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VITAL REPRODUCTIVE INDICES IN NON GRAVID FEMALE RABBITS TREATED
WITH CRUDE ETHANOL EXTRACT OF SPONDIAS MOMBIN
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ABSTRACT

Ten female Chinchilla breed of rabbits with a mean weight
of 1.65+0.06 kg, were randomly divided equally into a treat-
ment and a control group. The treatment group received orally
800 mg.kg" of an ethanol extract of Spondias mombin for four-
teen days. The control group received only distilled water utilizing
the same method of administration. The females were kept sepa-
rately away from males. Assays of the reproductive hormones be-
fore and after treatment with the extract in the treatment group
were done. Both groups were sacrificed after fourteen days of oral
administration and their reproductive tracts carefully examined.
The studies revealed the normal morphology of ovaries, oviduct,
uterine horns, and uterine body in both groups. The histological
sections of different reproductive segments were normal. Left and
right ovaries appeared to show marked oogenesis in the treated
group going by the larger number of follicles observed compared
to the control. The body weight adjusted mean paired ovarian
diameter of the control group (0.51+0.02cm) was significantly
(P<0.05) different from the treated animals (0.41 +0.39 cm) but
this did not translate into a significant difference in the paired
ovarian weights. The body weight adjusted lengths, widths and
weights of other parts of the reproductive tracts did not differ
significantly comparing the treated and control groups, except
for the length of the right uterine horn and the weight of the
right oviduct. The studies showed that all of the hormones did
not change significantly, comparing the pre and post treatment
in the treated group. It was concluded that 800 mg.kg™" of ethanol

extract of Spondias mombin appeared to favour folliculogenesis
in non-gravid rabbits and resulted in no observed pathological
effects on the entire reproductive tract of the rabbit.

Key words: ethanol; rabbit; reproduction; Spondias mombin

INTRODUCTION

Interest in the effects of various natural products on reproduc-
tive parameters has been on the increase in recent times [1], [2],
[12], [17], [18]. This interest in natural products emanate from their
advantage over synthetic drugs [16]. Also, productivity in livestock
is based upon the ability of animals to reproduce, hence the need to
ensure fertility. Fertility remains a key determinant of life time per-
formance [10] and to achieve this, optimization of litter size, good
fecundity and treatment and prevention of pathological reproduc-
tive conditions are significant [9]. In the rabbit, the normal repro-
ductive tract consists of the ovaries, oviducts, uterine horns joining
to continue as a body and then forms the cervix and vagina. Under
favourable conditions, does will remain in oestrus for long periods
during which time ovarian follicles are continually developing and
regressing at more or less the same rate. The active life of a follicle is
around 12—16 days [11]. Spondias mombin, a tropical fructiferous
plant, used for abortifacient purposes, among other uses, by tradi-
tional folks, has been termed an antifertility agents by a few authors
based on its oxytocic effect [12]. However, its effect on non gravid
animals is important to assess for possible positive effects.



Fig. 1. Histological section of the right ovary of the treatment
group with arrows showing follicles at different stages of development.
Periodic acid-Schiff (PAS) stain. Magn. x100

Fig. 2. Histological section of the right ovary of the control
group with arrows showing follicles at different stages of development.
Periodic acid-Schiff (PAS) stain. Magn. x100

Fig. 3. Histological section of the right ovary of
the treatment group. Arrows showing primary follicles.
Periodic acid-Schiff (PAS) stain. Magn. x400

This work was aimed at studying the effects of 800 mg.kg™
crude ethanolic extract of Spondias mombin on the morphology of
the reproductive tract and reproductive hormonal profile of non
gravid mature does.

MATERIALS AND METHODS

Spondias mombin leaves were collected, identified and pre-
pared into an extract at the University of Ibadan. Pulverized leaves
weighing 3.62 kg were soaked in hexane for three hours in order to
remove the fat content. The mixture was decanted and the residue
was air dried. The residue was then soaked in ethanol for 3 days,
after which, it was filtered. The resultant filtrate was then concen-
trated in vacuo using a rota-evaporator at low temperatures. Etha-
nol and the residual jelly like dark brownish paste were recovered.
This paste was kept in a fume hood for efflorescence of the residual
ethanol. A yield of 80 g of dried extract was obtained from which a

Fig. 4. Histological section of the right ovary of
the treatment group. Arrows showing secondary follicles.
Periodic acid-Schiff (PAS) stain. Magn. x400

Fig. 5. Histological section of the right ovary of the
treatment group. Arrows showing tertiary follicles (antral follicles).
Periodic acid-Schiff (PAS) stain. Magn. x400



stock solution of 80g of extract in 100ml of propylene glycol was
constituted. The dose was calculated using the formula:

Weight x Dosage

Dose =
Concentration

Experimental animals

Ten Chinchilla breed of rabbits weighing on average
1.65+0.06 kg were utilized. They were pubertal primiparous rab-
bits. They were kept in standard hutches and fed formulated feed.
Water was given ad libitum. Fourteen days of acclimatisation was
observed during which prophylactic treatment against endo and
ecto parasites using avermectin at a dosage rate of 1ml per 50kg
body weight was administered.

Experimental design

The ten rabbits were divided into two groups with five rabbits
each. This constituted the extract-treated group and the control
group. Ethanol leaf extract was administered orally at a dosage
rate of 800mg.kg™ [15] once daily for fourteen days to the treat-
ed group, while the control animals received distilled water during
the same period and for the same length of time. Blood samples
for hormonal assays were collected carefully from the ear vein of
the treated group before the commencement of extract adminis-
tration and a day after the last administration. ELISA was utilised
for assays using hormonal kits. The hormones assayed from the
sera were; follicle stimulating hormone (FSH), luteinising hormone
(LH), estrogen, progesterone and prolactin. The Kkits utilised were
from Biorex diagnostics (ISO 13485). Batches were; BXEOS860A
(Estradiol), BXEO671A (Prolactin), BXEO661A (Progesterone),
BXEO631A (FSH), and BXE0651A (LH).

At the cessation of the treatment period, the does from both
groups were sacrificed using the guidelines on euthanasia, set by
the Committee for the purpose of control and supervision on ex-
periments on animals (CPCSEA, 600 041 Tamil Nadu, India). Af-
terward, the reproductive tracts were carefully exteriorized. The
different segments; the ovaries, the oviduct, the uterine horn, and
the uterine body were carefully separated and examined for lesions.
Each segment was evaluated for length, width, and weight.

Histopathology and morphometric analysis of the ovaries

All of the extracted ovaries were routinely fixed in 10 % neutral
buffered formalin, then dehydrated in graded levels of alcohol, em-
bedded in paraffin wax, sectioned at 5 um and stained with Periodic
acid-Schiff (PAS). Histological alterations and the number of differ-
ent follicles were counted at 5 different foci per field of the histo-
logical slides of the ovary at x100 and x400 magnification with the
aid of an Olympus light microscope.

Statistical analysis

The data obtained were collated and analysed into descriptive
statistics using GraghPad Prism 5 (Version 5.04). Means, with Stan-
dard Error of the Means (SEM) were calculated. Means were com-
pared using one sample T-test. A value of P<0.05 was considered
significant.

RESULTS

Does from both the test group and control group had
normal ovaries, oviduct, uterine tubes, and uterine body as
determined grossly. The uneven surfaces of the ovaries of
all of the does suggested the presence of follicles at different
stages of development. There were no evidences of corpus
lutea or cystic conditions in any of the ovaries. No defec-
tive parts were observed throughout the tracts in any of the
animals. Histological sections of the oviduct, uterine tubes,
uterine body revealed normal epithelial cells. Left and right
ovaries showed marked oogenesis in the treated group, both
having a larger number of follicles, compared to the con-
trols (Fig. 1 and 2). Views of different fields of the histologi-
cal slides of the treated group revealed Primary, Secondary
and Tertiary follicles (Fig. 3, 4 and 5). The body weight ad-
justed mean paired ovarian diameter of the control group
was 0.51+0.02cm (Table 1). This was significantly different
from the treated group which had 0.41+0.39cm (P <0.05);
however this did not translate to a significant difference in
the paired ovarian weights (Table 1). The weight of the right
oviduct and the length of the right uterine horn were signifi-
cantly different (P <0.05) in the control group than the treat-
ment group (Table 2 and 3). There was no significant differ-
ence between the means of the control and treatment groups
in: the length, width and weight of the uterine body; the left

Table 1. Mean (+ SEM) diameter and weight of paired ovaries

Treatment Control P
group group value
Diameter 0.41 +0.04 0.51+0.02 0.04
[em]
WT;-J;“‘ 0.07 001 0.09 £ 0.008 0.06

P <0.05 was considered significant

Table 2. Mean weight in g (x £ SEM) of the oviduct, uterine horn
and uterine body in the treated and control groups

Treatment Control P
group group value

Right oviduct 0.07 £0.03 0.17 £0.03 0.05
Left oviduct 0.16 £ 0.05 0.13+0.02 0.52
ngh.t 0.18+0.03 0.2+ 0.06 0.77
uterine horn

Left‘ 0.21 £0.06 0.22 £0.07 0.89
uterine horn

Uterine body 0.28 + 0.09 0.19 + 0.04 0.39

P < 0.05 was considered significant



Table 3. Mean length in cm (x + SEM) of the oviduct, uterine horn
and uterine body in the treated and control groups

Treatment Control P
group group value

Right oviduct 4.84+£0.58 5.58+0.71 0.45
Left oviduct 4.69 +0.27 5.87 £0.75 0.18
Rightuterine ;1,1 022 419£0.12 0.02
horn

Left uterine 347+024 408+0.15 0.06
horn

Uterine body 0.3+£0.03 0.25 +0.06 0.45

P < 0.05 was considered significant

Table 4. Mean width in cm (x £ SEM) of the oviduct, uterine horn
and uterine body in the treated and control groups

Treatment Control P
group group value
Right oviduct 0.08 £0.01 0.11+£0.02 0.19
Left oviduct 0.09 £0.01 0.11+£0.02 0.34
Rightuterine ¢ 501 031+0.15 037
horn
Left uterine 0.17 £0.02 0.16+0.02 0.826
horn
Uterine body 0.43 +0.01 0.42 +0.03 0.53
P < 0.05 was considered significant
Table 5. Mean hormonal concentrations
in treatment group (x + SEM)

Hormones Pre- Post-t P

treatment reatment value
Progesterone 1,4 0.00 2.99 +2.49 028
[ng.ml"]
Estrogen 482412803  13.26+9.69 027
[ng.ml"]
FSH
[mlU.ml-'] 1.71 £0.31 0.97 £0.19 0.08
LH 55.14 £18.44 32.76 £20.93 0.45
[mIU.mI] T R ’
Prolactin 1396304  2348+1327 0.50
[ng.ml"]

P < 0.05 was considered significant

oviduct and uterine horn; and width of the right oviduct and
the uterine horn (Tables 2, 3 and 4). All the hormones did
not change significantly comparing the pre and post treat-
ment in the treated group (Table 5).

DISCUSSION

The treatment seemed to favour folliculogenesis going
by the number of follicles observed in the treated rabbits
compared to the control. The mean diameter of the ova-
ries was significantly higher in the control, but this did not
translate into a significant higher weight as expected [8],
[4]. The diameter was indeed smaller in treated animals, but
they had a greater number of developing follicles. The fol-
licles potentially were available for ovulation, hence more
follicles means more possible kids after successful fertiliza-
tion [11]. The mechanism for favoured folliculogenesis may
likely be explained by a follicular dynamic postulation that
a higher level of embryo yield occurs in rabbits pretreated
with progesterone before being superovulated by gonado-
tropin [3]. In this study, the progesterone increase (though
not significantly) that was recorded after treatment with
Spondias crude extract might have provided the platform for
the observed increase in folliculogenesis, in the presence of
FSH. Igwe et al. [7] in their study, observed a significant
progesterone elevation and higher values than obtained in
this study, after intraperitoneal treatment with 750 mg.kg™!
body weight of Spondias crude extract, lending credence to
the progestogenic property of Spondias. A postulation of
interference with signalling pathways of the Kit Ligand and
c-Kit system in the regulation of oogenesis and folliculogen-
esis could be of consideration also [5].

There was no significant change in the levels of LH,
FSH, estrogen and prolactin, comparing the pre-treatment
and post treatment results in the treatment group, probably
signifying non-interference with the oestrous cycle."The
insignificant effect on estrogen is in agreement with Igwe
et al. [7], who reported that the 7 and 14-day intraperito-
neal treatment of rabbits with 750 mg.kg™ body weight of
crude extract of Spondias had no significant effect on the se-
rum level of estrogen. This is also in agreement with the re-
port of Oloye et al. [15] after rats were treated orally with
800 mg.kg™" body weight and Uchendu et al. [17] when
rats were treated subcutaneously with 500mg.kg" body
weight. The estrogen concentration of 1.87 +1.60 pg.ml™" af-
ter 14 days of treatment, was lower in Igwe et al. [7] work,
compared to 13.26+9.69 pg.ml™ in this study.

The uterine body weight was not significantly different
comparing the treated group and control group of non-grav-
id rabbits. This also correlates with the non-significant dif-
ference in estrogen concentration. Uterine weight increase
in rodents has been used as a bioindicator of the presence of
estrogens [6].

The weight of the paired ovaries of the treated and con-
trol were higher than 0.017+0.003g recorded by Bitto
et al. [4] for intact non gravid rabbits. Paired uterine horn of
0.043+0.014g recorded by Bitto et al. [4], was lower than



that recorded for the right and left treated and control in
this work and the paired oviduct of 0.008 +0.002 g was lower
than that recorded for the right and left treated and control
in this work. Comparing lengths and widths, Bitto et al. [4]
record of 8.07+0.409cm and Ogbuewu et al. [13] 8.85cm
for the length of the uterine horn which were higher than
the non-derived length measured for the right and left uter-
ine horns in the treatment and control groups in this work.
The 6.00+0.794 cm recorded for the length of the oviduct by
Bitto et al. [4], was however, lower than the non-derived
length recorded for the right and left oviducts for the treated
and control groups in this work. The 0.933+0.054 cm value
recorded by Bitto et al. [4] for the width of the uterine horn
was higher than the non-derived measurements (measured
parts are in proportion with the animal’s weight) recorded
for any of the right or left uterine horns in the treated and
control groups. According to Ogbuewu et al. [13] 0.06¢
weight for paired uterine horn was quite lower than that re-
corded for the derived left and right uterine horns (measured
reproductive parts were not justified by the overall weight of
the animal) of treated and control groups, while the 0.49¢
weight of the paired oviducts was higher than that recorded
in this work comparing it with the derived right and left ovi-
duct of the treated and control groups.

CONCLUSION

The 800mg.kg™ ethanol extract of Spondias mombin ap-
peared to favour folliculogenesis in non-gravid rabbits and
had no pathological effects on the entire reproductive tract
of the rabbits.
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ABSTRACT

The seeds, immature pods and herbage of Lablab purpureus are
used for human food and as a feed supplement for livestock. The
toxic effects of the oral ingestion of three varieties of Lablab purpu-
reus seeds (Rongai white (NAPRI 4), Rongai brown (P 509114) and
Highworth black (Grif 12293)) were evaluated in rats. At the end of
the experimental period, significant decreases were recorded in the
levels of: packed cell volume, red blood cell counts and haemoglo-
bin, in all the rats fed Lablab purpureus seeds. Significant increases
were observed in the values of: alkaline phosphatase, aspartate
amino transferase, alanine amino transferase, gamma glutamyl
traspeptidase, urea and creatinine. Lablab purpureus seeds also in-
duced: congestion and necrosis of the liver, focal haemorrhages in
the kidney and degeneration of the testicular germinal epithelium.
The study concluded that the antinutritional/toxic factors present
in the Lablab purpureus seeds could have deleterious effects on the
liver, kidney and testis, as well as, the haemopoietic system, when
consumed in the raw state by humans and other animals.

Key words: biochemical; haematology; histology; Lablab
purpureus; organs

INTRODUCTION

A major problem facing livestock producers in tropical areas
is the proper nutrition for their animals, especially during the dry

10

season when pastures, cereal residues and maize stover are limit-
ing in nutritional quality. In most instances, it is during this season
that problems such as sickness and weight loss arise due mainly to
a poor dietary profiles and the lower occurrence of highly palat-
able forage crops. One way of improving the nutritional status of
livestock is by the proper supplementation with leguminous forages
[25]. It has long been established, that ingestion of forage plants in
the raw state produces various biochemical and physiological re-
sponses, usually accompanied by growth inhibition. This inhibition
of growth is believed to be a consequence of inefficient utilization
of dietary nutrients caused by the presence of toxic antinutritional
factors in plants [14].

In humans and other animals, the effects of many toxic sub-
stances often are manifested in the production of clinical symp-
toms, as well as gross and histopathologic lesions in mammalian
tissues. Although the lesions are rarely characteristic, they often
provide definite clues to the nature of the toxicity. One valuable
adjunct to the clinical diagnosis of toxicosis is the determination
of serum enzymes, which are normally confined to the tissues but
have increased concentrations in the serum following tissue injury
[16]. For instance, the escape of enzymes as a result of the disrup-
tion of the hepatic parenchyma, leads to necrosis and altered mem-
brane permeability, consequently, leading to increased activities of
certain enzymes [13].

Lablab purpureus, previously classified as Dolichos lablab, is be-
lieved to have originated in India and has been widely distributed
to many tropical and subtropical countries [12]. It is an annual or
short-lived perennial legume sown for grazing and conservation in



tropical environments [9]. The seeds and immature pods are used
for human food and the herbage is used as a feed supplement for
cattle [15]. However, the seeds of L. purpureus contain anti-nutri-
tional factors such as, tannins, phytate, and trypsin inhibitors [4]
that reduce nutrient availability and possess toxic potentials. Based
on a genetic study with AFLPs (amplified fragment length poly-
morphism), however, no convincing evidence was found to main-
tain that this crop had originated anywhere else other than in east-
ern and/or southern Africa [20]. Despite its wide distribution in the
tropics, it is still considered as neglected, in terms of research and
development [21].

L. purpureus is associated with several names in different coun-
tries. As a result, a proper nutritional assessment of the anti-nutri-
tional factors and other toxic substances in Lablab purpureus seeds
warrants more research [12]. Further, while the toxicological ef-
fects of most other legumes have been very widely studied, those of
Lablab purpureus have not been well documented. Therefore, this
study was carried out to evaluate the toxicological effects of Lablab
purpureus seeds in rats noting the effects on haematology, serum
biochemistry and histopathology as indices for toxicity.

MATERIALS AND METHODS

Source of Plants

The three varieties of Lablab purpureus seeds (lablab beans)
used for this study were: Rongai white (NAPRI 4), Rongai brown
(P,509114) and Highworth black (Grif 12293), and they all were
obtained from the International Institute of Tropical Agriculture
(I.L.T.A.), Ibadan. The pictures of the Lablab purpureus seeds are
shown in Fig. 1 below.

