
INTRODUCTION

Alpha2-adrenoceptor agonists, such as xylazine, medetomidine

or romifidine are widely used as sedatives and analgesics in

clinical veterinary medicine. They belong to a large group of

sympathoinhibitory drugs, of which other members, such as

clonidine or guanfacine, are used as antihypertensives in humans

(Scholtysik, 1992). Alpha2-adrenoceptor ligands as well as a2-
adrenoceptors are heterogeneous. Alpha2-adrenoceptor subtypes

have been identified and named a2A, a2B and a2C (Harrison et al.,

1991; Bylund et al., 1994; for review see MacDonald et al.,

1997). A fourth subtype, a2D, is considered to be the bovine and

rodent homologue of the a2A adrenoceptor found in humans,

pigs and rabbits (Bylund et al., 1995). Their tissue distribution

and functional role was extensively investigated (Ruffolo et al.,

1993), but basic questions still remain open. Thus, a2-adrenocep-
tor agonists elicit different affinities to a2-adrenoceptor subtypes
(Hieble & Ruffolo, 1996). For example, guanfacine and xylazine

have preferential affinities to a2A-adrenoceptors (MacLennan et

al., 1997) and a2D-adrenoceptors (Smith et al., 1995), respec-

tively. It is therefore not surprising that different a2-adrenoceptor
agonists exert variable pharmacological effects, for example,

with respect to sedation. It is known that xylazine is sedative not

only in animals but also in humans (Kroneberg et al., 1967), in

contrast to guanfacine which is hardly sedative in humans

(Nami et al., 1983) and laboratory animals (Kleinlogel et al.,

1975). The marginal sedative effects of guanfacine encouraged

Hunter (1992) and later Miaron et al. (1994) to investigate its

metabolic effects in steers in order to utilise sympathoinhibition

for energy saving. It has been found that guanfacine decreases

energy expenditure without sedation (Hunter, 1992). Based on

that we have compared acute sedative, cardiorespiratory,

metabolic and endocrine effects of both xylazine and guanfacine.

MATERIALS AND METHODS

Animals and experimental protocols

The experiments were performed with nine healthy, 2.5±3.5

months old male Simmentaler6Red Holstein calves. The animals

were raised in a loose housing system and fed twice daily a

standard milk replacer used for veal calves (purchased from

Provimi SA., Cossonay-Gare, Switzerland) according to manu-

facturers recommendations. Body weight (BW) ranged from 96

to 129 kg (mean: 114+4 kg) at the start of experiments.

Experimental protocols were approved by the cantonal and

federal committees for permission of animal experiments.

The evening before drug applications, the animals were moved

into single boxes and indwelling catheters were inserted into the

left jugular vein. Drugs were always administered in the

morning after a period of 16±18 h without feed. The study
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was designed in a manner that all treatments (xylazine, group X;

guanfacine, group G; or sodium chloride, group C) were applied to

all calves in a random manner (open crossover) and that each

animal served as its own control. The interval between

experiments for recovery from treatments was at least 7 days.

Drugs (100 mg xylazine/kg BW; 20 mg guanfacine/kg BW) were

injected intravenously (i.v.) over 60 sec via the implanted

catheter, followed by washing with 3 mL sodium chloride (9 g/L).

Sodium chloride (10 mL) was injected i.v. in controls.

Blood samples (20 mL) were collected 20 min before and after

the administration of xylazine, guanfacine or sodium chloride.

Blood samples were taken into tubes containing sodium-EDTA

(2.25 mg/mL blood) and heparin, respectively, and centrifuged

at 30006 g for 10 min, the plasma harvested and frozen in

aliquots of 2 mL at 7808C for later analysis.

Heart rate was measured immediately before taking blood

samples. The goal was to have equal bradycardic effects of both

drugs. Based on preliminary dose-finding studies in three

animals (involving 5±30 mg/kg BW guanfacine i.v. and 100

mg/kg BW xylazine i.v.) 100 mg xylazine and 20 mg guanfacine/kg

BW, both lowered heart rate by 25±30% at 5 min after

administration. These doses were therefore chosen to study

guanfacine and xylazine effects.

One month after the first experiment all animals were

additionally i.v. injected with xylazine, guanfacine or NaCl in

the same amounts as described above to study respiratory effects.

Sedation was assessed before and at 5, 10, 15, 30, 45 and 60

min after drug administration. As the degree of sedation is not

measurable objectively, we have considered the body position

(standing, lying), eye lid positions (open, closed) and movements,

head position (upright, subside), ear movements and reaction to

environmental events (moderate noise), in order to assess the

degree of sedation on an arbitrary 1±4-point rating scale where

1 was slight, 2 was medium, 3 was moderate and 4 was strong

as the most evident sedation with lying down.

