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Summary (Pe3iome)

The impact of Laprol-604-associated changes in free radical oxidation of tyrosine
has been investigated for the first time. The activity of monoamine oxidase,
decarboxylases of ortho-tyrosine and meta-tyrosine was measured in heart, liver, kidney
and brain of Wistar rats. The results of the study indicated an elevation of tissue levels
of ortho-tyramine and meta-tyramine in animals exposed to Laprol-604. Ortho- and
meta-tyramine was accumulated in rat organs exposed to Laprol-604, inhibiting
monoamine oxidase. Significantly lower level of ortho- and meta- tyramine was detected
without such an inhibitor as Laprol-604 in control animals. As the highest dose of
Laprol-604 was 1/10 LD50, the amount of tyrosine metabolized via decarboxylation to
tyramine in rats of the 1t group was more than in rats of the 2" and 3 group exposed
to lower dose of Laprol-604 (1/100 and 1/1000 LD50 respectively).

These changes of meta-tyramine and ortho-tyramine levels were not observed in
control animals not exposed to Laprol-604.

Keywords: Laprol-604, surfactant, male Wistar rats, tyrosine, ortho-tyramine,
meta-tyramine, monoamine oxidase

O6GHapyXeHbl N3MeHeHUs1 NpoLiecca AekapboKCcMIMpoBaHUsa TMPO3nHa, NPon30-
weawwne nog snmaHmem Jlanpona-604. Jlanpona-604 aensetca npeacTtaBUTeNneM He-
MOHOIMEHHbIX MOBEPXHOCTHO-aKTUBHbIX BELWECTB. [JaHHblA KCEHOOMOTUK LLUNMPOKO WNC-
NoNb3yeTCs B XMMMUYECKOWN MPOMBbILLIEHHOCTU. VIHTOKCKKauuio Jlanponom-604 mope-
MpoBanu Ha B3POCbIX KpbiCax-camuax nuHum Buctap ¢ macconm tena 180 = 20 .
KMBOTHbIX pasgenuam Ha YyeTbipe rpynnbl, no 10 ocobein B kaxgon: nepeas, BTopas,
TPETbS N KOHTPOJIbHAs rpynnbl. Kpbicam NepBoOW, BTOPON N TPETbEN FPYNn exenHeB-
HO BHYTPWMXENYO04HO BBOAMNM BOAHbIN pacTBop Jlanpona-604 B no3ax 1/10, 1/100 n
1/1000 LD50, coOoTBETCTBEHHO, B Te4YeHun 60 aHel. BTaHa3uo KPbIC BbIMOJHWUAM MO,
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TNUONEHTaNI0BbIM HAapKo30M B A03e 20 Mr/kr. AKTMBHOCTb MOHOAMWUHOKCUOA3bl, aKTUB-
HOCTb AekapboKcuias opTo-TUPO3UHY U MeTa-TUPO3MHA ONPenenssin B TKaHW nede-
HUM, NoYeK, cepaua 1 roloBHOrO0 MO3ra KpbIC BCeX rpynn. Pe3ynbraTbl MCCneaoBaHms
yKasblBalOT Ha CTAaTUCTUYECKU OOCTOBEPHOE MOBLILLIEHNE KOHUEHTPaLUnu opTo-Tupa-
MUWHa U MeTa-TupaMmrHa B TKaHAX XUBOTHbIX, MOABEPrLINXCS BO3OeNCTBUIO Jlanpona-
604 no cpaBHEHMIO C OAHHBIMW KOHTPOJIbHOW rpynnbl. OpTOo-TUPpaMUH N MeTa-Tupa-
MUWH Hakan/iMmeBaJnUCb B OpraHax KpblC NepBOW, BTOPON U TPeTben rpynn, Ha ¢oHe
3HAYNTENIbHOIO CHUXEHMSA aKTUBHOCTU MOHOaMUHokcmaasbl. Camas BbICOKas KOHLEH-
Tpaums opTo- U MeTa-TMpaMmnHa oOHapyXXeHa B TKaHW NeYeHn KpbIC NepBOi rpynmnbl,
NOSYYMBLUMX HanbOoNbLLYIO O03Y n3dyd4aemMoro kceHobmoTuka (1/10 LD50). Heobxoau-
MO OTMETUTb, YTO BEC MEeYEHN KPbIC NEepPBOWN 1 BTOPON rpynn Obi1 4OCTOBEPHO O0JIb-
LIe N0 CPaBHEHUID C BECOM MEeYEHUN XMBOTHbIX KOHTPOJIbHOW Fpynnbl. YCTAHOBEHO,
3aBMCMMOE OT 403bl, HeraTueHoe Bo3aencTeme Jlanpona-604 Ha neyeHb, NOYKKN, Cep-
ALe 1 roSIOBHOM MO3r KPbIC 3KCNEepPUMEHTasbHbIX rpymnmn.

