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ABSTRACT

Background: The drugs that promote sedation, analgesia, and anesthesia, as inhalatory agents, phenothiazines, benzodi-
azepines, alpha-2 adrenergic agonists, and opioids, can promote different kinds of side effects. The concept of a balanced 
anesthesia in equine was developed in order to minimize adverse effects inherent to anesthesia, creating a combination 
of lower doses of these drugs in comparison with the doses of each one used alone. Alpha-2-adrenoceptor agonists such 
as xylazine, detomidine, and others, are drugs used for standing sedation, analgesia, and reduction of volatile anesthetic 
requirement in the equine as well as an agent used to maintenance of arterial blood pressure during anesthesia. Alpha-2 
agonists works stimulating receptors of autonomic neurons inducing reduction of heart rate, cardiac output and vascular 
resistance, hypertension, behavioral changes, and inhibition of insulin secretion. This reduction in insulin levels increases 
blood glucose concentration in horses due to its lower utilization in insulin-dependent tissues, as muscular and adipose 
tissues. Muscular tissue is capable to maintain a constant lactate production even in a well oxygenated environment in 
order to maintain its cellular activity, especially in cases when glucose is not available. To evaluate the effect on blood 
glucose and lactate, horses were submitted to one hour of detomidine constant rate infusion during sevofl urane inhalatory 
anesthesia with controlled ventilation, in order to assess blood concentration of glucose and lactate 
Materials, Methods & Results: Four adult horses were studied. Detomidine 20 µg.kg-1 was used as premedication followed 
by an association of ketamine and diazepam intravenously as anesthetic induction. After intubation, sevofl urane was vapor-
ized at approximately 2.3 V%. Mechanical ventilation was established. After stabilization, an intravenous continuous rate 
infusion (CRI) of detomidine 5 µg.kg.h-1 was started. Venous blood samples were collected before premedication, prior 
to detomidine continuous infusion, 20, 40, and 60 min after beginning of infusion, in order to determination of glucose 
and lactate serum concentrations. After 60 min of detomidine infusion, the horses were allowed to recovery. There was 
statistical signifi cant hyperglycemia in the horses under CRI of detomidine. There was no signifi cant increase in blood 
lactate, despite of the hyperlactatemia in some animals.
Discussion: Detomidine CRI of 5 µg.kg.h-1 does increase blood glucose levels over normal values but not to levels that 
could be toxic to tissues, mainly CNS. With low levels of serum insulin, body tissues, mainly muscular and adipose tis-
sues, are unable to capture this available blood glucose and these cells depend on lactate metabolism. The lactate serum 
concentrations below normal range observed in studied horses suggest that all lactate produced by the tissues is being 
utilized in the energetic metabolism. In according to many authors, lactate is produced and utilized for mitochondrias as 
energetic source even in fully oxygenated tissues, which seems to be what happened in this experiment. The present study 
helps to understand energetic metabolism in horses under general inhaled anesthesia with detomidine CRI, a selective 
alpha-2-adrenoceptor agonist. In order to better evaluate energetic metabolism during inhaled anesthesia under detomidine 
infl uence, other studies are suggested, as prolonged anesthesia duration to evaluate a longer adrenergic stimulus induced 
by detomidine. Besides, other investigations with detomidine CRI in horses submitted to surgical procedures could provide 
different responses in energetic metabolism.
Keywords: alpha-2 agonist, energetic metabolism, equine, inhalatory anesthesia.
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INTRODUCTION

Equine anesthesia involves control of admin-
istration of multiple drugs that can lead to a series of 
deleterious cardiovascular and respiratory effects. In 
order to produce sedation, analgesia, anesthesia, and 
minimize adverse effects of these drugs, the concept of 
balanced anesthesia was developed [37]. All inhalant 
anesthetics can induce different levels of dose-depen-
dent cardiovascular depression [28]. Studies showed 
that drugs like lidocaine [10,18, 25], ketamine (21,38], 
and alpha-2-adrenoceptor agonists [25,29,30,34,35] 
can decrease MAC (minimum alveolar concentration) 
of different inhalant agents and its side effects. 

Alpha-2-adrenoceptor agonists such as xyla-
zine, detomidine, and others, are drugs used for stand-
ing sedation, analgesia, and reduction of volatile anes-
thetic requirement in the equine [7]. Alpha-2 agonists 
works stimulating receptors in peripheral and central 
nervous system, located pre- and postsynaptically [23] 
inducing hypertension, bradycardia, atrioventricular 
block, decreasing cardiac output, and vascular resis-
tance, behavioral changes, and inhibition of insulin 
secretion [32]. This reduction in insulin levels increases 
blood glucose concentration in adult horses and ponies 
[12], and its effect on lactate concentration in plasma is 
unknown. According to Brooks [2], there is a constant 
lactate production by oxygenated tissues, especially in 
muscles, in order to maintain cellular activity. 

