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SUMMARY

This Thesis describes work on the metabolism of

salicylazosulphapyridine in normal volunteers and in

patients with ulcerative colitis or Crohn's disease.

The effect of coincidental administration of iron and

calcium in healthy volunteers on the absorption of

sulphasalazine and its metabolites has been investi¬

gated. In patients with ulcerative colitis or Crohn's

disease an attempt has been made to correlate the clinical

state of the disease and the serum concentration of

sulphasalazine or its metabolites. The relationship

of the toxic effects due to sulphasalazine with the

acetylator phenotype, dosage and serum concentration

of the drug and its metabolites has also been explored.

The feasibility of reintroducing the drug in patients

with side effects has been studied. The metabolism

of sulphasalazine in patients with ileostomy or colostomy

was investigated.
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The following abbreviations

Salicy1a z osulphapyriuine,
sulphasa1asine

Sulphapyridine
L . •
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li.
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glucurcnide
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Standard Deviation
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Hydrochloric acid

Sodium hydroxide

Tv;ice daily

Three times a day

Four times a day

Plain sulphasalazine tablet

Enteric coated tablet

Statistically Not Signifi¬
cant

Acetylator Phenotype

Thin Layer Chromatography

have been used.
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E.C.

N.S.

Ac.Ph.
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1.

INTRODUCTION

The clinical entity of "ulcerative colitis" was

first described in the latter part of the nineteenth

century (Wilks, '1859; Alchin, 1885; Hale-White, 1888),
but it was not until 1932 that Crohn, Ginzburg and

Oppenhiemer described fourteen cases of "regional

ileitis" as a separate pathologic and clinical entity*

This was probably due to"the difficulty of distinguishing

the latter disease from ileocaecal tuberculosis.

The management of these two diseases did not progress

until the introduction of sulphonaraide and later of

corticosteroid therapy. Different sulphonamides,

in absorbable and non-absorbable forms, were used initially
with varying success (Svartz. and Saliner, 19*+C(a);
Caspar, 19^5? Streicher, 19*+5j Trier, During

194-0 - *rl Nana Svartz tried to develop a compound combining

sulphonamide and salicylic acid to treat the patients with

"rheumatic polyarthritis". She had found that "sulfanilamide

preparations are active in the septic form of arthritis

but not in the common rheumatic form" and therefore she

speculated on "whether medication with both salicyl and

sulfanilamide preparations sb the same time affects

rheumatic polyarthritis. "These experiments yielded

no tangible results". "In the next phase" salicylazo-

sulphapyridine, a combination between 5-aminosalicylic
acid and sulphapyriaine, through an azo link, was prepared

I



in collaboration with AB Pharmacia Ltd., Upsalla3

The preparation "has been shown a defini.te effect

in certain cases of polyarthritis". Simultaneously she

started using this drug for patients with ulcerative

colitis and in 19^+1 and k2 she reported the results of

twelve successfully treated patients with ulcerative

colitis. She later reported one hundred and twenty-four

cases of ulcerative colitis treated successfully with

this drug (19^8). This encouraging initial result led

to further investigative work, but it was not until the

late fifties and early sixties that the value of aalicylazo

sulphapyridine in active and quiescent colitis was formally

established by controlled trials (Baron et al, 1962?

Moertel and Bargen, 1959; Dick et al, 196b; Misiewics et ?•

1965).

The role of sulphasalazine in the treatment of

Crohn's disease remains unresolved (Le nard-Jones, 1971;

Dyer, 1972). Favourable effects have been claimed by

different workers (Bargen. 1957; Meeuwisse e_t al, 1970;

Lennard-Jones, 1970; Goldstein^ Nhr&odi,1971), but differing
view exists (Cooke, 1972)* No well-controlled trial has

been reported to settle this issue, perhaps because of the

difficulties in defining Crohn's disease and its response

to treatment.

Though the drug has been extensively used in the

treatment of inflammatory bowel diseases during the last

thirty years very little was known about its metabolism

in man. Recently Schroder and Campbell (1972) have
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studied its metabolism in nine healthy volunteers after

giving the drug at a dosage c£ h-G/day for ten days.

In these normal persons in a 'steady state' (five days

and after) the mean serum concentration cf SASP, total

SP (i.e. free suIphapyridine and its metabolites) and

5-ASA were found to be 8 ug, 33 ug, and <2 ug/ml. of

serum respectively. Twenty-four hair urinary excretion

was largely (80% of the jadministered dose) in the form of

sulphapyridine metabolites. These authors suggested

that "about one third" of the administered dose of

sulphasalazine is absorbed from small intestine and that

the drug is split in the colon arid then absorbed as

sulphapyridine. It is not known whether there is any

enterohepati c circulation of SASP arid its metabolites.

Sulphapyridine per se, if administered orally, is almost

totally absorbed from the smai 1 intestine; it is partly

excreted in the bile (Goodman and Gillman, 1970) and

can be reabsorbed.

A scheme of the different metabolites of sulphasalazine

is shown in Figure 1. Sulphapyridine constitutes about

two thirds of the molecular weight of sulphasalazine.

The main components of sulphapyridine found in the serum

are free sulphapyridine and acetyl sulphapyridine in

proportions dependent on the acetylator phenotype of

the subject (Schroder and Evans, 1972(a)).Sulphapyridine
is also subjected to hydroxyla tion followed by conjugation

to glucuronic acid acetylation. Using TLC hydroxy SP

could not be detected in the urine and it was suggested



that the hydroxylation is the rate limiting step in

the formation of the giucuronide which is found in large

amounts in the urine (SchriJder ana Campbell, 1972). The

serum concentration of sulphapyridine glucuronides were

found to be lower than SP or AcSp, yet more than

of the total recovery of sulphapyridine in the urine

was in the form of the glucuronides, i.e. (SP-Gluc.
and AcSP-Gluc.).

Acetylation is genetically determined and. certain

drugs, e.g. isoniazid (Evans ejt al, i960) sulphadimidine

and hydrallazine (Evans and White, 1969), and dapscne

(Gelber et al, 1971) share the same acetyl ation poly¬

morphism. However, sulphanilamide does not share it

(Evans and white, 196'+). Recently Schrdder and Evans,

(1972) have shown parallel acetylation of sulphapyridine

with sulphadimidine. A knowiedge of acetylation capacity

is important as it has been shown that side effects are

common in slow acetylators e.g. peripheral neuritis with

isoniazid was predominently found in slow acetylators

(Devadatta et al, i960).
Mtiller-V/ieland et, ad. (1970) reported that when an

increased dose of SASP methyl glucusamine salt, believed

to be more readily absorbed than SASP, was introduced

through a tube into the duodenum, the absorption of the

drug did not appear to be increased. However, they did

not indicate what percent of the drug is absorbed from

the small intestine. Recently Harris et al (1972) have

shown from "in vivo" and "in vitro" experiments that

there is nee secretion of Na and water from the colon in



patients with ulcerative colitis and Crohn's disease.

They also reported that sulphasalazine reverses this

abnormality.

There is no evidence of any significant change of

gut flora after giving SA8P (Gorbach et al. 1968; Cooke

I.969) » Gold© (1908) suggested that the effect of the

drug may be due to the action of aminosalicylic acid on

mycobacteria whose role in the aetiology of ulcerative

colitis or Crohn's disease is not clear. Schroder and

Campbell (1972) have, however, found low serum levels of

5-ASA (G - 2 ug/ml). Sulphonamides may also have an anti-

inf1animatory or antimetabolite action (Wood, s 5 1982).

Hanngren et al (19&3) suggested that therapeutic success

is related to the fixation of 3ASP in connective tissue

in the colonic wall, but its significance in clinical

practice is denied (Thayer, 197C).
It has been reported in different papers (Svartz,

19*+2; Morrison, 1953; Moertel and. Barge^ 1959; Lennard-

Jones et al, I960; Truelove and Watkinson, 1962; Dick et

al, 196'+; Misiewicz et al, 1965; Collins, i960) that a

variable percentage ("few" - 5%) of patients cannot tolerate

the drug due to various side effects, e.g. nausea, headache,

fever, Eish and blood dyscrasias. Moertel and Bargen,

(1959) and Truelove and Watkinson (1962) have suggested that

by a reduction of the dose the side effects can be alleviated,

but the dose needed to produce full therapeutic benefit

without to>:ic effects is not clear. The recognition of

such effects in long term therapy is particularly important



as the drug was found to have a special role in preventing

relapses (Misiewicz et. al, 1965), but such inforaation

during long term therapy is also lacking (Collins, 1968).
'The relationship of these toxic reactions to serum

concentrations of SASP-and its metabolites is also unknown

This thesis describes a study of the metabolism of

sulphasalazine in patients with ulcerative colitis and

Crohn's disease. The relationship of the disease state

to serum concentrations of sulphasalazine and its metabcli

was studied daring the initial attack and also in patients

on long term therapy. The relationship between side

effects and the serum concentration of the drug and its

metabolites was also investigated. The role of acetylato

phenotype was evaluated in relation to toxic symptoms and

to therapeutic success. The reusability of reintroducing

sulphasalazine to patients with unacceptable side effects

has also been studied.

The effect of iron and calcium on the metabolism

of SASP has been explored.



Figure 1
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SECTION I i PATIENTS
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SECTION I

DESCRIPTION OF PATIENTS STUDIED

The patients studied were all either admitted to

the Gastro-intestinal Unit, Western General Hosoital,

Edinburgh or attended the Gastro-intestinal outpatient

follow-up clinic. For the purpose of this study they

were divided into two groups

1. Patients with ulcerative colitis and

2. Those with Crohn's disease of the small and/or

large bowel.

Table 1 outlines all the patients studied.

Ulcerative colitis T^as diagnosed on the basis of the

clinical findings including sigmoidoscopic evidence

of ulceration, friable and granular mucosa. Diagnosis

was always confirmed by histological examination of the

rectal biopsy showing ulceration, crypt abscess,

excessive infiltration with polymorphs and mononuclear

cells. Radiological examination of barium onsma also

helped the diagnosis. This in most of the cases of

active colitis showed ulceration and granularity of

mucosa, shortening especially of pelvic colon with

increase in retro rectal space, absence of normal

haustrations, disease starting distally and extending

proximally in a continuous manner.

CROHN'S PI5BASE OF THE SMALL AND/OR LARGE BOWEL

The diagnosis of Crohn's disease was based on

analysis of structural abnormality as disclosed by
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Table 1

TOTAL PATIENTS STUDIED (n = 133)

I• Ulcerative Colitis (n = 88)*

A. Inpatient Study (n = 23)*

(a) Introduction of SASP in new patients

and follow-up =13

(b) Patients established on SASP, during relapse = 3

(c) Patients with Ileostomy or Colostomy (n = 7)

Before and after ileostomy = J+

After ileostomy only (2), after
Colostomy (1) =3

B. Outpatient Study (n = 68

11. Crohn's Disease (n = ^-6)

A. Inpatient Study (n = !*+)

(a) New patients, introduction of SASP and
follow-up - 2

(b) Established patients, SASP stopped for 1 year,

reintreduction cf SASP and follow-up = 2

(c) Patients with ileotransverse anastomosis,

introduction of SASP and follow-up = 3

(d) Patients after ileostomy (2), after
colostomy (1) =3

(e) Patients included after having SASP toxicity = U-

B, Outpatient study (n = 31

*
- Three patients with ulcerative colitis were studied

initially as outpatients. They were subsequently admitted

and had colectomy. They were also included under ileostomy

study.

0 _ Six outpatients (V U.C., 2 C.D.) had no detectable

SASP or metabolites in serum and were therefore assumed not

to have taken the drug. None were included in any comparative

study.
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clinical examination, x-rays and biopsies. Small

intestinal disease was clinically based on evidence

of malabsorption cr obstructive symptom. Evidence

of clubbing, enterocutaneous fistula and perianal

lesion were particularly noted. In some of the

patients studied a mass was felt at the right iliac

fossa.

Confirmation of the diagnosis from rectal biopsy,
in some patients with rectal involvement, or in operative

specimens, was based on the findings of non-specific

inflammation with evidence of granuloma with giant and

epithiloid cells, cracks and fissures deepening up to

muscular coat.

Radiological findings were often helpful. Small

bowel - in some patients ulceration, smooth narrowed

segment (string sign) sometimes with normal intervening

areas, fistulae, inflammatory mass. Disease affecting

mostly distal small bowel especially terminal ileum;

colon- ulceration, shortening especially of proximal

colon, disease starting proximally and extending distally

in patchy manner (skip lesions).

A. Inpatient study: (37 patients - U.C. = 23; C.D. =

l*t).

(i) This includes the patients admitted for the

first time in the Unit without being treated with SASP

before admission.

(ii) Those admitted with relapse after being established

on SASP for some time.
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(iii) Patients studied before and/or- after ileostomy,

colostomy and ileotransverse anastomosis.

Outpatient study: (99 patients, U.C. = 68: C.D. =

31).

Patients with established diagnosis of ulcerative

colitis or Crohn's disease attending the folia:-up clini

either in a stage of remission or with active disease,

though less severe than inpatients.

In total one hundred and thirty-three patients with

ulcerative colitis or Crohn's disease were studied.

Three patients (A.D., C.S., W.M.) with ulcerative coliti

are included under inpatient as v/ell as outpatient study

These three patients were studied as outpatients and

subsequently they were admitted for subtotal or total

colectomy. They were also studied following the

operation.

A. INPATIENT STUDY

Of the thirty-seven patients studied, twenty-three

had ulcerative colitis (Group I) and fourteen had Crohn's

disease (Group II).

Group I - ulcerative colitis

Inpatients: Thirteen patients (A.P. , N.R., J.R., J.W.,

P.T., S.A., R.B., T.F., J.C., L.L., M.N., T.B., D.F.)
with ulcerative colitis were admitted during their first

attack (12) and during second attack (1). None of them

had SASP during admission. In these patients, studies

were carried out from day of admission to the day of
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discharge and followed up to one year.

Three other patients (H.D., W.C., H.B.) with

ulcerative colitis were admitted with relapse. They

had been taking SASP for more than two months. From

these three patients blooi samples were collected on

admission and subsequently" two to three times a day

on two different occasions, aftor improvement. Twenty-

four hour urine samples were also collected.

One other patient (J.H.) with ulcerative colitis

had transverse colostomy for left-sided colitis and

diverticulitis of the pelvic colon. She was studied

during introduction of the drug SASP six weeks following

the operation.

Four other patients (A.D., C.S., W.M. and B.C.)
were studied before and after they had undergone procto¬

colectomy or subtotal colectomy with ileostomy. Two

other patients with ileostomy following subtotal colectomy

(G.Mc., G.K.) were treated with SASP two to three weeks

after surgery for rectal disease in situ. SASP metabolism

was followed from the first day of therapy (i.e. fourteen

to twenty-one days after surgery) and at variable intervals

up to one year.

Group II - Patients suffering from Crohn's disease

Inpatients: Two new patients (J.W., R.M.) were admitted

to the Unit and treated with SASP for the first time.

They were studied from the day of admission to the day

of discharge and then followed up at variable intervals

up to one year.
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Two other patients (M.M., A.B.) had been suffering

from C.D. with protein losing enteropathy for two and

five years respectively. They were previously treated

with SASP but the drug had been discontinued for about

one year because'of haemolysis. These two patients were

also reintroduced to the drug during their recent

admission (in the course of the present study) and then

followed up.

One other patient (M.C.) was treated with SASP for

six months prior to the study. She was studied before

and after (two weeks) she had an ileotransverse anasto¬

mosis. Two other patients (G.F., M.Y.) were given SASP

only after (four to eight weeks) they had an ileotransverse

anastomosis. They were also studied during initial stage

of introduction of SASP and followed up to six months.

The two other patients (C.M., M.Mc.) were studied

only after ileostomy which they had for more than six

years. One patient (J.Cr.) was studied after having

ileotransverse anastomosis (seven years ago) and also

transverse colostomy (four years ago).

Four other patients (R.W., M.B., I.G., J.B.) were

studied at a stage when they exhibited toxic symptoms

related to SASP. Studies were continued until the toxic

symptoms disappeared.

B . OUTPATI CT- STUDY

This study consisted of patients with ulcerative

colitis (n = 68) or Crohn's disease (n = 3D who were

attending the Gastro-intestinal follow-up clinic and
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who were established on SASP therapy. These ninety-

nine patients were taken at random. A proforma which

included details of age, sex, body weight, state of disease

the present dose of SASP, type of tablet (pQain or enteric

coated), approximate time that the most recent dose was

taken by the patient, the time of blood collection, history

of any bowel operation, other drugs used and presence

of any toxic symptom, was completed by each attending

physician. The clinical state of the disease was assessed

by clinical and sigmoidoscopic findings and reported in

the proforma. Blood samples were colle cted simultaneously

for the estimate of SASP and its metabolites and also for

the haematological and biochemical examinations,

DETAIL PROCEDURE FOR lUPATJgNT STUDY

The study was explained in detail to each patient

prior to commencement. Patients who were admitted for

the first time were classified into slow or fast acetylator,

using sulphadimidine as described by Price Evans (1969)

during the first twenty-four to thirty-six hours of

admission. The patient was fasted overnight then in

the morning sulphadimidine ( 500 - 750 mg.) was given

orally on the basis of the body weight, i.e. less than

51 kg. the dose of sulphadimidine given was 500 mg. and

between 51 - 83 kg. the dose of sulphadimidine was 750 mg.

The patient did not eat for a further two hours and was

then allowed normal breakfast and lunch. At the fifth

hour patients were asked to evacuate the bladder and the

samples discarded. Six hours after talcing the sulphadimidin



a sample of blood v.Tas collected and all samples of

urine passed during the fifth to sixth hour were also

obtained. The total quantity of urine was measured

and an aliquot was preserved for analysis. Sixteen

patients with ulcerative colitis (thirteen new patients,

one with transverse colostomy, two of the three (M.D.,

M.B.) patients admitted with relapse) were phenotyped.

The last two patients were phenctyped with sulphadiraidine

at a later date after stopping SASP for five to six days.

Five patients with Crohn's disease (J.W., M.M., A.B.,

G.F., M.Y.) were also phenotyped this way.

Following this, the conventional treatment was

started in all the new patients with SASP 3 - ~ G/day

(except in two patients who had smaller initial dose

because of the history cf rash) with or without cortico¬

steroids and supportive therapy. Samples of blood were

taken throughout at approximately 9 a.m., 12 mid-day

and 5 p.m., cr at 8 p.m., on day 1, 3? 5? 7 and 10 as

far as possible. The blood specimens were allowed to

coagulate at room temperature for one to two hours and

the serum separated and stored at -20°C until analysis.

Twenty-four hour sanples of urine were collected

essentially parallel to the blood collections. However ,

blood sanples, and twenty-four hour urine collections

were avoided on those days when the patients were under¬

going other more essential clinical investigations, e.g.

collections were avoided on those days when the patient
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had to fast and therefore did not take therapy at normal

times. Urine samples were collected from 7 a.m. to

7 a.m. in one container without any preservative. After

txventy-four hours the volume of urine collected was

measured and an aliquot was stored at -2Q°C until analysed.

Further samples, mostly serum and occasional samples of

urine (twenty-four hours collection) were collected at

intervals up to one year.

As it is difficult to ensure complete urine collection,

e.g. even the creatinine test does not provide Hill proof

(Henry, 1966), the validity of the twenty-four hour urine

collection was checked by questioning the patients. In

any patient, if there was the possibility of an incomplete

urine collection, that collection was discarded am a

subsequent twenty-four hour sample was taken.

In four patients with ileostomy (ulcerative colitis)

twenty-four hour ileal effluent was collected, while the

patients were on SASP therapy for one month or more.

They were stored at -20°C until analysed.

Acetylation phenotyping with sulphadimidine was

not done in seven patients with ulcerative colitis (i.e.

six patients with ileostomy, one (W.C.) who was admitted

with relapse) and nine patients with Crohn's disease.

Of these nine patients with C.D., one patient (M.C.)
was taking SASP for six months before admission to the

hospital and so it was not practicable. In one of the

two new patients (R.M.) it was not done because of the



18

demand of the clinical state, SASP had to be started

immediately following admission. Two patients with

C.D. having ileostomy, one with colostomy and four patients

who were included only after exhibition of toxicity due

to SASP did not have sulphadimidine test for detection

of acetyla tion plienotype.

In all these patients samples of blood were taken

for SASP and its metabolites at various times of the

day from the time of admission (or inclusion to this

study) and at intervals until the day of discharge and

also subsequently up to about one year. Twenty-four

hour urine samples were also collected during their

stay in hospital.

PATIENTS VilTH ULCERATIVE COLITIS

The patients with U.C. were always given plain

SASP tablets (SASP 3 - 6G/day initially) except on

three occasions (J.H., W.C. and D.F.) when plain tablet

was changed to enteric coated tablet to avoid nausea.

Corticosteroids were given as retention enema (Predsol

Enema), orally (Prednisolone, *+0 - 60 mg/day) or as

parenteral preparation (Synacthen Depot = 0.25 to 0.5

mg. I.M. at intervals of two to four days). The initial

dose of Prednisolone (*+0 - 60 mg/day) maintained for

one to two weeks. After this the dose was progressively

reduced over a period of four to eight weeks. Synthetic

corticotrophin (Synacthen Depot) was also reduced over

the course of four to eight weeks. Of the sixteen

new patients and the patients admitted with relapse.



all had Predsol Enema except three (R.B., A.P. and w.C.)
who did not have corticosteroids at all. These three

patients were treated only with SASP and other supportive

therapy as they had mild ulcerative colitis. Of the

remaining thirteen patients, three had retention enema

only, four had oral Prednisolone and retention enema and

the rest had parenteral steroids with (*f) or without (2)

enema. Patients taking steroids were also prescribed

oral potassium and Nystatin. Supportive therapy including

iron, water, electrolytes and blood transfusion was given

when indicated. No patient had any barbiturate, but ten

had Nitrazepam (5-10 mg. nocte) and four had Diazepam

(6-10 mg/day).

PATIEf.TS WITH CROHN'S DISEASE

They were also treated with SASP (Salazopyrin tablet,

plain, 3 - 1+ G per day). In one patient (R.M.) the

initial dose was 6G/day and in two other patients (M.M.,
A.B.) who had past history (one year ago) of haemolyasis

were given 2G/day. All the patients with C.D., except

three (M.M., A.B. and G.F.) were treated 'with parenteral

synthetic corticosteroid (Synacthen Depot 0.25 to 0.5 nig.

at two to three days intervals) and one patient (J.W.)

also had Predsol Enema as his rectum was involved. Other

supportive therapy was the same as mentioned for the

patients with U.C. In addition they had parenteral

Vitamin periodically as needed.

CLINICAL ASSESSMENT AND PROGRESS 0? INPATIENTS

Following admission, the patients were clinically
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assessed as described by Jalan et al '(197Q) end Lennard-

Jones (1971) and the clinical data noted in a proforma.

The details of investigation including radiology, bacteri¬

ology, haematology, biochemistry and histology were also

recorded. The progress of the patients was closely

observed regularly during the initial stage and then at

variable intervals for up to one year. In patients with

U.C. sigmoidoscopy was carried out at intervals of four

to five days during initial stage.

During the initial stage of therapy any toxic

symptom such as nausea, vomiting, epigastric discomfort,

rashes, fever, giddiness, headache, depression, cyanosis

were noted. Serial haematological examinations were

also carried out and attention was given to detect

evidence of haeraolyasis, leucopaenia and agranulocytosis.

If there was any evidence of haemolysis daily check of

haemoglobin, reticulocyte count and index and the presence

of any urobilinogen in the urine were carried out.

Special investigations including Heinz bodies, fragments
of R.3.C. were also searched for. Coombs test, hapto¬

globin and the presence of any methaemalbumin were also

looked at. Any evidence of leucopaenia necessitated

detailed investigations such as bone marrow and a daily

check up of peripheral blood counts. In the event of

cyanosis the presence of sulph and methaemoglobin were

investigated. The estimations of sulph and methaemoglobin

were carried out in the Department of Biochemistry,
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western General Hospitals The methods followed were

described by Varley, (1967).
Patients in \hom toxic symptoms were observed, the

dose of SASP was reduced or temporarily stopped as needed

and the patients were followed up until the toxic symptoms

disappeared. During this period bleed samples were

collected to determine the serum concentration of SASP

and its metabolites.

All the inpatients were examined clinically daily

during the first wreek and the clinical progress was

evaluated on the basis of the number of stools, presence

or absence of blood and/or mucous, the general feeling

of the patient, the increase in body weight, E.S.R.,

body temperature and also by sigmoidoscopy. Repeat

radiological examination was carried out whore indicated.

DESCRIPTION OF OUTPATIENT STUDY

A total of ninety-nine patients with U.C. (685

or C.D. (31) were studied while attending the follow-up

clinic.

I. Ulcerative Colitis

They had been taking SASP for six months to fifteen

years. In addition to SASP, six patients were being

treated with Predsol Enema and eleven other patients were

being treated with enema and systemic corticosteroids,

i.e. Prednisolone (three patients, 10 - *+0 mg/day, or

Synacthen Depot, eight patients, 0.2p mg - 0.5 mg/bi-

weekly). Five patients out of these eight patients

who were taking Synacthen were also on Azathioprine



22.

(1-2 mg/kg. of body weight). Those patients who

were treated with corticosteroids were also given oral

K and Nystatin. Other drugs used were iron, codeine,

phosphate, Diazepam and Nitrazepam. Blood samples were

obtained from all these patients over one year period.

Twenty patients had multiple collections (2 - h) during

active and/or remis si. on state of the disease. Simultane¬

ously, a sample of blood was sent for haemotological

examination. Liver function tests were available in

thirty patients during three months period close to

collection.

11 * Crohn's disea.se

The thirty-one patients studied hid. been taking SASP

for six months to ten years. In addition to SASP two

patients were also treated with systemic corticosteroids

(one with Prednisolone 10 mg/day and the other with Synact'nen

Depot, 0.5 Eg. twice a week). Other drugs used were

meetly supplemental therapy, e.g. iron, Vitamin 2 sud¬

oral Potassium. Eleven of these patients had multiple

collections (2 - 3) at different times. Simultaneously,

samples of blood were also sent for haemoglobin, peripheral

blood count, electrolytes and serum proteins.
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SECTION II

METHODOLOGY

The instruments used were -

1. Pye Unicam spectrophotometer SF600

2. Pye Unicam spectrophotometer SP800

3. Vitatron Automatic Digital Colorimeter (Fisons)

The chemicals used_are shown in Appendix I,

Measurement of salicylazosulphapyridine in serum and urine

Salicylazosulphapyridine (SASP) concentration in

serum and urine was measured by the method of Sandberg

an.d Hansson (1972). The reagents used were -

1. Hydrochloric acid, 0.5M, for urine analysis

2. Hydrochloric acid, 1M, for serum analysis

3. Amylacetate, Analar, washed twice with 2M sodium

hydroxide and then once with 2M HC1 and finally

washed with distilled water to neutrality.

Sodium hydroxide solution, 0.5M.
METHOD

(a) In serum - 1 ml. of serum was pipetted in duplicate

into centrifuge tubes, acidified with 1 ml. of 1M Hcl.

and then thoroughly mixed with h ml. of amylacetate.

After centrifugation at 3>000 rpm for 15 minutes, 3 ml.

of the organic phase were transferred to a second centri¬

fuge tube. b ml. of 0.5M sodium hydroxide were added

and the contents thoroughly mixed and then centrifuged.

The organic phase was discarded and tlx; optical density
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(O.D.) of the aqueous phase was measured at *+55 nm,

in the SP600 or colorimeter. Serum blanks and standard

were run in parallel with the experiments.

(b) In urine - the procedure was exactly the same as

for serum, except that 0.2 ml. of urine sample was taken

and diluted up to 1 ml. with distilled water, This was

subsequently acidified with 1 ml. of 0.5M hydrochloric

acid instead of 1M hydrochloric acid.

The wavelength of maximum absorption for the disodium

salt of SASP was confirmed to be ^55 nm with the recording

spectrophotometer SP800 (Figure 7 ).
RESULTS

Efficiency of extraction of SASP by organic solvents

Different organic solvents were tried to determine

the most efficient extraction of added SASP (up to 60 ug)

from urine. The following Table 2 shows the results

obtained with these different solvents.

Table 2

Solvents Percentage extracted O.D.of sample
P.P.of blank

Amylacetate 89$ 3.00

IsoButylmethyl Ketone 87$ 1.50

Chloroform 57$ 7*50

Benzene 65$ 21.9

Ether 83$ 3.85

Benzene gave low urine blank but a poor extraction

yield. Amylacetate gave the best extraction yield but

a high urine blank. It was decided to use amylacetate



25

as the extracting solvent.

Recovery experiments

Recovery experiments were carried out by adding known

amounts of SASP to sera and urine samples. The results

are shown in Table 3*" Recovery of SASP from serum was

95 - 1# and from urine 90 - 5%.

Calibration

A linear relationship existed between optical density

and concentration of SASP 'up to 60 ug/ml. The means and

1 S.D. of 12 standard graphs are shown in Figure 2. The

coefficient of variations within the assay and between

the assays was within %.

The blank values were obtained using serum and urine

from five healthy volunteers, five patients (not suffering
from ulcerative colitis or Crohn's disease) and from ten

patients prior to starting SASP therapy. The O.D. of

the serum blank varied between 0.00 5 &n(3- 0.015? the urine

blank varied in healthy persons from 0.05 - 0.10 and in

patients from 0.015 - 0.020.

MEASUREM3NT OF SULPHAPYRIDINB AND ITS MBTABOLITBS.
ACETYLSU1.PHAPYRIDIIU5 SIII.PRIDINE GLUCUROKIDS
MP ACBTYX S 01PHA? fxil P11 IB GL UP I J, 10 i. < IDE

The method used for the measurement of sulphapyridine

and its metabolites is that described by Hansson and

Sandberg (1972) with some modifications.

Reagents used (vide Appendix 1)

1. /3 -Glucuronidase

2. Acetate buffer, pH If.7



Table3 RECOVERYEXPERIMENTS Mean%Recovery(+SH)ofSulphasalazine,SulphapyridineandAcetylSulphapyridinefrom serumandurineobtainedfromfivehealthypersons Amount(ucf/ml)
SULPHASALAZINE

SULPHAPYRIDI.NE

ACETYLSULPHAPYRIDINE

added

Serum

Urine

Serum

Urine

Serum

Urine

10 20 40 60

96+2.6 95+2.4 95+2.5 94+3.2

95+3.6 90+3.0 90+3.2 89+3.0

95+2.2 95+2.8 94+3.9 92+4.0

93+2.7 93+3.1 90+4.0 88+4.2

96+3.6 »

94+3.6 95+4.0 92+3.9

94+4.6 93+4.8 90+5.0 90+5.2

ro

G'v
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Means iS.D. of 12 standard graphs of

jig/ml

Standard graphs of salicylazosulphapyridine (SASP),
sulphapyridine (SP) and acetylsulphspyridi ne (AcSP)
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3. Sodium chloride

b> IsoButyl methyl Is tone
/

5» Hydrochloric acid, b-M
6. Sodium nitrite, 0.12^, solution in distilled water

7. Ammonium sulphamate, 0,8% solution in distilled water

8* N-l-naphthylethyl"enediamine dihydrochloride ~ 0.8%

solution in distilled water.

The last three solutions were freshly prepared before

use as they have very limited stability.

