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We recently showed that eformoterol is a rational choice for the

treatment of exercise-induced pulmonary hemorrhage (Ladaga

et al., 2003). Administration of eformoterol results in broncho-

dilation, leading to reduced transmural alveolar pressure

(Hoffman & Lefkowitz, 1982; Faulds et al., 1991; Barnes,

1993; O’Donnell & Anderson, 1995). In addition, eformoterol

inhibits bronchoconstriction induced by angiotensin II, adeno-

sine, tachykinins and histamine (Advenier et al., 1992; Verleden

et al., 1993; Ochsner, 1996; Nightingale et al., 1999). Further-

more, it causes vasodilatation (Hoffman & Lefkowitz, 1982),

increases mucociliary activity (Lindberg et al., 1995), reduces

endothelial permeability and endothelial fenestrations, and

ensuing plasma exudation (Advenier et al., 1992; Baluk &

McDonald, 1994; Zink et al., 1995), and inhibits release of

inflammatory factors reducing eosinophil adhesion (Mita &

Shida, 1983; Greiff et al., 1998). In the present work, we studied

the time course and dose response relationship of physiological

and metabolic changes following the administration of eformo-

terol as a single dose to horses. This information is of importance

for the potential use of this drug in clinical veterinary practice.

Measurements were carried out in horses located in a facility

located in San Antonio de Areco, Buenos Aires, Argentina,

during the spring, with field temperature: 15–20 �C. Thirty-

three cross breed and thoroughbred horses, males and females,

2–12 years of age, weighing 450–500 kg were randomly

assigned to one of six groups. Animals were stabled the night

before field trial. From there on only water ad libitum was offered

until the end of the sampling. All horses were clinically and with

selected hematology variables within established reference

ranges. Mares were not pregnant or lactating and were in

anestrus. Eformoterol (Arterol�; Laboratorio Fundación, Buenos

Aires, Argentina) was injected intramuscularly in a volume of

2 mL in the neck as a single dose of either 0.01, 0.02, 0.04, 0.08

or 0.12 mg. We collected data on heart rate (HR), respiratory

rate (RR), depth of respiration, heart rhythm (auscultation), and

data collected from a detailed clinical assessment. Depth of

respiration was scored according to the following scale: 1, no

respiratory sounds by auscultation in the middle diaphragmatic

region and minimal or undetectable expansion by palpation; 2,

light respiratory sounds by auscultation in the middle diaphrag-

matic region and partial expansion by palpation; 3, full

respiratory sounds by auscultation in the middle diaphragmatic

region and full expansion by palpation. Blood samples were

collected from the jugular vein at 15, 30 and 45 min, and 1, 2,

3, 5, 6.5, 8 and 12 h following drug administration at 8 AM, and

processed within 4 h of extraction. We measured potassium

(2.5–4.0 mM/L), glucose (4.0–8.0 mM/L), aspartate methyl

transferase (AST) (100–230 U/L), gamma glutamyl transferase

(GGT) (0–5 U/L), creatine phosphokinase (CPK) (5–80 U/L),

alkaline phosphatase (AP) (25–90 U/L), bilirubin (direct: 3.4–

13 lmol/L and total: 15–44 lmol/L), BUN (11–24 mmol/L),

creatinine (80–180 lmol/L), total protein (60–70 g/L) and

albumin (30–35 g/L) by spectrophotometry (Metrolab 2300,

Buenos Aires, Argentina). Glutamate dehydrogenase (GLDH)

was measured by immunoassay. Statistical comparisons for

main effects (dose and time) were carried out by two way ANOVA,

followed by post hoc comparisons with Tukey test (SPSS 14.0; Lead

Technologies, Inc., Charlotte, NC, USA).

Following administration of eformoterol, presence of sweat

was evident at the injection site, usually affecting a small area of

3–5 cm in diameter and beginning 15 min after injection and

lasting up to 5 h. Prolonged sweating was routinely observed

with doses higher than 0.08 mg, being profuse at the base of the

ear, neck, inguinal fossa, medial aspect of the thigh and in three

cases extended to a great part of the body. Piloerection begins

shortly after diaphoresis but lasts somewhat longer. Thirty

minutes after injection, muscular tremor involving supra- and

sub-scapular muscles is evident, and it continues for a variable

time thereafter. Increased peristaltismus, judged by rate and

loudness of borborigmus appeared about 1 h after injection and

was unrelenting for 4–5 h. In general it lead to defecation.

Administration of 0.12 mg caused significant nervousness and

increased excitability (i.e. stall walking and neighs) beginning

30 min after injection. There was no conjunctival irritation,

penile relaxation or paradoxical bronchospasm. Following

administration of eformoterol, animals experienced pronounced

decrease in respiratory rate with a marked increase in depth

(judged by ventilation auscultated in the diaphragmatic lung
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lobe). Onset of respiratory changes was detected 15 min after

administration and persisted beyond 6 h (Fig. 1a, ANOVA main

effect P < 0.001, F ¼ 23.4, df ¼ 9). Some degree of diaphrag-

matic ventilation was preserved in all animals beyond 8 h.

