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Abstract

Objective To compare the effect of orally delivered
detomidine on head posture when administered
alone or in combination with two different food items.
and to determine the serum concentrations of deto-
midine after oral delivery.

Study Design Prospective randomized experimen-
tal study

Animals Fifteen adult grade mares weighing 328—
537 kg,

Methods The horses were randomly assigned to one
ol the three treatment groups (five horses each). The
groups were given detomidine (006 mg kg™ ') alone:
mixed with 3 mLof an apple sauce and gum mixture:
or mixed with 3 mL molasses. Head droop. measured
before treatment and at 15. 30, 45, 60, 75, 90. and
105 minutes after treatment. was used to evaluate
sedation. Yohimbine (0.1 mg kg™' IV} was adminis-
tered after the 90-minute evaluation. Blood samples
were collected from the detomidine-alone group
before treatment and at 15, 3() 43, 60, 75. and 90 min-
utes aflter treatment. Sera were analvzed for detomi-
dine equivalent concentrations by an ELISA. Head
droop percentages were compared using a repeated
measures analysis of variance.

Results Significant mean head droop developed in
each treatment group by 30 minutes and persisted

until reversal with vohimbine. After vohimbine
administration, head positions returned to 87-91%
of pre-treatment levels. There were no significant dif-
ferences among the oral treaiment groups at any
time. Mean serum detomidine equivalents increased
slowly until 45-minute post-administration. but
never exceeded 30 ng mL™,

Conclusions Orally administered detomidine results
in measurable serum drug concentrations using any
of the delivery mediums investigated. and can be
expected to produce profound head droop in horses
approximately 45 minutes after administration.

Keywords delivery mediums, detomidine, horse, oral
delivery. sedation. yohimbine.

Introduction

In veterinary medicine, sedative agents are most
commonly adminisiered parenterally. and relatively
little attention has been paid to their use via oral
administration. One previous study demonstrated
that sublingually delivered detomidine effectively
sedated horses (Malone & Clark 19931 The present
study compared the effect of orally delivered detomi-
dine on head posture when administered alone or
mixed with two delivery vehicles to horses. Drug
absorption was evaluated by measuring serunl
detomidine equivalent concentrations produced by
oral detomidine administration without a delivery

medium,
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Materials and methods

Fifteen mixed breed. healthy, adult mares thody
weight range = 328-337 kg: median = 420 kgiwere
moved to individual stocks. 30-6( minutes prior 1o
drug administration. The horses were held in stacks
during the treatment trials.

Prior to drug administration. an intravenous fugu-
lar catheter was placed percutancously. A blood
sample 12-3 mL} was collected via the catheter,
immediately lollowing catheter placement and ar 15,
30. 45, 60, 73, and Y0)-minute post-detomidine or
detomidine; food mixture admintstrution. Blood was
allowed to clot, centrifuged. and (he serum was sepa-
rated and frozen at =70 C until drug analysis.

Horses were randomly assigned (o three treatment
groups (live horses euachl. Each group received
006 mg kg™ detomidine tDormosedan ®. SmithK-
line-Beecham Animal Health, West Chester. PA.
USAL Treaiment group 1 received detomidine alone.
Treatment group 2 recefved detomidine mixed
immediately belore administration with 3 mL of a
mixture of apple sauce {Mott’s Apple Sauce. Mott's
Inc.. Stamford. CT. USAr and gum {Spray dried Arabic
Type #12 4450, Meer Corp.. N. Bergen, NJ. U'SaA:
4.8 mL of powdered gum mixed into 110 mL apple
sauce). Treatment group 3 received detomidine
mixed immediately prior to administration with
3mL of molasses (Brer Rabbit*. Al Natural
Molasses. Nabisco Inc.. East Hanover. N] USAL All
detomidine and detomidine food mixtures were
delivered from a plastic syringe inta the buccal or oral
cavity ofthe hurse. No attempt was made to place the
agents in a specific location within the mouth.

