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Combined effect of aluminum chloride and quercetin solutions on the enzymatic activity and contraction
dynamics of muscle fiber bundles of the Rana temporaria m. tibialis anterior was investigated. It was shown
that these complexes inhibit muscle contraction. Linear reduction of Ca**,Mg*-ATPase activity induced by
all of the used concentrations of AICI, — quercetin was demonstrated. It was found that complex of quercetin
with AICI, has a greater inhibitory effect on muscle contraction dynamic and causes greater reduction
during all periods of stimulation in comparison to the separate effect of the investigated compounds. All the
studied concentrations of AICI, and quercetin solutions (AICI: 10*-10% M; quercetin: 10°-10° M) caused
concentration depended contraction strengths and lengths reduction. The decrease in strength and length of
muscle contractions was of constant and mostly linear nature within observed timeframe as well as within
each periods of contraction. The changes were least pronounced within pretetanic period, but were profound
within terminal period of muscle activity. The changes in dynamic contraction properties and Ca*",Mg**-
ATPase activity of sarcoplasmic reticulum under effect of the investigated compounds was minimal in the
beginning of the muscle’s response to stimulus, prior to muscle strength reaching stable contraction level.
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natural origin, are effective as modulators of
muscle contraction-relaxation cycle [1]. Fla-
vonoids are known to affect contractile systems of
various biological objects. They have been demon-
strated to regulate activity of all types of muscles,
including smooth, skeletal, and cardiac muscle [2, 3].
It has been shown that quercetin acts as a competi-
tive inhibitor in ATP binding to an enzyme. Inhibi-
tion of Ca?* transport through T-tubules by quercetin
has been described [4]. The main effect of this flavo-
noid is therefore supposed to manifest in stabiliza-
tion of conformation of an enzyme’s phosphorylated
intermediate in a state that prohibits sarcoplasmic
reticulum’s (SR) vesicles from capturing Ca?".
Aluminum is studied extensively as one of the
metals capable of creating complex compounds with
flavonoids [5], especially so because it is widely
used as a major component in modern technical and
household appliances. Flavonoid complexes with
metals are known to have better membrane perme-

F lavonoids, biologically active substances of
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ability properties than flavonoids themselves, which
increases their efficiency [6]. Moreover, chelate com-
plexes of flavonoids and metals act as free radical
scavengers and detoxicants [7, 8]. Aluminum-flavo-
noid complexes may be produced during cooking
of vegetable food in an aluminum vessel and con-
sequently consumed [3]. It has been shown [6], that
flavonoid interaction with metal ions, e.g. aluminum,
may change the flavonoid’s properties and biological
effects. In the case of quercetin, the complexes are
produced first at positions 3 and 4. The functional
groups at positions 3" and 4’ are bound to metal af-
terwards. The 5-OH group does not participate in
reactions with metals due to steric constrains arising
from binding to 3-OH and 4-OH groups. The chela-
tion sites for rutin are primarily 3’ and 4’ -OH
groups, and also 7-OH.

We studied changes in dynamic parameters of
contraction of electrically stimulated isolated frog
muscle fibers under non-cholinergic effect of inves-
tigated compounds [9], which improves considerably
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upon understanding of toxic effects of quercetin-alu-
minum complexes on skeletal muscle, since disrup-
tion in muscle function under the effect of such
compounds is generally viewed as resulting from
acetylcholinesterase inactivation.

Changes in ATPases activity under aluminum
and quercetin effect may be an important factor in
cellular dysfunction caused by disruption of trans-
membrane cation transport [3]. Thus, Ca?*,Mg?*-
ATPase activity decrease probably results from
compromised structural integrity of membranes of
SR and not from direct effect of flavonoids and their
metallic complexes upon the enzyme [10].

Muscle fiber contraction should not be viewed
as a uniform and smooth process. The timeframes of
single contractions represent a synchronized process
of interaction between components of a sarcomere in
a neatly choreographed step-by-step procedure [11].
We therefore primarily determined the timeframe
for setting in of equilibrium stable state of contrac-
tion under the effect of the investigated compounds.

