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ABSTRACT: The effect of Artemisia absinthium essential oil (AAEO) on enzymatic activity of super-
oxide—dismutase (SOD), glutathione—peroxidase (GSHPXx), glutathione—reductase (GR), peroxidase
(POD), xantine—oxidase (XOD) and non—enzymatic (content of lipid peroxides (LPx) and gluthathione
(GSH)) antioxidative status of broilers infected with mixture of oocysts of Eimeria tenella, Eimeria mitis
and Eimeria necatrix in comparison to coccidiostat salinomycin was investigated. The in vivo inves-
tigation were carried out on 120 Arbor acres broilers of both sexes. Broilers were randomly distributed
into four groups. Group A was uninfected and untreated; group B was infected and was kept un-
treated; group C preventively received coccidiostatic salinomycin in quantity of 60 mg/kg of feed and
was inoculated with coccidia species at 21 day-of-age and group D received in feed AAEO in quantity
of 3 g/kg and was infected with Eimeria oocysts at 21% day-of-age. Livers were collected for the
subsequent evaluation of antioxidative status. It was concluded that AAEO added in feed for broilers
prevented the development of coccidia oocysts and therefore it can be used as prophylactic feed
additive.

Key words: Artemisia absinthium, antioxidative system, coccidiosis, salinomycin, prophylactic feed
additive

INTRODUCTION

Coccidiosis is an infective disease of the
digestive tract which is the most frequent
with poultry, causing a decrease in daily
increment, prolonge fattening, poorer skin
pigmentation, slower feed conversion and
increase mortality. Coccidiosis is traditio-
nally treated by chemotherapy, but the

growth stimulant and for improving feed
utilization (Visek, 1978).

The increasing resistance of avian coc-
cidia (protozoa) to anticoccidial drugs cur-
rently used by the poultry industry has
stimulated the search for new methods of
_ _ control (Allen et al., 1997). Many authors
persistent appearance of drug — resistant investigated alternatives to antibiotics

strains of coccidia indicate the importance (Langhout, 2000; Mellor, 2000; Ocak et al.
of developing alternative strategies (Brau- 2008). ’ ’ ’ ’ ’

nius, 1982). Essential oils have recently been reported

Many anticoccidian drugs have been de-
veloped and introduced in the poultry
industry all over the world. One of them is
polyether monocarboxylic acid — salino-
mycin. The use of salinomycin is also pos-
sible in other animals (cattle, pigs) as a

as alternative to antibiotics in animal pro-
duction and are claimed to be "digestive
enhancers” (Williams and Losa, 2001).
They are very complex mixtures of com-
pounds, such as tannins, terpenoids, alka-
loids and flavonoids. Many in vitro studies
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(Demirel et al., 2011; Levi¢ et al., 2011)
reported antimicrobial properties of essen-
tial oils. In addition to their antimicrobial
activity, essential oils possess various
biological activities such as antioxidant
activity (Aliyu et al., 2012; Radivojevi¢ et
al., 2012) and stimulate the digestion pro-
cess (Langhout, 2000). Introduction of es-
sential oils in animal feed may have pro-
mising potential as a growth and health
promoters without adverse effects.

The genus Artemisia belongs to the family
Compositae (Asteraceae) with over 300
species spread worldwide. The essential
oil obtained from wild plant Artemisia ab-
sinthium shows antibacterial, antifeedant,
antipyretic, fertility increasing, cytostatic
and antimalarial activities (Khattak et al.,
1985).

Considering above mentioned character-
ristics of Artemisia absinthium essential olil
objective of this study was to compare pro-
phylactic efficacy of the conventional coc-
cidiostat (salinomycin) and Artemisia ab-
sinthium essential oil on artificially indu-
ced broiler coccidiosis. The comparative
assessment was based on the clinical
symptoms and changes in catalytic activity
of important protective enzymes in liver
homogenates of healthy and artificially
infected broilers.

