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CORTICAL BRANCHES OF THE MIDDLE CEREBRAL ARTERY IN
EUROPEAN BADGER (MELES MELES)

Benedykt Skoczylas, Witold Brudnicki, Krzysztof Kirkitto-Stacewicz*, Wtodzimierz Nowicki, Jan Wach

UTP University of Science and Technology, Faculty of Animal Breeding and Biology, Department of Physiology, Zoophysiotherapy and
Animal Breeding, Mazowiecka 28, 85-084 Bydgoszcz, Poland

*Corresponding author, E-mail: krzysztof.stacewicz@02.pl

Abstract: The patternand variation ofthe cortical branches of the middle cerebral artery in European badgerwere studied for 64
cerebralhemispheres. ltwas foundthatthe artery bifurcatesinto splitsinto ten permanentbranches. Two olfactory arteries supply
the area of the brain situated on the border between the old and the new cortex. The other eight branches get divided into three
branches heading for the frontal region, two branches - to the parietal region and three temporal branches which supply only the
new cortex. The frontal, parietal and temporal branches descended independently from the main trunk of the middle cerebral ar-
tery orformed acommon trunk first. Common trunks for respective groups of branches have been described as the rostral, dorsal
and caudal middle cerebral artery. The rostral olfactory artery in 6.3% of the cases investigated was an independent branch from

therostral cerebral artery.

Key words: arteries; brain; European badger

Introduction regions. The pattern of the middle cerebral artery
and its cortical branches in cat were described
by Chadzypanagiotis (3); the author provides the
nomenclature on respective cortical branches of
that artery.

Systematic descriptions of the division and
the pattern of the cortical branches of the middle
cerebral artery in some Carnivora species are
provided by Wiland (4), in wild boar — by Skoczylas
& Wiland (5).

Over the recent years there have appeared
numerous papers on the anatomy of the middle
Received: 28 March 2018 cerebral artery in various mammal species. The
Accepted for publication: 28 April 2020 authors of those papers report on the respective

The first information on the anatomy of the
middle cerebral artery in various mammals is
given by Hofmann (1). In the applicable literature
ob the blood supply to the brain one can find
papers discussing the pattern of descent of the
middle cerebral artery and its division into cortical
branches. The issues were described for domestic
pig by Walinczus (2) who covered the range and
the pattern of blood supply to respective cerebrum
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regions of the brain being supplied by the same
arterial branches, which refers to the arteries
which occur as single branches in grivet (6),
in yellow baboon (7), in European otter (8) and
multiple arteries in domestic pig (9).

The pattern of division of the middle cerebral
artery is affected by various factors; e.g. the species
represented and sulcus pattern of the cerebral
cortex. In mammals on the surface of the cortex
the sulcus pattern varies, which can affect the
anatomy of the cortical branches of the middle
cerebral artery (10). Considering the discrepancies
resulting from respective descriptions and factoring
in new research, it has been decided to investigate
the pattern, the division and the variation in
cortical branches of the middle cerebral artery in
European badger and to compare the results with
those reported by other authors.

Materials and methods

The studies of the middle cerebra artery
involved 32 brains in European badger; in total
64 cerebral hemispheres obtained from hunting.
Ethics approval was not required since animals
died because of natural reasons. The research
used the European badger heads cut off at the
height of the 3™ -4% cervical vertebrae. The
arteries were filled with latex introduced into
common carotid artery with the medical syringe.
This method was described by Godynicki (11).
Having fixed the heads in 5% formalin solution

and having decalcified the skulls in hydrochloric
acid, the skull cavity was opened and the brains
were taken out. The cerebral hemispheres were
photographed and their anatomy, division and
pattern of the cortical branches of the middle
cerebral artery were described.

Results

In European badger the blood is supplied to
the brain with internal carotid arteries (Fig. 1la)
and vertebral arteries.

The internal carotid artery, having entered the
skull and perforated dura mater, bifurcates into
the rostral cerebral artery (Fig. 1 b) and caudal
communicating artery (Fig. 1c) which, together
with the symmetrical vessels form the circle
of Willis. From the initial section of the rostral
cerebral artery, towards the cortex, there descends
the middle cerebral artery.

The middle cerebral artery is the strongest
vessel supplying blood to cerebrum. The initial
section of the main trunk of the middle cerebral
artery heads along the ventral surface of the optic
tract and before the rostral border of piriform
lobe. Then the section bends around the piriform
lobe and goes through its rostral border. Further
on it runs to the lateral rhinal sulcus and, having
passed it, it gets divided. From the initial section
of the main trunk of the middle cerebral artery
there descend minor central branches supplying
blood to olfactory tracts and the piriform lobe.

Figure 1: Pattern of division of the middle
cerebral artery on the brain cortex in Euro-
pean badger.

1 — rostral olfactory artery, 2 — caudal olfac-
tory artery, 3 — orbital branch, 4 - ventral
frontal branch, 5 — dorsal frontal branch,
6 — rostral parietal branch, 7 — caudal pa-
rietal branch, 8 — dorsal temporal branch,
9 — middle temporal branch, 10 - ventral
temporal branch, a - internal carotid ar-
tery, b — rostral cerebral artery, c- caudal
communicating artery, d — Sylvian fissure,
e — presylvian sulcus, f - rostral lateral rhi-
nal sulcus, g — caudal lateral rhinal sulcus,
h - rostral suprasylvian sulcus, i — middle
suprasylvian sulcus, j — caudal suprasylvi-
an sulcus, k - cruciate sulcus, 1 - coronary
sulcus, m — ansiform sulcus, n — marginal
sulcus, o — external marginal sulcus
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The main trunk of the middle cerebral artery gets
divided further into a number of cortical branches
which head for the specific region of the cerebral
hemisphere supplying blood to specific regions
of the brain. The first permanent branches of the
middle cerebral artery which supply blood to both
the old and the new cortex are olfactory arteries.

The rostral olfactory artery (Fig. 2-1), having
separated from the main trunk of the middle
cerebral artery, goes towards the rostral part of
the lateral rhinal sulcus it can ascend into in
various places. Its terminal branches can also
appear again from under the lateral rhinal sulcus
and then disappear into the cortex located over
that sulcus.

The caudal olfactory artery (Fig. 2 — 2) descends
into the caudal part of the lateral rhinal sulcus.
Its terminal branches supply blood to the area
of the cortex found over that sulcus. The other
arterial branches supply the regions of the cortex
located over the lateral rhinal sulcus. On the
cerebral cortex towards the frontal lobus there
spread three thick branches.

The orbital branch (Fig. 2-3) descends first; it
runs towards the region of the presylvian sulcus
where its terminal branches reach the coronary
groove.

Theventral frontal branch (Fig. 2-4) vascularises
the middle parts of that region of the cortex. The
branch of that vessel goes through the rostral
suprasylvian sulcus towards the coronary sulcus.

The dorsal frontal branch (Fig.2-5), having
separated from the middle cerebral artery goes up
to the regions of the cruciate sulcus. Those vessels
supply blood to the upper part of the medial
surface of the frontal lobus. The successive vessel
which runs towards the parietal lobus bifurcates
into two branches.

The rostral parietal branch (Fig. 2-6) runs
towards the ansiform sulcus. The terminal twigs
of that vessel supply blood to the area of the
cortex located behind the ansiform sulcus and
run medially of the cerebral hemisphere.

The caudal parietal branch (Fig. 2-7) runs
towards the region of the marginal sulcus and it
branches out further into minor vessels; some of
them ascend to the medial suprasylvian sulcus.

The lateral-caudal surface of the cerebral
hemisphere is supplied by the branches of the
middle cerebral arteries descending here one by
one at various heights and they have been referred
to as temporal branches.

The dorsal temporal branch (Fig. 2-8) is usually
the most powerful cortical branch of the middle
cerebral artery and its further prolongation in
the area of the cortex. Having descended from
the Sylvian fissure, it goes towards the external
marginal sulcus. The branch supplies the upper
part of the cortex.

The middle temporal branch (Fig. 2-9) descends
a little distance from the previous branch. On the
surface of the hemisphere it runs towards the
caudal suprasylvian sulcus. Its terminal branches
go onto the surface of the occipital lobus.

The ventral temporal branch (Fig. 2-10) goes to
the end of the caudal suprasylvian sulcus. Having
passed the caudal part of the sulcus, its terminal
branches participate in supplying blood to a part
of occipital lobus.

Considering the general pattern of the
distribution of cortical branches of the middle
cerebral artery in European badger presented
here, one shall note that the respective sections
of those branches can be found inside respective
sulci, sometimes undergoing further divisions,
always going towards of the cerebral cortex regions
described.

Considering the pattern of descend of cortical
branches of the middle cerebral artery in the
European badger individuals studied, it was
found that from the rostral cerebral artery on
60 cerebral hemispheres there descended one
independent vessel; the middle cerebral artery.
Among them on 15 (23.4%) hemispheres from
the main trunk of the middle cerebral artery
there descended rostrally a common trunk for the
rostral olfactory artery and for the orbital branch,
then a common descent for the ventral and dorsal
frontal branches. The main trunk separated the
caudal olfactory artery caudally with a common
descent from the ventral temporal branch. Having
descended into the Sylvian fissure, it brought a
common trunk for rostral and caudal parietal
branches as well as for the middle and dorsal
temporal branches onto the surface of the cortex.

In another 11 (17.2%) cases from the main
trunk of the middle cerebral artery there rostrally
descended a common descent for rostral olfactory
artery and for the orbital, ventral and dorsal
frontal branches. Caudally from the main trunk
there descended the caudal olfactory artery with a
common trunk with ventral and middle temporal
branches. The main trunk, having ascended to
the Sylvian fissure brought a common descent for
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parietal branches and the dorsal temporal branch
onto the surface of the cortex

In yet another 9 (14.1%) cerebral hemispheres
the rostral branch was made up by a common
trunk for the rostral olfactory artery and the
orbital, ventral and caudal frontal branches. The
main trunk got onto the surface of the cortex
from the Sylvian fissure and created a common
descent for parietal branches. Caudally from the
main trunk of the middle cerebral artery there
separated, with a common trunk, the temporal
branches with the caudal olfactory artery.

In 12 (18.7%) cases from the main trunk
there rostrally descended an independent rostral
olfactory artery, then a common descent for the
orbital branch and for ventral and dorsal frontal
branches. Caudally, from the main trunk there
separated, with a common descent, the middle
and ventral temporal branches as well as caudal
olfactory artery. The main trunk, having ascended
into the Sylvian fissure, brought a common trunk
for rostral and caudal parietal branches as well
as the dorsal temporal branch onto the surface of
the cortex.

On another 13 (20.3%) hemispheres from the
main trunk there rostrally separated the orbital

branch, the ventral frontal branch and the rostral
olfactory artery with a common trunk. The main
trunk of the middle cerebral artery, having
appeared on the surface of the cortex, separated
a common descent for the dorsal frontal branch
as well as rostral and caudal parietal branches.
Caudally from the main trunk there separated,
with a common descent, ventral, middle and
dorsal temporal branches and an independent
caudal olfactory artery.

In the other 4 (6.3%) hemispheres it was
found that from the rostral cerebral artery there
descended two independent branches of the middle
cerebral artery. The first independent branch from
the rostral cerebral artery was the rostral olfactory
artery, while the second branch from the rostral
cerebral artery was the main trunk of the middle
cerebral artery the orbital branch and frontal
branches descended from rostrally with a common
descent. The main trunk, having ascended to the
Sylvian fissure, brought respectively, the rostral
and caudal parietal branches as well as the
dorsal temporal branch onto the cortex surface.
Caudally from the main trunk there descended
independent caudal olfactory artery, ventral and
middle temporal branches (Fig. 2).

Figure 2: Lateral view of the independent descent of the rostral olfactory artery and the main trunk of the middle

artery from the rostral cerebral artery

1 — Rostral olfactory artery, 2 — caudal olfactory artery, 3 — orbital branch, 4 — ventral frontal branch, 5 — dorsal
frontal branch, 6 — rostral parietal branch, 7 — caudal parietal branch, 8 — dorsal temporal branch, 9 — middle

temporal branch, 10 — ventral temporal branch
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Discussion

In European badger the middle cerebral artery
supplies blood to the same areas of the brain
as in the mammal species investigated so far.
The discrepancies concern mostly its division
into respective branches. Chadzypanagiotis (3),
describing the anatomy of the middle cerebral
artery in cat, differentiated between the branches
supplying the old cortex, the branches on the
border of the old and the new cortex as well as the
branches for the new cortex. In European badger
the arteries supplying blood to the old cortex
are minor branches which reach the piriform
lobe and olfactory tracts. On the border of the
old and the new cortex there run the olfactory
arteries: rostral and caudal. In European badger
the rostral olfactory artery in 6.3% of cases was a
vessel which descended independently from the
rostral cerebral artery. In the other cases it was
a vessel which descended independently from
the main trunk of the middle cerebral artery in
18.7% cases and the vessel which got separated
with a common trunk with the orbital, ventral and
caudal frontal branches.

The caudal olfactory artery, on the other
hand, in 20.3% cases was a vessel descending
independently from the main trunk. In the other
cerebral hemispheres it was one of the branches
of the common trunk for temporal branches or
descended directly from the ventral temporal
branch.

The other cortical branches of the middle
cerebral artery can be divided into a group of
frontal, parietal and temporal branches. In
European badger, similarly as in European otter
and other Carnivora species, there occur eight
main vessels which supply blood to the same
areas of cerebral hemispheres. Respective cortical
branches can descend from the main trunk
of the middle cerebral artery with a common
descent. Such cases of the decent were reported
by Chadzypanagiotis (3), Wiland (4) as the rostral,
middle and caudal middle cerebral artery. In
European badger the rostral middle cerebral
artery has been demonstrated as a common trunk
for frontal branches and it occurred in 25.0% of
the cases investigated, the dorsal middle cerebral
artery has been referred to as a common trunk
for parietal branches was identified in 14.1% of
the cases. The caudal middle cerebral artery

as a common trunk for temporal branches was
reported in 20.3% of the cases. In European
badger the dorsal middle cerebral artery accounted
for the lowest percentage of cases, whereas the
rostral middle cerebral artery dominated here.
A comparison of the present results with those
reported by Skoczylas et al. (8), one can state that
also in European otter the dorsal middle cerebral
artery accounts for the lowest percentage of cases
and the rostral middle cerebral artery — for the
highest percentage of cases.

In European badger, similarly as in the
mammals investigated, parietal branches are
least developed. On the surface of telencephalon
the frontal branches of the middle cerebral artery
are best developed.

The descriptions of the anatomy of the middle
cerebral artery provided in publications of
Jabtonski et al. (6), Skoczylas et al. (8) in grivet
and European otter show that it is usually a
single vessel descending from the rostral cerebral
artery. The vessel, having passed the lateral
rhinal sulcus, gets divided along its course into
respective branches. In the material investigated
such a pattern of division of the middle cerebral
artery was identified in 93.7% of the cases. In
European badger there were found cases of the
descent, from the rostral cerebral artery, two
independent arterial trunks in 6.3% of the cases.
The second independent branch from the rostral
cerebral artery was the rostral olfactory artery.
In the other mammal species the presence of
two independent descends of the branches of the
middle cerebral artery from the rostral cerebral
artery was reported in domestic rabbit in 31.4%
(12) and in raccoon dog (13) w 18,6% of the cases
and in wild rabbit (14) — in 36.5% of the cases.

