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Abstract. The aim of the study was to determine
the Na*, K*-ATPase, adenylyl- and guanylyl cyclase
synaptosome faction activity in the brain of rats at 30-
day toxicity by imidazoline mixtures in 1/10 and 1/100
LD,, doses.

Materials and methods. The paper uses exam-
ples of MIM with alkyl radicals C, ,(MIM7-9) and C, |,
(MIM9-15). Experiments carried out on the mature
male rats Wistar, weighing 180-220 g. Maintenance
and manipulation with animals were carried out accord-
ing to the principles of bioethics. They were subjected
to oral intoxification by probe using by aqueous solu-
tions of compounds once daily per 30 days at a 1/100
LD,, dose. Middle-lethal doses (LD,;) were: for MIM7-
9 - 1,8 g/kg; MIM9-15 - 5,0 g/kg of body weight. The
animals of the control group were injected by the cor-
responding volume of drinking water. The parameter
study performed at 30 days after the start of the experi-
ment. Each group contained 15 animals. Slaughter was
performed by decapitation, with pre-anesthesia by so-
dium thiopental.

The Na+K+-ATP-ase, adenylyl and guanylyl cy-
clase activity in synaptosomal fraction of rat brain at
30th day of industrial chemical environmental pollut-
ants — imidasoline mixtures influence have been stud-
ied in the paper to be necessary for full disclosure of
biochemical mechanisms of membranotropic action.
Imidasoline-containing mixtures with alkyl radicals
C7.9iC9-15at 1/10 and 1/100 LD50 doses cause the
change of membrane-associated enzyme activity to be
confirmed by the decrease of Na+, K+-ATP-ase, ad-
enylyl cyclase activity on the background of guanylyl
cyclase increase. Revealed violations are one of patho-
genetic links of biochemical mechanisms of imidaso-
line mixture membranotropic action to be considered in
means of correction developing.

Summarizing the results, it should be made the fol-
lowing conclusions. Against the background of pro-
longed toxicity by MIM in 1/10 and 1/100 LD, doses
synaptosome fraction of rat brain membrane enzyme
activity is changing, as evidenced by decreased activ-
ity of Na*, K*-ATPase, adenylyl cyclase on the back-
ground of increasing guanylyl cyclase. Change of
membrane-associated enzyme complexes activity in
the brain of rats is one of the pathogenetic mechanism
of links membrane tropic MIM action to be considered
when developing the means of correction.

Keywords: imidasoline mixtures, rats, brain, micro-
somes, Na+K+-ATP-ase, adenylyl cyclase, guanylyl
cyclase.
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Inroduction. Actual problem of modern medical
biochemistry is a comprehensive studying of the mech-
anisms of xenobiotic action on humans and means of
correction development [7, 5]. Common xenobiotics
able adversely affect health, include a imidazoline mix-
ture (MIM). This is associated with large volumes of
chemicals, widely used in various sectors of the econo-
my (as the basis for industrial production of detergents,
antistatic, anticorrosive agents, adhesive additives,
etc.), revenues of the sources of drinking water [1, 4,
14]. The clinical picture of rata cute poisoning by MIM
is proved to be the symptoms of the central nervous
system disorders in the foreground [14]. Furthermore,
electron microscopy studies indicate significant chang-
es architectonics of the nervous tissue, including viola-
tion of the integrity of neurons under conditions of pro-
longed rat intoxication by MIM [14]. Lack of information
about the biochemical mechanisms of MIM action on
the body encourages them to conduct a comprehensive
study, starting primarily with state of the central nervous
system. Given the physical and chemical properties of
MIM components (the presence of hydrophobic and
hydrophilic groups, capacity for chemical reactions to
form biologically active compounds, etc.), it is reason-
able to research their influence on some characteristics
of cell membranes, including membrane-associated
enzyme complexes.

The aim of the study was to determine the Na*,
K*-ATPase, adenylyl- and guanylyl cyclase synapto-
some faction activity in the brain of rats at 30-day toxici-
ty by imidazoline mixturesin 1/10and 1/100 LD, doses.