The objective of this study was to evaluate the 
effect of detomidine constant rate infusion on blood 
glucose and lactate in horses submitted to one hour 
of sevofl urane inhalatory anesthesia with controlled 
ventilation.

MATERIALS AND METHODS

Four clinically healthy adult mixed breed 
mares weighing 504.5 kg ± 64.8 were studied. The age 
varied from 10 to 15 years. Horses were allowed free 
access to water, and food was withheld 12 h before 
each anesthesia.

Before premedication, a 14-gauge 5.25 inches 
catheter was placed in the left jugular vein under local 
anesthesia with 2% lidocaine. Blood samples were col-
lected prior to each study for baseline glucose and lac-
tate determination. Detomidine1 20 µg.kg-1 was used as 
premedication followed by an association of ketamine2 

2.2 mg.kg-1 and diazepam3 0.1 mg.kg-1 intravenously 
15 min after sedation for anesthetic induction. Horses 

were placed in right lateral recumbency, intubated and 
connected to an anesthesia machine equipped with a 
sevofl urane calibrated vaporizer. An initial oxygen fl ow 
rate of 20 mL.kg.min-1 was instituted until anesthetic 
stabilization was achieved, followed by 10 mL.kg.min-1 
in the remaining study time. Sevofl urane4 was vapor-
ized at a value equivalent to approximately one MAC 
(minimum alveolar concentration) during all study, 
which corresponds in the equine species to 2.3 V%. 
Horses were allowed to breathe spontaneously for 10 
min followed by mechanical ventilation. After stabili-
zation, a continuous intravenous infusion of detomidine 
5 µg.kg.h-1 was started. Venous blood samples were col-
lected before premedication (PRE), after stabilization 
prior to detomidine continuous infusion (T0), 20 min 
after beginning of infusion (T20), 40 min after begin-
ning of infusion (T40), and 60 min after beginning of 
infusion (T60), in order to determination of glucose 
and lactate. After 60 min of detomidine infusion, the 
horses were allowed to recovery. 

One way repeated measure analysis of variance 
(ANOVA) was used with a signifi cance level of 0.05, 
and Tukey’s test, as a post hoc, was used to isolate 
group or groups that differ from the others (P  <  0.05).

RESULTS

Marked hyperglycemia was detected (Table 1) 
in all horses after detomidine application, considering 
values of reference established by Kaneko et al. [16] 
that range from 75 to 115 mg/dL. There was statisti-
cal signifi cance (P < 0.05) in this increase of glucose 
comparing T0, T20, T40, and T60 with the PRE mo-
ment of blood collection. 

Considering the means of all horses in each 
moment of blood collection, there was an increasing 
concentration of lactate from PRE to T20, followed 
by its decreasing until T60. Values of reference were 
considered between 1.11 and 1.78 mmol/L [16]. In 
moment PRE and T60, one of four horses had hyper-
lactatemia. In T0 and T40, two horses had high levels 
of lactate. Horse 1 was the only which had hyperlac-
tatemia before detomidine infl uence and it decreased 
serum lactate levels until the end of anesthesia up to 
a hypolactatemic level. Horses 2 and 3 both followed 
the same pattern, with lactate within normal ranges, 
increasing in the fi rst collections and decreasing in the 
last collections during anesthesia. Horse 4 had high 
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lactate concentration since the beginning until the end. 
There were no signifi cant differences in lactate serum 
concentrations (Table 2) comparing T0, T20, T40, and

T60 with the PRE moment of blood collection, despite 
of the presence of hyperlactatemia in some horses in 
some times.

PRE T0 T20 T40 T60
horse 1 84 190 183 197 211
horse 2 83 214 217 222 224
horse 3 100 198 216 232 240
horse 4 87 187 203 227 237
Mean 88.50 197.25 204.75 219.50 228.00
SD 7.85 12.09 15.84 15.55 13.29

Table 1. Values of blood glucose (mg/dL) from each horse submitted to CRI detomidine during a sevofl urane inhaled 
anesthesia. Data were collected before premedication (PRE), immediately before infusion (T0), 20 min after beginning of 
infusion (T20) , 40 min (T40), and 60 min after (T60), when CRI detomidine was discontinued. Values are presented below 
with means and standard deviations (SD).

Table 2. Values of blood lactate (mmol/L) from each horse submitted to CRI detomidine during a sevofl urane inhaled 
anesthesia. Data were collected before premedication (PRE), immediately before infusion (T0), 20 min after beginning of 
infusion (T20) , 40 min (T40), and 60 min after (T60), when CRI detomidine was discontinued. Values are presented below 
with means and standard deviations (SD).