The present research shows that in European
badger the observed division of the middle cerebral
artery into the same branches or their groups as
in the other mammal species studied so far is due
to genetic limitations. As claimed by Wiland (15),
the blood supply to the brain in the individuals of
given species the amount of genetic information
accumulated over the phylogenetic development
can be essential.
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KORTIKALNE VEJE SREDNJE MOZGANSKE ARTERIJE PRI EVROPSKEM JAZBECU

(MELES MELES)

B. Skoczylas, W. Brudnicki, K. Kirkitto-Stacewicz, W. Nowicki, J. Wach

Povzetek: Vzorecinrazlike v razvejanosti kortikalnih vej srednje mozganske arterije smo preuc¢evali v 64 mozganskih polob-
lah evropskega jazbeca. Ugotovili smo, da se glavna arterija razdeli na deset vedno prisotnih vej. Dve vohalni arteriji oskrbujeta
obmocje mozganov, ki se nahaja na mejimed podro¢jem neokorteksa in starejSega dela skorje mozgan. Preostalih osemvej se
delinatriveje, kise usmerijov elno podrogje, dve vejiusmerjeniv parietalno podrocjeintrisencnic¢ne veje, kioskrbujejo podrocje
neokorteksa. Celne, parietalne in temporalne veje se spustijo neodvisno od glavnega debla srednje mozganske arterije, ali pa
najprejoblikujejo skupno deblo. Obi¢ajna deblaza posamezne skupine vej so opisana kotrostralna, dorzalnain kavdalna sredn-
jamozganska arterija. Rostralnavohalna arterija je bilav 6,3 odstotkih preiskovanih primerov neodvisna od rostralne mozganske
arterije.

Kljuéne besede: arterije;mozgani; evropskijazbec
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REDUCING THE NUMBER OF BACTERIAL COLONIES
USING ECOCID®S (POTASSIUM PEROXYSULPHATE BASED
DISINFECTANT) AT SMALL ANIMAL CLINIC

Natasa Tozon'*, Majda Biasizzo? Leon S¢uka?, Tamara Potoénik®, Marjeta Redek?, Luka Prem?

'Small Animal Clinic,?Institute of Food Safety, Feed and Environment, Veterinary Faculty, University of Ljubljana, Gerbi¢eva 60, 1000 Ljubljana,
3Krka, d.d., Smarjeska cesta 6,8501 Novo mesto

*Corresponding author, E-mail: natasa.tozon@vf.uni-j.si

Abstract: Aclinical studyhasbeenconductedtotestthe efficacy of Ecocid® S, abiocidal agent. The active substanceis potassi-
um peroxysulphate andis usedin clinical practice after the mechanical cleaning of various surfaces that act as potential sources
of infection transmission. We determined 29 swabbing points, from which 87 samples were collected with cotton swabs. Swabs
were submitted for microbiological testing to evaluate microbial contamination before cleaning, and before and after disinfec-
tion with Ecocid®S. We submitted 63 swabs from 21 swabbing points for further statistical analysis. Five swabs were excluded
because the presence of bacteria in the swabs before disinfection had not been determined. The clinical study on the efficacy of
Ecocid®S disinfectant showed thatitis effective with an average reduction in contamination of 95.75%. The disinfectant was also
active with a significantly reduced time of action: it was removed with dry paper towels from all sampling points, except the floor
scales, only 5to 10 minutes after application. The time required for the proper preparation of examination tables and other equip-
mentin clinical practice is of vitalimportance fora smooth workflow.

Key words: animals; disinfection; potassium peroxysulphate; Ecocid®S

Introduction The active substance of Ecocid® S is potassium
peroxysulphate. Its efficacy is increased by added
surfactants, organic acids and an inorganic buffer
system. It has been proven effective against
many infectious microorganisms such as viruses,
bacteria and fungi (3, 4, 5, 6, 7). Because of its
special composition, Ecocid® S guarantees good
contact with the cell surface and acts on most
cell elements, the cytoplasmic membrane, the
cytoplasm and the nucleus. By acting on the
nucleus, it causes the destruction of the pathogen’s
genetic material and therefore prevents horizontal
and vertical disease transmission (8).

The standard cleaning protocol is applied
at Small Animal Clinic to maintain suitable
hygiene conditions following the professional
recommendations and good clinical practice (1).
All surfaces should be made of materials suitable
for cleaning with disinfectants and for mechanical
wet cleaning to prevent transmission of pathogens
from one patient to another, and in case of
zoonoses, from animal patients to humans.

A clinical study has been conducted at the Small
Animal Clinic to test the biocidal agent Ecocid® S
in clinical conditions. Ecocid®S belongs to a group
of oxidising disinfectants. Different studies have “ZormanRojsO.Ugotavijanjevirucidnegadelovanja Ecocid®S navirus aviarne
confirmed the efﬁcacy and safety of Ecocid® S influence H5N1, laboratorij za kuzne bolezni perutnine, Univerza v Ljubljani,

d lab diti 450 Veterinarska fakulteta, Ljubljana, 2006
under la Oratory conditions™ ( ) 5Zorman Rojs O. Comparative testing of the efficacy of the disinfectant

Ecocid®S against gumboro disease virus isolates of different pathogenicity,
Received: 22 June 2018 Institute for poultry health and protection, University of Ljubljana, Veterinary
Accepted for publication: 25 May 2020 faculty, Ljubljana, 2007.
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The study aimed to confirm the efficacy
and safety of Ecocid®S in clinical conditions at
small animal clinic using the standard protocol
of cleaning and disinfection of the most exposed
areas of the clinic.

Material and methods
Cleaning and disinfection procedure

The mechanical cleaning procedure for all
selected surfaces was carried out according to the
operating procedure of the clinic, based on the good
clinical practice and according to FECAVA Key
Recommendations for Hygiene and Infection Control
in Veterinary Practice (1). Potentially critical sites
as regards microbial contamination and possible
transmission routes of infections were determined
and included in the study. After mechanical
cleaning with a neutral detergent solution with
water and paper towels, the surface of each item
was disinfected with freshly prepared 1% Ecocid®S
solution, according to the recommendations of
the manufacturer (9). Approximately 100 ml of
the solution per m? was used and left to act for
approximately 5-10 minutes. Only the floor scale
had a 30-minute contact time.

Sampling

A sterile cotton bud was dipped into a tube of
S5 ml 0.1% peptone salt solution (Proteose Peptone
1.0 g/L (Biolife Italiana Srl, Milan, Italy), NaCl 8.5
g/L (Merck KGaA, Darmstadt, Germany)). The
surface of each 20 cm? marked spot was swabbed
in two directions. A sample was taken immediately
before and after sanitation (cleaning, disinfection)
from each sampling site. After disinfection, each
sampling site was dried with paper towels before
swabbing to neutralise any biocidal residues on
the surface and to prevent any further biocidal
action on microorganisms in the samples before
the laboratory analysis. After sampling, the swabs
were refrigerated and brought to the laboratory
within two hours of collection.

Sampling sites were determined according to the
highest exposure rate of the equipment (Table 1).

Microbiological method

The method for the enumeration of microor-

ganisms was used to evaluate the surface contam-
ination levels before cleaning and before and after
disinfection. Swab samples were homogenised,
diluted where needed and inoculated into Petri
dishes. Non-selective solid medium (Tryptic glu-
cose yeast agar, Biolife) was poured, allowed to
solidify and then incubated for 72 hours at 30 °C.
A sample with a known concentration of Bacillus
subtilis subsp. spizizenii WDCM 00003 was tested
in parallel to other samples as a quality control.
Results were calculated based on counted colo-
nies and expressed as the number of colony form-
ing units per 20 cm? (CFU/area).

Data processing and report preparation

Basic statistical methods were applied in data
processing (calculation of percentages-reduction
of number of microorganisms), and the following
tests were applied in data analysis: the x?test (chi-
squared test) for the comparison of the number of
swabs based on the given criteria (80% reduction
and 95% reduction of microorganisms). The
number of microorganisms after cleaning and after
disinfection were compared. Before the data were
processed, values for total colony forming units
were converted to logarithmic values. Analysis
of variance (ANOVA) and the t-test were used to
establish the difference between group means.
Tukey’s test was applied if differences between
group means were statistically significant.

Results

We presented Ecocid®S action test results
by individual swabbing sites (Table 1). The
effectiveness of disinfection was evaluated
according to the difference between the evaluated
contamination (CFU/20 cm? before cleaning
and before and after disinfection expressed
in logarithmic values (log,) and percent.
When reduction was 2 1.0 log , CFU/20 cm?,
contamination decreased by 90.0% or more. If
reduction was = 2.0 log,,, the drop was at least
99.0%, while the 99.99% or more decrease was
recorded for reductions 2= 3.0 log .

The staff collected 87 swab samples from 29
swabbing points. Of these, 63 swabs from 21 swab-
bing points were submitted to the ensuing statis-
tical analysis. Five swabs were not included in the
statistical analysis because the presence of bacteria
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Table 1: Source data — number of microorganisms (CFU/20 cm?) for swabbing points and testing phases

Disinfection area Sample 1 2 3
Cage top panel, presurgical room 1 0 0 0
Cage top grate, presurgical room 2 65 1200 10
Cage bottom panel, presurgical room 3 0 4600 0
Cage bottom floor, presurgical room 4 600 3000 25*%
Cage bottom floor (cat), hospital 16 220 2300 0
Cage bottom panel (cat), hospital 17 15* 6000 0
Cage bottom floor (dog), hospital 18 150000 12000 10*
Cage bottom panel (dog), hospital 19 2300 85000 10*
Examination table, cardiology ultrasound 5 25* 40* 0
Table, surgery room no. 3 65 2200 0
Table, presurgical room 7 15* 15000 0
Table, dentistry 8 0 15000 0
Examination table, exam room no. 106 20 15* 6000 0
Examination table, hospital 21 180 85 0
Examination table, ultrasound 24 460 0 0
Examination table, X-ray room 26 55 10* 10*
Examination table, dermatology room 29 1400 15000 20*
Transport table 25 450 30* 0
Thermophore (cat) 12 15* 0 0
Thermophore (dog) 28 140 25% 20%
Scale, reception 14 950 2300 60
Scales, exam room 15 550 8000 0
Inhalation chamber, panel 22 1100 15
Inhalation chamber, connectors 23 0 0 0
Laminar airflow bench for preparing cytostatic agents 27 40 15000 15
Tracheal tube (cat), orthopaedic 9 750 0 0
Tracheal tube (dog), dentistry 10 85 10 0
Tracheal tube (dog), orthopaedic 11 0 0 0
Tracheal tube (cat) 13 20* 0 0

Legend:

1 — Number of microorganisms before cleaning (CFU/surface)

2 — Number of microorganisms before disinfection (CFU/surface)
3 — Number of microorganisms after disinfection (CFU/surface)

* - Estimated number — low counts (< 10 CFU/plate) - precision of the result is low and the result is reported as estimated
Note regarding the O value: Number of microorganisms < 5 CFU/surface (values under the detection limit) were regarded as 0.00

in the swabs before disinfection had not been deter-
mined (< 5 CFU/surface). The number of microor-
ganisms was converted to logarithmic values. For
statistical processing, results reported as < 5 CFU/
surface, i.e. below the detection limit, were assigned
a value of 0.00 log , corresponding to 1 CFU.
Swabs collected from cages showed that the
average decrease in the contamination level after
disinfection was statistically significant at 99.64%
(P < 0.01). The differences in contamination lev-

el before cleaning and after disinfection were also
statistically significant (P = 0.006). Swabs collect-
ed from tables showed that the number of micro-
organisms after disinfection decreased on aver-
age by 88.87%. Reduction in contamination after
disinfection compared to before disinfection was
statistically significant (P < 0.001). Reduction in
contamination after disinfection in comparison
to the number of microorganisms before cleaning
was also statistically significant (P = 0.004).
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Comparison of reduction after cleaning and disinfection
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Figure 1: Reduction in contamina-
tion (%) after cleaning and after
disinfection on all tested surfaces
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The number of microorganisms after disinfec-
tion of tracheal tubes decreased on average by
100%. Reduction in contamination after disinfec-
tion in comparison to the level before cleaning (P
= 0.011) indicated that the complete sanitation

procedure was effective.

Results of the swabs collected from scales
showed a reduction in contamination levels after
disinfection, but due to the small number of sam-
ples, it could not be proven statistically. Swabs
collected from only two thermophores showed that
cleaning reduced the number of microorganisms:
in one case contamination levels after cleaning di-
minished completely and in another significantly.
Comparison of contamination levels before clean-
ing and after disinfection indicated that cleaning
had a significant impact on the entire sanitation
procedure. Swabs collected from other equipment
(an inhalation chamber panel and a biological
safety cabinet for preparation of cytostatic agents)
showed that the number of microorganisms after
using Ecocid®S decreased on average by 100% (an
inhalation chamber), and by 99.90% (a laminar
flow).

According to the statistical analysis of 21
swabs out of total 24, it appears that the decrease
in contamination level after disinfection was
statistically significant (P < 0.05). Three samples
were excluded because all microorganisms had
already been removed by cleaning. Contamination
after disinfection was reduced by 91.2% (SE =
5.9%) on average compared to contamination after
cleaning. In one instance (a thermophore used in
dogs) contamination after cleaning was reduced by
0% in comparison to disinfection. In this case, the
number of microorganisms was very low (25 after
cleaning, and 20 after disinfection), even though

this may be attributed to the uneven surface of
the thermophore, which features a ribbed rubber
design. In 20 remaining swabs, contamination
was reduced by almost 96% (95.75%).

There were no statistically significant (P =
1.00) differences between the compared criteria
of reduction effectiveness (95% or 80%) regarding
the number of microorganisms (Figure 1).

Discussion

The investigation showed that Ecocid® S is
effective in clinical conditions if cleaning and
disinfecting protocols applicable at the clinic
are followed and if the preparation is made in
accordance with professional guidelines and good
clinical practice (1). Microbial contamination
decreased on average by 91.2% after disinfection
with Ecocid®S, which is comparable with previous
findings®7®°. This represents a statistically
significant reduction at P < 0.05, which was also
confirmed by separate analyses for individual
sampling points on cages, examination tables,
and tracheal tubes. Cages and tables are made
of stainless steel and the removable sub-floor
grate is plastic-coated, so all surfaces are
smooth and good hygiene is already maintained
with mechanical cleaning. In certain cases,
the number of microorganisms went up, which

8S&uka L. Statistical analysis of the efficacy and safety study of the Ecocid®Sin
comparisonwith reference product, Ljubljana, 2008. Report: 1-10.

"Jurgié R, S¢uka L. Ugotavljanje uginkovitosti dezinficiensa Ecocid® S v
prakti¢nih pogojih na perutninskifarmi. Report: 1-7.

8Porocilo o testu delovanja biocidnega sredstva Ecocid®S v prasicerejskem
objektu, Univerza v Ljubljani, Veterinarska fakulteta, February 2007.