Experimental Animals

Twenty weanling male albino rats of the Wistar strain obtained
from the rat colony of the Department of Physiology, College of
Medicine, University of Ibadan, were used for this study. The rats
weighing between 130—180 g, were randomly selected and housed
in stainless-steel individual metabolic cages (Associated Crate Ltd,
England) at the Animal House of the Department of Animal Sci-
ence, University of Ibadan. The experimental animals were fed with
anormal rat diet and given water ad libitum, for two weeks, to allow
for the acclimatization of the rats.

At the commencement of the toxicological evaluation, five rats
were put on each test diet. The experimental diets contained the
three varieties of raw lablab beans; Rongai white, Rongai brown,
and Highworth black varieties. Five rats were placed in the control
group and were fed rat pellets manufactured by Bendel Feeds and
Flour Mills Ltd, Edo State, Nigeria. The feed was placed in small
bowls firmly attached to the cages to minimize spillages and spilled
feed was collected in the containers placed under the individual
cages. All feeds were weighed using Mettler electronic balance
(Mettler PM 4000) and the daily feed consumption was computed
by collecting the spilled feed and weighing it along with the feed
remaining in the bowl. This was subtracted from 10g to give the
actual daily feed consumed. Water was offered in well washed plas-
tic drinking bottles with changes of water made every other day
to prevent bacterial and fungal growth. Faecal output and texture
were visually examined as excess pellets passed per animal per cage.
The experiment lasted seven days during which 10g of feed were
given daily (this is because high mortality rates were observed on
the tenth day of feeding during the pilot study initially carried out
in our laboratory).

Rongai white seeds

Highworth black seeds

Rongai brown seeds

Fig. 1. Lablab purpureus seeds.
Source Nwokocha et al. [23]
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Haematology and serum biochemical studies

At the end of the seven days of feeding, each rat was bled
through the orbital sinus into heparinised bottles for haematologi-
cal studies and the blood samples collected in clean non-heparin-
ised bottles were allowed to clot to obtain the serum. The serum
was separated from the clot and decanted into clean bottles for bio-
chemical analysis. The packed cell volume (PCV) and haemoglobin
levels were determined by the microhematocrit and cyanmethae-
moglobin methods, respectively [17]. The erythrocyte count was
determined by the haematocytometry method [17]. Total white
blood cell (WBC) counts were made in a haemocytometer using
the WBC diluting fluid and differential leucocytes counts were
made by counting the different types of WBC from Giemsa stained
slides viewed from each of the 30 fields of an oil immersion objec-
tive of a microscope [11]. Erythrocyte indices including; mean cor-
puscular volume (MCV), mean corpuscular haemoglobin (MCH)
and mean corpuscular haemoglobin concentration (MCHC), were
determined from the values obtained from red blood cells (RBC)
count, haemoglobin level and PCV values [13]. From the serum,
the total protein was measured using biuret reaction, while albu-
min was measured by colorimetric estimation using sigma diag-
nostic reagent (Sigma Diagnostic, UK.), which contained bromcre-
sol green (BCG). The globulin was obtained from the difference of
total protein and albumn. Serum urea and creatinine levels were
determined using photoelectric colorimeter [11]. The AST and
ALT were determined using a photoelectric colorimeter [13]. The
alkaline phosphatase activity was measured [30].

Histopathology

All rats were sacrificed and thereafter quickly dissected to
remove the liver, kidney and testis. The testes were preserved in
Bouin’s fluid for 48h, processed, cut and stained with Haematoxy-
lin and Eosin (H and E). Subsequently, the testes were stored in

sample bottles containing 10% formal-saline (formalin 100ml,
sodium chloride 8.5g, water 900 ml) for histological examination
[24]. The liver and kidneys were also preserved in 10% buffered
formalin dehydrated in ethanol (70 to 100 %), cleared in xylene and
embedded in paraffin. All tissue sections were examined under a
light microscope after staining with H and E [19], [27].

Statistical analysis

Where applicable, all the values were expressed as the mean +
standard deviation. Statistical analysis was carried out using the
PRISM software package (Version 5.0). The statistical significance
was assessed by the Student ¢-test and analysis of variance. Values of
probability lower than 5% were considered statistically significant.

RESULTS

The pictures of the three varieties of L. purpureus seeds
are shown in Fig. 1 above. The effects of feeding raw variet-
ies of Lablab purpureus seeds to rats for seven consecutive
days, on haematological parameters are presented in Table 1.
Significant decreases in the level of; PCV, RBC, and Hb con-
centrations, were recorded in all of the rats fed with the three
varieties of Lablab purpureus seeds. The lowest PCV values
(30.4%), RBC (5.02x10'21"") and Hb (9.0 g.dl™") were record-
ed in the rats fed with the Rongai brown variety. Although,
all the rats fed with the three varieties recorded significant
increases in the level of MCYV, the rats fed with the Rongai
brown variety had the highest value (60.81l). Significant in-
creases in MCH values were also observed in rats fed with
L. purpureus, with the rats fed Rongai white and Highworth
black varieties producing the highest values of 18.03 pg and
18.60 pg respectively. Further, significant reductions were

Table 1. Haematological parameters of rats fed with three varieties of L. purpureus seeds

Parameter Control i::vgv: I:;v):g;:l H'i‘:‘:&"h
PCV [%] 436+ 1.34 354 +1.52*% 324 +£1.82* 30.40 + 1.52%
RBC [x10'|7"] 9.36 £ 0.65 5.02 £ 0.35*% 6.46 + 0.36* 5.76 £0.18*
Hb [g.dI"] 13.68 £ 0.53 9.0 £ 0.74* 11.60 £ 0.54* 10.70 £ 0.24*
MCV [fl] 46.75 £ 3.32 60.78 £ 5.07* 5490 +3.11* 56.24 + 2.40*
MCH [pg] 14.65 £ 0.70 17.96 + 1.37* 18.03 £1.77* 18.60 + 0.62*
MCHC [g.dI"] 3150+ 1.70 29.70 + 3.35% 32.82+2.14% 33.11 £2.10*
WBC [x10%]"] 16.80 + 1.05 8.78 £0.62* 12.56 + 0.44* 10.78 + 0.30*
Lymph [x10°.I""] 10.28 + 0.87 5.68 + 0.74* 8.34+0.21* 7.68 +0.24%
Neut [x10°I"'] 6.44+0.30 3.16 + 0.54% 4.30 + 0.49* 343 +0.15%
Mono [x10%.pul™"] 0.00 +0.00 0.06 + 0.05* 0.00 +0.00 0.02 +0.04

* — Significant at P < 0.05
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observed in the values of WBC, circulating lymphocytes and
neutrophils, for all the rats fed with the L.purpureus seeds.
The rats fed with Rongai brown variety had the least values
of WBC (8.78x10°.1™"), lymphocytes (5.68x10°1") and neu-
trophils (3.16x10°.17").

The result of the effects of feeding raw varieties of Lablab
purpureus seeds to rats for seven consecutive days, on serum
biochemistry is presented in Table 2. All the rats fed with the
seeds recorded significant increases in the values of: alkaline
phosphatase (ALP), aspartate amino transferase (AST), ala-
nine amino transferase (ALT), gamma glutamyl transpepti-
dase (GGT), urea and creatinine. The rats fed the Rongai
brown variety had the highest values of: ALP (341.8 Ul™"), AST
(266.5U1"), ALT (74.5U1"), GGT (29.8 U.mgprotein™), urea
(89.0mg.dl™"), and creatinine (1.14mg.dl"). However, there
were significant reductions in the total protein level, albumin
and globulin in all of the rats fed with L. purpureus seeds. The
greatest reductions in the values of total protein (43.8 mg.dl™)
and globulin (15.4 mg.dl') were observed in the group of rats
fed the Rongai brown variety of L. purpureus seeds, while the
rats fed the Rongai white variety had the least value for albu-
min (25.6mg.dl™).

The results of the histological changes induced by feed-
ing the three varieties of L.purpureus seeds to rats are pre-
sented in figures 1 to 12. Severe diffuse necrosis of hepato-
cytes was observed in the group of rats fed with the Rongai
brown variety (Fig. 2), and mild congestion of the hepatic
blood vessels was observed in the liver of rats fed with the
Rongai white and Highworth black varieties (Fig. 3 and 4).
In contrast, no visible lesion was observed in the liver of rats
in the control group (Fig. 5).

In the kidney, moderate congestion of blood vessels was
observed in the rats fed the Rongai brown varieties (Fig. 6),
while moderate vascular congestion and focal haemorrhag-

es were seen in rats fed the Rongai white variety (Fig. 7).
Marked tubular degeneration with the presence of protein
was observed in rats fed the Highworth black variety (Fig. 8).
However, no visible lesion was observed in the kidneys of the
control group (Fig. 9).

Lesions observed in the testes include: degeneration
and necrosis of germinal epithelium in rats fed the Rongai
brown variety (Fig. 10); mild diffuse degeneration and ne-
crosis of germinal epithelium in rats fed the Rongai white
variety (Fig. 11); and mild degeneration of seminiferous epi-
thelial cells with the presence of very few cells in the tubules
(Fig. 12). No visible lesion was observed in the testes of the
control group (Fig. 13).

DISCUSSION

The hematopoietic system is very sensitive to toxic com-
pounds and serves as an important index of the physiologi-
cal and pathological status for both animals and humans
[22]. The reductions in packed cell volume, red blood cell
count and haemoglobin level observed in this study sug-
gest that the feeding of the raw varieties of L.purpureus has
the tendency to cause hematological alteration in rats. This
alteration, that is, anaemia, may be due to the effect of an-
tinutritional factors that have been reported to be present
in high amounts in L.purpureus seeds [12]. Animals that
browse this plant may be subjected to depression in erytho-
poiesis and possibly anaemia over prolonged exposure [1].
The mechanism by which the anaemia is brought about
may involve an interference of the antinutritional factors
such as tannins, phytate and trypsin inhibitors with the
functioning of aminolevulinic acid dehydratase, which is a
key enzyme of haeme synthesis [18]. Increase fragility and

Table 2. Serum biochemical parameters of rats fed with L. purpureus seeds

Parameter Control :::3’:' l:lz:g:' H|gBI;:::T(rth
ALP[U.I] 77.00 £ 2.65 341.75 £ 35.42* 155.00 + 2.94* 177.00 + 6.38*
AST[U.I"] 9470+ 11.85 266.50 + 21.69* 173.50 £ 11.12* 235.50 £10.08*
ALT [U.I] 24.25+3.86 74.50 + 4.73* 40.75 £ 3.5% 53.75 + 1.89*
GGT [U.mgprotein'] 10.50 + 1.00 29.8 + 2.95*% 13.8 + 1.64* 21.5+0.60*
Urea [mg.dl'] 3475+75 89.00 + 5.00* 4567 £ 1.53* 65.50 + 3.87*
Creatinine [mg.di] 0.45 +0.06 1.14 + 0.05* 0.53 +0.05% 0.83 +0.05*
Total Protein [mg.dl-'] 80.75+2.99 43.8 +2.68* 54.0 +3.16* 53.25 +2.75*%
Albumin [mg.dI-"] 47.8 +£2.06 28.4+1.67* 256+261*% 335+ 1.91%
Globulin [mg.dI™'] 33.5+4.04 154 +2.19% 284 +261* 19.8+1.71*

* — Significant at P< 0.05
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Fig. 2. Liver of rat fed with the Rongai brown variety showing
severe diffuse necrosis of hepatocytes (labeled with white arrows).
Magn. x400

Fig. 3. Liver of rats fed with the Rongai white variety showing
mild congestion of hepatic blood vessels (labeled with white arrows).
Magn. x400

Fig. 4. Liver of rats fed with the Highworth black variety showing
mild congestion of hepatic blood vessels (labeled with white arrows).
Magn. x400

Fig. 6. Kidney of rat fed with the Rongai brown variety showing
moderate congestion of blood vessels (labeled with blue arrows).
Magn. x100
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Fig. 5. Liver of rat from the control group with no visible lesion.
Magn. x100

Fig. 7. Kidney of rat fed with the Rongai white variety
showing moderate vascular congestion and focal haemorrhages
(labeled with blue stars). Magn. x400



Fig. 8. Kidney of rat fed with the Highworth black variety showing
moderate congestion (labeled with blue arrow) and marked tubular
degeneration (labeled with blue arrowhead). Magn. x400

Fig. 10. Testis of rat fed with the Rongai brown variety showing
degeneration and necrosis of germinal epithelium (labeled with
white arrows). Magn.x400

Fig. 9. Kidney of rat from the control group with no visible lesion.
Magn. x100

Fig. 11. Testis of rat fed with the Rongai white variety showing
mild diffuse degeneration and necrosis of germinal epithelium
(labeled with white arrows). Magn. x400

Fig. 12. Testis of rat fed with the highworth black variety showing mild
degeneration of seminiferous epithelial cells, and very few cells present
in the tubules (labeled with white arrow). Magn. x400

Fig. 13. Testis of rat from the control group with no visible lesion.
Magn. x400
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progressive destruction of RBCs due to binding of free radi-
cals has also been reported to cause decreased haematologi-
cal values [5].

Anaemia connotes a decrease in the oxygen-carrying ca-
pacity of the blood and is best characterized by a reduction
in haemoglobin level [6], as observed in this study. Anae-
mia may be relative or absolute. Absolute anemia involves a
true decrease in red cell mass, is of hematologic importance,
and involves; increased red blood cell (RBC) destruction,
increased corpuscular loss, or decreased erythrocyte pro-
duction [7]. In this study, the anaemia induced by Lablab
purpureus seeds can best be attributed to the decreased red
blood cell production, because jaundice was not observed.
Thus, it is not likely that there was increased red blood cell
destruction.

The leucogram of rats fed the three varieties of L. purpure-
us showed a significant decrease (P <0.05) in total white blood
cell count relative to the controls. Excessive ingestion of a wide
variety of plant parts has been found to cause hypoprolifera-
tive conditions characterized by a reduced production of all
cellular components of the blood. The decrease in white blood
cell count observed in this study may have resulted from the
suppression of white blood cell production in the bone mar-
row. Immunosuppressive drugs are usually associated with
leucopenia. Therefore, it is possible that raw L. purpureus
seeds in their raw form may have immunosuppressive prop-
erties, especially when consumed for long durations.

In this study, significant increases were observed in the
values of ALP, AST and ALT. ALP is often employed to as-
sess the integrity of plasma membrane [3] and is localized
predominantly in the plasma membrane of the microvilli of
the bile canaliculi [30]. The significant increase in the ALP
activity observed may be due to increased functional activ-
ity of the liver, probably leading to de novo synthesis of the
enzyme molecules [32]. AST and ALT are useful marker
enzymes of liver cytolysis and damage to the plasma mem-
brane of the liver cells [29]. Their presence in the serum may
provide information on organ dysfunction [31]. The general
increase in the activity of AST in rats fed the three varieties
of L. purpureus seeds could be a response by the liver to the
assault from the antinutritional factors present in the seeds.
In addition, the increases in AST and ALT observed in this
study could suggest the ability of the antinutritonal factors
to induce cellular leakage and loss of functional integrity
of the cell membrane [28]. This is further supported by the
severe diffuse necrosis of hepatocytes and mild congestion
of hepatic blood vessels, observed in this study. Liver dam-
age is associated with cellular necrosis, increase in liquid
tissue peroxidation and elevation of serum levels of many
biochemical markers like AST and ALT. Further, the ami-
notransferases occupy a central position in the amino acid
metabolism and help in providing necessary intermediates
for gluconeogenesis. Therefore, alterations in their activities,
as observed in this study, may have adverse effects on the
amino acid metabolism of the tissues and consequently the
intermediates needed for gluconeogenesis [32].

The significant reductions observed in the values of; to-
tal protein, albumin and globulin, may suggest a deleterious
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effect of the raw L. purpureus seeds on liver functioning.
Under normal conditions, most plasma proteins are synthe-
sized in the liver and reduced levels of plasma proteins usu-
ally indicate reduced hepatic production. Alteration in total
plasma protein is usually due to a decrease in the quantity of
albumin [2] but a rise in albumin rarely occurs [8], except in
acute dehydration. Albumin is a main contributor to plasma
osmotic pressure which is an important determinant of the
distribution of the extracellular fluid between the intravas-
cular and extravascular compartments. Decreases in albu-
min may cause a disturbance of the equilibrium between
plasma and interstitial fluid with an attending reduction
in the movement of interstitial fluid into the blood. Conse-
quently, excess fluid accumulates in the interstitial space and
oedema results.

Generally, a significant decrease in albumin level is usu-
ally associated with a decreased synthesis of albumin, as
seen in: dysfunctions of the liver; increased volume of the
extracellular fluid, as seen in over-hydration or increased
capillary permeability; and increased loss of albumin, as
observed in severe haemorrhage [10]. However, since sig-
nificant increases were observed in the levels of the amino-
transferases AST and ALT, it is more likely that the observed
reductions in albumin, in this study, is due to a dysfunction
of the liver, induced by antinutritional factors present in the
raw varieties of L. purpureus seeds. This is further supported
by the histopathologic lesions such as severe diffuse necrosis
of hepatocytes observed in the liver of the rats (Fig. 2). Since
gamma globulins are produced mostly by plasma cells, the
significant decrease in serum globulin, as observed in this
study, could suggest a deleterious eftect of raw L.purpureus
seeds on the humoral arm of the immune system.

In conclusion, the results of the haematological, serum
biochemical and histopathological examinations suggest
that the antinutritional/ toxic factors present in the Lablab
purpureus seeds could have deleterious effects on the liver,
kidney and testis when consumed in the raw state and efforts
should therefore be made to adequately process and reduce
these antinutritional/toxic factors before consumption of the
seeds by humans and other animals.
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ABSTRACT

The objective of this study was to analyse two main positive
acute phase proteins in wild boar piglets. Seven piglets, four
months of age, were used for this study. To determine C-re-
active protein (CRP), we used a method of enzyme immunoas-
say based onthe “sandwich” ELISA reaction, using specifically
marked monoclonal antibodies. The haptoglobin (Hp) was de-
termined by a colorimetric assay. The mean values of CRP and
Hp were 263.14 ug.ml" and 3.08 mg.ml ™, respectively. They were
significantly higher than the mean values found in comparative
studies. Our results indicate that the analysis of the acute phase
proteins can also be used for monitoring the health and welfare
of animals in game reserves. In this case, we can speak about the
so-called markers of influence of environment and ongoing sub-
clinical diseases.

Key words: acute phase proteins; game reserve; health
screening; wild boar
INTRODUCTION

C-reactive protein (CRP) and haptoglobin (Hp) belong to
the acute phase proteins (APPs). They are proteins produced by

hepatic cells and their production and release into the circula-
tion is regulated by pro-inflammatory cytokines [6]. Changes in
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the concentration of these proteins in the blood serum indicate
external or internal problems, such as inflammation, infection,
stress, trauma, surgery, infarction, or progressive tumour disease.
CRP is considered a part of the nonspecific congenital immunity,
which participates in the protection of homeostasis and restriction
of microbial growth. It is a penta-metric reactant synthesised in
the liver and its production is primary controlled by interleukin 6.
As it reacts with the so-called C protein of the cell wall, it plays a
role in opsonin [4]. The plasma concentration of CRP is increased
within 4 to 6 hours after the induction of a reaction to an acute
phase and reaches its peak after 24 to 36 hours. The values of CRP
are usually increased during bacterial infections but not during
viral infections [9].

