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aBsTRACT. The oral pharmacokinetics of three sulfonamides, sulfadimidine (pKa 7.5), sulfadiazine (pKa 6.5) and sulfanilamide (pKa 10.5),
with different rates of unionization in rumen juice, were compared in Shiba goats to clarify the relationship between drug absorption
profiles after their oral administration as well as their degree of unionization in the rumen. Sulfonamides were administered either into the
left jugular vein or orally to five male goats at doses of 10 mg/kg body weight, using a crossover design with at least a 3-week washout
period. The T, of sulfadimidine, sulfadiazine and sulfanilamide reached 2.0 + 1.2, 6.0 + 0.0, and 7.8 + 1.6 hr, respectively, after their oral
administration, and this was followed by their slow elimination due to a slow rate of drug absorption from the gastrointestinal tract. The
MAT and t,p, of sulfadiazine (13.2 = 2.0 and 10.9 + 1.08 hr) were significantly longer than those of sulfanilamide (9.09 + 1.67 and 7.46 +
1.70 hr) and sulfadimidine (7.52 + 0.85 and 5.17 + 0.66 hr). These results suggest that the absorption rates of highly unionized drugs (such
as sulfanilamide and sulfadimidine) from the forestomach of goats may be markedly higher than less unionized ones (such as sulfadiazine).
The mean oral bioavailability of sulfadiazine was high (83.9 + 17.0%), whereas those of sulfadimidine and sulfanilamide were low (44.9 +

16.4% and 49.2 + 2.11%, respectively).
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Oral dosing is generally considered to be inappropriate for
ruminants due to their slow absorption of drugs. Therefore,
intramuscular and subcutaneous injections are frequently
used in cattle, sheep and goats. However, we previously
reported the rapid antipyretic effect of diclofenac (DF) in
dairy cows with infectious disease following its oral ad-
ministration in a preliminary trial. This finding suggested
the rapid absorption of DF from the gastrointestinal tract.
Therefore, an oral administration route may be applicable
for some drugs in ruminants, thereby avoiding tissue dam-
age and the presence of local residues associated with drugs
administered via IM and SC injections.

We previously examined the oral pharmacokinetics of
DF and sulfamonomethoxine (SMM), which have differ-
ent physicochemical properties, in Shiba goats, and found
a marked difference in their mean absorption times (DF 6 hr
and SMM 15 hr) [4]. Although this finding suggested that DF
was mainly absorbed from the forestomach, the unionized
fraction of SMM (pKa=6) was markedly higher than that of
DF (pKa=4) in the rumen (pH=6.5). On the other hand, the
partition coefficient of DF between octanol and water is ap-
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proximately 8, while that of SMM is less than 1. Therefore,
DF may be mainly absorbed from the forestomach because
of its very high lipid solubility, thereby suggesting that the
absorption of highly lipophilic drugs mainly occurs in the
forestomach of ruminants.

Most drugs are generally considered to be absorbed from
the gastrointestinal tract through a process of the passive dif-
fusion of the unionized fraction across a lipid membrane after
their oral administration [5, 11, 12]. Therefore, in addition to
lipid solubility, the unionization or pKa of drugs is also an
important factor for absorption from the forestomach. The
main aim of the present study was to clarify the relationship
between drug absorption profiles after their oral administra-
tion to goats as well as their degree of unionization in the
rumen. To achieve this, the oral pharmacokinetic profiles
of three sulfonamides; sulfadimidine (SDD), sulfadiazine
(SDZ) and sulfanilamide (SA), were compared in Shiba
goats, because they have different rates of unionization, but
similar lipophilicities in the rumen.

MATERIALS AND METHODS

Animals: All animals were maintained in accordance with
the recommendations of the ‘Guide for the Care and Use of
Laboratory Animals’ approved by the Ethics Committee of
the Faculty of Agriculture, Tokyo University of Agriculture
and Technology (approval number 76/2013). Five clini-
cally healthy male Shiba goats bred and maintained at Fuchu
campus of Tokyo University of Agriculture and Technology,
weighing 25-60 kg and aged 2—3 years, were used in this
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study. These goats were housed in pens at an ambient tem-
perature and with good ventilation. Animals were fed hay
cubes (#1A Cubes, Eckenberg Farms Inc., Mattawa, WA,
U.S.A)) at 0.8 kg/head twice a day. Water and mineralized
salt licks were available ad libitum.

