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Chairman: George T. Edds 
Major Department: Animal Science 

This experiment was designed to 1) develop a high performance liquid 

chromatographic procedure for separation and quantitation of sulfonamides, 

especiaily sulfisoxazole and its metabolites and 2) to compare the 

toxicity and pharmacokinetics of sulfisoxazole, a water-soluble sulfona- 

mide, in 3 monogastric species, humans, dogs, and swine. 

An accurate, sensitive, and specific high performance liquid 

chromatographic technique was developed for separation of sulfanilamide, 

sulfaguanidine, sulfamerazine, sulfamethazine, sulfapyridine, sulfisoxa- 

zole, acetylsulfisoxazole (n’)y, and sulfathiazole from a biological 

matrix. Spiked serum samples were analyzed by injecting 20.0 ul onto au 

Bondapak Cig column with absorbance measured at 254 nanometers. The 

mobile phase was 50.0% double-distilled water/50.0% methanoi (pH 7.45) 

for the separation and quantitation of sulfanilamide and sulfaguanidine. 

The 6 other sulfonamides used a 60.0% double-distilled water/40.0% 

methanol with acetate buffer (pH 4.00) mobile phase. Serum could be 

injected directly in the system, equipred with an inline filter con- 

taining Corasil Cig> deproteinated with methanol (1:1) before injection 

Xiv



or filtered through 0.45 up filters without loss of resolution. Urinary 

extraction of sulfisoxazole and its metabolite, acetylsulfisoxazole cnt) | 

involved cooling 25.0 ml of urine to 4°C, acidifying to pH 3.00 with 

concentrated hydrochloric acid and extraction into chloroform. Total 

serum and urinary sulfisoxazole were determined by boiling the acid 

hydrolysate for 1.0 hour at 100°C and performing the respective extrac- 

tion and separation techniques previously described. 

Six individuals from each species were administered a solution of 

sulfisoxazole after a 12-hour fasting period. The trial was conducted 

over a 72-hour period after intravenous administration and a 96-hour 

period after oral administration in dogs and swine and over an 8-hour 

period after oral administration in humans. 

Analysis of the pharmacokinetic profiles of each species showed 

that dogs were more similar to humans than swine. However, differences 

did exist for biological half-lives, distribution constants, volumes of 

distribution, bioavailability, metabolism to the acetyl (Nn) derivative, 

and urinary excretion rates among all 3 species. Total and conjugated 

bilirubin showed small but statistically significant increases (p < .01) 

in dogs after oral and intravenous administration of sulfisoxazole 

(100 mg/kg) and in swine after oral administration of sulfisoxazole 

(100 mg/kg). The potentially toxic, indirect, or unconjugated bilirubin 

showed small but statistically significant (p < .01) increases in dogs 

after oral administration of sulfisoxazole. A similar increase was not 

observed in swine or humans. 

Total and conjugated bilirubin were significantly (p < .01) correlated 

in dogs after oral and intravenous administration and in swine after oral 

administration of sulfisoxazole. The increase in conjugated bilirubin, 

xV



along with a concomitant increase in total bilirubin, could be due to 

hepatic induction of glucuronidating capacity or regurgitation of con- 

jugated bilirubin from the hepatocyte instead of excretion into the bile. 

There was also a significant negative correlation (p < .01) in con- 

jugated and indirect bilirubin, while total bilirubin increased, in 

dogs after oral and intravenous administration of sulfisoxazole. 

Dogs appear to be more similar to humans in the pharmacokinetics of 

sulfisoxazole and the potential toxicity of bilirubin could be greatest 

in dogs. The toxicity of indirect or unconjugated bilirubin is dependent 

on a species difference with dogs being the most affected and ona 

route of administration difference with the oral route being more likely 

to induce toxicity than an intravenous route of administration. 
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INTRODUCTION 

Sulfisoxazole, a pharmaceutical agent regularly used for urinary 

tract infections, may be a potentially toxic compound due to the increase 

in serum bilirubin levels after administration, has the potential for 

inducing bacterial resistance due to long term, low level exposure 

tarough the food chain and is a possible environmental contaminant, 

especially in urban sewage. In order to evaluate the absorption, dis- 

tribution, metabolism, and excretion of sulfisoxazole, it was necessary 

to establish the pharmacckinetic parameters in human and animal model 

systems. 

This trial was to 1) find a rapid high performance liquid chromato- 

graphic method for detecting sulfonamides, especially sulfisoxazole and 

its metabolites, in a biological matrix, and 2) to compare the pharmaco- 

kinetics and potential toxicity of sulfisoxazole in humans, dogs, and 

swine in order to define a better animal model to correlate with human 

research.



REVIEW OF LITERATURE 

The medical and public health importance of the discovery of sulfona- 

mides as the first effective chemotherapeutic agents was reflected by a 

sudden decline in morbidity and mortality due to infectious diseases (24). 

Paul Ehrlich, the founder of modern chemotherapy, initiated the 

concept of the use of azo dyes as antibacterial agents (24). Sulfonila- 

mide (aminobenzene sulfonamide) was first prepared by Gelmo in 1908 during 

the investigation of azo dyes. A drug use patent was issued to Klarer 

and Mietzsch in 1932 for Prontosil and other azo dyes containing a 

sulfonamide radical. In the same year, Domagk, working with Klarer and 

Mietzsch, observed that mice infected with streptococcal bacteria could 

be protected by Prontosil (14, 15). 

At the Pasteur Institute, researchers found that the azo linkage of 

Prontosil was split in vivo to yield para-aminobenzenesulfonamide which 

was thought to be the active chemotherapeutic agent (54). Colebrook and 

Kenney (13) and Buttle et al. (8) reported favorable clinical results 

with Prontosil which prompted the synthesis of more than 4500 sulfonamide 

derivatives in the United States by 1943 (22). 

The method of action of sulfonamides is based on the absorption into 

the bacterial cell in its non-ionized form. After partial dissociation, 

it competes with ionized para~aminobenzoic acid (PABA). This competition 

inhibits bacterial growth by preventing PABA from being incorporated 

into pteroylglutamic acid (folic acid) which is reduced to tetrahydrofolic



acid, a coenzyme essential for carbon metabolism (19, 59). Although 

inhibition of pteroylglutamic acid synthesis is immediate, the effective- 

ness of sulfonamides is restricted to bacteria which require or synthesize 

pterovylglutamic acid during the growth phase. A log phase or latent 

period, which is determined by the concentration of stored pteroyl- 

glutamic acid, occurs between the administration of sulfonamide and its 

bacteriostatic effect (52). 

The structure-activity relationship of sulfonamides is such that the 

para-amino group cn’) is essential and can only be replaced by such 

radicals that can be converted in vivo into a free amino group. The 

-SO,NH, (xt) group is not essential but the linkage of sulfur directly 

to the benzene ring is of utmost importance (24). The more electro- 

negative the -S0, group the greater is the bacteriostatic activity since 

the tonic form is more active than the molecular form (3). This knowledge 

led to the early synthesis of sulfisoxazole by Hoffman-LaRoche in 1947 

(32) and its use patent for microbial infections. Since sulfisoxazole 

is readily ionized and excreted by glomerular filtration, it is used 

primarily for urinary tract infections (37 

Sulfisoxazole 

The therapeutic index of sulfonamides is relatively low so complete 

bioavailability is important to maximize the percentage of patients who 

will obtain a favorable therapeutic response from the drug (4). Sulfi- 

soxazole or sulfafurazole (3,4 dimethyl-5-sulfanilamido-isoxazole) is a 

white-yellowish, odorless, slightly bitter, crystalline powder with a PK, 

of 4.9 (32), is relatively non-toxic, and is able to control experimental
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bacterial infections (45). It is distributed in the extracellular fluid 

and fails to enter cells (29, 58). Therefore, the administration of 

sulfisoxazole results in a plasma concentration which is three times 

higher than that preduced by an equal quantity of sulfanilamide (52). 

Blood Concentration of Sulfisoxazole 

Previous pharmacokinetic studies in dogs, swine, and cattle only 

determined mean blood levels of "free" (unbound) sulfisoxazole (9, 21). 

In these experiments, the mean blood level was highest 4 to 8 hours after 

oral administration. In clinical trials with dogs given 0.78 to 2.33 

grams per day orally, a maximum blood concentration, 2.8 to 29.0 mg/100 cc 

blood, was attained. Intravenous administration to dogs (21), 199.6 

mg/kg body weight, resulted in 22.5 mg of free drug/100 cc blood at 

1 hour in 4 dogs; produced 26.4 mg of free drug/100 ce blood in 1 dog; 

and 299.4 mg/kg produced 26.8 mg of free drug/100 cc blood in 3 dogs. 

Subcutaneous administration to dogs (21) resulted in a maximum blood 

concentration 4 hours after administration. Administration of 199.5 

mg/kg body weight resulted in 14.5 mg of free drug/100 ml blood while 

213.8 mg/kg resulted in 13.2 mg of free drug/100 ml blood. Oral adminis- 

tration of 2.0 gm of sulfisoxazole to 4 dogs (40) resulted in a peak 

plasma level of 13.6 mg/100 ml of whole blood. 

The only administration reported in swine was by intraperitoneal 

injection (21). The peak blood level was 25.4 mg of free drug/100 ml 

blood at 1 hour after receiving a dose of 201.5 mg/kg body weight. 

In desing children (39), administration of a single oral dose of 

159 mg/kg body weight resulted in 13.5 mg of free sulfisoxazole/100 ml 

ef serum after 3 hours and 3.8 mg/100 mi after 12 hours. An oral dose



of 100 mg/kg resulted in 9.2 mg of free drug/100 ml of serum at 3 hours 

and 2.2 mg/100 ml at 12 hours. Svec et al. (53) observed that after oral 

ingestion of a single 2.0 gm oral dose in adults, the mean blood concen- 

tration of free sulfisoxazole was 9.0 mg/100 ml. Randall et al. (40) 

administered an oral dose of 2.0 gm every 4 hours for 4 doses to 6 adults, 

which produced a mean blood concentration of 21.0 mg of total sulfisoxa- 

zole/100 ml at 10 hours after the initial dose; the free sulfisoxazole 

concentration was 18.0 mg/100 ml at 10 hours. Loughlin and Mullin (28) 

dosed 5 adults orally with 2.0 or 4.0 em of sulfisoxazole with whole 

blood concentrations of free sulfisoxazole of 3.5 and 3.6 mg% at 2 and 4 

hours, respectively, for the 2.0 gm dose; the 4.0 gm dose produced whole 

blood concentrations of 7.4 and 7.3 mg% at 2 and 4 hours, respectively. 

By 16 hours, the concentration was 40% of the 4 hour level for both the 

2.0 and 4.0 gm dose and by 28 hours the blood level had decreased to 27% 

of the 4 hour-2.0 gm dose and 22% of the 4 hour-4.0 gm dose. 

The first complete pharmacokinetic profile in humans was conducted 

by Kaplan et al. (26). Seven healthy adults administered a 2.0 gm single 

oral dose had a mean absorption rate constant of 668.12 mg/hr, a half 

life of 5.83 hr, peak plasma time of 2.5 hr with 168.7 ug/ml. Intravenous 

administration of a single 2.0 gm dose to the same 7 volunteers resulted 

in an initial plasma concentration of 259.03 ug/ml, a half life of 

5.89 hr, and a volume of distribution of 16.37% of body weight. When 

11 different sulfisoxazole tablets (500 mg) were administered to human 

volunteers (49), the peak plasma level was 45.5 to 57.5 ug/ml in 3 hours 

or less; the half life was 8.5 hours.



Metabolism of Sulfisoxazole 

Saturable first pass conjugation of the aromatic amino group (n*) 

of sulfisoxazole occurs during the initial passage of the drug from the 

gastrointestinal lumen through the liver following oral administration. 

The extent of conjugation increases as the oral dose decreases which is 

consistent with saturable first pass conjugation. This does not occur 

with intravenous administration which indicates that dose dependent con- 

jugation occurs before the drug reaches the systemic circulation. By 

inhibiting the motor activity of the stomach and small intestine to slow 

drug absorption, one is able to increase conjugation of the drug (4). 

Nelson and O'Reilly (33) reported that mean half-life for formation 

of the acetyl conjugate from sulfisoxazole is 30 hours. The mean half- 

life of the acetyl derivative was 9.0 hr which was longer than the half- 

life of the parent compound (7.9 hr). Loughlin and Mullin (28) reported 

14.2% of 2.0 and 4.0 gm oral doses were conjugated within 36 hours while 

Weinstein (58) reported 28 to 35% is acetylated. 

When acetyl (nt) sulfisoxazole is administered orally, the enzymes 

responsible for Ne conjugation are saturated so the fraction metabolized 

to the no acetyl derivative decreases as the oral acetyl (nt) sulfiscoxa- 

zole dose increases (4). Flake et al. (20) supported this concept by 

reporting 15% of sulfisoxazole is in the N’-acetylated form when acetyl 

(nt) sulfisoxazole is administered. Bloedow (4) suggested that the high 

degree of protein binding of sulfisoxazole may spare its first passage 

metabolism to the Ne acetyl derivative, leaving more of the parent drug 

available for its pharmacological action.



Protein Binding of Sulfisoxazole 

The binding of a drug to plasma proteins affects its activity, dis- 

tribution, rate of metabolism, and glomerular filtration (38). This 

degree of binding is influenced by the molecular structure of the drug, 

its lipid solubility, PK,» the concentration and affinity for plasma 

proteins, the number of binding sites, the presence of competitively 

binding drugs or endogenous compounds, and the physiological or patho- 

logical state of the subject (7, 41, 44, 50). The degree of protein 

binding increases near the pK, (1). With a low (acidic) pK.» a high 

degree of drug binding occurs at physiological pH while unionized drugs 

are slightly bound. The conjugation of methyl groups will increase the 

binding tendency of a drug (1). 

Albumin has a greater binding effect on sulfisoxazole than alpha- 

or gamma-globulins (10). Experimental binding of sulfisoxazole in vitro 

(5% albumin, pH 7.4, 25°C) resulted in 98.2% as bound, 1.8% as free base, 

and 0.006% free acid (1) which is expected since sulfisoxazole has an 

acidic pk, and 2 methyl groups. In vivo experiments in humans resulted 

in approximately 25% of the total sulfisoxazole being bound to plasma 

protein (40). The protein bound fraction acts as a reservoir between the 

ineffective and toxic levels of the biologically active, unbound, un- 

metabolized fraction (7) but there appears to be no correlation between 

the half-life in man and the percentage which is protein bound (42). 

Toxic Effects of Sulfisoxazole 

Sulfonamides as a class of chemotherapeutic agents are considered to 

be toxic due to precipitation in the kidney, producing crystalluria (24).
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The infrequency of renal toxicosis (crystalluria) of sulfisoxazole is due 

to the exceptionally high water solubility of the free and conjugated 

(acetyl) fractions within the physiological pH range (28, 45). 

Clinical toxicities have been induced by sulfisoxazole competing for 

the same binding sites as warfarin (46) and furosemide (38, 47), inducing 

hemolytic anemia due to glucose-6-phosphate dehydrogenase deficiency 

(30), inhibition of anticoagulant factor VIII (56), hypersensitivity (9), 

anorexia (60), agranulocytosis (60), aplastic anemia (60), and a case of 

myocarditis, myositis, and vasculitis associated with severe eosinophilia 

following sulfisoxazole therapy (18). 

In young, 100 gm laboratory rats, hyperplasia of thyroid glands 

occurred with diets of 0.5 and 1.0% sulfisoxazole for 13 weeks. These 

rats did not exhibit any change in growth rate, agranulocytosis or 

aplastic anemia. At 2.0% of the diet, a delayed growth rate, decreased 

white blood cell count, and bone granulocytes occurred (40). The oral 

lethal dose for 50% of mice tested (LD50) was 10.0 gm/kg of lithium and 

sodium sait (45). The LD50 for an intravenous dose was 2.5 mg/kg and 

2.3 mg/kg for the lithium and sodium salt, respectively; the subcutaneous 

route of administration produced an LD50 at 5.0 and 2.8 mg/kg for the 

lithium and sodium salt, respectively. 

Kernicterus has been reported in infants with increased levels of 

serum bilirubin in premature infants treated with sulfisoxazole (27, 34, 

48, 51). Kernicterus occurred when unconjugated or indirect bilirubin 

was less than 20 mg% in 24 infants, less than 17 mg4 in 15 infants, and 

less than 15 mg%Z in 11 infants. These occurrences were enhanced by prior 

acidosis, hypercapnia, and hypothermia (51).
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Plasma samples from 6 adults showed that sulfisoxazole concentraticns 

above 5 mg/100 ml had a significant displacing affect on bilirubin in 

vitro (36). When compared to the displacing effects of salicylic acid, 

salicyluric acid and aspirin to sulfisoxazoie at 10 mg/100 ml concentra- 

tions, the most pronounced effect was observed when sulfisoxazole displaced 

bilirubin from plasma samples of 6 adults and 13 infants in vitro (36). 

The displacement bilirubin is due to competition for similar binding 

sites on the albumin molecule (35). 

Urinary Excretion of Sulfisoxazole 

Sulfisoxazole is actively secreted in the proximal renal tubule in 

dogs and humans. Tubular reabsorption is a passive process which depends 

on urinary pH (12). 

After single doses of sulfisoxazole, 83% was recovered in human 

urine within 24 hours while 45% was excreted within 48 hours in dogs 

(40). Kaplan et al. (26) reported a mean of 52.9% of sulfisoxazole was 

recovered as the "free" drug within 48 hours after a 2.0 gm intravenous 

dose in humans while 51.6% was recovered after a 2.0 gm oral dose. The 

total sulfisoxazole recovered in 48 hours was 91.5% and 97.0% for the 

2.0 gm intravenous and oral dose, respectively. Weinstein (58) reported 

30% of the total sulfisoxazole excreted was in the acetylated form. 

Pharmacokinetics 

Pharmacokinetics has been defined as the quantitative study of the 

absorption, distribution, metabolism, and excretion of drugs and their 

pharmacologic, therapeutic, and toxic responses in animals and man (31).
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The purposes of pharmacokinetics are to reduce the mathematical data 

collected from an organism to meaningful parameters which can be used 

to make predictions on the results of future experiments or of host 

studies which would be too time consuming and costly if carried out 

individually (57). 

Absorption Rate Constant and Bioavailability 

The first order absorption rate constant (k) is a mathematical 

description of the rate at which the drug reaches the general circulatory 

system after administration. A semi-logarithmic plot of serum concen- 

tration (C,) versus time (t) is required with a second plot of the points 

obtained by using the method of residuals. The slope (m) of this line 

can then be used in determining the absorption rate constant by equation 1 

(23, 57). 

k= (-m) (2.3) Eq. 1 

With sulfonamides, the calculated absorption rate constant (k.) can be 

the elimination rate constant (ka). This can be checked by comparing the 

Ka of an intravenous dose with the k, of an oral dose; if these are not 

equal, the calculated ko the faster rate constant, is the kG (57). 

Bioavailability (F) is a term used to indicate a measurement of both 

the amount of administered drug which reaches the circulation and the 

rate at which this occurs (25). The bioavailability depends on 1) the 

rate and extent of release of the drug from the dosage form and 2) the 

"first pass" effect where only a certain fraction of the drug presented 

to the gastro-intestinal system reaches the general circulation intact. 

The bioavailability (F) of a drug is calculated from a ratio of the oral
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blood concentration (Cc), volume of distribution (Va), the absorption 

(k.) and elimination (k 4) constants, and the dose (D), equation 2. 

Cc Vv, (k_ - k,) -k,t -k t =-1 
_ d d d re Oa } (e -e *) Eq. 2 

A better measure of bioavailability (F) is determined by comparing 

the area under the plasma curve after an oral dose (AUC, g.? with the 

area under the plasma curve after the intravenous administration of the 

same dose (AUC, |), equation 3. Alternatively, if the same dose is 

administered by oral and intravenous routes, one can determine bio- 

availability (F) by the ratio of the total drug excreted unchanged in 

the urine after the oral dose Uno. to the total drug in the urine 

after intravenous administration (ULs 7 ), equation 4. 

AUC ° 

Fey Eq. 3 
i.v 

Veop Oo 
F = _—— Eq. 4 

ol.v. 

Distribution 

For a compound to exert its pharmacologic effect, distribution must 

Occur into one or more volumes or compartments of the body. The highly 

perfused or central compartment is characterized by the heart, liver, 

and lungs and exchange between these tissues and the blood is very rapid. 

The poorly perfused tissue characterized by muscle, fat, and skin and the 

negligible perfused group characterized by the bone, teeth, hair, and 

connective tissue compose the peripheral and deep compartments,
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respectively, in which there is slow exchange between these tissues and 

the blood (57). Since the blood is the common carrier for distribution 

and urine is the most common method of excretion of a drug, monitoring of 

the blood concentration and urinary excretion rate of the drug will allow 

one to draw mathematical relationships as to the absorption, distribution, 

and elimination of a compound (23). 

The apparent volume of distribution (Vv) is a mathematical expression 

for estimating or defining how extensively the drug is distributed 

throughout the body. The lipid solubility, the degree of plasma protein 

binding, and the cardiac output will affect the distribution of the 

drug (57). 

The apparent volume of distribution (Vy) of a drug is computed from 

a semi-logarithmic plot of the plasma concentration (Cc) versus time (t) 

after a known dose (D) of drug is administered intravenously, equation 5, 

where the initial plasma concentration (c) is extrapolated. 

