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Abstract

Zinc is an essential element for maintaining proper functions of animal bodies. It is
a component of many hormones and enzymes and a participant in the metabolism of car-
bohydrates or the synthesis of nucleic acids and proteins. Animal tissues typically contain
10-200 mg of zinc kgl. Most of this amount (98%) can be found inside the cells. Zinc
toxicity is associated mainly with the secondary copper deficit. The aim of the present in-
vestigation has been to assess zinc contamination of the environment with coats of dome-
stic and feral cats being the indicator. Urban feral cats are synantrophic animals, living in
an urbanized environment and scavenging on human food waste. Thus, they can be tre-
ated as a bioindicator of the presence of certain elements in the environment. Analyses of
the zinc content in cats’ hair have been performed to check whether the zinc level is con-
nected with cats’ coat colour, living conditions and gender. The coat samples were collected
from the middle abdominal region. Then they were degreased and mineralized in a micro-
wave apparatus, in concentrated nitric acid under increased pressure. The zinc content
was determined by the ICP-OES method. The mean zinc content in the investigated coat
samples was 238.9 mg kgl. The lowest zinc content was observed in white hair and the
highest — in tortoiseshell hair. The results have confirmed that the content of zinc depends
on the hair saturation with melanin. Statistical analysis has shown significant differences
between the group of female cats living in the wild (268.09 mg kg=1) and the group of
breeding female cats (214.49 mg kg1) at p=0.05. A higher zinc content was observed in
the group of older cats. The mean values did not differ from mean values of the zinc
content in the coat and hair of other mammals. Considering the living conditions of the
animals, the highest zinc content was noted in the group of animals living in the wild
(feral ones).
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ZAWARTOEE CYNKU W SIERECI KOTOW DOMOWYCH
I WOLNO " YJ¥CYCH (FELIS CATUS)

Abstrakt

Cynk jest pierwiastkiem niezbédnym do prawid3owego funkcjonowania organizméw
zwierz1t. Stanowi sk3adnik wielu hormonéw i enzyméw, a takie bierze udzia® w metaboli-
zmie wéglowodanéw, syntezie kwasoéw nukleinowych oraz bia3ek. Jego zawartoez w tkan-
kach zwierzit wynosi od 10 do 200 mg kg1, przy czym 98% znajduje sié w przestrzeniach
wewn1trzkomdérkowych. Dzia3anie toksyczne tego pierwiastka jest zwilzane giéwnie z wtér-
nymi niedoborami miedzi. Celem badafi by%o ugycie siereci kota jako indykatora skaienia
erodowiska cynkiem z wykorzystaniem okrywy w3osowej kotéw domowych oraz zdziczalych
kotéw miejskich. Koty zdzicza’e jako zwierzéta synantropijne bytujlce w zurbanizowanym
otoczeniu miejskim ¢ywit sié gidwnie odpadkami pokonsumpcyjnymi cz3owieka, dlatego
mog? byz traktowane jako bioindykator zwartoeci wybranych pierwiastkéw w erodowisku.
Analizy zawartoeci cynku przeprowadzono z uwzglédnieniem wp3ywu czynnikéw, takich jak:
zabarwienie w3osa, warunki bytowania oraz plez zwierzlt. Préby siereci pobrano z okolicy
erédbrzusza. Poddano je odt3uszczaniu i mineralizacji w aparacie mikrofalowym z dodat-
kiem sté;onego kwasu azotowego pod cienieniem. Zawartoez cynku w badanym materiale
okreelono metod® ICP-OES. Erednia zawartoez cynku w siereci kotéw by3a na poziomie
238.9 mg kgl. Najnicszt wartoez stwierdzono w siereci koloru biasego, najwygszl zae
w okrywie wi3osowej zwierzlt o umaszczeniu szylkretowym. Uzyskane wyniki potwierdzidy
zale,noee miédzy zawartoecit cynku we w3osie a jego wysyceniem melanint. Odnotowano
istotne statystycznie ré;nice p=0.05 miédzy grup® samic wolno ¢yjicych (268.09 mg kg1)
oraz samic domowych (214.49 mg kg™1). Wy;sz1 zawartozz cynku stwierdzono w siercci
pozyskanej od zwierz1t starszych. Erednia zawartoez cynku w siereci kotéw nie rd;ni%a sié
od wartoeci odnotowanych u innych gatunkéw ssakéw. Uwzglédniajic warunki bytowania
zwierz1t, wy;sze wartoeci zaobserwowano w grupie kotdw wolno ¢yjicych.

S3owa kluczowe: cynk, sierez, koty wolno ¢yjice, koty domowe.

