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THE EFFECTS OF LAPROL-604 EXPOSURE OF PREGNANT RATS ON THE KIDNEYS
OF THEIR PROGENY"
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The production of surfactants has been regarded as an important indicator of high-tech chemical technology industry all
over the countries. It has become the world's chemical industry competitive focus. There is no doubt that the expanding
of surfactants application field leads to the increase of its consumption. Eventually, the harm to the environment will be
more serious. Therefore, the researches of affects of surfactants on living organisms are very important. The aim of this
study was to study the influence of Laprol-604 on enzymatic system of kidney. Kidney's peculiarities of rat pups were
analyzed. Laprol-604 was introduced during pregnancy of Wistar rats. It has been found that there is a statistically sig-
nificant disturbance of metabolic parameters of kidneys. The exposure to Laprol-604 to pregnant rats led to the appear-
ance of kidney-specific enzyme such as L-arginine: glycine amidinotransferase in blood serum of the offsprings. While
the activities of alanine aminotransferase and aldolase were increased, the activity of isocitrate dehydrogenase was de-
creased in the kidney homogenates of progeny. These changes may be associated with mitochondrial dysfunction that is
evidenced by decreasing concentration of adenosine triphosphate. The concentration of proteins was reduced in the kid-
ney homogenates. With the help of chemiluminescent method it was found that such biochemical changes occurred dur-
ing the activation of free-radical oxidation. The findings revealed the appearance of damages in the kidneys followed by
an accelerated rate of free-radical oxidation.

Keywords: Laprol-604, surfactant, rat progeny, reproductive toxicity, gestation day, L-arginine: glycine
amidinotransferase (AGAT).

Bupo6HULITBO MOBEPXHEBO-aKTUBHUX PEYOBUH € BaXK/IMBUM OKA3HUKOM HAYCTDIi XiMIYHUX pEYOBUH y BCIX KpaiHax.
ICHYEe KOHKYPEHLIiS cepesl AEPKaB B XiMIYHIM MPOMUC/IOBOCTI. HeMAae CyMHIBIB B TOMY, IO PO3LUMPEHHS CHEDPU 3aCTOCy-
BaHHSI [OBEPXHEBO-aKTUBHMX PEYOBUH MPU3BOANTL [0 30i/IbLLEHHS IX BUPOOHNLTBA Ta CrIOXWBAaHHS. BUHUKIIN cepyio3Hi
PU3UKN LLKIQ/IMBOIrO BI/INBY OBEPXHEBO-GKTUBHUX PEHOBUH HA HaBKOJIMILIHE CEPEAOBULUE. TOMY AOCTKEHHS Aii no-
BEPXHEBO-aKTUBHUX PEHYOBUH Ha XXUBI OPraHiaMu BaX/mBi Ha CbOrOAHILLIHIN A€Hb. METO Liboro AOC/IiAKeHHS 6y/10 BUB-
yeHHs1 BrumBy Laprol-604 Ha pepMEHTaTUBHY CUMCTEMY HUPOK MOTOMCTBA LypiB. Laprol-604 BBoAwm BariTHUM LyypaM
Wistar npotsirom 20 recrauiviiix AHiB. BUSIBJIEHO CTaTUCTUYHO 3HAYYLUE MOPYLLIEHHS METAOO/TIYHNX MapaMeTpiB y HUPKax
roTomMcTBa Lypis. BeeaeHHs Laprol-604 BariTHUM Ljypam rpu3BEI0 A0 NOSIBU y CUPOBATLIi KPOBi MOTOMCTBA crieymid-
HOro 47151 HUPOK (PEPMEHTY, Takoro sk L-apriHiH: rniunH-amigiHoTpaHcgepasy. AKTUBHOCTI allaHiHaMiHOTpaHc@epasn 1a
anbfAonasu niaBuLLyBasnCs, y TON Yac sIK PIBEHb i30UUTPpaTAErigporeHasun 3HKyBaBCs B FrOMOreHaTax HUpOK rMoToMCTBa.
L{i 3MiHn MOXYTb OyTY 10B'SI3aHI 3 MITOXOHAPIA/IbHOI ANCQOYHKLIEIO, PO LYO CBIAYNTL 3HWKEHHS BMICTY aAeHO3NHTPUGDO-
cpaty. KoHuyeHTpavisa 6isikiB 6ysia 3HWKEHa B rOMOreHaTax HUpPOK. 3a A0MNOMOrow XeMisIloOMIHECLIEHTHOrO METOLY BCTa-
HOBJIEHO, YO TaKi GIOXIMIYHI 3MiHU BIAOYINCS Mif Yac akTuBaUli BiIbHOPaAUKaIbHOro OKUC/IeHHS. OTpUMaHi AaHi BusBu-
JIM 110518y MOLIKOKEHb B HUPKaX 3 MiABULLEHHSIM LIBUAKOCTI BI/IbHOPAaANKA/IbHOMO OKUC/IEHHS.