Drugs

Guanfacine [N-amidino-2-(2,6-dichlorophenyl)acetamide hydro-

chloride] was a generous gift from Sandoz AG, Basle, Switzerland
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Fig. 1. Heart rate, respiratory rate, respiratory exchange ratio and oxygen consumption (VO2 in litres per minute) in calves treated with xylazine

(group X; 100 mg/kg i.v., ^) or guanfacine (group G; 20 mg/kg i.v., .) or sodium chloride solution (group C; 10 mL i.v., ~) at time zero. Each point

represents the mean+ SEM value of 9 animals. Means without common asterisks ( ) are significantly different (P 5 0.05) between groups on

different time points.
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and was dissolved in NaCl (0.25 mg/mL). Xylazine [2-(2,6-

xylidin)-5,6-dihydro-4H-1,3-thiazine hydrochloride], 1 mg/mL

as Rompun1 was purchased from Bayer AG, Leverkusen, Germany.

Laboratory methods

Adrenaline (A) and noradrenaline (NA) were determined in

blood plasma after extraction (Ganhao et al., 1991) by high

performance liquid chromatography (HPLC) and electrochemical

detection (Gerlo & Malfait, 1985; Horvai & Pungor, 1989).

Plasma growth hormone (GH) (Zimmerli & Blum, 1990), insulin

(Blum & FluÈ ckiger, 1988), non esterified fatty acids (NEFA)

(Bruckmaier & Blum, 1992) and glucose concentrations

(Hostettler-Allen et al., 1994) as well as oxygen consumption

(VO2), carbon dioxide production, respiratory exchange ratio

(RER) (Blum & FluÈ ckiger, 1988; Zimmerli & Blum, 1990;

Bruckmaier & Blum, 1992) and respiratory rate were measured

as previously described.

Statistical analyses

Data are presented as means and standard errors (SEM). The

values presented for cardio-respiratory parameters at 5, 10, 15

and 90 min are individual means of 2-min periods (3±5, 8±10,

13±15 and 88±90 min, respectively). For statistical evaluation,

repeated measurement analysis of variance was calculated using

the GLM procedure of SAS (1989) Version 6.11 1995. The

model used was Y (repeated time)=animali + treatmentj +

residual errorijk. Linear contrasts were calculated between time

`0' and all other time points. If `time±treatment' interactions

were significant (P 5 0.05), treatment differences within a time

point were post hoc localized using the Least Significant

Difference (LSD) test (SAS, 1989). The results of the LSD test

are indicated on Figs 1±5.

RESULTS

Heart rate, respiratory rate, oxygen consumption and respiratory

exchange ratio (Fig. 1)

Heart rate decreased (P 5 0.05) within 1±2 min after xylazine

and guanfacine injections, but remained unchanged in group C.

At 2 min after injections, heart rate was lower (P 5 0.05) in

group G than in group X. After 5 min heart rate increased in

group G, whereas it remained low in group X (P5 0.05). At 10 and

15 min heart rate was higher (P5 0.05) in group G than in group

X. At 90 min heart rate was no longer different in groups X and

G, but was still lower (P5 0.05) in both groups than in group C.

Respiratory rate in group X slightly decreased (P 5 0.05)

within 2 min and then nonsignificantly increased above

pretreatment values at 5 min after injection, but did not change

in groups G and C. Values in groups X and G were not different

from those in group C.

Oxygen consumption (VO2) decreased (P 5 0.05) within 1

min after drug injections in all treatments and remained lower

(P 5 0.05) than pretreatment values throughout the experiments.

There were no significant group differences.

Respiratory exchange ratio in group X decreased (P 5 0.05)

up to 5 min after the injection and then returned to pretreatment

values at 15 min, whereas it did not change in groups G and C.

Sedation (Fig. 2)

Sedation increased (P 5 0.05) in groups X and G and was

maximal between 5 and 15 min after injections, whereas behaviour

remained unaffected in group C. Sedation up to 45 min was

more pronounced (P 5 0.05) in group X than in group G, but

was still greater (P 5 0.05) in group G than in group C at 90 min

Plasma catecholamines (Fig. 3)

Adrenaline was significantly (P5 0.05) decreased in response to

xylazine by more than 50% within 30 min after treatment and to

guanfacine by 40% within 15 min after treatment. Levels of

adrenaline remained decreased during 180 min after treatment

with both drugs and then returned slowly to control levels

within 24 h after treatment. Plasma levels of noradrenaline were

decreased after xylazine and guanfacine administration but this

was not statistically significant when compared with the sodium

chloride treated control group.

