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The ceffects of furosemide (1 mg/kg 1V) on the disposition of procaine, methyl-
phenidate, phenylbutazone, and pentazocine in Thoroughbred horses were inves-
tigated. Furosemide did not reduce plasma levels of procaine, methylphenidate,
or phenylbutazone and had little effect on urinary concentrations of procaine and
methylphenidate. Furosemide reduced urinary concentrations of phenytbutazone
and the major glucuronide metabolite of pentazocine about 40 to 50-fold.

These results and experieace in our laboratory show that furosemide may .
substantially reduce the probability of detection of phenylbutazone and pentazo-
cine in urine. For phenylbutazone, this problem may be approached either by
determining plusma levels of the drug or by using mare sensitive detection meth-
ods in urine. For pentazocine and other drugs excreted as gluéyron_ides. ‘the solu-
tion is not clear-cut. Because of limitations in current analytical technology, it
appears likdy that furesemide treatment may substantially reduce the probabil-
ity of detection of many drugs excreted as water soluble metabolites.

]

Introduction

The extensive use of furosemide® in horses racing in some jurisdictions raises
questions i W its eflect on other drugs with which it may be administered. Thus
furosemide might atfect the pharmacological response to. disposition of., or uri-
nary climination of other drugs.' Further. and of particular interest w horse-
men and racing authorities. furosemide treatment may affect outine forensic
sereening for other drugs.' This study was designed o provide answers to some
of these questions,
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The most likely mechafism for an effect of furose-
mide on drug disposition is via its renal offects. In the kid-
acy. furosemide cnters urine primarily via the twbular
organic acid transport system.” In the diluting scgment of
the loop of Henle. it blocks active reabsorption of chioride
and thus indircctly that of sodium and water.” Furosemide
might therefore theoretically affect urinary concentrations
of drugs by (a) competing with the tubular secrction of
acidic drugs or (b) blocking the renal concentrating mech-
anism and preventing any concentration of drugs in urinc.*

Other possibie sites for drug interaction also exist. Fu-
roemide might displace other acidic drugs from their
plasma protein binding sites and therchy affcet their dispo-
sition and pharmacokinetics.” Furosemide might also af-
fect the rate of metabolism of other drup and thus their
dispesition.'’ Conversely. since at least some of the effects
of furosemide are mediated via the prostaglandins. drugs

such ax phenylbutazone might difectly antagonize «wome of

the actions of furoscmide.' To determine the practical sig-
ndficance of these various theoretical possibilities. we stud-
ivd the effects of furosemide on the disposition of
rhemibutazone.” procaine.” methylphenidate and pen-
tazecine” in horses, Preliminary reports have heen com-
municated. '

Materials and Methods

e} Animals—Care and maintenance of horses and col-
lection of urine samples was as previously described. 't Un-
less otherwise noted. all experimental points are the means
of experinients on at least 4 horses.

{h) Phenvibutazone and Procaine -Plasma and urinary
concentrations of phenylbutazone and procaine were de-
termined as previously described. '

) Methviphenidate -Mcthylphenidate levels in bio-
logical fluids were determined by the method of Tobin. '
One milliliter of saturated sodium tetraborate and 2 mi of
crelohexane were added (0 4 ml of the hiological fluid or
appropriate aqueous standards. The mixture was then
“rotoracked™ for S minutes and centrifuged. Occasionally
the “rotoracking™ produced a partial emulsion which was
resolved by centrifuging at 2.000 x g for 20 minutes. After
ceatrifugation the cyclohexane layer was transferred to an-
other tube and 50 pl of HFBA addcd. This mixture was
allowed to react at room temperature for 3 minutes. At the
end of this period. 5 ml of 0.5 M NaOH was added to the
mixture and it was again “rotoracked™ for 10 minutes. Af-
ter contrifugation the cyclohexane fayer was transferred 10
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a clean tube and an aliquot aken for gas chromatography.
Chromaiography was on a 37 OV-101 column at an injec-
tion temperature of about 300° C. Under these conditions.
the retention time for derivatized mululphcmdme on the
column averaged about 3 minutes.

(d) Penmtazocine Glucuronides -Hydrolysis of pentazo-
cine glucuronides was performed by adding to 0.5 ml of
urine LO ml of saturated KHLPO,. w0 bring the pH to
about 5.0, and 0.8 ml of bovine liver glucuronidase. These
were then incubated overnight at 37° C (about 16 hours).
Hydrolysis with this relatively. Jarge amount of enzyme for
this time was required for complete release of all glucu-
ronidase releasable pentazacine.