Knto4osi cnoga: llanpon-604, noBepxHEBO akTUBHA pe4OBMHA, MOTOMCTBO LUYPiB, PENPOAYKTUBHA TOKCUYHICTb,
rectauiviiui aeHb, L-apriHiH: rmiuvH amigiHoTpaHcdepasa.

The present study was undertaken to see how prena-
tal Laprol-604 exposure affected the growth parameters
in the kidney of rat offsprings.

Introduction

The production of surfactants has been regarded as
an important indicator of high-tech chemical technology

industry all over the countries. It has become the world's
chemical industry competitive focus [7, 11]. There is no
doubt that the expanding of surfactants application field
leads to the increase of consumption. Eventually, the
harm to the environment will be more serious. Therefore,
the researches of affects of surfactants on living organ-
isms are very important.

There are very few published studies assessing the
safety of surfactants during animal pregnancies, there-
fore, data from animal reproductive studies are valuable
[3, 5, 12].

The kidney, due to certain anatomical and functional
features such as high blood flow intensity, participation in
the elimination of a large number of endogenous metabo-
lites and biotransformation products of xenobiotics from
the body, is a vulnerable organ that is exposed to numer-
ous chemical agents [8].

Materials and methods

All the procedures were performed at Kharkiv Medical
Academy of Postgraduate Education, according to
Ukrainian and International guidelines for the use of ani-
mals in research (Law of Ukraine as of 21.02.2006 No.
3447-IV «On protection of animals from cruelty» // Su-
preme Council of Ukraine. 2006; 27:230 and European
convention for the protection of vertebrate animals used
for experimental and other scientific purposes [2].

Laprol-604 was provided from Science and Produc-
tion Joint Stock Company "Sintez PAV" (Shebekino,
Russian). Laprol-604 was reported to be 96% pure by the
supplier. For all studies, Laprol-604 was diluted in deion-
ized water and prepared fresh daily.

Forty pregnant Wistar rats (body weight, 180+ 30 g at
the beginning of the study) bred within a 4-h period in the
afternoon and overnight. Those animals with spermato-
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zoa in a vaginal smear were considered to be at gesta-
tion day (GD) 0. They were randomly divided into four
groups (10 animals in each group). Laprol-604 was ad-
ministered to 30 pregnant rats once daily by gavage at
doses of 0.125; 1.25 and 12.5 mg/kg of body weight, re-
spectively, the 1st; 2nd and 3rd group from GD 2 until GD
20. The 4th group (controls) consisted of 10 intact ani-
mals without Laprol-604 administration. Pregnant rats
were monitored at hourly intervals, during the 22 GD and
later. After parturition, 30 pups from each group of both
genders were randomly chosen, weighed and euthanized
by decapitation. Trunk blood was collected and serum
samples were prepared and stored at -20°C. During the
necropsy, both kidneys from each pup were dissected
out and placed on blotting paper to make them free of
surrounding fluid. The shape and colour of kidneys were
observed. Detailed examination of external surface was
performed. Each kidney was weighed on an electrical
balance and weight was recorded. Relative Tissue
Weight Index (RTWI) was calculated by the formula:

