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Peculiarities of water-electrolytic metabolism of rats
with “slow” type of acetylation after a combined effect
of cadmium chloride and sodium nitrate
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After a combined 14 days introduction of cadmium chloride (0,1 mg/kg intraperitoneally) and sodium nitrate
(500 mg/kg intragastrically) to mature nonlinear albino rats with “slow” type of acetylation changes of
water-electrolytic metabolism were manifested by 6,3 % increased concentration of sodium ions in the blood
plasma. Hypernatremia resulted from the disorders of water, ion, and osmoregulatory renal functions induced
by both nephrotoxic substances. Stability of potassium metabolism indices was indicative of the retention
of a functional state in the distal portion of the nephron. The combination with sodium nitrate restrained
a harmful effect of cadmium chloride on the glomerular sector of a nephron and glomerular filtration rate
(GFR) did not change. Taking into account the lack of activation of glomerular processes in response to
penetration of exotoxins into the body GFR can be considered as a predictor of nephropathy progression
in rats with “slow” type of acetylation. 6,9% increase of proximal reabsorption of sodium ions under con-
ditions of stable GFR was indicative of disorders of the glomerular-tubular balance due to dysfunction of
the nephron proximal portion. At the same time, it is reasonable to present the evidence of our opinion by
the analysis of interrelations between the indices of functional-biochemical kidney conditions considering
biochemical criteria of acetylation type in mature rats with “slow” acetylation type under conditions of a
combined effect of cadmium chloride and sodium nitrate, which are the prospects of further investigations.
Key words: water-electrolytic metabolism, mature rats; «slow» acetylation type,; cadmium chloride; so-
dium nitrate.

INTRODUCTION termined under conditions of their damage. On
the other hand, in addition to general regularities
there are considerable individual peculiarities
of pathogenesis caused by genotype and pheno-
type features. Biological activity of acetylation
processes is genetically determined ability of
the body. It is a prevailing way to biological
transformation of xenobiotics and endogenous

Generally recognized interrelation between
certain body organs and systems assumes avail-
ability of integrated functional changes ensuring
certain adaptive reactions in response to unfa-
vourable conditions. At the same time, results
of functional responses depend on metabolic

processes which parameters should correspond } .
to the requirements of the regulation systems compounds. The mechanisms of acetylation are

under physiological and pathological condi- still examined today. Individuals with “rapi'd”
tions. The total sum of these mutually specified ~ and “slow™ acetylation types are known to dif-

mechanisms forms functional-metabolic con- fer by pharmacokinetics of drugs and efficacy
tinuum (FMC) [1]. The main FMC principles ~ of pharmacotherapy as well as development
are coherence in the work of regulatory and ex- of certain diseases [2-6]. The most intensive

ecutive systems including cells, heart-kidneys, ~ acetylation occurs in the liver, and acetylated
liver-kidneys. Due to clinical pathophysiological ~ metabolites are mostly eliminated by the renal
analysis common mechanisms of interaction  processes. Susceptibility to nephropathy and
between different organs and systems are de- functional renal ability, directed to an adequate
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water-salt supply of cells, are likely to depend on
acetylation phenotype [7]. Returning to the pre-
vious substantiation of FMC it should be noted
that water-electrolytic balance is an essential
term for integrated vital ability of the organism.

Detection of early mechanisms of the
hepatic-renal syndrome at the initial stage of
acute toxic nephropathy [8] logically motivates
examination of water-electrolytic metabolism
in case of kidney damage depending on the
acetylation type. At the same time, detection
of the role of acetylation system in adaptive
response of the body under unfavourable envi-
ronmental conditions, effect of heavy metal salts
and nitrogen compounds in particular, is of an
important practical value. Thus, our previous
investigations on rats with different acetylation
type have determined age differences of suscep-
tibility biochemical markers to the influence of
nephrotoxic substances cadmium chloride and
sodium nitrate [9].

Objective of our work at this stage is to examine
changes in the renal functions characterizing the
state of water-electrolytic metabolism in mature rats
with slow acetylation type after a combined effect of
cadmium chloride and sodium nitrate.