At the end of the incubation period. 3-4 drops of con-
centrated NH,OH were added to bring the pH of the sys-
tem to about 9.0. Then. 4 ml of dichloromethane was
added. the whole rotoracked for § minutes, and centri-
fuged at L.OO0 x ¢ for S minutes. The dichloromethane
phase was then separated and evaporated at 55° C in a
water hath to dryness. 0.5 mi of henzene added. and an
aliguot of this sample taken for gas chromatography.

Chromatography was on a Perkin-Elmer 3920A
cquipped with a 3-foot OV-101 column and a nitrogen
phosphorous detector. fnjection temperature was 210° C
column temperature 220° C, and manifold temperature
250° C. Gas flows were | mi/minute H, at 8 psi. 100 ml/
minute air at 30 psi. The pentaszocine peak recovered from
equine urine had the same retention time as authentic
pentazacine over X different column temperatures. Deriva-
tization of the material recovered from equine urine with
pentafluorapropionic acid (PFPA) ako produced material
which chromatographed with similar retention times as
PEPA-treated pentazocine,

(¢} Drugs, Chemicals and Reagents --Pentazocine was
the commerically available injectable form. Al other
drugs and reagents were as previousthy described. '

Results

Although phenylbutazonce is known to be highly protein
hound in many specics. there are no reports on its plasma
protein binding in the hone. Figure 1 shows that over the
range of drug concentrations found in cquine plasma.”
phenvibutazonc is about 95°¢ protein bound. Since furose-
mide is also acidic and highly protein bound. phenvibuta-
sone and furosemide may share binding sites and thus are
candidates for mutual displacement interactions,
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Fig 1-Plasma protein binding of phenyiwtazone, The indicated
concentrations of phenylbutazone were added 1o 8 mi of freshly
drawn equine plasma and 200 ml of 50 mM phosphate buffer, pli 7.4.
The plasma was then placed in a spectrophor membrane dialy sis bag,
suspended in the phosphate buffer, and the system incubated at 37°
for 18 hours, At the end of this period, the concentrations of pheayl-
butazone in both phases were determined as deseribed in “*Methods."
The open squares (O - 0) show the concentration of phenyibutazone
renaining in the butfer phase, while the open circles () - C) show
concentrations in plasma. The crosses (X - X) represent the ditfer-
ence between these values, which is the concentration of drug
plasma protein bound at exch point. The solid triangles (4 - &)
represent the percent of drug in the plusma protein bound, Al experi-
mental points are the means, 1 standard error of the mean, of exper-
iments on 3 ditferent equine plasinas.

Figures 2. 3, and 4 show the diurciic effect of | myg/ky
furosemide 1V in these horses and aho its effect on the dis-
position of phenylbutazone in the horse. Phenylbutazone,
6.6 mg/kg. was administered 1V at indicated zero times to
all animals, The test animals were challenged with 1 mg/kg
furosemide 1V 2.5 hours after administration of phenylbu-
tazone. Figure 2 shows plasma concentrations of phenylbu-
tazone in these horses. The solid fines show matched
experiments in which the same horses were used in both
experiments. The grosses represent additional comparuble
control data from other experiments.”” Plasma fevels of
phenylbutazone declined with approximately the same 7-
hour half-life in the presence or absence of furosemide., sug-
gesting no clinically significant eflect of furosemide on the
plasma half-life of phenylbutazone in the horse,

In contrast w the lack of effect on Plasma concentra-
tions. urinary concentrtions of phemyvibutazone  were
markedly decreased after administration of furosemide
(Fig 3). Urinary levels dropped 40-fold within 15 minuics
of administration of furosemide and remained depressed
for up w 12 hours. Again. the dotted line m Fig 3is o wee-
ond control for normal urinary excreuon of phenibutg-

sone tahen from other data:' the solid line fepresents i
nmatched control experiment.

Frgure 4 shows the effeet of furosemide on the rate of
urinary excretion of phenylbutizone. As well as reducing
the concentration of phenylbutazone in urine. furosemide
alsertended 1o reduce the rate of elimination of phenylbu-
Lizone sinee ity rte of climination declined 1o a low point
about 2'..5 hours after adminislru_liun of furosemide. There-
after. urinary output of phenylbutazone increased. in con-
trast with the consistent decline observed in controls.