Chemicals and reagents: SDD was obtained from MP
Biomedicals, LLC (Rue Geiler de Kaysersberg Illkirch
Cedex, France). SDZ was obtained as a sodium salt from
Sigma-Aldrich Corporation (St. Louis, MO, U.S.A.). SA
was obtained from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan). Sulfadimethoxine was obtained as a sodium
salt from Daiichi Sankyo Pharmaceutical Co. (Tokyo, Ja-
pan). All other reagents and chemicals used in the present
study were of HPLC or analytical grade and obtained com-
mercially.

Experimental design

Pharmacokinetic study: Sulfonamides solutions (100 mg/
m/) were prepared in sterilized distilled water. For SDZ,
this was done by dissolving the sodium salt; the other two
sulfonamides (SMZ and SA) were dissolved in water by
adding a few drops of diluted (1N) sodium hydroxide solu-
tion. They were administered either into the left jugular vein
or orally to five male goats at doses of 10 mg (0.1 m/)/kg
body weight, using a crossover design with at least a 3-week
washout period. The dose (10 mg/kg) was chosen for avoid
unwanted effect (anorexia, diarrhea, etc.) to goats. Oral
administration was carried out using a nasogastric catheter,
which was flushed with 60 m/ tap water after dosing. The
interval between each study was at least three weeks. Blood
(3 m/) was collected from the right jugular vein immediately
prior to the treatments, 1, 2, 4, 6, 9, 12 and 24 hr after the
intravenous injections, and 1, 2, 4, 6, 9, 12, 24, 32 and 48 hr
after their oral administration. Plasma was separated by the
centrifugation of blood at 1,600 g for 10 min and stored at
—20°C until analyzed.

Stability of sulfonamides in the rumen juice: Two male
Shiba goats of five goats used for a pharmacokinetic study
were restrained, and nasal catheters were passed into the
rumen. Thereafter, approximately 50 m/ of rumen juice was
aspirated through the catheter from each animal. The rumen
juices (pH 6.5) of two goats were combined and processed for
incubation immediately after its collection. Fifty microliters
of the SDD, SDZ or SA solution (200 ug/m/) was added to
950 ul of the rumen fluid to give a final concentration of 10
ug/ml of the incubation mixture. Five samples of each drug
were prepared and incubated in a thermostatic shaking water
bath at 39°C for 24 hr under anaerobic conditions. The con-
centrations of sulfonamides were then measured by HPLC.

Octanol-buffer (pH 6.5) partitioning experiments:
Octanol-buffer partitioning studies were performed using
a shake flask method as recommended by the Organization
for Economic Cooperation and Development (OECD) [9].
Before partitioning, the two solvents were mutually saturated
at 25°C for 24 hr. Solutions of the three sulfonamides (10
ug/ml) were prepared in the octanol-saturated buffer. These
solutions were then equilibrated at 25°C with an equivalent,
double and half volume of buffer-saturated octanol. Two

separating funnels were used in all three runs. Equilibration
was achieved by hand shaking of the funnels (by rotation
of the funnels through 180 degrees about its transverse axis
approximately one hundred times in five min) allowing the
trapped air to rise through the two phases. The funnels were
then fixed vertically by racking until complete separation of
the two phases. The buffer phase was collected and centri-
fuged at 1,600 g for 10 min at 25°C, and the supernatant
octanol phase was discarded. The drug concentration in the
buffer phase was then determined by HPLC, while that in the
octanol phase was calculated from the difference between
the initial and final concentrations in the buffer phase.

