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d growth promotion in a wide range of animal species. It

Introduction is weil known that significant differences in the metabol-

Sulfamethazine(SMZ) is one of the most widely used ism of SMZ exist in both metabolic pathways and meta-
sulfonamides in veterinary medicine. It has been used for bolic capacity among different animal species.' SMZ is
prophylactic purposes, treatment of various infections an- known to be metabolized to hydroxy- and Nj-acetyl



metabolites, to a variable extent, depending on the spe-
cies. For example, in cattle, goats and chicken, SMZ is
more metabolized to Ghydroxymethylsulfamethazine® ™ from
comparative viewpoints. In horses, 5hydroxysulfamethazine i-
s the major metabolite® On the other hand, the acetylation
pathway predominates in animal species such as man and t-
he pig®” Among the various metabolites of SMZ, the hyd-
roxylation metabolites were found to be microbiclogically
active, whereas the acetylated compounds were evaluated as
inactive® It is, therefore, important to have an insight in the
metabolic pattem and phammacokinetic profile of SMZ, not
only for establishing appropriate dosage regimens but also in
relation to the drug residues in edible tissues.

Sex-related differences in heapatic metabolism of va-
rious drugs have been reported in various animal species,
but most particulary in the rat” It was observed that, in
general, the male rat has a higher rate of drug metabol-
ism than the female. For SMZ, a remarkable influence of
gender on its metabolism was reported in the goat. The
direction of this sex differences was found to be opposed
to the rat, the clearance of SMZ being much higher in
female than in male goats.!° ™' For the rat, the sex-dif-
ference in the acetylation of SMZ was already
reported.® Recently, we have also found in our prepara-
tive studies that there are remarkable sex-differences in
the hydroxy metabolites formation of SMZ. the male
being much higher in the metabolism than the female.
SMZ is used rather extensively as a prophylactic and
therapentic agent in rabbits.!* Detailed studies on the
pharmacokinetics and its metabolic profiles of SMZ in
rabbits are vary scarce. The aim of this study is to in-
vestigate the metabolic and pharmacokinetic profiles of
SMZ in rabbits, with special interest in possible sex dif-

ferences.

Materials and Methods

Animals © The experments were performed on clinically
healthy six female(3.31 30.24kg) and six male(340+0.28kg)
New Zealand White rabbits. The animals were kept indoors
and fed with a diet of pelleted feed. Water was available ad
libitum

Drugs and chemicals | A 35% sulfamethazing(AUU, the
Netherlands) solution in water for injection was prepared by
the Pharmacy of the Veterinary Faculty in the State Unive-
ity of Utrecht, The Netherlands. Nyacetylsulfamethazine-

(N4AcSMZ) was prepared by acetylation of SMZ as descr:
ibed by Vree and Hekster® 5-Hydroxysulfamethazine(50HS-
M2Z) and 6carboxymethylsulfamethazine 6CH,OHSMZ) wer-
e synthetized or isolated at the Department of Vet Pharmac-
ol. and Toxicol in the State Univ. of Utrecht, the Netherl-
ands. Limpet acetone powder(glucuronidase/sulphatase, LA-
F, type I : Platella vulgata) was obtained from Sigma(US-
A). The methanol used for HPLC analysis was from Rathb-
un(UK) and of HPLC quality. All other reagents were of
analytical grade and obtained commercially.

Experimental procedwres . Pharamcokinetic studies and
the urinary excretion of the metabolites were studied on diffe-
rent occasions, using the same animals. SMZ was given as a
bolus injection into the marginal ear vein of each arimal at
the dose level of 35mg/kg body wt. Heparinized blood sam-
ples were taken from the opposite marginal ear vein at prede-
termined intervals. The samples were centrifuged(4000rpm for
10min) and the plasma was stored at —20°C until analysis.
For the urine excretion study, the same amount of SMZ was
given to the same route. Twenty four hrurine was collected
in metabolic cages. The urine collection vessels contained 2
~3grams of mixture of boric acid and pyrosulfite.

Sample preparation

Plasma | To 75 #¢ of plasma was added to 10 #¢ of in-
temal standard(sulfapyridine, 100ppm). This mixture was ex-
tracted with 1.25mé ethyl acetate. The organic fraction was
evaporated under a stream of N, gas. The residue was dis-
solved with 100 £¢ of mobile phase(10%90%, MeOH-phos-
phate buffer ; P 6.67) before injection into the HPLC system.