Takum o6pasom, onntenbHoe BBeaeHue Jlanpona-604 kpbicaMm NPUBENO K UHIA-
OMPOBAHMI0O MOHOAMMHOKCMOA3bl B TKAHSX NEYEHU, NOYeK, Cepaua U rosIOBHOMO MO3-
ra >XMBOTHBbIX, YTO B CBOIO O4Yepelb, Bbi3Ba/IO HAKOMJEHNE aTUMNmMYHbIX NPOAYKTOB Ae-
KapOOKCUMMPOBAHUS TUPO3NHA B UCCNEO0BAHHbBIX OPraHax.

Knmodesble cnoBa: Jlanposi-604, noBepxXHOCTHO-aKTUBHOE BELLECTBO, KPbIChI-
camubl JIMHUM Buctap, TMPO3uH, OPTO-TUPaMUH, METa-TUPaMnH, MOHOAMMUHOKCH-
Aasa.

BusBneHo 3MiHM npouecy OekapboKCUMOBaHHA TUPO3UHY, WO Bigdynucsa nig
BnavBoMm Jlanpony-604. Jlanpon-604 € npeaCTaBHUKOM HEIOHOreHHUX MOBEPXHEBO-
aKTUBHUX PEYOBUH. JlaHni KCEHOBIOTMK LLUMPOKO BUKOPUCTOBYETHLCS B XiMidHI Mpo-
MUCNOBOCTI. IHTOKCcUKKaLjo Jlanponom-604 moaentoBanm Ha AOPOCAUX Lypax-camusx
3 macoto Tina 180 * 20 r. TBRapMH PO3A4INUAM Ha YOTMPU rpynun, No 10 WypiB y KOXHIl:
neplua, gpyra, TpeTd i KOHTpOJibHA rpynu. LLlypam nepuLuoi, Apyroi i TPpeTboi rpyn WOoaOHS
BHYTPILLUHbOLLUIYHKOBO BBOAMAM BOAHWI po34uH Jlanpony-604 y nosax 1/10, 1/100 i
1/1000 LD.,, BIANOBIAHO, MPOTAroM 60 gHiB. EBTaHasilo LypiB BUKOHaANW Nig, TioneH-
TasoBMM HApPKO30M Yy A03i 20 Mr/kr. AKTUBHICTb MOHOaMIHOKCHAA3M, akTUBHICTb Oe-
KapOoKCUnas opTo-TUPO3UNHY i META-TUPO3MHY BU3HAYaIMN B TKAHUHW MEYIHKN, HUPOK,
cepus i roloBHOrO MO3KY LWypiB ycix rpyn. Pe3ynbratm OOCAIOKEHHS BKA3ylOTb Ha
CTaTUCTUYHO AOCTOBIPHE MiABULLEHHS KOHUEHTPAaUii OpTO-TUPaMIHY i MeTa-TupamiHy
B TKAHMHaX TBApWH, Aki 3a3Hanu Bnamey Jlanpony-604 B NOPIiBHAHHI 3 AAHVUMWN KOHT-
ponbHOi rpynn. OpTo-TMpaMiH Ta MeTa-TMpaMiH HakonuyyeBanucs B opraHax LiypiB
nepLuoi, Apyroi i TPeTbOoi rpyrn, Ha TNi 3HA4YHOrO 3HUXXEHHS aKTUBHOCTI MOHOAMIHOKCU-
nasn. Hameuula KOHUEHTpaLis OpTo- Ta MeTa-TupaMiHy BUsSIBSIEHA B TKAHWUHU MEYiHKN
LYypiB MepLUoi rpynu, ski oTpyuManu Hanbinblwy A03Yy OOCHIOKYBAHOrO KCeHObioTuka
(1/10 LD,,). HeobxiaHo Bia3Ha4nTw, LLO Bara NedviHku Lypis nepLuoi i apyroi rpyn Gyna
BiporigHO GiNblue B NOPIBHSAHHI 3 Baroto neYiHky TBApUH KOHTPOJIbHOI rpynu. Busisne-
HO 3aneXHu Bif 003U HeraTMBHUI BNAMB Jlanpony-604 Ha nediHky, HUPKK, cepLe i
rOJIOBHMI MO30K LLYPIB €KCrepUMEHTaNbHUX Fpynn.

