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The Detection, Identification
and Basic Pharmacology of
Furosemide in the Horse
Ted Shults, Brian L. Roberts, Jerry W. Blake, and Thomas Tobin*

In recent years, furosemide has become the diuretic of choice in the
horse. 1t is thus the diuretic about which most is known in the equine, both
clinically and analytically.! As such, it is essentially the only diuretic which is
found in the urine of racinﬁihorses and my comments on the detection and
pharmacology of diuretics in the horse will be limited to furosemide.

Characteristics of the Molecule

The detection of furosemide in equine plasma and urine depends on four
properties of the furosemide molecule? outlined in Fig. 1. By virtue of its
carboxyl (COOH) group, furosemide is an acidic drug and thus extracts from
plasma or urine under acidic conditions. Because of its ring structures and
sulfonamide substituent, furosemide readily fluoresces and can be detected
on thin layer plates simply by shining long wave UV light on it.2 By virtue of
its chlorine atom, furosemide is electron capturing and can thus be detected
by gas chromatography with electron capture detection. If the furosemide
molecule is hydrolyzed under strongly acidic conditions, an NH2 group is
made available which yields a bright red color in the Bntbon—Muxll:lll
reaction. Any or all of properties may be used by the analyst to detect
and/or confirm the presence of furosemide in equine plasma or urine.

Detection Procedures

A typical, if somewhat abbreviated drug detection scheme of the
type thatis by race track testing laboratories® is presented in Fig. 2. In
this flow di , the possible pathways taken by furosemide- are .indicated
by the heavy arrows. In this scheme, a sample of plasma or urine containing

" furosemide would be acidified with HC1, extracted into dichloromethane,

and the extract concentrated by evaporation. This extract would then be
subjected to thin layer chromatography (TLC) on silica gel plates in a

.. chloroform, cyclohexane and acetic acid 2 After chromatography, the.

plates ae ed under long wave ight for bright blue fluorescent
spots at an Rt of about 0.1S, corresponding with that of ide. Because

furosemide is a permitted medication in Kentucky, the screening process |

stops at this point. However, for confirmation or unequivocal
mﬁmoﬂh& of furdsemide for forensic purposes, further *

experiments would be carried out.
For further confirmation, the sample suspected of containing furosemide
would be run again in the thin layer with authentic furosemide

running on each side of it. At the end of the “run™ the plate(s) would again
be examined under long wave UV light for the presence of fluorescent spot(s)
corresponding with the authentic furosemide spot(s). To further confirm the

*The Department of Veterinary Science and the Graduate Center for Toxicology, University
of Kentucky, Lexington, KY 40506. .
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CHARACTERISTICS OF FUROSEMIDE MOLECULE
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Fig. 1. Characteristics of the lurosemide molecule useful in analytical
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presence of furosemide and obtain a permanent record of its presence., the
plate can be sprayed in sequence with S0% H25Q4, 0.7% NaNO), 1.0%
ammonium sulfamate, and 0.5% N(1-napthyllethylene diamine dihydro-
chioride (N.E.D.D.). During these maneuvers. the H2504 hydrolyses the
ﬁmﬁh‘lilde to free t‘?e‘h NH) group :‘hich then reacts m the Bratton-
a reagents. This sequence ys gives a bright pink
conw?‘ondinfsm the position of fumscmizf:n the control plates. This cm
spot (Fig. 3) is stable for months to years.?

Confirmation

While both of these TLC methods are uscful for routine screening,
unequivocal confirmation of the presence of furosemide in a

sample requires
and mass . The difficulty with trying to
%ﬁym’mnmmbk}hu thzmh:?‘y!umd

mm«.mmmﬂmmm - are ted
ative runs well on GC (Fig. 5). Using this

furcsemide may be readily ideatified and quantitated in equine
plasma and urine samples.? Suspected furotemide may also be

trimethyl{urosemide in a forensic sample would constitute evidence
that furosemide was present in the original sample. T

Pharmacokinetics

Having mmful quantitative method for furosemide, we next
W(rv:) h?‘mm.mmam:u;mmm
intravenous (1V) inject furosemide, plasma levels

. with an Mdikdnhnullﬁmhum.m?mm’

Bty oo o e e tialge de twbules (Fig. 7)
This muhrwm;apidmdmbudmmmﬂu
in at least of a dose of Lasix being excreted unchanged in the urine.
Thisis a vesy high of drug to be excreted unchanged in the horse
and aids in the detoction of this drug in equine urine.?

