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B ABSTRACT

Postrace urine samples from thoroughbred
horses were examined to compare asmolalicy
and specific gravity between horses treated
with fyrasemide and chose not treated. Sam-
ples were assigned to groups in relation to re-
ported medication (furosemide) status, race
finish position, and distance of race. Urine os-
molality was significandy (P < .035) lower in
samples from horses treared with Furosernide
when compared with unireated horses. Specif-
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ic gravity determinations arc less precise at

measuring usine osmolality av lower levels .

(1.01 g/ml or less). The measurement of os-
molality is a superior method for determining
the urine solute concentration and facilitating
the regulation of furosemide.

8 INTRODUCTION
Furosemide is a potent diuretic that inhibics
sodium reabsorption ac the thick ascending

loop of Henle in the kidney; furosemide is also
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Fi 1. Normality plo of osmalality (A) and specific gravity (B) resulss, ;hﬁ%igsx&i
&giiiﬁétg?!aia}iigr The symbols displayed are in-
dicative of the mumber of data points they represent (eg., A = 1. B= 2).

often given to racchorses with a history of
bleeding in the respiratory tract (exercise-in-
duced pulmonary hemorrhaging).’? In Ken-
tucky, during the period encompassed by this
study, the permitted dose of furosemide (Lasix
[now Salix), Avenuis) for thoroughbred race-
horses was 250 mg administcred by IV injec-
tion at least 4 hours before the start of the race.
There are concerns that the administration of 2
medication such as furosemide can affect the
urinary and plasma concentrations of other
coadministered agents.’ OF particular concern
is that these effects cannot be prediced for
drugs and medicarions that have not yet been
tested. In addition to the concern regarding the
diluring ability of furosemide is the question
regarding the porential effects of this mediva-
tion on performance.*® A survey of results
yickded a conclusion that the administration of
furasemide 1o standardbred horses significant-

ly decreased their racing time compared with
horses that were not treated with furosemide.?
Another study concluded thar the administra-
tion of furosemide to choroughbred horses im-
proved their performance by dhree to five-and-
a-half lengths in a 6-furlong race.*

Following maximal doses of furosemide, the
kidney is less able to concentrate or dilute the
final urine (the urine approaches or will be-
come ispsmotic to plasma).' As a2 consequence
of the diuretic action of furosemide, the osmo-
lality (and the specific gravity) will be lowered
in proportion to the dosc and duration follow-
ing administration of the diuretic. These
furosemide-related actions form the basis for
the potential for misuse of che diuretic and pro-
vide the motivation for screening the urine
from racehorses that finish in the vop threc po-
sitions. Typically, if the specific gravigy of the
urine sample is less than 1.010 g/ml, the con-
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TABLE 1. Osmolality and Specific Gravity Data (Mean and SD) for Groups of Horses of
?»@géalngﬂngﬂgnggﬂ
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TABLE 2. Sutistical Compurison of Urine Osmolality Data Among Groups of Racchorses
with Different Racing Seatus with and without Furosemide Treatment Before Racing
' .

Group of Horses Racing Status* (mOnnikg warer) SD (ml) o
Furosemide

1 38 Sprint, Winner 797 279 1.0262  0.0095
2 71 Sprint, Noowinner 762 262 10261  0.0094
3 3 Route, Winner 747 226 10255  0.0100
4 54 Roure, Nonwinner 718 224 10241 0.0079
5 23 Sprint, Winner 1124 387 10360  0.0i02
6 39 Speint, Nonwinner 1164 452 10345 00114
7 18 Route, Winner 1094 466 1.0346 00100
8 M Rouve, Nonwinner

*Route = races of 1 mile or more; spring = races of 6.5 Rudongs or ks,

989 364 1.0308  0.009%

centration of furesemide would then be derer-
mined in che blood sample collected concur-
rentdy with the urine sample. Chu and athers
concluded that harses would be less likely 10 be
misclassified as being in violation of regulatory
concenrrations of furosemide if plasma furo-
semide were determined in addition w urine
specific gravity.* On the other hand, Uboh and
cownrkers concluded that urine specific gravity
values were not reliable for predicting the dose
or time of administration of furosemide to race-
horses.” Consequently, it was speculated char
nmwassremont -u_. n_-.. -..—1-4'. nu.m--&m——. concenira-
tion as a screening method may be 2 more ac-
curate indication of the administration of
turosemide because the type of solute contained
in a given sample docs not affect the osmolality
of the solution. In contrast, specific gravity is
only an approximation of the toral solute con-
centration and can be affected by a number of
physiologic variables, including the amount of
prozein in the sample.® Therefore, in che cur-
rent study, specitic gravity and osmolality of
urine samples from thoroughbred horses (n =
308} were compared following races.