Thus, from both theoretical and practical point
it is important to research the effects of quercetin, a
substance frequently encountered in living systems,
as well as of its complexes with aluminum, which
is ubiquitous in pharmaceuticals, industry, and
household, upon particular states of skeletal muscle
contraction dynamics. Since quercetin is capable
of producing complexes with metals, in particular
with aluminum (which is known to have good mem-
brane permeability properties), the aim of the present
work was to investigate the effect of aluminum chlo-
ride solutions with quercetin on Ca* ,Mg?*-ATPase
activity of SR and dynamics of electrostimulated
muscle contraction of isolated thin muscle fibers.

Materials and Methods

The experiments were performed on m. tibialis
anterior muscle fibers from a hind leg of Rana tem-
poraria frog. Mature individuals of both sexes were
used. The experiments were performed in isotonic
solution under constant monitoring of dynamic pa-
rameters of contraction. Contractile strength, length
change, washing solution temperature and stimula-
ting signal parameters were monitored. The experi-
ments were performed in constant circuit Ringer so-
lution with relaxation period of 3 min. Temperature
was maintained by thermostat.

The contractile force of skeletal muscle fibers
was determined with a tensometer device [12].
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SR was isolated from frog skeletal muscles by
differential centrifugation [13]. Ca®*,Mg?*-ATPase
activity of SR was determined by spectrophotome-
try and expressed as nanomol of inorganic phosphate
per milligram of protein per minute in incubation
medium. Protein concentration was determined by
Bradford assay [14]. Inorganic phosphate was es-
timated by Fiske and Subbarow method [15]. The
method is based on colorimetric determination of
concentration of inorganic phosphate produced as a
result of enzymatic hydrolysis of ATP. Phosphoric
acid reacts with molybdic acid, producing a com-
plex compound that is easily reduced by various
reducing substances to blue-colored molybdenum
blue. The resulting colored solution was compared
to a standard phosphoric acid solution colored ac-
cordingly. Concentration of inorganic phosphate
was determined after calibration graph for KH,PO,
standard solution.

To simplify the description and representa-
tion of the results, we divide the dynamic response
of active muscle into separate timeframes (Fig. 1):
F, — start of muscle’s force response, F, — muscle’s
force productivity reaches a stable level, F, — termi-
nal muscle activity, L, — start of change in muscle
length, L, — contractile length reaches stable level.

In order to establish the margins of concen-
trations within which the experimental substances
display physiological effects influencing dynamic
properties of muscle contractions, we investigated
concentrations from 10 to 102 M. As a result, we
demonstrated, that quercetin solutions in concentra-
tions less than 10 M did not affect performance of
skeletal-muscle preparations. As concentrations in-
creased to 10* M the muscle contractile processes
were totally suppressed. AICI, solutions in concen-
trations of less than 10* M did not affect perfor-
mance of skeletal-muscle preparations. As concen-
trations increased to 102 M the muscle contractile
processes were totally suppressed. Consequently, we
used AICI, solutions and complexes with flavonoid
with concentrations of 10 to 102 M, and quercetin
solutions with concentrations of 10-¢ to 10° M.

The experiments were done in accordance with
guidelines for keeping and work with laboratory ani-
mals laid down in the ‘European convention for the
protection of vertebrate animals used for experimen-
tal and other scientific purposes’ (Strasbourg, 1986).

The statistical analysis of data was done with
variation statistics methods in Origin 7.0 software,
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Fig. 1. Graphical representation of attribution of active muscle’s dynamic response to corresponding tem-

poral stages of force response. A

- F,, F,, F, and changes in length; B — L,, L, in contractions of m. tibialis

anterior skeletal muscle fibers electrostimulated at 30 Hz for 3 s under effect of quercetin in concentration
of 10°° and AICI, in concentration of 10 M. Abscissa — time; ordinate — muscle fiber responses expressed as
percent values from that of control (M £ m, n = 10). Relaxation time was 3 min

using Student’s t-test. The differences between test
and control samples were considered significant at
P <0.05.

Results and Discussion

The first series of the experiments involved in-
vestigation of effects of 10-° M quercetin in complex
with various concentrations of aluminum chloride on
dynamic properties of muscle fiber contraction.

In experiments with 10® M concentrations of
quercetin and AICI, we found insignificant decrease
in dynamic parameters of contraction (Fig. 2, A).
Changes in strength and length of muscle contrac-
tion were observed beginning at the 4™ min of stimu-
lation.