METHODS

The study was performed on laboratory nonlin-
ear albino male rats 6 months of age with the
body weight o 0.16-0.18 kg kept under standard
vivarium conditions on well-balanced forage.
The rate of acetylation was estimated according
to the methods [10]. Rats with a “slow” type of
acetylation were divided into 2 groups: I — con-
trol (intact) group, Il — group with simulated
subacute cadmium-nitrate intoxication. To simu-
late the model rats were injected with cadmium
chloride during 14 days intraperitoneally in the
dose of 0.1 mg/kg (1/150 DL,)) and sodium
nitrate intragastrically (through the probe) in
the dose of 500 mg/kg (1/15 DL,). During the
whole period of the experiment the control group
was injected with isotonic solution of sodium
chloride (intraperitoneally) and settled tap water
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(intragastrically) instead of external poisonous
substances. 24 hours after the last introduction
all the rats were subjected to 5 % water load (tap
water, intragastrically) and placed into exchange
cages to collect urine. Diuresis was registered
every 2 hours, blood was taken in the amount
of 20 mg/kg from rats narcotized by means of
1 % of sodium ethaminal solution. The concen-
tration of sodium and potassium ions in urine
and blood plasma was determined by means
of flame photometry method on «®I1JI-1». To
assess glomerular filtration rate creatinine in
the urine was determined by Folin’s method, in
the blood plasma — by Popper’s method in Paul
Merson’s modification [11]. The findings were
statistically processed by means of statistical
analysis applying parametric statistical methods
according to the programs «Statgrafics», «Excel
7.0». The parameters standardized by the body
mass and the volume of glomerular filtration
(GF) were calculated by means of formulas
[12]. Estimation differences between samples
were assessed by means of Student t-criterion.

RESULTS AND DISCUSSION

The data presented in the Table indicate that
introduction of cadmium chloride and sodium
nitrate during 14 days in mature rats with “slow”
acetylation type causes 6.3 % increase of natre-
mia level. Increased concentration of sodium
ions in the blood plasma according to the notion
concerning the regulation of salts and fluids in
the body is stipulated by water imbalance. We
have not found statistically valuable changes
of volume regulating renal function: indices of
diuresis, water reabsorption and water excretion
free of sodium ions did not differ from that of the
control. Even small doses of cadmium chloride
are known to be neurotoxic for mammals and
humans and modify vasopressinergic neuron
system in the absence of direct changes of water
metabolism [13]. At the same time, sodium ions
are determinants of plasma osmolality regulating
movement of water between extra- and intracel-
lular sectors of the body. Most often hypernatre-

ISSN 0201-8489 @ision. scyph., 2018, T. 64, Ne 4



N.D. Filipets, T.I. Kmet, T.I. Hrachova

mia is indicative of regulation control disorders
from the side of antidiuretic hormone (reduced
concentration) or decreased reactions of the
kidneys damaged by nephrotoxic substances,
which prevents normalization of water content
in the blood plasma and restoration of sodium
ions concentration. Dyshidria with accumulation
of water in the interstitial and intracellular space
is likely to be formed in mature rats with “slow”
acetylation type under the effect of cadmium
chloride and sodium nitrate.

It should be noted that in other experimental
studies of osmoregulation mechanisms under
conditions of cadmium-containing diet with-
out consideration of acetylation type plasma
osmolality did not change, although urine os-
molality increased and diuresis decreased [14].
We observed 24.2 % increase of sodium ions
concentration in the urine, and 1.2 times in-
crease — blood/urine ratio concentrations without
clearance changes of this electrolyte. Contrary
to the conclusions suggested by the authors
[14], increased urine concentration should not
be considered as the reaction to maintain water-
electrolytic state. Under conditions of cadmium
effect kidneys are the most susceptible organ.
Cadmium ions are accumulated in the proximal
tubule cells including lysosomes [15]. In spite
of adaptive activation of autophagia detected
in the cortical layer of the kidneys to ensure
breaking down of damaged proteins, long-term
cadmium intoxication is considered to deterio-
rate autophagia efficacy [15]. In the same way
accumulation of protein degradation products
damages renal cells, changes tubular functions
determining sodium ions retention in the body.
Relative and standardized reabsorption of so-
dium ions increased (6.9 %) against the ground
of hypernatremia. Increase of sodium ions re-
sults in increased water outcome from the renal
tubules and formation of interstitial swelling,
which is the evidence of suggestion concern-
ing redistribution of water into the side of the
intracellular space in our study. Such a sequence
of renal reactions is likely to prevent excessive
excretion of sodium ions from the organism:
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increased indices of sodium ions excretion were
not statistically significant.

It should be noted that changes of potassium
metabolism indices were not found. According
to modern notions both the processes of secre-
tion and reabsorption of potassium ions can oc-
cur in one and the same cell of the distal renal
tubules. Stability of kalemia, concentration of
potassium ions in the urine and their excretion
were indicative of a normal functioning of the
distal nephron portion. Therefore, sodium im-
balance occurred due to functional changes of
the convoluted tubules of the proximal portion.