Mod ifi ca r. i ons

The original method recommended incubation at 3S°C
for three hours with ft -glucuronidase to give maximum
yield of glucuronides. In the experiments described

in this thesis a longer incubation period (12 - 18 hours)

was used to ensure maximum hydrolysis of glucuronides

present. Table b- shows the results of 5 serum and 2

urine samples.

It was found that 50 ul of -glucuronidase (Limpet

acetone powder suspension 1%: Sigma) was as effective

as 20 ul of-glucuronidase (Boehringer, Mannheim

15?+272GAF) in hydrolysing glucuronides present in the

urines from four ulcerative colitis patients treated

with SASP. The results were 5*^1 - b.O and 5*13 - b-.2

respectively. There was no significant difference in

the release of SP from SP-glucuronides by 0.05 or 0.1 ml.

of Limpet acetone powder suspension (1%). The mean

values obtained from four serum samples were 0.2 2b -

0.008 and 0,22b- - 0X0.7 respectively and from t wo urine
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Table

Mean Optical Density

Time of
incubation
(hrs.) 1 2

Serum

3 b 5

Urine

1 2

l£ 0.110 - mm <u - -

3 0.172 - mm mm - mm mm

6 0.198 0.21 0.6k7 0,56b 0.^-80 0.36^ 1.80*t

12 0.202 - - -

18 0.208 0.270 0.720 0.598 0.570 0.^10 2.30U

Serum 1 and 2 were from two normal subjects
twelve and twenty-four hours after taking
kG of SASP.

Serum 3? b and 5 were from a patient (D.F.)
with ulcerative colitis, treated with SASP.

Urine sample 1 was from a normal subject
after taking M-G of SASP (0-2^ hour collection).

Urine sample 2 was from a patient (D.F.)
with ulcerative colitis,twenty-four collection^
SASP 3G/day. '



30.

samples were 1.C15 and 1.025 - 0.015 respectively. Sigma

A -glucuronidase (Limpet acetone powder suspension 3.^)
r

0.05 nil. was, therefore, used.

Activity of each new batch of Limpet acetone powder

purchased was confirmed by using the phenophthalein

glucuronide assay method (Sigma Technical Bulletin No.

105, 1958).
METHOD

(a) For serum - duplicate aliquots of serum (1 ml.) were

pipetted into two groups of centrifuge tubes A and B and

1 ml. of acetate buffer added. 50 ul. of/3 -glucuronidase
suspension was then added to the tubes in Group B which

were incubated at 38°C overnight. Sodium chloride (0.50)

was added to both sets of tubes and shaken. 5 nil. of

isobutylmethyl le tone were pipetted into each tube, mixed

on the Whirlj.mixer (Fisons) for thirty seconds ard then

centrifuged. After centrifugation, 3ml. of the organic

phase were transferred into another two sets of Tubes

A and B containing 3 nil. of kM BCL, These tubes were

kept in ice water for five minutes before the organic

phase was added. The contents were then thoroughly

mixed for fifteen seconds and centrifuged. Immediately

after centrifugation the tubes were replaced in ice water

and the organic phase was discarded. 1 ml. of the acidic

aqueous phase was pipetted into two sets of tubes correspond¬

ing to each Group A and B, i.e. Al, A2 and B1, B2. The

tubes, Al andBl were immediately placed in ice water,



whereas the tubes A2 and B2 were stoppered and placed

in a boiling water bath for ten minutes. After ten

minutes the tubes A2 and B2 were allowed to cool to

room temperature. The next step for all the four sets

of tubes was development of Bratton-Marshall reaction.

This was carried out as follows

To all four sets of tubes (Al, A2, Bl, B2) sodium

nitrite solution (1 ml.) was added, the tubes shaken and

allowed to stand for three minutes. This was followed

by the addition of 1 ml. of ammonium sulphamate solution,

the tubes shaken and allowed to s tand for another three

minutes. Subsequently, 1 ml. of N-l-napthylethylene-

diamine dihydrochloride was added. Colour immediately

developed in the presence of sulphapyridine. Ten minutes

following the development cf colour the O.D. of the contents

of the tubes was measured in the colorimeter at nra

with distilled water as reference. The wavelength of

maximum absorption for sulp'napyridine was confirmed to

be ran with SP800.

The readings were completed within one hour as the

colour tends to fade. If the O.D. of the sample was

outwith the range of the calibration graph, the solution

was diluted. A maximum dilution of four times its

value wa.s allowed with distilled water. If the absorbence

exceeded 0.8, even after four times dilution, the analysis



St.

was repeated with a diluted sample. Standards were run

parallel with each experiment. A reagent blank was taken

through the procedure as well as a serum or urine blank as

appropriate.

(b) Urine - the same procedure was used, with urine, except
"f-Va<ri nrH a r>. ( O O ml N \,jn r> rn •> r* nr» +* n 1 n 1 l«r? "f~hUU V uUv U* XJ.4V *-/ S w • 4— • / »» W, 11*UUV W*. L/ VS .J- • t |(X wU

distilled water. Dilution is corrected accordingly.

A flow diagram of the extraction procedure is shown

in Figure 3*

CALCULATION

The concentration of the different metabolites were

calculated as follows -

O.D, of A1 = sample not treated with enzyme and not

hydrolyzed,

C.D. of A2 = not treated with enzyme but hydrolyzed.

O.D. of Bl - sample treated with enzyme but not hydrolyzed.

0.D. of B2 = sample treated with the enzyme and hydrolyzed.

Therefore, the concentration of the four compounds are -

1. Amount of free sulphapyridine, ug/ral. of sample = Kl

(A1 - Afi'i) where K1 is the constant, A1 is the O.D.
of the sample and Ais O.D. of the blank.

2. Concentration of acetyl sulphapyridine, ug/ml. of

the sample = K2 (A2 - Al), where K2 is the constant.

3. Concentration of sulphapyridine glucuronide, ug/ml.

of sample = K1 (Bl - Al).

^f. Concentration of acetyl sulphapyridine glucuronide,

ug/ml. of sample = K2 (B2 - Bl - A2 + Al).
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Figure 3

SERUM (or URINE)
I

1. Acetate Ruffer
pi I 4 ! 7

2. 0.5G NaCl

3. IsoButylmethyl Ketone

4. Mix and Centrifuge

Organic Phase

1. 4 M HC1 in ice bath

2. Mix and Centrifuge

Aqueous Phase
(discard)

Org. Phase
(discard)

Aqueous Phase

Aj (1 ml)
Ice Water Bath

Develoo
Bratton-Marshal1
Reaction

O.D.

(Free SP)

*2 11
1. Boiling Water Bath

(10 minutes)

3. Develop
Bratton-Marshall
Reaction

O.D.

(SP + AcSP)

SAMPLE H

1. Acetate Buffer pH 4.7

2.^ glucuronidase
3. Incubation overnight

at 38°C

4. 0.5G NaCl

5. IsoButylmethyl Ketone

6. Mix and Centrifuge

Aqueous Phase
(discard)

1
Organic Phase

I
Same as for Sample (A)

Org. Pha se
(discard)

Same as A.

O.D.

SPGluc)

i
Aqueous Phase

n

O.D.

(Total SP)

O.D. was read always after 10 minutes

Flow diagram for the measurement cf free su Iphapyridine (SP)
acetyl sulphapyridine (AcSP), sulphapyridine-glucuronide
(SP-Gluc) and acetylsulphapyridine-glucuronide (AcSP-Gluc)
in serum and urine.
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The constants K1 and K2 were obtained from standards which

were run parallel with the experiments. For serum, the

O.D. of the blank values varied from 0.015 to 0.025 and

for urine, the blank values were higher and varied from

0.020.to 0.030. The serum and urine blank valies were

obtained from patients before treatment with SASP. In

those patients where no control samples of serum or urine

was available, O.D. was.corrected with a mean blank value

of serum (0.020) or urine (0.025) of five healthy persons

and five patients without any bowel disease.

1. Calibration - The Figure 2 (Page 27) shows the standard

graphs of sulphapyridine and acetyl sulphapyridins obtained

from the mean values (with standard deviations) 01 twelve

graphs. A linear graph was obtained up to 60 ug/ml.

2. Recovery Experiments - Table 3 (Page 26) also shows

the recovery of sulphapyridine and acetyl sulphapyridine

from serum and urine.

3• Coefficient of variation within the assay and in between
different ass'ays -

The mean coefficient of variation within the assays

was *+.0 - 1.8# and in between the assays was 6.6 - 2.8.

The percentage acetylation of sulphapyridine (SP)
+ ASPfr

(i.e. al""s"P """ x 100 ^ in serum and- urine each
patient collected on different occasions was found to be

fairly constant (Page 71). The mean coefficient of

variations for all the patients with ulcerative colitis

was <6 10# (Page 7R). These results also indicate a

low interassay analytical error.
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Total amount of sulphapyridine was measured by adding

sulphapyridine and its metabolites (i.e. SP + AcSP +

SP-Gluc. + AcSP-Gluc).

EFFECT OF STORAGE ON SPECIMENS

1. Serum. Five serum samples from five different patients

treated with SaSP were estimated for SASP ana SP metabolites

before storage and one year after storage. The mean 0,D.

(- S.D.) of these samples for SASP, SP and AcSP were

0.275 t 0.06; 0.231 - O.69, 0.10*f - 0,03 before storage

and 0.269 - 0.07, 0.23^f - 0.68 and 0.10C ± 0,0b after

storage respectively.

2. Urine. The urine samples of some patients (especially

patients with Crohn's disease) contained considerable

amount of sediments after thawing, This was at times

yellow in colour. The precipitates from four such urine

samples wrere centrifuged and the sediments were washed

with N.Saline. The sediment obtained from one of the

samples, when examined under the microscope, showed some

crystals ( JC3 ), This sediment when estimated

for SASP, SP and AcSP was found to contain moderate amounts

of SP and AcSP. Some other sediments also contained

SASP in addition to SP and AcSP. To evaluate this

situation four fresh samples of urine of four different

patients (two ulcerative colitis and two Crohn's disease)

were estimated for SASP, SP and its metabolites. Subse¬

quently six months after storage they were thawed when

sediments were noted. The samples were vigorously shaken

and an aliquot of 1 ml. and also 0,2 ml, (as described
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in the method) were taken immediately after shaking.

Extraction procedure was followed as usual except that

excess (20 ml.) of organic solvents (either Amylacetate

for SASP or Isobutylwethyl ketone for SP) were used for

1 ml. sample of urine. For the yield of SP glucuronides

0.2 ml. of-glucuronidase was used instead of 0.0^ ul

in cases where 1 ml. sample of urine was taken. The

O.D.(mea,n i S.D.) for SASP, SP and its metabolites in

the equivalent amount of urine (0.2. ml.) are shown in

Table 5*

The results were found to be quite consistent when

properly thawed and vigorously shaken.

EFFECT OF OTHER DRUGS COMMONLY ADMINISTS.iSD \:TTH SASP

As various substances a.re commonly s&nxLnis tered in

the disease state with SASP, their influence on the

measurement of SASP and its metabolites were investigated..

Substances considered were -

(a) Prednisolone •

(b) Nitrazepam.

(c) Diazepam

(d) Iron

(e) Calcium

(a) Effect of Prednisolone. Nitrazepam and Diazepam

Two serum samples were colle cted from different

patients talcing Prednisolone 30 Nitrazepam 10 mg.,

and Diazepam 10 mg. in twenty-four hors, but not SASP.

The samples were estimated for SASP and SP and AcSP

along with a blank serum from a healthy person. O.D's.

of these samples are shown in Tabic 6 .
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Table 5

The effect of storage and thawing (B) and volume of
aliquot (C) for analysis on the O.D. of SASP, SP and
its metabolites in four urine samples from different
patients.

SASP Before After Storage
and Storage

SP meta- (A) Fresh (B)- Thaw- Tc) Thawed
bolites Specimen ed, vigorously

vigorously shaken
shaken

O.D. (M - S.D.) SASP 0.28
of four 0.*t
urine samples
from Al 1.20
different 0.8
patients

2.06A2
1.2

B1 2.13
1.2

B2 3.29
2.1

+
0.279 -

0.5
0.276 «

0.5
+

1.18 -

0.7
1.20 -

0.8
+

2.05 -

1.1-
2.06 i
1.1

+
2.11 -

1.2
2.12 ±
1.1

+
3.l»-o t
1.8

3.3^ -
1.8

The extraction procedures for SASP and the SP metabolites
are described in Section II, Pages 23 & 2.5. Volume of
urine sample was 0.2 ul (A and B) and 1 ml. (C). Volume
of/3 -glucuronidase added was 0.05 ul. (A and B) and
0.2 ul. (C). The volume of amylacetate and isoButylmethyl
tone was 20 ul. (C) compared with hoc 5 ml» respectively. (

The O.D. values are corrected to 0.2 ul. urine.



Table6 EffectofPrednisolone,NitrazepamandDiazepamonthemethodsforestimationofSASP,SPandASP

Prednisolone

Nitrazepam

Diazepam

SASP

SP

ACSP

SASP

SP

ACSP

SASP

SP

ACSP

Sample1

0.012

0.022

0.023

0.010

0.015

0.020

0.Q11

0.011

0.022

Sample2

0.010

0.021

0.023

0.009

0.016

0.019

0.010

0.020

0.023

BlankSerum
0.010

0.018

0.020

0.010

0.018
i

0.020

0.010

0.018

0.020
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The contents after the extraction procedures were

run in SP800 to confirm further whether there is any

deflection at *+55 (SASP) or 5*+*+ (SP and AcSP). No

deflection was.found.

Interaction of Iron and Calcium were studied in

some detail in five volunteers. These are discussed

at length in the next Chapter (III).
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ESTIMATION OF SUIPHASAIAZINE IN FAECES

/ •
.

This method has been described by Hansson and Sandberg

(1972).

The reagents used (vide Appendix I)

1. Titanium trichloride, TiCl-^, 1% solution in
distilled water.

2. Sodium hydroxide, 6m
3. Acetate buffer solution, 1M, pH *+.6

IscButylmethyl lie tone

5. Hydrochloric acid, 1M

6. Sodium nitrite 0.12^ solution in distilled

water

7. Ammonium sulphamate, 0.8^ solution in distilled

water

8. N-l-naphthylethylenedi&mine dihydrochloride,

0.8$ solution in distilled water.

The last three solutions were always freshly prepared.

PROCEDURE

Duplicate aliquots (approximately 0.2 - OA'S) of

well homogenised faeces were transferred into two separate

stoppered centrifuge tubes A and 3. In tube A titanium

trichloride solution (50 ul) was added and the contents
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well mixed for approximately fifteen seconds. Sodium

hydroxide (50 ul) was added to neutralise the excess of

TiCl-^. Acetate buffer (1 ml.) was added in both the
tubes A and B, The extraction procedure from this stage

onward is the same for both A and B. IscButylmethyl

ketone (5 ml.) was added, the tubes were shaken vigorously

for fifteen seconds and then centrifuge! and an aliquot

of 3 ml. of the organic phase was re-extracted with 3 ml.
of 1M Hcl and the mixture centrifuge!. The organic phase

following centrifugation was dis carded and 1 ml. of the

aqueous phase was pipetted off, and well mixed with 1 ml-

of sodium nitrite. The mixture was allowed to stand for

three minutes. Ammonium sulphamate solution (1 ml.) was

then added and the mixture allowed to stand for another

three minutes. Finally, N-l-naphthylethylenediamine

dihydrochloride solution (1 ml.) was added and the colour

was allowed to develop completely for ten minutes before

the O.D. of the contents of the tubes were read in the

colorimeter at $+k nm. The colorimeter readings were

then corrected by the reagent blank which had been taken

through the experiment.

If the O.D. exceeded 0.8 the solution was diluted up

to four times its volume with distilled water. Should the

O.D. still exceed 0.8 after this dilution, the sample was

re-estimated after further dilution before analysis.

As sulphapyridine is a metabolite of SASP correction

has to be made for SP which may be present in the faeces.

For this reason a sample blank, i.e. tube B, was taken

j
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through the procedure and one free SP present already in

the faeces was measured. This value was then subtracted

from the amount present after the action of TiCl^. The
difference represents the amount of unchanged SASP present

in the stool.

The amount of sulp'napyridine was measured from the

calibration graph (Figure 2) which was found to be the

same •

RESULTS

SASP is rapidly reduced by TiCl^. The SP thus
released is estimated.

The recovery of SP was 80 - % when extracted from

the faeces. The blank value for the faeces was found to

be low and it ranged from 0.010 to 0.015.

ESTIMATION Oil FREE AI'D ACETYLATED 5-AMI NOSALICYLIC ACID
IN SSRUM AND URIi iS AFTER "PHINISTRITIO IJ OF SALICYLAZ03ULPEA-
PYRIDINE

This method was described in detail by Hannson (1972).

Reagents used (vide Appendix I)

1. Hydrochloric acid, 1M

2. Acetic anhydride

3. Isobutylmethyl ketone

*+. Phosphate buffer, 0.5 M, pll 6.0.
PROCEDURE

(a) Estimation in serum - Duplicate aliquot of serum (1 ml.)

were transferred to two centrifuge tubes. To one of these

tubes acetic anhydride (20 ul) was added. Hydrochloric
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acid (1 ml.) was then added to each of the two tubes and

the mixture was then extracted with 5 ml. of isoButyl

methyl ketone. The contents were mixed and centrifuged.

An aliquot (*f ml.) of the organic phase was then removed

and re-extracted with 3 ml.of phosphate buffer. The

fluorescence of buffer solution was then measured in a

spectrofluorometer. The excitation wave length was 310

nra and the fluorescence wave length was b-30 ran.

(b) Estimation of urine - A sample (0.1 - 0.2 ml.) of

urine was taken and diluted to 1 ml. with distilled water.

The extraction procedure was followed as described for

serum.

If the concentration of the sample exceeded 25 ug/ml.

the original sample was diluted further before analysis.

Standards and appropriate serum or urine blanks were

always run in parallel with each experiment.

RESULTS

The sample in which acetic anhydride was not added

represents the amount, of acetylated 5-ASA and the difference

between the two samples represents the amount of free 5-ASA

which was acetylated by the addition of acetic anhydride,

The mean and standard deviation of ten calibration graphs

of acetylated 5-ASA for different estimations in phosphate

buffer are shown in Figure h. This was linear up to the

concentration of 25 ug/ml. Approximately 90/ of acetyl

5-aminosalicylic acid was recovered by this extraction

procedure from the serum and urine (Table 7)• The blank

values of serum and urine obtained from five healthy
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Figure k

Ac 5-ASA, pg/mt

Standard graph of acetylated ^-aminosalicylic acid (Ac5-AbA



Table 7

Recovery of added acetylated 5-aminosalicylic acid
(A,c5~ASA) to serum and urine samples

Amount of Ac5-ASA
added - ug/ml.

Mean % Recovery
from serum

(n = 2)

Mean % Recovery
from urine

(n - 2)

5 90 95

10 90 95

15 88 92

20 87 90

25 86 90

volunteers were found to be quite low. For serum approxi¬

mately 0.1 to 0.2 ug/ml. and for urine it varied from 0.5

to 1 ug/ml.

DISCUSSION

The methods used for the estimation of SASP and its



if6.

different metabolites are those described by Hansson

and Sandberg (1972). These methods were made available

to me by Pharmacia of Great Britain Ltd., who provided

the grant for this research.

Tn. the original method amylacetate was used for

the extraction of SASP. I investigated the possibility

of using another organic solvent but found that when

efficiency of recovery and intensity of the blank were

taken into account, amylacetate was the most suitable

solvent (Table 2).

Recovery experiments of SASP, SP and AcSP from serum

and urine were also carried out and were found to be

satisfactory (Table 3), According to Hansson and

Sandberg, the optimum incubation time for the hydrolysis

of sulphapyridine glucuronides was three hours but it

was found that longer incubation (twelve to eighteen hours)

gave better results and hence the incubation was carried

out overnight (Table *0. This was also more convenient.

In the studies to be carried out it was envisaged

that storage of serum and urine samples would occur.

A sediment had, in fact, been observed when some of the
stored urine samples were thawed. This did not occur

in serum. It was, therefore, necessary to determine

whether storage at -20°C followed by thawing had any

effect on the concentration of SASP and its metabolites

in serum and urine. The sediments from urine samples

were found to contain variable amounts of SASP, SP and

AcSP. The concentration of these compounds in the
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sediment was higher in urine samples containing high

concentrations of SASP and SP metabolites. The practice

was therefore to mix the thawed samples thoroughly before

aliquots were taken for analysis. From Table 5 it can

be seen that after thawing and thorough mixing, the optical

densities did nor vary significantly compared with the

fresh specimens..

Many of the patients treated with SASP were also

coincidentally treated with other drugs, e.g. Prednisolone,

Nitrazepam, Diazepam and iron. It was therefore important

to determine whether the administration of these drugs

interfered with the methods of analysis for SASP and its

metabolites. It was found that Prednisolone, Nitrazepam

and Diazepam did not interfere with the analytical methods

(Table 6). The effects of coincidental administration

of iron and also calcium wTere investigated in detail.

(Chapter III).

As SASP is split into sulphapyridine and 5-aminosalicylic

acid the estimation of ^-aminosalicylic acid in the serum

and urine was carried out. The method used was described

by Hansson (1972). Recovery experiments for 5-ASA showed

that about 86 - 90$ of the added amount (up to 25 ug/ml.)

of acetyl 5-ASA in the serum and 90 - 95$ in "the urine

could be recovered.

From these results it appears that the ne thods described

by Hansson and Sandberg (1972) are quite satisfactory.

Schrflder and Campbell (1972) also used the same methods

in their experiments with healthy volunteers and they also

claimed satisfactory results with these methods.
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CHAPTER III.

ACUTE EXPERIMENTS IN HEALTHY

VOLUNTEERS

AND ROLE OF IRON AND CALCIUM

ON SULPHASALAZINE METABOLISM



ACUTS SXPDRIkSi;TS IN H5AITHY VOlUKTHlhRS

Acute experiments after administering a single dose

of SASP ( 50 mg/kg. of body weight) were performed in five

healthy volunteers. Their age ranged from 30 - ^-0 years,

body weight ranged iron t»0 — 8^ kg. The 0.1*11g was given

one hour after breakfast and subsequently samples of blood

were collected at intervals of 1-g- hours, 3 hours, 5-6

hours, 12 hours, 2b hours and *4-8 hours, and in one person

up to 120 hours. Twenty-four hour urine samples were

collected for two to seven days. These procedures were

repeated after an interval of three to four weeks when

the same dose of SASP was given with calcium (2 Sandocal

tablets, i.e. bo in.Eq. Ca++) and then with iron (Ferrous

sulphate, *400 mg. equivalent to 80 mg.Fe). In two

volunteers, the first experiments were with iron and

SASP followed by SASP alone, and in one volunteer calcium

and SASP were given before SASP only.

These experiments were done in order to -

(a) Determine the serum concentrations of SASP and SP

metabolites in the serum, the amount and type of me tabolites

excreted in the urine over the first and subsequent days

after a single dose of SASP.

(b) Determine the effect of iron on the absorption of

SASP and its metabolites as it is commonly administered
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in patients with ulcerative colitis or Crohn's disease.

The effect of simultaneous administration of calcium on

the metabolism of SA8P was also studied.

In addition to the acute experiment acetylation

phenotype was detected in four of the five volunteers

giving a single dose of sulphadimidine (Evans, 1969).
The same four volunteers were also phenotyped on the

basis of the amount of free and acetylated SP detected

after administering the same dose of SP and the procedure

was adopted in the same way as for sulphadimidine,

RESULTS

.Figures 5 and 6 and Table 8 show the results of

these acute experiments with SASP alone and SASP with

calcium and SASP with iron. The peak serum concentra¬

tion of SASP occurred at three to five hours and became

negligible by twenty-four hours. Approximately 1-2%

of the administered dose was recovered in the urine as

SASP during the first twenty-four hours. Sulphapyridine

appeared in the serum at five to six hours, reaching

a maximum concentration at about twenty-four hours, after

which it gradually declined. The maximum excretion cf

total sulphapyridine in the urine occurred during the

twenty-four to forty-eight hours in contrast to SASP

(Table 9). In one volunteer salphapyridine was found

in the urine six days after the administration of the

single dose of SASP (Table 10).

The different metabolites of sulphapyridine measured
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Figure 5

Sulphasalazine (SASP) only

SASP + AOOmg Ferrous Sulphate

a> 20-

SASP + AO mEg.Calcium

Concentrations of salicylazosulphapyridine (SASP) at

time intervals after an oral dose of SASP alone and

with calcium and ferrous sulphate.

%
>4

^,1



Finure 6

52.

SASP AOOmg Ferrous Sulphate

30-

f lYz 2 3
Single Dose

(SASP) Sulphasalazine only

Concentrations of total sulphapyridine at time intervals

after an oral dose of salicylazosulphapyridine (SASP)

alone and with calcium and ferrous sulphate.
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Table 8

Serum Concentration of Salicylazosulphapyridine (SASP) and total
the three groups.

Drug
Taken

l£ hrs. 3 hrs. 5 hrs.

SASP
ug/ml
Mean -

S.D.

SASP only

SASP + Fe

SASP + Ca

8._9 - 10

k.9 - 1.8

12.7 - 12.2

16.3 t 15

10.3 - 7.3

19.8 - 11.^

20.3 - 7.81
12.2 - 2.1+1
19.5 - 3.5

Total SP
ug/ml
Mean »

S.D.

SASP only

SASP + Fe

SASP + Ca

2.1 i 0.8

0.8 - 1

0.9 - 0.9

1.9 - 0.7

2 - 1.1

3.5 - 0.9

6.1 -5.9

7.9 - 7

11.8 - 3.9

1, 2 and 3 indicate a significant difference (p ^ 0.025) between

sulphapyridine (SP) in

7 hrs. 12 hrs. 2h hrs.
!

^8 hrs.

Ik.l - 5.22 7.6 t 2.83 2.8 t 1.8 0.5 - 0,b

8.7 ± 22 3.6 t 0.53 l.*f - 0.3 0.5 - ca

16.9 - 7.9 5.5- b.2 1 - 0.1

13.8 ±10.9 15.8 - ^.6 28.9 » 6.8 12.7 t 3.6

15.9 - 9.8 25.5 - 12.9 29.3 ~ 9.^ 17.5 i 12

16.9 - 7-1 2^.7 - 7.1 32.9 - 3.7 1 20.9 •- 11.1
[

results with the same superscript



Table 9

Mean Urinary Excretion of SASP and Total Sulphapyridine
in twenty-four hours.

SASP
of dose)

|

Total
Sulphapyridine

of dose)
-- I

Day
SASP
only

SASP
& Iron

SASP
&
Calcium

SASP
only

SASP
& Iron

\

SASP !
&
Calci-j
ura

1 2.0 1.1 2.2

,

13.5 13-2
|

iM !
2

i

0.3 0.1 0.3 29 26.5 28// I!
i
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Table
10

Serum

Concentration
and

Urinary
Excretion
of

SASP
and
its
SP

metal]
olites
after
a.

single

dose
(3G)
in

one

volunteer
Serum,

ug/ml

Urine,
mg/2\
+

hours

r-

"

SASP

|

SP

AcSP

SP-Gluc
AcSP

Total
SP

Time

(Hours)
SASP

SF

AcSP

SPG1

AcSP

Total
SP

Glue

Glue.
($
of

dose)

l£

hrs.
b.8

0.8

0

0

0

0.8

0

-

2b

80.9

103*9

51.7

b?.7

12.2

11*6$

(2.7%)

3

hrs.

6.2

1.0

0

0

0

1.0

66.1

up
to
h8

12.3

153

82.3

38.1

18.3$

5

hrs.

12.5
2.0

0.2

0

0

2.2

(o.W

12

hrs.
9.3

12.1

1.2

0

1.1

:iA.h

up
to
72

5.3

100.3

91.0

57.3
h8

16$

(o.ijO

2^

hrs.

3.5

19.2

b.l

1.7

0.3

25.3

*+8

hrs.
l.b

12.2

3.0

0

O.b

15.6

up
to
96

an

30

31.5

0.8

31.6

72

hrs.
0

b.8

1.3

0

0

6.1

up
to

120

-

13

11.*+

0

25.h

2.7%

120

hrs.
0

0.9

0

0

0

0.9

up
to

lVf

-

7.2

2.6

0

7.9

0.9%

Bracketed
figures
indicate
the
%

of

the

administered
dose

excreted
i



in the serum and urine were free sulrhauvridine* acetvl
*• x id / «

sulphapyridine, sulphapyridine glucuronide and acetyl

sulphapyridine glucuronide. Table 10 shows ths concentra¬

tion of the different metabolites at different times in

the serum and urine in one of the healthy volunteers.

When iron was given with SASP the time required to

reach a maximum concentration of SASP and total sulphapyri

dine did not differ from that obtained with SASP given

alone. However, the serum concentration of SASP was

significantly low (Figure 5 and Table 8) with p<^ 0.025.
However, there was no significant difference in the

concentration of total sulphapyridine. When the experi¬

ments were repeated with calcium there was a significant

delay in the absorption of SASP, the peak concentration

of SASP in the serum extended over five to twelve hours

in contrast to three to five hours found when SASP was

given alone (Figure 5 and Table 8). However, there was

no significant difference in the time required to reach

the maximum serum total sulphapyridine concentration

After forty-eight hours the total sulphapyridine concentra

tion was still considerably higher compared with the

concentration obtained after administration of SASP only

(Table 8).

Table 9 shows the urinary excretion of SASP and

total sulphapyridine (Mean - S.D.) during the first forty-

eight hours. SASP excretion was considerably lower when

it was given with iron. This was not seen with calcium.

The excretion of total sulphapyridine was, however,
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more or less the same during these two days.

One of the volunteers had a peak serum SASP concen¬

tration at three hours and also sulphapyridine appeared

in the serum quicker, within 3 hours, with the peak

concentration at twelve hours. This person was subse¬

quently found to have a jejunal diverticulum which was

removed and following operation eighteen months later,

a similar experiment was carried out with the same dose

of SASP. The concentration of SASP and the serum

total sulphapyridine before and after operation, are

shown in Table 11. The results after operation are

more parallel with the other volunteers.

Experiments for acetylation phenotyping in four

out of the five volunteers with sulphadimidine and

sulphapyridine showed parallel results (Table 12). All

of them were slow acetylators*

IN VITRO EXP taMlI:TS

SASP (20 ug) was dissolved in 3 ml. of 0.5 M sodium

hydroxide and the optical density measured in colorimeter

at *+55 run. Increasing amounts of ferrous sulphate

(1-3 » 1 rag* ferrous sulphate is equivalent to

0.2 rag of iron) were added. A precipitate developed

in each tube and after centrifugation the optical density

of the supernatant was measured. Similar amounts of

calcium (1-3 mg) as calcium gluconate were added to

separate aliquots of SASP solution and in this case no

precipitation was formed. The optical density of the

solution was measured. The results are shown in Table 13.
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Table 11

Concentration of SASP and sulphapyridine before and
after removal of jejunal diverticulum.

