but suppressed in the whole heart tissue, which
agreed with the reduction of urea content in heart
tissue below control level (Fig. 3).

To find possible targets and pathways in-
volved in the regulation of NOS functioning,
RNS and ROS metabolism by ecdysterone, we
constructed a protein-protein interactions (PPI)
network using Search Tool for the Retrieval of
Interacting Genes/Proteins (STRING) database
(https://STRING-db.org) [23]. A PPI network
of 20 interacting proteins of Ist shell of inter-
actors containing 29 nodes and 37 edges was
obtained (Fig. 5). To improve data reliability
we used minimum interaction score >0.70.

According to predicted pathways of ecdys-
terone action (Fig. 5), ecdysterone could bind
to estrogen receptors ESR1 and ESR2, trigger
activation of Aktl kinase, positively regulate
NOS3 activity, and regulate NOS2, ARG2 and
RNS metabolism via several pathways and
transcription factors, such as EGFR, PPARa,
MTOR, STAT3, HIF-1a, and other pathways.
Ecdysterone could regulate ROS metabolism
by the binding to ESR1 receptor, targeting
Aktl, EGFR, STAT3, Fox01, HIF-1a, and
regulating SOD1 and NOX4 activity (Fig. 5).
Several ecdysterone targets (NOS2, FoxOl,
Cavl, MTOR and others) are related to the de-
velopment of diabetes mellitus (Human Gene
Database (GeneCards; http://www.Genecards.
org) [24], which could explain positive thera-
peutic effects of ECD treatment.
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Fig. 3. The effect of ecdysterone treatment on the rate of superoxide formation and the level of diene conjugates and urea in rat
heart mitochondria (A-C) and tissue (D-F) in STZ-induced diabetes. C — control, D — diabetes, D+E — ecdysterone treatment. M
+m, n=10. *P < 0.05 as compared to control; #P < 0.05 as compared to diabetes
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DISCUSSION

As showed the experiments, the development of
STZ-induced type I diabetes resulted in severe
impairments of cNOS functioning in heart
tissue and mitochondria and RNS redistribution
towards the formation of most oxidized product
NO;", which content in mitochondria was
twofold higher as compared to control (Fig.
1B). Instead, steep rise of iNOS activity was
observed in heart tissue and mitochondria (Fig.
1). Considering dramatic suppression of cNOS,
it is reasonable to assume that most part of the
observed RNS production both in mitochondria
and the whole heart tissue of diabetic animals
resulted from iNOS activity.

It was remarkable that in mitochondria
3-fold iNOS activation coincided with 2-fold
rise of NO;™ formation, instead RSNO and
especially NO,™ production was dramatically
reduced (Fig. 2). Meanwhile, ~6-fold iNOS
activation and high output of NO formation in
the heart tissue preferably resulted in RSNO
formation, without elevation of NO," content
(Fig. 2). Such redistribution towards the
formation of most oxidized product (nitrate)
in mitochondria could be explained by the
high output of superoxide, which formation in
mitochondria was by the order higher than in
the whole heart tissue (Fig. 3).

It is well known that the primary sources of
cellular ROS are xanthine oxidase, NADPH
oxidase (NOX) and mitochondrial respira-
tory chain [25]. Worth mention, that neither
NOX, nor xanthine oxidase are mitochondrial
enzymes [26]. So, high output of superoxide
production observed in mitochondria under
diabetes primarily could result from mito-
chondrial dysfunction. However, one needs to
consider that simultaneous 3-fold activation
of iINOS and ~2.5 times’ activation of ARG2
in mitochondria prepared ground for possible
competition between NOS and ARG2 for the
common substrate L-arginine [2, 12]. This state
could be favorable for the so-called phenom-
enon of ‘NOS uncoupling’, i.e. production of
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superoxide by iNOS. Similarly, in the whole
heart tissue 6-fold iNOS activation possibly
could result in the fast depletion of L-arginine,
too favorable for iNOS uncoupling.