MATERIALS AND METHODS

Chickens and Housing

The experimental protocol was approved
by the local Ethics Committee and the
principles of animal protection were strictly
followed. Experiments under in vivo con-
ditions were performed on 120 broilers of
both sexes of the heavy Arbor acres line.
One day old broilers were raised in a clean
and disinfected room under standard con-
ditions. Broilers were fed using standard
basal diet with the access to water and
food ad libitum. Faecal samples were ta-
ken daily in order to monitor the possibility
of infection. Temperature and lighting regi-
mens were in accordance with the recom-
mendation of the breeder. The initial room
temperature of 32-33 °C was reduced we-
ekly by 1°C to a final temperature of 28 °C.

The chickens were randomly divided into
non-infected and infected groups. The se-

cond group of broilers were infected with
mixture of sporulated oocysts of E. tenella
(5000 oocysts), E. mitis (5000 oocysts),
and E. necatrix genus (10000 oocysts) col-
lected from infected chicken farms. Coc-
cidial oocysts of E. tenella, E. mitis and E.
necatrix were obtained from the guts of
infected chickens and they were preserved
in 2.5% potassium dichromate solution to
induce sporulation and subsequently kept
in a refrigerator at 2 — 5 °C until use. The
challenge infection of 21-day—old chickens
was performed by oral administration of 1
cm® oocyst suspension.

Artemisia absinthium essential oil was ob-
tained from the Institute for Medicinal Plant
Research "Dr Josif Pancic", Belgrade, Ser-
bia.

Experimental protocol

Experiments under in vivo conditions were
performed on broilers of the heavy line
Arbor acres, of both sexes. One-day-old
broilers, randomly selected, were divided
into four groups, each containing 30 indivi-
duals.

Group A contained uninfected and unme-
dicated broilers (negative control group).
Decapitation of 10 chickens was carried
out at 30" day-of-age.

Group B contained infected and unmedi-
cated broilers (positive control group).
Inoculation of 21-day-old broilers was per-
formed by p.o. application of 1 cm® of coc-
cidial suspension mixture of sporulated
oocysts. Nine days later (at 30" day-of-
age), when first clinical signs of disease
appeared (chickens were bristling, showed
decreased food conversion, white mucous,
later bloody diarrhea appeared, appetite
decreased etc.), decapitation of 10 chi-
ckens was carried out.

Group C contained broilers which preven-
tively received coccidiostat salinomycin in
quantity of 60 mg/kg of feed (Group C,)
and the remaining broilers were inoculated
with laboratory derived coccidia species at
21* day-of-age (Group C,). Decapitation of
10 chickens were carried out at 30" day-
of-age. Group D contained broilers which
received AAEO in quantity of 3 g/kg
(Group D;) and the remaining broilers
were infected with Eimeria oocysts at 21>
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day-of-age (Group D,). Livers were collec-
ted at 30" day-of-age.

The essential oil was given to the chickens
three times a day.

The oocyst output was measured daily in
each group, during the period from 6" to
9" day after the infection. A clean poly-
ethylene sheet placed daily under each
cage was used for the collection of excreta
for oocyst analysis. Total faecal samples
collected over each 24 h from each group,
were placed in separate airtight plastic
bags, homogenised thoroughly with a do-
mestic mixer, and kept refrigerated until
assessed for total oocyst counts. Homo-
genised samples were ten-fold diluted with
tap water to be further diluted with satu-
rated NaCl solution at a ratio of 1:10.
Oocyst counts were determined using
McMaster chambers and presented as the
number of oocysts per bird (Hodgson,
1970).

The means of oocysts per bird (OPB) of
faeces in treated groups were compared
with OPB values for non-treated control
groups in order to evaluate the effects of
the plant essential oil on avian coccidiosis
induced by Eimeria spp. Bloody diarrhoea
was investigated from 4™ to 6" day after
the challenge.

Bloody diarrheal score was described
using numerical values from 0 (-) to 3
(+++). Zero corresponded to normal sta-
tus, whereas 1, 2 and 3 corresponded to
33%, 33-66% and 66-99% of blood in total
faeces, respectively.