Head droop was used to quantify effects and com-
pare treatment groups. Immediately prior 1o drug
administration, the distance from the most depen-
dent point of each horse’s head to the floor (FFD) was
measured three times using a measuring stick placed
next {0 the horse’s head. Care was taken to ensure
that the horse did not alter its head position as it was
approached with the stick. The mean of these mea-
surements was the horses pre-treatment FFD) con-
sidered 100%). Following oral administration of
detomidine or detomidinefood mixtures, the FFD
was measured twice each at 15, 3. 45, 60, 75, 9¢). and
105 minutes for each horse. The mean of each of the
wo measurements at each time was then divided by
the horse’s pre-treatment FFD and expressed as a per
cent. Yohimbine (0.1 mg kg™ IV: Sigma Chemical
Co.. 8t. Louis. MO. USA) was administered to each
horse after making the 90-minute measurements.
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All head-droop percentages were compared using
repeated measures analyses of variance anovas ind
post-anova evaluations were made by calculating
and comparing the least square means: p < (M3 was
used as the criterion for signiticance.

All serum samples were analyzed using a specific
detomidine ELISA test (Neogen Corporation, Lexing-
ton, KY. USAbsimilar to the methods used by Sleeman
et al. (19971 The detomidine ELISA cross-reacts with
the parent compound. detomidine (5%, and some
of its metabolites. so the measured values are
expressed as equivalents in recognition of this fact
(Stanley et al. 1992). Intra- and inter-assay variations
for this ELISA are 363 and 2.93%, respectively (Bass
1993),

Results

The head-droop patterns of all three groups were
similarFig. 1). Fach group showed minor head droop
at 15 minutes and statisticaily significant head droop
by 30 minutes. Head position remained at approxi-
mately 40% of pre-treatment height until reversl
with yohimbine. The lowest measured mean (3SD)
FFDwas 32,6 + 1(1L3%. which occurred at 75 minutes
intreatment group 2. There were no significant differ-
encesamonganyof the groups at any time. The mean
head droop for the treatment groups increased to
87-91% of the pre-treatment FED at 105 minutes.
approximately 13-minute post-vohimbine adminis-
tration. Sweating occurred in a majoritvof the horses
and snoring was observed sporadically in herses in
all treatment groups.

Less than 0.5 ng mL™! detomidine equivalents
were found in all pre-treatment samples and mean
concentrations increased gradually until reaching a -
peak mean value of 291 + 12,5 ng mL~! at 75-min-
ute post-administration (Fig, 2k Serum detomidine
equivalents in one horse never increased above
5 ng mL™". These concentrations were judged to be
below the sensitivity of the ELISA and this animal’s
serum equivalents were not included in Fig, 2.

Discussion

Measurement of head droop is a simple technique
and several studies have demonstrated its usefulness
as an indicator of sedation in the horse {Malone &
Clark 1993; Kamerling et al. 1988). Previous work
(Malone & Clark 1993) identified that 004 and
008 mg kg™! detomidine. delivered sublinguallv.
produced sedation in ponies. In preliminary dosage
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Figure 1 Mean face—floor distances
{£SD}. expressed as a percentage of
pre-treatment distance
produced in horses by the oral deliv-
ery of detomidine (006 mg kg™

80 —
face-{loor

alone ( @ mixed with an apple sauce
and gum mixrure (Wk and mixed
with molasses (M) = 3. eachk

Head Droop (%)

Levels at time points marked (%) were
significantly different than levels at
times O, 15. and 105 minutes There
were no significant diflerences
between any groups at any time.

