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ODEGAARD, STIG ANDERS: Pharmacokinetics of sulfaphenazole 
in sheep. Acta vet. scand. 191861, 27, 2143-249. - Proprietary formula
tions of sulfaphenazole were admin1stered intravenously and orally 
to sheep. After intravenous injection the disposition of sulfaphenazole 
was described by an open two compartment model, and the elimina
tion half-time was on a:veraige 5.58 h. The apparent volume of distribu
tion was 0.273 I/kg and total body clearance 34.1 ml/kg/h. Judged 
from the area under the curves, the oral dose was completely ab
sorbed. Drug plasma concentrations versus time fitted an open one 
compartment model, the half-time of absorption and eliminatiion 
being 2.66 and 7.12 h, l'esipectively. The binding to plasma proteins 
was high i.e. 93-9'6 % at therapeutic concentrntions1, and concen:bra.
tion de1pendent. The results demons1t11ate that the dos'es indicated by 
the manufacturer appear to be low and more appropdate for drugs 
with a longer elimination hailf-time. Consequently, cons,iderable ad
justments in the dosagie regimen al'e recommended. 

d o s a g e r e g i m e n. 

Sulfaphenazole, Eftolon'®, has been approved for veterinary 
use for many years. The substance has been regarded as a 
long-acting sulfonamide, and the dosage regimen recommended 
by the manufacturer reflects. this supposi'ition. Some studies, 
however, report a rather short half-time of sulfaphenazole in 
ruminants (Luthman & Jacobsson 1979). 

The purpose of the present study was to obtain information 
about the kiinetics of sulfapheinazole iin sheep and, 
if necessary, indicate dosage adjustments. 

MATERIAL AND METHODS 
Four clinically healthy 8-10 months old rams of mixed 

breed (Dala x Ryggja) were used for the study. The animals were 
kept indoors and fed concentrates, approximately 0.1 kg/day, 
and water and hay ad libitum. 
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Each sheep received doses of 50 mg/kg sulfaphenazole, 
as an i.v. boil:us injecrtion, (Eftofon® inj.) * and as. EftoJon® polW
der in water by a stomach tube on 2 occasions 2 months apart. 
Blood samples were drawn in hepa::riinized vacutainer.s from the 
j:ugular vetin at pre-determin,ed times. Samples. were centritfuged 
and plasma stored at -20°C 

Determination of sulfaphenazole was performed by HPLC 
on a modurlar system (Waters Assoc., Milford, MA, USA). Plasma 
proteins were denaturated by mixing 1 ml of sample with 1 ml 
of acetonitrile. After centrifugation an aliquot of the supernatant 
was injected into the system. The mobHe phase (1.5 ml/min) 
was acetonitrile/water, (40/60 v/v) to which was added 0.2 % 
(vol) triethytlamine, and pH adjusrted to 4.2 with ovthophosphoric 
acid. Separation was. performed on a Radial-PAK C18 column 
(10 cmx8 mm l.D., 5 µm particle size, Waters Assoc.) and peaks 
monitored at 254 nm, 0.02 absorbance units full scale. 

The binding of sulfaphenazole to plasma proteins was de
termined by equilibrium diailysis at 37°C for 3 h (Pike & Skute
rud 1983). Plasma was dialysed against a Krebs-Ring,er bicar
bonate buffer ( 1 ml of each) in clamped perspex cells. sepamted 
by a pre-moistened dialysis membrane( American Cyanamid Co.). 
pH was adjusted to 7.35 with 5 % carbon dioxide in oxygen. The 
buffer was injected directly into the HPLC-system, while plasma 
was treated as above. 

Kinetic parameters were calculated by standard methods 
(Gibaldi & Perrier 1975, Baggot 1977). 

RESULTS 
The plasma levels of su1faphenazo1e, plotted log,arithmically 

against time, are illusitrated in Fig. 1. After ii.v. injection the 
curves showed an initial rapid distribution phase (ex-phase) and 
a slower elimination phase The kinetic parameters 
given in Table 1 were therefofle calculated by means of an open 
two compartment model. Gastrointestinal absorption was a slow 
process compared to distribution, arid no distribution phase 
could be observed on the drug concentration time pilot. An open 
one compartment model was used for calculations. 

