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Abstract

Romariski K. W.: Ultrasonographic Monitoring of Gallbladder Dynamics during Fasting and
Feeding Conditionsin Sheep. ActaVet. Brno 2004, 73: 29-35.

Theaim of this study wasto evaluate the use of real-time ultrasonography for long-term studies
of ovine galIbladder motor function and the assessment of the dynamicsof gallbladder contractility
in various fasting conditions and as the consequence of feeding with hay and grain mixture. Five
adult sheep were selected in order to find the gallbladder shape suitable for the application of the
elipsoid method to estimate the gallbladder volume. In these animals, the ultrasonographic
maximal-size gallbladder images were obtained every 10 min for periods of 3-5 h. Seven series of
gallbladder length and height measurements were performed on each animal and the results were
used to estimate the galIbladder volume utilizing the ellipsoid method. In animalsfasted for 2 days,
the gallbladder volume changed significantly (from 12.4 + 1.2 to 24.2 + 2.1 ml) in the fashion of
cycleslasting usually longer than 100 min. In 1-day fasted animals, the fluctuations of gallbladder
volume were less clear than in 2-day fasted animals and ranged from 16.3 + 2.2t0 26.8 £ 4.3 ml.
Feeding significantly lowered the gallbladder volume which gradually returned to values similar
to those during the pre-feeding period. In non-fasted animals, feeding with hay evoked a longer
contractile effect (control 30.6 £ 2.9 ml, feeding 14.2 + 1.1 ml, p < 0.001) than feedingwithagrain
mixture (control 31.0+ 3.3 ml, feeding 15.9+ 3.2 ml, p < 0.05). Thus, the ultrasonographic method
for gallbladder motility examinationisuseful in sheep and may provideimportant basicand clinical
information. Furthermore, the results indicate that pre-duodenal mechanoreceptors and/or
chemoreceptors can play arolein the control of gallbladder motility in sheep.

Sheep, gallbladder, volume estimation, hay, grain mixture

Ultrasonography (thereal-time ultrasonography), asanon-invasive method has been used
for many years in human and veterinary medicine to explore various functions of the
organism(Bonaguraand Fuentes 2000). Ultrasonography isparticularly well applicable
in the functional studies of fluid-filled organs including the digestive system (Mittal and
Liu 2002). Thegallbladder isone of the most suitable organsfor this purpose. In veterinary
medicine, the ultrasonography focuses mainly on the structural examination of gallbladder
in dog and cat (Center 1996). The number of reports concerning the ultrasonographical
assessment of the gallbladder function in animals has been gradualy increasing
(Romariski and Siembieda 2002; Rothuizen et a. 1990). The diagnostic
ultrasonographic examinations of the liver and gallbladder concern also the ruminant
species(Braun and Hausammann 1992; Braun et al. 1995) but they are not asource of
any information regarding the gallbladder function useful for clinicians.

Such information can be helpful for evaluation of clinical status when the gallbladder
wall is altered and it is possible that the gallbladder motor function can be impaired
resulting in bile flow disturbances. The first report about the kinetics of gallbladder
function in ruminants included the gallbladder ultrasonographic examination of lambs
invitro (Wedmann et al. 1991). Several years ago it was demonstrated that the real-
time ultrasonography is useful in the gallbladder motility study in adult sheep and the
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initial data regarding gallbladder contraction parameters were presented (Romariski
and Siembieda 1998). Thus, the aim of this study was to study gallbladder
contractility in fasted and non-fasted sheep monitored with an ultrasonographic method.
The intention initiating this study was to determine the dynamics of gallbladder
contraction in fasted sheep and to point out the differences between the dynamics of
gallbladder motility after various periods of fasting and feeding of animals with two
different kinds of foods.

Materialsand Methods

Five sheep of Polish Merino breed weighing 34-41 kg each (without fleece) were used. Only animals possessing
oval, moreregular gallbladder shape, were selected (Romariski and Siembieda 2002). Animalswereregularly
fed a good quality hay and a grain mixture (CP mixture, Dolpasz, Wroctaw). Drinking water was not limited.
Animals were clinically healthy and during the initial ultrasonographic exploration of the abdominal cavity no
alterations or parasites were found.