Time of
collection
of blood
after taking

Serum
ug/ml

SASP, Serum Total
Sulphapyridine, ug/ml

this drug
Before
Operation

After
Operation

Before
Operation

After
Operation

l£ hrs. 27.5 15.0 1.5 1.5

3 hrs. >+2.5 17.6 1.5 1.7

5 hrs. 27.5 25.8 16.5 13-7 |
7 hrs. 20.0 25.0 30.0 21.0

12 hrs. k,0 10.1 35A 28.7 |
2k hrs. 1.5 2.6 22.5 32.0 |

—1
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Table 12

Comparison of results for Acetylator Phenotyping

Dose Used Sulphadimidine
(750 mg)

Sulphapy
(750 hi

ridine
g)

% Acety] atioh % Acetyls;ion

Serum Urine Serum Urine

Volunteer 1 25 63 16 29

Volunteer 2 li-3 59 9 1+2

Volunteer 3 19 65 13 35

Volunteer >+ 33 59 9 26
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Table 13

The Effect of Iron and Calcium on SASP solution
measured by optical density.

Amount of FeSO^f
added

20 ug of SASP solution in 3 ml, of
0.5 NNaOH

0 mg

■ ■ 1

1 mg (3 0.2
mg Fe)

2 mg 3 mg

O.D. 0A68 0.273 0.021 0

Amount of Ca
added

0 mg 1 mg 2 mg 3 mg

O.D. 0.1+66 0.1+60 0.1+59 O.1F5S
!
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Xn a separate experiment 1 mg of standard SASF

solution was dissolved in 50 ml. of redistilled water

(i.e. 20 ug/ml). The pH of the solution was *+.8

which was then made up to pH 6.7 by adding a few drops

of dilute sodium hydroxide solution (0.1M) with constant

stirring and recording with a pK meter.

1 ml. of ferrous sulphate solution (1%) was added

to one of the above solutions and the pH changed to 5.8.

The pH was again gradually raised by adding a few drops

of dilute sodium hydroxide and at pH 6.2 turbidity

developed. The solution was then filtered off and the

supernatant retained. 5 ml. of the same ferrous

sulphate solution was added to another SASP solution

(pH 6»7)« ^he pH after the addition of ferrous sulphate

came down to 5*6. After a short time turbidity was

noted and this was filtered and the supernatant was

retained. Similarly 1 ml. of calcium gluconate

(containing 0.8 m.eq»Ca~H") was added and the pK was

kept at 6.5« There was no precipitate. Figure 7

shows the tracings of all the solutions in spectro¬

photometer - SP 800 (Pye Unicam). Figure 7 shows two

spectra for SASP in alkaline (extracted with 0.1 M NaOH

solution, i.e. sodium salt of SASP with maximum

absorbence at *+55 am (No. 5) and also SASP in water

(pH 6.7) with maximum absorbence at 360 ran (No. 1).

The deflection at 506 ran with calcium and SASP (No. 2)

was confirmed to be due to calcium gluconate solution

No. 6). Tracings (3) and ('<■) show the effect of

addition of iron.
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Wavelength Millimicrons

The absorbence spectra (run in SP-800) of different
solutions.

(1) Salicylazosulphapyridine (SASP) solution in 500 ml.
of water, 20 ug/ml., pH - 6.7-

(2) Same as (1) + calcium gluconate (0.8 m.eauiv. Ca++),
pH - 6.9

(3) Same as (1) + ferrous sulphate (5 mg Fe++), pH -
f.6, filtered.

(^-) Same as (1) + ferrous sulphate (1 mg Fe++), pH - 5*8;
pH was brought to 6.2, precipitate, filtered.

(5) Same as (1), extracted with 0.1 M NaOH

(6) Calcium gluconate solution in water
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SUMMARY"

SASP alone (in a single dose of 50 mg/k$ and with

^00 mg ferrous sulphate or ^-0 m.eq. calcium was given to

five volunteer's, and serum and urine concentrations of

SASP and its SP mstabolites measured.

The peak serum concentration of SASP occurred within,

three to five hours whereas that of total SP 'was found at

twelve to twenty-four hours. Iron caused a significant

decrease in serum SASP but no change in serum total SP

whereas calcium delayed SASP absorption without reducing

its eventual amount or the total serum SP.

The presence of a jejunal diverticulum in ono

subject accelerated the appearance of SP in the serum.
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CHAPTER IV

ACETYLATIOH POLYMORPHISM OF SUIPHAPYRIDI

IN PATISITS WITH ULCERATIVE COLITIS AND

CROHN'S PIS EASE



ACETYLATION POLYMORPHISM OF SITI PHAPYRIUT NB

A total of one hundred and twenty-two patients out

of one hundred and thirty-three (Table 1) with ulcerative

colitis or Crohn's disease were included for the study of

acetylation polymorphism. Four outpatients with ulcera¬

tive colitis and two outpatients -with Crohn's disease

did not take the drug at all during collection of samples.

Therefore they were excluded from this study. Four other

patients (G.Mc, G.K., C.Mc, M.Mc) who were studied only

after ileostomy and J.Cr. with ileotransverse anastomosis

and transverse colostomy were also not included in the

acetylation polymorphism study.

The one hundred and twenty-two patients are divided

into four groups (Table 1!+).

Group (A) Inpatients - acetylation phenotyping test

with sulphadimidine (Evans,

1969) was available.

Group (B) Inpatients - multiple collections of serum

and urine samples were available

while they were treated with SASP

but they did not have the acetyla¬

tion test with sulphadimidine.

Group (C) Outpatients - multiple collections of serum on

different occasions whilst they

were being treated with SASP.

Group (D) Outpatients - one collection of serum only while

they were taking SASP.
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Tabl - .14.

Groups of patients studied for acetylation polymorphism.

Group A Group B Group C Group D Total

No. of Patients 21 11 31 59 122

Disease
U.C. 16 5 20 hi 82

C.D. 5 6 11 18 Ln
• s/

Age
(yrs.)
range

U.G. 20 - 80 17 - 50 15-80 17 - 7b

C.D. 17 - bl 23 - *+6 A:; «i 21 - 62

IJ.C.
Male 6 3 8 22 39

Female 10 2 12 19 >.f.3

G.D.
Male 2 2 6 8 18

Female 3 if 5 10 22
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Group A. Thirteen new untreated patients with ulcerative

colitis, one patient with ulcerative colitis and transverse

colostomy and two other patients with ulcerative colitis

who were admitted to the Unit with relapse, are included

in this group. The last two patients (M.D, and M-B.)

were phenotyped subsequently with sulphadimidine after

stopping SASP for five to six days at a stage when they

were in remission. 0f_ the five patients with Crohn's

disease who had sulphadimidine test, one was a new patient

(J.VI.) and the other four (A.B., M.M. , G.F. and H.I.)

belonged to Group A (b) and (c) Table 1, Page 10). The

extent and severity of the disease state of all these

patients on admission are indicated- in Table 15.

During the first twenty-four hours of admission new

patients and the other two patients subsequently were

identified as slow or fast acetylators using the simplified

method with sulphadimidine. After this the patients

were treated with SASP steroids and other standard therapy

as discussed in Chapter II. Blood samples were collected

two to three timos each day during the acute phase (days 1,

3, 55 7 and 10) and at irregular intervals for a period of

up to one year (Page 16). Parallel to these, twenty-

four hour urine collections were obtained during the

acute phase. ^

Group B. The severity and extent of the disease in these

patients (five ulcerative colitis; six Crohn's disease)

are shown in Table 15. These patients had been admitted

to the ward with a relapse, or who were already established
on SASP for some time. Therefore, preliminary sulphadirai-



Table 15

Extent of Disease of Patients in Grout) A'and B

Extent of Dis ease Group A Group B

Ulcerative colitis ; - entire-
colon - 3

L.colon 13

2

3

Crohn's disease small
intestine

S.I.with
colonic
involve¬
ment

colonic
only

2

1

Assessment of severity

Ulcerative colitis

mild 6

moderate 7

severe 3

2

3

S.I. = Small intestine



69.

dine phenotyping was not possible. Samples of blood

and urine were collected after admission at variable

intervals until the day of discharge and followed-up

to eight months.

Grouu C. These patients were attending the follow-up

clinic and were either in remission or with mild colitis

only. There were twenty patients with ulcerative colitis

and eleven patients with Crohn's_ disease. SASP therapy

had been used for between six months to fifteen years.

Several blood samples were obtained at irregular intervals

during one year in this group.

Group D. This group consists of fifty-nine patients

(hi ulcerative colitis; 18 Crohn's disease) who had been

taking SASP for more than six months .- Only one sample

of blood was available from these patients to estimate

the acetylator phenotype from the serum concentrations

of SP and its metabolites. This group (with ulcerative

colitis or Crohn's disease) enabled me to screen this

population for acetylation polymorphism on the basis of

SP and its metabolites present in the serum.

RESULTS

Figure 8 shows that sulphapyridine shares the same

acetylation polymorphism as sulphadimidine. It is shown by

results in both serum and urine. All patients (Group A)

who had been phenotyped as slow or fast acetylators by

sulphadimidine method belonged to the same acetylation

groups with sulphapyridine.
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Figure
8
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Figure 9 shows the frequency distribution histogram

of the percentage acetylation of sulphadimidine (twenty-

one patients) and sulphapyridine (one hundred and twenty-

two patients)-in the serum. This shows bimodal distri¬

bution of acetylation polymorphism.

Table 16 shows the mean t S.D. of the percentage

acetylation of sulphapyridine (obtained from SASP) in

serum and urine for bath slow and fast aeetylators amongst

patients with ulcerative colitis or Crohn's disease.

Where there were more than two values, the mean value

was taken. This further confirms the two distinct

population groups in terms of acetylator phenotype and

this can be done quite efficiently from both serum and

urine results.

Table 17 shows the mean coefficient of variations

(- S.D.) of the acetylation percentage in serum and

urine collected at variable intervals during the period

of one year from all the patients in Groups A, B and C.

Variations of the acetylation capability of each indivi¬

dual was found to be quite small. This is more

significant when more than three or four different

samples are tested though they were collected at variable

intervals. In patients with collection of two samples

though the difference of acetylation percentage was

within the range of 10 - 1%, compared with the previous

estimate, the coefficient of variation obviously vd 11

vary, depending on the mean value vliich has a wide

difference in slow and fast acetylators (Table 16).
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Figure
9
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Table 16

Comparison of mean values for slow and fast acetylators

Slow Acetylators Fast Acetylators !
1
1

% Acetyla-
tion
(Serum)

% Acety-
lation
(Urine)

% Acety-
1ation
(Serum)

i

% Acety-j
lation 1
(Urine)

Mean of all
means with SD.'• 26.0-8.5 *+0.6-9.7 63.3*9.2 75.7*8.2

1
i

U.C.
(means with
S.D.' *) 26.3-9.2 l+l * 2-9 • 2 62A±7.6 7?.7-0.2

C *D.
(means with
S.D.' *) 25.9*7.3 1+0.3-13.2 56.3*9.5

76%
1 patient
only.
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Table 17

Variation of multiple observations of sulphapyridine
acetylation in the same individual.

No. of Estimations,
on different
occasions.

No. of
Patients
U.C./C.D.

Mean of coefficient of
variation - SD.
U.C. C.D.

2

!

!|

mHCO

!

H

Serum Urine Serum | Urine

2-5
- 7.9 * 3.1

2h,2
-13.^

r1 l+H1O!
00.i
L*01̂

3-8 15 5 Z-7* 3.2

8.6
= 5.5

7.9
± h.k

23.2
-11.5

3.if
-6.6

>8 10 1 - 17.7 -

U.C.

C.D.

- Ulcerative Colitis;

- Crohn's Disease.
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Throughout the period of study of one year, this

acetylation capacity remained fairly constant. The

range was relatively wider in patients with Crohn's

disease (Table*18). However, at every stage the

percentage acetylation was well within the range of

respective slow or fast acetylator groups.

The results of three patients in whom the dose of
\

SASP was reduced and two patients in whom the dose was

increased are shown in Table 18. Constancy of acety¬

lation. can be seen irrespective of dosage at the steady

state at the total SP concentration range of >10 - 80

ug/ml.

Table 19 shows the age and sex distribution of ail

the one hundred and twenty-two patients studied,among

slow and fast acetylatcrs. There is a significant

increase of fast acetylators in females (or decrease in

males). Number of fast acetylators after the age of

60 years was also comparatively low, though the sex

distribution at this age group was more or less the same.

Liver function tests including bilirubin, transaminases,

B.S.P. were all within normal limits in all the patients

with ulcerative colitis or Crohn's disease. However,

serum total protein and albumin were low in three patients

with ulcerative colitis during the initial stage and in

seven patients with Crohn's disease.
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Table 18

Constancy of acetylation in five subjects on different
dose of SASP.

Patient Pose of SASP Day of fo AcetvJa- Serum ff-Acoty-
lationG/day therapy tion in tot al

serum SP in urine
up/ml

1. W.R. ( 3
( 5

- (20

20.0
18.0
18.0

32
38.3
50.5

25
35
32.5

from day 21,2 (27
(36
(89

18.5
21.0
20.0

22.6
30.2
27.9

"*

2. J.C. 2 ( 3
(10

oif.O
66.0

13.3
10.7

82,6
81. if

from day 11,3 15 68.0 TO ^
JL^.6 !

from day l6,if 18
25
32

70.0
62.0
62.0

11.1
13.5
13.5

80«8
82,,0

from day 190^6 233 67.0 If2. If -

3. P.T. 8 10 20.5 70.1 32

from day l6,if 23 25.0 kb.i -

from day 27,1 30 26.5 18.2 39

from day 32,2 38 30.0 20.2 ifl

if. A.P. if ( 5
(10

15.3
17.0

78.1
80.0

3 if
36.5 1

i

from day 20,2 ( 30
( |+3(lif2

17
18.0
lif.O

27.8
if1.7
29.2

i

I

5. L.L. from day 10,
1.5

( 11
( 16

37.0
36.O

20.9
29.9

1
1

mm.

j

from day 17,2 ( ifO
(100

32.0
38.0

33.7
27*7

i
« !

i
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Table 19

Age and Sex distribution in slow and fast acetylators.

Acetylator Phenotype
r

Slow (n = 87) Fast (n = 35)

U.G. C.D. Tot al No.
of
Patients

U.C. C.D. Total
No. of
Patiente

4 20 years 2 2 b 0 0 0

20-b-O years 30 16 k6 11 5
1 /
J.C

*-1-1-60 years 16 10 26 11 b 15

6l-80 years 9 2 11 3 1 b

Sex

Male
(n = 57) 31 16 h7

(82.5/0
8 2 10

Cl7*5%)

Female
(n = 65) 26 lb *f0

(61.5^)
17 8 25

(38.5%)
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SUMMARY

Sulphapyridine shared the same acetylation

polymorphism as sulphadimidine in patients with

ulcerative colitis or Crohn's disease. The acety-

iation capability of each patient was constant in

serum and urine irrespective of activity of the

disease and dosage (2 - 8u/day). A single estimation

of serum or urine for SP and AcSP can determine the

acetylator phenotype in patients on sulphasalazine

therapy.
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CHAPTER V

SAI.ICYT AZQ5"TI.PHAPYRIDINE MET.iBOIISM

IN ULCERATIVE COLITIS

SECTION I : INPATIENT STUDY

SECTION II : OUTPATIENT STUDY
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SAL ICYLAZOSULPHAPYRIPINE METABOLISM IN UICZRAIIVE
COLITIS

SECTION I

INPATIENT STUDY

This section describes thirteen new, untreated

patients with active colitis and three patients who

were already on SASP treatment but were admitted with

relapse.

RESULTS
t

Table 20 shows the age (range), sex, body weight,

severity and extent of the disease in these sixteen
r

patients.

Clinical outcome

Of the thirteen previously untreated patients, eleven

responded within ten days to the treatment as described

in Chapter II, Section I (Page 18 )• The mean period

of stay in the hospital of these eleven patients was

thirteen days. Prior to discharge sigmoidoscopic

examination revealed a normal rectum in five, marked

improvement with only minimal friability in two and

minimal granularity only in four.

Two patients continued to have active disease

despite adequate treatment as outlined before (Chapter II

Section I). Three patients who were admitted with

relapse after previously being establidied on SASP

and with a maintenance does of 2 - 3G/day were treated

with 2 - of SASP/day and corticosteroids. They
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Table 20

Clinical data of the sixteen patients studied.

Clinical data Number of patients

Previously untreated 13

Previously treated 3
Oh

Ages : ^20 1
20 - 39 - 10

Uo - 59 3

60 - 79 • 3

Sex s Male 7

Female 9

Body weight <50 kg. k

50 - 70 kg. 10

71 - 90 kg. 2

Severity of Di$ase

Mild 6

Moderate 7

Severe 3

Extent of Involvement

Entire colon 3

Distal 13
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went into remission within one week.

Figures 10 and 11 show the serum concentrations of

SASP and total SP during the study. Eleven patients

who responded to therapy are represented together (Mean
i S.E.M.). The other two who did not respond within

ten days are shown individually.

Serum SASP concentration reached a steady s tate

within three days at a mean level of 10 - 15 ug/ml. (Figure

10). There was no significant difference in serum SASP

concentration between the patients who responded within

ten days of therapy and those who did not. The serum

concentration of SASP decreased after three weeks of

treatment. This was probably due to reduction of the

dose (2 - 3G oer day) in most of the patients during or

shortly following discharge from hospital.

In the eleven patients who responded to the treatment

the steady state of the serum total SP (SP + AcSP + SP-Gluc.

+ AcSP-Gluc.) was achieved within five days with a mean

level of *+3 ug/ml. (Figure 11).

The two patients who did not improve during the first

ten days had total SP concentrations> 10 ug/ml. On

increasing the dosage of SASP in the se two patients

improvement in the clinical state coincided with an

increase in the serum concentration of total SP to within

the range observed in those patients who had shown an

early clinical response.

SP metabolites appeared in the serum of all thirteen

patients four to eight hours after the first dose, although



83.

Figure10

ACTIVEULCERATIVECOLITISSULPHASALAZINETHERAPY

TIME(DAYS)

Serumsulphasalazineconcentrationrelatedtoduration

oftreatment.

f

representsmean
-S.E.M.ofelevenpatients,who

respondedtotreatment.

0,Arepresenttwopatientswhodidnotinitially

respondtotreatment.
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Fipure11

ACTIVEULCERATIVECOLITIS
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TIME(DAYS)
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SASP reached its peak concentration within three to

five hours of the first dose. Serum concentration of

total SP did not reach a peak level until twelve to

twenty-four hours after the first administration of SASP.

However, a steady state of total SP was achieved within

day five (Figure 11).

Tie results of the three patients who were admitted

in relapse are shown in Table 21. The serum total SP

concentration in these three patients on admission, was

less than 20 ug/ml. and the total SP, but not SASP and

individual SP metabolites, was significantly lower than

that observed when clinical improvement was attained

(p < 0.05) (Table 2L ).
The influence of acetylator nhenotyne

Six of the sixteen patients studied were fast acetyla-

tors and ten were slow acetylators on the basis of the

sulphadimidine test and the concentration of free and

acetylated SP. In slow acetylators most of the total

SP was free SP whereas in fast acetylators it was mainly

AcSP. SP-Gluc. and AcSP-Gluc. were present only in

small concentrations in the serum in both groups (Table 22).

There did not appear to be a diurnal variation in

the total SP levels in the steady state, although there

is a tendency to gradual increase in the serum concentra¬

tion of total SP over a prolonged period of time among

slow acetylators (Figure 12). Serum SASP concentration,

however, had a wider diurnal variation depending on time

of collection of blood in relation to the kst dose taken
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Table 21

Serum Concentrations of sulphasalazine and its

Metabolites in three patients admitted with relapse.

Serum Concentrations After *t1
ug/ml. (Mean - S.D.) On Admission Improvement test

SASP 11A
+
8.3 15.3

+
8.6 M.S.

Free SP 9.5
-h
1.5 19.5

+
12.0 N.S.

AcSP 6.2
+
b.7 10.3

+
6.0 N.S.

SP-Gluc. OA
-h
0.5 3.2

+

*+•3 N.S.

AcSP-Glue. 2.6
+
1.9 3.6

+
1.0 N.S.

Total SP 18.7
+
1.9 36.7

+
13A p<o.o5

N.S. Not Significant
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Figure 12
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by the patients.

Table 22 shows the serum concentration of SASP and

its metabolites in the slow and fast acetylators, when

a steady state had been achieved (8-2 days). There

was no significant difference in SASP concentration

between the slow and fast acetylators. There was, however,

a significant difference in free SP, AcSP and also total

SP concentrations between the two phenotypes.

Urinary Excretion

The twenty-four hour urinary excretion of SASP and

SP metabolites at different times of starting the therapy

from day 1 are shown in Table 23. Daily SASP excretion

varied from 1 - 13$ (mean h.6 - 3-1)• Individually

there was no significant difference in the excretion of

SASP on different days although interindividual variations

occurred. The total sulphapyridine metabolites recovered

from twenty-four hour urine sample s of the responding

patients ranged from 9 - 23% of administered dose on day 1,

31 - 58$ on day 3? 38 - 60$ on day 5 and h2 - 63$ on day

10. The mean values (- S.D.) are shown in Table 23.

Individual metabolites of SP did not show much variation

once the steady state was achieved.

The mean recovery of total SP and SASP in twenty-

four hours urine in the two patients who did not respond

to the treatment was - 11.3 and h.9$ - h.8 of the

dose respectively during the stage of activity.

Following improvement, the total SP excretion was hi.8$
and SASP was h.7$ - 2.8 of the administered dose.
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Table 22

Serum concentrations of sulphasalazine and its

sulphapyridinc metabolites during steady state

(8-2 days) in slow and fast acetylators.

M. ±£J>.

Slow
Acetylators
(n = 10)

Fast
Acetylators
(n = 6)

't»
test

Percent
Acetylation of -4- 4.
SP 25.2 - 9.6 o2*9 - 80 p<o.ooo5

SASP ug/ml I8.7 - 12.8 17.6 - 7.1 NS

Free SP ug/ml k2.2 - 2b,b 8.5 - 2.8 p<o#ooo5

AcSP ug/ml 7.6 ± 3.1 15 - 5.5 p<o.oo5

SP-Gluc ug/ml 2.5- 2.5 2.2 - 2.2 NS

AcSP-Gluc ug/ml b,b t 3.k b.b ± 3.3 NS

Total SP ug/rnl 53.7 - 23.1 31.7 - 9.0 P<0.01

NS = Not significant



Table23 Twenty-fourhourexcretionofsulphasalazineanditsSPmetabolitesinpatientswithUlcerativeColitis TimeofUrineCollection
Sulphasalazine %ofdose(M+S.D.) recoveredin24hrs.
TotalSulphapyridine %ofdose(M+S.D.) recoveredin24hrs.

Innewpatientswhorespondedtotherapy(n=11) Day1ofSASPtherapy

3.2+2.8

1

15.3+6.0*

Day3ofSASPtherapy

4.5+4.0

41.7+9.0

Day5ofSASPtherapy

3.5+1.8

45.9+9.4***

Day10ofSASPtherapy

4.6+3.1

52.0+9.6**0

2weeks-20weeks (5samples)

4.3+2.3

49.2+7.00

InChronicPatientsadmittedwith relapse(n=3) Afterimprovement(8+2days)

5.0+2.3

74.3+15.8

*'t'test(betweenday1&5)=
P<0.001

**1t1test(betweenday5&10)=
NotSignificant

0't"test(betweenday5&>2weeks)=
NotSignificant
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The proportions of the different 'metabolites

excreted in tv/enty-four hours during the steady state

(8-2 days) by the slow and fast acetylators (patients

responded to the treatment) are shorn in Table 2k. There

was no significant difference in the excretion of SASP

and total SP metabolites, but slow acetylators excreted

the drug mostly as free SP and SP-Gluc. whereas fast

acetylators excreted it as acSP and AcSP-Gluc. The

differences were statistically significant. There was

no significant difference in the total amount of excretion

of the sulphapyridine as glucuronides (i.e. SP-Gluc. +

AcSP-Gluc.) in twenty-four hours between fast and slow

acetylators (Table 2*+).

The mean percentage of hydroxylated (i.e. glucuronides)

sulphapyridine calculcatea from the total excretion of

SP in twenty-four hours urine for the slow and fast

acetylators was 33.M- - 7.8 and *+6.2 - 1^.9 respectively.

This did not differ significantly in the two groups.

Unlike the percentage acetylation (Chapter IV), the percent¬

age hydroxylation varied widely in the same individual on

different days. The mean co-efficient of variation of

the percentage hydroxylation (i.e. percentage of the amount

of SP glucuronides out of twenty-four hour urinary total
+ .

SP excretion) in all these patients was 25.2 - 15.k.

Serum concentration of 5-aminosalicylis acid and its
urinary excretion

The concentration of 5-ASA measured in forty-eight

representative serum samples from the sixteen patients



Table24 Twenty-fourhourUrinaryExcretionofSulphasalazineanditsmetabolitesin16patients withulcerativecolitisinthesteadystate(8+2days)
SlowAcetylators
FastAcetylators
't'Test

(n=10)

(n=6)

SASP1

4.3+3.8

4.7+2.5

*NS

TotalSP1

57.7+11.3

57.6+15.9

NS

FreeSP2

36.1+12.7

13.1+0.9

•P<0.0005

Urinary

O

i

Excretion

ACSP

23.6+5.3

39.9+17.5

P<0.01

(Mean+

o

S.D.)

SP-Gluc

23.4+7.7

12.1+8.2

P<0.01

ACSP-Gluc2

16.0+6.8

35.0+17.6

P<0.0005

Proportionof

P<0.0005.

AcetylatedSP2

38.5+10.4

72.8+8.8

Proportionof GlucuronidisedSP
38.4+7.8

46.2+14.9

NS

1=Calculatedas%oftheadministereddose 2=%ofthetotalrecoveryofsulphapyridine NS-NotSignificant



ranged from 0 - b ug/ml. (mean 1 - 0.9) and was mainly

( y 9®%) in the form of free 5-ASA.
The urinary 5-ASA was recovered mostly as acetylated

5-ASA ( y 80%) irrespective of slow or fast acetylators.

The twenty-four hour urinary excretion ranged from 1 - 10%

on day 1, 16 - 39*3^ (2*+.8 - 9.6) on day 35 2" - 39%>
(21.2 - 7) on day 5 and 5 - 37% (22.3 - 13.7) on day 10

(Table 25). Of the two patients who did not improve

within the first ten days of treatnent, one had very low

excretion in twenty-four hours of total 5-ASA (0.8 to 1%)

but the second patient excreted 9 to 19% of the administered

dose, during the first ten days.

Follow-up results of the patients studied

Figures 10 and 11 show the mean (- S.E.M.) of the serum

concentration of SASP and total sulphapyridine during

follow-up study up to one year. The maintenance dose

was found to be adequate both clinically and in terms

of serum comentration at 3G SASP/day in fast acetylators

and 2G/day in slow acetylators. One fast acetylatcr

received 6g SASP/day for at least one year and yet his

serum total SP concentration was less than 50 ug/ml.

One patient with radiological evidence of total involve¬

ment of the colon and a fast acetylator who improved

initially with the described combined regime, did not

have a complete remission despite adequate serum concentra¬

tion. Mild persistent activity continued over a year, and

eventually she had a total colectomy. Two other patients

stopped treatment themselves (after four months and one
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TABLE 25

Urinary excretion of 5-ASA component of SASP

( } 80$ as acetylated 5-ASA) in twenty-four hours

on different days.

Day of therapy Range Mean - S.D,
(percentage of dose
administered in
twenty-four hours)

1 1-10 6.1* i 3.2

3 16 - 39.3 2»f.8 - 9.6

5 16-32 21.2 - 7.0

10 15 - 73 22.3 - 6.7



and a half years of introduction of therapy). Both

of them had relapses. One patient (P.T.) was readmitted

and treated successfully with SASP and corticosteroids.

Serum SASP and total SP showed similar results as before.

The second patient was treated as outpatient.

Side effects

Side effects related to SASP were observed in nine

out of the sixteen patients. Seven of these nine patients

had high serum total SP y 50 ug/ml. at the time of toxicity.
The side effects are described in more detail in Chapter VII.

SUMMARY

The mean serum concentrations (at steady state 8^2
days in responding patients) of SASP, total SP and 5-ASA
were approximately 15? *+3? and 1 ug/ml. of serum respectively.

Twenty-four hour urinary excretion of SASP, total SP and

5-ASA were approximately 3. 5/, 57% and 22/ of the adminis¬

tered dose respectively.

Serum total SP concentration of 20 - 50 ug/ml. appeared

to be consistent with clinical improvement in the absence

of any side effects related to SASP. No such relationship

could be shown with serum SASP, individual SP metabolites,

or 5-ASA.



SECTION II

OUTPATIENT STUDY

This section describes sixty-eight patients with

ulcerative colitis who were studied while they were

attending the Gastro-intestinal follow-up clinic. Four

out of these sixty-eight patients were eventually excluded

from the study as they wgre not talcing the drug at a.114 Table

Of the remaining sixty-four patients, forty-one patients

were in remission, twenty-one had mild to moderate activity

and two had severe activity. No division was made

between mild to moderate cases as it was found difficult

to separate this 011 outpatient basis. Table 26 summarises

the patients.

RESULTS

Table 27 shows the serum concentration of SASP and

its metabolites in patients during activity of the disease

and in remission. There was a significant difference in

the serum concentration of both free SP (p^ 0.001) and

total SP ( p 4. 0.001). AcSP difference was not statisti¬

cally significant. The serum glucuronides (i.e. SP-Gluc.

and AcSP-Gluc.) were low in the active and the remission

state of the disease, and there was no significant difference

in the mean serum concentrations of AcSP-Gluc. and SP-Gluc.in

two stages of the disease.

The 5-ASA component of SASP was found to be very

low irrespective of the disease state.
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Table 26

Ulcerative colitis^ outpatient study-

Clinical data

Male : 31 Female : 33 Age Range s 17 - 80 yrs.

Dose range of SASP : 1.5 - 5 G/day

Duration of SASP therapy : 6 months - 15 years

Disease state j Remission - '+1 patients

Active - Mild - 21 patients

Severe - 2 patients.

)



Table27 SerumConcentration(M+S.D.)ofSulphasalazineanditsmetabolitesinactiveandremissionstateofthedisease SerumConcentration ug/ml(Mean+S.D.)
Patientswith activity(n=23)
Patientsin Remission(n=41)
Statical Significance,PValue

SASP

15.6+15

12.1+11.6

NS

FreeSP

9.8+6.1

16.9+8.7

P<0.001

ACSP

6.8+4.8

8.6+6.6

' NS

SP-Gluc

1.2+1

1.8+1.6

NS

ACSP-Glue

1.6+1.9

3.0+2.2

NS

TotalSP

18.1+10.5

30.8+9.7

P<0.001

5 -ASA*

0.6+0.4

0.9+0.7

NS

*Estimatedin25patients-10activeand15inremission NS-notsignificant



Of the sixty-four patients studied, forty-five patient

were slow acetylators and nineteen patients were fast

acetylators.

Figure 13 relates the serum concentration of total SP

in between the slow and fast acetylators during active or

remission state of the disease. All but three of the

fifty-one samples of serum taken from patients in remission

had total SP concentration > 20ug/ml. where as twenty-four

of the thirty-one patients examined during an active phase

of the colitis had serum total SP concentration 4. 20 ug/ral

Seven others (four slow acetylators and three fast acetyla¬

tors) were in an active phase despite total SP concentra¬

tion > 20 ug/ml. Of these seven patients, two had recent

relapses following which the dose of SASP was increased

and four other pa tients were also on azathioprine and

steroids. The concentration of SASP and each of its

metabolites had no such clear distinction.