Hp belongs to metal-proteases which are structurally and func-
tionally varying groups of proteins that protect tissues against oxi-
dative stress and act as scavengers of oxide radicals. One of the most
important roles of Hp is the binding of free haemoglobin (Hb). This
Hp-Hb complex is recognised by CD163, specific surface receptors
on the surface of macrophages, and consequently are phagocytised
[10]. In this way, it prevents the loss of iron from the organism be-
cause the complex does not pass into the urine by glomerular filtra-
tion [7]. It has been used as a biomarker in the general assessment
of the health status of animals.

The aim of this experimental work was to analyse two main
positive acute phase proteins in wild boar piglets for the purpose
of monitoring of their health, early diagnostic manifestation of oc-
casional disorders of health and detection of welfare problems.
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Fig. 1. Comparison of mean values of CRP
1 — clinically healthy piglets [5]; 2 — clinically healthy piglets [1]; 3 — pig-
lets excluded due to growth retardation [1]; 4 — our study group of wild
boar piglets; 5 — piglets with confirmed pathological findings [5]

MATERIAL AND METHODS

Blood samples were taken from 7 boar-piglets at the age of
4 months. The boar-piglets were caught in a breeding game reserve
and placed into fenced pens. The piglets were then immobilized by a
remote immobilization system Daninject (DAN-INJECT ApS Den-
mark). Zolazepam-tiletamine (Zoletil*Virbac France) was used as
the anaesthetic. Blood samples were withdrawn from venous tangle
of eye sinus ophtalmicus using standard techniques employed in
pigs. The blood samples were then centrifuged and the obtained sera
were stored at —20 °C until analysis.

CRP assay

The concentration of CRP was assayed by the sandwich ELISA
test, using a commercial test kit (Phase range porcine CRP Assay
kit, Tridelta Development Ltd., Ireland). The immobilised antibod-
ies specific against CRP were bound to the bottom of disc holes.
After washing, which removed the non-bound material, tetrameth-
ylbenzidine (TMB) was added. By this method, the intensity of the
produced colouration is proportional to the concentration of CRP
in the sample.

Hp assay
The level of haptoglobin in the examined sample was estimated
by a colorimetric method, using an available commercial kit (Phase

Fig. 2. Comparison of mean values of Hp
1 — clinically healthy piglets [8]; 2 — clinically healthy piglets with lesions
found at a slaughterhouse [8]; 3 — clinically healthy piglets [1]; 4 — clinically
healthy piglets with lesions found at a slaughterhouse [1]; 5 — piglets with
signs of disease [1]; 6 — piglets with signs of disease [8]; 7 — our study group

range Haptoglobin Assay kit, Tridelta Development Ltd., Ireland).
The haptoglobin present in the specimen combines with haemo-
globin at a low pH which reserves the peroxidase activity of the
bound haemoglobin. The preservation of the peroxidase activity of
haemoglobin is directly proportional to the amount of haptoglobin
present in the specimen [2]. The optical densities were read using
an automatic microplate reader Opsys MR (Dynex Technologies,
USA) at an optical density of 630 nm.

Analysis of results

The results obtained were processed statistically by means of
standard models for counting mean value, median value, standard
deviation and coeflicient of variability using software GraphPad
Prism 6.0 and Microsoft Office Excel 2007.

RESULTS AND DISCUSSION

The serum concentrations of APPs were high but it was
notnecessarytodiluteandre-analyseanyofthesamples. CRP
in wild boar piglets reached a mean value of 263.14 pg.ml™
(range 135—326 pg.ml™). For Hp we obtained a mean
value of 3.08 mg.ml™" and the respective range was 1.63—
4.76 mg.ml™". The standard deviations, standard errors of
mean and coeflicients of variation are presented in Table 1.

Table 1. Total values of serum concentration of CRP and HP

APP" n? X min® X max® Mean® Median® SD” SEM® cv?
Haptoglobin 7 163 476 3.08 292 1.08 0.41 35.07
[mg.ml"]

C-reactive protein
135 326 263.14 266 70.25 26.6 26.7

[ng.ml']

" Acute phase protein; 2 number of animals; ¥ minimum value; ¥ maximum value; ¥ mean value;
9median value; ” standard deviation; ® standard error of the mean; “coefficient of variation
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Because scientific papers lack the reference values for APP
in wild boars, the results obtained in our study were compared
with the results of analogical studies that investigated domes-
tic piglets of the same age. Phylogenetically, domestic pig Sus
scrofa domestica and wild boar Sus scrofa scrofa L. are the same
animal species. Most often the domestic pig is classified as a
sub-species of the wild boar but also as an integral part of the
species from which it has evolved. In domestication centres in
Europe it originated generally from the wild boars Sus scrofa
scrofa L. Also, some attributes of game reserve breeding, such
as a closed area or higher concentration of animals, simulate
conditions of conventional pig breeding. The results of our
study showed significantly higher values of CRP in compari-
son with clinically healthy piglets (Fig. 1) that provided values
of 84.88 ug.ml' [1] or even as low as 35.93 pug.ml™' [5]. By con-
trast, the values in wild boar-piglets matched the values in pig-
lets with ongoing pathological processes of various etiologies
{252.93 pg.ml" in [1] and 278.54 pg.ml ™" in [5]}. We attribute
this to a non-apparent parasitic diseases (coprologic confir-
mation of infestation with Metastrongylus spp., Trichuris suis,
Oesophagostomum sp. and Capillaria sp.) and to environmen-
tal factors, particularly to stress induced by frequent distur-
bances and manipulation with the investigated piglets. Even
the lowest measured value of CRP (135 ug.m™') was more than
double that of the mean value presented in comparative stud-
ies in clinically healthy piglets (60.41 pg.ml™"). The high values
of CRP can also indicate inflammatory processes or hidden
bacterial infections.

In the case of Hp, the results obtained in our study
reached the highest mean level from among all compared
groups (Fig. 2) which included clinically healthy piglets,
piglets with confirmed pathological findings and clinically
sick piglets (respiratory or diarrhoeic syndrome). The values
of haptoglobin in the last mentioned group were as follows:
2.23mg.ml™ [1], 2.4mg.ml™’ [8]. As serum concentration
of Hp in wild boar-piglets reached 3.08 mg.ml™, it is highly
probable that most of them suffered from a non-apparent
disease. Serum concentration of Hp increases significantly
with age in conventional breeding of pigs but not in pigs
from SPF breeding (Specific Pathogen Free — SPF), i. e. high-
er values may be related to subclinical diseases in older cat-
egories [3] and thus Hp seems to be a potential good marker
for detection of subclinical diseases.

CONCLUSION

One of the important aspects of research in present day
veterinary medicine, is the ambition to obtain sufficient
knowledge and to implement into clinical practice of veteri-
nary care an estimation of certain biomarkers which would
enable with adequate accuracy to predict certain diseases,
regulate diagnostic procedures, or monitoring processes
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that initiate the problems. Our study deals with APPs and
their potential use in the screening of the health status of
entire animal herds. As APPs show low specificity but high
sensitivity, their role as potential biomarkers in the field of
veterinary care has some foundation. The results obtained
showed that the mean values of the determined proteins
(CRP 263.14 pg.ml™") and Hp (3.08 mg.ml™') were high and
adequate attention should be paid to the veterinary care of
wild boars in game reserve breeding.
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ABSTRACT

In the past few decades, antibiotics have been added to ani-
mal diets in order to maintain health and production efficiency.
They have also been added to the feed to speed the growth of
healthy animals. Unfortunately, the multiyear and expansive use
of antibiotics for medical and veterinary purposes may eventu-
ally result in the selection for the survival of resistant bacterial
species or strains. Since the ban of antibiotic growth promoters
in animals in the European Union in January 2006, a number
of alternative methods have been investigated. Alternative ap-
proaches to sub-therapeutic antibiotics in livestock are: the use
of probiotic microorganisms, prebiotic substrates that enrich
certain bacteria populations, or combinations of both prebiotics
and probiotics. Other alternatives may include strategic use of
acidifiers, enzymes, essential oils, microflora enhancers and im-
muno-modulators. This review focuses on certain aspect of the
use of antibiotics in animals, and presents some possible alterna-
tives to antibiotics that are of a non-chemical nature in chicks.

Key words: alternatives to antibiotics; chicken; phytobiotics;
prebiotics; probiotics
INTRODUCTION

For the past four decades, antibiotics have been used in animal
agriculture to improve growth performance and protect animals

from the adverse effects of pathogenic and non-pathogenic enteric
micro-organisms. However, recent studies indicate that the use of
antibiotic growth promoters in poultry production changes the in-
testinal microenvironment [31]. Bedford [1] pointed out that the
growth-promoting effects of antibiotics in animal diets are clearly
related to the gut microflora, because they exert no benefits on the
performance of germ-free animals. Furthermore, the continued
use of dietary antibiotics was suggested to increase the probability
of the development of antibiotic-resistant human pathogens [38].
Hence, antibiotics are being removed from poultry and pig diets
around the world, beginning in Sweden in the year 1986 [7]. The
European Union (EU) banned the use of subtherapeutic levels of
antibiotics in animals to prevent disease, starting with a ban on
avoparcin in 1997 [11]. The use of antibiotic growth promoters in
the EU were banned in 2006.

Therefore, the search for alternatives to replace in-feed anti-
biotics has gained increasing interest in animal nutrition formu-
lations in recent years [45]. Various dietary herbs, plant extracts,
and especially essential oils (EOs), have been studied for their anti-
microbial and growth promotion abilities [5]. Diets supplemented
with Thymus vulgaris extract increased the amount of acid mucins
in the duodenum of chicks and had a positive effect on the local de-
fense against pathogens [4]. The supplementation of oregano EO to
the diets of chickens infected with E. acervulina, had a modulating
effect on some peripheral blood cell indicators and the functional
aspects of phagocytic cells [28]. The addition of sage extract to the
diets of chickens infected with Salmonella Enteritidis PT4 reduced
the Salmonella count in the liver when compared to infected chick-
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ens without sage supplementation [32]. Combinations of probiotic
(E. faecium 55) and sage extract (S. officinalis L.) supplementation
significantly reduced the mucin layers in the caecum of chicks chal-
lenged with S. Enteritidis PT4 [10].

Recently the effectiveness of using food supplements, probio-
tics, and phytonutrients has been demonstrated to fight poultry
diseases such as coccidiosis — a parasitic disease that causes an-
nual losses of more than $3.2 billion worldwide [27]. Thus, feed-
ing natural products or probiotics to animals that enhance their
defense mechanisms, could effectively reduce or prevent the need
for therapy of these enteric infections [19].

Some of the latest scientific breakthroughs and technologies,
which provide new options and alternative strategies for enhanc-
ing production and improving animal health and well-being, were
presented at an international symposium, “Alternatives to Antibiot-
ics: Challenges and Solutions in Animal Production,” in September
2012, at the headquarters of the World Organization for Animal
Health (OIE) in Paris, France.

The objective of this paper is to briefly review the use of an-
tibiotic growth promoters and the possible alternatives of a non-
chemical origin.

Antibiotics

Antibiotics are natural metabolites of fungi that destroy or in-
hibit the growth of bacteria by altering certain properties of bacte-
rial cellular metabolism. Bacteria are vulnerable to antibiotics that
disrupt their normal active cellular metabolism.

Today, antibiotics are essential for the health of humans and
other animals. The mode of action of antibiotics as growth promot-
ers is by limitation of the growth of detrimental microbes. They also
limit the growth of numerous non-pathogenic species of bacteria
in the gut and reduce the production of antagonistic microbial me-
tabolites, such as ammonia [46], which adversely affect the physiol-
ogy of the host animal. Similarly, there is a change in the thickness
of the intestinal epithelium which becomes thinner and hence the
nutrient absorption may be enhanced. The minimization of gas-
trointestinal bacteria may ease the competition for vital nutrients
between the bird and the microbes [11].

These effects of antibiotics could lead to improvement of the
growth and performance of animals, however, in recent years they
have been criticized for their possible role in the occurrence of anti-
biotic-resistant microbes. Over the years, scientists have developed
new technologies that could aid in reducing the use of antibiotic.

Probiotics

A variety of microbial species have been used as probiotics.
Species of Bacillus, Enterococcus, and Saccharomyces yeast have
been the most common organisms used in livestock [36]. Probiot-
ics are defined as live micro-organisms that, when administered in
adequate amounts, confer a health benefit on the host by improving
their microbial balance or the properties of the indigenous micro-
flora [46]. Sanders [34] in her paper discusses the statement that
probiotics “improve the balance of microflora” and indicates that
an improved balance is often associated with increased faecal levels
of lactobacilli or bifidobacteria. This is a measure not of balance
but of faecal microbiota alterations. Probiotics may, in fact, ease a
return to the normal status after a perturbation of the microbiota.
This function more closely supports the concept that probiotics can
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improve the balance of the microbiota. Further research in this area
is needed.

Lactobacillus and Bacillus are often the components of pro-
biotic products. There has been an increase in research on feed-
ing Lactobacillus to broiler chickens [20]. Lactobacillus is a group
of normal residents in the chicken intestine, predominant in the
small intestine and abundant in the caecum of young birds [14].
Lactobacillus-based probiotic may strengthen gut defence func-
tions via activation and enhancement of local cell-mediated immu-
nity against certain enteric pathogen [6]. Cultures with even one or
two bacteria (Bacillus, Enterococcus, Lactobacillus spp.) have been
shown effective against Salmonella [17], [29]. The administration of
E. faecium 55 in the diet of chickens challenged with S. Enteritidis
confirmed its antibacterial effect on the bacterial microflora in the
small intestine [26].

Lee et al. [24] found that in chickens infected by coccidiosis,
eating diets supplemented with Pediococcus-based probiotics: re-
duced their oocyte production; upped production of cytokines es-
sential for a strong immune response; and they gained weight.

Edens [9] reported that probiotics act to maintain a beneficial
microbial population by two basic mechanisms: “competitive ex-
clusion” and immune modulation. Competitive exclusion involves
competition for substrates, production of antimicrobial metabolites
that inhibit pathogens, and competition for attachment sites. By di-
rectly interacting with the mucosal system of the gut, probiotics
can modulate either innate or acquired immunity, or both [8]. The
specific immune modulatory effects of probiotics are dependent on
the strain or the species of bacteria included in the probiotics.

A fabricated probiotic product has to meet multiple criteria,
including high efficacy, low cost, high stability, no safety risk, and
ease of application. In practice, probiotic cultures need to have the
following characteristics:

1) the ability to colonize the intestine;

2) high growth rate and a low requirement for nutrients;

3) suppress enteric pathogens, by either their cells or metabo-

lites;

4) grow easily on a large scale under commercial conditions;

5) preserve stable activity following the manufacturing pro-

cess and survive in the feed [17].

To complete all the requirements mentioned above is a goal for
scientists and manufacturers, since most products do not have reli-
able effects in the fight against pathogens. This lack of reliability
could be caused by insufficient scientific evaluation, poor manufac-
turing practice or quality control.

Prebiotics
Prebiotics are non-digestible food or feed ingredients that stim-
ulate the growth and/or activity of bacteria in the digestive system in
ways claimed to be beneficial to the host’s health [11]. Gibson etal.
[13] and Robefroid [33] offered the criteria for a prebiotic as:
1) resistance to gastric acidity, to hydrolysis by mammalian
enzymes, and to gastrointestinal absorption;
2) fermentation by intestinal microflora;
3) selective stimulation of the growth, activity, or both of those
intestinal bacteria that contribute to health and well-being.
Many of the currently used prebiotics are non-digestible
oligosaccharides containing one or more molecules of one or
a combination of simple sugars [17]. The dominant prebiotics are



fructo-oligosaccharide products (FOS, oligofructose, inulin), glu-
co-oligosaccharides, mannan-oligosaccharides, stachyose, malto-
oligosaccharides, and oligochitosan have also been investigated
in broiler chickens [45]. Compared with probiotics, prebiotics are
cheaper, possess lower risks, and are easier to handle (no need to
maintain them in a viable state) [17], but the use of prebiotics in
broiler chicken diets does not have a long history [45]. Some posi-
tive changes in digestive enzymes, gut morphology and immune
system were noticed in birds given prebiotic-supplemented feed
[16], [43].

Intake of prebiotics can significantly modulate the colonic micro-
biota [12]. Fructo-oligosaccharides (FOS) also may help to control the
growth of harmful bacteria such as Clostridium perfringens, which is
especially important to the poultry industry because this bacterium
is a primary cause of necrotic enteritis that has been estimated to cost
the worldwide poultry industry $2 billion each year [15]. Further, FOS
was shown to support the growth of beneficial bacteria, such as lacto-
bacilli [43], and improve the growth performance of birds; but posi-
tive effects were not always observed [43]. Wu et al. [42] observed
that the optimal FOS level was 2.5 to 5.0 g.kg™! of the basal diet, which
had a beneficial effect on body weight gain and feed efficiency,
whereas too much FOS (10 g.kg™) caused diarrhoea, thus decreas-
ing the production performance. Xu et al. [43] reported that the
addition of 4.0 g.kg™ of FOS to the basal diet improved the growth
performance of male broilers. Moreover, treatment with 8.0 g.kg™
FOS resulted in poorer performance than 2.0 and 4.0 g.kg™ FOS.
Waldroup et al. [40], however, reported no effects of FOS on the
growth of broilers.

Mannan-oligosaccharides (MOS) are derived from yeast cell
walls. They have additional glucan and protein components and
may contain mannose which can be partially hydrolysed prior to
arrival in the lower digestive tract [17]. Mannose is unique because
it is bound by the type 1 fimbriae used by many enteric bacteria
to attach to host cells and, therefore, can result in the movement
of undesirable bacteria through the intestine without colonization
[21]. The benefits of MOS based on their specific properties such
as modification of the intestinal flora, reduction in turnover rate
of the intestinal mucosa and modulation of the immune system
have been claimed. These properties have the potential to enhance:
growth rate; feed efficiency and liveability in commercial broiler
and turkeys; and egg production in layers [35].

Several studies have been conducted to evaluate the feeding of
MOS to poultry and positive effects on growth performance and
gut physiology have been observed. Dietary mannan oligosac-
charides improved the broiler and turkey performances at a level
of 0.0125 to 0.1% [37]. Yeast cell walls containing MOS, reduced
intestinal Salmonella concentrations by 26 % in broiler chicks [39]
compared with chicks fed an unsupplemented diet. Kumar et al.
[23] demonstrated that MOS are effective in reducing Salmonella
infections of birds. MOS were shown to alter mucosal architecture
and longer villi were noticed in birds fed MOS-supplemented diets
[44].

