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ABSTRACT

A new species of the genus Echinochasmushas been
described from the small intestine of the black kite (Mil-
vus m.migrans) collected from Swabi, Khyber Pakh-
tunkhwa, Pakistan and identified as E. swabiensis n. sp.
The new species is different from its congeners in its
body size; it has 22 collar spines which includes two cor-
ner spines on one side, four on the other side and eight
marginal plus ventral spines on each side. There areteg-
umental-scale like spines interspersed on the anterior
margin of the ventral sucker with a smaller, terminal
oral sucker. The pharynx is nearly twice as large as the

oral sucker, while the ventral sucker is nearly six times as

large as the oral sucker. The suckers’ width ratio is 1:4.7
to 1:5.6. The vitelline follicles are compact and denser at
the lateral sides masking the caeca. This species has been
added to the record of trematodes circulating among

avian species, especially in the study area.

Key words: Digenea; Echinochasmus swabiensis;

fluke; Milvus migrans; Pakistan; Swabi

INTRODUCTION

The family Echinostomatidae is the largest family of

parasitic trematodes, parasitizing birds and mammals in-



cluding man [2, 5, 12, 15, 19, 21, 22, 23]. They are charac-
terized by having a head collar with spines and their cer-
caria encyst in invertebrates like mollusks, insect larvae,
freshwater snails, crustaceans, and the gills of tadpoles
and fishes [6, 9, 18, 24, 25]. Echinochasminae is one of ten
subfamilies of the family Echinostomatidae distinguished
by having a well-developed head collar with interrupted
spines arranged in either a single row or sometimes in
a double row [4, 21, 25].

The genus Echinochasmus Dietz, 1909, is characterized
by a well-developed head collar bearing 20—24 or 30—
34 spines with the teguments covered by scale like spines,
long pre-pharynx, large pharynx, dextral ovary, vitelline
field confluent in post-testicular region, a cirrus pouch lying
anterior to the ventral sucker or overlapping it, and a uterus
which is short with few large eggs when gravid [11, 25].

Species of the genus Echinochasmus Dietz, 1909 are
cosmopolitan in distribution and parasitize birds and
mammals [11, 12, 17, 21, 25]. Different authors have re-
ported different species of the genus Echinochasmus from
various avian hosts [10, 13, 16, 20]. Different reports also
exist in Pakistan [1, 3, 7, 8, 23]. This study is aimed at inves-
tigating the presence of flukes in the small intestine of the
black kite and describes their morphological characteriza-
tion. This study is the latest addition to the genus Echino-

chasmus recovered from the black kite.

MATERIALS AND METHODS

Twelve apparently healthy, adult Black kites (Milvus
m. migrans, Boddaert) were trapped alive (July 2012 to
March 2014) from various localities of Swabi (34°7°48" N
and 72°2811"E), Khyber Pakhtunkhwa, Pakistan and
brought to the laboratory of parasitology at Hazara Uni-
versity, Mansehra, Pakistan. These birds were anesthetized
and necropsied for the presence of trematode parasites.
The entire digestive system with other visceral organs in-
cluding lungs, liver and heart were removed and placed in
separate petri-dishes containing physiological saline. These
organs were examined with the aid of a dissection micro-
scope. Four specimens were found in the contents of the
intestine of a single bird. The flukes were removed, placed
in saline solution until dead and then fixed in AFA solution
(70% ethanol, 92 ml; formaldehyde, 6 ml; and acetic acid,

2ml) under tolerable pressure of glass slides. They were

then stained in Mayer’s carmalum, dehydrated in gradu-
ated series of ethanol (70—100 %), clarified in xylene and
mounted permanently in Canada balsam for further study.
Line drawings were prepared with the aid of a drawing tube
and photomicrographs were taken by using an Olympus
DP12 camera. All measurements were given in millime-
tres. By using trematodes identification keys and the avail-
able literature [11, 12, 22, 25] the recovered specimens were
placed in the genus Echinochasmus Dietz, 1909. Holotype
specimens were deposited in the Laboratory of Parasitol-

ogy, at Hazara University, Mansehra, Pakistan.

RESULTS
Table 1. Taxonomic summary
Subfamily Echinochasminae (Odhner, 1910)
Species Echinochasmus swabiensis n.sp
Host Black kite (Milvus m. migrans, Boddaert)

Site of specimen Small intestine

collection

Locality type Yar Hussain, Swabi

Number of specimen 4 from a single host, 12 samples examined

Frequency 8.33%
of appearance
Accession number HUPE-1

The morphology of Echinochasmus swabiensis n. sp. was
based on four specimens of these trematodes. The more
clear permanently mounted slides were used for the mor-
phological studies. The head end of these specimens pre-
sented the characteristic features of the genus Echinochas-
mus Dietz, 1909, with a small, triangular mouth opening
and reniform head collar bearing 22 large spines in a single
dorsally interrupted row (Figs. 1b and 1d).

The worms were small, thin, elongated, with a gradu-
ally tapering anterior end and somewhat broadly rounded
posterior end. The total body length was 2.85—2.95mm
with a maximum width of 0.525—0.575 mm, at the region
of acetabulum or its posterior border (Fig. 2a). The anterior
body was 0.95—0.1 mm long while the posterior body was
1.9—1.95 mm long, so that the anterior body and posterior
body length ratio was 1:2. The tegument was covered by
scale like spines, interspersed only up to the region of the

ventral sucker.



The oral sucker was terminal, slightly protruding
and much smaller than the pharynx (Fig. 2a), measured
0.058—0.063 x0.075—0.08 mm in size; nearly half of the
size of the pharynx (Fig 2a). The head collar was 0.13—
0.20x0.29—0.3 mm in size, bearing 2 corner spines on one
side, while 4 on the other side with 8 marginal plus ventral
spines on each side; so that one side consisted of 12 spines,
while the other had 10 spines (Fig. 2b). The collar spines
were 0.047—0.06x0.018—0.022mm in size. The corner
spines were smaller, 0.028—0.03 x0.013—0.02 mm in size,
while the marginal and ventral spines were 0.04—0.075 x
0.02—0.023mm and 0.073—0.075x0.022—0.023 mm in
size, respectively (Fig. 2d).

The pre-pharynx was present but varied in length from
0.05 to 0.063mm, due to the contraction of the neck of the
flukes (Fig. 2a). The pharynx was nearly twice as large as

the oral sucker (Fig. 2a), globular to nearly oval, measured
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0.13—0.134x0.13—0.15mm in size, followed by 0.33 to
0.5mm long esophagus which was divided into two intesti-
nal caeca at a distance of 0.45—0.59 mm from the anterior
end of the body. The intestinal bifurcation occurred a short
distance ahead of the ventral sucker and the intestinal caeca
were masked by the lateral fields of the vitellaria (Fig. 2c).
The ventral sucker was six times larger in length than the
oral sucker, rounded to oval with well-developed muscular
walls, 0.35—0.38 X 0.35—0.45mm in size and was situated
in the second quarter of the body at a distance of 0.65 to
0.83mm from the anterior end of the body. The width of
the suckers had a ratio of 1:4.7 to 1:5.6.

The two testes were with entire margins, post-equato-
rial, median, lying one behind the other, contiguous and
separated by a smaller gap and were sub-equal in size. The
anterior testis was transversely elongated, somewhat rect-

angular, 0.11—0.25 x 0.26—0.35 mm in size and was situat-
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Fig. 1. Photomicrographs of Echinochasmus swabiensis n. sp.
and (c) — entire specimens; (b) and (d) — head collars; (e) — eggs



mm

Fig. 2. Diagrams of Echinochasmus swabiensis n. sp.
and (c) — whole specimens; (b) and (d) — head collars;(e) — eggs

ed at a distance of 0.6 to 0.65 mm from the posterior border
of the ventral sucker (Fig. 2a and 2c). The posterior testis
was longer than wide, quadrilateral or nearly triangular
with tapered posterior end and measured 0.325—0.372 x
0.3—0.322mm in size. The distance between the posterior
border of the posterior testis and the posterior end of the
body was 0.47 to 0.575 mm. The vasa efferentia were incon-
spicuous. The cirrus pouch was small, nearly oval, 0.15—
0.164x0.1—0.13mm in size and was situated between the
intestinal bifurcation and ventral sucker or overlapping the
anterior border of the ventral sucker. The cirrus was incon-
spicuous and the genital pore laid between the intestinal
bifurcation and the ventral sucker (Fig. 2c).

The ovary was rounded to oval in shape, equatorial or
post-equatorial and laid slightly at one side of the body;
0.28 to 0.3 mm away from the posterior border of the ven-
tral sucker (Fig. 2a). It was much smaller than the testes and
measured 0.145—0.15x0.1—0.125mm in size. The shell
gland was smaller than the ovary, sub-median, situated in

the close proximity of the ovary. The vitelline reservoir with

transverse vitelline ducts was situated posterior to the shell
gland and anterior to the anterior testis. The vitellaria con-
sisted of small follicles which were compact and denser at
the lateral sides, masking the caeca. The vitelline folds com-
mencing from about the mid portion of the ventral sucker
or its posterior border, ran laterally and met freely behind
the posterior testis. The uterus consisted of a few folds con-
taining few, yellowish, large eggs, 0.058—0.078 x 0.046—
0.06 mm in size (Fig. 1a and 2a). The excretory bladder had
a chamber like appearance and opened into the terminal or

sub-terminal excretory pore (Fig. 2c).

DISCUSSION

The genus Echinochasmus was proposed by Dietz, 1909
with the type species E. coaxatus, in Europe, Central Asia,
Siberia [25, 11].

Our studied species is larger in size (2.85—2.95x
0.525—0.575) than E.liliputanus (Looss, 1896) Odh-



ner, 1910 (0.5—0.8x0.2), E.japonicas Tanabe, 1926
(0.6—0.9%0.16—0.18),
1958 (0.702—0.936 x 0.28—0.34), E. milvi Yamaguti, 1939
(0.7—1.2x0.27—0.32), E.zubedakhaname Nasir, Di-
etz, 1968 (0.850—1.675x0.225—0.555), E.donaldsoni
Beaver, 1941 (0.88—1.84x0.256—0.32), E.dietzevi Is-
saitschikoff, 1927 (1.13—1.47x0.39—0.55), E.bagu-
lai Verma, 1935 (1.0—1.75x0.25—0.5), E.megavitel-
lus Lal, 1939 (1.05x0.45), E. haliasturis Odening, 1962
(1.1—1.9x0.8—0.9), E. vindhianae Vasudev, 1973 (1.82—
1.92 x0.38—0.45), E. spinosus (Odhner, 1910) Skrjabin,
Bashkirova, 1956 (2.02—2.25x 0.4—0.5), E. coaxatus Di-
etz, 1909 (2.13—2.56 x 0.65—0.81) and E. spinulosus Ru-
dolphi, 1809 (1.09—2.7 x 0.41—0.43). It is however smaller
in size than E. euryporus Looss, 1896 (3—4x0.85), E. no-
valichesensis Tubangui, 1932 (2.32—3.25x0.48—0.75),
E. botauri Baer, 1923 (3.25x0.65), E. amphiboles Kotlan,
1922 (4.16—5.16 x0.765), E.tobi (6.5—7.5x1.1—1.3),
E. fanielicus (Odhner, 1910), Prudhoe, 1944 (8.65x1.55)
and E. antigonus Gupta, 1955 (11.75—12.92x 1.2—1.43).

Our studied species is also bigger in size than the spe-

E. microacetabulum  Leonov,

cies recovered from other avian hosts in Pakistan. These
species include E. jamshorensi (0.432 x 0.124), E. mohiuddi-
ni (0.780—1.613x0.215—0.416), E. passeri (0.725x0.285)
and E.mazharuddini (0.81—0.88x0.39—0.42) described
by [3, 7, 8] and [23], respectively.

Using the number of spines as morphological char-
acteristics, our studied species has a resemblance with
E. cohensi Rao, 1951, E.euryporus, E. gorsakii, 1939, E. mi-
croacetabulum, E.milvi, E.mordax (Looss, 1899), Price,
1931, E.muraschkinzewi Bashkirova, 1941, E.spinosus,
E. spinulosus, E.vindhianae, in having 22 spines; while it
differs from E.accipiteri Bhutta, Khan, 1975, E.japoni-
cus, E. botauri, E. beleocephalus, E. bagulai, E. novalichesen-
sis, E.megavitellus, E.oligolecithosus Mendheim, 1940,
E.tobi, E. militaris Leonov, 1958, E.liliputanus, E.coaxa-
tus, E. famelicus (Odhner, 1910), Prudhoe 1944, E.am-
phibolus, E.ruficapensis, E. perfoliatus Ratz, 1908, E. afri-
canum Stiles, 1901, E.jamshorensi, E.mohiuddini which
has 24 spines; E. zubedakhaname, E. donaldsoni, E. dietzevi
which has 20 spines; E. passeriwith 26 spines; and E. mazha-
ruddini with 28 spines.

The eggs of our specimen under study (58—78 x 46—60
pm or 0.058—0.078 x 0.046—0.06 mm) (Fig. 1e and 2e) are
largerinsize than those of E. zubedakhaname (42—67 x 32—
40) and E. euryporus (67 x42); while they are smaller than

the eggs of E.gorsakii (72—90x 51—57), E. oligolecithosus
(73—83x54—76), E.milvi (78—84x51—57), E.botau-
ri (84—97x46—65), E.colymbi Shigin in Skrjabin,
Bashkirova, 1956 (87x60), E.novalichesensis (95.6—
108 % 58.2—70.7), E. amphiboles (97.2—102.6 x 59.4—67.5),
E.tobi (102—117 x60—72), E. antigonus (104—126 x 57—
68) and E. famelicus (110—120 x 70—80).

Our studied species’ eggs differ from the eggs of E. be-
(73—81x34—43), (67 x40)
and E. spinosus (74—80x40) in width and from the eggs
of E. muraschkinzewi (81—96x43—47), E. cohensi (84—
89x49—52.5) and E.mirus Mendheim, 1940 (92—
100 x 4856) in length.

The type species, E. coaxatus Dietz, 1909, is sub-equal

leocephalus E.vindhianae

to our studied species in the size of the pharynx and ovary,
resembling it in the extension of the vitellaria but differs
in having a maximum width in the region of the testes;
24 larger collar spines (0.0768—0.0816x0.019—0.0216)
with 3 corner spines and 9 marginal spines on each side;
cuticle spines scattered up to the posterior level of the ac-
etabulum; oral sucker two times as large as the oral sucker
of our studied species; smaller ventral sucker; longer pre-
pharynx and esophagus; larger testes lie mid-way between
the ventral sucker and rear end of the body. Moreover, the
ratio in size of the oral sucker to the acetabulum is about
1:2.6 in E. coaxatus and 1:4.7 to 1:5.6 in our studied species.

E.mordax (Looss, 1899), Price, 1931 resembles this
new species in the number of spines; size of oral sucker
and eggs, and extension of the vitellaria; but differs in body
shape and arrangement of the collar spines (2 corner and
9 marginal spines on each side); having a smaller body with
a maximum width at the level of the cirrus sac; smaller
pharynx and ventral sucker; tegument spines distributed
up to the level of the posterior testis but very dense in be-
tween the ventral sucker and head; smaller and globular
testes; cirrus sac oval extending dorsally from the intestinal
fork to 2/3 of the length of the acetabulum; the size of the
ventral sucker is nearly equal to the size of the pharynx of
the present studied species.

E.bagulai Verma, 1935, differs in having a smaller
body with a maximum width at about the middle of the
testes; 24 collar spines with 4 corner spines and 8 marginal
spines on each side; the spines on the cuticle extend to the
posterior end of the body; the pharynx has the same mean
diameter as the oral sucker; the acetabulum is three times

as large as the oral sucker and situated at the commence-



ment of the middle third of the body. The oral sucker is
larger, while the pharynx and acetabulum are smaller and
have 9 to 15 numbers of eggs.

E.vindhianae Asudev, 1973 collected from an Indian
Tawny eagle, Aquila rapaxvindhiana is similar in having
22 collar spines; maximum width at the level of the acetab-
ulum; caeca are masked by the vitelline follicles and the vi-
telline fields extending anteriorly up to the mid-level of the
acetabulum but differs in having 3 corner spines and 8 mar-
ginal spines on each side of the head collar; the oral sucker
and pharynx are sub-equal in diameter; shorter esophagus;
intestinal fork occurs at a distance of 0.37—0.44 mm from
the anterior end of the body; suckers width a ratio of 1:4.2;
and the testes are oval in shape and situated in the middle
of the body.

E. novalichesensis Tubangui, 1932, collected from the
small intestine of Hyptaenidiatorquata in Novaliches,
Rizal, Luzon, differs in having somewhat larger body with
a maximum width across the anterior testis; larger head
collar bearing 24 spines with 3 corner spines and 9 margin-
al spines on each side; tegumental spines distributed up to
the level of the anterior testis; suckers width a ratio of 1:2.7;
much smaller pharynx; oval and elongated cirrus pouch;
ovary equatorial or pre-equatorial; shell gland median and
larger than ovary.

E. spinulosus Rudolphi, 1809, syn. Monilifer spinulo-
sus Diets, 1910, differs in having a smaller body; 2 cor-
ner spines and 9 marginal spines on each side of the head
collar; much smaller pharynx (sub-equal to the size of oral
sucker); much smaller ventral sucker; suckers with a width
ratio of 1:2.8 to 1:3.2; vitelline fields commencing from
the level of the testes and vitelline ducts arise from the an-
terior end of the vitelline fields; ovary smaller in size and
situated just before the anterior testis. Differences are also
found in the shape of the testes.

E.macrocaudatus Ditrich et al., 1996, differs in hav-
ing a smaller body; tegumental spines covered 2/3 of the
dorsal surface and ventral surface of the body; smaller col-
lar spines, varies in number, 22 (11+11), 23 (11+12), 24
(12+12); larger, sub-terminal oral sucker; a smaller ventral
sucker; smaller pharynx; suckers width a ratio of 1:1.68;
ventral sucker situated at about 2/5 of the body length; pre-
pharynx short or absent; cirrus sac elongated and antero-
dorsal to the acetabulum with a large seminal vesicle.

Our studied species is closely related with E. schwartzi

Price, 1931, in general body shape, extension of the vitel-

10

laria and position of ventral sucker and gonads, but differs
in having a smaller body with a maximum width at the re-
gion of the anterior testis; smaller (0.037—0.051 x0.011—
0.015) 22 collar spines (2 corner and 9 marginal on each
side), tegumental spines covered the body up to the poste-
rior margin of the posterior testis; sub-terminal, larger oral
sucker; cirrus sac piriform, extending to the posterior bor-
der of the ventral sucker and smaller ovary. The size ratio
of the oral sucker to acetabulum is about 1:2 in E. schwartzi
and 1:4.7 to 1:5.6 in our species.

E. zubedakhaname Nasir, Diaz, 1968, reported by
Argumedo, Macedo [14] in 1991 differs in having
a smaller body with a maximum width at the level of the
testes; tegumental spines covered the body up to the pos-
terior margin of the posterior testis; head collar consists
of 20 smaller spines, with 3 corner spines and 7 marginal
spines on each side; larger oral sucker, longer esophagus
and smaller pharynx; smaller, equatorial ventral sucker;
suckers width a ratio of 1:1.9 to 1:2.5; cirrus sac elongated
and situated lateral to the anterior margins of the acetabu-
lum; ovary larger, postero-lateral to the acetabulum; vitel-
line fields extra-caecal and exceeds the anterior margin of
acetabulum.

Our specimen also differs from the species reported
from Pakistan in size and shape of the body; number and
arrangement of collar spines; distribution of vitellaria; size,
shape and position of gonads and other organs.

E. mohiuddini 7] differs in size and shape of the body;
number and arrangement of collar spines; size and position
of the pharynx; shape, size and position of cirrus sac and
shape and size of the testes. E. passeri [8] differs in general
body shape; number and arrangement of collar spines; size
of oral sucker, pharynx and ventral sucker; sucker width
the ratio (1:2.06); length of pre-pharynx and esophagus;
shape, size and position of gonads; extension and distribu-
tion of vitellaria. E. mazharuddini [23] differs in having
a smaller body with maximum width at the level of the
testes; a smaller head collar bearing 28 spines including
4 corner spines; longer pre-pharynx; smaller ventral sucker
(twice as large as the oral sucker); larger cirrus sac; larger,
pear-shaped ovary, overlapped with the acetabulum and
anterior testis; smaller testes; extension and distribution of
the vitellaira. Moreover, the post-testicular space is 0.122—
0.139mm long in E. mazharuddini while 0.47 to 0.575mm
long in our species. E. jamshorensi [3] differs in having

a smaller body; smaller head collar bearing 24 spines; larger



oral sucker; smaller pharynx; much smaller ventral sucker;
smaller cirrus sac; smaller gonads and longer post-testicu-

lar space.

CONCLUSIONS

The variations in our studied specimens from the pre-
viously described species of the genus Echinochasmus,
strengthen the statement that the specimens discovered
in our investigation are new to science. This also calls for
more research into this particular family especially in the
area of its systematics and epidemiology. The new species is
named as Echinochasmus swabiensis.

Etymology: Name of new species refers to the locality
of the host.

“Nomenclatural acts”: This work and the nomenclatur-
al acts it contains have been registered in the Zoo Bank. The
Zoo Bank Life Science Identifier (LSID) for this publication
is:LSIDurn:lsid:zoobank.org:pub:7F675C67-1A8B-4CC3-
B143-653CD3EDD107.

REFERENCES

1. Bhutta, M. S, Khan, D., 1975: Digenetic trematodes of verte-
brates from Pakistan. Bull. Dept. Zool. Univ. Punjab, 8, 1—175.

2. Chai, J.Y,, Lee, S.H., 2002: Food borne intestinal trematode
infections in the republic of Korea. Parasitol. Int., 51, 129—154.

3. Channa, M. A,, Khan, M. M., Shaikh, A. A., Dharejo, A.M.,
2009: Echinochasmu sjamshorensi, new species (Tremato-
da: Echinostomatidae) from Pond Heron, Ardeolagrayii
(Aves: Ardeidae) of Jamshoro, Sindh, Pakistan. Proc. Parasi-
tol., 48, 151—158.

4. Choi, S., Lee, D., Park, H., Oh, M., Jeon, H. K., Lee, Y., Eom,
K. S., 2014: Three Echinostome species from wild birds in the
Republic of Korea. Korean J. Parasitol., 52, 513—520.

5. Choi, M. H., Kim, S.H., Chung, ]. H., Jang, H.Y,, Joon, H.E.,
Chung, B.S., 2006: Morphological observations of Echino-
chasmus japonicas cercariae and the in vitro maintenance of
its life cycle from cercariae to adults. J. Parasitol., 92, 236—241.

6. Detwiler, J.T., Zajac, A. M., Minchella, D.]., Belden, L.K.,
2012: Revealing cryptic parasite diversity in a definitive host:
echinostomes in muskrats. J. Parasitol., 98, 1148—1155.

7. Dharejo, A.M., Bilqees, F. M., Khan, M. M., 2007: Echino-

chasmus mohiuddini, new species (Trematoda: Echinosto-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

matidae) from Paddy Bird Ardeolagrayii (Ardeidae) of Hy-
derabad, Sindh, Pakistan. Proc. Parasitol., 39, 285—288.

. Dharejo, A.M., Birmani, N.A., Khan, M.M., 2010: Echi-

nochsmus passeri, new species (Digenea: Echinostomati-
dae) from gallbladder of House Sparrow, Passer domesticus
(Aves: Passeridae) of Hyderabad, Sindh, Pakistan. Proc.
Parasitol., 50, 139—145.

. Dimitrov, V., Kaney, 1., Bezprozvanich, V., Radev, V., 1998:

Argentophilic structures of the miracidium of Echinochas-
mus perfoliatus (Trematoda: Echinosmatidae). Parasite, 5,
185—188.

Faltynkova, A., Gibson, D.I., Kostadinova, A., 2008: A revi-
sion of Petasiger Dietz, 1909 (Digenea: Echinostomatidae)
and a key to its species. Syst. Parasitol., 71, 1—40.

Gibson, D.I., Jones, A., Bray, R. A., 2005: Keys to the Trema-
toda, Vol. 2., CABI Publishing and the Natural History Mu-
seum, Wallingford and London, UK, 745 pp.

Kostadinova, A., Jones, A., 2005: Superfamily Echinosto-
matoidea. In Jones, A., Bray, R. A., Gibson, D.1.: Keys to the
Trematoda, Vol. 2., CABI Publishing and the Natural History
Museum, Wallingford and London, UK, 5—8.

Kudlai, O., Kostadinova., A, Pulis, E. E., Tkach, V. V., 2015:
A new species of Drepanocephalus Dietz, 1909 (Digenea:
Echinostomatidae) from the Double-crested Cormo-
rant Phalacrocoraxauritus (Lesson) (Aves: Phalacrocoraci-
dae) in North America. Syst. Parasitol., 90, 221—230.
Argumedo, R.L., Macedo, L. A., 1991: Trematodos de aves
1V. Estudio de Echinochasmus zubeddakhanamae (Trematoda:
Echinostomatidae) recuperados experimentalmente. An-
nales Inst. Biol. Univ. Nac. Auton. Mex. Ser. Zool., 62, 11—14.
Leles, D., Cascardo, P., dos Santos Freire, A., Maldonado,
A, Sianto, L., Araujo, A., 2014: Insights about echinostomia-
sis by paleomolecular diagnosis. Parasitol. Int., 63, 646—649.
Overstreet, R.M., Cook, J.O., Heard, R.W., 2009: Trema-
toda (platyhelminthes) of the Gulf of Mexico. In Felder, D.L.,
Camp, D.K.: Gulf of Mexico-Origins, Waters and Biota Bio-
diversity. Texas A and M University Press, College station,
Texas, 419—486.

Platt, T.R., 2006: First report of Echinochasmus sp. from the
snapping turtle (Chelydraserpentina L.) from Reelfoot Lake,
Tennessee, USA. Comp. Parasitol., 73, 161 —164.

Scholz, T., Ditrich, O., Vargas-Vazquez, J., 1996: Echino-
chasmus leopoldinae n. sp. (Trematoda: Echinostomatidae)
and data on its life-cycle. Syst. Parasitol., 33, 157—165.

Seo, B.S,, Lee, S. H., Chai, J. Y., Hong, S.J., 1985: Studies on

intestinal trematodes in Korea XX. Four cases of natural hu-

11



20.

21.

22.

12

man infection by Echinochasmus japonicus. Korean J. Parasi-
tol., 23, 214—220.

Supelveda, M.S., Spalding, M. G., Kinsella, J. M., Forrest-
er, D.J., 1996: Parasitic helminthes of the Little Blue Heron,
Egrettacaerulea, in Southern Florida. J. Helminthol. Soc.
Wash., 63, 136—140.

Tkach, V.V., Kudlai, O., Kostadinova, A., 2016: Molecu-
lar phylogeny and systematics of the Echinostomatoidea
Looss, 1899 (Platyhelminthes: Digenea). Int. J. Parasitol., 46,
171—185.

Toledo, R., Radey, V., Kanev, 1., Gardner, S., Fried, B., 2014:
History of echinostomes (Trematoda). Acta Parasitol., 59,

555—567.

23. Ujan, H.M., Birmani, N. A., Shaikh, A.M., 2014: Echino-
chasmus mazharuddini n. sp. (Digenea: Echinostomati-
dae) from the Bank Myna Acridotheres ginginianus L. (Pas-
seriformes: Sturnidae) in Sindh province, Pakistan. J. Ento-
mol. Zool. Stud., 2, 226—232.