The major component of total sulphapyridine in the

serum of slow acetylators was free SP, whereas in fast

acetylators this was AcSP. SP-Glucuronides were present

in low concentrations both in fast and slow acetylators

in active and remission state (Table 28). When the

individual metabolites were analysed for slow and fast

acetylators during active and remission state of the

disease it was found that only total SP was significantly

different between active and remission state irrespective

of slow or fast acetylation. Free SP, however, showed

no significant difference. In fast acetylators free SP
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Figure11
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Table28 SerumConcentrationsofSulphasalazineanditsSulphapyridinemetabolitesinslowandfast acetylatorsduringactiveandremissionstatesofthedisease M+S.D.

PastAcetylator

SlowAcetylator

OfSASP&itsSP
__metabolitesug/ml

Active

Remission

Active

Remission

SASP

21.6+18.7

12.6+14.5

11.6+10.3

11.1+8.6

SP

6.3+2.8

9.4+2.3

11.4+3.9

20.1+8.7

ACSP

8.4+4.2

10.5+3.4

4.4+2.5

5.8+3.0

SP-Gluc

1.4+1.1

1.5+0.5

1.0+'1.0

1.8+1.7

ACSP-Gluc

2.6+2.3

3.9+2.3

0.7+0.5

2.5+1.8

TotalSP

18.84-10.1

26.3+4

19.5+10.8

32.1+10.5

M O



level (9.-*+ - 2.3 ug/ml) in the remission state was

less than that found for the slow acetylator in the

active state (llA - 3»9 ug/ml)(Table 28).

In Table 29 the serum concentration of SASP and

total SP in the two acetylator groups Is compared writh

the different dosage schedules. There was no significant

difference in the SASP concentration in the serum of

either group at any dosage (between 2-hG/day). However,

the serum concentration of total SP was progressively

higher with increasing dose and this was more marks d in

siow acetylators compared with the fast acetylators

at the same dosage.

Though the serum concentration of total SP could

be correlated with the dosage of SASP in terms of G /day

no correlation was found in relation to body weight.

In Figure lk the serum total SP concentration is

related to different dosages of SASP in patients in

activity and in remission. 55% the patients taking

2G or less of SASP per day had active colitis and their

serum total SP was ^20ug/ml. All but four of the

forty-seven patients who were taking 3G or more SASp

per day when the serum was analysed were in remission

and serum total SP concentrations were >• 20 ug/ml. Of

the four whose serum total SP were <,20 ug/ml., one

was in remission. In a total of seven instances (16%)
the disease was active despite a serum total SP 20 ug/ml.

Of the eight patients who had side effects six patients

were taking hG or more and only two patients had 3G of

SASP/day.
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Table 29

Serum concentration of Sulphasalazine and total

Sulphapyridine in sixty-four outpatients in relation

to dosage of SASP.

Dose of
sulphasalazine

No. of
patients

Mean (± S.D.)
tion ug/ml

Serum concentra-

G/day at first-
examina¬
tion

SASP Tot al SP

<2 3 9.*+ - 1.1
+
»00•ON 2.9

2 27 1^.1 - lh.6 22.3 - 10.5

3 19 11.2 ± 11 30.1+ t 10.8

12 l*+.8 -" 10.7 37.1 - 12.7

3 23.1 - 23.5 69.7 - 28.5

Out of the sixty-four patients studied twenty-one

were taking enteric coated tablets and the other forty-
three plain tablets. Of these twenty-one,seven were

in an active stage of the disease as were approximately
one third of the patients taking piah tablets. The

serum concentration of SASP was slightly lower in patients

taking enteric coated tablets (11 - 11.5) as opposed to
-j«

that in patients who were on plain tablets (16.5 - 13«9).
The concentration of metabolites of SP and total SP
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Figurel1* /ug/ml
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did not differ significantly between patients taking

plain and enteric coated tablets at the same dosage.

SUMMARY

About 90% of the patients in remission had serum

total SP concentration above 20 ug/ml. Seven patients,

however, had active disease despite the serum total SP

concentration y 20 ug/ml. SASP and the individual
SP metabolites did not show any correlation with the

disease state. 3G per day seems to be the most effective

dose. Plain and enteric coated tablets gave similar

results. Side effects due to SASP were frequent in

patients who had a total SP concentration y 50ug/ml
of serum.
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CHAPTER VI

SAIICYIAZOSUIPKAPYRIDIKE METABOLISM

IN PATIENTS WITH CROHN'S

DISEASE
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SATicylaz0sulphapyridin5 metaboiism IN crohn's dissase

This chapter describes SASP netabolism in patients

with Crohn's disease who were studied during admission

to the Gastro-intestinal Unit (seven patients) and also

patients attending the outpatient follow-up clinic

(Twenty-nine patients).

For other patients who were studied only whilst

exhibiting side effects- are included with toxicity study

(Chapter VII, page 127). Two other patients with C.D.

each with an ileostomy and one other patient with

transverse colostomy, are described under the study of

SASP metabolism in patients with ileostomy and colostomy

(Chapter viii, page lo]).
iupatiuiir study

Table 30 shows the clinical data of the seven in¬

patients studied. Of the seven patients, three had had

an ileotransverse anastomosis between one and three months

before the study. One of these three patients (M.C.)

was also studied just prior to surgery when she had been

taking SASP for six months.

The sex distribution, age range, body weight, and

site of lesion are shown in Table 30. The extent of the

disease was judged on the basis of radiological (in all)

and operative findings wherever avai3able.

Total serum protein on admission was < 6g in three

of the seven patients but serum albumin was low ( < 50%

of the total protein) in all. Schilling test was <10^

recovery in all except one (J.W.) who had Crohn's colitis



Table 30

Clinical Data of the "Inpatient" with Crohn's

No. of Site of
Patients Lesion

A. Patients with no history of
bowel surgery -

(a) New and previously untreated 1. L.I.
patients - 2 only

1. S.I.
& L.I,

(b) Chronic patients with protein
losing enteropathy, SASP
stopped one year ago for
haemolvsis. Aeintroduction
of SASP 2 S.I.only

B. Patients with bowel surgery -

Ileotransverse anastomosis 3 1. S.I.
2. S.I.

& L.I,

3 male, ** female, Age (range) ye ars = 20-^-6 years,
Weight (Kg) = ^0 - 66.

S.I. = SmaL 1 intestine

L.I. = Large intestine,



with 11.5# recovery.

All seven patients also had <12G Hb on admission.

After leaving the hospital the serum albumin continued

to be low in four patients (M.M., A.B., M.C., M.Y.) and

Hb was ^ 12G in two patients (M.M., M.Y.).
Clinical outcome

Group A. (a) New patients -(1), J.W. had segmental

proctocolitis, without radiological evidence of small

intestine. He was treated with 3G SASP/day, oral Predni¬

solone 30 mgm/day and Predsol Enema. The dosage of

corticosteroids was gradually reduced over eight weeks

period* With this treatment he responded within ten

days and remained well for at least four hundred and ten

days follow-up with SAS? as his only therapy.

(2), R.M. had acute Crohn's disease and was severely

ill on admission. He was found to have lesions both

in. the ileum and colon. He was treated with SASP

6G/day parenteral steroids, i.e. hydrocortisone injection

for forty-eight hcu rs followed by Synacthen Depot 0.5 rag

at two to three days intervals and replacement of iron,

fluid, electrolytes and blood. Synacthen was discontinued

after twelve weeks. He gradually improved in the course

of four weeks and allowed home after five weeks. He

had evidence of cyanosis and haemolysis after two weeks

of therapy in the ward, these symptoms disappeared

after stopping the SASP (Page 1^8). SASP was reintroduced

after one week at a dosage of 2G/day which he has been

tolerating for at least one year with coincidental



clinical remission,

(b) Two patients (M.M., A.B.) had been suffering

from Crohn's disease with protein lo®sing enteropathy

for two and five years respectively. They had been

treated with SASP in the past and this was discontinued

about one year prior to the study for suspected haemolysi

SASP was reintroduced to both of them with 2G/day without

any corticosteroids. The dose was well tolerated for

up to six months and one year follow-up,but the clinical

state was still equivocal as there was continued protein

loss from the intestine leading to hypoproteinaemia.

A.B. had also been treated with azathioprine three months

after reintroduction of SASP.

Group B Patients having had ileotransverse anastomosis -

(1) M.C. had been suffering from Crohn's disease for

seven years. She was treated with Synacthen Depot,

SASP (*+G/Day) for six months prior to the study but

she required an ileotransverse anastomosis because of

an entero-vesical fistula. Two weeks after this surgery

she was treated with azathioprine in addition to SASP.

Synacthen Depot was continued for twelve weeks after

operation. SASP metabolism was studied before and

after operation. The dose of SASP after operation was

2G/d.ay as she had had 'cyanosis' on h-G before operation

(Page 133). During eight months follow-up she was in

remission with SASP (2G/day) and azathioprine.

(2) G.F. had been suffering from Crohn's disease for

three years prior to the study. He had an ileotransversf



anastomosis fashioned two months prior to introduction

of SASP (*+G/day). He was not given any corticosteroids

or azathioprine. He has been keeping well for over

seven months.

(3) M.Y. had an ileotransverse anastomosis following

right hemicolectomy two months prior to this study.

She was treated with SASP (3G/day) and synthetic steroids

(Synacthen Depot), She did not improve and was readmitted

with a recurrence after eight months.

SASP/METAB0LITE5 IN TH3 SGVSN PATIB NTS

Table 31 shows the serum concentration and twenty-

four hour urinary excretion (Mean - S.D.) of SASP and

total SP in the four unoperated patients (Table 30,

Group A) on different days of SASP therapy.

Serum SASP concentration was steady from day 1 at

a level of *+ - 7 ug/ml and did not differ in patients

with active disease or in remission. The serum concen¬

tration of total SP (Mean - S.D.) reached a steady

concentration (approximately 20 - 30 ug/ml) from day

5 onwards. These concentrations of both SASP and total
-J"

SP in the steady state (8-2 days) were lower than

those in ulcerative colitis (SASP <10 ug/ml, total
SP < *+0 ug/ml) (Pages 83-and 81-!-)

All seven patients were slow acetylators and free

SP was the main component of the serum total SP. The

mean SP glucuronides concentration (SP-Gluc.+ AcSP-Gluc.)

were 2 ug/ml.

Twenty-four hour urinary excretion of SASP (M ~ S.D.)

was steady from day 1 at about 3% of the administered
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Table 31

Serum Concentration and 24 hour Urinary Excretion
(Mean + S.D.) of SASP and Total Sulphapyridine in 4
patients with Crohn's Disease (unoperated) on
different days

Serum ug/ml Urine % of dose
adminj.stered in 24 hours

Day of
Therapy SASP Total SP SASP Total SP

1 4.2 -i" 1.8 14.7 + 6.7 3-4 + 0.7 27 + 8.5 3
5 4»6 + 2.4 22.2 + 12.6 3.0 + 1 37.1 + 19.9 2

10 7 -f 3.9 21.2 ryl_+ o. J 3.5 + 1.9 48.9 + 19.4 2 3
6-8
weeks ' 6.3 + 2.6 27.5 + 11.3

6-8
months 3.8 3.0 32.9 + 13.41

't' test between 1-1 and 2-2 was not significant
between 3 - 3> P <. 0.05
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dose. Total SP was comparatively higher on day five

and ten compared with day 1 (Table 31) with significant

difference between day 1 and 10 (p^ 0.05) but not

between day 1 and 5 or between 5 and 10.

The urinary SP metabolites were mostly in the form

SP and. SP-Gluc. which was also found in slow acetylators

with ulcerative colitis (Page 92).
Table 32 shows .the serum concentration and urinary

excretion (M - S.D.) of SASP and total SP in the three

patients with ileotransverse anastomosis on the tenth

day of SASP therapy. The serum concentrations of SASP

and total SP, the twenty-four hour urinary excretion of

both SASP and total SP did not differ significantly from

similar measurements of patients with no such operative

interventions. One of the new patients (J.W.) who

had segmental colitis without small intestinal involve¬

ment was treated with SASP 3G/day had total SP concentra¬

tion in the range of 32 - *+ 5 ug/ml of serum from day

*+ - *+10 and in urine k-l - 91% of the administered dose

from day 5 - 22. Serum SASP ranged from 5-10 ug/ml

with recovery of 3 - &% of the dose in twenty-four hour

urine. Conversely a patient (M.Y.) with righthemi

colectomy and ileotransverse anastomosis had lower

concentration of both SASP (2-6 ug/ml of serum) and

total SP (10 - 25 ug/ml of serum) and in urine (SASP

0.2 - 0,9% dose, total SP 10 - 27% of the dose) although

she was also taking 3& SASP/day.

This individual difference was not significant



TABLE 32

Serum Concentration and 24 hour Urinary Excretion
(Mean + 8.L.) of SASP and Total SP in 3 patients
with Crohn's Disease who had Ileotransverse Anas¬
tomosis

Serum ug/ml Urine 6/o of dose
administered in 24 hours.

SASP

9.4 +. 5-6

Total SP

18.6 + 3.8

SASP

2.1 + 2.9

Total SP

31.2 + 7.5
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when the two groups (patients with and without bowel

surgery ) were compared (Table 31 and 32) because of

the less number of patients and different dosage of SASP.

SIDE EPFBCTS RELATED TO SASP

Of these seven patients, two patients (R.M. and

M.C.) who did not have ileotransverse anastomosis had

cyanosis and R.M. also had haemolysis.

Of the four other patients who were studied only

during the stage of toxicity two (R.M., J.B.) had

haemolysis^, one (I.G.) cyanosis and one (M.B^ he.d nausea

and vomiting from the beginning of therapy which disappeared

after replacing enteric coated tablet for plain tablet.

They are included in the toxicity study (Chapter VII,

Page 127).

OUTPATIENT STUDY

Table 33 shows the clinical data of the twenty-nine

patients studied. The dose cf SASP r anged from 2 - b-G/'day
and these patients had been taking the drug for six

months to ten years. Of the twenty-nine patients,

fifteen patients had received an ileotransverse anasto¬

mosis; ten patients had active disease and nineteen

patients were in remission. The site of the lesion

(obtained from radiological findings and operative

notes) were confined to the small intestine in nineteen

patients and in ten both small and large intestine were

involved.

Of the twenty-nine patients studied eleven were

fast acetylators and eighteen were slow acetylators on
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Table 32

C-l inical Data of the "Outpa tlents" with Crohn's
disease (n = 21)

Age (range) ye ars = 17 - 72 years

Male - 1*+ , Female - 1 p.

Dose of SASP G/day - 2-^

Duration cf SASP therapy - 6 months to 10 years

Patients without bowel surgery = l*f

Patients with bo\^el surgery = 15

Disease state, Active = 10 patients

Inactive = 19 patients

Site of lesion - small intestine = 19 patient

(judged from both small and

the x-ray or large intestine = 10 patient

operative report)
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the basis of serum SP and AcSP concentrations. Figure

15 shows the serum concentration of SASP in these two

groups in active and remission states. This shows a

wide range.

Figure lo shows the serum total 3P concentration

in the two groups in active and remission states. Six

of the ten patients in active state of the disease had

serum total SP <.20 ug/ml whereas five of the nineteen

patients in remission had serum total SP <. 20ug/ml.

Table 3*+ shows the serum concentration of SASP and

the different SP metabolites (Mean - S.D.) in patients

with and without bovrel surgery. The serum SASP and

total SP were higher in patients without bowel surgery

but this failed to reach any statistical significant.
The SP-Glucuronides in patients with ileotransverse

anastomosis were significantly higher (p < 0.025).

Table 35 shows the serum concentration of SASP and

total SP (Mean - S.D.) in the patients with involvement

of only small intestine and patients with involvement

of both small and large intestine. The latter group

had significantly higher concentrations (p < 0.005) of

total SP.

The relation of serum SASP and total SP (Mean - S.D.)

with different dosage of SASP are shown in Table 36.

SASP concentration did not change significantly but

total SP was significantly higher (p < 0.05) in patients

taking 3 and *+G of SASP/day compared with the patients

who were being treated with 2G/day. The difference
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Figure 15
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Figure.16
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~ "J fi1&UJ.C J)'f

Serum Concentration (M + S.D.) of SASP and its Sulpha-
pyridine Metabolites in Crohn's Disease (outpatients)
with or without bowel surgery

Serum ug/ral
Mean +_ S.D.

Patients without
Bowel Surgery

(n = 14)

Patients with
Bowel Surgery
(n = 15)

SASP 8.5 + 10.5 4.2 + 3.5

SP 15.2 + 7.0 15.9 + 12.4

ACSP 7.8 + 4.8 7.0+ 4.0

SP-Glucs 2.7 + 1.5 5.3 + 3.2 *

'Total SP 27.2 + 7 23.5 +, 11 NS

•t * test *

N3

P < 0.025

Not Significant
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TABLB 35

Serum Concentration (Mean S.D.) of SASP and Total
Sulphap^ridine in Patients with Crohn's Disease in
relation to extent of the disease-

Serum ug/ml • "Regional
Ileitis"
n = 19

Ileitis and
Segmental Colitis

n = 1C

SASP

Total SP

5.1 -+ 6.9

17.3 ± 9.0

15.4 + 16

28.4 + 11.3*

* ■t• test; P < 0.005



Table 36

Serum Concentration (Mean +3.D.) of SASP and Total
Sulphapyridine in patients with Crohn's Disease
treated with different dosage of SASP

Dose No. of SASP Total SP
G/day Patients ug/ml ug/ml

2 11 4.3 + 3.5 20.4 + 8.0* /

3 9 6.8 +_ 7.8 28.5 + 10.6* /

4 9 8.1 + 11.3 33-5 ± 13.4/ 0

•t• test * P < 0.05

0 P <0.07

0 Not Significant
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Table 37

Serum concentration (M - S.D.) of SASP and Total .

Sulphaoyridine in Crohn's disease (outpatients)
treated with Plain or Enteric Coated (E.C.) Tablets.

Type cf Tablet SASP ug/ml Total SP
ug/ml

Plain

E.C.

11.7 - l*+.l

3-7 - 2.8

2b.b - 12.1

20.1 - 8.b-
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between 3 and *+G/day was however not significant.

The effect of plain and enteric coated (E.C.) tablet

on serum SASP and total SP (Mean - S.D.) concentration

are shown in Table 37* Serum SASP was lower in patients

taking E.C. tablets compared with pla in t able t but total

SP did not show any difference. These findings are

parallel to those of ulcerative colitis (page 103).

SUMMARY

The study of SASP metabolism in the limited number of

patients with Crohn's disease was further complicated

by the variation of anatomical site of lesion, and also

through consequences of surgical intervention. A steady

state in serum was obtained for SASP from .chyi and for

total SP from day 5 at a level of ^ ug/ml and 22 ug/ml

respectively. Serum concentration aril twenty-four hour

urinary excretion of SASP and the SP ue tabolit es we re

lower than those in ulcerative colitis. The relation¬

ship between the clinical state and total SP was not as

marked as in ulcerative colitis. About 70% of the

patients in remission and k0% of the patients with

activity had serum total SP /■ 20 ug/ml.
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CHAPTER VII

SIDE EFFECTS RELATED TO SUIPHASAIAZXNE

THERAPY

SECTION I Side effects and their relation

to acetylator phenotype and

serum concentration of SASP

and its metabolites

SECTION II Procedures adopted toovercome

toxic effects



SIDE EFFECTS RELATED TO SULPPIASAIAZINB THERAPY

This chapter deals with the side effects which

developed during SASP therapy. Section I describes

the patients who exhibited the toxicity and their

correlation with dosage, acetylator phenotype and serum

concentrations of SASP and its metabolites.

In Section' II the procedures adopted to overcome

these adverse reactions are described along with the

follow-up of drug metabolites level in the blood during

the stage when toxicity disappeared.

SECTION I

PATIENTS i.ITK TONICITY AND THEIR AC STYX ATOR PHENOTYPE.
SERUM CONCENTRATIONS OF SASP/nEJASOIITES

Side effects for the inpatients - a total of sixteen

out of thirty-four patients who were treated as

inpatients showed various side effects. These sixteen

patients include nine of the sixteen patients with

ulcerative colitis (Page 95)? one other U.C.patient

(J.H.) with colostomy (Pageiol) two (M.C. and R.M.)

of the seven patients with C.D. (Page 109) and four other

patients with C.D. who were included during the stage

of exhibiting side effects (Pagel07)«

Side effects for the outpatients - in twelve out of ninety-

nine patients studied, side effects were observed at the

stage when the patients had been taking the drug for

six months to fifteen years.

RESULTS

Table 38 shows the twenty-eight patients with different

toxic manifestations. The overal incidence of side effects

was 21.5/fc. Of the twenty-eight patients, nineteen patients
had ulcerative colitis and nine



Table38 DifferentSideEffectsinatotalof28patientswithulcerativecolitisorCrohn'sDiseaseduringSASPtherapyandtheirAcetylatorPhenotype SideEffects*

Disease

Acetvlator
Phenotvpe

.

U.C.
(n=19)

C.D.

Slow

Fast

(n=9)

(24)

(4)

Sicknessof
!earlyonset i

1

1

0

2

jSicknessof !lateonset

4

0

4

0

JRashes I

2

0

»1

1

1 jDrugFever-

1

0

1

0

1Cyanosis'

5

5

9

1

FrankHaemolysis

2

3

5

0

Transient Reticulocytesis

6

0

6

0

Leucopaenia

1

0

0

1

Agranulocytosis

1

0

1

0

Headache

3

0

2

0

Dizziness

2

0

2

0

*9patientshadmultiplesideeffects



patients had Crohn's disease. Nine patients had

multiple side effects, e.g. sickness, headache, dizziness

and drug fever. Patients with gastro-intestinal side

effects or headache and dizziness did not have haemolytic

anaemia or cyanosis. Two patients who were on 6 and 8G

of SASP/day respectively showed both cyanosis followed

by evidence of frank haemolysis with Heinz bodies present

(Figure 17).

Df these twenty-eight patients, twelve patients were

outpatients who had been takirg SASP for six months to

fifteen years. Among these twelve patients, six had

"cyanosis", two patients complained of headache and four

developed reticulocytosis (three with maintained haemoglobin)

and one (E.C.) with a drop of haemoglobin and presence

of fragmented R.B.C. in peripheral blood. Two patients

with cyanosis and all four with reticulocytosis had their

SASP dosage increased in the recent past (two weeks to

sixteen weeks).

Of the sixteen inpatients fourteen showed side effects

while they were in the ward (first four weeks) or subse¬

quently during the next four weeks. The remaining two

patients (M.C. and I.G.) had "cyanosis" during their

readmission.

Of the se twenty-eight patients, twenty-four patients

were slow acetylators and four patients were fast acetyla-

tors, judged on the basis of sulphadimidine test or from

the concentration of free and acetyl siflphapyridine in

the serum or urine (Chapter IV)
NAUSEA AND/OR VOMITING

Table 39 shows four patients all with U.C. with

persistent nausea and sickness which developed within
a few days of starting treatment. Two other patients
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Figure 17

Presence of Heinz bodies in red blood corpuscle.



Table39 Nausea/SicknessoflateonsetduringSASPtherapy Name

Age

Disease

Ac.Ph

Doseof SASP/day

Durationof Therapy beforesymptom
SASP ug/ml Serum

TotalSP uq/ml Serum

I

developed

A.P.

34

U.C.

Slow

4G(P)CrI
10davs

10.4

87.1

3GCrII
28days

3.4

50.0

W.R.

22

U.C.

Slow

4G(P)

16days

60

50.1

D.F.

35

U.C.

Slow

3G(Pand

72hours,
13.6

72.0

E.C.)

J.H.

80

U.C.

Slow

3G(Pand

96hours

2.4*

40.7*

E.C.)

*Thissampleofbloodwascollected30hoursafterstoppageofSASP CrI=1stCourseofSASPtherapy CrII=2ndCourseofSASPtherapy
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who felt sick with the first dose of SASP therapy are

excluded from the correlation with the serum concentra¬

tion of SASP and total sulphapyridine.

All four patients were slow acetylators. Serum

SASP concentration bad a wide range ( 2.k - 60 ug/ml.).

However, three had considerably increased concentration

of total sulphapyridine at the time of symptom ( > 1 S.D.

from mean of all other patients). In one patient (J.H.)
blood was collected thirty hours after the s toppage of

therapy when the sickness had started improving. The

serum total SP in her was comparatively low (*+0.7 ug/ml.).

Symptoms disappeared in other patients when the drug was

stopped (Section II).

BIUISH DISCOLOURATI OH OF THE SKIN AND MUCOUS MSMBRANE ■

"CYANOSIS"

Table *+0 shows the patients with "cyanosis". fhe

disease, acetylator phenotype, dosage of SASP, duration
before side effect developed, serum concentration of SASP

and total sulphapyridine and the absence of sul'phaemoglobin
and methaemoglobin are also given. In all these ten

patients SASP levels were within the expected range

(Chapter V) but the total sulphapyridine level was

significantly high (i.e£>l S.D. from the overall mean)
derived from patients who did not have side effects

(Table *+3). "Cyanosis" did not disappear immediately

after stopping the drug but took five to seven days.

Two patients also had "cyanosis" and haemolyasis with

Heinz bodies. Sulph and Methaemoglobin could not be



TABLE40 'Cyanosis'duringSASPtherapy Name

Aqe

Disease

Ac.Ph

Dosaqe G/day

Duration

SASP uq/ml Serum

TotalSP uq/ml Serum

Sulph.& Met.Hb.
■

P.T.

20

U.C.

Slow

8

2weeks

11.3

71.8

N.P.

R.M.

24

C.D.

Slow

6

2weeks

8.2

62.8

N.P.

M.C.

23

C.D.

Slow

4

6months

4.8'

54.2

N.P.

A.D.

51

C.D.

Slow

4

1year

5.0

67.4

N.P.

C.B.

49

U.C.

Slow

3

1year

15.0

63.5

N.P.

D.F.

74

U.C.

Fast

4

1year

19.7

58.6

N.P.

T.B.

55

U.C.

Slow

4

1year

10.0

70.0

N.P.

W.C.

61

U.C.

Slow

6

3G-15yrs. 4G-1month
29.5

54.5

N.P.

W.D.

49

C.D.

slow

8

4G-1year 8G-2weeks
6.7

94J5

N.P.

I.G.

51

C.D.

Slow

4

3G-2years 4G-3weeks
8.1

54.8

N.P.

N.P.-NotPresent
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detected in the blood of any of these patients.

"Cyanosis" developed both during the initial stage

of therapy (two weeks) and during prolonged treatment

(two years). All but one of the patients who were taking

SASP for several years developed cyanosis following a

recent increase in their dose. The dose with which

the "cyanosis" developed was hG or more except in one

patient who was taking 3G of SASP per day for one year?

( slow acetylator).

HAEHOLYSIS

Table hi shows the patients who had evidence of

haemolytic anaemia due to SASP therapy. The dose of

SASP varied from 3-8 G/day and the toxic effect was

noted from ten days onward up to six weeks. Four out

of these five patients were inpatients and SASP was given

to them for the first time. The one outpatient tad

recently increased the dose of SASP to h.5 G/day follow¬

ing a relapse six weeks before. Two patients, as

mentioned earlier, out of five had Heinz bodies (Figure 17).
The fall of haemoglobin (G/100 ml.) and the highest retics

index which developed are shown in Table hi. There was

no evidence of blood loss from the bowel at this stage

of improvement. The reticulocytosis and the fall in

haemoglobin were noted suddenly about two to three weeks

after starting treatment. Urobilingen was present in

excess only in three patients and the Coombs' test was

negative in all of them. Haptoglobin was within the

normal range, methaemalbumin was absent. However,



Table41 FrankHaemolysisandTransientReticulocytosisduringSASPtherapv Name

Age

Dosage

Duration
Fallof
Highest

H.B.

F.E.

Coombs
Haptogl. &Metalb
SASP

Tot-̂

G/perday

Hb,g%

Retics

Test

ug/ml

ug/mi

Index

Serum

Serum

FrankHaemolysis P.T.

U.C.

20

8

10days

1.7

10.4

Pr.

Pr.

Neg.

N.;N.D.
20

70

R.M.

C.D.

24

6

2weeks

3.7

7.6

Pr.

Pr.

Neg.

N.;N.D.

8.2

62.8

E.C.

U.C.

28

5

6weeks

3.0

8.4

Neg.

Pr.

-

—

57.7

91.0

R.W. J.B.

C.D. C.D.

20 17

3
2

4

2^5weeks 8weeks 2weeks

4
3 2.4

23.9 9.5 6.7

Neg. Neg. Neg.

Pr. Neg. Pr.

Neg. Neg., Neg.

N.;N.D. N.7N.D. N.7N.D.

7.4 6.1 2.6

47.8 42.5 59.4

Transient
Reticulocvtosi
3

'

J.R.

U.C.

25

4

22weeks
0.4

8.2

Neg.

Neg.

Neg.

.

14.0

|

89.7

W.R.

U.C.

22

4

3weeks

0.3

4.0

-

Neg.

-

—

47.4

50.9

A.P.

U.C.

34

4

12days

0.8

3.7

Neg.

Neg.

Neg.

—

20.8

87.1

R.T.

U.C.

26

2for1yr then3

4weeks

0.0

3.8

Neg.

.

2.5

i

49.2|

E.M.

U.C.

60

2for1yr then4

4months
0.0

5.2

_

__

30.0

37.8

M.L.

U.C.

72

2for1yr. then4.5
4months
1.4

5.6

Neg.

18.3

63.5

Pr.- ,H.B.

Present;Neg.-Negative;N.D.-NotDetected;-notkncHeinzBodies;Haptogl.-Haptoalobin;Metalb-Methaema
wn;F.E Ibumin;

.Fragmeni N.-Nori
tsofE r.al

rythrocytes7
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fragments of R.B.C. were noted in the peripheral blood

in all of them.

Serum SASP concentration varied widely (2.6 - 57*7

ug/ml.) whereas the serum total sulphapyridine concentra¬

tion was greater than h8 ug/ml. in all these patients.

TRANSIENT RETICUIOCYTOSIS

Table ^1 shows six patients with ulcerative colitis

vfoo had transient reticulocytosis without any evidence

of rectal bleeding. There was no fall of haemoglobin

and no other evidence of haemolysis. This was noted

during the initial four weeks of treatment with *+G of

SASP per day or four to sixteen weeks following a recent

increase of dosage. Serum SASP concentration had a wide

range (2.5 - !+7*!+ ug/ml.) but the total sulphapyridine

concentration was high (i.e.> 1 S.D. higher than the
mean of the patients without side effects) (Table *+3)*
LEUCOPASNIA AND AGRANULOCYTOSIS

Table k2 shows one patient with leucopaenia (VJ.B.C.

< ^-jOOO/cum.m.) and one with agranulocytosis. Toxicity

developed six to eight weeks after starting the treatment.

Both the patients were studied during the initial attack

(Chapter V). The serum concentration of SASP was

approximately 30 ug/ml. (Leucopaenia) and 19 mg/ml.

(Agranulocytosis) whereas in both the cases the total

sulphapyridine cone entration was appr ck imateL y 50 ug/ml.

at the stage when toxicity developed. The detail case

report of the patient with agranulocytosis is given below.