INTRODUCTION

Zinc is an essential element for maintaining proper functions of animal
bodies. It is a component of many hormones and enzymes and a participant
in the metabolism of carbohydrates or the synthesis of nucleic acids and
proteins. Zinc stimulates the formation and mineralization of bones. Zinc is
necessary for the synthesis of collagen and activity of alkaline phosphatase
(KirscH et al. 2000, ZHanG et al. 2003, PaLacios 2006). On the other hand,
zinc inhibits the activity of osteoclasts, which reabsorb the osseous tissue
(La1, YamacucHl 2005). Zinc is stored in the liver, kidneys, pancreas, heart
and hair. Bodies of older animals contain more zinc than those of newborns
and the content of zinc in an animal's organism mainly depends on its
amount in the feed (Saburski 1984). Zinc deficiency may lead to the growth
inhibition and disorders in sexual development (hypogonadism). Animals suf-
fering from zinc shortage have decreased glucose tolerance, which causes
infections, hair loss and improper growth of hair, wool or bird feathers. Zinc
toxicity is associated mainly with the secondary copper deficit but zinc shows
a relatively low toxicity to animals (PASTERNAK, MAJDANIK 1999).
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Zinc may prevent carcinogenesis by inhibiting the formation of free rad-
icals as a SOD (superoxide dismuthase) cofactor. However, its toxicity can
result in harmful health effects (aL-EBracHEEM et al. 2009). It has been con-
cluded from animal studies that Zn plays an important role in the mecha-
nism of Cd carcinogenesis. The exact mechanism by which Zn modifies this
process has not been fully elucidated. It is known that Zn may participate
in many stages of the carcinogenesis including the growth of cells, inactiva-
tion of reactive free radicals and the repair of DNA (Brzoska, MoNiuszko-
-JAKONIUK 2001).

A feline population living in towns could be divided into several catego-
ries: (a) cats living exclusively in human houses, totally depending on peo-
ple’s care, whose impact on the state of sanitary environment is only slight;
(b) stray and feral animals living close to human houses. These animals use
human food resources either indirectly (waste) or directly (intentional extra
feeding); (c) domestic cats which are let out; an intermediate group between
animals from groups (a) and (b) (NaTtoL1 1994, GUNTHER, TERKEL 2002).

The skeleton, coat and blood serum are considered to be the zinc index
tissues in the organism (Bopkowski et al. 2006, Unkiewicz-WiNiArczyk et al.
2009). Hair is good material for investigating the state of supply of mineral
components, especially microelements, in the organism because their con-
tent in hair is usually higher than in blood. It is also useful for determina-
tion of the status of trace elements in the organism, especially intra vitam
(Rapomska et al. 1991, Anke et al. 1994, Bobkowski et al. 2006). In recent
years, the human hair trace element content has become a subject of toxi-
cological, ecological, hygienic and clinical research (Dietz et al. 2001, RasHED,
SoLtan 2005). Animal coat is a better indicator of environmental pollution
than human hair because of its exposure to the soil contamination through
the trophic chain (Smorianinow, AsHurBekov 1974). Until now, hair samples
from domesticated and wild species such as cattle, horse, goat, sheep, cam-
el, European bison, moose, brown bear, wild boar, squirrel and seal have
been used as a bioindicator of metal pollution (Mepvepbev 1999, Liu 2003,
IkemoTo et al. 2004, RasHeD, SoLtan 2005, Hawkins, RaGNARSDOTTIR 2009, Skis-
NIEwskI et al. 2010).

The aim of the present study has been to determine the zinc content in
cats’ coat, depending on their living conditions, gender and hair colour.

MATERIAL AND METHODS

The investigation material (n=40) comprised cats kept at home (10 fe-
males and 10 males) and living in the wild (10 females and 10 males). The
free living animals were caught alive in Ursynéw, an area of Warsaw, as
part of the effort to limit the population of stray and feral cats. They were
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all typical European cats. Having been caught into special traps, the ani-
mals were subjected to surgical spaying. The group of domestic cats consist-
ed of animals of documented origin. On the basis of clinical examination,
a group of twenty males and twenty females which did not show any patho-
logical signs was selected. The males were subjected to the procedure of
orchiectomy and the females underwent ovariohysterectomy. The age of the
homeless animals was determined on the basis of dentition. Coat samples,
which were the indicators of zinc contamination of the organisms, were col-
lected from the middle abdominal area. Topographically this area consisted
of two regions: regio umbilicalis and regio abdominis lateralis, and the coat
samples were collected from both of these regions. The samples were de-
greased in 70% ethanol in a Soxlete apparatus, washed in hot distilled wa-
ter, rinsed in redistilled water and then transferred into Teflon containers.
Next, they were mineralized in concentrated nitric acid under pressure in
a microwave apparatus. The zinc content in the cats’ hair was determined
using the method of emission atomic spectrometry with inductively coupled
plasma optical emission spectrometry (ICP-OES) in an accredited laboratory,
standardizing the results with reference samples. The results were proc-
essed statistically with the programme Statistica™.

RESULTS

The results of the zinc content in the cats’ coat depending on their
living conditions and gender are presented in Table 1. The average zinc
content in the analyzed coat samples reached 238.9 mg kg~ of air dried
hair. In the group of free living cats (feral ones), the mean zinc content was
at the level of 250.52 mg kg1 of air dried hair, and in the group of domes-
tic (breeding) cats, it equalled 227.28 mg kg~1. The statistical test showed
significant differences between the group of free living female cats (268.09 mg
kg™1) and the group of breeding female cats (214.49 mg kg™1) at p=0.05. The
content of zinc in hair depending on the cats’ age is presented in Table 2.
Although a higher zinc content was observed in the group of older cats
(242.14 mg kg™1), the age of cats did not affect the hair level of zinc in
a statistically significant way.

