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Abstract

The aim of this study was to compare ecophysiotddiasis for developing feral pigeons
(Columba livia f. urbangin various environments of Northern Poland. Wareied heavy
metals contents, lipid and protein peroxidationtjcxidant enzymes activity in individuals
growing and feeding in the different polluted rago Pigeons from urban area possessed
high maintenance of cadmium in the blood, but lead in comparison to birds from rural
area. Our results suggest that increased levet@afjnmetals (Pb and Cd) in the blood of pi-
geons from different regions of Northern Polandlezhto affect negatively initiate lipid per-
oxidation and increased oxidative modified protntent. Our results suggest that increased
level of oxidative stress in birds is dependentrupovironmental pollution. Statistical analy-
sis (ANOVA and GLM) has shown that colony localieat (urban or rural areas) modified
antioxidative defense system, level of lipid andtpin peroxidation, and blood total antioxi-
dant activity.

Key words: feral pigeon, ©lumba livig lipid peroxidation, oxidative stress, antioxidatien-
zymes, environment, toxic heavy metals

INTRODUCTION
Ecotoxicological studies of pollutants in ecosysteaffect the organisms and de-

scribe the population and ecosystem structurengiviirds have been shown to be
particularly useful bioindicators because they\asible, sensitive to toxicants and
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they rank relatively high in the food chain and enportant structural components
of the ecosystem (Nam et al. 2004a). They theredore early warnings of envi-
ronmental stress and are of general interest tpubéc.

A feral pigeon is represented in most cities orcalfitinents of the Earth. Its colonies
are often saved in the center of cities. No wonbat large accumulations of these
birds often appear in the neighborhood of intensige traffic. Research by Het-
manski (2007) shows that it is the settled bird, notving in other places, and adults
are largely tied to certain breeding colony. Hisetations have shown that 30% of
young birds keep paternal colony, that always maveterritory of the same city. In
opposition adults have the high relationship withirthplace. Such lines of pigeons
allow to be a biomarker for pollutant mediated atide damage of areas, such as
domestic sparrowasser domesticuSwaileh and Sansur 2006), for exam/isti-
mation of bioaccumulation level of substances altibdy of pigeons allows to rep-
resent the scale of contamination of cities ne#libyresidence and feed area.

The use of pigeons in researches on the contammbgvel of toxic substances in
large and small industrial towns is an open quesfitany reviews reported that pi-
geons in large agglomerations have the higher levehdmium and lead in tissues
compared with birds in small towns or rural areartNet al. 2004b, Nam and Lee
2005, 20064, b). It deals with traffic density aparted by Garcia et al. (1988) and
Schilderman et al. (1997). Accumulation of heavytatsetakes place unevenly in
tissues of birds. The highest lead concentratios fwand in the bone followed by
kidney, liver and lung of pigeons (Johnston andghlri995, Nam and Lee 2005).
That is not subject to doubting that there are tautial differences between the lev-
els of heavy metals between eggs, young and oldidudls. Nam et al. (2004a)
showed that there was multiplied maintenance ol keeam eggs through nestling
and the greatest in adult pigeons. It has beerdnbtedifference of bioaccumulation
of toxic substances between males and females.ph@somenon is shown also in
other types of birds, e.g. pelican females (Doraidmnd Braune 1999).

First research reporting the influence of heavyatsebn physiological processes at
pigeons belongs to Hutton (1980). This author iminected the high level of lead
at pigeons from the center of London with chandeh&ir mitochondrial structure,
function and depression of delta-aminolevulinateydeatase activity in blood, liver
and kidney. Other authors showed direct influencke@d on oxidative DNA dam-
age (Schilderman et al. 1997).

