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MAST CELLS IN THE SUBEPIDERMAL LAYER 

OF THE BUDGERIGAR (MELOPSITTACUS UNDULATUS) 

DURING MOULTING
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Summary: We used histological methods to examine skin from the head region of budgerigars (Melopsittacus undula-
tus) during their feather regeneration (moulting period). Sixteen birds were included in the study; 8 were treated with thy-
roxine to accelerate moulting and another 8 represented the control group. Paraffin-embedded tissue samples were
stained with haematoxylin and eosin, trichrome stain (after Goldner) and toluidine blue. Light microscopy was used to
locate mast cells and their numbers were assessed by a Lucia-M computer-assisted image analysis system (Optoteam,
Vienna). 
Mast cells, which were found to be a regular component of budgerigar skin, were predominantly located in subepidermal
connective tissue; however, they were also found near the dermal blood vessels. Thyroid hormones are elevated during
moulting and lymphocytic infiltrations can be found in the skin, however, we found that the number of mast cells was sig-
nificantly higher (P < 0.01) in thyroxine-treated animals. Although clinically healthy, 37 % of the animals investigated were
infected with ectoparasites of the Cnemidocoptes genus. In those animals, which were found in both the thyroxine-treat-
ed and control groups, the number of mast cells was also significantly higher, probably as a consequence of their immune
responses. 
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Introduction

Mast cells are a regular component of loose

connective tissue, especially along blood vessels.

They are migratory and are of various forms and

sizes (1). They are relatively large cells with a cen-

trally-located spherical nucleus and numerous

cytoplasmic granules. Immature granules are

small and orthochromatic with basic dyes, while

the larger, mature granules are metachromatic (2,

3). Mast cells produce, store and excrete various

biogenic amines and play an important role in an

organism's immediate, delayed, local and systemic

hypersensitivity. In mammals, two populations of

mast cells are known: mucosal mast cells – asso-

ciated with gut and lung mucosae, and the ubiq-

uitous connective-tissue mast cells. Besides tis-

sue distribution, they differ in their staining char-

acteristics, receptor numbers and protease con-

tent (4). Increased numbers of connective-tissue

mast cells are regularly found in the granulated

tissue of healing wounds and in various patholog-

ical changes such as chronic dermatoses and

many tumours (5). 

Ehrlich drew attention to the specific

metachromatic staining characteristics of these

cells as early as 1877 and gave them the name

"Mastzellen". Among many species, he described

them in pigeons. Danchakoff (6) later described

them in connective tissue along the blood vessels

of the omentum in domestic fowl and Arvy (7) also

described them in the connective tissue of Gallus

domesticus. They are sparse in fowl compared to

other domestic animals according to Boseila (8).
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Wight (9) extensively researched Gallus domesti-

cus and reported that mast cells are mainly con-

centrated in the infundibulum of the oviduct, the

ovary, the periphery nerves and the alimentary

tract, particularly the proventriculus and floor of

the mouth. He observed that, in contrast to mam-

mals, they are relatively infrequent in loose sub-

cutaneous tissue. He also described the distribu-

tion and ultrastructure of the mast cells; their

morphological characteristics indicated that there

was only one type of mast cell in fowl. 

Although physiological, moulting is stressful

for birds. Since thyroid hormones are typically

elevated, synthetic thyroxine is often used to

induce or accelerate moulting for clinical purpos-

es. During feather regeneration there is extensive

activity in the skin and it becomes more exposed

to environmental influences. While an activation

of the immune system during moulting is to be

expected there is no systematic description of

mast cells in avian skin during moulting to be

found in the available literature. Therefore, we

added the study of mast cells, in particular the

concentration and location of mast cells in the

dermis of the head region, to the extensive

research already conducted on the characteristics

Figure 1: Skin from the head

region of a budgerigar. Epi-

dermis (E) with stratum cor-

neum (C), dermis (D), feather

muscles (musculi pennarum,

M), feather follicle (F) and fat

tissue in the hypodermis (cor-

pora adiposa, A). Trichrome

staining after Goldner, scale

bar = 200 µm

Figure 2: Skin from the head

region of a budgerigar during

moulting. Lymphocyte infiltra-

tions during feather regenera-

tion can be seen in the dermis

(arrow) as can lamellar bodies

(Herbst bodies, arrowheads)

around a thread feather (filo-

plume, asterisk). H&E stain,

scale bar = 50 µm
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Mast cells in the subepidermal layer of the budgerigar (Melopsittacus undulatus) during moulting 117

of budgerigar (Melopsittacus undulatus) moulting

(10, 11).

Materials and methods

The research was conducted between the 10th

and 27th of September on 16 budgerigars during

their physiological moulting period. The animals

were between 6 and 8 months old and clinically

healthy. They were fed the same food and kept in

identical climatic conditions with an average tem-

perature of 23.6 °C. 

We accelerated the moulting of 8 animals by

giving them thyroxine and the other 8 were given

a placebo (saline). At 7 p.m. for seventeen consec-

utive days, 500 µg/kg of body weight of levothy-

roxin L-T4 (Lek, Ljubljana, Slovenia), a synthetic,

thyroid-gland hormone, was applied by cannula

into the crop of the treatment group.

Four treated and 4 control animals were sacri-

ficed on September 21st, and the remaining animals

on September 27th – at the peak of the moult. Skin

samples from the sacrificed animals were then taken

from the head region (pteryla capitalis), fixed in

Bouin's solution and embedded in paraffin. A Leica

SM 2000R microtome was used to cut 5 µm tissue

sections that were then stained with haematoxylin &

eosin as well as with trichrome stain – after Goldner.

Metachromasy of mast cells was confirmed by Tolu-

idine blue, in a pH range from of 4.0 to 5.2. 

A Nikon Microphot FXA microscope was used

to perform the histological analyses and to take

microphotographs. The histometry was per-

formed using a Lucia M image analysis system

(Optoteam Vienna). Mast cells were enumerated

in the subepithelial layer of the dermis, which

was 30 µm thick, and a total of 210,000 µm2 of

skin from each animal was analysed. The statis-

tical differences between the mast cell numbers

of each group were analysed with a Student ‘t’-

test.

Results

A general histological analysis of the skin on

the head region revealed a typical, thin epidermis

with a keratinous layer and a dermis with feather

follicles (Fig. 1). The animals whose moulting was

accelerated (treatment group) had numerous lym-

phocyte infiltrations (Fig. 2). There were two loca-

tions where mast cells were primarily encoun-

tered: near the dermo-epidermal juncture and

around the blood vessels (Fig. 3). 

The histometric analyses revealed little differ-

ence between the animals in the treatment group

but varying results within the control group.

Some of the control animals had significantly

lower numbers of mast cells than others. No dif-

ferences were observed between the first and sec-

ond groups of sacrificed animals within either the

treatment or control group. An additional histo-

logical analysis of histological slides revealed a

parasite infection in many of the animals used in

our study. Developmental stages of the Cnemi-

Figure 3: Skin of an L-thyrox-

ine-treated animal. Numerous

mast cells can be seen just

beneath the epithelium - along

the dermo-epidermal juncture

(arrows) and in the connective

tissue of the dermis near blood

vessels (arrowheads). Toluidine

blue staining at pH 5.2, scale

bar = 50 µm
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docoptes spp. ectoparasite were found in the epi-

dermis of many of the animals (Fig. 4). 

Following the diagnosis of ectoparasites and

on the basis of experimental procedures, the

animals were reclassified into 3 groups for fur-

ther analysis: animals from the treatment group

without parasites, control animals without par-

asites and animals with parasites. The animals

in the control group without parasites had sig-

nificantly lower numbers of mast cells in the

dermis than those in the other two groups (Table

1).

Discussion

Differences in the numbers of mast cells found

in the different groups of birds were found in this

study. Although clinically healthy, many of the

animals were found to be infected with the

Cnemidocoptes spp. ectoparasite. These animals

had a higher number of mast cells in the subepi-

dermal layer of their skin than the uninfected

control group. A more complete interpretation of

the results was hindered by the relatively small

number of animals in the study. It can be con-

cluded, however, that the number of mast cells in

Figure 4: Skin from the head of

a budgerigar. Many of the oth-

erwise healthy animals were

invaded by parasites of the

Cnemidocoptes genus, which

were found in the epithelial

layer (arrowheads). A lympho-

cyte infiltration can be seen in

the nearby dermis (arrow).

Trichrome staining after Gold-

ner, magnification x 200

Treated Control
Invaded by

ectoparasites

group No. mast cells group
No. mast

cells group No. mast cells

1 86 1 30 1C 111

1 80 1 35 1C 73

1 112 2 29 2C 75

2 91 2 31 2C 91

2 113 1T 120

2 73 2T 178

average 92.5* 31.25 108*

SD 15.2 2.3 35.7

* The number of mast cells in the treated animals and those invaded by para-

sites (treated or control) were significantly higher than those in the uninfect-

ed control group (P < 0.01, Students t-test).

Table 1: Number of mast cells in a 210000 µm2 section of dermis taken from

budgerigars in a treatment group, a control group and a group of animals invad-

ed by ectoparasites 

1 = first sacrifice, 2 = second sacrifice, C = control, T = treated 
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the untreated animals (control group) remained

approximately the same from the onset of the

moult (first sacrifice) until the time when the

moult was at its most intensive (second sacrifice).

Also in the L-thyroxine treated group, no signifi-

cant differences in the number of mast cells could

be noticed between the first sacrifice and the sec-

ond. 

However, an important difference between the

two groups (treated and control) was found. The

group of budgerigars that received treatment had

a statistically-significant (P < 0.01) higher number

of mast cells in the subepidermal layer of the

head skin. It could be concluded that the L-thy-

roxine application induced a proliferation of mast

cells in the subepidermal layer of the skin or their

migration into this layer. The most likely cause of

this was the accelerated moulting (induced by the

L-thyroxine application) that compromised the

intensified metabolism needed for skin and feath-

er regeneration. This process includes an intensi-

fied engagement of the immune system – as was

noted in a previous experiment where there were

significantly higher numbers of lymphocytes in

the skin of treated animals compared to control

(untreated) animals (12). 

Mast cells are known to be engaged in local

immune responses, which includes a response to

parasites (4). There are reports of increased num-

bers of mucosal mast cells in the intestines of fowl

following worm or Eimeria invasions (13, 14, 15)

but to the best of our knowledge this is one of the

first studies to report an in increase in the mast-

cell population following parasitosis in avian skin.
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TKIVNI BAZOFILCI V PODEPITELIJSKEM PASU PRI PAPIGI SKOBČEVKI (Melopsittacus 
undulatus) MED GOLJENJEM

M. Štrbenc, U. Grahek, N. Herzog, Z. Golob

Povzetek: S histološkimi tehnikami smo proučili kožo na glavi med regeneracijo peres (goljenjem) pri papigi skobčevki
(Melopsittacus undulatus). V poskusu je bilo 16 živali, od tega smo 8 dajali tiroksin, ki pospeši goljenje, 8 živali pa je pred-
stavljalo kontrolno skupino. Vzorce kože na glavi smo fiksirali v raztopini Bouin, zalili v parafin, tkivne rezine pa nato barvali
s hematoksilinom in eozinom, touloidinskim modrilom in s trikromnim barvanjem po Goldnerju. S svetlobno mikroskopijo
smo ugotavljali položaj tkivnih bazofilcev v koži in z računalniško podprtim sistemom za analizo slike analizirali njihovo
številčnost. Ugotovili smo, da so tkivni bazofilci redna sestavina kože pri papigi skobčevki. V naši študiji so bili predvsem
na epidermalno-dermalnem stiku, pa tudi v vezivu usnjice v bližini krvnih žil. Čeprav je znano, da se med golitvijo poveča
izločanje ščitničnih hormonov, v prejšnji raziskavi pa smo ugotovili tudi pogoste limfocitne inflitracije v koži, je bilo pri s
tiroksinom tretiranih živalih število tkivnih bazofilcev statistično značilno (P < 0,01) večje. Vse živali v poskusu so bile 
klinično zdrave, vendar smo z mikroskopsko preiskavo pri 37 % živali ugotovili invadiranost z zajedavci iz rodu
Cnemidocoptes. Tudi te živali (tako iz tretirane kot kontrolne skupine) so imele povečano število tkivnih bazofilcev, kar
lahko povezujemo z imunskim odzivom. 