D= (c) VD) Eq. 5 

Elimination 

The elimination rate constant (k) can be calculated from semi- 

logarithmic plots of the plasma concentration versus time and from the 

urinary excretion rate versus time by determining the slope of the 

plotted line (m) and using equation 6 (57). The elimination rate 

constant has the unit of reciprocal time (57). 

ka = (2.3) (-m) Eq. 6
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The biological or elimination half-life (ty) of a drug is derived 

from a graphic plot of the logarithm of the plasma concentration (c) 

versus time (t) in which the slope of the line (m) is used to calculate 

a first order elimination or disposition rate constant (k,), equation 7 

(57). 

net Eq. 7 

The biological half-life is defined as the time it takes for the drug 

concentration to be reduced by one-half (23) and is usually referred to 

in relation to the serum or blood concentration. 

Urinary excretion is a major pathway for elimination for many drugs 

and their metabolites. If the drug is totally excreted unchanged, the 

renal clearance (CL) of the drug equals the plasma clearance (CL). 

There are two ways of calculating clearance which involves the dose (D), the 

total area under the plasma concentration curve (AUC), and the total 

amount excreted in the urine (A), equations 8 and 9 (57). 

DF cL. = —— Eq. 8 
P auc 

P 

A’ 

cL. =—+ Eq. 9 
AUC 

P 

Renal clearance can also be calculated from the slope of the logarithm of 

the urinary excretion rate (dA /dt) versus the plasma concentration at 

midpoints of excretion intervals cc mid? (57), equation 10. 

dA 
u 

dt 
  ) Eq. 10 

~ (CL) (C, mid
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The elimination rate constant (ky) the excretion rate constant 

(k); and the elimination half-life (ty) can also be calculated from a 

"sigma~minus"” plot. This plot involves the logarithm of the difference 

in total urinary excretion minus the amount in the urine at any one inter- 

val [log (A, - ADI versus the excretion interval or by an excretion rate 

plot of the concentration of drug excreted per unit time versus the mid- 

time interval between sampling periods (57), equations 11 and 12, 

  

respectively. 

co co kA 

log (A, - A, = log AL - 7.3 t Eq. 11 

AA k 

log —Y = log k D--%t Eq. 12 
At e 2.3 “mid q- 

Plasma Protein Binding 

Plasma proteins, especially albumin, act as binding sites for acidic 

and basic drugs. Acidic drugs, at normal body temperature and normal 

therapeutic doses, appear to bind to albumin at a single binding site, 

possibly at the N-terminal amino acid group (38). Protein binding in- 

fluences the volume of distribution, the rate of metabolism, and the rate 

of excretion (57). 

The percent or fraction of protein bound drug (f,) is calculated 

from the total serum concentration (c.) and the amount which exists as 

free, unbound unmetabolized parent drug (C.) as in equation 13 (57). 

Eq. 13



Two Compartment Model 

A two compartment model is defined as a mathematical relationship of 

the kinetics of distribution of substances in the body (57). When a two 

compartment model does exist, one must calculate a volume of distribution 

for both compartments (V, and V4), a first order rate constant for the 
1 

transfer of the drug from the central compartment to the peripheral 

compartment (kj 5) and from the peripheral compartment to the central 

compartment (ko4)> and a first order elimination constant by all pro- 

cesses from the central compartment (k, or k l 10)? assuming that etimina= 

tion only occurs through the central compartment (57). This two compart- 

ment model in which elimination occurs only from the central compartment 

is represented by the following scheme: 

Ki2 
Central —~——~ Peripheral 

Compartment ~———— Compartment 

Koy 

Kio 
Elimination 

In a two compartment model, a semi-logarithmic plot of serum or 

plasma concentration (c) versus time (t) yields two straight lines by 

least squares analysis, the distribution (a phase) and the elimination 

(8 phase) phases. The rate constant of the first or distribution com- 

partment (a) is calculated from the slope (m) of a second semi-logarithmic 

plot of the serum concentration obtained by the method of residuals, 

equation 14 (57). The rate constant for the second or elimination 

compartment (8) is calculated from the slope (m) of the least squares 

line of the semi-logarithmic serum concentration versus time graph, 

equation 15 (57).
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(2.3) (-m) RQ W 

WD Nl (2.3) (-m) 

time for the a phase and 8 phase, respectively. 

concentration (c) is the sum of A and B. 

C =A e +B et 
P 

co =A+B 
P 

(a) (8) = (ky1) (yg) 

_ Dose 

“1 7 A+B 
  

(V1) (ky) = (Vy) (R54) 

_ AB + Ba 
Ko. = A+B 

Eq. 14 

Eq. 15 

The remaining constants could then be calculated from equations 16 

Eq. 

Eq. 

Eq. 

Eq. 

Eq. 

Eq. 

Eq. 

through 22, where A and B are the extrapolated blood concentrations at 0 

The total initial blood 

16 

17 

18 

19 

I
 nh



MATERIALS AND METHODS 

High Performance Liquid Chromatographic Analysis of 

Sulfonamides by Ionic Suppression 

Materials 

Ten milligram samples of sulfanilamide,* sulfaguanidine,* sulfamera- 

zine,* sulfamethazine,* sulfapyridine,* sulfisoxazole, acetylsulfisoxa- 

zole cn’), and sulfathiazole* were dissolved in methanol? and triple 

distilled water (50/50) to give concentrations of 100, 50, and 25 ug/ml. 

Twenty microliters of these standard solutions were injected onto the 

column. Standard solutions (500 ug/ml) were added to 1.0 ml human plasma 

samples to give in vitro plasma concentrations of 100, 50, and 25 ug/ml. 

The in vitro plasma samples were incubated for 30 minutes in a 37°C water 

bath, deproteinated with methanol? (1:1), centrifuged (2000 x g) for 10 

minutes and 20 ul of the supernatent injected or 20 ul of the in vitro 

plasma sample was injected directly onto the column without deproteina- 

tion or extraction. 

An ALC/GPC 204 liquid chromatograph * was equipped with a Model 

440 3 ultraviolet absorbance detector (254 nm). A dual pen recorder** 

*Fort Dodge Laboratories, Fort Dodge, Iowa 50501. 

"Hoffman-LaRoche, Nutley, New Jersey 07110. 

tpurdick Jackson Laboratories, Muskegon, Michigan 49442. 

swaters Associates, Milford, Massachussetts 01757. 

**Houston Instruments, Austin, Texas 78753.
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was used to quantitate concentration as a function of peak height (mm). 

A u Bondapak Cig reverse-phase column* was used with a water/methanol | 

mobile phase and an in-line guard column* packed with Corasil/C,,.* The 

mobile phase was either 60/40 or 50/50 water/methanol mixture, isocratic 

7 pH of 7.45, or with acetate buffer' added to adjust the pH to 4.00 as 

confirmed by a pH electrode and meter. * The water was triple distilled 

and all analyses were conducted at ambient temperature (25°C) with a 

0.8 ml/min flow rate. 

Extraction and Separation 

The retention times of 8 sulfonamides in standard solutions of 

methanol/water are given in Tables 1 and 2. An examination of the data 

shows that, in some cases, a change in retention time occurred when the 

pH was reduced to 4.00 by the addition of acetate buffer to the mobile 

phase. The retention time of sulfamethazine was increased while the 

retention time of sulfamerazine, sulfapyridine, sulfisoxazole, and acetyl- 

sulfisoxazole (N*) was decreased when the mobile phase was 50% water/50% 

methanol (Table 1). 

When the mobile phase was changed to 60% water/40% methanol (Table 

2), the retention time was increased for sulfaguanidine, sulfamerazine, 

sulfamethazine, and sulfapyridine. The retention times for the remaining 

*Waters Associates, Milford, Massachussetts 01757. 

‘Burdick-Jackson Laboratories, Muskegon, MI 49442. 

*Glacial acetic acid, Fisher Scientific, Orlando, Florida 32809. 

5 orion Model 407A, Oricn Research, Inc., Cambridge, Massachussetts 02139.
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Table 1. Retention time (minutes) of sulfonamides in a water/methanol 
(50/50) mobile phase with acetate buffer (pH 4.00) and without 

buffer (pH 7.45). 

pH 4.00 pH 7.45 

Sulfanilamide 3.80 3.80 

Sulfaguanidine 3.70 3.70 

Sulfamerazine 4.90 4.50 

Sulfamethazine 5.00 5.45 

Sulfapyridine 4.75 4.45 

Sulfisoxazole 5.20 3.20 

Acetylsulfisoxazole in?) 7.00 2.90 

Sulfathiazole 4.00 4.00



Table 2. Retention time (minutes) of sulfonamides in a water/methanol 
(60/40) mobile phase with acetate buffer (pH 4.00) and without 
buffer (pH 7.45). 

pH 4.00 pH 7.45 

Sulfanilamide 3.75 3.05 

Sulfaguanidine 3.60 3.90 

Sulfamerazine 4.10 5.40 

Sulfamethazine 4.25 6.10 

Sulfapyridine 4.00 5.00 

Sulfisoxazole 4.20 4.20 

Acetylsulfisoxazole (nt) 5.00 4.40 

Sulfathiazole 3.75 3.30



sulfonamides were reduced except for sulfisoxazole which remained 

constant. 

When one compares the results presented in Tables 1 and 2 at pH 

4.00, it is noted the retention times of six sulfonamides were increased 

when the mobile phase was 50% water/50% methanol with acetate buffer. 

There was no significant difference in the retention times of sulfanilamide 

or sulfaguanidine in a mobile phase of 50% water/50% methanol with or 

without the buffer or if the mobile phase was 60% water/40% methanol with 

the buffer (pH 4.00). However, at pH 7.45, use of the 60% water/40% 

methanol mobile phase resulted in an increase in the retention time of 

sulfaguanidine while reducing that of sulfanilamide. 

Human plasma samples were spiked with standard solutions of sulfona- 

mides and the retention time recorded. Sulfanilamide and sulfaguanidine 

were not separable from endogenous serum peaks in the 50% water/50Z 

methanol (pH 4.00) mobile phase (Table 3). Sulfisoxazole and its no 

metabolite, acetylsulfisoxazole, were not separable from endogenous 

compounds at pH 7.45. Ionic suppression did decrease the retention time 

of sulfapyridine and sulfathiazole in plasma while that of sulfamethazine 

remained constant (Table 3). 

When the mobile phase was changed to 60% water/40% methanol (Table 

4), sulfanilamide, sulfaguanidine, and sulfisoxazole and acetylsulfisoxa- 

zole were not detectable at pH 7.45. The remaining four sulfonamides 

were detectable with an increased retention time at pH 7.45. 

By comparing Tables 3 and 4, the retention time of the detectable 

sulfonamides was increased by the 50/50 mobile phase at pH 4.00 and 

decreased at pH 7.45.
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Table 3. Retention time (minutes) of sulfonamides in spiked human plasma 
samples in a water/methanol (50/50) mobile phase with acetate 
buffer (pH 4.00) and without buffer (pH 7.45). 

pH 4.00 pH 7.45 

Sulfanilamide ND* 3.80 

Sulfaguanidine ND* 3.70 

Sulfamerazine 4.50 4.60 

Sulfamethazine 4.80 4.80 

Sulfapyridine 4.40 4.30 

Sulfisoxazole 5.10 ND* 

Acetylsulfisoxazole (n*) 6.90 ND* 

Sulfathiazole 4.25 3.95 

“ND = Not detectable due to endogenous serum components with similar 

retention times.
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Table 4. Retention time (minutes) of sulfonamides in spiked human plasma 
samples in a water/methanol (60/40) mobile phase with acetate 
buffer (pH 4.00) and without buffer (pH 7.45). 

pH 4.00 

Sulfanilamide ND* 

Sulfaguanidine ND* 

Sulfamerazine 4.10 

Sulfamethazine 4.30 

Sulfapyridine 4.00 

Sulfisoxazole 4,20 

Acetylsulfisoxazole (n°) 5.00 

Sulfathiazole 3.75 

pH 7.45 

ND* 

ND* 

4.35 

4ND = Net detectable due to endogenous serum components with similar 
retention times.
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The plasma matrix increased the retention time of sulfamerazine, 

sulfamethazine, sulfapyridine, sulfisoxazole, and acetylsulfisoxazole 

cx’) in the 50/50 mobile phase at pH 4.00 (Tables 1 and 3). The reten- 

tion time of sulfanilamide, sulfaguanidine, and sulfathiazole were not 

changed in the 50/50 mobile phase at pH 7.45. However, the retention time 

of sulfamethazine and sulfapyridine was increased in the plasma matrix 

at pH 7.45 while that for sulfamerazine decreased (Tables 1 and 3). 

With the 60/40 mobile phase, there were no significant changes in 

retention time by the plasma matrix at pH 4.00 (Tables 2 and 4). At pH 

7.45, the retention time of sulfapyridine and sulfathiazole was increased 

by the plasma matrix (Tables 2 and 4). 

When serum is the biological matrix, four of the sulfonamides are 

easily separated at either pH or mobile phase polarity. Sulfanilamide 

and sulfaguanidine are only detectable from plasma when the mobile phase 

is 50% water/50% methanol at pH 7.45, the pH value closest to their PK, 

value. Sulfisoxazole and acetylsulfisoxazole cn’) are detectable only 

after ion suppression at pH 4.00, regardless of either mobile phase. The 

endogenous serum compounds which absorb at 254 nm can be separated from 

the sulfonamides by changing pH or mobile phase polarity. Deproteination 

of plasma samples with methanol did not change the retention time of any 

sulfonamide as compared to the direct injection of the spiked plasma 

sample. Separation of combinations of sulfonamides was easily accomplished 

if the retention time differed by at least 0.1 minutes. 

Construction of concentration curves by plotting peak height versus 

10, 50, and 100 ng/ml and 10, 25, 50, and 100 ug/ml of standard solutions 

of sulfonamides in methanol/water (Figures 1 through 4) demonstrated that 

a difference in sensitivity occurred as a function of ion suppression
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Figure 1. Standard concentration curves of sulfanilamide (a), sulfa- 

guanidine (b), sulfamerazine (c), sulfamethazine (d), 

sulfapyridine (e), sulfisoxazole (f), N* acetylsulfisoxazole 

(g), and sulfathiazole (h) in a water/methanol (50/50) mobile 
phase with acetate buffer to pH 4.00.
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Figure 2. Standard concentration curves of sulfanilamide (a), sulfa- 

guanidine (b), sulfamerazine (c), sulfamethazine (d), 

sulfapyridine (e), sulfisoxazole (f), N* acetylsulfisoxazole 

(g), and sulfathiazole (h) in a water/methanol (50/50) mobile 

phase with an isocratic pH 7.45.
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and polarity of the mobile phase. The mean standard error of peak height 

at these concentrations was t 0.017. 

In Figure 1, the sensitivity of sulfaguanidine (b) at 254 nm is 

greater than sulfanilamide (a) at pH 4.00 in a 50/50 mobile phase. If 

the mobile phase remains at pH 7.45 (Figure 2), this sensitivity is re- 

versed, with sulfanilamide peak height being greater than sulfaguanidine. 

There is also a change in the slope of the other 6 sulfonamides as the 

pH changes in the 50/50 mobile phase (Figures 1 and 2). 

If the mobile phase is 60% water/40% methanol, sensitivity of the 

assays for sulfanilamide (a) and sulfaguanidine (b) are the most sensitive 

at either pH (Figures 3 and 4). Detection of the remaining 6 sulfona- 

mides varies in sensitivity at 254 nm in the 60/40 mobile phase with the 

pH change. The most sensitive mobile phase is 60/40 at pH 4.00 as shown 

by the greater slopes of each sulfonamide (Figure 3). Additional dilu- 

tion of standard solutions of sulfonamides and increased sensitivity 

settings to 0.01 a.u.f.s. (absorbance units full scale) on the ulitra- 

violet detector recorded peak heights equivalent to 10.0 ng/ml of 

sulfonamide from a single 20 yl injection without concentration or 

reconstitution of the extract (inset, Figures 1 to 4). 

The slope of the sulfisoxazole (f) curve was the same for the 60/40 

mobile phase regardless of pH (Figures 3 and 4). By comparing Figures 

1 and 2, one observes that the slope of the sulfamethazine (d) curve was 

the same for the 50/50 mobile phase at either pH 4.00 or pH 7.45. 

Sulfaguanidine (b, Figures 1 and 3) and sulfapyridine (e, Figures 2 and 

4) curves had the same slope at pH 4.00 and pH 7.45, respectively, re- 

gardless of the polarity of the mobile phase.
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Figure 3. Standard concentration curves of sulfanilamide (a), sulfa- 

guanidine (b), sulfamerazine (c), sulfamethazine (d), 

sulfapyridine (e), sulfisoxazole (f), N* acetylsulfisoxazole 

(g), and sulfathiazole (h) in a water/methanol (60/40) mobile 

phase with acetate buffer at pH 4.00.
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Optimization of the Liquid Chromatographic Procedure 

Four sulfonamides (sulfamerazine, sulfamethazine, sulfapyridine, and 

sulfathiazole) could be separated from a plasma matrix in a 50/50 or 

60/40 methanol/water mobile phase at either pH. Sulfanilamide and sulfa- 

guanidine were only separable from plasma in a 50% water/50% methanol 

mobile phase without acetate buffer (pH 7.45) due to their increased pK, 

of 10.5 and 11.3, respectively. Sulfisoxazole and acetylsulfisoxazole 

(x) were separated with either mobile phase by ionic suppression with 

acetate to reduce the mobile phase pH to 4.00. 

Sensitivity of the assays to 10.0 ng/ml of sulfonamide from 20 ul 

injections of spiked plasma samples without concentration or reconstitu- 

tion of the extract. Assays for sulfanilamide and sulfaguanidine were 

the most sensitive in the water/methanol mobile phase at 254 nm. A 60% 

water/40% methanol with acetate buffer to pH 4.00 was the most sensitive 

of the assays. 

Experimental Model 

The trial consisted of 6 male human volunteers from 25-30 years old, 

weighing 70 to 80 kg; 3 female dogs approximately 2 years old, weighing 

20.0 + 1.0 kg; and 6 female pigs approximately 3 months old, weighing 

20.0 + 1.0 kg. The human volunteers were administered 2.0 gms of sul- 

fisoxazole in a single dose and blood samples taken at 0, 1, 2, 4, 6, and 

8 hours after administration. The dogs were administered i100 mg of 

sulfisoxazole/kg body weight, by intravenous and oral routes in 2 

replicates for each route with a 30 day rest period between each adminis- 

tration. The pigs were also administered 100 mg of sulfisoxazole/kg of
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body weight by intravenous and oral routes with a 21 day rest period 

between administrations. Blood samples were taken at 0.5, 1, 2, 3, 4.5, 

6, 9, 12, 22, 32, 44, 56, and 72 hours after intravenous administration 

and 0, 1, 2, 4, 6, 8, 10, 12, 14, 23, 32, 44, 56, 76, and 96 hours after 

oral administration in dogs and swine. All animals were maintained on a 

commercial diet (Purina Dog Chow* or Swine Feed") with ad libitum access 

to water. The animals were housed in metabolism cages and the urine was 

collected as voided and frozen (0°C). 

A 12.5% solution of sulfisoxazole* was prepared in our lab with 

lithium hydroxide. The solutions were filtered and placed in sterile 

50 ml ampules.” This solution was used for both the oral and intravenous 

administration of the drug. 

The partition coefficient of sulfisoxazole and acetylsulfisoxazole 

from water (pH 5.0) into 2-octanol** after a one hour incubation period 

was 0.441 for sulfisoxazole and 0.538 for acetylsulfisoxazole as quanti- 

tated from the previous high performance liquid chromatographic procedure 

using 60% water/40% methanol with acetate buffer (pH 4.00). 

Blood Samples 
ee 

Blood samples were taken from the cephalic vein in dogs and humans 

and via the anterior vena cava in swine. Human samples were drawn 

*Ralston Purina, St. Louis, MO. 

‘University of Florida Swine Unit, 18% protein feed, 72% yellow corn, 
25% soybean oil meal, 3% salt, vitamin, calcium-phosphorus supplement. 

THof fman-LaRoche, Nutley, N.J. 07110. 

‘Wheaton, Scientific Products, Ocala, FL 32670. 

*kEastman-Kodak, Rochester, N.Y. 14650.
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directly into 7 ml sterile silicone~coated Vacutainer tubes. Ten milli- 

liter samples were taken by a sterile syringe with a 20 gauge needle from 

the dogs and pigs and transferred to sterile silicone-coated Vacutainer 

tubes. The samples were centrifuged (2000 x g) for 10 minutes, the serum 

extracted, protected from light, refrigerated, and analyzed within 30 

minutes for total and conjugated (glucuronidated) bilirubin and albumin. 

The remaining serum was frozen (0°C) for up to 14 days for analysis of 

"free" sulfisoxazole, acetyl (x) -sulfisoxazole, and total (acid 

hydrolyzed) sulfisoxazole. 

Serum bilirubin. Serum was analyzed for total and conjugated (direct 

or glucuronidated) bilirubin on E.I. DuPont's Automatic Clinical Analyzer* 

(17) using a commercial standard." 

The conjugated method is a modification of the Van den Bergh diazo 

reaction (55): 

Conjugated bilirubin + p-Nitrobenzendiazonium tetrafluoroborate (PNB) 

~ | 
Red chromophore absorbing at 540 nm 

Under acidic conditions, the PNB is coupled to the glucuronidated bili- 

rubin which is measured as an end point reaction at 540 and 600 nm. The 

normal range in humans is considered to be 0.00 to 0.36 mg/dl. 

