FUROSEMIDE (IASD(R) INTHE HORSE: AN OVERVIEW PRESENTED TO THE
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GENERAL

Furosemide is a sulfonamide derivative, a strongly acidic drug and
a member of the "high ceiling" (very effective) group of diuretics. It
is available as 50 mg/ml injectable LasixR or as 2 g. Bol-O-TabsR tab~
lets.* All the work reported here refers to injectable Lasix®, 50 mg/ml.

MODE OF ACTION

Furosanideactstoimﬁbitactivechloridereabsorptiminme
ascending limb of the loop of Henle. Sodium and water normally follow
chloride passively, so this blockade leads to chloruresis, naturesis,
and diuresis. -

DOSE RESPONSE

After intravenous injection, 0.4 mg/kg (about 4 ml) produces about
four liters of urine in 2 hours, rostly within forty minutes. A dose
of 1 mg/kg (gbout 10) ml) produces about 8.5 liters of urine, mostly
within one hour. A dose of 4 mg/kg (about 40 ml) yields about 21
liters of urine in two hours. Ten mg/kg also yields about 21 liters,
suggesting that this is the maximal response (SEE Fig 1).

TIME RESPONSE

At lower doses, the diuretic effect of I..asixR is very short lived.
This short duration of action is not due to any inability of the horse
to respond because a second dose immediately produces a good response.
(SEE Fig 2). The reason that the action of Lasix® is so short after
an intravenous dose is that the drug is very rapidly eliminated from the
blood stream of the horse.

KINETICS AND METABOLISM

After intravenous injection of 1 mg/kg LasixR, plasma levels of the
drugdropveryrapiilcﬁ {ths = 35 min). Plasma levels of the drug drop
rapidly because Lasi isp_g@cutofplasmaintotheurinemthe
renal tubules. This pumping accounts for the fast onset of action of
Lasix® and results in at least 60% of the drug being excreted unchanged
in the urine. 'nuisisaveryhighproportionofdnx;tobeexcreted
unchanged in the horse (SEE Fig 3). '
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Fig. 2 Voluve response of horses
to repeated 1 mg/kg doses of
furosemide IV. The percent-
age figures refer to each
response as a percentage of
the initial response.
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The solid circles (@) shdw
the diuretic response to 4 mg/kg
( 40 ml) of Iasix® IV at zero time.
The squares (W) ard open circles
show the response to 1 mg/kg (10 mi)
and 0.4 mg/kg (4 ml), respectively.
All urine samples were obtained by
bladder catheterization and the
symbols represent the mean number
of ml/minute excreted in the pre-
ceding time period. All points
the means of at least four experi-~
mental determinations.
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Fig. 3 The open circles (Q) show
plasma levels of furosemide after
1 mg/kg was administered IV. The
open squares ([l) show urinary
levels after the same dose. Deter-
minations in a single horse,
typical of determinations on four
horses. Note that urinary furo-
semide was detectable for up to

52 hours.
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After 1 mg/Kg. Las:i.xR can be easily detected for up to 12 hours in
equine urine, and it can be found for up to 50 hours.,

One way to prolong the action of IasixR is to give it intramuscularly.
Given intramuscularly, plasma levels fall more slowly (ts = 86 min), the
diuretic effect lasts longer, and up to 50% more fluid is excreted (Fig 4,
Table I}.

CARDIOVASCULAR EFFECTS

After intravenous IasixR (1 mg/kg) total plasma solids increase about
108, hematocrit about 5%, and plasma Kt drops sharply. Like the diuretic
effect, these changes rapidly return to normal (Fig 5). LasixR also
transiently decreases pressure in the pulmonary circulation, which effect
may be related to its action against epistaxis.

EFFECTS ON OTHER DRUGS

];.alsi:acR did not reduce plasma levels of any drug tested to date.
Tt had no forensically significant effects on urine concentrations of
procaine or RitalinR (methylphenidate).