Drug assays

SDD, SDZ and SA concentrations were determined in
plasma, rumen juice and buffer samples by HPLC with UV
detection. Two hundred microliters of perchloric acid (0.5
M) was added to 200 u!/ of the plasma sample. The mixture
was vortexed for 30 sec and then centrifuged at 20,000 g for
10 min at 5°C. The obtained supernatant was filtered using
a 0.45-um HPLC filter. Fifty microliters of the filtrate was
injected into the HPLC column.

In the case of rumen juice samples, SDD, SDZ and SA
concentrations were determined after extraction with ethyl
acetate. After being incubated for 24 hr, 50 u/ of the in-
ternal standard (200 ug/m/) was added to the rumen juice
samples. The internal standards used in the present study
were sulfadimethoxine, SA and SDZ for SDD, SDZ and SA,
respectively. Subsequently, five milliliters of ethyl acetate
was then added. The mixtures were vortexed for 30 sec and
then centrifuged at 3,000 g for 10 min at 5°C. The obtained
supernatants were transferred into pear-shaped flasks and
evaporated to dryness at 30°C. The residue was reconstituted
in 500 u!/ of the mobile phase and filtered using the 0.45-um
HPLC filter. Fifty microliters of the filtrate was injected into
the HPLC column.

The mobile phases used were a mixture of 50 mM acetate
buffer (pH 5) and acetonitrile (75:25, v/v) for SDD, a mixture
of 50 mM acetate buffer (pH 4) and acetonitrile (75:25, v/v)
for SDZ, and a mixture of 50 mM acetate buffer (pH 5) and
acetonitrile (80:20, v/v) for SA. Analytical separation was
accomplished using a reversed-phase Cg column (Mightysil
RP-8 GP, 4.6 um x 250 mm, Kanto Chemical Co., Tokyo,
Japan). The flow rates were 0.8 m//min. The wavelength of
the detector was 270 nm.

The recoveries of SDD, SDZ and SA from plasma samples
at 1 ug/ml (n=5) were 109.2 +2.00%, 87.9 + 1.52% and 95.0
+ 1.75%, while those from rumen juice samples at 10 ug/m/
(n=5) were 83.5 £+ 2.06%, 84.3 + 2.09% and 88.1 + 2.35%,
respectively. The inter-day CV values for plasma samples
ranged from 1.67 to 2.14% for SDD, 0.63 to 3.84% for SDZ
and from 1.21 to 2.29% for SA, while those for rumen juice
samples ranged from 1.86 to 2.79% for SDD, 1.96 to 5.24%
for SDZ and 1.61 to 3.57% for SA (n=5, 3 times).

Statistical analysis
Data were expressed as the mean + standard deviation.
Pharmacokinetic parameters relating to oral drug absorption
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were statistically analyzed. Differences in the mean values
between groups were analyzed by Scheffé’s multiple com-
parison test after a one-way ANOVA single factor test. Equal
variances among the groups were confirmed by the Bartlett
test. Differences were considered significant when P<0.05.

Pharmacokinetic analysis

The plasma concentration-time curves of SDD, SDZ and
SA after their intravenous administration fit well with the
one compartment model. Therefore, the curves obtained
after the intravenous injections (Cp;, (¢)) and those after their
oral administration (Cp,, (#)) were described by Egs. 1 and
2, respectively.

Cpiy(t) = 2 e~kert (Eq.1)

Dose'F ka

v e 6T (Bad)

Cppo (t) =

Equations 1 and 2 were simultaneously fit to the plasma
concentration-time curves after the intravenous injections
and oral administration to the same goats, respectively, in
order to calculate pharmacokinetic parameters by the non-
linear least-squares method using the curve fitting program,
MULTI [15].

Several pharmacokinetic parameters were calculated by a
non-compartmental analysis. The area under the concentra-
tion versus time curve (AUC) was calculated by the trape-
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zoidal method (from time zero to the last sampling time) and
integration (from the last sampling time to infinity). Total
body clearance (CL,), bioavailability (F), mean residence
time (MRT), mean absorption time (MAT), elimination half-
life (t;)5)) and distribution volume at a steady state (V y)
were calculated by conventional methods.