Materials and methods. The paper uses exam-
ples of MIM with alkyl radicals C, ; (MIM7-9) and C, ,,
(MIM9-15). Experiments carried out on the mature male
rats Wistar, weighing 180-220 g. Maintenance and ma-
nipulation with animals were carried out according to
the principles of bioethics. They were subjected to oral
intoxification by probe using by aqueous solutions of
compounds once daily per 30 days ata 1/100 LD, dose.
Middle-lethal doses (LD,,) were: for MIM7-9 - 1,8 g/kg;



MIM9-15 - 5,0 g/kg of body weight. The animals of the
control group were injected by the corresponding vol-
ume of drinking water. The parameter study performed
at 30 days after the start of the experiment. Each group
contained 15 animals. Slaughter was performed by de-
capitation, with pre-anesthesia by sodium thiopental.

The Na*, K*— ATPase activity in synaptosome frac-
tion of rat brain was evaluated by the difference between
the content of inorganic phosphorus in the absence and
presence in the incubation medium 1 mM uabayine ac-
cordance with the methodical recommendations [6].
The samples were put to incubation medium containing
100 mM NaCl, 20 nM KCI, 50 nM tris-HCI (pH 7,6), 3
mM MgCl,, 0,5 mM CaCl,, 0,5 MM EDTA, 3 mM ATP. The
incubation was carried out at 37°C per 30 minutes; The
reaction was stopped by the addition of 15% trichlo-
roacetic acid. Precipitation of denatured proteins was
performed at 3500 g per 10 minutes. For synaptosome
fraction extraction the tissue was homogenated in 50
mM tris-HCI buffer (pH 7,5) with 5 mM theophylline Ta 4
mM MgCl, at cold in glass hemegenisator (80 up/down);
homogenate was centrifugated at 1500 g at 4°C during
5 minutes, supernatant was centrifugated at 18000 g at
0-4°C during 30 minutes, final clot was rehomogenisat-
ed in 1,5 ml of the same buffer [2]. Adenylyl cyclase ac-
tivity (AC) in synaptosome fraction was determined by
method [15], guanylyl cyclase (GC) — by method [13].
The enzyme activity was judged about by the accumula-
tion of the products of enzymatic reactions - cAMP and
cGMP. The incubation medium for AC activity determi-
nation contained 50 mM tris-HCI buffer (pH 7,5), 5 mM
creatine phosphokinase, and for GC determination — 50
mM tris-HCI buffer (pH 7,5), 10 mM theophylline, 4 mM
MgCl,, 4mM creatine phosphate, 0,1 mg/ml creatine
phosphokinase. Substrates responses were prepared
at concentrations: AT — 2 mM, I'Td - 1 mM.

Statistical analysis was performed using the com-
puter application package for the processing of statisti-
cal information Statistica 6. 1 (StatSoft, Inc., USA). In
the case of the normal distribution of data parametric
characteristics — the average indicator (M) and standard
deviation (s) were used; in its absence nonparametric
— median (Me) and interquartile scope. The crit-
ical level of significance during testing statistical
hypotheses was accepted p<0,05.

Results and discussion. The groups of
rats undergoes oral administration per 30 days

Table 1

Na*, K*-ATPase activity in synaptosome fraction

of rat brain at 30" day of imidazolin containing or-

ganic mixture influence (umol P,/h-mg of protein,
n=15; Me [25%; 75 %] or M*s)

Dose, LD,
Mixt 3 =50
ixture 1/10 1/100

. 8,2£2,21 12,3 [7,9; 13,7]
MIM7-9 p< 0,001 0=0.014

. 10,4 [7,7;13,4] 12,1+2,82
MIM9-15 p=0,005 0=0.065
Control 14,6+3,60

Note: p - level of significance compared with control.

At the 30th day of observation in synaptosome
fraction of rat brain statistically significant (p<0,001)
compared with the control reducing the activity of ad-
enylyl cyclase (AC) was also found (table 2). 1/10 LD,
dose thus was more toxic than 1/100 LD,,. MIM7-9 and
MIM9-15 in 1/10 LD, dose reduced AC activity in re-
lation to the control, respectively 58 and 50 %, and in
a 1/100 LD, dose — 41 and 26 %. On the background
these changes, there was a statistically significant in-
creased activity of guanylate cyclase (GC). The most
expressive effect (p<0,001) at the same time MIM7-9
commit: on 88 % (in the case of 1/10 LD,;) and 66 % (in
the case of 1/100 LD, ;). For MIM9-15in 1/10 LD, dose
increase (p<0,002) GC activity was 54 %, and in a dose
1/100 LD50 - 32%.