B MATERIALS AND METHODS
Urine Samples

A ol of 308 postrace urine samples were
obtained trom thoroughbred racchorses at Turf:
way Park, Florence, Kentucky during the racing
mect from Seprember through December
1995; samples were stored ar ~70°C unuil the
time of analysis. Horses selected for sampling
included the first three finishers in cach race
plus other randomly sclected hotscs. Samphes
were sequentially numbered. The furasemide
status of cach horse was declared before the race
and was ndependently verified during the pos-
trace regulatory analysis. Upen completion of
all analyses, these “blind” sampics were then
identificd for classificasion. Fewer than 10 hors
s were sampled more than once during the
study period. These duplicate samples were
identifiecd and excluded from analysis. The re-
maining whentified samples were then assigned
to ane ol cight corresponding groups:

Group 1: luroscmide, spriog (6.5 furlongs 0F
less) winners

Group 2: Furosemide. sprint, nonwinners
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Group 3: Furusemide, route (1 mile or more),
winners ,
Group 4: Furosemide. route, nonwinners
Group 5: No lurosemide, spring, winners
Group 6: No fursemide, sprint, nonwinners
03..1 7: No furosemide, route, winners
Group 8: No furosemide, route, nonwinners.

There were no races berween the distances of
6.5 furlongs and 1 mile (8 furlongs).

Urine Analysis

Frozen unine samples were thawed at room
temperature belore analysis. Specific gravity
was derermined wath 4 relractomerer (Nation-
al Instrument) set co 1,000 g/ml with deion-
ized warer and a hvdrometer (Squibb Urome-

ter). The refraciomener displayed specific grav-
ity values up to 1.045 g/ml, and the hydrome-
ter’s range of measurement was from 1.000 o
1.060 g/iml, with a stawed avcuracy of £ 0.002
g/ml. Using linear regression analysis, these
was a strong cotrelation berween the specific
graviry values obtained berween the rwo meth-
ods (! = 0.86). The values for specific graviry
of samples that were greater than 1.045 g/ml
by refractomecry were taken from the corre-
spending hydrometer measuremnent.
Osmolality was derermined using a freezing-
point depression osmometer (Precision Sys-
tems). The resolurion of the osmometer was 1
mQOsmlkg. The repeatability and linearity of
the osmometer were T 2 mOsmikg between 0
and 400 mOsm/kg and 1 0.5% berween 400

Ml
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and 2,000 mOsm/kg. Calibraror solutions of
100 and 500 mOsm/kg were cested, and the
osmometer was adjusted ro these solutions be-
fore samples were assayed.

Statistical Evaluation

Normality of the residuals by onc-way analy-
sis of variznce (ANOVA) was determined using
the rank and plot procedure of SAS version 8
(SAS Instirute). In the normality plot, the stan-
dardized residuals were plotred against their ex-
pected rank if they were from a standard nor-
mal distribution (Figure 1). The residuals were
plotted against the predicted values from the
model. Differences between groups were eval-

296

uated using a2 one-way analysis of variance
and the Student-Newman-Keuls post hoc sest.
Correlation between specific gravity and osmo-
lality was evaluared using lincar regression
analysis, a sigmoidal (Boltzman), or both fit w
the data. Data are presented as mean 3 SD,

[
4.

and differences were considered 1o be satist- -

cally significanc when £ < .05, C

Both normal plots from the ANOVA for the

specific gravity and osmolality values (Figure

:ooc_m_..nm.n&rwnnabm?::ﬂwﬂr-&m.

uat plots exhibited heteraskedasticity. Based on ;

these findings, it was concluded that a noo-
parametric test of medians would add no exua
statistical power.
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Specific Gravity

group are presented in Table 1,
The means (and medians) of os-
molality for each group differed
by less than 10% and the means
(and medians) of specific gravity
for cach group differed by less
than 0.002% in all cases.

