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for clenbuterol were introduced, leading to the identification
and reporting of concentrations of ‘denbuterol and/or its
metabolites in the range of 1001000 pg/ml.

The basic pharmacological actions of clenbuterol and its
therapeutic efficacy in the horse are well characterised. At an
oral dose range of 0.8~3.2 pg/kg BID for 5-10days, clen-
butergl relieves airway ohstruction in heaves-affected horses. It
is, therefore, effective in the treatment of chronic obstructive
pulmonary discess (COPD), which is one of its primary indica-
tions in the horse (Sasse & Hajer, 1978). Other effects in the
respiratory tract include modest antl-inflammatory and mucoki-
netic actions. Therefore. clenbuterol is often used as sither a
primary or a suppoctive medication in the trestment of non-in-
fections and infections respiratory disonses.

This sttddy wes based on snecdotal reports that low doses of
clenbuterol were being administered IT to horses about 2 h
before the race tme to enhance performance. Parthermore, to
interfere with detection of clenbuterol. these reports suggest
that, in addition to the approved dose of forosemide adminis-
tered 4h before race time, the horses sleo received & second
dose of farosemide at the sume time as the IT denbuterol dose
(2h before post-race). The rationale bekind this approach s
that & small amount of clenbuterol IT before & race should
the second dose of furosemide may render the small amount of
clenbuterol undetectabls.

This communication secks to answer questions about the
efficacy of IT clenbuterol in racehorses. With regard to the
pharmacological actions, bronchodilator effects were studied at
Michigan State University using horses with COPD. and effects
on heart rate and behavior were investigated using & behavior
chamber method developed at the Maxwell H. Gluck Equine
Research Center. Quantitative analytical methods for clen-
buterol and its metabolites were developed and validated and

then used to Investigate the relationship between clenbuterol

dose and analytical Bndings in urine with and without
furosemide dose.

The second question addressed was the relationship between
clenbuterol dose and analytical findings in urine. To this end,
quantitative analytical methods for clenbuterel and its metabo-
lites have been developed and validated. Subsequently. clen-
buterol was administered to horses aRer the anecdotally
reported schedules,

METHODS AND MATERIALS

Clinkcally normal herses

Eight mature Thoroughbred mares and geidings weighing 492
612 kg were used for this experiment. The animals were main-
tained on grass hay and feed (12% protein), which was a 50:50
mixture of oats and an alfaifa-based protein pellet. Horses were
fed twice a day. The animals were vaccinated annually for
tetapus and were dewormed quarterly with ivermectin (MSD
Agvet, Rahway, NJ, USA). A routine clinical examination was

performed before each experiment to assure that the animals
were hoalthy and sound. Horses wers kept in & 20-acre feld
untll they were placed in box stalls where they were provided
water and hay aod Hbitnm. At Jomst 7 duys clapsed betwess
cxperimenis. Animals used in thess expertments were managed
according to the rules and regulations of the University of
Kentucky’s Institutional Animal Care Use Committes, which
also approved the experimental protocol.

Chronic obstructive pulmonary disease (COPD) horses

To sindy bronchodilator effects of IT clenbuterol, seven COPD-
affected horses (four geldings, three mares) aged 17-18 yoms
and are the best models for testing the effect of bronchodiiator
apenis In horses (Robinson et af. 1993; Derksen ot al, 1996)
Horses were maintained at pasture and fed a complete pelietod
feed until they had no clinical signs of airway obstructien.
Horsds were then housed in stalls. badded on straw. and fed
dusty hay until they exhibited characteristic clinical signe of
beaves, at which time lung function was measured. Atropine
(0.02 mg/kg. Lv.) was administered. snd alter 15 msin mensare-
ment of lung fanction was repested to verily the reversibility of .
the ‘alrway obwtraction. Horses were then returned to pasture
for at least 30 duys.

Measurement of lung function

Pleural pressre was estimated using & Jatex condom  sealod
over the distal end of a polypropyiene catheter (3 mm inside
diameter, 4.4 mm outside diameter, 240 cm long). The balloon
was passed fo the distal third of the esophagus and connected to
& pressure tranaducer (Vahdyne Model DP/45-15, Northridgs,
CA. USA). The pressure transducer was calibrated belore ench
study with a water manometer. The position of the esophageal
balloon was adjusted to obtain the maximal change in plenral
pressure (APpl__.) during a tidal breath. Flow rate was collected
using a pneumotachograph (No. 5 Fleisch; Rusch International,
Deluth, GA, USA) fitted In a facemask placed over the horse’s
muxsle and sealed with a rubber shroud and tape. The pneumo-
tachograph was connected to a pressure transducer (Validyne
DP/45-22) that provided a signal proportional to Bow. A lung
function computer (Buxco model 15-14, Sharon, CT, USA)
integrated the flow signal to provide tidal volume. The com-
puter also calculated pulmonary resistance (R;) and dynamic
clastance (E,,). The pneumotachograph/transducer/computer
system was calibrated with a 2-L syringe. Thirty consecutive
breaths were used to calculate R,, E,,,. and APpl,,, during
cach measurement period.

