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Introduction 

Raekallio M., M. Hackzell and L. Eriksson: Influence of medetomidine on acid-base 
balance and urine excretion in goats. Acta vet. scand. 1994, 35, 283-288. - Seven goats 
were given medetomidine 5 µgfkg as an iv bolus injection. Venous blood samples were 
taken repeatedly and urine was collected continuously via a catheter up to 7h after the 
injection. 
Medetomidine caused deep clinical sedation. Base excess, pH and PC02 in venous 
blood rose after medetomidine administration. There were no significant changes in 
plasma concentrations of sodium, calcium, magnesium, creatinine or osmolality, 
whereas potassium and bicarbonate concentrations increased, and phosphate and chlo
ride decreased. Medetomidine increased plasma glucose concentration, and in 4 of 7 
goats glucose could also be detected in urine. Medetomidine did not influence urine 
flow rate, free water clearance, bicarbonate and phosphate excretion or pH, but renal 
chloride, sodium, potassium, calcium, magnesium and creatinine excretion were re
duced. 
The results suggest that the metabolic alkalosis recorded after medetomidine adminis
tration is not caused by increased renal acid excretion. 

metabolic alkalosis; base excess; bicarbonate. 

The Ui-adrenoceptor agonist detomidine 
causes an increase in base excess in horses, 
which indicates metabolic alkalosis (Raekallio 
et al. 1990). Ui-Adrenoceptor agonists are also 
known to induce diuresis and natriuresis (Gel
lai 1990), but there seem to be differences 
between species in the Ui-adrenoceptor mod
ulation of vasopressin action ( Gellai 1990, 
Brooks et al. 1991 ). Renal Ui-adrenoceptors 
may also influence urinary bicarbonate and 
chloride excretion and thus affect the acid
base balance. 

increased renal acid excretion is involved in 
the development of this metabolic alkalosis. 

Materials and methods 
Seven adult female goats (weight 38-57.5 kg, 
mean 49.0 kg) were given medetomidine 
5 µg/kg iv as a bolus injection. The goats were 
maintained in metabolic cages during the ex
periment, and they were supported with slings 
to keep them in a standing position during se
dation. 
Venous blood samples were collected from 
cannulae inserted into both jugular veins. The 
cannulae were flushed with sodium citrate so
lution after samplings. Venous blood was 
taken into heparinized syringes (Arterial 