24. Wojdak, J.M., Clay, L., Moore, S., Williams, T., Belden,
L.K., 2013: Echinostoma trivolvis (Digenea: Echinostoma-
tidae) second intermediate host preference matches host
suitability. Parasitol. Res., 112, 799—805.

25. Yamaguti, S., 1971: Synopsis of Digenetic Trematodes of Verte-
brates. Vol. 1., Keigaku Publishing Co., Tokyo, Japan, 698 pp.

Received August 9, 2017
Accepted November 14, 2017



§ sciendo

DOI: 10.2478/fv-2018-0012

FOLIA VETERINARIA, 62, 2: 13—18, 2018

PROTECTIVE ROLE OF AGRIMONIA EUPATORIA L.
IN HEAVY METAL INDUCED NEPHROTOXICITY

Marcinéakova, D.}, Falis, M.}, Schusterova, P.?
Vaczi, P.!, Marcinc¢ak, S.?, Legath, J.!

'Department of Pharmacology and Toxicology
*Deparment of Microbiology and Immunology
*Department of Food Hygiene and Technology
University of Veterinary Medicine and Pharmacy, Kosice
Slovakia

dana.marcincakova@uvlf.sk

ABSTRACT

The aim of this study was to evaluate the potential
protective role of Agrimonia eupatoria L. in heavy metal
induced nephrotoxicity. Rabbit kidney epithelial cells
(RK13) were used as the model cell line. They were ex-
posed to three different heavy metal compounds: cad-
mium chloride dihydrate CdCl,.2H,O (15 and 20 mg.I""),
potassium dichromate K2Cr207 (1, 10 mg.l""), and zinc
sulfate heptahydrate ZnSO,.7H,0O (50, 150 mg.1"") simul-
taneously with agrimony (ethanolic extract, 100 mg.1"").
The cell response was recorded using the xCELLigence
system or real-time cell analysis (RTCA) as a cell index
(CI) and expressed as cell adherence (%) compared to
control cells without treatment. The potential nephro-
protective effects were recorded in cells treated with chro-
mium (1 a 10 mg.I"") and agrimony, where the cell adher-
ence increased from 95.11+11.25% and 7.24%0.33%
to 103.26+1.23% and 68.54+4.89% (P <0.05) respect-
fully and also with a combination of agrimony and
zinc (150 mg.]l™"), where the adherence increased from
57.45+1.98 % to 95.4+6.95 %. During the cell exposure

to cadmium in combination with agrimony, the protec-
tive effect was not recorded; the adherence of cells was

even decreased (P<0.05).

Key words: agrimony; cell response; cytotoxicity;
heavy metals; kidney; xCELLigence system

INTRODUCTION

In recent years, there has been an increased concern
about ecological and global public health impact related
to environmental contamination by heavy metals. Their
wide use in industrial, agricultural, domestic and techno-
logical applications has resulted in a rapidly increased hu-
man exposure. Environmental pollution has become very
prominent in point source areas, such as mining, foundries
and smelters, and other metal-based industrial operations.
Reported sources of heavy metals in the environment in-
clude geogenic, industrial, agricultural, pharmaceutical,
domestic effluents, and atmospheric sources [6, 15]. Heavy

metal-induced toxicity and carcinogenicity involves many
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mechanistic aspects, some of which have not been clearly
elucidated or understood. However, each metal is known to
have unique features and physico-chemical properties that
result in its specific toxicological mechanisms of action [15].

The first target organ of heavy metals and other xeno-
biotics toxicity is the kidney, due to the high capacity of
renal epithelium to transport and accumulate these toxins
[3]. Renal cells are often exposed to higher concentrations
of xenobiotics, because they play the most important role
in the excretion of various drugs and toxic substances. Ac-
cording to the nature, dose, route, and duration of expo-
sure, the kidney displays diverse alterations in renal func-
tion ranging from mild tubular dysfunction to severe renal
failure [14].

The trend of today is to search and explore potentially
protective medicinal resources in phytotherapy. Because of
its widespread use in folk medicine, agrimony (Agrimonia
eupatoria, L.) provokes a great deal of scientific interest.
Agrimony is well-known for its use as a raw material for
the extraction of medicinal ingredients or production of
drugs in the pharmaceutical industry. The plant is recog-
nized for its traditional use in folk medicine and possesses
anti-inflammatory, neuroprotective, antidiabetic, antiobe-
sity, hepatoprotective, and anticancer properties. It also has
a positive effect on the alleviation of urinary tract disorders
(1,2, 4, 10, 18].

Nowadays, in the development of new drugs in pre-
clinical research and toxicological testing, cell-based as-
says have been used as suitable substitute methods for
animal experiments. Viability and cytotoxicity assays are
performed to determine the effect of various agents added
to the cells with respect to their viability after the treat-
ment. The xCELLigence system or real time cell analysis
(RTCA) was used for label-free and dynamic monitoring
of cell responses to cytotoxicants. Cellular status changes
(cell number, viability, morphology, and adherence) were
continuously monitored by measuring the electrical im-
pedance. The presence of the cells leads to an increase in
the electrode impedance. The more cells are attached to the
sensor, the higher the impedance that could be monitored
by RTCA. Because the test is label free, the RTCA assays
allows real-time, automatic and continuous monitoring of
the cellular status changes throughout the process of the
cell-toxicant interactions [16, 17].

In our study, we evaluated the protective role of ethano-

lic extract of agrimony in nephrotoxicity induced by select-
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ed heavy metals using a model rabbit epithelial kidney cell
line (RK13). The cells were exposed to heavy metals simul-
taneously with agrimony extract and the cell response was
monitored by xCELLigence system during 24 h. While ad-
herence is an important characteristic of RK13 cells, its loss
may lead to cell death. Based on the increase or decrease of
cell adherence, we evaluated the potential nephroprotective

effects of agrimony.

MATERIALS AND METHODS

Plant extract

The ethanolic extract of Agrimonia eupatoria L. (Calen-
dula, Nova Tuboviia, Slovakia) in a powdered form was di-
luted with water to a final concentration of 100 mg.1"". This
concentration was selected based on a preliminary study
(data not shown) which compared the effects of different

concentrations (0.01—1000mg.1™") on cell adherence.

Heavy metals — stock solution

Chemicals of analytical grade purchased from Sigma
Aldrich (Germany) were diluted and tested at the final con-
centrations: cadmium chloride dihydrate — CdCl,.2H,0
(15 and 50mgl™), potassium dichromate — K Cr,O, (1,
10mgl1™), and zinc sulfate heptahydrate ZnSO,. 7H,0 (50,
150 mg.I™"). These solutions were sterilised by filtration using
0.22 um filters (Milipore, Watford, UK). The concentrations

were selected based on previously published studies [8].

Cell cultivation

For this experiment a rabbit kidney epithelial cell line
(RK 13) obtained from the American Type Culture Collec-
tion (ATCC°CCL-37TM) was used. The cells were cultivat-
ed in Earl’s Minimal Essential Medium (EMEM; Lonza, Va-
lais, Switzerland) supplemented with 10% (v/v) foetal bo-
vine serum (FBS; Lonza, Valais, Switzerland) and 50 mg.1™*
gentamicin (Sigma Aldrich; St. Louis, USA) in a humidi-
fied atmosphere of 5% CO2 at 37°C. The cells were sub-
cultured twice weekly and the passage number range was
maintained between 20 and 25. In the experiments, RK13
cells were cultured in complete cultivation medium with-

out antibiotics.

xCELLigence system

The xCELLigence system or real time cell analysis



(RTCA) was used for monitoring of the cell response dur-
ing treatment with heavy metals simultaneously with agri-
mony.

The RTCA system included three components: the
analyser and E-plate station; the integrated software; and
a 16-well E-plate. The E-plate station was placed inside the
CO, incubator and connected to the analyser outside the
incubator through a thin cable. The E-plate containing the
cells was placed onto the E-plate station inside the incuba-
tor and the experimental data were collected automatically
by the analyser under the control of an integrated software.
Cell attachment, spreading, and proliferation were con-
tinuously monitored using the xCELLigence system. The
principles of RTCA technology has been described previ-
ously [12, 16, 17].

Briefly, 100 ul of medium was added into the 16-well
E-plates for the background measurement. Subsequent-
ly, 1.5%x 10* cells/well in 50ul of RK13-cell medium were
seeded in the 16-well E-plates (Roche, Applied Science,
Mannheim, Germany) and inserted into the plate station
kept inside of a CO, incubator at 37°C with 5% CO, and
humidified atmosphere. After 24h, when RK13-cells were
within a log phase, the agrimony (100mg.l™") and subse-
quently heavy metals in selected concentrations were added
to the cells. The RK13 cells without treatment served as the
control. The cell response was monitored for 24h and was
expressed as the cell index (CI) measured automatically by
the RTCA system once per hour until the end of the experi-
ment. The parameter measured to specify the effect of the
tested compounds was assessed as the normalized CI. The
proliferative activity or cell adherence was expressed in %
values using the following formula: % = ClIsample x 100/
Clcontrol 9, 11].

Statistical analysis

The data were evaluated by the GraphPad Prism 3.00
software, using one-way analysis of variance (ANOVA) fol-
lowed by Dunnett’s multiple comparison test. The results
were presented as the means +SD. The significance level

was set to P<0.5.

RESULTS AND DISCUSSION

Heavy metals are essential in many industrial and

manufacturing areas important for humans. However, the

biotoxic effects of their over-exposure may be potentially
life-threatening. Heavy metals are accumulated in the kid-
ney and liver; for this reason, it is more accurate to estimate
the degree and duration of exposition to them, by measur-
ing their concentrations in renal and hepatic tissues rather
than in the blood. The kidney is the target of heavy met-
als and the proximal tubule has been recognized for a long
time, as the main site of accumulation and damage [14].

Natural substances are often used as protection against
toxicants or in symptomatic therapy, because of their effec-
tiveness and relatively low risk of adverse effects. Agrimo-
ny as a plant has a long tradition of use as a folk medicine
and has shown great potential in the treatment and also in
the protection of organisms against various diseases [1, 4,
10, 18].

In our work, we evaluated the potential protective role of
ethanolic extract of agrimony during the exposure to heavy
metals. The impact of heavy metals in combination with ag-
rimony on the RK13 cell line may be seen in Figures 1—3.
A significant increase in the proliferation in comparison to
control cells (without treatment) was observed after the ad-
dition of agrimony alone (100 mg.1™") that indicated its sup-
portive effect (P <0.05). The exposure to chromium in the
tested concentration caused a significant decrease in the
proliferation compared to the control (95.11+£11.25% and
7.24£0.33%), but after the simultaneous exposure also to
agrimony, the adherence values were significantly improved
(103.26+1.23 %, 68.54 +4.89 %; Fig. 1).

The main effects after higher amounts of chromium in-
take, was tubular and glomerular damage and necrosis. The
evidence of kidney damage from chronic exposure to lower
levels was unclear. The toxicity has not been shown even in
animals with chronic exposure, but there were biochemical
changes indicating tubular damage [5].

The impact on human health after zinc intoxication has
been described rarely. Toxicity in vivo is relatively low, be-
cause of quick dispersion in an organism. On the cellular
level, zinc can be an important regulator of apoptosis and
also death of neurons after brain damage [13].

In our experiment, the exposure of RK13 cells to the
concentration of zinc used demonstrated in the beginning
a decrease and subsequently an increase in cell adherence.
The experimental cells did not reach the adherence of the
control cells (Fig. 2). After exposure to the combination of
zinc (50mg.l") and agrimony the adherence significantly

decreased from 97.38+7.79 %, recorded after exposure to
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zinc alone, to 65.28 £3.89% (P <0.5). However, the combi-
nation of agrimony and zinc (150 mg.1"!) caused an increase
in cell adherence to 95.14+6.95 % from 57.45+1.98 % mea-
sured after the addition of zinc (150 mg.1""). This result may
be related to the protective effect of agrimony, however there
are many specifics in zinc distribution and also functions in
an organism. Therefore, more cellular studies are needed.

Cadmium is a widespread environmental contaminant

16

that can adversely affect health. A large proportion of the
exposure is via the respiratory or gastrointestinal tract. Im-
portant non-industrial sources of exposure are cigarette
smoke and food (from contaminated soil and water). There
is a direct link between exposure and the toxic renal effect
of cadmium. In the case of renal impairment, proteinuria is
the most important indicator of cadmium-induced neph-
rotoxicity [7].
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We confirmed a significant detrimental effect of the
cadmium compound at both concentrations (15 and
20mg.l™") after RK13 cells were exposed during 24 hours
(Fig. 3). The nephroprotective effect of agrimony was not
shown in combinations with cadmium. The adherence
values were decreased significantly (P <0.05). Cadmium
is a very strong nephrotoxic agent. We observed a sig-
nificant decrease in the adherence at the end of the cad-
mjum exposure (30.04+7.86% at concentration 15mg.l™!
and 9.64%2.76% at concentration 20mg.l”) and when
combined with agrimony, the adherence was even lower
(25.25+2.20% and 4.93 +1.96 %). Thus, the nephroprotec-
tive effect of agrimony with cadmium exposure was not
detected.

CONCLUSIONS

The kidney is an organ of high interest because it is the
target of many xenobiotics, not only of heavy metals. To-
gether with the liver, the kidneys play an important role in
the elimination of toxic substances from the body. There
is a high risk of glomerular necrosis or renal cells dam-
age. The trend of today is to search and explore potentially
protective or medicinal phytotherapeutic resources. The

in vitro testing performed in our study showed a potential

nephroprotective role of agrimony during the simultane-
ous exposure of renal epithelial cells to chromium and zinc.

Considering our results, we can state that due to its
chemical constituents, agrimony has prospective pharma-
cological and other effects that may play a role in the devel-

opment of new drugs.
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ABSTRACT

Yeasts from the genus Malassezia belongs to normal
commensal skin flora of warm-blooded vertebrates.
These yeasts may act as opportunistic pathogens and
cause skin diseases in humans and animals under cer-
tain conditions. The identification of Malassezia species
is based on the phenotypic or genotypic diagnostics.
The methods used for the phenotypic identification is
determined by: the growth on Sabouraud agar, growth
on selective media (Leeming-Notman agar, Dixon agar,
Chrom Malassezia agar), the ability to utilise differ-
ent concentrations of Tween, monitoring of the growth
on CEL agar (soil enriched with castor oil) and TE agar
(Tween-esculine agar), and the catalase test. The genotyp-
ic identification uses molecular methods like: the pulsed
field gel electrophoresis (PFGE), random amplified poly-
morphic DNA (RAPD), amplified fragment lenght poly-
morphism (AFLP), denaturing gradient gel electrophore-
sis (DGGE), and the DNA sequence analysis.

Key words: genotypic; identification; phenotypic;

yeasts

INTRODUCTION

Malassezia yeasts are lipophilic organisms known for
more than a century as a part of the natural human skin mi-
croflora, as well as the agents of some skin diseases. Yeasts
have also been considered as the agents of occasional sys-
temic infections since the 1980s [5].

After the first isolation from an Indian rhinoceros, Mal-
assezia yeasts were subsequently found in wild mammals
(bears, wolves, coyotes, foxes, seals, sea lions, llamas, por-
cupines, elephants, armadillo, monkeys, ferrets, leopards),
as well as in domestic animals (dogs, cats, horses, cattle,
sheep, goats, pigs). Malassezia yeasts were also isolated
from various species of birds, therefore it is assumed that
these yeasts may be found in all warm-blooded vertebrates
[20] and their distribution in nature is currently being ex-
amined by molecular techniques [5].

Until the late 1980s, only two species were known with-
in the genus, Malassezia furfur and Malassezia pachyder-
matis [9].

It took a long time to understand the importance of lip-
ids for the growth of Malassezia yeasts, so it was difficult

to maintain cultures in vitro [5]. M. furfur was considered
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as lipid-dependent yeast, occurring in humans, whereas
the lipophilic but not lipid-dependent species M. pachy-
dermatis, was found in domestic carnivores, particularly
in dogs [9, 28]. Later, other species have been found and
described and the range of animal hosts greatly extended
[20]. M.sympodialis, the third accepted species isolated
from human skin, was discovered a century after M. furfur.
The genus Malassezia was revised in 1996 on the basis of
morphological, physiological and rRNA studies and four
new lipid-dependent species were described, M. globosa,
M. obtusa, M.restricta and M. slooffiae [26]. Many reports
have shown that the skin of healthy animals, in addition to
M. pachydermatis, may have also been colonized by the lip-
id-dependent species [9] as M. obtusa, M. globosa, M. sloof-
fiae, M. furfur and M. sympodialis were found in cattle and
goats. A new species M. caprae was also isolated from goats.
M. equina was found in horses [20] and M. nana was iso-
lated from cats and cattle [34].

Nowadays, Malassezia can be isolated from almost all

domestic and wild animals [9]. Molecular methods helped

reveal new types of Malassezia also in humans, such as
M. dermatis, M. yamatoensis and M. japonica [5]. Currently,
Malassezia genus includes 16 species (Table 1) which colo-
nize human or animal skin [10].

Malassezia yeasts are primarily located in the sebaceous
glands, which provide lipids necessary for their growth
[19]. The sebaceous glands are mostly found on the face,
head, chest and back which made these places the most af-
fected by yeast infections [61]. The Malassezia genus is typi-
cal in its morphology and affinity to lipids in the medium
[5]. All members of this genus, except for M. pachyderma-
tis, need for their growth medium supplementation with
long chain fatty acids (C12—C24). M. pachydermatis is able
to grow without the addition of lipids in the medium, but
more vigorous growth can be seen in the presence of lipids.
Species, requiring the addition of lipids in the medium are
called lipid-dependent [61].

The most frequently isolated zoophilic species is
M. pachydermatis, which is often associated with the in-

flammation of the external ear canal and various types of

Table 1. Currently described Malassezia species, authors,
year of the description and their main hosts

Malassezia species Discovery Main host/others
M. furfur (Robin, Baillon) 1889 man/cow, elephant, pig, monkey, pelican
M. pachydermatis (Weidman, 1925 dog, cat/carnivores, birds
Dodge)
M. sympodialis (Simmons & Guého) 1990 man/horse, pig, sheep
M. globosa (Midgley etal) 1996 man/cheetah, cow
M. obtusa (Midgley etal) 1996 man
M. restricta (Guého etal) 1996 man
M. slooffige (Guillot etal.) 1996 man, pig/goat, sheep
M. dermatis (Sugita etal) 2002 man
M. japonica (Sugita etal) 2003 man
M.nana (Hirai etal) 2004 cat, cow/dog
M. yamatoensis (Sugita etal) 2004 man
M. caprae (Cabafies and Boekhout) 2007 goat/horse
M.equina (Cabafies and Boekhout) 2007 horse/cow
M. cuniculi(Cabafies and Castelld) 20m rabbit
M. brasiliensis (Cabanes etal.) 2016 parrot
M. psittaci (Cabanes etal.) 2016 parrot
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dermatitis in animals [13]. It usually occurs in dogs, cats
and less frequently it can be isolated from other animals.
This yeast is opportunistic and may become pathogenic
when environmental changes of the skin surface occur or
in the immunosuppressed hosts. In some breeds of dogs
the growth of yeasts can be supported by different types of
hypersensitivity (such as flea bite allergy, food hypersensi-
tivity and atopy) and long term antimicrobial therapy or

therapy with corticosteroids [9].

IDENTIFICATION OF MALASSEZIA SPECIES

Malassezia yeasts can be identified either by culture
methods based on their morphological characteristics and
biochemical properties or by non-culture, molecular meth-
ods [1, 30]. When using conventional culture methods, the
samples are collected from healthy or affected skin, scalp,
hair, nails or any other human or animal sources. The sam-
ples, cultured on special selective media in Petri dishes, are
incubated in a moist environment. Malassezia yeasts as cu-
taneous mycobiota are ecologically adapted to a lower tem-
perature and optimum cultivation temperature for them is
around 32—34°C. The vitality of yeasts on culture media
decreases rapidly so it is necessary to transfer samples regu-
larly on fresh medium every one or two months [5, 42].

Culture media supplemented with different sources of
lipids are often used because of the lipophilic properties of
this genus [11]. Sabouraud dextrose agar, the culture me-
dium without the addition of lipids, is used to differentiate

the lipid-dependency of the species [38]. M. pachydermatis,
a less demanding species, is able to grow on this medium
(Fig. 1) [5, 6].

Other media were developed and successfully used as
a selective media for Malassezia species, e.g. Dixon agar,
Leeming-Notman agar (Fig. 2) and Ushijima agar [1]. All
of these complex media contain ox bile which is a suf-
ficient compound for good growth of Malassezia yeasts.
Some of the media use Tween 40 (Leeming-Notman agar)
or Tween 60 (Dixon agar) but Tween 60 seems to be more

efficiently utilized, thus it is better for the growth of most

species [5].

Fig. 1. The growth of Malassezia pachydermatis
on Sabourad dextrose agar

Fig. 2. The growth of M. pachydermatis on Leeming-Notman
agar and modified CHROMagar Candida
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By using chromogenic Candida agar (CHROMagar
Candida) (Fig. 2), enriched with lipid components, it was
possible to culture and differentiate 9 Malassezia species on
the basis of the colony morphology [1, 37]. CHROMagar
is also used for the differentiation of the genus Malassezia
and Candida.

The specific media used for Malassezia cultivation are
Cremophor EL agar and Tween 60-esculin agar. Cremo-
phor EL agar is used to determine the ability of species to
utilize the polyethoxylated castor oil and Tween-esculin
agar for determining the ability of isolates to hydrolyse
esculin and utilize Tween 60 [38].

The culture methods may not be objective because of
the difference in growth rates and the cultivation require-
ments of individual species, therefore, the focus is currently

on molecular techniques [32].

PHENOTYPIC IDENTIFICATION

Individual species from the genus Malassezia can be
identified by macroscopic and microscopic morphology
and also by certain physiological properties [24]. Macro-
scopic diagnosis includes an identification of the shape,
texture and colour of the colonies; microscopically they are
examined by cell morphology and budding [52].

The size of colonies is determined by measuring well
isolated single colonies and the isolates are divided into
three groups: small (1mm: M.globosa, M.slooffiae and
M. restricta), intermediate (1—2 mm: M. obtusa) and large
(2—5mm: M. pachydermatis, M.sympodialis, M. dermatis,
M. furfur and M. japonica) [38]. Unipolar cells with round
to ovoid shape can be observed by microscopic examina-
tion [34, 54]. The M. globosa cells are typically spherical
[14] (Fig. 3).

Although there are morphological differences between
Malassezia species, their identification is usually deter-
mined also upon the basis of their physiological character-
istics [14, 52]. Physiological tests used for the identification
of Malassezia species are based on: the monitoring of cata-
lase reaction (decomposition of 3% hydrogen peroxide);
on the ability of yeasts to utilize different concentrations
of Tween (i.e. T20, T40, T60 and T80) and Cremophor EL
(castor oil) as a source of lipids [38, 14]; the B-glucosidase
activity [38, 44]; the ability to produce pigments [24] and

fluorochromes in the presence of tryptophan as a main
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Magn. x400

source of nitrogen [45]; and production of the urease en-
zyme (ability to hydrolyze urea to ammonia and carbon
dioxide) [38]. The urease activity test is not used to distin-
guish Malassezia species but to eliminate cultures that are
contaminated by bacteria or ascomycetous yeasts, such as

Candida spp. which are quite common on the skin [5].

Malassezia furfur

M. furfur forms smooth or slightly wrinkled single colo-
nies about 4—5mm in diameter. The colonies are creamy
coloured, dull, with straight or lobate margins. The tex-
ture of the colonies is soft. Colonies of M. furfur are easily
distinguishable from other Malassezia species on CHRO-
Magar where they form characteristic large pale pink and
wrinkled colonies [38]. The cells are morphologically vari-
able, with ovoid, globose or cylindrical shape and budding
is on a broad base. Some strains are able to occasionally
produce filaments [2, 5, 29, 61].

Malassezia furfur can be identified: by its ability to grow
up to 41°C; by a strong catalase reaction; the absence or
a very weak B-glucosidase activity; and equal growth in
the presence of Tweens 20, 40, 60, 80 and CremophorEL
as a lipid sources [4, 27]. The optimum temperature for
the growth is near 34°C, but good growth occurs at 37°C,
and the maximum temperature for growth is 41 °C. In con-
trast to M. globosa, M. obtusa, M. restricta, M. slooffiae and
M. sympodialis, this species is able to utilize glycine as a ni-

trogen source [50].



Malassezia pachydermatis

M. pachydermatis forms convex single colonies 1—5mm
in diameter, pale yellowish, dull, smooth, lightly wrinkled,
with an entire straight margin. Cells are ovoid, ellipsoidal to
cylindrical with monopolar budding on a broad base. This
species does not produce filaments.

In all rDNA genotypes there occurs differences in cata-
lase and B-glucosidase expression and Tweens 20, 40, 60, 80
and Cremophor EL (CrEL) growth reactions. All isolates
grow well at 37°C with the maximum at 40—41°C and
some primary cultures show a certain lipid-dependence [4,
5,20, 53, 59, 61].

Malassezia sympodialis

M. sympodialis forms flat or elevated single colonies, ap-
proximately 5—8mm in diameter, pale cream, glistening,
smooth, with an entire or folded margin. Cells are small,
with ovoid to globose shape and monopolar budding on
a narrow base. This strain, able to grow at 40°C, is charac-
terized by the presence of a catalase reaction and a strong
B-glucosidase activity, and good growth in the presence of
Tweens 40, 60 and 80. With CrEL, growth is usually absent

but fresh isolates can develop a ring of tiny colonies [2, 5, 26].

Malassezia globosa

M.globosa forms raised, wrinkled single colonies,
3—4mm in diameter, pale yellowish, rough, shiny or dull,
with a slightly lobate margin. Yeast cells are spherical, so
this species is easily recognized morphologically with mo-
nopolar budding on a narrow base. This species is able to
produce short filaments [2, 23, 26]. The yeast has a strong
catalase activity but does not split esculin. Growth is lim-
ited at 37 °C, and no growth occurs on the five lipid sub-
strates [2, 5, 39].

Malassezia obtusa

M. obtusa forms flat to convex, smooth single colonies,
on average 1.5—2mm in diameter, glistening or dull, bu-
tyrous, and with entire or slightly lobate margins. The cells
are cylindrical with monopolar budding on a broad base.
Filaments may be present. This species has a maximum
temperature at 38 °C and cannot utilize any of the five lip-
ids used in the tests as the only lipid supplement in the me-
dium. M. obtusa combines the positive reactions of catalase
and B-glucosidase [4, 5, 26].

Malassezia restricta

M. restricta forms small, flat or raised single colonies,
1—2mm in diameter on average, pale yellowish-brown,
dull, smooth, with a lobate margins. The shape of the cells is
globose or ovoid, and budding is monopolar on a relatively
narrow base. M. restricta does not produce any filaments.
This species lacks catalase and B-glucosidase activity, does
not grow at 37°C or with any of the Tween lipid supple-
ments. Growth with CrEL is always absent. Growth of the

colonies is very restricted [2, 5, 26, 31].

Malassezia slooffiae

M.slooffiae forms flat or raised single colonies with
a roughened surface, about 3—4mm in diameter, pale
yellowish-brown, shiny, butyrous and with finely folded
margins. The cells are short and cylindrical with monopo-
lar budding on a broad base. The species is not known to
produce any filaments. This species is able to grow at 40 °C,
and shows a catalase reaction, but absence of 3-glucosidase
activity. M. slooffiae may be misidentified as M. furfur, but
the main difference is that growth of M. sloofiae with CrEL
is absent. Growth with Tween 80 is always very weak in

comparison with the other three Tweens [4, 5, 26, 35].

