
Evidence for Capacity-Limited 
Biotransformation of Sulfanilamide 

Scheme 11 

and 1.02 6 (t, CH3); and (b)  a mixed melting-point 
determination of the product prepared by the method 
of Demers and Jenkins (1) with a sample of ethyl di- 
phenamate prepared by reacting ethyl diphenoyl chlo- 
ride with ammonia showed no depression, and single 
melting-point determinations and NMR spectra were 
identical within experimental error. 

Ethyl Diphenamate (W)-(a) This was prepared fol- 
lowing the procedure of Demers and Jenkins (l), m.p. 
93" (lit 93"). 

Anal.-Calcd. for N': 5.20. Found: 5.19. 
(b)  Items prepared by reacting ethyl diphenoylchloride 

with ammonia as follows. Approximately 74 mmoles of 
ethyl diphenoyl chloride was prepared in a manner re- 
ported by Demers and Jenkins (l) ,  except that the final 
product was not isolated following the 8-hr. reflux 
period because of its hygroscopic nature. Instead the 
solvent was first removed in uacuo, and three successive 
10-mI. portions of benzene were then added to the res- 
idue and each stripped off in a like manner to remove 
unreacted thionyl chloride, solvent, and HCl. The residue 
was dissolved in 200 ml. of anhydrous ether and cooled 
in a dry ice bath. Ammonia was then bubbled slowly 
into the mixture for several minutes (Scheme 11). A 
white precipitate (NHKI and ethyl diphenamate) 
formed immediately and was collected. The solid was 
triturated with water to remove the NH4C1. The re- 
maining solid (ethyl diphenamate) was collected and 
recrystallized from alcohol and water. Yield 95 %, m.p. 
89-90", NMR spectrum identical to that obtained in 
(a>. 
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Sir: 

Blood as well as lymph concentrations of various 
agents were determined following intravenous ad- 
ministration in recent studies concerned with the in- 
fluence of plasma protein binding on rate of drug dis- 
tribution to the body (1). Among these agents were 
several sulfonamides. The data obtained with sulfanil- 
amide appeared to indicate that the fraction of un- 
metabolized drug increased with increasing dose. Sub- 
sequent to the recently presented evidence that the 
biotransformation of salicylate, in the analgesic dose 
range usually used in man, is rate limited (2), a sig- 
nificant number of other agents were shown also to be 
metabolized in man and animals by various enzyme sys- 
tems which are capacity limited (3). Since clear evidence 
for the capacity-limited nature of acetylation has been 
obtained only for p-aminobenzoic acid (4), we carried 
out additional studies to  determine whether the bio- 
transformation of low doses of sulfanilamide was, in- 
deed, a rate-limited phenomenon. 

These studies were carried out using nonfasted male 
rats of the Sprague-Dawley strain, weighing between 
250 and 300 g. Sulfanilamide was injected into the 
femoral vein in doses of 2.5, 5.0, or 10.0 mg. Blood was 
sampled by cardiac puncture at 12, 18, 30, 42, and, in 
two instances, 5 min. after administration. Since lymph 
was also collected in some of the experiments, the 
animals were kept under light ether anesthesia. How- 
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Figure I-Comparison of blood levels of unchanged drug afrer in- 
travenous administration of several doses of sulfanilamide. Straight 
lines are regression lines calcuIated from the individual values de- 
termined at each time level (same number of animals as indicated 
in Table I) .  
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Table I-Effect of Dose on Percent of Total Sulfanilamide 
Present in Blood as Unmetabolized Drug 

1 

Percent Unmetabolizeda 
Min- I -Dose, mg.------ F 

utes 2 . 5  5 . 0  10.0 

I 1 I T 

5 72.7 (2) - - 

12 61.5 f 12.3 (4) 81.3 * 4 . 3  (4) 85.6 f 3 .8  (3) 
18 65.8 f 15.6(4) 78.4 f 2 . 8  (4) 87.1 f 2 .4 (3 )  
30 55.6 f 16.9 (6) 72.6 f 12.4 (4) 85.3 f 4 . 5  (3) 
42 56.5f 11.6(7) 6 8 . 9 2 ~  11.1(4) 7 9 . 0 f 4 . 3 ( 5 )  

a Mean f SD. Numbers in parentheses indicate number of animals. 

ever, several experiments carried out in unanesthetized 
animals verified the blood level data collected in the 
anesthetized rats. The volume of all but the final sample 
of blood was 0.2 ml. The final sample, taken at 42 min., 
was sufficiently large to  permit the determination of the 
hematocrit as well as the drug content in whole blood, 
plasma, and red cells. These data were then used to 
calculate the plasma concentrations for the earlier 
blood samples from the same animal. The distribution 
of sulfanilamide between red blood cells and plasma 
was also determined in another group of animals at 
12, 18, and 30 min. after intravenous administration. 
For all samples the amounts of free (unmetabolized) 
and total (unmetabolized plus metabolized) sulfanil- 
amide were determined by the method of Bratton and 
Marshall (5). 

The results of the studies of distribution between 
plasma and red blood cells indicated that the interpre- 
tation of the data would be the same whether plasma 
concentrations or whole blood levels were used. The 

50 

40 

30 

2 20 E > 
M 

E 

analyses of the data, therefore, were carried out using 
the actual values obtained for blood rather than the 
calculated plasma values. These analyses clearly indi- 
cate that the biotransformation of sulfanilamide has the 
characteristics of a capacity-limited process (3). 