The total bilirubin quantitation (the conjugated and unconjugated 

fractions) is also a derivation cf the Van den Bergh reaction (55): 

*E.L. DuPont, Instrument Products, Wilmington, Delaware. 

“Dade Division, American Hospital Supply Corp., Miami, FL.
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Total bilirubin + p-Nitrobenzenediazonium tetrafluoroborate (PNB) 

H+ | Tween 20 

Red chromophore at 540 nm 

A surfactant (Tween 20)* is used to solubilize the unconjugated (free) 

bilirubin; which along with the water soluble, glucuronidated bilirubin 

reacts with PNB in an acid medium to measure an end point reaction at 

540 and 600 nm. The normal total bilirubin concentration in humans is 

less than 1.5 mg/dl (17); in dogs, the normal level is less than 0.5 

mg/100 ce (5). 

Interferences in these methods are due to hemolyzed samples and light 

degradation of the bilirubin. All analyses were conducted within 30 

minutes of sampling on serum which was kept in a cool, dark environment. 

Serum albumin. Serum albumin was analyzed on E.I. DuPont's Automatic 

Clinical Analyzer (17). This method is an adaptation of the bromocresol 

green (BCG) dye binding method of Rodkey (43) which was later modified 

by Doumas (16). 

Albumin plus BCG dye at pH 4.2 yields an albumin-BCG complex which 

elicits an absorbing spectrum at 600 nm. The end point reaction is 

measured at 600 and 540 nm. The normal range in humans is 3.8 to 4.8 

mg/dl. 

Interferences are expected in icteric and hemolyzed samples. All 

analyses were conducted within 30 minutes of sampling. 

*Union Carbide Corporation, New York, New York. 

+ 

‘E.I. DuPont, Instrument Products, Wilmington, Delaware.
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Serum sulfisoxazole. Free (unbound, unmetabolized) serum sulfisoxa- 

zole and serum acetyl (n’) sulfisoxazole were determined by deproteinating 

1 part of serum with 2 parts methanol, centrifuging for 10 minutes 

(2000 x g) and filtering the supernatent through Milex disposable 

filters (SLHA 02505).* 

Total serum sulfisoxazole (acid hydrolyzed) was determined by adding 

2 parts water and 1 part 6N hydrocholric acid to 1 part serum and heated 

in a boiling water bath (100°C) for 1 hour. The samples were allowed to 

cool to room temperature and centrifuged for 10 minutes (2000 x g). The 

supernatent was adjusted to pH with 2N NaOH, the final volume adjusted 

to 1.5 ml with methanol and filtered with disposable Milex filters 

(SLHA 02505) .* 

Twenty microliters (1) of the Filtered supernatent were injected 

into a Waters Model 6000A Liquid Chromatograph equipped with a Model 440 

absorbance detector with a 254 nm filter, U6K injector, and a u-Bondapak 

Cig column.* A Houston Instruments dual pen recorder was used to record 

peak heights. A peak height ratio was used to determine serum concen- 

tration with suifathiazele™ being used as the internal standard. Serum 

samples spiked with standard solutions of sulfisoxazole and acetyl- 

sulfisoxazole** were injected and a standard curve of peak height of 

drug to sulfathiazole was constructed. 

*Millipore Corporation, Bedford, MA. 

"purdick Jackson Laboratories, Muskegon, MI 49442. 

Tatene Associates, Milford, MA 01757. 

sport Dodge Laboratories, Fort Dodge, Iowa 50501. 

**Hoffman-LaRoche, Nutley, N.J. 67110.
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A mobile phase of 60% triple distilled water with 0.5% concentrated 

acetic acid/40% methanol* (pH 4.00) was used with a flow rate of 0.8 

ml/min. The water and methanol were filtered (NAWP047001 and FHUP647000),° 

degassed by sonication and mixing maintained by using a Thermolyne 

¥ stirrer. 

Urinary Sulfisoxazole 

Free and acetyl (x’)-sul fisoxazole were measured by cooling 25 ml 

urine to 4°C in an ice bath; sufficient 6N hydrochloric acid was added 

to reduce the pH to 3.0. After 5 minutes, 15 ml chloroform* was added, 

the solution removed from the ice bath, and extraction ee completed in 

5 minutes by swirling the solution once per minute. The chloroform* was 

removed, evaporated under nitrogen and the residue reconstituted with 

methanol.* Total sulfisoxazole was measured by heating the 25 ml of 

urine in a boiling water bath for 1 hour and then extracted as previously 

mentioned. 

The reconstituted extract was then injected onto the liquid 

chromatograph using the previously described technique. Peak height was 

also used to determine the urinary concentration with sulfathiazole® 

being used as the internal standard. Chloroform* extracts were utilized 

to remove 94% of sulfisoxazole and 90% of acetyl (N’)-sulfisoxazole from 

*Burdick Jackson Laboratories, Muskegon, MI 49442. 

ok 

‘Millipore Corporation, Bedford, MA. 
oh 

TScientific Products, Ocala, FL. 

sport Dodge Laboratories, Fort Dodge, Iowa 50501.
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spiked urine samples which had been incubated at 37°C for 1 hour. Benzene* 

removed 60% of sulfisoxazole and 40% of acetyl (N*)-sulfisoxazole while 

ether* removed 96% of sulfisoxazole and 50% of acetyl (n")-sulfisoxazole. 

Both serum and urine samples were performed on thin-layer chroma- 

tography plates (11) to determine if metabolites other than the acetyl 

cn) metabolite existed. All spots were accounted for and analyzed 

through the HPLC procedure previously mentioned without the appearance 

of other metabolites, at 254 nm and 313 nm. 

Analysis of Data 

Total, conjugated, and indirect bilirubin and serum albumin were 

analyzed for statistical differences by Barr and Goodnight (2) ANOVA 

program at the Northeast Regional Computer Center, University of Florida. 

"Free" sulfisoxazole after intravenous administration was analyzed 

as a two-compartment model using a NONLIN program (57). Logarithmic- 

least squares analysis and the method of residuals was used to calculate 

a regression line for acetylsulfisoxazole after oral and intravenous 

administration and for "free" sulfisoxazole after the oral dose. 

In Vitro Plasma Protein Binding 

In vitro human plasma samples were incubated in a water bath at 

37°C for 1 hour with 25.0, 50.0, 100.0, 200.0, and 300.0 ug/ml of 

sulfisoxazole standards in 1 part methanol with 9 parts double-distilied 

*Burdick Jackson Laboratories, Muskegon, MI 49442.
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water. Dialysis was conducted by membrane dialysis with a molecular 

weight cutoff filter of 5000* after incubating 2.0 ml of spiked serum 

with 2.0 ml of phosphate buffer, ? pH 7.41. The dialysate was collected 

and analyzed by the previously described liquid chromatographic 

method. 

*Diachema Ag, CH 8803, Ruschklikon, Switzerland. 

"visher Gram Pac Buffer, pH 7.41. Fisher Scientific, Orlando, Florida 

32809,



RESULTS AND DISCUSSION 

Pharmacokinetics of Sulfisoxazole 

The pharmacokinetic profile of sulfisoxazole was determined following 

intravenous and oral administration in dogs and swine and following oral 

administration in humans. The intravenous blood level curves in dogs and 

swine were observed to be biexponential and required a two-compartment 

model system for data analyses (23, 57): 

  

Kyo 
Central Peripheral 

Compartment < Compartment 
k 
21 

X10 

Elimination 

Integration of the differential equations of a two-compartment model 

yields the equation: 

where 7 is the concentration of the drug in the plasma at time t, A and 

B are ordinate axis intercepts , and the individual rate constants for 

the compartments, kyo Koy and Kio are calculable from a and 8, the rate 

constants for distribution and elimination, respectively (57).
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Administration of Sulfisoxazole to Dogs 

Intravenous administration. A least squares linear regression line 

1 
of the "free," unbound, non-metabolized sulfisoxazole in 6 dogs (Figure 5) 

was calculated using a NONLIN program (57). The mean extrapolated serum 

concentration at zero time (A) in the first or distribution compartment 

was 189.42 + 38.45 ug/ml with a range of 126.89 to 228.39 ug/ml and a 

mean extrapolated level at zero time (B) for the second or elimination 

compartment was 2.56 ~ .39 ug/ml (Table 5). 

The disposition rate from the first or distribution compartment (a) 

ranged from 0.1381 to 0.1982 hours - with a mean of 0.1726 + .0604 hours + 

which yields a mean half-life (try) of 4.08 £ .60 hours for sulfisoxa- 

zole in the first compartment. Similar analysis of free sulfisoxazole 

in the second or elimination compartment yielded a very slow mean dis- 

position rate (8) of 0.0206 * .0014 hours or a mean half-life (ty 59) 

of 33.74 * 2.17 hours (Table 5). 

The mean rate of distribution between the central or distribution and 

peripheral or elimination compartments (k, 9) was 0.0140 + .0049 hours ~ 

(Table 5) while the mean rate of distribution from the peripheral to the 

central compartment (54) was 0.0228 + .0022 hours + (Table 5). This 

indicated that free sulfisoxazole returned from the peripheral to the 

central compartment at a faster rate than it had been distributed from 

the central to the peripheral compartment. Calculation of the mean 

K1/ky> ratio reflects this difference in distribution between the two 

compartments. In these 6 dogs, the mean of the ko / Ky 9 ratio was 1.63, 

indicating that the drug is returning rapidly from the distribution sites 

for elimination from the body.
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Figure 5. Serum concentrations of "free" sulfisoxazole in dogs.



Table 5. ‘Two compartment pharmacokinetic parameters in dogs administered sulfisoxazole 

as a single intravenous dose, 

Sub ject A B 1 8 v v k k. k 

  

( Tes 
J 2 12 2) iD a ee ‘hg 

- - | = am 

Gig/ml) Gig/m)) (hours 1) (hours (liters) (ltters) (Qioure *) (hours ‘) (hours 4) (hours) (hours) 

) 228.39 1.93 0.1503 0.0197 9.0) 2.9% 0.0068 0.0208 1.1424 2607.44 4.6) 35.18 

2 160. 26 2,82 0,138t 0.0204 11.04 5.07 0.010% 0.0224 a.1258 2294.76 5.2 33.97 

3 206.89 2.42 0.187) O.DLt 9.55 6.87 a.005) 0.0210 0.1701 2370.98 3.70 46. 28 

4 213.96 2.61 0.1852 0.0207 10,07 6.34 0.01463 0,0227 0.1689 1995.91 3.74 33.48 

5 126.24 3,10 0.1768 00,0232 14.07 10.77 0.0206 0,0269 0.3595 2298.98 3.92 29.87 

6 200, 76 2.48 0.1982 0.0206 9.84 7.29 0.0109 0.0228 0.792 2161.60 3.50 33.04 

Mean + 189.42 2.596 0.1726 0.1206 10.60 6.55 D.O0140 0.0228 9. 1565 2321.61 4.08 34.74 

sb* 38.45 39 0604 0014 1.81 2.59 -0U49 0022 0200 196.49 60 2.17 

*Mean 1 one standard devlatlon. 

- 
T
y
-
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Table 6. The mean amount of sulfisoxazole excreted in the urine of 

6 dogs. 

Total Amount of 

Sulfisoxazole 4 of 

(mg) Dose 

Intravenous 

24 hours 0.792 39.59 

48 hours 0.837 41.84 

72 hours 0.843 42.17 

Oral 

24 hours 0.524% 26.20* 

48 hours 0.582 29.10 

96 hours 0.588 29.44 

*Calculated from 5 dogs due to no collection of urine at 24 hours from 
one individual.
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The mean elimination rate (kK, 9) in the 6 dogs was 0.1565 = .0200 

hours (Table 5). The ratio of B/k, 9 indicates the fraction of free 

sulfisoxazole in the postdistributive phase which is available for 

elimination. The mean B/G ratio was 0.13, indicating that 13.0% of 

the drug in the body would be in the central compartment and available 

for elimination. 

The volume of the central compartment (Vv) ranged from 9.03 to 14.07 

liters with a mean of 10.60 * 1.83 L (Table 5). The mean volume of the 

second or peripheral compartment was 6.55 t 2.59 L (Table 5), indicating 

that free sulfisoxazole is more widely distributed in the central than in 

the peripheral compartment. 

In 2 dogs, 3 and 6 (Table 23 and 26), the fraction bound was less 

than 30% for the first 3 hours after intravenous administration but had 

reached 40 to 50% at 4.5 hours after administration. In the other 4 dogs, 

the fraction bound (£,) ranged from 30 to 50% throughout the trial period, 

72 hours. 

The mean amount of sulfisoxazole excreted in the urine (Table 6) was 

39.59% of the dose within 24 hours after administration. By the end of 

the trial, 72 hours, 42.17% of the dose was excreted in the urine. 

Oral administration. From log-linear regression equations of the 

serum concentration of free sulfisoxazole after oral administration, the 

mean rate constants a and 8 were 0.1623 t .0361 hours! and 0.0296 £ .0172 

hours! (Table 7), respectively. The mean half-life corresponding to the 

faster disposition rate (ty was 4.37 t .76 hours and the mean elimina- 

tion half-life corresponding to the slower disposition rate (ty 9? was 

34.46 t 26.08 hours (Table 7).



Table 7. Two compartment pharmacokinetic parameters in dogs admlnistered sulfisoxazole as a single 

oral dose. 

  

Subject a B t sa TB F oa 

(hours!) Gioure *} (hours) (hours) (%) 

1 0.1566 0.0299 4.33 23.14 100.92 2631.48 

2 0.1543 0.0085 4.62 81.32 99.33 2279.43 

3 0.1267 0.0145 5.33 47.76 99.14 2350.57 

4 0.1497 0.0453 4.62 15.27 98.03 1956.60 

5 0.1543 0.0530 4.33 12.86 99.02 2276.48 

6 0.2326 0.0262 3.01 26.42 99.00 2338.14 

SD* -0361 .0172 . 76 26.08 -94 215.69 

*4Mean + one standard deviation.
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The peak serum concentration had occurred by the first sampling 

period, 1 hour (Tables 21 to 26). This rapid absorption was due to the 

compound being given as a solution. The peak concentration of free 

sulfisoxazole ranged from 122.25 to 165.00 ug/ml (Tables 21 to 26) and 

the maximum total sulfisoxazole ranged from 152.78 to 229.22 ug/ml. 

The degree of plasma protein binding was calculated to be 30 to 402 

in 2 dogs in the first 6 hours of the trial (Tables 22 and 26). The 

fraction bound was less than 30% in the remaining 4 dogs for the first 6 

hours after oral administration. Between 6 and 44 hours, the fraction 

pound was 40 to 50% but had increased to 70 to 90% in all dogs after 44 

hours and continued at this level until the end of the trial. 

The mean amount excreted in the urine of the 6 dogs was 26.20% of 

the dose at 24 hours and 29.44% of the dose at the end of the trial, 96 

hours (Table 6). Four of the 6 dogs excreted 43.78% of the dose in 24 

hours while 2 dogs excreted 9.95 and 11.00% in 24 hours. 

Administration of Sulfisoxazole to Swine 

Intravenous administration. The "free," unbound, non-metabolized 

sulfisoxazole in 6 pigs was analyzed as a two-compartment model (Figure 

6) by a NONLIN program (57). At zero time, the mean extrapolated serum 

concentration of A and B on the ordinate axis was 245.07 + 44.88 ug/ml 

and 0.423 t .088 ug/ml (Table 8), respectively. 

The disposition rate from the first compartment (a) ranged from 

0.4961 to 9.5884 hours = with a mean of 0.5368 t .0362 hours which is 

equivalent to a half-life (ty of 1.30 + .09 hours (Table 8). The 

mean disposition rate from the second compartment was considerably longer, 

0.0153 £ .0043 hours”” or 2 half-life (t, ,) of 53.33 $ 13.65 hours. 
23
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Figure 6. Serum concentrations of “free” sulfisoxazole in swine.



Table 8. Two compartment pharmacokinetic parameters in swine administered sulfisoxazole 

as a Single intravenous dose. 

Sub ject A B a K v Vv k, k k AUC t, 

  

1 2 12 2} to r gytt 

(ug/m)) (ug/ml) (igure) (hones!) (lhters) (Iters) (hours) (hours!) (hours?) (hours) 

1 217.79 0.342 5732 0219 12.76 31.98 O.0214 0.0228 0.5509 696.10 1.21 

2 186.07 0.495 0.531% O.OLA9 15.65 24 05 O.O317 0.0202 0.4782 1066.58 1.36 

3 312.31 a. 300 0. 5884 G.012)3 8.20 15.70 0.0247 0.0129 0.563) 1339.20 1.18 

4 250,45 0.459 0.5286 0.0107 9.58 33.32 0.0401 0.0116 0.4876 1287 86 1.32 

5 275.07 0.439 0.5232 0.0113 7.5) 15.73 , 0.029) 0.0141 0.4931 1339, 38 1.32 

6 233.92 0. 502 0.4961 O.0148 9.09 17.49 O.0304 D.O158 0.4647 1042.80 1.40 

Mean ! 245.07 0.423 0.5368 0.0353 10.48 19.76 1.0296 0.0162 0.506} 1244.67 1.30 
sh* 44.88 088 -0362 004 3 d.01 7.75 - 0064 0044 0406 280. 39 09 

*Mean + one standard deviation. 

{ 
55,8 

(hours) 

3 0% 

36.07 

56.34 

64.7) 

42.0) 

46.82 

53.33 
13.65 

-
L
9
-
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The mean distribution constant between the central and peripheral 

compartments (k, >) was approximately twice as fast as the return of the 

compound from the peripheral to the central compartment (k,,). The mean 
21 

k,> was 0.0296 + .0064 hours”* while k,, was 0.0162 + .0044 hours” 
21 

(Table 8). This is supported by the extended half-life of sulfisoxazole 

). The ratio of k,./k,. was 0.55 which i h d compartment (t in the secon mp ( ky 21° 12 »8 

reflects the distribution difference between the compartments with the 

free sulfisoxazole readily entering the peripheral compartment but slowly 

returning to the central compartment for elimination from the body. 

The elimination rate (ks) ranged from 0.4647 to 0.5631 hours with 

a mean of 0.5063 + .0406 hours ~ (Table 8). The ratio of B/k, 9 was 0.03 

which indicated that only a very small fraction (3.0%) of free sulfisoxa- 

zole was available to be excreted from the postdistributive phase. 

The mean volume of distribution for the first compartment (v,) 

(Table 8), 10.48 + 3.11 L, was one-half of the volume of the second 

compartment (Vo); 19.76 + 7.75 L. This indicated that free sulfisoxa- 

zole was much more widely distributed throughout the second compartment 

than in the first compartment. 

The degree of plasma protein binding in vivo (equation 10) ranged 

from 40 to 60% throughout the trial period (Tables 27 to 32). Four of 

the animals bound less than 20% of sulfisoxazole during the first hour 

of the trial (Tables 29 to 32). 

The mean amount of sulfisoxazole excreted in the urine as a percent 

of the dose (Table 9) was 16.06% free sulfisoxazole and 19.17% acetyl- 

sulfisoxazole at the end of 24 hours. By the end of the trial, 72 hours, 

18.23% of the dose was excreted as free sulfisoxazole and 12.48% as 

acetylsulfisoxazole.
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Table 9. The mean amount of sulfisoxazole and acetylsulfisoxazole cn’) 

excreted in the urine of 5 pigs* as a percentage of the dose. 

% of Dose Excreted 

Sulfisoxazole Acetylsulfisoxazole 

Intravenous 

24 hours 16.06 10.17 

48 hours 18.08 12.37 

72 hours 18.23 12.48 

Oral 

24 hours 15.24 10.62 

48 hours 17.70 12.34 

96 hours 18.27 12.78 

*The urine from one animal was not recorded.
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Table 10. The biological half-life of acetylsulfisoxazole cn) after a 
single dose* of sulfisoxazole. 

Chours) 

Subject Humans 

Oral a 
(hours) 

1 13.07 = 

2 10.50 1.54 

3 16.11 3.04 

4 13.08 4.33 

5 16.11 1.44 

6 15.40 1.31 

Mean + 14.05 2.33 
spt 3.23 1.23 

*Dogs did not metabolize sulfisoxazole to 

a 

‘Insufficient data for a log-linear regression plot. 

£ . ue 
"Mean t one standard deviation. 

Pigs 

37 

27. 

30. 

35. 

31. 

.89 

35 

50 

40 

90 

23.18 

04 

34 

Intravenous 

a B 
(hours) 

1.87 66. 

0.71 27 

1.93 5 

1.61 15. 

1.28 6 

1.98 36. 

1.56 26. 
49 23. 

the acetyl (4) metabolite. 

86 

86 

.80 

69 

-47 

60 

55 
15



The t, c and ¢t, of acetylsulfisoxazole (Table 10) were calculated 
Bs “89 3,8 

by log-linear regression. The t, ranged from 0.71 to 1.98 hours with 
“2 

oJ 9 & 

a mean of 1.56 = .49 hours. The t, 8 
Bs 

of 5.80 to 66.86 hours and a mean of 26.55 + 23.15 hours. Three pigs had 

was much more variable with a range 

aty 2 less than 20 hours, 2 had a t, 3 between 20 and 40 hours, and 1 
45 = 

had a ty, 3 of 66.86 hours (Table 10). Acetylsulfisoxazole reached a 

maximum level, 22.73 to 43.33 ug/ml (Tables 27 to 32), at 1 to 2 hours 

after intravenous administration in all 6 pigs (Figure 7). 