RTWI = Average weight of kidney <100

Average body weight

After that the kidneys were quickly frozen on dry ice
and stored at -80°C for investigation. The activity of L-
Arginine: glycine amidinotransferase (AGAT) was deter-
mined by uniform method with the help of spectropho-
tometer using the Sakaguchi test in serum of blood sam-
ples [9]. Separation of proteins and determination of mo-
lecular weight were performed by electrophoresis [6]. Iso-
lation of mitochondria from kidney tissue was performed
by the differential centrifugation method [4]. The mito-
chondrial NAD-isocitrate dehydrogenase (NAD-IDH) ac-
tivity and adenosine triphosphate (ATP) content were de-
termined by spectrophotometric method [6]. The activity
of aminotransferases, the levels of total proteins, lipids in
kidney homogenates were determined with the help of
reagent kits of the firm "Filisit Diagnostika" (Dnipro,
Ukraine). Aldolase activity was determined using the rea-
gent kits "Olvex" (Russian Federation).

The chemiluminescence method was used to evalu-
ate the free oxidation processes in kidney homogenates.
Registration of the chemiluminescence (CML) was car-
ried out on a luminescent spectrometer LS 50 B "PERKIN
ELMER" according to the methodologies developed and
proposed by A.V. Artyunyan and co-authors [1]. Sponta-

neous and Fe?" — induced CML was determined by: S-sp
- light-sum/ minute of spontaneous chemiluminescence,
the maximum rate of flare (hg of induced CML, Sind-1 —
the light-sum/ 2 minutes Fe** -induced CML. The free
radicals generation rate is correlated with S-sp — light-
sum/ minute of spontaneous CML. The content of lipid
hydroperoxides is confirmed by the maximum rate of flare
(h) of induced CML. Sind-1 — the light sum/ 2 minutes
Fe?*-induced CML is reflected by the intensity of peroxide
radical’s accumulation.

The kinetic of H2O-initiated CML was analyzed with
the presence of luminol by parameters: S-lum — the light-
sum/ 1 minute luminol-dependent CML - the emission
maximum (H), Sind-2 — light-sum for 2 minutes of H,O»-
induced CML. S-lum - the light-sum/ minute luminol-
dependent CML is directly dependent on the intensity of
hydroxyl-radical production. Sind-2 — light-sum/ 2 minutes
of H2O2-induced CML is inversely proportional to the ac-
tivity of the antioxidant defense system. The intensity of
CML was calculated per 1 mg of wet kidney tissue and
expressed in relative units [10].

Statistical analysis of the data was performed using
GraphPad Prism 5. Student’s t test was used to detect
differences between independent groups of normally dis-
tributed variables; difference between groups was con-
sidered statistically significant at p<0.05.

Results and discussion

Newborn rats were observed on the first postnatal
day. Offsprings of all groups appeared normal. There
was no gross malformation in any group. Laprol-604 ad-
ministration led to the reduction of newborns’ body weight
in the experimental groups as compared with controls
(p<0.05) (Table 1). The external kidney surfaces of pups
in the control group were smooth and shiny. The colour
of kidneys was whitish yellow. In the 1st and 2nd groups,
the external kidney surfaces were smooth and glistening
but sizes were decreased as compared to control group.
In the 3rd group, kidneys were small and external surfac-
es were dim. The average kidney weights of newborn
rats in the 1st and 2nd groups had tendency to decrease
and the average kidney weight of pups in the 3rd group
was significantly lower compared with controls. Relative
tissue weight index (RTWI) of all groups is shown in Ta-
ble 1.