The aim of this study was to compare ecophysiokldiasis for developing feral
pigeons Columba livia f. urbanpin various Northern Poland environments. We ex-
amined heavy metals contents, antioxidant enzyroigtg in individuals growing
and feeding in the different polluted regions. Thues investigated the content of
proteins carbonyl concentration, lipid peroxidatemd superoxide dismutase, cata-
lase, ceruloplasmine, glutathione peroxidase anthiylione reductase activities in
blood of birds from these environments.
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MATERIALSAND METHODS
Sudy area

Researches were conducted in two regions: firstthesStupsk city (urban area) and
second was the Sapawa village (rural area) near the Tczew city (NBRd). Stupsk
is a city with population about 100 000 habitaRigieon population has about 1200
individuals (data of 2006 year). The colonies af Btupsk pigeons are located in
Old Market city center. The herd of such birds dedrto 500 individuals. The sec-
ond group was from Sggawa and counted 60 adults. The farmer territorth wi
birds’ herds was placed near a street with intensiar traffic of the Skarszewy—
Tczew route. Few kilometers from this farm it wagamized intensive road linked
with building of A1 Poland motorway. In this connection in the |last {years near
the farmer economy location the high level of heagtor transport was observed.
The experiments were conducted with the Guidelofebe European Union Coun-
cil and the current laws in Poland, according ® Hthical Commission (permission
number: 05/2005).

Metal analysis

Adult feral pigeons were collected during 2006 xaraine lead and cadmium con-
centrations in venous blood samples. The levelthe$e elements in serum were
measured by Atomic Absorption Spectrometry (AAS}hwihe Perkin-Elmer In-
strument (type RW 683/3PYC). Calibration curves eveonstructed using Merck
standards. The detection of elements is arounthik level.

Blood samples preparation and lipid peroxide level

Blood samples were centrifuged for 10 min at 18 g@mhd plasma was pipetted off.
Pipetted 1:20 hemolysate of plasma was used ferm@tation of the malondialde-
hyde level, oxidative modification of plasma protitotal antioxidant activity of
blood and catalase activity.

Lipid peroxidation was determined by measuringdbecentration of thiobarbituric
acid reactive substances (TBARS) concentrationr@mole per liter of blood), it
was done as described by Uchiyama and Mihara (1%7&ponyl groups formed
from oxidation with 2.4-dinitrophenyl hydrazine ([PM) were estimated using the
methods by Levine et al. (1990) with modificatiqidaibinina et al. 2000). Estima-
tion of derivatives of 2.4-dinitrophenyl hydrazoriasblood may serve as a pattern
of oxidative modification of proteins during oxidag stress in cells. The levels of
total antioxidant activity in the blood were esttethfollowing the method with Eé
and ascorbate-dependent Tween-80 oxidation usirijathdoy Halaktionova et al.
(1998). Superoxide dismutase (SOD; E.C. 1.15.1cfiyity was measured by the
quercetine method after suitable dilution followittge method by Kostyuk et al.
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(1990). The catalase activity was evaluated usieghtydrogen peroxide breakdown
method (Korolyuk et al. 1988). Glutathione reduet¢&R; E.C. 1.6.4.2) activity

was determined by reduced NADPH and oxidized dhitae (GSSG) substrates in
the 1:20 hemolysate measured according to the mhethscribed by Glatzle et al.
(1974). Glutathione peroxidase (EC 1.11.1.9) agtivias measured following the
method of Moin (1986).

Satistical analysis

The results were expressed as mean +SD. Signifaiffatences among the means
were measured using a multiple range test at mt@.@6. The variations in each
biomarker and metal concentrations were tested nesvay analysis of variance
(ANOVA), considering sites as variables (Zar 1998hen ANOVA revealed sig-
nificant differences, post-hoc multiple comparistresween sites and between bio-
chemical parameters were made using the approf8aiteffé (parametric) or Dun-
nette-T3 (non-parametric) test to determine whictues differed significantly.
ANOVA and general linearized modeling (GLM) wereedgo study the estimation
of cadmium and lead influence on pro- and antioxidealance in blood of pigeons.
Tests were conducted with SAS 9.1 program for Wivilo

RESULTS

Cadmium and lead levels in blood of pigeons arseuted in figure 1. Pigeons from
urban area had high level of cadmium (by 53.4%, BS)Q but low lead level in

blood in comparison to that of birds from the ruaata (Szggawa). Vice versa,

birds from rural area were characterized by a tegld level (185.2%, P<0.001) in
blood in comparison to that of pigeons from theamrhrea.

