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ABSTRACT 

1. A short history of the antibacterial salphAn-liccniide derivatives 

relates their development from Prontosil to the present day. Recent 

a.dvances in the understanding of the absorption, distribution and. excretion 

of sulphonamides are discussed. l'revious work on their metabolism by 

acetylation, oxidation and conjugation with sulphate and glucuronate is 

reviewed, introducing the work described herein. 

2. The glucurorride of sulphadimethorine formed in man has been 

isolated from urine by the use of ion-exchange resins, purified by 

chromatography, and. family characterised as the S-benzylthiouronium salt. 

On hydrolysis with ,-glucuronidase the glucurorride yields eulphadimethoxine 

and glucurontc acid; with acid or al1al4  it yields glucuronic acid and 

the hydrolysis products of sulphAm methorine-milphanilamide, ealphAnlJ1  c 

acid and barbituric acid. 

3. Comparison of the isolated glucuronide with synthetic sulphadi.-

methoxine Nituglucuroxide shows the two compounds to be dissimilar. The 

biosynthetic glucuronide is identical with a glum/made formed from sodium 

sulpItrial  methomine and methyl aoetobromoglucuronate• 

Z. 	The identity of the latter compound. i.s sham to be sulitiadiniethoxine 

l'il..glucurorrlde by infrared spectroscopy. Ultraviolet spectroscopy is 

shown to have no application in the resolution of the structure. 

5. SulphEulimethoxine exhibits extensive species differemses in 

metabolism. Whereas in man and the rhesus monkey tale Ni-glucurordde 

forms the major urinary metabolite, this is only a mi.nor component in 



the urine from the dog, rat and guinea-pig. The dog excretes principally 

the unchanged compound. The rat and guinea-pig excrete the Ilk-acetyl 

derivative; the rabbit excretes almost exclusively this conjugate. 

Sulphadimethoxine 0-gluouronide is the major metabolite in rat bile. 

6. Pretreatment of rats with phenobarbitone extensively alters 

the excretion of sulphadimethoxine and its derivatives. Following 

administration of salphadimIcxine the renal excretion of all metabolites 

increases but in the bile only the excretion of the il.glucuroulde 

increases. Following administration of salphadimethoxine 1-glucuronide 

excretion in the urine and bile decreases. In the light of in vitro 

results the suggestion is made that phenobaxbitone activates systems for 

salphadimethoxixe NI-gIucuronide transport.  

7. The metabolism of structural analogues of salphadimethoxine 

(2-methoxy-. 4mmethoxy-. 5-methoxy-s  2,5-dimethoxy and. 4.5-4imethoxy.6-

salphanilamidopyrimidine) in the monkey, rat and rabbit (some also in man) 

shows that none of the five compounds is extensively conjugated. with 

glnouronic acid in the NI-position. In general the sulphonamides are 

highly acetylated. by the rabbit and less so by the'rat, monkey and man. 

Those sulphonamides contaimirg,  a 2-methoxy substituent are less acetylated 

than those lacking one. 2.5-Dimethoxy-6-sulphanilamidoPFrimidine is 

scarcely acetylated in any species but lemethoxi- and 415.dimethoxy..6- 

sulphanilamidopyrimidine are highly acetylated. 	The latter compound is 

only slowly excreted by man; this effect is not observed in the other 

species. 



8. Colorimetric radiometric and chromatographic methods indicate 

that liver slices, but not liver suspensions, conjugate sulphadimethoxine, 

although at a slow rate. This is taXen to indicate a requirement for 

organised cellular elements.' 

9. Kinetic studies on the action of /3.-glucUronidase on sulphadiw 

methoxine i
1
-gAucuronide show that the substrate has only slight affinity • 

for the enzyme. 

10. The foregoing results are discussed and hypotheses proposed for 

the specificity of il.eucuronide formation, structural effects in in Ato. 

aoetylation and. the long action of some sulphonamides. 
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PRBEACE  

Sulphonamides are the drug of choice in the treatment of meningoco&-

cal meningitis and. their use is to.he preferred in infections of the 

respiratory and urinary tracts. Antibiotics, although potent, are better 

reserved. for other acute infections to avoid both premature induction of 

bacterial resistance and exposure of the patient to side-effects often 

associated with these compounds. 

Many new sulphonamides have been introduced in the last 10 years. 

Although their toxicological and clinical evaluation bee been adequate, 

their ultimate metabolic fate has often remained. obicure. The literature 

abounds with references to unspecified water-loluble conjugates. The 

work described in this thesis is an attempt to elucidate the metabolic 

routes taken by suiphadimethoxine and some of its close 'structural analogues. 
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Of shoes -. and ships 

Of oabbage 

and sea.lingworax 

come', the Walrus said 

'To talk of many things: 

And th the sea is boiling hot 

And whether pigs have wings.' 

(Lewis Carroll) 
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HISTORY OF SULPHONAMIDES  

EhrlichIs work on acridines and. other antibacterial dyestuffs 

(Ehrlich and. Hata, 1910; Ehrlich and. Benda, 1913) indicated the 

potentialities of chenotherapy and ultimately led to the testing of the 

dye Prontosil. This azoso.lph.anilamide had outstanding antibacterial 
in 4.312.9- 

properties in experimental animals (Domaek. 4935) but lacked. any activit* 

Trefouel, Trefouel Nitti and. Bovet (1935) suggested that the acct link 

was reduced..0 An liberating sulphan3..1arniLle, which they bad. found. to 

be active both in An and. in vitro. In confirmation Puller (1937) 

Void sulphanilamide in the urine of patients treated with Prontosil. 

Many darivatives of sulphanilnumide have since been synthesised. in 

the course of improving the original drug. It was soon found that 

substitution of the free amino group led. to reduction or abolition of the 

antibacterial activity of sulpharrilamide. All important derivatives of 

sulphanilamide have involved substitution of the amide group. 

The marked. activity of N heterocyclic mulphanthorldes against both 

gram-positive and. gram-negative organisms combined with the ease of 

administration and low toxicity compared with the ps.rent compound 

established them as chemotherapeutic agents. There quickly followed 

suiphapyridine (M and. B 693) (Beim and. Phillips, 1938; Whitby, 1938), 

sulphathiazole end its derivatives (Fosbinder and Walter, 4939; Bergheim, 

Coy and. Lott, 194.0; Hartmann, 191+0; Meier and. Lawson 1941). These 

were superseded for most purposes by aulphadiazine and. its derivatives 
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(Roblin, Williams, Winnek and English, 1940; Roblin, Winnek and. English 

1942). The favourable properties of malpharilamide.pyriraidinPs, including 

high activity and. low toxicity gave impetus to the synthesis of many 

related compoimaa, incluOing sulphamerazine and sulphamethazine (Roblin, 

viinnek. and kngliak. 1942; schmidt, Sealer and Hughea, 1944; Schmidt, 

Hughes, Badger and Schmidt, 1944). 

The theory of Woods (194.0) and Fi.Ides (1940) on the mode of action, 

combined with the studies of Bell and Roblin 0942, 1943 on the most 

efficient heterooyclio sibstituents of sulphanilamide focussed attention 

on the eulphadiazines in general as the most useful sulphoz3amides. 

Northey (1948) stated with foresight that "further developments in the 

field of sulphonamide therapy would be confined to the •synthesis of 

compounds which were better tolerated. and had improved absorption, 

distribution and excretion characteristics". 

Compounds with extended duration of action were found in the series 

of 60 described. by Van Dyke, Tupikova, Chow and. Walker (1945). The most 

promising compound, 406.dimethoxy-2-sulphanilEamidopyrimidine, was also 

discovered. indepandftntly by Gage, Martin, Ross, Spinks and Tuey (1941), 

However, when submitted to clinical trial it was found to be poorly 

absorbed from the intestine and. to exhibit toxic effects due to the low 

solubility of the drug and its principal metabolites (Bevan and luxton, 

1947)* 



The following ten years showed a marked decline in interest in 

sulphosAmidesit  due to the success of penicillin and other antibiotics. 

Revival began when it became clear that antibiotics had certain 

disadvantages, manifest as both primary toxicity and. secondary effects. 

Induced. bacterial resistance also proved to be a major problem. 

At this time'research was directed. into the investigation of sulphonaraide 

combinations. The theoretical advantages were first pointed out by 

Lehr (1945); two, three or more conloonents would each dissolve in urine 

regardless of the presence of the others, reducing toxicity due to the 

insolubility of the sulphonamide and. its metabolite. However, in 

practice this was oonnterbalanced by the multiplication of other toxic 

reactione. 

The con.tinued use of sulphonamide has been due largely to the 

development of long-acting compounds*  with their associated simple dosage 

regime. The first of these* and subsequently the most 'widely used, 

were sulphamethoxypyridazine (Glark.d. al. 1958; Ilichols, Jones and. 

Finland, 1956) and au.lpha.dimethoxine (Bretschneicier and. Kleetzer, 1954; 

semenits„ 1954; Schnitzer*  De Lorenzo* Gzunberg and Ru.ssomanno*  190). 

They have since been followed. by many others. 

"Throughout this work 'sulphonamide' indicates the antibacterial 
su.lphanilamide derivatives. It does not include those compounds 
whose principal pharmacological effect is diuresis or hypoglycaemia. 



The most recent development has been the discovery of an.extra... 

1phorapting stl2phorA70dpi . sulphorthodimptho*ines  This has a halfo.life 

in rah of 100,2W. hx. (1asans: 1963, 196h).• 

444liquE;h the newest sulphonaymi.dea include dome that are ;hi ly 

aotfi'Mp safe and eaaY'tn *dPin Tka4:net4cal .opinion  (timonYwue, 196i.) holds. 

that .their prinoireliXses to-ray are for meninevoogoal. m0P5Metiss for 

which they are the drug of cho*ce, and some Arinerys  intestinal and 

respiratory tract, Ialfegtions. 
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a13SORPTlON. DIS` RIStTTIONANDEXCRETION' OF SULPHONAMIDES 

Absorption 

Absorption of sulphonamcdea after an oral dose has been followed 

in man and experimental animals by measurement of blood levels, almost 

since the inception of sulphonamide therapy. Since most sulphonamides 

are well absorbed when given by the oral route, many investigations of 

this ki.z4 have been performed. After reviewing the results reached with 

several modern sulphonamides, Bagdon (1960 concludes that comparisons 

of blood concentrations of various sulphcnamides require a detailed 

consideration of the dose employed, the species and. the specimens 

assayed. Extrapolating these data to other species may be of limited 

value. 

Simple diffusion has been demonstrated to be the ands of absorption 

of sulphommi  des from the perfkised rat intestine, the rate for each 

compound being related to the lipid solubility (Nogami, Hanano and. 

Yamada., 1963; Koizumi, Arita and Eakemi, 1961.4, 1960). 

Distribution and. ttssatt 	 

Sulphon,amides vary in their distribution 'within the body quite 

markedly, see Table 1.1. Volumes of distribution are lees than the 

theoretical 6Z, indicating that they are localised in some part of the 
is 

body water. This)usually the p3a.eme. with sulphonamides due to protein 
b4 rum ags 
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TABLE 1.1  

Volume of distribution of four sulphonamides 

after a single intravenous dose of 25 mg./kg. Date. from 

IdtchfieJ(i960). 

Sulphonamide 	1 Volume of distribution  

Sulpbsoi.azine 	 46 

Sulphanstboxypyridazine 

Sulphisorazole 

Sulphadimethoxine 	 20 

Many allphonamidea are bound. !awe or less reversibly to plasma protein, 

erythrocytes and. other tissues. This has a Profound effect  on the 

behaviour of this class of compounds. 

Plasma protein binding reduces the amount of ailphonamide diffb.sible 

into the tissues (Davis, 1943). Thus less sulph.onamide is able to reach 

the site of infection. 

Tissue binding, although comentrating sulphonamide in certain organs, 

say reduce the concentration available to fight a bacteria.' infection. 

Protein bound sulphonamide has been shown not to be antibacterially active 



• beet. 

(Anton, 1960), suspected. since Davie '(4942. 1943) found that protein 

interfered. with the determination of ,a Atm activities. However. 

Madsen. Orthus and. Boe (1963) found that the antibacterial potency of 

serum of patients corresponded closely to the concentration of free 

sulphonamide regardless of the degree of protein binding. 

Plasma protein binding may reduce the amount of sulPhoramiSe 

reaching the metabolising enzyme sites (Newbould and Kilpatrick, 1960). 

It certainly reduces the amount of sulphonamide filterable at the renal 

glomeruli. 

1311707)g to prote 	other  

action of a compound by acting as a 

Tripod, 1961) 

 	administration of sulphonamides to premature infants is 

contra...indicated due 	 the risk of kernicteras. a fora of jaundice 

causing brain damage. The sulphorminirie competes successAaly for binding 

sites on plasma protein, liberating free bilirubin (Odell. 1959); it is 

not possible for the bilirubin to be rendered. less toxic by conjugation 

-clue to the lack of glucuronyl transferase in the prematurely born. 

Davie (194.3) found. that sulphonamides were bound to plasma albumin but 

not globulin. 

Other examples of competition for plasma protein binang aitea have 

prolong the duration of 

*eft  Neipp. Sacknenn and. 

von' by  Anton (1.941)'• The mai= of sulphonamides ja *in and 

vitr  was potentiated. by compounds such as aulphinpyrazone; not all 
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compounds with a high affinity for protein displaced sulphonamides, 

denionStrating that binding is to' specific sites. An exaMple'of' the 

latter 'is Sunamin, which binds so tightly to proteins that it nausea 

denatu.ration (Town, Wills, Wilson and Worms'', 1950). 

Investigators of the physical chemistr, of protein -binding have 

in general assumed. a reversible interaction of the enzyme...substrate 

type. gosever, Kawereu (1960 'has shown that part of the pla.sna bound 

tracsiiiin of suiphaiiimetIimr4np is held very tightly*  being reSiStant tO 

ezheanoti.ve d alys3s. He believes that in Ate the giulPhonamt de inej 

not be released until &gradation of the protein inolecule occurs. 

onatreOesi are known 	be excreted in bi,1.e in add Eion to urine, 

some in high oorcentration; sulphadireathozine (Fust, Board, Schnitzer* 

Rieder. and Strullex‘ .1960; Preziosi, Isoecalzo, Eli= and kiele, 1959) 

and.  aulphaphervisole (Neipp, Radowetz, $acicrinn  ani Tripod*  1958a,'195811 

Preziesi et ja. 1959). Other sulphonamides were excreted. to an extent 

of less than 17a of the dose. Netpp et al. (1961) found; that meter an 

intravenous dime of 100 mg./kg. 6.3F sulphashloropyridazine* 3.3 of 

1phapherazole, 2.I% of sulphamethowypyridazine and 1 	of sulphisomidine 

were excreted, in the bile in 24. hr. These differences are relevant' to 

the use of 'sulphonamides in biliary tract infections and. to 

possible enterohepatic recirculation, which would. have the effect of 

prolonging thAin *oration of action. However, Pz•eziosi, LOSCIaZO, 
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Marmo and Hi 	(1963) fouml thsl  nterohepa.t to 

significant factor in the long action at al1phadimethosine. 

Secretion of organic ions into the urine can be attribxted to one 

of two systems, the organic base mechanism (Peters, 1960) and. the organic 

acid (hippurate) mechanism (Sperber, 1959). Many sulphonamides have been 

shown to be secreted by the tubules (Despopoulos and. Callikham, 1962); the 

=challis's was shown to be related to the renal hippurate transport system. 

Sulphonamides with a plc*  greater than 8.4. were not transported, those with 

a pKa  less than 

and tubular secretion, sulphon. 

tubules by paesive dution, the 

of the sulphonamide (Koisurai, 



IIETABOLISH OF SEJLPHOIWUDIM 

let-Acetilat on 

in col la 	ores& lc amines sulphozuumides 	etylated 

at the amino group in riu• Ihisi was first detected soon after the' 

inception of therapy With siulPhaniule end iti successors (Marshall, 

Gutting end BM02130119  1937; 	ehall and Litchfield.*  1939). The reaotion 

sost Maronaliazi species 'brawling man, bait excluding the dog and 

fox!, Salphimerazine was reported to be aaetylated at the position in 

Bartley. 19/41). Marshal (1954.) was' unable to 

detect any a*etyl derivatives on feeding dogs with either sulphsinfistiside 

sulphanerasinS• Bridges and Mhams (1963a) were unable to find any 

etyl 	nilainitile  in the urine of the dog or fox by separation of 

tb. metabolites chromatographically. Dog liver extrant contains a non.dialy-

s leinhibitorof rik.acetylation of eulphanilamide (Liebman and. Anaclerio, 

1961, 1962). 

Sulphonamides produce a number of toxic effects (see Goodman and 

ontron  1955) of which the principal and. characteristic one is renal 

damage due to deposition of crystals of the sulphonamide and its li'-acetyl 

derivative. Interest in the metabolism of, sulphonamidee by =et lotion 

stem from the decreased. solubility of the metabolite in zany cases 

potentiating the danger, of j  renal toxicity (Table 1.2). As sulphonamide 

drugs and. their 144 acetyl derivatives are mach more soluble at higher pH, 

reduction of side-effects involves ensuring the excretion of a large volume 

of alkaline urine. A. high urinary pH assists the excretion of lilLacetyl 

the dog (Krebs. Sykes 



compounds by enbAyring their passive difilision from the blood. pl asnet to 

the renal tubules (Braun. Adlung and. Ealorneys  1960. 

TABLE 1.2  

Compar3.so 	solubilities of .certai sulphormmides and. their 

Et..anetyl derivatives with the occurrence .of kidney blockage 

end their 1050. 	Data from Williams(1959*  pp. 510, 511) 

SUlpho 	Solubility 
mg./100 ml. water) 

1D50 for mice 
(g./kg.) 