Figure S shows the effect of furosemide on plasma and
unnary concentrations of prociune. Hones were adminis-
tered procaine HOY inlrzunuwulurl) (IM) (10 mg/kg) atin-
dicated zero time. and the test animals were chalenged with
Pmg/kgof furosemide 1V at 2 houns postprocaine. The open
symbols show plasma and urinary levels in the absence of
furosemide. The solid symbols show the values n furose-
nude-treated horses. No statistically significant differences
hetween cither group were observed.

Figure-6 shows the rate of excretion of procaine with
and without furosemide. Procaine excretion rutes after fu-
renennide treatment transiently rose 1o 20-fold or more
than control values. then returned 1o control values by 4
houn after furosemide treament. Procaine is lipid soluble
at physiological pH and readily distributes throughout the
body."™ As urine volunie increased after administration of
furosemide. procaine apparcntly readily entered this ex-
panding compartment and was excreted at a rate propor-
tional 1w urine flow. Thus furosemide considerably
¢nhanced the urinary excretion rate of procaine.

The effect of furosemide on the disposition of methyl-
phenidate is shown in Fig 7. Plasma levels of methyl-
phenidate in control horses declined with a hatf-life of
about 1 hour afier subcutaneous injection of 0.33 mg/kg
methylphenidate. Administration of 1.0 mg/kg of furose-
mide 1V 2 hours afier the methylphenidate reduced the
plasma half-life or methylphenidate while also decreasing
the concentration of the drug in urine (Fig 8). The change
I urinary concentration observed afier furosemide, how-
ever. was relatively small, and urinary output of methyl-
phenidate was therefore increased more than tenfold afier
administration of furosemide (Fig9).

Figure 10 shows the efieets of furosemide on urina;y
concenitrations of a glucuronide metabolite of pentazocine.
LAt indicated zero time. 033 mg/kg pentazocine was ad-
ministered IV 10 all horses, and the test horses were chal-
fenged with 1 mg/kg furosemide 1V 30 minutes later. In
the absence of furosemide, urinary concentrations of pen-
Lwzocine fell slowly. from about 100 #g/ml at 30 minutes
postdosing 10 25 pp/ml at 4 hours. In the presence of fu-
rosemide. however, urinary concentrations of the glucuro-
mide metabolite tell sharply. from 100 pe/ml at 30 minutes
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EFFECT OF FUROSEMIDE ON URINARY
EXCRETION OF PHENYLBUTAZONE
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Fig 4—Effect of furosemide on rute of urinary exceection of phenyl-
butazone. The opea squares ([ - [3) show the rate of urinary excre-
tion of phenylbutazane after 6.6 mg/kg phenylbutuzone 1V at zero
time. The solid circles (@ - @) and crosses (X -X) show the excre-
tion rates when this dose of phenylbutazoue was followed by 1 g/
kg furosemide 1V ut 2.5 hours. ANl experimental points are the
means of experiments on 4 ditfcrent horves with standard error of
the means omitted for clarity.

had no effect on urinary concentrationy of’ procaine and a
relatively small effect (--40% reduction) on urinary con-
centration of methylphenidate. These observations are in
good agreement with those of Frey or gl who found litle
effect of bumetanide treatment on urinary levels of am-
phetamine and a marked increase in urinary output of this
drug during diuresis.

“Procaine, amphetamine, and mcihylphenidate are afl
basic. relatively lipid soluble drugs. and it seems tikely that
this accounts for the lack of effiect of furosemide on their
arinary concentrations. Presumably these drugs can read-
ily diffuse across the renal tubule and equilibrate with
- urine at concentrations dependent on their pH and the pH
. of usine. In agreement with this hypothesis. Evans and
Lamben’ have shown that urinary concentrations of pro-
caine are closely related to urihury pH changes. consistent
with a sapid equilibration of procaine across renal tubules.
Thus. it may be reasonable at this point 10 assume that fu-
rosemide will tend to have littde etfect on the concentration
of basic. highly lipid soluble drugs in equine urine.