In addition, analyses of the zinc content in the cats’ coat depending on
the colour were performed, assuming that the colour depends on the hair
saturation with melanin, thus testing whether zinc is melanin-dependent.
The results are presented in Table 3. The lowest zinc content was found in
white hair, higher in red and then in black hair; yet higher zinc levels were
determined in the feral cats’ hair, i.e. in brownish grey, and the highest —
in tortoiseshell hair. The results confirmed that the content of zinc depends
on the hair saturation with melanin.
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Table 1
Zinc content in the cats' hair depending on gender and living conditions
(mg kg of air dried hair)
o Living conditions Females Males Total
Statistical number
free livin, . | free livin . | free livin, .
arameters g g g .
p (feral) domestic (feral) domestic (feral) domestic| of animals
n 20 20 10 10 10 10 40
Arithmetic 25052 | 227.28 | 268.09% | 214.49%* | 23295 | 240.07 | 238.90
mean
Standard 61.16 25.89 78.00 19.59 3357 | 2584 | 47.83
deviation
Lower
quartile 216.10 208.10 228.16 203.00 214.00 231.00 209.00
(25%)
Median 232.50 226.48 240.36 208.10 229.50 238.90 230.50
Upper
quartile 265.00 240.74 276.00 221.96 262.40 243.60 249.41
(75%)
*significant differences at P< 0.05
Table 2

Zinc content in the cats' hair depending on age (mg kg~! of air dried hair)

Statistical parameters

Cats up to 2 years

Cats over 2 years

n 11 29
Arithmetic mean 230.36 242.14
Standard deviation 33.35 52.44
Lower quartile (25%) 203.00 209.00
Median 215.00 232.61
Upper quartile (75%) 257.00 248.10
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Table 3

Zinc content in the cats' hair depending on the hair colour (mg kg! of air dried hair)

Statistical parameters White Red Black Br;\llr;ish Tortoiseshell
n 8 4 12 7 9
Arithmetic mean 219.05 233.84 235.90 245.35 257.76
Standard deviation 14.75 33.09 32.80 28.50 87.22
Lower quartile (25%) 208.10 213.40 211.00 215.00 208.98
Median 213.50 240.17 233.90 248.10 228.16
Upper quartile (75%) 231.80 254.24 252.60 262.40 250.71

DISCUSSION

The values detected in our study do not differ from the mean zinc con-
tent in the coat and hair of other mammals (Anke et al. 1994, Czapska et al.
1999, House 1999, CHyLA, Zyrnickl 2000). Saburski (1984) reports that the
mean zinc content in animal hair was within 40-480 mg kg1, which agrees
with the values obtained in our own investigations. Our results demonstrate
that free living cats have a higher zinc content in their coats, which sug-
gests that they consumed feed with a higher content of this element. Urban
feral cats are synanthropic animals, whose staple food is human food waste.

The highest zinc content was noted in the group of free living females
(268.09 mg kg™1). Similar results were obtained by other authors (Deeming,
WEBER 1978, Czapska et al. 1999, Unkiewicz-WiNIARczyk et al. 2009). A higher
zinc level in women’s hair of was observed by Deeming and WEeBer (1978).
Statistical analysis revealed a significant difference in the zinc content be-
tween women’s (208 mg kg™1) and men’s hair (176 mg kg™1). While investi-
gating the zinc content in human hair, Unkiewicz-Winiarczyk et al. (2009)
also observed a generally higher content of this element in women as com-
pared to men. In a group of women aged 20-30 years, the zinc content was
at the level of 272.75 mg kg1, while in an older group, aged 50-60 years,
the content of this element was lower, namely 229.6 mg kg~1. Among men,
the zinc level was distinctly lower in younger men (203 mg kg™1) and higher
in older ones (251.75 mg kg™1). The results obtained in our investigation
concerning the zinc content coincide with the results reported by Unkiewicz-
Winiarczyk et al. (2009), except the zinc content in hair obtained from young
men, where a lower zinc content was observed than in our study.

A higher level of zinc in women’s hair was also observed by other au-
thors (Eukasiak et al. 1998, Czarska et al. 1999). A study on the zinc content
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in the coat of European bison (KoeLa et al. 2004) showed a reverse depend-
ence, i.e. a lower amount of this element in females (181.5 mg kg™1) than
in males (199.5 mg kg™1).

CONCLUSIONS

The following conclusions could be drawn on the basis of the performed
analyses:

1. The observed mean values of zinc in the analyzed samples of cats’
hair do not differ from the zinc content in the coat or hair of other mam-
mals.

2. Considering the living conditions of the cats, the highest zinc content
was found in the group of free living animals (feral ones).
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