A cross-over design with fwo treatments was used. Horses
were randomly assigned to the initial treatment, and a 7-day
washout period was allowed between trestments. Horses were
housed in stalls, bodded on straw, and fed dusty hay. Horses
qualified for the study when induced alrway obstruction re-
sulted in a APpl__, during tidal breathing of at least 25 cm H,0.
Horses were treated with an IT injection of either saline (3 mi})
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Fig. 1. Dertvatization scheme for conbuterol ns verified by 12
GC/MS to yield clenbuteroh TMS. TMS = trimethylsilyl

or injeciable clenbuterol solution (90 pg Vemtipulmin,
Boehringer Ingelheim, Ltd, Burlingtion, Ont., Canada). Injections
were prepared through a 20-gauge 1.5-in needie insexted be-
tween the tracheal rings midway between the lsrynx and the
thoracie inlet.

Lung fonction was messured before IT injections and 0.25,
0.5. 1, 2. and 4 s Inter. Horses remained in the laboratory up
to the 0.5-h mensurensent and then were returned to thelr stalls
between afl subsequent measurement periods. Horses returned
to pasture for st least 7 duys between cach trestwsent, The
study protocol was approved by the ARl University Anknal Use
and Care Committee at Michigan State University.

Locomotor chamber studies

The locomotor chambers have been described previously
(Harking et al.. 1997). Briefly, two 3.4 x 3.4 m box stalls were
equipped with Minibeam sensors (SM31E and SMIA3IR. Ban-
ner Engincering. Minneapolis, MN) spaced equally around the
stall 45 cm above the Aoor. Ench time the horse disrupted the
beam of Bight. an interruption was scored. and this output was
summed and recorded on & deta fogger (CR10. Campbell Scien-
tific. Inc.. Logan, UT, USA}.

Heart rates {HR) were recorded at 1 min intervals during
each experiment by an on-bosrd HR computer (Polar CIC Inc,
Port Washington. NY. USA). An elastic strap with a receiver
and transmitter attached was piaced around the chest of the
horse. The transmitier was connected to two electrodes placed
on shaved areas of the stermum and left side of the anterior
chest. Blectrode gel was used to Insure proper conduction of the
HR signal.

Behavioral experiments followed a rigorous standard protocol
to reduce variability from extraneous effects. A horse was
placed in each behavior stall at 07.00 hours, and the HR strap
was attached. The horse was allowed to acclimaste to the stall
for 7 h. Recording of locomotor and HR activities was begun at
14.00 howrs. Buseline activity was recorded for 30 min. then
the control and experimental treatments were administered.
Locomotor and HR dats were recorded for 14h until
05.00 hours the following morning. The total number of inter-
ruptions was summed every 15 min.

To validate the behavior chamber. terbutafine (1.3 pg/kg.
i.v.).nﬁ;apnlskmntohwmmhcmumﬁvkymdm.
was adminisiered as a positive control. Injectable clenbuterol
(Ventipulmin, Bochringer Ingetheim. ILtd. Buriington. Ont..
Canada) was administered IT (90 ug) to eight horses. Control
horses received an egual volume of saline, IT. In & separate
behavior chamber experiment, L.v. furosemide (Lasix®. Hoechst-
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Roussel. Somerville, NJ. USA) was administered at a dose of
250 mg. Both control and experimental trials were run simults-
neously, and each horse was weed as it own control.