Malassezia dermatis

M. dermatis forms flat or convex single colonies, 5—6 mm
in diameter, pale yellowish, glistering or dull, butyrous and
with an entire or finely folded margin. The shape of the cells
is globose, ovoid or ellipsoidal. Budding is monopolar on
a moderately broad base. The production of filaments has
not been observed. M. dermatis does not grow at 40°C and
can be identified by its lack of catalase and B-glucosidase ac-
tivity. Growth occurs with all four Tweens but with Tween 80
it may be weaker, similar to that of M. caprae. CrEL is not
assimilated [5, 54].

Malassezia japonica

M. japonica forms flat slightly wrinkled single colonies
about 2—3 mm in diameter, pale yellowish-cream, dull and
butyrous with a straight or folded margin. Cells are ovoid
to cylindrical, with budding which is monopolar on a broad
base. The production of hyphae has not been observed. M. ja-
ponica grows at 37 °C, with strong catalase and -glucosidase
reactions. From all four Tweens, only 60 and 80 are well as-
similated. Tweens 20, 40 and CrEL are assimilated weakly
[5, 56].
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Malassezia nana

M.nana forms convex single colonies, 1.5—2mm in
diameter, yellowish, dull, smooth, butyrous, with entire to
narrowly folded margins. The shape of the cells is globose to
ovoid with monopolar budding on a relatively narrow base.
M. nana does not produce any filaments.

This species grows at 37 °C, Tweens 40, 60 and 80 are well
assimilated and CrEL is not utilized [2, 5, 34].

Malassezia yamatoensis

M. yamatoensis forms flat to convex single colonies
about 3—4 mm in diameter, pale yellowish, shiny, smooth or
wrinkled, with an entire margin. The shape of cells is ovale
or cylindrical with monopolar budding on a broad base.
This strain can be identified by its ability to grow at 37 °C,
a strong catalase reaction and lack of B-glucosidase activity.
These characteristics distinguish the species from M. sympo-
dialis. Growth appears in the presence of all four Tweens and
CrEL [5].

Malassezia caprae

M. caprae forms small moderately convex single colo-
nies about 1—2 mm in diameter, whitish or cream-colored,
smooth, butyrous with an entire or lobate margin. Cells
are globose or ovoid with budding on a broad base. The
species does not produce hyphae. M. caprae can be identi-
fied by: its weak growth at 37 °C, the presence of a catalase
reaction, B-glucosidase activity, and good growth in the
presence of all four Tweens. Growth may be weaker with
Tween 80 [5, 8].

Malassezia equina

M. equina forms single colonies, about 1—3 mm in di-
ameter, cream-colored, glistening to dull, wrinkled, butyr-
ous, with a folded to fringed margins. The cells are ovoid or
ellipsoidal with monopolar budding on a narrow base. Fila-
ments have not been observed. M. equina grows at maxi-
mum temperature of 37 °C. The catalase reaction is strong,
but this species lacks the B-glucosidase expression. Tweens
40, 60 and 80 are well assimilated. CrEL is not assimilated,

but sometimes a weak precipitate can occur [5].

Malassezia brasiliensis
M. brasiliensis forms large convex colonies elevated in
the centre with an average diameter of 2.5 mm, whitish to

cream-colored, smooth, dull and butyrous with entire mar-
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gins. The cells are ovoid or ellipsoidal with buds formed

monopolarly on a broad base [10].

Malassezia psittaci

M. psittaci forms large moderately convex colonies,
about 2.5mm in diameter. They look similar to the colo-
nies of M. brasiliensis with the whitish to cream colour and
smooth, shiny, butyrous appearance. The yeast cells are glo-
bose to ovoid [10].

Phenotypic methods are usually time-consuming, multi-
step processes, requiring a number of cultural techniques
and usually are unable to clearly differentiate newly iden-
tified species. Also, there are significant differences in the
evaluation and description of Malassezia biochemical prop-
erties by various authors [2, 26, 38] and this complicates the
phenotypic identification. The occurence of strains with
atypical physiological and biochemical properties is in-
creasing and for these reasons it is essential to support the

phenotypic identification by molecular analysis [14].

GENOTYPIC IDENTIFICATION

The number of molecular methods have been developed
and successfully used as tools to diagnose and differentiate
Malassezia species, to better understand the epidemiology
of Malassezia and their connection with diseases [14].

To overcome the limitations of culture-based tech-
niques which do not always allow identification and typ-
ing of each Malassezia species, a range of molecular biol-
ogy methods are used, such as: nested polymerase chain
reaction (PCR) [49], real-time PCR [58], pulsed-field gel
electrophoresis (PFGE) [53], random amplified poly-
morphic DNA analysis (RAPD — random amplification
of polymorphic DNA (RAPD) [21], amplified fragment
length polymorphism (AFLP) [32], denaturing gradient
gel electrophoresis (DGGE) [60], single strand conforma-
tion polymorphism (SSCP) [17], terminal fragment length
polymorphism (tFLP) [23], restriction fragment length
polymorphism (RFLP) [16, 41, 48] and sequencing analysis
[40] (Tab. 2).



Table 2. Molecular methods used for detection
and identification of Malassezia species [7]

Fingerprinting methods:
PFGE-Pulsed field gel electrophoresis
RAPD-Random amplified polymorphic DNA
AFLP-Amplified fragment lenght polymorphism
DGGE-Denaturing gradient gel electrophoresis

DNA sequence analysis:
Ribosomal DNA analysis (D1/D2 region LSU- Large subunit —rDNA)
Analysis ITS (Internal transcribed spacer regions) rDNA
Analysis IGS (Intergenic spacer regions) rDNA

Restriction analysis of PCR amplicons:
RFLP-Restriction fragment length polymorphism
tFLP-Terminal fragment lenght polymorphism
Chitin synthase gene sequence analysis

FINGERPRINTING METHODS

Pulsed-field gel electrophoresis (PFGE)

Pulsed-field gel electrophoresis is a highly discrimina-
tive molecular method based on the variable migration/
separation of large genomic fragments in an agarose gel
[46]. This technique characterized seven Malassezia spp.
(i.e. M. furfur, M. obtusa, M. globosa, M. slooffiae, M. sym-
podialis, M. pachydermatis and M. restricta) and allows
them to be differentiated into species on the basis of dis-
tinct karyotypes displayed by PFGE analysis [53]. PFGE is
a useful diagnostic tool, but is time consuming, technically
difficult and requires large amounts of genomic DNA for
analysis. Therefore, it is not suitable as a rapid routine diag-
nostic method [14, 48].

Random amplified polymorphic DNA analysis
(RAPD)

PCR based random amplification of polymorphic
DNA utilizes random fragments of genomic DNA. This
method has been used for the identification, differentiation
and taxonomic classification of some Malassezia species
(M. pachydermatis, M. furfur and M. slooffiae) and for the
examination of epidemiological relations. Most of the Mal-
assezia species can be differentiated by RAPD, but analysis
can be complicated by the presence of intraspecific varia-
tions [3]. In spite of limited reproducibility of results and
its technical limitations due to the need for specialized
equipment and training, RAPD is a sensitive and efficient

method for discrimination of closely related strains due to

its high specificity. RAPD is still being used for the moni-
toring of Malassezia “carriage” on domestic animals and
humans [15, 18, 21].

Amplified fragment length polymorphism (AFLP)

AFLP is a useful diagnostic tool for the identification of
Malassezia isolates and for the detection and differentiation
between clinically relevant variants within Malassezia spp.
This technique provides highly-specific genotypic informa-
tion about each strain and helps to understand the genetic
relationship among Malassezia isolates [8, 32, 60].

AFLP is suitable and apropriate for analyses where de-
tailed information is necessary. This method requires clon-
al isolates from culture so that the results are usually com-
plicated to interpret. AFLP is relatively time-consuming
and sometimes not sufficiently reliable for identification or

discrimination of clinically isolated yeasts [2, 14, 18].

Denaturing gradient gel electrophoresis (DGGE)
DGGE is a molecular fingerprinting technique based
on differences in the electrophoretic mobility and denatur-
ing properties of double-stranded DNA. DGGE can fully
separate and detect DNA fragments of the same size but
with different base-pair sequences. The melted DNA is sep-
arated and spread through the denaturing polyacrylamide
gel and is analyzed for single components (25, 33, 47, 51].
DGGE is useful for the identification of Malassezia isolates
and is suitable for the analysis of the clinical samples that
may include several different species. However, the clinical

use may be limited by technical demands [4, 60].

DNA sequence analysis

The rRNA gene complex is often used in identification
of clinically important yeasts. The fungal gene is composed
of multiple copies of the gene regions: 18S, 5.8S, 26 (28)
and 5S. 18S is a small subunit (SSU) and 288 is referred as
large subunit (LSU). Other regions, ITS1 and ITS2 region
(internal transcribed spacer region) and IGS1 and IGS2 re-
gion (intergenic spacer region) are inserted among the sub-
units. The rRNA gene complex is also used for comparison
between phylogenetically distant species. Phylogenetically
close species are compared through more variable region,
the ITS and IGS regions [5].

Sequencing of ITS1 region of ribosomal DNA is rela-
tively quick and specific analysis and is used for the iden-

tification of Malassezia species and the strains. Sequence
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analysis of IGS1 is not widely used for species identification
[55, 57].

RESTRICTION ANALYSIS OF PCR AMPLICONS

Restriction fragment length polymorphism (RFLP)

One of the frequently used molecular method is the
polymerase chain reaction (PCR) followed by restriction
analysis (RFLP). Enzyme digestion of PCR amplicons has
been shown to be useful for the differentiation of Malas-
sezia species.

Various authors suggested RFLP for the diagnosis of
Malassezia. Mirhendi et al. [48] and Gaitanis and
[17] differentiated 11 species (M. furfur,
M. pachydermatis, M.sympodialis, M. obtusa, M. globosa,

Velegraki

M. restricta, M. slooffiae, M. dermatis M.nana, M.japonica
and M. yamatoensis) using RELP. PCR-RFLP analysis is less
difficult and more precise than the majority of molecular

methods and requires less technical equipment.

Terminal fragment length polymorphism analysis
(tFLP)

Terminal restriction fragment length polymorphism
(tRFLP) analysis of PCR-amplified genes is a widely used
fingerprinting technique. This analysis is based on the
restriction endonuclease digestion of fluorescently end-
labeled PCR products. tFLP analysis is a sensitive and re-
producible method suitable for the rapid and reliable iden-
tification of Malassezia species. It eliminates the need for
prior strain cultivation in direct investigations of Malasse-
zia populations on skin samples. The technique, however,
is not suitable for epidemiological typing, as its ability to

show heterogeneity within a species is limited [23, 32].

Chitin synthase gene sequence analysis

Sequencing of the chs-2 gene has also allowed the dif-
ferentiation of Malassezia spp., in spite of the high similar-
ity (95%) in sequence among them [36]. A multilocus ap-
proach which employed the sequencing of the chs-2 gene,
ITS1 and LSU has been applied to M. pachydermatis and
defined three major M. pachydermatis genotypes (A, B and
C). Although the multilocus sequencing provides interest-
ing option for epidemiological investigations, it has not yet
been employed for studying Malassezia from animals other
than dogs [12, 13].
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In the last few decades, advances in research and
technology contributed to partial explanation of the role
which Malassezia plays in skin diseases. By using the de-
tailed information obtained from genetic analyses, differ-
ent types of Malassezia spp. can be detected and identified
[11, 14]. Most of molecular studies point to the presence
of numerous Malassezia genotypes within species, suggest-
ing a connection to the host, the geographical origin and
clinical manifestations. Standardized molecular processes
in combination with reliable physiological and biochemical
methods are necessary for the definition of species and for
consideration of genetic diversity within a species [22].

Despite the usefulness of molecular techniques, there
are some disadvantages associated with them, such as: the
inability to distinguish all species and questionable repro-
ducibility, the requirements for technical equipment, and
higher cost of analysis. Importantly, most of the molecular
methods mentioned above require cultivation to enhance
sensitivity and to perform the test [14].

Some studies have shown discrepancies between phe-
notypic and molecular methods for the identification of
Malassezia. For example, Makimura etal. [43] examined
46 clinical isolates by the phenotypic methods as M. furfur.
However, by genetic identification 22 of them were identi-
fied as M. sympodialis and 5 as M. slooffiae.

It is possible that differences between phenotypic and
molecular methods may reflect the possible mistakes in
sampling and culturing, which strengthen the need to per-
form well-controlled, comparative molecular studies of
samples taken directly from the skin, as well as samples af-

ter in vitro cultivation [14].

CONCLUSIONS

In recent decades, yeast infections have become a sig-
nificant problem in humans and also in animals. In most
cases, they are opportunistic infections because Malasse-
zia belongs to the normal commensal skin flora of warm-
blooded vertebrates. The increasing trend in the incidence
of these infections can be caused mainly because of massive
use of broad spectrum antibiotics and the increasing num-
ber of immunosuppressed patients.

Identification of yeast is performed by phenotypic and
molecular methods. Molecular methods are necessary for

identification and differentiation of various Malassezia spe-



cies, which can be difficult to characterize by phenotypic

methods.

In the future, the identification should focus on the use

of reliable molecular methods to achieve a better under-

standing of the role that Malassezia spp. plays as a com-

mensal and as a pathogen.
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ABSTRACT

Porcine circovirus type 2 (PCV2) is recognized as one
of the most important agents of reproductive disorders
in gilts and sows worldwide. It is associated with consid-
erable economic losses in the swine industry due to the
unthriftiness, and variable morbidity and mortality it
causes in pigs. In spite of the devastation caused by this
virus to the global pig industry, there is little or no report
of its occurrence in Nigeria. Hence, a slaughterhouse
based survey was conducted to determine the prevalence
of PCV2 infections in pigs in Ibadan, southwest Nigeria.
Using a commercial ELISA Kkit, 364 pig sera collected
from a major abattoir were screened for IgG antibodies
against PCV2. The overall prevalence of anti-PCV2 an-
tibodies in the pigs was 1.4 % (5/364), with more female
pigs (4/237, 1.7 %) being seropositive than males (1/127,
0.8 %). Since there is no routine vaccination against this
swine disease in Nigeria, thus the antibodies detected in
the pig sera indicated a natural exposure to the virus.
The absence of clinical disease in the pigs also suggests

the possibility of a carrier status for these animals and

30

shows that they could serve as hosts for the perpetuation
of the disease. These findings underscore the need for
continuous surveillance for PCV2 among pigs in Nige-
ria in order to determine its contribution to production
losses incurred in the Nigerian swine industry and aid
the development of prevention and control strategies

against the disease.

Key words: antibodies; commercial pigs; Nigeria;

porcine circovirus type 2; slaughterhouse

INTRODUCTION

Porcine circoviruses (PCV) are small non-enveloped
DNA viruses containing a unique single-stranded circu-
lar genome (31). Two species of PCV have been identified;
porcine circovirus type 1 (PCV1), and porcine circovirus
type 2 (PCV2). According to different studies [6, 32, 33],
PCV1 does not cause clinical disease and is non-pathogen-
ic in pigs. However, PCV2 is the primary causative agent

of several syndromes collectively known as porcine circo-



virus-associated disease (PCVAD) including: systemic or
post-weaning multi-systemic wasting syndrome [17], re-
spiratory (18), and enteric [19] diseases in pigs.

Porcine circovirus type 2 is recognized as one of the
most important viruses causing severe economic impact in
the swine industry worldwide and it has been described as
causing different conditions depending on the virus, host
immunity, co-infections and other environmental charac-
teristics [22, 28]. PCV2 can be transmitted in several ways
with the main route being by oro-nasal contact with infect-
ed faeces, urine or directly with infected pigs [9, 23, 28]. In
addition, PCV?2 is shed in respiratory, oral and urinary se-
cretions, and faeces in both clinically affected, as well as in
infected but apparently healthy pigs [28]. Generally, a clini-
cal disease directly associated with PCV2 is not very com-
mon. However, in the subclinical infection, the presence
of PCV2 can be responsible for production losses, mostly
due to growth retardation and reduced average daily weight
gain. Also, the infection of sows can lead to late-term abor-
tions and stillbirths [22].

The Food and Agriculture Organization [13] estimated
the per capita food availability of Nigerians as 2603 kcal/
day of which meat contributed only 3%. This low level
contribution of meat to the daily food intake of Nigerians
compared, for instance, with the United States of America
where meat contributes 12% of the total intake of 3825
kcal/day is further worsened by the scourge of infectious
diseases such as African swine fever which negatively
impact the country’s swine population. With the grow-
ing demand for animal protein and the need to access re-
gional and international markets for animals and animal
products, continuous monitoring of animal diseases of
economic importance in the country becomes imperative.
Therefore, in Nigeria where pig production is becoming in-
creasingly popular and with an estimated pig population of
about seven million [14], there is a need to investigate the
presence of infectious diseases that affect pig productivity.
Previous studies [2, 4] based on slaughtered pigs at a major
municipal abattoir in southwest Nigeria revealed serologi-
cal evidence of viral diseases such as classical swine fever
and porcine foot-and-mouth disease which hitherto had
not been reported in Nigeria. However, although several
studies have reported PCV2 in pigs elsewhere [10, 15, 34],
there is a paucity of information on this disease in pigs in
Nigeria. According to Segales [30], serum is the most com-

monly used sample to assess PCV2 antibodies and genome

detection. Consequently, slaughterhouse surveys may pro-
vide an ease of sample collection during slaughter for the
detection of antibodies against PCV2. Moreover, slaughter-
houses are reported as critical points in the meat produc-
tion scale, as well as key components of the disease control
chain among animals and humans [1].

Thus, this study was carried out to determine the se-
roprevalence of PCV2 among apparently healthy, unvacci-
nated pigs slaughtered at the Bodija municipal abattoir, in

Ibadan, southwest Nigeria.

MATERIALS AND METHODS

Study area and animals

A total of 364 apparently healthy pigs were randomly
selected at the Bodija municipal abattoir located in Ibadan,
the capital city of Oyo State in southwest Nigeria. They
comprised Large White (n=255), Duroc (n=284) and Large
Black (n=25) breeds. Pigs slaughtered for human con-
sumption at this abattoir were brought in from different
parts of the region and may thus give a reasonable repre-
sentation of the disease pattern in pigs in the region [4].
The ages of the pigs could not be determined but interac-
tion with the pig suppliers (mainly smallholder farmers)
revealed that they were adult pigs culled and sold off due to
declining reproductive performance as a result of ageing.
The pig slaughterhouse workers were interviewed on vet-
erinary services and observed for any form of meat inspec-

tion in the pig slaughterhouse.

Sample collection and storage

Blood was aseptically collected into labelled plain sam-
ple bottles at slaughter from each of 364 pigs (127 males
and 237 females). The blood samples were left at room tem-
perature for about one hour to clot. Separated sera were
stored at —20 °C until tested.

Detection of serum anti-PCV2 IgG antibodies

The sera were screened by an indirect enzyme-linked
immunosorbent assay (ELISA) (Shenzhen Lvshiyuan Bio-
technology, China) for the presence of IgG antibodies to
PCV2 according to the manufacturer’s instructions. The
test kit, which was based on the solid-phase ELISA prin-
ciple, utilized PCV2 antigen-coated microtitre plates. The

test serum was first added to the antigen-coated plates.
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This was followed by addition of the enzyme-labelled con-
jugate (anti-pig IgG antibody) which specifically bound
with the complex of coated antigen and PCV2 antibody on
the microtitre plate. The substrate (tetramethylbenzidine)
was subsequently added and the reaction terminated with
a stop solution. The optical density (OD) values were read
at dual wavelengths of 450 and 630 nm. Valid results were
obtained when the average OD value of the PCV2 positive
control was > 0.40 and that of the negative control was less
than 0.20. Samples with OD value>0.40 and <0.40 were

considered positive and negative, respectively.

Statistical analysis

The results from serology were analysed using Graph
Pad prism version 5.0 (Graph Pad software, San Diego, CA,
USA). The significance of differences in seroprevalence ob-
tained based on the breed and sex of pigs was evaluated by
the Chi-square test. A two-tailed P-value of 0.05 was con-

sidered statistically significant.

RESULTS AND DISCUSSION

The overall prevalence of anti-PCV2 antibodies in the
pig sera was 1.4% (5/364), with more female pigs (4/237,
1.7 %) being seropositive than males (1/127, 0.8 %). All of
the seropositive pigs were of the Large White breed, while
none of the samples from the Duroc or Large Black pigs
were positive. Also, based on the interview conducted
among the slaughterhouse workers and our observations, it
was discovered that there was no form of veterinary service
or meat inspection at the pig slaughterhouse.

Slaughterhouses are a source of helpful information on
the incidence of animal diseases and conditions including
diseases of zoonotic and economic importance. Hence, ab-
attoir or slaughterhouse surveys are essential components
of infectious disease control and eradication programmes
worldwide [8]. In the present study which is part of on-
going surveillance for porcine viruses of economic impor-
tance in Nigeria [2, 3, 4], the detection of PCV2 IgG anti-
bodies in asymptomatic pigs slaughtered at a major abattoir
in southwest Nigeria indicates natural infection with the vi-
rus since vaccination against the disease is not practised in
the country. It was observed in this study that there was no
meat inspection in the pig slaughterhouse probably due to

lack or inadequate veterinary personnel. This corroborates
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the findings of previous workers who reported that many
abattoirs and slaughter slabs in developing countries have
poor slaughter and meat inspection facilities [1, 2, 25].

The low (1.4%) prevalence of PCV2 antibodies ob-
tained in apparently healthy, unvaccinated adult pigs in this
study suggests a low level exposure of the pigs to PCV2 as
of the time of sample collection. Considering that PCV2
replicates first in the tonsils [6, 27], there may be the pos-
sibility of detecting higher level of antibodies in oral fluids
[26]. However, this possibility could not be ascertained as
oral fluids were not collected for this study. We therefore
recommend the collection of both sera and oral fluids for
future PCV2 surveillance studies in Nigeria.

Furthermore, this finding is consistent with earlier re-
ports that PCV2 can be detected in the absence of clini-
cal evidence of infection, suggesting the occurrence of
subclinical infections or virulence variations [20] and is of
veterinary importance because the infection of sows can
lead to significant reproductive losses, mostly due to late-
term abortions, stillbirths and birth of piglets too weak to
survive [22]. More importantly, PCV2 is an endemic and
very stable virus [26] that may persist in pens [12] and it
has been demonstrated that pigs subclinically infected with
PCV2 may excrete medium to high loads of the virus in
faeces [21, 24]. In addition, Csank etal. [11] reported the
shedding of the virus during subclinical infection in the
presence of post-infection antibodies. Hence, these pigs
could serve as reservoirs shedding the virus into the envi-
ronment. This makes them potential sources for perpetua-
tion of this viral disease that causes great economic losses as
a result of the death of young animals, abortions, reduced
fertility and decreased quality and quantity of the meat [26]
as a result of prolonged time to slaughter weight, decreased
nutritional use efficiency, and weight loss in more suscep-
tible breeds and animals, especially when adequate contact
prevention devices have not been implemented on com-
mercial farms [12].

The diagnosis of PCV2 disease based on clinical signs
is often difficult because symptoms may vary considerably
depending on the virus, age of animals and production
system [29]. This may account for the paucity of published
information on PCV2 in Nigeria, and possibly explain
the under-reporting or lack of reporting on PCV2 in the
country.

To our knowledge, this study is the first report on PCV2
disease in Nigeria. The findings reveal that PCV2 presently



circulates among pigs in Ibadan, southwest Nigeria. Since
this disease is considered of high economic importance due
to its contribution to ill-thriftiness as well as the variable
morbidity and mortality rates it causes in pigs [5, 16], there
is a need for continuous surveillance for PCV2 among pigs
in the country. Further studies aimed at identifying and
characterizing PCV?2 strains circulating in Nigeria are un-

der consideration.
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ABSTRACT

Spinal cord injuries (SCI) in dogs are not frequent,
but they are serious pathological conditions accom-
panied with high morbidity and mortality. The patho-
physiology of SCI involves a primary insult, disrupting
axons, blood vessels, and cell membranes by mechanical
force, or causes tissue necrosis by ischemia and reperfu-
sion. The primary injury is followed by a cascade of sec-
ondary events, involving vascular dysfunction, edema
formation, continuing ischemia, excitotoxicity, electro-
lyte shifts, free radical production, inflammation, and
delayed apoptotic cell death. The most frequent cause
of SCI in dogs is an acute intervertebral disc extrusion,
exogenous trauma or ischemia. Neurological symptom-
atology depends on the location, size and the type of spi-
nal cord lesions. It is characterized by transient or per-
manent, incomplete or complete loss of motor, sensory,
autonomic, and reflex functions caudal to the site of the
lesion. In a case of partial spinal cord (SC) damage, one

of the typical syndromes develops (e. g. Brown-Séquard

syndrome, central SC syndrome, ventral SC syndrome,
dorsal SC syndrome, conus medullaris syndrome, or
traumatic cauda equina syndrome). The severe transver-
sal spinal cord lesion in the cervical region causes paresis
or plegia of all four extremities (tetraparesis, tetraple-
gia); in thoracic or lumbosacral region, paresis or plegia
of the pelvic extremities (paraparesis, paraplegia), i.e.
sensory-motor deficit, urinary and foecal incontinence
and sexual incompetence. The central nervous system in
mammals does not regenerate, so the neurological defi-
cit in dogs following severe SCI persists for the rest of
their lives and animals display an image of permanent
suffering. The research strategy presented here involved
a PubMed, Medline (Ovid) and ISI Web of Science litera-
ture search from Januray 2001 to December 2017 using
the term “canine spinal cord injury” in the English lan-
guage; also references from selected papers were scanned

and relevant articles included.

Key words: dog; pathophysiology; spinal cord injury;
symptomatology
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INTRODUCTION

A spinal cord injury (SCI) is defined as damage to the
spinal medulla (a traumatic medullopathy, i.e. TM) in-
flicted by a mechanical insult or ischemia [10, 11, 21]. The
annual incidence of SClIs is relatively low (3—5/100000 in
humans, much lower in animals), but they are devastat-
ing neurological disorders, remaining important causes
of morbidity and mortality [14, 23, 30, 36, 39]. Survivors
often have major sequelae, including tetra- or paraparesis,
eventually tetra- or paraplegia, urinary and fecal inconti-
nence, sexual incompetence and are partially or completely
physically dependent for the rest of their lives [3, 14, 30, 42,
55]. The neurological deficit in SCI develops through two
pathological events — the primary and secondary damage
[4, 16, 41]. The primary injury encompasses the immediate
lesion to the spinal cord tissue that occurs at the moment
of insult, which is irreversible and not preventable [46, 56].
The secondary injury develops as a result of the patho-
logical processes initiated at the time of the primary event,
continues for several days and even months after trauma
and is amenable by therapy [13, 24, 39, 40, 56]. The clinical
outcome in individuals with SClIs is determined by the lo-
cation and size of the neural tissue damage, age of a patient
and associated complications [3, 27, 42, 50]. The most fre-
quently observed causes of acute SCIs in humans are traf-

fic accidents, falls and sport injuries. Spinal cord traumatic

incidents are reported in domestic animals, especially in
dogs, too [10, 11, 14, 48]. The irreversible loss of functions
due to the damage of the spinal cord tissue has been rec-
ognised for centuries, but only limited therapeutic options
are available until the present time [1, 2, 8, 31]. So the man-
agement of SCIs in humans as well as in other animals is
basically targeted at preservation of remaining functions
and prevention of complications; especially pulmonary
and urinary tract infections, spasticity and pressure sores,
i.e. decubitus [3, 14, 23, 27, 39, 50]. In spite of a specialised
attendance and application of different therapeutic inter-
ventions, the neurological deficit in a dog following serious
SCI does not improve and it displays an image of perma-
nent suffering for the rest of the dog’s life (Fig. 1).