The purpose of the present study was to deter
mine whether the base excess increases after 
administration of another Ui-adrenoceptor 
agonist, medetomidine, in goats and whether 
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Blood Sampler, QS90™, Radiometer, Copen
hagen, Denmark) 30min before and 10, 20, 
30 min after treatment, and every 15min until 
75min, thereafter every 30min until 6h 45min. 
The samples were chilled immediately and 
stored in melting ice until analyzed by an 
auto-analyzer (ABL 300, Radiometer, Copen
hagen, Denmark) within 30min of collection. 
Venous PC02, pH, base excess, and bicarbo
nate concentration were measured. 
Venous blood was also collected into glass 
tubes containing lithium heparin 30min be
fore administration of medetomidine, 15min 
after it, and every 30 min thereafter until 6h 
45min. The plasma was separated by centrifu
gation and frozen until sodium, potassium, 
chloride, calcium, magnesium, phosphate, 
creatinine and glucose concentrations were 
analyzed. 
The urinary bladder was catheterised with a 
Foley catheter and emptied 40min before 
medetomidine injection. Urine was collected 
continuously into a measuring glass which was 
emptied 20min before treatment, at the time 
of treatment, and thereafter every 30min until 
7h. Urine pH and volume were measured im
mediately. The urine was stored at -20°C until 
determination of sodium, potassium, calcium, 
magnesium, phosphate, creatinine, and glu
cose concentrations and osmolality was car
ried out. In addition, bicarbonate and chloride 
concentrations were analyzed from the urine 
samples of four goats. These samples were 
stored frozen under liquid paraffin until ana
lyzed. 
Plasma and urine sodium and potassium con
centrations were analyzed by flame photome
try (Corning 480 Flame Photometer, Ciba 
Corning Diagnostics, Halstead, Essex, Eng
land), and calcium and magnesium by atomic 
absorption spectrophotometry (Perkin-Elmer 
2380, Perkin-Elmer Corporation, Norwalk, 
Connecticut, USA). Plasma and urine phos-
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phate concentrations were analyzed by spec
trophotometry (Weissman & Pileggi 1974; 
Perkin-Elmer Spectrophotometer Coleman 
55, Coleman Instruments, Division of Perkin
Elmer Corporation, Oakbrook, Illinois, 
USA) and creatinine by Jaffe's reaction (Fa
biny & Ertingshausen 1971) using an autoana
lyzer (Kone Specific Selective Chemistry An
alyzer, Kone Corporation, Espoo, Finland). 
Plasma chloride was analyzed by direct poten
tiometry (Kone Microlyte, Kone Corpora
tion, Espoo, Finland) and glucose by an auto
analyzer using the enzymatic colorimetric 
method (Trinder 1969). Test strips (Glukotest, 
Boehringer Mannheim GmbH, Mannheim, 
Germany) were used to check urine for glu
cose. Urine osmolality was measured by the 
freezing point method (Osmette A, Precision 
Systems, Inc., Sudbury, Massachusetts, USA). 
Urine chloride was measured by conductio
metric titrating (925 Corning Chloride Ana
lyzer, Corning Medical and Scientific Co., 
Halstead, Essex, England) and HC03 by the 
carbon dioxide (CARB) method (Menson et 
al. 1974) for the ACA analyzer (Du Pont 
ACA IV, Du Pont Company, Clinical and In
strument Systems Division, Wilmington, Del
aware, USA). 
The data were analyzed using the analysis of 
variance for repeated measurements. If differ
ences were observed, Dunnett's 2-tailed t-test 
was used to compare individual time points 
with pretreatment levels. Statistical signifi
cance was considered at P<0.05. 

Results 
All the goats showed signs of deep clinical se
dation after administration of medetomidine. 
They stood up 25 to 95min after the injection. 
Base excess and blood pH increased signifi
cantly, the average of both reaching their 
maximums 60min after medetomidine injec
tion (Fig. 1). Venous PC02 was significantly 
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Figure 1. Means± SEM of venous base excess (BE, mmol/1), pH and partial carbon dioxide pressure (PC02, 

mmHg) in goats (n=7) after iv administration of medetomidine (5 µg/kg). 
* significantly different from baseline (p<0.05). 

higher than before medication in samples 
taken 10 to 30min after medetomidine admin
istration (Fig. 1), and venous bicarbonate con
centration was increased 20 to 75 and 285min 
after medetomidine. 
Medetomidine did not influence significantly 
urine pH, bicarbonate or phosphate excre
tion. Renal chloride excretion was signifi
cantly decreased 135min after medetomidine 
injection (Fig. 2). Medetomidine reduced also 
renal sodium, potassium, calcium, magnesium 

and creatinine excretion, but flow rate and 
free water clearance were not altered. 
Plasma sodium, calcium, magnesium, and 
creatinine concentrations and osmolality did 
not change significantly. Plasma potassium 
concentration was significantly increased 
45min after medetomidine injection (Fig. 3), 
but the initial concentration was lower than 
the normal reference values (Kaneko 1989), 
and the highest concentrations did not exceed 
them. Plasma phosphate concentration was 
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Figure 2. Means± SEM of excretion of chloride(• ) and bicarbonate (o) (µmol/min) , in goats (n=4) after iv 
administration of medetomidine (5 µg/kg). 
* significantly different from baseline (p<0.05). 

significantly reduced at 135min, and plasma 
chloride concentration at 105min after mede
tomidine injection (Fig. 3). 
Plasma glucose concentration increased sig
nificantly from 3.6±0.5 to 8.9±1.9 mmol/I; 
peak concentration was reached 75 min after 
medetomidine injection. In 4 of 7 goats glu
cose could also be detected in urine during the 
high plasma concentrations. 

