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Functional renal state of mature rats
with a quick type of acetylation under conditions
of cadmium chloride and sodium nitrate
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The experiments conducted on laboratory non-linear albino mature male rats with a quick type of acetyla-
tion examined renal function under conditions of cadmium-nitrate intoxication. A combined introduction
of cadmium chloride (0.1 mg/kg intraperitoneally) and sodium nitrate (500 mg/kg intragastrically) during
14 days was found to result in 31.2 % increase of glomerular filtration rate (GFR). Due to increased GFR
volume regulating, excretory kidney functions are activated that was assessed by endogenic creatinine clear-
ance. In case of lack of hypercreatininemia the concentration of creatinine in the urine 16.5 % increased,
creatinine excretion became 31.8 % higher. Concentration of sodium ions in the urine 67.8 % decreased,
and excretion with urine decreased three times as much. Concentration of sodium ions in the blood plasma
6.6 % decreased. Al though renal regulation of sodium ions metabolism was not disturbed: distal reabsorp-
tion did not change, proximal reabsorption 24.4 % increased. Retention of tubular mechanisms of sodium
metabolism regulation and glomerular-tubular balance are indicative of adaptive possibilities of the kidneys
of mature rats with a quick type of acetylation ensuring maintenance of water-electrolytic balance under
conditions of subacute cadmium-nitrate effect. Further investigations of the effect of a combined action of
cadmium chloride and sodium nitrate on mature rats with slow acetylation and comparative analysis of
the renal function are of great importance in order to assess a prognostic value of acetylation phenotype

in the development of nephropathy.
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INTRODUCTION

An active search of the markers of individual
susceptibility of the body to the effect of
toxicogenic environmental factors as well
as occurrence and development of different
pathological conditions has been conducted
recently. The priority of acetylation processes
in metabolism and genetic determination of
their rate forms the basis for the study of inter-
relations of acetylizer types with the efficacy
of medicines and sickness rate [1-4]. A con-
tinuous increase of nephrological patients with
naturally determined progress of nephron loss
induced us to specify the role of acetylation
phenotype in the formation of nephropathy.
Considering age dependence of physiological

processes and reactions of metabolism, the
fragment of the study was conducted only on
the mature rats with a quick type of acetyla-
tion. It should be noted that cadmium chloride
and sodium nitrate as simulated poisonous
substances have been chosen due to the three
reasons. First, both substances are the most
global pollutants of the environment. Second,
under real conditions their combined action oc-
curs. Third, cadmium salts and nitrates induce
nephropathy [5-9].

The objective of our study was investiga-
tion of the functional kidney state of mature
rats with a quick type of acetylation under
conditions of a combined effect of cadmium
chloride and sodium nitrate.
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METHODS

The study was conducted on laboratory non-
linear albino male rats 6 months of age with
the body weight of 0.16-0.18 kg, kept under
standard vivarium conditions on balanced feed-
ing. Acetylation ability of rats was determined
according to certain methods [10]. Rats with a
quick type of acetylation were divided into 2
groups: [ — control (intact) group, II — group with
simulated subacute cadmium-nitrate intoxica-
tion. To simulate the model rats were injected
with cadmium chloride during 14 days intraperi-
toneally 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 solu-
tion of sodium chloride (intraperitoneally) and
settled tap water (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 ethami-
nal solution. The concentration of sodium ions
in urine and blood plasma was determined by
means of flame photometry method; creatinine
in urine — by means of Folin’s method, in the
blood plasma — by means of Poper’s method in
Merson’s modification [11]. Parameters of the
kidney function standardized by the body mass
and glomerular filtrate volume were calculated
by the common formulas [12]. The findings were
statistically processed by means of the program
«Statgrafics», consistency of data were assessed
by Student t-criterion.