°Gruntar |. Porogilo o baktericidni aktivnosti (orEN 1656) produkta Ecocid®S,
Institut za mikrobiologijo in parazitologijo, Univerza v Ljubljani, Veterinarska
fakulteta, Ljubljana 2007.
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could be attributed to using the cleaning agent
in a sprayer. It is possible that the spray, which
includes microorganisms, forms an aerosol that
settles on the surface again. Contamination
can therefore only be reduced by applying a
disinfectant. Even though we removed the
disinfectant with dry paper towels within 5 to
10 minutes after spraying, it obviously acted
long enough to achieve the required result. The
suggested exposure of the disinfectant used in
the study is 30 minutes (9). We believe that the
reduced time of action is exceptionally important
for clinical practice, because it allows for much
faster patient flow and a smooth workflow.
Ecocid®S is an effective biocide and can also
be used for tracheal tubes of smooth non-porous
plastics after cleaning by rinsing with drinking
quality water. We believe that any residual
disinfectants used for disinfection of tracheal
tubes coming in direct contact with the mucous
surface of the respiratory tract should be removed
thoroughly with drinking quality water.
Differences in results of swabs collected from
scales were considerable and can be considered
significant, although the swabs were only collected
from two scales. Cleaning and disinfection were
slightly less effective with the floor scale, which was
expected because of its non-slip PVC lining with a
rough textured surface compared to table scales,
whose surface is made of smooth plastic material.
Cleaning of floor scales generally takes place
twice a day and more often if patients discharge
(defecate, urinate, or vomit) on the device. More
microorganisms from soiling are expected to
accumulate on the lining, which cakes after a
while. Only when this had happened, did we leave
the disinfectant to act for 30 minutes. However,
the extended time period was not sufficient to
eliminate the presence of microorganisms. We
believe that the extended time of action helped
dissolve caked soiling, because the preliminary
mechanical cleaning protocol was the same as
with smooth surfaces. To reduce contamination
more efficiently, it would be necessary to optimise
mechanical cleaning. We nevertheless believe
that the disinfection protocol for the floor scales
is satisfactory because patients generally only
stand on the lining. This does not represent a
major hazard if the number of microorganisms is
as low as established during our investigation. We
obtained similar results using the same cleaning
and disinfection protocol on thermophores,

which are often used with patients during
and after general anaesthesia. Direct contact
with patients is generally avoided when using
thermophores. Because their surface is uneven,
they must be appropriately cleaned whenever they
come into contact with a patient, with drinking
quality water and disinfectant. To remove any
residual disinfectant that might potentially cause
irritation, it is recommended that they are rinsed
with drinking quality water after disinfection.

Analysis results of other sampling points (the
inhalation chamber and the biological safety
cabinet for preparation of cytostatic agents),
selected as a potential source of transmission of
pathogens also show that cleaning and disinfection
procedures were appropriate.

Efficacy of Ecocid® S biocidal preparation
in practical clinical conditions at the Small
Animal Clinic in all places at the structure
and on all selected surfaces fully met the
required performance threshold of decreasing
contamination on average by 1 log , CFU/20
cm? (i.e. the contamination level was reduced at
least by 90%). There are limited data on hospital-
associated infections and only a few studies on
optimal cleaning and disinfection procedures in
small animal clinical practice (10, 11).

An important limitation of the study is that we
did not have the opportunity to test the efficacy on
selected and important pathogens, although the
product was tested on some of these in laboratory
conditions.

Conclusion

The study showed that Ecocid® S disinfectant
is effective in practical clinical conditions with
an average 95.75% reduction in microorganisms
compared to samples before and at the end of the
disinfection process. The disinfectant was also
effective when the time of action was significantly
shorter, as it was wiped clean with dry paper
towels from all sampling points except the floor
scales only 5 to 10 minutes after application.
The time needed for the entire process of proper
disinfection between individual patients is of
utmost importance for a smooth clinical workflow.
We believe that Ecocid®S can be successfully used
even for the same equipment, such as tracheal
tubes. When it is rinsed off with drinking quality
water, it does not cause any irritation in animals.
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ZMANJSANJE STEVILA BAKTERIJ PO UPORABI RAZKUZILA ECOCID® S (RAZKUZILO
NA OSNOVI KALIJEVEGA PEROKSISULFATA) V PROSTORIH KLINIKE ZA MALE ZIVALI

N.Tozon, M. Biasizzo, L. S&uka, T. Potoénik, M. Redek, L. Prem

Povzetek: Sklini¢no $tudijo smo Zeleli ugotoviti u¢inkovitosti biocidnega razkuzila Ecocid®S. Aktivna snov v razkuzilu je kali-
jev peroksisulfat, ki se naklinikah uporablja za razkuzevanje razli¢nih povrsin, ki predstavljajo klju¢na mesta za prenos okuzb, po

njihovem mehani¢nem ¢is€enju. Dolocilismo 29 vzorénih mest, na katerih smo z uporabo bombaznih brisov odvzeli 87 vzorcev. Z
mikrobioloskim testiranjem smo ugotavljali stopnjo kontaminacije pred ¢is¢enjem, ter predin porazkuzevanjuzEcocid®S. Za sta-
tisticno obdelavo smo uporabili 63 rezultatovz 21 vzorénih mest. Pet rezultatov je bilo izloCenih iz obdelave, ker je bila Zze pred raz-
kuzevanjem stopnja kontaminacije pod mejo detekcije uporabliene metode. S klinicno Studijo u¢inkovitosti razkuzila Ecocid®S
smo ugotovili povpre¢no 95,75 % zmanjs$anje Stevila kontaminantov po uporabi razkuzila. Razkuzilo je bilo u€inkovito tudi ob
skrajSanem ¢asu delovanja le 5 do 10 minut po nanosu. Zaradi zagotavljanja teko¢ega dela na kliniki je izredno pomemben
¢as, kije potreben za ustrezno pripravo povrsinin druge opreme za pregled zivali, zato je razkuzilo Ecocid® S primerno za upo-
rabo naveterinarskih klinikah, saj hitro in u¢inkovito zmanjsa bakterijsko kontaminacijo.

Klju€éne besede: zivali; dezinfekcija; kalijev peroksisulfat; Ecocid® S
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OCCURRENCE, MOLECULAR IDENTIFICATION AND ANTIBIOTIC
RESISTANCE PROFILING OF MycoprLASMA GALLISEPTICUM AND
MycoprLASMA sYNOVIAE FROM CHRONIC RESPIRATORY DISEASE
CASES IN POULTRY BIRDS AND FARM ENVIRONMENT
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Abstract: Avian mycoplasmosisis animportant risk for commercial poultry production leading to enormous losses in terms of
disease and productivity. The main causative agents are Mycoplasma gallisepticum and Mycoplasma synoviae. To study the
variable degree of resistance to commonly prescribed and used antibiotics in mycoplasmosis, a total of 115 samples including
tissue specimen and swabs were collected from chronic respiratory disease (CRD) cases of broiler and layer birds and their con-
taminated farm environment. The samples were directly passaged into the Brain Heart Infusion broth (supplemented with 10 %
horse serum, NAD, cysteine, penicillin and thallium acetate). Positive samples were transferred to Brain Heart Infusion agar (Dif-
co) for the isolation of Mycoplasma spp. while negative samples were declared after the third passage. Of the samples, 61.5%
were found positive for Mycoplasma spp., which were recovered mostly after second passage. Out of total culture positive cas-
es, Mycoplasma gallisepticum (MG) was identified in 62% cases and Mycoplasma synoviae (MS) in 38%, as confirmed through
Polymerase Chain Reaction (PCR) using specific primers. The MG and MS isolates showed variable degrees of sensitivity
against the commercially available drug of choice, tylosin. The highest Minimum Inhibitory Concentration (MIC) of enrofloxacin
(112.38+4.34 ug/ml) was recorded against MG, followed by tetracyclin (91.58+4.66ul/ml), gentamicin (54.33+2.98 ug/ml), spiro-
micin (52.23+3.99 ug/ml) and tylosin (52.58+2.69 ug/ml). The highest MIC for enrofloxacin (168.24 +3.82 ug/ml) was recorded
againstMS followed by tetracyclin (115.48+2.62 ug/ml), spiromicin (95.96 £2.17 ug/ml), tylosin (84.84+2.56 ug/ml) and gentamicin
(46.4x218 ug/ml). Multiplex PCR is a time tested tool for the molecular diagnosis and confirmation of Mycoplasma species.

Key words: avian mycoplasmosis; chronic respiratory distress; minimum inhibitory concertation; multiplex polymerase chain
reaction

Introduction

Mycoplasma infections continue to be an
important cause of loss in poultry production. The
economic consequences are important because of
decreased egg production; and growth, and poor
hatchability rates due to increased embryo mortality
and account for 5-10% of early chick mortality

Received: 5July 2018
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(1, 40). Mycoplasmosis results in reduced weight
gain and feed conversion efficiency along with
significant downgrading of carcasses at slaughter
due to airsacculitis and arthritis lesions (2, 3).
Mycoplasmosis is thus a major problem for the
poultry industry; and the infections are commonly
known as Chronic Respiratory Disease (CRD) of
chickens and infectious sinusitis of turkeys (4).
Mycoplasma gallisepticum (MG) is an economi-
cally significant pathogen of poultry; and the World
Organization of Animal Health (OIE), has declared
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the disease caused by MG as notifiable (1). My-
coplasma synoviae (MS) infection most frequently
occurs as sub-clinical upper respiratory problem,
and causes air sac lesions when combined with
Newcastle Disease, Infectious Bronchitis, or both
(5, 6). Systemic M. synoviae infection results in
synovitis, an acute to chronic disease of chickens
and turkeys, involving the synovial membrane of
joints and tendon sheaths (7, 8). In recent reports,
Mycopasma synoviae has also been diagnosed as
a causative agent of an emerging issue of sharp
decline in egg production with eggshell apex ab-
normalities in poultry (9, 41).

In view of the forthcoming World Trade Orga-
nization (WTO) recommendations, the establish-
ment of Mycoplasma- free chickens, day old chicks
and hatching eggs is needed; otherwise exports
will be impossible (10). Control of Mycoplasma
infections by vaccination is possible, and various
measures are implemented in many countries and
control and eradication programs, particularly for
MG in breeding stock, are successful. Sometime,
chemotherapeutic approaches become necessary
to minimize Mycoplasma transmission in cases of
outbreaks, as a complement to bio-security mea-
sures, in order to minimize economic losses as
well as lateral and vertical transmission (8).

Many antimicrobial drug groups, such as
macrolides, pleuromutilins, tetracyclines and
fluoroquinolones, have been shown to possess
inhibitory activity against various mycoplasmas
in in-vitro studies (11). However, an increase in
resistance of Mycoplasma gallsepticum against
tetracyclines (12, 13), macrolides (14, 15) and
quinolones (16) has been reported and treatment
strategies have proved unsatisfactory (17).

The current study was aimed at the isolation
molecular identification and antibiotic resistance
profiling of MG and MS from commercial poultry
birds (broilers and layers) and the farm settings/
environment.

Materials and methods

Sample collection

A total of 115 samples were collected; most from
diseased but alive broiler and layer birds showing
signs of respiratory distress and other clinical
signs were (n=94), and the rest from contaminated
farm environments (n=21). Samples from birds
included tissues such as trachea and lungs,

exudates from air sacs and oral swabs, as well as
synovial fluids, while samples collected from farm
environment were only swabs from building walls,
water drinkers and feeders (18).

Isolation of Mycoplasma species

The samples were directly inoculated into
modified Brain heart infusion (BHI) broth (Difco
TM Detroit, United States) as described previously
(3), supplemented by 10% horse serum, NAD,
cysteine chloride, penicillin, thallium acetate
and phenol red. The samples were incubated
at 37 °C for 24-72 hours. The negative samples
(showing no growth) were further passaged
while positive samples were transferred to Brain
Heart Infusion agar (Difco) for the successful
isolation of Mycoplasma gallisepticum and
Mycoplasma synoviae. The isolate identifications
were confirmed by the biochemical tests; glucose
fermentation, arginine hydrolysis, phosphatase
activity, film and spot production, tetrazolium
reduction and casein digestion (19, 20).

Molecular confirmation

The DNA from the isolated Mycoplasmaspp. was
extracted and purified using Phenol Chloroform
method (21). The isolated DNA was subjected
to multiplex Polymerase Chain Reaction (PCR)
using specific primer sequences (22). For MG, the
lipoprotein gene was amplified using primer MG-F
5-GGATCCCATCTCGACCACGAGAAAA-3’ and
MG-R 5-CCTTCAATCAGTG: AGTAACTGATGA -3’
and for MS, the 16SrRNA gene was targeted using
primer MS-F 5- GAA GCAAATAGTGATATCA- 3’
and MS-R 5- GTCGTCTCGAAGTTAACAA - 3.
The PCR was performed using 50 ul of master
mix (Vivantis, USA) and 10 pM of each forward
and reverse primer. The reaction protocol was
optimized as: initial denaturation at 94 °C for five
minutes, followed by 30 cycles of denaturation at
94°C for 45 sec, annealing at 50 °C for 30 sec, and
extension at 72 °C for 1 min, while final extension
was done at 72 °C for 7 min in thermal cycler
(PeqLab, Germany). The amplified product was
run on 2% agarose gel using 0.2 ug/ml ethidium
bromide dye and visualized in gel documentation
system (Dolphin Doc, USA) using a 100bp ladder
(Vivantis, USA) as DNA marker (23).
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Determination of minimum inhibitory
concentrations

The isolates were subjected to a broth micro-
dilution technique to determine the Minimum
Inhibitory Concentrations (MICs) as described
previously (12, 24, 25). Five antibiotics were
selected representing different antibiotic classes:
enrofloxacin, tetracycline, gentamicin, spiromicin,
and tylosin. The assay was performed in 96-well
micro-titration plates. Two-fold serial dilutions
of the different antibiotics, were made in 50 ul
modified BHI broth. At the end, 150 ul of broth
containing organisms (10*-10° CFU/ml) was added
into each well. Two parallel controls were also
run, including a control positive (Culture control)
containing broth and test culture, and a control
negative containing no antibiotic. The minimum
concentration of antibiotic that prevented the
color change of the medium was taken as theMIC
(15, 26).

Statistical analysis

Antimicrobial sensitivity of different types of
isolates collected from different types of farms
against different types of antibiotics makes
a complex design of experiment. Descriptive
statistics are presented as the mean of MIC values
for different types of isolates for each antibiotic with
standard deviation (Table 1). MIC values for both
species against similar antibiotics were compared
with one-way analysis of variance (ANOVA) and
student t-test, with a significance level of 0.05.

Figure 1: Isolation of Mycoplasma gallisep-
ticum from different samples collected from
broiler and layered birds as well as their
farm environment

In addition, data for each Mycoplasma spp. were
analyzed separately with one-way ANOVA at a
significance level of 0.01. All data analyses were
done by using Minitab® version 16 (Minitab Inc.).

Results
Isolation of mycoplasma

Of thellS samples collected from chronic
respiratory disease cases of broiler and layer
birds, 61.5% were positive for Mycoplasma spp.
Of these positive cultures, 62% were positive
for Mycoplasma gallisepticum (MG) and 38% for
Mycoplasma synoviae (MS). MG was isolated from
tracheae (40%), air sacs (27%), lungs (10%), oral
swabs (10%), feeders /drinkers (8%), and walls
(5%) (Figure 1). MS was isolated from synovial
fluid (40%), lungs (24%), air sacs (16%), tracheae
(12%), and feeders / drinkers (8%) (Figure 2).

Maximum recovery of MG from clinically ill
birds was observed from tracheas (42 %) and air
sacs (29%), followed by lungs (8%) and oral swabs
(8%), whereas recovery from the contaminated
farm environment was recorded as 8% from feeder/
drinker samples and 4% from wall samples. In the
case of Mycoplasma synoviae, highest recovery
was obtained from synovial fluid (40%) followed by
lungs (27%), air sacs (13%), tracheae (13%) and
feeder / drinker samples (7%).

