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Introduction

Potentiated sulfonamides, which are combined with
a dihydrofolate reductase inhibitor such as trimetho-
prim (TMP), provide effective antimicrobial therapy’.
Sulfonamide (Sparts)+trimethoprim (1part) mixtures
have been used in the treatment and prophylaxis of
Pneumocystis carinii pneumonia, Shigella sp enteritis,

systemic Salmonella infections, and many others™'>"*"%,

'Corresponding author.
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Sulfadiazine (SDZ, Sparts)+trimethoprim (TMP, 1part)
mixture is effective against many gram-positive and
gram-negative bacteria, including Escherichia Coli,
Streptococci, Salmonella, Proteus, Bordetella, Staphy-
lococci and Nocardia’. Important swine diseases treat-
ed with sulfonamides or sulfonamide/trimethoprim
combinations have been colibacillosis, atrophic rhin-
itis and (enzootic) pneumonia’.

In pigs, the most common pathogens of pneumo-
nia and bronchopneumonia include Bordetella bron-
chiseptica, Haemophilus pleuropneumoniae, Pasteur-
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ella spp, and Streptococci*”, The minimal inhibitory
concentration (MIC) in vitro of SDZ and TMP again-
st bordetella. bronchiseptica, pasteurella. multocida,
salmonella. suis and haemophilus. pleuropneumoniae
ranged from 2 to 10 pg/ml, from 0.06 to 2 pg/ml,
respectively™>'%",

On the other hand, the proper antibacterial thera-
py requires appropriate concentrations of antibacte-
rial agents at the site of infection. Generally, in acute
pneumonia or acute exacerbations of chronic bron-
chitis, the site of infection is in the bronchial epit-
helial arcas and pathogens are mainly located in the
bronchial secretions and mucosa™""*; consequently,
concentration of antibacterial agents in bronchial se-
cretions would be more important in assessments the
efficacy of antibacterial agents. Nevertheless, little is
known about the concentrations of SDZ and TMP in
bronchial secretions in pigs.

Thus, the purpose of the study reported here was
to determine whether therapeutic corcentrations of
SDZ and TMP could be achieved in bronchial se-
cretion in pigs.

Materials and Methods

Animals and surgical preparations

The investigations were carried out in 10 pigs,
commercially raised 3 months old, which obtained
from local farms. The procedures of surgical pre-
parations were as follows; a pig was sedated with
250 mg of Nembutal i.v. injection through the left
anterior vena cava, and anesthesized with Halothane
inhalation for chronic tracheostomy. The cuffed tra-
cheostomy tube (Portex, France, ID: 10.0 mm, OD:
13.7 mm) was inserted into the trachea through the
neck, with insertion of an indwelling tube to fa-
cilitate passage of evacuation of bronchial secretions.
All experiments were performed 24 hours after tra-
cheostomy surgery.

Drugs

A combination of the sulfadiazine/trimethoprim
(Tribrissen, Burroughs Wellcome Co, Research Tri-
angle Park, NC) was obtained as a 24% (200 mg of
sulfadiazine and 40 mg of trimethoprim in 1 ml)
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sterile suspension for i.v. injection. The preparation
was administered via the left anterior vena cava at a
dose of 30 mg of combination/kg of body weight as
bolus.

Blood sampling

Blood samples, approximately 2 ml each, were tak-
en from the right anterior vena cava under light ha-
lothane anesthesia 0, 0.5, 1, 2, 3, 4, 8, 16, 24 and 32
hours after SDZ/TMP intravenous administration.
The blood samples were treated with EDTA as an-
ticoagulant and centrifuged at 2,000x g for 10 mins
to separate plasma. 0.2 ml aliquots of plasma were
stored at -20°C until assay.

Bronchial secretions sampling

Bronchial secretions samples were collected in a
sanitary tampon every time blood was taken. Volumes
of bronchial secretions were calculated from differen-
ces between pre- and postsampling weights of san-
itary tampons, and 2 ml of distilled water added to
tampon soaked up the bronchial secretion and ex-
tracted the secretions in sonicator (UN-85005, Shi-
buya Electric Mfg Co, Japan). 0.2 ml aliquotes of
distilled water-diluted bronchial secretions were stor-
ed at -20°C until assay.