Spring et al. [39] and Kocher et al. [22] investigated the
effects of MOS on intestinal and faecal microbial populations of
broilers but the results were inconsistent.

Yang et al. [45] presented that the responses of birds to MOS
supplementation were influenced by the type of diet, rearing condi-
tions, as well as the age of the birds.

Phytobiotics

Herbs, spices, as well as plant extracts have been used for ages as
food and to treat ailments. Phytobiotics were defined by Windisch
and Krosmayr [41] as plant-derived products added to the feed
in order to improve the performance of agricultural livestock and
four subgroups have been classified:

1) herbs (product from flowering, non-woody and non-per-

sistent plants);

2) botanicals (entire or processed parts of a plant);

3) essential oils (hydro distilled extracts of volatile plant com-

pounds);

4) oleoresins (extracts based on non-aqueous solvents).

EOs enhance: production of digestive secretions, stimulate
blood circulation, exert antioxidant properties, reduce the levels of
pathogenic bacteria and may enhance the immune status [2]. Anti-
microbial activity and immune enhancement probably are the two
major mechanisms by which phytobiotics exert their positive ef-
fects on the growth performance of animals [45]. These plant-based
antimicrobial compounds could be used to replace some antibiotic
growth promoters but to be most effective as growth promoters,
they must be supplemented to the feed in a more concentrated
form than found in their natural source [11]. The positive effects
observed in vitro justify further research in this area to determine
the optimal dietary concentration levels and the mode of action of
these plant products to achieve the optimal growth performance
and disease resistance in poultry [18].

Blood analysis showed that the addition of sage extract to diets
had positive effects on increased levels of bilirubin and ALT activity
in chickens [28]. The addition of thyme extract (0.05 %) to the diet
of chickens increased levels of total proteins and ALP activity but
had no effect on performance [4]. Oregano essential oil caused an
increase of calcium (P <0.001) and magnesium (P <0.01) on day 42
of the experiment and the level of serum total protein was higher
(P<0.05) in the experimental group on experimental day 29 [30].

The antimicrobial activity of EOs may modulate the gut eco-
system to affect fat digestibility, starch and/or protein digestibility
of feeds [18]. Oregano essential oil modifies the gut microflora and
reduces microbial loading by supressing bacteria proliferation [45].
There are some claims that oregano essential oil can replace anticoc-
cidial compounds, not because it inactivates coccidia, but because it
increases the turnover of the gut lining and prevents coccidial attack
by maintaining a more healthy population of gut cells [3].

Lee et al. [25] investigated the effects of phytochemicals de-
rived from safflower (Carthamustinctorius), a common herbal
plant widely used to enhance the health of humans and livestock,
on chicken coccidiosis, an infectious disease which affects the
growth of chickens by damaging the gut. Their study demonstrated
for the first time, that the safflower leaf contains immunostimula-
tory components and activates the innate immunity of chickens.

The anticoccidial effects of green tea-based diets were evalu-
ated in chickens following oral infection with Eimeria maxima.
Jang et al. [19] found that the green tea-based diets were effective
in the reduction of faecal oocyst output in chickens infected with
E. maxima, however, the diets were not effective in protecting the
loss of body weight caused by the infection when compared to the
control group.

Major et al. [28] observed a significant decrease in the num-
ber of heterophils of E. acervulina infected chickens fed diets sup-
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plemented with oregano EO compared to other groups on 3 day
post infection (dpi). However, on dpi 17, a higher frequency of het-
erophils was found in E. acervulina infected chickens compared to
birds treated with the anticoccidial drug.

CONCLUSION

By removing the use of antibiotics in the feed from
animal husbandry, there is a greater interest to look for ef-
ficient alternatives to maintain or improve the health and
performance of animals. To date, scientists have suggested
various substitutes such as mentioned in this paper. It can
be concluded that the responses of birds to alternatives
supplementation are influenced by the age of birds, type of
diet, nutritional status, infection, as well as rearing condi-
tions. Furthermore, under certain conditions, the alterna-
tives can even negatively affect the performance. Therefore,
many factors need to be considered in order to obtain the
maximal growth-promoting effects of alternatives in broil-
er production. To achieve good health and performance of
birds, a combination of strategies, hygiene and feed additives
should be used.
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ABSTRACT

This investigation was undertaken to study some physiologi-
cal parameters in migratory Rambouillet sheep during their
seasonal migration from a government sheep breeding farm
at Billawar, Kathua, Jammu, to a high altitude pasture at Sar-
thal, Jammu. The animals were divided into 4 groups; group A
(male sheep of 1—2 years), group B (male sheep of 2—4 years),
group C (female sheep of 1—2years), and group D (female sheep
of 2—4 years). Blood samples were collected during the uphill
and downhill migrations and were analyzed for enzymatic ac-
tivities by using analytical kits. The highest enzymatic activities
(aspartate aminotransferase, AST; alkaline phosphatase, ALP;
lactate dehydrogenase LDH; and creatine phosphokinase, CPK)
were observed at the high altitudes. During the uphill migra-
tion, lactate dehydrogenase activities were decreased slightly af-
ter 30 minutes of leaving the base station and then significantly
decreased (P<0.01) at the mid station. Significantly increased
(P <0.01) creatine phosphokinase activities were recorded from
the 2nd to the 6th collections; whereas, the activities decreased
non-significantly during the downhill migration (from the 7th
to 9th collections). All of the enzyme activities were higher in the
younger, as compared to the adult Rambouillet sheep. Again, the
enzyme activities were higher in the females as compared to the
males in both of the age groups.

Key words: age; migration; serum enzyme; sheep; sex
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INTRODUCTION

Migratory sheep rearing is very common in the economically
weaker sections of the society in the tribal hilly areas like Jammu
and Kashmir, India. The sheep migrate from the foothills of the Hi-
malayas to high altitude alpine ranges during the summer months
and to the foothills and plains during the winter season [6], [18].
In this process, they undergo several adaptive stresses. These stress-
es may lead to the release of intracellular enzymes into the blood
due to changes in the cell membrane permeability. Thus, the cy-
toplasmic enzymes will appear in the blood before mitochondrial
enzymes and of course, the greater the quantity of tissues that are
damaged, the greater is the increase in the blood level of the en-
zymes [14]. Measuring the activity of enzymes in the blood is best
used to understand the level of stress of the animal. Therefore, the
present study was undertaken to see the changes of enzyme activ-
ity during the migration to high altitude pastures in Rambouillet
sheep.

MATERIALS AND METHODS

A total of twenty four Rambouillet sheep were included in this
experiment. They were divided into four groups of six sheep each,
as follows: Group A: male Rambouillet sheep, 1—2 years of age;
Group B: male Rambouillet sheep, 2—4 years of age; Group C: fe-
male Rambouillet sheep, 1—2 years of age and; Group D: female
Rambouillet sheep, 2—4 years of age. All of these animals were



maintained under semi-grazed and semi-stall fed conditions at a
farm and on complete grazing during the migration period of five
and a half months.

Migratory Route

The sheep flock maintained at the state government sheep
breeding farm at Billawar is migratory. Out of 12 months in a year,
the animals are maintained at the sheep breeding farm in Billawar
only for 6—7 months. During the summer season, they migrate
to high altitude pastures in search of nutritious grasses and more
favourable environmental conditions. Towards mid-May, the mi-
gration starts from the sheep breeding farm at Billawar and these
animals continue moving uphill, covering a distance of 4—5 kilo-
meters in a day, up to the mid-station in Mandhar, making night
halts at several places during the migratory route. In a period of
6—9 days, the sheep reach the mid-station in Mandhar, where
they stay for 8 to 10 days. Finally, after leaving Mandhar, the flock
reaches the high altitude pasture at Sarthal within 10—15 days. The
flocks then stay at the high altitude pasture until the first week of
October. During the downhill journey, the sheep follow the same
path as for the uphill journey and finally reached the Billawar farm
in the first week of November.

Recording of environmental temperature
and relative humidity

A dry and wet bulb thermometer was used to record the envi-
ronmental temperature and relative humidity at the different sta-
tions (Table 1).

Table 1. Mean environmental temperature [°C]
and relative humidity [%)] at different stations during
uphill and downhill migrations

DU o TR
[%]
10.05.2011 Billawar 355 57
18.05.2011 Mandhar 16.3 41
14.06.2011 Sarthal 13 45
15.09.2011 Sarthal 12 22
04.10.2011 Mandhar 22 36
24.10.2011 Billawar 28 37

Blood sampling stations and analysis of enzymes

The blood samples were collected: at the base station (1st col-
lection), 30 minutes after leaving the base station (2nd collection);
at the mid station, on the day of reaching (3rd collection), day of
leaving (4th collection) and 30 minutes of leaving (5th collection);
and immediately after reaching the high altitude pasture at Sarthal
(6th collection) during the uphill and at high altitude before start-
ing of the downhill migration (7th collection); at the mid station
(8th collection); and on the day of reaching the base station (9th

collection) in the downhill migration. About 6 ml of blood was col-
lected from each animal by venipuncture using aseptic measures.
The serum was separated and transferred to the storage vials and
kept in a liquid nitrogen container at -196°C and transferred to
the laboratory and analysed immediately for the respective en-
zymes, using analytical kits. Aspartate aminotransferase (AST) was
analyzed by the UV kinetic (IFCC) method; alkaline phosphatase
(ALP) was estimated by the Tris carbonate buffer method [24]; lac-
tate dehydrogenase (LDH) was determined by the DGKC method
[10] by using analytical kits manufactured by Erba Mannheim,
Solan (H.P), India; and creatine phosphokinase (CPK), by the UV
kinetic (IFCC) method using analytical kits manufactured by Sie-
mens Healthcare, Baroda (Gujarat), India. All of the recorded data
of the present experiment were analyzed statistically by the method
described by Snedecor and Cochran [20].

RESULTS

Aspartate aminotransferase (AST)

During the uphill migration, non-significant increase
of AST activities (IU.I"!) was recorded from the 1st to the
3rd collection in all of the groups of Rambouillet sheep
(Table 2a, b). Decreased activity of the same was found at
the 4th collection and then again the activities increased up
to the 6th collection in all of the groups. The highest AST
activities were found in the high altitude (6th collection).
During the downhill migration, a decreasing trend of AST
activities was noticed from the 7th collection (starting) to
the 9th collection in all of the groups. Significant (P <0.05)
decreases in enzyme activities were recorded at the 9th col-
lection (98.67 £4.92, 96.56 +2.87, 104.20 + 6.55 and 100.72 +
4401017, respectively), as compared to the values of the
7th collection (starting of the downhill migration). The AST
activities were found higher in male and female sheep of
1—2 years of age, as compared to the same in 2—4 years
of age animals. Again, it was found that, the AST activities
were non-significantly higher in female animals of both the
age groups.

Alkaline phosphatase (ALP)

Perusal of Table 3a, demonstrated that during the uphill
migration, ALP activities showed a decreasing trend, from
the 1Ist to the 4th collection (mid-station), then the activities
increased up to the 6th collection in all of the four groups of
sheep. Similarly, during the downhill migration (Table 3b),
the activities of the enzyme decreased at the mid station
(8th collection) and then the activities increased non-sig-
nificantly at the 9th collection in all of the groups of sheep.
As compared between the young and adult groups, higher
ALP activities were observed in the young (1—2 years of
age) compared to the adult (2—4 years of age) Rambouillet
sheep. The activities (IU1") of the enzyme ranged between
140.51+£5.55 to 177.52+5.71 and 145.18+5.17 to 179.43 +
5.60 in males and females of 1—2 years old sheep (group A
and C) and 132.02+5.91 to 172.43+8.23 and 135.60+4.97
to 175.24+4.52 in male and female sheep of 2—4 years of
age (group B and D). The ALP activities were found non-sig-
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Table 2a. Aspartate aminotransferase (AST) activity [IU.I"'] (Mean + SD)
in different groups of Rambouillet sheep during migration

Collections

Uphill migration

! . ’ * g 6 ‘G icou
Group A 102.34+ 2.28 104.42+3.48 109.88 +4.01 105.53+£3.27 106.92+454 112.34°+540 0.53 NS
Group B 101.15+3.14 10144 £2.51 107.23+£3.35 104.85+4.58 105.61+£3.99 109.67°+4.00 0.55 NS
Group C 107.05+ 2.52 109.90+3.47 113.32+4.09 109.50+3.14 109.50+3.71 124.71°+5.56 0.04 11.21
Group D 10448 +1.79 106.95+3.00 111.01+3.29 107.96+3.85 106.55+3.08 119.02°+3.06 0.03 8.92
P[Z:'s“]e 0.37 0.30 0.71 0.80 0.90 013
[GCPDS.] N.S. N.S. N.S. N.S. N.S. N.S.
Means bearing similar superscripts in rows do not vary significantly.
Gps. — groups; Col. — collections; N.S. - not significant
Table 2b. Aspartate aminotransferase (AST) activity [IU.I"'] (Mean + SD)
in different groups of Rambouillet sheep during migration
Downhill migration
Collections , . . P value D
[Col.] [Col.]
Group A 119.09 £4.42 112.60 £5.13 98.67 +4.92 4.66 14.70
Group B 117.50 £5.21 110.44 +£3.85 96.56 + 2.87 6.78 12.44
Group C 130.74 £ 4.32 121.08 = 4.06 104.2 + 6.55 6.94 15.51
Group D 122.53 £5.01 114.88 £ 3.40 100.7 + 4.40 6.55 13.15
P Value [Gps.] 0.23 0.33 0.72
CD [Gps.] N.S. N.S. N.S.

Gps. — groups; Col. — collections; N.S. — not significant

nificantly higher in female as compared to male Rambouillet
sheep of both of the age groups.

Lactate dehydrogenase (LDH)

The present study (Table 4a) revealed that LDH activi-
ties were decreased slightly after 30 minutes of leaving the
base station (2nd collection) in all of the groups of sheep
during the uphill migration. Then the enzyme activities were
decreased significantly (P<0.01) during the mid station;
whereas, the level increased non-significantly in group A,
C and D and increased significantly (P<0.05) in group B
at the end of the uphill migration (6th collection), as com-
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pared to the values of base station (1st collection). During
the downhill migration (Table 4b), LDH activity increased
significantly (P<0.01) at the 8th and the 9th collections
(mid-station) in all of the groups of sheep. The LDH activi-
ties were found significantly (P <0.01) higher in young Ram-
bouillet sheep (1—2 years old) than the adult Rambouillet
sheep (2—4 years old) during the Ist (252.62+5.54IU1"),
2nd (251.90+6.24 TU.I™") and 9th (317.69+9.72 IU.I™") col-
lections in male animals and in all the collections during
migration in female animals. Significantly (P <0.01) higher
LDH activities were recorded in the female than the male
sheep of both of the age groups.



Table 3a. Alkaline phosphatase (ALP) activity (1U.I"") (Mean + SD)
in different groups of Rambouillet sheep during migration

Uphill migration

Collections 1 , ; A ; ] P value D
[Col.] [Col.]
160.52 + 156.13+ 142,000+ 14051 + 14129 + 166.24 +
Group A 432 534 525 5.55 6.75 465 0.00 15.57
15278 + 14750 + 134,900+ 132.87 + 132,02+ 158.45 +
Group B 6.50 5.01 5.41 4.99 591 7.01 oo 16.98
164.24 + 160.62 + 148.93° + 145.18 + 146.29 + 17357+
Group C 446 518 5.89 5.17 6.48 5.07 0.00 15.71
157.24 + 155.60 + 140,655 + 138.64 + 135.60 + 165.50 +
Group D 621 5.64 537 5.62 497 499 0.00 1591,
P Value [Gps.] 051 039 037 0.45 038 031
CD [Gps.] N.S. N.S. N.S. N.S. N.S. N.S.

Means bearing similar superscripts in rows do not vary significantly.
Gps. — groups; Col. — collections; N.S. — not significant

Table 3b. Alkaline phosphatase (ALP) activity (1U.I"') (Mean + SD)
in different groups of Rambouillet sheep during migration

Downbhill migration

Collections , . . P value D
[Col.] [Col.]
168.94 + 159.86 177.52 +
Group A 484 728 571 0.15 N.S.
160.09 = 150.19+ 17243+
Group B 561 8.50 823 0.15 N.S.
17443 £ 166.10 = 179.43* =
Group C 5.00 3.80 5.60 0.38 N.S.
164.14 £ 153.58 = 175.24° =
Group D 6.55 738 452 0.08 N.S.
P Value [Gps.] 0.32 0.52 0.87
CD [Gps.] N.S. N.S. N.S.

Means bearing similar superscripts in rows do not vary significantly.
Gps. — groups; Col. — collections; N.S. — not significant

Creatine phosphokinase (CPK)

In the present investigation (Table 5a), significantly in-
creased (P<0.01) CPK activities were found from the 2nd
to the 6th collections during the uphill migration as com-
pared to the values at the base station before migration (1st
collection) in all of the groups of sheep. However, during

the downhill migration (Table 5b) CPK activities decreased
non-significantly up to the 9th collection in all of the groups
of sheep. The CPK activities were found higher in young
Rambouillet sheep (1—2 years of age) as compared to the
values of the adult sheep (2—4 years of age) and between the
sexes, female had higher activity.
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Table 4a. Lactate dehydrogenase (LDH) activity [IU.I'] (Mean + SD)
in different groups of Rambouillet sheep during migration

Uphill migration

Collections 1 , ; A ; ] P value o)
[Col.] [Col.]
252.62°+ 251.90° + 22793+ 230.12°+ 234.30°+ 268.18°+
Group A 0.54 6.24 6.48 7.50 7.38 7.74 0.00 1991
229.29°+ 226.85° + 210.17°+ 212.99° + 218.81°+ 247.67°+
b b = ad ad ad ad
Group B 3.96 5.00 401 5.51 5.68 7.94 0.00 16.01
290.01°+ 288.70°+ 262.30°+ 267.36° + 267.45 + 301.06°+
C C b’ b’ = b = b’
Group C 499 387 8.06 567 6.80 7.81 0.00 1851
247.33°+ 24437+ 223.9°+ 226.43°+ 228.36° £ 255.24°+
d d od od cd cd
Group D 3.75 438 5.25 6.63 5.55 11.67 001 19:52
P Value [Gps.] 0.00 0.00 0.00 0.00 0.00 0.00
CD [Gps.] 13.72 14.72 18.23 18.95 19.01 26.57
Means with similar superscripts in columns do not vary significantly
Table 4b. Lactate dehydrogenase (LDH) activity [IU.I"'] (Mean + SD)
in different groups of Rambouillet sheep during migration
Downbhill migration
Collections 7 8 9 P value cD
[Col.] [Col.]
Group A ,266.61°£7.48 43571 5°+14.10 31 7.69°+9.72 0.00 32.82
Group B 246722 £7.34 L.327.24°%11.97 ,.284.72°+ 10.02 0.00 3030
Group C ,300.56° +7.40 384740 £11.75 357.29°+9.15 0.00 29.20
Group D 4253.51°%9.66 .335.86°+8.99 4307.03°£13.19 0.00 32.76
P Value (Gps.) 0.00 0.01 0.00
CD (Gps.) 23.85 35.18 31.60
Means bearing similar superscripts in columns do not vary significantly
DISCUSSION was greater in crossbred sheep as compared to exotic breeds.