Figure lfiaand b show his bone marrow picture which shows-



Table42 Leucopaenia,Agranulocytosis,DrugFeverandSkinRashesduringSASPtherapy Name

Age

Disease

Ac.Ph

Doseof SASP

Durationof therapybefore toxicity developed

SASPug/ml Serum

TotalSP ug/ml serum

Leucopaenia J.W.

72

U.C.

Agranulocytosis T.F.

47

U.C.

DrugFeverandExanthema J.R. Rashes L.L. J.C.

25 21 28

U.C. U.C. U.C.

Fast Slow Slow Slow Fast

1GT.I.D. 1GT.I.D. 1GQ.I.D. 0.5GB.D. 0.5GB.D.
6weeks Ih.weeks 8thday 24hours 10-24hours
233.3) samples28.0) 19 17.2 10

4.5

41.3) 50.0) 50 100.2 10

4.3



Figure 18b

Bone marrow picture showing maturation arrest of
W.B.C. at myelocytic stage.



maturation arrest of granulocytes at 'trie mylocyte stage.

Following the stoppage of drug and other supportive

measures the patient with agranulocytosis improved within

seven to ten days. Figure 19 depicts his serum SASP and

total SP concentrations from the beginning of therapy

up to five days after stopping the drug.

The patient with leucopaenia improved following the

stoppage cf SASP therapy, ha/ever, the drug was reintro¬

duced subsequently in a smaller dose (2G/day).

SKIN RASHES (MACULOPAPUIER)

Table h2 shows two patients with drug rash and also

one patient with drug fever and exanthema. Both the

patients with drug rash had previous history of such a

reaction with SASP after a short exposure (two to five

days). A small dose of SASP (IG/day) was started yet

they developed a rash within twelve to twenty-four hours

despite low concentration of SASP and the serum total

sulphapyridine.

The patient with fever and exanthema (J.R.) developed

the side effect on the eighth day of treatment and she

had a very high concentration of serum total sulphapyridine

(i.e. 100 ug/ml.) at that stage. SASP concent ration,

however, was not high (17.2 ug/ml.). The symptoms

cleared up within four to five days following stoppage

of treatment. At this stage serum SASP was not detectable

and total SP concentration was 3 ug/ml.

HBADACHF AND DIZZINESS

One patient v/ith headache (A.P.) and two patients
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Figure 19

T.F. 47yrs. M. Slow Acetylator

E
3
k_

dJ
cn

oi

60~i

50

40-

30-

20-

10-

Agranulocytosis
SASP stopped

I
- Sulphasalazine (SASP)
- Total Sulphapyridirie

1 1—t
52 53 54 58

1st.admission Home Readmission

Time (days)

Serum concentration of sulphasalazine and total
sulphapyridine in the patient with agranulocytosis.



with dizziness (J.K., W.R.) had these complaints along

with nausea and sickness (Table 39). One other patient

(outpatient) complained of headache after an increase of

dosage to 3G of SASP/day. Data on this patient was

available after the dosage was reduced to l.pG/day when

he was symptom free (SASP 3.5 ug/ml., Total SP 20.2 ug/ml.).
Table *+3 shows the serum concentration (M £ S.D.) of

SASP, free sulphapyridine, acetyl sulphapyridine,

sulphapyridirE glucuronides, total sulphapyridine and

5-ASA in patients with and without side effects. In

the patients with side effects there was a significant

difference in the serum total sulphapyridine concentration

(p 0,001) and free SP (p < 0.005)? compared to the

patients without toxicity. The mean serum concentration

of 5-a"Jinosalicylic acid was < 1 ug. in fifteen out of

the twenty-eight patients with side effects. The

5-aminosalicylic acid concentration in the serum was

not measured in the remaining thirteen patients.

The patients without side effects include the

inpatients and outpatients in remission and the twenty-

eight patients described here prior to development of

toxic symptom.

ACETYLATO.i PHENOTYPE AND THE SIDE EFFECTS

About two thirds of the total patients studied were

slow acetylators whereas 86% of the patients with various

side effects were slow acetyls,tors. Of the four fast

acetylators with side effects, one had skin rash,



Table43 SerumConcentration(M+S.D.)ofSASPanditsMetabolitesinpatientswithandwithout sideeffectsduringSASPtherapy Serum,ug/ml M+S.D.
(A)Patientswithtoxicity
(B)Patientswithouttoxicitv

"t"testbetween (A)&(B)

Inpatients
inremission

Outpatients
inremission

SASP

9.9+9.5

18.4+11.8
12.1+11.6

NS

FreeSP

46.5+15.6

28.6+20.3
16.9+6.7

P<0.005

AcSP

10.5+4.8

9.1+5.2
8.6+6.6

NS

SP-Glucuronides (SP-Glue+AcSP Glue)

6.4+5.3

5.9+3.2
4.2+2.0

NS

TotalSP

63.6+16.6

43.9+19.5
30.8+

P<0.001

5-ASA

<1.0

1.0+0.9
<1.0

NS
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one patient had "cyanosis" and the third patient had

leucopaenia. The fourth patient and the same patient

with leucopaenia had nausea from the beginning of the

therapy (i.e. immediately after first dose). All the

patients with nausea -and sickness of late onset, haemolysis,

transient reticuloc ytotis, and nine out of ten patients

with cyanosis were, therefore, slow acetylators.

ajMMARY

Most of the toxic symptoms observed with SASP

could be related with a high concentration of total

SP ( ^ 50 ug/ml). No such correlation was observed

with SASP, AcSP, SP-Gluc., AcSP-Gluc and 5-ASA.

The majority of the patients with side effects were

taking or more of SASP per day.
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SECTION II

PROCEDURES ADOPTED TO OVERCOME SASP TOXICITY AND
FOLLOW-UP RESULTS

This section describes the procedures adopted to

overcome the toxic symptoms due to SASP therapy develop

in twenty-eight patients in the course of this study.

In two of the twenty-eight patients the drug had to

be stopped altogether; these included one patient with

agranulocytosis, one with haemolysis.

Four additional patients in whom side effects

(haemolysis -2, skin rash - 1, persistent vomiting - 1)
had led to discontinuation of SASP therapy in the past

(1-10 years) are also included.

The basic principles adopted were as follows -

(a) Patients with nausea/sickness - stoppage of drug

for five to seven days and then restarted in a

smaller dose, usually 2G/day„

(b) Patients with "cyanosis" - reduction of dosage.

(c) Patients with haemolysis and transient reticulo-

cytosis - s toppage of the drug for five to seven

days or reduction of dosage by about 50%.

(d) Patients with history of rash - initially IG/day

then increased it to 2G/day after a week. Anti¬

histamine was also added.

RESULTS

PATIENTS WITH NAUSEA/SICKNESS OF LATE ONSET

Figure 20 shows the serum concentration of total

sulphapyridine in the four patients with nausea and
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Figure 20

Patients with Nausea/Sickness

* 30 hrs after stoppage of therapy
\ Drug discontinued

Time (days)

The effect of stoppage and reintroduction of a smaller
dose of sulphasalazine (SASP) on the serum concentration
of total SP in four patients T^th nausea and sickness.

Figures (0 . 250 , 2 , 3, and ^f) indicate the dose of SASP,
G/day



sickness of late onset during symptoms and following

improvement. In three out of the four patients the

drug had to be discontinued. In two of them plain

tablets were changed into enteric coated tablets but

sickness continued and serum total sulphapyridine concen¬

tration also did not change with enteric coated tablets

so long as the dose was the same. Symptoms only improved

after stoppage of the drug. Figure 21 shows the regression

of symptom in one patient (D.F.) and the serum concentra¬

tions of SASP, total SP, free SP and AcSP. The serum

concentrations were followed until the patient improved

completely during the next three to four days. In one

patient only who had slight nausea reduction of the dose

from b-G to 2G/day improved the situation.

In one other patient the drug was reintroduced in a

very small dose lG/day but the patient complained of some

abdominal discomfort after ten days (blood level not

available). The dose was reduced to 0.251/day and

symptoms disappeared. The dosage was continued for more

than six months and his serum total sulphapyridine level

at six months follow-up was 10.5 ug/ml. He was in

remission at that stage. One patient developed sickness

seventy-two hours after taking 3G of SASP/day. Her

serum total SP level was b-1 ug/ml. thirty hours after

the stoppage of the drug by which time her sickness

started improving. Symptom completely improved after

a further twenty-four hours when serum total SP level

was 15 ug/ml. She was subsequently given SASP 2G/day
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Figure 21

(Time in hours after the last dose of SASP)

The relationship between the symptom and the serum
concentration of SASP, SP and its metabolites after
stopping SASP therapy.



and has been tolerating this for six months.

PATIENTS VilTH NAUSEA OF EARLY ONSET

Two other patients complained of nausea from the

beginning of the therapy. Enteric coated tablet improved

the situation in one and in the other patient the drug

could be continued after reassurance and some perseverence

without further symptom.

PATIENTS WITH "CYANOSIS!'

Figure 22 shows the serum concentration of total

sulphapyridine in the twelve patients with "cyanosis"

initially and after improvement following stoppage or

reduction of the dose.

PATIENTS WITH FRANK HAEMOLYSIS AND TRANSIENT R3TICUI0CYT03IS

Figures 23 and 2k show the serum total 3P concentra¬

tion of the patients with obvious haemolysis and patients

with reticulocytosis without any other evidence of haemolysis

during the stage of toxicity and following improvement.

Reduction of the dose stopped haemolysis in two patients

whereas in three patients stoppage of the drug was necessary

(Figure 23). In these three patients SASP was subsequently -

reintroduced in a smaller dose 1-2 G/day. Peripheral

blood picture was closely observed frequently. The

patients tolerated it well up to six months follow-up but
one patient continued to have evidence of haemolysis as

soon as the dose was increased to 2G/day and the drug

was stopped altogether for him.

All the patients except one with reticulocytosis

improved, after reduction of the dose (Figure Zk) and one
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Figure 22

95-

90-

80-

70-

60-

50-

1 mon.
follow up

• Slow Acetylator
* Fast Acetylator
\ Drug discontinued

Cyanosis Improvement
(3-7 days)

1-6mon.
follow up

Time (days)

The effect of stoppage or reduction of sulphasalazine
on the serum concentration of total sulphapyridine
in patients with "cyanosis".

Figures (1.5» 2, 3, if-, 6, 8) indicate the dosage of
SASP, G/day.



Figure 23

150.

H = Haemolysing
* = Drug discontinued
* = Also on Azathioprine

>• 50

Completly 1 mon.
improved follow up
(5-7days)

Time (days)

1-6mon.
follow up

Haemolysis

The effect of stoppage and reduction of su lphasalazine
(SASP)therapy on the serum concentration of total
sulphapyridine in patients with haemolysis.

Figures (1, 2, 3y 5? 6, 8) indicate the dosage of
SASP, G/day.
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Figure 2k
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Follow Up

The effect of stoppage and reduction of sulphasalazine
(SASP) therapy on the serum concentration or total
sulphapyridine in patients with reticulocytosis.

Figures (2, 3> *+? indicate the dosage of SASP,
G/day.
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patient improved without change of the dose (3G). The

patient in whom the drug was discontinued temporarily

also had sickness in addition to reticulocytosis.

PATTINTS WITH SKIN RASH

One patient (U.C. fast acetylator) had fever and

rash five days following SASP therapy about eight months

ago. This initial attack was then treated with

Prednisolone only in some other hospital. Prednisolone

was stopped after eight weeks. Figure 25 shows the

attempt to reintroduce the drug when he was admitted to

this Unit with a relapse. SASP was started at the dose

of lG/day (without any steroids) then gradually built up

over a long period. Within twelve to twenty-four hours

he developed rash over the exposed areas of the body.

This was associated with flushing of the skin and itching.

The drug was continued at the same dose, 0.5G twice daily

and Phenergan was added at the dose of 10 mg. three times

daily. By the seventh day rashes disappeared completely

and hence SASP was increased to 0.50 three times daily

and continued until the fourteenth day when it was

increased to four times daily. Injection of Synacthen

was added to the regime at the end of the third week as

the patient was not improving from colitis. SASP was

subsequently increased to 3G followed by hG/day because

he did not have the blood level of serum total sulphapyri-

dine in the "therapeutic range". Synacthen was discontinued

after five weeks as it did not change the patient*s clinical

state. He continued to have mild symptoms of colitis
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Figure 25

J.C. <J 28yrs. Fast Acetylator Sulphasalazine (SASP)
Total Sulphapyridine

50 n

A

-//-

SASP.G/dayl

. —II 1 //—i //—i—lb- .

3 5 f 10 f 15 f 25 f 40 t 75 f 200
1-5 2 3 4' 6

+ACTH ACTH
stopped

-//-
300

Time (days)

Figure illustrates the procedure adopted to reintroduce
sulphasalazine (SASP) to a patient with a history c£
rash to SASP.
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and on day ninety-two SASP was increased to 6G/day.

Following this his serum total SP level went to the

"therapeutic range" coincidental with the clinical

improvement. The patient has been tolerating the drug

well for about a year and he is in remission. The

second patient with rash (L.L.) improved after stoppage

of the drug. It could be reintroduced uneventfully by

giving a small dose (IG/day) for a week followed by 2G/day

at which it was maintained.

PATIENT WITH DRUG FFVFR

One patient (J.R.) who developed fever with exanthema

on the eighth day of treatment with ^G SASP/day improved

following stoppage of the drug. Five days after the

drug was restarted with the same dose along with Predniso¬

lone '+0 mg/day. The patient did not show any side effects

subsequently. The dose was reduced to 2G/day after six

months for transient reticulocytosis, without any other

evidence of haemolysis.

RSINTROPUCTION OF TH3 DRUG IN FOUR PATH ITS -;ITH PAST
HI STORY "OF T OKICITY

Table hh shows the four patients who had different

side effects related to SASP therapy one to ten years ago.

SASP was discontinued in them since then. Reintroduction

of the drug (SASP) could be successfully carried out in

these four ps. tients. One of them had history of rash,

two had haemolysis and one had persistent sickness. The

drug was started with a smaller dose then gradually built

up to 2G/day. All of them were slow acetylators. Serum

SASP and total sulphapyridine concentration are shown in



Table44 Re-introductionofSASPin4patientswithapasthistoryofSASP-toxicity1-10yearsago Name

Disease

PastSide

Durationof

SASP

SerumCone,during
Ac.Ph

Effects

Stoppageof SASP

starting doseG/day

Maintenancedose SASPTotalSP ug/mlug/ml

A.G.

U.C.

Skinrash

10years

1x7days 1.5x7days 2continued

i

2.7

24.8

Slow

A.W.

C.D.

Sickness

1year

1x7days 1.5x7days 2continued
10

22.0

Slow

M.M.

C.D.

Haemolysis
1hyears

2continued
4.2

10.5

Slow

A.B.

C.D.

Haemolysis
2years

2continued
3.7

21.7

Slow
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the table while they were on maintenance dose.

SUMMARY

Most of the toxic symptoms could be overcome by

stopping the -drug temporarily or reducing the dosage.

SASP, therapy ecu Id thus be continued in twenty-six out

of twenty-eight patients who exhibited side effects.

The decrease in serum total SP concentration coincided

with the improvement of the symptoms. Reintroduction

of a therapeutic dose of SASP was possible by giving

a small dose initially and then gradually increasing

the dose.
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CASS REPORT OF TH3 PAT IS NT? WITH AGRANUIOCYTOSIS
DUE TO SASP

Male, *+3 years, (65.5 kg.) admitted in May 1971 with

three months history of diarrhoea, blood and mucous

both present, 38°C, sigmoidoscopy - evidence of active

proctitis.

Initial investigation showed - 2*+. 5.1971 - Hb 13.6g$,
P.C.V. 37%, M.C.H.C. 36#, E.S.R. 33 m.m. 1st hour

platelets 283000/cumrn., w'.B.C. lO'+OO/cumn. , Neutrophils

7k%, lymphocyte 16%, Monocyte 10Prothrombin time 11.

sec. (control 10.5).

Schilling test - 12.,h%
Serum Folate - 6.1 ng/ml.

Examination of stool - No ova, parasite or cyst;
(on two different no dysenteric group of
occasions) organism.

liver function test - All within normal limit.

Urea and electrolytes, serum calcium, magnesium and

phosphate - normal.

Rectal biopsy - evidence of active proctitis.

Jejunal and liver biopsy - normal

Radiology - Barium enema showed distal ulcerative

proctocolitis in acute phase.

Barium meal and follow through - normal

Acetylator phenotype (sulphadimidine test) - slow

acetylator.

He was treated with - Predsol Enema, Oral Predniso

lone - 30 mgm/day initially, sulphasalazine - 3G/day,

Nystatin and Slow K. To this regime he improved



* steadily and was discharged from the hospital after

two weeks. Prednisolone was progressively reduced

and then discontinued during the next four weeks.

Sulphasalazine was continued in the dose of 3C/day.

Six weeks after discharge he was readmitted as

an emergency with se/ere perineal pain for five days,

no bowel movement for three days and with evidence

of toxaemia. Temperature was ^0QC on admission.

Perineal examination revealed an ischiorectal abscess.

A distended loop along the area of the transverse

and descending colon could be felt. Systemic examina¬

tion was otherwise negative. Chest and abdominal

x-rays were negative. Sputum and M.3.U. - negative.

Serum electrolytes were normal. Blood culture was

negative. On admission peripheral blood picture

showed V/.B.C. 3>200 with 2;% neutrophil (Table \2A).
SASP was immediately stopped and following treat¬

ment was started - Gentamycin *+0 rng. I.M. 8 hourly.

Prednisolone 60 mgm/day.

Ischio rectal abscess burst spontaneously with

hot fomentation within four days of admission.

Figure 19 shows the serum sulphasalazine and total

sulphapyridine concentrations during first and second

admissions. Bone marrow examination immediately after

second admission showed evidence of maturation arrest

of W.B.C. in myelocytic stage. Erythropoiesis and

megakaryocytes were normal (Figure 18a and b).

The patient improved progressively and allowed

to convalescent home after ten days.

Table b2A shows the ps ripheral blood pic tures

at different times.



Table42(A)showstheperipheralbloodpicturesondifferentdaysinapatientwithAgranulocytosis 1971

May
24

June 24

July 19

20

2Jk

22

23

24

26

Hb,G/100ml

13.6

12.3

10.1

10.5

10.5

10.2

10.2

9..4

10.1

P.C.V.%

37

37

31

29

30

28

32

•29

31'

PlateletsX10^/cu.mm.
1Plenty1

-

1Plenty"
259

'Plenty'
416

-

Present
1Plenty'

WBCx10"^/cu.mm

10

6.7

3.6

5.5

5.5

7.2

13.9

13.5

12.8

Neutrophil%

74

-

2

0

34

65

68

72

59

Lymphocyte%

16

-

53

44

56

22

20

17

20

Monocyte%

10

-

45

54

10

13

10

7

19

Eosinophil%

-

-

-

1

-

-

1

1

2

Myelocyte%

-

-

-

- .

-

-

1

3

—

ReticsIndex

-

4.5

1.7

1.9

4.5

-

-

-

-
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CHAPTER VIII

SULPHASALAZINE METABOLISM IN PATIENTS

WITH ILEOSTOMY AMD COLOSTOMY
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SULPHASAl AZTHE METABOLISM IN PATIENTS UITH ILEOSTOMY
AND COLOSTOMA

This chapter describes the metabolism of SASP in

patients with ulcerative colitis and Crohn's disease

before and after ileostomy or colostomy. The clinical

details are given below.

I. Patients with ileostomy (n = 8)

Ulcerative colitis = 6 patients; Male - ^f; female - 2.
Age : 20 - 50 years.

Crohn's disease = 2 patients; Male -1; female - 1.
Age : 17 & b2 years.

Study
Carried out

Before and after operation

After operation only

^ patients (U.C.)

Time of study
following
operation

b patients (2 U.C. and
2 C.D.)

For ulcerative colitis - Studied from
day 1 of SASP treatment (2/3 weeks
after operation) up to one month
follow-up in all, up to six months
follow-up in four.

For Crohn's disease - Both patients had
ileostomy > 6 years ago.
They were studied from day 1 after
starting SASP to ten days in one
and eight months in the otter.

II. Patients with transverse colostomy (n = 2)

Disease U.C. = 1 (80 years) Female ) Both studied
) after

C.D. = 1 (33 years) Male ) operation.

Patients and 1.
time of study
follow^ ng
operation

2.

One patient (J.H.) with ulcerative colitis
had defunctioning transverse colostomy
for left sided colitis and diverticular
disease two months prior to the study.
She was studied during one to three days
after starting SASP. On the fourth day
SASP was discontinued for persistent
vomiting.
The second patient (J.Cr.) had an ileo-
transverse anastomosis for "regional
ileitis" seven years ago and distal
transverse colostomy for Crohn's colitis
involving the descending colon four years
prior to the study. He ted been taking
SASP for six months before the study.
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RESUI. ['S

Table shows the concentration of SASP and its

SP metabolites in the serum and urine in one representa¬

tive patient (A.D.) with ulcerative colitis before and

after operation. The SASP concentration in the serum

and the twenty-four hour urinary excretion did not show

any significant change, whereas the total SP in the serum

was markedly lowered (from 37 to<£5 ug/ml) and the

urinary excretion of total SP metabolites also decreased

significantly (from 52% of the dose to < %) following

ileostomy.

The serum concentration and twenty-four hour urinary

excretion of SASP and total SP after one and six months

of operation did not show any significant change.

Table *+6 shows the serum concentration and urinary

excretion (mean - S.D.) of SASP and total SP in all the

four patients just prior to surgery and one to six months

after subtotal or total colectomy with ileostomy. Serum

SASP concentration and twenty-four hour urinary excretion

of SASP did not alter significantly whereas there was

a significant decrease in the total SP concentration both

in serum and urine.

Table k? shows the serum concentration and urinary

excretion of SASP and total SP in the six patients with

ulcerative colitis and two patients with Crohn's disease

after ileostomy. The results for patients with ulcerative

colitis were obtained up to six months following ileostomy.

As reported earlier, the two patients with Crohn's disease
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Table k5

Salicylazosulphapyridine metabolism in ulcerative

colitis before and after colectomy, in one patient (A.D.)

Serum
(ug/ml)

Time

Urine
C% of dose in
2h hours)

SASP Total SP SASP Total SP

SASP ifG/day

y 6 months
Before
surgery 15*00 10.9 36*7 b.9% 52%

Two weeks after sub-total
colectomy with ileostomy
SASP hG/day

Day 10 10.00 9*0 5*5 0.5% 3%

2 months 15*00 13*8 *+.*+ 5.8% 3.2%

6 months 15*30 15*^ 3*5 5*2% 3.h%
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Table ^-6

+
Mean (- S.D.) serum concentration and twenty-four hour
urinary excretion of sulphasalazine and sulphapyridine
metabolites in. four patients with ulcerative colitis
before and after ileostomy.

Before Ileostomy After Ileostomy

Serum
ug/ml

Urine
% of dose in

2h hrs.

Serum
ug/ml

Urine
% of dose
in 2h hrs.

8ASP 20.2
- lLi-,6

h.2 - 2.8 15.2 ±
7.2

b.6i 3.0

Total
Sulphapyri¬
dine

27.6
t 5.7

k2.5 - 20.b- 1+.1+ i
l.k

3.5 - 1.7
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Table *+7

Mean (- S.D.) Serum concentration ard twenty-four hour
urinary excretion of .SASP and sulphapyridine metabolites
in patients with ulcerative colitis or Crohn's disease
following ileostomy.

Ulcerative
Colitis

n = 6 patients

Crohn
n = 2

1 s disease
pa tients

Serum
ug/ml

Urine
% of dose
in 2b hrs.

Serum

ug/ml
Urine

% dose in
2b hrs.

SASP 15*7 1
5.2

3.6 t 2.8 2.6 t
2.2

3.3 - 1.5

Total

Sulphapyri¬ 3.8 t 1.5 - oA 2.15 - 1.6 - l.b

dine 1.5 o.o7



had ileostomy more than 6 years ago. . The table shows the

serum concentration and twenty-four hour urinary excretion

of SASP and total SP in these two patients after ten

days (M.Mc) and eight months (C.Mc) of SASP therapy. •

The twenty-four hcur u-rinary excretion of total SP was

<, 2/ of the administered dose both in U.C. and C.D. with

ileostomy. The serum concentration of total SP was

also very low « h ug/ml). The serum concentration and

twenty-four hour urinary excretion of SASP did not differ

significantly when compared to other patients with

ulcerative colitis (Page 90) and C.D. (Page 112) without

ileostomy. The concentrations were lower in patients

with Crohn's disease and ileostomy than in the patients

with ulcerative colitis and ileostomy.

5-AMINOSALICYIIC ACID

5-aminosalicylic acid concentration in the serum of

the four patients studied before ileostomy ranged from

0.2 - 1.*+ ug/ml but could not be detected after operation.

The remaining four patients who were studied only after

ileostomy had 5-ASA in the range of 0 - O.b ug/ml serum.

The urinary excretion of 5-ASA was also low ( < 1% of

the dose) in patients with ileostomy compared to the

patients before ileostomy (12.5 - 23.7/ of the dose)

(Table if8).

SASP EXCRETION IN IITOGTPMY 5FFI.UENT

In four patients with subtotal colectomy who were

being treated with SASP for recta] disease in situ the

recovery of sulphasalazine in the twenty-four hour
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Table *+8

Serum concentration ana twenty-four hour urinary
excretion of 5-ASA in patients before and after
ileostomy.

Serum ug/ml Urine, % of dose

in 2b- hours.

Before ileostomy
•

(n = b-) 0,2 - l.b- 12.5 - 23.7

After ileostomy

( same b- patients) 0 <1%

Post-ileostomy

(other b- patients) 0 - o.b- <1%

U.C.Patients

(in steady state) 1 - 0.9 2L .2 t 7.0
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ileostomy effluent was 69.6 - 15«5% of the administered

dose. In two of these patients, effluent was collected

for twenty-four hours after one month of SASP therapy and

in the other two after six months of treatment. Sulpha-

pyridine was also present in the ileostomy effluent

(1*+.*+ - 6.9% of the dose). Splitting of SASP presumably

occurred in the terminal ileum or during colle ction.

Table b-9 shows the serum concentration and twenty-

four hour urinary excretion of SASP and total SP in two

patients with transverse colostomy. Both patients had

a significantly higher concentration of SP in serum and

urine than the ileostomy patients. The patient (J.Cr.)

who had ileotransverse anastomosis and distal transverse

colostomy had a lower level of serum total SP and less

urinary SP than the second patient who has only transverse

colostomy. The SASP concentration in these two patients

did not differ significantly from the patients with

ileostomy.

One patient (G.K.) had the rectum excised eight

months after subtotal colectomy with ileostomy. SASP

was discontinued following this operation. Six months

after excision of the rectum an acute experiment with a

single dose of sulphasalazine (2G) was carried out.

Figure 26 shows the concentrations of SASP and tab al

SP in serum at various time intervals up to forty-

eight hours. Urinary excretion (0 - *+8 hairs)



Table49 Serumconcentrationand24hoururinaryexcretionofSulphasalazineandTotalSulphapyridine in2patientsv/ithTransverseColostomy BothweretakingSASP3G/day
PatientNo.1(C.D.) Ileotransverseanastomosis andtransversecolostomy

PatientNo.2(U.C.) TransverseColostomyonly

Serum ug/ml

Urine

%ofdosein24hrs.
Serum, ug/ml

Urine

%ofdosein24hrs.

SASP

8.5

2.6

7.9

3.1

Total Sulphapyridine
12.2

48.2

35.9

58.6
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Figure 26

Male,46yrs. Pancolectomy e Ileostomy
o = Salicylazosulphapyridine (SASP)
x = Total Sulphapyridine (SP)

o>

E
3
k_

a>
CO

SASP

Total SP

Urine (% of dose)
0-24 hrs, 3%
24-48hrs, Nil
0-24 hrs. 2 6%

24-48 hrs. 0-1%
5 Amino Salicylicacid
= 0-48hrs. 0-7%

Ileostomy Effluent
(% of the dose)

SASP = 0-24hrs, 91%
Free SP = 0-24hrs, 6%

SASP.2G. Time in hours

The effect of time on the serum concentration of
sulphasalazine (SASP) and total sulphapyridine (total
SP) in a patient with ileostomy after a single dose
of SASP. The excretion of SASP and its metabolites
in urine and ileostomy effluent is given as percentage
of the administered dose^Cor SASP,% of administered
dose of SASP and for SP % of administered amount
of SP present in SASP.



of SASP, tot al SP and 5-ASA and twenty-four hour

recovery of SASP and SP in ileostomy effluent are also

shown in Figure 26.

SUMMARY

After ileostomy there was a significant decrease

in the concentration of total sulphapyridine in serum and

urine. This was accompanied by a significant decrease

in urinary excretion of 5-aminosalicylic acid. There

was, however, no significant difference in sulphasalazine

concentration in serum and urine following ileostomy.

Ileostomy effluent contained approximately 70$ of the

administered dose of SASP as sulphasalazine.

In the two patients with transverse colostomy the

concentration of SP in serum and urine was significantly

higher than the patients with ileostomy. Sulphasalazine

concentration, however, did not differ significantly.
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CHAPTER IX

DISCUSSION
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DISCUSSION

Although the role of sulphasalazine therapy in the

management of ulcerative oolitis is well established,

knowledge of its -metabolism in man is limited (Svartz

et al, 191+5j Bottiger and Mdlierberg, 1959; and Schrdder

and Campbell, 1972). Knoweledge of its mode of action was

particularly lacking and this is essential for better

understanding of its therapeutic role.

Measurements of serum levels of different drugs, e.g.

Di-phenylhydantoin, Procainamide, Nortriptyline and Digoxin,

are found to be clinically useful (Bigger et al, 1968;
Koch-Weser and Klein, 1971; Asburg et al, 1971) • But at
the same time a large individual variation in the plasma

levels is also possible, e.g. chlorpromazine and hydralazine

(Curry ejt al, 1970: Zacest & Koch-Weser, 1972). Informa¬

tion of a therapeutic range of any drug is clinically help¬

ful. As serum concentrations rise above the therapeutic

range the frequency and severity of toxic effects increase

progressivly though some overlapping is possible (Koch-

Weser, 1972). In connection with sulphasalazine, however,

one has to consider both from the therapeutic and toxico-

logical point of view, the role of unsplit drug SASP and

its two components SP and 5-ASA with their metabolites.

Hanngren jet al (1963) have shown by autoradiographic

studies in mice that SASP, because of its affinity for

connective tissue, is fixed in the colonic wall-, where

they suggest it exerts therapeutic effect. However,

Collins (1968) and Thayer (1970) have argued against this

suggestion because ulcerative colitis is a mucosal disease.
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it was felt that the routes of SASP metabolism in healthy

persons should be confirmed. It was also felt that

iron, being known to "seriously interfere" with the

absorption of tetracyclines in man (Neuronen e t al„ 1972)

might also affect 3ACP absorption. This was considered

important as most of the patients on SASP therapy are

also given iron. Comparison with another cation (Calcium)

was also made.

A major part of sulphasal azine consists of sulphapy-

ridine which might have a parallel acetylation phenotype

to other drugs (Gvans. 1968). Knowledge of this poly¬

morphic acetylation in the patients which have been studied

was thought to be important from both therapeutic and

toxicological points of view.

A metabolic study was then carried out in patients

with ulcerative colitis and Crohn's disease both during

acute attacks and also in patients who were on long term

therapy, Toxicity was evaluated in the light of acety-

lator phenotype, drug level and dosage.