The isolates were confirmed through PCR.
Mycoplasma gallisepticum yielded 720bp of PCR
product, while 207 bp band size was observed in
case of Mycoplasma synoviae (Figure 3).
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) Figure 2: Isolation of Mycoplasma sy-
i Feeder/drinker noviae from broiler and layered birds

Figure 3: PCR-based confirmation of isolates.
Lane M: Maker 100bp, Lane 1, 2, 3 and 4:
positive samples for Mycoplasma gallisepti-
cum, Lane 5, 6, 7 and 8: positive samples for
Mycoplasma synoviae
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Figure 4: Minimum Inhibitory Concentration (MIC) of
commercially available antibiotics against Mycoplas-
ma gallisepticum isolated from different samples
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Antibiotic sensitivity profile

The isolates of Mycoplasma gallisepticum
showed a variable degree of resistance against the
antibiotics tested with significantly higher MIC,  of
enrofloxacin as compared to the other antibiotics
tested (Table 1). Enrofloxacin was followed by
tetracycline, gentamicin, spiromicin and tylosin.

In the case of Mycoplasma synoviae (MS),
significantly higher MIC was also recorded against
enrofloxacin. This was followed by tetracycline
followed by, spiromicin, tylosin and gentamicin
(Table 1).

One way analysis of variance (ANOVA) showed
statistical differences (P<0.05) in the MIC of
enrofloxacin, tetracycline, gentamicin, spiromicin

& Enrofloxacin
# Tetracycline
i Gentamicin
& Spiromicin

E Tylosin

Samples

and tylosin against MG and MS (Table 1).
Statistical analysis with student t-tests (P<0.095)
showed that enrofloxacin, tetracycline, spiromicin
and tylosin have greater MIC against MS, while
gentamicin has greater MIC against MG.

One-way analysis of variance (ANOVA) showed
no significant difference (P<0.01) in MIC of
enrofloxacin against different isolates of MG.
Tetracycline, gentamicin, spiromicin and tylosin
also showed the same pattern for different isolates
of MG (Figure 4). There were no significant
differences (P<0.01) in the MIC of enrofloxacin
against different isolates of MS. Tetracycline,
gentamicin, spiromicin and tylosin also showed
the same pattern for all isolates of MS.

Table 1: Minimum Inhibitory Concentration (MIC) of commercially available antibiotics against Mycoplasma
gallisepticum and Mycoplasma synoviae, shown as (Mean+SD) ug/ml

Antibiotics Mycoplasma gallisepticum (n=40) Mycoplasma synoviae(n=25) P-value
Enrofloxacin 112.38+4.34 168.24 £3.82 0.00
Tetracycline 91.58+4.66 115.48+2.62 0.00
Gentamicin 54.331£2.98 46.4£2.18 0.00
Spiromicin 52.23+3.99 95.96 £2.17 0.00
Tylosin 52.58+2.69 84.84+2.56 0.00

Means are significantly different (P<0.05)
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Discussion

The disease caused by Mycoplasma gallisepticum
and Mycoplasma synoviae is known as Chronic
Respiratory Distress (CRD), which causes heavy
economic losses in the poultry industry by
decreasing production and increasing the cost of
production via medication expenses (10).

A multiplex PCR has been optimized for
successful detection of five of the respiratory tract
pathogens including Mycoplasma gallisepticum,
Mycoplasma synoviae, Newcastle Disease virus,
Infectious Bronchitis virus and Avian Influenza
virus (23, 27, 28, 29). Several studies have shown
successful detection of individual pathogens,
including a multiplex PCR for the detection of
Mycoplasma spp. (30) and multiplex RT-PCR for
respiratory tract viruses (6).

A PCR assay for detection of the variable
heamagglutinin gene (vlhA gene) of M. synoviae
(31, 32) has proved to be a useful tool in the
detection and typing of different MS strains.
Comparing vlhA-PCR with 16SrRNA-PCR (31) has
also shown that in the very early stage of infection
the 16SrRNA procedure is more sensitive than the
vlhA method (27).

The development of multiplex PCR for the
detection of different pathogenic species of avian
mycoplasma in a sample. The above approach is
reliable, sensitive and specific and help to reduce
the losses due to mycoplasma infections by early
and accurate diagnosis of avian mycoplasma
species (22, 24, 25).

The aim of this study was to assess the in vitro
antimicrobial susceptibilities of M. gallisepticum
and M. synoviae isolates from broilers, layer birds
and the farm premises. In Pakistan, the control
strategy for avian mycoplasmosis is largely based
on the use of effective antibiotics, which helps
in controlling the severity of clinical disease and
prevents substantial economic losses. However,
it is worth mentioning that administration of
antibiotics depends on the dosage and duration
of administration; which may fail to completely
eradicate these pathogens from the infected flocks.

Mycoplasma gallisepticum and Mycoplasma
synoviae have shown sensitivity in vitro to several
antimicrobialsincluding,tetracyclines, macrolides,
lincosamides, fluoro-quinolones and others
(14). PCR confirmed isolates of M. gallisepticum
and M. synoviae were tested using enrofloxacin,
tetracycline, gentamicin, spiromicin and tylosin.

The isolates of Mycoplasma gallisepticum showed
a variable degree of resistance against the
antibiotics tested, with a significantly high MIC/
of Enrofloxacin as compared to other antibiotics
tested followed by tetracycline, gentamicin,
spiromicin and tylosin. This is similar to the
findings reported by Behbahan and co-workers
(33) and the findings of (16, 34, 36, 37). On the
other hand, a previous study of MG isolates from
Israel had increased resistance to enrofloxacin
(26, 35).

In the case of Mycoplasma synoviae (MS),
significantly high MIC against enrofloxacin,
followed by tetracycline, spiromicin, tylosin and
gentamicin (46.4+£2.18 pg/ml). These findings
were similar to those of (25, 38, 39).

The results of the current study elucidate the
significant losses incurred by poultry birds due to
high morbidityand mortality, alongwith production
losses. The multiplex PCR is an efficient, reliable
and reproducible tool for the rapid confirmation
and diagnosis of avian mycoplamosis. The severity
of the problem is of utmost importance and needs
to be further investigated using classical diagnostic
methods, along with latest molecular techniques
for assessment of the disease scenario. There is
a huge need to update the therapeutic regimen
owing to increased antibiotic resistance from time
to time.
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POJAVNOST, MOLEKULARNA IDENTIFIKACIJA IN UGOTAVLJANJE ODPORNOSTI NA
ANTIBIOTIKE MIKOBAKTERIJ MycopPLASMA GALLISEPTICUM in MYCOPLASMA SYNOVIAE IZO-
LIRANIH 1Z KOKOSI S KRONICNIMI DIHALNIMI OBOLENUJI IN 1Z NJIHOVEGA BIVALNE-
GA OKOLJA

A.B.Siddique, S.U.Rahman, M. Ulhag, R. Naveed

Povzetek: Pti¢ja mikoplazmoza jeresnotezavav perutninski proizvodnii, kivodiv velike izgube zaradi obolevanja perutnine
in posledi¢no povzro¢a ekonomske izgube. Glavni povzrocitelji mikoplazmoz so Mycoplasma gallisepticumin Mycoplasma
synoviae. Zapreucevanje spremenljive stopnje odpornostina obi¢ajno predpisane in uporabljene antibiotike pri mikoplazmo-
zije bilo odvzetih skupno 115 vzorcey, vklju€no z vzorci tkiva in brisom, pitovnih piS€ancev, nesnic s kroni¢nimi boleznimi dihal
(CRD)iniznjihovega bivalnega okolja. Vzorci so bili preneseniv tekoCe gojis¢e BHI (izangl. Brain Heart Infusion), zdodatkom
10 % konjskega seruma, NAD, cisteina, penicilina in talijevega acetata. Pozitivne vzorce smo preneslivagar BHI (Difco) za izo-
lacijo Mycoplasma spp. Vzorci so bili doloCeni kot negativni po tretji pasazi. Med vzorci je bilo 61,5 % pozitivnih na prisotnost
Mycoplasma spp., kismo jih vecinoma ugotovili po drugi pasazi. Od vseh pozitivnih primerov je bila ugotovljena Mycoplasma
gallisepticum (MG) v 62 % primerov, Mycoplasma synoviae (MS) pa v 38 %, kar je bilo potrjeno z verizno reakcijo s polimerazo
(PCR) z uporabo specifi¢nih primerjev. Izolati MG in MS so pokazali spremenljivo stopnjo ob&utljivosti na komercialno dos-
topno zdravilo tilozin. Minimalna zaviralna koncentracija (MIC) pri MG je bila najvisja pri enrofloksacinu (112,38 + 4,34 ug/ml),
sledili pa so tetraciklin (91,58 = 4,66 ul/ ml), gentamicin (54,33 = 2,98 ug/ml), spiromicin (52,23 + 3,99 ug/ml) in tilozin (52,58 +
2,69 ug/ml). Najvisjo MIC proti MS smo ravno takougotovili pri enrofloksacinu (168,24 + 3,82 ug/ml), ki so mu sledili tetraciklin
(115,48 2,62 ug/ml), spiromicin (95,96 + 2,17 ug/ml), tilozin (84,84 + 2,56 ug/ml) in gentamicin (46,4 £ 2,18 ug/ml).

Klju€ne besede: pti¢ja mikoplazmoza; kroni¢na bolezen dihal; minimalna zaviralna koncentracija; mnogokranta PCR re-
akcija
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COMPARISONS OF THE HISTOLOGICAL MORPHOLOGY AND IN
VITRO PERCUTANEOUS ABSORPTION OF CAFFEINE IN SHED
SNAKE SKIN AND HUMAN SKIN
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Abstract: The employment of excised skin (human or animal) mounted in diffusion cells is frequently used for the characteriza-
tion of biopharmaceutical properties of topical semisolids dosage forms. Reptile skin from snake appearsto be a useful alterna-
tive to otheranimal and human skins in assessing the potential fortransdermal drug delivery. The aim of the study wasto compare
human and snake skinfroma histological point of view. Furthermore the absorption of caffeine, as a hydrophilic model substance,
was compared on snake shed skins (two anatomical locations; ventral and dorsal), from three different species, Python regius,
Epicrates maurus colombianus, Lampropeltis triangulum campbelli, and human skin. Snake skin shows histological similarity
to human Stratum corneumin term of thickness and composition. Regarding the absorption, the cumulative amount of caffeine
increased linearly with time through the dorsal and ventral shed skins of all 3 species. Except for Lampropeltis triangulum camp-
belliventral skin, the caffeine permeation behavior obtained on all snake shed skins evaluated wasin a similarrange asonhuman
skin. One main advantage of shed skin, is that snakes molt regularly and can provide many sheds, that can be obtained without
sacrificing the animals.

Key words: caffeine;transdermal; shed skin; in vitro; snake; topical formulation

Introduction becoming increasingly popular (1, 2). Currently
the tendency is the decreased interest and
acceptance for animal testing (3).

In the last twenty years, the trend of the
scientific community was to reduce the number
of animals wused in preclinical and further
scientific experiments. The 3Rs (Replacement,
Reduction, Refinement) guiding principle (4) try
to be progressively adopted by various research
institutes in order to set up animal alternatives
testing methods based on cell or tissue in vitro
assays. Thisinnovative pointofviewisinaccordance
with the animal rights. But new in vitro models,
which correlate as much as possible to human in
vivo conditions, are still needed. Currently, in vitro

Transdermal drug delivery (TDD) is an
alternative to gastrointestinal administration
systems. The bypassing of the intestinal tract
avoids first-pass metabolism, and can reduce the
risk of toxicity and increases patient compliance.
Pharmaceutical companies are focusing on the
elaboration of new topical formulations. For
the facilitation and shortening of the generally
lengthy and resource consuming pharmaceutical
development procedures, in vitro models are
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Franz diffusion experiments have been recognized
as one of the most significant tool to investigate
transdermal drug administration.

According to the OECD 428 guideline (5),
various excised skins, full or dermatomed, from
human or animal origins can be used as biological
membrane mounted in Franz diffusion cells to
evaluate the absorption of molecules from topical
formulations. Skin membranes can be prepared
in different manners, but the most important
layer, Stratum corneum (SC) representing the
main barrier of the tissue, must remain intact
for the investigations. Physiological buffer is
recommended as acceptor medium, in order to
simulate the systemic circulation. Samples are
drawn at define time intervals or continuously (5).

Excised human skin is considered to be the
most predictive membrane for in vitro permeation
studies. But ethical considerations and scarcity
of the tissue represent the main problems for the
laboratories to use human skin for percutaneous
absorption evaluations. Therefore, animal skins
that are histologically similar to human skin,
such as porcine skin (sometimes obtained from
slaughterhouses), are often used as alternatives,
but require sacrificing the animal (5).

Based on lipid composition as well as on
thickness of the Stratum corneum, snake skin
(reptile) appears to be an interesting substitute of
human and further animal skins (6).

In 1988 Higuchi and Kans introduced for the
first time the concept of using snake shed skin as
biological barrier for in vitro percutaneous studies
(7).

One major benefit of snake shed skin is that
the molting process occurs regularly (e.g. once
a month), providing therefore multiple sheds
from a single individual. The variability between
individual as it is the case in other models is
excluded (8).

Further non-negligible advantage, is that
the skin can be obtained without sacrificing the
animals. Also, zoos in each country can make
these tissues easily accessible for the laboratories.
The tissue is “dead” biological material therefore
storable at room temperature.

Here, we present, after a histological comparison
between human and reptile skin, the results of
in vitro permeation testing for snake shed skin
compared to human skin using a well-established
Franz cell diffusion method and caffeine as
marker. Caffeine, a high permeable marker, with

high biological activity properties (degradation
of fat, cells protection against UV, stimulation
of hair growth (9), is often included in cosmetic
formulations. Furthermore this molecule is used
as hydrophilic quality control molecule, in in vivo
as well as in vitro absorption studies with human
or animal skin (5).

It is not well known on the use of shed snake
skin as a substitute for the human skin. For this
purpose, shed skins (in two anatomical locations:
ventral and dorsal) of three different species from
three different families of snakes, Colubridae,
Boidae, and Pythonidae, were compared to human
skin.

Material and methods

Anhydrous caffeine (purity: 99.9 %, molecular
weight: 194.19 g.mol!, log P: -0.07, pKa: 10.4 at
40°C, solubility: 21.6 mg.L'! at 25 °C (10) used
for the preparation of the test solution and as
analytical standard was obtained from Carl Roth
GmbH (Karlsruhe, Germany). PBS (phosphate
buffered saline) powder without Ca?* and Mg?*, was
supplied by Biochrom GmbH (Berlin, Germany).
Hematoxylin and all further reagents used for
Histology were from Dako belonging to Agilent
Technologies GmbH (Waldbronn, Germany).

Caffeine solution for topical administration

A caffeine solution with a concentration of
approximately 10 mg-mL! was prepared. The
caffeine was weighed in a volumetric flask and
filled up to the mark with PBS-buffer pH 7.4.
Finally, the solution was shaken until completely
dissolved.