Kidney 
blockage 

Sulphanilamide 	4500 3.8 
Acetylsalplurni  1 ird  de 1  i 	530 

Sul hadiazine 	 13 1.8 	1.6 
Aoetylsulphadiazine 	20 

0.6: 

Stx3.phamerazine 	 37 3. 	i• 

Acetyl tlphameraz ine 79 0.7 
suiphRoPthamine 
Acet loulphamethazine 

7, 

115 

,9 	0. 

Sulphapyrazine 5 
• • 	+++ 

Acetylsulp'aapyrazine 5 
Sul phathiazole 98 

44+ 
AoetylsuIphathialole I 
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In a series of papers (Nelson, 1960, 961; Nelson and. 0' Ail ly#  

1961) it was shown that the acetylation and excretion of sulpha.thiazole 

and other sulphonamides could be desoribed as two competing first order 

reactions, one for the acetylation and. the other for the excretion of the 

maphonamids. It was suggested that the expression obtained could be 

used. to calculate safe dose levels for sulphonamado dzuga. However, 

recently introduced compounds are more soluble and. Tn4 wintered. at lower 

dose levels, rendering the expression of more theoretical interest. 

bite (1958) had found no sigtdficant variation in the proportion of 

acet lated sulpbasliaAine excreted by the rabbit in the dose range 0.05 

1.2 g. 

The decreased solubility and imreasedtoxicity of many rit--acetyl 

sulphonamides compared. with the parent dra,g led. some 'workers to attempt 

to decrease the level of acetylation 	by additions to the diet. 

The effect of acetate is not clear, some finding acetylation iroreased 

(e. g, JAMS, 1940) and. others decreamed. (e.g, Martin and. Rennebaum, 191,3). 
otv.4 nlastAkova. 

Sodium pyrophosphate (Nash-03v) 1960), barbituric acid. (Getrullo, 1958) 

end vittindn D (Panagopoulos, 1959) have all been reported to reduce 

acetylation. 

Recently Anton and. Boyle (19614 have shown in Atm the reduction 

of acetylation of sulphonamides in the presence of serum proteins and. 

its reversal by sulphinpyrazone and. suramin. 



Acetylation is the major mode of met antituberculous 

drag isoniezid (Hughes, Sarnia and. Mehl, 1954.).  Evans, Man-ley, and. 

'el sick (1960) suggested there was a genetically controlled, variation 

in the level of the acetylating system in man. Rapid. inactivators , were 

thought to possess the dominant gene, Frymoyer (1962) and. Frymoir 

and 4Tactox (1963a) have put forward the hypothesis that the acetyiation 

of both isoniazid an). sulphom  !mine in rabbits is under the control of 

ingle dominant Mendelian characteristic in which fast,acetyl atiort 

dominant to slow. In man (Evans, 1963) the acetylation or Jaws 04s4  

and. sul.phadimilli.ne  is under the conttel of the same alleles, In a 

limited study of six subjects peters, Gordon and. Brown (1965) found that 

the acetylation of sulphamethazine closely parallels that of isoniazid 

bat that the ..acetylation of aulphanilEuride didnot. ?he suggestion that 

there is a Autdamental difference in the mechanism should. be  treated. with 

extreme reservation 	e the results may reflect differences in the rate 

of absorption of the oral dose. 

A sulphadiazine acetylase was found in hi 	 e 

concentrations in liver preparations from rap 	acetylating rabbits, 

but not in those from rabbits which slowly acetylated sulphadiazine 

vitro (Frymoyer and. Jaoox, 1963b) 

The large discrepancies in the rate constants of aoetylation of 

sulPhemPthylthiadiazole between subjects from the United. States and 

Japan were probably due to ethnic differences in the distribution of 

fast and. slow acetylatora (Naito and Nelson, 1963). However, the 



possibility of this distribution ofsubjeets by chance vas not excluded. 

In common with other drug metabolising enzymes acetylation., of 

arozatic amines 'including 'sulphonamides takes place largely in the liver 

(e.g*  Klein and Harris, 193E3). Van V14n1=7e and. Cutting (1940) demonstrated. 

that the cat spleen also contains arylamtne acetylati  rig  activity. 

Acetylation has also been demonstrated in the blood. — the, activity of rat 

reticulocytes was 40 » 60 times greater than retifinb3m-fres cells 
h 

(rgattis and Pfefferk*„ 1960). Bridges and '011ie.= (19634 found. 

that Die*• acetylation of salphonamides 3.n the rabbit, coypu and. chicken 

occurs riainly in the liver with little, if any, in other tissues. 

Little work has been performed on the acetylating activity of cell 

fractions. Bridges (1963) found acetylating enzyme in the *mitochondria 

and supernatant fractions. In this respect arylamine asetylase differs 

from most other drug metabolising enzyme systems, vhich are localised. in 

the microsomes. 

At least two amine a.cetylases have been postulated to account for 

the ability of the dog to acetylate glucosamine and. hista.mine Tabor and 

Mosettig, 1949) but not sulphonarldes Marshall, '19510. &myrtle acetyl 

ation of amines runs parallel to the electronic charge' of ,  tba Amino 

nitrogen, provided that the con pound is not protonated under the 

experimental conditions (Persult and. Pullman, 1963). Some sulphonamide 

ales are given in Table 1.3. 
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TABLE 1.3  

Ary'amines 	3. acceptors. Data from Perault 

sol Palls= (1963) 

elative rate of 

aoetyla.tiort 

otronic charge a  Rree vulenci 

of N atom 	of N atom 

(i) 

1.851 1,023 

S!,1101P11 4044,1,  0,1 1.00 1.80 1.010 

Pul,Phat4azole 0.30 1.841 1.011 

Su4bOiesine 0.20 1.836 1.012 

Other atteipte bad been made to correlate the basicity en amine 

-with its degree of asetylation in via (e.g. Zehender. 194.3). Smith and. 

(1948a) found that those sulphonamid.es with a picx  between 6 and. 
• 

9 were the most zi 1 aoetylated (Table 1.4.). 
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za  

Relationship betweenbetwee the dissociation constant and extent 

of acetylation k v of 	 ain 2-substituted anilines 

(Smith ani William, 1948a) 

Compound. 

Sulphanilia acid 3.24. 

2-Aminobenzoic so d 4.68 

Sulphapyrezine 6.04. 

Sulphadiazine 6.48 

Sulphamerazine 7.06 
sulpha:WI  smOle  7.12 

Sulphamethezine 7.37 
Sulphapyridine 8.43 

Sulphanilamide t 0.1 

Itcoreted as acetyl 

Enzymes p orming the hydrolytic removal of acetyl groups from 

amines are widely distributed. in aro me species. Deacetylation in the 

dog has been observed. with acetanilide (Brodie and. Axelrod. 948) and. 

the Nk-acetyl derivatives of sulphanilamitle sull)hapyridine. sulphathiazole 



and sulphadiazine (Shaffer and 13 e e 	950). Men and the rabbit are far 

less efficient deaestylators of acetanilids (Brodie and Axelrod, 1948; 

Smith and Williams, 1948b). Deacetylases appear to be native in birds, 

e.g. the pigeon (Efimochkina, 1951), chick (Shaffer and Bieter, 1950) 

and hen (Bridges and. Williams, 1963a). Bray, James, Thorpe and Waadell 

(1950) have distinep4shed acetyl glycine deacetylase and. aoetoarilide 

deacetylase. The former appears specific for acetylated aminoacids, the 

latter deacetylates aromatic compounds. The enzymes were found. in both 

the liver and. kidney, the relative amounts depfmaing on the species. Dog 

liver was lave efficient deacetylating a.rosatio acetamido compounds whereas 

rabbit liver was more active with aliphatic compawrids. Bridges and 

Ydillisme (1963a) found asetylaulphaniUmide deaoetylating activity in the 

kidney, strong in the hen and weak in the rabbit, but not in the liver. 

Nisso-Smith (1%0) investigated. the aromatic N-deacetylase of chick 

kidney mitochondria. It has a wide specificity. Bridges (1963) showed 

deacetyletion of various substrates to be independent of the pI of the 

amine. The solubilioation and. isolation of a highly active aoetanilids 

hydrolysing enzyme from rabbit liver microsomes has been claimed (Hollunger 

aced Miklasson, 1961). 

The extent of excretion of acetylated amines has been suggested to be 

the resultant of acetylating'and deaoetylating activit (Krebs et A.. 1947). 
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-Acetylation 

Acetylation of the sulphonamide nitrogen of sulphanilamide was 

reported. by Boyer, Saviard and Dechauvassine(1956). It has not been 

observed with lir .subatiWed sulphorse es. The correlation of electronic 

charge on the nitrogen atoolvdth aoetylation (Penult and Pullmans  1963) 

indicates that malphanilamide (charge 1.736) should be scarcely ecetylated 

at the Nliopoaition and N .heterocyclic substituted sulphonamides even 

lees so. 

Study of the eataboliam of. sulphanilamide in experimental animal! 

(Bridges and Williams, 1963a) confined that 131.-acetylsulphanilamide 

(sulOhacetamide) vas a minor metabolite. The dog excreted about 9s of 

the dose in this fors, tbe rabbit 	and also 4r) of N1, 16diaoetyl.

sulphanilamide; the guinea-pig excreted 9 and W'i; respectively. 111.11Ills  

111..teetylatiOn occurred in the liver of the rabbit and coypu but not the 

hen. 

Weak N -deacetylating activity was detected. in many hen tissues, 

e.g. livers kidneys  hearts  brain. The intestinal bacteria Bscherichia  

9s24, Lactobaqillus aekdoehilus and Streetopogirims faecalia deacetylated 

Aiecetylsulphisoxamole the rate increasing with p11 in the range 4m9 

(Uno and Kono, 1961), 

AwSulphonation 

Aromatic sulphamatess  analogous to sulphate esters, have been 

detected as metabolites of a, number of aromatic amines in mans  rats  

rabbit and, dog. psdlaphth lamina and aniline derivatives (Boyland, 



Manson and Orr, 1957) are the best examples of this class of conjugate. 

Sulphonamide IA-aulphonates have been reported for Emelphisozazole (lino 

and Kono, 1960), aulphathiazole (Uno and Ueda, 1960), sulphamethyl-

thiadiazole (Uno and Okazaki, 1960), sulphadiazine (Uno, Tasuda and. 

Sekine, 1963) and sulphasomizole (Bri.dgea and, Williams, 19650. Since 

they are only minor metabolites and unstable, none of the sulphonamide 

Ilk-sulphonates ban yet been isolated; identification has been lased on 

chromatography and. comparison with synthetic compounds. 

Sulphamate formation has been demonstrated in manznalien liver and 

sheep intestinal nucosa preparations using oe-  end fscaphthylamines as 

substrates (Roy, 1958, 1960; Kent and, Pasternak, 1958). A particular 

enzyme, arylamine sulphokinase, hae been suggested to catalyse the 

reaction, although steroids appear to inhibit the reaction by 'partial 

competition* (Roy, 1961) or purely competitively (Roy, 196). 

Formation 	Nii-oluctu.rztrd.des  

The possible occurrence of carbohydrate N-conjugates was first 

recorded by Sohoorl (1900) who observed that urea and glucose occurred 

in equiroolecular proportions in the blood (0.006!). A modification of 

the theory stated that l-oreido-glucuronic acid was the transport ft= 

(Neuberg and Neimann, 1905).  

An N.sulphonate or 14-gluouronide was postulated as the water-soluble 

conjugate found. in the urine after administering azobenzene to rats and 

which yielded benzidine on acidification (Bison and. Warren, 1944). 

McChesney (194.7) isolated a labile gluouronio acid containing metabolite 
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of 3 5"-dibromosulphanilP  lilde vihicth has subsequently been suggested 

to be an Nk.glucuronide (Williams. 1959. p.506). 

Smith and William 09494 proposed that ,  the increased glucuromic 

acid output on feeding aniline was due to the conjugate 1. 

A . similar conjugate was also suggested for phene idine. Labile 

gluouroxsides were suggested for being responsible for the increased 

output of emouronio acid on feeding benaonitrile and 2,-toluonitrile 

(Bray, Bybs and Thorpe, 1951). ltllack and Sadee (1954) four4 

chromatographic evidence for the excretion in normal urine of aspartic 

and. glutamia acids as N-encuronides. 

The first N-glucuronide isolated was that formed from 4$4!-diamino-

diphenylsulphone (Bashby and Woiwod, 1955,  1956). Apart from its 

characterisation by chromatography and ionophoresiss  some evidence vas 

ftund for the occurrence of the metabolite in blood. 

The N-glucuronide derived from fi-naphthylamine was reported by 

Boyland, and Yanaon (1955) and isolated from the urine of rabbits 

(Boyland. Maneon and Orri 1957). Infrared evidence indicated that the 

structure of the conjugate was that of an aryl gluouronylamine and not 

a Schiff's base. The N-glucopyranoside structure (probably /3) of 

aniline frglueuronide was confirmed by synthesis of methyl aniline- 
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(2,3,4Ard-Cwacetyl.D-glucopyrano yl)urona e by two routes (Is date* 

Takitani and Eishi, 1959). 

Table 105 collects the available data on the excretion, of h-glucuron. 
ides of , sulphonamides. The values obtained vary greatly between different 

workers; this is entirely consistent with the non-enzyado nature of their 

formation (see, below). Probably all sulphonamides give rise to acme 

bilk-gluouronide; in many oases It has not been searched VT. 

It is known that substitution of the free amino group of sulphonamides 

greatly reduces their bacteriostatic activity. This has been confirmed 

with sulphonami-  N.glucuronides (Ogiya and Suzuki 1961). 

The enzymic synthesis of 14-gluouronides has been a subJect of debate. 

Axelrod and his associates claimed to have detected the formation of 

aniline glucuronide by guinea-pig microsomes (Axelrod, Insooe and Tomkine, 

1957, 1958; Arias, 1961), The evidence for this was indirect and the 

method of estimation inadequate (fora critical discussion see Bridges, 

1963), The use of more suitable substrates has failed.to confirm these 

results, e.g. 2-chloroaniline (Bridges and Williams, 1962) and sulpha-

pyridine (Ogiya, Banhimoto, Eataoka and Uonden, 1963). 

It has long been known that h‘gluourovides can be formed by direot 

reaction of an aromatic amine and a glucuronic acid derivative 

(Thierfelder, 1889). Takitani (1959) showed that an aqueous solution of 

equimolaramounts of amine and glucuronic acid approached an equilibrium 

position. Solutions of the N-glucuronides mutarotated, reaching the 

same equilibrium mixture. In general, the N-gluturonideo were stable 

above pH 7. 



Sulphonamide Species 

0.1 
7-43 

Nan 

Mans rat, 

rabbit, dog0.1••1.3   
Rat (blood) 

Rabbit 

References 
of the 

dose 

'Rabbit 

Rabbit, dog, etc. 

Rabbit 

Man 

Rabbit 

Han 

2 

2 

3 

4. 
5 
6 

7 
8 
2 

5-10 

1-5 

9-20 

0.8 

35-41 
0.3 

Sulphanilamide 

Sulphathfazoie 

Sulphapyridine 

Sulpbamethylthiadiazole 

Sulphisorazols 

1phamotizole 

32. 

TABLE 1.5 

Excretionvof 1phoaamideUk.gluouro des 

References: 

1. Bridges and Wil1iana (1963a). 5. Um and Okazaki (1960). 

2. Ogiya (1960). 6. ,Uno and gono (1960). 

3. Uno and Ueda (1962) 7. Bridges and, Williams (1961) 

4.. ogiya (1959). 8, Bridges and ViilLimos (1962) 
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The spontaneous formation of a number of N glucuronides, including 

sulphanilamide appeared to have an optimum pH approximately one pH unit 

above the p1Cm of the mine (Bridges and Williams, 1962). No appreciable 

synthesis occurred with glucuronolactone. Below pH 7 synthesis readily 

took place, but below pH 2-3 the glucuronides also hydrolysed rapidly. 

Summarising*  the evidence for the non-enzymic formation of 

Lt-glucuronides  is sufficient to account for the appearance of these 

conjugates as metabolites. The evidence for their enzymic synthesis is 

extremely tenuous. 

Since ne.glucuronides rapidly reach equilibrium under hydrolytic 

conditions, the action of enzymes such as p -glucuronidase is difficult 

to detect. No evidence for the enzymic hydrolysis has been found with 

aniline glucuronide (Axelrod et al., 1958) and sulphanilamide A-gluouronide 

(Bridges anatillials, 1962). 

Formation of other N-mlucuronides  

Recently Uno and his co-workers have /Isolated glucuronide metabolites 

of certain sulphonamides in which the glucuronic acid residue is not 

attached to the Avosition, but which on hydrolysis yield onl the 

original sulphonamide and glucuronic acid. These workers have concluded 

that they are glucuronides of the sulphonamide group or its tautomers. 

Nan was reported to form a minor metabolite of sulphathiazole 

containing glucuronic acid (Uno and Ueda*  1960), amounting to 3.8Y.,  of 

the dose (Uno and Ueda, 1962). On the basis of its infra-red spectrum 

(Uno, Machias, Hang, and Ueda, 1963) and by comparison of its ultra-violet 
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spectrum with the spectra of analogous compounds it was ascribed the 

structure of en ii-glucuronide (II). Sulphathiazole N .glucuroni de 

was not found to be a metabolite of sulphathiezole in the rabbit, nor 

was it found in rabbit liver perfusates (Uno end Ueda, 19630. 