Ključne besede: tkivni bazofilci; papiga skobčevka; koža; golitev; parazitoza
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EFFICACY OF ENROFLOXACIN – INFECTIONS WITH THE
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Summary: A meta-analysis is a method of surveying and combining the results of several independent clinical trials.
Besides quantitative integration, a meta-analysis vastly improves the potential for uncovering and studying any differences
in available scientific material and provides a basis for plausible explanations of them. It can also lead to new discoveries
and allows the aggregation of knowledge in the field of interest. This analytical method is of particular importance when
assessing the efficacy of a therapy when the sample sizes of individual studies are too small to cover all aspects of a par-
ticular subject or provide a quantitative evaluation of the treatment's effect as well as test a null hypothesis. Prior to meta-
analysis, the traditional method was a narrative discourse on previous findings, which, however, could be misleading and
subjective.
Systematic reviews are concise summaries of the best available evidence that address sharply defined questions; they
seek to assemble and examine all the high quality evidence on any given subject. 
Enrofloxacin is a fluoroquinolone chemotherapeutic that was developed exclusively for use in veterinary medicine. Shortly
after administration, low concentrations have a bactericidal effect against most Gram-negative and Gram-positive bacteria
and will also act against mycoplasmata. 
Twenty-four studies were included in this survey, of which seven were included in a meta-analysis while others were used
to build a susceptibility profile of bacteria to enrofloxacin. Eight studies dealt with economic aspects of using enrofloxacin
in pig rearing. The total number of animals included in the meta-analysis was 1,296, of which 655 were from the
enrofloxacin-treated test groups of the different studies and 641 from their control or alternative treatment groups. In total,
there were 19,235 strains of E. coli examined for their susceptibility to enrofloxacin.
The results of the meta-analysis are presented graphically. The odds ratio (OR) was used as a measure of the effect size
and the homogeneity and/or heterogeneity values (Q) were calculated for the graphs. Additionally, a funnel plot was used
to check the dispersion of the studies included in the meta-analysis. The graphs and the calculations (P = 0.43) show that
the studies were homogeneous.
We also combined the in vitro susceptibility of individual microbes to enrofloxacin and evaluated their MIC values. Each
study supported the enrofloxacin treatment; although there were three results that were statistically significant (P < 0.05),
the overall result clearly indicates the high efficacy of enrofloxacin (P < 0.01) in reducing mortality caused by E. coli infec-
tions. Of the 19,235 strains surveyed, there were only 3.4 % that were resistant and the MIC values ranged between 0.015
and 0.25 µg/ml. The studies that dealt with the economic aspects of using enrofloxacin to combat E. coli infections,
showed that it also has important additional benefits in pig rearing, especially in regards to daily weight gain and feed con-
version. Moreover, enrofloxacin reduced the level of haemolytic E. coli excretions and sick animals recovered faster than
those in the control or alternative treatment groups did. Our results have confirmed the high efficacy of enrofloxacin usage
in E. coli infections, which makes it economically and professionally justifiable for treating coli infections in pigs.

Key words: enrofloxacin; E. coli; meta-analysis; susceptibility; pigs
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Introduction

A meta-analysis is a method of surveying and

combining results of several independent clinical

trials. The term meta-analysis was first used by

Glass in 1976, who, with his associate Mary Lee

Smith, statistically compiled the results of 375

studies dealing with the efficacy of psychothera-

py.

There are many definitions of the term meta-

analysis. The most frequently used definition is

the one by Huque: meta-analysis refers to a sta-

tistical analysis that combines or integrates the

results of several independent clinical trials con-

sidered by the analyst to be combinable (1).

Besides quantitative integration, a meta-analysis

vastly improves the potential for uncovering and

studying any differences in the available scientif-

ic material and provides a basis for plausible

explanations of them. It can also lead to new dis-

coveries. 

A brief summary of the procedures involved in

a meta-analysis would comprise the following log-

ical steps: 

1. the definition of the problem and the inclusion

criteria for the studies; 

2. positioning, classifying and coding the charac-

teristics of individual studies and the quantita-

tive measurement of their characteristics

(scale);

3. the integration of the results and a comparison

with the characteristics of the studies (analysis

and explication of results); and 

4. the reporting of the results. (2)

Systematic reviews are concise summaries of

the best available evidence that address sharply

defined questions; they seek to assemble and

examine all the high quality evidence on any given

subject. This includes a comprehensive search of

all potentially relevant articles and the use of

explicit, reproducible criteria in the selection of

articles for review. When the results of primary

studies are summarized but not statistically com-

bined, the review may be called a qualitative sys-

tematic review. A quantitative systematic review,

or meta-analysis, is a systematic review that uses

statistical methods to combine the results of two

or more studies (3).

Investigating the efficacy of certain drugs can

be done in several ways: by in vitro susceptibility

profiling of certain bacteria, by clinical trials or by

using meta-analyses or systematic reviews.

Immediately after farrowing, colibacillosis

diseases threaten the lives of both the farrowing

sow (MMA syndrome) and the newborn piglets.

Escherichia are considered to be part of the nor-

mal intestinal bacterial flora. Pathogenic sub-

species of Escherichia adhere to intestinal

mucous membranes with special organelles,

adhesins, which they differ from. Escherichia

subspecies produce at least one exotoxin, e.g.

the one that causes diarrhoea in suckling

piglets and in weaners. Other neurotoxin-

and/or verotoxin-producing subspecies cause

oedematous diseases in pigs. Bacteria are not

usually invasive; therefore, they are effective

substances that act specifically in the intes-

tines. This contrasts with the treatment of E.

coli infections in poultry where infections are of

a systemic nature (4, 5). 

Enrofloxacin is a fluoroquinolone chemother-

apeutic that was developed exclusively for use in

veterinary medicine. Shortly after its adminis-

tration, extremely low concentrations have a

bactericidal effect against most Gram-negative

and Gram-positive bacteria and will also act

against mycoplasmata. It acts against both bac-

teria in the multiplication phase and dormant

microorganisms. It is effective in the presence of

oxygen and, owing to this phenomenon, it does

not damage beneficial anaerobic intestinal

microflora. 

The efficacy of fluoroquinolones is related to

both the maximum concentration and the time

above their MIC value. In vitro pharmacokinetic

models have shown that maximum concentra-

tions of active substances, 8 times in excess of

their MIC, have been able to reduce the number

of bacteria by up to 99 % and inhibit their growth

for up to 24 hours. The intensity of exposure may

be quantified as the ratio between the area under

the time-concentration curve (AUC) and the min-

imum inhibitory concentrations for the causative

pathogens (MIC); a short term for this ratio is

AIUC ? area under the inhibitory plasma concen-

tration curve. For example, if in an enrofloxacin

therapy the AIUC is higher than 125, the proba-

bility of a clinical and microbiological cure is

above 80 %, otherwise it is only 42 % or 26 % in

respect of a microbiological cure. Resistance to

fluoroquinolones is also reduced to a minimum if

these parameters are taken into consideration –

Cmax/MIC ratio is at least 8-10 and AUC/MIC at

least 100-125 (6). 
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Material and methods

Twenty-four studies were included in this sur-

vey, of which seven were included in the meta-

analysis while others were used to build a suscep-

tibility profile of bacteria to enrofloxacin. All the

susceptibility studies were comparative (e.g. com-

parisons between different antimicrobials), except

for the two conducted by Aarestrup et al. and

Semjen and Wright. Eight studies dealt with eco-

nomic aspects of using enrofloxacin in pig rear-

ing. The total number of animals included in the

meta-analysis was 1296, of which 655 were from

the enrofloxacin-treated test groups of the differ-

Table 1: Short survey of the studies included in the meta-analysis and the systematic review
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ent studies and 641 from their control or alterna-

tive treatment groups. In total, there were 19,235

strains of  E. coli examined for their susceptibility

to enrofloxacin.

Statistical analysis

The Comprehensive Meta-Analysis (Boren-

stein, 2000) computer programme was used for

the statistical analysis.

Results

The results of meta-analyses are presented

graphically. The graphs show the compiled data of

individual studies (by author), the year that the

study was conducted or its results published, a

numerical comparison between the treatment and

control groups and the mean values of effect size

with 95 % confidence intervals. 

The odds ratio (OR) was used as a measure of

the effect size. An OR value of 1.0 means that a

certain therapy has no effect, a value below 1.0

indicates that the therapy (in our case the use of

enrofloxacin) is better than that of the control or

alternate therapy. Values above 1.0 indicate that

the control or alternate therapy was more effec-

tive. When interpreting the graph, if the mean

value and the two lines either side of it, which

indicate the confidence interval, do not intersect

with the value of 1.0 then we speak about a sta-

tistical significance at different levels, e.g. with a

95 per cent confidence interval the P level of sta-

tistical significance equals 0.05; in 99 per cent

intervals it equals 0.01, etc. 

However, where a mean value, with its confi-

dence intervals, intersects the 1.0 value line, we

say that it has no statistical significance. 

The homogeneity and/or heterogeneity (Q) val-

ues were calculated for the graphs. We must

always form a null hypothesis that all studies per-

tain to the same population. The Q value is dis-

tributed to the Chi-square probability distribution

with a k – 1 degree of freedom (df), where k repre-

sents the number of studies processed. However,

statistically insignificant P values should not be

considered as proof of homogeneity. Additional

checks on the dispersion of the studies in the

graph are obligatory. When we have evidence of

heterogeneity, or a supporting calculation, we

must check the graph and interpret the disper-

sion: do the majority of studies indicate that a

treatment was effective while others indicate oth-

erwise; does the effectiveness of the treatment

vary greatly; or are there any extraordinary devi-

ations. If a heterogeneity of P < 0.05 was calculat-

ed, then the total effect was always calculated

using the random effects method as well. 