20 -

| i | | i i

Yohimbine (0.1 mg kg™l was admi-
nistered IV after the 90-minute eva- 0
luation.

trials. 004 mg kg~! detomidine delivered into the
buccal cavity of our horses. did not consistently pro-
duce an adequate level of sedation for the perfor-
mance of minor diagnostic procedures. while
006 mg kg~ produced a level of sedation that was
more satisfactory (E. Ramsay, unpublished data). The
magnitude of the head droop observed in the oral
{reatment groups of the present study was similar to
that observed by Malone & Clarke (1993) for detomi-
dine D04 mg kg™ Physiological parameters and

50

Detoridine Equivalents (ng/ml ')

Figure 2 Mean serum concentrations
(=SD1 of detomidine equivitlents after

45 60 75 a0
Time (minules)

105

responses o stimuli were not measured in the horses
of the present study but these effects in detomidine-
treated horses have been described previously (Mal-
one & Clarke 1993; Kamerling et al. 19881, Yohimbine
was administered to the horses in the present study
1o simulate what might occur in out-patient clinical
practice,

In four of five horses. orally delivered detomidine.
without vehicle. was absorbed siowly lollowing oral
delivery, From 43- to 75-minute post-administration.

| 1 i ' |

oral administration of detomidine
(006 my kg ~'1ofour horses.
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the mean detomidine equivalents were similar 1o
those determined by radio-immunoassay in horses,
between 1 and 2 hours after receiving (.08 mg kg !
IM (Salonen et al. 19891, and during profound sedu-
tion produced by constant IV infusion of detomidine
{Daunt et al. 1993). It is unclear why serum detomi-
dine equivalents could not be measured in one horse,
This horse had similar head-droop levels as the other
horses. The failure to measure detomidine in any of
these horse samples suggests that either some qual-
ity of the horses' serum interfered with the assay or
that some problem occurred in the animals sample
handling or processing.

We speculate that the detomidine was absorbed via
the horses’oral and pharyngeal mucosa. Work ciled
by Malone & Clarke {1993) indicated that detomidine,
upto .1 mg kg™, was not ellective in sedating horses
when delivered via stomach tube. This may be due to
the drug being diluted in the stomach, absorption
being inhibited by gastric acidity. or being metabo-
lized in the liver (first pass effect). The delivery of the
detomidine or detomidine mixtures nondiscrimi-
nately into the buccal cavity. rather than specifically
beneath the tongue, was an altempt to mimic subop-
timum conditions that might be encountered in prac-
tice. Gum was added to the apple sauce mixture to
increase its stickiness. with the intention of increas-
ing mixture—oral mucosal contact time and facilitat-
ing transmucosal absorption. The head droop
produced by the detomidine plus apple sauce and
gum mixture was slightly more pronounced but not
significantly different from that of the other two treat-
ment groups.

Detomidineis a lipophilic. weak base with wide tis-
sue distribution after IM or IV administration (Salo-
nen 1986). The commercially available detomidine is
combined with HCl and has a pH of 4.68. Nonionic
drugs pass more readily through the mucosa than
those with strong fonic charges (Hussain et al. 1983),
The mixing of detomidine with acidic compounds,
such as the apple sauce and gum mixture (pH =
3.83) or molasses {(pH = 3.34. did not significantly
affect the detomidine absorption in these horses.
Using more basic food mixtures with detomidine
may decrease the amount of ionized detomidine
delivered and favor transmucosal absorption.

This study indicates that detomidine. 0.06 mg
kg™’ alone or mixed with either of two commonly

b
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available food items and placed in the buccal cavity,
produces profound head droop in horses in approxi-
mately 45 minutes. This dosage and route should
allow velerinarians or owners to pre-medicate non-
tractable horses orally with detomidine and possibly
prevent injuries to individuals trying to sedate 'nee-
dle shy horses.
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Editorial

It is an honour to introduce the first special equine
edition of Veterinary Anaesthesia and Analgesia.
Equine anaesthesia remains a challenge. both to
those undertaking clinical anaesthesia and to those
carrying out research to elucidate some of the pecu-
liaritics of anaesthetic pathophysiology In this spe-
cies. The number of equine papers submitted for this
edition reflects the interest and activity in clinical
and basic anaesthetic research in this species. As a
consequence. a second special equine edition is
planned for july 3003. Two major areas have received
most attention. This edition addresses some of the
methods used to manage of prevent the range of
anaesthetic-induced abnormalities that are unique
10 the horse. The second edition will be largely con-
cerned with analgesia. Equine analgesia has only
recently begun to receive the attention this subject
hasbeen givenin smallanimal medicine and surgery.
and it is highly appropriate that this journal should
have a special place [or it.