SDZ and TMP determination

The concentrations of SDZ and TMP in plasma
and bronchial secretions were determined concomitan-
tly by use of high-performance liquid chromatogr-
aphy (HPLC) equipped with UV detector (270 nm)".
The HPLC system consited of a pump (LC-6A, Shi-
madzu Co, Kyoto, Japan), analytical column (Lichro-
spher RP-8, 5 um, 250x 4 mm ID, Merck, Darmstat,
Germany), UV-detector (SPD-6A, Shimadzu Co).
Plasma and bronchial secretion fluid protein were re-
moved by mixing with equal volume of 0.5 N per-
chloric acid followed by centrifugation at 5,000x g
for 2 mins. The supernatant was filtered through 0.45
m filter and injected into the HPLC system (100 ul).
The mobile phase consisted of a mixture of 0.05 M
phosphate buffer and acetonitril (85/15, v/v). The
flow rate was 0.8 ml/min. Under these conditions,
the retention times of SDZ and TMP were 23 mins
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and 18 mins, respectively.

Pharmacokinetic analysis

Plasma concentration of SDZ, after IV injection
of SDZ was best described by a two-compartment
model, whereas that of TMP was fit by a one-com-
partment model.

Pharmacokinetic parameters
AUC(ug/h/ml) — Area under the concentration-time
curve from zero to infinity
Ti(ct) (h) — Absorption half-life
Ti»(B) (h) — Elimination half-life
V. S5(I/kg) — Volume of the body fluids having the
" same concentration as that of blood,
based on average steady state of plas-
ma level
G (Ug/ml) — Maximum plasma concentration
Cl(ml/h/kg) — Clearance
A(ug/ml) — Zero-time plasma drug concentration, in-
tercept of regression line of distribution
phase
B(ug/ml) ~ Zero-time plasma drug concentration,
intercept of regression line of elimina-
tion phase
ofh™) - Overall distribution rate constant
B(h™") — Overall elimination rate constant

Statistical analysis

The unpaired student's t-test was used for the de-
tection of significant differences between the phar-
macokinetic parameters of plasma and bronchial se-
cretory SDZ or TMP; p<0.05 was considered sig-
nificant.

Results

The mean plasma and bronchial secretion concent-
ration-time curves of SDZ and TMP in pigs are pre-
sented in Fig 1 and Fig 2, respectively. Concent-
rations of SDZ and TMP in plasma were highly
maintained than bronchial secretion. Concentration
in plasma gradually decresed in process of time,
whereas, concentration in bronchial secretion con-
stantly maintained until 32 hours after injection. Lev-
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Fig 1. Plasma and bronchial secretions drug concentration
vs time in pigs given a single LV of 25 mgkg of
sulfadiazine (n=4).
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Fig 2. Plasma and bronchial secretions drug concentrations
vs fime in pigs given a single. 1.V of 5 mgkg of
trimethoprim (n=4).

els of plasma concentration of SDZ and TMP were
reversed in 16 and 1.5 hours with bronchial secre-
tion, respectively.

The pharmacokinetic parameters of SDZ and TMP
are shown in Table 1 and Table 2, respectively. Ty,
(B; Elimination half-life) of SDZ was apparently long-
er than that of TMP. Moreover, V,SS (I/kg; Volume
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Table 1. Pharmacokinetic profiles and hybrid constants for 2- compartmental model of sulfadiazine (25 mg/kg) in four

pigs after 1.V. injection

Profiles 1 2 4 mean S.EM.
AUC (ug/h/ml) 308.95 351.36 260.72 341.55 315.65 20.43
T, (@) (h) 0.93 0.86 0.73 1.14 0.92 0.09
Ty, (B) (h) 6.48 7.75 5.16 9.61 7.25 0.95
V*, (I/kg) 0.180 0.156 0.156 0.212 0.176 0.013
Cmax (ug/ml) 138.95 160.57 160.18 11811 144.45 10.73
CI (ml/h/kg) 0.081 0.071 0.096 0.073 0.08 0.01
A (ug/ml) 123.58 145.26 145.85 105.99 130.71 9.58
B (ug/ml) 15.37 15.32 14.33 12.12 14.29 0.76
ath™) 0.75 0.81 0.95 0.61 0.78 0.07
B 0.11 0.09 0.13 0.07 0.10 0.01

Table 2. Pharmacokinetic profiles for l-compartmental model of trimethoprim (5 mg/kg) in four pigs after LV. in-

jection.