Urine © To 100 #¢ of urine were added 20mg LAP and
1mé of acetate buffer(pH 4.5). After incubation of this mixture
at 37°C for 3 hrs, 60 #¢ of AN NaOH, 500 ¢ of 05M
phosphate buffe P 6.0), 200 #¢ of intemal standard(sulfa-
dimethoxine 100ppm) and 05¢ of ammonium sulfate were
added. The mixture was extracted and the organic fraction
was evaporated under a stream of N, gas. The residue was
redissolved with 500 #¢ of mobile phase for injection into
HPLC.

HPLC analysis : The HPL.C system consisted of a Spark
Premis autosampler, a Kratos SP400 HPLC pump and a
Kratos 783A variable UV detector. The stationary phase was
a Cyg column(10cm, particle size 5 #m, Chromspher, Chrom-
pacx, the Netherlands), preceded by a gurard column. The
mobile phase was a mixture of 005M phosphate buffer and
methanol(90 : 10), the pH being approximately 6.7. Flow rate
was 14mé/min. Detection took place at UV 265nm. Injection
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volume was 10#¢

Pharmacakinetic analysis . Phammacokinetic calculations
were performed with the aid of a computer program for non-
linear regression analysisNONLIN). The following kinetic
parameters were calculated : area under the plasma conentra-
tiontime curve(AUC, mg -h/l), plasma clearance(Cl, 1/h/kg),
rate constant of elimination(Kel, h?), distribution volume(Vd,
1/kg) and biological half life(t;/», h). Pharmacokinetic analy-
ses of NyAcSMZ were according to the standard procedure
suggested by Baggot'® The area under the curve(AUCo—c0)
was calculated using trapezoidal rule up to the last sampling
point and extrapolated to calculate the AUC. All parameters
were regarded as apparent values because Ny4ACSMZ was not

Sulfamethazine(wg/1.)
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Fig 1. Plasma concentrationtime profiles of sulfamethazine following
intravenous administration of 35mg/kg of sulfamethazine to male(2)
and femal(©) rabbits. Bar indicates SEM.

administered as a parent drug.

Statistical analysis . Results were expressed as mean -
SEM Means of the values obtained in both sexes were
compared by Student’s ttest for independent values. The sig-
nificance level was 5%

Results and Discussion

Pharmacokinetics - The concentrationtime curve of SMZ
in the rabbit showed a one-compartment open model with first
order elimination characteristics(Fig 1). As summarized in
Table 1, pharmacokinetic parameters of SMZ indicated that
rabbits have a very high capacity to eliminate SMZ, with
halflife: of only 0.37 £008h in the female and 0.40£0.08h in
the male. The plasma concentration of this parent drug at 4h
after administration was 009% of the initial concentration in
the female and 0.15% in the male. SMZ could not be de-
tected in the plasma at 10h after administration. The half-life
of SMZ found in the present expenment is comparable with
the value given by Yuan and Fung'* They found a halflife
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Fig 2. Plasma concentration time profiles of Ny-acetylsul famethazine
following intravenous administration of 35mg/kg of sulfamethazine to
male(A) and female(©) rabbits. Bar indicates SEM.

Table 1. Pharmacokinetic parameters of SMZ and N4AcSMZ in the rabbit after i.v. bolus injection of SMZ(35mg/kg) usi-
ng a computer program(NONLIN) for SMZ and standard methods of Baggot'® for N,AcSMZ. Values are mea-

nstSEM.
SMZ N4AcSMZ
Parameter female female male
Kelth!) 1.9440.45 1.81+0.36 - 0.18+0.03 0.1940.04
t1/2(h) 0.3740.08 0.4040.08 3.98+0.70 3.72+2.03
AUC(mg-h/1) 81.20+18.97 55.55+22.57 69. 26 +10. 00 53. 681 20. 85
Va(1/kg) 0.241+0.06 0.40+0.13 "
CI(1/kg/h) 0.46+0.14 0.7240.28"

* Signifcantly different(p<0.05)



050
M FEMALE
0t b ) VALE
030 |
3
3
T
3
Tt
:
¢
=
S
'3
010 |
000
6CHJOHSMZ ~ SOHSMZ Unkaown SMZ N4ACSMZ

Fig 3. Urnary excretory sulfamethazine metabolites from 24h col-
lected unne after intravenous administration of 35mg /kg of sul-
famethazine to male(stipled) and female(black) rabbits. SMZ is short
for  sulfamethazine. N; AcSMZ for Njacetylsulfamethazine.
6CH0NSMZ. for 6hydroxymethylsulfamethazine and 5OHSMZ
for Shydroxysulfamethazine. respectively. Unknown is assumed to
be mixture of hydroxy and Nj-acetyl metabolites of SMZ. Vertical
lines indicate SEM.