It is well recognised that smooth and safe anaes-
thesia is more difficult to accomplish in horses than
in small animals and man. In this issue {page 1394
the first large. multicentre prospective epidemio-
logical study of equine perianaesthetic mortality
reports a death rate in non-colic horses ol approxi-
mately 1% from some 33 000 cases, in general agree-
ment with the figures previously reported from
single centre studies (Johnston et al. 2002). The
majority of the deaths were related to cardiovascular
accident. Cardiac arrest accounted for 33% of the
deaths. and post-operative myopathy and fractures
{at least some of which are likely tobe associated with
myopathyi fora further 7 and 26%, respectively. Most
of the anaesthetics in this series were maintained
with a volatile agent. but where total intravenous
anaesthesia (TIVA)} was used. the death rate was sig-
nificantly lower. It is well recognised that volatile
agentsdepress cardiovascular function: perhaps. this
is a Teature contributing to the high equine anaes-
{hetic-related mortality. Edner et al. (2002), page 182,
investigated the cfiects of TIVA on cardiovascular
function and blood flow and showed that maintain-
ing anacsthesia with propofol and ketamine. dispens-
ing with volatile agents completely. resulted in much
improved cardiovascular function and blood flow.

A number of methods are used in clinical equine
anuesthetic practice 1o prevent of manage the

cardiovascular depression. It is widely accepted
that myopathy develops as a result of poor muscle
perfusion during anaesthesia, due at least in part to
myocardial depression. low cardiac output and hypo-
tension (Grandy et al. 1987). Inotropes are commonly
used to treat hypotension during anaesthesia, in par-
ticular to prevent post-operative myopathy. The ulti-
mate effect. and indeed the relative importance, of
maintaining flow (cardiac output) and pressure
(arterial blood pressure (AP)) on muscle blood flow
during anaesthesia is not yet clear. although using
AP as an easily measured guide to perfusion is
practically possible and apparently useful (Young &
Taylor 1993} Ephedrine, which stimulates both 2
and P-adrenergic receplors. is one of the agents
used to treat hypotension in equine anaesthesia. In
this issue, Lee et al. (2002) describe the effect of
ephedrine on both cardiovascular function and mus-
cle blood flow. They demonstrate a relatively pro-
longed improvement on AP, cardiac output and
muscle blood flow. particularly at the higher dose of
0.2 mg kg". supgesting that thisis a valnable agent
for use in equine anaesthesia.

Another approachtothe problem of volatile agent-
induced hypotension is to use supplementary intra-
venous (1V) agents 10 reduce the dose of the volatile
agent. Steffey et al. {20021 on page 223 report that
detomidine reducesisoflurane MAC asexpected from
previous work with xvlazine. However, although
isoflurane requirements were much reduced, blood
pressure was actually decreased after detomidine at
both 30 and 60 pg kg~ Thissuggests that 2,-agents.
at least at this dose of detomidine. are not the best
choice of 1Vagent to aliow reduction of volatile agent
dose in order to improve hypotension. Edner et al.
(2002 further showed that detomidine. even al
10 pg kg~ decreased muscle blood flow.

Although there is wide use of x,-agents in equine
anacsthesia, these data from Stefley et al. (2002} and
Edner et al. (2002) supgest that they should be used
with care. as they do not improve cardiovascular
function even though volatile agent requirements
are reduced. Fhere is no doubt that 2;-agents will
continue to be widely usedin equine clinical practice.
as their sedative properties are S0 good. Ramsay el al.
(2002) {page 219) describe further evidence of the
value of oral administration of detomidine, first
reported by Malone & Clarke (1993) which is of
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considerable value in difficult horses. Hence. it is par-
ticularly pertinent. as we continue to use these valu-
able drugs. that their potency and potential for
serious side effects is alwavs taken into account.