RESULTS

According to the data obtained presented in the
Table mature rats with a quick type of acetyla-
tion under conditions of a combined effect of
cadmium chloride and sodium nitrate developed
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13.4 % increase of diuresis, and a relative diure-
sis — by 8.8 %. Relative reabsorption of water
did not change. Increased urination in case of
a stable permeability for water of the kidney
tubular walls was caused by the activation of
glomerular processes: glomerular filtration rate
(GFR) became 31.2 % as much. Concentration
of creatinine in the blood plasma did not change.
In case of hypercreatininemia lack creatinine in
urine increased by 16.5 % due to increased se-
cretion in the tubules. Creatinine concentration
index increased by 15.6 %, excretion increased
by 31.8 %. The concentration of sodium ions
in the blood plasma decreased by 6.6 %, 23 %
increase of the filtration fraction of sodium ions
was indicative of a considerable increase of so-
dium loading of the nephron tubular portion. At
the same time, the concentration of sodium ions
in urine decreased by 67.8 %, and the indices
of its secretion with urine decreased three times
as much. The fraction of sodium ions increased
by 23.2 % which is reabsorbed and its relative
reabsorption increased, and excretory fraction
decreased by 64.1 %. The clearance of sodium-
free water increased respectively (by 14.7 %),
that characterizes not only reabsorption of so-
dium ions in the tubules together with anions,
but distal transport of this electrolyte as well.
Renal mechanisms of maintenance of sodium
ions in the body were not disturbed. Reabsorp-
tion in the distal tubules of a nephron did not
change, proximal reabsorption of sodium ions
increased by 24.4 %.

DISCUSSION

Under conditions f cadmium-sodium effect in
mature rats with a quick type of acetylation wa-
ter excretion and renal excretory functions were
activated. It should be noted that cadmium ions
in the body are fixed with low molecular protein
metallothionein and cumulated in the kidneys.
Structural-functional peculiarities including a
high rate of kidney blood supply provide the
effect of external toxic substance in the tubular
and glomerular portions of the nephron with
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Functional kidney state after introduction of cadmium chloride (0.1 mg/kg intraperitoneally) and sodium nitrate (500
mg/kg intragastrically) during 14 days to mature rats with a quick type of acetylation (M+m, n=7)

Quick acetylizers

Indices Control Cadmiu@ chl.oride
and sodium nitrate

Diuresis, ml/2 h 3.340.18 3.7+0.08 (P<0.05)
Relative diuresis, % 66.7+3.78 75.7£1.73 (P<0.05)
Urine Na®, mmol/l 2.3+0.11 0.74+0.154 (P<0.001)
Na* excretion, pmol/2 h 7.7£0.62 2.7£0.54 (P<0.01)
Urine creatinine, mmol/l 0.92+0.041 1.10+0.058 (P<0.05)
Plasma creatinine, pmol/l 69.2+0.60 69.6+0.56
Glomerular filtration rate, pl/min 369.7+£23.22 485.1£26.20 (P<0.05)
Creatinine concentration index, units 13.340.51 15.440.76 (P<0.05)
Creatinine excretion, pmol/2 h 3.1+0.19 4.0+0.22 (P<0.01)
Relative H,O reabsorption, % 92.4+0.29 93.3+0.38
Plasma Na*, mmol/l 136.7+1.86 127.8+0.87 (P<0.01)
Filtration fraction of Na*, pmol/min 50.3+£2.67 61.9+3.36 (P<0.05)
Excretory fraction of Na*, pmol/min 0.06+0.005 0.02+0.004 (P<0.01)
Reabsorption fraction of Na*, pmol/min 50.3+£2.67 61.9+3.36 (P<0.05)
Relative reabsorption of Na*, % 99.84+0.01 99.9+£0.01 (P<0.001)
Clearance of H,0 Na_, ml/2 h 3.2+0.18 3.7+0.08 (P<0.05)
Excretion of Na*, umol/100 ul GF 2.1+0.11 0.6+0.14 (P<0.001)
Proximal reabsorption of Na*, mmol/2 h 5.5+0.30 6.9+£0.40 (P<0.05)
Distal reabsorption of Na*, pmol/2 h 447.4421.15 481.4+12.46