Protein content was determined by the
method of Prakash et al. (2010). In homo-
genized liver glutathione content, products
of lipid peroxidation and the activities of
antioxidant enzymes (SOD, GR, GSHPXx,
POD and XOD) were determined.

Preparation of liver homogenate

One gram of the liver was cut with scissors
and homogenized in a mixer using 3 vo-
lumes of isotonic buffer (0.05 mol/dm? tris-
HCI, 0.25 mol/dm?® sucrose, pH=7.5). The
homogenate was filtered through gauze
into ice-cold tubes for further analysis
(Chiu et al., 1976).

Sample preparation for glutathione
(GSH) determination

Proteins from freshly prepared liver homo-
genates were separated by adding half the
volume of 10% sulfosalicylic acid and cen-
trifugated at 5000 rpm, for 5 min, at 4 °C.
The supernatant was stored at 4 °C, with-
out freezing, and GSH determined within
24 hours. The GSH content in the liver ho-
mogenate was determined from the
amount of sulfhydryl residues by means of
Ellmann’s reagent (Kapetanovic and Mie-
yal, 1979).

Determination of enzymatic activity

Superoxide-dismutase (SOD) (EC1.15.1.1)
activity was determined by the spectro-
photometric method based on the inhi-
bition of adrenaline reduction to adreno-
chrome at pH=10.2 (Kostadinovi¢ et al.,
2001).

The glutathione-peroxidase (GSHPx) (EC
1.11.1.9) activity was determined by spec-
trophotometric measurement of absor-
bance at 412 nm with cumenhydrope-
roxide as the substrate (Chiu et al., 1976).

Activity of the glutathione-reductase (GR)
(EC 1.6.4.2.) was determined from the rate
of NADPH oxidation and it was monitored
by measuring the absorbance at 340 nm
(Lukaszewicz-Hussain and Moniuszko-Ja-
koniuk, 2004).

Lipid peroxides (LPx) was determined by
thiobarbituric acid (TBA - test). The oxi-
dation of cellular membrane lipids was
measured via reaction of lipid peroxides
with thiobarbituric acid (Simmon et al.,
1974).

The determination of peroxidase (POD)
(EC 1.11.1.7) activity was based on the
catalytic oxidation of guaiacol by hydrogen
peroxide as an electron acceptor (Kosta-
dinovi¢ et al., 2011). The reaction of xan-
thine oxidation to uric acid was used for
determination of xanthine-oxidase (XOD)
(EC 1.17.3.2) activity.

Spectrophotometric measurement was
performed in 0.1 mmol/dm?® phosphate buf-

fer, pH=7.5, at 295 nm (Kostadinovic et al.,
2011).

Statistical analysis

The results given in tables are reported as
the mean + standard deviations (SD) of a



Ljiljana Kostadinovic et al., Effect of Artemisia absinthium essential oil on antioxidative systems of broiler’s liver,
Food and Feed Research 41 (1) 11-17, 2014

number (n) of independent determinations. However, the non-treated chickens infec-
The one way ANOVA analysis was per- ted with Eimeria spp. showed significant
formed to assess data differences bet- excretion of oocysts in faeces (Table 2).
ween various groups using Statistica The salinomycin treated broilers (C;) sho-
software version 10 (StatSoft inc. 2011). wed complete reduction of oocyst in fae-
The data means were considered different ces at 30" day. In AAEO treatment group
at P <0.05. (D) the oocysts output and mortality rate

were lower in comparison to positive con-
RESULTS AND DISCUSSION trol group (B).Therefore it can be con-
Anticoccidial activity of AAEO and cluded that AAEO was effective in redu-
salinomycin cing the oocyst output of the preventively

Bloody diarrhoea was observed from the treated and infected broilers.