The gallbladder images were performed with the use of the ultrasonograph Echo Son ts. 1000 exd Spinel with
the sectorial ultrasound Spinel 3.5 MHz. Before the experiments, the hair was removed from right lateral thoracic
region, within 8-11 intercostal spaces covering the area of about 150 cm?. The skin surface and the probe were
lubricated with the special gel before ultrasonographic imaging. The ultrasound was applied to the skin to obtain
the maximum gallbladder sizes. The gallbladder position was compared before and after feeding.

On every animal seven series of basic experiments were performed. The maximum length and the maximum
height of the gallbladder were measured in longitudinal scans during the following experimental series: group 1 —
animals fasted about 46 h, 27 subsequent gallbladder measurements every 10 minutes; group 2 — animals fasted
about 20 h, 27 gallbladder measurements; group 3 — animals fed 0.5 kg of hay and then with 200 g of the grain
mixture, 4 h before the onset of the experiment, not fed during the experiment, 21 gall bladder measurements; group
4 — animals fasted about 20 h and fed with hay (0.5 kg) during the experiment after five control measurements
performed until the end of feeding procedure (the total number of gallbladder size measurementsin thisgroup was
24); group 5 —animal s fasted about 20 h and fed the grain mixture (200 g) during the experiment after five control
measurements performed until the end of feeding procedure (the total number of measurementsin this group was
24); group 6 — animals treated as in group 3 and fed 0.5 kg of hay during the experiments after three control
measurements performed until the end of the experiment (the total number of the experiments in this group was
19); group 7 —animals treated as in group 3 and fed 200 g of the grain mixture during the experiment after three
control measurements performed until the end of the experiment (the total number of the experimentsin thisgroup
was 19). Thetime sequence of the experimentsin groups 1 —7 performed in the same animal wasrandom, however,
at least one week was allowed after the experiment with longest fasting (group 1), at least two days were alowed
after the experiments with one-day fasting performed without feeding (group 2) and at least one day was allowed
between other experiments.

Furthermore, in order to verify the data, the longitudinal and transverse gallbladder imaging in two sheep was
performed before and after feeding using of Hitachi EUB 405 ultrasonograph (Tokyo) with the probe of convex 5
MHz type and gallbladder scans were printed using Videoprinter type P 40 U (Mitsubishi, Tokyo).

For calculations the ellipsoid formula, described earlier (Braun 1982; Dodds et al. 1985), was applied
and the gallbladder volume was estimated as follows: 1) in the current study the maximum gallbladder length
(a) and the maximum height (b) were measured from the longitudinal image, 2) from previous unpublished
results of ultrasonographic studies of gallbladder in sheep the gallbladder volumes were calculated with
ellipsoid method, then the asymmetry (flatness) coefficient (s) was calculated from maximum width (c,, in
transverse section) and maximum height (b,, in transverse section) according to the formula: s=c; : by, 3) for
the final gallbladder volume calculation the gallbladder width (c) value was calculated from tﬁe formula:
c=b"s, 4) thefinal gallbladder volume (V) was calcul ated from theformula: V=1/61- a‘b-c, where 1/6mtwas
equal to 0.5233.

The results were statistically evaluated and the mean value and the standard error of mean were calculated. The
statistical significance was calculated (Sawicki 1982). Firstly, ANOVA | test was performed for the whole data
population and the rejection of null hypothesis was obtained. Then, ANOVA | (for different numbers of
measurements) and ANOVA Il (for the same number of measurements) tests were performed for separated
populations (the data from 3-4 groups in the considered population) and similar results were obtained. Thus, the
paired Student t-test was performed individually in each group.

Results

The representative images of ovine gallbladder after feeding are presentedin Fig. 1 (Plate
V). The gallbladder shape visiblein the Fig. 1 enablesfor application of ellipsoid formula
for gallbladder volume estimation.
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Fig. 2. Thegallbladder dynamics of 2-day fasted sheep (group 1, upper panel), 1-day fasted sheep (group 2, middle
panel) and in sheep fed 4 h before the experiment (group 3, lower panel). Gallbladder volume estimations were
performed every 10 minutes.

Statistical significance: 2p < 0.05; P p < 0.01; ¢ p < 0.001 vs. the lowest values No. 2 for first series of statistical
significance, first peak and No. 20 for second series of statistical significance, second peak (upper panel) or vs.
values No. 4 (middle and lower panels). No significant differences of first five measurements among the groups
were observed. Other detailed explanations asin the chapter Material and Methods.