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

filtration.

injury of the endothelial and epithelial cells.
Similar to other heavy metals, nephrotoxic
action of cadmium salts promotes tubular dys-
function with disorders of proximal transport
first of all [5]. In our investigation with small
doses of exotoxicants than those necessary for
the induction of toxic and hypoxic nephropathy,
reabsorption of sodium ions in the distal tubules
did not change. Increased proximal transport of
this main osmotic active electrolyte was indica-
tive of preservation of the renal mechanisms
maintaining sodium balance. The ability of

ISSN 0201-8489 ®ision. scypn., 2018, T. 64, Ne 3

kidneys to excrete concentrated or diluted urine
depends on the distal reabsorption which is in-
fluenced by many regulators of water-electrolyte
metabolism. Increased diuresis and excretion of
water free from sodium ions could be a result
of decreased activity of vasopressin in response
to hyponatremia and due to neurotoxicity of
cadmium chloride [13]. Cadmium is known to
be deposited in those parts of the brain where
hematoencephalic barrier is easily penetrated — the
pituitary gland and pineal body [14, 15].
Nephrotoxic action of cadmium salts is
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characterized, as a rule, by glomerular and in-
terstitial changes prevailing in damage of the
tubular epithelium [5]. It should be noted that
according to the results [16], all the patients
with glomerulonephritis and interstitial nephritis
residing in the region with an increased content
of heavy metals in the environment were quick
acetylizers. As compared to other observations
where cadmium intoxication caused decrease of
filtration processes [7], increased GFR in our
study reflects not only protective response of
the body to exotoxicants but effects of sodium
nitrate. Water-regulatory and excretory function
of the kidneys assessed by the concentration
index and excretion of endogenic creatinine
increased due to increased GFR. In case of
acute blood hypoxia simulated by nitrates and
nitrites, GFR can be unchanged or increase due
to preserved blood supply against the ground
of reduced oxygen capacity of blood [5]. More-
over, nitrates and nitrites are direct products
of nitrogen oxide metabolism, and they can be
involved into the repeated cycle of nitrogen
oxide performing the function of its depot and
transport. It is not rules out that under conditions
of the experiment increased GFR is caused by
the activation of NO-dependent vasodilation. At
the same time, increased GFR, increased filtra-
tion fraction and tubular loading with sodium
ions were associated with increased proximal
reabsorption which is indicative of preserved
glomerular-tubular balance.

It should be noted that in the previous
studies we have investigated changes of bio-
chemical indices in the blood plasma of rats of
different acetylizers under similar conditions
of cadmium-nitrate intoxication. A quick type
of acetylation was found to be a biological
marker of susceptibility to the effect of cadmium
chloride and sodium nitrate in mature rats, and
the criteria of a harmful action in them may be
the following: increased concentration of met-
hemoglobin, increased TBA-active products of
lipid peroxide oxidation, increased oxidative
modified proteins and level of medium molecu-
lar peptides, decreased hemoglobin level [17].
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At the same time, kidneys play a leading role
in endogenic protection due to stability of the
renal mechanisms, involvement of the functional
renal reserve and rather long maintenance of
homeostasis under conditions of the body injury
[18, 19]. Therefore, changes of the renal func-
tional state on the 14" day of cadmium-sodium
effect in mature male rats with a quick type of
acetylation are adaptive-compensator reactions
to provide water-salt balance at the expense of
increased glomerular filtration and regulation
of tubular reabsorption.

CONCLUSIONS

1. A combined effect of cadmium chloride in the
dose of 0.1 mg/kg and sodium nitrate in the dose
of 500 mg/kg during 14 days in mature male rats
with a quick acetylation type due to increased
glomerular filtration rate promotes activation
of water excretion and excretory function of
the kidneys.