The PBS buffer pH 7.4 without Mg ions and Ca
ions was prepared as follows: 9.55 g dry substance
(e.g. Dulbecco’s phosphate buffered saline from
Biochrom) was transferred into a 1 liter volumetric
flask and dissolved in 900 mL purified water. The
pH value was controlled and adjusted to 7.40 £
0.05 with ortho-phosphoric acid. Afterwards the
flask was filled up with purified water. The solution
was degassed in an ultra-sonic bath for at least 15
minutes prior to use. The composition (according
to supplier Biochrom) is as follows: 8000 mg/L
NacCl; 200 mg/L KCl; 1150 mg/L Na2HPO4; 200
mg/L KH2PO4.
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Permeation across human and snake shed
skins

Human skin

This ex vivo absorption method was based
on the Organisation for Economic Cooperation
and Development (OECD) Test No. 428: Skin
absorption: in vitro method (OECD, 2004) (5).
Human abdominal skin samples from twenty three
patients were obtained via surgical skin removal
procedures (Dr. Pierre Sibille, reconstructive
and cosmetic surgeon, Nancy, France) that were
unrelated to the present investigation. Each of the
twenty three patients consented to the scientific
use of skin prior to surgery. Skin was not used
if there was a pathologic finding, skin damage,
strongly marked scarring, or pregnancy stretch
marks.

The excised skin was cooled to 4°C. Then, the
subcutaneous fatty layer was separated from the
skin, and the skin specimen was stored at -20°C
until use (less than 466 days according to the
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OECD guideline 428). To prepare the skin sample
for use, the specimen was thawed and cut into
strips with a scalpel and dermatomed to a mean
thickness of 500+100 um, leaving the Stratum
corneum intact.

Snake shed skin

The shed skins of three snake species from
three different snake families were obtained
after molting from the author’s private collection
(Figure 1). The three selected species were: from
the Colubridae family, Lampropeltis triangulum
campbelli (Lampropeltis), from the Boidae family,
Epicrates maurus colombianus (Boa) and Python
regius (Python) from the Pythonidae family. The
tissues were not older than 2 months and stored
at room temperature, under dry conditions,
until preparation. Humidity condition was not
controlled.

The skins were cut to size and hydrated by
allowing them to soak overnight in distilled water
in a covered petri dish (Figure 2) (11).

Figure 1: Photographs of the shed snake skins. A. Python regius, B. Epicrates maurus colombianus and
C. Lampropeltis triangulum campbelli. a. Dorsal part, b. Ventral part
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Franz cell

Circular samples from each skin specimen were
prepared with a hollow punch and placed between
the donor and receiver sections of a Franz cell
(diffusion area 1.8 cm?), with the Stratum corneum
facing the donor cell. The receptor compartment
medium was PBS pH 7.4 without Mg or Ca ions and
was kept at 32+1°C. The receptor compartment
was mixed with a magnetic stir bar at 400 rpm.

1.2 ml caffeine solution (10 mg.mL') was
applied to the skin surface in the donor cell and
320 pL samples were withdrawn from the receiver
compartment at 4, 6, 8, 20, 24, 28, 32, 46, and
48 hours. The sampled volume was replaced with
phosphate-buffered saline (PBS) after each sample
was removed.

Each experiment was done in four fold per skin
species.

Analytical methods

Caffeine concentrations were determined
using an HPLC (high performance liquid
chromatography) serie 1200 from Agilent

Technologies GmbH (Waldbronn, Germany) and a
996 PDA (Photo Diode Array) detector from Waters
GmbH (Eschborn, Germany). The lower limit of
quantification of caffeine was 0.050 ug.mL!. The
column used was a Waters Symmetry C18, 3.5
pm, 4.6 x 75 mm, supplied by Waters GmbH
(Eschborn, Germany), set at 40°C. The mobile
phases were phosphate buffer pH 3.50 (+ 0.05)
and acetonitrile run in gradient condition at
a flow rate of 1.0 ml.min! (gradient profile: 0.0
min; buffer/ACN 90/10 => 2.5 min: buffer/ACN

——

Figure 2: dorsal Python shed snake skin applied
on the franz diffusion cell after overnight
hydratation

90/10 => 5.0 min: buffer/ACN 40/60 => 6.0 min:
buffer/ACN 40/60 => 6.1 min: buffer/ACN 90/10
=> 10.0 min: buffer/ACN 90/10), and detection at
272 nm. The retention time was 3.7 minutes.

Calculations

Apparent permeation coefficient was calculated
using Eq. 1:

d 1 1

P, app — d_f ''''' Vb (1)
P, is the apparent permeation coefficient (cm.s™)

dQ/dtis the steady state transport rate obtained
by linear regression of the amount of test
substance transported vs time (ug.s™)
m,, is the initial mass of test substance in the
donor compartment (ug)
A is the area of exposed skin (cm?)
and V, is the donor volume (cm?)

Statistical methods

Differences in cumulative transport through
the skin samples were compared with a non-
parametric Mann-Whitney U- test. All results are
expressed as mean * standard deviation.

Histology

Human and reptile skin tissues (not thicker
than 3 mm) were fixed in 10 % formalin at room
temperature for 8 hours and then dehydrated
in a grade series of ethanol baths (70 % ethanol
for 1 hour, 95 % ethanol for 1 hour twice, 100 %
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ethanol for 1 hour twice). The tissue was cleared
in xylene for 1 hour (2 times), then embedded in
paraffin blocks. Paraffin sections were done at a
thickness of 4 to 5 um from paraffin blocks. The
obtained slides were allowed to dry overnight. The
next day the slides were placed in a 55 °C oven for
ten minutes to melt the paraffin. Deparaffinize was
done by using two changes of Xylene for 5 minutes,
two changes of 100 % alcohol and 95 % alcohol
for 3 minutes each. The staining was performed
by using hematoxylin. The mounted slides were
examined using a Leica DM4000 B Microscope, and
photographed by a Leica MC120HD HD Camera
from Leica Mikrosysteme Vertrieb GmbH (Wetzlar,
Germany).

Results
Histology

Like mammalian skin, reptile skin consists of
two main layers: the epidermis at the surface and
the dermis underneath.

Reptile epidermis (see figure 3 A) is characterized
by the presence of a unique thick, horny surface
featured with epidermal scales. Integumentary
glands are not abundant. Snake shed skin and
human Stratum corneum present analogies. The
tissue thickness is similar with 13-15 pm and
10-20 pm in respectively human and snake shed
skin. The structure for keratin type a and B (3: only
reptiles and birds) as well as the lipid composition
is comparable in both tissues (2.0-6.5% in human

Oberhaiitchen

. :#‘n, + Stratum
u)__germinativu
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Stratum corneum and 6.0% in snake shed skin) (12).
The main difference is that human epidermis
has a dense Stratum corneum (see figure 3 B), with
hairs present arising from hair follicles. In addition,
in human skin, epidermal glands including
sebaceous or sudoriferous glands are present.

Reptile epidermis is composed of three cell
layers arranged from the bottom to the surface as
follows (see figure 4A):

Stratum germinativum or basal layer composed
of undifferentiated growing cells ensuring the
renewal of the epidermis

Stratum intermedium or intermediate zone
composed of cells in migration and producing
keratin. The cells become flatter as they reach the
surface.

Stratum corneum, the third layer of the epidermis,
is constituted of three layers: an a keratin layer,
a B keratin layer and the third layer named
Oberhautchen (13). These layers are composed
of highly keratinized flat dead cells. a keratin is
similar to the keratin in the composition of the hair
in mammals. 5 keratin is similar to the keratin in
the composition of bird feather. These two layers
provide flexibility to the epidermis, due to the a
keratin helical structure, but also inflexibility, due
to the R keratin pleated sheet structure. The
keratin is predominant on the outer scale surface
(providing the rigidity to ensure the protection
function of the skin) and is attenuated on the inner
scale surface and hinge region. In the hinge region
of the scales, a keratin is more present, providing
the elasticity to this area. The epidermis of the belly

gr
‘Stratum spinosum
Stratum basale

Figure 3: Photomicrograph of histological sections of reptile and human skins. A. reptile dorsal skin X400.
B. human skin, X5. Stratum lucidum is not visible. Ep: Epdermis, De: Dermis
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Figure 4: Diagrammatic representations of snake skin. A. transverse section of snake skin (adapted from Roberts 1986)
(14). B. Terminal differentiation in the shedding cycle stage 5 and 6

is composed of a thicker and keratin rich layer to
insure the protection against roughness of the
ground or other substrate. Between these keratin
layers (a and #3) appears a polar lipid layer (named
mesos layer), which plays a role in the permeability
of the skin to water, gases, and other molecules.
The dermis located below the epidermis is
at least four times as thick, and consists of a
connective tissue containing abundant collagen
fibers arranged in a reticular pattern, as well as
blood vessels, sensorial receptors, and nerves. The
main difference compared to mammalian skin is
the lack of glands, follicular hairs, and arrector
muscles. The hypodermis is mainly composed of a
layer of abundant subcutaneous adipose tissue and
overlies a deep fascia and skeletal muscle fibers.

Physiological molting (Ecdysis)

Molting can be a continuous renewal as seen
in mammalian epidermis. This mode is adopted
by most chelonians and crocodilians. The other
mode is the episodic shedding of epidermis, as
adopted by squamate reptiles.

Moltingis a physiological mechanism dependent
on the thyroid hormones. These hormones are
able to stimulate the molting process in saurians,
while they inhibit the process in ophidians.

The sloughing cycle of the multilayered
epidermis can be divided into two phases: resting
phase and renewal phase (15).

The resting phase is represented by stage 1.
It starts after the molt of the animal, and can
be further divided into immediate post-shedding
phase, the perfect resting phase and the prerenewal
phase or late resting phase. The duration varies
from a couple of days to months.

The renewal phase goes from stage 2 to stage 6.

The stage 2 is characterized by an important
multiplication of cells in the Stratum germinativum.
The process leads to the formation of an intra-
epidermal shedding layer. The skin becomes dull.
The beginning of the renewal phase takes about
5-7 days.

In the stage 3, the new generated cells undergo
a differentiation/keratinization process. Two
pathways are used, a and [, leading to cells
containing, respectively, a and p keratin. The skin
appears very dull and snake eyes are opaque. The
duration of this phase is about 3-4 days.

The stage 4 is defined by the production of a
new epidermis. The layers of this outer epidermis
are constituted of cells, differentiated and
keratinized, distributed in an outer Oberhdutchen,
B layer, mesos layer, a layer, lacunar tissue, and a
clear layer. The remaining inner epidermal layers
consists of an inner Oberhdutchen, inner {3 layer,
inner mesos layer, as well as a non completed a
and basal layer. This step takes about 5 to 10 days.

In the stage 5 (see figure 4B), the area between
the 2 generations of epidermis (outer epidermal
generation and inner epidermal generation) will be
filled by lymph and enzymes. The skin and eyes
become clear and shiny. The shedding of the old
epidermis begins 3-4 days after skin becomes clear.

The stage 6 is the ultimate step of the ecdysis
process, consisting of the separation of the
outer epidermis or old Stratum corneum from the
cleavage area. The two generations of epidermis
will be separated. After the shedding, the skin
becomes harder.
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Ex vivo transport of caffeine through snake
shed and human skins

Figure 5 presents the cumulative caffeine
transport over time on each snake shed skin.
The cumulative amount of caffeine increased
linearly with time through the dorsal and ventral
shed skin of all 3 species, corresponding to a
typical passive diffusion. After 48 hours, the
cumulative amount of caffeine transported across
the Lampropeltis dorsal skin was about twice the

amount transported across Boa dorsal skin, and
about 3.5 times higher than the amount across
Python dorsal skin (see table 1).

The most permeable was the Lampropeltis
skin, with ventral as permeable as dorsal (no
statistical difference, p>0.05). Boa skin displayed
intermediate permeability with ventral skin more
permeable than dorsal (statistically different,
p<0.05). Python skin was the least permeable with
dorsal and ventral skin producing identical results.

300 -
—&— Lampro._dorsal

T 250 1 —a—Lampro._ventral

£

o

g —s— Python_dorsal

g 200 p>0.05

) . & —¥— Python_ventral
Figure 5: Ex vivo percutaneous transport §
of Caffeine through shed skins. The 2 %1 ——Boadorsa i
cumulative  transport (ug.cm? was £ o p <0.05
calculated by the caffeine concentration § 100{ —* “°&-"
determined by HPLC at each sampling
time Pomt from the receptor medlum. The 0 | > 0.0
experiments were performed in four-fold
for each skin (ventral and dorsal shed skin
. 0 + T T T T "

of the 3 snake species). Data are shown as 0.0 100 20,0 30,0 40,0 50,0
mean values of the 4 determinations Time [h]

Table 1: Cumulative transport of caffeine after 48 hours, and Papp values on snake shed skins samples ex vivo.

Values are presented as mean+SD

Cumulative transport after

Papp values

. -2 0,
Membrane 48 hours (ug-cm?) SD (ug-ecm™) (cm/s) SD (cm/s) RSD (%)
Lampropeltis dorsal 173.71 16.73 8.91E-08 1.76E-08 19.75
Lampropeltis ventral 213.44 45.39 1.23E-07 2.62E-08 21.26
Python dorsal 48.36 5.26 2.79E-08 3.04E-09 10.87
Python ventral 47.73 1.13 2.76E-08 6.56E-10 2.38
Boa dorsal 82.08 15.37 4.75E-08 9.89E-09 20.79
Boa ventral 138.95 18.41 8.05E-08 1.07E-08 13.25
2.0E-07 -
p > 0.05
¥ 1seor
- p <0.05
Figure 6: Analyses of apparent permeabi- &
lity rate of caffeine transported in accep-
tor compartment (Papp) through a nor-
malized surface of shed skin (dorsal and p>0.05

ventral parts) of the 3 snake species, and
human skin. The mean Papp values of 4
determinations are represented (cm.s™).
Statistically significant differences are
shown by brackets (Mann-Whitney U test)

1.0E07 4
5.0E-08
0.0E+00 -+ T

Lampro._dorsal Lampro._ventra Python_dorsal Pymcn vemral Boa_dorsal

=il

Boa_ventral  Human skin




78 M. Sacha, N. Weisbach, A.S. Péhler, N. Demmerle, E. Haltner

Table 2: Comparison of apparent permeability coefficients for caffeine through 23 different dermatomized skin
specimens with intact SC. In bold are the snake shed skins

Skin number Mean Pqyp [cm s SD [cm-s™] RSD [%]
0897-01-1017 1.31E-08 9.17E-10 7.00
557-01-1113 1.45E-08 4.93E-09 34.00
0880-01-0717 1.73E-08 3.11E-09 18.00
0878-01-0717 1.76E-08 3.17E-09 18.00
0722-01-1015 1.93E-08 4.05E-09 21.00
559-01-1213 2.04E-08 1.63E-09 8.00
0875-01-0617 2.18E-08 6.54E-09 30.00
0901-01-1117 2.38E-08 3.81E-09 16.00
150-01-1203 2.54E-08 1.42E-08 56.00
Python ventral 2.76E-08 4.86E-09 2.38
Python dorsal 2.79E-08 6.18E-09 10.87
0724-01-1015 3.04E-08 7.58E-09 16.00
0898-01-1117 3.25E-08 6.99E-09 19.00
0737-01-1115 3.99E-08 1.04E-08 19.00
0747-01-0116 4.11E-08 9.61E-09 17.00
537-01-1013 4.17E-08 3.38E-09 25.00
Boa dorsal 4.75E-08 2.32E-08 20.79
062-01-0701 5.34E-08 2.12E-08 18.00
060-01-0601 5.63E-08 3.21E-08 6.00
0826-01-1116 5.96E-08 2.50E-08 39.00
0768-01-0416 6.42E-08 2.35E-08 33.00
Boa ventral 8.05E-08 2.15E-08 13.25
059-01-0601 8.24E-08 2.84E-08 39.00
0728-01-1115 8.34E-08 9.17E-10 30.00
153-01-0104 8.41E-08 4.93E-09 28.00
Lamprop. dorsal 8.91E-08 3.11E-09 19.75
0887-01-0917 9.35E-08 3.17E-09 23.00
061-01-0701 9.78E-08 4.05E-09 29.00
Lampropeltis ventral 1.23E-07 1.63F-09 21.26

The mean permeation coefficient (mean P All the Papp values on shed skins are within
was derived from slope of the linear portion of the the same magnitude compared with data obtained
cumulative transport curves (see figure 6, table 1). on human dermatomed skins from 23 different

Table 2 provides an overview of caffeine donors under the same conditions using the same
permeability through 23 human dermatomed skin methods (see table 2).
specimens, including the Papp values obtained
with the snake shed skins
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Figure 7: Photographs of scales and hinge areas of not hydrated shed snake skins. A. dorsal and ventral scales,
and hinge areas of Boa (Epicrates maurus colombianus). B. dorsal shed skin of the 3 snake species. a. Python
regius, b. Epicrates maurus colombianus, c. Lampropeltis triangulum campbelli. Red color indicates the hinge area.