Oral administration. From log-linear regression equations of the 

serum concentrations of free sulfisoxazole after oral administration, the 

mean disposition rate constants, % and 8, were 0.5000 = .1706 heures ~ and 

0.0148 + .0075 hours !, respectively (Table 11). The biological half- 

life of free sulfisoxazole in the central or distribution compartment 

(t so ranged from 0.86 to 2.10 hours with a mean of 1.50 t .43 hours. 

The mean half-life in the elimination compartment (ty, 9) was longer, 

54.99 $ 21.84 hours with a range of 25.92 to 78.36 hours (Table 11). 

Serum concentration of free sulfisoxazole reached a peak by the 

first sampling period, 1 hour (Tables 27 to 32). This rapid absorption 

was due to the compound being given as a solution. The maximum free 

sulfisoxazole ranged from 32.77 to 100.64 ug/ml with 3 of the pigs having 

less than 50.0 ug/ml of sulfisoxazole as a maximum serum concentration 

(Tables 27, 28, and 31). Total sulfisoxazole attained a maximum of 

68.62 to 202.70 ug/ml with the same 3 pigs having the lowest total 

sulfisoxazole concentration (Tables 27, 28, and 31). 

Acetylsulfisoxazcle reached a maximum of 12.11 to 20.02 ug/ml in 2 

to 4 hours in all 6 pigs (Tables 27 to 32). The half-life of acetyl- 

sulfisoxazole ranged from 1.31 to 4.33 hours for the central cr distribution
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Table 11. Two compartment pharmacokinetic parameters in swine administered sulfisoxazole as a single 

oral dose. 

Subject ao 8 a CB F cre 

(hours) (hours +) (hours) (hours) (4%) 

L 0.8058 0.0217 0.86 31.48 33.33 232.00 

2 0.4386 0.0267 1.58 25.92 30.42 324.46 

3 0.3300 0.0088 2.10 78.36 38.97 521.93 

4 0.4331 0.0091 1.60 75.60 52.08 670.76 

5 0.4100 0.0117 1.69 59.00 18.16 243.29 

6 0.5823 0.0110 1.19 59.20 58.50 610.07 

Mean t 0.5000 0.0148 1.50 54.99 38.58 433.75 

sp* .1706 .0075 -43 21.84 14.76 191.81 

*Mean + one standard deviation. 

-
¢
¢
o
-
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compartment Coy with a mean of 2.33 + 1.32 hours (Table 10). For 

the peripheral or elimination compartment (ty a)» the half-life ranged 

from 23.18 to 37.89 hours with a mean of 31.04 + 5.34 hours (Table 10). 

The bioavailability (F) of sulfisoxazole was calculated (equation 3) 

from the area under the curve (AUC) after oral (Table 11) and intravenous 

(Table 8) administration. The bioavailability ranged from 18.15 to 

58.50% in swine with a mean of 38.58 t 14.76% (Table 11). 

The degree of plasma protein binding (£,) in vivo ranged from 40 to 

70% throughout the trial period (Tables 27 to 32). Three of the animals 

bound less than 50% throughout the trial (Tables 27, 29, and 31) while 

the fraction bound in the remaining 3 animals was more than 60% throughout 

the trial (Tables 28, 30, and 32). 

Swine excreted 15.24% of the dose as "free" sulfisoxazole into the 

urine and 10.62% as acetylsulfisoxazole in the first 24 hours of the trial 

after oral administration of the drug (Table 9). By the end of the trial, 

96 hours, the amount of free sulfisoxazole excreted was 18.27% of the 

dose as compared to the 48 hour level of 17.70%. The amount excreted as 

acetylsulfisoxazole was 12.78% of the dose at the end of the trial, 96 

hours (Table 9). 

Administration of Sulfisoxazole to Humans 

Following the oral administration of sulfisoxazole to humans, the 

data were analyzed as a single compartment model (Figure 8). The half- 

life (ty) following oral administration ranged from 5.97 to 8.77 hours 

with a mean of 7.41 t .59 hours (Table 12). Kaplan et al. (26) reported 

a mean half-life of 5.83 © .42 hours after oral administration of
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sulfisoxazole (Gantrisin*) and 5.89 + .33 hours after intravenous 

administration of the drug. The mean elimination constant (k,) was 

0.095 + .013 hours + (Table 12). 

The bioavailability (F) was calculated from the oral area under the 

curve (Table 12) and the calculated area under the curve (705.92) 

following intravenous administration (26). The bioavailability ranged 

from 126.04 to 202.26% with a mean of 165.99 + 29.02% (Table 12). The 

reason for F exceeding 100% could be due to 1) entero~hepatic recycling 

or 2) the comparison of 2 different populations. Kaplan et al. (26) re- 

ported a mean bioavailability of 123.0 t 11.0% with a range of 94.0 to 

131.02. 

The biological haif~life (ty) of acetylsulfisoxazole ranged from 

10.50 to 16.11 hours with a mean of 14.05 + 2.23 hours (Table 10). The 

maximum serum acetylsulfisoxazole concentration ranged from 29.73 to 

34.94 ug/ml and reached maximum in all subjects 4 hours after oral 

administration of 2.0 grams of sulfisoxazole (Tables 33 to 38). 

The maximum "free" and total sulfisoxazole occurred before the 

first sampling period dve to the drug being administered as a solution. 

The maximum serum free sulfisoxazole levels ranged from 164.70 to 

189.35 ug/ml (Tables 33 to 38) while the maximum total sulfisoxazole 

ranged from 224.17 to 235.75 ug/ml. Kaplan et al. (26) reported a range 

of 127.4 to 210.6 ug/ml of free sulfisoxazole after oral administration 

of Gantrisin.* 

The fraction of sulfisoxazole bound to plasma proteins (f,) was 

less than 20.0% during the first hour for all 6 subjects (Tables 33 to 

38). During the remainder of the trial period, the f. was 25 to 40% 

*Gantrisin (active ingredient, sulfisoxazole), Hoffman~LaRoche, Nutley, 

N.J. -



Table 12. Single compartment pharmacokinetic parameters in 6 humans 
administered a 2.0 gm oral dose of sulfisoxazole. 

Subject kK, ty AUC Fx 

(hours!) (hours) (2) 

1 0.079 8.77 1427.78 202.26 

> 0.116 5.97 889.73 126.04 

3 0.094. 7.37 1155.81 164.16 

4 0.095 7.29 1127.38 159.70 

5 0.099 7.00 1043.31 147.79 

6 0.086 8.06 1386.45 196.40 

Mean + 0.095 7.41 1171.74 165.99 
spt 013 95 204.89 29.02 

*Bioavailability is calculated using the mean AUC from Kaplan et al. (26) 
of 6 humans after intravenous administration of 2.0 grams of Gantrisin 
(sulfisoxazole); AUC = 705.92. 

aa 

Mean * one standard deviation.
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which is less than the 85% previously reported (52) but similar to 

another report of 25% bound in vivo (40). 

Comparison of the Pharmacokinetics of Sulfisoxazole in Dogs, 
Swine, and Humans 

The mean extrapolated serum concentrations of sulfisoxazole in the 

first compartment (A) was 189.42 t 38.45 ug/ml in dogs, 245.07 © 44.88 

ug/ml in swine, and reported as 108.43 = 23.13 in humans (26). In the 

second compartment, the extrapolated serum concentration (B) was 2.56 7 

.39 ug/ml in dogs, 0.423 + .088 ug/ml in swine, and reported as 152.13 + 

8.43 ug/ml in humans (26). The mean total initial serum concentration 

(co = A+B) was 191.98 ug/ml in dogs, 245.49 ug/ml in swine, and re- 

ported as 259.03 ug/ml in humans (26). The total and free initial 

serum concentrations were not significantly different (2) in either 

species. Kaplan et al. (26) reported a two-compartment model in humans; 

the first compartment had a mean es of 33.6 minutes or 0.56 hours, 

the second compartment had a mean ty 0 of 5.89 hours (Table 13) following 

intravenous administration. The ty 4 in dogs was 4.08 hours and 1.30 
29 

hours in swine after intravenous administration. The shorter one in 

humans was closer to the tho in swine after intravenous administration. 

The half-life of sulfisoxazole in the second compartment (ty, 3? was 

33.74 hours in dogs and 53.33 hours in swine (Table 13). Neither of 

these half lives were comparable to the value previously reported in 

humans (26), 5.89 hours. Due to the short term of this trial, no second 

compartment was observed in the human subjects. 

After oral administration, the t, was 7.41 hours in humans, 4.37 
29 

hours in dogs, and 1.50 hours in swine (Table 13). The ty 8 in dogs was 
29



Table 13. The biological half-life (t,) of sulfisoxazole. 
2 

  

Dogs 

Intravenous 

Oral 

Swine 

Intravenous 

Oral 

Humans 

Intravenous* 

Oral 

*Kaplan et al. (26). 

t 
X50. 

(hours) 

0.56* 

t 
4,8 

(hours) 

33.74 

34.46 

53.33 

54.99 

5.89% 

5.83%
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34.46 hours, 54.99 hours in swine, and reported as 5.83 hours in humans 

(26) after oral administration of sulfisoxazole. There were no differences 

in the half lives of sulfisoxazole, t due to the route of B’ 

administration in dogs and swine. If the ty a of 7.41 hours in humans 
2 > 

1 . or ty 
50 Bs 

after oral administration is compared to the t, reported by Kaplan 
“2 »8 

et al. (26), there is no difference in the route of administration or in 

the compartments. Kaplan et al. (26) postulated the two-compartment 

model in humans due to taking 4 blood samples within the first hour 

after intravenous administration of sulfisoxazole (Gantrisin*). There 

were large differences between species. Humans had the longest mean 

t » 7.41 hours, followed by dogs, 4.08 and 4.37 hours, and then swine, 1 
BO 

1.30 and 1.50 hours (Table 13). In the second compartment, swine had 

the longest mean t, 53.55 and 54.99 hours, followed by the dogs, 
3 » 8? 

33.74 and 34.46 hours (Table 13). 

Maximum serum acetylsulfisoxazole concentrations (Tables 27 to 38) 

were higher in humans (30.0 to 35.0 ug/ml) than in swine (12.0 to 20.0 

ug/ml). However, swine were able to acetylate (ny sulfisoxazole at a 

faster rate as shown by the shorter time for maximum serum acetylsulfisoxa- 

zole in swine (2 to 4 hours) as compared to humans (4 hours). Humans had 

a mean th og of 14.05 hours (Table 14) after oral administration which is 

longer than the 9.0 hours previously reported (33). Swine had a mean 

theo of 2.33 hours after oral administration and 1.56 hours after 

intravenous administration of sulfisoxazole. The t, of acetyl- 
3,8 

sulfisoxazole was 26.55 hours after oral administration and 31.04 hours 

*Gantrisin (active ingredient, sulfisoxazole), Hoffman-LaRoche, Nutley, 

N.J.
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Table 14, The biological half-life (t,) of acetylsulfisoxazole, the N 

metabolite of sulfisoxazole? 

“te 

(hours) 

Dogs 

Intravenous ND* 

Oral ND* 

Swine 

Intravenous 1.56 

Oral 2.33 

Human 

Oral 14.05 

4 

"1.48 
(hours) 

ND* 

26.55 

31.04 

*ND = Non detectable. No (x) acetylsulfisoxazole was detected in dogs.
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after intravenous administration of sulfisoxazole (Table 14) in swine. 

Dogs did not metabolize sulfisoxazole to the (n*) acetyl metabolite. 

The distribution constants of sulfisoxazole (Table 15) from the 

central to the peripheral compartment (kK, 9) was greatest in humans (0.45 

hours followed by swine (0.0296 hours"), and then dogs (0.0140 

hours 3: The distribution from the peripheral compartment to the 

central compartment (ko 1) was fastest in humans (0.87 hours‘), followed 

by dogs (0.0228 hours “}, and then swine (0.0162 houve ~). The elimina- 

tion constants (k, 9) were greatest in swine (0.5063 hoare “9. Eollowed 

by humans (0.195 hours 7). and then dogs (0.1565 hours“). The order of 

the elimination constant (ky) was the same as the oo of free 

sulfisoxazole, shortest in swine, then dogs, and longest in humans. 

The difference in distribution between the two compartments (k,)/K, 5) 

was highest in humans (26), 2.3, followed by dogs, 1.63, and then swine, 

0.55, indicating that the drug returned from the peripheral compartment 

to the central compartment fastest in humans and slowest in swine 

(Table 16). These values were concurrent with the mean half-life of 

sulfisoxazole in the second compartment where t, was reported as shortest 
e: 

in humans (26), followed by dogs, and longest in swine (Table 13). The 

ratio of B/K, 4 was reported as 0.66 in humans (26), 0.13 in dogs, and 

0.03 in swine (Table 16). This is the same as the ko Ky (Table 16) 

ratio so that more sulfisoxazole is available for elimination from the post- 

distributive phase in humans, followed by dogs, and the least available 

was in swine. 

The mean volume of distribution for the central compartment (V,) 

was approximately the same in dogs, 10.60 L, and swine, 10.48 L (Table 17). 

The mean volume of the second compartment (V,) was much larger in swine,



~63- 

Table 15. The mean distribution constants after intravenous administra- 

tion of sulfisoxazole.* 

Kio Koy Kio 
(hours +) (hours +) (hours +) 

Dogs 0.0140 0.0228 0.1565 

Swine 0.0296 0.0162 0.5063 

Humans" 0.45 0.87 0.195 

*Mean of 6 individuals. 

+ 

Kaplan et al. (26).



Table 16. 

Dogs 

Swine 

Humans* 

*Kaplan et al. 

-64- 

The ratio of distribution constants after administration 

of sulfisoxazole. 

ky4/K5 8/k, 

1.63 0.13 

0.55 0.03 

2.30 0.66 

(26).
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19.76 L, than in dogs, 6.55 L (Table 17). The calculated vy from pre- 

vious data (26) was 7.67 L and 8.54 L for V5 in humans. Due to the 

analytical procedure and the length of the trial (26), this Vo should not 

be compared with the Vo reported in dogs and swine. From the calculated 

Ya for dogs, swine, and humans, there is an approximate 40% difference 

in the animal vy over the human volume of distribution. The volume of 

distribution in the second compartment (V,) is much larger in swine than 

in dogs. 

The mean bioavailability (F) was greatest in humans, 165.99% when 

the area under the intravenous curve from Kaplan et al. (26) was used 

(Table 18). This value agreed with previous data (26) that F was 123.0% 

in humans. The absolute bioavailability of sulfisoxazole was 99.24% in 

dogs and 38.58% in swine (Table 18). The bioavailability in dogs is 

closer to the calculated F in humans, and swine appear to be vastly 

different from both humans and dogs. However, the higher bioavailability 

in humans is due to enterohepatic circulation of sulfisoxazole which does 

not occur in dogs and swine. The majority of sulfisoxazole is not 

absorbed from the gastro-intestinal tract in swine and is excreted in 

the feces. 

The degree of protein binding in vivo was less than 30% in 2 dogs 

for the first 3 hours and in 4 pigs for the first hour after intravenous 

administration and in all 6 humans for the first hour after oral adminis- 

tration of sulfisoxazole. More than 70% of sulfisoxazole was bound to 

plasma proteins in dogs at 44 hours after oral administration of sulfisoxa- 

zole. During the remainder of the trial, 30 to 50% of sulfisoxazole was 

bound to plasma proteins in humans, dogs, and swine which compared 

favorably with the 25% previously reported (40). This observation
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Table 17. Comparison of the volumes of distribution in dogs, swine, and 
humans after administration of sulfisoxazole. 

Species Vi V5 

(liters) (liters) 

Dogs 10.60 6.55 

Swine 10.48 19.76 

Humans* 7.67 8.45 

*Kaplan et al. (26).
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Table 18. Comparison of the bioavailability* of sulfisoxazole in dogs, 

swine, and 

Species 

Dogs 

Swine 

Humans 

*Calculated 

humans. 

Bioavailability 

99.24 

38.58 

165.99 

from area under the plasma curve.
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suggests that an individual difference occurs along with a species and 

treatment difference. Fifty to sixty-three percent of sulfisoxazole was 

bound to human serum proteins in vitro (Table 19) at 25 to 200 ug/ml. 

At 300 yg/ml, only 41.0% of sulfisoxazole was bound. This suggests that 

the degree of protein binding is capacity limited as the serum concen- 

tration increases above 200 ug/ml. This hypothesis would explain the low 

fraction bound which was observed during this experiment. 

The amount of free sulfisoxazole excreted in the urine was 39.59% 

of the dose in 24 hours after intravenous administration and 26.20% of 

the dose in 24 hours after oral administration in dogs. The amount 

excreted in the urine by swine was 25.86% of the dose and 26.23% of the 

dose in 24 hours after oral and intravenous administration of sulfisoxa- 

zole, respectively. By the end of the trial, 72 hours and 96 hours for 

the intravenous and oral routes, respectively, more than 30.04 of the 

dose was excreted in swine (Table 9) and in the dogs after oral adminis- 

tration (Table 6). After intravenous administration, over 40.0% of the 

dose was excreted in the urine by dogs. Kaplan et al. (26) reported 

that 52.9% of the dose was excreted as free sulfisoxazole by humans. 

Acetylsulfisoxazole accounted for less than half of the urinary level in 

swine (Table 9) which confirmed the previously reported 30% (24) 

excreted as the acetyl metabolite in humans. The differences between 

the human and dog and pig excretion levels could be explained partly by 

the analytical method used. Kaplan et al. (26) used a nonspecific method 

for aromatic amines, the Bratton-Marshall method (6). This experiment 

used a more specific method for both free and acetylsulfisoxazole.
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Table 19. The fraction of sulfisoxazole bound (fp) to human serum 

proteins in vitro. 

Sulfisoxazole 

Concentration 

(ug/ml) 

25.0 

50.0 

100.0 

200.0 

300.0 

"Free" Serum 

Concentration of Sulfisoxazole 

(ug/ml) 

7.57 

16.67 

27.27 

57.57 

112.12 

57.00 

50.00 

63.00 

60.00 

41.00
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Serum Bilirubin Concentrations 

Dogs--Intravenous Administration 

The mean total bilirubin concentration in 6 dogs administered 

sulfisoxazole intravenously exhibited statistically significant (p < .01) 

linear increases (2) at 4.5 (p < .05), 6.0 (p < .01), 9.0 (p < .01), and 

12.0 (p < .01) hours with the maximum levels at 6 and 12 hours (Figure 9). 

By the next sampling period, 22 hours, the mean total bilirubin concen- 

tration had decreased to levels which were not significantly different 

from control values until the 56 hour sampling period (p < .01). 

The mean conjugated bilirubin levels also showed statistically 

significant increases at 4 hours (p < .01) and continued throughout the 

sampling period (p < .01), 72 hours. There was a significant (p < .01) 

maximum mean conjugated bilirubin at 12 hours which coincided with the 

maximum mean total bilirubin concentration (Figure 9). A second increase 

was observed at 56 hours (p < .01) which coincided with the second in- 

crease in total bilirubin (Figure 9). The mean indirect bilirubin con- 

centration (Figure 9) was not significantly different from the control 

or 0 level throughout the sampling period. 

The mean total bilirubin was significantly correlated with mean 

conjugated bilirubin (R = 0.75, p = .0001) and with mean indirect bili- 

rubin (R = 0.31, p = .004) after intravenous administration. The 

significant correlation of total and conjugated bilirubin is due to the 

concomitant increase in glucuronidation activity as total bilirubin levels 

increase. If the glucuronidation enzyme system is not capacity limited, 

the possibility of kernicterus, due to an increase in indirect bilirubin, 

is minimized in the dog after intravenous administration of sulfisoxazole.
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Figure 9. Mean serum bilirubin concentrations in dogs after intravenous administration of 

sulfisoxazole.
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This enzyme system acts to maintain a reduced or limited indirect bili- 

rubin concentration and reduces the toxicity of displaced "protein- 

bound" bilirubin or increased heme degradation. This was further empha- 

sized by the significant negative correlation of conjugated and indirect 

bilirubin (R = -0.39, p = .0002). As the level of conjugated bilirubin 

increased, the indirect bilirubin level decreased. 

A second explanation would be that sulfisoxazole alters the function 

of the normal hepatocyte to increase conjugated bilirubin regurgitation 

into the general circulation instead of being excreted into the bile. 

The resulting increase in total bilirubin would be the result of the 

increased level of regurgitated, conjugated bilirubin along with the 

normal level of indirect bilirubin. 

Dogs--Oral Administration 

When sulfisoxazole was administered orally to dogs, there was a 

significant linear increase in mean total (p < .01), conjugated (p < .001), 

and indirect (p < .0001) bilirubin (Figure 10). Total bilirubin reached 

its first significant peak at 12 hours (p < .01) and a higher concen- 

tration at 76 hours (p < .01) (Figure 10). The mean total bilirubin 

levels were significantly increased at 8 (p < .05), 10 (p < .01), and 12 

(p < .01) hours. A second higher peak occurred at 76 hours (p < .01) and 

remained greater than the control levels at the end of the sampling 

period, 96 hours (p < .01) (Figure 10). The mean conjugated bilirubin 

levels were also linearly increased (p < .001) during the sampling 

period. Significant increases (p < .05) were observed at 8, 10, and 12 

hours (Figure 10), the same periods in which total bilirubin was
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significantly increased. After the 12 hour period, the mean conjugated 

bilirubin had returned to levels which were not significantly different 

from control levels. The mean conjugated bilirubin reached its maximum 

concentration (0.22 mg/dl) at 10 hours while the maximum total bilirubin 

(0.31 mg/dl) occurred 2 hours later, at the 12 hour sampling period 

(Table 40). The mean indirect bilirubin was not significantly different 

from control levels until the 76 and 96 hour periods (p < .01). Mean 

indirect bilirubin reached a maximum of 0.28 mg/dl at 76 hours but had 

begun to decline by the end of the trial, 96 hours. 