The total effect size is always conditioned by

the weight of individual studies, therefore, in a

L. Ščuka124

MIC range (μg/ml) Resistant strains
(% of 19,235 tested strains)

0.015 – 0.25 3.4

Table 2: In vitro susceptibility of E. coli to enrofloxacin

Citation Year Weight

(% )

Awad-Masalmeh et al. 1987 2.2

Bertschinger et al. 1986 5.0

Kyrakis et al. (1) 1997 39.6

Kyrakis et al. (2) 1997 25.9

Kyrakis et al. (3) 1992 10.4

Lowenthal et al. 1988 2.2

Tsiloyiannis et al. 1998 14.8

Combined (7)

0.01 0.1 1 10 100

Enr ofloxacin Contr ol

Graph 1: Meta-analysis of efficacy of enrofloxacin in treating E. coli infections in pigs (mortality)

Homogeneity testing:A Q = 5.17; df = 6; P = 0.52

(where Q = heterogeneity value (χ2 distribution); df = degree of freedom; P = probability) 
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meta-analysis it is referred to as the weighted

total value, which, for individual studies, is repre-

sented by their mean values and confidence inter-

vals. The weights of the individual studies are

shown in the graph as full circles (•), studies with

smaller weights have smaller circles and those

with larger weights have larger circles. The total

effect size is shown as a full square ( ). Besides

the graphical presentation of the meta-analysis

results, a funnel graph was used to show the dis-

persion of the studies included in the meta-analy-

sis. At first, funnel graphs were only used to mon-

itor publication bias but we now know that they

also indicate the heterogeneity of a study and the

quality of its methodology. We also combined the

in vitro susceptibility of individual microbes to

enrofloxacin and evaluated their MIC values. 

Discussion 

Our survey included 24 studies, of which

seven were included in a meta-analysis while oth-

ers were used to build a susceptibility profile of

bacteria to enrofloxacin. The studies included in

the meta-analysis covered the period between

1986 and 2002.

The included studies were homogeneous,

which is confirmed by the funnel graph where the

only deviation (slight) was the study by Awald-

Masalmeh et al. and this was probably due to its

smaller sample size. As is evident from the meta-

analysis, enrofloxacin is effective in the treatment

of E. coli infections in pigs. Each study supported

the enrofloxacin treatment; although there were

three results that were statistically significant 

(P < 0.05) the overall result clearly indicates the

high efficacy of enrofloxacin (P < 0.01) in reducing

mortality caused by E. coli infections through

neonatal septicaemia and diarrhoea, piglet

scours, post-weaning diarrhoea and oedematous

diseases.

Of the 19,235 strains surveyed, there were only

3.4 % that were resistant and the MIC values

ranged between 0.015 and 0.25 µg/ml. 

The studies that dealt with economically

important aspects of using enrofloxacin to com-

bat E. coli infections showed that it also has

important additional benefits in pig rearing. In

the majority of studies, groups that received

enrofloxacin had statistically significantly better

results than their control groups as well as better

feed conversion rates and higher average daily

weight gain. Moreover, enrofloxacin reduced the

level of of haemolytic E. coli excretions and sick

animals recovered faster than those in the control

or alternative treatment group did.

The resistance of E. coli strains to enrofloxacin

also is stable; however, to remain so it must be
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Graph 2: Funnel plot showing standard error by effect size
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used judiciously and in compliance with the re-

sults of scientific research, correct clinical judge-

ment and dosage. 

Our results have confirmed the high efficacy of

enrofloxacin usage in the treatment of E. coli

infections, which makes it economically justifi-

able and it is thus the right drug of choice in

treating coli infections in pigs.
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METAANALIZA IN SISTEMATIČNI PRIKAZ UČINKOVITOSTI UPORABE ENROFLOKSACINA –
OKUŽBE Z BAKTERIJO ESCHERICHIA COLI PRI PRAŠIČIH

L. Ščuka

Povzetek: Metaanaliza je metoda pregledovanja in kombiniranja rezultatov več neodvisnih kliničnih študij. Poleg kvantita-
tivne integracije predstavlja tudi pomembno izboljšavo pri odkrivanju in preučevanju razlik v razpoložljivi znanstveni materi-
ji in doseganju ali vsaj nudenju najverodostojnejših razlag ter celo pri odkrivanju novih spoznanj. Prispeva tudi h kopičenju
znanja na določenem interesnem področju. Ta analitska metoda je še posebej pomembna pri ocenjevanju terapevtske
učinkovitosti v primerih, ko posamezne študije ne zagotavljajo pregleda nad celotno obravnavano problematiko, po navadi
imajo premajhne vzorce in zato ne morejo dati kvantitativne ocene učinka zdravljenja, in tudi ne preizkusiti ničelne hipoteze.
Pred obdobjem metaanalize so pripovedno primerjali rezultate študij, kar pa je bilo lahko zavajajoče in subjektivno.
Sistematični prikazi so zgoščeni povzetki najboljših dostopnih dokazov, ki se nanašajo na jasno določena vprašanja; njihov
namen je zbrati in preveriti vse visoko kakovostne dokaze o določenem specifičnem vprašanju. 
Enrofloksacin je kemoterapevtik iz skupine fluorokinolonov, ki je bil razvit izključno za uporabo v veterinarski medicini. V
zelo majhnih koncentracijah in hitro po dajanju deluje baktericidno na večino po Gramu negativnih in po Gramu pozitivnih
bakterij, učinkuje pa tudi mikoplazmocidno. 
V prikaz je bilo vključenih 24 študij, sedem od njih je bilo vključenih v samo metaanalizo, v drugih pa so opazovali profil
občutljivosti bakterij za enrofloksacin. V osmih študijah so obravnavali ekonomske parametre prašičereje ob uporabi
enrofloksacina. Skupno število živali iz različnih študij, vključenih v metaanalizo, je bilo 1296, od teh jih je bilo 655
razvrščenih v testne skupine, ki so prejemale enrofloksacin, ter 641 v kontrolne skupine, ki so prejemale primerjalno ter-
apijo. Vse študije so vključevale skupno 19235 sevov E. coli, ki so jih preizkušali glede občutljivosti za enrofloksacin.
Rezultati metaanaliz so prikazani grafično. Kot velikost učinka smo izbrali razmerje obetov (odds ratio), izračunavali pa smo
tudi vrednosti za homogenost oz. heterogenost (Q) študij. Z lijakastim grafičnim prikazom smo dodatno preverjali razpršitev
študij v grafu. Iz grafov in izračunov (P = 0.43) je razvidna homogenost vseh vključenih študij. Pregledali smo tudi in vitro
občutljivost posameznih mikrobov za enrofloksacin in ocenjevali vrednosti MIK. 
Vse študije so govorile v prid zdravljenju z enrofloksacinom; le pri treh izmed njih so bili rezultati statistično pomembni (P <
0.05), skupni rezultat pa kaže na visoko učinkovitost enrofloksacina (P < 0.01) pri zmanjševanju smrtnosti zaradi okužb z
E. coli. Skupni delež odpornih sevov ni presegal 3,4 % vseh v prikazu zajetih sevov in vrednost MIK se je gibala med 0,015
in 0,25 µg/ml. Študije, v katerih so raziskovali ekonomsko pomembne parametre rabe enrofloksacina pri okužbah z E.
coli, so pokazale pomemben ugoden učinek enrofloksacina v prašičereji, še posebej na dnevno pridobivanje teže prašičev
in izkoristek hrane. Enrofloksacin zmanjša tudi izločanje hemolitične E. coli in bolne živali si opomorejo hitreje kot tiste v
kontrolni skupini, ki so vključene v primerjalno zdravljenje. 
Naši rezultati potrjujejo, da je raba enrofloksacina pri zdravljenju okužb z E. coli zelo učinkovita, ekonomsko koristna in je
zato pri okužbah s kolibakterijami pri prašičih uporaba enrofloksacin strokovno upravičena.

Ključne besede: enrofloksacin; E. coli; metaanaliza; občutljivost; prašiči
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Summary: In this study a bacteriological method for identifying flumequine residues in the meat of slaughtered animals
was modified. We introduced a quantitative evaluation of the results by adding a lyophilization step to the existing bacteri-
ological method, which made the method more sensitive. Our results proved that E. coli ATCC 25922 is susceptible to
the antibiotic fluoroquinolone, which was already evident according to available literature. Due to the current regulations
that prescribe maximum residue levels for antibiotic residues in food, we needed to modify our existing bacteriological
method as the results it produced were not sensitive enough to identify the maximum residue levels in cattle and pig meat.
We added lyophilization to the process, which we believe is the first time this has been attempted as no evidence of this
procedure being used in this manner was found in the literature available. This modified method can be used for the quan-
titative as well as for the qualitative identification of flumequine. 
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Introduction

In both veterinary and human medicine,

antibiotics have therapeutic, prophylactic, meta-

phylactic and/or nutritive applications (1, 21, 22).

Flumequine is member of the fluoroquinolones

class of antibiotics and is one of the most com-

monly prescribed antibiotics in veterinary medi-

cine (2, 7, 8). Fluoroquinolones display bacterici-

dal activity by inhibiting bacterial enzyme

deoxyribonucleic acid (DNA) gyrase, which is vital

for bacterial DNA duplication (10, 21, 23). 

Fluoroquinolones are bactericidal against

Gram-negative bacteria – E. coli, Proteus, Shigella

spp., Campylobacter jejuni, Pseudomonas aerugi-

nosa, Gram-positive bacteria – Staphylococcus

aureus, Streptococcus pneumoniae, Enterococcus

faecalis, anaerobes – Clostridium spp., Bacteroides

fragilis and against M. tuberculosis and

Mycoplasma pneumoniae (19, 7, 8).

Flumequine is registered in Slovenia for use in

veterinary medicine and its residues in food can

be identified with microbiological, chemical and

immunoenzyme methods (6, 11). At the Institute

for Food Hygiene, we have used a bacteriological

method for identifying antibiotic residues in food

of animal origin since 1968. The method relies on

the fact that antibiotic activity on certain bacteri-

al strains produces inhibitory growth zones. It

was used at the Institute to identify flumequine

residues in food of animal origin until 11.5.2000,

when the old regulation (17) that encapsulated a

zero-tolerance policy towards antibiotics in food

was replaced by EU directives (4, 5) that prescribe

maximum residue levels (MRL) for antibiotic

residues in food. 

Therefore, we needed to quantify the levels of

fluoroquinolone residues in food of animal origin

in order to identify whether they were within the

prescribed MRL. Hence, we needed to modify our

bacteriological method.
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Materials and methods

The zones of inhibition found on the plates

used as media to grow the different bacterial

strains were measured. Two different bacterial

test strains were used, one fully susceptible and

the other resistant to the antibiotic being tested

for. The width of the inhibition zone was entered

in a calibration curve and the appropriate con-

centration of antibiotic was read off. A negative

result on the plate seeded with the resistant bac-

terial strain was used to confirm the presence of

the antibiotic.

Most laboratories use Escherichia coli to detect

fluoroquinolone residues in food (3, 14, 15, 16, 9). 

In this study, we used E. coli ATCC 25922, which

had been imported from the United States of

America.

Preparation of bacterial strains

Lyophilized bacterial strains were rehydrated

by adding enriched bujona and 0.9 % NaCl, mul-

tiplied by a bacteriological loop before being

transferred onto slant agar and then put in a

thermostat for 24 hours at 37 °C. The purity of

the strain was confirmed by Gram staining.

Bacterial strains were made viable for 10-14

days at 2-8 °C by using this method.

Preparation of media 

An antibiotic seed agar A1 (code 1075 Biolife,

Lot 1E5601), of pH 6.5, was used as the basic

media for the test plates and was put into inclined

tubes to obtain slant agars, which were then

seeded with the bacterial strains and stored in a

refrigerator at 2-8 °C.

Preparation of the plates 

Ten millilitres of the basic media, heated to

approximately 50 °C, was poured onto Petri dish-

es and left to cool and solidify. Then 5 ml of a ster-

ile saline solution was transferred by pipette into

the slant agar to obtain a suspension, 4 ml of

which was then poured onto the basic media after

it had cooled and solidified. The plates were then

stored in a refrigerator at 2-8°C and were valid for

five days.