Taknm 4ymHOM, TpuBane BBefeHHs Jlanpony-604 wypam npmBesio A0 NPUrHivyeH-
HS MOHOAMIHOKCMAA3M B TKAHWUHAX NEYiHKMN, HUPOK, CEPLA | FOSIOBHONO MO3KY TBapWH,
O B CBOIO Yepry, BUKIIMKANO HAaKOMMUYEHHS aTUMOBUX NPOAYKTIB AeKapOOKCMNIOBAHHSA
TUPO3MHY Y OOCHIOXEHUX OpraHax.

Kmo4qosi cnoBa: Jlanposi-604, noBepxHEBO-aKTUBHA PEYOBUHA, LLYPU-CcamMmLUi JiHiT
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Bictap, Tmpo3uH, opTo-TrpamMiH, meta-
TYpamiH, MOHoaMiHokcuaasa.

The present study is a fragment of the
scientific research work of the KhMAPE
“Pathochemical mechanisms of
radiotoxins impact on the body and the
principles of their early diagnosis and
correction” (state registration number
N2 0117U000589).

Introduction

Surfactants have been manufactured
for more than 60 years. Due to specific
chemical structure of nonionic surfactant
molecules, they are applied in different
areas of human activity. After use,
compounds of nonionic surface active
agents are emitted to various elements of
the environment [1]. Surfactants can enter
living organisms by different pathways,
where they undergo numerous chemical
processes [2]. Several studies reported
elevation of the levels of intracellular
reactive oxygen species triggered by the
influence of surfactants. The metabolic
products of surfactants are often more
toxic than the original substances [3].
Reactive intermediates may play a key role
in the pathological process induced by a
surfactant. In spite of the considerable
progress of our understanding of basic
issues concerning the behavior of
products transformed by surfactants in
vivo, many issues remain unclear. These
include the impact of Laprol-604 on
metabolism of tyrosine, namely, the
process of decarboxylation of tyrosine and
activity of monoamine oxidase which is the
major enzyme responsible for oxidative
deamination of amines.

So, the research aim was to study
the prolonged influence of subtoxic doses
of Laprol-604 on tyrosine metabolism and
mono amino oxidase activity in male
Wistar rats.

Contingents

The study involved forty 100-days-

old healthy and adult male Wistar rats.
Their body weight was 180 * 20g at the
beginning of the study. The investigations
were carried out according to the current
principles of bioethics [4].

Object

Laprol-604 was provided from
Science and Production Joint Stock
Company “Sintez PAV”. Laprol-604 was
reported to be 96 % pure by the supplier.
For all study, it was diluted in deionized
water and prepared fresh daily.

Materials and methods

Male rats were randomly divided into
four groups (10 animals in each group).
Laprol-604 was administered to male rats
once daily by gavage at doses of 1/10, 1/
100 and 1/1000 LD, -12.5g/kg,
respectively in the 1%t 2" and 3 group
for 60 days. The 4™ group (controls)
consisted of 10 intact animals without
Laprol-604 administration. Animals were
maintained at room temperature (20-22°C)
and relative humidity (50-60 %) and kept
under a 14 hours light/ 10 hours dark
cycle. Pelleted diets were presented to the
rats in wide mouthed jars with lids and
fresh water was provided ad-libitum
throughout the study. At the end of the
trial (on the 60" day), the male rats were
weighed, sacrificed under thiopental (20
mg/kg) anesthesia, whole heart, liver,
kidney and brain were removed and
washed with 0.1 M Phosphate-Buffered
Saline (PBS), pH 7,4. lIsolation of
mitochondria and estimation of
monoamine oxidase were carried out by
Oswald and Strittmatter [5]. The organs
were homogenized in an ice-cold mixture
of 0,25M sucrose and 0,001 M EDTA at
pH 7,0 using homogenizer. “Total
particulate preparation”, which essentially
contained all the MAO activity of the
homogenate, tyramine being used as
substrate, was obtained on centrifugation
of a 20 % homogenate at 100 g for 1 hour
and subsequent single washing of the
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sediment by its resuspension in the
original volume of the sucrose-EDTA
mixture, and recentrifugation. The
sediment was resuspended in the
sucrose-EDTA mixture and stored at —
10°C.

Monoamine oxidase (MAQO) activity
was determined by Mc¢ Caman, Mc
Caman, Hunt and Smith (1965), modified
by Jarrott (1970) [5].The enzyme activity
was calculated from the known specific
activity of the substrate and expressed as
pM-mole/ hour/ mg protein.