The ambition to improve the unfavourable situation in-
spired the authors to review recently published studies re-
lated to SCIs in small laboratory animals, in dogs and pigs
as well as in humans and translate the recent information to
everyday clinical practices [4—7, 16—18, 36, 52].

Basic anatomical and physiological facts

The brain (cerebrum) and spinal cord (medulla spina-
lis) constitute the central nervous system (CNS). The brain
is enclosed within the skull (cranium), the spinal medulla
within the vertebral canal (canalis vertebralis). The spinal
cord is a direct continuation of the brain stem (medulla
oblongata, myelencephalon). It has two enlargements (in-

tumescentia cervicalis giving origin to the nerves of plexus

Fig. 1. Dog with ischemic paraplegia due to 30-min. of thoracic aorta cross-clamping
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brachialis and intumescentia lumbalis — the origin of plex-
us lumbosacralis). The spinal medulla in dogs has a total
36 segments (8 cervical, 13 thoracic, 7 lumbar, 3 sacral and
5 caudal) and it extends from the 1st cervical nerves to the
caudal part of an elongated cone (conus medullaris) consist-
ing of spinal cord segments S2, S3, Cal to Ca5 [19, 20]. The
sacral and caudal segments appear successively smaller and
they are surrounded by caudally directed spinal roots [19].
About 1 cm caudal to the last segment (spinal cord termina-
tion), the medulla is reduced to a strand of glial and epen-
dymal cells called terminal filament (filum terminale). The
development of the spinal cord (medulla spinalis) begins in
the canine embryo soon after the post-somite phase, when
the cord reaches into the coccygeal part of the vertebral ca-
nal. In later developmental stages, the bones and cartilages
of the vertebral column grow more rapidly than the cord it-
self. The disproportional growth of these structures as well
as the difference in length of the individual spinal cord seg-
ments cause cranial “shift” of the spinal cord termination
[20]. The caudalmost pairs of lumbar (L6 and L7), all sacral
(S1—S3) and caudal/coccygeal (Cd/Ccol-5) spinal roots
continue within the vertebral canal to corresponding inter-
vertebral foramina [19, 20]. The structure resembles the tail
of a horse, so the anatomic nomenclature adresses it as the
cauda equina (CE). Skeletotopic localisation of the medul-
lary cone depends on the breed of the animal. In giant dogs
it is located at the mid-body of the 6th lumbar vertebra, in

big dogs at the L6/L7 intervertebral space, in intermediate

sized dogs at the L7/S1 intervertebral space, in small dogs
at the level of the S1 vertebra [19, 20]. The basis for divid-
ing the spinal cord into segments are the attachments of the
nerve roots. Each dorsal or ventral nerve root (radix dor-
salis, radix ventralis) is composed of thousands of axons.
The axons of every root are bound together laterally where
dorsal and ventral roots join to form the spinal nerve, but
as roots approach the spinal cord, their axons regroup into
separate bundles called rootlets (fila radicularia) attaching
serially along the spinal cord. At the level of the interver-
tebral foramen, the spinal roots join and become a spinal
nerve. At the terminal parts of the dorsal nerve roots (just
before their junctions with the ventral nerve roots) are lo-
cated aggregations of pseudounipolar neurons named spi-
nal ganglia (ganglia spinalia). The pseudounipolar cells de-
liver central and peripheral processes. The central process-
es form the dorsal root filaments (sensitive), the peripheral
processes intermingle with the axons of the ventral root
filaments (motoric) in forming the main trunk of the spi-
nal nerve containing both, sensory and motor fibres. The
spinal cord and spinal roots inside the vertebral canal are
enveloped by three protective layers termed meninges. The
superficial layer (dura mater) is fibrous and thick. It forms
a cylinder surrounding the spinal medulla and through lat-
eral extensions it (together with arachnoidea and pia mater)
ensheathe spinal roots. The thin arachnoid membrane also
lines the inner surface of the dura mater. A subarachnoid

space containing the cerebrospinal fluid (CSF) is located

Fig. 2. An anatomical specimen of canine spinal cord after laminectomy and durotomy
1 — dura mater spinalis; 2— dental ligament; 3 — spinal medulla covered by arachnoidal membrane and pia mater; 4 — spinal nerve roots. Bar=5mm
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below the arachnoid membrane (Fig. 2). The pia mater, the
deepest, most vascular meninx, is bound to glial cells at the

spinal cord surface [20].

The spinal cord performs three main functions:

1. Via spinal nerve connections it processes afferent
(centripetal) information from muscles, tendons, joints,
ligaments, blood vessels, skin and viscera, and discharges
efferent (centrifugal) commands controlling muscles and
regulates glands.

2. The spinal cord is a reflex center producing subcon-
scious responses of muscles and glands to specific stimuli.

3. The spinal cord conducts and modifies information
to and from the brain through a system of axonal tracts by
which the brain receives informations from peripheral or-
gans and tissues while dispersing commands that control
posture, movement and the visceral aspects of behaviour
[14, 19, 20].

Etiology of SCI in dogs

The most common causes of acute spinal cord damage
(myelopathy) in dogs is an extrusion of material from the
central part of the disc (nucleus pulposus) into the spinal
canal due to intervertebral disc degenerative changes (Han-
sen type I disc disease), exogenous traumatic events and
infarction due to ischemia [9, 10, 11, 22, 23, 33].

Degenerative disc disease is a common problem in
dogs, but relatively rare in cats [14, 33, 35, 39]. There are
two basic types of intervertebral disc diseases, referred to as
chondroid and fibroid degeneration. In chondroid degen-
eration, the normally gelatinous pulpous inner part of disc
(nucleus pulposus) undergoes degradation of glycosamino-
glycan components and loses its water-binding capacity.
The abnormal contents of the nucleus pulposus herniate
(extrude) through the thinner dorsal part of the external
fibrous ring of the disc (annulus fibrosus) into the verte-
bral canal. This type of canine intervertebral disc disease
(IVDD) is called Hansen type I IVDD and most frequently
is seen in chondrodystrophic breeds of dogs (e.g. Basset
Hounds, Beagle, Dachshund, Shi Tzu, Lhasa Apso). The
Hansen I type of IVDD is characteristicly a sudden rupture
of the dorsal part of the annulus fibrosus with an explosive
release of the nucleus pulposus material. It causes concus-
sion or compression of the spinal medulla and results in
varying degrees of neurological dysfunctions [22, 33, 39].
The severity of the spinal cord damage caused by type I disc
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extrusion is related to the rate of herniation (force of im-
pact), the duration of neural structure’s compression and
the volume of the extruded disc material. The incidence of
dogs presenting with neurological symptoms due to inter-
vertebral disc herniation is about 2 % of all cases admitted
to veterinary facilities [9, 23, 39, 48].

The second most frequent cause of SCIs in dogs is trau-
ma. It usually occurs in association with traffic accidents,
vertical falls, animal-animal or human-animal interactions,
gunshot or stab wounds and usually accompany vertebral
fractures or luxations. At present, about 60 % of traumatic
SCIs in dogs are the consequences of traffic accidents [10,
14, 39].

Fibrocartilaginous (FCE) embolism is a rare cause of an
acute spinal cord dysfunction [11, 35, 43, 59]. It is induced
by the occlusion of spinal vasculature (leptomeningeal and
intramedullary vessels) by material from the nucleus pulp-
osus producing ischemia of dependent region of the spinal
cord parenchyma. The clinical presentation is of a peracute,
non-progressive paralysis with a distribution and severity
depending on the site of the infarction. Since the definitive
diagnosis of FCE is not possible without histological exam-
ination, diagnostic procedures should exclude compressive
myelopathy, particularly that caused by intervertebral disc
herniation [9, 23, 32, 48]. The true incidence of FCEs is dif-
ficult to assess; the condition predominantly affects dogs of
big and giant breeds [11, 21, 35, 43, 60].

Clinical presentation

The neurological deficit characteristics for spinal cord
injury depends upon the location, size and the rate of de-
velopment of the lesion [14, 23, 24, 55]. The signs of spinal
cord trauma are typically acute and may further progress
in instances of unstable fractures or luxations [14, 39].
A severe medullary damage may cause paraplegia with in-
creased extensor tone in the thoracic limbs. The symptom
is called Schiff-Sherrington phenomenon [45]. A small
unilateral damage of the spinal medulla will likely cause
symptoms predominantly on the side of the lesion. Large
lesions or lesions associated with substantial cord swelling
will result in the development of bilateral symptomatology
[39, 54, 55].

A benign spinal cord injury, when the traumatic forces
cause functional derangement of spinal cord circuits only,
but no mechanical disruption of the medulla or its tracts,

is called spinal cord concussion (Commotio medullae spi-



nalis). It belongs to the so called mild spinal traumas and
in a majority of the cases it is inflicted by a blow to the
vertebral column [49]. It leads to transient paresis, but the
patient never reveals symptomatology of a complete (trans-
versal) spinal cord lesion [14, 45].

In case a partial medullary damage develops, one of
the syndromes results in an incomplete spinal cord lesion
[14, 34, 56]. The clinical symptomatology of an incomplete
medullary lesion is given by their anatomic relationships,
i.e. by the course of motor and the sensitive tracts and the
location of the spinal cord vessels. If the whole spinal me-
dulla is mechanically or functionally damaged, the situa-
tion is termed a transversal spinal cord lesion. In this situ-
ation neurological examination reveals a complete loss of
motor, sensitive and vegetative functions caudally from the
epicentre (Fig. 2). It is important to stress, that immediately
after spinal trauma even patients with incomplete medul-
lary lesions reveal transient supression or loss of muscle
tone and segmental spinal reflexes caudal to the SCI. This
phenomenon is called spinal shock, which differs essential-
ly from the neurogenic shock [15, 31, 47]. Compared with
big apes and humans, where spinal shock resolves in a se-
ries of phases extending over days to weeks, the recovery
from the spinal shock in non-primates is relatively rapid
(e.g. the patellar reflex in rabbits reappears 10—15 minutes
following SCI, between 30 minutes and 2 hours in cats and
dogs); it does not attract the major attention of veterinar-
ians, so far [47, 55]. In an acute phase of SCI, the gross re-
actions of the organism are characterised by tachycardia,
later on it is replaced by bradycardia; blood pressure fluctu-
ates, too — the initial hypertension is later on substituted
by hypotension [55, 56]. The peripheral vascular resistance
declines, the cardiac output is diminished, blood levels of
cathecholamines increase, and then subsequently decrease.
In the case of cervical SCIs, the respiration is endangered
and dogs succumb or are euthanized at the place of the
event [14, 24, 34, 39, 44].

Spinal cord hemisection syndrome (Brown-Séquard
syndrome or BSS) occurs when just one side of the spinal
medulla is damaged or it is injured much more severely
than the other. It is rare to see the spinal cord truly hemi-
sected, much more frequently it is called Brown-Séquard
plus syndrome or partial lesions due to the penetrating in-
juries (e.g. gunshot or stab wounds) or vertebral fractures

and luxations (Fig. 3).

Fig. 3. Schematic representation of spinal cord hemisection
syndrome, i. e. Brown-Séquard syndrome (BSS)
1 — gray matter; 2 — white matter; 3 — lesioned part of spinal cord
(pink area)

On the ipsilateral side of the lesion, the body loses mo-
tor functions, proprioception, the sense of vibration and
touch. On the contralateral side of the injury pain and tem-
perature sensations are lost [14, 34].

Central spinal cord syndrome (central cord syndrome
or CCS) usually results from the damage to the cervical
part of the spinal medulla due to the neck hyperextension

in patients with cervical spinal stenosis (Fig. 4).

Fig. 4. Schematic representation of a central spinal cord
syndrome (CCS) (pink area)

The CCS is characterized by weakness in the thoracic
extremities with relative sparing of the pelvic extremities
and loss of sensation of pain, temperature, light touch, and
pressure caudal to the level of injury [14]. The spinal tracts
that serve thoracic limbs are more affected due to their
central location in the spinal cord, while the corticospinal
fibers destined for the pelvic limbs are spared due to their
more external location [14, 34].

Ventral spinal cord syndrome (ventral cord syndrome
or VCS) is caused by damage to the ventral portion of the
spinal medulla or the reduction in the blood supply from

the ventral spinal artery (Fig. 5) compressed by fragments
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of vertebral bodies or herniated intervertebral discs [10, 14,
34]. The VCS is characterized by urinary retention, loss of
motor functions, pain and temperature sensation caudal to
the level of injury, while the sense of touch and position in

space remains intact [14, 34, 39].

Fig. 5. Schematic representation of a ventral spinal cord
syndrome (VCS) (pink area)

Dorsal spinal cord syndrome (dorsal cord syndrome
or DCS), in which the dorsal columns of the spinal me-
dulla are affected (Fig. 6), is usually seen in patients with
vertebral canal degenerative stenosis or infarction of the
posterior spinal arteries [14, 34, 39]. The DCS is character-
ized by the loss of proprioception and the sense of vibration
caudal to the level of the lesion, while motor functions and
the sensation of pain, temperature, and touch remain intact
(14, 34].

Conus medullaris syndrome (CMS) is caused by an
injury to the caudal end of the spinal medulla [14]. This
region is responsible for bowel, urinary bladder and sexual
functions; perianogenital and tail sensation. The Achilles
tendon reflex can be affected also. The symptoms occur bi-
laterally [14, 34, 55].

Fig. 6. Schematic representation of a dorsal spinal cord
syndrome (DCS) (pink area).
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Traumatic cauda equina syndrome (cauda equina
syndrome or CES) results from a lesion to L7—Cd5 spinal
nerve roots due to the fracture and dislocation of the sacral
bone or L7/S1 intervertebral disc herniation [14, 34, 39].
It is not a true spinal cord syndrome, since the spinal cord
nerve roots damaged in CES are actually peripheral nerves.
The CES can occur by itself or alongside with the CMS. It is
characterized by: low back pain, weakness in the pelvic ex-
tremities, nociceptive deficits in the medial areas of the pel-
vic limbs, perineum and tail, and bowel and urinary bladder
dysfunctions [14, 34]. Unlike the conus medullaris syn-

drome, symptoms of CES often occur unilaterally (Fig. 7).

Pathophysiology of spinal cord injury

The damage in SCIs begins suddenly at the moment
of a traumatic event when displaced vertebrae, their frag-
ments, intervertebral disc material or ligaments compress
or tear the spinal medulla and its blood vessels [4, 10, 14,
16]. External forces sever axons and blood vessels which
causes hemorrhage (predominantly in the gray matter)
and ischemia [16, 18, 26, 37, 41]. Within several minutes
the spinal cord swells and fills the spinal canal [16, 37, 41,
44, 61]. The increased compression of vessels diminishes
blood flow, decreases medullary tissue oxygen supply and
enhances ischemia. The situation further deteriorates due
to systemic blood pressure drop as the body loses the abil-
ity to autoregulate. The changes in blood flow start in the
epicenter and spread to adjacent, undamaged tissue, which
can last for as long as 24 hours and progressively worsens.
Due to the differences in tissue composition, the impact
of these events is greater on the interior gray matter of the
spinal medulla than on the outlying white matter. Not only
the blood vessels in the gray matter are damaged by the ex-
ternal mechanical forces, but also intact capillaries begin to
leak due to the blood — spinal cord barrier (BSCB) disrup-
tion, sometimes as early as 5 minutes following the injury
(16,37, 44, 61]. Edema of the spinal cord appears. The com-
bination of vessel leakage, tissue swelling and reduction of
blood circulation aggravate the physiological delivery of
oxygen and nutrients to neurons causing their destruction
[16]. The loss of ionic homeostasis manifested by intracel-
lular shift of Ca?* together with Na* and efflux of K*, appears
immediately following spinal trauma [13, 16, 41, 56—58].
It is exaggerated by excessive release of neurotransmitters,
especially glutamate, the substance used by nerve cells to

signal each other and stimulate their activity. The flooding



Fig. 7. An anatomical specimen of the caudal end of the spinal cord, medullary cone and cauda equina
following removal from the vertebral canal and spinal dural sac
1— spinal cord; 2 — medullary cone; 3 — terminal filament; 4 — cauda equina nerve roots. Bar=5mm. (An original picture)

of the area of SCI by neurotransmitters and the loss of ionic
homeostasis are central features of necrotic and apoptotic
cell death [16, 41, 57—59, 61]. Specifically, dysregulation
of the Ca** ion concentration is not only a common ele-
ment in cell death, but initiates a number of damaging pro-
cesses including the activation of calpains, mitochondrial
dysfunction and increasing free radical production [12,
13, 25]. Free radicals mediate lipid peroxidation contribut-
ing to axonal disruption and the death of both, neurons as
well as glial cells. Lipid peroxidation is a self-perpetuating
free radical reaction causing membrane damage leading to
heart rate drop, cell lysis, the dysfunction of organelles, and
further contributes to the calcium dyshomeostasis through
the oxidation of membrane lipids [13, 25, 28]. When the
BSCB is broken, large molecules and immune system cells
enter the spinal cord tissue. This invasion triggers an in-
flammatory response, characterized by fluid accumulation
and the influx of immune cells — neutrophils, T-cells, mac-
rophages and monocytes [6, 53]. The physiological func-
tion of the immune system (IS) is fighting infection and
cleaning debris. However, the above mentioned response
of the IS to SCI also triggers the activation of microglia and
the release of cytokines — a group of messenger molecules
(e.g. IL-6, IL-13, TNF-a) with a distinct negative effect on
the nerve cells [13, 38, 41, 44, 46, 51].

Another consequence of the immune system cells en-
try into the area of SCI is that inflammation accelerates the
production of highly reactive forms of oxygene molecules
called free radicals. They appear as by-products of normal
cell metabolism. In the healthy spinal cord their numbers
are too small to cause any harm. But the SCI and the sub-
sequent wave of inflammation, signals particular cells to
overproduce free radicals. Then they attack and damage
molecules crucial for cell function, especially those in cell
membranes, by modifying their chemical structure [5]. In
the past it was supposed that the only way in which cells
died in SCIs was a direct result of the traumatic event
[16]. However, recent findings have revealed that cells in
the damaged spinal medulla also die from a kind of pro-
grammed cell death called apoptosis [14, 25, 46, 57]. Apop-
tosis is a physiological cellular event that occurs in tissues
and cell systems. It helps the body get rid of old or ill cells
by causing them to shrink and implode. Nearby scavenger
cells then engulf and remove debris. For reasons that are
still unclear, SCI starts apoptosis, which kills oligodendro-
cytes, the cells that form myelin wrapping around axons.
So apoptosis damages myelin sheets on intact axons in ad-
jacent pathways, too [29, 44, 57].

All of above mentioned mechanisms of secondary in-

jury increase the area of destruction in the damaged spi-
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Table 1. Primary and secondary mechanisms involved in traumatic SCls

Primary, i.e. injury phase

Secondary phase

Compresion
Distraction
Laceration

Vascular changes: failure of autoregulation, systemic hypotension,
haemorrage, blood flow reduction, impaired microcirculation, vasospasms,
thrombosis, BSCB disruption, edema

Shearing mechanisms
Ischemia

lonic dysregulation: intracellular shift of Ca** and Na*, extracellular drift of K*

Biochemical changes: excessive release of neurotransmitters, free radicals
production, release of excitotoxic aminoacids (glutamate) and prostaglandins,

lipid peroxidation

Inflammation: fluid accumulation, influx of immune cells (neutrophils, T-cells,
macrophages, monocytes), release of cytokines

nal medulla. Affected axons become dysfunctional either
because they are stripped of their myelin or because they
are disconnected from the cranial regulatory centers [17].
Glial cells accumulate to form a scar creating a barrier to
axons that could potentially regenerate. A few intact axons
may remain, but they are not enough to convey meaningful
information from the periphery to the brain (41).

Over weeks to months following the SCI (chronic
phase), the lesion site: continues Wallerian degeneration,
axon fragmentation, progressive apoptosis of the oligoden-
drocytes, demyelination, maturation of glial scar, cavitation
of medullary tissue (syringomyelia), and stabilisation of the
lesion. At about the same time the start of the reparatory
processes and neuronal and axonal sprouting (supported
by brain derived neurotrophic factor, i.e. BDNF) begins,
but concurrently the production of neuron growth inhibi-
tors (especially three isophorms of neurite outgrowth in-
hibitors, i.e. NOGO A, B, and C, myelin-associated glyco-
protein, i.e. MAG, or Rho-kinase, i.e. ROCK) impede the
regeneration [7, 17, 29, 44].

CONCLUSION
This review provides an overview of the current infor-

mation of the etiology, pathophysiology and neurological

symptomatology of spinal cord injuries in dogs.
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ABSTRACT

Severe spinal cord injuries (SCI), causing physical
handicaps and accompanied by many serious complica-
tions, remains one of the most challenging problems in
both, human and veterinary health care practices. The
central nervous system in mammals does not regener-
ate, so the neurological deficits in a dog following SCI
persists for the rest of its life and the affected animals
display an image of permanent suffering. Diagnostics
are based on: neurological examination, plain x-rays of
vertebral column, x-rays of the vertebral column fol-
lowing intrathecal administration of a water-soluble
contrast medium (myelography), x-rays of the vertebral
column following epidural administration of a contrast
medium (epidurography), computed tomography (CT)
and/or magnetic resonance imaging (MRI). Currently,
only limited therapeutic measures are available for the
dogs with SCIs. They include: the administration of
methylprednisolone sodium succinate (MPSS) during

the acute stage; early spinal cord decompression; stabi-

lisation of vertebral fractures or luxations; prevention
and treatment of complications, and expert rehabilita-
tion. Together with the progress in the understanding
of pathophysiologic events occurring after SCI, different
therapeutic strategies have been instituted, including the
local delivery of MPSS, the utilisation of novel pharma-
cological agents, hypothermia, and stem/precursor cell
transplantation have all been tested in the experimental
models and preclinical trials with promising results. The
aim of this review is the presentation of the generally ac-
cepted methods of diagnostics and management of dogs
with SClIs, as well as to discuss new therapeutic modali-
ties. The research strategy involved a PubMed, Medline
(Ovid), Embase (Ovid) and ISI Web of Science literature
search from January 2001 to December 2017 using the
term “spinal cord injury”, in the English language litera-
ture; also references from selected papers were scanned

and relevant articles included.

Key words: dog; diagnostics; new perspectives; spinal

trauma; therapy
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INTRODUCTION

The principal composition and function of the central
nervous system (CNS) in dogs, cats, pigs and primates are
similar [7, 8, 14, 16, 22, 31]. The spinal cord injuries (SCIs)
naturally occur ing these species, but the regeneration of
neurons within their brain and spinal cord is limited [68].
The neurological symptomatology, complication rate and
their character may be also similar, and the treatment op-
tions and the prognosis resemble the situation in people [2,
14,22, 31, 47, 58, 77]. The same diagnostic and therapeutic
measures are utilised in both, human and veterinary medi-
cine [6, 19, 29, 53, 64, 69]. That is why the authors decided
to review recently published papers relating to canine spi-
nal trauma and inform the health care professionals about
the generally accepted methods and new achievements,

ready to be tested in preclinical and clinical trials.

DIAGNOSTICS

The trauma patients may suffer significant damage not
only to the vertebral column, but also to other body sys-
tems. These accompanying injuries may pose more imme-
diate threats to their lives than the damage to the spinal
cord. So when evaluating an animal with a neurologic defi-
cit due to a suspected trauma, it is necessary to assess the
overall stability of the organism, i.e. function of pulmonary
and cardiovascular systems in the first place, then proceed
with careful examination of the entire nervous system [9,
12, 14, 45]. The clinical experience has shown that traumat-
ic brain lesions, especially in their mild forms, accompany
different traumatic events quite often, and multilevel cord
damage is also possible [53, 67]. A theoretical progression
of clinical symptomatology is as follows: pain—ataxia—pa-
resis—plegia — and the loss of deep pain sensations [67].
The simple scales recommended for primary, informative
assessment of spinal cord functions applicable in dogs are
the Tarlov grading system and the American Spinal Injury
Association impairment scale, i.e. ASIA scale [12, 31, 40,
53, 64]. More details are in Table 1. The plegia and loss of
deep pain sensations are very important indicators of se-
vere spinal cord lesions. They are usually associated with
the damage to the significant parts of the white matter,
while dogs that are only painful and ataxic, likely have only

restricted spinal cord involvement [12, 69, 75].
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Table 1. Tarlov grading system modified for dogs [40]

Grade0 —  Complete paralysis (tetra- or paraplegia)
with no extremity function

Grade1 —  Minor joint movements

Grade2 —  Majorjoint movements

Grade3 —  Animal can stand

Grade4 —  Animal can walk

Grade5 —  Animal can climb a 20°inclined plane

However, there are symptoms, which help to localise

the spinal cord lesion in a dog more precisely (Table. 2).

Table 2. Neurological symptoms related to localisation
of a spinal cord lesion [14, 48, 77]

Lesion

localization Clinical findings

a1-a5 Crossed extensor reflex in all 4 extremities, neck pain,
Horner syndrome, proprioceptive deficits 4x, increased
myotatic reflexes 4x, increased tone 4x, tetraparesis/
tetra-plegia, increased tone, upper motor neuron uri-

nary bladder

C6-Th2  Absent cutaneous trunci reflex, neck pain, decreased
thoracic limb tone/withdrawal reflexes, pelvic limb
crossed extensor reflexes, back pain, proprioceptive
deficits 4x, Horner syndrome, tetraparesis/tetraplegia,
increased pelvic limb myotatic reflexes, upper motor

neuron urinary bladder, increased pelvic limb tone

Th3-L3  Absent cutaneous trunci reflexes near level of lesion,
paraparesis/paraplegia, pelvic limb crossed extensor re-
flexes, back pain, proprioceptive deficits in pelvic limbs,
increased pelvic limb myotatic reflexes, upper motor

neuron urinary bladder, increased pelvic limb tone

L4-S3 Lumbosacral pain, decreased anal tone/reflex, lower
motor neuron urinary bladder, decreased pelvic limb
myotatic reflexes, decreased pelvic limb tone/withdraw-
al reflexes, paraparesis/paraplegia, pelvic limb proprio-

ceptive deficits, limp tail

L4-S3 Lumbosacral pain, decreased anal tone/reflex, lower
motor neuron urinary bladder, decreased pelvic limb
myotatic reflexes, decreased pelvic limb tone/withdraw-
al reflexes, paraparesis/paraplegia, pelvic limb proprio-

ceptive deficits, limp tail

Legend: 4x—in all four extremities; C— cervical
Th—thoracic; L—Ilumbar; S—sacral

Imaging diagnostic techniques

Réntgenological investigations are still crucial in de-
termining an accurate diagnosis of spinal pathology [9,
30]. Plain radiographs, sometimes in different projections
(ventro-dorsal, lateral, oblique) are especially helpful in

identifying bone abnormalities, such as luxations and/or



Fig. 2. An example of contrast x-ray examination (myelography) of cervical and cranial part of thoracic spinal canal in a dog;
lateral projection. The procedure was performed under general endotracheal anaesthesia
CM —contrast medium; ET — endotracheal tube
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Fig. 3. An example of a contrast x-ray examination of the lumbosacral region of the vertebral canal
(epidurography) in a dog; lateral projection

Fig. 4. A CT examination of a dog with a sacral bone fracture causing the traumatic
cauda equina syndrome. Obstipation developed due to anal sphincter hypertone
T — transversal plane; D — dorsal plane; L —lateral plane
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Fig. 5. A MRI examination (T2-weighted image) of a dog with a fracture of L7 vertebra, traumatic conus medullaris syndrome,
intra- as well as a paraspinal haematoma of the soft tissues. F— fracture

fractures of vertebrae; sometimes they are able to show nar-
rowing of the intervertebral space, which is an indirect sign
of intervertebral disc disease (IVDD) [7, 63].