Ketamine is another 1V agent common ly used in
horses for induction of anaesthesia and to supple-
ment volatile agents, This agent has also recently
taken on a new lease of life asits analgesic properties
are recognised and exploited, particularly for their
pre-emplive analgesic effect. Presumably ketamine
used at induction contributes to post-operative
analgesia in horses. although this effect has not been
studied in this species. In addition. alternative routes
of administration of ketamine appear worthy of
investigation. Redua et al. 2002) on page 2(M) per-
formed anelegant study demonstrating that epidural
ketamine reduced central sensitisation and second-
ary hyperalgesia in horses. This is one of very few
analgesic studies in horses, and has considerable
potential for clinical use. If the same analgesic effect
is produced during anaesthesia, :pre-operative epi-
dural ketamine might have huge potential in redu-
¢ing anaesthetic dose requirement and enhancing
post-operative anaigesia.

Johnston et al. 12002) reported that fractures
occurring in the recovery period accounted for 26%
of the deaths in their epidemiological studw. Many
factors contribute to violence, ataxia and excitement
during recovery, which may cause irreparable {rac-
tures. The characteristics of the anaesthetic agents
used are likely to be significant. Wagner et al. {2002
on page 27 investigated the eflects of a number of
different 1V anaesthetic combinations on behaviour
during induction and recovery. Induction quality
was not dramatically affected by the agent. but recov-
ery was improved when propofol was used in combi-
nation with either thiopental or ketamine. This is in
agreement with several other studies. finding recov-
ery [rom propofol or propolol combinations to be
good. These data support the concept of supplement-
ing traditional anaesthetic methods with new (for
the horse) IV agents in order to improve the quality
of equine anaesthesia,

Hypoxaemia has long been recognised as a com-
mon and potentially hazardous side effect of anaes-
thesia in horses. Although a link between death and
hypoxaemia has not been demonstrated, common
sense suggests that hypoxaemia is likely to be harm-
ful. and any treatment that does not cause other pro-
blems is likely to be valuable. Roberston et al. 12002)
(page 212) describe an elegant yet simple method of
supplying the B;-agonist albuterol (salbutamolj to
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the respiratory tract to achieve its bronchodilatory
effect on the airway without signiicant systemic
cfiects. Given in this way, 2 Hg kg ' produced a two-
fold increase in arterial oxygen tension without any
obvious effects on the cardiovascular system.Further
research is needed to detail the effects on the cardio-
vascular system, particularly to evaluate cardiac oul-
put and oxygen delivery. However, from the data
already supplied. it appears that at last we have a sim-
pleand effective method to treat the hypoxaemiathat
so often occurs in anaesthetised horses.

This issue of Veterinary Anaesthesia and Analgesia
highlights the need for investigation of the apparent
beneficial effect of acepromazine in equine anaesthe-
sia (Johnston et al. 2002). Acepromazine Is an old
drug that has been used in thousands of animals:
why should it confer protection in anaesthetised
horses? Is it because acepromazine decreases the
afterload and enables the depressed myocardium to
pump more effectively and produce better perfusion:
Is it because acepromazine decreases the likelihood
of fatal ventricular dysrhythmias occurring?

Inevitably, all the questions cannot be answered.
However. this special issue on equine anaesthesia has
shed new light on some of the problems and peculiari-
ties of anaesthesia in horses. New methods, part-
icularly the use of alternative IV anaesthetic agents,
appear worthy of evaluation in the clinical setting.
Studies such as those of Bettschart-Wolfensberger
et al. {2001) evaluating TIVA in horses under ex-
perimental and clinical conditions are to be much
encouraged.

PM Taylor

Taylor Monroe, Gravel Head Farm.
Bownham Commen, Little Downham.
Ely. Cambs CB62TY, UK
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