Detection of intratracheal clenbuterol dose

For urine analysis, four horses received 250 mg farosemide Lv..
and four other horses received 5 ml of saline. Two hours aller,
all horses were administered 90 g of clenbuterol IT and a
second dose of Lv. furosemide (125 mg) or saline (2.5 ml).
Urine for clenbuterol analysis was collected before the first dose
of furosemide/saline (-2 h), and at ~1.75. -1.5. -1.25
~ 1. and —0.5 h. Urine was also collected immediately before

-~ dose of clenbuterol and the second furosemide/saline dose (O h)

and at 0,25, 0.5, 0.75, 1.0, 1.5, 2. 3. 4. 5. and 6 after
clenbuterol dose. This series of snalytical experiments was
designed and executed as part of a Testing Integrity Program
(TIP) cooperative effort. Results generated by the University of

Kentucky group are presented bere,
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locomotor activity alter Lv. injection. *, Significantly different from
control values (P < 0.05).
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Clenbuterol analysis by ELISA

Extraction. A standard sofution (1 mg/mL) of clenbuterol was
mmdmmﬂhnmlmmdndsmmpﬂadby
the addition of a kmown amount of a clenbuterol solution
(diluted in water) to blank urine samples at a range of 0.005~
0.3 ng/mL.

The urine samples, standards, and bianks (2 mi/sample) were
placed in culture tubes. Saturated sodium bicarbonate (1 ml)
and 1 M sodium hydeoxide (700 pL) were added to adjust the
sampncpﬂmmn.mmummwm
the tubes were mixed on a rotorack for 20 min foliowed by
centrifugation (750 * g. 60 min at 4 *C). The petroleum ether
tayerwasptpemdlmoacmmbe.mdmhaiml.
pdmhnmﬁhumaﬁedmthemummbumwhn
were centrifuged again. and the petroleum ether fractions were
combined. The extract was evaporsied 10 dryness under a
stream of nitrogen { < 40°C), and the samples were reconsti-
tuted in 100 kL ELISA assay bufler and vortexed for 15 sec.

ELISA. The ELISA test was based on previously established
methodology. Neogen, Inc. (Lexington. KY, USA) terbutaline
{Bronchodilator Group) ELISA kits were used throughout. Ap-
mwcmmmethmmy
buffer. and a standard curve of these standards was generated
oneachphtcalmgwiththecxmedamplu.hchweﬂ

received 20 pL of extracted urine sumple or extracted standard
solution and 180 pL of terbutaline-horseradish peroxidase com-
plex solution. The wells wers gently mixed for 1 min and
incubated at room temperature (24 °C) for 45 min. Bach well
was washed three thmes with 300 ul of Neogm wash bulfer.
mmmmmummnmm
mmmmhwmuu'cmmu
650 nm of each well was measured on & universal microplate
reader (Blo-Tek Instruments, Winooski. VT, USA).

Clenbuterol-trimethylsilyl snalysiz by GC/MS ‘

Enzymatic hydrolysis. Standsrd solutions of clenbuterol and
albuterel were peepared in methanol. Extraction standards were
Muumu-mmd.m
solntion to biak orins samples at a range of 0.4-16 ng/ml. A
known smount of an albuterol standerd (20 pf. of 20 ulyml
methanol solution) was added to cach sample, standard, and
blank as an internal stenderd.

The urine ssmples, standards, and bianks (5 ml/sample) wese
plwadlnmmm'rouchmnﬂcwddanllﬂ.
p-glucuronidase solution (Type LAL fkom Patelle vidguie
5000 U/ml. Sigmsa Chemical Co., St Louls. MO, USA) and 2 ml
of 1 M sodium acetats bufler (pi 5.0). The sumples were mized
briefly by vortex and incubeted in a wates bath at 63 °C for 3 b
Afer cooling (overnight. 4 °C), the clenbuterol standard and
albuterol internal standerd were added apptoptiately, and the
sammmmw-x.zmdo.xumm
phete bufler (pii 6) were added, and the ssmple pH was
Mumiasmmmwaum
chicric acid.

Extraction/devivatization. Clean Screen solid phase extraction
(SPE)} columns (United Chemicals Technologies-Worldwide
Mouitoring, Brisiol, PA. USA) were conditioned by sequentially
adding methanol (3mL), water (3ml). and ImL of 0.1 M
mmmmo.o).mmhmm
loaded, and the column was sequentially washed with water
{2ml). 1M acetic acid (2ml). and methanol (4mL). The
column was eluted with 3 ml, of dichloromethane;isopropanol/
ammonivm hydroxide (78/20/2). The eluent was evaporated to
dryness under a stream of nitrogen { < 40°C). For derivatiaa-
tion, euch sample was dimolved in 40 pL of N.O.-bsitrimethylst-
lyinrifluoroacetamide (BSTFA) with 1% trimethiyichlovosilane
{Plerce, Rockiord, IL. USA). vortexed for 15 sec, and incubated
at 75 °C lor 45 min (Fig. 1).

