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EFFECT OF PEPTIDES ON ANTIOXIDANT SYSTEM ENZYMES IN RATS
WITH HEAVY METALS, PHOSPHOORGANIC PESTICIDES INTOXICATION

The aim of this work was to examine the effect of heavy metal ions and phosphororganic pestecies which contain
glyphosate on activity antioxidative enzymes in the serum and liver of rats. The effect of peptide tsysteil-histidil-
tyrosil-histidil-isoleucine on the state of antioxidant protection (superoxide dismutase, catalase) and lipid peroxidation
was reached. The peptide exhibits antioxidant activity, the correction of the peptide increases antioxidant enzymes

activity and concentration of glutathione.
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INTRODUCTION. Metallic elements are intrin-
sic components of the environment. Their presence
is considered unique in the sense that it is difficult
to remove them completely from the environment
once they enter in it. Metal constitute an important
class of toxic substance which are encountered in
numerous occupational and environmental circum-
stances. The impact of these toxic agents on human
health is currently an area of intense interest due
to the ubiquity of exposure. With the increasing use
of a wide verity of metals in industry and in our
daily life, problems arising from toxic metal pollution
of the environment have assumed serious dimen-
sions [8, 9].

Some heavy metals have bio-importance as
trace elements but the biotoxic effects of many of
them in human biochemistry are of great concern.
Hence, there is a need for proper understanding of
mechanism involved, such as the concentrations
and oxidation states, which make them harmful.

Itis also important to know their sources, leach-
ing processes, chemical conversions and their
modes of deposition in polluting the environment,
which essentially supports life. Literature sources
point to the fact that these metals are released into
the environment by both natural and anthropo-
genic means, especially mining and industrial ac-
tivities, and automobile exhausts. They leach into
the underground waters, moving along water
pathways and eventually depositing in the aquifer,
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or are washed away by run-off into surface waters
thereby resulting in water and subsequently soil
pollution. Poisoning and toxicity in ecosystem occur
frequently through exchange and co-ordination
mechanisms. When ingested, they form stable
biotoxic compounds, thereby mutilating their struc-
tures and hindering bioreactions of their functions
[11, 13].

Copper is a naturally-occurring metallic ele-
ment. It is present in all animals and plants and is
an essential nutrient for humans and animals in
small amounts. The major sources of environmen-
tal copper releases include the mining, smelting
and refining of copper, industries producing prod-
ucts from copper such as wire, pipes and sheet
metal, and fossil fuel combustion. Water pipes are
made of copper and bath fixtures may be made
from brass and bronze alloys that contain copper.
The principal source of copper in drinking water
results from the leaching of copper from pipes and
bath fixtures due to acidic water. Blue-green stains
left in bath fixtures are a sign of the presence of
copper in water. Other releases of copper to the
environment include agricultural use against plant
diseases and treatments applied to water bodies to
eliminate algae [12, 14].

Copper is a component of several enzymes
necessary for normal metabolic functions in hu-
mans. Effects of copper deficiency can include
anemia, low numbers of white blood cells, osteo-
porosis in infants and children, and defects in con-
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nective tissue leading to skeletal problems. Effects
of acute poisoning from ingestion of excessive
copper can cause temporary gastrointestinal dis-
tress with symptoms such as nausea, vomiting, and
abdominal pain. Liver toxicity was seen in doses
high enough that resulted in death. High levels of
exposure to copper can cause destruction of red
blood cells, possibly resulting in anemia.

Mammals have efficient mechanisms to regu-
late copper stores in the body such that they are
generally protected from excess dietary copper
levels. However, at high enough levels, chronic
overexposure to copper can damage the liver and
kidneys.

For centuries, lead has been mined and used
in industry and in household products. Modern in-
dustrialization, with the introduction of lead in mass-
produced plumbing, solder used in food cans, paint,
ceramic ware, and countless other products re-
sulted in a marked rise in population exposures in
the 20th century.

The dominant source of worldwide dispersion
of lead into the environment for the past 50 years
has clearly been the use of lead organic compounds
as antiknock motor vehicle fuel additives. Since
leaded gasoline was introduced in 1923, its com-
bustion and resulting contamination of the atmo-
sphere has increased background levels every-
where [9, 13].