Growth density 

The growth density on the plates seeded with

the E. coli 25922 tested strain was evaluated at

the beginning of the experiment.

Different concentrations of the bacterial

strains were transferred onto the media and kept

at 37 °C for 24 hours. After optimal growth, the

plates were evaluated with reference standard

flumequine (Sigma; catalogue number F-7016).

Calibration curve

A calibration curve was developed from standard-

ized solutions of the antibiotic, which were made by

weighing and dissolving standard measures after

considering their purity and chemical form. 

The basic standardized solutions of flumequine

were made using 0.1 M of NaOH as a solvent and the

working solutions of flumequine were made by fur-

ther mixing the standardized solutions with a buffer

solution with a pH of 6.

Working concentrations for testing the E. coli sus-

ceptibility to flumequine ranged from 200 mg/l to

1200 mg/l to correspond with the limits set for

flumequine in beef and pork (200 mg/l), poultry

(400 mg/kg) and fish (600 mg/kg) (4, 5).

Evaluation of results 

The results were evaluated in both a qualita-

tive and quantitative manner. The quantitative

assessments were made by using the calibration

curve. Working solutions of five different decreas-

ing concentrations – 1000, 800, 600, 400, 300

µg/kg (a down to e), were prepared. The 600-

µg/kg (c) concentration was used as the refer-

ence. The different concentrations were made

using a buffer solution with a pH of 6. 

Each concentration was poured onto the 9-

welled plates containing the bacterial culture.

This was done nine times, except for the reference

solution, which was poured 36 times. 

The different antibiotic solutions, as well as the

reference solution, were added to each plate three

times and three parallels were made, which

means that three plates were used for each con-

centration.

The plates were placed in an incubator set at

37 °C for 18-24 hours and then the width of the

inhibition zone of the bacterial strain for each

concentration was measured using an electronic

A. Kirbiš, J. Marinšek
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movable tape (Stainless Hardened). The average

values were calculated and the average value of

the reference concentration was used to deter-

mine standard deviation. For each concentration

of antibiotic, nine measurements were obtained

and the average width of the zone was calculated

for each concentration (Table 1).

The high point (HP) was calculated from the

calibration curve (Equation 1): 

Equation 1: 

In the same manner, the low point (LP) was

also calculated from the calibration curve

(Equation 2).

Equation 2:

N 600µg/kg (c) 300µg/kg (e) N 600µg/kg (c) 400µg/kg (d)

1 12.3 10.3 1 12.4 11.0

2 11.7 10.4 2 12.5 11.5

3 12.3 10.3 3 12.4 10.8

4 12.4 10.4 4 12.4 11.0

5 12.4 10.2 5 12.4 11.0

6 12.4 10.3 6 11.9 10.9

7 12.4 10.3 7 12.3 10.9

8 12.5 10.1 8 12.3 10.9

9 12.4 10.2 9 12.3 11.3

average 12.3 10.3 average 12.3 11.0

N 600µg/kg (c) 800µg/kg (b) N 600µg/kg (c) 1000µg/kg (a)

1 12.6 14.3 1 12.3 15.2

2 12.4 14.4 2 12.6 15.6

3 12.3 14.5 3 12.2 15.1

4 12.4 14.3 4 11.9 15.1

5 12.5 13.9 5 12.1 15.1

6 11.7 14.2 6 12.4 15.2

7 11.9 14.2 7 12.3 15.2

8 12.3 14.1 8 11.9 15.1

9 12.1 14.3 9 12.1 15.2

average 12.2 14.2 average 12.2 15.2

Table 1: The width of the inhibition zones in the presence of different concentrations of

flumequine (in mm)

N = number of measurements 

average = average value

Figure 1: Calibration curve for

flumequine

Axis x = concentration of flume-

quine (µg/kg)

Axis y = inhibition zone (mm)
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The calculations established the HP as being

15.25 mm and the LP as 9.95 mm. 

The data was recorded and a trend curve was

developed.

The trend curve is linear and the concentra-

tion of the tested antibiotic can be determined by

the width of the inhibition zone.

Correction factor

A correction factor was used to modify the

results. As microorganisms are living organisms

their growth is never uniform; therefore, the size

of the inhibition zones of the reference concentra-

tions on each of the plates was never the same.

With a correction factor we were able to get more

accurate results taking into account the differ-

ences between each plate. The correction factor

was determined using Equation 3:

Equation 3:

X = correction factor

C meas = measured antibiotic concentration

C ref = reference antibiotic concentration

The correction factor gives the percentage of

the reference concentration that is obtained by

testing each of the plates with the addition of the

reference concentration of the same antibiotic. It

is used when the results of food-sample analyses

for the presence of antibiotic residues are inter-

preted in a qualitative manner.

The results can also be interpreted quantita-

tively, as follows: 

The width of the inhibition zone is measured

and the appropriate concentration of the antibiot-

ic is read off the calibration curve. Before results

are interpreted they must be massaged by the

correction factor.

Example:

A correction factor of 80 means that when the

reference concentration of a tested antibiotic is

poured onto the media only 80 % of the poured

antibiotic is identified.

X = correction factor (for example 80)

C od = concentration read off the calibration

curve

C a = antibiotic concentration in sample

Analysis of the samples

Meat from cattle, pigs, poultry and fish with

known concentrations of the inoculated flume-

quine were analysed. Twenty grams of 0.5-cm

chunks of meat were put into sterilized bags and

then three times that amount of buffer, with a pH

of 6, was added to assist in the flumequine iden-

tification.

A working solution of the antibiotic concentra-

tion was then added and mixed in a stomacher for

3 minutes. The mixture was then transferred into

test tubes and heated for 5 minutes at 80 °C to

inactivate any naturally occurring inhibitory sub-

stances and bacteria in the meat and exclude

non-specific reactions on the plates. The mixture

was then cooled and centrifuged for 10 minutes at

2500-3000 revolution per minute.

The upper layer was transferred into a clean

test tube and a pipette was used to transfer 100

ml into an 8-mm cylinder. The plates were then

put in an incubator for 18-24 hours at 37 °C.

Modifying the bacteriological method for 

identifying flumequine 

The results we obtained using the bacteriolog-

ical method to establish MRL values were not sat-

isfactory, as our limit for identifying the flume-

quine residues was higher than the MRL.

As a result we modified the method with the

addition of lyophilization. Samples with known

concentrations of fluoroquinolone were lyophi-

lized and rehydrated with a small amount of

water. In this way higher concentrations of fluoro-

quinolone in the matrix were obtained. 

Preparation of samples for lyophilization

Samples of muscle tissue were weighed and

the prescribed concentrations of antibiotic were

added. The samples were then homogenized for

three minutes before being transferred into test

tubes and centrifuged for 10 minutes at 2500-

3000 rpm. Then approximately 2 ml of each sam-

ple was transferred into a rubber-sealed glass

flask, closed and put into a lyophilizer. 

Lyophilization

A DW6 freeze-dryer from Heto was used for the

lyophilization, which took 24 hours and reduced

A. Kirbiš, J. Marinšek
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the samples to 10-15 percent of their original

mass on average.

Rehydration

The freeze-dried samples were then weighed

and the weight difference was used to calculate

the amount of water that needed to be added to

obtain higher concentrations of the antibiotic. 

Results

Examination of the samples

The samples of cattle, pig, poultry and fish

meat with known concentrations of flumequine

were analysed and the influence of the matrix

on the sensitivity of the method was also exam-

ined.

We tested for the presence of flumequine

residues that ranged from 1 to 3 times the MRL

for beef and pork (200-600 µg/kg), from 0.625 to

1.5 times the MRL for poultry (250-600 µg/kg)

and from 0.66 to 1.33 times the MRL for fish (400-

800 µg/kg).

All the samples examined were positive (100 %)

at concentrations of 500 µg/kg (Tables 2, 3 and

4), which is too high as the MRL for flumequine in

beef and pork is only 200 µg/kg and 400 µg/kg

in poultry. However, it is satisfactory for identify-

ing flumequine residues in fish as the MRL for

flumequine in fish is 600 µg/kg. 

Modification of the microbiological method

The microbiological method was modified by

lyophilizing the samples, which were then rehy-

drated to the appropriate concentration levels.

This allowed the actual concentration of flume-

quine to be multiplied as many times as was

needed to get the concentration of 800 µg/kg.

Samples were then transferred onto the plates.

Introduction and modification of a microbiological method for identifying flumequine in meat

Concentration (µg/kg)

N = 15 200 250 300 350 400 450 500 600

Beef

Number of positive

samples (%)

0

(0)

0

(0)

3

(20)

6

(40)

11

(73.3)

14

(93.3)

15

(100)

15

(100)

Pork

Number of positive

samples (%)

0

(0)

0

(0)

2

(13.3)

5

(33.3)

11

(73.3)

12

(80)

15

(100)

15

(100)

Table 2: Identification of predetermined concentrations of flumequine in beef and pork

N = number of samples examined from each source

Concentration (µg/kg)

N = 15 250 300 350 400 450 500 550 600

Number of

positive

samples

(%)

0

(0)

6

(40)

8

(53.3)

12

(80)

14

(93.3)

15

(100)

15

(100)

15

(100)

Table 3: Identification of predetermined concentrations of flumequine in poultry 

N = number of samples examined 

Concentration (µg/kg)

N = 15 400 450 500 550 600 650 700 800

Number of

positive

samples

(%)

11

(73.3)

12

(80)

15

(100)

15

(100)

15

(100)

15

(100)

15

(100)

15

(100)

Table 4: Identification of predetermined concentrations of flumequine in fish 

N = number of samples examined 
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The procedures used to prepare, lyophilize, rehy-

drate and transfer the samples to the plates are

described in the Materials and methods section.

Discussion

In this study, we used the reference strain E.

coli ATCC 25922 and observed its growth under

different concentrations of flumequine in media.

When an appropriate dilution was found we con-

tinued with the procedure. Using the same antibi-

otic seed agar medium as was used in other stud-

ies (3, 12, 15, 16), we identified 107 colonies per

plate, which is comparable to results already

described in literature (3, 12, 15). The method

used to prepare the plates, the pH of the medium

and the incubation procedures were the same as

those described by Okerman (16).

We had some difficulties obtaining the MRL val-

ues for flumequine residues in pork and beef (200

µg/kg) and also, to some extent, with poultry (400

µg/kg). Even though we were able to determine the

MRL values for flumequine residues in poultry, we

were only partially successful (80 %). However, we

identified all (100 %) of the flumequine residues in

fish where the MRL value is 600 µg/kg. 

The calibration curve for flumequine was

developed using the same method as is used for

other antibiotics. The concentrations of flume-

quine residues in the matrix were calculated from

the calibration curve, which included a correction

factor, and the growth-inhibition zones of the bac-

terial strains.

As we were unable to obtain the MRL values for

flumequine residues in pork and beef, we modi-

fied the microbiological method by adding a

lyophilization step. We were unable to find any

reference to lyophilization as a step in the identi-

fication methods for lower concentrations of

antibiotics in any available literature.