The increased AST activities during the uphill migration
(Table 2a) might be attributed to increased physical activi-
ties associated with the uphill migration [16] which causes
the cellular release of the enzyme. Again, the AST activities
increased at the high altitude pasture in all of the groups,
perhaps indicating that due to the activation of pyridoxine
in the liver by the zinc metalloenzyme alkaline phosphatase
[16], which was also found increased at the high altitude in
the present study (Table 3a, b). Kumar [13] reported that
the increase in AST activities at the high altitude pasture

30

Again, the reason for the higher AST activity in young ani-
mals as compared to adults, might be due to the fact that
the increased muscular activities during the migration be-
come more stressful to the young one as compared to the
adults. In our finding, higher AST activity in young animals
corroborate with the earlier findings in Chokla lambs [17]
and in Awassi sheep [1]. Similar findings were also reported
by Bhat et al. [2] in which they found that the AST levels
in adult Kashmiri bucks and doe were 19.3+£2.5 and 24.3+
1.4IUI" and buck-kid and doe-kid were 17.3+0.3 and
19.7+0.2TUI%, respectively. The higher AST activity might



Table 5a. Changes in creatine phosphokinase (CPK) activity [IU.I"'] (Mean + SD)
in different groups of Rambouillet sheep during migration

Collections

Uphill migration

P value cb
! 2 3 4 > 6 [Col.] [Col.]
24333 £ 276.00° + 293.00 £ 28333+ 288.00 + 299.50 +
Group A 6.87 6.46 8.31 8.46 939 6.91 0.00 22.65
226.00 + 251.67° + 275.67 £ 265.00 + 272.00 £ 285.67 +
Group B 7.84 8.28 7.03 7.51 9.00 1038 0.00 2441
250.67 279.33°+ 301.50 + 289.00 + 295.50 + 311.00 £
Group C 10.13 536 8.58 9.56 1155 10.89 0.00 27.74.
230.83 £ 255.67° = 27717 £ 268.83 + 275.83 £ 29417
Group D 8.63 7.63 839 9.29 8.57 8.90 0.00 24.90
P Value [Gps.] 0.18 0.02 0.10 0.19 0.32 0.31
CD [Gps.] N.S. N.S. N.S. N.S. N.S. N.S.
Gps. — groups; Col. — collections; N.S. — not significant
Table 5b. Changes in creatine phosphokinase (CPK) activity [IU.I-'] (Mean + SD)
in different groups of Rambouillet sheep during migration
Downhill migration
i P value cD
Collections 7 8 9 [Col.] [Col.]
Group A 27883 +7.19 266.67 +£7.41 258.67 £6.90 0.17 N.S.
Group B 270.00£11.18 261.50+8.74 253.50+£10.12 0.52 N.S
Group C 292.67 £9.23 279.00 £ 6.96 271.83 £6.50 0.18 N.S
Group D 283.50+7.52 276.33 £6.88 265.67 £7.07 0.24 N.S
P Value [Gps.] 0.36 0.34 0.39
CD [Gps.] N.S. N.S. N.S.

Gps. — groups; Col. — collections; N.S. — not significant

be due to the increased muscular activity during walking
which causes more exertion to female animals as compared
to males. In contrast to the present finding, Al-Sadi [1]
had reported that there was no significant difference in
the AST activities between male and female animals. Simi-
lar observations were also reported by Kiran et al. [11],
who studied the hematological and biochemical profiles of
goat and sheep from the district Rahim Yar Khan in South-
ern Punjab, Pakistan and reported that the age and sex did
not affect the activity of AST in goats and sheep. However,
Gwaze etal. [9] reported higher AST activity in males than
in female Nguni goats of South Africa.

Low environmental temperatures at the high altitude
pasture (Table 1) and migratory stress might be the reason
for high ALP activities (Table 3a, b) as it is involved in main-
taining homeostasis and energy generation in the animal
body [21], [23]. This finding corroborates with the earlier re-
ports of higher ALP activities at high altitudes [13] in cross-
bred sheep of Himachal Pradesh during their migration.
Similarly, Chahal and Rattan [5] observed a significant
increase in the ALP activity at lower environmental tem-
peratures in Corridale rams. Higher ALP activity in young
animals was perhaps due to the higher migratory stress on
younger, as compared to the adult animals. Similar finding
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was also reported by More and Sahni [17], in which they
found that the ALP level declined with the advancement of
age in Chokla rams. Kumaresan and NdzinguAwa
[15] recorded the ALP activity as 3277.7 and 1550.6 IU.I"!
in 1-2 years and over 2 years Red Sokoto goat, respectively.
Again, in another study, Gwaze et al. [9] reported signifi-
cantly higher ALP activity in the young compared to mature
Nguni goats of South Africa. In contrast, other findings re-
vealed higher ALP activity in adults, as compared to young
goats [2], [3], [7], [8], [22], which might be due to these ex-
periments being conducted under normal environmental
condition without migratory stress. The ALP activity was
found higher in females as compared to male goats. Other
scientists [9] also reported higher ALP activity in female
than in male Nguni goats of South Africa. Higher migratory
stress might be attributed to the increased ALP activity in fe-
males. In contrast to our observation, different workers [11],
[22] reported that age and sex did not significantly affect the
level of ALP in different breed of goats and sheep.

Earlier findings [4] reported that after 20 minutes of ex-
ercise, the LDH activity decreased from 4.02 to 3.57 pKat.l™!
in sheep. Increased physical activity associated with migra-
tion might be the reason of a significant increase in LDH
activity in the present study (Table 4b). Kumar et al. [14]
also observed a significantly (P <0.05) increased LDH activi-
ties at the mid station in exotic Rambouillet and Polwarth
ewes of Himachal Pradesh during the downhill migration.
More and Sahini [17] also reported that LDH activities
declined with the advancement of age in Chokla lambs,
which supported the present findings in Rambouillet sheep.
Significantly (P <0.01) higher LDH activities were recorded
in female than the male sheep of both of the age groups,
which might be due to higher migratory stress on female as
compared to male sheep. In contrast to our findings, Kiran
et al. [11] reported that age and sex did not affect the activity
of LDH in goats and sheep of southern Punjab.

Selman et al. [19] reported that altered metabolic rates
during stress resulted in increased enzyme activities. Know-
les et al. [12] reported that plasma CPK activity increased
maximally after 26 hours of road transportation in cattle.
Higher CPK activity during the uphill migration might be
due to increased physical activity (muscle contraction). In
reverse, in the present study it was found that, during the
downhill migration, CPK activities decreased non-signif-
icantly up to the 9th collection in all the groups of sheep
which might be due to the fact that, during the downhill mi-
gration lower CPK activity is associated with less physical
activity as compared to the uphill migration. Higher CPK
activity in young animals as compared to adult animals per-
haps indicated higher basal metabolic rates in young animals
as compared to the adults. Again, the CPK activities were
found non-significantly higher in female animals of both of
the age groups. However, Gwaze et al. [9] reported higher
CPK activity in males than in female Nguni goats of South
Africa.
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CONCLUSION

From this study it can be concluded that, all of the four
groups of migratory Rambouillet sheep were under stressed
condition at the mid station and immediately after the uphill
migration at the high altitude pasture which was reflected by
a higher level of enzymes in their blood. Among the animals,
adult males were more adapted to migratory stress, as com-
pared to females and young ones.
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ABSTRACT

The aim of this study was to describe the possible variations
in the connection between the internal venous vertebral system
and the cranial vena cava in rabbits using the corrosion tech-
nique. The study was carried out on 40 adult New Zealand white
rabbits. The venous system was injected by using Batson’s corro-
sion casting kit No.17. We found that the connection between
the internal venous vertebral system and the cranial vena cava
was by means of the vertebral veins and the right azygous vein.
The vertebral vein was present as an independent tributary in
36 cases (90 %). In the rest of the cases, it was found as double,
triple or forming a common trunk with other veins. The azygous
vein was present as an independent tributary of the cranial vena
cava in 39 cases (97.5 %). We found also a common trunk formed
by the junction of the deep cervical vein, the right vertebral vein
and the azygous vein in one case (2.5%). The azygous vein re-
ceived 6, 7, 8 or 9 pairs of dorsal intercostal veins. Documenting
the anatomical variations in the connection between the internal
venous vertebral system and the cranial vena cava in the rabbit
will aid in the planning of future experimental studies and de-
termining the clinical relevance of such studies. The internal ve-
nous vertebral system has been described as a possible route for
metastatic tumours.

Key words: azygous vein; rabbit; tributary; vertebral vein
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INTRODUCTION

The knowledge of anatomical variations is important for radio-
logical and surgical procedures in humans and animals due to its
practical and theoretical significance for experimental research and
surgical practice in experimental and domestic animals [8].

The variations of the internal venous vertebral system and its
main veins were best described in humans [11]. The internal ve-
nous vertebral system (venous plexus lying within the vertebral
canal in the epidural space) was described as a possible route for
metastatic tumours in several animals [2]. Rabbits have been used
as experimental models for investigating many diseases [4].

The aim of this study was to describe the possible variations in
connections between the internal venous vertebral system and the
cranial vena cava in rabbit using the corrosion technique.

MATERIAL AND METHODS

The study was carried out on 40 adult rabbits (age 140 days).
We used New Zealand white rabbits (breed HY+) of both sexes
(female n =20; male n=20) with an average weight of 2.5—3kg in
an accredited experimental laboratory at University of Veterinary
Medicine and Pharmacy in Kosice. The animals were kept in cages
under standard conditions (temperature 15—20 °C, relative humid-
ity 45%, 12h light period), and fed with a granular feed mixture
(O-10 NORM TYP). Drinking water was available for all animals
ad libitum. The animals were euthanised by prolonged inhalation



Fig. 1. Vena (v.) vertebralis dextra
as independent tributary of v. cava cranialis.
(1) v. cava cranialis dextra, (2) v. cava cranialis sinistra,
(3) v. vertebralis dextra, (4) v. azygos dextra.
Macroscopic image, dorsolateral view

Fig. 3. V. vertebralis sinistra
as independent tributary of v. cava cranialis.
(1) v. cava cranialis sinistra, (2) v. vertebralis sinistra, (3) v. thoracica
interna sinistra. Macroscopic image, dorsolateral view

Fig. 5. W. intercostales dorsales in number of 6 pairs.
(1) v. azygos dextra, (2) vv. intercostales dorsales dextrae, (3) vv. intercostales
dorsales sinistrae. Macroscopic image, ventral view

Fig. 2. Triple v. vertebralis dextra.
(1) v. cava cranialis dextra, (2) v. vertebralis dextra 1,
(3) v. vertebralis dextra 11, (4) v. vertebralis dextra I11.
Macroscopic image, ventrolateral view

Fig. 4. Double v. vertebralis sinistra.
(1) v. cava cranialis sinistra, (2) v. vertebralis sinistra 1, (3) v. vertebralis
sinistra II. Macroscopic image, lateral view

Fig. 6. W. intercostales dorsales in number of 8 pairs.
(1) v. azygos dextra, (2) vv. intercostales dorsales sinistrae, (3) vv. intercos-
tales dorsales dextrae. Macroscopic image, ventrolateral view

35



anaesthesia with ether. Immediately after euthanasia, the vascular
network was perfused with a physiological solution. The manual
injection was done through the caudal vena cava. Batson’s corro-
sion casting kit No.17 (Dione, Ceské Budgjovice, Czech Republic)
in a volume of 35 ml was used as a casting medium. The maceration
was carried out in 2—4 % KOH solution for a period of 8 days at
60—70°C. This study was carried under the authority of decision
No. 2647/07-221/5.

RESULTS

We found that the connection between the internal
venous vertebral system and the cranial vena cava was by
means of the right and left vertebral vein and the right azy-
gous vein.

The vertebral vein conveys the blood from the cervical
and cranial thoracic regions. As an independent tributary,
the right vertebral vein opened into the cranial vena cava
in 36 cases (90 %; Fig.1). It was double in two cases (5 %).
In one case (2.5%), we found a common trunk formed by
the right vertebral vein, the right deep cervical vein and the
right azygous vein. In the same corrosion cast, we found
the second right vertebral vein as an independent tributary
which opened into the cranial vena cava. This vein received
a communicating branch coming from the first right verte-
bral vein and branch going out of the transverse canal of the
cervical vertebrae. The right vertebral vein was triple in one
case (2.5 %; Fig.2).

The left vertebral vein, as an independent tributary of
the cranial vena cava was found in 36 cases (90 %; Fig.3). In
3 cases (7.5%), a double vein was present (Fig.4) and in one
case (2.5 %), as a triple vein. In one case (2.5 %), we found the
left vertebral vein receiving two tributaries at the level of the
head of the first rib.

The right azygous vein starts its formation at the level of
the first lumbar vertebrae by the junction of the first, second
and third pairs of lumbar veins. The vein entered the thoracic
cavity ventrally to the vertebral column. Its thoracic segment
received the dorsal intercostal veins in the number of 6 pairs
in 2 cases (5%; Fig.5), in the number of 7 pairs in 10 cases
(25 %), in the number of 8 pairs in 24 cases (60 %; Fig. 6) and
in the number of 9 pairs in 4 cases (10 %). It emptied in the
cranial vena cava in 39 cases (97.5%). The common trunk
formed by the junction of the right deep cervical vein, the
right vertebral vein and the right azygous vein was found as
a tributary of the cranial vena cava in one case (2.5%).

DISCUSSION

Up until now the vertebral vein was described as a sin-
gle independent tributary of the cranial vena cava [9], [10].
We found the vertebral veins as independent tributaries
in 36 cases (90%). In the rest of the cases, it was found as
double, triple or forming a common trunk with other veins.
Only one author described that the right vertebral vein was
a tributary of the right costocervical vein [1]. Many works
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doubt the presence of the vertebral vein [5]. Krause [7] de-
scribed the replacing of the vertebral vein by small vertebral
branches coming out from the vertebral canal between the
first, second and third thoracic vertebra and emptying inde-
pendently into the cranial vena cava.

The internal venous vertebral system is in direct connec-
tion with the vertebral veins. Metastatic abscesses and meta-
static tumours can appear in locations that do not seem to
be in line of a direct spread from their primary focus. This
type of spread is known as paradoxic metastasis. The inter-
nal venous vertebral system is today denoted as the way of
paradoxic metastasis in patients with bone lesions with di-
agnosed carcinoma of the penis [2]. The clinical significance
of the internal venous vertebral system is also obvious in pa-
tients with vein thrombosis of the thoracic limb [12].

The azygous vein was described as an independent tribu-
tary of the cranial vena cava [1], [5], [6], [7], [9], [10]. We
found the same situation in 39 cases (97.5 %). We found also
a common trunk formed by the junction of the deep cer-
vical vein, the right vertebral vein and the azygous vein in
one case (2.5%). In all cases, the azygous vein started by the
junction of bilateral first, second and third pair of lumbar
veins. Craigie (5) described the point of arising at the level
of the junction of the first pair of lumbar veins. The azygos
vein received 6, 7, 8 or 9 pairs of dorsal intercostal veins. In
only one study was the number of intercostal veins described
[7]. In the present study, they were found in the number of
7 on the right side and in the number of 6 on the left side.

The azygous vein is generally known as the by-pass be-
tween the cranial and caudal vena cava. In different species
of animals, the efferent venous system of the adrenal glands
was in direct connection with the internal venous vertebral
system and by this way with the azygous vein [3]. The docu-
mentation of variations in the azygos vein is of great impor-
tance in CT and MRI investigation of the mediastinum [11].

CONCLUSIONS

It is important to report and document different ana-
tomical variations of the azygous vein and the vertebral
veins that may occur, because some anomalies of these veins
can easily be confused with pathological conditions such as
aneurysm, tumours and enlarged lymph nodes. Document-
ing the anatomical variations in the connection between the
internal venous vertebral system and the cranial vena cava
in the rabbit will aid in the planning of future experimental
studies and determining the clinical relevance of such stud-
ies.
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ABSTRACT

Previously, it has been shown that cannabinoids (CB) exert
significant anti-cancer properties. It is well known that the un-
wanted psychotropic effects of CBs are mediated via the CB, re-
ceptors, thus selective targeting of the CB, receptor would avoid
side effects in leukemia treatment. Therefore, the aim of our study
was to evaluate the effect of selective CB, receptor agonist, JWH-
133, on CEM and Jurkat-T leukemic cells using the MTT-test.

Moreover, the expression of the CB, receptor was confirmed
by RT-PCR. The present study showed that JWH-133 demon-
strated significant cytotoxic effects at micromolar concentration
in both cell lines. Nevertheless, further in vivo research should be
performed to evaluate the underlying mechanism of action and
find the optimal therapeutic concentration for the clinical use.

Key words: blood cell; cancer; MTT

INTRODUCTION

At the present time medications based on cannabinoids (CB)
are registered as useful adjuvants to conventional anti-tumor che-
motherapy [1], [13]. Since the CB receptors (R) were cloned, the
influence of CBR modulators on tumor cell proliferation has been
started to be investigated. In numerous studies it has been de-
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scribed that CBR ligands have both anti- and pro- cancer effects
[3]. However, still more studies point to the anti-proliferative ef-
fects of CBs in tumor cells [5], [14].

In previously published studies it was shown that THC-induced
apoptosis is CBR mediated [6], [8]. In particular, it was shown that
THC, a non-specific CBR agonist, induces apoptosis in Jurkat cells via
the CB,R [6]. It is well known that the unwanted psychotropic effects
of CBs are mediated via the CB,R. From this point of view, the selective
targeting of CB,R would avoid the side effects in cancer treatments.

Since leukemia is an unaffordable disease with poor prognosis,
the basic research should be focused on new molecules which might
have the potential to reverse this situation [7]. This study was, there-
fore, aimed at assessing the effect of selective CB,R agonist, JWH-133
{3-(1,1-Dimethylbutyl)- 1-deoxy-A8-tetrahydrocannabinol}, on the
proliferation of the following leukemic cell lines: CEM and Jurkat-T.

MATERIALS AND METHODS

Reagents

MTT, 3-(dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide was purchased from Sigma-Aldrich Chemie (Steinheim,
Germany), Collagenase II was from Invitrogen (USA), JWH-133
{3-(1,1-Dimethylbutyl)-1-deoxy-A8-tetrahydrocannabinol} (99%
purity determined by GLC) was kindly given by Prof. ]. W. Huffman
(Clemson University, Clemson, SC, USA). Trizol was purchased
from Invitrogen. One-step RT-PCR kit (#210212) was purchased
from Qiagen (Valencia, CA, USA).