Although a worldwide phase-out of leaded
gasoline is in progress, it is still being used all over
the world. The current annual worldwide production
of lead is approximately 5.4 million tons and con-
tinues to rise. Sixty percent of lead is used for the
manufacturing of batteries (automobile batteries, in
particular), while the remainder is used in the pro-
duction of pigments, glazes, solder, plastics, cable
sheathing, ammunition, weights, gasoline additive,
and a variety of other products.

Such industries continue to pose a significant
risk to workers, as well as surrounding communities.
In response to these risks, many developed coun-
tries over the last 25 years have implemented
regulatory action that has effectively decreased
actual exposures to the general population. How-
ever, exposures remain high or are increasing in
many developing countries through a rapid increase
in vehicles combusting leaded gasoline and pollut-
ing industries. Moreover, some segments of the
population in developed countries remain at high
risk of exposure because of the persistence of lead
paint, lead plumbing, and lead-contaminated soil
and dust, particularly in areas of old urban housing.
Individuals will absorb more lead in their food if their
diets are deficient in calcium, iron, or zinc. Other
more unusual sources of lead exposure also con-
tinue to be sporadically found, such as improperly

glazed ceramics, lead crystal, imported candies,
certain herbal folk remedies, and vinyl plastic toys
[12, 14].

The general body of literature on lead toxicity
indicates that, depending on the dose, lead expo-
sure in children and adults can cause a wide spec-
trum of health problems, ranging from convulsions,
coma, renal failure, and death at the high end to
subtle effects on metabolism and intelligence at the
low end of exposures.

Stimulation of generation of reactive oxygen
species (ROS) plays a very important role in the
mechanisms of the toxic effect of Pb?*. ROS stimu-
late the activation of lipid peroxidation of the bio-
molecules [8].

The main aim of the present study was to in-
vestigate the effect of Pb?* and Cu?* upon antioxi-
dant enzymes activity of rats after adding a lead
acetate.

METHODS OF RESEARCH. We used lab
nonlinear white rats — males of three age periods:
puberty (youth, 70-90 g body weight and 2 to 3
months age); mature (average, weighing 170-210 g
and 5-8 months age.) and aged rats processes in
which catabolic processes prevail over anabolic
(body weight 250-300 g and 20—24 months age)
animals to study the combined affected of lead
acetate, copper sulfate, glyphosate and correction
for peptide. Age of rats was determined by the
scheme V. |. Makhinko and V. N. Nikitin [6].

Subchronic lesions in rats was modelled by
intragastric administration of water solution of Lead
Acetate at a dose of 11 mg/kg (1/20 LD50), Copper
Sulfate at a dose of 13 mg/kg (1/20 LD50), Glypho-
sate (in herbicide Roundup) at a dose of 250 mg/kg
(1/20 LD50). Toxicants were administered in com-
bination. Dehlorinated drinking tap water to intact
animals was added. The correction effect was re-
search by the during 10 days intragastric adminis-
tration of water solution of peptide tsysteil-histidil-
tyrosil-histidil-isoleucine in a dose of 9 mg/kg body
weight (concentration of amino acids in the blood)
from 20" day of the experiment after 6 hours after
toxins. The peptides were synthesized at the De-
partment of supramolecular chemistry and biochem-
istry Institute of High Technology of Taras Shevchen-
ko Kyiv National University.

After acclimatization to the laboratory condi-
tions, the animals were randomly divided into groups
(ten rats each) placed in individual cages and clas-
sified as follow:

Group | (control normal group): Rats received
no xenobiotics served as control nontreated for all
experimental groups.

Group Il (Combination exposed group): Rats
received Lead-acetate (1/20 of LD50 (11 mg/kg
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body weight), Copper-sulfate (1/20 LD50) (13 mg/kg
body weight), Glyphosate (in herbicide Roundup)
(1/20 LD50) (250 mg/kg body weight) orally and
once per day over a period of 30 days.

Group Il (Combination exposed with peptide
correlation group): Rats received water solution of
peptide tsysteil-histidil-tyrosil-histidil-isoleucine
(concentration of amino acids in the blood) (9 mg/kg
body weight) after 6 hours toxins exposed at 20"
day of the experiment orally and once per day over
a period of 10 days.