Our results were within MRL limits; therefore,

our lyophilization-enhanced microbiological

method is suitable for use in everyday practice.
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UVEDBA IN MODIFIKACIJA MIKROBIOLOŠKE METODE ZA UGOTAVLJANJE 
FLUMEKVINA V MESU

A. Kirbiš, J. Marinšek

Povzetek: Z raziskavo smo želeli razširiti analitiko ostankov antibiotikov v mišičnem tkivu klavnih živali. V ta namen smo uvedli
in modificirali bakteriološko metodo za ugotavljanje flumekvina.Metodo smo modificirali na ta način, da smo kvalitativnemu
vrednotenju dodali še kvantitativno vrednotenje rezultatov, in sicer liofilizacijo vzorcev. Na ta način smo bistveno izboljšali obču-
tljivost metode.Rezultati so potrdili dejstvo, ki smo ga povzeli po literaturi, da je bakterijski sev E. coli ATCC 25922 dejansko
občutljiv za predstavnike fluorokinolonov. Ta občutljivost pa glede na to, da obstajajo najvišje dopustne meje vsebnosti ostan-
kov antibiotikov v živilih (MRL, maximum residue level), ni bila povsod zadostna. Naleteli smo na težave pri doseganju MRL v
mišičnih tkivih prašičev in goveda. To je tudi bil razlog, da smo metodo modificirali. Modifikacijo metode z uvedbo liofilizacije
ekstraktov vzorcev prištevamo k originalnosti raziskave, saj v literaturi nismo zasledili podobnih prijemov za izboljšanje občutlji-
vosti metode. Zato tako modificirano metodo lahko uporabljamo tako za kvali- kakor tudi za kvantitativno ugotavljanje flumek-
vina.

Ključne besede: metode; antibiotiki; flumekvin; zdravila; bakteriološka tehnika; meso
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IN VIVO EVALUATION OF THE INFLUENCE OF VARIOUS

DRUG CARRIERS WITH INCORPORATED HYPERAEMIC DRUG

TO CHANGES IN THE PARTIAL PRESSURE OF OXYGEN IN

RAT ORAL MUCOSA USING EPR OXIMETRY
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Summary: The purpose of this study was to select the best drug carrier among different types of liposomes for the topical
treatment of oral mucosa lesions. A hyperaemic drug, benzyl nicotinate (BN), which increases perfusion and consequent-
ly also tissue oxygenation, was used as the active ingredient. Electron paramagnetic resonance (EPR) oximetry, using a
lithium phthalocyanine paramagnetic probe, was used in vivo to measure the effects of the benzyl nicotinate which had
been incorporated into liposomes of varying lamellarity and composition. The liposomes were made from either hydro-
genated or non-hydrogenated soy lecithin. We used polymethyl methacrylate (PMMA) as the ointment for preparing the
drug for application to the oral mucosa because of its good mucoadhesive properties. 
EPR oximetry was used to measure the partial pressure of oxygen (pO2) in the oral mucosa before and after the applica-
tion of the liposomes. It was found that the most pronounced changes of pO2 in oral mucosa and also the longest action
of the drug occurred after the topical application of BN in multilamellar liposomes made from hydrogenated soy lecithin (p
< 0.0001). Therefore, these liposomes proved to be the most appropriate for local drug delivery to oral mucosa.

Key words: mouth diseases; drug therapy; liposomes; in vivo EPR oximetry; oral mucosa; rat
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Introduction

One of the characteristics of oral mucosa is its

selective permeability, which provides a barrier

to most chemicals. However, drugs can be used

for local or systemic delivery (1, 2, 3, 4, 5, 6, 7).

Local delivery of drugs to tissues of the oral cav-

ity has numerous applications such as the treat-

ment of aphthous stomatitis, lichen planus, bac-

terial and fungal infections and periodontal dis-

eases (6, 8, 9). The success of a topical treatment

of mucosal lesions via the application of a drug

onto intact oral mucosa depends on the selection

of a suitable active ingredient and an appropriate

carrier, the rate of penetration through the

mucosa and the residence time of the active

ingredient in oral mucosa. Additionally, a major

part of a successful application of a local drug

delivery system into the oral cavity is the selec-

tion of an appropriate vehicle. For example, oint-

ments that act as vehicles for local drug delivery

to the oral mucosa need to have excellent

mucoadhesive properties (10).

Topical treatments of ulcerative inflammato-

ry diseases are associated with several general

disadvantages such as the high permeability of

the oral mucosa for drugs, which could result in

the uncontrolled release of the drugs into the

blood causing unwanted side effects (2, 10).

Liposomal formulations have been used to regu-

late the release and localize the effect of incorpo-

rated drugs (11) and studies have shown that

treatments with liposomal formulations result in

an increase in the local and a decrease in the

systemic concentration of a drug (11, 12). 

The aim of this study was to investigate the

effects of a liposome's composition and size on
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the delivery of the hyperaemic drug, benzyl

nicotinate (BN), to the oral mucosa using in vivo

EPR oximetry. 

Materials and methods

The study protocol was submitted to and

approved by the Veterinary Administration of

the Republic of Slovenia (No 323-02-76/01).

Animals, anaesthesia and implantation of the

paramagnetic probe 

Adult female Wistar rats, weighing 200-250 g

and 7-9 weeks old were supplied by the

Pathology Laboratory of Ljubljana's Faculty of

Medicine, Slovenia. Anaesthesia was induced

using an intraperitoneal injection of a mixture

containing xylazine hydrochloride, 10 mg/kg

(Rompun, Bayer, Leverkusen, Germany) and

ketamine hydrochloride, 75 mg/kg (Ketanest 50,

Parke-Davis, Berlin, Germany) and when indi-

cated, anaesthesia was prolonged by the admin-

istration of a further amount of each drug at

half the initial dosage. Twenty-four hours prior

to starting electron paramagnetic resonance

(EPR) measurements, the rats were anaes-

thetized and crystalline particles of lithium

phthalocyanine (LiPc), the paramagnetic probe,

were implanted beneath the buccal mucosal

epithelium through a 23 gauge injection needle

(Microlance, Becton Dickinson, Fraga, Spain).

The approximate volume of the crystals (a gen-

erous gift from the EPR Centre for Viable

Tissues, Dartmouth College of Medicine,

Hanover, New Hampshire, USA) was 0.5 µm3.

The needle tip was filled with approximately 0.1

mm3 of LiPc microcrystals. The needle was

inserted 2 mm laterally from the injection site

and the microcrystals deposited about 1 mm

below the mucosa surface. Measurements began

24 hours after the implantation of the paramag-

netic probe, permitting time for oxygen concen-

trations to balance between the paramagnetic

crystals and the surrounding tissue and to min-

imize the risk of the results being affected by the

initial stress and tissue injury from the implan-

tation of the probe. The delay also permitted the

injection site to start healing, reducing the like-

lihood that the hyperaemic drug – benzyl nicoti-

nate (BN) – would permeate directly through the

wound caused by the implantation of the LiPc

microcrystals. Each rat was anaesthetised and

the EPR spectra measured for 15 minutes to

ensure that both the equipment and the implant

were functioning correctly and to establish the

baseline value for the partial pressure of oxygen

(pO2) in the tissue before proceeding further.

Anaesthesia interferes with temperature

homeostasis and changes in temperature have

been reported to significantly influence the

linewidth of the EPR spectra (15, 16), so a pre-

liminary study was performed to develop a

method to counter such effects. 

Benzyl nicotinate

Benzyl nicotinate indirectly increases local

blood flow through the release of nicotinic acid,

which is followed by the formation of prostaglandin

D2 (13, 14). The increased blood flow leads to an

elevation of tissue oxygenation, pO2, which can be

measured by EPR oximetry. The gradual increase

in pO2 after the application of the formulations

containing BN was measured and the overall effec-

tiveness of the incorporated drug in different types

of liposomes was determined.

Liposomes with benzyl nicotinate

Liposomes were prepared using the thin-film

method from cholesterol and either hydrogenat-

ed or non-hydrogenated soy lecithin (HSL or

NSL) in a weight ratio of 3:7. The lipophilic phase

containing phospholipid, together with choles-

terol and the benzyl nicotinate (Lek; Ljubljana,

Slovenia), was dissolved in dichloromethane for

the NSL or in chloroform:methanol (1:1) for the

HSL. The solvent was removed in a rotary evap-

orator, which left a thin film clinging to the evap-

orator's wall. Any remaining solvent was

removed completely under vacuum (10 to 15

minutes at 40 °C and pressure 100 Pa). The dry

film was then hydrated with distilled water at

approximately 80 °C for the HSL (i.e. above its

phase transition temperature) and at room tem-

perature (22 °C) for the NSL. The flask was

shaken until the film was completely removed

from its walls. The dispersion was then stabi-

lized by stirring it for 2 hours on a magnetic stir-

rer (300 rpm) at room temperature. A 1-mL sam-

ple of the dispersion contained 25 mg of lipids

and 12.5 mg of BN. A higher concentration of BN

would not permit the liposomes to form.
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A portion of the multilamellar liposome (MLV)

was extruded with a Liposofast extruder

(Avestin, Ottawa, Canada) using polycarbonate

membranes with defined pore diameters

(Nucleopore Corporation, Pleasanton, CA, USA),

which started at 800 nm and decreased in diam-

eter to 100 nm. The liposomes were extruded at

temperatures slightly above their phase transi-

tion temperature.

Characterization of liposomes 

The size of the liposomes and their polydis-

persity index (PI) rating were determined by pho-

ton correlation spectroscopy (PCS; Zetasizer

3000, Malvern, Malvern, UK) at a fixed angle of

90ş. The samples were diluted in dust-free water

to give the recommended scattering intensity of

100,000 counts s-1. The diameter was calculated

from the autocorrelation function of the intensi-

ty of light scattered from the particles, assuming

that the particles were spherical in form. For

mean size calculation, the cumulant algorithm,

which took into account only one population of

particles was used. The PI is a measure of a dis-

persion's homogeneity, which ranges from 0

(homogeneous dispersion) to 1 (high heterogene-

ity). In our study, the mean diameters of the NSL

and the HSL were respectively 400 ± 40 and

1,000 ± 100 with PI's close to 1; after extrusion

it was 250 nm ± 20 with a PI of 0.7 ± 0.2 and

250 ± 10 with a PI of 0.3 ± 0.1.

Formulation for application

A mucoadhesive ointment, polymethyl metha-

crylate (PMMA) (a neutralized co-polymer of

methacrylic acid and methyl methacrylate) was

used in the application of the liposomal formula-

tion to the tissues of the oral cavity. The PMMA

(Sigma-Aldrich, Steinheim, Germany) was pre-

pared as described elsewhere (7, 8). The liposomes

encapsulating BN were mixed with PMMA in a

weight ratio of 2:3, resulting in a final concentra-

tion of BN in the PMMA formulation of 0.5 wt %.

For a negative control, a PMMA without BN

was used.

EPR measurements

The measurements taken in the oral cavity

were conducted by in vivo EPR oximetry, which

has been described in detail elsewhere (16).

Briefly, 0.05 ml of the prepared liposomal for-

mulation was applied to the surface of the buc-

cal mucosa over the site where the LiPc had

been implanted using a syringe (Plastipak,

Becton Dickinson, Fraga, Spain).

The surface coil of an extended loop res-

onator, which was 11 mm in diameter, was

placed over the implanted area and the EPR

spectra were recorded on a Varian E-9 EPR spec-

trometer with a custom-made low-frequency

microwave bridge (designed by Dr. T. Walczak,

Dartmouth College of Medicine, Hanover, NH,

USA), operating at 1.1 GHz. The spectra were

recorded under the following conditions: magnet-

ic field density 44-45 mT, modulation amplitude

2.5 x 10-3 mT and the microwave power 20 mW.