RNA isolation, cDNA preparation by RT
and CB,R amplification by PCR

The total RNA was extracted from both of the indicated cell
lines, using Trizol according to the manufacturer’s instruction. The
RT-PCR was done according to the protocol provided by the Qia-
gen one-step RT-PCR kit (#210212). Briefly, for each sample, 150
ng of total RNA was mixed with RT-PCR buffer, ANTP mix (10 mM
of each dNTP), primers (10 mM each) and enzyme mix. For CB,R
detection forward primer 5-TTTCCCACTGATCCCCAATG-3’
and reverse primer 5-AGTTGATGAGGCACAGCATG-3’ and
for Beta-actin detection forward primer 5-ACCAACTGGGAC-
GACATGGAGAAAATC-3 and reverse primer 5-GTAGCCGC-
GCTCGGTGAGGATCTTCAT-3’ were used. Thermal cycling pa-
rameters were; 30 min at 50 °C for reverse transcription, and 15
min at 95 °C for initial PCR activation. PCR cycles were used as
follows: 30 sec at 95 °C, 30 sec at 55 °C and 30 sec at 72 °C. The
amplified DNA was fractioned by electrophoresis in 2 % agarose gel
and stained with ethidium bromide.

Cytotoxicity assay — MTT

The cytotoxic effect of JWH-133 was studied by using a colo-
rimetric microculture assay with the MTT end-point (10). Briefly,
8x104 cells were plated per well in 96-well polystyrene microplates
(Sarstedt, Germany) in the culture medium containing the tested
chemicals at final dilutions of 1/5 to 1/500. After 72 hours of incu-
bation, 10 pl of MTT (5mg.ml") (Sigma, Germany) were added to
each well. After an additional 4h, during which insoluble formazan
was produced, 100 pl of 10 % sodium dodecylsulphate were added
in each well and another 12h were allowed for the formazan to be
dissolved. The absorbance was measured at 540 nm using the auto-
mated MRX microplate reader (Dynatech Laboratories, UK). The
absorbance of the control wells was taken as 100 % and the results
were expressed as a percentage of the control. The experiment was
repeated three times.

Statistical analysis

For all experiments, the mean values and standard deviations
were calculated. To evaluate the statistical significance, ANOVA
followed by Tuckey-Kramer post-hoc test were employed. The sta-
tistical significance was considered to be present if P <0.05.

RESULTS

RT-PCR analysis
The CB,R was expressed in both cell lines. Its expression
is shown in Fig. 1.

Cytotoxicity assay

Survival of tumor cells exposed to various concentra-
tions of JWH-133 is shown in Table 1. JWH-133 significant-
ly decreased CEM survival at the concentration of 10 and
100 umol.l"! and Jurkat survival at 100 umol.l™".

DISCUSSION

Cannabinoids have been shown to inhibit the prolifera-
tion of several cancer cell lines, included leukemic [4], [2],
[11], [12], [14]. Reviewing the potential mechanism of ac-
tion, it was shown that THC (delta-9-tetrahydrocannabinol)
induces apoptosis in leukemic cells [8]. Nevertheless, the
psychotropic effect of THC points to its limited use in clini-
cal practice. However, in our present study we showed that
the CB,R is expressed in both tested leukemic (CEM and
Jurkat-T) cell lines (Fig. 1) and that the selective CB,R ago-
nist also has antiproliferative effects in these cells (Table 1).

In addition to studies with leukemic cells, the inhibition
of solid tumor growth by selective activation of the CB R was
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Fig. 1. CB R is expressed in both tested cell lines
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Table 1. Results of cytotoxicity assay (*P < 0.05; **P < 0.01)

100 pmol.I" 10 pmol.I! 1 pmol.I” 100 nmol.I" 10 nmol.I 1 nmol.I”'
CEM 31.66 + 29.83** 87.66+10.21% 100.0 + 0.0 100.0 + 0.0 100.0 + 0.0 100.0 + 0.0
Jurkat 47.66 + 27.42%* 96.66 + 5.77 100.0 + 0.0 100.0 + 0.0 100.0 + 0.0 100.0 + 0.0

observed as well. In vitro experiments carried out with C6
glioma cells showed that following JWH-133 treatment, se-
lective activation of the CB,R receptor signaled apoptosis via
enhanced ceramide synthesis de novo was present [9]. Simi-
larly, in prostate cancer cells involvement of CB,R-mediated
induction of cell death and an anti-proliferative effect was
observed [13]. Interestingly, we also demonstrated reduced
proliferation and colony formation following JWH-133
treatment in A549 lung cancer cells [14].

Furthermore, an inverse relationship between CB con-
centration and cell proliferation was also shown [3]. While
micro-molar concentrations of CBs inhibited the proliferation
of both lung tumor cells and glioblastoma, multiforme cells
nano-molar concentrations improved their growth. However,
we did observe such effect in this current investigation in a
concentration range from 1 pmol.l"' to 100 umol.l"! (Table 1).

On the other hand, it was also shown that a combina-
tion approach of THC and chemotherapy could be a valu-
able tool in cancer treatments [5]. From this point of view,
it would be meaningful to test whether JWH-133 could act
synergistically with conventional chemotherapy, since such
treatment would avoid the psychotropic side effects of CB R
stimulation.

In conclusion, our study showed that JWH-133, selective
CB,R agonist, has anti-tumor activity at micromolar con-
centrations in leukemic cell lines. Since JWH-133 is a non-
psychoactive agent further research should be performed to
facilitate its clinical use.

ACKNOWLEDGEMENT

This study was supported in part by the Slovak Grant Agency
VEGA-1/1095/11.

REFERENCES

1. Bifulco, M., Laezza, C., Pisanti, S., Gazzerro, P., 2006:
Cannabinoids and cancer: pros and cons of an antitumour strategy.
Br. J. Pharmacol., 148, 123—135.

2. Freimuth, N., Ramer, R., Hinz, B., 2010: Antitumorigenic
effects of cannabinoids beyond apoptosis. J. Pharmacol. Exp. Ther.,
332,336—344.

3. Hart, S., Fischer, O.M., Ullrich, A. 2004: Cannabinoids
induce cancer cell proliferation via tumor necrosis factor alpha-
converting enzyme (TACE/ADAMI17)-mediated transactivation of
the epidermal growth factor receptor. Cancer Res., 64, 1943—1950.

40

4. Jia, W., Hegde, V. L., Singh, N.P, Sisco, D., Grant, S.,
Nagarkatti, M., Nagarkatti, P.S., 2006: Delta9-tetrahydrocannab-
inol-induced apoptosis in Jurkat leukemia T cells is regulated by
translocation of Bad to mitochondria. Mol. Cancer Res., 4, 549—562.

5. Liu, W.M., Scott, K. A., Shamash, J., Joel, S., Powles,
T.B., 2008: Enhancing the in vitro cytotoxic activity of Delta9-
tetrahydrocannabinol in leukemic cells through a combinatorial
approach. Leuk. Lymphoma, 49, 1800—1809.

6. Lombard, C., Nagarkatti, M., Nagarkatti, P.S., 2005: Tar-
geting cannabinoid receptor to treat leukemia: Role of cross-talk
between extrinsic and intrinsic pathways in Delta9-tetrahydrocan-
nabinol (THC)-induced apoptosis of Jurkat cells. Leuk. Res., 29,
915—922.

7. Ma, Y., Wang, X., Xu, X., Lin, G., 2009: World Health
Organization sub-types, initial treatment outcome and prognostic
study of unselected adult patients with acute myeloid leukaemia in
Shanghai: an analysis of 623 cases. J. Int. Med. Res., 37,1191—1201.

8. McKallip, R.J., Lombard, C., Fisher, M., Martin, B.R.,
Ryu, S., Grant, S., Nagarkatti, P.S., Nagarkatti, M., 2002: Target-
ing CB2 cannabinoid receptors as a novel therapy to treat malig-
nant lymphoblastic disease. Blood, 100, 627—634.

9. McKallip, R.J., Jia, W,, Schlomer, J., Warren, J. W., Nagar-
katti, P. S., Nagarkatti, M.: 2006: Cannabidiol-induced apoptosis in
human leukemia cells: A novel role of cannabidiol in the regulation
of p22phox and Nox4 expression. Mol. Pharmacol., 70, 897—908.

10. Mosmann, T., 1983: Rapid colorimetric assay for cellular
growth and survival: application to proliferation and cytotoxic as-
says. J. Immunol. Methods, 65, 55—63.

11. Olea-Herrero, N., Vara, D., Malagarie-Cazenave, S., Diaz-
Laviada, I., 2009: Inhibition of human tumour prostate PC-3 cell
growth by cannabinoids R(+)-Methanandamide and JWH-015: in-
volvement of CB2. Br. J. Cancer, 101, 940—950.

12. Sanchez, C., de Ceballos, M.L., Gomez del Pulgar, T.,
Rueda, D., Corbacho, C., Velasco, G., et al., 2001: Inhibition of
glioma growth in vivo by selective activation of the CB(2) cannabi-
noid receptor. Cancer Res., 61, 5784—5789.

13. Vidinsky, B., Gal, P., Mojzis, J., 2006: Different views on
the association between cannabinoids and cancer. Casopis Lékarti
Ceskych (Journal of Czech Doctors), 145, 453—457.

14. Vidinsky, B., Gal, P, Pilatova, M., Vidova, Z., Solar, P.,
Varinska, L., Ivanova, L., Mojzi$, J., 2012: Anti-proliferative and
anti-angiogenic effects of CB2R agonist (JWH-133) in non-small
lung cancer cells (A549) and human umbilical vein endothelial
cells: an in vitro investigation. Folia Biol. (Praha). 58, 75—80.

Received April 2, 2013



FOLIA VETERINARIA, 57, 1: 41—44, 2013

VASCULAR VARIATIONS OF THE RABBIT KIDNEYS
AND THEIR CLINICAL SIGNIFICANCE

Mazensky, D.!, Petrovova, E.!, Luptakova, L.

'Department of Anatomy, Histology and Physiology,
*Department of Biology and Genetics,
University of Veterinary Medicine and Pharmacy, Komenského 73, 041 81, KoSice
The Slovak Republic

mazenskyd@gmail.com

ABSTRACT

The aim of this study was to describe the origin, localisation
and variations of kidney arteries and veins in the rabbit as the
subject of a scientific investigation. The study was carried out on
40 adult New Zealand white rabbits. We prepared corrosion casts
of the rabbit arterial and venous systems. Spofacryl was used as
the casting medium. In 75 % of the cases, the origin of the arte-
riae renales was located at the level of the third lumbar vertebra
and in the remaining 25 % of the cases, the arteria renalis dextra
branched off at the level of the second lumbar vertebra. In 10 %
of the cases, we observed that the number of the arteria renalis
sinistra was doubled. We recorded also in one case, the presence
of the arteria renalis accessoria for the ren dexter. In 10 % of the
cases, we observed that the number of the vena renalis sinistra
was doubled. In 5% of cases, two venae renales sinistrae arose
from the kidney and subsequently, about 1 cm from the open-
ing to the vena cava caudalis, they united to form a single vein.
In 5% of the cases, two venae renales sinistrae arose from the
kidney and subsequently, approximately 1 cm away from hilus
renalis, they united. The variations of the number of renal arter-
ies were partially homologous to the human, but variations of
the renal veins were localized on the other side as in humans.

Key words: origin; rabbit; renal artery; renal vein; variation

INTRODUCTION

Knowledge of the variations of renal vascular anatomy has im-
portance in exploration and treatment of; renal trauma, renal trans-
plantation, renovascular hypertension, renal artery embolisation;
angioplasty or vascular reconstruction for congenital and acquired
lesions; surgery for abdominal aortic aneurysm; and conservative
or radical renal surgery. Numerous reports have appeared in the
literature describing variations in the renal vascular anatomy [13].

Variations in the renal vasculature have etiologic, diagnostic,
and therapeutic implications. Etiologically, multiple renal arteries
represent persisting mesonephric arteries. Diagnostically, failure of
opacification of a portion of the kidney upon arteriography raises
the possibility of; an infarct, avascular tumour, or intrarenal haem-
orrhage in the presence of a normal variant [2].

Therapeutically, as each multiple renal artery is a terminal ves-
sel, its lesion may produce segmental ischaemia with subsequent
hypertension. In conservative surgical procedures, besides haem-
orrhage and the loss of renal parenchyma, a serious consequence
of renal arterial lesions is the development of hypertension. The
presence of multiple renal arteries increases the complexity of renal
transplantation. It has been reported that kidneys presenting ana-
tomic vascular variations are associated with a significantly high-
er failure rate than kidneys with a single artery [15]. In the past,
a number of studies focused on the investigation of vessels in rabbit
kidneys which have been extrapolated to humans [8].

The aim of this study was to describe the origin, localisation
and variations of kidney arteries and veins in the rabbit, as this
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laboratory animal is frequently the subject of scientific studies and
the results have been extrapolated to humans.

MATERIALS AND METHODS

The study was carried out on 40 adult rabbits (age 140 days).
We used New Zealand white rabbits (breed HY+) of both sexes
(female n=20; male n=20) with an average weight of 2.5—3kg.
They were housed in an accredited experimental laboratory at the
University of Veterinary Medicine and Pharmacy in Kosice. The
animals were kept in cages under standard conditions (tempera-
ture 15—20°C, relative humidity 45 %, 12h light period), and fed
with a granular feed mixture (O-10 NORM TYP). Drinking wa-
ter was available for all animals ad libitum. Twenty rabbits of both
sexes were used to prepare corrosion casts of the kidney arterial
system and another group of the same size and composition served
to investigate the venous system. The animals were euthanised by
prolonged inhalation anaesthesia with ether. Immediately after eu-
thanasia, the vascular network was perfused with a physiological
solution. During manual injection of the arterial system through
the ascending aorta, the right atrium of the heart was opened in or-
der to lower pressure in the vessels to ensure a well perfused injec-
tion. Before injecting the venous system, we fixed the venous valves
by means of 10 % formalin injected through the caudal vena cava,
to prevent their reverse closure. Fixation of the venous system was
maintained for three hours. Subsequent injection was carried out
through the caudal vena cava. Spofacryl (polymethylmethacrylate,
SpofaDental, Czech Republic) in a volume of 35ml was used as a
casting medium. The maceration was carried out in 2—4 % KOH
solution for a period of 5 days at 60—70°C. This study was carried
out under the authority of decision No. 2647/07-221/5.

RESULTS

The arteriae renales, as paired organ arteries supplying the
kidneys arose from the lateral walls of the aorta abdominalis.
The arteria renalis sinistra was longer than the arteria renalis
dextra which was related to a more lateral localisation of the
left kidney. We observed that in all cases, the arteria rena-
lis dextra originated more cranially than the arteria renalis
sinistra (Fig. 1). In 75 % of the cases, the origin of the arteriae
renales was located at the level of the third lumbar vertebra
and in the remaining 25% of cases, the arteria renalis dex-
tra branched off at the level of the second lumbar vertebra.
In 95 % of the cases, the origin of the arteriae renales was lo-
cated caudally from that of the arteria mesenterica cranialis.
In two cases, the arteria renalis dextra originated at the same
level as the arteria mesenterica cranialis. In 10 % of the cases,
we observed that the number of the arteria renalis sinistra was
doubled (Fig.2), both originating at the level of the third lum-
bar vertebra. We recorded also one case of the presence of the
arteria renalis accessoria for the ren dexter (Fig. 3). This origi-
nated from the ventral wall of the aorta abdominalis between
the fourth and fifth lumbar vertebra and entered the kidney at
its caudo-medial margin. After entering the hilus renalis, the
arteria renalis gave off individual arteriae interlobares.
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The arteria abdominalis cranialis was a paired artery
originating from the arteria renalis. In 65 % of the cases, the
arteria abdominalis cranialis dextra originated from the ar-
teria renalis dextra ahead of the arteria abdominalis cranialis
sinistra originating from arteria renalis sinistra. In 30% of
the cases, they both originated from the arteriae renales at
the same level. In 5% of the cases, they originated directly
from the lateral wall of the aorta abdominalis, cranially to
the origin of the arteriae renales.

The localisation and frequency of the opening of the ve-
nae renales into the vena cava caudalis were coincident with
the origin of the arteriae renales from the aorta abdominalis.
The venae renales were situated more caudally than the arte-
riae renales. The vena renalis sinistra was longer than the vena
renalis dextra (Fig.4). The vena abdominalis cranialis sinistra
opened into the vena renalis sinistra in all of the cases, while
the vena abdominalis cranialis dextra opened into the vena
renalis dextra in 65% of the cases. In 35% of the cases, the
vena abdominalis cranialis dextra opened into the vena cava
caudalis. In 10 % of the cases, we observed that the number of
vena renalis sinistra was doubled. In 5% of the cases, two ve-
nae renales sinistrae arose from the kidney and subsequently,
about 1cm from the opening to the vena cava caudalis, they
united to form a single vein. The vena abdominalis crania-
lis sinistra also joined this common vein. The vena ureterica
cranialis sinistra opened into one of the vena renalis sinistra
(Fig.5). In 5% of the cases, two venae renales sinistrae arose
from the kidney and subsequently, approximately 1 cm away
from the hilus renalis, they united into one vein. The vena
abdominalis cranialis sinistra and the vena ureterica cranialis
sinistra also opened into this common vein (Fig.6). The vena
ureterica cranialis sinistra opening into the vena renalis sinis-
tra was observed in 20 % of the cases.

DISCUSSION

Senecail et al [17] described that the left anomalies of
the renal vein may represent real traps in the interpretation
of abdominal imaging, particularly in CT scanning, or in
magnetic resonance where they are not always recognized.
The abnormal imaging may be the source of technical diffi-
culties in diagnostic or therapeutic angiography [6] and may
modify the values obtained by catheter sampling for supra-
renal hormonal levels [16], [17].

An angiographic evaluation of the renal arterial supply
must be carried out routinely before kidney donor nephrec-
tomy, in order to identify any arterial variants or covert pa-
renchymal disease [5], [14], [15].

The anatomical knowledge of the renal arteries, veins
and their variations are of extreme importance for the sur-
geon that approaches the retroperitoneal region, mainly
in the face of the current frequency of the renal transplant
surgeries, also these anatomical variations should be kept in
mind by clinicians and academics that may manipulate this
anatomical area [4].

The basic form of the vascular arrangement of kidneys
has two vessels on each side: one artery and one vein for each



Fig. 1. Renal arteries as branches of the aorta abdominalis. The arteria

renalis dextra originates more cranially than the arteria renalis sinistra.