Thus, studies have found changes in the activity of
membrane-associated enzyme complexes in the brain
of rats under prolonged exposure by MIM. The main
reasons of this can be a direct effect on enzyme com-
plexes or structural changes in membranes (especially
due to free radical processes). Previous experiments
have demonstrated that MIM 1/10 and 1/100 LD,
doses at 30th day actions cause the ratio of plasma
membrane phospholipid fractions changes significantly
increasing the percentage of phospholipids lysoform
[10] and increase microviscosity of lipid phase [9],

Table 2

Adenylyl and guanylyl cyclase activity in rat brain at 30"
day of imidazolin containing organic mixture influence

(n=15; Me [25 %; 75 %] or M *s)

by MIM in 1/10 LD, dose observed statistically Adenylyl cyclase, Guanylyl cyclase,
significant (p<0,005) compared with the control pmol cAMP/min-mg of pmol cAMP/min-mg of
decrease Na*, K*-ATPase activity of synap- | Mixture protein protein

tosome fraction of the brain by an average of dose, LD,

37 % (table 1). Prolonged exposure by MIM7- 1/10 1/100 1/10 1/100
9 in 1/_190 LDSQ dg;e was algo accompanied 59.7[51.8: | 136,2 [128.6: 120’2.
by statistically significant relative to the control MIM7-9 42,3+5,59 69.0] 160,3] [112,3;
group of animals, decrease enzyme activity, but p<0,001 | ;5001 p<0,001 1<30502(])1
less pronounced (at 16 %) than the 1/10 LD, 50.8 [49.0; 9’; . [‘80 3_
dose. Comparison between a distribution rate MIMO- 57 7]' ' | 75,2£9,41 | 111,7+24,62 99 5]’ ’
in the group of animals administered by MIM9- | 158 p<0,001 | P<0.001 p<0,001 p=0.002
15 in a 1/100 LD, dose, and the control did Control 101,5+13,69 72,4 [68,4: 79,5]

not show any statistically significant difference
(p=0,065).

Note: p — level of significance compared with control.



which naturally leads, according to many experimental
studies [8, 11], to reduce the activity of membrane as-
sociated enzymes.

The composition of the membranes of all cells as
integral protein that converts the energy of ATP to en-
ergy gradient of monovalent ions is an enzyme Na*,
K*-ATPase. It should be noted that this enzyme is in-
volved into numerous cellular functions and processes
associated with ion gradients, particularly in providing
the electrical excitability of nervous tissue [3]. There-
fore, changes in the activity of this enzyme by MIM ac-
tions could become an essential reason for their viola-
tion. Reducing adenylyl cyclase and increase guanylyl
cyclase activity are also a consequence of studied mem-
brane tropic of MIM. As you, The elements of adenylyl
cyclase and guanylyl cyclase complexes are known to
be integral membrane proteins that’s why AC and GC
activity are most dependent on the cell membrane [12].
In addition, GC can be activated by free radicals, lipid
peroxides, which increased formation is observed in the

organism of experimental animals under prolonged ex-
posure by MIM [4].

Summarizing the results, it should be made the fol-
lowing conclusions.

1. Against the background of prolonged toxicity by
MIM in 1/10 and 1/100 LD, doses synaptosome frac-
tion of rat brain membrane enzyme activity is changing,
as evidenced by decreased activity of Na*, K*-ATPase,
adenylyl cyclase on the background of increasing gua-
nylyl cyclase.

2. Change of membrane-associated enzyme com-
plexes activity in the brain of rats is one of the patho-
genetic mechanism of links membrane tropic MIM ac-
tion to be considered when developing the means of
correction.

Perspectives further research. In future the com-
plex research conduction is planned aimed to study the
biochemical mechanisms of MIM, including evaluation
of antiradical activity and antyperoxid protection.
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AKTUBHICTb ®EPMEHTHUX MEMBPAHO3B’A3AHNX KOMIMJIEKCIB Y FOJIOBHOMY MO3KY LLYPIB
nPU Al IMIAA30/NIIHBMICHUX OPFAHIYHUX CYMILLIEA

MakcumoBal l. .