The activity of decarboxylases of
ortho-tyrosine and meta-tyrosine was
measured by the method for the
determination of amino acid
decarboxylases suggested by V.E. Davis
and J. Awapara [6]. Activity was found in
heart, liver, kidney and brain of rats.

Quantification of total protein in liver

tissue was determined by method
proposed by M.M. Bradford [7].

The data were statistically analyzed
using one-way analysis of variance
(ANOVA) followed by Dunnet’s multiple
comparison test; p < 0,05 was considered
significant. The means + standard error of
the mean (SEM) was calculated for all
values.

Results and discussion

The present study shows that an
increase in the dose of Laprol-604 was
associated with elevation of tissue
concentrations of ortho-tyramine and
meta-tyramine and consequently,
intensification of decarboxylation. Large
amounts of tyramine were formed even in
the lowest dose of Laprol-604 exposure
to rats, compared with controls (table 1).

It should be noted that tyramine was
found to accumulate in tissues following
administration of Laprol-604 which inhib-
ited monoamine oxidase. Without Laprol-
604, tyramine was metabolized by
monoamine oxidase. As the dose of La-

Table 1
The impact of Laprol-604 on ortho- and meta-tyramine levels of rat organs
(M + SEM)
Groups of animals
First arou Second Third group
Organs Control group 1/10gLD P group 1/1000
(n =10) = 10§° 1/100 LDsp LDso
(n =10) (n =10)
Liver
Ortho-tyramine | 41 59 4 4 97 | 384,49 + 4,38 | 316,20 + 4,18* | 276,46 + 5,45*
(umoles/g/h)
Meta-tyramine | 15 50 4 3 33 | 297,27 + 4,89 | 224,41 + 4,57* | 184,68 + 4,26*
(umoles/g/h)
Kidney
Ortho-tyramine | 57 54 4 4 37 | 388,68 + 4,55* | 313,84 + 5,36* | 264.79 + 5,81
(umoles/g/h)
Meta-tyramine | 150 15 4 4 38 | 249,34 + 4,68 | 196,23 + 4,46* | 187,44 + 5,93
(umoles/g/h)
Heart
Ortho-tyramine | 5 154 198 | 11.38+066* | 9.80+027* | 6,78+ 0,30*
(umoles/g/h)
Meta-tyramine | 76+ 0,05 | 1,99+009" | 132£0,04* | 0,73£0,05
(mmoles/g/h)
Brain
Ortho-tyramine | 101, 312 | 31,18+326 | 2534 +321* | 18,67 +334
(umoles/g/h)
Meta-tyramine | g 55,395 | 2381+346* | 18,80+£316 | 11514375
(umoles/g/h)

Note. * Significant differences (p < 0,05) from control values
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prol-604 was increased from 1/1000 to 1/
10 of LD 50, the amount of ortho-tyrosine
and meta-tyrosine metabolized via decar-
boxylation to tyramine. By contrast, the
concentrations of tyramine in tissues of
control rats were about two orders of
magnitude below this value in Laprol-604-
exposed animals. Compared with controls,
an elevated concentration of ortho-
tyramine and meta-tyramine was found to
be significantly elevated within the liver,
kidney, heart and brain of Laprol-604-
treated rats 1-st, 2-nd groups and some
data in the 3™ group. It is known that
tyramine is a potent vasoconstrictor. High
concentrations of tyramine in the body can
induce hypertension, migraines, brain
hemorrhage, and heart failure [8, 9].

Normally, tyramine is broken down in
mammals by MAO which catalyzes their
oxidative deamination [8, 9]. In the
present study MAO was measured in the

liver, kidney, heart and brain of male Wist-
ar rats exposed to Laprol-604 for 60 days
as well as in control rats (table 2). In La-
prol-604-exposed rats of the 1t and 2
groups, the increase in liver mass was
accompanied by a marked reduction in
MAO concentration. The liver mass elevat-
ed by about 28 % and 14 % in the 15t and
2" groups respectively, and MAO activity
fell significantly per unit weight. These
changes were also associated with an in-
crease in the content of tyramine, and with
a reduction in protein concentration in the
liver. MAO activity was slightly reduced in
the liver of the 3™ group rats.