The asymmetry coefficient was calculated for maximum, moderate and minimum
gallbladder volumes previously calculated by means of the ellipsoid method. For the
maximum gallbladder volumes (values above 80% of the largest gallbladder volume of the
given non-fasted animal) asymmetry coefficient wasequal to 1.0186 (n = 20). For moderate
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Fig. 3. The gallbladder dynamicsin 1-day fasted sheep and fed (arrows) during the experiment with hay (group 4,
upper panel) or with the grain mixture (group 5, lower panel). Statistical significance vs. the value just before
termination of feeding (value No. 5). No statistical differences between control measurementsin both groupswas
observed. Other explanations asin thelegend to Fig. 2.

gallbladder volumes (values above 60 up to 80% of the largest gallbladder volume of the
given non-fasted animal) the asymmetry coefficient was equal to 1.020 (n = 20). For the
minimal gallbladder volumes (values until 60% of the largest gallbladder volume of the
given non-fasted animal) the asymmetry coefficient was equal to 1.02136 (n = 26).

Thefluctuations of gallbladder volumesin sheep fasted two days were more distinct than
in animals fasted one day. In the latter group of animalsit was hard to detect any statistical
significance (Fig. 2). The fluctuations of the gallbladder volume were prolonged in animals
fed few hours before the experiment.

Feeding hay to previously fasted animals evoked more rapid gallbladder contractile
response than anal ogous feeding of animalsthat were not fasted (Fig. 3). In fasted animals,
feeding the grain mixture also triggered the contractile response sooner than in non-fasted
sheep. Additionally, this response was of longer duration (Fig. 4). When feeding hay and
feeding grain mixture were compared, the effect of food concentrate was shorter.
Rumination was observed mostly in group 3, in other groups rumination was observed
incidentally.

Discussion

Theresults of our study indicate that the long-term gallbladder volume monitoring, using
the ultrasonographic method, isapplicablein sheep asin other non-ruminant animal species,
i.e.inhumans(Goerg and Spilker 2003) and dog (Rothuizen etal. 1990) aswell asin
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Fig. 4. The gallbladder dynamicsin sheep fed 4 h before the experiment and then fed again (arrows) with 0.5 kg of
hay (group 6, upper panel) or with the grain mixture (group 7, lower panel) during the experiment. Statistical
significance calculated vs. the value No. 3. Other explanations asin the legend to Fig. 2 and Fig. 3.

other species in which this type of examination has been performed (Romariski and
Wozniak-Stolarska, 2002; Wedmann et al. 1991).

Theasymmetry coefficient valuesused herewerelower than previously cal culated in dogs
(Dabrowski and Romarski 1999) and the apparent reason for this difference was that
in about 25% of measurements the gallbladder was laterally flattened what served as the
partial equivalent of the top-bottom flattening observed more frequently in the dog. The
relatively large rumen in sheep may change the direction of pressuresin abdominal cavity
of this animal species as compared with non-ruminant species. The increased pressure
evoked by the rumen may affect the gallbladder shape sincethe gallbladder wall isrelatively
thin. This situation suggests that, unlike in the dog, the asymmetry coefficient can play
aminor rolein sheep.

The duration of fasting period affected directly proportionally the intensity of the
galbladder volume fluctuation in sheep. As it has already been demonstrated, in
monogastric animals the gastrointestinal migrating motor complex (MMC) contributes to
this fluctuation since the peak of inter-digestive gallbladder emptying coincides with the
gastric phase 2 of MMC cycle and gallbladder relaxes mostly during phase 1 MMC
(Kusano et a. 1990). In ruminants, MM C occurs during the inter-digestive period and is
preserved also after feeding (Ruckebusch 1989). Thus, in the present study the MMC
frequency lowered when either fasting period was shorter or perhaps the other causes
induced more frequent fluctuation during this period. The changed state of the
parasympatheti c system might represent one of thesereasonssinceitscontrolling roleinthe
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gallbladder motility hasalready beenrecognized (Bueno and Praddaude 1979). Infasted
animals (group 1) and even in non-fasted sheep (group 3) relatively large oscillations were
observed. Such spontaneous oscillations, especialy in non-fasted animals cannot be
explained solely by the occurrence of MMC persisting in ruminants after feeding. Thus,
other influences, perhaps the enhanced postprandia refilling or rebound-like effects
(Romanrski 2003) enganing neurohormonal mechanisms, could increase the
fluctuations of gallbladder volume.