Profiles 1 2 4 Mean S.EM.
AUC (ug/h/ml) 6093 7.79 5.96 7.64 7.08 0.42
K, (h™") 0.76 0.68 0.79 0.90 0.78 0.05
V,SS(I/kg) 0.947 0.949 1.059 0.727 0.921 0.070
Cmax (pg/ml) 5.28 5.27 4.72 6.88 5.54 0.47
CI (ml/h/kg) 0.72 0.64 0.84 0.65 0.71 0.05
Ty, (h) 0.91 1.02 0.88 0.77 0.90 0.05

of the body fluids having the same concentration as
that of blood, based on average steady state of plas-
ma level) and Cl (ml/h/kg; Clearance) values of SDZ
were significantly lower than that of TMP.

Discussion

Bronchial secretions concentrations of SDZ and
TMP increase more slowly than in plasma, achiev-
ing lower peaks and exhibiting longer half-lives.
The TMP and SDZ may persist in bronchial secre-
tions while they are cleared from plasma and local
bronchial secretions levels might exceeded plasma
concentration.

The results showed a poor penetration of the SDZ
in contrast with the TMP, which quickly reached
concentrations higher than the corresponding plasma
level. The difference in penetration of TMP and of
SDZ is attributable to the highly protein-bound SDZ.

Antibacterial agents kinetics in bronchial secre-
tions include penetration, accumulation, and elimina-
tion of the SDZ and TMP". Among drug factors in-
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fluencing the antibacterial agents penetration into the
respiratory tract, the role of protein binding, lipid
solubility, and degree of ionization have been well
documented""™”. Because TMP is more lipid-soluble
than SDZ, it has a larger volume of distribution than
the latter drug.

Intravenous administration of Tribrissen 30 mg/kg
resulted in concentrations of TMP >2 ug/ml for more
than 24 hours in bronchial secretions and which may
be recommended for treatment and prophylaxis of
respiratory tract infections caused by susceptible or-
ganisms (MIC< 2 pg/ml).

A significant correlations between effective anti-
bacterial activity in the bronchial secretions and the
efficacy of TMP and SDZ treatment have been
predicted. In addition, satisfactory clinical responses
correlated with bronchial levels of TMP inexcess of
the MIC of the isolated pathogens.

The measurement of the concentrations of SDZ
and TMP in bronchial secretions provide informa-
tion on the transfer of antibacterial agents across the
blood-bronchialveolar barrier. The experimental study
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about pharmacokinetics of SDZ/TMP in the respira-
tory tract can be applicated in design of drug dosage
in the treatment and prophylaxis of respiratory in-
fection.

Conclusions

Respiratory infections are of prime importance in
veterinary practice due to overcrowding raising en-
vironments in the swine industry. Pathogens causing
respiratory infections are reported to be mainly lo-
cated in the bronchial secretions and mucosa. There-
fore, optimum concentrations of antibacterial agents
in bronchial secretions have to be maintained during
antibacterial therapy. Combination formulation of sul-
fadiazine (SDZ) and trimethoprim (TMP) have been
extensively used in the swine respiratory infections
worldwidely. But no study was carried out for the
kinetic characteristics of the drugs in studies the phar-
macokinetic profiles of SDZ/TMP in plasma and
bronchial scretions after administering via the left an-
terior vena cava. TMP and SDZ concentrations in
plasma and bronchial secretions were measured by
HPLC and pharmacokinetic parameters were calculat-
ed with a computer program. The results indicated
that pharmacokinetic profiles of SDZ in plasma were
best described by a two-compartment model whereas
that of TMP a one-compartment model. This dof-
ferent pattern could be explainable by short half-life
of TMP (0.903-0.06 h) as compared to SDZ (7.25+
1.09 h), together with unmeasurable TMP 4 to 8
hours after administration. Concentrations of SDZ in
bronchial secretions were maintained throughout sam-
pling period (0.5~32 hrs), with higher concentrations
at 16 hr or later as to in plasma. In case of concent-
rations of TMP, measurable concentrtions at as early
as from 2 to 3 hours after administration, in comparis-
jon with plasma. Signifiance of SDZ/TMP in bron-
chial secretions was discussed.
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