The strength of contraction reached stable
level by the 12 min of the experiment during F,
period — 96.4 and 94%, accordingly, for phases F,
and F, (10" min). Changes in muscle contraction
length reached stable level at the 12" min in L, under
such conditions, and constituted 92.5%, and at the
14" min during L,, constituting 93.4% in comparison
to control.

We investigated the effect of mixed 10° M of
quercetin and 2x10° M AICI, solutions. The changes
were observed beginning at the 4" min of the stimu-
lating signal, yet these were statistically insignificant
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(Fig. 2, B). The muscle contraction strength entered
stable level at the 10" min during F, and was 96.6%
of control and at the 14™ min during F, and F, and
was 95.1 and 92.1%, correspondingly. Changes in
length under these conditions reached stable level
during L, and L, and constituted 89% and 90% of
control, accordingly.

In experiments with mixture of 10-° M querce-
tin and 3.3x10°® M AICI, solutions the dynamic
characteristics of muscle contraction were sup-
pressed beginning at the 2" min of stimulation
(Fig. 2, C). At these concentrations the changes in
strength of muscle contraction took more time than
those of L parameter.

The maximum decrease in strength of mus-
cle contraction was observed on the 10" min of the
experiment during F, and was 95.9%, and at the
12" min during F, and F, and was 93.4% and 90%,
correspondingly. The maximum decrease in change
of muscle contraction length was observed on the
14™ min during L, and constituted 86.1% and on the
12" min, constituting 88% of control values.

The mixture of 10-® M quercetin and 6.6x10° M
AICI, solutions inhibited muscle contraction with the
maximum on the 8" min during F, and was 94.6%
of that of control. The maximal decrease in muscle
contractile strength during F, and F, was observed
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Fig. 2. The effect of solutions of (4) 10°° quercetin and 10° M AICL,, (B) 10° M quercetin and 2x10°° AICI,, (C)
10 M quercetin and 3.3x10°° AICIL,, (D) 10°° M quercetin and 6.6x10° AICI, (E) 10° M quercetin and 107

AICI, on the dynamic properties of contraction caused by electrostimulation at 30 Hz for 3 s, depending on
duration of exposition to the reagent, n = 10
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on the 12" and the 14" min, accordingly, and con-
stituted 85 and 82% of control (Fig. 2, D). Changes
in dynamic properties of muscle contraction during
these periods were of approximately linear charac-
ter. The maximum decrease in changes of length of
muscle contraction was found on the 14" min of the
experiment during L, and L, and constituted 79.2%
from control values in both cases.

We found in experiments with mixture of
10® M quercetin and 10° M AICI, solutions that
muscle contraction strength decreases maximally
on the 14" min during F,, F, and F,, and constituted
87.6, 74.8 and 71.1% of control, accordingly (Fig. 2,
E). The maximum decrease in muscle fibers con-
traction was found on the 14'" min of the experiment
during L, and L, and constituted 68 and 71.2% of
control values, correspondingly. There was a linear
dependence of changes in strength and length of
muscle fiber contraction.

There was a liner decrease of Ca*,Mg?*-
ATPase activity of SR under the effect of AICI, in
all indicated concentrations (Table 1).

At the next stage of our studies we investigated
the effect of 10° M quercetin solution mixed with
various concentrations of AICI, on dynamic parame-
ters of muscle fiber contraction.

We found noticeable decrease in strength and
length of muscle contraction under the effect of
10° M quercetin and 10 AICI, mixture (Fig 3, 4).
The changes in dynamic parameters of muscle con-
traction were observed beginning from the 2" min
of stimulation. Muscle contraction strength reached
stable levels on the 14" min of the experiment during
F,. F,and F,, and was at 94.4, 83.5 and 79% from
that of control values, correspondingly. Muscle con-
traction length change reached stable levels under
these conditions on the 14" min of the experiment

during L, and L, and constituted 84.5 and 82.8% of
control.

We established in experiments with 10° M
quercetin and 2x10° AICI, mixture that the maxi-
mum decrease in muscle contraction strength was
on the 14" min during F, and constituted 94.4% of
control (Fig. 3, B). A statistically significant decrease
in strength of muscle contraction during F, and F,
occurred on the 12" and the 14" min of the experi-
ment, correspondingly, and constituted 81.2 and 79%
of control values.