Euthanasia of rats was performed by bloodlet-
ting under the conditions of sodium thiopental an-
aesthesia on the 31 day after heavy metals and
glyphosate exposed, and peptide correction.

We determined the activity of superoxidedis-
mutase (SOD. 1.15.1.1) by method [2]; catalase
(CAT, CE 1.11.1.9) at [4], glutathione (GSH) [1],
glutathione peroxidase (EC 1.11.1.9, GSH-Px) [7]
and glutathione reductase (GSH-Rx) [10].

All rats stayed on vivarium with stable tem-
perature and humidity condition while the whole
experiment [3].

Statistical analysis was done using Statsoft STA-
TISTICA by the Department of Virtual Educational
Programs and Videos of I. Horbachevsky Ternopil
State Medical University. The results were expressed
as mean (M)xm and statistical significance was
evaluated by one way ANOVA using SPSS (version
10.0) program followed by the post hoc test, least
significant difference (LSD). Values were considered
statistically significant when p<0.05 [5].

RESULTS AND DISCUSSION. Lipid peroxides
in cells have been implicated as one of the principal

factors causing age-related damage to cells. Serum
concentrations of glutation, as well as activities of
the superoxide (COD), catalase, glutathione per-
oxidase and glutathione reductase in the homog-
enized liver and serum were measured.

Concentrations of glutatione and activity of
antioxidation enzymes decreased in the blood
serum and liver, after the administration of Pb
acetate, copper sulfate, glyphosate. Superoxide
dismutases are metalloenzymes capable of
scavenging the free oxygen radical superoxide. In
the rats co-exposed to xenobiotics in the blood and
the homogenates of the liver activity of SOD were
lower compared to the control group rats.

Thus, SOD activity decrease significantin blood
plasma and liver homogenates of all age groups
animals under the influence of xenobiotics (Table 1).
There were recorded the maximum change of this
index in blood by the combined action of toxicants
and itwas been at 3-month rats — 39.9 %, 6-month —
62.2 % and 18-month — 49.1 %, compared with
intact animals. Similar changes of SOD activity in
the liver, and it was in the 3-month animal — 48.1 %,
6-month — 66.6 %, 18-month — 50.2 %, compared
with the control. Such a decreasing SOD activity
decreased can explained that lead ions, excessive
concentration of cupper ions and glyphosate
activate LPO processes and produced hydrogen
peroxide formation, which is inhibitor of the enzyme.
Spontaneous dismutation of superoxide radical
reaction leads to the formation of H,O, at the low
SOD activity, which cells CAT decomposed.
However, enzyme activity of catalase decreased in
the blood and liver in animals with chemical liver
affection.

Table 1 — Activity of superoxide dismutase (S.U./g protein) and catalase (mkkat/g protein blood,
mkat/g protein liver) in the blood and liver of animals infected by lead acetate, copper sulfate, glyphosate
and administrated of the peptide as correction factor (M+m, n=10)

Index Animal Groups
Control | Combined lesion | Lesion and peptide
Pubert
SOD blood, x10° 0.138+0.004 0.055+0.003* 0.130+0.004**
liver, x10* 0.586+0.018 0.302+0.020* 0.536+0.019**
CAT blood 4.09+0.10 2.38+0.10* 3.89+0.11**
liver 0.318+0.089 0.189+0.007* 0.288+0.011**
Mature
SOD blood, x10° 0.116+0.005 0.071+0.003* 0.110+0.003**
liver, x10* 0.518+0.019 0.345+0.011* 0.508+0.019**
CAT Blood 3.23+0.07 2.57+0.08* 3.15+0.08**
Liver 0.254+0.010 0.168+0.006* 0.238+0.0089**
Old
SOD blood, x10° 0.110+0,004 0.054+0.003* 0.105+0.004**
liver, x10* 0.454+0.016 0.228+0.010* 0.435+0.016**
CAT blood 2.93+0.06 1.57+0.06* 2.85+0.08**
liver 0.221+0.004 0.111+0.004* 0.215+0.006**

Note. Here, in Table 2 and Table 3: * — significant results relatively intact animals (p<0.05); ** — Significant results regarding

performance in rats combined lesions (p<0.05).
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It was observed the maximum decrease activity
of this enzyme in old animals by the combined action
of copper sulfate, lead acetate and glyphosate. It
was higher on 53.6 % and 50.2 % (compere with
the controls) in blood plasma and liver homogenate
respectively.