It is necessary to stress, that negative plain x-rays do not
exclude vertebral column or spinal cord injury. That is why
advanced diagnostic techniques, e.g. myelography (x-rays
following administration of water-soluble contrast medium
into the spinal dural sack), epidurography (x-rays follow-
ing the administration of water-soluble contrast medium
into the spinal epidural space), comput ed tomography (CT
scan) and magnetic resonance imaging (MRI), are more
frequently used nowadays [49, 55]. The CT scans provide
much greater details of the bony structures and are able to
show the extent of any encroachment on the spinal canal
by vertebral displacements or bone fragments. MRI gives
information about the spinal cord and soft tissues. This im-
aging technique is able to reveal the cause of the cord com-
pression, whether from bone, prolapsed discs, ligamentous
damage, or instraspinal haematomas [75]. CT and MRI are

the best available diagnostic tools currently.

Differential diagnosis

Several non-traumatic spinal cord lesions can cause the
symptomatology of tetra- or paraplegia/tetra- or parapare-
sis [28]. The most important of them are:

1. Fibrocartilaginous embolism (FCE) is encountered
in dogs quite frequently [10, 21]. It occurs when material
from the nucleus pulposus of the intervertebral disc forms
an embolus that obstructs vessels within the spinal me-
dulla. FCE commonly affects dogs of large or giant breeds
[75]. Dogs typically present with a peracute neurologic
deficits that progress for about 24 hours. The neurological
symptomatology can be asymmetric and dogs are usually
painless [21, 75]. To establish a definitive diagnosis of FCE
it is possible only by the help of histopathologic examina-
tion, which shows fibrocartilaginous emboli within the spi-
nal cord vasculature identical to the nucleus pulposus [10,
21, 75]. Perimyelography or CT scans can be used to make
a presumptive diagnosis, but the best antemortem diag-
nostic tool is MRI currently [75]. Different treatment mo-

dalities (e. g. administration of steroids) for FCE have been
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attempted, but no significant positive effects have been
found. So the treatment of FCE is conservative, usually it
includes rest, followed by physical therapy [10, 20, 21, 57].

2. Spinal epidural or subdural bleeding — are rare
pathological events in dogs. Clinical presentation is char-
acterised by a sudden pain in a specific region of the spine
(depending on the affected part of the body axis) accom-
panied by neurological deficits progressing to tetra- or
paraplegia [12, 53]. This clinical entity can occur after light
falls, jumps, or excessive training, but sometimes may even
occur spontaneously. For the localisation and extent of the
suspected haematoma, it helps to assess perimyelography;
however, to establish the exact diagnosis it is possible only
by the help of CT scans. This menacing situation may be
solved by an urgent surgical revision and removal of the
blood clot [53, 77].

3. Spinal epidural abscess or subdural empyema.
They occur rarely, in the majority of the cases accompany
meningitis or different purulent processes. The patient has
fever and symptoms of meningeal irritation. Perimyelog-
raphy helps the diagnostics, but CT or MRI are preferable.
In the treatment of an urgent surgical revision, evacuation
of pus, bacteriological identification of the microorganisms
and prolonged administration of antibiotics are recom-
mended [28].

4. Viral (Herpes simplex virus, Varicella-zoster virus,
Cytomegalovirus, Tick encephalo-myelitis virus), fungal
(Cryptococcus spp.) or parasitic (Toxoplasma gondii, Schis-
tosoma mansoni) transverse myelitis can develop in dogs.
Infectious agents mostly enter the spinal medulla by hae-
matogenous transit (from a distant focus) or directly in the
time of penetrating injuries or surgical interventions. The
perimyelography helps to exclude spinal cord compression,
and MRI is able to verify myelitis. The exact diagnosis is
dependent on bacteriological and serological tests [28, 30].

5. Many pathological conditions occurring in dogs
may produce clinical symptoms that mimic SCI. The diag-
nostic problems may appear in neurological diseases such
as: the Wobbler syndrome, the canine distemper, degenera-
tive myelopathy, tick paralysis, toxoplasmosis and polyra-
diculoneuropathy [12].

6. Wobbler syndrome is a common cervical problem. It
occurs especially in Great Danes and Doberman Pinschers.
The clinical symptomatology is caused by compression of
the cervical spinal cord by the vertebral malformation-ma-

larticulation of C5, C6, and C7. The onset is usually insidi-
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ous with signs which are normally progressive, but some-
times acute. Owners generally recognise ataxia of the pelvic
limbs. Dogs often cross, abduct or collapse on walking and
turning. The animal gives an impression that it does not
know where its limbs are because of a proprioceptive defi-
cit. The thoracic limb signs (if present) are similar, but less
marked [12].

7. Canine distemper (hardpad disease) is caused by
a single-stranded RNA virus of the family Paramixoviri-
dae. The disease impacts several body systems, includ-
ing gastrointestinal and respiratory tracts, but acts pre-
dominantly on the spinal cord. Canine distemper is highly
contagious and fatal in about 50 % of the cases [12]. Dogs
younger than 1 year are especially suspect of having the
disease. The affected animal reveals signs of segmental my-
elopathy with progressive neurological deficits. An exam-
ple is mild thoracic limb deficit in a paraplegic dog. Quite
often additional symptoms (e. g. head tilt, nystagmus, head
tremor, nasal and ocular discharge, harsh lung sounds, hy-
perkeratosis of the nose and foot pads, chorioretinopathy
and myoclonus) may be seen. There is no specific treatment
for the disease. The prevention is vaccination [12].

8. Degenerative myelopathy (DM) is a progressive
disease with no specific cure. Currently it is suspected that
DM is an immune-mediated illness resembling Multiple
sclerosis (MS) in humans. It occurs predominantly in ag-
ing German Shepherds and is characterised by a slowly
progressive paraparesis and ataxia of the pelvic limbs. The
onset is insidious and may continue for five to six months.
Proprioception is the first affected function, along with
crossed limbs and hyperreflexia of the pelvic extremities.
Symptomatology may be asymmetrical. The neurologi-
cal deficit is caused by diffuse degeneration of the myelin
sheaths and neural axons in both ascending and descend-
ing tracts of the spinal cord. The peripheral nerves may be
involved too, resulting in the lower motor neuron signs.
The diagnosis is based on: the breed of the dog, its age, typi-
cal history, clinical symptomatology and exclusion of other
intraspinal lesions. The myelography, CT and MRI negate
compression of neural structures, and the CSF examina-
tions are normal [12].

9. Tick paralysis is caused by a neurotoxin produced
in the tick’s salivary gland. Clinical presentation begins
with paresis, hyporeflexia and ataxia five to seven days af-
ter the attachment of the tick and the symptomatology can

progress to paralysis with areflexia. Finding ticks on the



dog helps to establish the diagnosis. The CSF examination
is normal, however the neurotoxin reduces nerve conduc-
tion velocity, the amplitude of muscle action potentials and
causes a total blockade of transmission at the myoneural
junctions [30]. Following the removal of the tick, the neu-
rological deficit subsides [12, 30].

10. Toxoplasmosis can cause various clinical signs.
They include seizures, blindness, tremor, hemi- or para-
paresis, and hindquarter paralysis. Spinal reflexes may be
absent and extensor rigidity present in one or both pelvic
extremities. The history is usually of a young dog showing
gradual progressive paralysis. A positive diagnosis is dif-
ficult, but serology may be of some help [12].

11. Polyradiculoneuropathy (coonhound paralysis).
The etiology of this disease is unknown. The functional le-
sion is on the ventral nerve roots and peripheral nerves.
The disease is initiated by raccoon bites one to two weeks
before the onset of any clinical signs. The majority of the
affected dogs show paresis and hyporeflexia of the pelvic
limbs and dysphonia. The neurological deficits progresses
to tetraplegia with areflexia, while the animal demonstrates
alertness and has a normal temperature. Adult hunting

dogs are most commonly affected [12].

SPINAL TRAUMA MANAGEMENT

It is very important to have an initial assessment aimed
at identifying all of the imminently life-threatening injuries.
The basic ABC examination (the patency of the airways, the
ability of the dog to breathe, and the effectiveness of circula-
tion) is recommended [9, 14, 31, 67]. Most animals with sig-
nificant traumatic events will present a state of hypovolemic
shock due to inappropriate vasodilation, blood loss, or both.
Hypovolemia and hypoxemia can contribute to secondary
spinal cord damage, so rapid correction of perfusion deficit
is of paramount importance. In dogs with a systolic blood
pressure less than 90 mmHg require aggressive fluid resus-
citation [9, 53]. The administration of synthetic colloids
(e.g. “Dextran-70” 10—20mlkg™ over 15—20min, or hy-
pertonic saline 4—5ml.kg™ over 15—20min) are indicated
for hypovolemic shock. Dehydrated trauma victims should
receive isotonic crystalloids (e. g. lactated “Ringer’s solution”
or 0.9% saline). In animals unresponsive to fluid therapy,
vasopressor agents (e.g. dopamine 5—12pgkg'min™ or

epinephrine infusion 1—10pug.kg'min™) should be used

to maintain adequate systemic blood pressure [9, 13, 29,
53]. Hyperoxygenation is recommended for most trauma
patients. Dogs who are conscious should be administered
supplemental oxygen via nasal cannulae or nasal oxygen
catheters. The face masks tend to stress dogs, so they should
only be used temporarily. Animals with airway obstruction
or SCIs causing hypoventilation should be intubated and
ventilated [29, 53, 69].

Specific therapy for spinal trauma

While there are significant differences between humans
and non-primate animals in terms of supraspinal motor
control of extremities, the basic brainstem-spinal control
systems for walking are similar [2, 65, 70, 76]. More im-
portantly, cellular mechanisms (activation of microglia,
apoptosis, axonal sprouting, and inhibition effects within
adult CNS) do not differ [3, 13, 22, 32, 38, 42, 58, 62, 68,
72,73, 76].

Once the diagnosis of a traumatic SCI has been made
and the location of the lesion and the cause of medullary
damage has been established, a decision must be made con-
cerning what type of treatment will be pursued. Basically,
it is determined by the personal opinion of the veterinary
surgeon and the choice of the owner [9, 53, 55, 63]. Verte-
bral fractures and luxations may be treated conservatively
(e.g. by a strict rest for 2—6 weeks and/or immobilization
using external braces, supplemented by administration of
analgesics, anti-inflammatory drugs and physical therapy).
However, the surgical methods, i. e. decompression, reposi-
tion of fragments and internal fixation are more and more
frequently preferred nowadays, since the literature provides
strong evidence, that the early surgical decompression is
associated with better recovery at 6 months after the event
as defined by a 2-grade improvement in the grading system
(impairment scale) modified for dogs [9, 31, 40, 52, 63].
Surgical management is generally recommended when:
the dog has preserved only minimal voluntary motor func-
tion or is completely paraplegic; there is a clinical or radio-
graphic evidence of unstable vertebral fracture/luxation; or
the neurologic deficit is progressing despite an appropriate
conservative management [9, 52, 77].

The first proven pharmacological treatment for SCI in
humans was introduced in the 1990s [6, 29]. In a multicen-
tre clinical study, a high dose of the synthetic corticoste-
roid methylprednisolone (MPSS) was reported to reduce
disability when administered within 8h of trauma. MPSS

51



reduces swelling, glutamate release, free-radical accumula-
tion, upregulates anti-inflammatory factors, and decreases
oxidative stress [35, 73]. According to the Cochrane review,
the MPSS treatment should be started by a 30 mg.kg™ bo-
lus within the first 3 hours after injury and continued by
5.4mgkg".h™ for 24hours. [6]. On the other hand, the
treatment with a high-dose of MPSS is associated with seri-
ous complications (e. g. gastric bleeding, wound infections,
myopathy) outweighing potential benefit for neurological
improvement [20, 56, 66]. That is why a local delivery of
MPSS to the epicentre of the injury is currently being test-
ed [32, 34, 35]. The majority of patients following SCIs are
in the chronic phase of their disease. With an aim to help
them, different neuroregenerative proceedings are being
experimentally tested [31, 33, 35, 70].

A critical part of any treatment for SCI is an effective
rehabilitation strategy. It is aimed to reduce chronic com-
plications (e. g. pressure ulcers, spasticity, and development
of deformities) and enhance residual functions [1, 19, 40,
74]. The physical rehabilitation improves muscle tone and
mobility, activates preserved intramedullary circuits, main-
tains existing neural cell connections, promotes synapto-
genesis, myelination and neurite sprouting, i.e. it is able to
raise the physical as well as emotional condition of the pa-
tient [9, 19, 26]. That is why the more advanced rehabilita-
tion procedures are recommended in the treatment of dogs
with SCIs [31, 53, 63].

Complications

The most frequent complications connected with SCIs
in dogs are: neuropathic pain, problems with the evacua-
tion of the urinary bladder, spasticity, pressure ulcers and
sexual incompetence.

Two thirds of humans with SCI report pain and about
a third of them rate their pain as severe. It is reasonable to
assume about the same occurrence of post-injury chronic
pain syndromes in animals also. Pain can be at the level of
the injury, or it can be experienced in other areas, where
sensation is usually limited or absent. Neuroscientists sup-
pose that at-level pain results from damage to spinal cord
one or more segments cranial to the lesion, whereas pain
caudally from the lesion can result from the interruption
of axon pathways, the formation of abnormal connec-
tions within the spinal cord and/or functional changes in
neurons, which make them hyperexcitable. Consequently,

a more aggressive treatment in the first few hours after in-
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jury could limit the secondary damages and reduce the de-
velopment of chronic pain syndromes following SCIs [10,
14, 20, 54].

The majority of patients with post traumatic tetra- or
paraplegia are not able to control voiding and suffer with re-
current urinary tract infections due to bladder over disten-
sion and urine stagnation [12, 48]. The treatment consists
of regular urinary bladder evacuation and administration
of antibiotics. There are two types of problems with bladder
evacuation — the upper motor neuron (UMN) dysfunction
and the lower motor neuron (LMN) dysfunction [12, 48]:

a) The UMN bladder dysfunction is caused by spinal
cord lesions between the pons and the L7 segment. The
hallmark of this lesion is interference with the detrusor
reflex and hyperactivity of the urethral musculature. The
bladder fills with urine, but the dog is not able to urinate.
Upon palpation, the bladder is turgid and it is difficult to
express the urine manually. The intermittent catheteriza-
tion can solve the problem [12, 48].

b) The LMN bladder dysfunction occurs with lesions
of the sacral spinal cord or nerves of the lumbosacral plex-
us. The hallmark of the LMN bladder dysfunction is de-
creased tone of both, detrusor as well as urethral muscula-
ture. This lesion attenuates or abolishes the detrusor reflex
and the dog constantly dribbles urine; decreased or absent
perineal reflexes and sensation accompany the condition.
The application of light abdominal pressure easily evacuate
urine [12, 48].

About 60 % of animals following SCIs suffer with spas-
ticity. Recent studies indicate that the loss of descending
tracts results in the decreased activity of inhibitory inter-
neurons. It causes the over reaction of moto neurons to ex-
citatory stimuli [1, 12, 53]. If spasticity appears in paraple-
gic dogs, medical therapy (administration of drugs acting
within the CNS - baclofen, diazepam or directly on skeletal
muscles — dandrolene) is recommended. In spasticity resis-
tant to pharmacological interventions, there is severing of
the reflex pathways (surgical rhizotomy or myelotomy) [1].

Dogs with paraplegia due to SCI, its chronic comorbidi-
ties, impaired autonomic innervation as well as protective
sensory perception are particularly vulnerable to developing
pressure sores — pressure ulcers (decubitus). They also are at
high risk for the occurrence of recurrent ulcers which can
be life-threatening as a potential source of infections and
sepsis. The pressure ulcer is defined as a soft tissue damage

resulting from prolonged pressure over bony prominences



resulting in ischemia and necrosis [36]. The pathological
sequelae of pressure can be reversed at the ischemic stage if
pressure and supportive factors (e. g. shear, friction and/or
moisture) are excluded. So changing the position of paraple-
gic animal (every 2 hours) and the removal of supportive
factors are effective preventive measures [37, 53]. There are
four clinical stages of pressure ulcers. The sores of stage 1
and 2 positively react to the relief of pressure, debridement
of necrotic skin and subcutaneous fat, control of bacterial
colonization, and nutrition supplementation; the ulcers of
stage 3 demand surgical excision and tissue reconstruction.
The best solution for dogs with deep necrosis involving
bones, joints and tendons (stage 4) is euthanasia. The de-
cision of therapeutic interventions depends on the attitude
and financial situation of the owner [9, 14, 24, 37, 63].

Dogs afflicted with SCI reveal two types of sexual prob-
lems. The tetra-, or paraparesis/tetra- or paraplegia hinders
or excluded copulatory activities, i. e. mounts and intro-
mission in males, lordosis in females [48]. The severe SCI
disrupts the reflex mediated increase in genital blood flow
(required for engorgement of erectile tissues in males and
vasocongestion of clitoris, vaginal wall, and lubrication of
the vaginal surface in females). Even if the sympatheti-
cally mediated arousal is intact, the males have problems
to maintain erection and suffer a retrograde (intravesical)
ejaculation, due to incompetence of the internal urethral
sphincter [48]. As a result, male reproductive function is
significantly affected. On the contrary, the female dogs with
SCI are able to become pregnant, as well as undergo normal

pregnancy and delivery [48].

PROGNOSIS

Dogs with tetraplegia due to the lesion of the cervical
spinal cord have a poor prognosis. Many of them perish
before any therapeutic intervention is available or they are
euthanized immediately after the incident. The financial
burdens of tetraparetic animal’s treatment also are rather
high, so the majority of owners prefer an early euthanasia.

1. In paraparetic/paraplegic dogs with intervertebral
disc herniation (Hansen type 1 disc disease) but intact per-
ception, a decompressive operation (hemilaminectomy or
laminectomy and removal of the disc fragments from the
vertebral canal) is indicated as soon as possible. Following

an active therapy, they can recover completely, their prog-

nosis is considered favourable with surgery [7, 27, 40, 46,
53]. Hansen type 1 disc herniation accompanied by loss of
deep pain sensation (lack of nociception), the prognosis is
less favourable. Decompressive surgery can help to regain
nociception and the ability to ambulate without assistance
in about 60 % of the deep pain negative dogs [55, 63]. Dogs
with paraparesis due to the intervertebral disc protrusion
but intact nociception have a favourable prognosis with
conservative management. The decompressive operation is
not indicated; animals make significant improvements and
are ambulatory with medical treatment only [7, 53].

2. Dogs with vertebral instability due to fracture
and/or luxation, paraplegia and lack of nociception have
a poor prognosis. The surgical revision, decompression of
neural structures and stabilisation of vertebral column is
recommended (it helps to start an early rehabilitation pro-
gramme), however results are dubious, so many owners
prefer euthanasia [9, 31, 53]. A much better prognosis is in
animals with vertebral fractures and/or luxations accompa-
nied with intact sensations. Early surgical decompression
and stabilisation are indicated [9, 31].

3. Clinical observations show that the prognosis in
patients with spinal cord syndromes are significantly more
favourable than in patients with tetra- or paraplegia [26].
As far as recovery of motor function is concerned, the best
outcome was observed in patients with Brown-Séquard
syndrome — 75—90 % of them were able to ambulate inde-
pendently following long-term rehabilitation [26]. On the
other hand, the anterior spinal cord syndrome has a poor
prognosis with only a 10—20 % chance of functional recov-
ery, and even in those with some improvement, the muscle
power is significantly impaired and coordination of move-
ments is insufficient [26, 47]. Patients with posterior spinal
cord syndrome have preserved muscle strength, tempera-
ture and pain sensation, but lost proprioceptive and vibra-
tion sense caudally to the level of the spinal cord lesion.
They generally show the least favourable recovery from
impaired perception. They are able to ambulate, but with
a tendency to falls [26, 47]. The cauda equina syndrome
has a better prognosis for neurological recovery than SCIs
because nerve roots are able to regenerate. The most impor-
tant predictors for a favourable outcome are early diagnosis
and surgical decompression [26, 47].

4. Prognosis for dogs with fibrocartilaginous embo-
lism is generally favourable; the majority of patients will

show recovery of some functions within 2 weeks of me-
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dicament treatment, but maximal improvement may take
several months [21, 29]. The surgical intervention is not
indicated. The negative prognostic factor is lack of nocicep-
tion [53, 57, 75].

NEW TRENDS IN SCI MANAGEMENT

It is well known, that brain and spinal cord tissue does not
regenerate. That is why the management of SCI in humans
and domestic animals is currently targeted at preservation of
remaining functions and prevention of complications. How-
ever, multiple experimental studies performed on different
laboratory animals brought at least partially positive results,
when therapeutic measures concentrated on:

1. The suppression of a secondary injury cascade by:
the administration of a sodium-channel blocker “riluzole”;
central nervous system stromal cells, antibiotic with anti-
inflammatory properties (including inhibition of tumour
necrosis factor-a, i.e. TNF-q, interleukin 1f, i.e. IL-1p,
cyclooxygenase-2, nitric oxide synthase, i. e. NOS) and mi-
croglial activation “minocyclin”; systemic or local mild hy-
pothermia (33—34°C); more accurate delivery of intrave-
nously injected MPSS bond to ferromagnetic nanoparticles
to the epicentre of the lesion by help of a magnet placed on
exposed dura mater through laminectomy, which reduces
the risk of serious side effects of the methylprednisolone
[3, 22, 23, 25, 29, 35, 37, 41, 43, 58, 59, 71], so all of these
things may prove to be helpful. Clinical utilisation of hypo-
thermia is still controversial, since the systemic hypother-
mia is often accompanied by serious complications and its
results are not unequivocally positive. Obviously, the sys-
temic hypothermia is too complex of a procedure for veter-
inary practice. So local hypothermia by cold saline applied
through laminectomy during the operation together with
potential administration of methylprednisolone seem to be
the most promising method for dogs and cats with acute
SCIs [6, 14, 23]. The clinical utilisation of different strat-
egies and pharmacological agents mentioned in previous
texts are considered experimental therapy, so far.

2. The suppression of spinal cord cell necrosis by
the application of “fibroblast growth factor” i.e. FGF or
“curcumine” (protect against excitotoxic cell death and
mitigate oxygen free radical production); or antiapoptotic
molecules i. e. “valproic acid”, “vitamin E”, “17f-estradiol’,
“melatonine” [27, 37—39, 41, 53, 60, 72].
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3. Restraining of axon demyelination or supporting their
remyelination by cellular therapy [5, 18, 33, 44, 51, 61, 70].

4. Suppression of axon growth and regeneration in-
hibiting proteins expression [15, 44, 69, 71]. Significant
therapeutic opportunities offer the utilisation of endog-
enous and exogenous repair mechanisms, as well as drugs
suppressing the activation of axonal sprouting inhibitors,
e. g. chondroitin sulfate proteoglycans, CSPGs, myelin-
associated glycoproteins, MAGs, oligodendrocyte-myelin
glycoprotein, OMGP, and neurite outgrowth inhibitor-A,
NOGO-A, acting on receptors associated with the Rho-
ROCK pathway, directly able to inhibit neurite growth. In
rat experimental models monoclonal antibodies against
CSPGs, MAGs, OMGP and Nogo-A significantly improved
regeneration of damaged spinal cords [5, 15, 33, 44, 71].
Alongside of a direct inhibition of Rho-ROCK pathway,
another therapeutic modality was discovered. The enzyme
chondroitinase ABC (Ch-ABC) degrades CSPGs in the gli-
al scar and effectively removes initiators of the Rho-ROCK
cascade. In rodent models of SCI, intrathecal or intraparen-
chymal administration of Ch-ABC reduced the expression
of CSPGs as well as scar and cavity volume [11, 37, 71].

5. Support of physiologic production or administra-
tion of guiding molecules directing axonal growth to the
target structures [4, 8, 17, 29, 33, 50, 61, 70].

6. Generation of bridges in post traumatic intramedul-
lary cysts and syringomyelic cavities providing support and
protection for regenerating axons by chitozan microtubules
and/or transplanted progenitor/stem cells [4, 51, 58, 71].

7. Production of regenerative molecules by trans-
planted precursor/stem cells obtained from autologous
bone marrow, fat tissue, olfactory bulbs, olfactory fibres or
ensheathing (Schwann) cells [8, 51, 61, 69, 70].

8. Autotransplantation of modified mesenchymal pre-
cursor/stem cells harvested from adult bone marrow or fat
tissue and expanded in cell cultures to neural, oligodendrit-
ic or astrocytic lines, which are potentially able to replace
damaged spinal cord tissues [3, 18, 33, 50, 51, 61, 70].

CONCLUSION

This review provides an overview of the current infor-
mation on canine spinal cord injuries, their treatment, im-
ply new therapeutic options, and discusses new trends in
SCI research.
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ABSTRACT

Nickel-binding proteins play an important role in the
biological processes and can also be utilized in several
fields of biotechnology. This study was focused on ana-
lysing the nickel-binding proteins from the blood sera of
humans (Homo sapiens), cattle (Bos taurus), sheep (Ovis
aries), red deer (Cervus elaphus), mouflon (Ovis orien-
talis), fallow deer (Dama dama), horses (Equus ferus ca-
ballus), pigs (Sus scrofa domesticus), wildboars (Sus scro-
fa), brown bears (Ursus arctos) and pheasants (Phasianus
colchicus). The presence of higher abundance proteins in
the blood serum, such as albumins, may mask the de-
tection of lower abundance proteins. The samples were
depleted from these higher abundance proteins to facili-
tate the detection of those with lower abundance. For the
characterization of these proteins, nickel cations bound

to tetradentate ligand nitrilotriacetic acid(Ni-NTA)im-

mobilized on agarose beads were incubated with animal
sera to capture nickel-binding proteins and subsequent-
ly the proteins were eluted and fractionated on sodium
dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE). The results showed a set of nickel-binding
proteins with various molecular weights within different
animal species. A unique ~42kDa nickel-binding pro-
tein in the brown bear serum, which was not present in
any of the other species, was further characterized and
identified by matrix-assisted laser desorption/ioniza-
tion-time-of-flight/mass spectrometry (MALDI-TOF/
MS). This protein was identified as ahaptoglobin-like
protein. This result may provide some valuable clue for
the physiological difference in the metal binding pro-

teins in the serum of Ursus arctos and other animals.

Key words: animal sera; mass spectrometry; nickel-

binding proteins; proteomics
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INTRODUCTION

Metalloproteomics is a rapidly developing field of sci-
ence that involves the comprehensive analysis of all metal-
containing or metal-binding proteins in a biological sample
[13].

Metals play pivotal roles in a broad range of biological
processes in all living organisms. Most of these metal ions
are bound to specific proteins or enzymes, and exert their
effects as active or structural centers of proteins [12]. It is
estimated that approximately one-third of all proteins and
enzymes require a metal cofactor for functionality; thus
named “metalloproteins” [2, 37]. Among the metal-con-
taining proteins, Mg and Zn belong to the most abundant
elements; however, Ca, Mn, Fe, and Ni are also frequently
observed [35].

Metal-binding proteins and metalloproteins are re-
sponsible for many metabolic processes, such as biological
energy conversion in photosynthesis and respiration; they
are also involved in signalling processes, gene expression
and regulation. Metal sites in protein structures also con-
trol other processes such as catalysis, substrate binding and
enzyme activation. Moreover, they can serve as the reser-
voir of metal ions and their storage for the cell maintenance
[3]. The ability of proteins to bind essential and toxic met-
als plays an important physiological role in both normal
and diseased states [4-7]. Therefore, the characterization of
metalloproteins is important for understanding the struc-
ture and biological functions of such proteins, thus leading
to a clear understanding of metal-associated diseases [1].