The maximal, statistically significant, decrease
in length was observed on the 14" min of the experi-
ment during L, and L, and constituted 81.9% from
control values in both cases. Changes in dynamic pa-
rameters of muscle contraction during these periods
were of uneven character.

In experiments on effects of mixed solutions of
10° M quercetin and 3.3x10° AICI, we found that
changes in dynamic parameters of muscle contrac-
tion manifested beginning on the 2" min of stimula-
ting signal (Fig. 3, C).

The maximum decrease in muscle contrac-
tion strength was observed on the 14" min of the
experiment during F, F, and F, and constituted 92,
78.3 and 75.3% of that of control, correspondin-
gly. The maximal inhibition of muscle contraction
length change was observed on the 12" min of the
experiment during L, and was 80% of control, and
on the 14" min of the experiment during L, and was
76.2% of control. The changes in muscle contractile
parameters were of uneven character under these
conditions.

In experiments with mixed solutions of 10° M
quercetin and 3.3x10°° AICI, strength of muscle con-
traction reached stable levels on the 12" min during
F, at 91.1%, and on the 14™ min during F, and F,

Table 1. Effects of quercetin and AICI, solutions on SR Ca**,Mg**-ATPase activity of skeletal muscles;

M+m, n=10; *P<0.05

quercetin guercetin quercetin quercetin quercetin
Enzyme Control 10° M 10°M 10°M 10° M 10 M +
+ AICI, + AICI, + AICI, + AICI, AICL 106 M
10°M 2x10° M 3.3x10°M | 6.6x10°M 3
SR Ca?*,Mg?*-
ATPase activity of
skeletal muscles,
nmol of P.xmg™*
of proteinxmin* 2456+1.4  211.5#31  2223+32  197.6x3*  191.3+2.8  186.5+31
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Fig. 3. The effect of solutions of (4) 10° quercetin and 10° M AICI,, (B) 10" M quercetin and 210" AICI,, (C)
10° M quercetin and 3.3x10° AICI,, (D) 10° M quercetin and 6.6x10° AICI,, (E) 10° M quercetin and 10**

AICI, on the dynamic properties of contraction caused by electrostimulation at 30 Hz for 3 s, depending on
duration of exposition to the reagent, n = 10
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at 73.2 and 68.8% from those of control, correspon-
dingly (Fig. 3, D). Changes in length of muscle con-
traction under such conditions reached stable levels
on the 14" min of the experiment during L, and L,
and was at 66.2 and 69.6% in comparison to control.
The changes in muscle contractile parameters were
of uneven character in these experiments.

In the experiments with 10° M quercetin and
3.3x10°° AICI, solutions mixture (Fig. 3, E) we ob-
served changes in dynamic characteristics of muscle
contraction beginning from the 2" min of stimula-
tion. The maximal decrease in strength of muscle
contraction was on the 14" min during F, at 88.4%
and on the 12" and 14" min during F, and F, at 67.2
and 45.9% of control, correspondingly. The maxi-
mal, statistically significant, decrease in change
of contractile length was observed on the 16" min
during L, and L, and constituted 56 and 55.72% of
that of control values.

We observed linear concentration-dependent
decrease in Ca*,Mg?*-ATPase activity of SR under
effect of AICI, in all studied concentrations (Tab-
le 2).

We thus established in our studies the more pro-
nounced inhibiting effects of complexes of querce-
tin and AICI, on dynamic contraction parameters
during all observed timeframes in comparison to
separate effects of the investigated compounds. The
least pronounced changes in strength of muscle con-
traction under effect of the investigated compounds
were observed during F,, and the most pronounced
changes in this parameter were detected during F, in
comparison to control. Incubation with AICI, solu-
tions mixed with 10° M quercetin solution caused
the most significant changes in muscle fiber length
during L,. Incubation with AICI, solutions mixed
with 10®° M quercetin solution caused the most sig-
nificant changes in muscle fiber length during L,
during L, in case 6.6x10-° M AICl, solution was used,

and equal changes during both periods if 2x10¢ M
AICI, solution was used. This may be explained by
increased quantities of substances permeating mus-
cle fiber’s plasma membrane as well as by effect of
these complexes on perimembrane processes. The
investigated complexes may enter the cell via solu-
bilization in the lipid phase of the plasma membrane
and consequently affect functional activity of intra-
cellular transport systems, e.g. changing Ca?* release
from intracellular compartments.