II 

Sulphisorazole WEif3 reported. to forma gluourvnide in 111911 (Uno and. Kono, 

1960) which proved to be dissimilar to synthetic sulphisoxazole 

glucurorride (Uno and Yono, 1962). On this basis the compound was 

thought to be suIphisoxazole 29-glucuronide (III). 

III  

02H 

The only evidence for this structure is from the ultra-violet spectrum, 

and should be treated with reservation especially since the same group 

of workers report that the close analogue of sulphisoxazole, sulphisomezole, 
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forms an 

Hy4roxylation 

There are many references in the literature to the excretion of 

oxidation products of sulphonanides, but in very few cases have they 

been isolated and characterised. Evidence for their formation often 

depends on the measurement of increases in the excretion of glucuronic 

acid and ethereal sulphate. This is unreliable since there are daily 

variations of these quantities in animals maintained on a regular diet, 

and even if 'equilibration' is ensured, stress caused by administration 

of the compound may upset this equilibrium. Aleo the compound may induce 

the excretion of other gIucuronides or sulphates. With the use of 

sulphonamide drugs which are more easily extractable into organic solvents, 

the method of determining the non.extractable part of as excreted dose 

has come into being. There are many water-soluble metabolites which 

will be classed as oxidation products by those unfamiliar with the 

complexities of sulphonamide matabolism (see Table 1.4). 

5.-Hydroxysulphanilaml4e is found as a metabolite of sulphanilamide 

in both the rabbit and man,  as the sulphate conjugate (Shelswell and 

williAms, 1940; Williams, 1946 1947),  

Sulphapyridine is extensively oxidised and conjugated with glucuronic 

acid in the dog (2Q of the excreted dose). Both the aglycone 

hydroxysulphapyridine) and the conjugate have been isolated (Weber, 

Kalish, and Major, 1943; Saudi, 1944; Saudi and Childress, 1956). 

ucuronide. (Ueda and Kuriba ashi, 1964). 
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Administration of aulphaMazine to the rabbit was reported to 

increase the excretion of glucuronio acid (Bray, Lake and Thorpe, 1951), 

However*  Uno, Yasuda and Sekine (1963) failed to detect any► glucurordd.ea 

chromatographically in human urine. 

Other sulphonamides thought to be hydroxyla.ted include sulpha-

win:maim (Saudi and. Silber, 1944.), eulphapyrazine (Bray at a1.*  1951), 

eulphasomizole (Bridges and. Williams, 1963), sulphametb.omidine (DiCarlo, 

Malament and Phillips, 1963), sulphaditaethoxine (Koechlin, Kern and. 

Engelberg, 1959) and sulphamethoxypyrazine (Bertalozzi, Chien. and 

Cioeri, 1962). 

Sidth and Viilliams (1947) studied the oxidation and ace ylation of 

sulpb.onamides in the rabbit, With some sulphonamides, e.g. sulpha-

merazine and sulphathiazole oxidation occurred in the free drug but 

not the soetylated form, whereas with sulphapyridine both forme were 

oxidised. Although the product vas not isolated, it was concluded 

that oxidation occurred in the pyritztdine ring of sulphamethazine. 

Examples of the data obtained with the newer sulphonamides are 

shown in Table 1.6. 
The nest interesting of the new commands appeared to be sulpha.. 

dimethoxine, a widely used. efficient and. safe long.acting sulphonamide. 

Koechlin et al. (1959) reported that it was excreted by man to the 

extent of & as a glucuronids. The glucuronide vas not isolated in 

a pure state but it was shown not to be a conjugate of sulphadimethoxine 

hydroxylated in the benzene ring. 
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The large proportion of gluouronide mad it likely that a unique 

type of metabolite was formed. Having found the nature of this 

setaboliteive investigated the structural specificity of sulphonamides 

for this pathway by observing the metabolic fate of related methoxy.6. 

sulphanilamidopyrimidines. This work is reported in the following 

chapters. 

_4414_1„4 ••••mgmag 

Urinary metabolites of some newer sulphonamides in man. 

Data expressed as proportion of the excreted dose (Walter, 1963). 

sulphonamide Atoetyla 

, 	......_ 	_ 

ed. () 'Free' (ii.) 
'oxidation 

 
product' (54 

... 

Sulphediazine 2030 60.70 10 

SulphadimethylexatOle 4.5.q03 30.4.0 20 

Sulphaphenizole 15.30 - , 10. . • 	10. 

Sulphamethoxydiazine . 20..30 400,50 :.30 

Sulphamethoxypyridezins :.350,60 15.30. -14.20 

Zulphadimethoxiaa. 8.12 10..25 80.85 

Sulphamethyldiazins 30.40 3040 . 	25 1 
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CHAPTER 2 

THE SMUG ' OF 2 	 t UGUB.ONIDE OF SULtellADI TIWXILI FORKED IN MAN 



metb.oxy.‘sulphanilaridopyrimidine; 

Ittadribon) was syntb.esised by Bretschneider ck Eloetzer (1955) and its 

antibacterial properties reported by Semenitz (1954) and Sobnitzer. 

DeLorenzo & Gflutherg (1959). It has the advantage that its major 

metabolite in man is a relatively water-soluble gluourovide whereas 

many other sulphonamides tend to form relatively insoluble acetyl 

derivatives which could produce renal damage. Previous attempts to 

isolate and characterize this glucuro 	have been made (e. g. Koechlin, 

Kern 	 lberg, 1959) but only a crude product was obtained which 

contained. sulphonamide and glucuronic acid in equimolecular amounts. 

This produch was not hydrolysed. by Aglucuronidase but with acid it gave 

Igaterials and 9kutheslai of ;reference compounds  

Su 1phadiniethoxine m.p. 200.201°, was donated by Roche Products Ltd., 

We,..Iwyn Garden City, Herts., Ls.methoxy-6-sulphanilturidopyrimidixte 

m.p. 201.2030  was donated by Imperial Chemical Induatries (Pharmaceutical 

Division), Ailderley Park, Cheshire, and N‘acetylaulphanily1 chloride 

m,,,p. 14.9° by Iliay and Baker Ltd., Dagenham, Lssex., 4.,64.1hydroxypyrigd.dine 

m.p. 230°, was purchased from Ifcch-Lielt Ltd., Colebrook, Bucks. 

Synthesis of salnhadimethoxlne Hi.olucuronide. The method of Okunura 

(1962) vas modified. Sodium salphadimethoxine (6.0 g.) and acetobromo► 

gluourovic acid methyl ester (7.7 g.; m.p. 06.109°;  BolIeaack, Long, 

Benjamin and lAnIquist, 1955) were dissolved in a mixture of water (12 ml.) 



and acetone (50 ml.) and, the solution kept at 37°  for t. hr. The dark 

red solution.was kept at 0°  overnight and then treated with isopropanol 

(25 Na.) followed by water (200 ml.) whereby the triacetyl methyl ester 

of zulphadimethoxine-Nt.glucuronide was precipitikd and then filtered 

and. dried at the pump to give a buff coloured. powder (6.5 g. m. p. 

110.1200. The crude ester in acetone (5 ml.) Vi a a passed. through a 

.column (2.5 x 25 cm.) of activated. alumina (type 11 100.200 mesh. 

P. Spence Ltd.., Widnes, Lancs.) and eluted with acetone (300 ml.). 

The first fraction (100 ml.) was collected and evaporated to dryness. 

The product vas recrystallized from isopropanol to give white platelets 

of the pure methyl {1-111 .t.2"«1.".11.methoxyeyrimidin.6 el)sulphanii.  • , 

arai}  do=2: 3 s irtri-0-acetyl.1.deoxlrlucokid] urottates  nt.p. 15404550, 
ro 20+ 87° (es 	1 in methanol) (Found: O. 47.4.; H, 5.2; 	8.6; 

0251134013S requires a, 47.9; li. 4.8; 	8.9a. 
The above ester (1,84 g.) in methanol (50 mi. was treated, with 

0.51.barium methoxide 'in methanol (5 mi.). After keePing for 3 der, 

at 0 # 2N.11.2SO4  (1.25 ml.) and. water (25 ml.) were added. The BaSO4  

ibich'had separated was removed and the solution passed. throttgh a 

column (2.5 x 10 cm.) of the I1+  form of Araberlite CG-f20 (100.200 mesh; 

British Drug Houses Lt.#  Poole, Dorset). The column was washed. with 

water (10 ml.) and elated with 2N.ammonla solution (150 ml.) followed 

by water (100 ml.). The combined. eluates were evaporated to dryness 

rn vacuo at 45°  to give a solid. (1.1 g.) which was then dissolved 

in methanol (10 mi.). Addition of isopropenol to the solution 



precipitated the ammonium salt of the glucuroade which vies recrystal. 

lized from methanol. Marton 4m  [1.11/  I 44.4* 	to.dimathqxypyrimidin.  

6**-yl)sulohenilamido.1.-det4xyglucosisil  uromte  (0.7 g.) was obtained as 

clutters of small prisms. m.p. 150.160°(decomp.) and 11^.4] 23+ 4.5 

(c = 5 in rater) (Pound; 0, 40.44 H, 5.2; 14, 12.9: S. 5.8; loss at 

2 mm. at room tem., 4.4. 01811251\15010S. 1.5 H2O requires 	40.7; 

H. 5.3; N. 13.2; B. 6.0; N20, 5.1,). This compound did not reduce 

Benedict's or Fehlines solution. 

The salt (90 mg.) was dissolved with warming 	saturated. aqueous 

solution of S..berzylthiouroitium chloride (5 ml.). 	e solution was 

filtered (charcoal) and. allowed to crystsaligm. S.Benzxlthiouronium 

[1.1.11  .(2* 	*clime .4" 	thoxypyrimidin-641.1rA)mi,  1phanilami 11.de0Virea,008141 

uromte (42 mg.) had. m.p. 1784.1790  at E -13 (a = in water) (Found: 19 

c, 46.5; H, 4.8; N, 12.3; S. 10.3; loss at 110°  2 646 	N 0 . 	2b 32 6 luS  e 

1120 requires 0. 46.6; H, 5* 	No 12.5; S. 9.6; H20. 2.7A 	This 

salt vas also non-reducing. 

Attempts to prepare sulphe.dimethoxine N ..;glucuronide by fusing 

sodium sulphadimethoxine with glucuronic acid or by heating concentrated 

aqueous solutions of glucuronic acid. and maphe.dimetboxine with sulphuric 

acid. according to the method of Taukanoto. Yoshi/tura and Tatsurni (1963b) 
for the preparation of meprobamate N-glucurouldes  were unsuccesatil. 

Idethylation of sulphRaimethoxine. The drug (2.5 g.) was mixed with 

ether (2 	) and an excess of diezomethane in ether was distilled. 

into the stirred mixture (cf. Shepherd, Bratton and. Blanchard (1942) 



on the met 

overnight 

filtered.. 

at on of ealphapyridine) 
	

keeping at room temperature 

she ixtur was warmed to remove excess diazometbane and. 

The solid residue was now extracted with ether containing 3 

ethanol (2 x 100 mi.) end the extracts evaporated. to dryness Ulna. 

The white crystalline residue was dissolved in methanol and on keeping 

N1  weiligleplohaidimethorine (0.95 g.) crystallized. (m.p. 1504520). 
The residue from the extraction was now shaken with 1W-,) Nam to revere 

unchanged drug and the residue from this was heated with 6N-acetic acid 

(50 mi.) for 5 mini., filtered hot and the residue retained. The filtrate 

on cooling yielded a mixture of methylated sulphadisethoximes from which 

NLwethylsalphadimethoxine was removed. by extraction with hot methanol 

(0,25 g. a.p. 148.4510). The two crops of NhM.methylsulphadimethozine 

were combined and recrystallized from methanol. 2•4..Dimeth9xx-6.. 

(Nle-methstisulyheniistrgidstlorcisddine ionsed white needles. m.p. 151-152°  
(Found: C,  48.5; 	5.0; N, 17.3; 

Gs 48.1; 4 4.9; 14 17.3; Sir 

The residue from the acetic acid 

Sp 10.3. 0 31116N14.0 S requires 

.on and that from the 

second crop of 11, methyleulpbadimethomine above were corabined and 

washed. with hot •inathanol to remove any 1.-methyl isomer still present. 

This residue (0.5 g.) was mew recrystallized from 6;4-acetic. acid. and 

there was obtained. 0.46 g. of small white plates, m.p. 169-173°  

(Fotind, C, 47-8; H. 4.847 N, 17.1; 8, 9.9. 0131116N4.04.8 requires 

Co 48.1; BE, 4.9; N, 17.3; 8, 9.9 ), which *Peers, from infrared 

spectra (see below) to be a mixture of the two ring N-rethylsalpha- 
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dimethoxiseS i.e., 2,40.disethomi.1a. and 	t 1.6.sule  

Attempts to separate these were not successf41. 

NkOcetvliftn methrlsulohadimeboxine.  (1) N . tetby3. 1phaclimathorine 
(0.5 g.) was dissolved with warming in an equal mixture of acetic anhydride 

and pyridine The solution was kept at room temerature for 4 hr. and 

then diluted with 5C6 aqueous ethanol (50 ml.) with warming to dissolve any 

separated material. On keeping 2./..dimethoxv-64114* aaetY3.N1*-43zethyl-

splebtpilamIdo)pYrimidine :separated awl was recrystallized from methanol. 

It formed smell Write plates (0.28 g.) m,p. 142.144° (Pouni: Cs  49.1; 
4 4.9; N6 15.2; so  8.8. c iiitiy5s requires 0, 49.2; H, 4.9; 
NI, 15.3; S 8.V). 

(2) 244..Dichloro.6-methylaminopyrimidine, m.p. 184486% was 

synthesized from barbituric acid 	2 4,6»trichloropyrimidine according 

to IVinkelman (1927) and Beadily and. Tophem (1924). It (0.5 g.) was 

dissolved in hot methanol (10 ml.) and added to sodium methoxide in 

absolute methanol (0.24 g. Na in 5 ml. hie0H) 	The mixture was heated in 

a sealed tube for 5 hr. at 120°. The methanol was evaporated end tbs 

residue rocrystalliz.ed from water to give 2,4-dimethoxy.6-methylwainc. 

pyrimidine (0.22 g.) ma p*  134.436°  (Found: Op 49.5; B, 6.1; N, 25.1. 

C7N41N302.1agarea Cs  49.7; H, 6.5; Ns  • 2444. Bredereaks  Nupaoh ani 

vtieland (1959) prepared it by another route and. gave mip. 135-136°. 
2,4 -Di 	(0.1 g.) and li-aoetylaulphanilyl. 

chloride (0.2 g.) were dissolved in pyridine (0.5 rol.) and the aolution 

kept at room temperature for 24 hr. Later (5 ral.) was added. and the 



solution warmed to dissolve the precipitate which bad forma. On standing 

101-acetyl-N1-methyleulritkadimethoacine separa.ted eni was recrystallised from 

This sawle was identical in all respects (mixed m.p. and 

infrared spectrum) with the sample obtained. by azety lati on of A1.mett;y1.,  
zulphadimthozine 

ilethYlation of 4•..alettiorY.G.salphani-lamidorarimidine. 

methylated. as described above for sulphadimethoxine. 

met 	doh 	gave ith.ite needles from methanol, sup. i520  
(Found: G. 48.9; N,  4.9;  Hs  19.0; S. 11.0. 012€1141.10? requires 

C, 49.0; H. 4.8; no 19.0; S# 	Itingia.methyl.20.14ethoxy-6-

sulphanilasidopyrimidine was recrystallized. from It-acetic acid to give 

white platelets, m.p. 179.180°, of Jr thczy-t* or -.1.-methy1.6-sulphanils.  

assn dopyrimidine (Found: Cs 49.0; H, 5.0,• 	18.9; Ss  11.0. 

0121:114.N4.032 requires C. 49.0; Hf  4.8; N, 19.0; S, 10.94. 	The 

material from its infrared. spectrum and m.p. appeared. to contain only one 

isomer but the position ar the methyl group was'not determined. 

40.1lethery-6-(114.-acetY141*.methylfulkhanil4junido)oyrimidine. 