PRE T0 T20 T40 T60
horse 1 1.92 1.22 1.03 0.99 0.92
horse 2 1.35 0.61 2.00 1.73 1.45
horse 3 0.61 2.23 2.18 1.84 1.62
horse 4 1.44 2.56 2.07 2.29 2.19
Mean 1.33 1.66 1.82 1.71 1.55
SD 0.54 0.90 0.53 0.54 0.52

DISCUSSION

Detomidine is an alpha-2-adrenoceptor ago-
nist 50 times more potent than xylazine [5], and it has 
also more specifi city for its receptors [33]. It has been 
widely used as a sedative and analgesic agent in equine 
practice [11]. After intravenous injection, detomidine 
and its metabolites, 3-hydroxy-detomidine and deto-
midine 3-carboxylic acid, are fi rst detected by liquid 
chromatography-mass spectrometry within 0.5, 2 and 
15 min respectively, and last detected up to 4, 1.5 and 
12 h respectively. Its elimination half life declined 
approximately in 30 min, demonstrating detomidine 
high lipophilic behavior with an elevated volume of 
distribution [14]. Due to its characteristics, a continu-
ous rate infusion of detomidine would be necessary to 
submit horses to appropriate plasma levels of the drug 
during general anesthesia as proposed in this study.

The activation of alpha-2-adrenoceptors causes 
an inhibition of neurotransmission by activation of 
potassium channels in postsynaptic level [36], and 
inhibition of calcium channels in presynaptic level [1]. 

It is mediated by a protein G coupled system which 
inhibits adenylate cyclase decreasing intracellular 
cAMP [9]. Through its binding in pancreatic cells, 
alpha-2-adrenergic agonists markedly decrease insulin 
secretion, and it causes a hyperglycemia in adult horses 
[31], but not in foals [26]. As seen in other species, but 
not proven in horses, this hyperglycemia is accompa-
nied by a hyperglucagonemia [17,20,22,27], which also 
stimulates glucose release from hepatic glycogen [16].

Hyperglycemia during surgical and anesthetic 
procedures can be caused by excess of glucose solu-
tions, catecholamine-induced responses to trauma, 
pain, and sepsis, β-adrenergic blockers, glucocorti-
costeroids, and systemic diseases, as diabetes mel-
litus, Cushing’s syndrome, pancreatitis, and others 
conditions [8]. It can induce hypovolemia by osmotic 
diuresis, dehydratation, electrolytes disturbances, 
and may increase incidence of cerebral injury when 
it occurs before an ischemic or hypoxemic event [6]. 
According to Thurmon et al. [31], blood glucose above 
600 mg/dL, which can be seen in colic and intestinal 
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resection surgeries, can cause central nervous system 
damage and blindness in horses. In this study, glucose 
values did not surpass 240 mg/dL, although any animal 
had suffered any nociceptive stimulus or surgical pro-
cedure. Perhaps, under a longer detomidine infl uence 
or others α

2
 agonists, glucose may reach higher and 

deleterious levels.
With low levels of serum insulin, body tissues, 

mainly muscular and adipose tissues, are unable to 
capture this available blood glucose and these cells 
depend on lactate metabolism [15]. Many authors 
agree about the new concept of lactate playing a role 
in maintenance of energetic metabolism during aerobic 
cellular activity and not just as a waste end product 
on anoxia or hypoxia situations [3,13]. New theories 
indicate that lactate is produced and utilized for mi-
tochondrias as energetic source even in fully oxygen-
ated tissues [4,24]. According to this same author, 
there is a “cell-to-cell” lactate shuttle in the organism, 
which indicates that lactate produced by one cell can 
be utilized by another cell and there is an amount of 
lactate that goes through the interstitium and blood 
fl ow, providing a carbon source for oxidation and ATP 
production in other cells. 

In this study, considering that some animals 
had presented high concentrations of lactate, there 
was no statistical difference in this increase. The nor-
molactatemia observed could be explained by a serum 
dilution caused by the fl uid regimen applied. The fl uid 
dosage which the four horses were submitted ranged 
around 10 mL/kg per hour. It could be considered high 
by Magdesian [19], whom indicates 2-4 mL/kg per 
hour as basal maintenance infusion. By other hand, 
all lactate produced to supply energetic needs could 
be maintaining tissue consumption, do not evidencing 
any increased serum levels. Longer periods of hyper-
glycemia could lead to higher values of serum lactate.

Although α
2
 agonists decrease respiratory rate, 

resulting in slightly increased in PaCO
2
 and mild reduc-

tions in PaO
2
 [7], horses were mechanical ventilated 

in this study in order to minimize this effects. Despite 
these hemodynamic changes, gross clinical signs of 
inadequate tissue perfusion have not been reported in 
the animals studied. 

CONCLUSION

A continuous rate infusion of detomidine in a 
dosage of 5 µg.kg.h-1 is adequate to maintain horses 
in a sevofl urane anesthesia, with no clinical evidence 
of deleterious effects, remaining stabilized, and pre-
senting good recovery. There is a signifi cant but not 
exacerbated hyperglycemia in horses submitted to 
alpha 2 agonists, confi rmed by this study, with mean 
serum concentration of lactate within normal reference 
values for this specie.
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