Plasma insulin and growth hormone (Fig. 4)

Insulin concentrations, after a decrease within 30 min, increased

in groups G and X to a peak at 150 min after injections and then
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Fig. 2. Sedation (arbitrary rating units) in calves treated with xylazine

(^) or guanfacine (.) or sodium chloride solution (~) at time zero. Each

point represents the mean+ SEM value of 9 animals. For details: see

legend to Fig. 1.
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decreased again. Due to large variations between animals, changes

in groups X and G were not statistically significant. Insulin levels

in group C remained stable throughout the experiment.

Growth hormone levels increased (P 5 0.05) 5.5-fold in

response to xylazine injections to a peak after 30 min and then

returned to pretreatment values within 90 min. In groups G and

C, concentrations of GH remained on baseline levels throughout

the experiment.

Plasma glucose and non esterified fatty acids (Fig. 5)

Basal glucose concentrations were lower (P 5 0.05) in group C

than in groups G and X. Although levels did not change in group

C, concentrations in groups G and X increased transiently within

5 min up to 45 min after injections, then decreased and at 240

min reached baseline levels. The decrease was faster in group G

than in group X and at 120 min concentrations were lower (P5
0.05) in group G than in group X.

Concentrations of NEFA in groups X and G decreased (P 5
0.05) from pretreatment levels by about 50%, remained low up

to 180 min and then returned to levels of group C within 6 h

after injections. In group C, NEFA transiently increased

immediately after NaCl injections and from 150 min NEFA

increased slightly up to 6 h after treatments.

DISCUSSION

The selection of guanfacine for the present investigation was

based on previous observations demonstrating decreases in

metabolic rate in steers (Hunter, 1992; Hunter et al., 1993;

Miaron et al., 1994; Gazzola et al., 1995) and rats (Gazzola,

1993, 1995). Of available a2-agonists the antihypertensive

guanfacine was the only one lacking sedation. Xylazine was

selected for our comparative study as the classical representative

of sedative a2-agonists.
The doses we have applied were chosen to be about equi-

effective with respect to heart rate lowering. This was achieved

in preliminary dose-finding experiments with 100 mg xylazine/kg
BW i.v. and 20 mg guanfacine/kg BW i.v. at 5 min after the
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Fig. 3. Plasma levels of adrenaline and noradrenaline in calves treated with xylazine (^) or guanfacine (.) or sodium chloride solution (~) at time

zero. For details see legend to Fig. 1.
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injection. In the main experiment, however, the heart rate was

lower from 10 min onward with xylazine. These doses were in

the order of magnitude used by other authors for xylazine

(Roming, 1984; KuÈ mper, 1989; Kyles et al., 1993) and for

guanfacine (Hunter, 1992; Gazzola et al., 1993; Miaron et al.,

1994; Gazzola et al., 1995).

The main message of the present investigation was the

observation that the two a2-adrenoceptor agonists, xylazine and
guanfacine, differ qualitatively in their acute pharmacological

effects in calves. Thus, xylazine induced massive sedation and

enhanced plasma GH levels, whereas guanfacine lacked such

effects. On the other hand, xylazine and guanfacine had compar-

able effects on plasma glucose, NEFA, NA, A, and insulin plasma

concentrations, as well as on respiratory rate, VO2 and RER.

We consider sedation and GH secretion as CNS-mediated

effects. Sedation observed after xylazine administration con-

firmed widespread experience (Roming, 1984; KuÈ mper, 1989).

In contrast to xylazine, guanfacine hardly induced sedation, thus

confirming previous studies (Hunter, 1992; Hunter et al., 1993).

The absence of sedative side-effects is an advantage of

guanfacine when used clinically as an antihypertensive (Nami

et al., 1983). Absence of obvious CNS effects of guanfacine was

surprising because guanfacine is well characterized as a centrally

acting sympathoinhibitory and highly selective a2-adrenoceptor
agonist (Scholtysik, 1992). The reason for the absence of

sedative effects of guanfacine, which is known to cross the

blood±brain-barrier in rats, rabbits and dogs (Scholtysik, 1992),

is not clear. Nothing is known on the penetration into the brain

of cattle. However, sedation is thought to be mediated by a2-
adrenoceptors within the CNS as a2-antagonists, such as

tolazoline, inhibit xylazine-induced sedation in steers (Roming,

1984). Growth hormone secretion, too, is stimulated by a2-
agonists in the pituitary (Thomas et al., 1994; Makara et al.,

1995; West et al., 1997). In our study xylazine drastically

increased GH plasma levels, whereas guanfacine had no effect.