fourth to sixth day after the infection with Some herbal extracts have already been
Eimeria spp. in all experimental groups ex- shown to possess a coccidiostat activity

cept the uninfected control group. The in- (Youn and Noh, 2001). Extracts and es-
tensity of bloody diarrhoea was lower in C, sential oils from aromatic plants are of
group (treated with salinomycin) in com- interest for coccidiosis since several stu-
parison to other infected groups (Table 1). dies have shown substantial antimicrobial

Excreted oocysts count in the groups C, and antioxidative activity (Aliyu et al.,
and D, were lower in comparison to 2012).

infected control group (B) (Table 2). Admi-

nistration of AAEO and coccidiostat salino- This biological activity has been mainly
mycin before infection with Eimeria spp. attributed to phenolic components. In vivo
was shown to be associated with the re- and in vitro tests have shown (WI"IamS &
duction of oocyst output. The summary of Losa, 2001) that phenols can be speci-
statistical values obtained from 30 chic- fically used as oocysticides against Ei-
kens in each test groups is shown in Table meria spp.

2.

Table 1.

Intensity of bloody diarrhoea of chickens challenged with Eimeria spp. and treated with profilactic dose
of salinomycin and AAEO

Blood in faeces

Experimental groups (days after infection)
3 4 5 6 7
B - + +++ + -
C, - + + - -
D, - + ++ - -
A - - - - -

AAEO - Artemisia absinthium essential oil; A-negative control; B-positive control; C,- salinomycin 60 mg/kg of
feed and infected; D, - AAEO 3g/kg of feed and infected;
0 (-) - normal status; (+) - 33%, (++) - 33-66%, (+++)- 66 -99% of blood in total faeces

Table 2.
Effectivenes of salinomycin and AAEO on faecal oocyst counts and mortality rate in different treatment
groups of broilers

Group Oocysts excretion (x10°) / bird Mortality
Day of infection After infection rate (%)
21% day 24" day 27" day 30" day
A 0 0 0 0 3
B 2.3+0.3 34.5+1.8% 3.8+0.4% 0.4+0.1° 12
C, 1.0+0.1% 22+0.2° 0.1+0.02° o° 5
D, 1.7+0.2° 7.3+0.1° 0.4 +0.01° 0.08 £ 0.01° 7

Results are presented as mean * standard deviation (n = 3);

#“Means within a column with different superscript differ significantly at P < 0.05;

AAEO - Artemisia absinthium essential oil; A - negative control; B-positive control; C, - salinomycin 60 mg/kg of
feed and infected; D, - AAEO 3g/kg of feed and infected
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Table 3.
GSH and LPx contents and activity of GSHPx, SOD, GR and XOD in liver homogenates
GSH LPx GSHPx POD SOD GR XOD
(nmol/mg  (nmol/mg  (nmol/mg
Group | (nmol/mg (nmol/mg . . . (nmol/mg (nmol/mg
protein) protein) protein protein protein protein min) protein min)
min) min) min)

A | 0.6£0.08° 0.4£0.05° 4.8£0.6° 57+1.5° 10.8+2.8° 31.7£3.1°  20.4+3.8°
B 1.3£0.2° 3.5+0.2° 7.6x1.6° 2.8+0.9° 5.8+0.9° 21.5+1.2° 18.6+2.0%
C, | 0.9£0.06° 0.3x0.08° 7.9+1.3*°  85+2.0° 15.242.8° 52.7+25°  46.6:7.6°
C. 1.4+0.1°  0.240.08" 12.2+3.2° 1.8+0.3° 2.8+0.2° 11.3+1.4° 22.8+2.7°
D; | 0.9+0.03° 0.3£0.02° 4.4£0.3° 6.7£0.9° 15.0#3.6° 34.6:2.1°  29.2+1.4°
D, 1.3#0.1°  0.24¢0.01*  11.0+1.2° 1.3+0.2° 5.7+0.2° 18.0+2.6" 21.6+£3.4°

Results are given as mean + standard deviation (n = 3);
#dMeans within a column with different superscript differ significantly at P < 0.05;

AAEO - Artemisia absinthium essential oil; A-negative control; B-positive control; C;- 60 mg salinomycin/kg of
feed; C,- 60 mg salinomycin/kg of feed and infected; Di:- AAEO 3g/kg of feed; D,- AAEO 3g/kg of feed and

infected

Phenols interact with the cytoplasmic
membrane by changing its permeability for
cations, like H" and K*. The dissipation of
ion gradients leads to the impairment of
essential processes in the cell, allows lea-
kage of cellular constituents, resulting in
water unbalance, collapse of the mem-
brane potential and inhibition of ATP syn-
thesis, and finally cell death (Ultee et al.,
1999).