Concentration of glutathione also decreased in
both these tissues. The levels of glutathione de-
creased by about 32.2 %, 31.5 % and 29.2 % in
blood serum of three, six, twenty months old age
rats respectively. In the rats co-exposed to xenobi-
otics in the blood activity of GSH-Px decreased on
54.4%, 61.5 % and 59.1 % in three, six, twenty
months old months age rats respectively and the
homogenates of the liver activity of this enzyme
were lower on 50.3 %, 49.6 %, 53.1 % compared
to the control group rats (Table 2, 3). Activity of
GSH-Rx decreased also.

Decrease in glutation serum concentration and
its liver content and an decrease activity of anti-
oxidation systems enzyme in the serum and in the
liver, were noted. The results of the study allow us

to hypothesize that heavy metals toxication with
co-exposed of glyphosate are at enhanced risk of
liver, kidney and other organs damage due to lipid
peroxidation.

Comparison of the effect of the peptide on
glutathione levels between the all groups’ animals
showed significantly increase concentration it on
(Table 1-3). Concentration of glutathione and anti-
oxidant enzymes activity increased in the blood
serum and liver, after the administration of peptide
to exposed rats.

The levels of glutathione increased by about
54 %, while GSH-Px, GSH-Rx, CAT and SOD ac-
tivities by 102, 1 %, 97.3 %, 63.4 % and 136 %
respectively in serum of 3 three months old rats,
and in 2,1 time, 1,9 time, 1,8 time and 1,5 time in
liver respectively.

So, the peptide tsysteil-histidil-tyrosil-histidil-
isoleucine has antioxidation activity.

CONCLUSIONS. 1. 30-day intoxication by the
copper sulfate, the lead acetate and the glyphosate

Table 2 — Contain of glutathione (GSH) (mmle/L), activity of glutathione peroxidase (GSH-Px)
mkmole/(min-g protein)) and glutathione reductase (GSH-Rx) mkmole/(min-g protein))
in the blood of animals infected by lead acetate, copper sulfate, glyphosate and administrated
of the peptide as correction factor (M+m, n=10)

Index Animal Groups
Control |  Combined lesion | Lesion and peptide
Puberty
GSH, mmole/L 6.10+0.08 3.95+0.05* 6.09+0.07**
GSH-Rx, mkmole/(min-g protein) 17.8+0.7 9.5+0.4* 17.6+£0.5**
GSH-Px, mkmole/(min-g protein) 46.9+0.8 25.5+1.2* 46.8+0.9**
Mature
GSH, mmole/L 5.87+0.07 4.02+0.06* 5.85+0.08
GSH-Rx, mkmole/(min-g protein) 15.3+0.6 9.4+0.5* 14.8+0.4**
GSH-Px, mkmole/(min-g protein) 42.940.7 26.4+0.9* 42.6+0.8**
Old
GSH, mmole/L 5.65+0.08 4.00£0.07* 5.58+0.07**
GSH-Rx, mkmole/(min-g protein) 12.9+0.5 6.5+0.5* 12.2+0.5**
GSH-Px, mkmole/(min-g protein) 35.7+0.7 21.1+0.9* 35.6+0.7**

Table 3 — Contain of glutathione (GSH) (mmlelL), activity of glutathione peroxidase (GSH-Px)
mkmole/(min-g protein)) and glutathione reductase (GSH-Rx) mkmole/(min-g protein)) in the
of liver of animals infected by lead acetate, copper sulfate, glyphosate and administrated

of the peptide as correction factor (M+m, n=10)