Total bilirubin was significantly correlated with conjugated bili- 

rubin (R = 0.60, p = .0001) and with indirect bilirubin (R = 0.56, 

p = .00001) while conjugated bilirubin was also negatively correlated 

with indirect bilirubin (R = -0.31, p = .003). The significant correla- 

tion of total and conjugated bilirubin is explained by an increase in 

glucuronidation as increased heme degradation or increased indirect 

bilirubin occurs or due to regurgitation of conjugated bilirubin into the 

general circulation. The significant correlation of indirect bilirubin 

and total bilirubin illustrated that the glucuronidation activity could 

not account for conjugation of all the bilirubin present. The negative 

correlation of indirect and conjugated bilirubin is supportive evidence 

that toxic, indirect bilirubin levels can be reduced, to prevent 

kernicterus, if glucoronidation activity can be stimulated. 

Comparison of Bilirubin Levels in Dogs 

The mean total bilirubin reached maximum at 12 hours after intra- 

venous (0.39 mg/dl) and oral (0.31 mg/dl) administration of sulfisoxazole
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(Figure 11), with a second increase at 56 hours after intravenous adminis- 

tration and 76 hours after oral administration. Conjugated bilirubin was 

also maximum in the 10 and 12 hour period after oral (0.22 mg/dl) and 

intravenous (0.32 mg/dl) administration of sulfisoxazole (Figure 12), 

respectively. Conjugated bilirubin was significantly elevated at the 

4.5 hour period and throughout the trial period after intravenous 

‘administration; after oral administration, conjugated bilirubin was 

significantly increased between 8 and 12 hours only. Indirect bilirubin 

was not significantly increased after intravenous administration but was 

significantly increased at 76 and 96 hours after oral administration 

(Figure 13). 

The total bilirubin increase, after oral or intravenous administra-~ 

tion of sulfisoxazole, was accompanied by an increase in glucuronidation 

activity which increased the conjugated, water-soluble bilirubin levels. 

This prevented toxicity by reducing the indirect bilirubin level and 

increasing the water-soluble, conjugated bilirubin which is more easily 

excreted. The glucuronidation activity was reduced during the later 

periods after oral administration, allowing the potentially toxic, in- 

direct bilirubin to increase. 

There was a negative correlation of conjugated and indirect bilirubin 

after intravenous (R = -0.39, p = .0001) and oral (R = -0.31, p = .003) 

administration of sulfisoxazole. After intravenous administration, 

conjugated bilirubin levels increased along with an increase in total 

bilirubin (Figure 9). After oral sulfisoxazole administration, conjugated 

bilirubin levels increased initially as total bilirubin levels increased 

but later decreased, allowing indirect bilirubin levels to increase. 

This result leads one to conclude that some pathological event is induced
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Figure 11. Comparison of the mean total bilirubin concentrations in dogs after intravenous and 

oral administration of sulfisoxazole.
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Figure 12. Comparison of the mean conjugated bilirubin concentrations in dogs after intravenous 

and oral administration of sulfisoxazole.
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Figure 13. Comparison of the mean indirect bilirubin concentrations in dogs after intravenous 

and oral administration of sulfisoxazole.



during oral administration of sulfisoxazole but not after intravenous 

administration which could allow indirect bilirubin to reach toxic levels. 

This pathological event could be explained by the pharmacological 

"first-pass" effect (57). In the "first-pass" effect, all of an absorbed 

drug is presented to the liver before distribution whereas after intra~ 

venous administration, only 20% of the drug passes through the liver 

before being distributed or excreted. In this case, the greater concen- 

tration of sulfisoxazole presented to the liver, in addition to the lack 

of acetylation of the drug, could be responsible for altering the 

normal detoxification of bilirubin so that one observes an increase in 

indirect bilirubin. 

Total and conjugated bilirubin reached higher levels within 4 to 12 

hours after intravenous administration than after oral administration 

(Figures 11 and 12). After oral administration, conjugated bilirubin 

reached its maximum within this time period (10 hours) but total and 

indirect bilirubin did not reach maximum until 76 hours. The increased 

indirect bilirubin levels should be expected after intravenous adminis- 

tration due to the increased serum concentration of sulfisoxazole when 

compared to levels following oral administration which would allow 

sulfisoxazole to displace more bilirubin from albumin. The increased 

total and indirect bilirubin levels at the end of the oral administration 

trial supports the hypothesis that a pharmacological event is induced by 

the oral route but not by the intravenous route which caused an increase 

in total and indirect bilirubin, with possible toxic side effects at a 

time much later after a single, oral dose of sulfisoxazole. 

There were no statistical differences in serum total, conjugated or 

indirect bilirubin between individual dogs after oral or intravenous 

administration of sulfisoxazole.
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Figure 14. Mean serum bilirubin concentrations in swine after intravenous administration of 
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Swine-~Intravenous Administration 

An analysis of variance, using mean bilirubin concentrations, re-~ 

vealed no statistical difference among the 6 pigs or during time intervals 

for serum total, conjugated or indirect bilirubin after intravenous 

administration of sulfisoxazole. The mean total conjugated and indirect 

bilirubin were increasing at the end of the trial but were not signifi- 

cantly different than control levels (Figure 14). 

Total bilirubin was significantly correlated with conjugated bili- 

rubin (R = 0.86, p = .0001) and with indirect bilirubin (R = 0.61, 

p = .0001) after intravenous administration of sulfisoxazole. 

Swine~--Oral Administration 

After oral administration of sulfisoxazole, mean total bilirubin was 

significantly increased (p < .01) to 0.52 mg/dl at 6 hours (Figure 15). 

A parallel significant (p < .01) increase was also observed in mean con- 

jugated bilirubin at 6 hours, 0.34 mg/dl (Figure 15). A significant 

(p < .0001) linear decrease did occur over the trial period in conjugated 

bilirubin. Mean indirect bilirubin was not significantly different from 

control values at any time after oral administration of sulfisoxazole. 

However, indirect bilirubin levels did exceed conjugated levels after 

the 32 hour sampling period and remained at an increased level throughout 

the remainder of the trial (Figure 15). 

Total bilirubin was significantly correlated with conjugated bilirubin 

(R = 0.81, p = .0001) and with indirect bilirubin (R = 0.42, p = .0001) 

after oral administration of sulfisoxazole.
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Figure 15. Mean serum bilirubin concentrations in swine after oral administration of 

sulfisoxazole.
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Comparison of Bilirubin Levels in Swine 

It appears that an increase in total bilirubin in the pig is 

accompanied by an increase in conjugated and indirect bilirubin regardless 

of the route of administration, as shown by the positive correlation 

coefficients. The higher serum "free" sulfisoxazole concentrations 

(Tables 27 to 32) after intravenous administration did not significantly 

affect bilirubin concentrations (Figure 14) but oral administration did 

significantly increase total (p < .01) and conjugated (p < .0001) bili- 

rubin at 6 hours but did not affect indirect bilirubin (Figure 15). 

Indirect bilirubin was closely correlated with conjugated bilirubin 

after intravenous administration (Figure 14) but exceeded conjugated 

bilirubin after oral administration (Figure 15), which suggests that an 

oral dose is handled differently than the intravenous one. 

Intravenous administration of sulfisoxazole does not appear to 

affect bilirubin levels in the pig. After oral administration, an in- 

crease in total bilirubin could be accompanied by an increase in the 

conjugated level which reduces the hazard of indirect bilirubin toxicity. 

While the indirect bilirubin levels were not significantly different by 

either treatment, one should note that indirect bilirubin levels did 

exceed conjugated bilirubin levels only following oral administration 

(Figure 15). While no toxic levels of bilirubin have been established 

in swine, there was a significant increase in total (Figure 16) and 

conjugated (Figure 17) bilirubin in 6 hours after oral administration 

which did not occur after intravenous administration. This suggests 

that an oral dose of sulfisoxazole may have a different effect in vivo 

than an intravenous administration even though the intravenous route
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Figure 16. Comparison of the mean total bilirubin concentrations in swine after intravenous and 8 P 

oral administration of sulfisoxazole.
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Figure 17. Comparison of the mean conjugated bilirubin concentrations in swine after intravenous 

and oral administration of sulfisoxazole.
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Figure 18. Comparison of the mean indirect bilirubin concentrations in swine after intravenous 
and oral administration of sulfisoxazole.
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created an increased serum concentration of sulfisoxazole when compared 

to the serum level after oral administration, possibly due to a "first- 

pass" effect (57). In swine, the route of administration does not 

appear to affect the concentration of the potentially toxic, indirect 

bilirubin (Figure 18). This species effect in swine could prevent 

bilirubin toxicity induced by sulfonamides. 

Humans--Oral Administration 

An analysis of variance evaluation after oral administration of 

sulfisoxazole resulted in no statistical difference in mean total, 

conjugated, and indirect bilirubin levels (Figure 19). The lack of 

significance could be due to 1) the low therapeutic dose of 2.0 gm or 

approximately 30 mg/kg administered to the human subjects, 2) humans are 

able to reduce the in vivo effects of sulfisoxazole on the hepato-biliary 

system, or 3) the sampling period was too short and additional samples 

should have been taken over a longer trial period. 

The values recorded after oral administration of sulfisoxazole were 

within the normal limits reported for the Automatic Clinical Analyzer (17). 

Comparison of Bilirubin Levels in Dogs, Swine, and Humans 

Control values for total and conjugated bilirubin were higher in 

humans than in swine and lowest in dogs (Table 20). The indirect 

bilirubin levels in all three species were similar (Table 20). 

A significant increase in total bilirubin occurred in dogs at 12 

hours (Figure 20) after intravenous administration of sulfisoxazole but 

did not occur in swine (Figure 20) after administration of the same dose.
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Table 20. Mean* control values of serum bilirubin and albumin in humans, 

dogs, and swine. 

Total Conjugated Indirect 

Bilirubin Bilirubin Bilirubin Albumin 

(mg/d1) (mg/d1) (mg/dl) (gm/d1) 

Humans 0.54 0.41 0.13 4.63 

Dogs 0.21 0.08 0.13 3.02 

Swine 0.35 0.19 0.15 3.75 

*The mean value of 8 samples before oral and intravenous administration 

of sulfisoxazole in 6 dogs and 6 swine. The mean values for humans are 
calculated from the 0 sample time for 6 human subjects.
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After oral administration of sulfisoxazole, a significant increase in 

total bilirubin occurred in dogs (Figure 21) and swine (Figure 21) at 6 

and 12 hours, respectively, with another increase in dogs at 76 hours. 

In humans, this increase was not observed over the same time period, 

probably due to the difference in the oral dosage (Figure 19). 

Initially, total bilirubin levels were higher in swine than in dogs 

(Table 20) but after intravenous administration of sulfisoxazole, total 

bilirubin was significantly (p < .01) higher in dogs between 3 and 15 

hours (Figure 20). Total bilirubin levels after oral administration were 

higher in swine than in dogs until the 56 hour period when the levels in 

dogs were significantly increased (p < .01) (Figure 21). Even after 

administration of sulfisoxazole, the total bilirubin increases in dogs 

and swine did not reach the control or treated levels in humans. 

Conjugated bilirubin levels were not significantly increased in 

swine after intravenous administration of sulfisoxazole even though the 

control levels were greater in swine than in dogs (Figure 22). Conjugated 

bilirubin levels were significantly increased in dogs after intravenous 

administration of sulfisoxazole, exceeded the levels in swine after 3 

hours and reached a maximum at 12 hours after administration (Figure 22). 

After oral administration of sulfisoxazole, conjugated bilirubin levels 

were elevated in swine at 6 hours and showed a statistically significant 

increase in dogs at 10 hours after administration of the drug (Figure 23). 

The conjugated bilirubin levels in dogs and swine after intravenous or 

oral administration of sulfisoxazole did not reach the control or treated 

conjugated bilirubin levels in humans at any of the sampling periods. 

Potentially toxic, indirect bilirubin showed a statistically 

significant, but clinically small, increase after oral administration
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Comparison of the mean total bilirubin concentrations in dogs and swine after Figure 20. 

intravenous administration of sulfisoxazole.
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Figure 21. Comparison of the mean total bilirubin concentrations in dogs and swine after oral 

administration of sulfisoxazole.
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Figure 22. Comparison of the mean conjugated bilirubin concentrations in dogs and swine after 

intravenous administration of sulfisoxazole.
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oral administration of sulfisoxazole.
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Figure 24, Comparison of the mean indirect bilirubin concentrations in dogs and swine after 

intravenous administration of sulfisoxazole.



0.40 

0.30 —— DOG 

— — SWINE 

0.20 

  

5 10 20 30 40 50 60 70 80 30 100 

TIME (hours ) 

M
E
A
N
 

i
N
D
I
R
E
C
T
 

B
I
L
I
R
U
B
I
N
 

C
O
N
C
E
N
T
R
A
T
I
O
N
 

(m
g/
d!
) 

Figure 25. Comparison of the mean indirect bilirubin concentrations in dogs and swine after oral 

administration of sulfisoxazole.
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of sulfisoxazole in dogs (Figure 25). There were no statistically 

significant increases in indirect bilirubin after oral administration in 

humans or swine or in either the dogs or swine after intravenous adminis- 

tration of sulfisoxazole (Figure 24). 

Conclusions Concerning Bilirubin Levels after Administration 

of Sulfisoxazole 

Small, but statistically significant, increases in total and con- 

jugated bilirubin occurred when sulfisoxazole was administered orally to 

dogs (Figure 10) and swine (Figure 15) and only when administered intra- 

venously to dogs (Figure 9). The maximum increases occurred at different 

points in time depending on species and route of administration. This 

species variation is further reflected by the indirect bilirubin 

exceeding conjugated bilirubin levels in dogs (Figure 10) and swine 

(Figure 15) when sulfisoxazole was administered orally. While toxic 

levels of bilirubin have not been established, these results show that 

the oral route of administration does increase the potentially toxic, 

indirect bilirubin concentration at a time far removed from the initial, 

single dose in dogs and swine. 

The small but statistically significant increase of total (Figure 8) 

and conjugated (Figure 10) bilirubin, after oral administration of 

sulfisoxazole, suggests that the absorption of the oral dosage form does 

affect the hepatocyte to increase the normal rate of heme degradation 

or to increase conjugated bilirubin regurgitation into the general 

circulation. This is supported by the intravenous dose given to dogs 

only increasing the total and conjugated bilirubin and not significantly 

affecting the indirect bilirubin level.



-~98~ 

The lack of significant effects in humans and the lack of correla- 

tion between humans and dogs or swine could be due to the shorter sampling 

period in humans, the reduced dosage given to humans or the species 

variation which exists even though all three are monogastric. 

When comparing the correlation coefficients of total and conjugated 

bilirubin in dogs (R = 0.75, p = .0001) and swine (R = 0.85, p = .0001) 

after intravenous administration, these parameters are more closely 

correlated in the pig. This is also true for the significant correlation 

of indirect and total bilirubin in dogs (R = 0.31, p = .004) and swine 

(R = 0.61, p = .0001) after intravenous administration of the drug. 

When sulfisoxazole is administered orally, the total and conjugated 

bilirubin levels are more closely correlated in swine (R = 0.81, p = 

.0001) than in dogs (R = 0.60, p = .0001) but indirect bilirubin is 

more closely correlated to total bilirubin in dogs (R = 0.56, p = .0001) 

than in swine (R = 0.42, p = .0001). In addition, conjugated and in- 

direct bilirubin are negatively correlated after intravenous (R = -0.39, 

p = .0002) and oral (R = -0.31, p = .003) administration in the dog 

only, not in the pig. 

It is evident that the route of sulfisoxazole administration does 

affect the bilirubin level differently in these 3 species of animals. 

The potentially toxic, indirect bilirubin level is significantly in- 

creased only after oral administration in one of the three species, dogs. 

Serum Albumin Concentrations 

There were no significant differences in the serum albumin levels 

in either of the three species after intravenous or oral administration
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Figure 26. Mean serum albumin concentrations in dogs after intravenous and oral administration 

of sulfisoxazole.
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Figure 27. Mean serum albumin concentrations in swine after intravenous and oral administration 

of sulfisoxazole.
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Figure 28. Mean serum albumin concentrations in humans after oral administration of sulfisoxazole.
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of sulfisoxazole (Figures 26, 27, and 28). There was an initial decrease 

in albumin levels in all three species after sulfisoxazole administration 

with a return to control or normal levels within 4 to 6 hours. There 

was a greater decrease after oral administration in dogs (Figure 26) and 

swine (Figure 27). 

Humans (Figure 28) had a higher initial concentration of albumin 

(Table 20) than dogs or pigs and initial albumin levels were higher in 

pigs than in dogs (Table 20). These differences were maintained throughout 

the trial periods after intravenous and oral administration.



SUMMARY AND CONCLUSIONS 

From the pharmacokinetic parameters which were calculated or pre- 

viously reported (26), the mean initial total serum concentrations were 

similar in all three species. However, the extrapolated serum concen- 

tration in the first compartment was highest in swine, followed by dogs 

and lowest in humans (26). In the second compartment, the extrapolated 

serum concentration was higher in dogs than in swine. 

The biological half-life of "free"' sulfisoxazole in the first 

compartment was longest in humans, one-half this value in dogs, and one- 

fifth the time of humans in swine. In the second compartment, the half- 

life was twice as long in swine than in dogs. A second compartment was 

not observed in humans during this trial. The half-life of the acetyl 

(n*) metabolite in the first compartment was 8 times longer in humans 

than in swine. A second compartment was not observed in humans but in 

swine, the half-life was longer than 24 hours. Dogs did not acetylate 

the drug or the metabolite was de-acetylated so rapidly that a serum 

concentration was not observed. 

Distribution of sulfisoxazole from the central to the peripheral 

compartment was fastest in humans (26) followed by swine and slowest in 

dogs. Distribution from the peripheral to the central compartment was 

also fastest in humans (26), followed by dogs, and slowest in swine. The 

elimination rate constant was fastest in swine, followed by humans, and 

Slowest in dogs. More sulfisoxazole was available for excretion from 

-103-
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the central compartment in humans (26) than in dogs and the least in 

swine. The volume of distribution in the first compartment was similar 

in dogs and swine which was greater than the calculated value in humans 

(26). The volume of distribution in the second compartment was 3 times 

greater in swine than in dogs. 

The bioavailability was higher in humans than in dogs. In swine, 

the bioavailability was one-fourth of the human value or one-third the 

value in dogs. Swine are physiologically similar to humans, especially 

the gastrointestinal tract; however, from this trial, the amount of 

sulfisoxazole available in swine was much less than in humans and sul- 

fisoxazole undergoes enterohepatic recirculation in humans but not in 

swine or dogs. The total sulfisoxazole excreted in the urine as a percent 

of the dose was less in swine, followed by dogs, and reported as the 

highest in humans (26). 

The fraction of sulfisoxazole bound to plasma proteins was less than 

30% in 2 dogs and 4 pigs after intravenous administration of the drug and 

in all 6 humans after oral administration of sulfisoxazole during the 

initial part of the trial. This result suggests that the fraction bound 

is capacity limited due to the initially high serum concentrations and 

is supported by the in vitro binding data. During the remainder of the 

sampling period, the fraction bound was 30 to 50% in all subjects after 

intravenous and oral administration except in dogs after the 44 hour 

period when the fraction bound was 70 to 90% after oral administration 

of sulfisoxazole. 

There was a significant (p < .01) increase in total and conjugated 

bilirubin in dogs after intravenous and oral administration of sulfisoxa-~ 

zole. The potentially toxic, indirect or free bilirubin was significantly
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(p < .01) increased in dogs only after oral administration of sulfisoxa- 

zole. 

In swine, there was an increase in total and conjugated bilirubin 

only after oral administration of sulfisoxazole. The potentially toxic, 

indirect bilirubin was not increased by either intravenous or oral 

treatment. 

There was no significant increase in total, conjugated, or indirect 

bilirubin in humans after oral administration of sulfisoxazole due to 

1) the low therapeutic dose used of approximately 30 mg/kg compared to 

the animal dosage of 100 mg/kg, 2) the ability of humans to reduce the 

in vivo effects on the hepato-biliary system, or 3) the sampling period 

was too short and additional samples should have been taken over a longer 

trial period. 

There was a significant correlation (p < .91) of total and con- 

jugated bilirubin in dogs after oral and intravenous administration and 

in swine after oral administration of sulfisoxazole. This evidence 

supports a hypothesis that sulfisoxazole is hemolytic and increases the 

breakdown of heme to bilirubin. Glucuronidation could increase to com- 

pensate for the increased bilirubin in order to prevent an increase in 

indirect bilirubin. In the dog, a significant negative correlation 

between indirect and conjugated bilirubin after intravenous and oral 

administration supports the reduction of potentially toxic, free bilirubin 

by glucuronidation. 

From the observed changes in bilirubin and the significant correla- 

tion (p < .01), it appears that dogs are more susceptible to possible 

toxicity by indirect bilirubin only after oral administration of sulfisoxa- 

zole. A treatment difference also occurs in swine since total and
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conjugated bilirubin are increased only after oral administration of 

sulfisoxazole. 