A general link of pathogenic mechanisms
stipulating toxic nephropathy is a primary
dysfunction of the proximal tubules. Although
disorders of proximal reabsorption of sodium
ions are the most important among important
signs of direct damage of the tubular sector
[16-18]. In our study increase of this index can
result from reduced activity of atrial natriuretic
peptide (ANP) due to toxic effect of cadmium
chloride on the functional-biochemical condition
of the myocardium [19].

Nephropathy induced by cadmium is char-
acterized by reduced filtration ability of the
kidneys, although the levels of creatininemia
and GFR in our study did not change. According
to the results of other studies cadmium chloride
influence in mature rats caused decreased GFR
and it was functional response to inhibition
of proximal reabsorption. At the same time,
electron-microscopic examinations found con-
siderable degenerative changes in the proximal
tubular epithelial cells and diffuse thickening of
the glomerular basal membranes [20]. As it has
been mentioned, proximal transport of sodium
ions increased under conditions of a combined
effect of cadmium chloride and sodium nitrate.
Damaging effects of cadmium chloride on the
vascular-glomerular and tubular levels most
likely prevented sodium nitrate effect. Nitrates
and nitrites in vivo with inconsiderable or with-
out systemic transformation into NO are known
to influence on the renal tubules and vascular
bed [21]. Vasodilation maintains renal blood cir-

53



Peculiarities of water-electrolytic metabolism of rats with “slow” type of acetylation after a combined effect

culation and GFR. From other positions kidneys
are responsible for the excretion of endogenous
and exogenous nitrates and other toxic substanc-
es of any origin. Absence of functional changes
and increase of GFR in particular, prevents pro-
portional secretion increase of both nephrotoxic
substances. Decreased rates of renal excretion
make negative effects of cadmium chloride and
sodium nitrate longer, and naturally progressing
decrease of the number of functioning nephrons
in rats with “slow” acetylation type.
Therefore, a combined introduction of cad-
mium chloride and sodium nitrate during 14
days to mature rats with “slow” acetylation type
results in changes of water-electrolytic metabo-
lism manifested by increased concentration of
sodium ions in the blood plasma. Hypernatre-

mia resulted from the disorders of water, ion,
and osmoregulatory renal functions induced
by both nephrotoxic substances. Stability of
potassium metabolism indices was indicative of
the retention of a functional state in the distal
portion of the nephron. The combination with
sodium nitrate restrained a harmful effect of
cadmium chloride on the glomerular sector of
a nephron and glomerular filtration rate (GFR)
did not change. Taking into account the lack of
activation of glomerular processes in response
to penetration of exotoxins into the body GFR
can be considered as a predictor of nephropathy
progression in rats with “slow” type of acetyla-
tion. Increase of proximal reabsorption of so-
dium ions under conditions of stable GFR was
indicative of disorders of the glomerular-tubular

Indices of water-electrolytic metabolism of mature rats with “slow” acetylation type after 14 days introduction of cad-
mium chloride (0.1 mg/kg intraperitoneally) an sodium nitrate (500 mg/kg intragastrically), (M+m, n=7)

“Slow” acetylizers

Indices Control Cadmiu@ chl9ride
and sodium nitrate

Diuresis, ml/2 h 3.5+0.20 3.4+0.37
Relative diuresis, % 70.3+4.15 68.8+7.58
Glomerular filtration rate, pl/min 404.7+21.30 423.2428.50
Relative reabsorption of H,O, % 92.7+0.12 93.2+0.66
Plasma Na*, mmol/l 134.2+1.18 142.8+1.38 (P<0.01)
Urine Na®, mmol/Il 1.9440.132 2.4140.089 (P<0.05)
Excretion of Na*, pmol/2 h 6.87+0.689 8.22+0.86
Relative reabsorption of Na*, % 99.89+0.008 99.87+0.003 (P<0.05)
Clearance of H,0O Na*, ml/2 h 3.46+0.204 3.384+0.374
Urine Na*/Plasma Na*, units 0.014+0.001 0.018+0.001 (P<0.05)
Clearance of Na*, ml/2 h 0.05+0.005 0.06+0.006
Proximal reabsorption of Na*, mmol/2 h 464.7+£26.27 483.7+£54.76
Distal reabsorption of Na*, umol/2 h 6.04+0.29 6.7+0.46
Excretion of Na*, pmol/100 pl GF 1.68+0.130 1.92+0.137
Proximal reabsorption of Na*, mmol/100 ul GF 12.4+0.11 13.34£0.15 (P<0.01)
Distal reabsorption of Na*, pmol/100 pl GF 0.96+0.018 0.95+0.097

Notes: P — reliability in comparison with the control rats; n — number of rats in every group; GF — glomerular

filtrate.
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balance due to dysfunction of the nephron proxi-
mal portion. At the same time, it is reasonable
to present the evidence of our opinion by the
analysis of interrelations between the indices
of functional-biochemical kidney conditions
considering biochemical criteria of acetylation
type in mature rats with “slow” acetylation type
under conditions of a combined effect of cad-
mium chloride and sodium nitrate, which are the
prospects of further investigations.