First of all, the percentage of the unchanged drug in 
the blood increases with dose (Table I). When the 
regression functions of the individual values of per- 
cent free sulfanilamide on time were estimated and 
tested for the three doses, it was found that the regres- 
sions were linear only for the 5.0 and 10.0-mg. doses 
and that the negative slopes of only these two regression 
lines were significantly different from zero. This indi- 
cates that above a dose of 2.5 mg., the rate of metab- 
olism increases relatively with time. Thus, the fractional 
composition of sulfanilamide in  blood is dependent on 
dose-a characteristic that is a good index of devia- 
tion from apparent first-order kinetics. 

Second, deviation from first-order kinetics also can 
be demonstrated when the data are treated as in Fig. 1. 
For first-order kinetics the principle of superimposition 
should apply when blood concentration/dose is plotted 
against time (3). However, it can be readily seen that 
the regression line for the 2.5-mg. dose is not super- 
imposable on the other two lines, and statistical analysis 
verified this conclusion. The slope of the line for the 
2.5-mg. dose was found to  be significantly different 
from those of 5.0 and 10.0 mg., and the slopes of the 
latter two lines were found to be insignificantly dif- 
ferent from each other. 

Finally, deviation from apparent first-order kinetics 
can be shown by the lack of linearity of semilogarithmic 
plots of blood concentration as a function of time (Fig. 
2) .  Although each of the regression lines is insignificantly 
different from a straight line and the corresponding 
slopes are significantly different from zero, the slope 
of the line for the 2.5-mg. dose is again significantly 
different from those for the other two doses. Therefore, 
the drug half-life becomes dose dependent at a dose 
between 2.5 and 5.0 rng. Alinearity of the plots for the 
5.0 and 10.0-mg. doses would be demonstrable only if 
the time of sampling was extended beyond 42 min. 

The demonstration that a capacity-limited system for 
acetylation of sulfanilamide exists in the rat is impor- 
tant for drug metabolism studies in this species but 
may not be necessarily relevant to  man. However, 
the saturation phenomenon occurred at doses in the 
rat that, when extrapolated to  man, lie well within the 
therapeutic dose range. Moreover, Levy (3) pointed 
out that several capacity-limited drug-metabolizing 
systems observed in man have been demonstrated also 
in rats. These include a limited capacity for the conjuga- 
tion of salicylate (6 )  and benzoate (3) with glycine and 
for sulfate and glucuronide conjugation with N-acetyl- 
p-aminophenol (7). Whether capacity-limited acetyla- 
tion of sulfanilamide can be added to  the list of simi- 
larities between man and the rat has to  await additional 
evidence. Certainly it becomes increasingly apparent 
that drug metabolism studies must be carried out at  
multiple-dose levels and that linearity of the semi- 
logarithmic plotsof drug elimination as a functionof time 
is frequently insufficient t o  discriminate between dose- 
independent or dose-dependent biotransformations. 
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Apparent Dose-Dependent Elimination 
Kinetics as an Experimental Artifact 

Keyphrases 0 Dose-dependent elimination kinetics, apparent- 
experimental artifact consideration 0 Plasma concentration- 
experimental blank errors 

Sir: 

It  is now known that the kinetics of elimination of 
several drugs are dose dependent. The decline in the 
plasma concentrations of some drugs is exponential 
throughout, but the apparent first-order rate constant 
for this process descreases with increasing dose (1). 
The elimination of other drugs involves one or more 
saturable processes, and semilogarithmic plots of plasma 
concentrations as a function of time curve downward 
until they attain an exponential phase which is reached 
at the same concentration irrespective of the dose (2) .  
In view of the great interest and investigative activity 
in the area of dose-dependent pharmacokinetics, it is 
appropriate to point out that errors in blank correc- 
tions can artifactually lead to the conclusion that an 
entirely linear, dose-independent system is in fact dose 
dependent and nonlinear. 

Figure 1 shows hypothetical plasma concentrations 
obtained after intravenous injection of 1, 3, and 10 
weight units of a drug which is actually eliminated by 
apparent first-order kinetics (t1l2 = 2.0 hr.), with the 
plasma concentration data describable by means of a 
one-compartment open model. However, the data 
points in the figure are, in each case, 2 mg./l. lower 
than the “real” concentrations. This would be so if, 
for a number of possible reasons, a 2 mg./l. error in the 
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Figure 1-Hypothetical plasma concentration data obtained after 
intravenous injection of I ,  3, and 10 weight units of a drug which is 
eliminated by apparent first-order kinetics (tm = 2 hr.), if the blank 
correction is 2 mg.11. too large. Arrows indicate apparent half-life. 
Inset: Relationship between initial plasma concentration (CO) and 
apparent halflife (“tl121’). 

blank value determination would have occurred. The 
data points thus obtained can be fitted readily to straight 
lines which yield a decreasing half-life with increasing 
dose. In the example shown, there is an almost 50% 
change in the apparent half-life. 

If plasma concentrations are determined over a 
wide concentration range, an error in the blank cor- 
rection can lead to the erroneous conclusion that 
elimination involves a combination of parallel linear 
and saturable ( i e . ,  capacity-limited) processes. Such 
systems may show an initial exponential concentration 
decline phase at  high concentrations, a subsequent 
downward curvature, and finally another exponential 
phase which is steeper than the initial exponential 
phase (2) .  This pattern is evident in Fig. 2; the figure 
shows hypothetical plasma concentration data at two 
doses (differing 10-fold) of a drug, which is actually 
eliminated by apparent first-order kinetics but where an 
error of 3 mg./l. in the blank correction causes appreci- 
able deviations from linearity. In this example, parallel 
straight lines may be fitted erroneously to the two sets of 
terminal data points, suggesting that the elimination 
kinetics above a plasma concentration of about 10 mg./ 
1. are capacity limited. 

The potential artifacts outlined in this article neces- 
sitate that considerable attention be directed to the 
correct determination of blank values. The magnitude 
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