To provide further information on the small intestinal

absorption of the drug and the role of colon, patients

with ileostomy were also studied. Fortunately four

of the eight patients with ileostomy were studied before

they had undergone surgery and therefore they served as

t he i r ow n c ont rol s .

ACUT 5 EXP'CRIMKCrS lb HTALTriY 70LUNT Tad

The study of five volunteers confirmed the findings
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of Schroder and Campbell (1972) that SASP absorption

occurred more rapidly than sulphapyridine (Figures 5>
6 and Table 8). The appearance of SP and its metabolites

in serum three to five hours after ingestion of SASP is

consistent with the concept of bacterial splitting of

SASP in the colon followed by its absorption (Bottiger

and Mdllerberg, 1959; Schrttder and Campbell, 1972).
The excretion of sulphapyridine is to a certain extent

dictated by the acetylator phenotype (Scrirdder and Evans,

1972 (a)). The five volunteers had sulphapyridine in

their serum after forty-eight hours and in one volunteer

sulphapyridine was detected in the urine after six days

(Table 10). This may be due to continued absorption

of SP from the colon and also the effect of acetylator

phenotype.

Iron significantly decreased the absorption of SASP

but did not alter the time when the peak concentration

was reached. The 'in vitro' experiments suggest that

this effect is due to the precipitation of SASP as an

insoluble ferric salt or by coprecipitation with ferric

hydroxide (Figure 7 and Table 13). It has also been

shown that ferrous sulphate interferes with tire absorption

of tetracyclines in man, (Neuvonen et al, 1972).
Calcium merely del ayed the time of the peak serum

concentration of SASP but did not affect the absorption

of SASP (Figure 5)- This effect could be the result of

calcium delaying gastric emptying time (Hunt and Pathak,

i960). Total SP concentrations did not vary after
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administration of iron or calcium along with SASP

(Figure 6).

In one of the volunteers there was, in comparison

to the other individuals, a rapid appearance of SP and

its metabolites in the 'serum. This subject subsequently

had a laparotomy and a single jejunal diverticulum was

found. The removal of this diverticulum resulted in

a more typical absorption pattern. Presumably bacterial

colonisation of the diverticulum resulted in a more rapid

splitting of the parent drug. This was not proven

by bacteriological study as the diverticulum was unsuspecte

preoperatively. These studies suggest that SASP is

absorbed from the small intestine where its absorption

may be changed by coincidental drug therapy and SP is

probably absorbed from the colon.

ACBTYIATIOTT POLYMORPHISM OF SUI.PHAPYRIDI!IE IN PATIENTS
WITH ULCERATIVE GOLIflS AND CROHN! S DISUSE

Certain drugs, e.g. isoniazid, sulphadimidine,

hydralazine and dapsone share the same acetylation poly¬

morphism which can influence the clearance of these drugs

from the serum (Evans and White, 196^+ ; Gelber et al,

1971). During SASP therapy in patients with ulcerative

colitis or Crohn's disease, sulphapyriaine obtained from

SASP was fcund to share the same polymorphic acetylation

as sulphadimidine (Figure 8).

Schrbder and Evans (1972) has also reported parallel

polymorphic acetylation of sulphapyridine and sulphadirai-

dine in healthy volunteers.
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The bimodal distribution of acetylation phenotype

in patients with ulcerative colitis or Crohn's disease

was comparable both from serum and urine in patients

with active disease or in remission (Figure 9). In the

patients studied there were fewer fast acetylators than

in the healthy volunteers (about h%) studied by Schrtider

and Evans (1972). This could be due to the patients

studied belonging to a separate cross section of the

population, for example, they have a different age (17 -

80 years) and sex distribution compared to the healthy

volunteers studied by Schrbder and Evans (about 25 - 1.5

years). They are also selected by different criteria,

i.e. susceptibility to ulcerative colitis and Crohn's

dis ease.

It was noted that more women than men were fast

acetylators (Table 19). Such sex difference is worth

noting. Whether this reflects susceptibility to the

disease remains to be answered.

As the acetylation phenotype is genetically controlled

it is expected that this should be constant to a certain

extent in any individual. As the information of knowing

the acetylator phenotype may be of some importance in

therapy (Harris, 19&1) it is convenient to know if one

determination of the acetylator phenotype is sufficient

in the absence of severe liver damage (Levi et al., 1968).
There are few studies (Hughes et al, 195*+; White and Evans,

1968) in which this has been followed over a period of
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time and particularly during the transition from active

disease to remission state. In this study a constancy

of acetylation of sulphapyridine obtained from SASP in

patients with ulcerative colitis or Crohn's disease was

noted during the period of one year (Table 17). This

constancy was unaffected by activity of the disease.

Phenotyping from SP concentration following SASP therapy

was possible from urine measurements after day 2 of

therapy and from day 5 from serum.

In the steady state an increase or a decrease of the

dose of SASP (between 2-8 G/day) did not alter the

percentage of acetylation of SP in serum and urine to

a significant degree, although the concentration of total

SP in the serum and urine increased or decreased respectively.

This was found to be true for the concentration range of

10 to 80 ug/ml. (Table 18). Possibly slow and fast

acetylators have different enzyme systems which are not

saturated within this concentration range.

Although many of these patients were taking other

drugs including corticosteroids, diazepam, nitrazepam,

iron, codeine and sometimes barbiturates, acetylation was

apparently not influenced by these drugs. Levi, Sherlock

and Walker (1968) showed that acetylation of isoniazid

was undisturbed in patients with liver damage provided

the bilirubin level was less than 2 mg/100 ml. of serum.

HYDROaYI ATI ON OF SP AND 00IJJUGATIOU WITH GLUCURONIC ACID
k

In addition to N- acetylation, sulphapyridine under¬

goes hydroxylation in position five of the pyridine ring
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followed by conjugation with glucuronic acid (Schrdder

and Campbell, 1972). Theso transformations are produced

by induceable heoatic microsomal enzymes (Cucinell et_ al,

1965; Conney, 1967; Evans, 1970). Unlike acetylation

polymorphism there was no correlation between percentage

hydroxylation (ex-pressed as percent glucuronidised out of

total SP) and serum total SP concentration. Similar

observations were reported by Schrdder and Evans (1972 (a)).

But in patients who were slow acetylators and poor hyd.ro-

xylators the serum total SP concentrations were high

(page 87). This has also been reported in normal volunteers

(Schrdder and Campbell, 1972). Hydroxylation was not

as constant as acetylation (Page 91)• This may be due

to the effect"of coincidental administration of other

drugs such as corticosteroids and sometimes barbiturates,

compounds known to induce hydroxylation in the liver

(Catz and Taffe, 1962; Conney, 1967) or of the disease
state. Older patients appear to be poor hydroxylators

and six out of fifteen patients over 60 years exhibited

toxicity (21$ for whole groups, Page 127). No
correlation was fotnd between total SP glucuronide

concentration in the urine and the acetylator phenotype.

Schrdder and Evans (1972 (a) and (b)) reported similar

findings in normal volunteers.
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ULCERATIVE COLITIS

INPATIENT STUDY

The steady state serum concentration of SASP was

achieved within three days and the mean serum concentra¬

tion was 10-15 ug/ml of serum (Figure 10). Between

I and 13$ of the drug was recovered unchanged in the

urine during the first ten days of therapy and also in

urine from patients on long term therapy. Svartz, et al

191+5; Bottiger et al, 1959; and Schrdder and Campbell,

1972, also reported similar findings in healthy persons.

Sulphapyridine and its metabolites were only

demonstrable in the serum about three, to five hours after

the ingestion of the first dose of SASP in patients with

ulcerative . colitis. Since slphapyridine if administered

alone can be mostly absorbed from the small intestine

(Goodman and Gillman, 1970) this delay may be accounted

for by the time taken for bacterial metabolism of SASP

to SP and 5-A.SA in the colon (Peppercorn .and Goldman,

1972) and subsequent absorption through the colonic mucosa.

This possibility was confirmed by the ileostomy study

(vide later) in which situation very little sulphapyridine

appeared in the systemic circulation (Tables h5 and *+6).

It was found that these patients (11) who improved

clinically within ten days of therapy had a significantly

higher concentration of serum total SP than those (2)

who did not (Figure 11).

A steady state serum concentration of total SP was

achieved at a level of about ho - ug/rnl within five



days (Figure 11) in the patients who responded to therapy.

The serum concentration subsequently was lower as most

patients had their dose regime reduced during or shortly

after discharge.

When the patients who Mled to improve were given an

increased dose (6G/day from ^G/day) of SASP they improved

clinically and their serum total SP concentration increasedt

the range of patients who responded initially. This

suggests that there is a relationship between serum total

SP concentration and the clinical state. This was further

suggested by the results of the three patients admitted

with relapse (Table 21). There was no relationship between

serum SASP concentration and clinical state.

Urinary excretion of SASP was steady from day 1 and

was low in all patients, whereas in patients with remission,

the total SP excretion was significant] y higher ( 57.

of the administered dose (Table 2k) than the two patients

who did npt initially improve (13% of the dose), but was

lower than that reported for normal volunteers (80% of

the dose) (Schrdder and Campbell, 1972).

After absorption sulphapyridine is distributed through¬

out the whole body (Frisk, 19*+1; Hanngren et al, 1963).
Further metabolism of SP is determined by acetylation

polymorphism. Of the sixteen patients in this study,

ten were slow acetylators and six were fast acetylators.

No relationship between acetylator phenotype and clinical

response was obtained.



There was a significant difference in the distribu¬

tion of individual metabolites of SP in the urine among

the slow and fast acetylators, but the total SP excretion

did not show a significant change between the two groups during

ten days of SASP therapy. However, the serum concentration

of total SP tended to slowly increase when the patient is

a slow acetylator and particularly if he is also a poor

hydroxylator (Figure 12). There appears to be a relation¬

ship between toxicity, concentration of total SP and slow

acetylators. Nine of the sixteen patients studied had

unwanted side effects of the drug and of these, seven

were slow acetylators. All seven patients bad serum

total SP concentration of over 50 ug/ml (Page 95).
It was found that clinical remission free from toxic

effects was associated with a serum concentration of total

SP of between 20 - 50 ug/ml.

The serum concentration of 5-ASA was found to be

very low (1 ug/ml - 0.9) though urinary excretion was

about 22/ of the dose. In healthy persons a 33% urinary

excretion with serum concentration of <C 2 ug/ml have

been reported- (Schrbder and Campbell, 1972). In view

of the low serum concentration with wide overlapping

of 5-ASA both in active and remission states, there was

no correlation between serum concentration and clinical

state. 5-ASA was found in the serum almost ontirely in

the free form, whereas in the urine it was mostly present

as acetylated 5-ASA both in slow or fast acetylators.

Schrbder and Campbell (1972) reported similar observations



in healthy persons.

Though clinical remission equates with serum SP

concentration, molar equivalent amount of 5-amino salicylic

acid is liberated and remains in the colon, where it could

exert some therapeutic-effect.

From the follow-up study it seems that a maintenance

dosage between 2 - 3G SASP/day was adequate. Fast acety-

lators required at least 3d SASP to reach such a concentra¬

tion range, whereas slow acetylators may achieve this

with 2G/day.

ULCERATIVE COLITIS

OUTPATIGFT S f

It has been suggested that SASP is more effective in-

preventing relapse rather than in the treatment of acute

episodes (Misiewicz e t al, 1965) < The serum concentrations

of the drug were measured in patients on long term therapy

(from six months to fifteen years) and related to the

clinical situation.

Serum SASP concentration in the sixty-four outpatients

were distributed over a wide range both during active and

remission state and could not be correlated with disease

activity (Table 27). Schrdder and Campbell, 1972

suggested that such interindividual variation was due

to differences in absorption. Another explanation

suggested, by the current study is that, as SASP has a

shorter serum half-life (three to five hours), the serum

concentration of SASP varies according to when the patient

took the last dose before collection of blood. Many of

l



the patients in this study were taking the tablet twice

daily, usually in the morning and late evening and the

collection of serum was made in the outpatient clinic

between 2 and 5 p.m.

This similarity in concentrations of SASP between

patients with active disease or in remission could be

due to the small bowel being free from disease and hence

absorption will be comparable. This aspect was studied

in patients with ileostomy and is discussed later.

In all but three (95/0 of the fifty-one samples taken

from patients in remission the serum total SP concentration

exceeded 20 ug/ml, whereas in twenty-four of the thirty-

one samples {77%) collected from patients during the

active phase, serum total SP concentration was less than

20 ug/ml (Figure 13). About one third of both si on and

fast acetylators were in active state of the disease.

The serum total SP concentration reflects the rate of SP

absorption from the colon and its elimination. Low

serum values for total SP concentration in patients with

active disease were found consistently in both studies,

inpatient and outpatient irrespe ctive of slow or fast

acetylator, but it is not known whether this is the cause

of the continued activity or an effect of it. Fiom the

inpatient study, however, it appears that absorption of

SP occurs in the presence of active colitis (Figure 11).

The difference in the serum values of free SP compared

in active and remission states may be due to the fact

that the majority of the patients (two-thirds) were slow
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acetylators and the main component of total SP in slow

acetylators was free SP. Fast acetylators had a higher

concentration of AcSP in the serum than free SP, irrespective

of the clinical state of the disease, and the reverse

was the case for slow acetylators (Tables 28 and 22).

Free SP concentrat ion in fast acetylators in remission

was lower than thaL of slow acetylators in the active state

(Table. 28). Therefore, -from the results of both the

groups it was found that only total SP differed significantly

during active and remission state irrespe ctive of acetyla-

tor phenotype.

Nevertheless free SP may have a systemic effect in

the alleviation of colitis (Svartz and Kallner, 19*+0( a)
and Svartz, 19^2). There have been no reports since

then of patients being treated with sulphapyridine only,

though other absorbable or nonabsorbable sulphonamides

have been used with varying success (Gaspar, 19!+5;

Trier, 19^8; Moertel and Bargen, 1959).
The levels of 5-ASA in the serum of twenty-five

patients with colitis, both with active disease and

remission, were very low (0 - 2.8 ug/ml.). No correla¬

tion could be found between the disease state and the

serum concentration of 5-ASA (Table 27).

The results provided guidance for the dose regime

for SASP to be used in long term management of ulcerative

colitis. Over half of the patients with active disease

were taking 2G or less SASP per day resulting in a serum
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total SP of less than 20 ug/ml (Figure I1:) , 80% of the

patients in remission were taking 3G or more. However,

seven of the nine patients who had side effects due to

SASP (Page 127) were taking *+G or more of SASP/day and
serum concentration of total SP in these patients was

more than 50 ug/ml.

The serum concentration of SASP showed little

relationship to dosage (Table 29) or to activity of the

disease (Table 28). This might as well be the reflection

of poor absorption of SASP from small intestine and also

lack of significant difference in the an cant of absorption

after giving a higher dose (Millier-Wieland et al, 1970).

Serum total SP concentrations varied significantly with

dose (Table 29) and with the state of activity of the

disease (Figure 1*+ and Table 28). Fast acetylators had

lower serum total SP concentration than slow acetylators

(Figure 13). There was, however, no relationship between

the serum concentration a total SP and the dosage of SASP

in terms of mg/kg of body weight. This was also shown

by Schrttder and Campbell (1972). This further indicates

the colonic absorption of SP after SASP being split in

the colon. The net amount of SP available in the colon

will therefore depend 011 the dosage administered. The

lack of relationship between the clinical state and serum

SASP concentraticn , but a significant relationship between

clinical state and serum total SP suggests the effect of

the drug from the luminal side rather than the serosal

(by SASP) side,



From this data it appears that 3G SASP/'day is the

most effective dose for therapeutic benefit with feast

chance of having side effects. Slow acetyla tors sometimes

may have "adequate" serum coneentrations with 2G SASP/day,
and may shew toxic effect with 3^/day, illustrating the

value of knowing the acetylator phenotype.

Seven patients had active colitis, despite serum

concentration of the drug and its metabolites in the same

range of the patients in remission (Figure 13). They were

also receiving corticosteroids and in four cases azathio-

prine. These patients may represent a different form

of ulcerative colitis who show resistance to all medical

therapy and in whom serum concentrations of' the drug or

its metabolites bear no relationship to the disease state.

Three of these patients (A.D., C.S. and E.G.) subsequently

required colonic surgery (vide ileostomy study, Page 161 ).
The response to treatment did not appear to be

influenced by the type of tablet (plain or enteric coated)

used. The only difference observed between plain and

enteric coated tablets was the slightly lower serum

concentration of SASP with the latter, but this did not

apply to the SP metabolites (Page 103). The contents

of enteric coated tablets are probably not so readily

adsorbed as those of the plain tablets. When SASP

reaches the colon the type of tablet is of little importance.

CROHN'S DISEASE

INPATIENT STUDY

In the seven patients studied with Crohn's disease
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interpretation was difficult because the number of

patients was small, the dosage was variable, the anatomical

extent of the disease differed and three patients had

surgical intervention. With the limited data available,

it appears that the metabolism of SASP is similar to that

in ulcerative colitis.

In these patients the dose of SASP varied from 2G to

6G/day and the results (Page 112 ) would suggest that there

3s less absorption of SASP from the small intestine and

SP from the colon. This is probably due to functional

loss of ileum and colon due to disease and surgical

intervention (Page 110 ). Four of the seven patients were

in remission up to one year of follow-up and their SASP

concentration at the steady state ranged from 0/f to

10 ug/ml and total SP exceeded 20 ug/ml. Although in

ulcerative colitis serum concentration of total SP over

20 ug/ml equated with clinical remission, in Crohn's

disease this relationship was not so obvious. These

biochemical findings are perhaps in keeping with the

conflicting clinical reports of the value of SASP therapy

in Crohn's disease (Lennard-Jones, 1970; Meeuwisse and

Hansing, 1970; Goldstein and Murdock, 1971; Cooke, 1972).
0UTPATIB1.T SIUUY

In the twenty-nine outpatients studied there was no

significant relationship between serum SASP concentration

and the disease state (Figure 15). Serum total SP concen¬

tration, however, correlated with the clinical state but
to a lesser degree than in ulcerative coxitis.
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Although 7*+/c of the patients in remission had serum

total SP concentration greater than 20 ug/ml, ho% of the

patients with active disease had serum total SP concentra¬

tion in the same range. These findings are further in

keeping with the inpatient study and reflect the conflicting

clinical impressions as mentioned earlier. But some

benefit with SASP therapy can be suggested from these results.

It would appear that patients with an ileotransverse

anastomosis (of at least two years) metabolised SASP

similarly to patients with an intact gastro-intestinal

tract (Table 3®+)*

Increased serum concentrations of total SP in patients

with both ileal and colon disease compared to those with

only ileal disease (Table 35) may be due to enhanced

splitting of SASP by changes in colonic flora or increased

absorption of SP resulting fioci increased colonic mucosal

premeability (Harris et al, 1972).
Tie effect of dosage was reflected in the serum total

SP but not in the SASP concentration (Table 36). These

differences are similar to those discussed in the ulcerative

colitis outpatient study.

The type of tablet, plain or enteric coated, had no

significant effect on serum total SP concentration or serum

SASP concentration.

ADVERSE RTACTIONS DURING SASP THERAPY

During SASP therapy twenty-eight of the one hundred

and thirty-three patients studied had various side effects

(Table 38). These included nausea and vomiting, skin



rash, fever, "cyanosis" and different blood dyscrasias.

Various side effects have been reported (Svartz, 19*+2,

19^8, 195*+; Lagercrantz, 19*+9; Morrison, 1953; Moe rtel

and Bargen, 1959; Lennard-Jones et, al, i960; Truelove

and Watkinson, 1962; Baron et al, 1962; Dick et al,

196h; Misiewicz et al, 1965; Collins, 1968; Wallace,

1970 and Hilditch, 1972; Schrbder and Evans, 1972 (b)).

In the present study the overall incidence of side effects

was 21% (including four patients who were included after

exhibition of side effects) which compared favourably with

previous reports (9 to 55%)» Although in patients on

long term therapy the incidence was lower (12%>). However,

the relationship of these side effects to serum concentra¬

tion of SA3P and its metabolites had not previously been

investigated. From the present study, serum SASP concen¬

tration was not related to side effects but there was a

significant association with serum total SP concentration

of more than 50 ug/ml and toxic symptoms. These side

effects due to SASP therapy occurred mainly during the

introduction of the drug (first six to eight weeks).

Similar observations were also made by Baron et al (1962);
Dick et, al_ (196k) and Misiewicz e_t al (1965). The

greater incidence of toxicity during the first six to

eight weeks of therapy is probably due to initial use of

higher doses of SASP. Whereas the low incidence on

long term therapy may be related to lower dose and also

the development of a steady state tolerated by the tissue.

Side effects in patients on long term therapy mainly



occurred after an increase in the dose, of SASP.

The nausea and vomiting which occurred from the

onset of therapy which could be overcome by perseverance

or by changing to an enteric coated tablet (Page pi+8 )

may be due to a gastric irritant effect. However,

nausea and vomiting of later onset could only be overcome

by stopping the drug (Figure 20) and is probably due to

the high total serum 3P concentration (Table 39, Figure

21). Sulphapyridine therapy has also been shown to

cause nausea and vomiting but no serum values of SP

were quoted (Hawking and Lawrence, 1950). In one of

the patients vomiting started again four weeks after

starting the second course of SASP therapy with a reduced

dose. Symptom correlated with a high serum total SP

concentration (50 ug/nil) although this level was lower

than the first course of therapy. This may be related

to physical exertion which may enhance side effects

(Evans, 1.969; Schroder and Evans, 1972 (b)) and the.

patient was back to her normal work during the second

course of therapy.

Bluish discolouration of the skin and mucosa in

patients on SASP therapy has been described previously

(Svartz, 19*+2). However, the cause of this apparent

"cyanosis" is not yet clear. In the present study

"cyanosis" occurred' in ten patients, six of whom were

outpatients and were on long term therapy. Although

cyanosis was related to the high serum total sulphapy-

ridine concentration ( / 55 ug/rnl) (Table h-0) sulph-

1



haemoglobin and methaemoglobin were not detected in

any of these patients. This was also observed by

Svartz and Kallner (19b0 (b)) and Svartz (191+2). The

oxygen combining power of blood in their study was normal.

This was not measured in th? s study. They suggested

that cyanosis is due to the formation of a compound

(not sulphhaemoglobin) which was thought to be a combina¬

tion of the amide component of the sulphonamide and the

porphyrin moiety of the haemoglobin.

Haemolytic anaemia due to SASP (sometimes with

Heinz bodies) (Table hi; Figure 17) has previously been

reported in the literature (Spriggs et al, 1958; Bbttiger

et al, 19o3; Gardner ejt al, 196b; Dick et al_, 196b).
Dyer (3.972) suggested the possibility of Glucose-6

Phosphatedehydrogenase (G6PD) deficiency related to

SASP-induced anaemia, G6PD deficiency anaemia with

sulphonamides is well known (Meyler, 1966). GbPD

estimations were not carried out in the present study.

Six other patients had a transient reticuloeytosis with

no alteration in the Hb (Table bl). A similar finding

was reported by Dyer (1972).

Leucopaenia and agranulocytosis during SASP therapy

have been reported (Thirkettle et al, 19o3; Collins, 1968).
The mechanism of these side effects in sulphasalazine

therapy is not clear. In the present study both occurred

during the first six to eight weeks of therapy (Table b2).

A similar finding was reported by Ritz and Fisher (i960).

Moeschlin et al. (i960) and Evans et al (1958) re pea? ted



195.

the formation of leukoagglutinin in patients treated

with sulphapyridine and sulphasalazine respectively.

However, the relationship of these toxic reactions with

blood level cf SASP and SP has not been previously

investigated. In the patient with leucopaenia the

drug was reintroduced in a smaller dose (IG/day increasing

to 2G/day after seven days) without complication. No

attempt was made to reintroduce the drug in the patient

with agranulocytosis.

Skin rashes which appeared within twelve to forty-

eight hours of starting treatment (IG/day) in two patients

could not be related to the serum concentration of SASP

and SP and were probably due to a tissue sensitivity to

sulphonamides. The occurrence of skin rashes has been

reported in different series (Svartz, 19^2; 19!+8; Lennard-

Jones e_t al, I960; Truelove et_ al, 1968; Collins, 1968).
Fever and exanthema were reported by Svartz (.19^2)

to be "common toxic manifestations" during the seventh

to ninth day of SASP therapy. In the present study,

however, only one patient had this toxic symtpom which

developed on the eighth day of the rapy, coincidental with

a very high serum total SP (over more than 90 ug/ml).

In the present study the side effects were associated

with both the serum total SP concentration and the dosage

of SASP but not with the serum concentration of SASP.
/

AcSP or SP-glucuronides or 5-ASA (Table *+3). In 19&7?
Van der Grient (1967) stated that high plasma concentra¬

tions of sulphonamides were associated with toxic symptoms.
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Unfortunately no plasma values were given. A relation¬

ship between the side effects of SASP with dosage was

previously reported (Bargen, 1962; Baron et al, 19&2;
Dick et al, 196h). Most of the patients with side effects

in the current study were taking h-G SASP or more a day.

Of the twenty-eight patients with side effects twenty-

four were slow a cetylators, aiggesting that acet.y3.ator

phenotype is important in relation to the development of

toxicity of SASP. This is probably due to the fact that

slow acetylators accumulate Sp in the blood and increased

frequency of toxicity for slow acetylators has been reported

for isoniazid phenelzine and hydralazine (Hughes et al,

1951*; Devadatta et. al, i960; Evans et al, 19&5? Perry

e"k 1967). Of the four fast acetylators exhibiting

toxic symptoms, two were nauseated from the beginning of

therapy, one had "cyanosis" and one had skin rash. Hons

of these complications except "cyanosis" could be correlated

with serum total SP concentration.

PROCEDURES ADOPTED TO OVERCOME SASP TOXICITY

In two of the twenty-eight patients who exhibited

side effects, SASP t herapy was stopped permanently (Page lM+).
Reduction of dosage to 2G/day, temporary stoppage of

the drug followed by reintroduction of SASP in a smaller

dose (lG/day) with gradual increase to 2G/day, but not

beyond 3G/day was found to be equally useful. Serial

blood counts, specially in patients with previous haemato-

logical complications and administration of antihistamines

for sensitivity rashes which were independent of dosage



were also successful procedures in overcoming the side

effects (Figure 20 to 25 and Table bb). One patient

(fast acetylator) who had skin rash with 1G SASP/day

has been tolerating 6G/day for over one year (Figure 25).

Svartz, l?1+2, also reported successful reintroauction of

the drug after "desensitisation" with a small dose and

"injection of "liver extracts".

SASP MSTiBOIIIB IN PATIENTS WITH ILEOSTOMY AND COLOSTOMY

There is controversy regarding the amount of SASP

absorbed from the small intestine. Svartz et al (19'+5)

suggested that the drug is largely absorbed from the small

intestine, whereas Mflller-Weiland et al (1970) found poor

absorption at this site.

Schrdder and Campbell (1972) have more recently

reported that "one third" of the administered dose of

SASP is absorbed from the small intestine, whether the

drug is excreted in the bile is unknown.

The results of the present study suggest that -

1. Small intestinal absorption of SASP is up to about 10^

the administered dose. This absorption of SASP is not

modified by colectomy and hence SASP as such is not

absorbed from the colon. This was demonstrated by

the results of the four patients who were studied before

and after ileostomy (Tables 5-5 and *+6).

2. Most SASP is Sfiit in the colon to SP and 5-ASA

probably by bacteria. Peppercorn and Goldman (1972)

have recently shown that after giving an oral dose of

SASP to germ-free rats only 1 - 2% of the drug could be



recovered in the urine and most of it was in the stool as

unsplit SASP. There were no split products obtained in

the urine which were, however, exclusively recovered after

giving SASP to conventional rats. Walker (1970) and

Soleim and Schel'ine (1972) reported that most of the

strains of gut bacteria can split various azo compounds

for example food colouring agents. Historically important

antibacterials like Prontosil and Neoprontosil exert

their therapeutic effect" due to their active metabolite

sulphanilamide which may be liberated by azoreduction

with the help of gut flora (Gingeil et al, 1969).
The current study has shown that in patients with

ileostomy receiving SASP for up to eleven months, the

ileostomy effluent contains 70% unchanged SASP and lb%
free SP. Further evidence of the role of the colon

was provided by the fact that one patient with ileo-

transverse anastomosis and transverse colostomy absorbed

less SP than one with transverse colostomy (Table *+9)?

probably because of a reduced colonic absorbing surface.

The latter patient with a transverse colostomy had the

same concentration range of SASP and tot al SP both

in serum and urine compared to the patients with intact

colon. It has been reported that colostomy flora is

similar to normal faecal flora (Scarpino e_b al, 1969?

Finegold et al, 1970) and can presumably split adequate

amount of SASP.

3. A small amount ( 5# of the administered dose) of

SP metabolites is excreted in the urine following ileostomy.



This SP may be derived from SASP split by liver azoreductas

(Fouts et al, 1957) or bacterial colonisation of the

terminal ileum, although two patients with Crohn's disease

who had ileostomy for more than six years had very low

serum and urinary 3P concentrations (Table ^7)« This

may be due to low splitting of SASP as a result of

difference in bacterial flora. Gorbach e_t al, 1967
reported that the bacteria flora in ileostomy effluent

is different both quantitatively and qualitatively when

compared to normal faecal flora. The bacteriological

study of the ileostomy effluent in the present study was

however not carried out. The low SP may also be due to

inadequate time of absorption and ileal involvement,

particularly in Crohn's disease.

Figure 27 summarises the absorption metabolism and

excretion of SASP and its metabolit es. in patients with

ulcerative colitiso

The present study extends knowledge of sulphasalazine

metabolism in man particularly in patients with ulcerative

colitis and Crohn's disease. The ileostomy study further

establishes that only a small portion of SASP is absorbed

from the small intestine and presence of the colon is

essential for splitting of SASP into its components SP

aid 5-ASA. Most of the SP, but only a small proportion

of 5-ASA is absorbed from the colon. Serum total

sulphapyridine correlated to dosage in patients with

ulcerative colitis and Crohn's disease and a serum

concentration of total SP over 20 ug/ml equated with
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the therapeutic success particularly in patients with

ulcerative colitis. Serum concentration of total SP

in excess of 50 ug/ml produced various side effects.

The serum concentration was related to acetylator p'neno-

type and to a lesser extent hydroxyla tion capacity.

These side effects could be overcome by temporary stoppage

or reduction of the dosage. It is important that all

patients treated with SASP should be screened for acetylator

phenotype to determine tne optimum maintenance dosage.

Unlike serum total SP concentration, the concentra¬

tions of SASP or 5-ASA in the serum could not be associated

with therapeutic success or toxic symptoms. It is

possible that SASP is serving as a vehicle which allows

either or both of its metabolites to reach the site of

inflammation. There has been no study on the the rapeutic

efficacy of 5-ASA. Further investigation regarding its

role is necessary, particularly because of the known

anti-inflammatory effects of salicylic acid and its different •

derivatives. It is also possible that the therapeutic

effect is achieved during the passage of SP through the

mucosa of the colon. Further study to evaluate the

effect of sulphapyridine when administered alone, oral ly,

(and possibly by enema) in patients with inflanra tory bowel

disease is also indicated.
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APPBHPIX I

The chemicals \hich were used for the different

extraction procedures are listed below.