Table 1

Body weight, absolute and relative kidney weights of newborn rats (M+m)

Groups of animals
First grou Second group Third group
Postnatal day C°r‘(tr::'3%r)°“p O.125?ng/lfg 1.25 mg/kg 12.5 mg/kg
(n=30) (n=30) (n=30)
Body weight (g)
1 6.34+0.12 | 5.7+0.13 | 4.9+0.1* | 4.7+0.1*
Kidney weight (mg)
; 55.2+2.6 | 49.3:2.2 | 45.4+2.4* | 40.6+2.5*
RWTI
0.88 | 0.86 | 0.93 | 0.86

Note. * Significant differences (p < 0.05) from control values.

When mitochondria’s renal tissue was studied, the
isocitrate dehydrogenase activity decreased. At the same
time, elevation of the aldolase activityy was found in the
newborn rat cells. This is explained by the decrease of
aerobic oxidation processes as well as the rise of glycol-
ysis in the renal tissue. In this case, the cell energy was
provided by glycolysis. Such changes may be associated
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with mitochondrial dysfunction. The ATP concentration
was reduced in the kidney tissue homogenates which,
apparently, is due to a disturbance of the ATP synthesis
in the mitochondria (Table 2).

The L-arginine: glycine amidinotransferase activity in
the serum of newborn rats of the 3rd group (17.84+0.12)
mmol/(s-L)* appeared to reach the highest concentration
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compared with the 2nd (8.64+0.16) mmol/(s-L), 1st
groups (2.73+0.15) mmol/(s-L) and control group 0
mmol/(s-L). L-arginine: glycine amidinotransferase is a
kidney-specific enzyme, which enters the bloodstream

when nephrocytes are destroyed. Therefore, a significant
increase in the activity of L-arginine is observed: glycine
amidinotransferase in the blood indicates a disturbance
of the kidney morpho-functional state.

Table 2

Biochemical indices in kidney homogenates of newborn rats (Mt+m)

Groups of animals

Index Control First group Second group Third group
group 0.125 mg/kg 1.25 mg/kg 12.5 mg/kg

(n=30) (n=30) (n=30) (n=30)
Isocitrate dehydrogenase activity, *
umol/(min/g protein) 33.46+2.22 31.14+2.66 30.25+2.37 25.60+2.32
Aldolase, 4.18+0.31 5.1740.24 6.4740.42* 7.44+0.38"

pmol/(min/g protein)

ATP, pmol/g tissue 1.86+0,11 1.25+0,16 0.96+0.08* 0.78+0.05*

Note. * Significant differences (p < 0.05) from control values.

The exposure of Laprol-604 to pregnant rats led to in-
crease the levels of aminotransferases in the kidney ho-
mogenates of progeny. Thus, activity of alanine ami-
notransferase (ALT, mmol/min/g protein) was 5.48+0.46
(controls), 6.44+0.68,_7.25+0.44* and 9.62+0.84* (1rst,
2nd and 3rd group, respectively); activity of aspartate
aminotransferase (AST, mmol/min/g protein) was
2.55+0.42 (controls), 3.12+0.76, 3.74+0.58 and
4.76+0.84 (1rst, 2nd and 3rd group, respectively). The
increase of activities ALT in groups of exposure to
Laprol-604 may be associated with elevation of catabo-
lism of proteins in renal cells. During the study reported
here, there was a reduction in total protein level in kidney
homogenates of Laprol-604 administration rats when
compared to the control group. Thus, the total protein
concentration (mg/g tissue) was  determined
148.24+10.31 (controls), 140.55+14.11, 136.43+£16.05,
124.22+10.38 (1rst, 2nd and 3rd group, respectively).