Discussion 
In many species, az-adrenoceptor agonists 
have been found to induce water diuresis and 
natriuresis ( Gasthuys et al. 1987, Gellai 1990, 
Brooks et al. 1991). Our findings in goats did 
not agree with these reports. Instead, a de
crease was observed in renal sodium and po
tassium excretion, which confirmed the anti
natriuretic effect of medetomidine reported 
earlier in this species (Kokkonen 1992). The 
detectable urine glucose concentrations in 
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several goats and the marked hyperglycaemia 
caused by medetomidine were analogous to 
the findings in horses after detomidine admin
istration ( Gasthuys et al. 1987). 
In the present study, the goats had relatively 
high urine bicarbonate concentrations both 
before and after drug administration. The al
kaline urine, high in bicarbonate, is typical of 
herbivores due to the accumulation of bicar
bonate ions when organic salts of feed are me
tabolized (Houpt 1993). In humans, ammonia 
and phosphate are the two basic urinary buf
fers, and bicarbonate is not detected in the 
urine in notable quantities before the blood 
bicarbonate concentration is around 26 
mmol/I (Sabatini & Kurtzman 1989). 
Acidosis was not observed after administra
tion of medetomidine in spite of the increased 
venous PC02. On the contrary, medetomidine 
increased base excess and elevated blood pH 
in goats as detomidine did in horses (Raekal-
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Figure 3. Means± SEM of plasma potassium (6), phosphate (0 ) and chloride(• ) concentrations (mmol/l) 
in goats (n=7) after iv administration of medetomidine (5 µg/kg) . 
* significantly different from baseline (p<0.05). 

lio et al. 1990), indicating metabolic alkalosis. 
However, no changes were detected in urine 
pH or bicarbonate excretion. Therefore, 
changes in renal function are not a likely rea
son for the medetomidine induced alkalosis. 
The intestinal secretions contain high concen
trations of bicarbonate. An <Xi-adrenergic 
mechanism is involved in the inhibition of 
acid-induced duodenal bicarbonate secretion 
in rats, although it is not known whether the 
neurogenic mechanism acts directly on these
creting epithelial cells or on enteric secreto
motor neurons (Jonson et al. 1991 ). Thus a 
change in intestinal bicarbonate secretion 
might be a contributory factor of the meta
bolic alkalosis seen after administration of 
medetomidine in goats. In addition, <Xi-adre
nergic stimulation of intestinal epithelial cells 
is known to promote fluid and electrolyte ab
sorption (Fedorak et al. 1985), which might in
fluence also bicarbonate absorption. 

It is concluded that the metabolic alkalosis de
tected after medetomidine administration is 
not likely to be caused by increased urinary 
acid excretion. 
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Sammanfattning 
Effekten av medetomidin pd syra-basbalans och 
urinutsondring hos get. 

Medetomidin gavs till sju getter som intravenOs 
engAngsdos av 5 µg/kg. Venosa blodprov togs uppre
pande gAnger och urin samlades kontinuerligt via 
kateter anda till 7 timmar efter injektionen. 
Medetomidin framkallade djup klinisk sedation. 
Basoverflod, pH och PC02 i venost blod okade efter 
medetomidin injektionen. Plasmans koncentration 
av natrium, kalcium, magnesium, kreatinin samt os
molalitet andrade sig inte signifikant, medan kon
centration av kalium och bikarbonat okade och fos
fat och klorid minskade. Medetomidin okade plas
mans glukoskoncentration och i fyra av de sju get
tema kunde glukos upptackas aven i urin. Medetom
idin inverkade inte pA urinflode, »fritt vatten-clear
ance«, utsOndring av bikarbonat och fosfat eller pH, 
men utsondring av klorid, natrium, kalium, kalcium, 
magnesium och kreatinin minskade. 
Resultaten tyder pA. att den observerade metabo
liska alkalosen efter medetomidin injektionen med 
all sannolikhet inte fOrorsakades av okad syra
utsOndring i urin. 
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