Enzymatic activity in liver homogenates

The content of GSH and LPx and the
catalytic activity of selected enzymes of
the antioxidative defense system determi-
ned in the liver homogenates of the con-
trol and experimental groups are shown in
Table 3.

The content of GSH and activity of GSHPx
in liver homogenates of broilers in group B
showed a significant increase (P < 0.05) in
comparison with the group A, while the
POD, SOD, XOD and GR activity decrea-
sed (Table 3).

Glutathione (GSH) and glutathione pero-
xidase (GSHPx) are among the major anti-
oxidant defences. GSH plays an important
role in reduction the acute toxicity of xeno-
biotics and products of lipid peroxidation
as a substrate for GSHPx.The reduction in
GSH is in line with the report of Kumar et
al. (2010) that exposure to coccidiosis
caused a depletion of GSH levels in poul-
try broilers. Reduction in GSH level is an
indication that detoxification is going on.
GSHPx are ubiquitous multifunctional en-
zymes which play a key role in cellular
detoxification. Concomitantly with the in-

creased risk of lipid peroxidation in liver,
there is an increase in the enzymatic ac-
tivity of GSHPx. In line with literature data
(Shanker et al.,, 2011) reduction of cata-
Iytic activity of superoxide—dismutase is
expected.

The preventive doses of coccidiostat Sali-
nomycin caused a significant (P < 0.05)
increase of GSH content and catalase-ac-
tivity of all investigated enzymes. Addition
of salinomycin in feed increases GSHPXx
activity and reduces the need for high
levels of GSH content, which took part in
the detoxification of harmful compounds in
the body. A significant increase of cata-
lase-activity of POD compared to the cor-
responding control group was noticed,
which was expected since POD catalyzes
the oxidation of various proton donors with
hydrogen peroxide. Salinomycin is iono-
phore coccidiostat and does act as a pro-
ton donor.

Infection with Eimeria spp. in group of
broilers C, nine days later (30" day—of—
age) resulted in significant increase of
GSH content and higher activity of
GSHPx, but content of LPx and activity of
POD, SOD, GR and XOD were signi-
ficantly decreased compared to the group
B and C; group of broilers.

On the basis of the observed changes of
enzymes activity, we may conclude that
induction and inhibition of their activity in
liver homogenates of broilers preventively
treated with salinomycin and infected
broilers continued until reaching the basic
activity—level characteristic for the corres-
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ponding control group, i.e. having the ten-
dency of eliminating the negative effects
induced by the disease (Table 3).

In liver homogenates of preventively
AAEO treated broilers and then infected
(group D,) was observed a significant in-
crease of GSH content, decrease of LPx
content, induction of GSHPx activity and
inhibition of POD, SOD, GR and XOD ac-
tivity in comparison with the control group
A. This finding is in line with data pu-
blished by Olanlokun (2008). Observed
changes show positive preventive effects
of applied AAEO. Its application leads to
decreased number of coccidian and there-
fore reduced intensity of the disease in-
duced by free-radical processes.

CONCLUSIONS

The results of this study indicate that
AAEQ is an effective agent in reducing the
oocyst output of the preventively treated
and infected broilers and could be a po-
tential source of protection against cocci-
diosis. Excreted oocysts in the groups
treated with 3 g/kg AAEO were lower than
in the infected control group, but higher
than in the salinomycin group.