Nickel is an essential trace element for each animal spe-
cies [8]. Nickel is involved in the key processes in the ani-
mal body — it interacts with haeme iron and helps in oxy-
gen transport, stimulates the metabolism and is regarded
as a key metal element in many plants and animal enzyme
systems. As it was shown before, Ni** ions are necessary for
the metabolism of sugars [18] as well as in the transmission
of the genetic code (DNA, RNA) [29].

The essential role of nickel ions consists of the action
or formation of cGMP, a signalling agent that regulates
various physiological processes including blood pressure
control, sperm physiology, sodium metabolism and cardio-
vascular health. Nickel is consistently present in RNA and
is bound to several biological substances such as proteins
(keratin, insulin), amino acids and serum albumin [39]. In

animals, nickel deficiency inhibits growth, reduces repro-
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ductive rates, and alters glucose and lipid metabolism that
are associated with anemia, hemoglobin reduction, alterna-
tions of metal ion contents, and reduced activity of several
enzymes [31].

It has been shown by many studies that aminoacids
such as histidine, aspartate, glutamate, tyrosine, methio-
nine, trypthophan and cysteine mediate strong interactions
with the metal ions [14, 16, 21, 23, 27]. This property was
used in the immobilized metal ion affinity chromatography
(IMAC) [30] as well as in the other affinity chromatography
techniques providing separation and purification of vari-
ous metal-binding proteins.

Wang et al. [38] used metal affinity chromatography
to enrich a fraction of human serum proteins on immobi-
lized columns loaded with cadmium, nickel, zinc, copper
or lead in Bis-Tris saline and these proteins were identi-
fied using liquid chromatography-tandem mass spectrom-
etry (LC-MS/MS). They identified tens of nickel-binding
proteins, e.g. complement C3, a,-macroglobulin, serum
albumin, apolipoprotein B-100, complement component
4B preproprotein and histidine-rich glycoprotein. A simi-
lar approach was used in the work of She et al. [33] where
they examined the Cu- and Zn-binding proteins from the
human hepatoma using the IMAC and mass spectrometry.
Nickel-binding proteins are relatively well-known in mi-
croorganisms [22, 32, 36].

In this study, we analysed the nickel-binding proteins
in the sera of omnivores (humans, pigs, wild-boars), car-
nivores (brown bears), polygastric (cattle, sheep, red deer,
mouflon, fallow deer) and monogastric (horses) herbivores

and a bird (pheasants).

MATERIALS AND METHODS

Animals and blood sampling

Samples of venous blood from four to twenty individual
animals (humans, cattle, sheep, red deer, mouflon, fallow
deer, horses, pigs, wildboars, brown bears and a pheasant)

were collected into sterile glass tubes.

Serum preparation

After blood coagulation (12h, 18°C) and centrifuga-
tion (25 min, 2500 1. p. m., 4°C) serum samples were filtered
through 0.22 um syringe filters (Minisoft), pooled, aliquot-

ed and stored at —-80 °C until use.



Albumin depletion

The sera were then incubated in 0.1 M NaCl (Sigma-Al-
drich, USA) and cold ethanol (Sigma-Aldrich, USA) with
gentle rotation at 4°C for 60 min. The samples were cen-
trifuged at 16,000 x g for 45min at 4°C. The supernatants
were transferred into fresh tubes and the pellet (No. 1) was
retained for further processing. The pH of the supernatants
was lowered to 5.7 with cold Na-acetate (pH4) (Sigma-
Aldrich, USA) and mixed with gentle rotation at 4°C for
60 min. After centrifugation, supernatants containing albu-
mins were removed and the pellet (No.2) was resuspended
in RNA free water (Invitrogen, USA) and mixed with the
first pellet. This pellet contained the albumin depleted frac-

tion of proteins.

Metal affinity binding chromatography
and protein fractionation

The albumin depleted proteins (approx. 200 ug) were
incubated with metal affinity Ni-NTA beads (Nickel-Ni-
trilotriacetic acid) under the native conditions as per the
manufacturer’s instructions (Jena Bioscience, Germany).
The metal affinity beads were washed in spin-column with
native wash buffer (0.05 M NaH,PO,, 0.3M NaCl, 10%
glycerol, 0.1 % Tween) (Sigma-Aldrich, USA).

Proteins were then loaded onto the column with the
beads, and mixed gently at 4 °C overnight. Beads were then
washed with native wash buffer at least five times and the
bound proteins were eluted in NuPAGE® Lithium dodecyl
sulfate Sample Buffer (NuPAGE®LDS Sample Buffer) (Invi-
trogen, USA). The detailed protocol of this pull-down assay
is described in the publication by Mlynarcik et al. [24].
Proteins were separated by SDS-PAGE on 10 % polyacryl-
amide gel and visualised using Coomassie Brilliant Blue

staining.

Western-blot analysis of nickel-binding proteins

The eluted proteins from the metal affinity binding
chromatography were fractionated by SDS-PAGE (Invi-
trogen, USA) and electrotransferred onto a nitrocellu-
lose membrane. The membrane was blocked for 45 min
in 0.05% TTBS (Tris Buffered Saline TBS) (25mM Tris,
150mM NaCl, pH7.2) with 0.05% Tween 20 (Sigma-Al-
drich, USA) containing 2 % bovine serum albumin (BSA)
(Sigma-Aldrich, USA). After two washings with TTBS, the
membrane was incubated with horseradish peroxidase-
conjugated Ni-NTA(Ni-HRP conjugate) (Pierce, USA)

(1:5000 diluted in 0.05% TTBS) (Pierce, USA) for 1 h. Af-
ter five washings with TTBS, the membrane was incubated
in enhanced chemiluminescence substrate (Pierce, USA)
for 5 min and the signal was documented by an imaging
system (Li-Core, USA).

Mass spectrometry and database searching

A protein band with an approximate molecular weight
of 42kDa from the brown bear was excised from gel under
keratin-free conditions, washed in RNA-free water and di-
gested by trypsin [34]. The digested aliquots were mixed
with a-cyano-4-hydroxycinnamic acid (Bruker, Germany)
in 33 % aqueous acetonitrile and 0.25 % trifluoroacetic acid
(Sigma-Aldrich, USA). This mixture was deposited onto
a 600 um AnchorChip prestructured matrix-assisted laser
desorption/ionization (MALDI) probe (Bruker-Daltonics)
and allowed to dry. Matrix-assisted laser desorption/ioniza-
tion mass spectrometry (MALDI-MS) data were obtained
in an automated analysis loop (Ultraflex, Bruker-Dalton-
ics) equipped with a LIFT-MS/MS device. Spectra were ac-
quired in the positive-ion mode at 50 Hz laser frequency,
and 100 to 1000 individual spectra were averaged. The au-
tomated analysis of the peptide mass data were performed
(FlexAnalysis software; Bruker-Daltonics). MALDI-MS
and MALDI-MS/MS data were combined (BioTools, Bruk-
er-Daltonics) to search a non-redundant protein database
(NCBInr) using Mascot software (Matrix Science) and the
results were subjected to the BLAST analysis (http://blast.
ncbi.nlm.nih.gov/) compared by NCBI (https://www.ncbi.
nlm.nih.gov/) and UniProt (http://www.uniprot.org/) da-

tabases.

Functional category analysis

The EggNOG 4.5.1 (Evolutionary Genealogy of Genes:
Non-supervised Orthology Groups) was carried out to de-
terminate the orthologous genes and the functional catego-

ry analysis (http://eggnogdb.embl.de) [11].

RESULTS

Nickel-binding proteins

SDS-PAGErevealed the presence of a few nickel-binding
proteins in the serum of each animal species (Fig. 1). These
proteins can be classified into several groups: the protein

with molecular weight approximately 100kDa, observed in
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Fig. 1. Assessment of nickel-binding proteins by metal affinity binding chromatography. The nickel-binding proteins from the sera of various
animals and humans were bound to metal affinity beads and fractionized by SDS-PAGE
blue arrow — Ni-binding protein with molecular weight of approx. 100 kDa; yellow arrow — Ni-binding protein with a molecular weight of between 68—
72 kDa; green arrow — Ni-binding protein with a molecular weight of approximately 60 kDa; black arrow — Ni-binding protein with a molecular weight of
approximately 54 kDa; red arrow — 42 kDa Ni-binding protein of the bear chosen for identification; magenta arrow — 50 kDa Ni-binding protein of a pig

all animal sera (Fig. 1, blue arrows) except the pheasant and
fallow deer; the second with a molecular weight of around
60kDa which were found in the sera of wild boar, red deer,
human, brown bear, sheep, mouflon, fallow deer, horse and
pig (Fig. 1, green arrows); the third with a molecular weight
of approximately 54kDa, detected in all sera (Fig. 1, black
arrow). In the sera of the wild boar, bear, horse and pig,
proteins with molecular weight between 68-72 kDa were
found (Fig. 1, yellow arrow) and in the case of the pig, the
low abundant 50-kDa protein was observed (Fig. 1, arrow
with magenta colour). The unique 42-kDa protein was
observed only in the serum of the bear (Fig. 1, red arrow).
This protein was subjected to further identification by mass

spectrometry.
Identification of 42-kDa nickel-binding protein

in the bear

To confirm that the 42-kDa protein from the bear se-
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rum was a nickel-binding protein, a western blot was per-
formed with a Ni-HRP conjugate (Fig.2). This protein was
further excised from polyacrylamide gel and analysed by
MALDI/TOF/MS. The Mascot search revealed that this
protein was a haptoglobin-like protein (Accession number—
gi|301776456, score 597.6, 7 matched peptides) (Table 1).

EggNOG functional category analysis

In order to find the orthologous genes of the haptoglo-
bin-like protein, the EggNOG analysis was used. Fifteen
categories were identified with the score more than 500
(Table 2). The clusters with the highest score were identi-
fied as ENOG410CHIE, with the functional annotation
amino acid transport and metabolism — haptoglobin, hav-
ing the orthologs in 3 other species: Felis catus, Canis lupus

familiaris and Mustela putorius furo (Fig.3) [11].



Table 1. Results from the identification of 42 kDa protein of the brown bear from the Mascot server

. . Mw No. SC RMS90
Rank Protein Accession (kDa] Score Peptides 9% [opm]
Haptoglobin-like . 597.6
! (Ailuropoda melanoleuca) 91301776456 38.2 (M: 597.6) 7 256 19.56
Mw — molecular weight; SC— sequence coverage
Table 2. The EggNOG automatic classification and functional analy-
I(Da sis of the haptoglobin-like protein orthologs
9B— r
2
]
EggNOG Score Function a2
72— “ '
2 3
Z s
57— i i i
ENOG410CHIE 8075 Amino acid transport and metabolism  4/4
42 —> ENOG410UTJ0  707.0 Amino acid transport and metabolism 34/34
ENOG410RPEA  683.0 Amino acid transport and metabolism 4/4
ENOG4118TY1  681.4 Extracellular structures 5/5
ENOG411B3ZT  680.2 Amino acid transport and metabolism 17/17
’ ‘ ENOG4116793  652.1 Amino acid transport and metabolism 10/10
= ENOG410A494  651.1 Amino acid transport and metabolism 40/42
b=
-g g ENOG410DRTE  651.1  Amino acid transport and metabolism 40/42
E=
o 'g ENOG410VF3W  651.1  Amino acid transport and metabolism 40/42
3 ENOG4113NOR  651.1  Amino acid transport and metabolism 40/42
o
E ENOG411CU98  651.1  Amino acid transport and metabolism  40/42
ENOG410S11U  642.8 Amino acid transport and metabolism 2/2
Fig. 2. Validation of nickel binding abilities of 42 kDa serum protein in . . .
the bear by the western blot. Albumin-depleted sera of the brown bear ENOGA10VO9D 6428  Amino acid transport and metabolism  2/2
were electrotransferred onto a nitrocellulose membrane and the inter- ENOG4116M9C  642.8 Amino acid transport and metabolism  2/2
action of Ni-HRP conjugate with Ni-binding proteins was visualized.
The 42kDa serum protein in the bear is highlighted in the white ellipse ENOG411B98W  642.8 Amino acid transport and metabolism 2/2

Fig. 3. Phylogenetic tree of the orthologs of haptoglobin-like protein (Ailuropoda melanoleuca) with the highest score (EggNOG ENOG410CHIE).
The functional annotation from the Pfam database is depicted on the right [28]. The phylogenetic tree was generated by the EggNOG database
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DISCUSSION

The results of our study demonstrated that various spe-
cies, including birds, humans, and other mammals con-
tained a repertoire of the nickel-binding proteins in their
blood sera.

Some proteins of this repertoire have approximately
similar molecular weights (e.g. 100kDa, 60kDa, and
54kDa), so probably they were the ortholog of the same
proteins, thus we focused on the unique, 42-kDa protein
that was found in the bear serum only.

This unique protein was identified as a haptoglobin-like
protein. This group of proteins is not well-known in mam-
mals, although haptoglobins play a role in the acute phase
response and their expression is stimulated by a broad
range of the inflammatory stimuli. The haptoglobin-like
proteins with the molecular weight around 40kDa and pI
in the range 7.7—8.6 have been observed also in human
sera [38], while most studies of haptoglobin-like proteins
are associated with the pathology of the female reproduc-
tive system [15, 19].

There is also very strong evidence for an essential role
of haptoglobin in brown and black bears [9, 25]. Momi-
noki etal. [25] tested the concentration of haptoglobins in
hibernating and non-hibernating bears. They determined
a higher concentration of haptoglobins in the hibernating
bears during winter than in spring, and they suggested that
its concentration in plasma is more associated with the hi-
bernation [25].

The group of nickel-binding proteins is very well-stud-
ied with regard to the important bacterial pathogens: He-
licobacter pylori, Escherichia coli, Klebsiella aerogenes and
others [10, 20, 22]. However, the function and utilization
of nickel-binding proteins in mammals are poorly under-
stood. Nickel is an essential component of several enzymes
and it is involved in several metabolic pathways in both,
prokaryotes and eukaryotes [40]. Nickel-binding proteins
are usually histidine-rich plasma proteins, which are able to
bind metals and other metal-containing proteins, e. g. zinc,
copper, cadmium, heparin and haeme [17], but there are
only 3 % of histidine residues in the amino acid sequence of
the haptoglobin-like proteins of the giant panda (7 peptide
match of 42kDa with haptoglobin-like proteins of the gi-
ant panda). Furthermore, in the amino acid sequence there
are no His-Pro rich domains or motifs usually responsi-

ble for the interaction with divalent cations [26]. On the
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other hand, the principle of immobilized metal ion affin-
ity chromatography is an interaction of histidine residues
of protein with transition metal ions (e.g. nickel or zinc)
immobilized on the agarose or metal beads. However, as
our identification in the case of the brown bear failed, we
can only speculate that the 42-kDa protein found by SDS-
PAGE has similar, but not identical sequence as the hap-
toglobin-like protein of the giant panda identified by the
peptide mass fingerprinting analysis. The sequence analysis
of the whole coding region of haptoglobin-like protein of
brown bear will reveal the nickel binding pockets.

The affinity of serum proteins to Ni** has not been de-
scribed in animal species and this study can be the first step
toward a deeper characterization of the metabolism and

unique features of nickel-binding proteins.

CONCLUSIONS

In the current study we found that several animal sera
contained the specific nickel-binding proteins with var-
ied molecular weights. The unique 42-kDa protein of the
brown bear was chosen, which showed very strong binding
to nickel in the western blot experiments. This protein was
not present in any other animals tested or human sera and
the identification showed the match with the haptoglobin-
like protein of the giant panda. The function of this protein
is unknown for us at present. The combination of metal af-
finity binding chromatography, protein fractionation and
MALDI-TOF/MS represents a powerful tool for studying

metal-binding proteins in biological tissues.
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ABSTRACT

The antifungal activities of 14 selected essential oils (at
the concentrations of 0.5 %, 5 %, and 30 %) against the yeast
Malassezia pachydermatis (18 isolates and one reference
strain) were investigated. The isolates of M. pachydermatis
were obtained from swabs of external ear canals of healthy
dogs using sterile swabs. The determination of the effica-
cy was based on a modified disc diffusion method (CLSI
M44-A2). The best antifungal efficacy (100 %) was shown
by clove, cinnamon and oregano at the concentration of
30%; less significant efficacy was shown at the concen-
tration of 5% (38 %, 33 % and 5 %, respectively). Satureja
inhibited the growth of Malassezia (efficacy of 16 %) only
at the concentration of 30 %. Bergamot, lavender, juniper,
cedar, sage, tea-tree, grapefruit, pine, chamomile and yar-
row essential oils were not able to form inhibition zones
as defined in the methodology used (greater or equal to
15mm) in all concentrations used. Therefore, according
to the interpretation criterion, they were considered in-
effective. In all cases, the concentration of 0.5 % was not

effective against the growth of Malassezia yeasts.

Key words: dog; essential oil; disc diffusion method;

Malassezia; sensitivity

INTRODUCTION

Malassezia yeasts are eukaryotic microorganisms
placed in the phylum Basidiomycota [12]. Currently, the
genus Malassezia includes sixteen species, fifteen of which
are lipid-dependent and are most frequently recovered
from humans, ruminants, horses or parrots (Malasse-
zia furfur, M. globosa, M.obtusa, M.restricta, M.slooffiae,
M. sympodialis, M. dermatis, M. nana, M. japonica, M. yam-
atoensis, M.equina, M.caprae, M. cuniculi, M. brasiliensis
and M. psittaci). The only one non-lipid-dependent species,
M. pachydermatis, is commonly recovered from dogs and
cats [1, 2, 3, 4, 27].

M. pachydermatis is a saprophytic and lipophilic yeast,
which is part of the normal cutaneous microflora of several
warm-blooded animals [20]. It is often found in the ear ca-
nals and skin of dogs, cats and other species of domestic

and wild animals [14, 15]. M. pachydermatis is frequently
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involved as a secondary factor in canine otitis externa and
skin infections, which are manifested by irregularly super-
ficial to interstitial dermatitis wherein hyperkeratosis and
lymphocytic exocytosis are prominent [7, 19].

At the present, the therapy of malassezia-dermatitis is
usually based on topical or systemic administration of anti-
fungals (mainly those of azoles) and direct topical applica-
tion of antiseptic substances. An alternative and attractive
possibility of supportive therapy is the use of essential oils.

Essential oils (EOs) are concentrated, hydrophobic sub-
stances containing volatile aroma compounds from differ-
ent parts of plants extracted by steam distillation and by
various solvents [21, 22]. The main constituents of essential
oils — mono- and sesquiterpenes including carbohydrates,
alcohols, ethers, aldehydes and ketones — are responsible
for the fragrant and biological properties of aromatic and
medicinal plants. Various EOs produce pharmacological
effects, demonstrating anti-inflammatory, antioxidant and
anti-carcinogenic properties [16].

On the basis of the results obtained in the preliminary
study [25], the main objective of this study was to deter-
mine the effectiveness of the selected EOs in three different
concentrations (0.5%, 5% and 30 %) against M. pachyder-

matis isolated from the external ear canals of healthy dogs.

MATERIALS AND METHODS

Phenotypic and genotypic identification of Malassezia
pachydermatis.

Isolates (n=18) of M. pachydermatis were obtained
from swabs of external ear canals of healthy dogs. The iden-
tification of yeasts was performed on the basis of detailed
phenotypic features according to Kaneko et al. [17] and
confirmed by genotypic PCR methods according to Gai-
tanis and Velegraki [13].

Selection and composition of essential oils

Essential oils of the following medicinal plants were
tested: bergamot, cedar, chamomile, cinnamon, clove,
grapefruit, juniper, lavender, oregano, pine, sage, satureja —
winter savory, tea tree and common yarrow. The EOs were
obtained from the Calendula company (Nova Lubovna,
Slovakia) as pure substances (concentration of 100 %) and
their composition is listed in Table 1. Three concentrations
were used: 0.5%, 5% and 30 %. Mineral oil — liquid par-
affin (Merck KGaA, Darmstadt, Germany) was chosen to
dilute the pure essential oils to the required concentrations.
It was selected for its inertness so as to prevent the false

positivity (antifungal activity of the diluent itself). Pure and

Table 1. Composition of the essential oils according to the producer

(Calendula company, Nova Luboviia, Slovakia)

Essential oil Plant of origin Content substances

Bergamot Citrus bergamia limonene 36 %, linalool 15 %, linalyl acetate 23 %

Cedar Cedrus spp. cineol 30%, thujone 3%, borneol 3%

Chamomile Matricaria recucita bisabolol oxides 5%, bisabolol 29 %, chamazulene 2.7 %

Cinnamon Cinnamonum aromaticum  eugenol 77 %

Clove Syzygium aromaticum eugenol 85%

Grapefruit Citrus paradisi limonene 87 %

Juniper Juniperus communis a-pinene 45 %, sabinene 2%, 3-pinene 4%,
B-myrcene 3.5%, a-phellandrene < 1%, limonene 13 %, terpinen-4-ol 0.5 %, bornyl acetate < 1%,
B-karyophylene 2%

Lavender Lavandula angustifolia linalool 43%

Oregano Origanum vulgare carvacrol 57 %

Pine Pinus sylvestris a-pinene 43 %, camphene 1.5%, B-pinene 19 %, car-3-ene 17 %, B-myrcene 2.2 %, limonene 8%,
B-phellandrene < 2.5%, p-cymene < 2%, terpinolene < 4%, bornyl acetate 2.3%,
B-karyophylene 2.5%

Sage Salvia officinalis cineol 15%, thujone 24 %, borneol 18%

Satureja Satureja montana not established

Tea-tree Melaleuca alternifolia terpinen-4-ol 33%

Yarrow Achillea millefolium chamazulene 6%
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also diluted EOs were stored under standard laboratory
conditions (18°C) and without access of light (wrapped in

aluminium foil).

Testing of sensitivity

The sensitivity of 18 isolates and one reference strain
of M. pachydermatis (CBS 1879, CBS-KNAW Fungal Bio-
diversity Centre, Utrecht, Netherlands) was evaluated by
a modified disc diffusion method M44-A2 [9]. The method
is based on pathogen growth inhibition, manifested by the
development of diffusion zone due to the release of the an-
tifungal substances from impregnated paper discs. A refer-
ence strain of M. pachydermatis was used as a control.

In the experiment, 7-day old cultures of M. pachyder-
matis passaged on Sabouraud dextrose agar with chloram-
phenicol — SCA (Himedia Laboratories Pvt. Ltd., India)
were used. The yeast suspension was prepared in physio-
logic saline solution supplemented with 0.1 % of Tween 80
(Merck KGaA, Darmstadt, Germany) at the final concen-
tration of 10°CFU.ml™ corresponding to the standard 1 on
a McFarland scale. The suspension was inoculated by us-
ing a sterile swab onto agar plates containing nutrient me-
dium — SCA, twice in three directions, 15 minutes apart.
Paper discs (Oxoid Ltd., United Kingdom) were applied to
the surface of the agar. Each disc (6 mm in diameter) was
impregnated with 15 pl of the respective essential oil (con-
centration of 30%, 5% and 0.5% in liquid paraffin). The
cultivation took place at a constant temperature of 32°C
for 96 hours. Subsequently, the size of the inhibitory zone
was measured by using an Antibiotic zone scale (Himedia
Laboratories Pvt. Ltd., India). Since the method M44-A2
is intended for Candida species [9] and does not include
interpretation criteria for Malassezia strains, isolates that
showed an inhibition zone greater or equal to 15mm (2.5-
fold larger than the disc diameter) were considered to be
sensitive.

The validity of testing was confirmed on the basis of
the sensitivity of Candida albicans reference strain CCM
8261 (Czech Collection of Microorganisms, Brno, Czech
Republic) to itraconazole (10 mg per disc; Himedia Labo-
ratories Pvt. Ltd., India). The inhibition zone of 20 mm was
detected, which is in agreement with interpretation criteria
specified in the methodology (18—20 mm).

The antifungal efficiency was expressed as a ratio of the
number of sensitive isolates and the number of the isolates
tested.

RESULTS

We evaluated the antifungal activity of the EOs at con-
centrations 0.5 %, 5% and 30 %. The lowest tested concen-
tration (0.5%) was not sufficient to inhibit the growth of
Malassezia; all the inhibition zones were 0 mm (data not
shown).

Table 2 illustrates the antifungal activity of the EOs at
a concentration of 5% against isolates and reference strain
of M. pachydermatis. Table 3 shows the effect of EOs at
a concentration of 30 %. Essential oils obtained from clove,
cinnamon and oregano exhibited an excellent effectiveness
against M. pachydermatis growth at 30% concentration.
Clove and cinnamon EOs at a concentration of 5% had an
antifungal effect on less than half of the isolates tested (38 %
and 33 %, respectively). The EOs of satureja, tea tree, berga-
mot, lavender, juniper, sage, grapefruit, cedar, pine, chamo-
mile and yarrow showed insufficient antifungal properties
against M. pachydermatis in all concentrations.

All essential oils at a concentration of 0.5% were not
sufficient to inhibit the growth of both the isolates and the
reference strain (all the inhibition zones were 0 mm), there-

fore these are not included in the table.

DISCUSSION

The essential oils can act as antibacterial agents against
a wide spectrum of pathogenic bacterial strains including
Listeria monocytogenes, L.innocua, Salmonella typhimuri-
um, Escherichia coli, Shigella dysenteria, Bacillus cereus and
Staphylococcus aureus. Plant extracts, especially EOs, may
afford a potential alternative to synthetic antiviral drugs:
they have virocidal properties against Herpes simplex 1 [10].
Several EOs can act also on various microscopic fungi, e. g.
Aspergillus niger, Geotrichum candidum [26], Trichophyton
rubrum, T. mentagrophytes, Microsporum canis, Epidermo-
phyton floccosum [8], Candida albicans and Malassezia fur-
fur [11].

According to the results of our study, the essential oils
of clove, cinnamon and oregano in concentration of 30 %
showed excellent activity against M. pachydermatis. The
formation of inhibition zones of cedar, chamomile, sage,
grapefruit and tea-tree oil indicated their partial efficacy,
however, based on the methodology they cannot be as-

sessed as effective.
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Table 2. Effectiveness of essential oils at a concentration of 5% against
Malassezia pachydermatis

Isolates Reference strain

(n=18)
Essential oil

Inhibition zones E (ss/n) Inhibition zones
[0 £ SD] [%] [mm]

Clove 16.94 +5.97 38% (7/18) 18
Cinnamon 1544 £5.73 33% (6/18) 15
Oregano 13+£2.86 5% (1/18) 14
Satureja 749 +1.87 0% 0
Cedar 3.22+3.02 0% 8
Chamomile 3.61+3.44 0% 6
Bergamot 0 0% 0
Lavender 0 0% 0
Grapefruit 0 0% 0
Sage 0 0% 0
Tea tree 0 0% 0
Juniper 0 0% 0
Pine 0 0% 0
Yarrow 0 0% 0

o — average size of the inhibition zone in mm; SD— standard deviation; E— Percentage of efficacy (number of sensitive strains/
number of samples tested); ss— sensitive strains; n—number of samples tested

Table 3. Effectiveness of the essential oils at a concentration of 30 % against
Malassezia pachydermatis

Isolates Reference strain
Essential oil (=19
Inhibition zones E (ss/n) Inhibition zones
[0 £ SD] [%] [mm]
Clove 41.67 £4.81 100% (18/18) 44
Cinnamon 4014 £5.01 100% (18/18) 50
Oregano 38.8+4.45 100% (18/18) 52
Satureja 23.26+£2.18 16% (3/18) 12
Cedar 11.94 £ 1.89 0% 12
Chamomile 1117 £1.38 0% 12
Bergamot 8.44 +1.67 0% 10
Lavender 6.55+4.32 0% 8
Grapefruit 10.78 £2.39 0% 10
Sage 10.06 £2.73 0% 14
Teatree 8.44 £4.87 0% 10
Juniper 5.55+3.26 0% 8
Pine 444 +3.79 0% 6
Yarrow 0 0% 0

o — average size of the inhibition zone in mm; SD— standard deviation; E— percentage of efficacy (number of sensitive strains/
number of samples tested); ss— sensitive strains; n—number of samples tested



The antifungal effect of tea tree oil has also been report-
ed by Carson et al. [5]. Studies investigating the mecha-
nism of antifungal action have focused almost exclusively
on Candida albicans as a model micro-organism. Similar to
results found for bacteria, tea tree oil also alters the perme-
ability of C. albicans cells.