Quercetin complexes with AICI, exhibit more
potent inhibitive effect on dynamic contractile pa-
rameters in all experiments in comparison to sepa-
rate effects of the investigated compounds. The least
pronounced changes in muscle contraction under
effect of the investigated complexes were observed
during F,, and the most pronounced changes in the
studied parameters were found during F, in compari-
son with control. The specific effect of these reagents
on various stages of contraction reveals a complex
character of isotonic skeletal muscle contraction un-
der the influence of pathogenic factors [16].

A cellular necrosis independent of cholinergic
receptors dysfunction resulting from incubation with
aluminum-flavonoid mixture has been described
[17]. This process was accompanied by NADH-
cytochrome ¢ reductase, cytochrome c¢ oxidase of
mitochondrial respiratory chain; decrease in trans-
membrane mitochondrial potential and in ATP con-
centration, as well as increase in ADP to ATP ratio.

Since mitochondria participate in energy level
maintenance that is required for skeletal muscle
functioning, disruption in regulation of mitochon-
drial respiratory chain and energy production may
be one of the possible causes for muscle weakness
under effect of quercetin-AlCI, complexes. Inhibi-
tion of mitochondrial ATP-synthase may result in
lower mitochondrial Ca?" absorption, which in turn
influences intracellular Ca?* balance and damages
muscle fibers.

Table 2. Effects of quercetin and AICI, solutions on SR Ca**,Mg**-ATPase activity of skeletal muscles;

M+m, n=10; *P<0.05

guercetin | quercetin | quercetin | quercetin | quercetin
Enzyme Control 10°M 10°M 10°M 10° M 10°M
+AICI, | +AICl, | +AICI, +AICI, | +AICI,
10° M 2x10°M | 3.3x10°M | 6.6x10°M | 10*M
SR Ca? ,Mg?*-ATPase activity
of skeletal muscles, nmol of
Pxmg™* of proteinxmin-! 245614 | 219.5+35 | 198.3+3.8 | 182.6+3.3 | 177.3+2.8 | 173.5+3.3
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Skeletal muscle cells have systems that main-
tain low Ca? concentration at rest and serve to
quickly remove it after acting signal ceases [19].
Maintenance of low plasma calcium ions concentra-
tion in most cells, including muscle, is performed via
Ca?,Mg*-ATPases of plasma membranes and SR,
which are special enzymes transporting 2 calcium
ions across the membrane against the concentration
gradient per hydrolysis of an ATP molecule. Via
Ca?" ,Mg*-ATPase of SR has an important part in
regulation of skeletal muscle’s contraction-relaxation
cycle, accumulating Ca?" inside the reticulum and
thereby acting to decrease its cytoplasm concentra-
tion and further block of actin-myosin interaction.
Misbalancing the calcium homeostasis is therefore
certain to result in changes to functional state of the
muscle.

The changes described here may indicate lower
plasma membrane permeability to calcium ions. It is
known that Ca? is transported inside skeletal mus-
cle fibers by dihydropyridine receptors of sarcolem-
ma (L-type Ca?" channels) [20, 21]. As, according
to available evidence, flavonoids may inhibit these
channels [1, 5], the specificity of effect of querce-
tin and quercetin-aluminum complex on dynamic
contractile parameters may be explained by their
binding to this receptor type. This in turn leads to
uncoupling of excitation and contraction in skeletal
muscle and thus to decrease in muscle force. The
functional instabilities that appear during maintai-
ning of muscle fiber’s dynamic parameters at tetanic
level of contraction may be attributed to changes in
contractility of muscle fiber under effect of minor
concentrations of the investigated compounds due
to inhibition of ATPase activity of myosin [22-24]
(Table 1, 2).

