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Detem&u&n of sulfapyridine and its major metabolites in plasma by high- 
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Su&pyridine (SP) is one biologically: active moie& of salicylazosulfapyri- 
dine- (trade name Azulfidine 8; Pharmac* Uppsala, Sweden) [I. 21. This drug 
consists of 59ninosalicylic.acid and~sulfapyridine which are linked by an azo 
bond. It. is split in the colon: by gut bacteria -[I]. The sulfonamide is widely 
used in the treatznent of Crohn's diseaseand ulcerative colitis [3; 43 _ Similar to 
other sulfonamides, the metabolism of SP includes aceelation of the free am- 
ino group and hydroxylation of the benzene ring followed by conjugation with 
glucuronic acid totheir correspondingghcuronides(Fig. 1) [4,5].Sincethe 

rate of ace@lation of SP is genetically controlled [6,7] and the observed side 
effects are found primarily in patients of the slow acetylator phenotype, it 
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seems advisable to determine the phenotype of the treated patients. In addi- 
tion, a therapeutic range of 20-50 pg/ml has been postulated .for the tota SP 
I4]_ This necessitates a specific method for the determination of SP.and $.$ ace- 
tylated n&abolit& In the past plasma level monitoring was performed by a 
timeconsuming and rather unspecific photometric method [lo]. Therefore we 
have developed a fast and specific h&b-pressure liquid chromatography (HPLC) 
method for the simultaneous measurement of SP and its major metabolitcs in 
human pl&na. 

ExPElxmENTAL 

Appamtzs 
The chromatographic separations were performed with an-HPLC apparatus 

(Spectra-Physics, Darmstadt, G.F.R.) equipped with a 250X4.6 mm I.D. col- 
umn packed with Nucleosii RP-18,lO pm (Macherey & Nagel, Dirren, G.F.R.) 
and a W detector (254 mn; Spectra-Physics; cell vohune 8 ~1). Flow-rate was 
1.4 ml/min at ambient temperature. The same results have been_obtained with 
a self-packed 250X3 mm I.D. column filled with Nucleosil RP-18, 5 pm. 

Reagents 
All solvents ware of analytical reagent grade (Merck, Dsrmstadt, G.F.R.). 

The mobile phase consisted of methanol-l% acetic acid (20:80, v/v)_ SP and 
the internal standard sul.fadimidine (SD) were purchased from Serva (Heidel- 
berg, G.F.R.). N4 -acetylsulfapyridine (AcSP) and 5hydroxysulfapyridine 
(SPGH) were gifts from Pharmacia. A stock solution of 0.1 mg per ml of twice- 
distilled water was prepared for each compound. To achieve complete dissolu- 
tion 50 ~1 of 0.1 N NaOH in 10 ml of twice&stilled water-were added. The so- 
lutions were stable when stored at 4”. Plasma samples were kept frozen at -20” 
until analysis; 

Quanti&ation of the plasma concentrations of SP, AcSP and SPOH was per- 
formed by calculatjng the peak height ratios of the drug,lmetabolite.s to the 
added internal standard SD and relating these to previously constructed calibra- 
tion curves. These curves were computed by a linear regression program. All 
samples were run in duplicate. 

Extmction procedure 
Plasma samples and the added internal standard SD were extracted from ace- 

tate buffer by chloroform. The separated organic phase was evaporated to com- 
plete dryness. The residue was redissolved in methanol-water and injected into 
the HPLC system. The details of the complete extraction procedure aregiven in 
Fig. 2. 

RESULTS 

All the various compounds (SP, AcSP, SPOH and SD; see Fig. I) were ex- 
tracted with chloroform in a single step from 100 ~1 human plasma. The evapO- 
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Fig. 2. scheme of tbe extraction procedure for the determinatiqn of SP, AcSP and SPOEL 
Tbe specifications given in parentheses ref& to the determination of total SP including 
hydrolysis of AcSP to SP. 

rated and redissolved chloroform extracts gave well-resolved, sharp and sym- 
metrical peaks-for SP and its metabolites after HPLC separation on an RP-18 
column. Typic@ chromatogcams are given in Fig. 3. To exclude any interfer- 
ence from O&T endogenous substances, a plasma sample drawn prior to the 
drug admi@stration and without the addition of the internal standard served as 
blank. 