Peslome. Y poboTi BUBY4EHO akTMBHiICTb Na*, K*-ATdasun, ageHinat- i ryaHinatumknasu y CUHanTocoMarbHi
dpakujii ronoBHOro Mo3ky Lwypis Ha 30-Ty 8,06y BNAMBY NPOMUCIIOBUX XiMiYHX 3a6pyaHIOBAYIB JOBKINSA — CyMilLEN
iMioasoniti, o € HeobXiagHUM O BCeOIYHOro PO3KPUTTS BiOXIMIYHUX MexaHi3MiB MeMOpaHOTPOMNHOI Aji. Imiga-
30MIHBMICHI CyMiLLi 3 ankinbHumMmn paaukanamm C. i C, .y nosax 1/10i1/100 LD, BUkAMKatOTb 3MiHY aKTUBHOCTI
MemMOpaHo3B’A3aHNX GepPMEeHTIB, LLIO NiATBEPOXKYETLCS 3HMXEHHSAM akTBHOCTI Na*, K™ -ATdasn, ageHinatuyknasu



Ha TNi NiOBMLLEHHS ryaHinaTumknasun. BuasneHi NOpyLLEHHSA € OOHIEID 3 NATOreHEeTUYHUX NaHOK BiOXiMIYHMX Me-
XaHi3MiB MeMbpaHOTPONHOI Aii cymiwel imiga3oniHie, WO HeobXiAHO BpaxoByBaTK NMpu Po3pobsieHHi 3acobiB ix
KOPEKLLT.

Knroyosi cnoBa: cymilli imigasoniHis, Lypu, rofoBHUIA MO30K, Mikpocomu, Na*, K*-ATdasa, ageHinatumkna-
3a, ryaHinatumknasu.
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AKTUBHOCTb ®EPMEHTHbIX MEMBPAHOCBA3AHHbBIX KOMMNJIEKCOB B rOJIOBHOM MO3rE KPbIC
NPV BO3OENCTBMU UMUOA30JIMHCOLOEPXKALLUX OPFTAHUYECKUX CMECEN

MakcumoBa U. T.

Pesiome. B paboTe nsydeHaaktnsHoctb Na*, K*-ATdasbl, aneHnnaT- nryaHunaTumkiasbl BCUHANTOCOMabHOM
dpakumm ronoBHOro Moara kpbic Ha 30-e CyTKM BO3OENCTBUS MPOMbILIEHHBIX XUMUYECKUX 3arpa3HmuTenen
OKpy>KatoLLel cpeabl — CMecein MMUAA30JIMHOB, YTO HEOOXOAMMO AJ11 BCECTOPOHHEr0 PaCKPbITUS OMOXUMNYECKUX
MexaHM3MOB MeMOpPaHOTPOMHOro AencTeus. MimuaaszonuHcogepxalime CMecu C ankuibHbIMW pagmkanamuv
C,oun C, B pozax 1/10 n 1/100 LD, BbI3blBAIOT U3MEHEHWE aKTMBHOCTV MEMOPaHOCBA3aHHbIX (PEPMEHTOB,
4YTO NoATBEPXOAETCs CHuxeHnem akTuBHocTM Na*, K*-ATdasbl, ageHunatuukiasbl Ha ¢GOHE MOBbILLEHUS
ryaHmnatumknasbl. BoliBneHHble HapyLleHUs SBASIIOTCSA OOHWUM M3 NMaTOreHeTUYeCKkMX 3BEHbEB BUMOXMMUYECKNX
MexaHM3MOB MeMOPaHOTPOMHOr0 AEeNCTBMS CMecein MMNAa30JIMHOB, YTO HEOOX0AVMMO Y4MTLIBATb MNPU paspadoTke
CNocob0B X KOPPEKLMN.

KnoueBblie cnoBa: cMecu MMUOA30JIMHOB, KPbIChl, FONOBHOW MO3r, MUKpocoMbl, Na*, K*-ATdasa, ageHn-
nartuuknasa, ryaHunaTumknasa.
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