Our results suggest that increased level of heagtals (Pb and Cd) in pigeon’s
blood from different regions of Northern Polandded to negatively affect initiate
£ 044
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Fig. 1. Cadmium (A) and lead (B) levels in the piasof feral pigeonsQolumba livig from
different regions of Northern Poland (means +SEM)

* — Statistical difference between samples takeBtupsk (I) and Szmawa (1) by paired t-test
(P<0.001)
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Fig. 2. TBARS concentrations (A) and total anti@qtl activity (B) in the blood of feral pi-
geons Columba livig from different regions of Northern Poland (meaiSEM)

* — for legend, see Fig. 1

lipid peroxidation, estimated by thiobarbituric daieacting substances (TBARS)
concentration, the last product of lipid peroxidati expressed as malondialdehyde
(MDA) concentration. The level of MDA formation lood of pigeons is shown in
figure 2A. MDA level was significantly elevated lhood of pigeons from rural area
(Szpzgawa) compared to that of Stupsk. The percentagease in lipid peroxida-
tion compared to pigeons from Stupsk was abounégihigher (P<0.001).

A rate of protein oxidative destruction may be rasted from the reaction of the
resultant carbonyl groups of amino acids (ketones aldehydes) reaction with
2.4-dinitrophenyl hydrazine to produce 2.4-dinitnepylhydrazones. The initiating
effect of nonenzymatic components {Fascorbic acid, F&-0,, FE€*-H,0,) was in
the metal-catalyzing oxidation of proteins. Fig@rehows the levels of 2.4-dinitro-
phenylhydrazone (aldehyde and ketone derivativeb)dod of pigeons from differ-
ent Northern Poland regions.
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Fig. 3. Level of oxidative modified proteins (contg of aldehyde and ketone derivatives) in
the blood of pigeonsQolumba livig from different regions of Northern Poland. Carjgon
groups were derivatived with 2.4-dinitrophenylhyziree and determined spectrophotometri-
cally from the difference in absorbance at 370 wnhand 420 nm (B), (means +SE calcu-
lated from two independent experiments)

* — for legend, see Fig. 1
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Fig. 4. Superoxide dismutase (A) and catalase (Byides in the blood of feral pigeons
(Columba livig from different regions of Northern Poland (mea&iSEM)
* — for legend, see Fig. 1
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Fig. 5. Glutathione peroxidase (A) and glutathioeguctase (B) in the blood of feral pigeons
(Columba livig from different regions of Northern Poland (mea&iSEM)
* — for legend, see Fig. 1
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A rate of protein oxidative destruction increasighificantly in the blood of pigeons
from the village compared with that of pigeons fr@upsk. The percentage in-
crease in 2.4-dinitrophenylhydrazones levels wasugl300% higher (P<0.001).
Our results suggests an increased level of oxiglativess in birds as a result of toxic
action of the environment.

The results of enzyme activities of pigeons growgof urban and rural areas were
shown in figures 4, 5. The data from this studydaté that pigeons from rural areas
may be exposed to oxidative stress in blood. Commparbetween Stupsk and
Szpegawa group of pigeons revealed differences in eezgativities. SOD activity
was significantly decreased in all samples ofe§awa group (P<0.001, 31% of
Stupsk group). A fall in the activity of SOD may dee to inactivation by interac-
tion with oxygen radicals. Glutathione peroxidasel @atalase activities increased
(about 4 and 1.5 times higher in comparison to $tygigeons group, P<0.001, re-
spectively) in the group of pigeons from rural area

Glutathione reductase activity decreased (P <0.8b&yt 150% in pigeons from ru-
ral area (Szggawa) with respect to the Stupsk group (Fig. 5B)g&ding the total
antioxidant activity (Fig. 2B), its level was sifjnantly increased (P <0.05) — about
20% in the blood of Szgawa group with respect to that of Stupsk.
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ANOVA and general linearized modeling (GLM) wereeddor answering the ques-
tion: what parameters of environment or type ofirervment pollution have impact
on investigated parameters? First, the type ofrgolaused the greatest influence
on differences of pro- and antioxidative balancehia blood of pigeons from dif-
ferent regions of Northern Poland. The total anslysr all data with statistical
difference is summarized in the Table 1. The amgigsconducted for all individuals
of birds included. These data showed, that colacglization (urban, rural areas)
modified statistically the SOD and glutathione retdse activity, MDA concentra-
tion, neutral and alkaline 2.4-dinitrophenylhydrags content. Neither lead nor
cadmium influenced significantly these parameters.