No disturbing peaks were found during measurement of samples of more than 
30 patients. Generally, elution was completed within 10-15 min depending on 
late peaks in some specimens. The calibration curves are linear from 5-150 pg/ 
ml for SP, from 5-100 pg/ml fo: AcSP and from 5-50 pg/ml for SPOH. 
The lower limit of sensitivity was 5 pg/ml. The substances were stable if the 
plasma was stored for 7 days at room temperature. The accuracy and recover- 
ies of the assay are summarked in Tables I and .11, respectively. 

15 x3 5 -0 ls 10.5 015K).S 0. 
,,Time (min) 

Fig. 3. _Gica& chromat&~~k (a) patient’s blank plasma; (b) bid plma Containing 
2i) ,,g SP per’ml, 20 pg &SP m ml, 20 Mg SPOH per ml and 26 fig ~ per mt; (c) sample 
of e patient t&ted ci;rcinicaBy v&h 3 .jj &cylazxmlfal$n=idin~ per daY - 
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TABLE I 

DETERMINATION OF THE kCURACY OF ‘IWO DIFFERENT CONCENTR~~TIONS OF 
SP, AcSP AND SPOH 

SP 10 10 9.33 = 0.43 
SP 50 4 51.29 + 1.18 
-4csP 10 4 9.58 * 0.26 
ACSP 50 7 49.34 i 0.95 

SPOH 10 10 9.41+ 1.48 
SPOH 20 10 18.65 5 1.90 

TABLE II 

RECOVERY OF SP AND A&P INCLUDING THE RESULTS AETRR irYDROLYS& 

Drug Concentration Recovery 
hz/~) (%I 

SP 20 96 (n=S) 
A&P 20 91 (ny4) 

Recovery after hydrolysis 

w6) 

76 (n=2) 
83 (n=4) 

In contrast with our HPLC method (direct and simultaneous SP and AcSP 
measurement without hydrolysis) the photometric assay of Hannson and 
Sandberg [lo] utilizes two messurem exits, one with boiling in 4 N hydro- 
chloric acid to hydrolyse AcSP into SP. To compare our results with this as- 
say, several samples were measured directly and split according to the above 
procedure_ The conditions for this extraction end for the hydrolysisare includ- 
ed in Fig. 2. 

Following the aggressive hydrolysis tie resulting chromatograms exhibited 
(after extraction with etheracetone (6 ml + 0.5 ml)) some additional peaks 
indicating decomposition of SP by the hydrochloric acid (Fig. 4a). If chloro- 
form was used as extraction solvent these degradatlve products were not visible 
(Fig. 4b). If the hydrolysis was performed at 25” for ca1 16 h, easily measurable 
peaks were obtained when either ether or chloroforqx was used (see Fig. 4c). 
Under these conditions the total amount of SP (free SP and SP derived from 
AcSP) equalled the sum of the separately determined concentrations of SP and 
AcSP (Table III). Therefore this milder hydrolysis seems to be an alternative 
pathway for evaluation of the amounts of total SP and AcSP (=total SP - free 
SP) if no direct and specific method for AcSP is available. 

The normal dajIy maintenance dose for the treatment of Crohn’s _diseese or 
ulcerative colitis averages 3 g salicylazosuIfapyridineulfapyridine (containing 1.83‘ g SP). 
With this dosage regimen we could not detect auy free SPOH in plasm& but in 
the form of its glucuronide minor amounts were visible after incubating 100- 
-2OO.lu.l plasma with &lucuronidaseGryklf&asefor-3 h at ‘37” i Hi~w&&, tidy 
‘at the highest serkhvie se-g of theIN detector-could concentrations of less 
than 1 pg/ml be detected. 

_. . . 
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Fig. 4. TypicaI chro&atogr&ns of a patient’s plasma sample for the determination of total 
SP. The extracts were hydrolyzed according to ref. 10 with 4 N HCl for 10 min at 100” and 
extracted with (a) ether--acetone or (b) chloroform: In (c) our milder conditions (see Fig. 2) 
for the hydrolysis of AcSP were used. 

TABLE III 

HPLC DETERMINATION OF TOTAL S? BY TWO DIFFERENT PROCEDURES 

Patients Total SP measured Free SP* A&P* FreeSP+AcSP 
af* hydrolysis* kg/d) @g/ml) kg/ml) 
(rgW) 

A.D. 25.6 6.9 19.0 25.9 
N.D. 32.3 7.1 29.2 .-36.3 
k&l. 46.0 64.5 29.9 28.3 31.7 12.0 41.9 60.0 

N-St. 31.6 16.0 12.2 28.8 
. 