From this trial, the three species studied are not pharmacokinetically 

similar with respect to sulfisoxazole. The only pharmacokinetic parameters 

which were similar were the initial total serum concentration of "free" 

sulfisoxazole and the fraction bound to plasma proteins. The half-lives 

of "free" sulfisoxazole and its acetyl (n*) metabolite, the distribution 

constants, the volume of distribution, the bioavailability, and the 

urinary excretion percentage were different. However, dogs appear to 

have serum concentrations, distribution constants, volumes of distribu~ 

tion, bioavailability, and excretion rates more similar to humans than 

swine. There was a difference in the physiological affects on the 

hepato-biliary system due to the treatment and species differences. 

Dogs could be more susceptible to the toxic effects of indirect bilirubin 

after oral administration possibly due to the "first-pass" effect. The 

lack of toxicity in swine and humans could be due to the metabolism of 

sulfisoxazole to the acetyl cn’) derivative and the shorter half-life 

of "free" sulfisoxazole in swine. 

The increase in potentially toxic free and indirect bilirubin in 

dogs could be due to the slower distribution of "free" sulfisoxazole from 

the central to the peripheral compartment. This allows free sulfisoxazole 

to remain in the central, highly-perfused compartment for a long time 

period and exert its toxic effect on the hepato-biliary system. There 

also appears to be a route of administration effect with the oral route 

affecting the hepato-biliary system more than the intravenous route. 

If dogs have pharmacokinetic profiles of sulfisoxazole similar 

to humans and are more susceptible to the toxic effects of indirect
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bilirubin, then dogs are a better model and should be used in additional 

research to explain the toxicity of bilirubin.



APPENDIX



Table 21. Serum concentrations of albumin, bilirubin, and sulfisoxazole and urinary 

concentrations of sulfisoxazole in dog 1 after intravenous and oral 
administration of sulfisoxazole. 

  

Serum 

Total Conjugated indirect “Free! Acetyl- Total 

Time Albumia Billrubin Bilirubin Bilirubin Sulflsoxazole Sulfisoxazole Sulfisoxazole 

(hours) (gin/dt) (mg/dl) (ing /d1) (mg/dl) (ug/ml) (ug/ml) (ug/ml) 

Intravenous: * 

0.0 3.23 0.16 0.02 0.14 -- -- -- 

0.5 1.09 0.20 9,00 0.20 237.95 -- 333.13 

1.0 2.96 0.14 0,02 0.10 221.90 -- 315.2) 

2.0 2.90 0.14 0.02 0.12 163.27 - 228,58 

3.0 3.03 0.16 0.00 0.16 148.97 -- 202.27 

4.5 3.06 0.40 0,30 0.10 114.65 -- 167.78 

6.0 3.10 0.34 0.00 0.34 106.36 -- 159.21 

9.0 3.18 0.28 0.26 0.02 57.90 -- 81.06 

12.0 3.11 0,28 0.20 0.08 36.55 “- 51.17 

22.0 3.05 0.24 0.14 0.10 7,25 -- 11.47 

33.0 3,08 0,32 0.24 0.08 3.90 ~~ 5.16 

46.0 3.00 0.24 0,24 0.00 1.61 -- 2.09 
56.0 3.04 0.34 0.32 0.02 0.78 -- 1.25 

72.0 3.13 0,20 0.10 0.10 0.39 -- 0.55 

Oral: 

0.0 3.08 0.08 0.00 0.08 -- -- ~-- 

1.0 2.96 0.10 0.04 0.06 165.00 ~~ 205.35 

2.0 2.95 0.02 0.00 0.02 161.16 -- 197.80 

4.0 3.15 0,10 0,06 0.04 108.71 -- 119.11 
6.0 3.18 0.16 0,06 0.10 42.98 -- 90.51 
&.0 2.77 0.18 0.18 0.00 42.27 -- 88.45 

10.0 3.22 0,18 0.14 0,04 30.13 -- 47.51 

12.0 3.07 0.20 0.18 0.02 21.73 -~ 34.06 

14.0 3.00 0.12 0.08 0.04 15.47 -- 27.38 
23.0 3.03 0.04 0,00 0.04 8.09 -- 16.52 

32.0 2.98 0.18 0.12 0.06 1.50 -- 3.78 

44.0 3.01 0.18 0.10 0.08 1.04 -- 3.12 

56.0 3.14 0.10 0.02 0,08 0.32 -- 2.05 

76.0 3.04 0.52 0.18 0,34 0.11 -- 1.64 

96.0 2.96 0.34 0,08 0.26 0.20 -- ‘ 1.01 

*Dose based on 20.8 kg body welght. 

‘Dose based on 20.6 kg body weight.



Table 21. continued 

  

Urine 

"Pree" Acetyl- Total Total 

Time Sulfisoxazole Sulfisoxazole Sulfisoxazole Drug in Urine 

(hours) (ug/ml) (ug/ml) (g/ml) (ug) 

intravenous: 
0.0 -- ~~ -- -- 

0.5 =~ -- -- -- 

1.0 -- -- -- -- 

2.0 -- -- -- -- 

3.0 -- -- -- -~ 

4.5 -- -- -- -- 

6.0 - -- -- -- 

9.0 -— -- -- -- 

12.0 -— -- -- -- 

22.0 -- -- alae =~ 

33.0 929,24 ~- 929,24 929.24 

46.0 -- -~ -- -- 

56.0 17.62 -- 17.62 946.86 

72.0 1.60 -- 1.60 948.46 

Oral: 
0.0 -~ -- -- -- 

1.0 -- -- -- -- 

2.0 -- -- -- -- 

4.0 -- -- -- ~~ 

6.0 391.40 -- 391.40 391.40 
8.0 -- -- ~-- -- 

10.0 -- -- -- ‘ -- 

12.0 -- -- -- ~- 

14.0 59.83 ~~ 59.83 451.23 
23.0 - ~~ -- ~- 

32.0 5.66 -- 5.66 456.89 
44.0 -- -- -- -- 

56.0 3.57 -- 3.57 460.46 
76.0 5.00 ~~ 5.00 465.46 

-
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Table 22. Serum concentrations of albumin, bilirubin, and sulfisoxazole and urinary 
concentrations of sulfisoxazole in dog 2 after intravenous and oral 
administration of sulfisoxazole. 

  

serum 

Yotal Conjogated Indirect “Free” Acetyl- Total 

Time Albumin Billrublin Bilirubin Bilirubin Sulfisoxazole Sulfisoxazole Sulfisoxazole 

(hours) (egm/dl) (mg/dl) (mg/d 1) (mg/d1) (ug/ml) (pg/ml) (ug/ml) 

Intravenous :* 

0.0 2.66 0.32 0,06 0.26 -- -- -- 

0.5 2.48 0.24 0,00 0.24 138,27 -- 245.65 

1.0 2.50 0.20 0.02 0.18 140.91 “- 179.61 

2.0 2.46 0.32 0.08 0.24 121.84 -- 201.94 

3.0 2.43 0.16 0,02 0.14 114,98 -- 165.22 

4.5 2.67 0.46 0.24 0.22 82.40 -- 143.02 

6.0 2.60 0.46 0.22 0.24 68.69 -- 173.41 

9.0 2.50 0.46 0.28 0.08 60.51 -- 127.03 

12.0 2.60 0.54 0,32 0.22 49.13 -~ 72.41 

22.0 2.47 0.36 0.22 0.14 10.94 -- 16,05 

33.0 2.60 0.42 0.24 0.18 2.83 -- 3.92 

46.0 2.62 0.30 0.16 0.14 0.97 -- 2.04 

56,0 2.72 0. 38 0.12 0.26 1,37 -- 1.80 
72.0 2.66 0.24 0.04 0.20 1.00 -- 1,60 

oral:* 

0.0 2.86 0.16 0.04 0.12 -- -- -- 

1.0 2.62 0.16 0.04 0.12 142,50 -- 229.22 

2.0 2.65 0.16 0-04 0.1 117.31 -— 237.35 

4.0 a --t = = 99.84 = 149.76 
6.0 2.98 0.46 0,42 0.04 88.21 -- 135.77 
8.0 2.78 0.38 0.28 0.10 60.88 -- 121.29 

10.0 2.75 0.36 0.32 0.04 27.06 -- 58.00 

12.0 2.72 0.30 0.30 0.00 23.42 -- 43.43 

14.0 2.65 0,22 0.20 0.02 14.22 =~ 26.18 

23.0 2.67 0.38 0.36 0.02 5.84 -- 13.45 

32.0 2.77 0.10 0.06 0,04 1,68 -- 3.35 
44.0 2.70 0.20 0.02 0.18 0.44 -- 3.51 

56.0 2.79 0.10 0.02 0.08 0.43 -- 4.19 
76.0 2.68 0.54 0.02 0,52 0.30 — ~- 3.96 

96.0 2.78 0.40 0.08 0.32 0.30 -- 3.71 

*Pose based on 18.0 kg body weight. 

tose based on 19,0 kg body weight. 

to valoe recorded due to excessive hemolysis of sample. 
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Table 22. 

  

Time 

(hours) 

[ntravenous: 
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continued 

Urine 

"Free" Acetyl- Total Total 

Sul fisoxazole Sulfisoxazole Sulflsoxazole Drug in Urine 

(ug/ml) (ig/ml) (ug/ml) (ug) 

717.40 ~~ 717.40 717.40 

25.66 -- 25.66 743.06 

2.90 -+ 2.90 745.96 \ 

2.07 -- 2.07 748.03 te 
hk 

to 
t 

219.98 -- 219,98 219.98 

41.87 -- 41.87 261,85 

2.48 -- 2.48 ° 264.33 
1.40 -- 1.40 265.73 
0.95 -- 0.95 266.68



Table 23. Serum concentrations of albumin, bilirubin, and sulfisoxazole and urinary 
concentrations of sulfisoxazole in dog 3 after intravenous and oral 
administration of sulfisoxazole. 

Serum 

Total Conjugated Indirece "Free" Acetyl- Total 
Time Albumin Billrubin Bilirubin Billrubin Sulf}soxazole Sulffsoxazole Sul f lsoxazole 

(hours) (gm/d1) (mg/d)) (mg/dl) (mg/d1) (ug/ml) (ug/ml) (8/01) 

Int ravenous: * 

0.0 1,26 0.22 0.10 0.12 -- -- = 

0.5 3.20 0,26 0.14 0.12 198.35 -- 246.37 

1.0 3.16 0.20 0.08 0.12 167.50 -- 214.40 

2.0 3.05 0.18 0.10 0.08 160.93 -- 190,21 

3.0 3.10 0.20 0.12 0.08 140.17 -- 175,32 
4.5 3.36 0.38 0.30 0,08 300.73 -- 160.16 

6.0 3.20 0.443 0.28 0.15 74.26 -- 118.11 

9.0 2.98 0.38 0.32 0.06 48.04 -- 60.12 

12.0 3.25 0.36 0,35 0.01 18.03 -- 31.68 

22.0 3.05 0.24 0.16 0.08 5.01 ~- 10.23 
33.0 3.12 0.14 0.14 0.00 2.97 -- 3.64 

46.0 3.10 0.26 0.20 0.06 0.90 -- 1.34 

56.0 3.14 0,28 0.28 0.00 0.78 -- 1.23 

72.0 3.05 0.30 0.24 0.06 0.65 -- 1.18 

Oral: 

0.0 2.73 0.22 0.10 0.12 -~ -- -- 

1.0 2.66 0.22 0.12 0.10 147.25 -- 195.43 

2.0 2.72 0.16 0.08 0.08 129.06 -- 179.55 

4.0 2,61 0.10 0.06 0.04 92.94 -~ 150.69 

6.0 2.58 0.24 0.16 0.08 85.56 -~ 133.37 
8.0 3.10 0.14 0.10 0.04 68.04 -~ 90.48 

10.0 2.72 0.26 0.18 0.08 41.73 -~ 72.30 

12.0 2.70 0.22 0,12 0.10 38.13 -- 58.97 

14.0 2.88 0.20 0.20 0.00 21.52 -- 48.39 

23.0 2.81 0.16 0.08 0.08 14,19 -- 21.54 

32.0 2.72 0.18 0.06 0.12 3.48 -~ 6.50 

44.0 2.89 0,22 0.20 0.02 0.99 -- 2.59 

56.0 3.00 0.04 0.02 0.02 0.63 -- 2.92 
76.0 2.78 0.48 0.02 0.46 0.35 -- 2.02 

96.0 2.80 0.34 0.08 0.26 0.49 -- 2.31 

*Dose based on 20.0 kg body welght. 

Tose based on 19.8 kg body weight. 
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Table 23. continued 

Urine 

"free" Acetyl- Total Total 

Time Sul fisoxazele Sulflsoxazole Sulfisoxazele Drug in Urine 

(hours) (ug/ml) (ug/ml) Cug/m) Cig) 

Intravenous: 
0.0 cal a -- -- 
0.5 -- -~ = -- 

1.0 -- -- -- -- 
2.0 -- a -- -- 

3.0 -- -- -- -- 

4.5 -- ~- a -- 
6.0 -- cd -- -- 
9.0 -- -- =~ -- 

12.0 -- -- -- -- 

22.0 762.80 -- 762.80 762.80 

33.0 25.30 -- 25.30 788.10 

46,0 -- -- -- -- 
56.0 3.74 -- 3.74 791.84 I 

72. 1.90 -- 1.90 793.74 i 
& 

Oral: ! 

0.0 -- -- -- -- 

1.0 -- -- -- -- 
2.0 -- -~ -- -- 

4.0 -- -- -- -- 

6.0 -- -- -- -- 

8.0 -- -- -- -- 

10.0 -- -- -- ~- 

12.0 -- -- -- -- 
14.0 822.25 -- 822.25 822.25 
23.0 — -_—— -- -- 

32.0 31.03 -- 31.03 853.28 

44.0 -- -- -- ae 

56.0 3.17 -- 3.17 856.45 

76.0 2.19 -- 2.19 858.64



Table 24. Serum concentrations of albumin, bilirubin, and sulfisoxazole and urinary 

concentrations of sulfisoxazole in dog 4 after intravenous and oral 

administration of sulfisoxazole. 

    
  

  

Serum 

Total Conjugated indirect "Pree" Acetyl- Total 

Time Albunin Bilirubin Bilirubin Bilirubin Sulfisoxazole Sulfisoxazole Sulfisoxazole 

(hours) (gm/d1) (ug/d1) (mg/dl) (mg/dl) (ye /ml) (ye@/ml ) Cyeg/ml) 

int cavenous: * 

0.0 3.11 0.16 0.06 0.10 -- -- -~ 

0.5 2.81 0.12 0.04 0.08 228.57 -- 269.52 

1.0 2.89 0.10 0.08 0.02 157.50 -- 245.25 

2.0 2.85 0.06 0.02 0.04 151.57 -- 238.15 

3.0 2.96 0.16 0.10 0.06 141.05 -~ 211.69 

4.5 3.05 0.20 0.14 0.06 110.93 -- 146.86 

6.0 3.10 0.24 0.24 0.00 78.11 -- 122.28 

9.0 3.03 0.28 0.24 0.04 37.70 -- 60.08 

12.0 3.05 0.28 0.26 0.02 22.19 -- 31.99 

21.0 2.96 0.18 0.14 0.04 7.09 -- 9.55 

32.0 2.83 0.24 0.10 0.14 1.75 -- 2.73 

47.0 3.20 0.24 0.22 0.02 1.30 -- 1.94 

56.0 2.94 0.28 Q.24 0.04 1.08 -- 1.60 

72.0 2.99 0.28 0.22 0.06 0.49 -- 0.83 

Oral: * 

0.0 3.16 0,22 0.10 0.12 -- a -~ 

1.0 2.95 0.12 0.06 0.06 322.25 a 152.78 

2.9 2.93 0.18 0.08 0.10 108.19 ~~ 130.45 

4.0 3.13 0.18 0.10 0.08 73.97 -- 82.50 

6.0 3.15 0.20 0.12 0.08 61.92 ~- 85.08 

8.0 3.07 0.30 0.28 0.02 30.68 -- 35.26 

10.0 3.15 0.24 0.14 0.10 23.22 -- 38.08 

12.0 3.03 0,30 0.18 0.12 14.89 ~- 20.90 

14.0 2.98 0.24 0.16 0.08 9.92 -- 10.16 

23.0 3.12 0.34 0.22 0,12 4.18 -- 8.00 

32.0 3.09 0,28 0.10 0.18 1.73 -- 4.61 

47.0 3.00 0.22 0.14 0.08 1.03 -~ 3.84 

56.0 3.03 0.36 0.28 0.08 1,39 -- 3.59 

76.0 3.16 0.18 0.06 0.12 0.85 -- 2.17 

96.0 3.11 0.22 0.10 0.12 0.2) -- 1.49 

xDose based on 21.8 kg body weight. 

those based on 22.3 kg body weight. 
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Table 

Time 

(hours) 

24. continued 

Intravenous: 
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Urine 

“Free” Acetyl]~- Total Total 
Sulfisoxazole Sulfisoxazole Sulf Lsoxazole Drug in Urine 

(ug/ml) (ug/ml) Cug/in} ) (ug) 

919.76 -- 919.76 919.76 
1.24 -- 1.24 921.00 
4.60 -- 4.60 925.60 I 

= he 4.40 4.40 930.00 2 

oN 
t 

929.10 -- 929.10 929.10 

0.83 -~ 0.83 | 929.93 
2.40 -- 2.40 932.33



Table 25. Serum concentrations of albumin, bilirubin, and sulfisoxazole and urinary 

coucentrations of sulfisoxazole in dog 5 after intravenous and oral 

administration of sulfisoxazole. 

  

  

Serum 

Total Conjogated Indirect "Free" Acetyl- Total 

Time Atbumin Blilrubin Bilirebdin Billrubin Sulfisoxazole Sult Lrosazole Sulfisoxazole 

(hours) (gin/d1) (mg/d) (my /d1) (mg/dl) (3 /mt) (e/a) Cpe/ml ) 

Intravenous: * 

0.0 2.84 0.20 0,06 0.14 -- -- ~- 

0.5 2.64 0.10 0.04 0.06 139.18 -- 194.79 

1.0 2.66 0.10 0.08 0.02 104. 32 -~ 199.34 

2.0 2.76 0.20 0.08 0.12 99.78 -- 179.55 

3.0 2.78 0.24 0.10 0.14 94.13 -- 132.70 

4.5 3.02 0.22 0.10 0.12 85.20 -- 146.55 
6.0 2.77 0.34 0.24 0.10 53.47 -- 99.10 

9.0 3.27 0.38 0.28 0.10 26.34 -- 52.61 

12.0 2.82 0.46 0.42 0.04 12.33 -- 22.38 

23.0 2.75 0.36 0.20 0.16 4.77 -- 8.10 

32.0 3.20 0.30 0.18 0.12 2.92 -- 4.33 

47.0 2.82 0,22 0.10 0.12 0.99 -- 1.38 

56.0 2.74 0.20 0.20 0.00 0.87 -- 1.21 

72.0 2.80 0.26 0.20 0.06 0.52 -- 1.07 

Oral :1 

0.0 2.97 0.26 0.12 0.14 -- -- -- 

1.0 2.72 0.26 0.14 0.12 142.2) -- 179.52 

2.0 2.75 0.24 0.06 0.18 123.56 -+ 155.19 

4.0 2.79 0.24 0.04 0.20 94.89 -- 128.77 

6.0 2.78 0.24 0.08 0.16 71.07 -- 91.95 

8.0 2.77 0.36 0.18 0.18 41.00 -- 56.96 

10.0 2.83 0.38 0.24 0.14 32.49 -~ 64.34 

12.0 2.73 0.38 0.22 0,16 17.37 -- 35.26 

£4.0 2.74 0.32 0.24 0.08 11.58 -- 21.46 

23.0 2.90 0,28 0.08 0.20 5.31 -- 10.17 

32.0 2.84 0.26 0.08 0.18 1.70 -- 3.49 

47.0 2.87 0.24 0.14 0.10 0.42 -- 3.07 

56.0 2.81 0.44 0.22 0,22 0.25 -- 2.59 

76.0 2.93 0.18 0.08 0.10 0.66 -- 2.30 

96.0 2.97 0.26 0.04 0.22 0.22 -- 2.32 

*Dose based on 20.0 kg body weight. 

those based on 17.8 kg body weight. 
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Table 25. continued 

"Free" 

Time Sulfisoxazole 

(hours) (ug/ml) 

Intravenous: 

0.0 -- 

0.5 -- 

1.0 -- 

2.0 -- 

3.0 ~~ 

4.5 -- 

6.0 -- 

9.0 -- 

12.0 833.12 

23.0 -- 

32.0 -- 

47.0 11.17 

56.0 -- 

72,0 2.37 

Oral: 

0,0 -- 

1.0 -- 

2.0 -- 

4.0 -- 

6.0 ~- 

8.0 -- 

10.0 -- 

12.0 -- 

14.0 -- 

23.0 199,17 

32.0 -- 

47.0 29.30 

56.0 -- 

76,0 -- 

96.0 4.66 

Urine 

Acetyl- 

Sul fisoxazole 

(ug/ml) 

Total 

Sul fisoxazole 

(ug/ml) 

Total 

Drug in Urine 

(ug) 

-
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Table 26. Serum concentrations of albumin, bilirubin, and sulifisoxazole and urinary 

concentrations of sulfisoxazole in dog 6 after intravenous and oral 

administration of sulfisoxazole. 