In contrast t our observations with basic drugs. uri-
nary concentrations of phensibutizone were markedly re-
duced by treatment with turosemude. This effet can be of
vonsiderable forehsic importance. Our attention was first
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Fig S—btfect of furoseimide on the disposition of procaine in the
horse. ‘The opean symbobs show plasma and arinary concentrations
of procaive after intramuscular administration of 10 mg/kg pro-
caine HOY at zero time. The solid symbols show plasma and urinury
fevels when the administration of procaine was followed by 1 mg/kg
of furesemide intravenouly. All experinicntal puints are the means
of cxperinnents on 4 different hurses with standard error of the
smcans omitted for clarity.

EFFECT OF FUROSEMIDE ON RATE OF URINARY
EXCRETION OF PROCAINE
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Fig 6-Etfect of furosemide on urinary excretion of procaine. The
open ciscles (U - ) show urinary elimination of procaine after 10
mg/hy of procaine F11CT IM, the solid squares (B - 8) show eliming-
tion of procaine after 1 mgg/kg furosemide 1V at 2 hours. AH experi-
mental points are the means of detenniualions of 4 di!ferent horses
t standard crror of the mean.
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EFFECT OF FUROSEMIDE ON RATE OF
URINARY EXCRETION OF METHYLPHENIDATE
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Fig 9-Effect of furasemide on rate of urinary excretion of methyl-
pheaidate. The open circles (O - (') show the rate of urinary excre-
tion of methylphenidate (0.33 mg/kg) alone, or after 1 mg/kg
furosemide 1V (open squares, 0 - ) 2 hours after administration of
furosemide.

by glomerular filiration or by the organic acid transport
system. Since these metabolites are poorly lipid soluble.
they are concentrated in urine by the renal concentrating
mechanism. Urinary concentrations of these drugs may
thus be many times greater than plasma levels of these
drugs. Further, because sensitive analytical methods are
not available for many drugs excreted as glucuronides, this
concentrating effect is important in that it enables analysts
to identify many of these drugs during routine forensic
screening.” '

Pentazocine is rapidly and apparently completely me-
tabolized 10 a glucuronide metabolite in the horse. Figure
10 shows the effect of furosemide treatment on urinary
levels of this metabolite. Urinary concentrations are
markedly reduced. by about 50-fold. at peak effect in drug
treated animals! As with phenylbutazone. drug levels re-
covered slowly and were about 50% of control levels at 4
hours postdosing. The experiment shows marked effects of
furosemide treatment on urinary levels of a glucuronide
metabolite in the horse.

It appears likely that this diluting effect observed for
the glucuronide metabolite of pentazocine will apph 10
other drugs exvreted as glucuronides. such as apomor-
phine. the phenothiazines. fentanyl. and other nareotic
drugs. In good agreement with this probability are some
recent experiments by Ozog'" who reports substantial re-
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Fig H-Eflect of furosemide on urinury concentrations of a plu-
curonide wetabolite of pentazocine. Horses were injected 1V with
0.33 wyge/kp pentazocine at indicated zero time. The open circles (5
- 3) show urinary concentrations of 4 glucuronide metabolite or
pentazocine in control horses. The solid squares (@ - @) show uri-
nary concenteations of this metabulite in horses treated with T g/
kg of furosemide 1V 30 minutes postpentuzocine. ANl data points
are means 1 stundard error of mean of experiments on at least 4
ditferent horses.

ductions in concentrations of urinary apomorphinge in fu-
rosemide-treated horses. supporting the hypothesis that
glucuronide metabolites are particularly susceptible to di-
urctic dilution.’* Further, because many of these drugs are
active at extremely low dose levels (phenothiazines) and
became analytical methodology for their detection is ei-
ther marginal or nonexistent (fentanyl). this effect of fu-
rosemide on glucuronide metabolites is likely to be highly
significant for routine analytical work. Abolition of the re-
nal concentrating cfiect by furosemide renders detection of
these drugs in urine as technically challenging as is their
detection at the low fevels observed in plasma.

In some recent experiments Frey er al' concluded
that the diuretic bumetanide “did not interfere with the
detection of doping drugs.” The results reported here and
cxperience in our Equine Drug Testing Laboratory sug:
gests that this conclusion is in error.'® Because sample size
i limited in routine dope testing. changes in urinary con-
centrations of the magnitude reported in this téport may
be critical for drug testing and can mean the difference be-
wween success and faiture. o

As & practical matter, these results show that adminis-
tration of furosemide can reduce the concentrations of
some drugs or their metabolites in urine from 40 to 50-
fold. The practical significance of this effect depends en-
tirely on the wechnigues and skill of the analyst. In our test-