Therefore, our results demonstrate that querce-
tin-AlICI, have various effects on dynamic parame-
ters of skeletal muscle’s contraction. The compounds
in the investigated concentrations inhibited genera-
tion of contractile force in frog muscle fibers. The
decreased parameters of strength and length of con-
traction within total monitored timeframe, as well as
within any period of contraction, was observed con-
stantly and in most cases was of linear nature. The
dynamic parameters of contraction changed least
during periods of pretetanic contraction. The experi-
mental data obtained may be explained by the effect
of these compounds on perimembrane processes as
well as by their ability to permeate plasma mem-
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brane into cell and thus affect the ATPase activity of
myosin of the sarcomere.
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IIpoBeneHo eH3MMAaTHM4HI Ta TEH30METPHUUHI
JOCHiKeHHST (YHKIIIOHYBaHHS ITYyYKiB BOJIO-
KOH CKeJIeTHOro M’s3a tibialis anterior, »xabu Rana
temporaria 3a Jii PO3YHMHIB XJIOPUIY AaTIOMIHIIO
3 KBEPLETHHOM. BCTaHOBIEHO, IO KOMIUIEKCH
KBEPIETHHY 3 allfOMiHIEM iHTIOyBaJM MPOIECH
M’s130BOT0 cKopoueHHs1. [lokazaHo niHiliHE 3HUKEH-
Hs Ca** Mg?*-ATPa3H0i akTUBHOCTi CapKoriazma-
TAYHOTO PETHKYJIyMa 3a Jii BCIX MOCIiKyBaHUX
KOHIICHTPAIliil KBEPIETHHY Ta XJIOPUY ATFOMIHIO.
BceraHoBneHo, 1m0 KBEpPUETHH 3MIHIOE  CBOI
BIIACTUBOCTI IIOJ0 BIUIMBY Ha (PyHKI[IOHYBaHHS
M’SI30BUX BOJIOKOH CKEJIETHHX M’SI3iB HiJ dac
YTBOPEHHsSI KOMIUIGKCIB i3  aJIOMiHiEM, IO
CYTIPOBO/KYETHCS TIOCHJICHHSIM HOTO 1HTiOITOpHOT
mii. Y JocHipKeHWX JIiarma3oHax KOHIEHTparliit
(AICl3 — 10%-10? wmomp/1 Ta KBepuetuH 10°-
10"° MOJIB/JT) BUKOPUCTaHI PCUYOBHHH TTPUTHITYBaJIH
reHepaliio CHUIIM Ta Aiana30H BKOPOUCHHS M I30BUX
BOJIOKOH >Ka0W. 3HWDIKEHHS MOKa3HWKIB TeHeparii
CHJIM Ta BKOPOYECHHSI M’SI30BUX BOJIOKOH y 4acOBO-
My iHTepBaji CIOCTEPEKEHHS Ta MPOTITOM KOX-
HOTO OKPEeMOTO Iepediry BimOyBasocs MOCTIHHO i
y OUIBIIOCTI BUMAJAKIB MaJo JIHIWHANA XapakTep.
HaiimMeHtn Bupa)keHi 3MiHU CHITM M’SI30BOTO CKOPO-
YeHHS IIiJ{ BIUIMBOM JIOCII/DKYBAaHUX KOMIIJIEKCIB
CTHIoCTepiraiuch BIPOAOBXK JOTETaHIdHOT (ha3u CKO-
pOYCHHS, 2 HABUPa)KEHIIITi 3MiHU JTOCIII)KYBaHOTO
mapamerpa BijOyBajduch Ha KiHIEBid  ¢asi
aKTUBHOCTI  M’s3a. 3MEHIICHHS JAMHAMIYHHX
napameTpiB CKOpoucHHs Ta 3HWkeHHs Ca?’,Mg?*-
ATPa3Hoi aKTHBHOCTI CapKOIUIa3MaTHYHOTO pe-
TUKYJIyMa 32 BHUKOPHCTAHHS PO3UMHIB BKa3aHUX
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KOHIICHTpaIliif OyJ0 MiHIMalbHUM Ha  MOYATKY
CWJIOBOI BIJIMOBIAI M’5i3a 1 JI0 MOMEHTY BHUXOIY
M’SI30BOi CHJIM Ha CTAl[lOHAPHHUU PIBEHb CKOPOYCH-
Hl.