of SMZ 16+ 1.3h. This discrepancy could be explainable by
their using much higher dosage(200mg/kg) as compared to
our 35mg/kg. Different values of halflife in the same animal
species of SMZ were reported by many investigators. Wide
vanation of elimination half of SMZ(4-20h) were shown in
ruminants depending on age and dose®!” In calves'” and in
goats' capacity-limited SMZ plasma concetration-time curves
were obtained at high dose levels of 100mg/kg. As cleary
shown in Fig 1, we could not find any difference between
two sexes in the elimination curves of SMZ.

N,AcSMZ concentration in blood was higher than the pa-
rent drug from 30min after administration of SMZ. SMZ was
rapidly Njacetylated to form N,AcSMZ(Fig 2), which
showed a prolonged elimination pattem, longer than SMZ.
The peak plasma concentration time of NyAcSMZ was at ab-
out 1h after administration. The ‘apparent’ pharmacokinetic
values were summarized in Table 1. Other pharmacokinetic
parameters such as Vd and Cl were not obtained because
N4AcSMZ was not adminstered as a parent drug. There was
no sex differences in the elimination of NyJAcSMZ in the rab-
bitFig 2).

Metabalism : In the rabbit, SMZ was mainly acetylated to
form N;AcSMZ but the hydroxylated metabolites could also
be detected. As shown in Fig 3, Nyacetylation was the pre-
dominant metabolic pathway in the rabbit Almost all of the
SMZ that was administered was metabolized to N;AcSMZ.
Two hydroxy metabolites®OHSMZ  and 6CH,OHSMZ)

were also detected in the rabbit urne but in very small
amounts, indicating that hydroxylation was relatively unimpor-
tant in the rabbit There was no statistical sex difference in
koth metabolic pattemn and metabolite amount in the 24h col-
lected urine, even though apparently there seemed to appear
more NyAcSMZ in the male rabbit urine than in that of the
female. The female showed a slightly higher formation of one
of hydroxylation metabolites(SOHSMZ). This, however, repre-
sents a minor metabolic pathway. As far as we know. hyd-
roxylation of SMZ has not been described before in the
rebbit.

Summary

SMZ is one of the most widely used antibacterial agents in
veterinary medicine. It is also used as a growth promotant in
many species of domestic animals. There are marked species
differences in its metabolism and pharmacokinetics. However,
it pharmacokinetic and metabolism in rabbits, which are
ragarded not only as good laboratorty animals but also as
good economical animals in its own, are lacking. Sex-differ-
ences in drug metabolism are well recognized in wide range
of amimal species including rats. Males are known to be more
acive than females. It is also know that there are significant
differences in the direction of metabolic pathways. But recent-
ly, female goats are reported to be more active in the metabo-
lic capacity of SMZ than the other sex by Dutch researchers
at Utrecht. Therefore, it is not easy to make general conclu-
sicn of having higher SMZ metabolic capacity in the male
compaed to the opposite sex in every animal species. In this
regard, the study on metabolic pattem of SMZ in rabbits,
which are regarded as hervivorous, is of interest because the
dietary habbits of rabbits are comparable to that of goats.
New Zealand White rabbits of each sex were given
SMZ(35mg/kg) as a bolus injection into the marginalcan vein
in order to study its pharmacokinetic profiles(using plasma)
anc. metabolic pattem(24h urine) as specified in the methods
anc matenials.

1. In the rabbit, the major metaholic pathway of SMZ was
the acetylation(the formation of N;AcSMZ). There were hyd-
roxylation pathways(GOHSMZ, 6CH,OHSMZ) as well, in
the metabolism of SMZ in the rabbit, but minor pathways.

2. No sex differences in the metabolic direction of SMZ
and its metabolites formation were found from the urinary ex-
cretad metabolites of SMZ out of 24h collected urine.

3. The concentrationtime curves of SMZ(35mg/kg. iv) in
the plasma compartment were fitted to a onecompartment



open model when using a computer program(NONLIN).
There was also no difference in the pharmacokinetic pattern
of SMZ between two sexes.

4. The emergence of N;AcSMZ metabolized from SMZ

was very fast in the plasma of the rabbit. The elimination of
N,AcSMZ was prolonged as compared to that of the parent
drug. We found no sex difference in the elimination pattem of
N4ACSMZ in the rabbit.
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