Instrumentation. The lnstrument uved was a Hewlett-Packard
Model 6890 GC equipped with a Model 5972A mass selective
(MS) detector (Hewlett-Packard, Palo Ako, CA, USA). The
column was an MDN-5S, 30 m x 250 pm x 0.25 pm (Supeico.
Bellefonte, PA, USA). The carrier gas was helivmn with a flow of
lmIJmhAvdmdlmehmdmmmdcum
injector tempersture of 250 °C. Initial oven temperature was
150 °C (held 2 min), ramping at 7.5 °C/min 10 280°C theld
4 min). The GC to M5 interface temperature was 280 °C. ARer

© 2000 Blackwell Science Lid. J. vet. Pharmacol. Therap. 23, 251-260



cooling, each derivatised sasnple was transferred t0 an sutosam-
pler vial. An aliquot (1 pL} was injected onto the GC/MS, and
the MS was run in selocted jon monitoring (SIM) mode with
data collected from 3 to 21.33 min. Integrated aress of the two
quentitative ions, lon mass 36 (clenbuterol-trimetirylsilyl
derivative) and lon mass 369 (albuterol-trimethylilyl deriva-
tive), were used to generate a standard curve and o quantitate,
clenbuterol in the samples. The qualifier lons for albuterol-
trimethylstlyl (TMS) were jon masses 440, 147, 86, and 73.
The qualifier jons for clenbuterol-TMS were ion masses 262,
243, 212, and 73,

GC/MS method validation

The GC/MS method for the quanittation of cdenbatercl was
valideted by cxamining the mwssuresent of consistency of
results (withinrun and between-run), lnearity (coolicient of
regression of the standard corve), and recovery of the assay.
The within-run precision was caicuisted from similer responses
fom six repeats of these three standards in ons mmn. The
between-run precision was determined by compering the calcu-
lated response (in ng/ml backit of the standard curwe) of the
low (0.4 ng/mL), middie (4 ng/mlL). snd high (16 ng/ml) stan-
" dards over six consecutive dally rune. The Encority was the
mean coefficient of regression {r) for stx consecutive daily runs.
The recovery was determined by compering the response (in
area) of low and high standards and the response from deriva-

tised equivalent methanol stamdards.
=
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Statistical analyss
Data are presented as means 1 SEM. Analysis of variance with
repeated measures (SAS Institute Inc., 1985) was used to

compare control and trestment values for each dosage. Bflects
of trestment on pulmonary faaction were evajated by ro-
peated-measures ANOVA with time and treatment (clenbuterol or
saline) as the main effects. Significance was set at P <0.05.

RESULTS

Bifect of IT clenbuteral o hung faswtion

Doss of atropine demonstrated thet all horses used in the study
developed reversible Ironchospaems wham stabled. Filtven min-
utes after stropine dose, APl decressed from 44.3 + 6.2 S0
1234 2.8cm Hy0, B, decressed fom 3.2 404 o 14+
0.5 cma H,Oft/sec, and By, decvonsed from 102+ 6.6 10 1.9 &
0.7 cm H,O/L. '

The efect of IT cleobuterol and saline on APpl,,.. X, and

- Bayy are shown in Fig. 2. Before clmbuterol or saline dose, lung

function values indicated considerable airway obstruction and
did not differ betwoen the treatzsent groups. Kepeated measures
anova of APl &y, sod K., inlicated that there was ».
highly significant effect of time. The AP, Iy, and E,,,, wese
al decrensed significantly below baseline at 15 min and the
decrease continued twough 4 b, 30 min, and 2 b. respectively
(FMig. 2). However, there werw no significant differences betwoen

¢ [T Clenbuterol (90 pg: n=8)
o [T Saline (3 ml; n=8)

Heart Rate (min)"
RE8E8EEBE o

Fig. 4, Spontanecus locomotor activity and HR af-
ter IT dose of clenbuterol (90 pg)

© 2000 Blackwell Sclence Ltd, J. wet. Pharmacol. Therap. 23, 251-260
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1000-1 a

@ Furcssmide (250 mg; n=8)
O Saline (5 mi; n=8)

Heart rate (min)"

n;s.mmmnyuﬂmdmnmmmmnmm

clenbutero! and saline, Le. there was no significant main effect
of drug and no significant drug/time interaction.