The results of present research revealed that Laprol-
604 induces disturbance in the function of kidney in rat
pups whose mothers were exposed to Laprol-604 during
pregnancy. Kidneys from experimental animals showed a
dose-dependent decrease in weight as compared to their
control. Decrease in weight was significantly marked in
the 3rd group which was exposed to Laprol-604 in dose
of 12.5 mg/kg during gestation. The decrease in weight
can be explained by activation of oxidative stress in the
renal tissue. It is known that nonionic surfactants catalyze
oxidative stress as activation of protein catabolism which

is probably the reason for the decrease in protein content
in kidney homogenates [8; 11; 12].

All these facts underline metabolic relations between
mother and fetus during pregnancy.

Analysis of chemiluminesce-indexes has been
demonstrated in Table 3. The prenatal exposure to
Laprol-604 led to increase of free radical oxidation (S-sp)
processes intensity by 2,5, 4,2 and 5,3 times in the renal
tissue of the 1st, 2nd and 3rd groups, respectively, com-
pared with controls. The increase of the lipid
hydroperoxides content has been registered, so the am-
plitude of h has been increased by 3,7, 5,4 and 6,1 times
in the kidney of the 1st, 2nd and 3rd groups, respectively,
compared with controls. While the formation of
hydroperoxide radicals has been accelerated, the anti-
radical protection and resistance to peroxidation have
been reduced.

Therefore, the prenatal exposure to Laprol-604 led to
decompensated activation of free oxidation in the fetal
kidney tissue. Probably, the biochemical disorders de-
tected and reported here may be explained by the long-
term free radical oxidative process which has damaged
the fetal kidney tissue. The results of this study are con-
sistent with those of the free radical nature of nephrotoxi-
city surfactants by direct exposure. At the same time, the
nephrotoxic influence of Laprol-604 on fetal was detected
for the first time. Similar facts were previously found in
the study of the effects of Laprol-604 on the fetal liver.

Table 3

The influence of Laprol-604 on chemiluminescence indices of kidney rat pups (Mtm)

Groups of animals

First grou Second grou Third grou

Index Control group O.125?ng/lfg 1.25 mg/kgp 12.5 rgg/kg
(n=10) (n=10) (n=10) (n=10)

S-sp 0.068+0.006 0.169+0.008* 0.287+0.025* 0.364+0.022*
Fo? induced CML h 0.477+0.025 1.873£0.039* 2.566+0.132* 3.388+0.178"
Sind-1 0.557+0.040 1.7820.084* 2.340+0.149* 3.860+0.142*
\uminol-dependent GML H 0.634+0.030 1.326£0.080" 3.892+0.134* 5.682+0.287"
Sind-2 1.295£0.051 2.274+0.248* 6.448+0.88" 8.186+0.616"

Note. * Significant differences (p < 0.05) from control values.

Conclusion

1. Laprol-604 administration decreased the body
weight of rat pups. The adverse effect was dose-
dependent.

2. The kidney-specific enzyme is the L-arginine: gly-
cine amidinotransferase has appeared in serum of blood
rat pups exposed to Laprol-604. The level of L-arginine:
glycine amidinotransferase was significantly higher in the

blood serum of newborn rats of the 3rd group
(17.841£0.12) mmol/(s-L)* than those in the 2nd
(8.64+0.16) mmol/(s-L) and the 1st groups (2.73+0.15)
mmol/(s-L).

3 The adverse effect of Laprol-604 administration was
determined as kidney weight reduced which was associ-
ated with biochemical disturbances, such as the reduc-
tion the isocitrate dehydrogenase activity, ATP content
and total protein concentration; at the same time, the in-
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creasing aldolase and alanine aminotransferase activities
were found.

4. Analysis of free radical oxidation showed that this
state is accompanied by oxidative stress. Spontaneous
and H202-induced luminol-dependent
chemiluminescence in kidney homogenates was 1.8-6.3-
fold higher compared to the reference group. The in-
crease in free radical oxidation in the 3rd group of rat
pups was more pronounced than this process in the 2nd,
1st and control groups. Our results suggest that oxidative
stress is induced by Laprol-604 and products of its trans-
formation.
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