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Since 1941 salicyl-azo-sulphapyridine (sulphasa-
lazaline) has been used in the treatment of ulcerative
colitis (Svartz, 1942). The drug undergoes exten-
sive cleavage of the azo linkage in vivo (Svartz,
Kallner, and Helander, 1945; Bottiger and Moller-
berg, 1959; Schroder and Campbell, 1971) and the
sulphapyridine thus formed is subject to N4-acety-
lation and simultaneous ring hydroxylation. The
hydroxylated metabolite is recovered in the urine
entirely as its 0-glucuronide. The absence of free
hydroxylated sulphapyridine in urine indicates that
the hydroxylation is the rate-determining step in the
formation of the glucuronide (Schr6der and
Campbell, 1971). The disposition of sulphapyri-
dine in man is shown in Fig. 1.
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FIG. 1. Scheme of disposition of sulphapyridine. The disposition
of sulphadimidine is simpler since it is not hydroxylated, and appears
in the urine as the unchanged drug and as acetyl sulphadimidine
only.

It has been shown that the acetylation of isoniazid,
sulphadimidine, hydrallazine (Evans and White,
1964), and dapsone (Gelber et al, 1971) are subject
to a genetic polymorphism.
The purposes of the present study were: (1) to

establish whether sulphapyridine is subject to poly-
morphic acetylation, and (2) to see if there is a
similar polymorphic hydroxylation of the drug.

Received 11 October 1971.

Materials and Methods
Subjects without a history of asthma, hay fever,

eczema, adverse reactions to any drug, or gastrointes-
tinal disorders participated in the study. The subjects
were hospital staff and medical students and, with one
exception, were British and white. Age, body weight,
and height of the subjects are given in Table I (lines 10,
11, and 12).

Sulphadimidine (quality B USP 17, Chemapol) and
sulphapyridine (quality B USP 17, May and Baker) were
used as powder. The dose of both drugs was 10-0 mg/
kg body weight and it was ingested as a powder from
aluminium foil.

Procedure. The subjects were phenotyped as slow
or rapid acetylators of sulphadimidine according to the
simplified method described by Evans (1969). One
week later the procedure was repeated with sulpha-
pyridine. The procedure was then slightly modified so
that urine was collected between 7th and 8th hour after
drug ingestion and the blood sample was taken after 8
hours.

Chemical Procedure. Concentrations of non-
acetylated and total sulphadimidine and sulphapyridine
in serum and urine were determined by a slight modifi-
cation of the Bratton and Marshall procedure (1939). A
1-ml sample of serum was added to 2 ml of 15% tri-
chloroacetic acid. After shaking and centrifugation,
1 ml of the supernatant was added to each of 2 test tubes
containing 2 ml of 0-06% sodium nitrite and 1 ml of 2M
hydrochloric acid, respectively. The latter test tube was
placed in a boiling water bath for 20 minutes and then
1 ml of 0-06% sodium nitrite was added. After 5
minutes, 1 ml of 0-8% ammonium sulphamate was
added to both test tubes followed 2 minutes later by 1 ml
of 0-8% N-1-naphthylethylenediamine dihydrochloride.
The absorbance was measured at 547 nm in a spectro-
photometer. For determination in urine, 50 ml of
urine was added to each of2 test tubes containing 1 ml of
1 M hydrochloric acid. One of the test tubes was
placed in a boiling water bath for 20 minutes. Both
specimens were then handled as for non-acetylated sul-
phonamide in serum. Concentrations of hydroxylated
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TABLE I
COMPARISON OF MEAN VALUES FOR SLOW AND RAPID ACETYLATORS

Mean and Standard Error of the Mean for
Line I Experimental Data t* p*

Slow Acetylators (n =28) Rapid Acetylators (n =22)

Sulphadimidine
1 Percentage acetylation in serum 18-8 ± 0-8 64-8 ± 1-5
2 Serum concentration of total sulphonamide