The authors of this study confirm that the research
and publication of the results were not associated
with any conflicts regarding commercial or financial
relations, relations with organizations and/or
individuals who may have been related to the study,
and interrelations of coauthors of the article.

H.J. ®ininens, T.I. Kmets, T.1. 'pauoBa

OCOBJNBOCTIBOJHO-EJEKTPOJITHOI'O
OBMIHY IIYPIB I3 (IIOBIVIBHUM» TUTIOM
AIOETHUJIIOBAHHS HICJISI TIOEJHAHOI'O
BIIJIMBY XJIOPUAY KAAMIIO TA HITPATY
HATPIIO

[Micns moegHaHoOTo BBEICHHS BIPOAOBX 14 ni6 xiopuny
kanMmio (0,1 MI/Kr BHYTPiLIHBOOYEPEBHHHO) 1 HITpaTy
Harpito (500 MI/Kr BHYTPIIIHBOIUTYHKOBO) CTAaTEBO3PIIHMM
HEHIHHAM O1JIMM IIypaM i3 «IOBUTEHUMY THUIIOM alleTHIIIO-
BaHHS 3MiHH BOJHO-EJICKTPOJITHOTO OOMIiHY IMPOSIBIISLIHCS
HiJBUILECHHAM Ha 6,3 % KOHIeHTpawii iOHIB HATPIIO B IIa3Mi
KkpoBi. ['inepHarpiemist Oyna HacaiIKoM iHAyKOBaHHX 0OoMa
HE(QPOTOKCHKaHTaMH MOPYLIEHb BOAO-, I0HO-, 0CMOPETYJII0-
BaJibHOI (yHKUI# HEPOoK. CTabiIbHICTh TOKA3HUKIB KaJi€BOTO
o0OMiHy BKa3yBana Ha 30epexeHHs] (YHKIIOHAIBHOTO CTaHy
JUCTanbHOTO Bifaiay Hedpony. [loenHaHHs 3 HITpUTOM Ha-
TPil0 CTPHMYBAJIO MOIIKO/DKYIOUUIT BIUIUB KaaMil0 XJIOPUIY
Ha KJIyOOYKOBHIA CEKTOp HE(POHY i MIBHAKICTH KIyOOUKOBOT
¢insrpanii (IHK®) ne 3minroBanacs. bepyun no yBaru Bif-
CYTHICTh aKTHBAL[il KIyOOYKOBUX MPOLIECIB Y BiANOBiAb Ha
HAJIXOKCHHS B OPraHi3M €K30TOKCHKAHTIB, MOXKHA BBAXKATH
IIK® npenukropoM mporpecyBaHHs Hedpomartii y Iypis
«MOBUTBHUX aLUETWIATOPIB». [liBUIIEHHS MPOKCHMAJIbHOT
peabcopOuii ioHiB HaTpito Ha 6,9 % 3a ymoB cTabinbHOT LITKD
BKa3yBaJIo HA MOPYILEHHS KITyOOYKOBO-KaHAIBLIEBOIO OaIaHCy
BHACIIZIOK AUCRYHKIIT MPOKCUMAIBHOTO BiAiay HedpoHY.
BozHovac [u1s miATBepAKEHHS HALMX CY/KSHb JIOLIJIbHUM €
aHaJIi3 B3a€MO3B 13Ky NOKa3HUKIB QyHKI[IOHATIbHO-0i0XiMiY-
HOTO CTaHy HHPOK i3 ypaxyBaHH;IM O10XiMiYHUX KPHUTEpIiB
THUITy alETUIIOBAHHS y CTaTeBO3PLINX IIypiB «IOBIIBHUX
alleTHIATOPIB 32 YMOB IIOEHAHOTO BIUIUBY XJIOPULY KaJ-
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Mil0 Ta HITpaTy HATPil0, IO € MEPCICKTUROIO MOJABIINX
JIOCITi/PKCHb.

Ki1r040Bi €110Ba: BOAHO-EIEKTPOIITHHI OOMIH; CTaTeBO3pii
IIypH; «ITIOBITBHUID) THI ALlETHIIOBAHHS; XJIOPUA KaJIMilo;
HITpaT HaTpilo.