Pathological changes in liver homogena-
tes of artificially infected broilers inten-
sified free radical processes. The ob-
tained results show that infection with
Eimeria oocysts exhibit negative effects on
the antioxidant defense system in the liver
of broilers and that AAEO demonstrates
protective role against Eimeria infection.
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YTULIAJ ETAPCKOTr YJbA BENOr nefiEHA HA AKTUBHOCT EH3UMA
AHTUOKCUAATUBHE 3ALUTUTE Y JETPU BPOJJIEPCKUX NMUITURA

IbursaHa M. KoctaguHosuh', Meana C. Yabapkana, Josarka [1. Jlesuh, LLlanaop M. Kopmarbol,
Camna J. TeogocuH, Cnasuua A. CpegaHosuh

YHueepauteT y HoBom Cagy, Hay4Hu MHCTUTYT 3a npexpambeHe TexHonoruje y Hosom Capgy,
Bynesap uapa Jlazapa 1, 21000 Hoeu Cag

CaxeTak: Y pagy je ucnutaH yTtuuaj etapckor yrba Genor nenena (Artemisia absinthium)
(AAEO) Ha eH3MMCKy aKTUMBHOCT cynepokcua aucmytasde (SOD), rnytatmoH nepokcupgase (GSHPX),
rnytTaTuoH peayktase (GR), katanase (CAT), nepokcmnaase (POD) u kcaHTuH-okcugase (XOD), kao n
cagpxaj nunugHux nepokcuga (LPx) u rmytatuoHa (GSH) y xomoreHatuma jeTpe ©pojnepa uHdu-
uupaHmx cmecom oouucta Eimeria tenella, Eimeria mitis n Eimeria necatrix y ogHocy Ha
KOKLMAMOCTATUK CanvMHOMULMH. In vivo ncnutueame je cnposefdeHo Ha 120 Gpojnepa (Arbor acres),
oba nona. bpojnepn cy nogerbeHn y vetupun rpyne: 'pyna A je HeuHdumumpaHa n HeTpeTupaHa
(HeratmBHa koHTpona); rpyna b je nHdwuumMpaHa u HeTpeTupaHa (No3uMTuBHA KoHTpona); rpyna L je
npeBeHTUBHO gobujana KOKLUMAMOCTATUK CaNUHOMULMH Y KONUYUHK oA 60 Mr/Kr XpaHe U MHOKynMpaHa
kokumamnama 21. gpaHa ctapoctu. 'pyna [ je y xpaHu gobujana AAEO y konuumHu 3 r/kr xpaHe n 21.
JaHa cTapocTu MHduMuMpaHa cmecoM ooumctn Eimeria spp. 3a oueHy aHTMOKCMAATMBHOI cTaTyca
Gpojnepckmx nunuha M3BpPLUEHO je y30pKoBake jeTpe. YTBpheHo je fa eTapcko yrbe 6enor neneHa
[04aTo y XxpaHy 3a 6pojnepe y KonuuuHu og 3 r/kr xpaHe, yTu4e Ha CMamere croboaHOpaamKarnckmux
npoueca, usasBaHWX MHMEKUUjOM KoKuMaMjama, Tako LITO YTUYE Ha aKkTUBUMpawe HEEH3UMCKOr u
€eH3UMCKOr cucTema 3awTtute. Ha ocHoBy OoOujeHMx pesynTaTta, 3akiby4eHO je ga eTapcKo yrbe
Artemisia absinthium, koje je gogaTto y xpaHy 3a Opojnepe y KonuiuHu of 3 r/kr xpaHe, crnpevyasa
pas3Boj KOKUMAWja, Ma No3UTUBaH YyTULAj Ha akTMBUpPawe aHTUOKCMAATUBHOI CMCTeMa 3allTuTe jeTpe
Opojnepa n cTora ce MoXxe KOpUCTUTK Yy NPOUIaKCH KOKLMONO3E.

KrbyyHe peum: Artemisia absinthium, aHmuokcudamusHu cucmem, Kokyuduosa, carmuHOMUUUH,
npogunakmuyku dodamak xpaHu 3a XUBOMUH-€
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