(1) 	Ai.  Metby1-4.4.4wethozy-.6.eu.lphanilacid.opyried.dine (1.0 g.) was dissolved. 

in an equal mixture of acetic anhydrid.e 813.d pyridine and the solution kept 

at room temperature overnight. Treatment with ice-me:ter gave crystals 

which were recrystallized from 4j, aqueous methanol to give white needles 

(0.68 e,) of hp,elethozz-6...(N4.1.4oetyl..10..mathyleulphanilamidc)oyrimidine  

methanol, 

Ss  6•9/),  

140-144P (Yield, 47 21180 5.0; No  15.2; (Pound: 4.9.1; 

This, compound was 

19-Methors-6-(N1s. 



pup, 178-179° (Found: 0, z9.7; H„ 4. 	AI, 16,5; u, . 9.6. Ci, H̀16g49 s  
requires 00  50.0; 113  48; S, 9,5',)„ 
(2) 4,4iethoxy.6.methylaminopyrimidine, m.p. 8243°, wan synthesised 
from 4$6.dihydroxypyrinddine 	4,6.dichloropyrimid3.ne  (mop. 64,45°) and 

6-methylamino.4.chloropyrimidine (m.p. 137-138°) (7-cooraing to Hull. (1951) 
and Brown (1955), It (1,5 g.) was dissolved in pyridine (6 ml.) together 
with N.acetylaulphanily1 chloride (3 g.) and kept overnight at room 
temperature. On pouring into ice-water crystals formed which on 
recrystallization from 4 aqueous methanol, gave white needles m.p„ 176.179°  
(yield. 1.2 g.) (Found.: 0, 50,0; 	5.1; N, 16.5; 8, 9.7), identical 
in all respects with,4the simple obtained by acetylation of Nil-methyl...4s. 
methoxy-6-sulpyanilamid.opyr3imidine, N14.1.Acetyl-r3.nr4T-methy1-4...methoxy-6. 
sulphanilamidopyrimidinz.Ms 01J-tat-Eq.. by treatment at ring.N.methy1-4/. 
me' ho 	(0,2 g.) with acetic anhydride► 
pyridine mixture. The co owe was recrystallized from ar-acetic acid 
to give irme_thoxv-1- or .3..methyl -6-(Nt4%acetYlsulnhanilamido)..nyr3.midie 
m.p. 235-236°  (Found: Co 49.8; H, 4.9; N, 16.5; 4 9.7. cleievelp 
requires 09 50.0; E, 4.8; N, 16.7; S, 9.5)1. This compound was shown 
to be different from the 12/P..acetyl-Eat-methyl isomer by infrared, mixed 
asp. and chromatography. 
SugInhadimethoxine.V-trlucgronide, Sulphadimethozine (6.3 g.) dissolved. 
in dinethylformand.de (20 ml.) was mixed with a solution of sodium 
glucuronats (2.4 g.) in ethylene glycol (30 ml.). Glacial acetic acid 



(0.5 mi.) was added to bring the pH to 3-4 and the solution was kept at 

70°  for 10 min. On keeping overnight at 00, crystals (3.9 g.) separated 

which were filtered and washed with dimetbylformamide, then acetone and 

finally ether. Attempts to purify the compound, were made by dissolving 

it in 0.02 irammonia (10 ml.) and adding acetone (25 ml.). On keeping at 

00  overnight, crystals weparated and these were filtered and washed with 

acetone (yield, 2.1 g.; supp. 149°  decomp.). The compound which was 

expected to be sodium.1.-p-(21,4."-dimIthatrorrimidin-61  1-sulnhamc,1)- 

anilino.1-deamlucosid ronate (sulphadimethorine-0-ginouronide Na salt) 

WIZ very labile and was never obtained free of tmcombined sulphadimethozine. 

However, it was used. as such for chromatographic purposes (see Table 1) 

and on paper it could easily be distinguished from sulphadimetboxine 
1 N -gluctwonide. It reduced Benedict's and iFehlines solutions readily 

on warming and the ratio of sulphadimethoxine to glucuronic acid in the 

compound was 1.03. 

MB'THODS 

Chromatofkranby 

The Rip values of sulphadimethoxine and other relevant compounds are 

shown in Table 2.1. The following teats were used; 

p-DimetbyIarritrancinnamaldeltvde test (DMAC). DL1AC was disiolved in 

211-11C1 (0.2 g./100 ml.) and. diluted with ethanol (4. vol.). On spraying, 

aromatic amines shoved up immediately as red.purple spots. Weak 

conjugates such as the N4-glucuronide did not react immediately but a 
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purple spot developed within 5 min. 1411"-,acetyl conjugates, barbituric 

acid. and. N-methylbarbituric acid showed. up as purple spots on keeping 

the chromatogram overnight, 

Naphthoresoroinol test (NR). The paper was sprayed with 1% (w/v) 

naphthoresorcinol in acetone to which 107,  phosphoric acid. (40 viv) was 

added.' just before use. On heating at 14.00. the 14-gluouronide showed. up 

as a. bright blue spot 	Both the synthetic Ni-glucurouide and the 

biosynthetic gluourord e isolated. from humen urine gave verf, weak blue-

brown spots. 

Ferric chloride test. The phenols gave red. brown or green colours, 

when sprayed. with 0.1 (w/v) aqueous ferric chloride solution. 

Diasotised sulphanilig acid (BSA). (Elliott. 1959). Phenols gave 

red-pink spots with this, reagent. 

Gibbs reagent. (see Elliott. 1959). Certain phenols gave red-blue 

spots with this reagent. 

Ultra violet light, Chromatograms were examined unier , the ultra violet 

light (2514. TA), from a ,lianovia *Chromatelite.  lamp (Engelhard. Industries 

Ltd., Slough, Bucks.). Some compounds, such as sulphanilic acid ,  and 

sulphanilamide showed. a •weak purple fluorescence while others such as 

sulphadimethoxine quenched. the background fluorescence of the paper 

and appeared as dark spots. 

Infrared and ultra violet spectra. These were &termired with the 

Perkin Elmer infracord spectrophotometer and the Uni.cam spectrophotometer 

SP 500, respectively. 



I gUANTITATIVE RSTIMATIONS 

Free and, total aromatic amines!. 	 ed using the 

method of Bretton and Marshall (1939) directly. Total aromatic amine 

was estimated after hydrolysis of the :maple with an equal volume of 

1-1101 in a water bath for 20 min. (Recoveries were between 99.5-100), 
Glucuronicles.  These were determined by the method of Paul (1951). 

ISOLATION OF SIMPHADIMETHOXINE GLUCURONIDE FROM HUMAN URINE 

Two male volunteers each took 2 g. of aulphadimethoxine orally and 

urine (3 I.) was collected for 24. hr. This was evaporated in 

'500 ml, batches under reduced pressure at 50°  to a syrup (75 ml.). An 

equal volume of ethanol containing 5% of 2161.ammo "nia solution was added 

and the precipitated inorganic material was filtered oft and discarded. 

A strongly basic anion exchange resin column 2 x 35 cm. (Te-Acidites FF 

100-200 mesh, 2-3% crosa-ainked British Drug Houses Ltd.) was loaded 

with the filtrate, washed with water (500 ml.) and the washings discarded. 

It was then eluted with a solution of sulphur dioxide (prepared by bubbling 

the gas through water for 4, hr.) and the first 350 al, fraction retained 

after the firat appearance of the sulphite in the elute. The fraction 

was degassed moor' reduced pressure, and passed through a strongly acidic 

cation exchange column 2.5 x 25 cm. ('Amberlite.  IR 420, -16 + 25 mesh Hf  
form, British Drug Houses Ltd.). After washing with water (250 ml.) it 
was eluted with 211m-aumemia  solution and, the first 300 ml. fraction retained 

after the first appearance of ammonia in the el4e. The fraction was 

evaporated to dryness under reduced pressure at 4.50 to give 120 mg. of 

crude aLmanium sulphadimetlunine gluouronide. This material was about 
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41:6 pure ae shown by analysis, the impurities being rukinly azdno acids. 

The salt (60 mg.) in methanol (2 mi.) was banded on a thin•layer plate  

(30 x 30 cm.) of oellulmee (LW ceLlulose powder 3000 Cambiab Ltd.*  

Cambria 	and developed in butan-t-cal-acetio acid...water (4:1:2 by vol.) 

against a reference spot of the original urine. The band corresponding 

to the glueuroside (identified by e1rum1n4re the plate under ultra violet 

light and also by taking a print from the wet, plate onto Whitman No. 4. 

paper and spraying with na,phtbaresorainol and r.dimethylaminorbirmsungoldelvde) 

was scraped from the plate, suspended in water (10 ml.) and centrifuged. 

at 2000 g. for 10 an. The supernatant was evaporated to dryness under 

reduced pressure to give the. NH4  salt of sulphadimethartne gluouronids 

(20 mg.) which was 90% pure. This material (5 mg.) MEW recrystallized 

from methanol and 3 gm. of the salt (m.p. 150-160°) was obtained which 

was 99% pure*  Further attempts to purify the salt resulted in decomposition. 

The 90% pure material was therefore dissolved in water (2 ml.) and treated 

with solid khez:sylthionronium chloride (50 ing.). On standing yellow 

prisms of the kbensylthiouronium salt of the glucuronide appeared 

(13 mg.; m.p. 164°  decomp ) 	Ou recrystallization from water (charcoal) 

the 	was raised to 179.180 (decomp.) (Found: C, 44.5; B 4.8; H, 12.3; 

c203211641082* Be requires C,  46.6; H,  5.16  N,  12.55).  The gluettrmidifr 
did not reduce Benedict's solution on warming. 

The ammonium salt of the glucuronide (0.46 se 99% Pre) was bYdr0173sa 
with 2Narhydroch.loric acid (1 ml.) at 100°  for 20 min.*  and glum:reel:0 acid 

and aromatic amine in the hydrolysate determined, It was foundio contain 

393 gluouronic acid and 565 sulphadimethozine (estimated as sulpheu3ilic 



aciol), which gives a molar ratio of glue oic acid to su2,phadimethoxine 

of 1.0. 

Hydrbais of sulchadimetholiine Ilucuronide  

1, 	thpfilucuropidase.  The M salt of sulphadimethoxino glucuronide 

isolated from human urine was dissolved in water (0.33 mg./ml.). The 

sample used was 90% pure and was free from sulphadimethoxine as indicated 

by paper chromatography. Three test*tubes were set up each containing 

0.3 ml. of the glucuronide solution and 0,1 na. of 0.11-eodinn acetate 

buffer, the pH of the mixture being 42. To one tube there were added 

15,000 Fishman units of mollusc A-glucuronidaae solution (0.1 na.) 

(Koch.Light Ltd.), to the second the same amount of boiled engine, and to 

the third 0.1 ml. water, The tubes were plugged and incubated for 2.4.1w. 

at 38g. The contents of each tube were then cbromatographed in solvents 

A, B and C. The experiment was repeated with the ammonium salt of 

synthetic sulphadimethoxine Ni.glucuronide. The first tube in both cases 

gave spots corresporaing to glucuronic acid,• sulphadimethoxine, and 

unchanged sulphadimetboxine N1  ..glucuronide. The control tubes gave, in 

each case, only one spot corresponding to the unchanged glucuronide. 

A sample (50 mg.) of the WO pure ammonium salt of sulphadimethoxine 

glucuronide isolated. from human urine was dissolved in 0.24-sodium acetate 

buffer pH 4.3 (10 ml.). This sample of glecuronide was free of sulpha-

dimetboxime. The solution was treated with 30,000 Fishman units of 

A...glucuronidase and then incubated. at 360  for 96 hr. The mixture was 

extracted with ethyl acetate and the extract was chromatographed as Abend 

on Wham= No.1 paper using the top layer of the solvent mixture, butan-1- 



ol..ammonia sol 	(e.g. 0.88).0/gator 	.t5 	) 	The band Bip  0.4 
was eluted with thyl acetate. On evaporation, the eluate yielded pale 

yellow crystals (1  mg.) which were identified as sulphaMmethoxine 

(m.p. 2000  and mixed m.p. 201°) by infrared spectrum, chromatograp4 is 

solvents B and. Co  and its electrophoresis pmerties at pH $ (0.114.4141) 

and. 9 (0.1rIa1iCOrtle0B). 

2. 	With acid and alkali. Aqueous so 	(0.02% WO o the 

biosynthetic or vinthetic sulplvidles &mine 	=would* were hydro3,7sed 

by heating at 

t 
T 

hr. with an equal volume of 2-11C1 or 2.511-ffs011. 
tographed in solvents A and C (Table2i). 

/v) of sulphadimethoxineo  e-acetarisuipha-
oXysett and chromatographed. The results 

2.2. The products of the hydrolyses were identified try 

R1  values and colour reactions. 

Tbdrol,vsis of salchailimkthoxine. The drug (0.25 g.) 141C1 (10 ml.) 

was heated on a boiling water bath for 1 112'4; A 2 ml. portion of hydrolysate 

was put on an alumina column (2 x 20 cm.; Wittman standard grade powder) 

and eluted with solvent 1. The elute was collected in 30 ml. portions 

and. the fifth eluate was evaporated to yield 5 se. of sulphanilamide which 

on recrystollization from water bad. m.p. 163-.14.0  and, mixed m.p. 162-164.°. 

Its identity was checked by its infrared spectrum. The rest of the 

bydrolyeate (8 01.) on keeping overnight yielded 30 mg. of colourless 
orscicie which were identified as barbittmio acid (m.p. 2474.249°, mixed 

m.p. 246-248°). 
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Stability of sulphadimethozine N 	°nide at 	pH values. 

The Eli salt of the synthetic glueuronide (5 mg. 	solved in 1 ml. 

of 11-HC1 end various buffers of pR 3, 5, 7 and 9 The solutions were 

shaken at 370  for various intervals of time up to 24 hr. Samples at 

intervals of 1, 3, 5 and 24 hr. were chromatographed on Whatman No.1 

paper in solvent A and the spots corresponding to the gluourordde 

and sulphrurnio acid were eluted with water and analysed I  the Bretton 

and Marshall method. The glucunronide was found to be stable at pH 3, 

5, 7 and 9 but at pH 0 it slew], hydrolysed and in 24 hr. 5276 had 

disappeared. About 73% was converted to eel bev414e acid. 

DISFISSI9N 

metabolite of sulphadimethozine in man is a 

gluouronide which has been isolated and characterised. A perusal of 

the formula of sulphadimethorine (I) shows that several structures could 

be postulated for this glucuronide. If it were an 2...gluouroaicles  it 

could be derived from a sulphadimethozine hydrovlated in the benzene ring 

or position 5 of the pyrindane ring, or demetbylated at one of the 

methosyl groups in the pyrimidine ring. These types of structures can 

be eliminated because hydrolysis of the gluouronide with ii-gluouronidase 

yields sulphaclimethoxine and with acid sul,phanilic acid and some aulphenil- 
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Chronatqgraohr and colour reartions O sulphodimetbsmim and Telated commit 

Desk 	hy an nation No.4 pwer was *Md. The solvent aystems employed were: A. butan.01-01-ammonia solution 
(e.g. 0.880)oeshar 10:1:1 by vol.); B, 807} aqueous etheeel; C, butan-1.solumacetic acid-water, (4:1:2 by vol.) Chromato-
gram were raster 6 hr. in solvent A and C and 4. hr. in eolvent B. 

CeIcer reactions with 
%tire 

DMACa  A 

0.40 	0.95 0.95 d m purple 

0.65 	0.95 0.95 q 210210 noose none 

0.00 	0, 5 	F q q none purple slowly blue 

(synthetic 

glucuronide NH4.salt 
(from urine) ' 

0.15 	0.55 

0.55 

OA! 

0.8* 

q 

q 

none 

none 

purple 

purple 

blue-brown 

blue-brawn 

Gluouronic acid 0.00 	0.37 	0.23 q none none blue 

elueuronolactone 0.03 	0.65 	0.39 q none none blue 

1Aletbylsulphadiaethowina 0.83 10.82 0.85 q none purple none 

-1-mettorlsalpkattlectlesina streaks in all q wee purple none 
solvents 

Sulphanilamide 0.62 0.72 red 

S 	Mali° acid 0.11 0.57 	0.32 violet IMO red none 

larbituric acid 	---!'"'.#0" , 	'4L' 0.03 0.35 	0.0 q 110118 

N-Nothylbarbituric acid. 0.09 0.50 	0.65 mm 

- 	, 
tiodaino..3-hydreeerbelieereculphreic 

i 4,-AmIno-2-,bydroxylinnume• sulphonio acid 

-7 , - 

Op 

• C5:‹ 7--  tWareglOgaWZ4rAir3g74: 

deep orange red 

 ar,xtie  - 	' 

none 
-red 

aDSA 
bhydrolys 

tised sulp 

to free anan 

0 of peer. 

c acid; DMAC erdinethylamtmesimmaaldebyde; NR = nwohtharesorcino see text) 

this eel 	c. 

apurple spot on leaving paper overnight. 
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amide. No hydroxysulphanilic acid or hydroxyoulphanilamide was detected 

(see Table 2.2). Sulphadimetboxim may not be readily demethylated 

in vivo for we found that when it was incubated in vitro at 38°  with the 

rabbit-liver 0-demethylating system of Takemori sre Mannering (1958) no 
formaldehyde was produced during S hr. The drug was not hydroxylated or 

demethy/ated by the ascorbic ecid'iron system of Brodie, Axelrod!, Shore and 

Udenftiend (1954). 
The glucumonide moat therefore le an glucurt nide and tour of these 

are possible (II-V). 

The 	lucuronide, Its  can be readily eliminated. Aroma ic amine 

11-glucuronides are labile, reduce alkaline copper reagents and are not- 



Tpir4 2.2  

BteaTALE.W.m.s.t of sulEhadimethoxine and 	derivatives 

The cpmpounde were hydrolysed with acid or alkali as described in 

the text. The hydrolysis products were identified by Rip values and 

colour reactions (see Table24). 

Compound 
trifdrolysed 

Products og i a 	sustay 
. 

C1 2.51-NaCH 

Splphadimethosine, 
r.Aoetylaulpha. 

barbituric acid 
suipbro.Alic acid 

barbituric acid 
sulphanilic acid 

sulphanilamide* dimethoxine sulphanilamide 

Methylsepha. barbiturie acid f sialPhava"aadd(tasaae) 
sulphanilamide (trace) dimethoxine eulOwuilic acid 

amp.1 et4y2. B.met4r1barbituric acid sulphanilic acidOrsoOt 
sculphadimethoxine sulphanilic acid 

barbituric acid 

sulphameilmOde (trace) t '  

sulpbRiOlto acid barbiturio acid 
sulphanilamide* sulphanilamide 

~edi der glusuronic acid 
glueuronolactone 

glucuronic acid 

Sulphadimethoxine barbituric acid barbituric acid 
gluouronide sulphanilio acid aulphanilsmide 

glucuronic acid salt from « 	... glucuronic acid 
urine glucuronolactone 

!A minor product. 

t The methylsulphadimethoxines appear to be relatively stable under 

these coalitions of hydrolysis. 



hydrolysed by r.glucumidase (Bridges and Williams*  1962). A sample of 

aulphadimethoxine lik.glucuronide was synthesised and it was found to be 

labile*  to reduce Benedict's and Fehlines solution, and. to give a colour 

slowly with ardimethylaminocinnamaldebyde (see Table 2,1). These properties 

did not agree with the urinary gluetworrlde which is stable, non.ceducing 

and gives a colour inusediately. with R.dimettgrlaminoc4tynamaldebyde., R7  

values were also different (Table 2.1). The urinary glucuronide was 

Ai'airy` in all respects with a aulpb.adimethoxine gluouronide synthesised 

from sodium sulphadimethoxine and 1-bromo..2„3„4...tri-0-acetylglucuronic acid 

methyl ester (see Tables 2,1 and 2.4) The kbentylthiouronium salt of 

the urinary glucuronide was identical with that of the synthetic glacuronlAe. 