The gallbladder contracts after feeding, and this is the integral part of the complex
response of the body to feeding (Granger et a. 1985). It is known that it concerns also
sheep (Caple and Heath 1971). However, the effect of different kinds of food on
gallbladder contraction in sheep has not been precisely studied so far. The results obtained
in this study show that hay exerts a more pronounced gallbladder motor response than the
grain mixture. It suggests the importance of the given type of mechanoreceptors in the
regulation of ovine gallbladder emptying (Cottrell 1994) athough a certain role of
chemoreceptors cannot be excluded. The gastric mechanisms controlling the gallbladder
function were already reported (Toouli and Al-Jiffry 2001; Ura et al. 1992) and these
mechanisms, originating from the abomasum, might be responsible, at least in part, for the
gallbladder dynamics observed in the present study.

Theovinemodel for gallbladder sonography can beuseful in both experimental and clinical
investigations. Sheep as relatively easily habituating animal, exhibiting similar gallbladder
parameters and control mechanismsto man and dog appears to be the convenient speciesfor
this purposes. To obtain significant gallbladder contractions, few hours of fasting should be
sufficient and for complete cycle of gallbladder kinetic study two-three gallbladder
measurements before standard feeding (preferably with concentrate) and at least twelve
postprandial gallbladder images can be recommended. Since the oscillationsin gallbladder
volume occur permanently it is always necessary to perform separate control experiments.

Ultrasonografie dynamiky zlu¢niku v prubéhu laénéni
a sytosti u ovci

Cilem studie bylo vyhodnotit ultrasonografii v redlném case pro dlouhodobé studie
motorické funkce Zlu¢niku ovci a stanoveni dynamiky kontraktility Zlu¢niku za riiznych
podminek la¢néni a jako disledek krmeni senem a koncentraty. U péti dospélych ovci
byl nalezen tvar Zlu¢niku vhodny k aplikaci elipsoidni metody pro odhad jeho obsahu.
U téchto zvirat bylo ultrasonografické zobrazeni maximalni velikosti Zlu¢niku snimano
kaZdych 10 min po dobu 3-5 hod. Na kazdém zviteti bylo provedeno 7 sérii méteni délek
a §ifek Zlu¢niku a vysledky byly pouzity k urceni obsahu Zlu¢niku s vyuZitim elipsoidni
metody. U zvifat po 2 dnech la¢néni se objem Zlu¢niku signifikantné ménil (z 12.4 + 1.2
na 24.2 + 2.1 ml), a to v cyklech zpravidla delSich nezZ 100 min. V prvnim dni laénéni
byly zmény objemu Zlu¢niku méné zfetelné nez 2. den a pohybovaly se od 16.3 £2.2 do
26.8 + 4.3 ml. Krmeni signifikantné zmensSilo objem Zlu¢niku, jenZ se postupné vratil k
hodnotdm zji§t€nym pied la¢nénim. Krmeni senem vyvolalo delsi kontrakci Zlu¢niku
(kontrola 30.6 + 2.9 ml, krmeni 14.2 = 1.1 ml, P < 0.001) neZ krmeni jadrnou smé&si
(kontrola 31.0 + 3.3 ml, krmeni 15.9 * 3.2 ml, P < 0.05). Ultrasonografickd metoda
zjiStovani motility Zlu¢niku je u ovci efektivni a miZe poskytovat dileZzité zakladni
a klinické informace. Mimoto vysledky ukazuji, Ze preduodendlni mechanoreceptory
a/nebo chemoreceptory mohou hrit vyznamnou roli v kontrole motility Zlu¢niku u ovci.
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Fig. 1. The gallbladder longitudina ultrasonograms of 1-day fasted sheep, performed 10 (top) and 20
(bottom) minutes after feeding with the 200 g of grain mixture. Note the gradual gallbladder emptying. Other
detailed explanations as in the chapter Material and Methods.