HR and behavior chamber

Thesﬁmuhﬁnseﬂaﬂdtubutnﬂneonimandlomomr
mnua'memﬂkmmdmm&mhm
MMMWMMMMWM:
HR and locomotor activity returning to pretreatment concenira-
tions by 15 min aler injection. ‘

In contrast, there were no differences in locomotor activity
and HR between IT doses of clenbutercl (90 pg) and saline
(3mnm4ymmsmmmmmmm
of controt and farosemide-treated horses. There was no signifi-
m&mmmtmbrmhﬂvaﬂabh

Mass spectral identifications of clenbuterol-TMS

The chromatography and full scan mass spectrometry are
demonstrated for clenbuterolTMS (Fig. 6) and matches the
mmoddoywmmldhqmmlhemmmuﬂ
forqnmtﬂathcmdqndﬁerm.mmndwnhetypd
linear standard curve that the method generates using this
combination of derivatization and chromatography. Note the
single peek In the chromatogram (Fig. 6a), which indicates
there were no side products and no multiple derivatives.

Standard curves for the ELISA test and GC/MS analyses

A standard curve for the terbutaline ELISA test (Neogen Inc,
Lex!ngton.KY.USA)Mcnmdthataddnhnon.GQngdm—

© 2000 Blackwell Science Lid. J. vet. Pharmacol. Therap. 23, 251-260
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Fig. 7. (a) Regrossion of typical ELISA stan-
dard curve for cenbuterol in equine urioe us-
ing the Tevbutaline ELISA test (Noogen Ine,
Lextngtom, KY, USA). (b} An exampie of &
standard curve for derivatised clenbuterol- TMS
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buterol/mL to the system produced 50% inhibition {I,,: Fig. 7a).
Higher concentrations of clenbuterol increased the inhibition in
a sigmoidal manner, with essentially complete inhibition of the
FLISA test occurring st 10 ng/mi ol clenbuterol.

As shown in Fig. 6b, chromatographic peaks of ion 86 were
integrated, and the areas were calculated relative to the internal
standard (lon 243) to provide a standard curve suitable for
interpolation of unknowns. This approach 1B quantitations of
clenbutero] yielded linear standard curves with r? values > 0.99.

Validation of quantitative GC/MS method for urine clenbuterol

The within-run precision was determined foc the low (0.4 ng/mL:
CV = 16%), middie (4 ng/mL: CV = 5.9%). and high (16 ng/mi.:
CV = 8.8%) concenirations of the clenbuterol standard curve,
with a mean CV of 10.2%. The between-run precision was
determined for the low (0.4 pg/mL: CV = 21%), middle (4 ng/mL:
CV = 5.0%), and high (16 ng/mi: CV = 1.3%) concentrations of
the clenbuterol standard curve, with a mean CV of 9.1%. The
mean r for the assay was 0,9996 (0.0001 SEM). The recovery

extracted from urine and generated by leant
squares fit of Integrated GC/MS arens for lon
86.

14 1. "%

was determined at two concentrations; the mean recovery was
65.7%.

ELISA and GC/MS quartitation of clenbuterol in urine

After dosing with clenbuterol (90 pg IT) and furcsemide (250 and
125 mg at — 2 and O h, respectively). the specific gravity of urine
from the furosemide-treated horses decreased sharply after the
first dose, increased gradually for 2 h, then decreased again after
the second dose {Fig. 8a). Note the consistent specific gravity of
the saline-treated horses. The concentrations of apparent clen-
buterol in urine alter IT injection {90 pg) measured by ELISA
technology reached 2.8 and 5.2 ng/ml st 6 h after dosing in
clenbuterol-treated horses receiving saline and farosemide, re-
spectively (Fig. 8b). Figure 3¢ shows the concentration of
clenbuterol recovered from wrine and messured by the TMS-
derivatization protocol for GC/MS. The concentration of recovered
clenbuterof rose rapidly after about 1 h and reached peaks of 9.0
andllTn;meihaﬁudodnginhormrwﬂﬂnguknemd
furosemide, respectively.

© 2000 Blackweil Science 1id, ], vet. Pharmacol. Therap. 23, 251-260



DISCUSSION

Before 1998, the sensitivity of screening for clenbuterol by
ELISA wes not less than 1 ng/ml. With the introduction of
enhanced sensitivity screening for clenbutercl, as described in
this paper. and the advent of improved confirmation tech-
niques, proceedings (‘positive calis’) before State Racing Com-
missioners have been initisted following  clenbutorol
identifications at concentrations as low as 100 pg/wl in urine.
This represents more than a 10-fold increase in the sensitivity
of testing. K
To address the snoodotal reposts of the IT dose of clenbutercl.
it was important to determine if this mode of doss produced
pharmacological effects in the respiratory tract or othar critical
systema of performance horses. Secondiy, &t was Enportant to
determine the dursiion of any effscts alter the 5T doss.