The arteriae abdominales craniales are branches from the arteriae renales.
Macroscopic image, dorsal view (a. — arteria)

Fig. 2. The doubled arteria renalis sinistra.
Macroscopic image, ventrolateral view — arteria)

Fig. 3. The arteria renalis accessoria of the right kidney.
Macroscopic image, dorsolateral view (a. — arteria)

Fig. 4. The venae renales opens into the vena cava caudalis and the
venae abdominales craniales opens into the venae renales. The vena
ureterica cranialis as a single tributary of the vena cava caudalis.
Macroscopic image, ventral view (v. — vena)

Fig. 5. Two venae renales sinistrae arise from the kidney and subsequent-
ly, about 1 cm from the opening to the vena cava caudalis, they unit to
form a single vein. Macroscopic image, ventrolateral view (v. — vena)

Fig. 6. Two venae renales sinistrae arise from the kidney and subsequent-
ly, approximately 1 cm away from the hilus renalis, they unit into one
vein. Macroscopic image, ventral view (v. — vena)
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kidney [10], [12]. Although rabbits are laboratory animals
relatively frequently used for studies, there is a considerable
gap in the angiologic literature regarding the issue of vascu-
latory variations of rabbit kidneys. Papers dealing with this
issue have been published only sporadically [9]. Studies in-
volved in similar observations in humans are more frequent
[2], [3], [4]. Ozkan et al. [11] described of 855 consecu-
tive patients with anomalies of the human renal artery in a
large angiographic evaluation: in 76 % of the cases, one sin-
gle renal artery was present bilaterally; in 19 % of the cases,
multiple renal arteries were present unilaterally; and in 5%
of the cases, multiple renal arteries were present bilaterally.
Multiple renal arteries were present more often on the right.
In our study, we found that in rabbits, the single renal artery
was bilaterally present in 85 % of the cases and multiple renal
arteries were present unilaterally in 15 % of the cases. We
didn’t find bilaterally multiple renal arteries. Multiple renal
arteries were present on both sides in equal proportions.

Baptista-Silva et al [1] described an anatomical
study of the renal veins that was on the right side; the renal
vein was double or triple in 38.79 % and the left renal vein
was always unique. In rabbits, we found in 10 % of the cases
that the number of left renal vein was doubled.

CONCLUSIONS

Our observations which pointed to double numbers of
both arteriae renales and venae renales, were obtained using
a relatively significant statistical set of data. The total accura-
cy of preoperative evaluation with using digital subtraction
angiography is 91—95% and with using CT angiography
was 95—97 % [7]. But the total accuracy by intraoperative
findings in our study by preparing corrosive casts was 100 %.

Variations of the number of renal arteries were partially
homologous to humans, but variations of the renal veins
were localized on the other side as in human. We find left-
sided multiple renal vein, but in humans most were often
right-sided multiple renal vein [1]. The presence of multiple
renal veins on the other side is less responsible for the use
of rabbit as a simple model for example of ischemic renal
injury.
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ABSTRACT

The mallard (Anas platyrhynchos) is a common specie of wa-
ter fowl. It is the specie of water birds most sensitive to sarcocys-
tosis. Sarcocystosis in mallards is a parasitic disease caused by a
protozoan parasite (Sarcocystis rileyi) that forms typical macro-
cysts in the pectoral muscles of parasitized birds. We collected
and examined 63 samples of pectoral muscles from mallards, ac-
quired by hunting from October 2010 to January 2012 in the fol-
lowing localities: Bratislava, Sala, Michalovce, Bystré and Cierne
nad Toplou, and the Hunting district of Tvrdosin. We examined
all of the samples macroscopically during the parasitological
dissection and microscopically after artificial digestion. We
confirmed the presence of S. rileyi in 14.3 % (9/63) of the tested
animals. Seven positive samples originated from the hunting
district of Tvrdosin. We detected macrocysts in their pectoral
muscles. Two positive samples from Sala were confirmed by the
finding of microcysts. Our results confirm the current presence
of sarcocystosis in mallards in the Slovak Republic; therefore it
is necessary to inform the public, mainly hunters and consumers
about this parasitosis.

Key words: Anas platyrhynchos; macrocysts; mallard; micro-
cysts; sarcocystosis; Sarcocystis rileyi

INTRODUCTION

Sarcocystosis is caused by the intracellular protozoan parasites
of the genus Sarcocystis (Apicomplexa). The parasite has an indirect
two-host life cycle that involves a definitive and an intermediate
host. The definitive hosts are carnivores (predators) in which in-
testinal infection occurs. Herbivores and omnivores (prey) play the
role of intermediate hosts. In theirs muscle tissues, sarcocysts con-
tain hundreds to thousands of developing bradyzoites. Sarcocysts
are oval, whitish cysts that vary in size from microscopic to visible.
The bradyzoite stage is infectious for the definite host which be-
comes infected following ingestion of infected muscle tissues. The
bradyzoites are released in their intestine, enter the lamina propria
and undergo gametogony to form oocysts that mature in the host’s
cells and are shed in the faeces. The oocyst contains two sporocysts
with four sporozoites in each and may disintegrate during excre-
tion. The intermediate hosts become infected when they ingest oo-
cysts or sporocysts. The sporozoites released in the intestine pen-
etrate into the bloodstream and multiply in the walls of small blood
vessels. Then they invade the skeletal or cardiac muscles, form the
sarcocyst wall, multiply as merozoites for several generations and
develop into bradyzoites.

More than a hundred Sarcocystis species are known to infect do-
mestic and wild animals. Water fowl, in particular the mallard (Anas
platyrhynchos), are frequently infected with Sarcocystis rileyi [2]
that forms typical macrocysts in the pectoral muscles [5], [6]. Birds
can be infected by feeding on infective faeces of the definitive host,
stripped skunk, (Mephitis mephitis) or during building their nests [4].
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The mallard is a partially migratory bird species. Slovak breed-
ing individuals occur throughout the territory to the altitude of
about 1000 m, mainly in lowlands, backwaters, water reservoirs,
but also in running waters. Slovak mallard populations move south
for the winter and individuals from northern latitudes arrive to
our territory. Mallards migrate after the drop of temperature (Sep-
tember, October) due to the freezing of water and minimization
of food sources in their habitats. The main migratory routes from
European countries lead towards the Mediterranean and Africa. In
the spring (March, April) the reverse situation occurs when birds
return back to the north and east for the breeding season. Due to
abnormal climatic conditions in winter, migration exceptions can
be recorded [13].

Sarcocystosis of birds (Anseriformes) originated in the North
America, where it was detected in the 1940%. The parasitosis has
spread to Africa, Asia and Europe because of the bird’s migrations
[2], [11]. Sarcocystis rileyi was confirmed in the pectoral muscles
of mallards and graylag geese which were hunted in Lithuania, Po-
land, Austria, Bulgaria and Germany [3]. The definitive host has
not been confirmed in Europe, however the fox (Vulpes spp.) or
raccoon dog (Nyctereutes procyonoides) could be a possible defini-
tive host [12]. Sarcocystosis was found in Slovakia for the first time
in 2004. It was an accidental finding of macrocysts in pectoral mus-
cles of a mallard from Malacky (personal information). The first re-
cord of the parasite by Oberhauserova et al. [12] described the
presence of macrocysts in mallards hunted in the Hunting district
of Tvrdosin in 2009 [12].

The aim of our study was to study the prevalence of sarcocysto-
sis in mallards living in territory of the Slovak Republic.

MATERIALS AND METHODS

We monitored the occurrence of sarcocystosis in mallards in
selected localities from October 2010 to January 2012. The main
studied locality was the Hunting district of Tvrdosin. We also ex-
amined samples from control localities in western (Bratislava, Sala)
and eastern areas of the Slovak Republic (Cierne nad Toplou, Bystré
nad Toplou, Michalovce) (Fig. 1). The investigated birds were of
different ages, ranging from 3—4 months to about 1 year of age. In

total, we examined 63 samples of pectoral muscles from mallards.
We used the method of helminthological dissection to detect the
presence of macrocysts in the pectoral muscles and the standard ar-
tificial digestion method for the detection of microcysts in tissues.
Briefly, we homogenized m. pectoralis (15g) with digestive juice
(1litre buffer + 50 mg trypsin). After 30 minutes of the digestion,
the samples were filtered and centrifuged (5min at 1000r. p. m.).
After this step, the samples were washed twice with distilled water
and centrifuged again. The sediment was examined for microcysts
using a light microscope with a magnification of 100—400 x [10].

RESULTS AND DISCUSSION

We confirmed the presence of S. rileyi in 9 samples of 63
examined pectoral muscles of mallards. The total prevalence
was 14.3% (Table 1). We recorded the presence of typical
macrocysts in 7 samples, that were obtained from Orava,
the Hunting district of Tvrdo$in (Fig. 1). The visible, rice
grain-like, 5—7x2mm cysts were localized parallel with
the muscle fibers. Microscopically, we observed fusiform
microcysts in 2 samples from Sala (Fig. 1). They had a cel-
lular structure and measured 400 pm. We recorded detritus
of cysts with banana shaped bradyzoits. As both positive
specimens from Sala were 3—4 months old, the microcysts
were most likely the cysts of type I—IV or juvenile stages of
Sarcocystis rileyi. The young birds cannot have macrocysts
in their muscles because the cyst development lasts 3 and
more months [8], [9]. We did not evaluate the prevalence de-
pendency on the gender because the sampled group was not
balanced (2 males, 7 females). Some authors reported that
females are more frequently infected than males [4]. This
statement may relate to the fact that female ducks build their
nests and have a close contact with the infective material. On
the other hand, other authors found that drakes were more
often infected with S. rileyi [1].

The prevalence of sarcocystosis in mallards from the
Hunting district of Tvrdosin was 25.93 %. We suppose that
the positive mallards found in Orava could have migrated
from Poland. Mallards hunted in Orava were members of

Table 1. The prevalence of sarcocystosis in mallards in Slovakia

Location Number of examined = Number of positive Presence of Presence of mac- Prevalence
mallards samples microcysts rocysts %
Bratislava 5 0 0 0 0
Bystré n./Toplou 10 0 0 0 0
Cierne n./Toplou 4 0 0 0 0
Michalovce 5 0 0 0 0
Sala 12 2 2 0 16.67
Tvrdosin 27 7 0 7 25.93
Total 63 9 2 7 14.29
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Fig. 1. Localities of collection of mallards examined for sarcocystosis
in Slovakia and locations of positive findings

autochthonous nesting population because, according to the
local birds and game manager, the mallards from the north-
ern region had not yet flown to the mentioned area at the
time of this study. Findings of the parasite in the pectoral
muscles of mallards reflect their way of life. During winter
the mallards potentially infected with S. rileyi migrated from
the northern localities to the southern regions [11]. Tvrdosin
is close to the Polish border. In Poland, sarcocystosis was
confirmed for the first time in 2003 with the prevalence of
0.7 % [14].

The other area with 2 positive cases detected by our study
was the region of the Danube lowland, near the Austrian
border. In Austria, sarcocystosis was reported for the first
time in 2002. In Europe, sarcocystosis is a typical parasitic
infection of birds in Lithuania, being reported repeatedly
since 2003. The prevalence of sarcocystosis in Lithuania was
17% in 2006 [6], [7]. This fact corresponds with the more
positive geographical aspect there. Lithuania offers better
conditions for the life of water fowl than Slovakia.

The results of our study confirmed sarcocystosis in mal-
lards as a current parasitosis in the Slovak Republic. There-
fore, it is necessary to inform the public, particularly hunt-
ers and consumers about the risk of infections. An effective
therapy of the intermediate hosts in nature is impossible.
The most important prophylactic measure is to avoid feed-
ing the dogs with raw water fowl meat.

CONCLUSION

Sixty-three mallards (Anas platyrhynchos) from Slovak
localities (Tvrdosin, Bratislava, Sala, Michalovce, Bystré nad

Toplou and Cierne nad Toplou) were collected and exam-
ined for the presence of sarcocystosis between 2010 and
2012. Nine birds were infected which indicate a 14.3 % prev-
alence of sarcocystosis. Seven positive findings originated
from the Hunting district of Tvrdosin. In these mallards,
Sarcocystis rileyi macrocysts were macroscopically observed
in the breast muscles during their complete anatomical dis-
sections. Two findings of Sarcocystis spp. cysts were micro-
scopically recorded in mallard ducks hunted in the locality
of Sala.

The presence of the parasite in mallard ducks hunted in
the above mentioned localities is related to their winter mi-
gration from northern regions, where they can become in-
fected, to the southern countries. Slovakia is a transit region
for these birds. Tvrdosin is located close to the border with
Poland, where sarcocystosis in birds has previously been re-
ported. The Danubian Lowland, where the Sala location is
situated, is the nesting ground for waterfowl situated close
to Austria, where the occurrence of sarcocystosis has also
been recorded.

The results of our study clearly confirmed that sarcocys-
tosis of mallard ducks is present in Slovakia; therefore it is
necessary to inform the public, mainly hunters and consum-
ers about this parasitosis.
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ABSTRACT

Our study was aimed at examining the effect of abdominal
surgery stress on lipid peroxidation (TBARS — Thio Barbituric
Acid Reactive Substances) in dairy cows suffering from the left
abomasal displacement (n=10) and abomasal volvulus (n=10).
Blood samples were drawn from the jugular vein prior to surgery,
immediately and then 15, 30, 60, 90 minutes, and 2, 5, 10, and
24 hours after reposition of the abomasum. The surgical stress
resulted in significant elevations of plasma cortisol (P<0.05),
with the highest values found 15 minutes after the abomasal
reposition in both groups. In addition, the surgery transiently
enhanced the plasma levels of TBARS (P <0.001) and the high-
est TBARS plasma levels (0.91+0.18 umol.I"!) were recognized
60 minutes after reposition of the abomasum in dairy cows with
the left displacement of the abomasum. There were no significant
changes in the ferric reducing ability of plasma (FRAP) in dairy
cows. These data indicate that the stress reaction caused by the
surgical correction of the left displacement of the abomasum
can be associated with higher production of TBARS. The data of
cows with the abomasal volvulus indicate that the stress effects of
omentopexy are not strong enough to overwhelm the stress re-
sponse to pre-surgical events (transport, sickness, new environ-
ment). Nevertheless, we can conclude that stressful events associ-
ated with the surgical correction of displaced abomasums can be
responsible for the enhancement of the peroxidation rate.

Key words: cortisol; dairy cows; omentopexy; TBARS

INTRODUCTION

Stress response may include changes in feeding behaviour, hy-
pertension, reproductive dysfunctions, inefficient feed conversion,
gastric and intestinal ulcers, electrolyte imbalance and immune
deficiency [1]. The major stress alterations involve enhanced se-
cretion of glucocorticosteroids and increased sympathetic nervous
system activity.

A number of studies also demonstrated that the stress reaction
has stimulating effects on free radical production, thus contribut-
ing to an increased lipid peroxidation in animals [2]. In cows with
abomasal volvulus, the post-surgical reperfusion of the ischemic
abomasum could be an additional risk of enhanced lipid peroxida-
tion [3]. These reactions can be monitored by the analysis of the
lipid peroxidation products, and antioxidant status of the organ-
ism. The production of free radicals is supported by several stress
factors and can finally result in the onset of health disorders in cat-
tle. Oxidative stress resulting from the increased production of free
radicals and reactive oxygen species, and a decrease in antioxidant
defence, leads to the damage of biological macromolecules and dis-
ruption of the normal metabolism and physiology.

Moreover, there are several data describing the peripar-
turient period which claim that this period is related to a
oxidative/antioxidative imbalance [4]. Displacement of the aboma-
sum belongs to the diseases with the highest incidence during the
postparturient period.

The present investigation was undertaken to study the effects
of surgical stress on thiobarbituric acid reactive substances and the
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antioxidative capacity in dairy cows suffering from abomasal dis-
placement.

MATERIALS AND MEHODS

Ten Holstein-Friesian dairy cows, mean age 5.26 years, admit-
ted for treatment of left abomasal displacement (LAD) and ten
Holstein-Friesian dairy cows, mean age 4.74 years, admitted for
the treatment of abomasal volvulus (AV), were used in this study.
Abdominal surgery (omentopexy) was performed in a standing
position [5] in cows with LAD 16-24 hours after admission and in
cows with AV 1—2 hours after admission. Procasel (2% procain-
hydrochloride) was used as local anaesthesia. The mean duration
of preparation for surgery lasted approximately 30—40 minutes,
and the surgery involved approximately 30 minutes. Blood samples
were taken from the jugular vein prior to surgery, immediately and
then 15, 30, 60, 90 minutes, and 2, 5, 10, and 24 hours after the
reposition of the abomasum.

The plasma cortisol levels were determined by a radioimmu-
noassay kit (Coat-A-Count [125]]; Diagnostic Products Coopera-
tion, L.A., USA). The intensity of lipid peroxidation was measured
fluorometrically by the thiobarbituric acid reacting substances test
(TBARS) in EDTA plasma [6]. The total plasma antioxidative ca-
pacity was measured in samples (in triplet) by the modified FRAP
(ferric reducing activity of plasma) assay [7]. Briefly, 0.09 ml H,O
and 0.03 ml plasma (EDTA) were added to 0.9 FRAP solution. The
absorbance was measured at 593 nm after incubation for eight min-
utes (37°C). 1M FeSO,.7 H,O was the standard solution.

Statistical analysis was carried out by the one-way analysis of
variance (ANOVA).

RESULTS

The surgical stress in LAD cows resulted in significant
changes in plasma cortisol concentrations (P <0.05). The
highest cortisol levels were reached within the first hour af-
ter reposition of the abomasum and were approximately five
times higher than those found prior to the stress. A return to
the levels below the initial ones was recognised 10 hours after
the repositioning of the abomasum (Table 1). The ANOVA
revealed (P <0.05) the enhanced effects of the surgical stress
on the plasma concentrations of thiobarbituric acid reac-
tive substances. The maximum mean levels of TBARS were
measured between one and two hours after reposition of the
abomasum. Twenty four hours after reposition, the TBARS
values returned to the pre-surgical levels. In contrast, there
were no significant changes in the ferric reducing ability of
the plasma (FRAP) in dairy cows. However, the FRAP val-
ues tended to decrease within the first 40—60 minutes after
abomasal reposition and to increase to pre-surgical values
afterwards.

Significant changes in plasma cortisol concentrations in
AV dairy cows (P<0.05) were seen during the study. The
highest cortisol levels were reached 15 minutes after the re-
positioning of the abomasums. However, these values did
not differ from pre-surgical ones. The typical basal cortisol
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values could be recognised only at the end of the study, 24
hours after abomasal repositioning (Table 2). The ANOVA
did not reveal any effects of the surgical stress or the aboma-
sal reposition on both plasma concentrations of the thiobar-
bituric acid reactive substances (TBARS) and ferric reducing
ability of the plasma (FRAP) in dairy cows (Table 2).

DISCUSSION

The mean plasma cortisol levels of 1—10mg.l" were
found in dairy cows during the first month after calving [8].
In another study, it was concluded that 69.4 % of 307 baseline
cortisol samples had concentrations below 3 mg.l"!, whereas
13.7 % of the samples contained 6 mg.I"! cortisol or more [9].
Similar cortisol concentrations have also been defined by
others as baseline values [10], [11]. The mean cortisol values
prior to surgery in LAD cows, and from 5 hours after the
abomasal replacement can, therefore, safely be considered to
be in the normal range of baseline concentrations. The sig-
nificant effect of surgery on the increase in plasma cortisol
levels was similar to that previously reported in cattle after
laparotomy [12]. The pattern of cortisol concentrations seen
after surgery in this study was similar to the pattern seen
in 5—6 month-old cattle after amputation dehorning [13].
In contrast, the cows with abomasal volvulus demonstrated
higher mean cortisol values prior to surgery in comparison
to the LAD cows and it might be a result of both sickness
and transport stress of the animals prior to surgery. The ef-
fect of surgery on the plasma cortisol was minimal, however,
cortisol levels fell to the physiological baseline range by the
end of the trial.