:

Moede of Action
Ommueznhloahemltubuh.hmhmm
reabsorption of by the ascending Emb of the loop of Henle.? Siace
sodium and water reabsorption normally passively follow chioride
mw&m&mmenmmk.m is and diurcsis. ¢

After 1V injection. 0.4 mg/kg (about 4 mi) of furosemide produces four
liters of urine within about 40 minutes (Fig. K). A dose of my- kg (sbout 10
ml) produces about 8.5 liters of urine. montly within one hour. reiatively
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HASS SPECTRUM OF METHYL DERIVATIVE CF FuROSEMIDE
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Fig. 4 Mgthyhtion of Fuorsemide and Muss Spectrum of Trimethylfurose-

To methylaie Turosemide, 20, mi of 0.2 M NatML, stmurmms twirashexylammanivm-

Mv.ms«u«msumwumu 1 were sdded tu each tube, The
tubet were cupped tightly and secuicd hurizmtally in 2 daker/water buth st SUNC for 20
minutes, Methylstion occurred rapidly undcs thew cunditmm (Fig. 2). The samples were
them removed from the water bath, conteifloped, and stoncd 3t #. mmlﬂum
stand for a petiod of time at this point geve cleaner chromatopmmm. The sqecous phase was
removed and the divhluromethune dx'mmmmnmmmm tod
mmnmmmnmmmmummmuﬂuu N-Ullun
added tusach tube, “rotonucked,” snd armtriluped. Sasmplos were then teady for gas chroma-
tographic anslysis or mas spectromeiry.

htpdauo(hmide 4 mg/kg (about 40 mi) yiclds about 21 liters of
mmmmmmumwwmdu s
At higher dosc levels or after repeated dosing, lheplurnw:wmm

more likely limited by the availability of extracellular fluid, wader these
conditions. the animal becomes relatively resistant to the effects of
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Fig. 5. Gas Chromatograms of Trimethylfurosemide.

The ket hand posud abows gas chsvmatagrams o detivatized “spiked™ furosomade standardy,
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The data suggest that the diuretic response t0 furosemide is directly related
to its plasma levels.

Effect oa Cation Lavels In Plasma and Urine
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PLASMA LEVELS (ng/mt) of
FUROSEMIDE vs TIME 1 Omg/kg-UV
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Fig. 6. Plasma levels of Furosemide after 2 mg/kg 1V,

Plasina mdmﬁm its rapid 1V mpevtionl. fhe wilsd circies 40 - @ show plasma
tevels of furonemide sfier tapid 1V admmistration of | mgl/hy tussemide. The sulid tine from

Effects on Detection of Other Drugs

Treatment with furosemide has nol reduced the plasma levels of any drug
studied to date. in addition, furosemide has no forensically significant effects
on urinary concentrations of procaine or methyiphenidate. Since these are
both basic, mmaﬂmmpammmm:m
studics might be that concentrations of basic ﬁpldsdubl: drugs
are not likely to be aﬂectedhylummuk‘

phenylbutazone ( 12) and the major glucuronide metabolite of
pentazocine (Fig. | F?le‘p to S-fold. Thexe experiments suggest that the
urinary concentration such as the aonstercidal anti-inflam-
mmryamudulwamntubh gmduﬂitesmhkchtobeudwed
furoremide treatment. These actions of furmemide are likely to
significantly interfere with routine foreusic soreening for drugs in urine.*
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FURULSLMILE CONCENTRATION
(ngsmd) vs TIME
10mg/ng - 17V S HORSES
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Fig.7. Urinary Concentrativas of Furosemide after 1 mg/kg IV.