Scales refer to 1 centimeter

Discussion

The difference in permeability of caffeine
between the snake shed skins is difficult to explain.
The difference in size and shape of the scales,
particularly in the available hinge region, may be a
factor. The hinge region, which is constituted mainly
of a keratin, provides the elasticity of this area.
Furthermore, the region is always considerably
thinner than the scale regions composed of a
thicker and (f8) keratin rich layer (see figures 4A
and 7A). Hinge areas are therefore considered to
be more permeable. In the Lampropeltis and Boa
dorsal skins, these regions are much larger than
in Python (see figure 7B). Thus, more caffeine
formulation is in contact with these areas,
explaining the difference in permeability.

The mean human skin P__ values range
from 1.31E-08 to 9.38E-08 cm.s!. The variation
observed can be largely attributed to natural
human variability in dermal absorption. Except
for Lampropeltis ventral skin, the -caffeine
permeation behavior was similar between snake
shed skins tested and human skin (p = 0.594 and

= 0.531 with respectively python dorsal and
ventral, p = 0.762, and p = 0.060 with respectively
Boa dorsal and Boa ventral). Shed skins from one
specimen of each snake species were used for the
experiments, and therefore the lack of variability
may be an explanation for the difference observed
with Lampropeltis ventral skin.

Even if the snake shed skin only consisted of
a part of epidermis (only Stratum corneum), in
comparison to human dermatomed skin, which
contains the complete epidermis and a part of the

dermis, the results show that Stratum corneum
functions as the main barrier and is sufficient to
investigate permeation of markers. Furthermore,
at this thickness, the resistance of the dermis,
present in dermatomed human skin, to overall
skin permeation can be ignored (16) (e.g. Papp
value of Caffeine through human epidermis sheets
is 6.00 E-08 +0.04 cm.s™! (17).

Ngawhirunpat (2006) (6) compared the in
vitro percutaneous absorption of hydrophilic
molecules using shed snake skin of Pantherophis
obsoletus and human skin. In shed snake skin,
the absorption rates of hydrophilic molecules
were until six times lower than in human skin.
Ngawhirunpat concluded that the shed snake skin
contained significantly less water than human
Stratum corneum. Therefore, the lower permeability
observed in shed snake skin for hydrophilic
molecules might be caused by a lower size and/
or number of pores in skin layers. But according
to Torri (2014) (18), based on the analyses of shed
skins from four snake species, depending of their
taxon and ecology, the snakes have developed
species-specific layers of lipids with different
structures and composition for the regulation of
water permeability. Therefore, in snake skin, the
water absorption changes among species living in
different climates and habitats. This may explain a
difference of permeability for hydrophilic molecules
among the snake skins. The results obtained by
Ngawhirunpat on Pantherophis obsoletus cannot
be generalized, and therefore, cannot automatically
be transposed to other snake species. The specific
lipid structures in the snakes from predominantly
dryland habitats such as Python regius can protect
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the snake from water lost at high temperatures,
and may explain the difference seen in lowest
absorption of caffeine in comparison to Epicrates
maurus colombianus, which come from a wetland/
rainforest habitat and have a skin that is more
permeable to hydrophilic molecules.

Our results with shed skins from Python regius,
Lampropeltis triangulum campbelli, Epicrates
maurus colombianus, are in non-correspondence
to Ngawhirunpat’s findings, when using caffeine
as hydrophilic drug, which displays similar
percutaneous absorption behavior on human
skin. Therefore, depending of the snake species of
skin used, and their habitat (desertic, rainforest,
etc.) the permeability behavior of hydrophilic drug
can be different or similar to human skin.

In addition, Klein (2012) (19) confirmed that
the epidermis architecture and material properties
of the snake skin may change in relation to the
snakes’ habitats. Particularly important are the
differences observed in the structure of the mesos
layer between the species, which play a role in
the permeability of the skin to water, gases, and
molecules including caffeine.

Conclusion

All three species of snake shed skins displayed
different characteristics as caffeine diffusion
membranes. The possible variability among snake
species may be due to differences observed in
skin composition. Except for the ventral skin of
Lampropeltis triangulum campbelli, the caffeine
permeation obtained with all snake shed skins
investigated was similar to that of human skin.
Snake shed skin seems to be an interesting tool
to simulate human skin for studies investigating
in vitro percutaneous absorption of caffeine. It
may help to select the best candidate from several
newly developed cosmetic formulations containing
this active pharmaceutical ingredient.

Additional hydrophilic and lipophilic molecules
should be investigated to validate the snake shed
model. More snake species as well as the inter-
individual variability must be evaluated.

For future testing of molecules, the main
challenge will be to select the most appropriate
species of snake whose skin resembles human
skin.
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PRIMERJAVA HISTOLOSKE ZGRADBE TER PERKUTANE ABSORPCIJE KOFEINA IN

VITRO V LEVKU KAC IN CLOVESKI KOZI

M. Sacha, N. Weisbach, A.S. Pohler, N. Demmerle, E. Haltner

Povzetek: Koza (¢loveskega ali Zivalskega izvora) se pogosto uporablja kot orodje za proucevanije biofarmacevtskih lastnosti
topikalnih zdravil. Koza kac¢ bilahko bila uporabna alternativa drugim zivalskim kozam in ¢love$ki koZzi pri oceni sposobnosti pre-
nosa zdravil preko koze. Cilj Studije je bil histoloSka primerjava ¢loveske in kacje koze ter primerjava absorpcije kofeina kot hidro-
filne modelne snovina levkih ka¢ iz dorzalnega in ventralnega podrocja treh razli¢nih vrst kac: kraljevega pitona (Python regius),
mavri¢negaudava (Epicrates maurus colombianus), mleCne kaCe (Lampropeltis triangulum campbelli). Kaja koza je histoloSko
podobna ¢loveski glede debeline in sestave rozeni plasti (stratum corneum). Glavna prednost levitve kac je, da se dogaja veck-
rat, kar omogoca pridobitev vec€ levkov, ki se jin lahko pridobi brez Zzrtvovanja zZivali. Rezultati so pokazali, da se je skupnakoli¢ina
kofeina s¢asoma linearno povecevala v dorzalnih in ventralnih levkih privseh treh vrstah kac, razen na na ventralnem podroc¢ju
levka mle¢ne kace (Lampropeltis triangulum campbelli), pri katerem je bila prehodnost kofeina podobna kot pri prehodu skozi
Clovesko kozo.

Kljuéne besede: kofein; transdermalno; levek; in vitro; kaca; topikalni pripravek
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EFFICACY OF AMOXICILLIN (ATCOMOX®) AND/OR ALLICIN
ON PERFORMANCE, HAEMATOLOGICAL, BIOCHEMICAL, AND
HISTOPATHOLOGICAL CHANGES IN CLOSTRIDIUM PERFRINGENS
INFECTED CHICKENS
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Abstract: The efficacy of amoxicillin and/or allicinin healthy and experimentally Clostridium perfringens-infected broiler
chickens was investigated. The chicks were equally divided into six groups, and all medications were orally administered via
drinking water for five consecutive days: Group 1: non-infected and non-treated; Group 2: infected and non-treated; Group 3:
infected and amoxicillin-treated (20 mg/kg b.wt); Group 4: infected and allicin-treated (25 mg/kg b.wt); Group 5: infected and
treated with amoxicillin (20 mg/kg b.wt) and allicin (25 mg/kg b.wt); Group 6: infected and treated with amoxicillin (10 mg/kg
b.wt) and allicin (25 mg/kg b.wt). Growth performance,haematological and biochemical parameters were recorded. Signifi-
cant decreases intotal protein, albumin, RBCs, Hb, and PCV and a considerable increase in WBCs, AST, ALT, ALP, creatinine,
anduric acid ininfected chickens were observed. Administration amoxicillin and/or allicin for treatment of Clostridium perfrin-
gensinfection resulted in improvementin haematological and biochemical changes following infection. A dose of amoxicillin
(10mg) andallicin (25 mg)/kg bwt fortreatment of Clostridium perfringensinfectionin broiler chickensisrecommended due to
great synergistic effect, reduced mortality, greater safety, and increased economic potential.

Key words: amoxicillin; allicin; efficacy; broilers; biochemical; hematological

Antimicrobial therapy for bacterial infec-
tion is important for reducing massive losses in
the poultry industry (4). NE is prevented by us-

Introduction

Necrotic enteritis (NE) is a serious problem in

the modern poultry industry (1). It causes reduced
growth performance, increased feed costs,
decreased absorption and digestion, reduced
weight gain, and increased feed conversion
ratio due to damage in the intestinal mucosa
(2). Clostridium perfringens is a gram-positive,
anaerobic, spore-forming bacterium found in
the gastrointestinal tract of poultry and can be
isolated from faeces, dust, feed, and litter (3).
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ing antimicrobials such as amoxicillin, which is
one of the most effective B lactam antibiotic (5).
Good absorption, penetration into tissues, and
broad-spectrum of antimicrobial activity make
amoxicillin very useful in veterinary medicine (6).
It inhibits the biosynthesis of cell wall mucopep-
tides during bacterial multiplication and has bac-
tericidal action (7).

Allicin is an organosulfur compound present
in garlic, a species of the family Alliaceae (8).
Numerous phytochemicals, including allicin could
interfere with the formation of phospholipid layers
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of the cell wall (9). Consequently, bacteria cannot
grow in the presence of allicin (10). It has been
shown that garlic enhances the broiler chicken’s
growth and feed conversion as a natural feed
additive (11).

The use of antibiotics as growth promoters
is becoming a serious problem. There are
some important factors that restrict the use
of antibiotics, such as the drug resistance
in bacteria and presence of drug residues in
meat. To combat the poor performance and the
increased susceptibility to diseases resulting from
the removal of the antibiotics from the poultry
diets, alternatives are sought. The utilisation of
growth promoters of natural origin has therefore
attracted much interest in recent years (12).

Allicin has a distinctively pungent smell
and exhibits antibacterial, antifungal, anti-
inflammatory, and antioxidant properties (13).
The mechanism of the antioxidant or anti-
stress activity of allicin, such as trapping free
radicals, have been reported (14). When allicin
decomposes, it forms 2-propene sulfenic acid,
and this compound binds to the free-radicals.
Allicin was reported to reduce cholesterol in the
serum and liver (15), inhibit bacterial growth (16)
and reduce oxidative stress (12). Allicin also has
immuno-stimulatory effect (17).

The present study was carried out to evaluate
the efficacy of amoxicillin and/or allicin treatment
in broilers experimentally infected with Clostridium
perfringens, and to evaluate the advantages and
possible side effects of such treatment.

Materials and methods
Drugs

Amoxicillin (Atcomox 40%)® is an antibiotic
manufactured by ATCO Pharma Co, Egypt, as oral
soluble powder. The recommended dose is20 mg/
kg b.wt (18). Allicin is an organosulfur compound
extracted from the garlic and obtained from the
Technofeed Company, USA. The recommended
dose is 25 mg/kg b.wt (19).

Experimental chicks:

One-hundred-and-eighty apparently healthy,
one-day-old unsexed Hubbard broiler chicks were
obtained from the El-Kahera poultry company, in
Egypt. Chicks were divided into six groups (each

of 30 chicks). Each group was subdivided into
five replicates with six chicks each. Chicks were
housed on the floor in separate units following
strict hygienic regime. The starting temperature
of 32°C was reduced by 2°C each week.
Continuous lightning was used; feed and water
were provided ad-libitum and fed free from any
medications balanced commercial ration. Chicks
were vaccinated on the 7% day of age against New
Castle disease with the HitchnerB, vaccine and
against Gumboro disease at 14 days of age. The
duration of this study was 48 days. The Ethical
Committee of the Faculty of Veterinary Medicine,
Benha University, approved the study protocol
(approval number 10518).

Experimental infection

Clostridium perfringens type A was obtained
from the Animal Health Research Institute in
Dokki, Giza, Egypt. Five groups of broilers were
infected with Clostridium perfringens at 19 days of
age; the birds were challenged via oral gavages with
a toxigenic strain of Clostridium perfringenst type A
by inoculation of 1ml of 6x10% cfu daily, for three
consecutive days (at the 19%, 20% and 21t days of
age). The treatments occurred from the 23 to 27t
days of age as described by Botlhoko TD (20).

Experimental design

The first group was left uninfected while the
other five groups were infected. Group 1: non-
infected and non-treated; Group 2: infected and
non-treated; Group 3: infected and amoxicillin-
treated (20 mg/kg b.wt); Group 4: infected and
allicin-treated (25 mg/kg b.wt); Group 5: infected
and treated with amoxicillin (20 mg/kg b.wt) and
allicin (25 mg/kg b.wt); Group 6: infected and
treated with amoxicillin (10 mg/kg b.wt) and allicin
(25 mg/kg b.wt). All treatments were administered
orally in drinking water for five consecutive days.

Blood samples

Blood samples were collected at the end of 1%,
10*, and 20" day post-drug administration from
chicks of each group (which corresponds to 28, 38,
and 48 days of age). Six birds from each group were
used for the collection of blood samples via wing
vein in clean dry tubes. Each blood sample was



Efficacy of amoxicillinand allicinin chickens 85

divided into two equal parts, and first blood part was
collected on heparin and used for haematological
studies. The second part was collected in centrifuge
tubes; left in a slope position to clot at the room
temperature. Clear serum samples were obtained
by centrifugation at 2000 g for 10 minutes and
transferred carefully in clean dry vials and kept
frozen at-20°Cuntil used for biochemical analysis.

Efficacy of the drugs on growth performance

Chicks were individually marked and weighed
just prior to infection and weighed on 28%, 38,
and 48" day of age. By subtracting the body
weight between two successive weightings for
each group, body weight gain was recorded.

Feed consumption and feed conversion were
calculated for all groups. The feed conversion was
calculated as grams of consumed feed per grams
of body weight gain (21). Feed conversion ratio
(FCR) was determined as Feed consumption (FC;
gm) period/ Weight gain (gm) period.

Effect on haematological parameters

The blood’s haematological characteristics,
such as red blood cell count (RBCs) (22), white
blood cell count (WBCs) (23), haemoglobin (Hb)
concentration, and packed cell volume (PCV) (24)
were determined.

Effect on biochemical parameters

The serum AST and ALT were measured as
previously described (25). Alkaline phosphatase
(ALP) (26), serum total proteins (27), serum
albumin (28), creatinine and urea were assessed
in the serum based on the methods from (29, 30),
respectively.