Index Animal Groups
Control | Combinedlesion | Lesion and peptide
Puberty
GSH, mmole/L 5.64+0.07 3.63+0.07* 5.45+0.07**
GSH-Rx, mkmole/(min-g protein) 10.4+£0.4 4.8+0.3* 10.1+0.5*
GSH-Px, mkmole/(min-g protein) 15.3+£0.6 7.6+£0.5* 15.0+0.5**
Mature
GSH, mmole/L 5.22+0.09 4.23+0.08* 5.07+0.04**
GSH-Rx, mkmole/(min-g protein) 9.2+0.5 5.4+0.3* 9.0£0.4**
GSH-Px, mkmole/(min-g protein) 12.9+0.5 6.5+£0.4* 12.7+0.5**
Old
GSH, mmole/L 4.91+0.08 3.73+0.08* 4.84+0.08**
GSH-Rx, mkmole/(min-g protein) 7.8£0.4 4.2+0.2* 7.6+0.4**
GSH-Px, mkmole/(min-g protein) 9.84£0.6 4.6+0.3* 9.4+0.6**
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form of Roundup in threshold doses (1/20 DL50)
are inactivate antioxidant system. Concentrations
of glutatione and activity of antioxidation enzymes
decreased in the blood serum and liver, after the
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€. B. Amyxanbcbka, f. . FOHCbKuii

TEPHOIMIIbCbK [IEPYKABHW MEANYHWA YHIBEPCUTET IMEHI I. 5. FOPEAYEBCBHKOIMO

BILJIUB MENTU/IB HA AKTUBHICTh ®EPMEHTIB AHTUOKCUJAHTHOI
CUCTEMM B 1I1YPIB 3 IHTOKCUKANIIEIO BAJXXKUMU METAJIAMMUA,
O®OCPOPOPTAHIYHUMMU INECTUITUJAMUN

Pesiome
Y Oanili pobomi BUBHEHO Br/IUB IOHIB BaXKKUX Memasiis ma ¢hocghopopaaHiyHUX necmuyudis, ki Micmsms
2/lighocam, Ha akmusHiCmb (hepMEHMIB aHMUOKCUGaHMHOI cucmeMu 8 cuposamuyji kposi U nediHyi wypis. LJocioxeHo
8n/us nenmuady yucmeis-2icmuou/-mupo3usi-2icmudus-izoneliyuHy Ha cmaH cucmemu aHmuUoKCUOaHMmMHO20 3a-
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xucmy. BussneHo, wjo nenmuo nposis/sie aHMUOKCUOAHMHY akmusHicmb, Mpo Wo c8i04Yums BIOHOB/IEHHS
akmusHoOCMi hepMeHmiB aHMUOKCUOaHMHOI cucmemMu ma BMiCmy 2/1ymamioHy.

KNMHOYOBI C/TOBA: aHTMOKCUAAHTHA cUCTEMA, XPOHIUHUIA edhekT, Lypu, KopekLis, nentua,.

E. B. Amyxanbckas, A. . ToHckuiA
TEPHOIMNO/IbCKV TOCYJAPCTBEHHbBIV MEAVUWHCKUW YHUBEPCUTET UMEHW U. A. TOPBAYEBCKOIO

B/IMSTHUE MENTU/OB HA AKTUBHOCTh ®EPMEHTOB AHTUOKCUJIAHTHOM
CHUCTEMBI Y KPBIC C THTOKCUKAIIUEN TSDKE/TBIMU METAJTIJIAMU,
®OCPOPOPTAHNMYECKUMMU ITECTULINTAMMN

Peslome
B daHHoli pabome u3y4eHo 8/UsiHUE UOHOB MSDKE/IbIX Memasi/ios U (hocghopopaaHuyecKux necmuyuoos, co-
depxawjux anughocam, Ha akmusHOCMb (hepMeHmMoB8 aHMUOKcUOaHMHOU cucmeMbl 8 CbIBOPOMKe KPOBU U fieve-
HU KpbIc. MlccrnedosaHo susiHue nenmuoa yucmeusi-aucmuousi-mupo3u/i-2ucmudun-u3oneliyuHa Ha CocmosiHue
cucmembl aHmMUoKcudaHmMHoOU 3awumsi. Bbisis/ieHo, 4mo nenmuo nposis/isiem aHmMUOKCUOaHMHY akmusHOCMb,
0 Yem csudemesIbCmByem BoCCMaHoOB/IeHUE akmuBHOCMU (hepMeHMOB8 aHMUoKcudaHmMHoOU cucmems! U cooep-
JKaHUs 2/lymamuoHa.

KNMHOYEBBIE C/IOBA: aHTUOKCUAAHTHAasA cucTema, XpoHuueckuii adhchekT, KpbICbl, KOPPEKLUs, NenTug,
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