Antifungal activity against M. pachydermatis was per-
formed by Kim et al. [18] using disc-diffusion assays and
well diffusion tests. The essential oils inhibited the growth
of M. pachydermatis in a range from 0.5% to 1.0% con-
centrations. Thyme oil was found to be highly effective in
inhibiting the growth of M. pachydermatis in a range from
0.125% to 0.0625 %, while marjoram and then tea tree oil
exhibited lower inhibitory capacities [18]. Compared to
our results, tea tree oil inhibited the growth of M. pachyder-
matis only at higher concentration (30 %), while the lower
one was not sufficient.

In another study, the possible synergistic anti-Candida
effect between tea tree, oregano and Pelargonium graveo-
lens EOs and Amphotericin B was investigated. The anti-
fungal activity was assessed using the agar dilution method
in eleven strains of C. albicans, C. glabrata, C. guillermondi,
C. krusei, C.parapsilosis and C. tropicalis. The results ob-
tained indicated the occurrence of a synergistic interaction
between the essential oils under study and Amphotericin B.
P, graveolens essential oil appeared to be the most effective,
inhibiting all the Candida species evaluated in their study
[23]. Also, the results of our study demonstrated, that the
efficiency of oregano EO was excellent (100 %) at higher
concentration,

In our results, 100 % efficiency was recorded by clove,
cinnamon and these are comparable to the study of
Rusenova and Parvanov [24]. In their study, twelve
essential oils (thyme, clove, cinnamon, marjoram, tea tree,
clary sage, peppermint, lemon, grapefruit, lemongrass,
mandarin and oregano) were tested for inhibitory activity
against some microorganisms of veterinary interest includ-
ing Candida spp. and M. pachydermatis using the disc dif-
fusion procedure. According to their results, the most po-
tent essential oils were cinnamon, oregano, lemongrass and
thyme.

Essential oils of various Juniperus species were tested by
Cavaleiro etal. [6] against selected yeasts — Candida al-
bicans, C. krusei and C. parapsilosis, molds — Aspergillus fu-
migatus and A. flavus and against dermatophytes — Micros-

porum canis, M. gypseum, Trichophyton rubrum, T. menta-

grophytes and Epidermophyton floccosum. All essential oils
inhibited dermatophyte strains, C.krusei, C.glabrata and
C. albicans.

The antifungal action of various EOs against Aspergillus
niger and Geotrichum candidum was also tested by Verma
et al. [26]. By using different concentrations of EOs (5, 10,
20, 30, 40 and 50 ppm), it was concluded that clove, lemon,
orange and peppermint oil, already at the lowest concentra-
tion, had activity comparable to ketoconazole in the same
concentration, whereas the effect of castor, olive and cedar

oil was inadequate.

CONCLUSIONS

The enormous development of chemical drugs is cur-
rently associated with the increasing emergence of serious
adverse effects including drug-resistance. Traditional me-
dicinal plants represent a reservoir of pharmacologically
active substances, which can also be used in the treatment
of infectious diseases due to their antimicrobial effects. The
results of our study have revealed that essential oils of clove,
cinnamon and oregano at concentrations of 30 % inhibited
the growth of Malassezia pachydermatis isolates (100 % ef-
ficiency), implying their potential use in the treatment of
Malassezia infections in dogs. The confirmation of their
potential antimicrobial effect indicates that these plants
may be useful in combined therapy or creation of natural

antifungal medications.
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ABSTRACT

In the recreation area Anicka in KoSice, there is
a mineral spring that inhabitants call Gajdovka. It has
been used with several breaks since the 19th century.
Mineral water from this spring is specific by the presence
of arsenic the concentration of which often exceeds the
permitted limit level. This study focused on the analysis
of the mineral composition of the spring water. Chemi-
cal and microbiological analysis was made in the years
2013—2015. In 2014, the mineral water Gajdovka was
regularly monitored throughout the year with respect
to the concentrations of arsenic, iron and hydrogen sul-
phide levels and water levels in the nearby river. The fol-
lowing mean concentrations were determined: total ar-

senic 0.063 mg.dm™; iron 0.275 mg.dm™>; hydrogen sul-

fide 4.608 mg.dm™. The concentration of iron was below
the limit, while the limit for As(III) was exceeded in 2014
for 7 months. The statistical analysis showed that the sea-
son affects significantly the level of H2S and Fe and the

water levels in the nearby river.

Key words: arsenic; atomic absorption spectrometry;
hydrogen sulphide; iron; mineral water
INTRODUCTION

Water in nature is subjected to constant circulation
resulting in changes in its physical and chemical proper-

ties. It is enriched by various mineral substances and satu-

rated by gases that change its microbiological properties,
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pH and temperature. Of natural waters the mineral water
with healing powers is important for humans. Water from
many mineral springs have physiological and therapeutic
effects and, therefore, they are used for treatments. Slo-
vakia is a country that ranks among the most significant
world countries in terms of quantity, capacity and chemical
composition of mineral waters. Nowadays, there are more
than 1600 sources of mineral and thermal waters of various
chemical composition, capacity and temperature in the Slo-
vak territory. In particular regions there are also less known
springs used by local residents [2].

One of these lesser known springs is a mineral spring
located in the area of KoSice in a suburban park named
Anicka, nearby the river Hornad, which inhabitants call
“Gajdovka” It has been known since 1881 when a spa was
established at this location. During the First World War it
started to become dilapidated. It was restored again later in
1923 and named Gajdove kapele (Gajda spa) in honour of
general Gajda [8, 24]. In the 1960s, the spa and the source
of mineral water were closed for hygienic reasons.

In 1995 a new 30-m-deep mineral water well was drilled
in this location. This well is used to this day and the spring
is very popular with the residents of Kosice concerning its
availability. Some of them drink the mineral water sporadi-
cally during walks in the park. Others, mostly older people,
take larger amounts of water home and use it for cooking.
The spring is now managed by the Administration of urban
green areas in KoSice. The monitoring of the quality of this
mineral water is executed four times a year by the Regional
Public Health Authority based in Kosice. This institution
monitors the indicators of quality defined by the decree of
the Ministry of Agriculture and Rural Development of the
Slovak Republic No. 51, of 15 March 2004, as issued in the
25th chapter of the Food Code of the Slovak Republic. The
Annex No.1 of this material defines the microbiological,
biological, physical and chemical indicators and demands
on mineral water quality [29]. The spring water is also
known for the fact that the level of arsenic in this mineral
water often exceeds the limit value of arsenic determined
by the relevant regulation [4, 5].

Arsenic belongs among the most significant contami-
nants of the environment with a high potential to harm hu-
man health. Arsenic is present in nature in many oxidation
states (V; III, 0, -III). In natural waters it is mostly in the
As(III) form, as an arsenite anion typical for ground waters

with shortage of oxygen. As(V) dominates in surface water

74

in the form of arsenate anions [32]. The less stable As(III)
form oxidises easily. In nature, the activity of microorgan-
isms may contribute to changes of inorganic forms of As
to volatile or non-volatile organic forms [28]. Some stud-
ies reported that the natural background level of arsenic in
ground water is 5mg.dm= [25]. The most significant fac-
tors affecting particular forms of arsenic in the water envi-
ronment are pH and the oxidation-reduction potential of
the environment (Eh) [20, 21].

Inorganic forms of As are more toxic to humans than
organic forms [10]. As(III) is organically bound and chem-
ically or biochemically oxidizes to As(V). The As(V) form
is more stable under aerobic condition; As(III) is more
toxic, it causes chronic diseases and belongs to inhibitors
of biochemical oxidation. Many mammals methylate inor-
ganic arsenic to dimethylarsinic acid. This substance causes
organ-specific toxicity and acts as a promoter of genesis of
tumours in many organs [12]. The International Agency
for Research on Cancer (I.A.R.C.) classified arsenic as
a Group 1 human carcinogen. This element has carcino-
genic, mutagenic and teratogenic effects on humans. Long-
term exposure to arsenic can cause severe damage to an
organism [19]. Due to its chemical structure, it has similar
biochemical properties as phosphorus and can replace it in
a certain way. It affects perniciously almost at the DNA lev-
el and destroys enzymes and proteins. Many epidemiologi-
cal studies conducted throughout the world have demon-
strated that the human intake of arsenic exceeding the limit
value causes degenerative changes in optic and acoustic
nerves, painful periphery polyneuropathy, encephalopathy,
anaemia and pernicious tumours mainly of skin, kidneys,
liver and lungs, leukaemogenesis and lymphoma [1]. Arse-
nic accumulates in bones, hair and nails. Permanent con-
centration of arsenic of 100 mg.dm is related to 1:200 life-
long possibility of the development of tumours that exceeds
the annual probability of death due to a tumour disease. An
acute toxicity was recorded after drinking water from a well
with the arsenic content 1.3—20mg.dm™ [14].

There are no published expert studies that would give
more complex information on the properties of the mineral
water from Gajdovka. Arsenic concentrations have been
lately sporadically monitored. Moreover, there exists no
overview of arsenic levels during the year, nor of potential
effects of the seasonal changes, its relationship to particular
components of mineral water, or its dependency on water

levels in the nearby river Hornad.



This study focused on the determination of selected
characteristics of the mineral water “Gajdovka“ relevant to

the health of its consumers.

CHARACTERISTICS OF THE SPRING

On the basis of the Slovak technical standard
STN 86 8000, valid up to 2005, the mineral water from the
spring Gajdovka was classified as “natural, low-mineral-
ized, hydrogen carbonate-chloride, calcium-sodium-mag-
nesite, carbonate, sulfuric water, hypotonic, cold (tempera-
ture approximately 13 °C) water” [5].

A new well with designation G-5, 30 m deep, of capacity
0.3dm3.s! was drilled in 1995. On the basis of the analysis
of its chemical composition and other properties, mineral
water from this well was characterised as mineral water
with deep circulation and long-term retention, metamor-
phosed, with significant influence of neogene sediments
from which the chloride-sodium component of the water
is supported. Its mineralisation is related to the solution
of sedimentary carbonate rocks. These rocks also contain
some iron minerals, such as pyrite (FeS,) and arsenopyrite
(FeAsS). Significant amounts of iron and arsenic comes
from the hydrolytic decomposition of the mentioned min-
erals while free hydrogen sulfide is created. From the facts
presented above, it shows that the component influencing
the water quality the most is arsenic. After leaving the re-
duction environment of an original thermodynamic condi-
tions, the contact of mineral water of deep circulation with
air starts to eliminate amorphous ferrous sulphides (FeS
and Fe2S3) that have adverse effect on the sensorial prop-
erties of the water. The listed properties classed the mineral
water as healing waters with modified mode of use [13].

The spring is protected by a protective fence to pre-
vent the possibility of its direct pollution and the water
is pumped by a submersible pump. The original aroma of
fresh water persists for twelve hours after sampling. Unal-
tered mineral water acquires earthy — petroleum odour
24 hours after sampling. This odour is caused by bacterial
strains that survive in deep-circulation mineral waters and
are hygienically harmless. Potential turbidity can be caused
by the presence of iron in water that does not hinder its

consumption [5].

MATERIALS AND METHODS

Sampling and processing of samples

Samples of mineral water for determination of basic in-
dicators according to the Food Code [29] were taken in the
years 2013—2015, always in October, and were analysed at
the Geoanalytical Laboratory of the State Geological Insti-
tute of Dionyz Star in Spisska Nova Ves, Slovakia. All sam-
pling vessels were provided by this laboratory.

All vessels intended for collection of samples were thor-
oughly washed and dried before use. The sample for the
determination of mercury was collected in a glass vessel of
volume 100 cm® containing 1.25 cm® of concentrated HNO..
The sample for the determination of other metals was col-
lected to a polyethylene vessel of volume 250 cm? contain-
ing 1.25cm’ of concentrated HNO,. For the determination
of H.S, 250 cm® of water was collected to a glass vessel that
contained 2.5cm® of cadmium acetate of concentration
100g.dm™ and 1.25cm’ of 25% w/w NaOH solution. To
determine the relevant cations and anions, 2dm? of water
were collected in a glass vessel. Sample for the determina-
tion of the total mineralization of the water was collected
in 1 dm3 vessel. Water samples for microbiologic analysis
were collected in sterile glass vessels of volume 1 dm?>.

For regular monitoring of the concentrations of arse-
nic, iron and hydrogen sulfide in mineral water conducted
in 2014, the samples were taken once per week, always on
Wednesdays in the morning, stabilised and examined after
transfer to a laboratory. In total, 51 samples of mineral wa-
ter were taken and analysed.

To determine the overall mineralisation of water in
2014, 2 separate samples were collected in glass vessels with
a volume of 1dm’. One sample (1 dm?’) was evaporated in
a porcelain dish on a water bath (Sample 1) and another
was allowed to evaporate freely at room temperature (Sam-
ple 2). The residues (fine crystalline matter) were then used

for X-ray diffraction analysis and IR spectrometry.

Analytical methods

The analysis of the chemical composition of mineral
water was made at an accredited Geoanalytical Laboratory
of the State Geological Institute of Dionyz Sttr in Spisska
Nova Ves, according to internal regulations of this labora-
tory.

X-ray diffraction powder analysis was made with a dif-
fractometer XRD D2 PHASER (Bruker, Germany), using

75



CuK(a) radiation generated at 10 mA and 30kV. The mea-
surement was made in a range of 10—90° 2 Theta and eval-
uated by software Diffrac.EVA v. 2.1. To identify the phase,
the database ICDD PDF (ICDD PDF-2 Release 2009) was
used. Measurement conditions were the same for all sam-
ples.

For analysis of the infrared spectra of powder samples,
an Alpha FT-IR Spectrometer ALPHA's Platinum ATR
single reflection diamond ATR module (Bruker, Germany)
was used. To determine particular metals, the methods of
atomic emission spectrometry with inductively coupled
plasma (AES-ICP), atomic absorption spectrometry with
hydride technique (AAS-HG) and atomic absorption spec-
trometry with mercury analyser (AAS-AMA) were used.

Chlorides and sulphates were determined by ion chro-
matography (IC), carbonates by volumetric analysis and
hydrogen sulfide by photometry.

The monitoring of arsenic and iron concentration dur-
ing the year 2014 was conducted by the method of atomic
absorption spectrometry with an electrothermic atomizer
(AAS-ETA) using a SpektrAA 220 (Varian), with Zeeman
background correction.

The hydrogen sulfide content in samples was deter-
mined by volumetric analysis with iodometric titration.
The determination was carried out in triplicate.

The residues after evaporation of two 1 dm3 samples of
water (Samples 1 and 2), obtained at determination of min-
eralization were subjected to X-ray diffraction analysis and
IR spectrometry with the collaboration of the Department
of Environmental Engineering, Faculty of Civil Engineer-
ing, Technical University of Kogice.

Microbiological analysis involving 14 parameters was
carried out in a microbiological laboratory of the Section
of Microbiology and Environmental Biology of the Re-
gional Authority of Public Health in Kosice. The methods
of membrane filtration and cultivation complied with rel-
evant technical standards.

Information on the level of water in the river Hornad
were obtained from the Slovak Water Management Com-

pany in Bansk4 Stiavnica, Slovakia [27].

Statistical evaluation

One-way analysis of variance (ANOVA) was used for
statistical evaluation of the results. The calculation was per-
formed using Excel. The likelihood of the first type error,
referred to as “P-value”, was calculated by ANOVA. The ef-
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fect of the season on the monitored parameters, namely the
concentration of arsenic, iron, hydrogen sulphide, and level
of water in the Hornad River were evaluated. Correlation
between individual parameters was investigated. P <0.05

was considered significant.

RESULTS

The analysis of residues after evaporation of 1dm? of
water on water bath and at room temperature (Samples. 1
and 2) showed that the composition of both samples was
almost identical. In samples there were identified com-
pounds of CaCO, (aragonite), NaCl (halite) and Na SO,
(thenardite). In sample 2 also MgCa(CO,), (dolomite) was
identified. The results of X-ray powder analysis, completed
through the measurement of IR spectra of these samples in
the range from 4000cm™ to 600 cm™ confirmed the pres-
ence of anions CO,’~ and SO,*" appertaining to compounds
determined through the previous method in the analysed
samples. Repetency assignment of particular absorption
bands to inorganic anions was made on the basis of the lit-
erature [23]. Typical infrared absorption frequencies char-
acterizing the presence of (CO,)*" and (SO,)*" anions in the
samples are shown in Table 1.

The results of the analysis of the particular indicators
determined at the Geoanalytical Laboratory of the State
geological Institute of Dionyz Stur in Spisska Nové Ves are

presented in Table 2.

Table 1. Infrared absorption frequencies

Wavenumber [cm™]

Assignment
Sample No. 1 Sample No. 2

1480.43 s 1480.15 s Co3*
1421.24 vs 1424.64 vs Co3*
1113.57 s Mn11.27 s SO4*
881.87w 877.03 w Co3*
853.17 vw 855.00 sp Co3*
667.5 vw 668.29 vw SO4*
638.41 sp S04

615.71s 614.76 s SO4*

vw — very weak; w — weak; s — strong; vs — very strong; sp — sharp



Table 2. Determination of inorganic indicators in mineral water “Gajdovka” in the period of 2013—2015

Concentration

Limit [29]

[mg.dm]

LoQ

Indicator [mg.dm ] [mg.dm"] Method
2013 2014 2015
Na 800.0 379+379 364+36.4 260 + 26 0.05 AES-ICP
K - 270+27 254+2.54 30.5+3.05 0.1 AES-ICP
Ca 220.0 284+19.9 264+18.5 264 +£18.5 0.2 AES-ICP
Mg 200.0 143 £10.0 115+8.0 116+£8.12 0.2 AES-ICP
Fe 10.0 0.210+0.021 0.114+£0.011 0.255+£0.026 0.007 AES-ICP
Mn 2.0 0.267 £ 0.04 0.250 +£0.038 0.249 £ 0.037 0.002 AES-ICP
Al 0.4 0.04+£0.008 0.0+0.02 0.05+0.01 0.02 AES-ICP
Cu 2.0 <0.002 <20 <20 2.0 AES-ICP
Zn 5.0 0.003 +0.0006 <0.002 <0.002 0.002 AES-ICP
As (total) 0.05 As(ll) 0.089 +0.009 0.073 £0.007 0.071 £ 0007 0.001 AAS
Cd 0.003 <0.0003 <0.0003 <0.0003 0.0003 AES-ICP
Pb 0.01 <0.005 <0.005 < 0,005 0.005 AES-ICP
Cr 0.05 <0.002 <0.002 <0.002 0.002 AES-ICP
Hg 0.001 <0.0001 <0,0001 <0.0001 <0.0001 AAS
H2S - 4.39+0.88 4.20+0.84 5.2741.05 0.01 P
Cl- 500.0 415+20.8 406+20.3 302+15.1 1.0 IC
(CO3)2- - <03 <03 <03 0.3 OA
(504)2- 1400.0 255+12.8 214+10.7 218+10.9 20 IC

LOQ — limit of quantification; IC — ion chromatography; AES-ICP — atomic emission spectrometry with inductively coupled plasma
AAS — atomic absorption spectrometry; OA — volumetric analysis; P — photometry

The determination of the total mineralization of wa-
ter showed that the residue after evaporation in individual
years was as follows: 2013: 2.548 g.dm™; 2014: 2.653 g.dm™
and 2015: 2.629 g.dm™. The average weight of the residue
was 2.610g.

Microbiological analysis that focused on 14 indicators
showed an absence of pathogenic microorganisms and in-
dicators of faecal contamination. The water complied with
relevant requirements. The monitored indicators, type of
the method used (standard) and relevant results are sum-
marised in Table 3.

The monitoring of the concentrations of arsenic, iron
and hydrogen sulphide conducted throughout the year 2014
was conducted to determine variations in arsenic concen-

trations in mineral water throughout the year and to inves-

tigate the potential relationship between the concentrations
of arsenic, iron and hydrogen sulfide. The levels of the river
Hornad was monitored as another factor with possible in-
fluence on arsenic concentration in mineral water “Gajdov-
ka”. The results are presented in Tables 4a and 4b.

The minimal, maximal and average values of the con-
centrations of the analytes are presented in Table 5.

The average concentrations of arsenic in mineral water

in particular months are presented in Table 6.

DISCUSSION

Arsenic usually gets into the environment in a natu-

ral way as the product of decomposition of minerals that
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Table 3. Microbiological analysis of mineral water “Gajdovka” in 2014

Indicator Unit/volume tested Result Type of method Technical standard
Pathogenic microorganisms not present MF STN SO 6340
Escherichia coli CFU/250 ml 0 MF STN EN ISO 9308-1
Coliform bacteria CFU/250 ml 0 MF STN ENISO 9308-1
Enterococci CFU/250 ml 0 MF STNEN ISO 7899-2
Pseudomonas aeruginosa CFU/250 ml 0 MF STNENISO 16266
fﬁé’ﬁzeefgﬁ.gc Sb‘gftzirt;s reducing CFU/50m| 0 MF STNEN 264612
Microorganisms cultivable at CFU/Tml 0 C STNEN IS0 6222
21°Cx1°C
NCoorganisms cultivable at CFU/Tml 0 C STNEN 150 6222
Living organisms individuals/ml 0 M STN 757711
Dead organisms individuals/ml 0 M STN 757711
Ferrous and manganese bacteria tsfecﬁoevlzrg?\‘jiz\tv 0 M STN 757711
Ferrous and manganese bacteria CFU/30ml not present C
Sulphur green bacteria CFU/30ml not present C
Microscopic fungi individuals/ml 0 M

(micromycetes)

C — cultivation method; MF — membrane filtration; M — microscopic method; CFU — colony forming unit

contain it, or through emissions from coal combustion, ore
processing, extracts from sludge beds, mining piles and old
mines. The most significant source of the contamination of
ground water by arsenic are pit water flowing out of old
mining works or water flowing from mining piles [31]. In
the case of weathering of arsenopyrite containing mining
mullock, the concentrations of arsenic in ground water may
result in high local levels. As an example, we can mention
the abandoned mine deposit Popro¢, located near Kosice.
In this location the important source of contamination is
the pit water from swamps named Agnes with a high con-
centration of arsenic (2.4 mg.dm~) and antimony (0.6 mg.
dm3) [7]. Loredo etal. [22] stated that the concentration
found in one mining location in Spain ranged from 4.1 to
5.6 mg.dm™ of As. Arsenic is also part of some insecticides,
phosphate fertilizers and detergents [6].

Nowadays, great attention is given to the issue of arse-
nic presence mainly in connection with contamination of

drinking water and its sources [26]. In the past, the allow-
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able arsenic concentration in drinking water was 50 mg.
dm=. In 1993, WHO decreased this value to 10 mg.dm= on
the basis of long-tern epidemiological studies. In Slovakia,
the Regulation of the Government of the Slovak Republic
No.354/2006 of the Collection defines the requirements
for water intended for human consumption and for quality
check of this water. According to this regulation, the limit
value of arsenic in drinking water is 10 mg.dm™. Observa-
tion of this limit can cause problems in some regions of Slo-
vakia. It concerns especially the locations where the public
water supplies are ground sources with higher content of
arsenic that comes from the geological background. This
results in the increased level of arsenic in drinking water,
e.g. in Pohronsky Bukovec in 2009 [15], in artesian wells in
districts Nové Zamky and Sala in 2010 [11] and, unexpect-
edly, also in municipality Brehov in the district of Trebisov
in 2015 [16]. In the last case, increased arsenic in ground
water was probably related to andesite mining in this area.

Higher concentrations of arsenic in spring and min-



Table 4a. Levels of hydrogen sulfide, total arsenic and iron in mineral water in the period of January — June, 2014

Date of

sampling [mgl;I éfn*] {r\:g(tgrtna!; [mgF;m’3] Heilg:::a'fc:[(‘cer:li)ver
month/day ‘ ’ ’
118 5.49+0.66 0.031+0.008 0.34+0.04 103
115 4.61£0.55 0.052 +£0.013 0.45 +0.05 97
1/22 5.83+0.70 0.120 £0.030 0.36 £ 0.04 112
1/29 5.03+£0.60 0.110 £ 0.028 0.49 £0.06 m
2/5 4.52+0.54 0.032+0.008 0.41 +£0.05 m
2/12 6.43+0.77 0.053 £0.013 0.42 £0.05 19
2/19 4.10+0.49 0.057 £0.014 0.40 £ 0.05 139
2/26 514 +0.62 0.140 £ 0.035 0.32+0.04 120
3/5 597+0.72 0.056 +0.014 119+ 0.12 13
3/12 5.70+0.68 0.081 +0.020 0.28 +£0.04 104
3/19 5.75+0.69 0.089 + 0.022 0.22+0.03 12
3/26 5.41+0.65 0.041 £0.010 0.24£0.03 110
4/2 5.39+0.65 0.049+0.012 0.26 £ 0.03 108
4/9 5.19+0.62 0.061 +0.015 0.20£0.03 112
4/16 5.06 £ 0.61 0.062 +0.015 0.25+0.03 110
4/23 4.87£0.58 0.039 +£0.009 0.17 £0.02 106
4/30 4.90+0.59 0.043 £0.011 0.23+0.03 118
5/7 4.64£0.56 0.063 +0.016 0.25+0.03 114
5/14 5.20+0.62 0.055+0.014 0.24£0.03 188
5/21 6.92£0.83 0.058 +0.015 0.23+0.03 184
5/28 5.94+0.71 0.058 £ 0.015 0.23+0.03 188
6/4 4.25+0.51 0.052+0.013 0.35+0.04 117
6/11 2.31+0.28 0.050 +0.013 0.14£0.02 113
6/18 113+0.14 0.053 £0.013 0.24£0.03 104
6/25 3.18+£0.36 0.061 +0.015 0.44+0.05 106

eral waters do not occur frequently. Water considered to be
mineral water is defined in Chapter 25 of the Food Code as
clear, colourless to yellowy water, with mild silt content, free
of mechanical impurities. It cannot have atypical sensory
properties and must have stable chemical composition and
stable physical properties [29]. Mineral water must meet
the microbiological, biological, physical and chemical indi-
cators of quality listed in the Food Code. In this material
the highest limit values (HLV) for particular indicators are
listed. HLV for As(III) in mineral water is 0.05mg.dm.