The linewidth of the EPR spectra, which is pro-

portional to local pO2 changes in the tissue, was

measured and converted to mucosal pO2 accord-

ing to the calibration curve for the LiPc (17). 

Each experimental formulation, including

the negative control, was tested in 8 or 9 rats.

In order to obtain the basal pO2 of the oral

mucosa, five EPR spectra were recorded before

the application of the test formulation and the

mean value was taken as the basal pO2. The

local pO2 changes were then measured over 90

minutes (at 2 to 5 minute intervals) following

the application of the test material. As the

basal pO2 varied from animal to animal the dif-

ference in pO2 with respect to the basal value

was measured. Time points and pO2 measure-

ments, which represent the efficiency of the

drug's absorption and action, were evaluated

for each type of liposome as follows: onset of

increasing tissue oxygenation (lag time, tlag),

the maximal pO2 (∆pO2max), the time when

pO2max was reached (tmax), the return to the

basal pO2 levels (tend) and the area under the

curve (AUC). 

Statistical analysis

The hypothesis of average equality in different

groups was tested with one-way single factor

ANOVA. The GLM procedure for unbalanced data

was used for the analysis of data. If the analysis

of variance test was significant, a post-test analy-

sis using a Duncan test was used to find the spe-

cific difference and P values of less than 0.05

were accepted as statistically significant. 
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Results

Effect of body temperature and anaesthesia on

pO2 in oral mucosa

Preliminary EPR measurements were per-

formed without the application of medications to

investigate the effect of changes in body temper-

ature and duration of anaesthesia on the oxy-

genation of the oral mucosal. It was found that

the tissue oxygenation in oral mucosa is influ-

enced by changes in body temperature. The pO2

of oral mucosa decreased, as expected, with the

reduction of body temperatures below that con-

sidered normal (16). Minimal changes were

observed when temperature homeostasis was

maintained at 36.5 ± 0.5 °C throughout anaes-

thesia by a flow of hot air; this was measured

rectally with a thermocouple inserted into a

glass capillary. This method was therefore used

during the liposome evaluation. Measuring the

temperature of oral mucosa is invasive and

interferes with its pO2, therefore, it was not per-

formed. 

Furthermore, tissue oxygenation is also

influenced by anaesthesia. After the application

of the anaesthetic combination, the pO2 in the

oral mucosa decreased before stabilizing after

Figure 1: Dependence of partial

pressure of oxygen (pO2) on ana-

esthesia in rat oral mucosa. For

the first 30 minutes after the

application of the anaesthetic and

sedative, the pO2 in the oral mu-

cosa decreased, then remained

fairly steady for the next 30 min-

utes and then started to rise after

one hour - when the animal be-

gan to wake up 

Figure 2: The time-course of oxy-

gen level variation (∆pO2) in rat

oral mucosa after the application

of benzyl nicotinate in HSL lipo-

somes of different sizes: ( ) mul-

tilamellar HSL liposomes, ( )

unilamellar HSL liposomes and

( ) control group. Each point rep-

resents mean value ± SD of 8-9

measurements
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about 30 minutes. After one hour, as the anaes-

thesia lightened, the pO2 started to rise again

(Figure 1.). As the measurements of the local

pO2 changes after the application of the liposo-

mal formulations were performed over 90 min-

utes, an additional half of dose of the anaesthet-

ic combination was administered (without the

animal being moved) one hour after the initial

dose. This was found to maintain the anaesthe-

sia adequately and to stabilize the pO2 over a

longer period of time. With respect to the initial

influence of anaesthesia, the formulations were

not applied to the mucosa until 30 minutes after

anaesthesia – when the basal pO2 levels had

been confirmed as having stabilized.

Effect of liposome composition

In the control experiments it was determined

that PMMA alone has no influence on the oxy-

genation of oral mucosa (Figures 2 and 3). For

the test substances, the lag time (tlag), the max-

imal relative increase of pO2 after the applica-

tion of the liposomes and the time when it was

reached (∆pO2max, tmax), the area under the

curve (AUC), and the time when BN stopped act-

ing (tend) were determined from the individual

pO2 curves. The influence on the oxygenation of

the oral mucosa of BN incorporated in the HSL

or NSL liposomes is shown in Figures 2 and 3.

The influence of the different carriers investigat-

ed was significant. The major changes to the

pO2 of the oral mucosa occurred after the appli-

cation of the multilamellar liposomes made from

hydrogenated soy lecithin (MLV-HSL) (p<0.0001),

which is expressed in maximal changes of pO2

as well as in the AUC. The drug also had the

longest lasting effects (the average exceeded the

measurement time) for this type of liposome

(p<0.0001). The least effective were the extruded

liposomes from hydrogenated soy lecithin (ULV-

HSL), this being lower than for liposomes from

non-hydrogenated soy lecithin. When BN was

incorporated in liposomes made from non-

hydrogenated soy lecithin, their effectiveness

was more pronounced when incorporated in

multilamellar (MLV-NSL) rather than the

extruded (ULV-NSL) liposomes, although the dif-

ferences were much less marked than with the

HSL liposomes. Maximal pO2 is greater in

extruded liposomes while the time when maxi-

mal increase in pO2 was achieved as well as the

duration of the effect was longer when using the

non-extruded liposomes.

The analysis of variance test for the unbal-

anced data showed significant differences

(F=54.37, p<0.0001) in the average values of the

maximal increase of pO2 (∆pO2max) for all four car-

riers (Table 1). Statistically significant differences

(F=4.47, p=0.01) in the values of tmax were

observed between the extruded and non-extrud-

ed liposomes of both types (NSL and HSL). The

maximal change in pO2 in the oral mucosa was

achieved sooner in extruded rather than non-

extruded NSL and HSL liposomes, while the dif-

ferences in tlag between the different carriers were
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Figure 3: The time-course of oxy-

gen level variation (∆pO2) in rat

oral mucosa after the application

of benzyl nicotinate in NSL lipo-

somes of different sizes: ( ) mul-

tilamellar MLV liposomes, ( )

extruded MLV liposomes and ( )

control group. Each point repre-

sents mean value ± SD of 8-9

measurements
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not significant. However, the most pronounced

effect was observed for MLV-HSL liposomes,

where the pO2 remained above the baseline

longer, exceeding the time of measurement. The

effectiveness of BN, expressed as AUC, was most

pronounced when applied in MLV-HSL (F=17.65,

p<0.0001) (Table 1), while in other formulations

the differences in AUC were not significant.

Discussion

Oral mucosa is a stratified squamous epithe-

lium, whose intercellular spaces are filled with

lipids extruded from the membrane coating

granules (MCG). The lipids may be organised

into lamellae and they constitute the principal

barrier against molecular diffusion through the

mucosa. Keratinized areas in the oral cavity are

generally more permeable than the skin because

the intercellular lipids are less well structured.

They exist mainly in discrete lamellar domains

and there are fewer structural contributions

from lipids (ceramides) covalently bound to the

corneocyte surface (18, 19, 20). There are con-

siderable differences in the permeability of dif-

ferent oral mucosae (9). In non-keratinized

regions (e.g. cheek, floor of the mouth and lips)

the chemical nature of the intercellular material

is less well defined and the barrier is less effi-

cient than that in the keratinized epithelia (19).

In general, the permeability of oral mucosae

decreases in the order of sublingual is greater

than buccal, which in turn is greater than

palatal (6). The permeability of the oral mucosa

is estimated to be 4 to 4,000 times greater than

that of the skin (3, 6, 9). 

The oral epithelia of a number of experimen-

tal animals are entirely keratinized (6), and the

rat has a buccal mucosa with a very thick, ker-

atinized surface layer (9). Human oral mucosa is

thin and non-keratinized. From the point of view

of human mucosal drug delivery, the carriers

tested in rats are expected to be even more effec-

tive in the thin non-keratinized human buccal

mucosa. An inflammatory infiltrate in connec-

tive tissue increases epithelial permeability (2),

and an ulcerated surface, i.e. without the

epithelial barrier, provides an easier entry as

well as an easier exit for the drug (11).

The continuous flow of saliva and the

mechanical movements of the tongue may pre-

vent the long-term adhesion of carriers to oral

mucosa. Among the different hydrophilic poly-

mers that have been investigated, PMMA has

been found to be the most appropriate mucoad-

hesive ointment for local liposome applications

in the oral cavity. They are most stable in this

polymer and the penetration of the incorporated

Liposomes N
ΔpO2 max

(mmHg)

tmax

(min)

tlag

(min)

AUC

(mmHg x min)

tend

(min)

MLV-HSL 8 7 ± 0.8
a

48 ± 11
e

14 ± 7.6 270 ± 103
*

**

ULV-HSL 9 2 ± 0.6
b

36 ± 7
f

12 ± 4.50 54 ± 37 50 ± 23

MLV-NSL 9 4 ± 1.0
c

45 ± 10 16 ± 8.4 110 ± 49 57 ± 15

ULV-NSL 8 6 ± 1.0
d

30 ± 6
f

12 ± 7.4 90 ± 8.0 40 ± 10.4

Table 1: The effect of topical applications of benzyl nicotinate (BN)

incorporated in liposomes of varying lamellarity and composition on

the oxygenation of rat oral mucosa 

Each value represents the mean ± SD of measurements. 

Key:

N - Number of measurements 

∆pO2max - the maximal relative increase of pO2 after application of the liposomes 

tmax - the time when pO2max was reached

tlag - the time when the BN starts to act (lag time)

AUC - area under the curve 

tend - the time when BN stops acting (after the application of BN incorporated in different carriers)

a,b,c,d - statistically significant difference between different carriers (Analysis of variance, Duncan's

test; p < 0.0001) 

* - statistically significant difference between different carriers (Analysis of variance, Duncan's test; 

p < 0.0001)

e,f - statistically significant difference (Analysis of variance, Duncan's test; p<0.01)

** - the effect lasted longer than the time of measurements
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substance into the oral mucosa or gingiva is

greatest when PMMA was used (8). Therefore we

chose PMMA as the vehicle for the liposomes

with the entrapped BN. We found that multil-

amellar liposomes made from hydrogenated soy

lecithin were the most effective carriers of the

liposomes investigated in this study. Several

studies have shown that a liposome's composi-

tion and, to a lesser extent, its size influences

the rate of transport and effectiveness of a

drug's action in skin (21, 22, 23, 24). The effect

of free BN in PMMA has been evaluated before,

the drug's effect increasing linearly with a BN

concentration up to 3 %; higher concentrations

having no greater effect indicating that the sat-

uration level had been achieved (16). If the con-

centration of the hyperaemic drug was less than

1 % then no local changes of pO2 were observed

(16). As we achieved significant effects with each

of the four liposomal formulations in our study

when the concentration of BN in the formulation

was 0.5 % we can conclude that the encapsula-

tion of a drug into liposomes enhances its deliv-

ery into oral mucosa. 

Multilamellar liposomes made from HSL were

the most effective carriers for the hyperaemic

drug used in this study and also produced the

greatest duration of action (Table 1). The HSL

liposomes cause a greater effect than NSL lipo-

somes. These results are in agreement with in

vitro and in vivo results previously obtained,

which show that a hydrophilic probe, when

applied entrapped in a NSL liposome, does not

penetrate deeper than 100 µm, while the HSL

liposomes enable penetration into the deeper lay-

ers of the skin (22, 24). We studied the influence

of a lipophilic substance that can penetrate into

the skin even if it is not entrapped in a liposome.