LasixR can reduce urinary concentrations of phenylbutazone or the

principal glucurcnide metabolite of pentzrocine (TalwinR) up to 50-fold.
LasixR probably also reduces the urinary concentrations of glucuronide
metabolites of & rphine and the phenothiazine tranquilizers. These
actions of Lasix® (Figs 6 & 7) significantly interfere with routine
urinary detection of drugs.

PERFCRMANCE EFFECTS

Timed trials on Standardbred horses at the Chio State University
and the University of Kentucky have not shown any significant differ-
ence in the speed of lasixR-treated and control horses. RAn analysis of
the pre- and post Lasix® times of 58 horses running at the Louisville
Downs meet this summer also showed no significant difference between o
the times of these horses before and after they went on LasixR (Lasix
was the only permitted medication during this meet) . (Table II)

TOXTICITY

At the usual dosage, this drug appears very safe. Hypokalemia,
after repeated doses of furosemide, appears to be the only likely
acute problem.

CONCLUSIONS

(a) Administered intravenously, Lasix® is a short acting drug, the
bulk of which is excreted unchanged in the urine. 7

(b) Lasi.:»:R transiently increases total plasma solids and hematocrit and
decreases plasma K¥ and pulmonary blood pressure.

(c) Intramscular injection of Lasixt prolongs plasma levels of the drug
and its diuretic response.

{d) IasixR can reduce urinary concentrations of phenylbutazone ard the
major metabolite of pentazocine up to 50-fold.

) {e) LasixR does not affect the times to pace one mile of Standardbred

horses.
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The open symbols show plasma
levels of Lasix® after 1 mg/kg
IV (open squares) or IM (open
circles). The solid symbols show
the diuretic effect associated
with each route of administration.
All apoints means of at least four
determinations, with the vertical
scale of the plasma levels adjusted
to show the overlap.,

Table I - Cumulative Water and Na' Loss After 1 mgﬂ<g I.-"uxosanlde Intravenously

a.nd Intramuscularly (N = 4 horses).
Time 1.0 mg/kg I.V. 1.0 mg/kg I.M.
after Urine Vol. Na Excretion Urine Vol. Na Excretion
administration (L.) Meq. /L. (L.) Meq./L.
]l hour g8.2% 732 8.4*% 621
2 hours 9.0 744 12.6 887
4 hours 10.5 748 16.2 994
T FUROSEMIDE Img/kg t/V
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EFFECT OF FUROSEMIDE TREATMENT ON Fig. 6 Phenylbutazone at 3 gms/1000 lbs
URINARY PHENYLBUTAZONE CONCENTRATION was administered to horses. The
00 solid squares and crosses show

T T J T J ! PBZ in the urine of these animals.
B The open circles show urinary
Wl = PHENNLBUTAZONE 4 levels in horses so treated which
,i(\i - were challenged with 1 mg/kg
N Lasix® IV at 2.5 hours after
i the phenylbutazone. All points
are means of experiments on at
ok a least four horses.
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Table II
Effect of Medication with Furosemide on the Performance of Horses Racing
at ILouisville Downs, Summer, 1976
# of Horses # of Trials Mean Times S.E.M.
Pre-Furosemide 58 160 128.5925 0.2031 F = <0.00
With Furosemide 58 232 128-7366 0.1594 (F for significance

should be >3.0)

At this meet furosemide was the only permitted medication arnd its use was checked
by urinalysis. Horses could elect to go on furosemide at any time throughout the
meet, but once on furosemide had to stay on it. Performance times for horses pre- and
post-furosemide treatment were obtained from the meet programs and compared. Only
times on good or fast tracks were taken. Of the 58 horses selected, 160 pre-furosemide
times were available and 232 post~-furosemide times. A randomized block design was
used where each horse represented a block. After adjusting for blocks (i.e. differences

between horses) there was no significant difference between treatments (i.e. times on
and off furosemide) .