* Preparartions were kindly supplied by Pfizer Gorp., Brussels, 
Belgium. 
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F i g u r e 1. Mean plasma conc.entrations. versus time after 
venous <e--e) and oral <•--•> of sulfaphena

zole (Eftolon@ 50 mg/kg) to 4 sheep. 

After i.v. injection mean distribution half-time was 0.62 h 
and eliminatiion half-time 5.58 h (Table 1). The central volume 
of distribution was 0.169 l/kg and apparent volume of drug 
distribution 0.273 I/kg. Total body clearance was 34.1 ml/kg/h. 
After oral dosing absorption was 2.66 h and 
tion half-time 7.12 h. Sulfaphenazole was completely absorbed, 
and the calculated time of peak plasma concentration was some
whllit earlier than what could be read from the plot. 

The binding of to plasma proteins was con
oentration dependent and ranged from approximately 93.5 to 
99 % at total drug concentrations from 130 to 10 µg/ml (Fig. 2). 
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T a b 1 e 1. Estimated pharmacokindic pafiameters, of sulfaphenazole 
after intravenous bolus injection aind oral adrninisfration of proprie
tary formulatio1ns (Effolon'®) at a dosre level of 50 mg/kg to sheep. 

Parameter Mode of administration 

ti12a h 
ti1,(J h 
Ve I/kg 
Vd(J l/kg 
CIT ml/kg/h 

t 1/,a h 
t•/,el h 
tmax h 
AUC µg/mI/h 
F 

i.v. p.o. 
n=4 n=4 

mean ± s.d. mean ± s.d. 

0.62 ± 0.2,1 
5.58 ± 0.31 

0.169 ± 0.010 
0.273 ± 0.022 

34.1 ± 3.4 

1479 ± 150 

2.66 ± 0.15 
7.12 ± 0.33 
6.03 ± 0.24 

1536 ± 165 
1.05 ± 0.15 

t•1,a = distribution ti/,(J = elimination half-time, V c = ap
parent volume of central compartment, V d{J = apparent volume of 
dis.tribution, Ch= total body clearance, t•/,a =absorption half-time, 
t•/,el = 'elimination half-Hme, tmax = time of maximum drug concen
tration in pla1sma, AUC = area under the plasma drug concenltration 
versus time curve, F = fraction of dose which reaches systemic cir
culation. 
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F 1 g u re 2. Protein binding of s.ulfaphenazole related to total con
centration in sheep plasma. Each point repnesents individual samples 

from s,everal animals. 
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DISCUSSION 
The number of animals used 1in this study is the lowest pos

sible for pharmacokinetic studies, but wiJth the relatively smal1 
individual variations the results may be considered reliable. 

The steadily increasing number of reports on species differ
ences in the disposition of drugs, highlights the need for pharma
cokinetic .studies in different species, but such studies of sulfa
phenazole in sheep seem to be very scanty. 

Like mos.t sulfonamides, the disposition of sulfaphenazole 
after i.v. injection fitted an open two compartment model. The 
disitribution half-time was relatively short and comparable to 
many other sulfonamides in the cow (Nielsen & Rasmussen 
1977). The rate of absorption after oral admini1s.tralion i.e. t1;2a = 
2.66 h, and peak plasma concentration after 6-8 h iin a rumin
ant, must also be r.egarded as relatively and comparable 
to what was found in the cow ( f/Jdegaard & Rustad 1986). 

The binding to plasma proteins was high, i.e. 93.5-96 % at 
therapeutic concentrations, compared to approximately 85 % in 
the cow ( f/Jdegaard & Rustad 1986). The apparent volume of 
distribution was 0.273 I/kg. This is very close to the figure for 
sulfamethoxypyridazine in sheep & f/Jdegaard 1986), 
somewhat higher than for sulfaphenazole in cows (</)degaard & 
Rustad 1986), and lowe·r than for the majority of sulfonamides 
examined by Nielsen & Rasmussen (1977). In the latter study, 
however, the volumes are somewhat overestimated as they were 
calculated from dose and ze·ro time intercept obtained by extra
polation of the of the· plot. 