Histopathology

Samples of intestine, liver, and kidney were
collected from slaughtered chickens at 28, 38%,
and 48" days of age and fixed in 10% formalin
solution for at least 24 hrs. Histopathology was
performed according to the methods described in
histopathology textbook by Bancroft JD and Gamble
M (31).The formalin preserved intestine, liver and
kidney tissue were processed in an automated
tissue processor. The processing consisted of an

initial 2 step fixation and dehydration. Fixation
comprising tissue immersion in 10% buffered
formalin for 48 hours, followed by removal of fixative
in distilled water for 30 minutes. Dehydration was
then carried out by running the tissues through a
graded series of alcohol (70%, 90% and 100%). The
tissue was initially exposed to 70% alcohol for 120
minutes followed by 90% alcohol for 90 minutes
and then two cycles of absolute alcohol, each for
one hour. Dehydration was followed by clearing the
samples in several changes of xylene. It consisted
of tissue immersion for an hour in a mixture
comprising 50% alcohol and 50% xylene, followed
by pure xylene for one and a half hour. Samples
were then impregnated with molten paraffin wax,
embedded and blocked out. Paraffin sections (4-5
um) were stained with hematoxylin and eosin (HE).
Stained sections were examined for inflammatory
reactions, degenerative and necrotic changes or
any other pathological changes in the intestine,
liver and kidney of the experimental chickens.

Statistical Analysis

The results were expressed as mean + SE using
the analysis of variance test (one-way ANOVA)
followed by Duncan’s multiple range test to
determine the differences between the averages.
All analyses were performed by Statistical Package
for Social Science software (SPSS (20) software
(SPSS Inc., Chicago, USA).

Results

Clostridium perfringens experimentally infected
broiler chickens displayed clinical signs when
left untreated. Mild clinical signs appeared 24
to 36 h post-infection. These signs were loss of
appetite, drooping wings, diarrhoea, depression,
polydipsia, emaciation, dehydration, and ruffled
feathers. These clinical signs disappeared under
the influence of amoxicillin and/or allicin either
alone or in combination.

The effects of amoxicillin and/or allicin on
the body weight, body weight gain, FC and FCR
of control and infected chickens are shown in
Table 1. The effect on total RBCs, WBCs count,
Hb content and PCV% in healthy and infected
chickens are shown in Table 2. Changes in serum
AST, ALT, ALP, total protein, albumin, creatinine
and uric acid of control and infected chickens are
shown in Tables 3 and Table 4, respectively.
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Table 1: The effect of amoxicillin and/or allicin given in drinking water for 5 successive days on growth perfor-
mance parameters in healthy and experimentally infected broiler chickens with Clostridium perfringens at 28,
38t and 48%™ days of age (n= 6)

Days post-treatment

Parameters Groups
1st day 10 day 20™ day
1 1328+36.11° 1880+9.482 2332+14.96°
2 978+60.03 1350+58.83¢ 1710+44.279
Body weight 3 1108+55.35" 1568+56.85° 2022+65.86°
(gm) 4 1144+24° 1632+28.70 2104+26.38
5 1188+33.82° 1714+42.14° 2206+32.80°
6 1132+39.29° 1670+47.32b¢ 2146+36.82°
1 770.4+ 29.292 552+27.09° 452+24.379
2 414.2465.42¢ 372422.89° 360+14.83"
Body weight gain 3 561.8+53.67" 460+20.97% 454+18.422
(gm) 4 594.4+20.86° 488+20.59% 472+27.27°
5 635.8+35.61° 526+14.00% 492+31.20°
6 557.2+38.38" 538+28.012 476+22.49°
1 526.2+7.76° 940+21.982 754+8.98°
2 423+4.48¢ 820.4+18.92° 725+23.06
Feed consumption 3 506.4+2.71° 810.2+21.64° 684.2+14.32°
(gm) 4 515.8+5.3740 807.6+11.21° 699.2+11.19"
5 526+5.18° 822.4+12.13P 704.4+13.09°
6 518.2+4.91¢ 811.2+9.61° 695+12.27°
1 0.68+0.26" 1.72+0.18" 1.66+0.09"
2 1.12+0.06° 2.22+0.28° 2.01+0.15°
Feed conversion rate 3 0.93+0.05% 1.77+0.18° 1.50+0.07"
(%) 4 0.87+0.25¢ 1.650.11° 1.48+0.04"
5 0.82+0.14" 1.56+0.12° 1.43+0.04°
6 0.9140.12% 1.50£0.12° 1.46+0.05"

Mean values having different letters in the same column for each parameter differ significantly (p<0.05)
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Table 2: The effect of amoxicillin and/or allicin given in drinking water for 5 successive days on RBCs, WBCs, Hb
and PCV in healthy and experimentally infected broiler chickens with Clostridium perfringens at 28, 38% and 48"
days of age (n= 0)

Days post-treatment

Parameters Groups
1st day 10 day 20™ day
1 3.87+0.09% 3.52+0.21* 3.88+0.10%
2 1.94£0.05¢ 1.68%0.05¢ 1.93+0.13P
RBCs 3 2.89+0.06° 2.90+0.03P 2.31+0.15%
(x10°/ul) 4 2.85+0.10P 3.03+0.09" 2.160.21°
5 2.72+0.03P 3.01£0.03P 2.22+0.12°
6 2.82£0.11° 2.85+0.05P 2.12+0.06°
1 22.8+0.78" 25.1£0.39¢ 27.5+1.91°
2 39.2+1.492 35.2+1.492 37£2.07°
WBCs 3 32.612.98P 29.1+1.31% 28.5+1.94b
(x10°/ul) 4 29.610.18" 294219k 2910.52P
5 28.8+0.39" 30.62.37%¢ 28.88+0.39"
6 28.3+2.57° 30.2+2.52abe 28.32+2.57°
1 10.62+1.04% 10.65+0.36% 10.17+1.022
2 7.7420.24° 7.48+0.20° 7.16+0.46P
Haemoglobin 3 8.37+0.11P 8.17+0.56 9.06%0.672
(g/d)) 4 8.65%0.20P 8.18+0.32°° 10.15%0.402
5 8.48+0.15P 8.62+0.31°c 9.76+0.422
6 8.82+0.36" 9.02+0.33" 9.38+0.29*
1 36.05%2.16° 34.40+3.15° 33.60+2.422
2 26.40+1.53P 26.10+2.36° 26.12+1.40°
PCV 3 33.10%2.422 23.10+2.422 29.81+1.75%
(%) 4 33.75+1.35% 33.75%1.35% 30.14+2.692
5 33.06+1.472 33.06+1.472 30.92+1.49%
6 31.410.272 32.11+1.85% 30.53+1.64%

Mean values having different letters in the same column for each parameter differ significantly (p<0.05)
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Table 3: The effect of amoxicillin and/or allicin given in drinking water for 5 successive days on AST, ALT, ALP and
total protein in healthy and experimentally infected broiler chickens with Clostridium perfringens at 28%, 38" and
48t days of age (n= 6)

Days post-treatment

Parameters Groups
1st day 10* day 20" day
1 184.8+6.76° 174.4£12.1° 196.2+17.7°
2 317.6+9.81° 284.4+21.4° 383.2+17.12
AST 3 238.6+19.9° 207.6+5.70° 211.4+16.1°
(U/L) 4 226.6+6.53° 209.4+18.4° 214.2+11.5°
5 224.2+8.48° 196.8+4.93° 225.2+18.4°
6 232.2+£17.8° 211.4£2.01° 223.2+15.7°
1 21.8+1.39° 21.20.66° 20.6+0.92°
2 36.4%2.55° 35.242.26° 32.4+1.96°
ALT 3 27.8+1.82° 32.2+1.39P 22.8+1.80°
(U/L) 4 28.8+2.17° 22.4+1.69P 21.1+0.24"
5 29.6+2.51% 23.41+2.06° 21.2+1.45>
6 26.2+2.05° 24.8+2.03" 23.442.11°
1 322.6%13.6° 321.2+27.46P 317.8+18.7°
2 448.2+15.872 421.2+5.07= 408.6+10.85°
3 378.6£14.72% 339.4122.03P 324.2+10.5ab
(31;; 4 395.2+25.17° 334.4+18.10° 329.8+17.84"
5 362.6+17.92° 340.8+24.66° 334.6£13.61"
6 369.2+23.32° 342.6£16.79P 328.2+26.26°"
1 5.660.12* 5.5240.112 5.43+0.09°
2 4.16%0.05¢ 4.22+0.05° 4.38+0.10°
Total protein 3 4.82+0.09° 4.92+0.212 5.18+0.30*
(mg/d]) 4 4.92+0.37° 5.06+0.222 5.13+0.372
5 4.74+0.10¢¢ 4.98+0.30° 5.27+0.212
6 5.02+0.31° 5.02+0.29° 5.03£0.192

Mean values having different letters in the same column for each parameter differ significantly (p<0.05)
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Table 4: The effect of amoxicillin and/or allicin given in drinking water for 5 successive days on albumin, creat-
inine and total uric acid in healthy and experimentally infected broiler chickens with Clostridium perfringens at
28t 38" and 48" days of age (n= 6)

Days post-treatment

Parameters Groups I day 10" day 20" day
1 3.88+0.15° 3.69+0.09° 3.56+0.05°
2 2.19+0.04¢ 2.28+0.10° 2.36+0.10¢
Albumin 3 2.86+0.27" 2.92+0.26" 3.44+0.09%
(g/d)) 4 2.90+0.27" 3.06£0.21" 3.37+0.07%
5 3.02+0.22° 2.98+0.20" 3.28+0.08"
6 3.16+0.21° 3.04+0.19" 3.22+0.02°
1 1.26+0.18¢ 1.52+0.10¢ 1.3240.12°
2 2.72+0.09° 2.68+0.09° 2.52+0.142
Creatinine 3 1.90+0.05P 2.08+0.08P 1.64+0.15"
(mg/dl) 4 2.06+0.12° 1.90+0.05P 1.56+0.11°
5 2.12+0.08" 1.94+0.12° 1.44+0.10°
6 1.88+0.06" 2.02+0.19" 1.42+0.09°
1 5.42+0.12° 5.18+0.32° 5.16+0.24"
2 7.2740.10° 6.56+0.09° 6.62+0.10°
Uric acid 3 6.36%0.20° 5.88+0.26% 5.46+0.18°
(mg/dl) 4 6.18+0.23¢ 6.10+0.47 5.34+0.13°
5 6.14+0.28° 5.58+0.31% 5.23+0.10°
6 6.11+0.16¢ 6.04+0.40% 5.30+0.36"

Mean values having different letters in column for each parameter differ significantly (p<0.05)

Figure 1: Photomicrograph of chicken's small intestine (A&B), liver (C&D)
and kidney (E&F) showing normal histomorphological structure. H&E,(X
200, 400)
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At 28T day (X 100, 200, 400);_Intestine: (A&B) showing
villous necrosis (square) and sloughing (arrowheads),
distorted crypts and glands (arrows), (C) mild infiltration
of lymphocytes (arrowheads) and macrophages
(arrowheads) in the lamina propria of the villi. Liver:
(D) showing congestion of hepatic blood vessels (star),
(E) portal aggregation of round cells (lymphocytes,
macrophages) (star), (F) mild degenerative changes
in most hepatocytes (arrowheads) and hypertrophied
Kupffer cells (arrows). Kidney: (G) showing diffuse
haemorrhage areas (star) containing scattered necrotic
tubules replacing the renal parenchyma (arrow). (H)
showing interstitial extravasated erythrocytes containing
lymphocytic aggregations (arrow).

At 38™ day (X 100, 200, 400);_Intestines: (A&B) massive
round cell infiltration in the mucosa and submucosa
(square & open arrow) with necrotic glands (arrowheads),
some glands containing necrotic materials in their
centres with cystic dilatation (star). (C) Showing villous
necrosis (open arrows), (D) showing lymphoid follicles
with necrotic changes (star), congested capillaries
and oedema (arrow) in the serosa. Liver: (E) showing
portal and interstitial round cell aggregations (star). (F)
Moderate congestion of hepatic blood vessels (star). (G)

Mildly hyperplastic bile ducts (arrow), surrounded by
large number of round cells (star). Kidney: (H) showing
necrotic changes in the tubular epithelium (arrow) with
hypertrophic and hyperplastic mesangial and endothelial
cells in some glomeruli (star).

At 48" day (X 100, 200); Intestine: (A&B) showing
villous necrosis (closed arrows), congested mucosal
and submucosal blood vessels (open arrow). Some of
the intestinal glands were cystic and filled by secretory
material and degenerated cells (stars). Liver: (C) showing
massive portal and perivascular round cell infiltration
(circle) and congested hepatic blood vessels (star).
(D) Hyperplastic bile ducts (open arrow) surrounded
by fibrosis (closed arrow) and large number of round
cells (star) mainly lymphocytes (arrowheads) and
macrophages (curved arrow). Kidney: (F&G) Showing a
large mass of hepatoid like structure (star). (H) Showing
focal degenerative and necrotic changes in some tubular
epithelium (open arrow) and focal interstitial aggregation
of round cells (star).
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H&E

At 28% day (X 200, 400); Intestine: (A&B) showing villous
necrosis (open arrows), desquamation of the epithelial
lining (arrowhead), Focal distortion and degeneration of
the intestinal crypts and gland (closed arrows) and (C)
moderate infiltration of round cells in the lamina propria
and sub-mucosa (stars). (C) Lymphocytes (arrowheads)
and macrophages (open arrows). Liver: (D&E) showing
focal hepatic necrosis especially periportal (circle)
which replaced by moderate aggregation of round
cells (star). (F) Showing hyperplasia of bile ducts (open
arrow) with partial destruction of the epithelial lining
(arrowhead) and periductal fibrosis (star). Kidney: (G)
showing dissociated tubular epithelium (arrowhead) and
contracted glomeruli (arrow). (H) Showing regenerative
attempts (thick arrow) and thickened tubular basement
membrane (thin arrow).

At 38" day (X 100, 200, 400); Intestine: (A&B) showing
villous necrosis (circle), sloughed epithelium (arrows)
and focal goblet cell metaplasia (arrowheads). Liver:
(C&D) showing biliary hyperplastic changes (open
arrow), massive round cells infiltration in the portal
area (arrowheads) and congestion of hepatic blood
vessels (stars). Kidney: (E&F) showing dilatation of
the renal blood vessels (star), Focal necrotic changes

in some tubular epithelium (arrowheads), (G) Most of
the glomeruli showing mild to moderate proliferative
reactions in the mesangial and endothelial cells(stars).
(H) Focal regenerative tubules (arrow) beside focal
aggregation of round cells (star).