11 rare sulphasalazine •* supplied by Pharmacia, Sweden

2. Pure sulphapyridine - supplied by Pharmacia, Sweden

3* Pure acetylsulphapyridine - supplied by Pharmacia,

Sweden.

*+. Pure acetyl ^-aminosalicylic acid - supplied by

Pharmacia, Sweden.

5. Hydrochloric acid (analar) specific gravity 1.16,

BDH, England.

6. Amylacetate (analar), BDK, England,

7. Sodium hydroxyde (analar), BDH, England

8. /£> -glucuronidase/arylsulphatase, Boehringsr, Mannheim,

1^+273 GAF.

9. Limpet acetone powder, Sigma.

10. Acetate buffer (A) acetic acid (analar), BDH, England.

11. Sodium chloride (analar), BDH, England.

12. IsoButyl methyl ketone, May and Baker, Ltd., England.

13. Sodium nitrite (analar), BDH, England.

lb. Ammonium sulphamate, BDH, England.

15. N-l-Naphthylethylenediamine dihydrochlor ide, BDH,

England.

16. Titanium trichloride solution, Vi/V TiC13? BDH,

England.

17. Acetic alhydride (analar), BDH, England.



18. Sodium dihydrogen orthophosphate (arialar), BDH,

England.

19. Disodium hydrogen orthophosphate anhydrous (analar),

BDH, England.



Some abbreviations used for the results in the appendices:

Day day of Sulphasalazine Therapy

ASP Acetyl sulphapyridine

SPG Sulphapyridine glucuronide

ASPG Acetyl sulphapyridine glucuronide

% Ac. Percent of acetylated sulphapyridine

O.P. Outpatient follow-up

B.D. Twice daily

T.I.D. Three times a day

Q.I.D. Four times a day

Bracketed figures underneath Urinary (mg/24 hours) SASP and

total SP recovery indicate % of the administered dose

excreted in 24 hours.

Figures after Sulphadimidine indicate % Acetylated in serum



APPENDIX 2

INPATIENT STUDY

Ulcerative Colitis - 23 patients

Crohn's Disease - 10 patients



ANNPEARSON-SULPHADIMIDINE(9.6%)-DISTALPROCTOCOLITIS-SLOWACETYLATOR SASP1GQ.I.D.
Serumug/ml

Urinemg/24hrs.

DAY

TIME

SASP

SP

ASP

SPG

ASPG|
TOTAL SP

%Ac.

SASP

SP

ASP

SPG

ASPG

TOTAL SP

%Ac.

1

14

15.1

36.4

15

0

0.7

52.1

16.30

13.5

36.2

12.2

0

2.6

51.0

46.4

157.7

287.4

51.8

(77.4
574.3

21

10.4

30.6

10.3

9

4.1

54.0

(1.2%

(23%)

5

9.30

18.4

64

10.4

7.7

3.4

85.5

16

I

14.45

10.8

59

7.5

0.7

3.7

70.9

15

124.5

514

364.7

441.4

119.1

1439.2

34

21

10.7

60

9.1

6.1

2.'6

77.8

15

(3.1%)

(58%)

•

9

9.30

17.3

63.6

10.4

3.2

3.4

80.6

17

108.0

593

379.5

404

195.8

1572.3

36.5

16.30

10.4

64.5

8.5

1.1

5.3

79.4

17

(2.7%)

•

(63%)

10Discharged
!

from
1

hosp:
1

Ltal

ist\ t

11

S« Nausea++
1

+at

home

It

1 1



ANNPEARSON(Contd.) DAY
12 13

TIME 11

SASP 20.8

Serumug/ml
SP

69.3

DrugStopped 9.30

Course2:
3.935.6

ASP 6.7 8.8

SPG 3.5

ASPG 7.6 6.0

TOTAL SP 87.1 57.4

%AC.

Urinemg/24hrs.
16

*SASP

SP

ASP

SPG

30 42

16

9.30

Nausea 43

9.30

4daysafterCpurse1SASP1GT.I.D.for3daysthen0.5GQ.I.D. 6.1 3.8 3.4

DrugStopped Course3: 15

142 342

9.30
10 10

20.9

2.8

2.3

37.0

8.5

0.2

39.6
1

6.9

0.4

1.8 4.2 2.4

27.8 49.9 49.6

17 25 18

14daysafterCourse2SASP0.5GT.I.D.x7day
rsthi

ASPG

TOTAL .SP

en0.5GQ.I.D.

6.4

23.4

3.9

0.5

2.5

30.3

21

3.8

25.2

1.9

0

2.1

29.2

14

5.2

29.5

3.8

0.2

3.6

37.1

20



WILLIAM RAID (22 years; - SULPHADBLIDINiS (18.6>S)
DlSi'Au PRuG lOOCLIillA — oLO»< AChj'IYLA'IOR *— SadP 1G QIJJ

Serum ug/ml

DAY TIMil SASP SP ASP
j

•SPG ASPG Total
SP

% A

0 |I
j

0. 6 ■ 1.1 0.5 0

1 09 S 2.3 1.1 0.5 0.8 0.1 4.8 19

12 ! 15.8 1.1 "0.7 0.6 0 2.4

20 26.1 10.0 2.6 1.0 0 13.6

•)
,5 08 53.3 31.3 4.8 3.5 1.5 41.1 16

12 56.8 19.1
-

6.1 0.7 0.4 26. 3 24

20 49.1 21.8 6.0 0.8 0 26.6 20

5 09 48.9 29.1 8.7 1.2 0 39 22

16 77.9 31.9 5.9 0 0.6 38.4 16.9

20 43.5 31.4 5.4 0 0.7 37.5 16

7 10 49.9 28.2 8.5 1.9 0 "0 'D <T
S) « o 22

16 21.1 29.2 8.0 0 0 O T O
J I *

o o

12 09- 51.2 32.7 4.2 2.7 0.7 40.3 24

16 44.4 35.1 6.4 0 8 49.5 26

19 10 60.2 42.3 "7.3 0.5 0.6 50.7 17

16 47.4 35.1 9.9 5.9 0 50.9 19

Dose C . 5Gr Q. I. D. Nausea ++

20 10

Nausea

30.6

- lit

37.6

tie

6.4 4.3 0 48.3 13

27 10 19.2 18.0 3-0 0.4 1.2 22.6 H oo • \J1

36 15 13.0 23.7 3.5 0 3.0 30.2 21

89 11 18.7 17-9 3.5 4.2 2.3 27.9 20

399 16 75-3 20.5 11.8 0.2 0.1 40.6 27



WILLIAM REID (contd.)

Urine nig/24 hrs

DAY TIME SA3P 3D' AoP 3PG ASPG TOTAL
3P

/ Ac

i 325
(8.1'A )

117.4 66.6 29 2.8 215.8
( 9/0

32

3 778
(19/0

578.4 182.7 191.5 69.4 1022
(41/-)

24.7

5 226
(5.7/0

373.4 273.5 158.3 13.3 818.5
(3350

35

12 525
(13/0

565.4 226.2 480.1 198.4 1470
(59/0

29

19 361
(14/0

319.6 157 239.7 114»3 330.6
(54/0

32.6



JESSIEROBERTSON(25years).SLOWACETYLATOR(SULPHADIMIDINE16%)-DISTALPROCTO-COLITISSASP-1GQ.I.D.
*

Serumug/ml.

Urinemg/24hrs.

DAY

TIME

SASP

SP

ASP

SPG

ASPG

TOTAL SP

%Ac.

SASP

SP

ASP

SPG

ASPG

TOTAL SP

%Ac.

0

0.6

1.2

0.4

1

09.00 17.00

11.5 4.7

12.8 35.5

7.8 9.8

0 0

0 0

20.6 45.3

73.7 (1.8%)

187

251

59

45'

542
(22%)

3

09.00

26.5

38.1

5.3

0

0.1

43.5

12

140

372

235 i

102

15

724

35

17.00

15.6

49.8

2.0

0

3.3

55.1

10

(3.5%)

(29%)

8

09.00

17.8

L02.5

0.9

0

2.5

105.9

128

619

303

150

9

1081

29

19.00

17.2

93.1

2.9

0.2

4.0

100.2

7

(3.2%)

(44%)

Rashs
tarted

10

09.00

23.9

91.7

4.7

1.3

0.2

97.9

6

| 242

815

2.69

295

32

1411

22

17.00

24.1

91.2

2.6

0.5

1.3

95.6

s(6%) j

(57%)

i

Drugstopped

\ 1



JESSIEROBERTSON(contd.)
Serumug/ml

DAY

TIME

SASP

SP

ASP

SPG

ASPG

TOTAL SP

SecondCourseofTherapywithSteroidsandSASP 1GQ.I.D.
0

0.6

1.9

1.1

2

10.00

28.3

21.6

2.8

0.2

0

24.6

11

16.00

22.3

28.4

3.3

0.1

3.8

35.6

19

3

09.00

32.0

37.1

8.2

0

0

45.3

18

16.00

12.7

43.2

4.3

0

1.2

48.7

11

HOME
7

11.00

33

65

6.2

o

o

71.2

9

•
| 15 J

11.00

12.1

62

10.4

0.3

0.2

72.9

14

£32I

15.00
1 \

7.4

71

4.7

0.1

0.1

1

75.9

7

%Ac.

Urinemg/24hrs.
SASP 167 (4.2%) 129 (3.2%) 113 (2.8%)

SP

535 567 746

ASP 146 230 209

SPG 145 160 153

ASPG 121 75 88

TOTAL SP 947
(38%) 1032 (42%) 1196 (48%)



JESSIEROBERTSON(contd.)
Serumug/ml

Urinemg/24hrs

Day

TIME

SASP

SP

ASP

SPG

ASPG

TOTAL SP

%AC.
|

SASP

SP

ASP

SPG

ASPG

TOTAL SP

%AC.

150
1 I 1

14.00

14.0

81.9

4.6

1.1

2.1

89.7

7

,

193.8 (4.8%)

624

246

501

65

1436 (58%

22

160

SASP̂

0.5GQ
.I.D.

1

345

14.00

13.5

29.4

4.3

1.0

9.8

44.5



JALE YvHYTE (72 years J - 3DLPHAD1LIDIHE (8l>0
TOTAL ULCaRATIVE PROCTOCOLITIS - PaST ACETYLATOR
SASi? 1G T.I.I).

Serum ug/ml

DAY THiD q • l"1 d
Oii-O jl SP ASP SPG ASPG TOTAL

SP
°/o Ac

0 0.6 • 0.9 0.9 0 0

1 12 31.7 1.0 0.6 0 0 1.6

20 i—!•OCM 7.1 10.5 0 0.8 18.4

3 10 19.1 9.4 24.0 0.1 1.3 34.8 75

17.30 5.1 9.1 22.0 0.1 4.3 35.5 74

5 16 6.7 8.3 23-3 0.9 4.2 36. 6 75

20 14.2 8.6 25.1 0 2.5 36.2 76

6 14 29.1 6.3 20.8 0 1.6 28.8 78

7 09 8.7 6.7 22.4 1.2 11.9 42. 3 31

18 ■ 14.2 4.7 17.7 0 1.6 24 80

10 9.30 23.2 8.7 23.4 0.2 5.0 37.4 76

18.30 10.5 8.0 22.2 0 3.7 33.9 76

37 >J • f • 33.3 12.7 25.7 0 2.9 41.3 69

39 Readmi

Leueop

ssion

.

aenia

42 09 38.5 14.1 16.6 0 7.6 38.3 64

21
Drug s
OASP r

28.0
topped
estarte

17.2

d 0.5G

19.0

Q. I. D.

0

after

13.8

4 v. eekc

50.5 66

92 15 12.6 8.1 12.5 0.2 1.6 22.4 63

126 15.30 9.5 7.9 14.2 0.1 0.2 22.4 64



JANE YvHYTE (Contd.)

Urine, mg/24 hrs.

DAY TIAE SA3P SP ASP SPG ASPG TC1V L
SP

y° iic •

"1
JL 142

(4-7A)
55.5 264 4.6 28 352.1

(19; )
83

3
i

54
,1.8A)

94 5^3 23 98 CO
<~o

OcO
—

85

6 96
(3.2A)

71 450 12.9 125 658.9
(35A)

87

10 119
(3* 9A)

94.6 532 31 121 778.6
(42A)

84

42 73
(3.6A)

88 27o 0.7 132 498.7
(40A)

82



PHILLIPTAYLOR(20years)-SULPHADIMIDINE(29%)-ULCERATIVECOLITIS-SLOWACETYLATORSASP1GQ.I.D.

Serumug/ml

J■
Urinemq/24hrs.

DAY
i

TIME

SASP

SP

ASP

SPG

ASPG

TOTAL SP

%Ac

SASP

SP

ASP

SPG

ASPG

TOTAL SP

%Ac

i

14

7-9

1.3

0.7

0.2

1.3

3.5

-

3

10

5.1

4.3

2.0

0

0.2

5.5

40

42

24

41.1

35

1.2

101.2

41

5

14 20

6.4 8.9

4.0 4.9

2.5
0

0 0

0

3

6.5 7.9

38 38

(1.04%)

i

(4.3%)

9

12

10.8

5.2

3.3

0.3

0.2

9.0

38

62

45.8

56.6

24.7

31.3

158.5

|

i

17.30

8.1

5.5

1.6

0

1.2

3.3

34

(1.5%)

(6.4%)

i15 i

SASPincreasedtol.J
>GQ.
I.D.

20

10

42.3

27.3

7.5

0

0.2

35.0

1 1

1

1

15

20

26.6

7.8

0

3.4

37.3

30

i 1

'

31

09

18.3

42.3

7.0

0

8.0

57.3

27

164

532.4

516.4

812.2

129.5

1990.5

33

i

21

14.8

52.2

8.1

0

12.9

73.2

29

(2.7%)

(54%)

|35

11

11.4

69.2

7

2

1.2

79.4

i ! |

149.8

1255

423.5

144

407.8

2230

37

21

23.7

53.9

17.4

0

0

71.3

24|
»

(2.4%)

(60%)



PHILLIPTAYLOR(contd.)
Serumug/ml

DAY

TIME

46

9.30
21

SASP 14.9 13.3

SP 69.6 69.8

ASP 17.4 12.4

SPG
2.7 2.5

ASPG 4 4.7

Home-drugdiscontinuedbyhimself. SASP

2GQ.I
.D.

10

9

27.4

53

12

17

12.4

50.1

15.9

3.5 5.3

0

0.5

15Cyanosisfollowedbyhaemolysis 16SASPreducedto1GQ.I.D. 23 27

16.30

5.3

31.3

10.8

0

TOTAL SP 93.7 89.4

%Ac,

Urinemg/24hrs. SASP

SP

23 19

94 (1.6%)

1031

ASP 392.5

SPGiASPGITOTAL. ISP 97

317.4

1838 (50%)

8weeksafter,readmissionwithasevererelapse i

68.5 71.8

18 23

144 (1.8%)

44.1

25

303

190

SASPstopped-haemolysisnotimprovingenough 0

0.6

0.7

1.5

27SASPrestarted0.5GB.D.
2.5

177

35

705 (14%)



PHILLIPTAYLOR(contd.)
Serumug/ml

Urinemq/24hrs

DAY

TIME

SASP

SP

ASP

SPG

ASPG

TOTAL SP

%Ac.

SASP

SP

ASPISPG J.

ASPG

TOTAL SP

%Ac.

30 32 38

13 16.30

6.8 4.8

13.5 10.1

2.1 4.2

0.5 2.7

2.5 0.8

SASPincreasedto0.5GQ.I.D. 10 16.30 21

48'iHome-s 7515

0.9 4.1 6.3

12.8 10.5 15.3

7.4 5.5 5.1

2.1 1.6
0

SASP0.5GQ.I.D. 1.6

0.2

1.1

1.2

0 0

0.3
0

18.6 17.8 22.3 17.6 20.7

25 28 33 31 26

O.P.

?patientnottakingthedrugproperly
2.2 (0.2%) 17.8 (C.9%)

1

ll

75 43

14monthsafter,patientreadmittedv;ithanotherrelapsej
43 41

13

'35

15 15

146

39

134 (11%)

41



DSThRR ADSL).A.,. (63 years J

LAPPS1DRD PrOCTO-COLITIS - oLOv» AC-STYl T^R - (Sulphs.dialdine -

7/-) - SAbP, 1G 0 .1.1),

Serum ug/ml

Day lime SASP SP A.SP SPG ASPG Total
SP

/D ii.C •

1

4

5

8

10

3ASP

151

10

9

14

17

10

10

10

14

10

12

17
- 0.5!

15

6.2

10.9

8.3
19.7

7.3

6.0

8.6

11.6

9.5

5.2

2.7

j Q«1. u *

2.2

14.6

25.9

22.1

16.8

27.6

27.0

32.0

36.7

34.2

29.8
28.0

13.6

5.5

3.3

-1.0

0.9

1.8

2.5

4.5

1.9

1.3

2.5

2.0

6.2

0

0

0

0

0.2

0

0.2

0

0.4

0

1

0.2

0.2

0

0.9

0.4

0

1.0

0.3

1.3

4.6

4.4

4.6

1.0

26.5

29.2

24.0

18.1

29.7

30.5

37.0

39.9

40,5

36.7

35. 6

27.0

11

8

7

6

11

12

8

17

Urine :n£/24 nrs.

3
.

5

10

136

(3.4/0
142

(3.6>0
169

(4.2)0

392

634

796

260

330

312

265

189

281

121

156

145

1038

(41.9)0
1309

(52.8)0
1534

(62.8)0

37

37

30



ROBINil BANKS (39 years) - SULPKADIMLUIDE (14>)
BISTiir PROCTOCOLITIS - SLOW iiCBTYLATOR - SASP 1G Q.I.D.

Serum ug/ml

day Tli.JS Sii£>P SP ASP SPG ASPG TOTaL
SP

A Ac

0 0.1 1.9 1 0

1 09 5.2 5.6 4.1 0 0 9.7 45

17 8.5 11.8 ~ 2.2 0 7.7 21.7

3 09 13.5 3.1 6.8 0 13.1 50.9 40

17 14.8 31.1 5.5 0 13.6 5).2 38

8 09 17.6 57.3 8.2 0 12.3 77.8 26

Dose missed at 18.00

19 3.8 49.7 7.8 0 14.5 »-/ r\

31

10 09 10.7 52.9 4.7 0 12.3 70 24

17 8.5 52.6 9.4 0 7.0 69 24

11 Home - sas:2 0.5G C .I.D.

338 10 3.9 24 4.3 1 9.9 tQ 2J J • c. 36

Urine mg/24 hrs.

1 56
(1.4A)

75 71.4
'

77.4 35.1 258.9
(10.4,

41

3 105
(2.6A)

243 167 205.2 145.5 760.7
(30.7,

41

8 79
(2.0, )

403.5 288.4 347.5 114.4 1153
(46.5A

35

10 80
(2A)

475.6 228.4 347-4 . 138.4 1189.8
(48a)

31



THQiuAo PIALAY (47 years; - DISTAL PROCTO-COLITIS
SLOi. ACL'TYL/.TOR (Sulphadimidine 37/0 - Agranulocytosis
after 7 weeAs of therapy - 6A3P 1G T.I.D.

Serum ug/ml

Day Tirae 3ASP SP A ^ "P
XlOJL

O T~>H
U X U ASPG TOTAL

OP
0 Ac

4 9-33 14.7. 8 5.3 4 0 17.3 31

17.30 13.8 8.7 6.9 3 0 18,6 37

20.00 11.6 9.3. 8.3 0.7 0.4 18.7
s~

o 9.30 8.8 19.9 12.3 8.6 0.1 40.8 30

17.00 6.3 16.1 11.5 3-6 0.8 32.0 38 '

20.00 4.5 14.4 10.3 4.5 0 "j a 0
.J « a: 35

8 9.00 9.9 16.9 9.4 3.1 J 9 O £C. j e Lf
"> *>
'3 J)

51

17.00
Discharc
Re aamis.

13.3
jed
sion - I

13.5

schior

13.1

ectal

2.6

ALsce

r\

8 S

9 Q 0el y 0 tL
>1 ^
•4-v^

52 Agranulocy t osis - drug stoj ped ''.iter 6 a.m. close •

52 11.00 19.1 33-5 13.0 2.5 0 50.0 26

16.00 17.9 32.9 12.5 4.1 0 49 - 5 26

53 9.30 6.9 24.9 13.8 5.8 3 44.5 31

54 14.00 1.1 7.3 9.1 4.1 0 20.5 44

58 12.0 0 0.5 1.9 1.6 0 0 3.5 46

Urine mg/24 hrs.

4 98
(3.3A)

229 234 148 113 724
(39/0

48

6 114
(3.8;0

185 218 157 142 702
(380)

51

8 Home



JOHNCOLLIE(28years)SULPHADIMIDINE(67%)-FASTACETYLATOR-ULCERATIVECOLITIS
8monthsago,rashesandfeverwith3ASPfor5days.Drugdiscontinued,temporaryremission,reintroductionofSASPduringactivestate SASP0.5GB.D.notonsteroids DAY

TIME
11 17

SASP 3.1 4.5

Serumua/ml
SP 0.8 2.1

ASP 1.9 2.2

10-24hours-itchiness 10 17

8.7
10.3

1.8 1.6

2.6 2.7

SPG
0 0

ASPG
0 0

Total SP

2.7 4.3

%Ac 51

Urinemg/2.4hrs. SASP
1.8

(0.81%)

SP 17.3

ASP 94.6

SPG

ASPG
JL_

12.8

flushingofskin10hoursafterstartingthedrug
0.1 1.1

1 0.3

4.5 5.7

53

(

i

TOTAL SP

%Ac.

42.5167.2
82

2-3,obviousrashes,exposedarea(Phenergan)10mg.T.I.D.-improvementnotedfromday 10 17

9.4 9.4

1.9 2.7

3.8 3.5

0

0.1

0

1.5

5.7 7.8

64

52.2 (5.2%)

Rashestotallydisappeared.SASP0.5GT.I.D.
171

691(11.4%)

110 1

9.30|l4.6
2.8

2.9

0

2.3

o

•

00

I

i

1724.7 i

CO

•

CN

2.9

0

2.4

7.6|

51

122

4-2.4

137,

9.8 17.1

119.9 153.6

302.7 355.4 (38.2%)

80 83



JOHNCOLLIE(Contd.) '

\

Serumug/ml

I

Urinema/24hrs.

DAY

TIME

SASP

SP

ASP

SPG

ASPG

TOTAL

%Ac.

SASP

SP

ASP

SPG

ASPG

TOTAL

%Ac.

SP

'SP

14

SASP

0.5GQ
•I.D.

|

16

10

13.3

5.3

2.9

0

2.4

13.8

[

201

95.4

252.1

22.6

307.7

677.8

82.6

15

16.2

6

5.5

0.3

2.7

12.9

64

(10%)

.

'

(54.6%
)

22

10

15

3.6

3.8

0

3.3

10.7

66

92.9

64.3

176.1

25.7

216.9

483

81.4

(4.6%)

(39%)

23

SASP

1GT.I
•D.

27

11

37.8

3.9

4.9

0

3.4

12.2

68

(

28

SASP

1GQ.I
•D.

1

31

11

39.3

3.2

5.6

0.1

2.2

11.1

70j
| 292.4

63.4

178.8

29.9

214.3

486

80.8

1
i
1

1(7.3%) I

(19.6%
1

)



JOHNCOLLIE(Contd.)
r~ i Serumug/ml

Urinem
g/24hrs.

DAY

TIME

SASP

SP

ASP

SPG

ASPG|
TOTAL SP

%Ac.

SASP

SP

ASP

SPG

ASPG

.TOTAL SP

%Ac.

CO

CO

11

26.4

5.2

7.9

0

0.4

13.5

62

335.5
1 ,(8.4%)

64

231.4

35.7

224.2

555.3 (22.4%)
82

71

11

25.6

4.7

7

0.5

1.3

13.5

62

1

i

92

SASP

1.5GQ
•I.D.

215

10

6.2

13.3

15.6

0.5

13.0

42.4

67

399.8 (6.7%)
J

195.6

698.6

112

685

1691.2 (45.5%)
82

296

115 i

9.5

15.5

16.1

0.9

6.4

38.9

M

L .



LINDA LONNIE (19 years) - SLOW ACETYLATOR (SULPHADIMIDINE
5%) - ULCERATIVE COLITIS - RASH ON SASP 1 year ago, stopped.
SASP Reintroduced. Initial dose 0.5G B.D.

Serum ug/ml I
i
;

DAY TIME SASP SP ASP SPG ASPG TOTAL
SP

!
°//o
Ac. |

2 9. 30 13 7.8 - 3 0.2 4.0 15.0 46

9 9. 30 9.2 7.4 3.4 0.2 3.4 14.4 46

10 SASP 0 .5G T.]:.d.

11 14 16. 3 11.1 5.4 2.1 2.3 20.9 37

16 9 9.8 17.2 6.7 2 . 0 4.0 29.9 36

17 SASP 0 . 5G Q.I .b.

40 17 15.9 21.6 5.7 1.4 5.0 33.7 32

100 11 9.0 16.0 6.7 1.1 3.9 27.7 38

127 15 16. 7 24.4 8.0 2.0 9.6 40.0 44

Urine mg/24 hrs.

9 55.6
(2.8%)

94.4
(15.2%)

107. 3
(17.3%)

112.2
(18.1%)

102.5
(16.5%)

416.4
(67%)

50



MARIONNICOL-SULPHADIMIDINE(68%)-DISTALPROCTOCOLITIS-FASTACETYLATOR SASP-1GQ.I.D.
Serumug/ml

Urinemg/2
4hrs

DAY

TIME

SASP

SP

ASP

SPG

ASPG

TOTAL SP

!

%Ac.'
1

SASP

SP

ASP

SPG

ASPG

TOTAL SP

%Ac.

2

09

10

0.2

1.0

0

0

.

3

11

4.5

0.3

0.9

0

0

1 |

»

12.15

8.0

0.5

0.6

0

0

i

24.3

1.4

3.8

1.4

1.0

7.6

1

20

11.5

0.4

0.7

0

0

(0.6%)

4

12

19

1.3

1.2

0

0

2.5

i i

47.3 (1.2%)

1.9

5.8

7.9

47.3

62.9 (2.5%)

84

5

10 12

16.0 14.0

1 .9 1.9

0.8 0.9

0 0

0

1.4

2.7 3.2

55i

11

15

11.0

5.1

8.2

3.0

3.4

19.7

i

59;
110.5

159

112.2

56.5

315

642.7

66

20

32.0

8.0

11.0

1.7

3.7

24.4

60|
|(2.8%)

,

(26%)

i



MARIONNICOL(Contd.)
Serumug/ml

DAY
^ --

TIME

SASP

SP

ASP

SPG

!

ASPG

TOTAL SP

%Ac

12

10

11.0

5.2

2.7

4.0

12.4

24.3

62

12.30

13.5

5.2

4.8

6.1

12.0

28.1

59

15

15.0

8.5

4.1

0

7.3|
i

19.9

57

13

09

13.0

7.1

4.6

0.6

6.4

!

00

•

<1

59

16

i

Home

SASP]
-GB.E

>.

61

14

6.5

7.8

6.2

1.7

6.7

22.4

58

16

4.1

9.0

7.4

0.4

5.5

22.3

58

86

15

7.4

Insu

ffici
r

ent£
Sample

312

15

6.8

10.2

8.0

0.6

2.8

21.6

50

Urinemg/24hrs.
SP

143 188 7Q

ASP 99.3
138

SPC
107

37.8

84.6j64.7348.1
A3PG

331 269

TOTAL SP

%Ac.

680.3 (27.7%) 632.8 (25.5%') 576.4 (46.5%)
64 68 75



'i'. jjKGui<I_,G (36 years) _ Liulphadimidine (,75/ )
ULCERATIVE COLITIS - PAST -iCETYLATOR - SA3E 1G I.I.D.

Serum ug/ml
Day Time 3ASP SP ASP SPG ziSrG Total }'0 PiC •

SP

1 16.0.) 6.6" 4.9 5.3 3-5 0 13-7
21.30 6.7 4.9 5-4 2.0 0.3 12.6 45

4 10.00 10.6 9.5 15 • 8 1.6 2 28.9 61

o•rHCO 11.1 10.2 15.3 3.9 0.4 29.8 53
5 Home

9 10.00 11.7 13 17.2 3.2 3.7 37.1 56

44 15.00 10.5 13.9 15. 5 2. 6 4.7 36.7 55

Urine rag/2 4 hrs
1 53 32.3 190.5 46.2 5.5 274.5 71.4

(I.89O (15.0
4 104.3 132.3 535. 5 269.8 170.5 1128 63

(3-54, (60. 6j 0
J.H. (, 80 ;years) - Sulphe.dimidine ( 387)
Dial'-Ox. rnOmiVQUijll'lS .. Ill- Tii.mvo V aitoS ^ v 10o T0;. iY
oLOii /-iC.dTii-iiTOH — o.'iOi 1G T • I • ±j <

Serum ug/ml

DiiY Tliv.ji O I\oP TOTAL
SP

9 Ac

3

4

5

15.00

Nausea - I

10.00

7-9

/rug stopped

2.9

35.9

40.7

27

29

Urine mg/24 hrs.

3

5

93.2
(3.1/0

5.3
(0.2^)

1089-9
(58.69)

854
(46/)

31

33



DAVIDFERGUSON(35years),Sulphadimidine(34%),slowacetylator,LeftsidedUlcerativeColitis SASP1GT.I.D. Day
5 6

Time 10 10

SASP 12.5 8.9 13.6

SP 4.6 15.5 45.1

ASP 2.1 6.5 13.1

SPG 0.1 0.2 4.7

ASPG 0.2 0.1 9.1

Total SP 7.0
22.3 72.0

Nausea+++ DrugchangedtoEnteric'Coatedtablet Nauseapersisting Drugstoppedaftef6a.m.dose 11 10 11

8.6 1.9 1.3

46.2 38.1 15.1

14.7 10.6 7.8

3.8 2.7 0.9

9.0 8.5 3.3

73.7 59.9 27.1

%Ac 32 40

SASP

SP

61 (2%)

381

ASP

SPG

364|193
ASPG

Total SP

274i1212 |(65%)

%Ac 53

2ndcourseoftherapy,SASP0.5GB.D.



MARGARET DAVIDSON ,( 47 years)
ULCERATIVE PROCTOCOLITIS. - FAST ACETYLATOR -

SULPHADIMIDINE (62%) - SASP 1G B.D. for 1 year

Serum ug/ml

DAY TIME SASP SP ASP SPG ASPG TOTAL
SP

% Ac.

On ad

2

10

rnissio
14

stero

12

16

20

10

20

n - befo
9.6

ids 40 mc

8.1

12.4

8.9

9.3

6.9

:e sterc
8.8

jm predr

10.4

9.9

10.8

10.8

10.6

>ids (d
8.7

lisolon

8.2

6.7

7.3

9.9

10.9

rednis
0

s/day

1.2

0.5

0.2

0

0.6

olone)
3. 3

1

- .

on 3arm
i

2.2

5.3

3.6

3.1

2.1

20.8

ssion

22

22.4

21.9

23.8

24.2

57

i
|

|
!

50 {
I

i

i
49

Urine mg/24 hrs.