Changes in respiratory rate were dose dependent (Fig. 1c, ANOVA

main effect P < 0.001, F ¼ 8.39, df ¼ 4), but the dose rela-

tionship followed a U shape, with maximum effect at 0.04 mg.

Administration of eformoterol resulted in a fast increase in heart

rate which became significantly different from baseline by

30 min (Fig. 1b, ANOVA main effect P < 0.001, F ¼ 3.513,

df ¼ 4). Three hours after administration of eformoterol, heart

rate became slower than baseline, but this change was not

statistically significant. Small doses of eformoterol (0.01 or

0.02 mg) did not affect average heart rates over the observation

period. Increasing doses had an effect that appeared best

described by a U shape, with 0.04 mg resulting in decreased

heart rate, and higher doses causing an increase in this

parameter (Fig. 1d, ANOVA main effect P < 0.001, F ¼ 9.752,

df ¼ 4). No significant changes were detected in liver function

tests or major plasma electrolyte concentrations. On the other

hand, administration of 0.08 or 0.12 mg of eformoterol resulted

in hyperglycemia beginning 1 h after injection and surpassing

the 110 mg% limit (Table 1).

In a previous communication we demonstrated that efor-

moterol in doses of 0.04–0.08 mg can reduce the risk of

exercise-induced pulmonary hemorrhage in horses undergoing

competitive training (Ladaga et al., 2003). Such range of dose

was determined on a preliminary open trial that suggested

optimal clinical doses of 0.040 mg for animals weighing

300 kg and 0.020 mg for animals with <300 kg body weight

and colts (Laboratorio Fundación, unpublished data). In the

same open trial, we found that doses higher than 0.080 mg

appeared to have clinical side effects, but laboratory param-

eters were not assessed. We now report the physiological and

metabolic effects of eformoterol on a range of doses selected to

span those that have been shown previously to produce

clinical efficacy. Sweatiness is likely due to b2 adrenergic

stimulation of the apocrine glands, specific to equines. It is a

clearly visible parameter suggestive of susceptibility to the

drug. The response of piloerector muscles is in general an a1

response, but seems to be b2 in equine. One interesting

observation is that while in equine increases in intestinal

motility with defecation are observed, in research animals

motility is decreased (Takeda & Takagi, 1980; Kawakami,

1984). A profound and persistent change in the respiratory

parameters follows intramuscular administration of eformoter-

ol, including a decrease in the respiratory rate and a clear

auscultation of the diaphragmatic lung lobe associated with a

visible dilatation of the costal arcade. Heart rate was increased

briefly, and decreased in a sustained fashion beginning 3 h

after administration. In animal models and in humans,

eformoterol has chronotropic and positive inotropic effects

(Ida, 1976, 1980; Lecaillon et al., 1999) which would explain

initial tachycardia. A possible explanation for the delayed

bradychardia, can be provided by the sustained increase in

ventilation following eformoterol administration. Such increase

could lead to improved hematosis, increased pO2, and

secondary reduction in heart rate. In the range of doses

observed, the only metabolic parameter altered was serum

glucose. Thus, single administration appears to have no

(a) (b)

(c) (d)

Fig. 1. Time and dose-dependency of physiological changes induced by eformoterol. Panels a and b show the time course of respiratory (a) and heart (b)

rates with increasing doses of subcutaneous eformoterol (in mg). Each point represents mean (±standard deviation) of five or six animals. Panels c and d

show dose-response curves for eformoterol-induced changes respiratory (c) and heart (d) rates at the time of the peak effect. Each point represents mean

(±standard deviation) of five or six animals. **P < 0.01 by ANOVA followed by Tukey post hoc comparison.
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deleterious effects on hepatic or muscle enzymes, and there is

remarkable lack of effect on potassium ion concentrations.

Notably, this is different from results observed in experimental

animals and humans where a dose-dependent relationship in

kalemia has been observed (Lecaillon et al., 1999). A possible

explanation for this discrepancy is the much larger muscle

mass of the horse, which could provide for a greater potassium

buffering capacity. Alternatively, the hyperglycemic effect is

consistent with data in other species, accompanied by an

increase in cAMP due to adenyl cyclase activation; an effect

observed also in canine brain (Nishikori & Maeno, 1979; Mita

& Shida, 1983).

In summary, we have found that eformoterol in a range of

doses below and above those efficacious in the treatment of

exercise-induced pulmonary hemorrhage, and after single

administration, has few collateral effects and with no clinical

significance. Furthermore, it results in profound changes in

respiratory parameters consistent with improved gas exchange.
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