At 48% day (X 100, 200, 400); Intestine: (A) showing
widespread villous necroses (star), (B) moderate round
cells infiltration in the mucosa and sub-mucosa (star),
glandular and crypt distortion (arrowhead), edematous
in the muscular and sub-serosa (open arrow). Liver: (C)
showing mild to moderate round cell aggregation in the
portal area (star) with mild biliary hyperplasia (open
arrow) and presence of static secretory materials in their
lumina (closed arrow). (D) Multifocal interstitial round
cells infiltration (star) with necrotic changes in some
hepatocytes (arrowheads). Kidney: (E) showing mild to
moderate congestion of renal blood vessels and capillaries
(stars). (F) Focal degenerative (open arrow) and necrotic
changes (arrowhead) in some tubular epithelium. Some
glomeruli show mesangial and endothelial hyperplastic
and hypertrophied changes (stars)
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At 28™ day (X 200, 400); Intestine: (A) showing villous
necrosis (star), desquamation (arrowhead) and crypt
distortion (open arrow). Liver: (B) showing hypertrophied
Kupffer cells (open arrows), fatty change I na number

of the hepatocytes (arrowheads). (C) Congested
hepatic blood vessels (arrows) with portal fibroblasts
proliferation (star) and (D) round cells infiltration,
mainly lymphocytes (open arrow). Kidney: (E) showing
focal degenerative and necrotic changes in some
tubular epithelium (open arrow), mild interstitial round
cell infiltration (arrowheads). (F) Focal regeneration in
some tubular epithelium (open arrow)

At 38™ day (X 100, 200, 400); Intestine: (A&B) showing
villous necrosis (open arrows) with moderate round
cell infiltration in the mucosa and submucosa (star).
Liver: (C&D) showing portal and interstitial round cells
aggregation (star) mainly lymphocytes (open arrows).
Kidney: (F&G&H) showing focal necrotic changes in
some renal tubular epithelium (arrows) with congested
renal blood vessels (stars)

At 48™ day (X 100, 200); Intestine: (A&B) Intestine:
(A) showing massive villous necroses (circle), dilated
capillaries (open arrows) in the mucosa and submucosa
with moderated round cells infiltration (star). (B) Some
of the intestinal crypts are cystically dilated and filled
with mucinous secretion (star)

Liver: (C&D) showing interstitial aggregation of round
cells (star), necrotic changes in some hepatocytes (open
arrow). Kidney: (E&F) showing moderately congested
renal blood vessels (star) with focal necrotic changes in
some tubular epithelium (open arrow)
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Figure 5: Photomicrograph of chicken's small intestine, liver and kidney of infected and treated with 20 mg amox-
icillin and 25 mg allicin/kg b.wt. H&E
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At28™day (X 100, 200, 400); Intestine: (A) showing villous
necrosis (circle), desquamation (arrowhead) and round
cell infiltration in the mucosa (star). Liver: (B) showing
congested hepatic blood vessels (star), portal biliary
(open arrow) and fibroblast proliferation (arrowhead).
(C&D) showing focal interstitial aggregation of round
cells (star) and dilated sinusoids with hypertrophied
kupffer cells (arrowheads) ,degenerative changes in some
hepatocytes (curved arrows). Kidney: (E&F) showing
moderately congested renal blood vessels (star). Focal
degenerative and necrotic changes in tubular epithelium
(arrowheads) and focal regenerative processes in some
tubules (open arrow).

At 38" day (X 100, 200, 400); Intestine: (A&B) showing
villous necrosis (square), crypt and gland destruction
(arrowheads), the muscular coat and the subserosal
tissue showing congested blood vessels (stars) and
exudative oedema (open arrows). Liver: (C&D) showing
moderate to severe vascular congestion (star) with
prominent lymphocytosis in portal areas (open arrows)
and bile duct hyperplasia (arrowheads). (E&F) portal
and interstitial round cells infiltration (star) with partial
replacement of the hepatocytes by lymphocytes (open

e A Y oD

arrow) and macrophages (closed arrow), necrotic changes
in most parenchyma (arrowheads). Kidney: (H) showing
moderate congestion of intertubular capillaries (star)
with focal degenerative and necrotic changes in some
tubular epithelium (open arrows), (G) some glomeruli
showed hypertrophic and hyperplastic mesangial and
endothelial cells (stars).

At 48" day (X 100, 200, 400); Intestine: (A&B) showing
characteristic villous necrosis (circle). The crypts and the
glands are cystically dilated and filled by necrotic debris
(star), muscular coat showing focal vascular dilatation
(arrowhead) and exudative edematous reaction (open
arrow). Liver: (C) showing mild to moderate congestion of
hepatic blood vessels (stars) with round cells infiltration
in the portal area (open arrow). (D) Higher magnification of
the previous figure to show hydropic degeneration (open
arrows) and infiltration of the portal area by mononuclear
cells (star) mainly lymphocytes (arrowhead).

Kidney: (E) showing necrotic changes in some tubules
(arrowheads) and glomerular hyperplastic mesangial
and endothelial cells (stars). (F) Regenerative changes of
some tubular epithelium (stars).
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Figure 6: Photomicrograph of chiken’s smail
cillin and 25 mg allicin/kg b.wt. H&E

At 28% day (X 100, 200, 400); Intestine: (A) showing
villous atrophy and desquamated epithelium (open ar-
rows), (B) villous necrosis (closed arrow), gland distor-
tion (open arrow), round cells infiltration in the mucosa
and submucosa (star) and intermuscular edema (ar-
row head). Liver: (C) showing portal biliary hyperplasia
(open arrow) with massive round cell infiltration (star),
congested hepatic blood vessels (star), (D) dilated si-
nusoids (stars) and hypertrophied Kupffer cells (open
arrow). Kidney: (E&F) showing moderate congestion of
renal blood vessels (star) and focal degenerative (arrow
heads) and necrotic changes (open arrows) in some tu-
bular epithelium.

At 38™ day (X 100, 200); Intestine: (A&B) showing vil-
lous necrosis and epithelial sloughing (circle). Moderate
infiltration of the mucosa, submucosa and muscular
coat by round cells (stars). Liver: (C) showing moderate-
ly congested hepatic blood vessels (star) and sinusoids
(arrow). (D&E) Severe biliary hyperplasia (open arrow)
with periductal fibrosis and round cell infiltration
(star). Kidney: (F&G) showing moderate to severe con-
gestion of renal blood vessels (star), intertubular cap-
illaries (arrowhead) with multifocal interstitial round
cell aggregations (open arrow). (H) Focal degenerative

and necrotic changes in renal tubular epithelium with

detached basement membrane (curved arrows) and in-
terstitial aggregation of macrophages (arrow) and lym-
phocytes (arrowheads) and hyaline casts within renal
tubules (star).

At 48™ day (X 100, 200, 400); Intestine: (A&B) showing
widespread villous necroses (circle) with moderate round
cells infiltration in the mucosa and submucosa (star) and
dilated blood vessels(arrowhead), (C) exudative edema-
tous changes in the tunica muscularis (open arrow) with
congested blood vessels (star). Liver: (D) showing mild to
moderate vascular congestion (star) with mild to moderate
round cells infiltration in the portal area (open arrow) and
(E) in the interstitial tissue (star) beside dilated sinusoids
(open arrow). (F) Some of the hepatic arterioles showing
vacuolated endothelium (arrowhead) and thick hyalinized
walls (star) beside hyalinized fibrosis in the portal area
(open arrow). Kidney: (G) showing necrotic changes in the
tubular epithelium (arrowhead), hyperplastic changes in
the ducts (open arrows) which surrounded by a moderate
number of round cells (stars).
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Histopathological changes were observed in the
intestine, liver, and kidneys of all groups at 28, 38,
and 48 days of age; however, in comparison to the
control group (Figure 1), all groups infected with
Clostridium perfringens showed different grades of
lesions. Lesions were the most severe in the group,
infected but not treated with either amoxicillin
and/or allicin (Figure 2), while they were milder
in groups treated with amoxicillin and/or allicin
(Figure3, Figure 4, Figure 5, Figure 6).

Lesions in the intestines consisted of villous ne-
crosis, epithelial desquamation, distorted crypts
and glands, congestion, oedema and mild infiltra-
tion of the propria with lymphocytes and macro-
phages. Liver showed congestion of hepatic blood
vessels, portal aggregation of lymphocytes and
macrophages, mild degenerative changes (cloudy
swelling, hydropic degeneration) in most hepato-
cytes, and hypertrophied Kupffer cells. Kidney
lesions included diffuse haemorrhagic areas con-
taining scattered necrotic tubules, and intersti-
tium infiltrated with erythrocytes and lymphocytic
aggregations.

Discussion

Broiler chickens experimentally infected with
Clostridium perfringens had significant decrease
in body weight and weight gain, and increase
in feed conversion rate. Similar results were
reported in several studies (32, 33), in which the
authors described hepatitis, associated with high
incidence of Clostridium perfringens infections in
broiler flocks. Beside hepatitis, they have also
observed in the same study a decrease in the
growth rate, an increased feed conversion rate
and necrotic enteritis. Clostridial toxins induce
damage in intestinal tissue and the liver, which
leads to a decrease in a nutrient absorption and
metabolism, and consequently reduces growth
performance (33).

The effects of the treatments in our study, which
are presented in Table 1, Table 2 and Table 3 and
Figures 2 to 6, revealed that the administration
of amoxicillin and/or allicin for the treatment
of Clostridium perfringens infection resulted in
improved growth performance parameters, and
milder lesions in the intestines, liver and kidney.
This improvement is likely due to the antimicrobial
effect of the antibiotic used, resulting in decreased
intestinal colonization in diseased Dbroilers,
prevention of necrotic enteritis and consequently

increased body weight, weight gain, and improved
feed conversion rate (34). Furthermore, the infected
chickens showed an improvement in body weight
gain and FCR when treated with amoxicillin (35).
The activities of intestinal mucosa enzymes and
nutrient digestibility were increased after garlic
supplementation and represent an alternative to
antibiotics in broiler nutrition (36). It was reported
before that diets supplemented with garlic at a
dose of 1 and 1.5 gm/kg diet prevent subclinical
necrotic enteritis and improved performance of
broiler chickens (37).

A considerable decrease was noted in the
total number of erythrocytes, haemoglobin
concentration and packed cell volume percentage
in infected broiler chickens when compared to
non-infected, untreated broiler chickens. These
results might be due to excessive destruction
of erythrocytes by the clostridial toxin (38). The
results of our study also indicate that Clostridium
perfringens infection in broiler chickens induced
a significant increase in the total number of
leukocytes. Changes in leukocytes in broiler
chickens infected with Clostridium perfringens are
likely a reflection of the inflammatory response in
the intestinal tract due to infection. Interestingly,
significant increases in the PCV, Hb, and RBCs
of chicken feed with garlic had been previously
reported (39).

Infected and untreated chickens displayed
significant elevation in liver enzyme activity (AST,
ALT, and ALP) in comparison to non-infected
untreated chickens. This elevation might be due
to pathological changes in liver post infections
or due to clostridial toxin-induced alteration in
cellular permeability, which allows the escape of
liver enzymes into the serum (38). Infected broiler
chickens treated with amoxicillin and/or allicin
displayed significant elevation in the activity of
AST, ALT, and ALP at the 28" day when compared
to healthy non-treated broiler chickens. These
results are similar to those reported by Bryan C et
al. (40) who reported that improved liver enzymes
post-treatment infection in chickens might be
due to an antimicrobial effect of the drugs used
in suppression microorganisms invading the
host and retarding its metabolic activity and
liver enzyme activity. These findings might be
attributed to the antioxidant effect of garlic (41).
In infected and untreated chickens, there was a
significant reduction in total protein and albumin
levels in blood. Hypoalbuminemia could be due
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to the destructive effect of the microorganism
and clostridial toxins on the liver cells producing
albumin. The reduction in total protein and
albumin in the infected broiler chickens might be
due to the malabsorption of nutrients from the
inflamed intestines. Another explanation for the
reduction in total protein and albumin in broilers
infected with Clostridium perfringens comes from
a study of Lovland A et al., in which the authors
reported similar changes of protein picture in
broilers infected with Clostridium perfringens (33).

Infected chickens treated with amoxicillin
displayed an insignificant decrease in total protein
blood content in comparison to the healthy non-
treated chickens but had significant decreases
in albumin concentration. This improvement in
serum protein might be due to the improved state
of the liver in the treated chickens as a synthesis
of albumin; the largest individual protein fraction
in avian plasma takes place in the liver, or
alternatively, treatment alters the renal secretion
by changing the state of the kidney (38). The
infected and allicin treated group showed non-
significant changes in total proteins and albumin
at 27d-week post-treatment in comparison to
the control group. These results indicate an
improvement in the hepatic functions due to the
antioxidant effect of the phytophenolic compounds
in garlic (42).

A marked increase in creatinine and uric acid
levels was recorded after experimental infection.
Increase in uric acid, creatinine in the infected
birds might be a result of degenerative changes
in the kidney tubules, preventing the excretion of
uric acid and creatinine, increasing their levels in
serum. Our data are also in accordance with the
finding of Harrison et al. (43), who reported an
increase in creatinine level in case of renal disease.
Garlic reduced urea, uric acid, and creatinine
levels after lead toxicity in broiler chickens (44).

The pathological lesions in chickens infected
with Clostridium perfringens were similar as were
observed and described before (47, 48). Findings in
the liver and kidneys in our study were similar to
those reported before for these organs in chickens
12 h after inoculation of broth culture or toxins of
Clostridium perfringens (49).

Conclusions

The combination of both drugs (amoxicillin
and allicin) proved to be the better treatment of
Clostridium perfringens infection than each drug
alone, indicating a synergistic effect. No significant
differences between the two doses of amoxicillin
with allicin were detected. This combination
improved the health state, body weight gain,
feed conversion rate, blood parameters and
biochemical indices, and reduced the severity of
histopathological changes in the intestines, liver
and kidney.
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EFFICACY OF AMOXICILLIN (ATCOMOX®) AND/OR ALLICIN ON PERFORMANCE, HAE-
MATOLOGICAL, BIOCHEMICAL, AND HISTOPATHOLOGICAL CHANGES IN CLosTRIDIUM
PERFRINGENS INFECTED CHICKENS

M. Aboubakr, A. Elkomy, S. Belih, M. Morad, H. Shaheen, M. M. Abdel-Daim

Povzetek: V tudiji smo ugotavljali uginkovitost amoksicilina in/ali alicinina pri zdravih pitovnih pig¢ancih in pitovnih pid¢ancin
poskusno okuzenimihz bakterijo Clostridium perfringens. Pis¢anci so bilirazdeljeniv Sest skupinin so zdraviladobivali peroralno
prekovode petdnizapored.V prviskupiniso bilineokuzeniin nezdravljeni pis€anci, v drugi okuzeniin nezdravljeni, v tretjiokuzeni
in zdravljeni zamoksicilinom (20 mg/kg telesne mase), v Cetrti skupini okuzeniin zdravljeni z alicinom (25 mg/kg telesne mase) v
peti skupini okuzeniin zdravljeni zamoksicilinom (20 mg/kg teze) in alicinom (25 mg/kg telesne mase) in v $esti skupini okuzeni
in zdravljeni zamoksicilinom (10 mg/kg teze) in alicinom (25 mg/kg telesne mase). Spremljali smo prirast piS¢anceyv ter njihove
hematoloske in biokemi¢ne parametre. Pri okuzenih pis¢ancih smo v krvi opazili znatno znizanje skupnih beljakovin, albuminov,
RBC, Hb in PCV ter znatno povec¢anje WBC, AST, ALT, ALP, kreatinina in se¢ne kisline. Uporaba amoksicilina in/ali alicina za zd-
ravljenje okuzbe s Clostridium perfringensije povzrocilaizboljSanje hematoloskih in biokemi¢nih sprememb po okuzbi. Odmerek
amoksicilina 10 mg/kg in alicina 25 mg/kg telesne mase za zdravljenje okuzbe s Clostridium perfringens pri pitovnih pis¢ancih
brojlerjih se je izkazal kot najbolj u€inkovit, verjetno zaradi sinergisti¢nega ucinka obeh zdravil, in je povzro€il zmanj$anje smrt-
nostipitovnih pis¢ancev.

Kljuéne besede: amoksicilin; alicin; u¢inkovitost; brojleri; biokemijski parametri; hematoloski parametri
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