The fall in monoamine oxidase activ-
ity in tissues of the 3 group rats (with the
lowest dose of Laprol-604 exposure) was
significantly less than with higher dose of
this surfactant. When monoamine oxidase
activity was measured on the 60" day af-
ter administration of Laprol-604, there was

Table 2

The impact of Laprol-604 on monoamine oxidase activity (tyramine as substrate)

of organs in rats (M * SEM)

Groups of animals
Organs Control First group Second group | Third group
group 1/10 LDsg 1/100 LDs 1/1000 LDsq
(n=10) (n=10) (n=10) (n =10)
Liver
Wet weight (mg) 1241 + 47 1584 + 43* 1416 £ 48* 1276 + 45
Protein (ug/mg) 212,44 + 158,37 + 176,41 + 187,23 +
15,31 12,84* 14,37* 15,49
MAO activity
(umole/h/mg 78,40+123 | 353+76* 4721 +7,3* 69,15+ 3,33
protein)
Kidney
Wet weight (mg) 1554 + 75 1417 + 64 1463 + 56 1526 + 81
MAO activity
(Mmole/h/mg 295+ 1,6 14,33+ 1,29* | 19,14 +1,82* | 23,42 + 1,61
protein)
Heart
Wet weight (mg) 1087 + 25 1068 + 26 1081 + 27 1078 + 31
MAO activity
(umole/h/mg 7,75 +0,31 3,29+ 0,8* 5,12+ 0,44* | 6,87 £0,53
protein)
Brain
Wet weight (mg) 1887 + 51 1894 + 77 1923 + 69* 1897 + 75
MAO activity
(Mmole/h/mg 19,78+ 0,65 | 8,64 +0,12* 10,96 +0,16* | 16,54 £ 0,77
protein)

Note * Significant differences (p < 0,05) from control values
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a significant reduction in the enzyme ac-
tivity of the 15t and 2" groups. Significant
difference was found in the enzyme activ-
ities between the 1%, 2"¢ groups and con-
trol group. No significant difference was
found between the fall in monoamine ox-
idase activity in the 3 and control groups.

In Laprol-604-exposed rats the heart
mass and brain mass did not differ signif-
icantly from control animals. However, the
reduction in concentration of monoamine
oxidase was observed in these organs in
animals of the 1%t and 2™ groups.

Zhukov V.I. has reported similar falls
in monoamine oxidase activity after
exposure to 1/10 and 1/100 of LD50 dose
of other surfactants [10]. The present
results showed that the fall reached a
maximum in tissues of the 1st and 2™
group rats and that the impact of Laprol-
604 is most likely dose-dependent. The
endogenous tyramine concentration in
tissues of the 1%t group rats was found to
be higher than that of the 2" group and
this confirms the findings of MAO activity
inhibition in tissues in the same animals.
According to findings of some authors, the
aromatic-L-amino-acid decarboxylase is
enzyme presents in liver and kidney in a
greater degree than in other organs [11,
12]. If tissue concentrations of tyrosine are
increased, decarboxylation becomes
predominant route of metabolism and
large amounts of tyramine are formed
[11]. It should be noted that tyramine
accumulated in rats exposed to Laprol-
604 by inhibiting monoamine oxidase.
Without such an inhibitor as Laprol-604
the significant lower levels of ortho- and
meta- tyramine were detected in control
animals. As the highest dose of Laprol-
604 was 1/10 LD50, the amount of
tyrosine metabolized via decarboxylation
to tyramine in the 1%t group rats was more
than in rats of the 2" and 3™ group
exposed to lower dose of Laprol-604 (1/
100 and 1/1000 LD30 respectively).

A significant elevation of hepatic

weight was found in the 1stand 2" groups
as much as 28 % and 14 %, respectively,
as compared with the control group. Liver
enlargement associated with tyramine
accumulated and reduction MAO level is
another feature seen after exposure to
Laprol-604. This study with Laprol-604 has
shown the hepatotoxic effects on liver.

The liver and kidney are such
common target organs in toxicity studies
that a discussion of some of the more
common lesions that occurred in male
Wistar rats seems warranted. Adverse
effect on liver and kidney of male rats may
be linked with intoxication caused by
Laprol-604, which is a common feature of
toxicity for the non-ionic surfactants.

The results reported here such as
accumulation of ortho- and meta-tyramine
in tissues may be indirect evidence of
unnatural tyrosine isomers production.
This stimulated further investigation of the
effect of Laprol-604 on the amino acid
phenylalanine metabolism.

Conclusion

1. Anincrease in endogenous ortho- and
meta-tyramine concentration and fall
in monoamine oxidase activity was
dose-dependent for Laprol-604.

2. MAOQO activity inhibition in the liver,
kidney, heart and brain of male rats
related to the increase of ortho- and
meta-tyramine in the same organs
may be associated with changes in
oxidation of phenylalanine.
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Briepsbie noctynuna B pegakumio 22.03.2018 r.
PekomeHfoBaHa K ne4atv Ha 3acefaHuu
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