RESULTS

The plasma concentrations against time curves obtained
after a single intravenous or oral dosing of SDD, SDZ or
SA are shown in Fig. 1. The plasma concentrations of SDD,
SDZ and SA rapidly increased and peaked at 2.0, 6.0 and 7.8
hr (Table 1), respectively, after their oral administration, and
this was followed by their slow elimination. On the other
hand, their plasma concentrations decreased rapidly after
the intravenous injections with markedly shorter half-lives
(Table 1), indicating a flip-flop phenomenon after the oral
administration of the three drugs.

As shown in Table 1, a pharmacokinetic analysis revealed
the different absorption profiles of the three sulfonamides
in Shiba goats after their oral administration. The MAT and
t12ka Of SDZ were significantly longer than those of SDD
and SA. The order of MAT values was different from that of
the unionized fraction at pH 6.5 (SA>SDD >SDZ, see Table
2) and was also different from that of partition coefficients
at pH 6.5 (SDD >SDZ >SA, see Table 2). The oral bioavail-
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Plasma concentration-time curves of a) sulfadimidine (SDD), b) sulfadiazine (SDZ) and c) sulfanilamide

(SA) after their single intravenous (opened circles) and oral administration (closed circles) to Shiba goats
at a dose of 10 mg/kg body weight. Each point and vertical bar represent the mean and standard deviation,
respectively (n=5). Each line was calculated by Eq. 1 or 2 using the pharmacokinetic parameters in Table 1.



1028

M. ELBADAWY ET AL.

Table 1. Pharmacokinetic parameters of sulfadimidine, sulfadiazine and sulfanilamide in Shiba goats (n=>5)
after their intravenous and oral administration at 10 mg/kg body weight

Parameter Unit Sulfadimidine Sulfadiazine Sulfanilamide
ka hr! 0.136 £0.017 > 0.064 + 0.006%) 0.097 £ 0.023%b
t/2ka hr 5.17 £0.663» 10.9 £ 1.08%9) 7.46 £ 1.701
Ke hr! 0.728 £0.357 0.454 +0.073 0.188+0.016
/2kel hr 1.09 £ 0.378 1.56 £0.274 3.71 £0.340
Cnax ug/ml 2.14+1.05 2.70 £ 0.568 2.08 +0.379
Thnax hr 2.00+1.23 6.00 + 0.00 7.80 + 1.64
F % 41.6+14.9 79.8 +13.0 48.1+1.79
F* % 449 +16.4 83.9+17.0 492 +2.11
MAT hr 7.52 +0.850 13.2+£2.0229 9.09 + 1.67%
MRT,, hr 1.61 +0.564 2.13 +0.337 5.33 +0.396
MRT,, hr 9.13+£1.02 153+1.93 14.4+1.98
AUC;,, wug-hr/ml 552+31.3 55.0+4.74 81.3+19.9
AUC ug-hr/ml 22.5+13.3 46.0+9.18 39.8 +8.95
CL I/hr/kg 0.311 +£0.329 0.183 £0.016 0.129 £ 0.031
Vs kg 0.374 £0.207 0.386 +0.033 0.683 £0.144

Each value represents mean + SD (n=5). a) significantly different from sulfadimidine, b) significantly different from
sulfadiazine, c) significantly different from sulfanilamide. ka=absorption rate constant; t ;. =half-life of absorp-
tion; k=elimination rate constant; t; »;=half-life of elimination; C,,,=maximum plasma concentration; T, =time
to maximum plasma concentration; F=bioavailability calculated by a compartmental analysis; F*=bioavailability
calculated by a non-compartmental analysis; MAT=apparent mean absorption time; MRT; ,=mean residence time
after an i.v. injection; MRT,, , =mean residence time after p.o. administration; AUC; ,=area under the plasma con-

p.o.
centration—time curve after an i.v. injection; AUC, ,=area under the plasma concentration-time curve after oral

administration; CL=total body clearance; V j,=volume of distribution at a steady state.

abilities of SDD and SA were less than 50% and lower than
that of SDZ.