The statistical evaluation of os-
molalicy data (ANOVA and Swu-
dent-Newman-Keuls post hoc
test) are presented in Table 2 (os-
molality) and Table 3 (specific
gravity). Urine osmolality values
of each furosemide-treated group
were significantly (P < .05} differ-
enr from each group nor treared
with the diuretic. In contrast, a
similar analysis of urine specific
gravity measurements  demon-

0 S0 100 1500
Osmalality (mOsmg watar)

2000 strated that group urine specific
pravity was differenc in only 13

Figure 2, miﬁﬁ%g\bitnga of urine asmolali-
1y for all sarsple: (n = 308). Line A {dashed) represents a sigmoidal
(Boitman) fit 10 the data (Chi square = 0.00003). Line B reflecss  lin-
ear regression fir to the wrine asmolality dusa between SO0 gnd 1.000
mOomikg: corvelasion cocfficient (v) = 0.71862, slape (m)
n = 206, Line O reflocss a linear regression fit to the yrine osmolality

= 0.00004,

of the 16 comparisons berween
the furosemide-treated and un-
treated groups (Table 3).

Further analysis of these daea is
illustrated in Figure 2, which pres-
ents a plot of the specific gravity

data les than 500 mOsmlkg; r = 051961, m = 0.00002, » = 24, measurement 35 2 function of the

W RESULTS

The urine specific gravity for all the
furosemide-treared horses (Groups 1 through
4, 0 = 194) was 1.0255 0.009 g/ml. Urine
specific gravity (1.0337 £ 0.010 g/ml) was sig-
nificantly (P < .05) higher in horses in groups
hot treated with furosemide (Groups 5 through
8, n = 114) chan in groups that did receive
furosemide. The urine osmolality of horses
that were not treated with furosemide (1,093 £
418 mOsm/kg} was also significantly (P < .05)
higher than thac of furosemide-treated horses
(755 £ 249 mOsmikg).

Osmiolality and specific gravity daca for each

corresponding osmolality determi-
nation in each of the 308 samples. This graph-
ic includes a sigmoidal (Bolaman) fit to the
dara; Chi square value for this analysis was
0.00003. In addition, linear regression analysis
of the urine asmolality values between 500 and
1,000 mOsm/kg and corresponding specific
gravity measurements (n = 206) is illustrated;
the correlation coefficicnr (4 was 0.71862 {(Pe
-001) and che stope (m) was 0.00004. By con-
trast, a similar linear regression analysis of che
data (n = 24) below 500 mOsmi/kg yielded an r
of 0.51961 (P < .01) with »t equal to 0.00002.
Thesc values were significantly lower than the
corresponding values for datz poines between
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500 and 1,000 mOsm/kg. Finally, for values
greater than 1,000 mOsm/kg (n = 78), the lin-
car regression analysis yiclded an 7 of 0.31359
and an m of 0.000007 (tine not shown).

W DISCUSSION

As expectedl, solute concentrations of the
postrace urine samples were significantly af-
fecred by the medication status of the animal,
Thus, all horses treated with furosemide had
significandy lower urine osmolalities compared
with horses not treated with furosemnide. How-
ever, not all of che horses in groups treated with
furosemide had urine specific gravities that
were lower than the values for horses nor treat.
ed with furosemide, supporting a conclusion
that measurement of specific gravity is not as
accurate as measurement of osmolality for esti.
mating urine sofute concentration,

This conclusion is further supported by cor-
relation of osmolality values with urine specif-
ic graviry. Urine specific gravity correlates less
well with osmolality below 500 mOsm/kg (as
well as with osmolality above 1,000 mOsm/kg)
compared with its correlation with osmolality
values between 500 and 1,000 mOsm/kg. This
is pasticularly importanc given the fact tha the
corresponding plasma or urine samples from
horses with urine specimens with specific grav-
ity values in the range of 1.010 are likely o be
subjected to further regulatory evaluation for
elevated plasma or serum concentrations of
furosemide.