As it is known, one of the most damaging
consequences of NOS uncoupling is the forma-
tion of superoxide and still worse, peroxynitrite
[27].-NO, which is primary product of NOS
activity, can readily react with superoxide with
following formation of peroxynitrite, which
decomposition results in the formation of highly
reactive -OH radical [27]. So, steep rise in DC
formation (Fig. 3), which indicated strong lipid
oxidation could result not merely from superox-
ide production but from possible production of
peroxynitrite and -OH radical caused by 3- and
6-fold activation of iNOS and overproduction
of nitric oxide radical.

Both in mitochondria and the whole tissue
there was ~3 times’ increase in superoxide pro-
duction, which coincided with ~4-fold elevation
of DC content (Fig. 3). Ecdysterone treatment
returned iNOS activity, superoxide production,
and lipid peroxidation to control level. Based on
these observations, and a reliable positive cor-
relation between iNOS activity and superoxide
production found in mitochondria (Fig. 4A), it
is tempting to hypothesize that ~3-6 times’ el-
evation of iNOS activity, together with ~3-fold
elevation of ARG2 activity in mitochondria pre-
pared favorable conditions for iNOS uncoupling,
which could largely contribute to superoxide
production and peroxynitrite formation, which
in turn could explain strong lipid oxidation
observed in heart tissue and mitochondria of
diabetic animals.

High iNOS activity in diabetes was reported
in our previous research and the literature as
well [13, 17, 18]. Worth notion, that both iNOS
(NOS2) and endothelial NOS (NOS3) were
found as diabetes-related targets [24]. However,
in the literature there was little data about the
impact of type I diabetes on mitochondrial NOS,
which is not identical to other constitutive NO
synthases (NOS1 and NOS3) [28]. As showed
our experiments, both eNOS and mtNOS were
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dramatically suppressed in experimental model
of type I diabetes.

Ecdysterone application reversed dispro-
portion between ¢cNOS and iNOS activities:
both iNOS and ARG2 returned to control
level, whereas ¢cNOS activity in mitochondria
was even 1.5-2-fold elevated as compared to
control (Fig. 1A). Accordingly, urea, superox-
ide and DC formation too returned to control
level (Fig. 3). RSNO and NO," formation was
restored close to control; on the contrary,
NO;" production was reduced to control level,
which indicated alleviation of oxidative and
nitrosative damage by ecdysterone (Fig. 2;
3). So, reduction of iNOS activity to control
level and the restoration of cNOS activity after
ecdysterone treatment well correlated with
the reduction of superoxide production and
indicated possible ‘NOS re-coupling‘, which
resulted in the reduction of DC formation to
control level both in the whole heart and mi-
tochondria. The reduction of iNOS and nitrate
reductase activities by ecdysterone treatment,
and the consequent reduction of superoxide
production were in line with established cor-
relation dependences (Fig. 4).

NOS, NO and RNS metabolism in diabetes
could be regulated by multiple pathways, tran-
scription factors, and bioactive mediators. As
it was shown, in diabetes eNOS was negatively
regulated by PKCa, p38MAPK, mTOR signaling
[8,29], NF-kB/NOX2 [30], glucose/Pin1/eNOS-
NO [31] pathways, which resulted in patho-
physiological conditions and promoted cellular
apoptosis in cardiovascular system. Increased
iNOS, Cavl, SOD1, SOD2, and down-regulated
PGC-1a, PPARa and eNOS were found in dia-
betic mice model, which was accompanied by
overproduction of NO and H,0, [10]. Worth
notion that high output of mitochondrial ROS
could contribute to mtNOS dysfunction promot-
ing NOS monomerization and uncoupling [29].
NOX2 activation too can largely contribute to
ROS overproduction, which too may cause NOS
uncoupling and endothelial dysfunction [3, 11].
Of pathways involved in positive regulation of
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eNOS functioning PI3K/Akt/eNOS signaling
[32], AMPK/eNOS/NO signaling [33], Nrf2/
NOX4 [30], PGC-1a, PPARa, PPARP [10, 34],
and other pathways were shown.