Table 2.  Physicochemical parameters and MAT of sulfadimidine,
sulfadiazine and sulfanilamide

The recovery of sulfonamides from rumen juice samples Sulfonamides  pKa (f,) P p* MAT (hr)

. . o
afteroa f%4-hr 1nculiiat10n was 880.6fi 4.61 A;}for SDll), 89.9 + Sulfadimidine 7.5 (90%) 1.96+£0.162 216  7.52+0.85
3.61% for SDZ and 76.5 + 4.85% for SA. These values were Sulfadiazine 6.5(50%) 0468+0.049 0935 1324202

markedly higher than those for bioavailability, suggesting
that SDD and SA were exposed to the extensive ‘first-pass’
effect of the liver.

DISCUSSION

Oral drug absorption is generally more complex and
unpredictable in ruminants and may exhibit markedly dif-
ferent kinetics from those in monogastric species, and these
differences have been attributed to the unique anatomical
and physiological features of the gastrointestinal tract in ru-
minants. The forestomach (rumen, reticulum and omasum)
is a large volume compartment (100-225 / in cattle and
10-24 [ in sheep and goats), which may result in the dilu-
tion and long residence time of drugs in the forestomach [1].
Furthermore, the inner structure of the forestomach is lined
by a keratinized stratified squamous epithelium, which may
also contribute to the slow absorption of drugs. We previ-
ously reported the marked absorption of diclofenac from
the forestomach of Shiba goats after its oral administration
and suggested that this may have been due to the high lipid
solubility of the drug [4]. Therefore, we herein examined the
absorption profiles of SDD, SDZ and SA, which have differ-
ent pKa, but similar lipophilicities (Table 2) after their oral
administration to Shiba goats.

Marked differences were observed in the oral absorption

Sulfanilamide 10.5(99.9%) 0.257+0.047 0.257 9.09 £ 1.67

f,: unionized fractions (calculated at pH 6.5), pKa: referred from refer-
ences 8 and 13, P: partition coefficient between octanol and phosphate
buffer at pH 6.5, P*: intrinsic partition coefficient calculated from the
apparent partition coefficient and pKa in the table, MAT: mean absorp-
tion time in the present study.

profiles of the three sulfonamides. The absorption rate of
SDZ from the forestomach of goats may have been mark-
edly slower, because of its longer MAT and t; 5, than those
of SDD and SA. The pKa values of SDZ, SDD and SA were
previously reported to be 6.5, 7.5 and 10.5, respectively [8,
13], suggesting that 50% of SDZ molecules are unionized,
SDD molecules mainly exist in an unionized form (90%),
and SA molecules are mainly unionized (more than 99.9%)
in the rumen juice because its pH value was 6.5 in this study,
as has been reported previously [3, 6]. Therefore, the slow
absorption rate of SDZ from the forestomach may have been
due to its lower degree of unionization than SDD and SA in
the rumen juice.

A comparison of the MAT of SDD in the present study
with that of SMM in our previous study on Shiba goats [4]
revealed that the MAT of SDD (7.52 = 0.85 hr) was less
than half that of SMM (15.1 + 4.7 hr), whereas the partition
coefficients of octanol and the buffer (pH=6.5) were nearly
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similar; that of SDD was 1.96 + 0.16 (Table 2), and that of
SMM was 1.72 + 0.17 (determined by the method used in
the present study). However, the percentage of the unionized
fraction in the rumen juice (pH 6.5) was different (approxi-
mately 90% for SDD and 30% for SMM). Therefore, SDD
may have been absorbed more from the forestomach than
SMM, because of its markedly higher unionization in the
rumen juice, suggesting that drugs with high unionization
are largely absorbed from the forestomach of ruminants.

No significant differences were observed in the MAT be-
tween SDD and SA (Table 1), and may have been because of
the nearly similar degree of unionization of both drugs in the
forestomach (Table 2). Therefore, the degree of unionization
may be an important factor for the absorption of drugs from
the forestomach after their oral administration.