To evaluste the effect of IT doss. hovses with COPD were
used because they have alrway obstruction that is reversible

g

Mean specific gravity
8

B
s
L b
- —
i 2
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with bronchodilator drugs (Robinson et al.. 1993; Derksen o
al, 1996), which was confirmed by tresting the horses with
atropine. This muscarinic antagonist is a reflable bronchodiia-
tor in COPD-affected amimals and, in the present population of
animals, caused & signiicant redaction in R,, Eyy, and APHlL,
Pigare 2 shows that during the 4 h after dose, the IT dose of
claobuterel produced no changes in R,, E,, and APH,, thet
were dillevent from those after the saline dose. Although there
was an offoct of time, the thme effects of IT injection were kivie
when compared with the major decrvesss in responss to a-
ropine doss. A placebo elibct on lung fanction of similer magnd-
tude has bomm cbesrved i & fow bronchodistor trials involving
horses with COPD (Durksen o al.. 1996, 1999). Most Bkely.
this efioct i the result of moving borses from a dusty siall to &
clean laborstory for messuréments of inng fanction. In sum-
mary. It clenbutercl produced no detectable pharmacolngical
cffects i COPD horses, which ace very semsitive to the brow-
chodilating effects of B, agonists drugs. '

$

B

o T Clenbulerok (80 sgx; ved)

Apparent clenbuterol (ng/mL)

&  IY Clenbulerst (90 jg; red) with furossside (250, 123 mg)

e % &
b y e

(7]

Clenbuterol (ng/mL)

-]

Fig. 8. (a) Speciic gravity of uzine samples: urine
concentrations of (b) apparent clenbutercl as mea-
sured by ELISA and {(c) clenbutercl as measured by
the TMS-derivatisation protocol for GC/MS after IT
dose of clenbuterct (90 ug) with Lv. saline or
furosemide (250 and 125mg at ~2 and O b, re-
spectively). Numbers show: (1) time of approved
injection of farosemide (4 h before a race). (2) thms
of unapproved injection of furcsemide and clen-
buterol (O'h), {3) hypothetical post-time for race

© 2000 Blackwell Science Lid, ]. vet. Pharmacol. Therap. 23, 251260

[ 2 b later. and {4) hypothetical time of urine collec-
tion after race. _
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H IT clenbutercl has no effect in horses with COPD. it is
unltkely to have any effoct in horses with healthy alrways for
the folowing reasons. First, the airways of healthy horses are
no more sensitive to B-agonists than are aivways of COPD-af-
fected horses (LeBlanc et oL, 1991), and secondly, bronchodila-
ummmmmmmwam
198111&&“&““&.“0(%
used In the IT experiments is only 25% of the standard clinical
Lv. or oral doss. -

w.mmrrm-«wwhm
without being detected In post-race. samples. However,: clen-
buterol was clearly detoctable by both ELISA screening and the
TMS-dertvatization protocol for GC/MS (Pig. 8b and c, respec-
tively). Parthermore, in the forosewide experiment, the mean
MMdWShmwh(lhnﬁ
hypothetical ‘post time’) was 1.024, well sbove the 1.010
concentration at which farosemide is considered to interfere
with drug detection (Fig. Ba)

The lack of any Jocomotor or HR effects suggests that IT dose
of clenbuterol is unlikely to be associated with positive effects on
. the performance of racing horses, whether aficcted by COPD or.
clinically novmal, Therefore, the locomotor chamber data sup-
mmmdmmummﬂm
munﬂmmepamhlddmmdmmmmm
Wmmmmmmwmm
cular, or central nervous systems is small. Furthermore, the
lack of any effoct after furcsemide treatment suggests that
horses gain no calming effect from the diuretic.

These findings are consistent with previous studies that sug-
mmmmwmmmm
mmmmymnmﬂﬂ.mmmw
that i.v. clenbuterol had no untoward effects on the circulatory
symﬂemddnzbomxdhnyad.ﬂ”nbundthﬂ
oral clenbuterol did not cause any major effects on cardio-res-
me-mmmmmmm
ing submaximal exercise. Slocombe et al. {1992) found that i.v.
clenbuterct had no efiects on the mechanics of breathing during
exercise.
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