This cannot be explained based on present knowledge. However,

in humans guanfacine enhanced GH release (Brown et al.,

1985). Assuming that guanfacine passes the bovine blood±

brain-barrier, it can only be speculated that different subtypes of

a2-adrenoceptors are the target for the different ligands. There is
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Fig. 4. Plasma levels of growth hormone and insulin in calves treated with xylazine (^) or guanfacine (.) or sodium chloride solution (~) at time zero.

For details see legend to Fig. 1.
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substantial variability between the affinity values determined for

agonists (Hieble & Ruffolo, 1996). As stated in the introduction,

guanfacine (MacLennan et al., 1997) and xylazine (Smith et al.,

1995) exert affinity primarily to a2A- and a2D-adrenoceptors,
respectively. Nothing is known on the distribution of these

receptor subtypes in the bovine CNS with the exception of the

pineal gland, which contains different a2D-adrenoceptors (Si-

monneaux et al., 1991), but the availability of ligands for the

different a2-adrenoceptor subtypes (MacKinnon et al., 1992;

Trendelenburg et al., 1993, 1996; Bylund et al., 1997) may help

to clear the situation. It should also be mentioned that

guanfacine has no affinity to imidazoline I1 receptors in contrast

to clonidine (Buccafusco et al., 1995). The affinity of xylazine to

these receptors mediating CNS sympathoinhibition (see Bucca-

fusco et al., 1995; Takada et al., 1997) has to our knowledge not

yet been investigated.

Decreases of the heart rate and of plasma catecholamine levels

may be CNS-or peripherally-mediated. For many a2-adrenocep-
tor agonists, including xylazine and guanfacine, central as well

as peripheral (mediated via presynaptic receptors) sympathoin-

hibitory actions have been described (Brown et al., 1985; Rump

et al., 1991; Hill et al., 1993; Smith et al., 1995; Schwartz,

1997). These actions cause lowering in heart rate and plasma

catecholamine levels as found in this study and confirming

previous results in steers (Hunter et al., 1993; Gazzola et al.,

1995) and in humans (Nami et al., 1983; Brown et al., 1985).

Hyperglycaemia and initial inhibition of insulin secretion were

seen in other species and were likely primarily peripheral a2-
agonistic effects (Blum, 1984; Spiers et al., 1990; Sillence et al.,

1993; Miaron et al., 1994). Both effects were measured in this

study after xylazine and guanfacine administration. Inhibition of

lipolysis in vitro and a decrease of plasma NEFA levels by some,

but not all a-adrenoceptor agonists, has been documented in

various species, including cattle (Blum et al., 1978, 1982; Berlan

et al., 1980; Fain & Garcia-Sainz, 1983; Chilliard & Flechet,

1988). The secondary rise of insulin levels, as also seen by Cryer

(1982), was likely the consequence of hyperglycaemic effects by

xylazine and guanfacine.

The depressive effects on O2 consumption, seen with both

xylazine and guanfacine, were likely also the result of mixed
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Fig. 5. Plasma levels of glucose and non esterified fatty acids (NEFA) in calves treated with xylazine (^) or guanfacine (.) or sodium chloride solution

(~) at time zero. For details see legend to Fig. 1.
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central and peripheral actions. These effects were in accordance

with previous studies (Hunter, 1992; Gazzola et al., 1993;

Hunter et al., 1993;).

In conclusion, our results demonstrate that the chemically

different a2-adrenoceptor agonists, xylazine and guanfacine,

elicit qualitatively different effects or lack pharmacological

actions mediated within the CNS of calves, whereas their

peripheral actions seem to be quite similar. Based on present

knowledge it cannot be decided to what extent pharmacokinetic

properties (ability to cross the bovine blood±brain-barrier) or

molecular properties (subtype a2-adrenoceptor affinity) are

responsible for the different effects of guanfacine and xylazine.

In accordance with Hunter (1992) and Hunter et al. (1993) it is

concluded that other indications, such as metabolic energy

saving, independent from sedative and analgesic effects, may be

an innovative use of certain a2-agonists. Before interpretations

on the mode of action can be given, the a2-adrenoceptor subtype
profile in the bovine brain regions, responsible for specific effects,

should be investigated.
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