*Hydrolysed by 4 N HCI at 25” for 16 h. 
*Measured directly; witbout hydrolysis. 

DISCUSSION . 

The photometric deter@nation of SP as deqxibed by Hanns~n and Sandberg 
[lo] represents a well-established method. However, they measured the major 
meta@olite, AcSP, in -&he- fOm~ of SP after hydrolysis -in strong hydrochloric 
acid at IOO”, k&h kighk also partly destroy SP or other met.&@it&~. Our ex- 
petients under. differexit ~izonditions of hy&lysis support this assuxnpkion. 

We have $herefore developed a method which allows the s&nult$uxous and 
direct de+ection of SP and its. intact metab+es by a specificzk~matographic 



162 

measurement without any derivatixation. The detection limit of our method is 
adequate for measurement of SP and A&P in lOO+l plasma samples within 
16-12 min. The rate of acetylation of the sulfonamide SP is dependent on the 
phenotype 161. This parameter can be determined by the measure ment of free 
SP and AcSP in the same single plasma -sample. 

According to the ratio AcSP:total SP, the population can be divided into 
rapid and slow acetylators [4-6, 111. Patients with Crohn’s disease or ulcera- 
tive colitis are treated with this sulfonamide for long periods, sometimes even 
for their whole life. The incidence of side effects is much more pronounced and 
occurs almost. exclusively among patients charaeterixed as slow acetylators. 
Ahout 86% of the side effects were ohserved in slow acetylatom with plasma 

levels higher than 50 pg/ml [4,7-g]. 
In addition to the toxic manifestations, therapeutic effkacy seems to be re- 

lated to a therapeutic range of 20-50 gg/m.l of total SP. Therefore determina- 
tion of the acetylation phenotype and of the plasma levels seems to be of bene- 
fit to the patients. 

The method described is a relatively simple and specific way of obtaining 
rapid information about the phenotype and effective plasma concentrations 
from one small plasma sample. From the 33 patients tested so far, 17 patients 
could be regarded as slow acetylators (acetylation range ll-35%) and the re- 
maining 16 as fast acetylators (acetylation range 41-S!%). In 11 patients 
plasma levels of total SP were in the toxic range (>50 lug/ml), while in 8 pa- 
tients these concentrations were below the therapeutic range (<20 ~g/ml). 
These routine measurements may help in improving therapy with salicylazo- 
sulfapyridine. 

In summary, a specific and sensitive HPLC procedure for the simultaneous 
determination of SP, AcSP and SPOH in human plasma was developed. Fol- 
lowing a single extraction step with chloroform the compounds and the added 
internal standard SD are eluated from a reversed-phase column by methanol- 
1% acetic acid (20:80). 

ACKNOWLEDGEMENTS 

‘L’his study was supported by the Robert-Bosch Foundation, Stuttgart, 
G.F.R. We sre indebted to Mr. F_ Schonberger for his excellent technical assis- 
tance. . 

REFERENCES 

1 MA_ Peppercorn and P. Goldman, J. Phannacol. Exp. T&r., 181(1972) 555. 
2 G-0,. Cowan, K.M. Das and M.A. E&s&d, Brit. Med. J., 2 (1977) 1057. 
3 T.C. Northfield, Drugs, 14 (1977) 198. 
4 KM. Das and R. Dubii,~Clii. Phamxacokin., l(l976) 406. 
5 H_ S&rtier and D-ES. Campbell, Clin. Pb arma~d. Tber., 13 (1972) 539. 
6 H. Scbrtier and.D.k Price Evans, J. Med. Gene+, 9 (1972) 168. 
7 K.M. Das and M.A_D. E&wood, Clin. Ph-col. Ther., 18 (1975) 514. 
8 KM. Das, M.kD. Eastwood, J.P.k McMauus and W. Sircus, New Engl- J. Med., :289 

(1973) 492. 
9 P-KM, Lund?, K. Frisiid and V. Hansteen, Clin. Phamxacokk, 2 (1977) 182. -. .- 

10 K. Hannson and M. Sandberg, Acta Pharn. Sue&a, 10 (1973) 87. 
11 H. Schrader, Brit. Med. J., 3 (1972) 506. 