Many of the above pathways related to dia-
betes mellitus and eNOS dysfunction could be
targeted by ecdysterone, which exhibits wide
spectrum of biological activity. According to
predicted pathways (Fig. 5), ecdysterone can
positively regulate eNOS activity, and regulate
iINOS, ARG2, RNS and ROS metabolism via
ESR2, Aktl, PI3K signaling, insulin recep-
tor signaling, mTOR, EGFR, PPARa, MAPK,
STAT3, HIF-1a signaling, and the regulation of
SOD1 and NOX4 activity [23].

Also, ecdysterone could suppress apoptosis
by targeting ESR1, Aktl, NOS3, SOD1, EGFR,
STAT3, caspase 3, Fox01 and GSK-3p (Fig. 5).
Worth notion, that transcription factor Fox01
is one of the main targets of insulin signaling,
which suppresses Fox01 activity [35]. Elevated
expression of Fox01 was found in diabetes mel-
litus, which in turn correlated with the develop-
ment of cardiomyopathy [35]. One more ecdys-
terone target related to apoptosis is glycogen
synthase kinase 3 (GSK-3p), a protein related
to the functioning of permeability transition pore
(mPTP), a megachannel involved in triggering
of apoptosis and cell death [36].

As showed earlier research conducted on
ageing heart mitochondria [18], ecdysterone
treatment inhibited mPTP opening. Abolition
of oxidative and nitrosative stress by ecdys-
terone shown in this work, especially in
mitochondria, too could suppress mPTP
activity and contribute to cardioprotective
effects of ecdysterone in experimental diabetes
mellitus. Meanwhile, the effects of ecdysterone
treatment on mPTP activity and mitochondrial
functions in diabetes were not studied yet and
remain a task for future research. Considering
wide spectrum of ecdysterone targets (Fig. 5),
there is a need for extensive further studies to
find pathways involved in the regulation of
NOS system by this bioactive compound in
type I diabetes.
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CONCLUSION