Serau 
Total Conjugated Indirect “Free” Acetyl- Total 

Tine Albunin Bllirubdn Bilirubin Bilirubin Sulfisoxazale Sulfisoxazole Sul fisoxazole 
(hours) (gu/dl) (g/d) (mp/d}) (mp /d tb) (ug /imt) Cig/m) ) (ug/m)) 

Intravenous: * 

0.0 3.27 0,22 0.14 0.08 -- -- -- 

0.5 4.12 0,22 0.16 0.06 188.21 -- 236.63 

1.0 4.06 0.18 0.08 0.10 157.50 -- 208.40 

2.0 4.04 0.16 0.10 0.06 150.00 ~~ 171.94 

3.0 3.27 0.20 0.14 0.06 135.91 -- 155.62 

4.5 4,38 0.18 0.14 0.04 95.91 -- 145.23 

6.0 3.24 0. 38 0.24 0.14 61.37 -- 103.12 

9.0 2.88 0.38 0.32 0,06 44,20 -~ 53.0) 

[2.0 3.29 0.44 0.40 0.04 14.67 -- 29.47 

23.0 3.00 0.16 0.14 0.02 4.58 -- 9.68 

32.0 3.09 0.18 0.14 0.04 2.84 -- 3.12 

47.0 3.34 0.34 0,32 0.02 0,86 -- 1.27 

56.0 3.12 0,32 0.22 0.10 0,72 “= 1.33 

72.0 3.00 0.28 0,22 0.06 0.60 -- 1.15 

Oral: 

0.0 3.18 0.24 0.14 0,10 - -~ == 

1.0 2.87 0,18 0,06 0.12 140.04 -- 225.59 

2.0 3.08 O.18 0,02 0.16 124.04 —— 196.89 

4.0 3.02 0.16 0.02 0.14 95.86 -- 185.30 

6.0 3.14 0.32 0.02 0.30 82.86 -- 351.42 

8.0 3.22 0.34 0.20 0.14 61.1L -- 91.13 

10.0 3.16 0,38 0.30 0.038 44.20 -- 64.20 
12.0 3.14 0.48 0.22 0.16 24.50 -- 49.14 

14.0 3.00 Q.34 0.14 0.20 17.9t -- 31.74 

23.0 3.93 0.28 0.18 0.50 4.6] -- 8.7) 

32.0 2.97 0,30 0,26 0.04 1.2) -- 4.26 

47.0 3.22 0.46 0.40 0.06 0.89 -- 3.06 

56.0 3.30 0,36 0.24 0.12 0.58 -- 3.00 

76.9 3.12 0,24 0.08 0.16 0.28 -- 2.74 

96.0 3.06 0,26 0.02 0.24 0.25 -- 2.09 

*Dose based on 20.0 kg body weight. 

those based on 21.6 kg body welght. 
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Table 26. continued 

Urine 
"Free" Acetyl- 

Time Sulfisoxazole Sulf isoxazole 

(hours) (ne/ml) (ug/ml) 

Intravenous: 

0.0 — - 
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Total Total 

Sulfisoxazole Drug in Urine 

(ng/ml) (vg) 

253.34 253,34 

527.12 780.46 

10.83 791.29 
2.27 793.56 
0.87 794.43 
0.71 795.14 

763.08 763.08 
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Table 27. Serum concentrations of albumin, bilirubin, and sulfisoxazole and urinary 
concentrations of sulfisoxazole in pig 1 after intravenous and oral 
administration of sulfisoxazole. 

  

Se runt 

Total Conjugated Tndd rect "Free" Acetyl- Yotal 
Tine Albums Bilirubin Bilirubin Bhlirublo sullflsoxazole Sul fisoxazole Sul Fisoxazole 

(hours) (gm/dt) (ng /d1) (mg/d) ) Crip Jd) (ye /id) (4s /ind ) (ug/ml) 

Intravenous:* 
0.0 3.93 0.44 0.32 0.12 -~ -- -- 

0.5 3.74 0.30 0.20 0.10 153.20 19.08 227.38 

1.0 4.77 0.24 0.10 0.14 129,62 26.52 208.06 

2.0 1.86 0.18 0.10 0.08 70.88 27.14 102.74 

3.0 4.65 0.18 0.06 0.12 40.90 19.04 67.21 

4.5 4.90 0.24 0.24 0.00 20.00 9.80 38.53 

6.0 3.91 0.16 0.00 0.16 7.09 4.97 15.05 

9.0 3.96 0.24 0.08 0.16 1.23 1.61 4.71 

12.0 3.88 0.28 0,22 0,06 0.56 0.29 1.51 

23.0 4.77 0.20 0.00 0.20 0.36 0.35 0.82 

32.0 3.78 0,22 0.08 0.14 0.80 0.85 1.87 

47.0 3.89 0.20 0.08 0.12 0.66 0.73 1.79 

56.0 3.71 0.32 0.12 0.20 0.14 0.16 9.85 

72.0 3.92 0.78 0.42 0.36 0.05 0.21 0.59 

Oral: 

0.9 3.62 0.40 0.22 0.18 -- ~~ -- 

1.0 4.52 0.40 0. 26 0.14 43.70 9.10 68.62 

2.0 3,55 0.28 0.24 0.04 31.86 12.11 70.82 

4.0 3.47 0.32 0.14 0.18 11.53 5.61 34.16 

6.0 4.49 0.40 0.38 0.02 4.43 1.78 8.68 
8.0 3.53 0.28 0.18 0.10 2.66 1.35 6.05 

10.0 3.51 0.26 0.14 0.12 1.27 0.49 2.53 

12.0 1.46 0.24 0.12 0.32 1.08 0.37 2.0) 

14.0 3.48 0.22 0.12 0.10 0.84 0.36 1,67 
23.0 3.54 0.30 0.28 0.02 0.78 0.25 1.40 
32.0 3.70 0.18 0.00 0.18 0.53 0.1) 0.98 
47.9 3.71 0.18 0.00 0.18 0.49 0.26 0.88 

56.0 3.83 0.14 0.00 0.14 0.43 0.47 1.05 

76.9 3.77 0.12 0.02 0.10 0.13 0.38 0.78 
96.0 3.70 0.22 0,00 0.22 0.20 0.42 0.80 

‘Dose based on 27.2 ky body weight. 

aa 

"Dose based on 24.5 kg body weight. 
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Table 27. continued 

"Pree"! 

Time Sulfisoxazole 

(hours) (ug/ml) 

Intravenous: 

0.0 -- 

0.5 -- 

1.0 -- 

2.0 -~ 

5.0 397.11 

4.5 ~- 

6.90 -- 

9.0 -- 

12.0 -- 

23.0 -~ 

32.0 38.07 
47.0 -- 

56.0 1.65 

72,0 0.91 

Oral: 

0.0 -- 

1.0 -- 

2.0 1.00 

4.0 -- 

6.0 193.15 

8.0 -~ 

10.0 -- 

12.0 -- 

14.0 138.73 
23.0 -- 

32.0 15.21 
47.0 ~~ 

56.0 -- 

76.0 -~ 

96.0 2.64 

Urlne 

Acetyl- 

Sulflsoxazole 

(ug/ml) 
  

Total Total 

Sulf lsoxazole Drug in Urine 

Cug/m1) (ig) 

664.01 664.01 

69.77 733.78 

3.85 737.63 An 

1.41 739.04 ho 
No 

' 

1.60 1.60 

347.55 349.15 

239.31 588 .48 

63.21 651.69 

3.04 654.73 

 



Table 28. Serum concentrations of albumin, bilirubin, and sulfisoxazole and urinary 

concentrations of sulfisoxazole in pig 2 after intravenous and oral 

administration of sulfisoxazole. 
  

Serum 

Total Vou jupated (ndirect "Pree" Acetyi- Total 

‘Time Albumin Bilirubin Bilirubin Bilirubin Sul fisoxazole Sulfisoxazole Sulfisoxazole 

Chours) (pit/d 1) (ng /dl) (my/d1) (ng/dl) (p/m) ) (ng/ml) (ug/ml) 

Lat ravenous: * 

0.0 1.84 0.26 0.18 0.08 -- -- -- 

0.5 3.07 0.16 0.00 0.16 177.04 28.88 296.11 

1.0 4.61 0.16 0.04 0.12 148.07 43.80 273.00 

2.0 4.73 O.14 0.10 0,04 70.90 27.40 158,47 

1.0 3.78 0.16 0.06 0.10 40.62 17.20 77.31 

4.5 3.77 0.26 0.12 0.14 14.06 6.48 29.48 

6.0 4.00 0.30 0.10 0.20 10,90 4.66 19.96 

9.0 4.94 0,20 0.08 0.12 2.56 1.87 8.58 

12.0 4.90 0.28 0.14 0.14 0.80 0.68 2.64 

23.0 3.84 0.26 0.12 0.14 0.54 0.30 1.94 

32.0 3.75 0.18 0,08 0.10 0.34 0.48 1.03 

47.0 4.10 0.18 0.10 0.08 0.24 0.25 0.89 

56.0 3.88 0.28 0.20 0.08 0.13 -- 0.40 

72.0 4.22 0.44 0.22 0.22 0.13 -- 0.38 

+ 
Oral: 

0.0 4.05 0.40 0.22 0.18 -- -- -- 

1.0 3.46 0.32 0.16 0.16 48.04 14.05 117,09 

2.0 3.59 0.34 0.14 0.20 48.74 14,14 193.76 

4.0 3.54 0.30 0.28 0.02 23.73 13.67 91.15 

6.0 3.45 0.38 0.30 0.08 17.90 7.71 52.56 

8.0 43.64 0.26 0.12 0.14 8.53 2.50 35.62 

10.0 3.58 0.28 0.08 0.20 2.97 0.89 11.50 

12.0 4.41 -- -- --t 1.45 0.77 7.81 

14.0 3.67 0.24 0.14 0.10 0.83 0.59 5.23 

23.6 3.59 0. 32 0.22 0.10 0.54 0.40 3.88 

32.0 3.83 0.18 0.14 0.04 0.87 0.59 2.38 

47.0 4.71 0.18 0.00 0.18 0.25 0.19 1.21 

546.0 4.00 0.26 0.12 0.14 0.09 Q.221 0.90 

76.0 3.06 0.12 0.00 0.12 0.17 0.32 0.73 

96.0 3.96 0.12 0.08 0.04 0.10 0.08 0.51 

*Pose based on 22.9 ky body weight. 

Dose based on 19.5 kg bady weight. 

tho value recorded due to excessive hemolysis of sample. 
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Table 28. 

Tirw 
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14.0 

23.0 

32.0 
47.0 

56.0 

76.0 

96.0 

  

continued 

Urine 

"Free" Acetyl~ Total Total 
Sul flsoxazole Sulfisoxazole Sulfisoxazole Drug in Urine 

(ug/ml) (ug/ml) (ug/ml) (ug) 

*No urine level was recorded after 10.0 hours due to a problem In collection. 

-
7
7
T
-



Table 29. Serum concentrations of albumin, bilirubin, and sulfisoxazole and urinary 

concentrations of sulfisoxazole in pig 3 after intravenous and oral 

administration of sulfisoxazole. 

    

Seruo 

Total Conjugated Indirect “Kree” Acetyl- Yotal 

Time Albuniu Bhlirubiu Billrabin Biidrabian Sulflsoxazole Saltisoxazole Sulfisoxazole 

(hours) (gm/al) (ing /d1) Gug/dl) (mg/d) Gug/ml ) (g/ml) (ug/ml) 

Intravenous: * 
0.0 3.89 0.30 0.10 0,20 -- -~ -~ 

0.5 3.72 0.26 0.18 0.08 222.64 33.95 288.93 

1.0 3.62 0.30 0.10 0,20 180.16 40,63 256.06 

2.0 3.70 0.18 0.14 0.04 102.27 43.33 188.92 
4.0 3.66 0.22 O.14 0,08 61.24 40.88 125.29 

4.5 3.74 0.28 0.14 0.14 20.19 13.58 63.53 
6.0 3.74 0.32 0.26 0.06 7.60 5.30 20.90 

9.0 3.68 0.28 0.10 0.18 1.93 1.12 6.69 
12. 3.81 0.22 0.18 0.04 0.90 0.30 2.75 

24.0 4,01 0.16 0.00 0.16 0.45 0.20 1.71 
32.0 1.80 0.20 0.06 0.14 0.14 0.13 0.85 
47.0 3.5) 0.16 0.08 0.08 0.14 -— 0.53 

56.0 3.49 0.18 0.04 0.14 0.2) -~ 0.40 

72.0 4.66 0.22 0.12 0,10 0.21 -~ 0.31 

Oral: ! 
0.0 3.87 0.36 0.26 0.10 -- -- -- 
1.0) 3.65 0.28 0.20 0.08 73.48 16,38 127.50 

2.0 3.49 0.40 0.26 0.04 56.11 17,36 102.63 
4.0 3.57 0.28 0.08 0.20 70.03 18.70 135.87 
6.0 3.8) 0.44 0,22 0.22 18.87 7.77 48.97 
8.0 3.75 0.38 0,32 0.06 12.98 5.64 19.42 

10.0 3.63 0.20 0.14 0.06 5.97 3.48 16.72 
12.0 3.84 --f --f --4 1.82 0.78 3.98 
14.0 ).81 0,30 0.16 0.14 1.17 0.47 2.54 
23.0 3.76 0,30 0,14 0.16 0.63 0.09 1.74 

32.0 3.78 0.32 0.12 0,20 0.30 0,26 1.0) 
47.0 3.B3 0.34 0.10 0.24 0.211 0.48 0.94 
56.0 4.04 0.24 0.02 0.22 0.19 0.39 0.88 
76.0 3.93 0.12 0.00 0.12 0.15 0.116 0.79 
96.0 3.88 0.24 0.14 0.10 0,25 0.44 0.78 

*Dose based on 25.6 kg body welght. 

1 
Dose based on 19.5 kg body weight. 

4 
*No value recorded due to excessive hemolysis of sample. 
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Table 29. continued 

  

"Tree! 

Time Sulfjsoxazole 

(hours) (ve /m1) 

Intravenous: 

0.0 -- 

0.5 -- 

1.0 a 

2.0 -- 

3.0 242.43 

4.5 -- 

6,0 -- 

9.0 -- 

12.0 75.07 

23.0 - 

32.0 4.15 

47.0 -- 

54.0 0.79 

72.0 0.96 

Oral: 

0.0 -- 

1.0 -- 

2.0 -- 

4.0 -- 

6.0 107,30 

8.0 -- 

10.0 -- 

12.0 157.47 

14.0 -~ 

23.0 -- 

32.0 -- 

47.0 -- 

56.0 9.97 

76.0 -- 

96.0 4.22 

Urine 

Acetyl- Total 

Sulfisoxazole Sulf Lsoxazole 

(ug/ml) Gig/mL) 

71.30 146.37 

6,20 10.35 

0.80 1.59 
0,60 1,56 

69.60 176.90 

98.40 255.87 

6.60 16.57 

Total 

Drug in Urine 

(ug) 

176.90 

432.77 
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Table 30. Serum concentrations of albumin, bilirubin, and sulfisoxazole and urinary 
concentrations of sulfisoxazole in pig 4 after intravenous and oral 
administration of sulfisoxazole. 

  
  

Serum 
Total Conjugated Indirect "Free" Acetyl- Total 

Time Albuorin Bilirubin Bilirubla Bilirubin Sulf lsoxazole Sulfisoxazole Sulf isoxazole 

(hours (um/d1) (mg/d) ) (imy/d1) (mg /db) (ug/ml) (ug/ml) (ug/ml) 

Intravenous :* 

0.0 3.73 ). 36 0.18 0.18 -~ a ~~ 
0.5 3.60 0,34 0.20 0.14 212.81 27.46 261.64 

1.0 3.52 0.40 0.28 0.12 170.69 32.61 219.02 

2.0 3.48 0.32 0.08 0.24 82.93 30.41 142,08 
3.0 3.40 0.26 0.12 0.14 56.89 24 62 100.58 

4.5 3.64 0.26 0.10 0.16 20.87 10.17 49.78 
6.0 3.67 0.38 0.14 0.24 9.52 4.03 15.7] 

9.0 4.53 0.26 0.10 0.16 2.79 1.50 5.87 

12.0 3.61 0.30 0.18 0.12 1.00 0.59 2.95 

23.0 4.91 0.20 0.18 0.02 0.45 0.35 1.71 
42.0 3.46 0.24 0.16 0.08 0.40 0,22 1.50 

47.0 3.61 0,28 0.18 0.10 0.2L 0.05 0.80 
56.0 4,66 0.30 0,28 0.02 0.22 0.04 0.50 

72.0 3.55 0. 32 0.14 0.18 0.32 0.07 0.45 

Oral 

0.0 4.86 0.36 0.12 0.24 -- -- -- 

1.0 3.73 0.34 0,22 0.12 91.34 16.68 167.64 

2.0 3.62 0.34 0.24 0.10 80,38 20.02 155.82 

4.0 3.67 0.34 0.26 0.08 40.72 13.76 86.50 

6.0 3.66 0.68 0.42 0,26 16.40 6.26 47.50 

8.0 3.471 0.38 0.26 0.12 4.82 2.04 32.42 

10.0 4.86 0,36 0.20 0.16 2.22 0.86 12.08 

12.0 4.01 0.40 0,28 0.12 1,24 1.92 6.85 

14.0 3.80 0.40 0.24 0.16 0.88 1,86 4.87 

23.0 3.60 0.16 0.18 0.18 0.54 0.40 3.90 
32.0 4.89 0.30 0.18 0.12 0.52 Q. 36 2.07 

47.0 3.48 0.32 0.14 0.18 0.36 0.38 1.29 

56,0 3.93 0.20 0.06 0.14 0,32 0.30 0.94 

76.0 3.90 0.22 0.02 0,20 0.37 0.39 0.86 

96.0 4.88 0.30 0,00 0.30 0.26 0.50 0.80 

4Dose based on 24.0 ky body weight. 

Those based on 20.6 ky body weight. 
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Table 30. continued 

Urine 
"¥ree™ Acetyl- Total Total 

Time Sul fisoxazole Sulfisoxazole Sul fisoxazole Drug In Urine 

(hours) (ug/ml) (ug/m1) (ug/m1) (ug) 

Intravenous: 

0.0 -- -- -- -- 
0.5 -- -- -- -- 
1.0 ~~ - -- a 
2.0 -- -- -~ ~~ 
3.0 -- -- -- a 
4.5 -- -- -- -- 
6.0 ~~ -- -- -- 

9.0 -- ies -- -- 
12.0 300.00 169,00 469.00 469.00 
23.0 -- a -- -- 

32.0 0.78 0.40 1.18 470.18 
47,0 a -- -- -- 
56.0 2.48 1.10 3.58 473.76 a 
72,0 1.36 1.50 2.86 476.62 nN 

? 
Oral: 

9.0 -- -- -- -- 
1.0 -- -- ~-- -- 
2.0 -- -- -- -- 
4.0 -- -- -~ ~~ 
6.0 3.74 3.20 6.94 6.94 
8.0 -- -~ a -- 

10.0 100.90 57.60 158.50 165.44 
12.0 -- -- -- -- 

14.0 268.30 198.60 466.90 632.34 
23.0 -- -- ~- -- 
32.0 14.65 8.10 22.75 655.09 
47.0 -- -- -— -- 
56.0 2.55 1.90 4.45 659.54 
76.0 -- ~~ -- -- 
96.0 1.52 1.20 2.72 662,26



fable 31. Serum concentrations of albumin, bilirubin, and sulfisoxazole and urinary 

concentrations of sulfisoxazole in pig 5 after intravenous and oral 

administration of sulfisoxazole. 

  

Yotal Conjugated Indl rect "Bree" Acetyl- Total 

Time Albumin Wilirabin Ritlerubla Bilirubin Sulfisoxazole SulFisoxazote Sulfisoxazole 

(hours) Cam/dl) Gays /dd) Gog /dl) (ng /d1) (yg /int) Cug/inl ) (ny/ml ) 

Int mavenous:* 
0.0 3.49 0,30 OG 0.16 -- -- -- 

0.5 3.42 0.50 0.38 0.12 222.36 31.25 277.47 

1.0 3.52 0,56 O.44 0.22 160.26 39.30 228.51 

2.0 3.494 0.60 0.44 0.16 94.85 34.16 156.21 

400 3.4) 0. 16 0.20 0.16 59.07 2983 305.77 

4.5 3.43 --t -~" --1 24.13 13.05 50.89 

6.0 3.01 0.36 0,22 0.14 11.04 6.49 28.17 

9.0 4.43 0.40 0.26 0.14 2.58 L.26 12.30 

12.0 3.45 0.64 0.36 0.28 1.19 0.48 1.95 

23.0 3.63 0.60 0.34 0.26 0.61 0.37 1.18 

32.0 3.56 0.22 0.12 0,10 0,38 0.08 0.94 

47.0 3.61 0.24 0.12 0.12 0.36 0.23 0.83 

56.0 3.57 0.24 0.32 0.12 0.14 -- 0.50 

72,0 3.56 0.28 0.16 0.12 0.22 -- 0.40 

Oral: | 

0.0 3.45 0.16 0.20 0.16 -- -- -- 

1.0 3.23 a. 30 0.20 0.10 32.77 9.36 72.76 

2.0 1.30 0.29 0.18 0.10 34.14 13.54 53.53 

4.0 3.25 0.48 0.24 0.24 15.85 8.54 38.37 

6.0 3.32 0.86 0.50 0.36 6.17 4.05 16.48 

8.0 3.28 0.08 0.46 0.22 2.27 1.51 6.35 

10.0 3.56 0. 36 0.20 0.16 1.26 0.78 2.98 

12.0 3.54 0.40 0.26 0.14 0.74 0.28 1.58 

14.0 4.38 O.34 0.20 0.14 0.55 0.37 1.26 

241.0 3.35 0.32 0.20 0.12 0.46 0.17 0.98 

32.0 4.55 0.38 0.24 0.14 0.25 0.15 0.73 

47.0 4.48 0.32 0.14 0.18 0.64 0.31 1. 