Differences between determination in cadmium aad levels in pigeon’s colonies
(from urban and rural areas) define the next stepw-concentration of these metals
can influence the level of oxidative stress? It baen shown the dependence of
cadmium level (low concentration of this metal iloddl was noted) and activity

Table 1

The influence of colony localization and lead aadroium levels upon antioxidant status
in feral pigeons from different regions of Northétaland (ANOVA)

Dependent variable
Source . . .
Neutral | Alkaline |Glutathione Glutathione
Catalase MDA DNPH DNPH | peroxidase SOb reductase
Pb 0.13 0.93 0.57 0.81 0.69 0.01 0.05
Cd 0.79 2.13 0.49 0.49 0.87 0.08 0.02
Colony 53.37 | 49.49 | 29.66 12.87 2.67 4.38 8.71

a_p<0.05° - P<0.01° - P<0.001

Table 2
GLM analysis of Cd and Pb influence upon antioxtdzalance in the blood
of pigeons from different Poland regions

Dependent variable
Source Szpgawa
Neutral | Alkaline |Glutathiong Glutathione
Catalase MDA DNPH DNPH | peroxidase SOb reductase
Pb 5.0% 5.95 0.11 5.79 0.13 7.64 0.85
Cd 0.04 1.18 2.95 0.275 0.88 1.05 0.33
Stupsk
Pb 0.06 0.00 0.06 0.34 1.50 0.01 0.06
Cd 0.25 0.48 0.73 0.00 0.03 0.02 0.01

a_P<0.05
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of superoxide dismutase, catalase, and neutralalitaine 2.4-initrophenylhydra-
zones content in the blood of Sgawa pigeons (Tab. 2). Such dependence was not
defined for birds from city colony. It is necessamypoint that no interdependence
between parameters of antioxidant defense systesnsteded. Simultaneously low
(pigeons from Stupsk) and high (pigeons from¢ggva) levels of lead in the blood
was stated.

Statistical analysis of our research allows to aafe the high tension of antioxidant
defence system, caused by high TBARS and oxidativeldified proteins contents
in the blood of birds from the village. But simuitously, we show the increase of
total antioxidant activity (Fig. 2B) in the blood the same birds. Statistical GLM
analysis showed, that it is conditioned by a higtivdtly of catalase, but not gluta-
thione peroxidase. It is necessary to mark thatathity of this last enzyme also
increased considerably. Possibly, at this levelrdfoxidant defence the catalase en-
zymatic activity (from all showed parameters) ie greatest degree retains an ad-
aptation of equilibrium between products and elation of ROS in the blood of pi-
geons.

DISCUSSION

The main goal of our study was to compare metatentnations, level of lipid and
protein peroxidation, antioxidative enzyme actestiin the blood of feral pigeons
(Columba livig from different regions of Northern Poland (urkgoiluted and rural
area). We expected this species to be a usefidaitwad of point-source contamina-
tion in terrestrial ecosystems, suggesting thathietels, lipid and protein peroxi-
dation, antioxidative enzyme activities in the loaf adults can be used as indica-
tors of local exposure.

There were very large differences between the ites for lead, which was 3 times
higher in rural area (Szgawa), than in polluted Stupsk places. These vigly lead
levels in blood of pigeons from the rural area ¢gawa) were the most surprising
conclusion from our study. In fact, birds in anambarea are also in a direct close-
ness to cars in the city center. We took into abersition that rural pigeons are
subjected to a higher pression of car traffic altimg motorwayAl building. Our
data are in agreement with the previous studieScbilderman et al. (1997), Nam
and Lee (2006) and Nam et al. (2004b). They dematest that high traffic exhaust
tends to be one of the major lead sources (>50%ibation of Pb from gasoline),
despite the use of lead-free gasoline, in the blafagtban pigeons from the Nether-
lands.

In our study the blood cadmium concentration ilgepns from Stupsk was about
2 times higher that in thouse from 8gpwa. These results demonstrated that pi-
geons from urban (Stupsk) environment have beenifgigntly contaminated.