A glucuronide 'synthesised as above could have one of three structures 

(III, IV, V) as a result of the tautomprism of the eulphanilamidopyrixidinea. 

A basis for distinguishing the amid* structure III from the imido structures, 

IV and V, has been suggested. by Uno, hachidas  Ronal, Ueda and Sasaki (1963) 

who showed that the amido and imido forms of pyridine and th.iasole sulphona. 

amides could be distinguished by their SO2 symmetrical stretching froquanolesi 

In the imido farms this fiequency occurs in the range 1120-1145 cm.44  

whereas in the corresponallig amido forms it occurs in the range 1145.4170 

or1."4. Methyl derivatives of sulphadimethozine and. 4..methov.6.sulphanil.. 

amidopyrimidine were synthesised containing both these structures. The 

structures of the methyl derivatives containing the amido link were proved 

by synthesis i.e.*  4.•methoxy and 2,4,-dimethosy.642-meth3r1sulphani3em4 do) 

pyrimidines and. their Nkacety/ derivatives. The structures of the 



SD metby3ation 

2.4.-dimetho 
aninopyrimidine 

acetylaulphanil,y1 chloride 

-57 

corresponding ring-Ni.methyl derivatives were then deduced by inference. 

In the case of sulphadimethoxine (SW,' the routes were as follows:- 

The SO2  symmetrical stretching freque 	of these con1 donde are shown in 

Table 2.3, and on this evidence it 15 clear that the synthetic and urinary 

aulphadimethoxine gluouronides have the amido structure*  II. 

The ring-N-methylsulphadimethoxine obtained by methylation or 

sulphadimethoxine appeared. to be a mixture of two compounds which we 

failed to separate. This oonclusion was based on the infrared Spectrum 

which showed extensive doubli  of the absorption bands. bethylation of 

4..methoxy-6.sulphanile.oddopyrimidine appeared to give on4 one ring 

N-elethyl derivative in which the doubling of infrared absorption bands 

was absent. Acid llardrolgois of the ring N.eethyl sulphadimethoxiiie 

Fielded 11.methy2barbituric acid, whereas that of the NI-methyl derivative 

gave barbituric acid. Acid ktdrolysis appoars to demethylate all the 

methowyrinidine derivatives (see Table 2.2). The products of bydro3ysis 

of the methylated 4-zaethoxy.6-zul hanilamidopyriadines could not be 

identified. 



1150 
1150 

1150 

1160 
1160 

1150 

1155 

1155 

1150 
1155 

1125 

1130 

1130 

related comcounde 
pellets determined in a Per "Infracorde 

302-stretching 
frequent"' 

cm. 

SuWien  1  And  de 
2 

Sulphadimethoxine 
3ulphadimetbrrine -.glum° 	salt, 

2.4-Dimethow-6-01 ..mette.sulphaullamido)pyrimidin 
2,44imethozy4.(344oto1041-metbylsulphanilamido 

primbline 
-6.sulpbanilamidopyrimidine 

hos744-metivleulphanilamido)pyrinidine 

thow-6-(14-aoetirl-1 -mettalsulpharclara4do)pyrimidine 

2,10-Dimethow7.4- and -3-mat)sulphanilamidopyriaidine 

40410tbonfri or -3-methy14-sulphanilamidopyrimidins 1 

4.-Xethomy-1 or -5-metby1-6-e-soetylsolphanilamido)- 
pyrimidins t 

*This is a mixture of the two possible ring sxethyl forms. 
1 These are single compounds*  but the position of the E-metbyl group in 

the pyrimidine via* is either 1 or 5 



It has been claimed that ultraviolet absorption spectra can be used 

to distinguish the 11/..methyl and rineN-metbyl derivatives of sulpha-

pyridine and sulphathiagole (Shepherd, Bra.tton and Blanchard, 1942; 

Sheinker, Post/vskii Voronituk and Itushkin, 1957; Shenker and 

Kusnetsova, 1957). The iii,metbyl (amido) forms in ethanol shows one 

absorption peak, whereas the ring-11..methy1 (lade) forms show two peaks, 

the major of which occurs at longer wavelengths than the single peak of 

the amido forms. The absorption peaks (above 220 r) of a number of 

sulphavilmodopyrimidines were determined, (see Amelia/ 1). It is clear 

that, in this series of compounds, ultraviolet spectra cannot be used 

to distinguish amido and imido forms. Most of the compounds in this 

table show one peak and there is no separation of the absorptions due to 

sulpha/141nm.,  de and pyrimidine portions of > the molecules. The 

It'-methyl and rinerN-tothyl derivatives of 2,4.-dimethov- and 4.-methcary-6-

sulphanilamidopyrimidines have similar spectra showing an inflection in 

the 235..263 region and a. peek in the 273483 kr region. These amide 

and imido farms are thus not readily distinguishable by ultraviolet apectra. 

The sulphadimathozine glucuronide isolated from Inman urine shoved a 

specrtrum identical with that of anthetio sal hadimethozine A -gluouronide 

(Table 2.4). 

Sulphadimethoxine Ni-glucuronide could be an OC- or A-glycoside. 

Specific optical. rotations (triaoetyl methyl ester, + 87°  in methanol; 
NH4  salt + 4,3°  in water; S-benzylthiouronitun salt • 13°  in water) gars 
no indication of the configuration. The glucuronide, however is slowly 
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hydrolysed by g-gluonronidaee and the hydrolysis is inhibited b' 

saccharo.1,t.-lactone (see Chapter 7) a known inhibitor of te.glucuronidase 

(Levvy. 1952). This suggests that the compound has the 13 eonfigtwati on 

and can be tentatively described as5-deov.l.N".. (2"A"mdiarthoW" 

pyrimidin-611-yl)sulphanilamidol.D.glucosidiuronic acid. The 

comparatively Kgh positive rotation for a F.glucuronide can possib4 
be explained by steric hindrance. The sulphonmade nitrogen atom has 

three bulky substituents and may take up a preferential orientation, 

causing a contribution to optical rotation. as in the case of the 

sulphonamide bansenesulphonyl-(8..nitro.1..naphthyl)glycine which has been 

resolved (Mills and allotts  1928). 

The glucuronide showed only about one undredth of the aotivity of 

the parent drug AesInst Stap1;yloceocusgava  Oxford (tested ky 
Dr. Mt:Pasoan of May and Baker Ltd., TiAgenlism Ease* 

There have been reported in the literature several types of 

tiglucuronides which are formed injazi. These include the labile 

N*gluouronidea of aromatic amines, the stable N-gluctironides of carbawates 

of which too are known, namely those ofineprobamate (2-methy1-2-ProW144,3* 

propanediol dicarbamate) Unkempt*. Yoshisura and Tatsumi. 1963b).and of 

sulphisomasole (Uno and Eonos  1962) and thee-gluourord.des of sulphonamide 
drugs of which two have been previously known, namely, of sulphathiazole 

(Uno and Ueda, 1963) and sulphisomezole (Ueda and IturlaWashi. 1964). 
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TABLE 2t4 

Ultraviolet spectra of sulphadime hoxinea  its gluouronide 

metabolite and its 0-glueuronide. Solvent: ethanol. 

Wavelengths to nearest ?I and k 	to nearest 100. 

Compound 16"3  

Sulphadimethozins 

So3.phadimetlicodne glncuroni.ds 	salt 4,  
(from urine 

Sea3phad thozine N .glacurcaalde Iditp  salt 

{eye the 

261, 273 19.0*  23.0 

269 
	

21.4. 

269 
	21.8 
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THE IMPABOLISE aF SULPHADINETHOXINE: SPECIES DIP iEER1E3 



TABLE 3,1  

ues of sulphadimethoxine in various  vaario species. 

by Posts  Baehni# Schnitzer, Rieder end Struller (1960). 

Species Route 

20,000+ 

Rabbit p.o. 

 

p.o. 

63 

Chronic toxicity tests in the rat and dog (Randall, Saga= and 

Engelberg 1959) showed sulphadimethowina to be non-toxic tip to doses 

of 200 inakg• Acute toxicities have been summarised. see Table 2. 1 . 

Detailed investigations of the metabolism of sulphadimethoxine have 

not been previously reported. In the rat (Randall .1t . 1959), rabbit 

(unpublished data cited. by Bagdon, 1964) and cci (Stowe and Sisodias  1963) 

the major metabolite in urine has been shown to be the e-acetyl derivatives  

whereas in man the major metabolite is a glucuronids (Koechlin, Kern and 
lingelberg, 1959) which has been shown to be an ai•iglueturonide (Chapter 2). 



ELPERIENTAL 

Mlaterills aril synthesis of reference compounds 

111.-Acetylsulphadimethoxine !up 210-211°  was donated by Roche 

Products Ltd., Welrin Garden City, Herts. 

Sulchadimethoxine.Ausulehamate. Chlorosulphonic acid (2.0 g.) was 

added droperise with stirring to anhydrous pyridine (25 ml.) which was 

cooled in ice, After allowing to stand for 30 min. sulphatimethozine 

(6.24 g,) was added*  the mixture shaken rigozious37 until all solid material 

had dissolved, and the solution was then kept in the dark at room 

temperature for 24. hr. 0.14-K0R (100 ml.) was then added and. the 

solution extracted with ether (4. z 500 ml.) to remove the pyridine. 	The 

aqueous solution on evaporation to dryness ma  at 00  Sava a white 

residue (6.8 g.). After dissolving this naterial in a PAM mok)  amount 

of water (12 ml.) acetone was added (100 ml.) to precipitate inorganic 

salts and the solution was filtered* The filtrate an evaporation to 

dryness nsla yielded a white amorphous residue (2.8 g.) which on 

recrystallisation from absolute ethanol gave white platelets of the pure 

dinotassiun 1-942.4.*-dimethoxyurimidin-60-0.-sulphamoyl)bensen4 qulphamate  

(sulphadimethoxine-Rkoul hate dipotassium salt) Pounds C, 29.9; H, 3.0; 

No  1105; No  16.1; loss 3.. inna at woo  4.1; 3.5; ciiii2K2N4.0752  H20 

requires C, 29.7; H, 2.9; N, 11.6; It, 16.1; 1120 3.73. The compound 

Which was very soluble in water gave no immediate reaction on paper with 

dinethy)aminocinnameldebyile in 0.11-1101 but on standing far 30 min. a 

purple spot developed. Addition of Da(NO3)2  to an acidified solution of 

the compound only gave a ppt. of BaSO4  on boiling. The material did 
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however diawatise and couple with N1• napht1 letbylenedi 	directly. 

METHODS  

Tree 9320. total aromatic emipes in urine and bilk. These were determined 

by the method of Bretton and Marshol (1939). Urine or bile containing 

0.01.10.0 mg./100 ml. was diluted with water so as to contain between 

10.50ing./ml. Free aromatic amine (which includes 	and N -glucuronides 

and t.su.lphate) in this diluted urine or bile was determined directly b 

the Bretton and Harahan method. Recovery of sulphadimethoxine and 

sulphadimethoxins-&glucuronide from urine and. bile was 99-100 per cent. 

To determine total aromatic amine, diluted urine or bile (1 	) was 

mixed with 2g-hydrochloric acid (1 ml.) and heated on a boiling water 

bath for 20 min. and the total aromatic amine determined by the Bretton 

and Marshall method. The recovery of 114.acetylsulphadimetboxine added 

to swine (10 mg./100 el.) was 99 per cent. 

Determinaliol in Poem& Faeces from rats, rabbits and. guinea pigs 

dosed with sulphadimethoxine were also analysed. Faeces were homogenised 

with 101..Na011 (1 ca./g.) and water and centrifuged. Free and total 

aromatic amines were determined on the supernatant. The recovery of 

sulphadimethoxine added to faeces (0.1.10 mg./g. of W.rodried faeces) 

was 66-92 Per cent. Recovery Of sulphadimethoxina.glucuronide 

(2 mg./g. air-dried faeces) was 8-92 per cent. 

Detertirlation,of metabolites on strip chromatogram& Urine or bile 

(0.1.2 ml.) was banded across Whatman No.1 paper (15 cm: wide). Papers 

were chromatographed in butan.1.ol.ammonia solution (lig. 0.880) + water 



(1°11;1) for 17 refer 	 spots of the possible metabolites 

and of the original urine. Strips corresponding to the reference spots 

(detected by ultraviolet light and dinetbylaninoninnelvvidehyas spray 

(Chapter 2) were cut from the chromatogram and eluted with dilute 

=anis solution (0.02N). The eluate was made up to a known volume and 

free and total amines were determined as described above. 

naphoresorcinol spray reagents have been described (Chapter 2). The 

sodium rhodisonate spray Smith*  1961) was applied 

after treating the chromatogram with 2N-41C1 and heating at 70 for 5 m. 

The sulphate released by trfdrolysis appeared as a white spot on a pink 

ground,. 

Animals andh 	sub ecte4. Human subjects were he 

aged 18.26. Sulphadimetboxine was administered by 

Monkeys (Itacao7a ,EW1a) were given powdered su3.phadimetimine concealed 

in fruit or mixed with honey Dogs were of mixed strains; tapha-

dimethoxine tablets were administered with food. Rats (wietar albino, 

180.200 g.)t sul ahadimesthaa 	was suspended. in aqueous glycerol for 

administration by feeding cannala or dissolved in warm propane-1,2-dial 

for,  iaraperitoneal injection. Guinea-pigs (English) were sliming stored 

an aqueous suspension of sulphadimetboxine by feeding camas. Rabbits 

(Chino Alla) were given sulphadimethoxine as an aqueous suspension by 

stomach tube. 

volunteers 

ablet form. 



Detection and isolation of a etabolits* 

Isolation R-acetylaulphadimethexine 

A, Chinchilla rabbit (3.9 kg.) was given orally 0.5 g. of sulpha. 

dimethoxime. The 241a*. swine (175 ml.) was collected, its pH adjusted 

to 05.5, and extracted with ethyl acetate (350 ml.) The ethyl acetate 

was evaporated to dryness in vacs* at 4504 The gum.like residue was 

dissolved in iksodium carbonate (5 ml.) and reprecipitated by the addition 

of 21-hYdrezhleriz acid (6  ul.). The precipitate was filtered off and 

recrystallized from glacial acetic acid to give clusters of small white 

crystals m.p. 207-20e mixed m.p. with synthetic 114-acetylaUlphadimethoxine 

208.210 Tield 8 mg. The infrared spectrum of the isolated metabolite 

proved to be identical with synthetic 14=acetylsulphadimethoxine, 

Isolation of eolphadimetboxi, s 

A mongrel dog (10 kg.) was give 	gm of sulphadimethosine. 

The 24 hr. urine was collected (400 	a to pH 5 and extracted 

with ethyl. acetate (200 mi.). The ethyl acetate was extracted with half 

its volume of 111.sodium hydroxide. On neutralising the aqueous phase with 

glacial acetic acids  a dense white precipitate appeared (290 mg.). This 

was filtered off and recrystallized twice from 50 per cent ethanol to give 

200 ng. material m.p. 197, micedm4. with synthetic eulphadimethoxine 

198!. 

Isolation of sulphadimethoxine-Mitflucuronide  

The detections  isolation and characterisation of sulphadiewthadm. 

11 .glueuronide from the urine of volunteers receiving 2 g. of sulpha. 

dimethoxine is descibed in Chapter 2. 
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Formfkion of sqlptiadimethomirke 11-Allcuronide_ in urine 

Sulphadimethoxine (2-20 tog./100 mi.) was added to °ably voided 

human urine. The urine was then examined quantitatively.as above to 

determine 	 on ate formed. 

RESULTS 

Sulphadimethoxine lik.glucuronide was identified as a metabolite by 

its similar chromatographic properties to the synthetic material (Table 3.2). 

On spraying with p...dimethylaminocinnamilldebyde reagent it characteristically 

appeared in about 5-.10 m. in solvents A and B due to slow hydrolysis 

releasing the free amino group. It did not appear in the acidic solvent 

C due to hydrolysis. The constitution of the original spot was therefore 

confirmed by elution and rechromatograpby in solvent Cs  when it gave rise 

to sulphadimethoxine and. glucuronic acid. 

The glucurorride occurred in all urines and, bile investigated., as a 

minor metabolite accounting for less than 10% of the excreted. dose except 

in the case of the dog, where it accounted fox. 17% of the excreted dose 

(Table 3.3). 

Addition of sulphadimethoxine to normal human urine also yielded 

the NiF-glucuronide. The highest proportion (19%) was found at a 

sulphadimethoxime concentration of 2 mg./100 ml.„ the lowest (310) at 

20 mg./100 

Sulphadimethoxin.  e Iik.sulphonate was identified chromatographically by 

comparison with the vnthetic compound. On spraying with the 2»dimetbyl- 

aminocirummaldebyde reagent a spot only appears after one hour. It has 
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TAM 1), 2  

Chromatomrachar and colour realtions of aulphaametboxine and its metabolites 

Descending chromatography on Vlhatman No.4 paper was used. The solvent syetems owl :led were A, 
butarrel-ol-ammonia solution (lug. 0.880)-water (10081 by vol.); B, 80% aqueous ethanol; Cs  butane 

acid.watery (4:1:2 by vol.); D*  propan..1..olsarmonia solution (s.g« 0.880) (7:3 by vol.). 
Chromatographs were run for atz hours in solvents A, C and D and 4. hours in solvent B. 