Mineral water Gajdovka was subject to chemical and mi-
crobiological analysis in accredited laboratories in the
years 2013 to 2015, always in October. The average overall
mineralisation was 2.610 g.dm™. This value is very close to
the level of 2.646 g.dm™ determined in 1996 [13]. Regard-
ing the concentrations of particular indicators involved in
mineralisation (Na, K, Ca, Mg, Fe, CI-, SO,*), the biggest
changes were observed in the levels of sodium (379 mg.
dm= in 2013; 364 mg.dm™ in 2014; 260 mg.dm™ in 2015),
iron (0.210; 0.114; 0.255mg dm~?) and chlorides (415; 406;
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Table 4b. Levels of hydrogen sulfide, total arsenic and iron in mineral water in the period of July — December, 2014

Date of sampling H,S As (total) Fe I-I.eight of .
month/day [mg.dm] [mg.dm] [mg.dm] the rlv[(:nl-]lornad

7/2 292+0.35 0.038+0.010 0.22+£0.03 125

7/9 3.35+0.40 0.050 + 0.013 0.21+£0.03 145
7/16 4.39+0.53 0.052 £ 0.013 0.18 £0.03 160
7/23 4.92+0.59 0.040 £0.010 0.15+0.02 145
7/30 4.53+0.54 0.064 £ 0.016 0.09+0.01 156
7/31 5.69 + 0.68 0.040 £ 0.010 0.10+0.01 154

8/6 4.80+0.58 0.060 £ 0.015 0.15+0.02 122
8/13 417 £0.50 0.066 = 0.017 0.15+0.02 138
8/20 3.93+047 0.064 £ 0.016 0.15+0.02 136
8/27 4.21+0.50 0.064 £ 0.016 0.14 +0.02 125

9/3 4.62+0.55 0.066 £ 0.017 0.18 £0.03 132
9/10 3.94 +0.47 0.041 +£0.010 0.29+0.04 133
917 4.20+0.50 0.047 £0.011 0.30+£0.04 14
9/24 5.14 +0.62 0.062 £0.016 0.23+£0.03 15
9/30 4.00+0.48 0.052 +0.013 0.18 £0.03 104
101 4.20+£0.50 0.055+0.014 0.14£0.02 104
10/8 3.55+043 0.094 £ 0.024 0.19+£0.03 12
10/15 3.87+0.46 0.055+0.014 0.18£0.03 99
10/22 3.66 £ 0.44 0.058 £ 0.015 0.18 £0.03 132
10/29 3.59+0.43 0.067 +0.017 0.28+004 135
1/5 4.51£0.54 0.063 £ 0.016 0.19£0.03 133
1/12 4.02+0.48 0.100 £ 0.025 0.20£0.03 118
11/19 5.03+0.60 0.098 £ 0.024 0.30+£0.04 12
11/26 4.88£0.59 0.052 +0.013 0.33+£0.05 116
12/3 4.99 £ 0.60 0.081 +0.020 0.46 £ 0.06 13
12/10 493+£0.59 0.140 £ 0.035 0.53+0.06 109

Table 5. Minimal, maximal and average values of the indicators monitored in 2014

Value
Indicator Unit
Minimal Maximal Average
Arsenic (As) 3
(total) mg.dm 0.031 0.140 0.063
Iron (Fe) mg.dm- 0.090 1.190 0.275
Hydrogen 5
sulfide (H.S) mg.dm 1.130 6.920 4608




Table 6. Average concentrations of total arsenic and calculated concentration of As(lll)
in the particular months of 2014 and comparison with the limit value (0.05 mg.dm-3)

Month Average value total As

80—90% As(l11) Limit overload

[mg.dm] [mg.dm] [%]

January 0.078 0.063—0.070 26—40
February 0.071 0.057—0.064 14—28
March 0.067 0.054—0.060 8—20
April 0.051 0.041—0.046 < limit
May 0.059 0.047—0.053 0—6
June 0.054 0.043—0.049 < limit
July 0.047 0.038—0.042 < limit
August 0.064 0.052—0.058 4—16
September 0.054 0.043—0.049 < limit
October 0.066 0.053—0.059 6—18
November 0.078 0.062—0.070 24—40
December 0.110 0.088—0.099 76—98

302mg.dm). Relatively little changes were observed in
the case of calcium, magnesium, arsenic and sulphates (Ta-
ble 2). Table 2 presents also the limit values for individual
inorganic parameters. Except for arsenic, neither indicator
exceeded the limit value set by the Food Code [27].

The results of microbiological analysis presented in Ta-
ble 3 showed an absence of any determined pathogenic mi-
croorganisms in the mineral water in the monitored years.

The relevant Food Code (Third part, Chapter 25, Annex
No. 1: Quality indicators for table water, infant water and
mineral water) states that the limit value for arsenic content
in mineral water is 0.05 mg.dm= As(III) and this is not the
value of overall arsenic. The concern is obvious — As(III) is
25 to 60 times more toxic than As(V) [9]. The AAS method
used for determination of As can be used only for determi-
nation of total arsenic in water samples. Thus, the results
obtained in this study characterise the concentration of
total arsenic in mineral water. Under anaerobic conditions
of ground mineral water, the form As(III) prevails. Under
aerobic or oxidising conditions, the As(III) form oxidizes
easily to As(V). The analyses of ground water showed that
the share of As(III) is 80 to 90 % in overall content of ar-
senic [11]. When we used this proportion to calculate
As(IIT) from total arsenic, the limit value was exceeded

during seven months of the year 2014, i.e. during Janu-

ary to March, August, and October to December (Table 6).
Thus, the mineral water met the prescribed limit value for
arsenic content during 5 months in the year. These months
were mostly the summer months. The arsenic content of
mineral water determined in the Geoanalytical Laboratory
in 2013—2015, converted to As (III), also indicated that
the limit value was exceeded (2013—0.071; 2014—0.058;
2015—0.057 mg. dm™).

The influence of the seasons on the monitored param-
eters (FLS, arsenic, iron and the level of river Hornad) was
investigated by one-way ANOVA. The results were divided
into four groups according to four seasons, to be specific
January—March, April—June, July—September, Octo-
ber—December. Significant differences between seasons
were observed for parameters H,S, Fe and the level of river
Hornad (P <0.05 for H,S and the level of river; P <0.001 for
Fe). No significant differences were observed for arsenic.
No correlation between particular indicators were detected.

Except for some periods of different length, the min-
eral spring Gajdovka was used from the second half of the
19th century to 1920s. The spring was often closed because
the water did not comply with the hygiene criteria. The
modern history of this spring started in 1995 when 30-me-
tres deep new well, designated G-5, was drilled. This well
with capacity of 0.3 litres per second is used up to this day.
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The problem with arsenic in mineral water persisted un-
til 2006 when technology based on sorbent BAYOXIDE
E33 was introduced. The arsenic content was decreased
significantly but the water quality was also changed. The
average concentration of overall arsenic in finished water
was 0.0108 mg dm~ in 2006—2008 [5]. However, water was
became excessively enriched with iron and precipitation of
its oxides and hydroxides occurred. The characteristic hy-
drogen sulfide smell disappeared. This was the reason why
this technology was abandoned in 2009 [5]. Due to the
interest of the public in the spring, the mineral water was
treated by mixing mineral water with drinking water. The
drinking water source is located in the gravel floodplains of
the river Hornad near the Gajdovka spring [13]. Chemical
composition of this drinking water shows that it is the ba-
sic calcium-magnesium-hydrogen carbonate type. Mineral
water and drinking water are mixed at a ratio 1:1 (v/v).
This way diluted mineral water is supplied to the public.

However, the problems with exceeding the limit value
of arsenic content in mineral water still persist. Dietzova
etal. [5] estimated the health hazard for children and adults
presented by mineral water containing arsenic. Model cal-
culations were made according to the methodology US EPA
[30]. The daily consumption of 0.3dm?® by children and
1 dm’ by adults do not lead to exceeding the recommended
reference dose of arsenic (RfD: 3.0x10*mg.kg™ of mass
per day). The risk of consumption of arsenic in mineral
water from Gajdovka spring is thus acceptable when the
water is consumed irregularly and the volume consumed
does not exceed the recommended amount [5]. Spring
visitors are informed about the recommended amounts of
consumed mineral water by means of information tables
located near the withdrawal point.

There are only few mineral waters in Slovakia with
chemical composition and properties similar to “Gajdov-
ka”. The arsenic problem is relevant also to other springs.
The springs in Gdnovce (Filice), Horka and Cen¢ice in dis-
trict Poprad belong among the mineral springs with repeat-
edly determined excess arsenic values [17]. Water in these
locations can be used in small amounts. The problem with
arsenic can arise when water from these springs are com-
monly used for drinking.

The presence of arsenic in ground water in the Kosice
surroundings is not rare. Three geothermal wells with des-
ignation GTD-1 to 3 were made near the municipality of
Durkov in the years 1998—1999. These wells are 2252 m,
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more than 3210 and 3151 metres deep. The temperature at
well head in particular wells is 123—125°C. Geothermal
water of the structure Durkov is a complex water-steam-
solid phase system. The value of its mineralisation ranges
from 25 to 32.dm™. This geothermal water has distinct
characteristics of Na-Cl type with low representation of
substance Na-HCO,. Of all trace metals arsenic is found in
the highest concentration in geothermal water. The maxi-
mal concentration was determined to be 36 mg.dm=. The
main source of the high level of arsenic is considered to
be the neovulcanites of mountain range Slanske vrchy. At
convenient geochemical conditions, arsenic is able to pass
to water solution from arsenopyrite at the presence of py-
rite, as salty water is capable of dissolving these minerals, it
is even by solving of these minerals by salt water [3]. High
content of arsenic in geothermal water presents a big risk of
environmental contamination.

The most known mineral water containing arsenic in
the Czech Republic is “Bélovesska kyselka“ near Nachod
that was very popular in the past and was known under the
name of “IDA" Arsenic concentration in water from this
spring reached 1 mg.dm™ [18]. Unlike the spring Gajdovka,
its mineralisation is lower (950 mg.dm™) and it has a bal-
anced concentration of Na, Mg, Ca and sulphates, with low
content of iron and, on the contrary, high content of CO,.
Considering the high content of arsenic, this mineral water
is not suitable for permanent consumption. The analyses
of water in 2015 showed that concentration of arsenic in
source IDA was 0.479 mg.dm™. After the water was treated
by means of a device for elimination of arsenic, the mineral
water IDA used today contains less than 0.01 mg.dm™ of
arsenic. Near Ndchod, in Hronov, there are another two ar-
senic containing mineral springs. These springs are similar
to Gajdovka in many aspects. The water is strongly miner-
alised (2g.dm™) with a high content of CO, and with sig-
nificant share of iron and hydrogen sulfide. The springs in
Nachod and Hronov are the only arsenic containing min-

eral waters in the Czech Republic [18].

CONCLUSIONS

Mineral water Gajdovka is very popular among the in-
habitants of Kosice. Therefore, the monitoring of its quality
is important. Particularly problematic is the content of ar-

senic, which is one of the toxic elements and can endanger



human health when consumed regularly. The results of the
determination of arsenic in mineral water throughout the
year 2014 confirmed that its concentration changes dur-
ing a calendar year and is often at or above the limit set
by relevant regulations. When calculating the As(III) form
from the total arsenic it was found that the limit value was
exceeded during seven months of the monitored year, i.e. in
January to March, August, and October to December. The
limit concentration for the iron content, which influences
the sensory quality of mineral water, was not exceeded dur-
ing this year. Statistical analysis of the monitored param-
eters, namely the concentration of arsenic, iron and hydro-
gen sulphide and the level of the river Hornad, showed that
the season influences the content of iron, hydrogen sulfide
and the level of the river Hornad but not the level of arse-
nic. No correlation between the individual monitored pa-
rameters was observed. With regard to the arsenic content,
the Regional Public Health Authority based in Kosice ad-
opted certain rules for the consumption of mineral water
Gajdovka. These rules are posted at the delivery point and
indicate the recommendations for the use of this mineral

water.
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ABSTRACT

The interactions between the fungicide tebucon-
azole and human serum albumin were investigated us-
ing fluorescence and circular dichroism spectroscopies.
The experimental results showed that the fluorescence
quenching of the protein by the tebuconazole molecule
was a result of the formation of a ligand-protein complex
with a binding constant of 8.51x10° .mol™' and the num-
ber of binding sites in the macromolecule was close to 1.
These findings demonstrated the fact that although the
binding affinity of tebuconazole to the protein may be
slight, it was very similar to other triazole fungicides. In
addition, tebuconazole stabilized the a-helical second-
ary structure of the human serum albumin due to the

increase of the a-content in the protein macromolecule.

Key words: association constant; fluorescence spec-
troscopy; human serum albumin; interaction; tebucon-

azole

INTRODUCTION

Tebuconazole [1-(4-chlorophenyl)-4,4-dimethyl 3-(1,2,4-
triazol-1-ylmethyl) pentan-3-ol] (Fig. 1) is a representative of
triazoles that are a class of fungicides largely used in agricul-
ture as crop protection products [3]. Their antifungal activ-
ity is due to their ability to inhibit the P450 enzyme, which
blocks the conversion of lanosterol to ergosterol causing
disruption of the fungal cellular wall [5]. But the inhibi-
tion potency of these triazole fungicides including tebuco-
nazole (TB) is not limited to fungi; they may also inhibit
other P450-mediated activities resulting in various adverse
effects [21].

Fig. 1. The chemical structure of tebuconazole
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TB is the triazole fungicide, which is applied on a num-
ber of crops such as grapes, rice, fruits, and vegetables be-
cause of its broad-spectrum antifungal activity. This fungi-
cide had been classified by the US EPA as Group C-Possible
Human Carcinogen [27]. TB is persistent in soils and pres-
ents moderate mobility [6]. It is classified as toxic to aquatic
organisms and may cause long-term adverse effects in the
aquatic environment [2]. The presence of TB in stream wa-
ter has increased in recent years [18] and its concentrations
detected in surface waters were up to 175—200 g1 [7].
The results obtained by Liang et al. [17] indicated that
exposure to TB could alter thyroid hormone levels as well
as gene transcription in zebrafish larvae. Commercial for-
mula Orius 25EW containing 25 % of tebuconazole applied
in agriculture as a leaf and ear spray pesticide has been
studied by Holec¢kova et al. [12]. In this study, significant
chromosomal aberrations in lymphocytes induced by the
fungicide were discovered. Furthermore, TB-based fungi-
cide induces sister chromatid exchange in bovine peripher-
al lymphocytes [26]. What’s more, TB was found in human
beings with the maximal concentrations of 19.2ugl™" and
2.22ngkg™ in urine and hair samples, respectively, from
farm workers [9, 22].

In fact, because so little is known about the long-term
toxicity of TB and other triazoles to vertebrates at this time,
it is not possible to ascertain whether these molecules pres-
ent a risk for mammalians chronically exposed to low dos-
es. As a consequence, preliminary studies of interactions, in
a broad sense, between TB and several proteins of interest,
are one of the necessary steps toward an increased under-
standing of TB’s toxicity on mammalians.

Human serum albumin (HSA) is the most abundant
plasma protein and contributes significantly to many trans-
port and regulatory processes. It forms about 60 % of the
mass of human plasma proteins with a typical concentra-
tion of 40 mg.ml in the bloodstream [24, 10]. The protein
binds to a wide variety of substrates such as metals, fatty
acids, amino acids, hormones and an impressive spectrum
of drugs [19].

Recently, several studies have been carried out to ex-
amine the toxic effects of pesticides at the protein level
[23, 4, 32, 30] but information about the possible impact
of triazoles on plasma proteins is still limited [29, 34]. At
the same time, a binding of pesticides including triazoles
to plasma proteins has toxicological importance as it can

significantly affect their distribution and excretion in the
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organism [25]. When these fungicides penetrate into the
bloodstream, they may bind to plasma proteins and subse-
quently induce some alternations of the protein structure
and function.

The aim of this study was to obtain additional informa-
tion about the interactive properties of TB in relation to
plasma proteins with regard to the above mentioned fre-
quent application of TB as a pesticide. These results may
provide basic data for clarifying the binding mechanisms of
TB with HSA and be helpful for food security and human
health when TB is applied as an antifungal agent. Fluores-
cence and far UV circular dichroism spectroscopy (far UV
CD) were used for a determination of the binding constant,
mode of interaction between TB and human serum albu-
min molecules, and the effect of fungicide on the secondary

structure of the HSA molecule.

MATERIALS AND METHODS

Tebuconazole (CAS Number 107534-96-3) was ob-
tained from Sigma, and its grade was analytical standard.
HSA (fatty acids free, globulin free, purity no less than
99%) was purchased from Sigma and was used without
further purification. To prepare stock solutions, TB was
dissolved in 100 % ethanol in a concentration of 10~ mol.l™*
and a stock solution of HSA (concentration 5x10~* mol.l™!)
was prepared in Tris-HCl (0.05mol.lI"" Tris+0.1 molLl™
NaCl) buffer, pH 7.4. Phosphate buffer (0.02moll",
pH 7.4) was used for the CD spectroscopic measurements.
Tris(hydroxymethyl)aminomethane, NaCl, HCI, and other
reagents were all of analytical purity.

Fluorescence measurements were performed using
a spectrofluorometer SHIMADZU RF 5301 PC in 1cm
quartz cuvette. The excitation wavelength was 295 nm and
fluorescence was collected at 300—500 nm emission wave-
lengths using 5nm/5nm slits.

Complexes of TB/HSA for fluorescence spectroscopy
were prepared by titration of TB into 2x10mol.l"" HSA
to have a final concentration of TB from 2x10-°moll™ to
32x10°mol.l"".

Far UV CD spectroscopy experiments were carried out
by means of a CD spectrometer Jasco J-815in 0.1 cm quartz
cuvette at room temperature and constant nitrogen flush.
The spectra of HSA in the presence of TB were recorded

in the range 200—270 nm with a scan rate of 50 nm.min".



Three scans were accumulated for each spectrum, taking
the average as the final data.

Complexes of TB/HSA for CD spectroscopy were pre-
pared by the titration of TB into 3.75x10°mol.l"* HSA to
obtain a final concentration of TB from 3.75x10*mol.I"'—
1.875x10”mol.I"". The Tris-HCI buffer was replaced by
phosphate buffer (0.02 mol.l"}, pH7.4) to eliminate the in-
fluence of CI ions. The helical content of free and bound
HSA was calculated from the mean residue ellipticity

(MRE) values at 209 nm using the following equation

-MRE

209nm

-4000

% o — helix = x 100

33 000 -4 000

Graphical presentations were evaluated by software

Origin, versions 6.0 and 8.0.

RESULTS

Fluorescence spectroscopy is an effective method to
study the interactions between small molecules and bio

macromolecules. Fluorescence quenching refers to any pro-

cess, which decreases the fluorescence intensity of a sample.
The fluorescence of fluorophores within the HSA macro-
molecule may change when HSA interacts with other mol-
ecules, which could be reflected in the fluorescence spectra
of HSA in the UV region. The changes in emission inten-
sity value, and wavelength of emission maximum, respec-
tively, are evaluated at experimental processing. Whereas
the fluorescence intensity is influenced by a change in the
polarity of the microenvironment of bio macromolecule as
well as movement of charged groups in the vicinity of the
fluorophores inside, hydrophobic changes in the microen-
vironment primarily dictate the shift in the emission maxi-
mum [14]. The shift in the emission maximum is a good
index to evaluate any alternation in the hydrophobicity of
the binding region [8]. Our emission fluorescence spectra
of HSA in the absence and presence of TB are shown in
Figure 2. It can be seen that the fluorescence intensity of the
HSA decreases as a result of the increasing concentration
of TB. This result points to moderate fluorescence quench-
ing effect (Fig. 2 inset) but at the same time a remarkable
deformation of emission spectra can be seen (Fig. 2). It
looks like there was a blue shift observed at the highest TB

concentration used in this study, which should point to any

300 =

200 -

100

Fluorescence Intensity (a.u.)

Relative Flomrese ee Inesmity
B

/

0 -
350'310‘350‘3:50‘4;0‘450‘4;0
Wavelength (nm)

Fig. 2. Effect of tebuconazole on the fluorescence spectra of HSA

¢(HSA) = 2 umol.1™". Lines 17'1: ¢(TB) = 0; 2.0; 4.0; 6.0; 10.0; 14.0; 18.0; 20.0; 24.0; 28.0; 32.0 umol.I"}, respectively.
A, =295 nm;\__ = 300—500 nm; pH = 7.4; T = 298 K
Inset: Fluorescence decrease of HSA upon TB binding at emission wavelength 344 nm
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alternation in the hydrophobicity of the binding region of
the HSA. However, the deformation of the emission spec-
trum in Fig. 2 cannot be regarded as the blue shift in the
emission maximum but it probably presents a sum of two
individual fluorescence spectra with maximum at 332 nm,
and 351 nm respectively. Subsequently completed spectral
deconvolution (not shown) has proven our above men-
tioned assumption. Considering a chemical structure of TB
and hydrophobic cavity within the HSA macromolecule,
two different modes of interaction between TB and the
HSA can be assumed. At low concentration of TB, the TB
molecules quench intrinsic fluorescence of HSA due to the
interaction with the hydrophobic part of the protein show-
ing a decrease in fluorescence intensity at 351 nm. On the
other hand, at higher concentrations of the TB in complex,
some TB molecules are inert and they enable the HSA mac-
romolecule to have unchanged emission spectrum at 332
nm. Finally, we can assume there are two populations of the
HSA macromolecules as a consequence of the interaction
with TB at higher ratios.

A variety of molecular interactions can result in quench-
ing, including excited-state reactions, molecular rearrange-
ments, energy transfer, ground-state complex formation
and collisional quenching [15]. The quenching mechanism

can be described by the Stern-Volmer equation:
FO/F =1+ kqt0[Q] =1 + KSV [Q] (1)

Where FO and F are the fluorescence intensities of the
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protein in the absence and presence of the quencher (TB),
respectively. [Q] is the concentration of the quencher, kq is
the bimolecular rate quenching constant, 10 is the average
lifetime of the biomolecule without quencher about 10 ns
for most biomolecules [16] and KSV is the Stern-Volmer
constant. The inverse value of KSV represents the quencher
(TB) concentration at which 50 % of the fluorophore inten-
sity (HSA) is quenched.

The curve of (FO/F)-1 versus [Q] is shown in Fig. 3a.
The corresponding kq and KSV constants for the TB/HSA
complex were obtained by the fitting of the graphical rep-
resentation of the Stern-Volmer equation. The quenching

constants are summarized in Table 1.

Identification of binding parameters

If we assume static quenching then the association con-
stant (KA) and the number of binding sites (n) in the bio
macromolecule can be calculated by the following equation
[31].

log(FO/F-1) = logKA + nlog[Q] (2)

Fitting the plot of log(F0/F-1) versus log[Q] (so called
Hill plot) for the interaction between the HSA and tebuco-
nazole (Fig. 3b), the association constant and number of
binding sites were obtained (Table 1).

To obtain more information on the binding of tebucon-
azole to HSA, circular dichroism spectroscopy was used to
study the secondary structure of HSA and TB/HSA com-

plex. CD is a sensitive technique to monitor the conforma-

b)

log (FgyF-1)

T T T v T
-54 51 4.0 43 A& 4.4

log (concentration of TE)

Fig. 3. a) Stern-Volmer representation of the fluorescence quenching of the HSA by tebuconazole;
b) Hill plot for the determination of the binding parameters of the HSA interaction with TB
c(HSA) =2 pmolI'5 A =295 nm; A =344 nm, pH = 7.4T =298 K
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Table 1. Bimolecular rate quenching constant (kq), Stern-Volmer
quenching constant (KSV), association constant (KA) and number of
binding sites (n) at the physiological conditions

T (K) kq KSV KA n
[l.Lmol.s7] [l.Lmol] [l.mol
298 7.26x 10" 7.26x10° 8.51x 10 1.01

tional changes in proteins. Far UV CD measurements were
performed in the presence of TB at different concentrations
but the CD spectra stayed identical for the final concentra-
tion ratio 5/1 (Fig. 4).

As can be seen from Fig. 4, the CD spectra of HSA and
the complex, respectively, display two negative bands in the
ultraviolet region at 209 and 223 nm, characteristic of the
a-helical structure of protein. The reasonable explanation
is that the negative peak at 209 nm is contributed to > m*
transition and 223 nm peak is contributed to n > m* trans-
fer for the peptide bond of a-helix [33].

As shown in Figure 4, TB alone (dotted line) does not
show any optical activity in this region. The addition of TB
to HSA leads to an increase in the CD signal without sig-
nificant shift of the peaks indicating that the binding of TB
to HSA induces an increase in the a-helical content of HSA.
The a-helix content of HSA increased from 55% to 60 %
upon TB binding at a molar ratio of TB/HSA of 1/1 and

5/1, implying that the TB binding results in a conforma-
tion change that stabilizes the HSA structure by increas-
ing its a-helical content. We assume that the increase of the
a-helical content of HSA is realized at the expense of the

random coil content when TB binds to the protein.

DISCUSSION

A better understanding of the interaction of the TB and
other fungicides with various possible cellular targets is es-
sential for the determination of their function in biologi-
cal systems. The present contribution was focused on the
results obtained in the study of TB associations with serum
albumins represented by HSA.

The value of the association constant (Table 1) of the
TB/HSA complex induced a slight binding affinity be-
tween the TB and the HSA. The interaction of four triazole
fungicides (triadimefon, imazalil, myclobutanil, penco-
nazole) with HSA has been reported in a comprehensive
study by Zhang et al. [34]. The association constants de-
termined by fluorescence quenching in this study range
from 3.96x10° Lmol! (triadimefon) to 8.47x103Lmol!
(penconazole) [34]. Our association constant for the TB/
HSA complex (8.51x103 1.mol ™) falls into this interval very
well. The number of binding sites for TB, which is close
to 1 (Table 1) corresponded with those obtained by Zhang
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Fig. 4. Far UV CD spectra of HSA in absence and presence of TB
c(HSA) = 3.75 umol.I"', ¢(TB) = 0; 3.75; 18.75 umol.I"!, phosphate buffer pH = 7.4
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et al. [34]. Considering a chemical structure of all of the es-
timated triazole fungicides we may assume that both tebuco-
nazole and penconazole molecules look similar. This fact can
be one of many other reasons explaining their very similar
binding affinity expressed by the association constants.

Comparing the binding affinities of other pesticides to
HSA, we can consider the studies by Wang et al. [29] and
Wang et al. [30]. They used the spectroscopic approach
to find association constants for imidacloprid/HSA and
thiacloprid/HSA. Both molecules represented the neonic-
otinoid insecticides currently being used in agriculture.
Comparing the association constants of triazole and neo-
nicotinoide pesticides we can declare that the binding affin-
ity of triazole fungicides, including tebuconazole to HSA, is
lower than those of neonicotinoides. But the differences are
not very expressive.

It has previously been reported that the binding of cer-
tain ligands such as ciproflaxin [1], virstatin [13], phyco-
cyanobilin [20] may cause a conformational change in HSA
with an accompanying increase in its a-helical content and
protein structural stabilization. This phenomenon is quite
striking for protein-ligand systems with high affinities, e.g.,
binding of biotin to streptavidin causes the disappearance
of the band arising from unordered structure in FT-IR
spectra [11]. Surprisingly, an increase in the TB concentra-
tion causes the CD signal of the HSA to be increased, which
indicates an increase of the helical secondary structure
content in the HSA macromolecule. On the contrary, with
the above mentioned knowledge about the tendency to in-
crease the helical content in high binding affinity ligands,
the binding affinity of TB to HSA is only slight. But Wang
et al. [29] have obtained the same result for a slightly bound
imidacloprid to HSA. The increase in negative ellipticity as
shown in Fig. 4 might be due to the shielding of the peptide
strand in the HSA macromolecule due to the increase in
hydrophobicity on binding with TB [28]. This conclusion
agrees with the result of the fluorescence quenching experi-
ment.

The present study investigated the interaction of the
triazole fungicide tebuconazole with HSA by spectroscopic
methods. TB can interact with HSA in vitro under simu-
lated physiological conditions. Considering a static mecha-
nism of fluorescence quenching of HSA by the TB, we have
determined the association constant which expresses the
binding affinity between both molecules. The value of this

constant indicates a slight binding affinity in comparison to
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other ligands, but it corresponds with the binding param-
eters of other triazole fungicides very well. Furthermore,
the interaction of TB led to slight conformational changes

of the HSA macromolecule.
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