Buwuii deporcasnuil HaguanbHuil 3ak1a0 Ykpainu
«Bykosuncokuil 0epoicagnuil MeOudHULl yHieepcumemy,
Yepnisyi

H.J. ®unauneu, T.U. Kmets, T.U. I'paueBa

OCOBEHHOCTH BOJHO-2JIEKTPOJINT-
HOTI'O OBMEHA ITOJIOBO3PEJIBIX KPbBIC
C «<MEJJIEHHBIM» TUIIOM AHETUJINPO-
BAHUS ITOCJIE COYETAHHOTI'O BJIMAHUSA
XJOPUJIA KAAMUSA U HUTPATA HATPU S

ITocne KOMOMHUPOBAHHOTO BBEACHHUS B TeueHHe 14 cyt
xnopuza kaamust (0,1 Mr/kr BHYyTPHOPIOIIMHHO) U HUTpaTa
HaTpus (500 MI/KT BHYTPHIKEJIYIOYHO) TOJIOBO3PEIIBIM
Hel’lHHeﬁHblM GCHBIM KpbICaM C «MC€AJICHHBIM)» THIIOM
AlCTUIIMPOBAHUA UBMEHECHU S BOJIHO-3JICKTPOJIMTHOI'O 06M6Ha
MPOSIBJISUIMCH MOBBIIICHHEM Ha 6,3 % KOHIEHTpallMi HOHOB
HATpUsI B IU1a3Me KpoBH. [ uniepHaTpremus Obliia ClieICTBHEM
MHIYLUPOBAHHBIX 000MMH HEPPOTOKCHKAHTAMHU HAPYIICHHUI
BOJIO-, HOHO-, OCMOpETyIupyolieid GQYyHKIHUI MOYEK.
CTabuIbHOCTh TOKa3aTeIei KaIMeBOro oOMeHa yKa3biBaja
Ha COXpaHEHHEe HOPMAJILHOTO (PYHKIIMOHAIBLHOTO COCTOSHUS
JIUCTaNbHOTO oTxena HedpoHa. CoueTaHHEe C HUTPUTOM
HATPHsI CASPHKMBAJIO MOBPEXKAAIOIIEe BIUSHUE KaIMUS
XJIOpUAa Ha KIyOOYKOBBIH CEKTOp He(poHA M CKOPOCTH
Ki1y6oukoBoii pubTparmu (CKD) He u3mensuiacs. [Ipuanmas
BO BHUMAHHE OTCYTCTBUE aKTUBALlUH KJ'ly60'-[KOBl>IX npouec-
COB B OTBET Ha IOCTYIJICHUA B OPraHu3M 3K30TOKCUKAHTOB,
MoxHO cuutaTh CK® npeaukTopoM mporpeccupoBaHus
He(POMATHH Y KPBIC C «MEIJICHHBIMY) THIIOM alleTUITHPOBAHUSL.
[ToBbIlIeHHE TPOKCUMATIBHOW peabcopOIMK HOHOB HAT-
pust Ha 6,9 % npu crabwisHoi CK® ykaspiBano Ha Hapy-
HIeHHE KJIyOOYKOBO-KaHAIbIIEBOIO OajaHca BCIEICTBUE
JCHYHKIUH TPOKCUMAaIBHOTO0 oT/iesa Hedpona. OxHaKo [uist
HOATBEPIKICHHS HALINX CY)KACHHUIT LIelIecO00pa3HbIM SIBIISCT-
Csl aHAJIM3 B3aUMOCBs3eH Mmokasareneld (QyHKIHMOHAIBHO-
6PIOXI/IMI/I‘ICCKOFO COCTOSIHHA ITOYEK C YYETOM 6PIOXI/IMI/I'-16CKI/IX
KPUTEPUEB THIIA AllETHIMPOBAHUS y MOJIOBO3PEIBIX KPBIC C
«MECVICHHBIM» THIIOM alETUJIMPOBAHUS B YCJIOBUAX KOM6I/I—
HUPOBAHHOI'O BOSﬂeﬁCTBMﬂ XJIOpKJa KaAMUA U HUTpaTa HaTpus,
YTO SIBJISICTCS IEPCIIEKTUBOM AaIbHEHIINX UCCIICIOBAHMM.
KittoueBbie cioBa: BOJHO-JIEKTPOJIUTHBIM OOMEH; MOJI0BO-
3peJIble KPbIChI; «MEJICHHBIM» THIT ALETHIIUPOBAHUS; XJIOPU/L
KaJMHsl; HUTPAT HATPHs.
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