Therefore, the enhanced effect of all four formu-

lations is not surprising. However, multilamellar

liposomes from HSL caused the most pro-

nounced increase in pO2 and prolonged the effect

of the BN action in accordance with previous

findings, which show that liposomes allow a con-

trolled and continuous release of a drug over a

longer period of time (25, 26). The pO2 was still

above the baseline when we stopped taking

measurements after 90 minutes. The popula-

tions of multilamellar liposomes are very hetero-

geneous in size and lamellarity; therefore, they

release the entrapped substance more evenly

over a prolonged period while penetrating the

oral mucosa. In contrast, after an initial increase

in pO2 a decrease was observed after 35 minutes

with the extruded liposomes. We suggest that the

extruded liposomes, which are smaller, more

homogeneous in size and with less layers in their

structure, release a drug more uniformly and

rapidly, therefore the effect is shorter. We assume

that most unilamellar liposomes break down on

the surface of the oral mucosa and the released

free BN then penetrates the mucosa as if it had

been applied directly. 

The drop in pO2 after the administration of the

anaesthetic's agents is likely to be related to the

depressed respiration rate and altered circulation

induced by the anaesthetics. Anaesthesia affects

the tissue pO2 directly through its effect on the

respiratory centre and indirectly due to peripher-

al vasoconstriction (33). Xylazine hydrochloride is

a sedative and muscle relaxant commonly used

in veterinary medicine (34). Being an agonist for

α2-adrenoceptors, xylazine hydrochloride

decreases the heart rate, causes a biphasic

change in mean blood pressure (transient hyper-

tension followed by hypotension), decreases

venous cerebral blood volume and intracranial

pressure, and depresses the central nervous sys-

tem (33, 35, 36). During the initial stage of hyper-

tension there is peripheral vasoconstriction,

which reduces the blood flow through the capil-

laries. This varies with the type of α2-adrenocep-

tors present in the tissue, the dose and the route

of administration. This initial stage is followed by

a lowering of blood pressure, circulation and the

peripheral resistance of blood vessels. The

reduced peripheral blood flow, together with the

decreased arterial oxygen content, account for

the remarkable reduction in the oxygenation of

the oral mucosa in ketamine-xylazine hydrochlo-

ride anaesthetised rats. This explains the

decrease of pO2 that was observed after the appli-

cation of the anaesthetic and sedative. It is there-

fore impossible to avoid a certain influence of the

anaesthesia during in vivo measurements. There

was also fluctuation of pO2 around the basic

value of pO2, which was obtained as an average of

the EPR spectra linewidths taken before the

application of the ointment.

Conclusions

In this study we have proven that in the rat,

a topical application of a liposome preparation
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facilitates the penetration of BN through the oral

mucosa in vivo, the drug increasing the oxy-

genation of the oral mucosa. The liposome's

composition and size plays an important role in

the penetration of this lipophilic drug through

the oral mucosa. The present study has indicat-

ed that multilamellar liposomes made from

hydrogenated soy lecithin are much more effec-

tive carriers for BN in oral mucosa than are the

non-hydrogenated liposomes or the extruded

liposomes of the same type. EPR oximetry in

vivo as a non-invasive method can be used to

precisely monitor the penetration of BN into oral

mucosa by following the physiological response

of the body to the drug's action. In addition, our

results indicate that pO2 in the oral mucosa is

altered by body temperature and anaesthetics.
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SPREMLJANJE VPLIVA RAZLIČNIH NOSILCEV Z VGRAJENIM HIPEREMIKOM NA 
PARCIALNI TLAK KISIKA V PODGANJI USTNI SLUZNICI Z ELEKTRONSKO 
PARAMAGNETNO RESONANČNO OKSIMETRIJO

V. Erjavec, Z. Pavlica, M. Šentjurc, M. Petelin

Povzetek: Namen študije je bil izbrati med različnimi liposomi najboljši nosilec zdravilne učinkovine za lokalno zdravljenje
bolezenskih sprememb na ustni sluznici. Kot zdravilno učinkovino smo uporabili hiperemik benzil nikotinat (BN), ki poveča
prekrvitev in s tem oksigenacijo tkiva. Z elektronsko paramagnetno resonančno (EPR) oksimetrijo smo ob uporabi parama-
gnetne snovi (litijev ftalocianin) spremljali učinek benzil nikotinata, ki je bil vgrajen v liposome različnih oblik in sestave.
Liposomi so bili pripravljeni bodisi iz hidrogeniranega bodisi iz nehidrogeniranega sojinega lecitina. Kot podlago za pripravo
zdravila, ki smo ga nanašali na ustno sluznico, smo uporabljali polimetilmetakrilat (PMM), ki se na ustno sluznico dobro lepi. 
Z EPR smo merili parcialni tlak kisika (pO2) v ustni sluznici pred nanosom liposomov in po njem. Ugotovili smo, da pride
do največjega povečanja pO2 v ustni sluznici po lokalnem nanosu benzil nikotinata, vključenega v večplastne liposome iz
hidrogeniranega sojinega lecitina (p<0.0001), zato so ti liposomi najprimernejši za lokalno dovajanje zdravilnih učinkovin
na ustno sluznico.

Ključne besede: ustne bolezni; zdravljenje z zdravili;  liposomi; in vivo EPR oksimetrija; ustna sluznica; podgana
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Summary: A case of chronic bronchocutaneous fistula due to pulmonary foreign body in the French pointer breed
Epagneul Breton is described. Identification of the origin of fistula with fistulography and removal of plant foreign body
enabled complete remission after median sternotomy, cranial right pulmonary lobectomy. Related data from current litera-
ture are listed in the present article finally.
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Introduction

Current literature does not offer many informa-

tion regarding bronchocutaneous fistula (BCF)

which can originate at different levels from the

major airways to the peripheral lung. 

Fistula is any abnormal tubelike passage or

communication within body tissue, usually

between two internal organs, or leading from

organ to the surface of the body. Fistula may also

be defined as unnatural narrow channel leading

from some natural cavity, such as duct of the

mammary gland, or the interior of the rectum or

anal sac, to the surface. Some fistulae are creat-

ed surgically, for diagnostic or therapeutic pur-

poses; others occur as a result of injury or as con-

genital abnormalities (1, 2). 

Some reports on fistulae related to presented

case are listed below:

A gastrobronchial fistula is reported (3) in a dog

with clinical signs conzisted to laryngeal paralysis

because of gagging and coughing of 1- month

duration. The dog was pyretic and because of gag-

ging, suspicion of aspiration, and poor response

to antibiotic therapy, a swallowing disorder and

esophageal dysfunction were differential diag-

noses. On the survey thoracic radiographs alveo-

lar infiltrates were evident in the ventral portions

of all right lung lobes. Bronchi in the affected

lobes were dilated and irregular, and cranial dis-

placement of the pylorus and right cardiac dis-

placement was observed. Esophagogram (using

pure barium paste per os) was normal, during

evaluation of gastric contraction, contrast medi-

um appeared in the right caudal lung lobe. On

subsequent radiographs, a fistula from the cra-

nial margin of the displaced pylorus to the right

caudal lobe bronchus was seen. During surgery

no evidence of foreign body was found. A complete

recovery is reported. 

A bronchoesophageal fistula and transient

megaesophagus in a dog with chronic cough of 2

year duration is another clinical case to mention

(4, 5). The dog was depressed and emaciated. A

mineral-dense foreign body within the midthoracic

portion of the esophagus was observed on survey

thoracic radiograph. The lumen of thoracic por-

tion of the esophagus was large and air-filled. The

cranioventral aspect of the right cranial lung lobe

was consolidated. A flat piece of bone at the level

of the heart, adhered to the ventral mucosa was

removed by esophagoscopy. Four weeks later

despite the therapy with antibiotics the dog

returned with clinical signs of dyspnea and cough-

ing. Contrast radiography using liquid barium sul-

phate, revealed a fistula between esophagus and

the bronchi of the right cranial and middle lung

lobes, with secondary reflux into the right cranial

lung lobe. The dog improved rapidly after the sur-
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gery and no evidence of megaesophagus was

found. Bronchoesophageal fistulae are rare in

dogs and have not been associated with megae-

sophagus. In small-breed dogs with bronchoe-

sophageal fistula, the clinical signs were pul-

monary (bronchial, alveolar, interstitial changes);

esophageal diverticula as a prominent feature

related to foreign bodies in 9 of 10 cases (4, 5). The

right caudal lung lobe was usually involved. If the

localized esophagitis assocated with the foreign

body-fistula could cause the diffuse neuromuscu-

lar esophageal dysfunction is unknown (4, 5). 

Cutaneopulmonary fistula in a dog caused by

migration of a toothpick has been reported lately

(6). The 6-year-old, mixed-breed dog had a chron-

ic, nonhealing, sinus tract located over the left

cranial thoracic wall and intermittent, moist

cough had been noted by owner. The dog had had

an abscess over that region approximately 1 year

prior to presentation. The abscess was incised,

explored, and drained twice with no resolution.

The resultant wound from the second surgery

formed a draining tract and had been treated with

antibiotics. On initial physical examination, a

sinus tract associated with the left thoracic wall

was visualized. Moderate, generalized lym-

phadenopathy was also noted. The drainage from

the wound was described grossly as purulent exu-

date. The remainder of the examination was unre-

markable. Survey radiographs of the thorax

revealed a mild alveolar pattern associated with

caudal aspect of the left cranial lung lobe. No evi-

dence of pleural effusion was noted. A fistulogram

was performed to determine the extent of draining

tract and to visualize a suspected foreign body

within the tract. Foley catheter was placed 3 cm

into the fistula, and low osmolar, water-solubile,

nonionic iodinated contrast medium was injected.

Right lateral and ventrodorsal thoracic radi-

ographs revealed contrast material within the

bronchial tree of the left cranial and left caudal

lung lobes. The contrast medium extended from

the cutaneous surface through the thoracic wall,

which confirmed a cutaneous-pulmonary fistula

with a possible foreign body. The contrast materi-

al was disseminated within the bronchial tree.

Surgical exploration of the fistula was indicated. A

fibrous structure was found at the level of the cos-

tochondral junction within the thoracic cavity.

This structure was excised, and a tooth-pick was

found. The dog recovered without complication (6). 

Clinical Report

An 11- year-old male Epagneul Breton was

examined of intermittent draining tracts from the

ventral neck for two years duration. The dog

showed hyperthermia at exacerbations of disease

and periods of remissions usually following

antibiotic courses. As foreign body was suspected,

tracts were unsuccessfully explored surgically

twice at a private clinic. Fistulography had been

Figure 1: Survey right lateral

thoracic radiograph: a marked

localized interstitial infiltrate

obscuring the pulmonary ves-

sels in the right cranial lung

lobe; borders are classified as

alveolar in nature; radiopaque

airgun projectile was found;

nonradiopaque foreign body

still suspected because of the

infiltrate which develos around

the affected bronchus
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Figure 2 and 3: Right lateral and

ventrodorsal thoracic radi-

ograph (immediately after the

injection of contrast material):

contrast passed through the

fistulous tract into the thoracic

cavity and spread through

bronchus in the right cranial

lung lobe; bronchi in the affect-

ed lobe are dilated and irregu-

lar; no periostal reaction of the

adjacent ribs found. Broncho-

cutaneous fistula was diag-

nosed
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performed, but no foreign body was found. Three

months later the dog got all again and was pre-

sented to our institution with multiple sinus

tracts, purulent discharge and severely

inflammed skin of the ventral neck.