The measurement of thiobarbituric acid reacting sub-
stances (TBARS) is one of many techniques and tests which
have been used to measure lipid peroxidation in biological
specimens. In the TBARS test, lipid peroxidation is pur-
posefully propagated in the specimen in vitro and the total
malondialdehyde-thiobarbituric acid (MDA-TBA) adduct
formed at the end of the procedure is taken to be due to the
sum of the pre-existing bond of free MDA plus that formed
from degradation of pre-existing lipid hydroperoxide in
the sample [14]. One of the disadvantages of the TBARS
test is that MDA is only formed by fatty acids which con-
tain three or more double bonds. In our experiment with
LAD cows, the surgery resulted in a transient increase of
lipid peroxidation in dairy cows. TBARS levels culminated
within two hours after the abomasal replacement, i.e. within
a very short time period after the stress. Similar changes of
lipid peroxides (malondialdehyde) could be seen immedi-
ately after the exercise stress in male subjects [15]. In our
experiment with AV cows, the surgery did not result in any
significant changes of the plasma TBARS. However, the pre-
surgical levels of TBARS were lower than the baseline values
found in the cows with LAD which also proves the theory
the lipid peroxidation in our model is primarily result of a
stress response of the animal and not of metabolic reactions
related to tissue reperfusion. Recently, it was reported that
dairy cows suffering from abomasal volvulus did not show a



Table 1. Plasma concentrations of cortisol, thiobarbituric acid reactive substances (TBARS)

and ferric reducing ability of plasma (FRAP) in dairy cows (n =10)

stressed by omentopexy of the left displacement of abomasum (mean + SD)

Cortisol TBARS FRAP

[mg.l""] [mmol.l-"] [mmol.l']
Before surgery 6.21 +6.08 0.71£0.11 262 £ 57
Immediately AR 14.0+7.21 0.84+0.11 247 £ 54
15 minutes AR 324+18.1 0.82+0.14 243 £56
30 minutes AR 30.8+19.8 0.90+0.19 244 +51
60 minutes AR 251+154 0.91+0.18 253 +£45
90 minutes AR 17.3+13.1 0.85+0.12 256 + 42
2 hours AR 16.8+13.9 0.91+£0.18 258 +52
5 hours AR 8.79+5.21 0.89+0.20 278 £ 51
10 hours AR 418 +2.89 0.80£0.19 268 + 66
24 hours AR 3.92+3.52 0.69 £0.15 264 + 58
ANOVA P <0.05 P <0.05 P >0.05

AR — after replacement of abomasum

Table 2. Plasma concentrations of cortisol,

thiobarbituric acid reactive substances (TBARS) and ferric reducing ability of plasma (FRAP)

in dairy cows (n = 10) after surgery of the abomasal volvulus (mean + SD)

Cortisol TBARS FRAP
[mg.l""] [mmol.I"] [mmol.I"]
Before surgery 30.0 £26.6 1.04+0.24 308 £89
Immediately AR 29.0+21.0 1.01+£0.26 292 +£82
15 minutes AR 445+ 238 0.95+0.24 275+83
30 minutes AR 39.5+229 1.04+0.29 267 £76
60 minutes AR 229+15.2 1.00+£0.25 275+ 84
90 minutes AR 159+133 0.97 £0.26 27179
2 hours AR 19.9+133 1.02+£0.26 277 £75
5 hours AR 19.3+154 0.95+0.27 267 £77
10 hours AR 15.0+ 144 0.81+£0.16 264+ 75
24 hours AR 8.30+10.1 0.78 £0.11 277 £56
ANOVA P <0.05 P>0.05 P>0.05

AR — after replacement of abomasum
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severe abomasal ischaemia [16]. The level of lipid peroxida-
tion does not depend only on increased free radical produc-
tion but it is also strongly affected by the level of antioxidant
protection. It is well known that higher levels of nutritive
antioxidants, including tocopherol, b-carotene, and ascorbic
acid, can efficiently decrease the level of lipid peroxidation
[17]. Post-parturient decrease in erythrocyte malondialde-
hyde was reported in dairy cows which was associated with
the increase in plasma vitamin E [18].

The FRAP assay is quick and simple to perform and it
can provide basic information about the antioxidative status
of animals. Individual plasma antioxidants contribute to the
total FRAP value as follows: ascorbic acid 15 %, a-tocopherol
5%, uric acid 60 %, bilirubin 5 %, albumin 5 %, protein 10 %,
and others 5% [7]. Plasma concentrations of these antioxi-
dants depend on both dietary intake and the synthetic ca-
pacity of specific organs, in particular the liver. In this study,
we could find only the tendency to the lower FRAP values
within the first two hours after replacement of the aboma-
sum in LAD cows. Thus, the total antioxidative activity of
plasma which represents the non-enzymatic antioxidative
systems could indicate an increased requirement. Similarly
to the TBARS reaction we could not recognise any signifi-
cant dynamic in plasma FRAP levels in cows with abomasal
volvulus.

CONCLUSIONS

In conclusion, these data extend our existing knowledge
by indicating that the stress reaction caused by surgical cor-
rection (laparotomic omentopexy) of the left displacement
of the abomasum is associated with a transient increase in
lipid peroxidation. In addition, our data indicated that stress
reactions caused by surgical correction (omentopexy) of
abomasal volvulus is not strong enough to overwhelm the
stress response to pre-surgical events (transport, sickness,
new environment). The question whether there is a need for
preventive measures against lipid peroxidation in surgically
stressed animals, i.e. antioxidant administration, remains
open for further studies.
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rectification, in line with the recommendations of the referees.

Authorship. In accordance with the criteria for authorship
recommended by the International Committee of Medical Journal
Editors (JAMA 1997; 277, 927—934; Can. Med. Assoc. J. 1997; 156:

270—7 and 1997; 156: 571—574) each author must have (a) par-
ticipated substantially in the conception and execution of the work,
(b) contributed significantly to the drafting and/or revision of the
manuscript, and (c) agreed with the final version, in order to accept
public responsibility for the article. In cases of multiple authorship,
authors should provide a description of what each contributed. This
information may be published. The order of authorship on the by-
line should be a joint decision of the co-authors. Authors should be
prepared to explain this order.
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References. Only the work used should be mentioned. At the
end, the references should be listed in alphabetical order by the first
author’s surname. List the first six authors followed by et al. Refer-
ences should be set out thus.

Journals: Surname(s) and initial(s) of the author(s), year of
publication, full title of the paper, title of the journal (in italics),
volume, and relevant pages (See examples below). The issue num-
ber should be quoted in parentheses only if the pagination of the
journal is by issue rather than by volume.

Books: Surname(s) and initial(s) of the author(s) and/or

editor(s), year of publication, full title of the book and edition (if
not the first), publisher and place of publication, and pages.
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These references should then be numbered. In the text, these
numbers are used instead of names and dates for citations, e.g. “All
space-flight embryos... showed normal embryogenesis [3], [6] and
post-hatch development [5]” Only if the writer’s name is a necessary
part of the sentence should it be used, e.g. “Jones [7] discovered
that...” If the date is essential, it too should form part of the text, e. g.
“Then in 1997 Jones [7] made a breakthrough?” This alphabetical
— numerical style for references is to make the text flow: to separate
the science from the customary clusters of nominal citations.

EXAMPLES

Ahlborg, B., Ekelund, L.C., Nilsson, C.G., 1968: Effect of
potassium-magnesium aspartate on the capacity of prolonged ex-
ercise in man. Acta Physiol. Scand., 74, 238—245.

Black, H., Duganzich, D., 1995: A field evaluation of two vac-
cines against ovine pneumonic pasteurellosis. New Zeal. Vet. J., 43,
60—63.

Brown, L.W., Johnson, E.M., 1989: Enzymatic evidence of
alkaline phophatase. In Caster, A.R.: Enzymology. Plenum Press,
New York, 99—101.

Ikuta, K., Shibata, N., Blake, J.S., Dahl, M. V., Nelson, R.D.,
Hisamichi, K. et al., 1997: NMR study of the galactomannaus of
Trichophyton mentagrophytes and Trichophyton rubrum. Biochem.
J., 323, 297—305.

Language Style. Be prepared to use the first person (“I” or
“We”), but do not overuse it. (e.g. “We studied 24 Slovak Merino
ewes.)

The excessive use of the passive voice is a principal cause of
dullness in scientific writing. Use it sparingly, and prefer the active
voice (“We conclude that...”) to the passive (“It can be concluded
that...”) whenever justifiable.

Use the past tense for reporting observations, completed ac-
tions, and specific results (“We observed no significant changes.”)

Use the present tense or the present perfect for generalizations
and generalized discussion. (“This suggests that...”)

Employ the specialist vocabulary of your discipline(s), but do
not allow this technical jargon to turn into gobbledegook. “The
dynamic development of biological sciences has... had a positive
influence on the current knowledge of the activated mechanisms...
in the case of human and animal organisms” can be rendered suc-
cinctly as “The rapid growth of biological science has enabled us
to understand the functions of human and animal bodies better”
Convoluted and roundabout expression does not impress and may
well irritate the reader.

Remember that many readers will not be native-speakers of
English. If you are an ESL (English as Second Language) author,
apply the principles of English style and syntax when writing, and
be mindful that the correct word order is important in English sen-
tences. Make sure that your sentences are sentences: do not lose
control of their structure.

Be simple and concise; where possible use verbs instead of
abstract nouns. Break up long noun clusters and “stacked modi-
fiers” (strings of adjectives before nouns without clues about which
modifies which). Logically ordered and lucidly expressed ideas will
make your meaning clear: obfuscation will not assist the reader.
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Avoid “dictionary” and “computer English” — transverbation
based upon an incorrect choice of words in a dictionary or word
bank. (One computer produced this: “Natural immunity is not
bound on antecedent individual skill by your leave pathogen and
him close non-pathogenic microorganism”).

Units of Measurement. Measurements of length, height,
weight, and volume should be reported in metric units.

Temperatures should be given in degrees Celsius; blood pres-
sures in millimetres of mercury.

All haematological and clinical chemistry measurements
should be recorded in the metric system or in the terms of the In-
ternational System of Units (SI).

Abbreviations and Symbols. Use only standard abbreviations.
Avoid abbreviations in the title and abstract. Abbreviations and ac-
ronyms should be used only if they are repeated frequently. The full
term for which an abbreviation stands should precede its first use
in the text unless it is a standard unit of measurement, e. g. positron
emission tomography (PET).

Numerals and Dates. Whole numbers from one to ten should
be written as words in the text, not as numerals, e. g. “Experiments
were carried out on four male Rhine geese...” Numerals should be
used for numbers above ten, except in the titles of papers and at the
beginning of sentences, where they must appear as words. Dates in
the text should be written as follows: 29 September 2000.

Nomenclature and Terminology. Medicines must be shown
by there generic name followed by the proprietary name and man-
ufacturer in parentheses when they are first mentioned, e.g. Apra-
mycin (Apralan 200; Elanco, Austria).

Authors should respect international rules of nomenclature.
For animal species and organisms, the recommendations of the
International Code of Zoological Nomenclature, London 1999,
should be observed. Linnaean names should be used for plant spe-
cies. Anatomical terminology should agree with the nomenclature
published in the Nomina Anatomica Veterinaria 4* edn. (1994) ed.
Habel, R.E., Frewein, J., and Sack, W. O., World Association of Vet-
erinary Anatomists, Zurich and Ithaca, New York.

Latin terms and other non-English words should be italicised
in the manuscript. Use the British Standard 2979:1958 for the trans-
literations of Cyrillic characters in the references as well as the text.

Photographs and Illustrations. These should be on separate
sheets, each with a label pasted on its back, bearing the author’s
name, the figure number, and an arrow indicating the top of the
figure. Black-and-white photographs should be clear and sharp,
suitable for reproduction. Photomicrographs must state the magni-
fication and stain technique. Illustrations should be drawn in black
ink on white paper in a form suitable for photographic reproduc-
tion. The main objects, changes, and findings should be shown by
an arrow or some other symbol explained in the legend.

Graphs and Tables should contain essential data not given
in the text. In the journal, graphs will have an overall width of no
more than 8.5cm and be drawn on pages 17.5cm wide. The size
of the letters in legends should suit these dimensions. Computer-



drawn graphs are preferred-laser-printed on diamond paper. Sta-
tistics (with tables of parameters) must be enclosed. Captions for
figures, including graphs and photographs, and all legends should
be subscribed. Tables should be typed with double-spacing on sep-
arate sheets of paper and numbered consecutively in the order of
their citation in the text. Within each table, lines should separate
only the headings from the body of the table, and the body of the
table from any totals, averages, etc. Titles for tables should be su-
perscribed, and explanatory matter placed in footnotes, using the
symbols and sequence recommended. Number explanatory texts
to graphs, figures, and tables with Roman letters or Arabic numer-
als. Each such text should be enclosed on a separate sheet of paper
and placed in order. The author should indicate with pencil in the
left-hand margin of the manuscript where the supporting material
should be inserted.

Ethical Considerations. When reporting experiments on ani-
mals indicate whether the Institution’s or Research Council’s Guide
for, or any national law on, the care and use of laboratory animals
were followed. Manuscripts should describe the measures taken to
minimize or eliminate pain and distress in animals during experi-
ments and procedures. If the editors deem that animals have been
subjected to suffering unjustified by the scientific value of the infor-
mation sought, they will reject the paper on ethical grounds.

The journal encourages integrity in science. Questionable and
fraudulent claims will not be entertained.

Experimental Hazards. Authors should draw attention to any
dangers involved in carrying out their experiments, and should de-
tail the precautions taken to guard against such hazards.

Statistics. Describe statistical methods with enough detail to
enable a knowledgeable reader with access to the original data to
verify the results reported. When possible, quantify findings and
present them with appropriate indicators of measurement error or
uncertainty. Discuss the eligibility of experimental subjects. Give
details about randomisation. (Cf. the statistical guidelines for au-
thors in The Australian Veterinary Journal Vol. 76, No. 12, Decem-
ber 1998, p. 828.)

Types of Papers. Please state clearly which category of paper is
being submitted. (If an author believes that his/her article or short
communication is of outstanding topicality and importance, he/
she should indicate this in a covering letter. It may merit fast-track
publications.)

Standard Full Length Papers. Full papers should be concise.
They should not exceed 12 pages (A4) including tables, graphs, il-
lustrations, photographs, and references.

The Title Page. The papers should be headed with the full title,
which should accurately and concisely describe the topic in no
more than two lines. The surname(s) and initials of the author(s)
and the name and place(s) of their employment should follow this.
(If the work was carried out in an institution other than the place
of employment, this should be noted in the body of the text.) Ac-
knowledgements (see above) should be typed in a separate section,
separated by a reasonable space. A short title (the running head) of

no more than forty characters (counting letters and spaces) should
be included at the foot of the page. Each manuscript should be the-
matically complete: serialization is discouraged.

The Abstract. The second page should carry an abstract, which
should be self-contained and not exceed 250 words. It should brief-
ly incorporate the purpose and relevance to veterinary science of
the work, basic procedures, the main findings, and principal con-
clusions. It should emphasize new and important aspects of the
study or observations.

Key words. Key words should be listed below the abstract, from
which they are separated by a one-line space. They should consist of
three to ten words in alphabetical order, written in lower case and
separated by semi-colons.

The Introduction. State the purpose of the article and sum-
marize the rationale for the study or observation. Give only strictly
pertinent references and do not include data or conclusions from
the work being reported.

Material and Methods. Describe your selection of observa-
tional or experimental subjects (including controls) clearly. Iden-
tify the age, sex, state of health, and other important characteristics
of the subjects.

Identify the methods, apparatus (with the manufacturer’s name
and address in parentheses), and procedures in sufficient detail
for other workers to reproduce the experiment. Quote established
methods, including statistical methods; provide references and
brief descriptions for methods that have been published but are
not well known; describe new or substantially modified methods
in full; give reasons for using them, and evaluate their limitations.
Precisely identify all drugs and chemicals used, including generic
name, dose, and route of administration.

Results. These should be as succinct as possible and presented
in a logical sequence in the text, with graphs and tables. Emphasize
or summarize only the important observations in the text. Do not
duplicate in the text all the data in the graphs and tables.

Discussion. Emphasize the new and important aspects of the
study and the conclusions that follow from them. Do not repeat in
detail data or other material given in the Introduction or the Re-
sults sections. Include in the Discussion section the implications of
the findings and the limitations, together with their significance for
future research. Relate the observations to other relevant studies.

Link the conclusions with the aims of the study, but avoid un-
qualified statements and conclusions not completely supported by
the data. Avoid claiming priority and alluding to work that has not
been completed. Recommendations, when appropriate, may be in-
cluded.

Notes and Short Communications. Such manuscripts should
have the same form as full papers, but are much shorter. Separate
headings are needed only for the Acknowledgements, Key Words,
Abstract, Main Text, and References. These scripts fall under the
following main headings and should be marked accordingly.
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Technical Notes. Such notes should record a new method,
technique, or procedure of interest to veterinary scientists. They
should include the reason(s) for the new procedure, a comparison
of results obtained by the new method with those from other meth-
ods, together with a discussion of the advantages and disadvantages
of the new technique. A technical note should not exceed six print-
ed pages, including figures and tables.

Research Communications. These are short articles, no more
than four printed pages, which should introduce novel and signifi-
cant findings to the commonwealth of veterinarians.

Observations. Research of this kind contributes to knowledge,
but not to the advancement of ideas or the development of con-
cepts. In some cases, these papers underpin what may seem obvi-
ous, with statistical data. Such communications should not exceed
four type-set pages.

Current Issues. Papers that deal with issues of topical interest

to veterinary scientists will be considered. Issues may include items
on environmental concerns, legislative proposals, etc.
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Review Articles. These should provide a substantial survey,
with an appropriate historical perspective, of the literature on some
aspect of veterinary medicine. Alternatively, such articles may re-
view a topic of veterinary interest, which may not come within
the normal purview of many veterinarians (e.g. Asefa Asmare, A.,
2000: The Camel,..., Folia Veterinaria, 44, 4, 215—221). Authors
submitting review manuscripts should include a section describing
the methods used for locating, selecting, extracting, and synthesiz-
ing data. These methods should be summarized in the abstract.

Book. Reviews may be submitted. They should bring a new text
to the readership and evaluate it.

Letters to the Editor. These are items of scientific correspon-
dence, designed to offer readers the chance to discuss or comment
on published material and for authors to advance new ideas. Should
a letter be polemical, a reply or replies for simultaneous publication
may be sought from interested parties.

Editorial Board