10 56
(2.8%)

176 49 3 181 441 1291
(83%)

72

1



WlLLIAi.. OOCHlc,AL (1'7 years,)
0J.-i.rt0A 10 OLw^TlAn U0LIT I0 — oLG <1 aOn'Xifi :TOR
SaoP -Tg J?. Im. for_2 years

•

Serum ug/ml

UiiY TlilHi SASP SP ASP
r

SP1 A3P1 TOTAL
SP

t

% Ac

On
Admie,sion 4.2 11.2 -0.7 1.1 4 17.0 28

SASP 11 Q. I.B. (Plain)

5 12 12.1 30.8 4.7 7.5 3.8 46.8 18

21 11.4 35.9 4-4 9 5.7 5 s✓ ✓ 18

10 SjtiSP 11 Q • X • JJ • ( iiuiteric cos ted )

"15 9 2.6 29.4 5.5 3.2 2 40.1 18.7
12 4.8 33.6 5.0 fi ^*T • J 3.9 46.8 19

21 4-7 35.1 3.6 8.8 8 55 20.9

Urine mg/24 hrs

5 191
(4»8/.)

474.8 646.8 603.2 241. 5 1968
(79;)

45

15 3.6
(5.1/-)

469*2 540.5 592.7 608.2 2210.6
(89.I5)

51



MARYBUCHANAN(27years)-SULPHADIMIDINE(63%)-PANCOLITIS-FASTACETYLATOR SASP1GT.I.D.for2months
Serumug/ml

Urinemg/24hrs.

DAY

TIME

SASP

SP

ASP

SPG

ASPG

TOTAL SP

%Ac.

SASP

SP

ASP

SPG

ASPG

TOTALSP
%Ac.

On
1GQ 65 70

idmiss. .I.D. 9.30 9.30

ion
20.5 36 25.2

8.5 11.6 14.5

9.1 12.3 16.6

0.2 4.2 1.2

0.5 3.6 2.9

18.3 31.7
i
j35.2

52 50 55

295.2 (7.4%)
i i

183.0

456.9

• 197.3

543.1
_

1380.3 (55.6%)
72



jUiil'i 'wALL-tiC-iii (46 years) - Sulphadimidine (2 5%)
SDGmAAlxil GuLITIG (CAOHA'O) JLO, /.CATIL'.TCH, SASP 3G/duy

Serum uy/ml. Tote1-
Da.y Tine SaSP SP aSP SPG ASPG SP % Ac.

5 12.30 9.8 29.9 4.8 3-5 0.5 38.7 14
21. 00 0 c

. w 24.1 4.7 3.0 31.8
7 9.3O 6.9 24.4 4.7 0.1 2.3 31.5

42 • JO 4.8 • 23.5 4-5 2.4 0.1 30.5 15

20.00 4.2 22.9 2.8 0.2 5.3 31.2
11 12.00 13.5 24.4 7.5 0 0.8 32.7 15

20.00 9.3 24.7 3.6 1.1 1.0 30.4
22 10.00 7.4 33.1 4.3 0 5.4 42.8

14.00 7.0 31.2 5.5 3.6 0.4 40.7 14
20.00 6.7 35.2 7.3 0 3.6 46.1

145 14.30 7.4 40 4.3 0.8 3.5 48. 6 16

410 1J. 00 9.5 39.7 4.2 1.0 1.2 46.1 12

Urine my/24 b.rs

5 98

13.2%)
391 202 68 • 77 756

(41%)
37

7 74

(2.5%)
377 605 469 55 1506

(81%)
44

11 112

(5•6%)
410 254 424 241 1329

(71%)

37

22 94

(3.1%)

433 209 446 606 1694

(91%)
48



KOSS fccLELLAN (24 years) SLOvv ACHTYLATGR
CRGHb1S DISEASE, (both small and large intestine)
SASP - 6G/Day and steroids

Serum ug/ml

Day Time oAoi? SP ASP SPG ASPG W ITH TX W JL CX JLJ

SP
A J.~\ c

4 12 6. 6 25.1 4.9 0.2 1.8 32.0 21

*7 10 6.2 41.1 9.2 0.5 1.2 52.0 20

21 5.4 42.2 10.4 0.1 0.8 53.5 21

14 17 8.2 47.3 13.4 0.6 1.5 62.8 24

1 Cyanosis' followed by haemolysis, Heinz bodies present
SASP stopped, SASP restarted after 8 days, 0.5G B.D.

D

A
4 S

**7 21

200 16

2.6 '7.5

SASP 0. oG »1.13 •

4.6

0.4

14.9

17.1

12 months clinical follow uo - in remission

^ • 3

A ?
T • J

2.5

0.2

0.3

0.3

0.8

1.0

1.3

10.8

20.7

21.2

28

r~.

d'o

18

Urine, mg/24 hrs._
* 7 106

( 18A)
615 385.6 640.2 363 2003.8

(53.9A)
37

** 7 37
(1.9A)

210 139.4 196.8 131.2 677.4
(55A)

40

* 7th day of initial SASP therapy
** 7th day during 2nd course of therapy



ItiARY iviCCOruvRLL (23 years) - SLOrt ACETYLATOR
(SULPHADIluIDINE 1250 CROHN'S DISEASE wITH PROTEIN
LOOSING EETEASPATHY
SASP - periodically; 1969 until January, 1971
when Haemolysis'with. 4G, drug stopped
SASP - reintroduced September, 1971, 0.5G Q.I.D.
no steroid

Serum ug;/mi

Day Time SASP SP ASP SPG ASPG Total
SP

/«y ii C •

1 16.3d 3.6 9.6 5.7 0.9 3.2 19 • 4 45

5 16.30 A O
Ej- • C~ 5.9 3.8 0 0.8 10.5 44

43 16.3d 3c 5 7.2 4.2 0.5 0.9 12.8 40

Urine rag/24 hrs.

1 57.6
(2.8/

40
)

62.8 62 100.4 2 65.2
(2150

61

5 55.2
(2.7/

42.5
)

58.9 67.3 110.2 278.9
(22.5;

1

60
0

6 months clinical follow up - no evidence of haemolysis,
clinical state - 'no change1



AG,IBS DELL (28 years; 3107, ACETYLATOR
(ou15;-j CROHN'S DlbEaoE wIPROTEIN
LG03IAG AHTEiicoPATtiY - EASP 2G/day from 196b until
January, 1970 uose increased to 3G/day January, 1970.
February 1970, hameolysis, drug stopped. Reintro¬
duced September, 1971 SA3P 0.5G Q.I.D. no steroid

Serum ug/ml

Day FIkE SASP 3P A3P ol-G ASPG TOTAL
SP

b Ac.

1 16.30 4.8 5.4 4 0 0.5 9.9

5 10. 4.8 17-7 7.4 0 1.4 26.5

16. 30 4.3 19.7 6.2 0 1.5 27.4 28

13 14.30
■

3.9 22.4 3.9 0 0.7 27

21.30 3.7 16.7 3.0 0.1 1.9 oi n
' 23

urine nig/24 hrs »

1 rO
A

•

C\J
rj-
*

co
^

87.3 161.8 83.2 75 407. 3
(33b)

58

5 86.9
(4.3b)

158.4 272.6 120.3 227.0 786.3
(63b)

63

13 57.4
(2.9b)

192 267.4 162.2 254.5 876.1
(71b)

60

12 months clinical follow up - no evidence of haemolysis

clinical state - Mild Activity



MAUREEN CLARK (23 years) - CROHN'S DISEASE
ILEOTRANSVERSE ANASTOMOSIS (INTESTINO-VESICAL FISTULA)
SASP - 1G Q.I.D.

■

1
Serum ug/ml

DAY TIME SASP
l

TOTAL SP % Ac.

6 months* 10 5.7 45.2 15

+ 7 21 4.3 54.5 10

Ileotransverse
SASP restarted

anastomosi
from 25.8.

s on 10.8.71
71, 0. 5G Q. I. D.

2 9. 30 2.3 16.8 20

15 2.2 20. 7 20

15 11. 30 5.7 18.2 22

22 11.30 7.0 19. 7 19

218 16.30 5.0 22. 3 20

Urine mg/24 hrs.

6 months*

after

operation

9 5

(0.2%)
980. 3
(39.5%)

22 !

2/day 8.5
(0.4%)

410. 5
(33%)

28

22/day 10.4
(0.5%)

439. 5
(35%)

40



.iVi» feurG y 4--L years ) — rjLOu aGUTx 1.-APcic (oULl-llAJL-..IDIMP! — 15.8'. )
CltOI'i»■■ ' 8 PiOUAoA RIGOT HLi.:ICOLLCTuraY (1966)
SASP, 1G Q.I.l. for 6 days then 1G J.I.D. and. Steroid

Serum ug/ml
Lay Time I SA3P SP ACSP SPG AC SPG Total

SP
) A o.

1 9 3 3.2 1.3 0.6 0.8 5.9

17 5.7 3.7 1.4 0.6 0 5.7
20 2.4 3.4 1.1 0.0 0.2 4.7

3 9 7.3 6.2- 1.0 0.0 0.3 7.5 17

17 4.0 5.3 1.3 0.4 0.2 7.2

5 9 6.3 5.6 1.0 0.1 0.0 6.8

17 2.0 5.1 3.4 0.0 0.6 9.1 20

20 2.0 4.1 2.3 0.0 0.2 6.6

7 Q
. J 5.6 9.4 1.7 0.2 0 ~J "J ->_LJ-. J 15

20 2.4 12.9 0.9 0.1 2 15.9
10 9 12.1 12.8 2.1 0.1 0 "15.0 14

17 4.2 12.8 2.5 0.0 0.3 15.2

20 3.9 12.1 2.0 0.0 0 14.6 17

56 15 3.0 . 17.4 6.7 1.1 0 25.2

Urine mg/24 1IPS
1 9.8

(0.2)0
66.5 138.8 2D. 8 23.6 257 • 7

( 1' "> *' A^ XJ . 4/t>;

3 34.4

(1.9/0
75.1 45.1 76.8 71.1 268.1

(10.8)i)
43

5 14.0

(0.4/0

59.0 32.7 63.4 59 214.1

(8.6)0
42.8

7 3.3

(o.i'/O

187.3 29.3 L15.3 178.4 510.3

(27.4)0
41

10 6.5

(0.2)0
140.6 100.3 79.4 80.7 401

(21.6)0
45



GNUItGs FIShDR (,42 yearsj - SLO.t -LCApYAADi.lt - sd (26'/)
GitiGm 1 S aXoi'-jAGi!) ^ itlG-iD It.n;.,i<J01i.^)CPeL. Y ~ SaG±^ 4G/Gc'.y,
NO SDaRGID

Serum ug/ml
Day lime SAsP sP ASP SPG ASPG Dotal 0 AC.

S3P

1 10 17 0.6 0.3 A H.0 » W 0.4 2.3

10 10 15.9 16.3 0.6 '"N
V 3.5 22.6 20

63 16 9.6 16.9 2.9 0.2 1.7 21.7 21

Urine mg/24 hrs.

1
.1, 163. 6 143 11 3.5 2.6 157.3

(450 (60)
10 223.4 534 140 0

J1-1 133 845 32

(5-500 (345- J

1

J. CluiICICsaANK (33 years)
OitOHl-i' S DIGjij oA (, o • J. • "i" 4X* -Lt_) y -i _J-G i * X"_-lj •_
ILjTu'jja '/£jlis-lj :.A«SDOi.njJlS ■•■ 0 .a.-. . .:G7nAon OuDQS'DOAiY

Serum ug/ml Urine <n /' 2 4 hra.

day jl .La.A sasp DODAI
SP

SiiSr DOPAL
SP

6 months 16.00 9.4 12.2 78.7
(2.bp)

903.1
(48.50)



ALISONDUDLEY(21years)-ULCERATIVECOLITIS-SLOWACETYLATOR-SASP4.5G/day forabout1yearthen4G/day
Serumug/ml

DAY

TIME
Aug.

71

4G/day
15

SASP 10.9

SP 24.3

ASP

12.11.71(onadmission)
SPG

ASPG

Admissionwithrelapse 12 15.11.71 15

22.6 23.0

[L6 16

3.2 5.0

0.8 0.1

1.4

TOTAL SP

36.7

11.11.71Subtotalcolectomy
i

0

4.2

20.0 15.3

%Ac

I

28

SASP
220.5 (4.9%)

36

SASPrestarted10daysafteroperation0.5GQ.I.D.
it

.0

10

2.2

2.3

5.5

;(o.5W

Urinemg/24hrs: SP

377

ASP
417

SPG
328

ASPG 326

3.7

17.1

11.5

5.1

TOTAL SP

%Ac.

1448 (58%) 37.4
13%)_



ALISONDUDLEY(Contd.)
Serurr
iug/m
1

1"

Urinemg/24hrs.

DAY

TIME

SASP

SP

ASP

SPG

ASPG

TOTAL. SP

%Ac.

SASP
i 1

SP

ASP
.

SPG

1

ASPG

TOTAL SP

%Ac.

15

SASP

1GQ.]
:.d.

!

*

21

12

21.6

1.3

1.1

0

2.7

5.1

1

t

60

15

13.8

1.2

1.9

0.3

1,0

4.4

i235.2I

7.7

35.5

18.7

18

80

66

192

15.30

15.4

1.4

4

1.1

0.4

0.6

3.5

(5.8%) 1208.4
'{ |j(5.2%)

8.2

1 ! i i

30.4

20.1

25.6

(3.2%) 84.3 (3.4%)

66



CAROL STEEL (24 years)

LEFTSIDED PROCTO-COLITIS - FAST ACETYLATOR

SASP, 3.G T.I.D. for 6 months (from January, 1971)

.

Serum ug/ml

Day Time SASP SP ASP SPG ASPG Total

SP

% Ac

July 0 .P. 15 8.5 6.5 19. 7 3.7 3.2 33.1 69

Aug O .P. 15 8.6 6.0 21.6 2.0 1.1 30.7 73

Sept 0 .P. 16 6.6 8.4 23.0 2.7 8.0 42.1 74

Oct 0 .P. 15 9.4 11.3 12.9 0. 4 9.5 34.1 65

Nov O . P. 14 30. 5 8.9 8.3 0 6.2 2 3.4 1 62 ...

Feb. 1972 - admitted for continued symptoms -

surgery
elective

On Admission* 29.2 10. 1 7 5 0. 3
1

1.4 | 19.3
1
I

E

Proctocolectomy with Ileostomy

SASP resc. car ted 2 weeks after operation 1G T.I .D.

5 11 6.6 0.9 0.9 0. 3 0.4 2.5 | 52
35 11 7.6 0.9 1.5 0. 3 0 2.7 56

Urine mg/24 hrs.

On admission* 108.2 68.6 402.8 190.4 376. 1 1037.9 75

(3.5%) (55.8%:

5
After

Ileos¬

158.4

(5.2%)

2 11. 7 5.6 10.9 30.2

(1.6%)

75

35 tomy 108.9 5 12.2 14.9 21.4 53. 5 63

!3.6%) (2.8%)



i.;illiaivi aartir (50 years) - slow acltylator
llptsidld ulgrrativl colitis - sasp 1 G t.i.d.

Serum ug/ml

la■ft-X 1' iiVi-C. OJiOJr sp ast' sp( iPG TOTAL
SP

3b

39

9.30

10

62.9

42.5

21

27-2

2.3

1.6

1.6

1.4

24.9

30.2

13th September, 1971 - Subtotal Colectomy with Ileostomy
SASP 1G T.I.a. Prom 30th September, 1971

7 9.30 14.8 1.7 0.7 0 0.2 2.6

17 10 • 6 2.2 1.5 0 0 3.7

10 10 35.5 4.6 0.7 0 0 5.3

17 24.9 5-3 1. 3 0,2 0 6,7

6
mth

14
s o.P.

2.5 2.4 0.1 0.1 0.1 2.7

11
mth

14
s o.P.

2.9 2.9 1.1 0.4 C\l•O 4.6

,

Urine mg/24 hrs.

38 234.5
(5.8/0

410.2 332.4 242.1 276.2 1260.9
(50.6 )

7 175.8
(5.9/0

49.1 34. 6 0.4 0.2 84.3
(4.5#)

10 261.8
(8.7 yo)

31.9 21.8 24.6 33.7 112
(6;)

11
mths

172.4
(5.8a)

12.9 19.0 35.6 36.2 103.7
(5.6h)



G. KIDB (45 years) - ULCBRATIVB PROCTOCOLITIS -
SUBTOTAL COLrCTOmY v.ITH ILBCSToiviY - 2 weeics efter
ileostomy - SASP 1G T.I.B.

Serum ug/ml

"t"\ * ~\ r

UJr.l -L SASP r * t\

or ASP Si- G
'.

iiDi VJ TOTAL
SP

Ac

1 14 2.4 0.5 0.2 0.2 2.1 3.0

6 - L4 3.5 1.5 1.2 0.2 0.8 3.7 54

10 14 8.7 1.5 2.0 0.3 0.5 4.3 53

63 15 0.1\ 7.6 0.2 0.3 0 0.7 1.2

17? 14.30
* ir «

15.4 1.2 1.6 0.1 0 2.9 55

Urine rag/24 Lrs

1 25
(0.8/0

6.2 11.3 1.5 4.8 23.8
(1.3/0

67.6

6 38
(1.3/0

7.2 37.8 CO•(—1 8.8 67.7
(3.6,0

69

10 55
(1.8/0

11.5 23.9 15.1 19-4 69.9
(3 • 7,0

62



GEORGE kCBEAR (47 years) - ULCERATIVE PROCTOCOLITIS
SUBTOTAL COLECTOMY wITH ILEOSTOMY - 2 weeks after
ileostomy - 3ASP 1 G T.I.L.

Serum ug/ml

DAL TILE 3ASP 3P ASP sPG ASPG TOTAL
3P

c/c- Ac.

1 16 1.5 0.3 0.9 1.2 0.2 2.6

5 16 2.8 1.3 _ 1.2 0.2 0.7 3»4 41

10 16 3 0.8 0.7 1.1 0. 8 3.4 44

36 lb 0.3A14.5 1.7 0.7 0.1 0 2.5 25

55 16.30
O.i

27.5
•

1.5 0.5 0.2 0 2.2 23

197
i

16 O.P.16.6 1.6 0.3 0 0 1.9 16 |I

^
Urine mg/24 hrs.

1

1 28
(0.9a)

2.3 9.1 10.2 4.7 26.3
(1.4; )

52

5 72
(2.3;-)

19.4 20 7.5 6.6 53-5
(2,9/ )

49.7

10 41
(1.4A)

11.2 9.5 9.9 8.9 39.5
(2.1,)

46



OniiiJuJiitO I'iOixjHLjp A cL yOQ-3L*»5 ) —* OrlOlli* * o JjI
ILEOSTOMY" for 11 years - 3A5P, 1G fj,LD>

Serum ug/ml

Day ' P -i rn &
jl. xi.lv 3ASP SP A Q p

-slk^x PP,o X Lf
A OT.r*
i-iUl v.T

rnr\rn a t t -i
lOir.D vj.i

1 14 • 00 0.3 0.5 1 0 • 4 0 1.9
3 10.00 4 0.1 1.0 0.2 0 1.3

18.00 1.3 0.5 0.2 0.1 0 0.8

86 15.00 3.6 0.8 0.9 0.2 0.1 2.0

240 10.30 4.2 0.8 1.1 0.1 0.1 2.1

Urine mg/24 Are

3 6.1

(0.2,,)
0.5 0.4 0.1 0.6 1.6

(0«1? -■)
tib 48

(1. 6yo)

0.2 1.3 0.2 0.6 2 1-^.3 |
(0.1;. ) ;

2AO 50

(1.74-)
0.3 6.1 0.6 2.8 9»0 ;

(0.6; ) f
. J



M. Mcintosh (17 years)

CROHN' S DISEASE - ILEOSTOMY - SASP 1G T . I.D.

f / 1Serum ug/ml Urine mg/24 hours

'

i

DAY TIME SASP TOTAL SP SASP TOTAL SP

f
1 4 p.m. 2.3 2.2 13 13.8

1
8 p.m. 2.6 3.0 (0.4%)

1- 3
j

12 noon 1.6 2.7 7 18.7

I

I 5 p.m. 1.6 2.6 (0.2%) (1.0%)

i
9 p.m. 2.3 2.6

5 9 a.m. 2.1 2.1 13 33.0

1
1

3 p.m. 1.0 2.1 (0.4%) (1.8%)
1

9 p.m. 2.3 2.0

10 3 p.m. 0.8 2.0 Q
S 42.1

8 p.m. 1.0 2.2 (0.3%) (2.3%)



EDWARDCARR(50years)-TOTALPROCTOCOLITIS,CHRONICPANCREAS®S,FASTACETYLATOR SASP1GQ.I.D.from23/3/71andalsoonPancrex10GQ.I.D. DAY 4.5.71 19.5.71 3.6.71 29.7.71 12.8.71 9.9.71 7.3.72 29.3.72

TIME 11 10 14 (O.P.) 14.30 (O.P.) 14.30 (O.P.) 14.30 (O.P.)

Serumug/ml SASP 13.3 9.6 6.8 3.2 2.2 11.2 14.0

TOTALSP 11.4 13.7 14 19.1 17.3 25.9 20.9

%AC 58 65 65 64.4 69.9 70 66.5

Urinemg/24hours
SASP 31 (0.8%)

TOTALSP 291.7 (12%)

PancolectomywithIleostomy-SASPrestartedfrom24.3.721GQ.I.D.f3 09

15.8

2.4

66.6

28 (0.9%)

39.9
(2%)



EDWARDCARR(Contd.)
Serumug/ml

Urinemg/24hours

DAY

TIME

SASP

TOTALSP

%AC

SASP

TOTALSP

%AC

5.4.72 7.4.72 27.4.72

12
NoPancr

09 14.30

14.2
exfor2day 14.2 10.5

5.9

s

6.1 5.8

66.5 72 74

t

101 (3.3%)

39.4 (2%)

89



J-H.(80years)-SULPHADIMIDINE(38%)-DISTALPROCTOCOLITIS-withTRANSVERSECOLOSTOMYSLOWACETYLATOR SASP1GT.I.D.
Serumug/ml

Urine

mg/24hours

DAY

TIME

SASP

TOTALSP

%AC

SASP

TOTALSP

%AC

3

15

7.9

35.9

27

93.2

1089.9

31

i

(3.1%)

(58.6%)

4

Nausea-
drugstoppe

■d

5

10

2.9

40.7

29

5.3

854

33

!

(0.2%)

(46%)



APPENDIX 3

OUTPATIENT STUDY

Ulcerative Colitis - 64 patients

Crohn's Disease - 29 patients



Ulcerative Colitis

Name

ARNOLD, H.

BAYNE, R.

BERNARD, C.

BELL, J•

BOYLE, M.

BRIGGS, M.

BRODIE, G.

BROWN, I.

BURNS, T

CALDER, R.

CAMERON, I.

CAMPBELL, W.

CARR, E.

CARR, R.

COOPER, E.

CRAUNSTON, C.

CROCK, V.

CUNNINGHAM, R.

Date

4.11.71

15. 7.71

28. 1.71

12. 8~. 71

30. 9.71

22. 7.71

22. 7.71

9. 9.71

19. 8.71

25. 2.71

26. 8.71

10. 8.72

18. 3.71

22. 7.71

29. 7.71

26. 8.71

7.10.71

3. 6.71

29. 7.71

9. 9.71

29. 7.71

28.10.71

9. 9.71

14.10.71

3. 6.71

27.5 .71

! 29. 7.71

SASP

uq/ml
Serum

5.6

3.3

15. 3

17.7

20.2

9.2

8.6

9

30

4.4

21.9

12.6

10.7

4.7

12.2

29. 5

15.4

3.2

2.2

14

18.7

9.8

16

57.7

7.9

3.2

5.8

TOTAL SP

uq/ml
Serum

47. 3

18.5

63.6

46.9

28.2

25.1

36. 4

31.6

23.7

21.6

21.1

70.4

29.6

30.6

37 . 3

54. 3

38.8

19. I

17. 3

20.9

27.7

29.7

90

91

28. 5

18.7

22.5

% Ac

41

32

23.5

28. 3

28.7

2 4

21

68

71.7

43

55

2 6

38

23

29

38

34. 7

64.4

69.9

66. 5

29.6

35

16

15.7

18

21

65



Ulcerative Colitis (corrtd.)

SASP TOTAL SP

uq/ml uq/ml
Name Date Serum Serum % Ac

DALZEIL, H. * 22. 7.71 5 9.1 33

DOWD, J. 30. 9.71 18.6 51.2 9.

DUDLEY/ AL. 12. 8.71 24.3 36.7 28

ENWIN, J. 13. 1.71 6.3 48.8 40

FLET, M. 8. 7.71 3.1 29.9 54

ERASER, D. 5. 8.71 19.7 58.6 78

GIBSON, A. 25. 2.71 46.8 10.6 78

5. 8.71 60 16.3 71

GOULD, J. 8. 7.71 10.8 10.7 10

GRANT, A. 30. 3.72 1.7 24.8 41.5

GRANT, C. 9. 9.71 35 33.8 25.4

GRANT, J. 3. 6. 71 6.1 10.1 26

HALDANE, J. 26. 8.71 34.3 23.8 42

HOGG, C. 25. 2.71 8.9 17 34

26. 8.72 7.7 6.3 42

HOPKINSON, J. 4. 3.71 18.9 18.3 27

2. 9.71 ■ 7.0 33.5 25

KNONLES, C. 16.12.71 4 17.9 24.6

LEWIS, A. 29. 7.71 5.4 28.1 31

LOCKE, M. 16. 9.71 15.8 42.3 41

16. 3.72 18.3 63.5 30.6

6. 4.72 12.2 42.5 40

LUNDIE, J. 13. 5.71 7.7 22.6 52

MCKAY, R. 16. 9.71 7 32.4 19

MCDONALD, D. 13. 5.71 7 20.5 38.5

MCGLIP, M. 5. 8.71 10.4 53.9 25

MCINNES, E. 13. 5.71 4.7 28.9 41



Ulcerative Colitis (contd.)

Name

MARSHALL, J.

METACALFE, E.

MILLS, R.

MONK, R.

NICOL, R.

NISBET, A.

ORR, A.

ORR, I.

OVENSTONE, A.

PEARCE, P.

RING, S.

RITCHIE, A.

RUSSELL, R.

SIMPSON,J.

SMITH, B.

SMITH, J.

STEELE, C.

STEVENSON, M.

Date

26. 8.71

13. 4.72

10. 8.72

8. 7.71

30. 3-72

9. 3.72

8. 7.71

1. 5.71

1. 9.71

25. 3.71

20. 5.71

16. 9.71

3. 6.71

2. 9.71

3. 6.71

7.10.71

4. 3.71

3. 6.71

7.10.71

20. 5.71

4. 3.71

3. 6.71

15. 7.71

12. 8.71

11. 3.71

9. 9.71

SASP

uq/ml
Serum

33. 3

30

8

2.8

2.6

4.9

2.4

25.2

34.6

55.8

8.9

13. 5

15. 4

25

11.4

"7.5

0. 3

4.9

9.1

5.7

8.5

8.6

0.7

5.7

TOTAL SP

uq/ml
Serum

52.6

O -"7 r-»
J / • O

20.0

13.8

29. 3

18.7

46.8

19.9

32. 3

7.7

18.5

25.8

22.9

31.2

28.9

23.5

29.6

14.9

8.5

12

43.1

24.4

33

30. 7

6.9

29.4

% Ac

19. 5

20

30

26.8

31.7

34

18.4

69

61.6

67

55

53

64

56.7

25.6

27

32

32

37

44

47

15.6

69

73

51

55



Ulcerative Colitis (contd.)

Name Date

SASP

uq/ml
Serum

TOTAL SP
uq/ml
Serum % Ac

TALBOT, W. 30. 9.71 19.5 30.8 54.5

TAYLOR, R. 6. 3.72 8.2 47.2 17

• 20. 3.72 3.1 48.1 21

THROWER, C. 5. 4.71 0.7 7.7 13

WALKER, A. 25. 2771 6.9 28.5 28

26. 8.71 2.3 31.5 27.6

WALKER, D. 3. 6.71 2.4 24.6 10.6

WATSON, A. 11. 4.72 10 15.6 20.5

WILKS, H, 20. 5.71 4.4 20 2.3

16. 9.71 5.1 18.2 18.6



Crohn's Disease

Name

BANKS, J.

BRIGHTMAN, D.

BUCHAN, S.

CAIRNS, D.

CORNER, R.

CRAIG, M.

DEWAR, I.

DICK, W.

DROZDCWSKI, A.

ELLIOT, G.

GALBRAITH, J.

GILHOOLEY, M.

GUTHRIE, E.

HOGG, D.

KAYE, R.

KNOWLES, C.

MCKERRACHER, S.

MCLEOD, J.

MARSHALL, A.

MILLAR, D.

Date

15. 7.71

22. 6.72

14.10.71

25. 2,71

26. 8.71

29. 7.71

26. 8.71

18.11.71

30. 9.71

18. 1.72

20. 1.72

28. 1.71

7.10.71

19. 8.71

13. 5.71

30. 9.71

29. 7.71

9. 9.71

13. 5.71

9.9 .71

22. 7.71

16.12.71

25. 2.71

26. 8.71

2. 9.71

3. 6.71

9.10.71

SASP

uq/ml
Serum

12.7

8.8

2.3

3.7

7.6

0

8.3

0

6.7

7

5.3

0.4

1.8

3

4.1

2.7

4.2

3.4

0.2

4.6

5.2

4.2

4.4

35.2

2.1

3.1

TOTAL SP

uq/ml
Serum

33

35.5

30. 5

25.6

22.6

9.7

13.4

43.5

94.5

64.1

67. 3

23

24.7

35.4

41.9

10.1

25.3

17.2

32.8

16.9

29.6

8.4

13.9

29.5

12. 3

17. 3

% Ac

9.4

23

27

35

21.5

34

46. 4

44

39.6

29

23

19.8

26

37.6

32

42

59

16

45

53

29. 5

15.5

29.8

44

50

19.5

17



Crohn's Disease (contd.)

Name Date

SASP

uq/ml
Serum

TOTAL SP
uq/ml
Serum % Ac

MONCUR, M. 8. 7.71 3.7 13.1 77

MORRISON, A. 26. 8.71 13.3 18.1 79.5

PHILP, J. 8. 7.81 2.5 29.8 24.5

REID, W. 25. 3.71 8.9 32.2 42

REYNOLDS, C.

ROSS, D.

20. 5.71
5. 8.71
26. 8.71

24.6
22.4
4.1

39. 3
20.3
15

26.7
39
31

• 30. 9.71 3.5 13.6 23.5

SHARP, A. 4. 3.71 3.3 30 72

2. 3.72 36.7 14.5 62.1

SHEPHERD, J 30. 9.71 2 24.7 34.8

WILLS, E. 11. 3.71 5.9 35.9 55
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values (X^ = 3.84 significant at 5/S)

1. Sex vs. Aceiylator Phcnotypas, i.e. slow and rapid

a) for patients with Ulcerative Colitis

a 2.63 N.S.

b) for patients with Crohn1s Disease

X? = 2.16 N.S.1

c) for total nuribar of patients

a 5,51 Significant at 2.5/0

2. Side offoots vs. slow and rapid acotylators

=2.83 N.S.

3. Age (<^60 or <160 years) vs. Side effects

^ 1.82 N.S.
4. Serum total sulphapyridins concentration

( /'SO or^.20 ug/ml) vs. remission or active disease

X^ = 41.50 Significant at 0.1/*

M.S. «* not significant