(g/ml) 12-9±0 5 8-6±0 4
3 Percentage acetylation in urine 58-6 + 1-5 89-7 ± 0-8
4 Urinary excretion, percentage of the dose 10-8 ± 1-0 15-5 + 1-2

Sulphapyridine
5 Percentage acetylation in serum 24-3 ± 0-8 58-0 ± 0 9 25-22 < 0-0005
6 Serum concentration of total sulphonamide

(Mg/ml) 4-7 +0-1 4-7 +0-2 0-25 NS
7 Percentage acetylation in urine 42-8 ± 1-1 76-5 ± 1-0 21-53 < 0-0005
8 Urinary excretion of total sulphapyridine

metabolites, percentage of the dose 9-2 + 1-0 12-5 ± 0-9 2-28 0-027
9 Percentage hydroxylation in urinet 567 + 1-6 60-6 ± 1-9 1-56 NS

Miscellaneous
10 Age 25-3 +1-5 24-8 ± 1-7 0-21 NS
11 Body weight 64-6 ± 2-0 61-2 ± 1-7 1-25 NS
12 Height 169-9 ± 17 169.4 ± 12 0 21 NS

* Differences between slow and rapid acetylators were tested by Student's t test.
t Two extremely poor hydroxylators (one of each acetylator phenotype) were omitted from the calculations. When they were included the
t value was found to be 1-11.

sulphapyridine were determined in the urine specimens
according to the procedure given by Hansson and Sand-
berg (1971). All determinations were performed in
duplicate together with suitable blanks.

Results
From Figs. 2 and 3 and from Table I (lines 1, 3, 5,

and 7) sulphapyridine seems to be equally good as a
discriminator of the acetylator phenotypes as sul-
phadimidine. All subjects phenotyped as slow

acetylators of sulphadimidine, were found to be
slow acetylators of sulphapyridine. Similarly the
same individuals were rapid acetylators of both
compounds. The incidence of slow acetylators was
28/50 = 56%. The serum concentrations of total
sulphadimidine were significantly higher for the
slow acetylators (Table I, line 2). However, both
acetylator phenotypes had similar serum concen-
trations of total sulphapyridine (Table I, line 6).
The slow acetylators excreted a significantly smaller
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FIG. 2. Results on phenotyping 50 subjects as slow or rapid acety-

lators with sulphadimidine.
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FIG. 3. Results of tests with sulphapyridine on 50 subjects pre-

viously phenotyped with sulphadimidine.
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portion of the dose of both drugs than the rapid
acetylators in the 1-hour urine collection (Table I,
lines 4 and 8). The regressions of percentage
acetylation of sulphadimidine and sulphapyridine in
serum and urine (y) upon age, body weight, and
height (x) were calculated, and found not to be sig-
nificant. There was no significant association be-
tween sex and acetylator phenotype.
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FIG. 4. Relationship between percentage of acetylated sulpha-
pyridine in urine (x) and percentage of hydroxylated sulphapyridine
in the urine (y) from 50 subjects.

In Fig. 4, the percentage of acetylated sulpha-
pyridine (x) is plotted against the percentage of
hydroxylated sulphapyridine in urine (y). The
distribution histogram for the hydroxylation of
sulphapyridine in urine was skew. Two subjects,
one of each acetylator phenotype, were very poor
hydroxylators of sulphapyridine.
There was a significant difference in the per-

centage of hydroxylated sulphapyridine in urine
between rapid and slow acetylators whether or not
the two poor hydroxylators were included (Table I,
line 9).

In order to elucidate whether the rate of hydroxy-
lation has any influence on the serum concentration
of total sulphapyridine, the regression of serum

concentrations of total sulphapyridine (y) on per-

centage of sulphapyridine in urine in hydroxylated
form (x) was calculated. No significant correlation
was found even when the 2 poor hydroxylators were

omitted.