The plasma concentration curves of three sulfonamides
shown in Fig.1 revealed at the flip-flop phenomena. These
flip-flop kinetics occur when the absorption rate constant
(ka) is smaller than the elimination rate constant (k), and
therefore, the slope of the terminal log-linear phase after oral
administration of a drug reflects the absorption rate constant.
As listed in Table 1, ka values of three drugs were smaller
than k. values in the same way. When oral pharmacokinetics
exhibits flip-flop phenomena, the determining factor of T,
is function of the drug elimination results in the shorter T,,..
The elimination half-life (1.09 hr) of SDD was shorter than
half-lives (1.56 and 3.71 hr) of other two drugs (SDZ and
SA).Therefore, the elimination of SDD in shiba goat may
have been fast enough to acheve C,,,, more rapidly (2.00 hr
of Tax) than SDZ or SA after their oral administration.

The slow absorption kinetics of three sulfonamides after
their oral administration to male Shiba goats were shown in
this study. The oral pharmacokinetic profiles of SDD in pigs
were reported [7]. The absorption of SDD was shown to be
fast in monogastric animal. The obtained k, values (0.498
hr! in pigs) were markedly higher than those obtained from
the Shiba goats in the present study (0.136 hr!). The slow
absorption rate of sulfanomaides in the Shiba goats may be
due to their long residence time in the forestomach.

We suggested that the lower bioavailability (44.9% as
F*) of SDD after oral administration was mainly due to the
considerable ‘first-pass’ effect in the liver because of its fast
elimination rate (0.728 hr! as k). The oral bioavailability
of SDD was low (26.4%) in dwarf goats and attributed this
to a consequence of the marked hepatic ‘first-pass’ effect
as reported previously [14]. It was also found that the oral
bioavailability of a SDD solution was low (58.3%) in sheep
[2]. Another study also suggested that the low bioavailability
of sulfamethoxazole after its oral administration to goats was
most likely due to the hepatic ‘first-pass’ effect [10]. On the
other hand, although the slow elimination of SA (0.188 hr™1)
couldn’t explain the low oral bioavailability, the low stability
(76.5%) of SA in rumen juice might explain the low bio-
availavility of SA after its oral administration. These find-
ings may support our suggestion regarding the incomplete
bioavailability of SDD and SA in the present study.

In conclusion, the results of the present study suggest
that drugs that are highly unionized in rumen juice as well

as highly lipophilic may be mainly absorbed from the fore-
stomach of goats, indicating that an oral route is suitable for
such drugs, even in ruminants.

REFERENCES

1. Baggot, J. D. 1977. Principles of drug disposition in domestic
animals. pp. 22—47 In: The Basis of Veterinary Clinical Pharma-
cology, 1st ed. (Baggot, J. D. ed.) Saunders, Philadelphia.

2. Bulgin, M. S., Lane, V. M., Archer, T. E., Baggot, J. D. and
Craigmill, A. L. 1991. Pharmacokinetics, safety and tissue
residues of sustained-release sulfamethazine in sheep. J. Ver.
Pharmacol. Ther. 14: 36—45. [Medline] [CrossRef]

3. Doménech, J., Alba, M., Morera, J. M., Obach, R. and Pla Del-
fina, J. M. 1985. Gastric, intestinal and colonic absorption of
metoprolol in the rat. Br: J. Clin. Pharmacol. 19 Suppl 2: 855—
89S. [Medline] [CrossRef]

4. Elbadawy, M., Sakiyama, T., Abohatab, R., Sasaki, K. and
Shimoda, M. 2015. Oral pharmacokinetics of the acidic drugs,
diclofenac and sulfamonomethoxine in male Shiba goats. J. Vet.
Med. Sci. 77: 21-26. [Medline] [CrossRef]

5. Hogben, C. A. M., Tocco, D. J., Brodie, B. B. and Schanker, L.
S. 1959. On the mechanism of intestinal absorption of drugs. J.
Pharmacol. Exp. Ther. 125: 275-282. [Medline]