Based on statistical GLM analysis, our resultsrtyeshowed that lead concentration
led to oxidative stress, with pigeons from ruraaa6zpgawa showing a 5-fold in-
crease of MDA in blood with respect to pigeons frSlapsk. Some toxic effects of
lead have been attributed to lead-induced oxidativess. Results from our study
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testify an enhanced MDA content and levels of awgamodified proteins in pi-
geons from Szmgawa with increased lead level. The increasespid nd protein
peroxidation were accompanied by alterations irir thetioxidant defense systems
(McGowan and Donaldson 1986), including decreadethtijione reductase and
SOD activity and increased catalase and glutathmerexidase activity (Fig. 1-5,
Tab. 1-2).

Lead has been reported to cause oxidative stredsshypting the intracellular pro-
oxidant/antioxidant balance that exists in nornmsdues (Ercal et al. 1996, Gurer
and Ercal 2000). Participation of iron in Fentoaaton in vivo, leading to produc-
tion of more reactive hydroxyl radicals from supéde radicals and ¥D, (Free
radicals... 1989) results in increased lipid perotiata Our previous studies sug-
gest that exposure of rats on lead caused a reduictiglutathione peroxidase and
reductase activities and lowered cellular defersénat oxidative stress (Tkachenko
et al. 2007). Increased activity of catalase inghesent finding could be correlated
with increased generation of hydrogen peroxide eadl exposed pigeons from
Szpzgawa.

Our results indicate that degree of protein oxidatilestruction increased signifi-
cantly in the blood of pigeons from the rural acempared to that of pigeons from
Stupsk. The percentage increase in 2.4-dinitrophgdyazones levels was about
300% higher (P<0.001). The oxidative modificatiafigproteins play a crucial role
in the pathological response of cells to increasedative stress.

CONCLUSIONS

Our results indicate the increased level of oxidatitress and modifying antioxidant
enzymes activities in birds upon toxic action ofienments from Northerm Poland.
Our results suggest that increased level of heatals1(Pb and Cd) in the blood of
pigeons from different regions of Northern Polapdded to affect negatively the
initiative lipid peroxidation and increased oxidatimodified protein content.
Pigeons from urban area (Stupsk city) possessdd migintenance of cadmium in
the blood, but low lead in comparison to birds framral area.

Our results suggest that increased level of oxidatiress in birds is dependent upon
environmental pollution.

Statistical analysis (ANOVA and GLM) has shown tbaliony localization (urban or
rural areas) modified antioxidative defense systenel of lipid and protein peroxi-
dation and total blood antioxidant activity.
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STRES OKSYDACYJNY | OKSYDACYJNA MODYFIKACJA BIALEK
POD WPLYWEM OLOWIU | KADMU U GOtEBI
Z ROZNYCH SRODOWISK POLNOCNEJ POLSKI

Sreszczenie

Celem bada byta analiza ekofizjologiczna postaw rozwoju defkigotbi (Columba livia
f. urbang w réznych srodowiskach pétnocnej Polski. Przebagialy zawarté¢ metali ciz-
kich, poziom proceséw lipoperoksydacji, oksydacyjmmdyfikacji biatek oraz aktywnig
enzyméw antykoksydacyjnych u gbt rozwijajacych s¢ w srodowiskach o rénym stopniu
antropopresji. Krew gebi pochodzacych z miejskiego obszaru charakteryzowaazsviek-
szory zawartdcia kadmu, a obszaréw wiejskich — otowiu. Wyniki nasdzybada sugeruj,
ze zwikszenie poziomu metali gikich 1 (Pb i Cd) we krwi gaibi réznych regionéw pot-
nocnej Polski prowadzi do intensyfikacji procesdpoperoksydacji, oksydacyjnej modyfi-
kacji biatek i zaley od stopnia zanieczyszczeni@mdowiska. Statystyczna analiza (ANOVA
i GLM) wykazatla,ze lokalizacja kolonii (miejskie albo wiejskie obsgawptywa na zmiany
parametréw funkcjonowania systemu pro- i antyutlaid, modyfikuje mechanizmy obrony
antyoksydacyjnej — catkowitzdolng¢ antyoksydacyja.