2. The lack of changes of distal transport
and increased proximal reabsorption of sodium
ions are indicative of the retention of tubular
mechanisms to regulate sodium metabolism.

3. Availability of glomerular-tubular balance —
the most important physiological mechanism of
water-salt metabolism regulation — is indicative of
maintenance of adaptive possibilities of kidneys
of mature rats with a quick acetylation type under
conditions of subacute cadmium-nitrate effect.

4. Investigation of a combined effect of cad-
mium chloride and sodium nitrate on mature rats
with a slow acetylation type with comparative
analysis of the renal function to assess a prog-
nostic value of acetylation for the development
of nephropathy is promising.

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.
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T.M. Bboituyk, T.I. Kmets, H./l. ®inineus,
JL.I. Bracuk, T.I. I'payoBa

®YHKIIOHAJBHUN CTAH HUPOK
CTATEBO3PIJIMX IIYPIB 31 IBUAKUM
TUIIOM AETUJIOBAHHS 3A YMOB
BIIJIMBY XJIOPUAY KAAMIIO TA HITPATY
HATPIIO

B excnepumenTax Ha 1a00paTOPHUX HETIHIMHUX O1mMX
CTATEBO3PUINX LIypax-CaMIIX 31 IIBUAKAM THIIOM al[eTHIIIO-
BaHHS JOCIIKEHO (YHKIII HUPOK 3a yMOB KaJMi€BO-
HiTpaTHOi iHTOKCHKaLii. [loka3aHo, 10 miciis KOMOIHOBaHOTO
BBeJEHHA BIponoBk 14 mi6 xmopuay kammito (0,1 mr/kr
BHYTPIIIHBOOYEPEBUHHO) 1 HiTpaTy HaTpito (500 mr/kr
BHYTPIIIHBOIIITYHKOBO) 3pocTae Ha 31,2 % MmBUAKICTH
KITy004KOBOi (hinbTpamnii. 3aBAsSKH IBOMY aKTUBYETHCS BOJIO-
BHUAIJIbHA, & TAKOX EKCKpEeTOpHa (GpYHKIiA HUPOK, SKY
OILIIHIOBAJM 32 KJIIPEHCOM CHIOTCHHOTO KpeaTHHiHYy. 3a
BIZICYTHOCTI TilepKpeaTHHIHeMil KOHLIEHTpaLis KpeaTHHIHY
B cedi 3pocTana Ha 16,5 %, ekckpenis KpeaTHHIHYy — Ha
31,8 %. Konnenrpariist i0HiB HaTpil0 B cedi 3MEHIIyBalach
Ha 67,8 %, eKckpelis 3 ceuelo — 3HMXKyBauacs yTpHUI.
Konuentpauis i0HiB HaTpit0 B I1a3Mi KPOBi 3MEHIITyBaIacs
Ha 6,6 %. Hupxosa perymsmis oOMiHy i0HIB HaTpilo HE
mopyulyBajacs: JUCTajdbHa peabcopOuis HE 3MiHIOBajacsd,
I IBUIIIEHHS TPOKCUManbHOi peabcopOii cranoBuio 24,4 %.
30eperkeHicTh KaHAIBIIEBUX MEXaHI3MiB PEryJIALii HaTpieBO-
ro oOMiHy Ta KJIyOOYKOBO-KaHAIBIIEBOTO OaJaHCy CBiAYaTh
PO afanTamiiHi MOKIMBOCTI HUPOK CTaTEBO3PLINX IIypiB
13 MIBUAKUM THIIOM aleTHJIIOBAHHS, sKi 3a0€3MeUyIoTh M-
TPUMKY BOZHO-EJIEKTPOITITHOI pIBHOBATY 32 YMOB MiATOCTPOTO
KaJIMi€BOI'O-HITPATHOTO BIIMBY. BaskiuBe NmpakTU4HE
3HAUEHHS MAIOTh MOJANbIII JOCHiKEHHS KOMOiHOBaHOT Aii
XJIOPHUIY KaJMil0 Ta HITPATy HATPiIO Ha CTaTEeBO3PUINX IIIypiB
MOBUTBHUX aLICTUIATOPIB i3 HOPIBHAIBHAM aHATI30M (QYHKIIIH
HHUPOK JJIs OLIHKM NMPOTHOCTUYHOTO 3HAYCHHS (EHOTHITY
AIeTUIIIOBAHHS y PO3BUTKY Hedpomnatiii.