The solid circles (@ - ammmmammwm
:flmufw m;mammmdmmm

mmmwmﬂzmm&nmmm vull

Time trials on standardbred horses at the Usiversity of Kentucky and
The Ohio State University have not shown any differences
i e :mmd analyzed times snd
n an extension we race -
tm&&mmmdhlmmm
last summer (1977) (Tuble 1). The results of this analysis show no significant
wmmuu:md|mmmmm weat on
mmm»mmmm borses.?
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Elfect of Medicatom with Furasemide on the Performance of
Horses Racing st Lovisville Dowas, Summer, 1977

Hollomses Hof Trisls Mean Times S.EM.
Pre-Furosemide s8 160 1285928 0203 1 - <O
With Furasemide 58 12 1267366  6.1594 4F for sipnificance
should be 2> 3.0)

At this sveet furvsemide was the only permsticd madcaiion, siwd its wae was monitored by
utinalysis. Huorses could slect W gu on furowennde at aay tisnve throughost the meet, but
onve on (uroscmide had to stay om at. Pertormance timies for hooes pees and post Jurosemide
{rcatment mmmmmmsmm.mm ui good o fast
tracks were taken, For the 38 horws . 164b perturoveniide times were avaitable and
232 postfurosemide lmes. A rendomized bl design was waed whone each hotse sepre-
sented & block. After sdjusting fur blucks tie., ditferences between hones), there was no
<dgnificant differcace between (reatments {ie., times on and off furowaeide)
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Fig. 8. Urinary Volume Response to Increasing Doses of Furosemide.
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Furosemide at the indicated dows was piven by rapid intravenowm injection to horsed. The
sulid cigcdes (@ « B show peak urimary outpwl 3t cach of the indicatod dows. The crossex
(% - x) and apen circles {7+ - 1) how srinary conventsations of Na* and K*, respectively, at
the indicatod dusage Sovely, All experiments excopt thuae at 141 mg/kg 2 hores) ase the
means of experiments on 4 diffoncat horses £ standard devastion.
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EFFECT OF FURQSEMIDE TREATMENT ON
URINARY PHENYLBUTAZONE CONCENTRATION
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Fig. 12. Effect of furosemide on urinary concentrations of pheayibutazone.

The crosss (X - x) and sulid squercy (8- 8 Yo urmary «waceniisinms of phenylbutarone
m 4 hosses 6.6 mp/kg 1V at more e, fhe open onclen ¢ - - 3 sbow trinury
voncontrations of phoaylbutuzune in 4 horwes @i wheh dwe plhonylintazone was followed
2.5 hours later by | mg/kg of furuscmide IV.
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Fig. 13. Effect of furmemide un urinary concentrations of a glucuronide
metabolite of pentasucine.

Horswes wore syectod IV with o 33 wg ki pentaszovne at wmdiested Mo e, The vpen
citeles (- 4 dow uENIEY cumceRtIatR, o o shicuivanie metabilite of peatasocme in
vontrol huows. The salid squaros 18 - 8t shaw wimary vonceniiations of this metabolite
horses treuted with | mgfky of tenncsde 1V 30 runutes postpemtazovine. AR duts points
are mwam X standacd erug of mean of cyporiancnts on at feast 4 different hotses,
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Furosemide can be detected in equine plasma and urine by colorimetric,
T.L.C. or gas chromatographic methuws.

- Methylation to trimethylofurosemide and gas chromatographic analysis is

the most satisfactory quantitative method. Mass trometric analysis of
this derivative may be used for unequivocat identification of furosemide.

. Administered intravenously. Lasix* is a short acting drug. the bulk of

which is excreted unchanged in the urine.

. Lasix* tranﬁent!‘.incm iotal plasma salids and hematocrit and de-

creases plasma KT and pulmonary blood pressure,

- Intramuscular injection of Lasix* prolongs plasma levels of the drug and

its diuretic response.
Lasix® can reduce urinary concentrations of phenylbutazone and the
major metabolite of pentazocine up to 50-fuld.

Lasix® does not alfect the times to pace anc mile of Standardbred horses.
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