56.0 3.51 0.22 0.18 0.04 0.37 0.19 0.84 

76.0 3.52 0,22 0,02 0,20 0.65 0.31 1.28 

96.0 3.60 0.28 0.06 0,22 0.11 0.20 0.45 

  

*Dose based on 20.9 kg body weight. 

+ 
‘Dose based ou 16.3 ky body weight. 

tNo value recorded due to excessive hemolysis of sample. 
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Table 31. continued 

Urine 

"Free" Acetyl- Total Total 
Time Sulfisoxazole Sul fisoxazole Sulfisoxazole Drug in Urine 

(hours) (ug/m1) (ug/ml) (ug/ml) (ug) 

intravenous: 

0.0 -- -- -- -- 
0.5 -~ -- -- -- 
1.0 -- = -- -- 
2.0 -~ -- -- a 
3.0 6.42 3.40 9.82 9.82 

4.5 “= -- -~- =~ 
6.0 -- -- -- -~ 
9.0 -- — “— - 

12.0 107.70 31.00 138.70 148.52 
23.0 -- -- -- -- 
32.0 156,94 185.90 342.84 491,36 
47.0 -~ -- -- -- 
56,0 2.46 1.90 4.36 495.72 
72.0 3.05 1.90 4.95 500.67 

Oral: 

0.0 =~ -- -- -- 
1.0 -- -- -- -- 
2.0 -~ -- -- -- 
4.0 -~ -- -- -- 
6.0 194.79 136.60 331.39 331.39 
8.0 -- -- -- -- 

10.0 -- -- -- -- 
12.0 -- -- -- -- 
14.0 -- -- -- -- 
23.0 -- ~- ~- ~~ 

32.0 175.94 70.40 246.34 577.73 
47.0 -- a -- -— 
56.0 2.65 1.60 4.25 581.98 
76.0 -- -- -- -- 
96.0 1.66 1.60 3.06 585.04 
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Table 32. Serum concentrations of albumin, bilirubin, and sulfisoxazole and urinary 
concentrations of sulfisoxazole in pig 6 after intravenous and oral 
administration of sulfisoxazole. 

fe ram 

  

Total Con piagated Indirect “Free” Acetyl- Total 

Time Al ful Bilirubin Bilirubin Billvabin Sulf isoxazole Sulflsoxazole Sulfisoxazele 

(hours) (gm/dt) (my /dt) Ging /d1) (mp /d it) Gig f/m) Cag /int ) Cays/mt ) 

lnt ravenous: * 

0.0 4.78 0.40 0.24 0.06 -- a -- 

0,5 4.53 0.28 0.16 0,12 171.98 19.88 207.87 

1.0 3.45 0.16 0.12 0.04 125,50 22.73 199.40 

2.0 3.55 0,24 0,12 0.12 83.55 19.93 129.52 

4.0 3.53 --{ --| -4 56.45 15,50 84,29 
4.5 3.49 0.20 0,08 0,12 30,26 , 8.26 50.41 
6.0 3.50 0.20 0,20 0,00 14.30 4,50 20,59 

9.0 3.61 0.30 0.08 0,22 $.60 1.76 7.05 

i2.0 3.62 0.48 0.22 OL 16 0,89 0.60 2.03 

23.0 3.81 0.56 0.42 0.14 0.25 0.33 0.89 

42.0 4.59 0.26 0.12 O.14 0,18 0.31 0.81 
47.0 3.51 0,42 0.22 0.20 0. $0 0.24 0.71 

56.0 4.55 O.14 0.08 0.06 0.26 0.31 0.70 

72.0 3.34 0.24 0,08 0,16 0,19 0.14 0.50 

Oral: | 

0.0 4.55 0.32 O14 0.18 -- -- -~ 

1.0 4.55 0.28 0.26 0,02 100.64 18,30 202,70 

2.0 3.57 0.42 0,22 0.10 58.13 19.11 100.98 

4.0 3.43 0.30 0.28 0,02 22.96 7,84 52.83 

6.0 3.61 0.36 0.22 0.14 8.30 3.28 20.43 

8.0 4.70 0.48 0.32 0.16 1.14 0.42 4.42 

10,0 3.77 0, 48 0,38 0.00 2.26 0.85 7.58 

12.0 4.61 0.26 0.24 0.02 0.46 0.20 1.37 
14.0 3.67 0.38 0.20 0.18 0.49 0.15 1.35 

23.0 3.64 0.44 0.18 0.16 0.17 0.14 0,72 

32.0 4.68 0,20 0.10 0.10 0.17 0.28 0.80 

47.0 3.66 0.18 0.06 0.32 oO.td 0.15 0.62 

56.0 3.82 0.26 0.12 O14 0.19 0.23 0.79 

76.0 3.74 0.16 0.14 0.02 0.20 -- 0.45 

96.0 4.55 0.30 0.12 0.18 0.12 0.17 0.40 

*Dase based on 212.3 kg body welght. 

"hose based on 20.2 kg body weipht. 

to value recorded due to excessive hemolysis. 
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Table 32. continued 

Urine 
"Free" Acetyl- 

Vime Sullisoxazole Salfisoxazole 

(hours) (ig/ml ) (ug/ml) 

{utravenouss 

0.0 -- = 

9.5 -- -- 

1.0 -- -- 

2.0 -- -- 

3.0 1.31 0.60 

4.5 -- -- 

6.0 -- -- 

9.0 -- -- 

12,0 312.67 338.40 

23.0 -- -- 

32.0 13.07 31.60 

47.0 -- -- 

56.0 ~~ -- 

72.0 1.01 1.20 

Oral: 

0.0 -- a 

1.0 -- -- 

2.0 -- -- 
4.0 -- -- 

6.0 202.18 100.70 

8.0 -- a 

10,0 -- -- 

12.0 -- -- 

14.0 -- “+ 

23.0 155,65 71.50 

32.0 =~ -- 

47.0 -- -- 

56.0 16.56 28.60 

76.0 -- -- 

96.0 0.50 0.40 

  

Total Total 

Sulfisoxazole Drug in Urine 

Cug/mL) (ig) 

1.9) 1.91 

651.07 652.98 

34.67 687.65 

~ ~ ‘ 
2.21 689.86 lo 

Nh 

I 

302.88 302.88 

227.15 530.03 

45.16 575.19



  

  

Table 33. Serum concentrations of albumin, bilirubin, and sulfisoxazole in human 1 after oral administration 

of sulfisoxazole.* 

Serum 

Total Conjugated Indirect "Free" Acetyl- Total 
Time Albumin Bilirubin Bilirubin Bilirubin Sulfisoxazole Sulfisoxazole Sulfisoxazole 

(hours) (gm/d1) (mg/d1) (mg/d1) (mg/dl) (ug/ml) (ug/ml) (ug/ml) 

0.0 4.86 0.60 0.46 0.14 -- -- -- 

1.0 4.85 0.56 0.46 0.10 177.25 10.91 229.74 

2.0 4.89 0.62 0.50 0.12 161.72 20.73 228.52 bo 
Ww 
uo 

4.0 4.87 0.60 0.46 0.14 155.04 31.23 218.14 

6.0 4.96 0.64 0.54 0.10 120.25 29.73 196.17 

8.9 4.90 0.60 0.52 0.08 100.33 25.10 171.43 

*Body weight of 79.5 kg. 

  

 



Table 34. Serum concentrations of albumin, bilirubin, and sulfisoxazole in human 2 after oral administration 
of sulfisoxazole.* 

Serum 

Total Conjugated Indirect "Free" Acetyl- Total 
Time Albumin Bilirubin Bilirubin Bilirubin Sulfisoxazole Sulfisoxazole Sulfisoxazole 

(hours) (gm/d1) (mg/d1) (mg /d1) (mg/d1) (ug/m1) (ug/ml) (ug/ml) 

0.0 4.41 0.45 0.38 0.07 -- -~ -- 

1.0 4.35 0.45 0.40 0.05 183.06 16.90 231.45 

2.0 4.61 0.38 0.30 0.08 164.75 28.16 230.27 be 
~ 

4.0 4.44 0.40 0.38 0.02 136.27 34.94 210.34 

6.0 4.67 0.38 0.34 0.04 101.20 29.52 190.17 

8.0 4.60 0.42 0.38 0.04 81.92 26.10 165.37 

*Body weight of 66.8 kg.



Table 35. Serum concentrations of albumin, bilirubin, and sulfisoxazole in human 3 after oral administration 

of sulfisoxazole.* 

Serum 
Total Conjugated Indirect "Free" Acetyl- Total 

Time Albumin Bilirubin Bilirubin Bilirubin Sulfisoxazole Sulfisoxazole Sul fisoxazole 

(hours) (gm/d1) (mg/d1) (mg/d1) (mg/d1) (ug/ml) (ug/ml) (ve/ml1) 

0.0 4.59 0.40 0.35 0.05 -- -- -- 

1.0 4.50 0.40 0.36 0.04 180.74 14.19 227.91 

2.0 4.71 0.36 0.30 0.06 165.24 20.65 225.54 I 

ni 

4.0 4.65 0.38 0.36 0.02 138.72 31.39 210.15 ' 

6.0 4.75 0.38 0.34 0.04 110.26 28.95 187.79 

8.0 4.79 0.42 0.38 0.04 93.67 25.59 160.72 

*Body weight of 70.0 kg.



Table 36. Serum concentrations of albumin, bilirubin, and sulfisoxazole in human 4 after oral administration 
of sulfisoxazole.* 

Serum 

Total Conjugated Indirect "Free" Acetyl- Total 

Time Albunin Bilirubin Bilirubin Bilirubin Sulfisoxazole Sulfisoxazole Sulfisoxazole 

(hours) (gm/d1) (mg/dl) (mg/d1) (mg/dl) (ug/ml) (ug/ml) (ug/ml) 

0.0 4.76 0.62 0.45 0.17 -- -- -- 

1.0 4.80 0.60 0.40 0.20 176.91 10.08 225.16 

2.0 4.85 0.64 0.48 0.16 160.24 19.76 215.18 na 
Lo 
On 

4.0 4.83 0.58 0.45 0.13 130.26 30.37 206.15 ‘ 

6.0 4.90 0.58 0.45 0.13 109.38 28.79 179.95 

8.0 4.88 0.62 0.46 0.16 91.36 25.53 159.27 

*Body weight of 79.0 kg.



Table 37. Serum concentrations of albumin, bilirubin, and sulfisoxazole in human 5 after oral administration 

of sulfisoxazole.%* 

Serum 

Total Conjugated Indirect "Pree" Acetyl- Total 
Time Albumin Bilirubin Bilirubin Bilirubin Sul fisoxazole Sulfisoxazole Sulfisoxazole 

(hours) (gm/d1) (mg/d1) (mg/dl) (mg/d1) (ug/ml) (ug/ml) (ug/ml) 

0.0 4.65 0.64 0.46 0.18 ~~ -- -- 

1.0 4.60 0.66 0.45 0.21 164.70 12.86 224.17 

2.0 4.75 0.64 0.40 0.24 147.05 19.51 209.15 bo 
lo 
wd 

4.0 4.70 0.56 0.38 0.18 114.50 29.73 189.57 ' 

6.0 4.71 0.54 0.38 0.16 98.70 28.95 170.84 

8.0 4.78 0.60 0.44 0.16 88.46 25.01 150.17 

*Body weight of 82.0 kg.



Table 38. Serum concentrations of albumin, bilirubin, and sulfisoxazole in human 6 after oral administration 

of sulfisoxazole.* 

Serum 

Total Conjugated Indirect "Free" Acetyl- Total 
Time Albumin Bilirubin Bilirubin Bilirubin Sulfisoxazole Sulfisoxazole Sulfisoxazole 

(hours) (gm/d1) (mg/d1) (mg/d1) (mg/d1) (ug/ml) (ug/m1) (ug/ml) 

0.0 4.54 0.56 0.38 0.18 a -- -- 

1.0 4.50 0.58 0.36 0.22 189.35 11.91 235.75 

i 
2.0 4.64 0.56 0.36 0.20 170.42 23.74 228.47 5 

Go 
1 

4,0 4.64 0.54 0.38 0.16 150.18 34.17 200.19 

6.0 4.60 0.58 0.34 0.24 120.81 27.65 180.54 

8.0 4.60 0.60 0.40 0.20 104 .62 24.98 160.18 

*Body weight of 66.0 kg.



Table 39. Means and standard deviations* of serum albumin, total bilirubin, conjugated 
bilirubin, and indirect bilirubin in 6 dogs after intravenous administration 
of sulfisoxazole. 

  

Time Albumin 
(hours) (gm/d}) 

0.0 3.06 + .25 

0.5 2.89 + .29 

1.0 2.87 + .24 

2.0 2.84 + .22 

3.0 2.96 + 133 

4.5 3.09 + .26 

6.0 3.00 + .25 

9.0 2.96 © .25 

12.0 3.02 & .27 

22.0 (23.0)' 2.86 + .33 (2.90 

32.0 (33.0)! 3.04 + .19 (2.93 

46.0 (47.0)! 2.90 + .25 (3.05 

56.0 2.95 + .18 

72.0 2.93 4.17 

*Means t 1 standard deviation. 

I+
 

I+
 

-13) 

.29) 

.20) 

Total 

Bllirubin 

(mp/d1) 

0.21 £ .05 

0.19 + .07 

0.15 + .05 

0.18 + .09 

0.19 + .03 

0.31 + .125 

0.37 + .08t 

0.34 4 .05t 

0.39 + .107 

0.28 + 

0.24 £ 

0.27 4 

0.30 4 .06° 

0.26 + .04 

t, : 
The mean of 3 observations at each time Interval. 

tp 
§ 

P 

< 

< 

OL. 

05. 

.07 (0.23 

-06 (0.29 

-03 (0.27 

  

+ 

-11) 

-14) 

-06) 

Con jugated 

Bilirubin 

(gm/d1) 

0.06 + .07 

0.06 + .03 

0.07 4 .04 

0.08 + .06 

0.20 + .o9t 

0.20 + .107 

0.28 + .o3t 

0.33 + .o8t 

0.17 + .04 (0.16 

0.14 + .04 (0.21 

0.20 + .04 (0.21 

0.23 + .o7* 

0.17 + .o8t 

| 

.03)5 

.06)* 

yt 

Indirect 

Bilirubin 

(mg/d1) 

0.14 + .06 

0.12 4 .08 

0.09 t .06 

0.11 4 .07 

0.11 + .05 

0.10 + .06 

0.47 + .12 

0.06 4 .03 

0.07 + .08 

0.11 4 .03 

0.10 + .05 

0.07 + .07 

0.07 4 .10 

0.09 + .06 

(0.07 

(0.09 

(0.05 

-08) 

.09) 

.06) 

-
6
€
T
-



Table 40. Means and standard deviations* of serum albumin, total albumin, conjugated 
bilirubin, and indirect bilirubin in 6 dogs after oral administration of 

  

sulfisoxazole. 

Total Conjugated Indirect 

  

  

  

  
  

Time Atbumin Bilirubin Bilirubin Billrubin 

(hours) (g/dl) (mg/d] ) (ing /d1) - (mg/dd) 

0.0 3,00 § .18 0.20 + .07 0.08 + .05 O.11 + .02 

1.0 2.80 + .15 0.17 1 .06 0.08 + .04 0.10 + .03 

2.0 2.85 4 47 0.26 + .07 0.05 + .03 0.11 + .06 

4.0 2.94 & £23 0.16 + .06 0.06 + .03 0.10 + .07 

6.0 2.97 4 .24 0.27 4.11 0.14 + .14 0.12 + .09 

8.0 2.95 4 .20 0.28 4 .10° 0.20 4 .075 0.08 + .07 

10.0 2.97 4 .23 0.30 + .o8t 0.22 + .08° 0.08 + .04 

12.0 2.90 + .20 o.31 4 .10t 0.20 4 .065 0.09 £ .07 

14.0 2.89 £ 17 0.24 4 .08 0.17 + .06 0.07 + .07 

24.0 2.94 + .18 0.25 4 .13 0.15 + ,13 0.09 + ,06 

32.0 2.90 4 .14 0.22 + .08 0.11 + .08 0.10 + .07 

44.0 (47.0)" 2.87 4 .16 (3.03 4 .18) 0.20 £ .02 (0.31 + .13) 0.11 4 .09 (0.23 £ .15) 0.09 4 .08 (0.08 

56.0 2,98 4.15 0.23 4 .17 0.13 2.13 0.10 4 .07 

76.0 2.95 § .19 0.36 + .17 0.07 + 0.06 0.28 + vist 

96.0 , 2.95 4 .13 0.30 4 .07 0.07 + .03 0.24 + .o74 

*Means * 1 standard deviatlon. 

t 

$ 

i, < .05. 

The mean of 3 observations at each time interval. 

p< .OL. 

t -02) 

-
O
7
T
-
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Table 41. Means and standard deviations* of serum albumin, total bilirubin, 

conjugated bilirubin, and indirect bilirubin in 6 swine after 

intravenous administration of sulfisoxazole. 

Total Conjugated Indirect 
Time Albumin Bilirubin Bilirubin Bilirubin 
(hours) (gm/d1l) (mg/d1) (mg/d1) (mg/d1) 

0.0 3.78 + .16 0.33 + .06 0.19 + .08 0.13 + .06 

0.5 3.61 + .12 0.31 + .11 0.19 + .12 0.12 + .03 

1.0 3.58 + .11 0.30 + .16 0.16 + .12 0.14 + .06 

2.0 3.61 + .19 0.28 + .17 0.16 + .14 0.11 + .08 

3.0 3.57 + .15 0.24 + .08 0.12 + .06 0.12 + .03 

4.5 3.66 + .18 0.25 + .03 0.14 + .06 0.11 + .06 

6.0 3.74 + .19 0.29 + .09 0.15 + .09 0.13 + .09 

9.0 3.69 + .22 0.28 + .07 0.12 + .07 0.16 + .03 

12.0 3.71 + .18 0.35 + .15 0.22 + .08 0.13 + .09 

23.0 3.83 + .13 0.33 + .20 0.18 + .17 0.15 + .08 

32.0 3.66 + .14 0.22 + .03 0.10 + .04 0.12 + .03 

47.0 3.71 + .24 0.25 + .10 0.13 + .06 0.12 + .04 

56.0 3.64 + .14 0.24 + .07 0.14 + .09 0.10 + .08 

72.0 3.71 + .31 0.38 + .21 0.19 + .12 0.19 + .09 

*Means + 1 standard deviation.
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Table 42. Means and standard deviations* of serum albumin, total bilirubin, 
conjugated bilirugin, and indirect bilirubin in 6 swine after 

oral administration of sulfisoxazole. 

Total Conjugated Indirect 

Time Albumin Bilirubin Bilirubin Bilirubin 

(hours) (gm/d1) (mg/dl) (mg/d1) (mg/dl) 

0.0 3.73 + .23 0.37 + .03 0.19 + .05 0.17 + .05 

1.0 3.52 + .17 0.32 + .05 0.22 + .04 0.10 + .05 

2.0 3.52 + .12 0.31 + .03 0.21 + .05 0.10 + .06 

4.0 3.49 + .14 0.34 + .07 0.21 + .08 0.12 + .10 

6.0 3.56 + .17 0.52 + .20 0.344.117 0.18 + .12 

8.0 3.61 + .18 0.41 + .15 0.28 + .12 0.13 + .05 

10.0 3.65 + .14 0.31 + .07 0.19 + .10 0.12 + .07 

12.0 3.65 + .23 0.33 + .09 0.23 + .07 0.10 + .05 

14.0 3.64 + .17 0.31 + .07 0.18 + .04 0.14 + .03 

23.0 3.61 + .16 0.32 + .02 0.20 + .05 0.12 + .06 

32.0 3.74 + .12 0.26 + .08 0.13 + .08 0.13 + .06 

47.0 3.65 + .14 0.25 + .08 0.07 + .06 0.18 + .04 

56.0 3.69 + .38 0.22 + .05 0.08 + .07 0.14 + .06 

76.0 3.75 + .15 0.16 + .05 0.03 + .05 0.13 + .07 

96.0 3.76 + .17 0.24 + .07 0.07 + .06 0.18 + .09 

*Means * 1 standard deviation. 

- < O01.
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Table 43. Means and standard deviations* of serum albumin, total bilirubin, 

conjugated bilirubin, and indirect bilirubin in 6 humans after 

oral administration of sulfisoxazole. 

Time Albumin 
(hours) (gm/d1) 

0 4,64 + 

1 4.60 + 

2 4.74 + 

4 4.68 + 

6 4.77 + 

8 4.76 + 

*Means ¢ 1 standard 

.16 

-19 

-1ll 

15 

14 

-13 

Total 

Bilirubin 

(mg/d1) 

0.55 + .10 

0.54 + .10 

0.53 + .13 

0.51 + .10 

0.52 + .11 

0.54 + .10 

deviation. 

Conjugated 

Bilirubin 

(mg/d1) 

0.41 + .05 

0.40 I+
 04 

0.39 I+
 .09 

0.40 I+
 04 

0.40 + .08 

0.43 i+
 .O5 

Indirect 

Bilirubin 

(mg/d1) 

0.13 I+
 02 

0.14 (+
 .08 

0.14 + .07 

0.11 I+
 .07 

0.12 i+
 08 

0.11 (+
 .07
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