KrtouoBi cnoBa: MBUAKI aleTUISATOPH; XJIOPHI KaAMIiIO;
HITpaT HATPiIO0; HUPKU.
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OYHKIIMOHAJBHOE COCTOSIHUE
MMOYEK ITOJIOBO3PEJIBIX KPbIC

C BBICTPBIM TUIIOM AHETUJINPOBAHU A
ITPY BO3JIEMCTBUU XJIOPUIA

KAIMUSA 1 HUTPATA HATPUA

B skcnepumenTax Ha 1a0OpPaTOPHBIX HENTUHEHHBIX OEINbIX,
MOJTIOBO3PETBIX KPhICAX-CaMIIaX C OBICTPHIM THIIOM ameTH-
JUPOBAHUS HCCIE0BaHBl (YHKIUU MOYEK B yCIOBHIX
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KaJMHEBO-HUTPATHON MHTOKCHKALUHU. Y CTAHOBJICHO, YTO
py KOMOMHHPOBAHHOM BBEICHHM B TedeHHE 14 CyT XJo-
puna kaamus (0,1 Mr/kr BHyTpHOPIOIMIMHHO) M HUTpa-
ta HaTpus (500 Mr/Kr BHYTPHIKEIYJA04YHO) BO3pacTaeT
CKOpPOCTh KJIIYOOUYKOBOW (GHUIBTpANMH, aKTHBHPYIOTCS
BOJIOBBIICIIUTEIbHAS U 3KCKPETOpHAas (YHKIUHU MOYEK,
yBEIMYMBACTCs MPOKCHMalbHas peadbcopOIysi HOHOB HAT-
pus. COXpaHeHI/Ie KaHAJIBIEBBIX MEXAHU3MOB PEryJIsIlIUU
HATPUEBOro OOMEeHa U KIIyOOUKOBO-KaHAIBIEBOrO OanaHca
CBUJICTENILCTBYIOT 00 a/1alTallMOHHBIX BO3MOXKHOCTSIX [TOYEK
IOJIOBO3PEIIBIX KPBIC C 6bICT‘prM TUIIOM al€CTUJIUNPOBAHUS,
KOTOpBIE 00ECIICYNBAIOT MOJICPIKKY BOIXHO-3IEKTPOIUTHOTO
PaBHOBECHS B YCIIOBUAX IIOAOCTPOro KaAMHUEBO-HUTPATHOI'O
BO3ﬂCﬁCTBHﬂ. HepCHeKTHBHbIMH SBJIIKOTCS UCCJICAOBAHUSA
KOMOMHHUPOBAHOTO JICUCTBHS XJIOpHJIA KaJMHs M HUTparTa
HaTpusg Ha MOJOBO3PECIIBIX KPbIC ¢ MEAJICHHBIX TUIIOM
ALETWIMPOBAHUS CO CPABHUTEJILHBIM aHAJIU30M d)yHKuMﬁ
IMOYEK MJIs1 OUEHKU MPOTrHOCTUYCCKOI'0 3HAYCHUA (beHOTI/Il'[a
aleTHIIMPOBAHHS JUTS Pa3BUTHsI HE()POMATHH.

KiroueBblie ¢10Ba: OBICTPhIC AIlCTHIIATOPHI; XJIOPHUT KaIMUS;
HUTpPAT HATPUS; MOYKH.
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