The elimiination of 5.58 his somewhat shorter than 
found by Luthman & Jacobsson (1979), but longer than in cows 
(Luthman & Jacobsson 1979, Sobach & Lamminsivu 1979, f/Jde
gaard & Rustad 1986). One reason for this difference may be 
the difference in plasma protein binding and a lower rate of 
g1omerular filtration in the sheep. A metabolite peak, probably 
the N4-acetylated sulfonamide, was relative to the sulfaphenazole 
peak, much higher in the cow. This may also indicate a faste·r 
metabolism in the cow than in the sheep. 

In general plasma concentrations of sulfonamides from 50 to 
150 µg/ml are considered therapeutic. Sulfaphe.nazole is sup
posed to be one of the more potent sulfonamides. On the other 
hand, however, binding to plasma proteins is high and the 
apparent volume of distribution is lower than for the majority 
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of sUilfollJaimides.. SupposiJng th:]t ai miJillimum plasma concentra
tion of 50 µg/ml is effooUve in the treatment of infections caused 
by susceptible organisms, a maintenance dose may be calculated. 
At a dosage interval of 12 h, the calculated dose 'is 47 mg/kg, 
yielding a mean concentration at the steady state of 116 µg/ml. 
Doubling of the dosage interval will result in a dose of 257 mg/ 
kg and mean concentration of 316 µg/ml. At a dosage interval 
of 12 h i.e. approximately 2 elimination half-times of the drug, 
the ratio between maximum and minimum plasma concentra
tions is 4/1. These calculations involves the assumption that the 
drug is given intravenously or is very rapidly absorbed. In oral 
dosing to ruminants and a relatively slow absorption, the fluctua
tion in drug plasma concentrations will be l'ess pronounced, but 
the mean concentration will remain unchanged. Because linear 
changes in dosage interval cause geometric chainges in fluctua
tion of drug plasma concent1ration, the, dosage interval should 
not be too long relative to the elimination half-time of a bac
teriostatic drug. To reach the steady state from the firs.t dosing 
interval, a loading dose may be given, the magnitude of which 
depends on the dosage interval relative to the elimination half
time of the drug. 

Provided that a plasma concentration of 50 µg/ml sulfa
phenazole is effective, a loading dose of 60 mg/kg and main
tenance doses of 45 mg/kg two times daily may be recommended 
in sheep. This is higher than the dosage re1gimen 11ecommended 
by the manufacturer (50-100 mg/kg initially and 25-50 mg/ 
kg daily) which witl, according to calculations as above, at best 
result in minimum and mean plasma concentrations of approxi
mately 10 and 60 µg/ml, respectively. 
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SAMMENDRAG 
Farmakokinetisk unders(Jkelse au sulfa( enazol hos sau. 

Registrerte formuleringer a.v sulfafenazol (Eftolon®) bJe gi.tt 
intrav;enjl.lst og oralt til sau. Etter intrav.enjl.ls kunne konsen
trasjon1ene av sulfonamid i pla:sma tilpa,sses en to-kompartment modell. 
Halveringstiden for eliminasjonen var i gj.ennomsnitt 5,58 t, 
latende distribu.sjonsrvolum 0,2:7'3 I/kg, og total clearance 34,1 m1/kig/t. 
Bedjl.lmt etter al'ealet under kurvene, hie sulfafenazol fullste111d.ig ab
srO'l'bert etter orail do.siering. Konsemstras1oner i plaJSma, hie· beskre,vet 
av en en-kompartmelllt modell med halveiiingJs:tider for a:bsorpsjon og 
eliminasjon pl\ henholdsvis 21,66· og 7,12 t. Binclin1g til plasmaproteiner 
var konsen.trasjonsavhengig, og varietrte ved terapeutiske konsentra
sjoner av sulfafenazol f11a 93 ti1 96· %. 

Resultatene viser at de doser som angis av produsenten. er lave, 
foruten at doseintervallene passer bedre for fannaka med lengre 
ha!lveringstid. Det er ffl.llgeli'g anbefailt vesentlige endringer i doserings
regime. 

(Received February 7, 1986). 
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