Discussion
The results show that acetylation of sulphapyri-

dine is subject to the same genetic polymorphism as
is sulphadimidine, isoniazid, hydrallazine, and
dapsone. The frequency of slow acetylators was in
the same range as reported by Evans (1969).
The acetylator phenotype strongly influences the

degree of acetylation in serum and urine of both
drugs tested here and the 1-hour urinary recoveries
of them. The acetylator phenotype also affects the
serum concentration of total sulphadimidine (this
study), the plasma concentration of isoniazid
(Evans, Manley, and McKusick, 1960), and the
plasma ratio of acetylated to parent dapsone
(Gelber et al, 1971). However, in this study the
mean serum concentration of total sulphapyridine is
similar for both phenotypes (Table I, line 6). One
reason for this may be that sulphapyridine and
acetylsulphapyridine also undergo substantial ring
hydroxylation. The hydroxylated metabolites ap-
pear in the blood and urine as 0-glucuronides.
Approximate renal clearance values are as follows,
sulphapyridine, 10 ml/min; acetylsulphapyridine,
30 ml/min; sulphapyridine-O-glucuronide, 200 ml/
min; and acetylsulphapyridine-O-glucuronide, 64
ml/min (Schroder and Campbell, 1971). The
present study shows that both acetylator phenotypes
hydroxylate (glucuronidize) sulphapyridine to the
same extent (Fig. 4 and Table I, line 9). The rapid
acetylators transform the major portion ofthe poorly
excreted sulphapyridine into equal amounts of each
of the 2 acetylated metabolites with 3 and 6 times
higher renal clearance values, respectively. The
slow acetylators, however, excrete a greater portion
as the 2 unacetylated metabolites of sulphapyridine
(Table I, line 7). About half of this is sulphapyri-
dine and the other half is sulphapyridine-O-
glucuronide, the latter metabolite being excreted 20
times more rapidly than the parent drug (Table II).
Hence the higher serum concentration of sulpha-
pyridine for slow acetylators is effectively lowered by
formation of the 0-glucuronide. The effect of the

TABLE II
PERCENTAGE RECOVERY IN THE URINE OF A

DOSE OF SULPHAPYRIDINE AS PARENT COMPOUND
AND METABOLITES

C
Renal Mean Percentage Recovery

Compound Clearance
(ml/Min) Slow Rapid

Acetylator Acetylator

Sulphapyridine 10 25 9
Sulphapyridine-O-

glucuronide 200 32 14
Acetyl sulphapyridine 30 18 I 30
Acetyl sulphapyridine-

0-glucuronide 64 25 47
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acetylator phenotype on the serum concentration of
total sulphapyridine thus seems to be compensated
by the effect of the hydroxylating mechanism.
The apparent bimodality in the distribution of

the degree of hydroxylation of sulphapyridine in
urine may be explained by (1) an extreme skewness
of the character in the population or (2) the exis-
tence of a polymorphism in hydroxylation of
sulphapyridine. Which of these alternatives is
most applicable to sulphapyridine cannot be estab-
lished without surveying a considerably larger
sample, because of the low frequency of the poor
hydroxylators.

Summary
It is shown that sulphapyridine is an equally good

discriminator of slow and rapid acetylator pheno-
types as sulphadimidine. The acetylator pheno-
type strongly influences the serum concentration of
sulphadimidine but not that of sulphapyridine. It
is suggested that the hydroxylation and subsequent
conjugation of sulphapyridine to glucuronic acid
compensates the effect of the acetylator phenotype
upon the serum concentration of sulphapyridine.
The distribution of the percentages of hydroxylated
sulphapyridine in urine is skewed and 2 subjects out
of 50 have very low values. It has not been estab-
lished whether there is simply an extreme skewness

in the population frequency distribution or whether
there exists a polymorphism in the hydroxylation of
sulphapyridine.

The authors wish to thank Miss M. F. Bullen for
assistance in performing the phenotyping tests, and Dr J.
Ekstedt (Pharmacia A.B.) for financial support.:
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