Confound 

• 
/ 	Rs, values in solvent Fluorescence in light 

(254 ,u) l'IR  

Colour reaction 

DMAOa  Balla  AC 
I . 

Sulphadimethorine42 - 
gluouronide sodium - salt 

 0.00 0.25 0.11 q purple 
(5.40 m) blue none 

Sulphadimethacine.N1/4  
sulphate dipotassiZa salt 

0.05 0.79 0.66 0.42 q purple 
(30 ms) 

none white 

Sulphadimethoilne. 1a. 
gluouronide ammonium salt 

0.15 0.80 0.55 0.54 q purple blue..brown none 

Sulphadimethazine 0.1+0 0.95 0.95 0.72 q purple eons none 
14.414eVprisulphadimethosins 0.0 0.95 0.95 0.84. q mow a  nova 

Oulphand.lamide 0.62 0.72 047 0.75 violet red non. 

Sulpharillio acid 0.11 0.57  0.32 0.48 violet red n none 

*quondam background fluaresoenee c3!' paper 
°DMAC ar Irdimetirflivntilooinnamildeby ; 	naphtha rya;  

biridrolyses to fres wins in this solvent 
°developed a purple spot after keeping overnight 

o eat) BaRh is barium chloride.-
sodium rhodisonato 



a very differentvalue from!"'-acetyl conjugate, which reacts 

similarky. The Nk.sulphonate diazotisos and couples wi bout preliminary 

hydrolysis. 

Significant amounts of the. Nit-sulphonate were found only in rat 

urine (Z). It occurred in traces below the limits of estimation in 

the urine from some other species. 

The isolation and identification of sulphadimethoxine N -glucuronide 

in human urine has been discussed in Chapter 2. it was detected in the 

urines and bile of other species by its chromatographic properties 

Unchanged sulpheulimethoxine was excreted by all species examined. 

It was isolated from dog twine in which it was the principal metabolite 

(64%) (Table 3.3).  In other species it was identified by its lip  value 

in several solvents and. its immediate reaction with R-dimethylamino-

cinnaroldebyde reagent. 

14-Acetylsulphadinethoxine was isolated from the 	a of a rabbit 

receiving sulphadimetboxine On chromatograms of the urine of other 

species it was identified by 4 values and slow reaction with R-dimethyl-

aminocinnamaldebyde. It appeared in the urines of all species examined 

except the dog. 

In rat bile sulphadimet 	-glucu rorai.c was the principal 

component (6-r) (Table 3.4). 

Recoveries of sulphonamide varied from 76% of the dose in three 

days in the rabbit in the urine, none being in the faeces, to 4.3 in 



No. of animals 
'Free' amine in 24.hr. bile 
Total amine in 24 hr. bile 

A-glucuronide 

of the excrete 4•salphonate 

.glucuroside 

aulphonamide 

*-acetyl 
'Free' amine in 48 hr. bile 
Total amine in 48 hr. bile 

Total recovery 
•  

0 

68 s, 

21 
	

3 
3 + 1 
3.5 .0.3 

5 + 

 

dose in 24 hr. 

bile as 
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the guinea.pig, and 17, in two days in the rat (Table 3.3). Only 

traces of sulphonamide were found in the faeces at this dose level 

(100 mg.,/bg.) 	Recoveries in the rat did not differ signifioantly 

between oral and intraperitoneal administration (Table 3.5). Sulphonamide 

VW detected in rat faeces at very high dose levels (400.800 mg./kg. p.c.). 

110 trace of sulphonamide was found during qualitative examination of tbe 

tissues of a rat six days after administration of sulphaa3nethoxine. 

TABLE 1.4. 
Fate of sulphadimethoxine in rats with binary fistula. 

The sulphonamide was administered intraperitoneaIly at 100 maks. 

Except where indicated otherwise the data is expressed as a 
proportion of the dose 



TABLE 3.5  

Pate of sulphedimetho:d.ne in the rat.  

The sulphonamide was adminititered either orally or trape.ritoneally 

at 100 in ./kg. Except where indicated oth erwise. data is 

expressed as a proportion of the dose. 

Route p.o. 

No. of arinma s 

3.9 + 0.5  5.3 	0.9 eel amine in 24 hr. 

Total amine in 24 hr. urine 8.6 12.7 + 2.3 

..glucuronide 5 + 1 5 + 1 
sulphate 2 + 1 1 + i 

% of the emcee 
dose in 24 hr. 	-glueurouide 
urine as 

sulphonamide 

7 + 3 

40 + 3 

8 +1 

38 r 8 

ttoetyl 46 + 1 48 	8 

Free' amine in 48 hr. urine 7.4 + 1.9 6.6 + 1.4 

Total amine in 48 hr. urine 20 + 2 18 + 5 

*Free amine in days 3..6 urine 10 + 2 9.9 + 1.5 
Total amine in days 3-6 wine 17 + 1 18 + 5 

Total recovery in 6 days 45 .; 3 50 + 9 
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THE 	TABOLISH OF EIMPHADI OWE: 

THE zttanz OF PHMOBARBITONE PRETREATMENT 



Reimer 9640 reported that pretreatment with phenobarbitone 

affected the metabolism of sulphadimethoxine in the rat and the dog.. 

Although he made an attempt at identifying the encuronide of sulphco 

diMpthotine„ Reamer was unaware of its true nature. He probably assumed, 

following Koechlin, Kern and tngelberg (1959), that it was a conjugate of 

an oxidation produot of oulphadimetboxine. Phenobarbitone, in common 

with many other compounds, has been known to stimulate the enzyme systems 

responsible for the bydromylation and deakylation of foreign ooMpounds 

(see Remmar and -Marker, 1965). 

Once the true nature or saphadimethorine gluouropide became known 

to US it indicated a - potential new reaction subject to activation by 

phenobarbitone. 

EXPERIMENTAL 

Pretreatment with phenobarbitone. Phenobarbitone sodium (15 mg./kg.) 

VAS administered in aqueous solution intraperitoneally to rats twice 

daily for three days prior to admintstration of sulphadinethoxine. 

This was one of the regimes used. by Remmer (1964). 

Saphadimethoxine N -glucuronid, (NH4  salt) was administered as an 

aqueous solution. 

Incubation of intestinal contents with sulohadimethoxim 1 ..gluouronide. 

The caeca and small inteatiliol contents of a freshly-killed rat were 

each suepended in 0.114-phosphate buffer pH 7.4 (Booth and Williams, 1963). 
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Sulphadimethoxine N -glucuronide (Nff salt) was added to aliquots of 

the suspensions to give a final concentration I mg./ml. and the whole 

incubated at 370  without shaking. At intervals samples were withdrawn 

and analyeed for hydrolysis products as described, for urine (Chapter 3). 

RESULTS 

Pats of sulphadimethoxine in normal and pretreated rats 

The relevant data are shown in Table 4.1 

Recoveries. The recovery data for each period (day 1,  day 2, days 3-6) 

were the same whether sulphadimethozine was given by oral or intraperitoneel 

routes to normal rats. SimtlArly the route did not affect recoveries for 

each period after pretreatment of the rats with phenobarbitone. 

Compared with control rats, the pretreated rats excreted a larger 

proportion of the dose in the first day (30 against 1Ce0). However, total 

recoveries were statistically indistinguishable whether the rats were 

pretreated or not. 

Metabolites. No significant changes occurred in the 	 ative amounts of 

day 1 metabolites on alteration of the route of adrrtr tration or pre-

treatment of the rats with phenobarbitone. The principal metabolite was 

N4-acetylsulphadimethoxine (43-40 of the excreted dose), followed by 

unchanged sulphonamide (36-40%), with small amounts of the Ni.slucuronide 

(7-9%), -sulphonate (i-4%) and N‘-glucuronide (5%). 

Pate of sulphadimethoxine N --siocktrosidg 3,p nox'mal and pretreated rats 

The relevant data are shown in Table 4.2. 	
• 

Recoveries. The urinary recovery of sulphonamide derivatives from normal 

rats was much lower when sulphadimethozine N -glucurordde was given orally 



than 

respectively with total recoveries of 51 and 703,27• 

Faecal recovery was somewhat higher after oral administration, but 

the difference is 

Pretreatment with phenobarbitone dessedlr 	after 

aamtnistration of the glucuronide by either route, camp 	the 

control ant/Reels. After oral administration. day 1 recovery decmreased 

froi 16 to 8.2%; intraperitoneal,, 	 17% Total recoveries were 

also lower. 

Faecal recovery remained the same (24%) in pretreated animals after 

oral administration, but decreased (18 to 5%) in pretreated rats compared 

with controls after intraperitoneal injection. 

Metabolites.  After oral admin.;  titration. the principal urinary metabolites 

were sulphadimetboxine (4.1-51%) and its likeretyl derivative (35.36% of 

the excreted dose). Differences in the proportions of metabolites between 

pretreated and control animals are probably not significant. 

After intraperitoneal administration*  the principal urinary metabolite 

was tt tchanged sulphadimethoxine 

treatment had no significant effect on 	p 
	metabolites. 

No sulphadimethoxine 114-sulphonate was observed. 

Neat of pretreatment on bile-fistula rats 

The rehevent data are shown in Table 4.3. 

Sulphadimetho-fine admini#erred. Total recovery of drug in the bile 

was greatly enhanced after phenobarbitone pretreatment (12 to 44%). 

This was largely due to the increase in the amount of sulphadimethoxine 

7 	). Again. pre- 



ucuronide excreted (68 to 89% of the excreted dose). Free ulpha-

dimethaldne excretion remained untthanged (2.5 + 0.6 and 2.2 + 0.8% of the 

dose in normal and pretreated animals resPeetivelT). 

Sulphadimethoxine  N -glucuronide adminiltered. Recover/ iart the bile 

attn. phenobarbitone pretreatment was halved (78 to 38%). This was due 

entirely to depression in the excretion of Inichanged glucuronide; this 

being almoat the sole component (100 and 99% of the excreted dose in 

normal and pretreated alvtivil  a respectively). 

Intelainal  3, l'+ 

contents hydrolysed 2% of the added sulphadimetho:dne 

N 	nouronide after 5 hr. and 9% after 32 hr 	contents of the 

small intestine hydrolysed at a wilirtlet. rats. 

DISCUSS/IN 

zuterohepatie reeireel4tio4 

dalmistering sulphadinethoxime N gluctroni orally. 24% of 

'thei doss Appeared in the faeces, possibly unchanged. Part of the fraction 

absorbed was excreted in the urine, the ratio of metabolites being very 

similar to that observed after administration of sulphadimethorine and 

dissimilar to the metabolites found after intraperitoneal administration 

of the glucuronide. It follows that the glucuronide was almost completely 

ydrol,ysed to sulphadimethcalne on absorption. 

Ild.lburn (1965) introduced both bile from sulph.adimethoxine-treated 

rats and sulphadizethaxine N -glucuronide into the duodena ofbile-Fistula 

rats, finding little absorption (7.6 and 11.E respectively) or hydrolysing. 



We found that rascal and small intestinal contents, known to contain an 

active A-glucuronidase (Marsha  Alexander. and Tievvyi 1953) did not break 

down sulphadimethoxins N4  -glucuronide at a rate fast enough to account for 

the observed hydrolysis in vivo. 

When given by intraperitoneal injection the principal ur 

metabolite, with good recovery, was unehanged gluturonide. Other 

glucuronidee given intraperitoneally are not hydrolysed (e.g. Carton and 

Wirinmms  1949). Endogenous ktlucuronidese does not appear to be a 

significant factor. 

Sulphadinethorine Tit*gluon snide when given orally maybe hydrolysed 

within the intestinal mucosa since .this tissue is known to contain 

A.glneuronidase (Fishman 1961). The data or Hilburn (1965) appears 

to indicate that this mode of hydrdlyeis is a very minor one. 

Although at pH 3 and 370.sulphedimethoxine Ni.slucurenide was stable, 

it was hydrolysed rapidly by normal acid (Chapter 2). This is consistent 

with stomach acid being the principal hydrolytic agent vivo. In the 

intact rat glucuronide excreted in ,the bile may be subjected to stomach 

acid by regurgitation or zones of incomplete neutralisation in the 

duodenum, 

A fraction (25%)  of the sulphonamide derivatives appearing in the urine 

after intraperitoneal injection of sulphadimethoxine 0-6Uouronide 

represents products of its hydrolysis. It follows that at least 25%. 

of the excreted dose (13% of the dose admintstered) has been present in 



the gastrointestinal tract and after 	Ayala has been re orbed. 

The fraction 13% approximates to the proportion of the administered dose 

which has undergone one cycle of the enterohepatic circuit in 24. hr. 

Since excretion in the bile following treatment with sulphadimethoxine 

-glucuronide represents 78% of the dose, ore -sixth of the gluouronide 

excreted in the bile can be evected to be reabsorbed. When sulpha. 

dinethaxine glecuronide is administered, recirculation can be expected to 

be significant. 

much smaller quantities of the glucuronide are reted in, the 

bi]a of a rat receiving sulphadinethoxine, it is up14fo3y that more than 

2.5% of the dose undergoes enterohepatio recirculation. This value was 

calculated by assuming complete reabsorption of sulphadimetbizeine excreted 

in the bile and is in good agreement with the conclusion or Milburn (1965). 

It is unlikely that this mechanism is responsible for the long action of 

sulphadimethoxine. Preziosi, Le:masa, Marmo and Miele (1963) also 

discounted enterohepatic recirculation as a significant factor in the 

long action of sulphadimethoxine. They found that tying off the bile 

duct did not affect the plasma half-life of the drug nor its urinary 

excretion. 

Enterohepatio recirculation has long been thought to be a contributory 

factor in the long action of sulpheMmethoxine and other long...acting 

sulphonamides (see discussion by Miens, Milburn and Smith, 1965), 

despite data showing excretion in the bile to be a comparatively minor 

pathway (rust, Boehni, Schnitzer, Rieder and Stroller, 1960; Preziosi, 

Loscalso, Marmo and Miele, 1959). 



Phenobarbitone pretreatment  

There are three observed phenomena caused. by pretreatment which 
require interpretation: 

1. 	When sulphadimethoxine is administered, pre 
	

t increases renal 

excretion of all metabolites. 

When sulphadimethoxine is administered, pretreat at appears to 

:Almost. glueuronide synthesis and excretion in' the bile.  
When sulphadimethoxine Ni-glusuronide is admfillstered, pretreatment 

depresses excretion in the urine and bile. 

Pretreatment with phencibarbitone and other stimulators of drug 

metabolism is held to be principally due to the induction of the ensyme 

systems responsible for the netabolism of foreign compounds. Induction 

is accompanied by changes in the endoplasmic reticulum with which these 

systems are associated (see Reamer and Marker, 1965). 

It is but a short step to suggest that other cell membranes are also 

susceptible to the influence of phenobarbitone, in particular the cell 

walls. Many cells contain active transport systems located within the 

boundary membranes. Those of the liver and renal tubules are of particular 

interest to biochemical pharmacologists. It is proposed that the systems 

concerned with the active transport of sulphadimethoxine Ni-gluouronide 

are stimulated by phenobarbitone. 

Milburn (1965) found that the biliary excretion of sulphadimethoxine 

111-eccuronide exhibits saturation at high concentrations, confirming that 

an active transport system for this compound.does exist lathe liver. 



Its presence is invoked to explain the requirement of intact cells for 

the synthesis of sulpladimethozine P1  glucuronide in 	(Chapter (Chapter 7). 

Stimulation rof the system by phenobarbitone would account for the 

increased biliary excretion of sulphadimethtrzine N -glue ronids after 

adninistratian of sulphadimethoxine. 

An active transport system for organic anionsexists in the kidney 

(Sperber, 1959). Nagy sulphonamides have been Shown to be transported 

by a related meChanism (Despopoulos and Callahan, 1962). Presumably 

glucuronides are also actively transported 'ice this sestets. Stimulatiae 

of active transport by phenobarbitone pretreatment would increase  the 

renal excretion of all sulphadinethoxine metdbolites. 

If' an active transport system exists in other tissues, also 

susceptible to stimulation by phenobarbitone, it is possible that the 
volume of distribution available to sulphadimethoxine N -glucuronide is 

greatly increased. Since this compoundis not very lipid-soluble, it 

will normally be confined to the extraceflular water. Increasing the 

distribution of the gluccronide will reduce its concentration, reducing 

the amount available to the liver and kidney cells. The reduced excretion 

following administration of suIphadimetboxina N ...glucuronide may be 

interpreted, in this way. An additional factor reducing renal excretion 

may' be the decreased enterohepatic recirculation caused by a lower bile 

concentration. 

Since recoveries do not change significantly in rats receiving 

sulphadimethoxims after pretreatment with phenobarbitone, it in reasonable 
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to assume that pretreatment does t part of the dose 

unaccounted for, thought to be irreversibly tissue bound. This assumption 

probably holds for rats receiving salphadimethoxine N ..glucuronide orally, 

since the glucuronide is hydrolysed on absorption. The recovery data 

bear this out. Intraperitoneal injection of the glucuronidepresents a 

different case; recovery of eu/Phonamide derivatives is halved. The 

reason far this is possibly the increased. volume of distributiam suggested 

above. 