Constitutive NO synthases of cardiovascular
system are the primary targets of diabetes
mellitus. Dramatic reduction of cNOS and 6-fold
elevation of iNOS activity was observed in rat
model of STZ-induced diabetes. Ecdysterone
treatment effectively abolished oxidative
and nitrosative stress by down-regulation of
iNOS and up-regulation of cNOS activity
in heart mitochondria and the whole heart
tissue. Reduction of superoxide production by
ecdysterone and abolition of oxidative damage
after the reduction of iNOS activity to control
level indicated possible iNOS uncoupling and the
contribution of iNOS to superoxide production
in diabetes. So, ecdysterone treatment restored
constitutive NO biosynthesis and abolished
oxidative and nitrosative stress by suppression of
iNOS activity in cardiac mitochondria and heart
tissue of STZ-induced diabetic animals. Further
research is required to study molecular basis
underlying protective effects of ecdysterone on
cardiac mitochondria and heart functions.
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[Mopymenns ¢pyHKnioHyBaHHS KOHCTHTYTHUBHI NO cHH-
ta3u (cNOS) € ogHUME 3 OCHOBHHX HACHIAKIB miabery.
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Mertoto po6oTu Oys10 BUBYUTH il0 POCIMHHOTO CTEPOiLy
ekaucTepony (20-B-ripoKcHeKaANCTepoOHy) Ha aKTHBHICTD
NO-cunTa3 Ta Merabonizm akTuBHUX (Gopm a3oTy (ADA) B
MITOXOHJIPISIX 1 TKAHUHAX CEpII IYPiB 32 YMOB CTPENTO30-
TOLMHIHAYKOBaHOTO niabery 1-ro Tumy. Po3Butok niabery
HPU3BOAMB JI0 MOPYIIEHb (yHKIIOHYBaHHS KOHCTUTYTHB-
HOT NO-cunTaszu (cNOS) y MITOXOHIpIsSX 1 TKAaHUHI Ceplis.
AxrtuBzicts ¢cNOS npuraidyBanach, ToAi sk 3- Ta 6-pazosa
aktuBailis iNOS BUABIsAIACA B MITOXOHIPIAX 1 TKAHUHI
cepus. Takox BHsBIEHO 2,5-pa3oBe 301JbIICHHS BMICTY
CCYOBHMHH 1 aKTMBHOCTI apriHasu 2, 31aTHOI KOHKypyBaTH
3 NOS 3a cninbhuii cyoerpar L-aprinin. Y miToxoHApisx
3aranpHuil BMicT ADA 3a yMOB z1iabeTy CTpiMKO 3pOCTaB, 1110
y3rojpkyBanocsk 3 aktuBauieto iNOS. Ha Binminy Bij poro, B
TKaHHHI cepipst akTuBaiist iNOS mpu3BoanIIa 10 301TbIICHHS
BMmicTy HiTpo3otioniB (RSNO), Toxi sik 3aranbHuil BMicT
A®A 3anumascs OJU3BKUM 10 KOHTPOJIO. SIK B TKaHUHI,
Tak i B MITOXOHJPIsIX cepilsl BiAMiuaBCs Pi3KUU MPHUPICT
reHeparii CynepoKkcuay, 10 KOpPeltoBaB 3i 3pOCTAHHSIM aK-
tuBHOCTI INOS Ta pi3KMM HiJBUIIEHHSIM BMICTY Ji€HOBHX
kon’toratiB (JIK), 03HaKOI CHIBHOT TIEPOKCHAAILT JIIITiTiB.
Jlist exqucTepoHy 3HIKyBana akTHBHICTH INOS 1 HaTOMICTb
JIBOPA30BO IiJABUIIYBAB aKTUBHICTh MITOXOHAPialbHOT
NOS (mtNOS) nopiBHsAHO X KOHTposieM. [IpoTe B TKaHUHI
cepist BigHOBICHHS akTHBHOCTI CNOS CTaHOBHIIO TiBKU
HIOJIOBUHY BiJ] KOHTPOJIIO, BKa3yloun Ha crierugivHicTh il
exaucrepony moao mtNOS. IMpoxykuiss ADA 3uMKyBanach
JI0 KOHTPOJIBHUX 3HAYE€Hb B MITOXOHJPISX Ta HAMOJOBHHY
MEHII BiJl KOHTPOJIIO B TKaHHWHI CepIli, 1[0 BKa3yBalo Ha
YCYHEHHs HITPO3aTUBHOIO cTpecy. BcranoBneHo Kopess-
1ito Mixk aktuBHicTIO iINOS Ta yTBOPEHHSM CyNEpOKCHY B
MITOXOH/IPIsIX, L0 € MOYKJIMBOIO 03HAKOI0 po3’eqHanHs iNOS.
Bignosnenns akruHOCTi cNOS Ta MPUTHIYCHHS aKTHBHOCTI
iNOS 3a 1if ekaucTepoHy 100pe KOPEITIOBAIIO i3 3MEHIICHHSIM
HPOJIYKIIii CyIIepOKCHLY, 1110 MOYKE BKa3yBaTH Ha BiTHOBJICHHSI
¢byukuionyBanus NO-cuHTa3, BHaci 10Kk 4oro BMicT K 3HH-
JKYBAaBCsI 10 KOHTPOIT0. OTxe, CTPENTO30TOLMHIH/TyKOBaHHH
niabet 1-ro Tumy pizko miaBuinyBaB aktuBHicTh INOS Ta
npuraidyBas cNOS. 3acTocyBaHHs €KIUCTEPOHY NPUTHIUY-
Basio iNOS Ta BiJIHOBJIIOBAJO KOHCTUTYTHBHHUII OiOCHHTE3
NO 110 KOHTPOJIBHOIO PiBHSA, 110 YCYBaJlOo OKCUIATHBHUI Ta
HITPO3aTHUBHUI CTPEC Y MITOXOH/PISIX 1 TKAHHUHI CepIist LIy piB
3a CTPEeNTO30TOLMHIHIYKOBaHOT o AiabeTy. OOroBoproOThHCS
MOJKJIMBI IUISIXHM Ai1 eKAUCTEPOHY Ha KOHCTHUTYTHBHUM
6iocunte3 NO.

KirouoBi ciosa: niaber 1-ro Tuimy; cepue; MiTOXOHIPIT;
koucturytuBHa NO-cuHTa3a; ingynubensna NO-cuHTa3a;
akTHBHI ()OpMH a30Ty; aprinasza 2.
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