-

In summasy, these daca demonstrzte thar
urine osmolality is more precise as an indicator

of the diurctic seate of the racchorse than js-

urine specific gravity,

& REFERENCES

1. Jackson E}: Diuserics, in Hardman )G, Limbird LE,
Gilman A (eds): Goodman and Gilmans the Pharma.
<wlagical Basis of Therapewsics, od |0, New York, Mc.
Graw-Hill, 2001, pp 757-783.

2. TobinT: Daﬁi}igt-aam.i:ammm.
Charles C. Thomas, 1981, pp 113118,

3. mgga.ﬁnrﬂvanﬂe&mn&"ﬁxgg
of fi ide on plusma climinac and urinary ex.
nﬁla&&:ih:ﬂu&.&&roaﬂ.\fg
ol Ther 13:93-104, 1990,

4. Giras DK, Morley DS, Hincholill KW, Witum TE:
Filea of 1 ide on perfe e of thorough.
breds racing in the Unised Seates and Canada, JAVMA
215:670-675, 1999, .

u.moaﬂ;gm.cgﬂ—wa&".ﬁln?eﬁ
furosemide on racing times of standandbred pacesy,
Equine Ver  4:334-340, 2000,

6. Chu KK, Cohen ND, Suanlky SD, Wang N: Estima-

tion &%Ei?ﬁnﬂ&:ﬂ thresholde of -
=qh3§n§d¢rwuamv_&3u8§§en i
g#éfsmaﬁﬁrpmﬂmaguﬁ g
inistration of R ide in horses. Am | Ver Rer

62(9):1349-1353, 2001.
7 su_.nm.mgﬂ_.z.u.&z?nzu Plasma conoe-

:u.mgi.m.:g&ngauﬁanmaa.woqﬁmﬂr B

predicting dose of administration in race honses. Re
Commun Chews Tathol Pharmacal 77(2):201-219,
1992, '

8. Voinescu GC, Shocmaker M. Moaore H, ¢1 al: The -
tarionship b urine lality and specific grav-
ity. Am } Mod Sci 323(1):3942, 2002.

$. P Oliver, R. A. Almeida, B. E, Gillespic, $. . ey, H. Moorehead, I Luna,

HLEL Dowlen, D, L, Johnson, and K. C.

Efficacy of Extended Pirlimycin Therapy

for Treatment of Experim

entally Induced

Streptococcus uberis Intramammary Infections

in Lactating Dairy Cactle*

Henry H. Dowlen, MS
David L. Johnson, BS
Ken C. Lamar, BS

Food Safecy Center of Exeellrnce
Department of Animal Science
Institute of Agriculture

The University of Tennessee
2640 Morgan Circle

Knaxville, TN 37996

B ABSTRACT ” .
Strepeococcus wberis is an important cause of
masticis in dairy cows throughour the world,
particularly during the dry periexl, around che
tine of calving, and during early lactation.
Straregies for contralling $. wheris mastitis haye
not received adequare research artention and
are therefore poorly defined and inadequate,
Objectives of the present study were o evalu-
ate the efficacy of extended therapy regimens
with pirdimycin for treatment of experimental-
ly induced 5. wberis intramammary infecrions
in lactating dairy cows during early tacration

"This study was supporied by Plizcr Animal Health,
the “lennessee Agricultural Experiment Station; The
University of Tennessee Food Safery Cenrer of Ex-
cellence; and The University of Tennessee, College
of Vererinary Medicine, Center of Excellerice Re-
scarch Program in Livestock Diseases and Human
Health,

. and 1o evaluate the usefulness of the 5. ubers
. &xperimental infection model for evaluating

 antimicrobial efficacy in dairy cows. The cffi.

cacy of extended pidlimycin inteamammary
therapy regimens was investigated in 103
mammary glands of 68 dairy cows thar became
infected following experimental challenge with
S. uberis during early lactation. Cows infected
with S, wheris in one or both experimentally
challenged mammary glands were randomly
allocated 1o three groups, representing threc
different treatment regimens with pirlimycin,
including 2-day (n = 21 cows, 31 mammary
quarters), S-day (n = 21 cows, 32 quarters),
and 8-day (n = 26 cows, 40 quarters). For al|
groups, pirlimycin was administered at 2 race
of 50 mg of pirlimycin hydrochloride via in-
tramammary infusion. A cure was defined as
an cxperimensally infected mammary gland