Pretreatment reduces the excretion of metabolite  metabolitea after oral 

administration of sulphadinethoxine N —glucuronide, although the latter 

is thought to be hydrolysed to sulphadimethoxine, the excretion of which 

is enhanced in these circumstances. This is perhaps an indication that 

the intest3n41 =dose plays a more significant part in the hydrolysis of 

the glucuronide than has been previously supposed. If the gluouronide 

were taken up into the mucosa cells prior to hydrolysis alteration of 

active transport at this site might reduce the rate of absorptiao and 

ultimately the rate of excretion 

The foregoing discussion makes it clear that pretreatment with 

phencbarbitone has a more profound and widespread effect than has been 

thought. Frevious workers have concentrated on the induction of drug.. 

metabolising ensymes, overlooking other effects which are just as 

significant in the influence of one drug on another. 



More experimentation is required to substantiate the hypothesis 

propounded above. However*  phenobarbitone and allied compounds may well 

be useful tools in increasing the understanding of active tran2Pmet• 
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!l'.ABliE 4,1,

• , I

! Treatment None Phenobarbitone None Phenobarbitone I
Route of sulphonamide adminiswa:tion p.o., p.o. l.p. i.p,

No. or an1mala , 1 J .3
Free amine in 24 hr. uri11s '.9 %0.5 l' ... :5 5.3 ... 0.9 16 .±.5- -
~otal omlne 1n 24- hr. urine 8.S .:t1., 29 ... 7 l' +2 31 + 10

~~-glucurOnide - - -,
S ... .., 5+1 1 + 1 .5 + 1- - - -

,4
~

(Ift'.SulPhate 2 .=1 4- ... 1 t +t 1'+1
/4 - - -

drug exareted ~t-sJ._D1cle 7 ..!3 9.:1 a + 1 9 +t- -
in Sulphadi metha1d.ne 4O.t, .5 '57+ 4 .. 38+ a 36 0f- t,.

24. br. ae
~-a.oetyl~pbaOimet~ - .- -46 + 1; 45 ... 3 48 + 8 49 ... .5- - - -

'Free' amine in 48 hr. urine
..., 6.' + 1.lf. 8,21.4. .it 1.9 +2.9- . - .

'Total- ami. in 48 hr. uriDa 20 + 2 18.1, 15.t 7- 26 ,:2Free amine in~ 3-6 urine 10 ... 2 9.9 + 1.5 1.5.± 0.9- -
T,otaJ. am1ne in~ 3-6 UX'ine 17.t 1 16 ... , ,.9 .;t 1.9-
!rotal recove4"y' 1n6 tU\Va trom urine l,.S ... .3 55 + 9 50 + 9 51 + 19- - - -



None None 
P.O. i•P. 

Phenobarbitone Phenobarb 

10 .:2  
16 :4, 3 

10 
0 

13 
4.1 
36 

7.3 4-0.8 
ii 
i5 
2„ 5 

'8.2.+ 

51 
35 

'4.1 +1 
8.7 + 3.5 
21 + 9 
24.4.8 

.74  
15 + 2 
6 

7.22.7 .   
13 + 3 
6 „0.4 .  

5.0 + 0.5 

3.. 
42 + 
43  ;4.  
4±f '  

0 
75+2 
12 4- 1 
9 4-1 

6.0 + 0.3 
8.6 + 0.2 
10+1 
18 4. 
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TABLB 4.2 

   

Fate of sulphe,aimetho • 	-W.uouronide in nor 

 

pretreatea rats 

 

: Treatment 
,Route of anlphonamide administration: 

No of animals 
tb`ree'amine in 24. hr. twine 
'Total' amine in 24. hr.  

(114.gluotwonide 
of 	rsulphate 

drug excreted Ni-slucuroade 
in 24 hr. as (Sulphadissethextine 

acetyleulphadimethoxine 

sPree' amine in 4.8 br. urine 
+Total° amine in 48 bre urine 
Pooled faeces (Pre* amine 
of let 48 hr. (total amine 

51 + 2 '41 	 70 + Total recovery in 2 days 



None 

78 4 6 - 
78 + 

0 
0 

100 +0 
0 

8: 

4 1  

.4 87 4. 
TABLE !III  

of sulrhadimethoxine and sulphadimethoxine-N/..gluouronide iz  

normal and _Rretreatei biliary cazInulated rata 

	.018111•011001111•4 

Corsp ound SulphacUme 

No, o animals 
Treatment 
Free amine in 24. hr, bile 
Total. 	in 21+  hr, bile 

gluouronide 
NV sulphate 
N gluouronidm 

b Sulphadimethox  

3 
Phenobarbitone 

38 + 3 
38 + 3 

0 
0 

994 1 

0 

Phenobarbitone 

44- + 
44 7 

0 
89 + 2 

5; 1  
2 4. i 

Sulphadimethoxine.N1,,  
glueuronide 



CHAPTER 5 

THE METABOLISM OF TELE mivil0a4..eilla LAMIDOPYBIELDINES 



2-Me4hoxY-6-sulehAn 	1nmidopyrimidine* was first synthesised by Winnek and 

Roblin (1947) who reported it to be therapeutically active. A second 

synthesis was achieved by Bretschneider. Kloetzer, Spiteller and. Debler 

(1961). It has not attained clinical, use. There appears to be no 

published toxicity data. 

4-Methoxy-6-sulehanilamidoexrimidine (sulphamonomethoxine) was synthesised 

by Shepherd, Taft and. Krazinski (1961). It was up to twice as potent 

as sulphaaipyingi on a blood level basis in standardised infections intim, 

mouse (Redin and. McCoy. 1962). Clarkson and Martin (1961). attribute its 

high activity in mice compared with sulphadimethoxine and sulphamethoxy-

pyridazina to a high intrinsic activity and persistence in the mouse 

combined with lower plasma protein biraing. 

Acute toxicities in the mouse were: intraperitoneal LD50 2800 mg./kg.; 

oral LD5O greater than 8000 mg./kg. (Win and McCoy, 1962). 

The sulphonamide has been reported in clinical use in Japan; is man 

it appeared to be very little acetylated (Oshima„ Easahara and Shibata, 

1962). Its introduction in this country has been delayed due to untoward 

toxic reactions in the monkey (Spinks 1963). 

5-Eethoxv-6-sulehanilamidoeyrimidine. The synthesis has teen. reported 

(Budesinaky, Bydzovsky, Kopecky, Svab and. Vavrins, 1961).. According to 

*Strictly, sone sulphonamides in this series should be named as the 

corresponding 4seulpheYillimido derivatives. For clearness in cocparison 
the sulphonamido group will be given the 6-position. The 4- and 
6-positions on the pyridine ring are equivalent. 



Bude sins and Bydzovsky (19 
	

the sulpbsnilamido group ic.to the 

5-methoAy group on the pyrim 	ring strongly 4n1iibited antibacterial 

activity. 

2.5-Mimethoxy-6-sulRhanilamidonyrimidine. The synthesis bas been reported 

by Budesins4 et al. (1961). It also would not be espected try be high4 

active on the above considerations 

4.5..Dimethoxy-6-suluhanilamidonyrimidine (seaPhorthodimethoxine). 

A. patent for the synthesis of this compound has been issued to Roffman-La 

Roche and. Co. (1960. The substance can be regarded as an extra-long-

acting sulphonamide, with a half-life in man of 100.200 hr. (Madsen, 1964). 

It has recently been claimed to be effective in the treatment of malaria 

(Laing, 1964, 1965) and. Leprosy (Languillon and Clary. 1964). 

EXPERIMENTAL  

Materials and the synthesis of reference compounds 

2-Met oxy...6-sulphanilamidopyrimidine m. p. 186.4870, 5...methoxy-6. 

sulphanilamidopyrimidine m.p. 200..201°, 2„5-dimethov-6-sulpheni2emido-

pyr4001414np m.p. 190-193°, 445-dimethoxy..60sulphAr1lamidopyrimidino 

m.p. 194-197G  were donated by Roche Products Ltd., Vieleyn Garden City, 

Herts., 4-methoxy-6-selphanilamidopyrimidine m.p. 201-203' was donated 

by Imperial Chemical Industries (Pharmaceutical Division)  Alderley Parko 

Cheshire. 

N4-Acetyl derivatives. The sulphonamide (0.5 g.) was dissolved in 10% 

(w/v) Na2CO3  solution (5 ml.) and acetic anhydride (0.5 ml.) added. 

When the gentle reaction had subsided, the mixture was kept at room 

temperature (1 hr.), and the crystals of the 114-acetyl derivative filtered 



TABLF3 50  

..iieltixg; points and: 	IS of the -.acetyl 03.erivatives of the 6-sulphanilamidopyrkaidines 

6o4u1phaniii. 
saddcavriti4ir (0  5alvtr pormula 

Analyse 
und 

a 
Required 

Tf 

(,1,) 
N 

2.4ethosy 

hos** 

2,5.Dimethoxy.. 

4.5..Dimethossyg. 

225**7 
219.20 
215'7 
158-60 
214.5 

C13If 14 
C 	N 0 13 14 4 

,41.1 
47.1 

4.7.7 

4,6 
16.7 
16.7 

6.0 

9 7 
9,5 

9 0 

47.1 
47.1 

.11 

47.7 

6 
4.6 

4.6 

6.9 
$6.9 

15.9 

9.7 
9.7 

9.1 

Rearystallisation solvent • 1, Acetic acid. 

2. Acetic acid (5(10 v/v). 
3. Acetic acid (2 v/v). 

4. Ethanol. 



off, 	90-100%* Xn each oase this was a new route to the 

known compounds. Properties and. analyses are shown in Table 5.1 • 

nif-Clueuronidee.  Snial  -3oale gynthests (0.5-1.0 g. sulphonamide) were 

attempted using the method described for sulphadimethoxine (Chapter 2). 

Only impure crystals of the 114-glucuronides were obtained, with the 

exception of Sulpharthodimathoxine which crystallised as disodium 

1 -.(>_seg-i 	,50-dilrethozypyrimidin-61-vlsulphamoyl )anilino10.uco aid] 

uronate from acetone-4.211-Na011 (20:1 VT), decomp. 1380. (Found: C$  38.7; 

H, 4..0; N, 9.i; Na 7.5. Cieatillya,2010Sp 2/129 requires Co  38.2; H, 4.3; 

Ls 9.9; Na, 8.1%). The impure preparations, as with sulph,adimerthoxine, 

could be used for chromatographic purposes* 

114-SulDhonates. These conjugates were synthesi 	-methoxy-, 

5-meth 	and 4„5-dimothozy-6.sul hPreticanidopyrimidines by the method 

used. for sulphadimethoxine (Chapter 3). The products were reczystallised 

Prom absolute ethanol. Dipotassium 1-13-(4'methozypyr din-Pirlaulphamoyl) 

bensent sulohamate. (Found; C, 29.6; H, 2.7; K$  16.1; N, 11.7. 

Ci1it0hN406 	 20 requires C, 29.6; H, 2.5; K, 17.6; N, 12.6%). 

Dipotassium 1-p.-(514netlhomyrimidin-6*--ylsulphamoyl)benzene sulphamate. 

(Found: C, 29.6; H, 2.7; IC, 16.3; N, 11.7. C11N10N2N40632„ iH20 

requires C, 29.6; 	2.5; K, 17.6; N, 12•6%)* DiPOtaanitiM 

$5*-dinothoxypyrimidixt-6*-ylsulphamayl)brisene sulyb.amate  

(Found C, 29.1; g, 3.4.; K, 14.9; N, 10.6. C12/1121t2N 07320  2N20 

requires C, 28.6; H, 3.2; 	15.6; N, 11.1%). 



N -Gluouronidee.  Due to the small vane 	me sulphonamides 
available, attempts were made to synthesise only sulphamonomethoxine 
N -glucuronide and sulphorthodimethoxine N -gluouronide. 

The sodium salt of sulphamonomethcatine (3.16 g.)  and ace obromo- 
glucuronie acid methyl ester (4.13 8.) were dissolved in aqueous acetone 
(75% v/i) (50 ml.) and kept 6 days. The solution was passed through a 
column (2,5 x 25 CM.) or activated ale:Edna (typo 8; 100-200 mesh) 
(P. Spence Ltd. Widnes, Lancs.) and eluted with acetone. The 'bluets: 
(200 ml.) was evaporated to dryness: and crystallised from propan-2-ol to 

white needles of the pure Nara 2,3,1+-W,-0..aceV1-1-1-LN1'-

(4-t°4•12ethoMpyrimidin-6 *-71)su3pber1il  '  doglucosidluroustAs  m.p.  
+ 68°  (2. 1.05 in acetora). (Posmd: C, 47.0; 

8, II20 requires Co  46.9; H,  4.9; 

a similar way 
to the ester of sulphadimethoxine 	uouronide. The crude yellow 
ammonium salt of sul hatuonometilexine N1  -gluourenide (100 mg.) could not 
be induced to crystallise. However, it could be used as such for 
cbromatographim purposes. 

The potassium salt of sulphsorthodimethoxine when treated as above 
gave no recognisable product. The reaction mixture darkened with keeping 
and could not be purified. on an alumina column. On treating the brown 
oil (obtained by concentration) with barium methancle, only sulphortho-
dimethoxine was isolated. Chromatography indicated the presence of 
sulphorthodimethoxine Ni-gluouronide in the reaction mixture. 



nta].taodsr and animals w 	 pr molar . 

(Chapter 	Pour 1.670keys ware used in 	t 	1 	experiments; 

a period of at least 14. days elapsed between successive dolma in the Zaine 
awl insal 	iTot all sulphonamides could be aertnistered to man because the 

toolcitd.es of 308111 were not known. 

Is9lation of major metabolites. The 24 hr. 	s receiving 

100 Fig./kg. sulphonamide orally was adjusted to 	acetic acid and 

extracted twice with an equal volume of ethyl acetate. The two phases 

were: separated by centrifugation where necesaarys  and the arpmeous layer 

discarded. The ethyl acetate extracts were combined and the metabolite 

taken into saturated NeliC0 solution a vol.). On aeidifications  the 

metabolite cryst014sed. Metabolites were rearystallised and ebaracterised 

by mup 8, mixed m.p.s  infrared spectre' and chromatographic properties. 

-toolated metaboUtes 

Tout 5.2  

the methoxr-6 dines. 

Metabolite asses op.  

2-Meth coy- 114-Acetrl Rabbit 224-5 
4-.Nethacqr- M.Acetyl Rabbit 217-9 
54tethoxy• Unchanged Monkey 200 
2 3-Dimethorr. Unchanged Rabbit 189-92 

94imethoxy* 114-Acetyl Rabbit 212-3 
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RES 

'dent 	ore of metabolites. Apart 	'those mm. oar metabolites 

isolated, identification has been largely dependent a chronategraphya  

comparison with the, synthesised covouada and analogy with the metabolites 

of sulphadimethoxine• Table 5.3 shows the close similarity of R, values 

of the series of compound:1. The bases of identification have been 

discussed in Chapter 3 
Met,bolkert of 2-methort4-sulohardlarddopYrimitline. 

first 2i hr are high in the rabbit (60) end the Ito 

value obtained with the rat (19%) is lower but significa.ntly Esher than 

the corresponding value for sulphadimethoxine (8.5n. The major metabolite 

in the rabbit is the 2k''-acetiy1 derivative. whereas in the rat &aid monkey 

the Imo 	ulphonamiqe predominates (Table 3.4). 

The good remeer7 

o mss) coUld.possibly be 

at 	lu 3.ve excretion 	the.R4...aeretyl derivative 

in the urine (98° 	the expro 	dose). 	the rat shove good 

recoveries (65 in two &vs) but excretes only 40% of therecovered dose 

in the urine as the aoetylated compound (Table 5.5), Thwe is a tra00 

of 	glucuroni excreted. As with sulphadimetheXine,:this metabolite 

is found in much larger quantities in rat bile (Table 5.9, 22% of the 

excreted dose), 

Me the rabbit, the monkey highly actetylatss this aul honamide 

(89% or the excreted dose)", but whereas the rabbit showed no untoward 
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TABLE  

Colour reactions of the metabolites of the metherr•6-sulphanila,midopyrimidines and their 

RP  values in the solvent system B propan4-ol.ammonia solution (e.g. 0.880) (7:3 by vol.)] 

All compounds quenched the bacskground 	co of the paper under ultraviolet light 

Metabolite 

1 

,
2 

Position 
1 

of methaw 

5 14. 	2,4 

, 

sUbstituante 
( 	"N 

2,5 415 

t 

Colour 

DMAC 

f 

reaetioe 

NR BaRh 

041uouronide 0.10 0.07 0.08 0.11 0.07 0.09 Purple Blue None 
Nk.Bulphonete ..P 0.36 0.30 0 42 0.300  0.20 (5.40_m.) 

Purple None White 
(50 m.) 

N -Gluouronids 0.350  0.48 . 0.54 b  0.32 Purple Blues- 
brown 

None 

Sulphonamide 0.64. 0.65 0,68 0.72 0.60 0.56 Purple None None 

lik.Acetyl 0.76 0.75 0.77 0.84 0.72 0.71 None* None None 

Developed a purple spot atter keeping overnight. 
a DMAC E-dimetbylaseinoeinnama3.debrie NR naphtharesoroinal. 

BaRh = barium chloride - sodium rhodisonate (see Chapters 2 and 3), 
b Metabolite not observed. 

4 Not compared with synthetic compound. 
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TABLE  

ate aP 	 tha4p00..oulphanilamidopyrimidine in various 

specieex after oral administration (100 mg./kg.). 

Recoveries represented as proportion of the dose (%). 

Species 

Sax 

No. ai 0911-1*216; 

Free amine in 24 hr. urn 

Total amine in 24 hr. urine: 

at the 	Nit.gluouronide 

riated 	0:!4ulphonate 

N .glucuronide: 

uric as 	sulphonamide 

1-acetyl 

in 48 hr. urine 

Total amine in 48 hr. urine 

Rabbit 

Female.. 