The survey right lateral and ventrodorsal tho-

racic radiographs were taken prior to fistulogra-

phy monitored under general anaesthesia . An

airgun projectile as a foreign body was found. A

marked localized interstitial infiltrate obscured

the pulmonary vessels in the right cranial lung

lobe.; borders were classified as alveolar in

nature. Nonradiopaque foreign body was still sus-

pected because of the infiltrate which develops

around the affected bronchus. The larger of two

fistulous tracts with diameter of about 3 mm was

cannulated with Foley cathether (14 FR/CH,

Kendall, Curity) and baloon was filled with sterile

water which prevented catheter removal and

sealed the tract. The smaller opening was closed

with manual pressure. Low osmolar, water solu-

bile, ionic iodinated contrast material (Urografin

76%, Schering) was injected under controlled

pressure (8, 9, 10, 11).

Right lateral and ventrodorsal thoracic radi-

ographs were taken immediately after the injec-

tion of the contrast material. Contrast material

passed through the fistulous tracts into the tho-

racic cavity and spreaded through the bronchus

in the right cranial lobe of the lung. Bronchi in

the affected lobe were dilated and irregular. There

was no periostal reaction of the adjacent ribs.

Adverse reaction to the contrast medium was not

observed. Bronchocutaneous fistula was dag-

nosed.

Surgical procedure

Based on the imaging findings, the diagnosis

was a bronchocutaneous fistula. Surgical proce-

dure was suggested. The patient was premedicat-

ed with midazolam (Dormicum, Roche) and meta-

don (Heptanon, Pliva), induced with thiopental,

(Nesdonal, Specia) and maintained during course

of general anaesthesia with anaesthestic breath-

ing mixture of oxygen,  air and isoflurane (Forane,

Abbott). Incremental doses of ketamin (Bioketan,

Vetoquinol) and fentanyl (Fentanyl, Janssen) were

used to improve intraoperative analgesia and to

decrease vol.% of isoflurane. The patient was

mechanically ventilated (IPPV), monitored with

ECG, pulse oxymeter, capnometer, and blood

pressure was measured directly. Median sternoto-

my was performed with oscilating saw,

sternopericardial ligament was freed and

Finochietto rib spreader used to expose both

hemithoraces. The adhesion of right cranial pul-

monary lobe to the craniolateral chest wall was

found and the most part of the lobe was indurat-

ed. Adhesion was carefully freed with combina-

Figure 4: Patient prepared for

surgery (fistulous tracts)
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tion of sharp and blunt dissection and lobectomy

performed with automatic stapler (Auto Suture).

A canal leading from fibrotic mass to craniolater-

al chest wall was found. The stump was checked

for air leakage, thorax copiously flushed with

warm saline, chest tube was placed and sternoto-

my closed with stainless steel wire, lactomer and

nylon. The incision site was infiltrated with bupi-

vacain prior to skin closure. 

A grass awn was found within the fibrotic mass.

The dog remained at Intensive care unit for 24

hours, when chest tube was removed and

remained hospitalised for another 48 hours when

discharged to home care. The fistulous canal

closed completely in 2 months and the dog does

well at time of writing the paper as confirmed with

telephone quiery.

Discussion

Fistulography are rather rare and sporadic diag-

nostic tool in small animals comparing to horses

despite the fact that penetrating injuries involving

foreign bodies are common problem, specially in

active dogs. The presented clinical case is a good

reason to stress the importance of the old fashion

fistulography along with modern contrast

enhanced diagnostic techniques. (7, 8, 9, 10, 12). 

As it is well known that airgun projectiles, an 4,

5 mm lead bullet, are usually encapsulated and

cause no major problems and reactions, but a

nonradiopaque foreign body was still a most pos-

sible reason for connection between the fistula

and the affected bronchus (10). 

In buffalo a traumatic reticulo-bronchial fistula

has been reported. In human the leading causes

of acquired gastrobronchial fistulae were gastric

ulcer and subphrenic abscess (3, 8). Other

reported causes related to gastrointestinal tract

are congenital, previous esophageal or gastroe-

sophageal surgery, infection caused by a foreign

body or neoplasia. Regardless of etiology,

occurence of gastrobronchial fistula in humans or

animals is rare. The prefered method of confirm-

ing a presumptive diagnosis of gastrobronchial

fistula is upper gastrointestinal contrast study

and more recently of course CT and MRI (3).

Foreign body migration is not an uncommon syn-

drome as well as in dogs as in human. Clinical

outcomes range from small, cutaneous, inflam-

matory reactions to severe inflammation and bac-

terial infection of body cavities, organs or both.

Diagnosis and treatment of such conditions can

be challenging. According to the literature data

(7), no specific breed was overrepresented. Most of

the patients had a history of soft tissue swelling,

abscess, or draining tract of uncertain duration.

The mean duration of the clinical signs was 9.8

months (in our case 2 years) and at least two sur-

gical procedures had been performed before the

Figure 5: Resected lung lobe

with foreign body (plant seed)
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fistulography and further definitive diagnosis.

Neck region remain the first among the others

(head, paws, flank, inguinal region, gluteal

region). The most common cause was the foreign

body (7). Foreign body inhalation is quite common

in pointer breeds, specially in Mediterranian

region. Pointer dogs hunt with extended neck,

highly elevated head and open mouth. Typical

hunting pose and early hunting season when

plants still bloom enable inhalation of grass awns

(personal information, dr. Butinar). Early removal

of inhaled foreign body with endoscopy after

major complaint of cough, breed and history of

hunting enables complete remission.

Demonstrating the presence of a foreing body

can be difficult, and successful treatment usual-

ly hinges on the complete excision of the object

and the majority of diseased tissue associated

with it. In the dog, many different objects have

been described as migrating foreign bodies,

including wood fragments, grass awns, needles,

and toothpicks. In the human literature, there

have been multiple reports of toothpick migration

and toothpick injuries. In veterinary literature

only two cases of tooth-pick-related injuries could

be found (7). In dogs, the most probable route of

injury would be swallowing and/or digestion of

the toothpick (7) with subsequent migration. It is

believed that aspiration and subsequent migra-

tion was the course of the presented case

although cutaneous migration can not be ruled

out. Fistulae that have been previously reported

in association with a migrating foreign object

include esophagoaortic, esophagotracheal, and

esophagobronchial, with the latter being the most

common in dogs (7). When attempting to diagnose

a migrating foreign body, many modalities can be

used. If peritonitis or pyothorax is present, survey

radiographs, blood work, abdomino/thoracocen-

tesis, and surgical exploration may suffice. If a

draining tract is present, one additional, simple

diagnostic test that can be completed is contrast

radiography (8, 9, 10). Fistulography (injection of

iodinated contrast into a sinus or draining tract)

or fistulography (when result indicates a cutaneo-

cavitary communication) is a quick, inexpensive

tool to help in identifying the presence of a foreign

object. Historically, these types of radiographic

studies have been used frequently in equine prac-

tice, but there has been sparse reporting of their

use in small animal practice. In a previous study,

sensitivity for fistulo/sinography diagnosing for-

eign bodies in small animals was reported as 87%

(8). This study also reported that 44% of the ani-

mals examined, fistulography demonstrated that

the extent, the position of the draining tract or

both were different than expected on the basis of

clinical signs and survey radiographs. This

emphasizes that valuable informations can be

obtained by the use of contrast radiography.

Other modalities which have been used to detect

foreign bodies include ultrasound, magnetic reso-

nance imaging, and computed tomography. (8, 9,

10). These modalities can be very useful, athough

they are not a convinient modality for initial eval-

uation because their requirements of anesthesia,

expertise, or expensive instrumentation.

Fistulography is an excellent diagnostic test avail-

able to any practicioner with radiographic capa-

bility and can provide valuable information that

can help surgical planning. 

A good quality survey radiograph of the tract

and the surrounding tissue should be obtained

before the contrast study. If no diagnosis is appar-

ent then fistulography may be performed. The

aim of the technique is to fill and distend the tract

and any communicating cavity with the contrast

material, injected by hand. During the injection

some adjustment of the position of the catheter or

tube may be necessary to obtain good filling.

Initially there will be a little resistance to the flow

of the contrast material but when tract is com-

pletely filled, the pressure required on the syringe

plunger will increase. At this point the operator

moves to a position safe from primary and scat-

tered radation and a radiographic exposure is

made. There must not be a long delay between the

filling of the sinus and the radiographic exposure

because this delay may allow the sinus to begin to

empty. Radiographic exposure factors for the fis-

tulography should be greater than those used in

survey radiograph (8, 9, 10).  

Although fistulography is a simple technique,

attention to detail is important. Contamination of

the hair coat with exudate, topical applications

and contrast material must be avoided. A survey

radiograph must always be taken before the con-

trast examination because fragments of opaque

foreign material may be obscured by the positive

contrast. Two perpendicular projections are nor-

mally required to locate the focus accurately.

When contrast material leaves the area of interest

rapidly, either through the tract opening or

because it is rapidly absorbed, an infusion of con-
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trast may be required for additional projection.

The sinus must not be over distended because the

tract may rupture and contaminated contrast

material may spread along otherwise normal fas-

cial planes (8, 9, 10). 

It is important to note that low osmolar, water-

soluble, nonionic contrast agents are the agents

of choise especially in cases where the agent

comes in direct contact with pulmonary tissue.

Ionic agents are contraindicated in fistulograms

that may enter the pulmonary parenchyma,

because they can stimulate severe inflammation

reaction in pulmonary tissue, which can result in

fatalities (11). The biologic characteristics of the

nonionic agents are similar to those of the non-

ionic monomers. General characteristic common-

ly shared are low molecular weight, low lipid sol-

ubility, inertness, and rapid glomerular filtration.

Like ionic agents, extracellular space distribution

occurs throughout the body, except in brain tis-

sue. Nonionic contrast agents have a higher LD50

and a lower incidence of adverse clinical reactions

than ionic compounds (11). 

Filling defects are important radiographic find-

ings. If sinus is associated with a stick the filling

defect may be of similar dimensions on both views

and have a regular or geometric outline. It is

important to use two views to gain a three dimen-

sional impression of the shape and location of any

filling defect (8, 9, 10.11, 12). 

The majority of draining tracts due to chronic

foreign body result in complete resolution of clin-

ical signs, when the diseased tissue is fully

excised (13). 

Conclusions

• bronchocutaneous fistula is a rare pathologic

condition in a dog

• diagnostic imaging is crucial to localize the ori-

gin of the fistula 

• choice of diagnostic imaging depends on

equipment availability 

• correctly performed fistulo/sinography is an

easily performed, and relatively accurate

method 

• lobectomy of the affected lung lobe results in

complete remission

• grass awn or similar foreign bodies can be

found in resected lobe

• foreign body inhalation is not uncommon, spe-

cially in pointer dogs
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BRONHOKUTANA FISTULA PRI PSU

T. Ivanuša, J. Butinar

Povzetek: Opisan je primer bronhokutane fistule pri psu, kot posledica inhaliranega tujka v pljučih. Kontrastna
fistulografija je omogočila identifikacijo tujka, njegovo kasnejšo kirurško odstranitev (lobektomija dela desnega
kranialnega lobusa pljuč) in uspešno ozdravitev oz. popolno sanacijo bolezenskega procesa. V članku je upora-
bljena sorodna novejša litertura.

Ključne besede: bronhokutana fistula, contrastna radiografija, tujek, lobektomija, psi
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