Knrmo4yoB1 CJ0Ba: aatoMiHii, M’I30BE€ CKO-
pouennst, Ca* Mg?-ATPa3Ha aKkTHUBHICTh, CHJIA,
JIOB)KHHA.
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N JNHAMUNYECKUE [TAPAMETPbBI
COKPAIIEHM S m. tibialis anterior
JISITYHIKA RANA TEMPORARIA
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2B0oCTOYHOEBPOTICHCKHI HAITMOHATBHBINA YHUBEPCUTET
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[TpoBeneHbI SH3UMATHYECKUE M TEH30METPH-
YecKHe HMCCIICIOBAHMS COKPAIICHUS MyYKOB BOJIO-
KOH CKeJIeTHOW MBIIIIIBI tibialis anterior, IATYIIKH
Rana temporaria noyx BIUSTHUEM PacTBOPOB XJIOPHU-
Jla aJFOMHHHS C KBEPIETUHOM. YCTAHOBIICHO, YTO
KOMILJIEKCHI KBEpIETHHA C aJIOMHUHHEM WHTHOU-
pOBall MPOIECCHl MBIIIEYHOTO COKpaieHus. [lo-
Ka3aHo JuHeiHoe cHmkenne Ca?’,Mg? -ATPa3Hoii
AKTHBHOCTH CapKOIUIa3MaTHYECKOTO0 PETUKYITyMa
MOJI ICHCTBHEM BCEX MCCIEyeMbIX KOHIICHTPAIIHHA
KBEpIETHHA U XJIOPUA aIIOMUHUS. YCTaHOBIICHO,
YTO KBEPUETHH M3MEHSIET CBOM CBOMCTBAa OTHOCH-
TEJBHO BIHSHUS HAa (DYHKIIMOHUPOBAHUE MBIIICY-
HBIX BOJIOKOH CKEJICTHBIX MBIIIIL ITPH 00pa30BaHUH
KOMILJIEKCOB C QJIFOMHHHMEM, YTO COMPOBOKJACTCS
yCUJIEHHEM ero MHTHOMTOpHOro nedcTBusA. B mnc-
CJICTIOBAaHHBIX TUANa30HaX KOHIICHTPAIUM (AlCl3 -
104-102 monw/n u kBepuetuHa 10°-10° moms/n)
WCIIONIb3YeMble BEIECTBa IMOJABIISIIA TEHEPAIIUIO
CHJIBI W JIMana30H yKOpayWuBaHUsSI MBIIICYHBIX BO-
JIOKOH JATyImKH. CHU)KEHUe MoKa3aTesnel reHepa-
WU CHJTBI M YKOPaYMBaHUS MBIIIEYHBIX BOJIOKOH BO
BPEMEHHOM HHTEpBaJie HAOIIOACHUS TPOUCXOIHIIO
MIOCTOSTHHO M B OOJBUIMHCTBE CIydaeB MMEJO JIH-
HeWHBbIN XapakTep. HauMeHee BbIpakeHHbIE M3Me-
HEHUS CUJIBI MBIIIEYHOTO COKPAIICHUS T10]] BO3/ICH-
CTBUEM HCCIIEIyEeMbIX KOMIIJIEKCOB, HaOIIONAINCh
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Ha MPOTSHKCHUHU IOTETaHUYHOM (ha3bl COKpaLICHNUS,
a HauOojee BBIpaKCHHBIE HM3MEHEHUS HCCIemye-
MBIX MapaMeTPOB IPOUCXOIUIN Ha KOHEUHOH (ase
AKTHBHOCTH MBIIILBI. YMEHBIICHUE AMHAMUYECKUX
mapamMeTpoB COKpamieHus: U cumwkenus Ca? ,Mg?*-
ATPa3HOM aKTUBHOCTH CapKOILJIa3MaTHYECKOI0
PETHKYJyMa IPU HCIOJIb30BAHUU PACTBOPOB yKa-
3aHBIX KOHLEHTpalUi OblJIO MUHUMAJIbHBIM B Ha-
yaJjie CUJIOBOTO OTBETAa MBIIIIBI U K MOMEHTY BbI-
XO0J1a MBIILICYHON CHIIBI HA CTAIlMOHAPHBINA yPOBEHb
COKpAILEHUS.

KnmoueBbie cioBa: ajllOMUHUNA, MbI-
meyHoe cokpaienue, Ca®*,Mg?*-ATPa3Has akTus-
HOCTb, CHJIA, JJIMHA.
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