6. Isac, M. D., Garcia, M. A., Aguilera, J. F. and Molina Alcaide, E.
1994. A comparative study of nutrient digestibility, kinetics of di-
gestion and passage and rumen fermentation pattern in goats and
sheep offered medium quality forages at the maintenance level of
feeding. Arch. Tierernahr. 46: 37-50. [Medline] [CrossRef]

7. Kokue, E., Shimoda, M., Sakurada, K. and Wada, J. 1988. Phar-
macokinetics of oral sulfa drugs and gastric emptying in the pig.
J. Pharmacobiodyn. 11: 549-554. [Medline] [CrossRef]

8. Moffat, A. C., Jackson, J. V., Moss, M. S. and Widdop, B. 1986.
Analytical and toxicological data: Monographs. pp. 983-991. In:
Clarke’s Isolation and Identification of Drugs in Pharmaceuti-
cals, Body Fluids, and Post-mortem Material, 2nd ed. (Moffat,
A. C., Jackson, J. V., Moss, M. S. and Widdop, B. eds.), The
Pharmaceutical Press, London.

9. OECD. 1995. Organisation for Economic Cooperation and
Development. Guidelines for the testing of chemicals. Section
1: Physical-chemical properties. Guideline 107, partition coef-
ficient (n-octanol/water: shake flask method), Paris.

10. Ratz, V., Maas, R., Semjén, G., van Miert, A. S. P. J. A. M. and
Witkamp, R. F. 1995. Oral bioavailability of sulphonamides in
ruminants: a comparison between sulphamethoxazole, sulpha-
troxazole, and sulphamerazine, using the dwarf goat as animal
model. Vet. Q. 17: 82-87. [Medline] [CrossRef]

11. Schanker, L. S. 1966. Physiological transport of drugs. pp.
71-106. In: Advances in Drug Research. (Harper, N. G. and
Simon, A. B. eds.), Academic Press, London.

12. Shore, P. A., Brodie, B. B. and Hogben, C. A. M. 1957. The gas-
tric secretion of drugs: a pH partition hypothesis. J. Pharmacol.
Exp. Ther. 119: 361-369. [Medline]

13. Van Gogh, H. 1980. Pharmacokinetics of nine sulfonamides in
goats. J. Vet. Pharmacol. Ther. 3: 69-81. [CrossRef]

14. van Gogh, H., van Deurzen, E. J. M., van Duin, C. T. M. and
van Miert, A. S. J. P. A. M. 1984. Effect of staphylococcal
enterotoxin B-induced diarrhoea on the pharmacokinetics of
sulphadimidine in the goat. J. Vet. Pharmacol. Ther. 7: 303-305.
[Medline] [CrossRef]

15. Yamaoka, K., Tanigawara, Y., Nakagawa, T. and Uno, T. 1981. A
pharmacokinetic analysis program (multi) for microcomputer. J.
Pharmacobiodyn. 4: 879-885. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/2038093?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2885.1991.tb00802.x
http://www.ncbi.nlm.nih.gov/pubmed/4005133?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2125.1985.tb02747.x
http://www.ncbi.nlm.nih.gov/pubmed/25311913?dopt=Abstract
http://dx.doi.org/10.1292/jvms.14-0261
http://www.ncbi.nlm.nih.gov/pubmed/13642268?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7733811?dopt=Abstract
http://dx.doi.org/10.1080/17450399409381756
http://www.ncbi.nlm.nih.gov/pubmed/3236212?dopt=Abstract
http://dx.doi.org/10.1248/bpb1978.11.549
http://www.ncbi.nlm.nih.gov/pubmed/8525600?dopt=Abstract
http://dx.doi.org/10.1080/01652176.1995.9694538
http://www.ncbi.nlm.nih.gov/pubmed/13417090?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2885.1980.tb00410.x
http://www.ncbi.nlm.nih.gov/pubmed/6512920?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2885.1984.tb00915.x
http://www.ncbi.nlm.nih.gov/pubmed/7328489?dopt=Abstract
http://dx.doi.org/10.1248/bpb1978.4.879