3 

25 + 5 

67 8 

0 

0 

0 

33 + 

67 + 7 

.0,6 + 0.1 

3.7 + 0.i 

Rat 

3.8 + 1.4 

19 4- 

2 

' 0 

2 + 2 

76 + 9 

20 +6 

8.2 1.3 

10.6 + 2.4 

?donkey 

Female 

2 

57 

2 

0 

5 

84,  

9 

1.3 

1.6 .  



4 5-A 
Pato 	.me hoxy-6-sulphrolomidopyrimidine in various 

species after oral administratIon. 

$score s represented as proportion or the dose 

Species 

Sex 

' ambit Bat 

Penale 

rn 	r 

Female 

- 
Man 

Male 

No. or animals or subjects 3 3 2 1 

Dose level (mg./kg.) 100 10 100 8 
'Preens' amine in 24 hr., urine 3.0 + 0.0 7  . 17 

'Dotal amine in 24 br urine 7( -•'+ 5 12 l2a  29 

% or fibs 	I14-glucuronide 0 i I $ 3 

ilksulphonate excreted. 0 2 + 0 t 0 

date in 24 	
1-glut:won/de 0 3 + 1 2 18 

urine as 	sulphonamide 2 514.1 11 7 18 

Cnkeeelorl 98 + 1 40 4 9 89 61 

' ami 	is 40 hr urine 0.'71 O.1 10* 0.3 .. 

Total amine ate 48 br. urine 7.4 + 3 25 ' 	2.3a  

* One Pritrnal  died 

a Animas showed oligsria 



Vox 

No, of animas 

'Free amino Su 24 to 

Total amino in 24. hr. 

=onto& 

doe* in 24. br 

urine 

3 2 

3 

2 

IP* 	 iii 	0 

ase roprosonted as proportion of tbs .d**s 



TABLE,5.7 

Fate of 2,5-dimethosy-6-su3phani1amidopyr dine in 

various species after oral administration (100 mg.A6.). 

Recoveries represented as proportion of the dose (%). 

Species 

Sex 

Rabbit 

Feame 

Rat 

Female 

Monkey 

Female 

No. at 3 2 

*Free 	amine in 24. hr. + 12 58 + 12 42 

Total amine in 24, hr. urine 66 + 12 584. 12 42 

% of  the 	
Ett-glucuronide 1 + 0 + 0 

Nik.sulphonate D 0 1 
excreted 	

/.-glucuronide 
dose in 24, 

zulphonamide 
urine as 

&I.-eatc/1 

0 

92 1 0 

7+ 0 

0 

99 + 0 

0 3 

in 4.8 hr. Urine 4.6 + 0.5 1.7 

Total one in 4.8 hr. urine 5.9 + 0.5 - 1.7 



TABLE 5. 

of 4.3.dimethoxy-6..sulpbsm 	dopgrimidins 

TariOU5  sPeoies after oral earini  el:ration. 

s represented as proportion of the doss (%) 

Species 

Sex 

Rabbit 

Renal* ,ensle 

Ian 

Male 

No. of anitYmils or 3 3 3 	2 3 

Does level (1380g8.) 100 100 100 	17 17 

Free fugue is 24  hr. urine i5 + 3 8.0 • 	.0 5.0 it 0.9 	7.6 3.4,1 0.3 

Total amine in 24 br. urine 63 + 4 19 + 25 + 4 	22 5.3 + 0.6 

-gluouroside 
of the 
crated 

% 	L  
ex 	r'..aulphonate 

1-glucuroniSe 

2 +1 

0 

0 

4. 

5 

0 

9 

16 

2 	0 

7 1 1 

9 i,  1 

0 dose in 
24 hr. 	sulphonamide 
urine as 	L  

9 + 2 3 8 5613 

gv-asetyl 89 4 2 + 485 69 29 it. 2 

angst* in 48 hr. urine 2.9 + 1.1 8.t + 0.7 - 	4.8 3.1 + 0.2 

iota a 	in 48 hr. urine 12 + 3 27 + 2 - 	13 6.0 + 0.4 



aig•Iks. 3. in rat bile after intraporitoneal aa,  n3 atration (100 

tzlph 

No. of animals 

Free amine in 2Z 	bile.  

Total amine is 2P hr. bile 

gluouroatie 

ataphonats 

-81nouronisle 

banal:tide 

-toetyl 

Sulphamoconoth 

3.8 + 1.3 

3.9 + 0.8 

2 

0 

22 

73 

3 

ortbodinothoxine 

3 
0.6 

+ 0.2 

3 

+1 

0 

89 + 6 

6 

re. 

.9 

Excretion of snlgbaaouonethoxine ead sulphortbodiaot 
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symptoms, possibly due to the higher pH of its urine and consequent 

greater solubility of the metabolite, all monkeys given this compound 

showed extensive oligaria, excreting about 50 ml. urine per day compared 

with a more normal 150-200 sal. per day. This effect was undoubtedly due 

to partial kidney blockage by crystals of the metabolite. Renal damage 

probably accounts for the high toxicity of trmethoxy-Ce.sulpharilamido-

pyrimidine in the monkey (Spins, 1963). 

The compound has been tested. clinically in Japan (Oshima et al., 1962), 

being reported to be only moderately acetylated. The one level' subject 

tested. (Table 5.5) at every low dose level (8 mg,/kg.) acetylated the 

compound to the extent of 6.G. This can be considered to be high for man. 

10-glucuronids was a minor metabolite in the monkey (2 of the 

excreted dose) and a more significant one in the one human subject 

eramieed (1 	Since the synthetic N glueuronide was available, this 

identification was definite. The amount of glacuronide formed is unlikely 

to ameliorate possible toxic effects in man due to the high degree of 

acetylation. 

Ueltabolisul of ..methoxe-6-sulphanilamddonyrimidine. Table 5.6. 

This sulphonaside is very highly acetylated in all three species eYaeleed. 

Xidney ,function did not appear to be affected in any of the animals. 

Again recovery vas good in the rabbit (82;, in ono day, 92"i; of the 

excreted dose acetylated;. Recovery was average for this group of 

cow pounds in the rat and monkey (20 and 17/, in one day respectively). 

Traces of a metabolite suspected of being an el-gluouronide were 

observed in rat and monkey urine (2-35; of the excreted dose). Since 



the synthetic compound was not ava fable, it was not identified with 

certainty. 

Metabolism of 2.5eelimethoxee6-sulphanilart.doperimidine. if this compound 

were active bacteriostatically, it would appear to be an ideal short-

acting sulphonamide. It was rapidly excreted by the rabbit, rat and 

monkey (Table 5.7). Moreover. the only significant preduc in the urine 

was the unchanged. sulphonamide (92, 99 and 94`:,  of the excreted dose in 

rabbit, rat and monkey, respectively). 

metabolism of 14.:5-dimethoxY-6-sulehanilamidopyrimidine. The metabolism 

of sulphorthodimethoxine is of great interest since the compound will 

probably be widely used prophylactically due to its long:half-life in man. 

Recovery of the sulphonamide was markedly low only in man (5.5-; first 

day. 6.0;:,  second day, see Table 5.8). In other species recovery in 24. hr. 

urine was average for this class of compounds in the rabbit, rat and 

monkey. 

The difference in the excretion rate between man and other species is 

paralleled by the degree of acetylation, being high in the rabbit, rat and 

monkey (89, 66 and 85 respectively) but low in man (291). This compound 

of the series formed mach greater amounts of 1946.sulphonate than the others 

in the rat, monkey and. mein (5, 16 and 9;:,  of the excreted dose respectively). 

This sulphate conjugate should be isolatable; re sulphonamide V46sulphonate 

hes yet been isolated. 

Unchanged. sulphorthodimethozine predominates in rat bile (Table 5.9), 

Ming with the metabolic picture in rat urine. 



105 



106 

The biological ocourrence of sulphonamide Ni.glucuronides has only 

recently been recognised. Those detected by Japanese workers, derivatives 

of sulphathiazole and sulphisomezole, have only occurred as trace metabolites 

in hurler urine (Uno, Eachida, lianai and Ueda, 1963; Ueda and. Kuribayashi, 

1964). Sulphadi.methazine Ni-glucuroxride, however, occurs to the extent of 

70) of the excreted. dose in human Emd monkey urine. It is also found in 

the urine of the dog, rat end guineappig (Chapter 3). Sulphadimethoxine 

appeared to be an ideal substrate with which to investigate the synthesis 

in Limn of 171-glueurovides. 

zustamm, 

1.1dM,U 
Clitoma omaphy 	addition to the solvents listed inr Table 2.1, 

1-ol-ammonia solution (e.g. 0.880) (7:3 by volume) was also used. Spray 

reagents were as in Chapter 2. 

TI4cu, prep rations. leemal- rat and gxinea.pig tissues were removed 

immediately after death from a blow on the neck and placed in crushed. ice. 

Livers were homogenised in a Potter tube with a glass or Teflon plunger 

with three tires their volume of ice.coldi,,1:,  K01 solution. The 10,000 g 

supernatant was obtained. by centrifuging for 10 in. in an /4 S.E. "Super-

speed 40" centrifuge (EeazAring and. Scientific Equipment, Ltd., London, 

S.I1.1). Liver slices (0.5-1.0 ma. thick) were cut by hand with a 

stainless steel blade and immediately placed in the incubate. Kidney 

and adrenal tissue was treated in a stein-1m way to liver. Small intestine 

was washed with ice-cold KC1 to remove its contents, chopped finely and 



homogenised thoroughly. Tissue homogenates r 10, 000 g supernatant 

were used as soon as possible. 

IncOations 	eatimations 	o«Aainophenol conjugation was determined 

by the method of Dutton and Storey (1962) for both tissue honsegenates and 

slices. Ths substrate solution was prepared. from o.ananophenol hydro- 

chloride; the latter was found. to be easier to eterify than the free base. 

Incubates to detervine sulphadimethoxine conjugation were prepared. 

similarly except that an equimolar amount of sulphadimethortne replaced 

the o-/aminophteol substrate* The addition of ascorbic acid was unnecessary. 

A typical incubation with a tissue suspension was as follows: 

Into each of three 15 ml. centrifuge tubes was pipetted the tissue 

preparation (1.0 al.). 0.14. mkaulphadimethoxine in sufficient NaCE to 

achieve; solution (0.2 ml.). 0.5 *MP G& (0.2 ml.). water 1..4. ml.) and 

0.5 11-trig barer pH 7.4. (0.2 ml.). Control tubes contained either 

boiled. tissue preparation or 0.028 mss •.ssaclitum glucuronate (1.0 Isl.). 

After incubation at 370  for 1 hr. in a sholeing water.bath (H. tackle Ltd.* 

Gomshall, Surrey). the tubes were plunged into a boiling water-bath for 

60 /sec.. cooled. in naming water and centrifuged. at 2000 g for 10 m. 

Acetic acid (0.1 ml.) was added to part or the supernatant (2.0 ml.) and 

the solution then extraoted with ethyl acetate saturated with. water 

(2 x 2.5 ml.) to restive free sulphadimethozeine (the tubes being centrifuged 

to break any emulsion formed). 2 144101 (1.0 ml.) was ociaPd to the aqueous 

phase and the solution centrifuged. at 2000 g for 5 m. Part of the 

supernatant (2.5 m3..) was then treated. by the Bretton and. liarshall method. 
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A calibration curve was prepared. using mixtures of sulphadimethoxine 

and. sulphadimethoxine 111.glucuronide. Mean recovery in the range of 
10-10Q3een;;tgati. en was 98 + 

A typical incubation with liver slices was as follows, each 

determination being performed in triplicate. 

Into each of three 25 mi. conical flasks was pipetted 2 mi. of 

Krebs bicarbonate Ringer solution pH 7.4.. To the first flask rat liver 

slices (approximately 100 mg. wet weight) and. 0.1 ml•  sulphadimethoxine 

(0.5 umoles 121 ©.9 Na01) was added., to, the second rat liver slices and. 

0. ml. of 	Nael and. to the third sulphadimethoxine (0.5polea) plus 

of sodium glucuronate solution (a.5 mole in 0.91, NaC1). Each 

flask was aassed with 02  contAining 	CO immediately stoppered. and 

places in a shaking water bath at 370  (H. tackle Ltd., Ger.,3hall, Surrey) 

for 80 grin. At this time 0.5poles of sulphadimethoxine was added. to 

the second flask, liver slices were then immediately withdrawn from all 

flasks, drained on , filter papers and. weighed. The supernatants were 

poured into centrlftge tubes, placed. in a boiling water bath for 1 min., 

cooled in zunnung water, and then estimated as above. Formation of 

su1phadiraethoxine-N1-glucuronide by the rat liver slices was demonstrated 

qualitatively by paper chromatography in butan-1-ol-ammonia• solution- 

water, butan-.1 ol-acetic acid-water and propan4-1.01-wmporde. solution. 

The synthesis of glucuronide was also studied. by following the 

incorporation of [40 .glucose into sulphadimethozine-,Ni.glucuronide. 

The procedure used was as follows; rat liver slices were incubated. 
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with 2 ml, of 'Crabs bicarbonate Ringer solution pH 7.4. containing 
5 	105d.p.m. of [140] -glucose (0.06iumoles) and sulphadimethoxine as 
described, above. After incubating for I hr. at 370  the liver slices were 

immediately withdrawn from the flasks, drained ani homogenised in dioxan 

(10 ml.). Controls were prepared as above except that sulphadimethoxine 

vas added after incubation. Samples of this homogenate (1 ml. anti 2 ml.) 

were pipetted into dioxan, PP 00  10POP scintillator containing 5, Carbosil 

gel and their radioactive content determined in a Tri-Carb scintillation 

counter model no. 3214. (Packard Instrument Co. Ltd. Wembley, ddlescx). 

disintegrations per minute were then calculated using the channel ratio 

method. (Davies. 1965). The glycogen content of the liver was determined 
by the method of Hassid and Abraham4 194 To the supernatant from each 

incubate 100 mg. of sulphadimethoxine-N glucuronide (NH4,  salt) was added 

which dissolved on warming. The solutions were placed in a, boiling 

water bath for 1 min. to deproteinise and centrifuged at 2500 g. far 

5 min. The supernatant was decanted off into other tubes and Sbensyl-

thioarenium chloride (0.3 g.) was added to each of these with warming. 

On standing crystals of the S.bensylthiouronium salt of sulphadimethoxine-

N4-glucuronide were formed (100 mg.) which on recrystallizing twice from 

water yielded the pure q-benzylthiouronium salt (30.50 mg.), This material 

was counted in dioxan PPO. POPOP seintillator contPinirg 	Carbosil gel 

and its true radioactive content determined by the channels ratio method. 
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RESULTS 

In vitro conJugation of sulehadimethoxine. Tissue homogenates from 

the PmA.31 intestine, kidneys, adrenals and liver appeared unable to 

catalyse the conjugation of sulphadimethoxil'ie. The trace of colour 

obtained in the estimation method could be ascribed to non-enzymic 

formation of the N glucuronide„ since controls containing gluouronate 

in place of the tissue suspension gave similar results. The tissue 

suspensions were all active in the conjugation of o-aminophenol (Table 6.1). 

Liver 	from both the rat and guanea-pig were active in 

sulphadimetboxine N -gluouronide formation compared with controls. The 

rate of conjugation with guineaapig tissue was approxiaately 1O of that 

for o-aminophenol. Evidence to support the calorimetric results was 

difficult to obtain chromatographically because there was little conjugate 

eynthesised and the chromatograms of tissue extracts showed extensive 

streaking of the spots, in spite of deproteinisation and desalting. 

Nevertheless there appeared to be a spot corresponding to sulphaaimethoxine 

El.gluouronide in solvents C and D. 

Confirmatory evidence was sought by means of isotope dilutioru 

small amount of labelled glucose was added to the incubates; it was 

assumed that this equilibrated with the glucose pool within the cells of 

the liver slice, some label proportionately being incorporated into the 

UDPGA and thence into sulphadimethoxine Ni-glucuronide. The labelled 

glucuronido was diluted with carrier, a derivative crystallised*  purified 

and counted. Dilution from test incubations showed higher activity 



than those from control incubations (1840 compared with 1320 disinteg-

rationajm./g. liver, difference significant at the 15 level). Uptake 

of label from the medium by the slices showed no significant difference 

(test 19 200 d.p.m., control 17 200 d.e.m.). The rate of conjueetIon 

was calculated on the basis the above assumptions (Table 6.1). 

Phenobarbitone pretreatment of the animal prior to preparation of the liver 

slices had a slight effect on the in vitro synthesis of sulphadimethoxine 

-glucuronide (Table 6.1). The differenee was not statistically 

significant. 

Other sulphonamide substrates. 2-Methoxy- and 4-methoe706-sulphanilamidn- 

pyrimidine were tested in the sulphadimethoxine conjugating system. The 

4.-methenq derivative was conjugated at 10-40 the rate of sulphadimethoxine 

and the 2-methoxy derivative at 0-100. 

DISCUSSION 

The evidence in favour of an enzymic synthesis of.. -glucuronides 

derives from several sources. 

/. Colorimetric analyses indicate an increase in the water-soluble 

and diazotisable material on incubation with sulphadimethoxine with liver 

slices, but not liver homogenates. Sodium gluouronate in place of the 

slices did not produce these results, showing non-enzymic formation of the 

N4-glucuronide was not responsible. 

2. Chromatography shows the presence of a spot corresponding to 

suiphadimethoxine Ri-glueuronide. 



Species 	aaration Substrate 
Su3.phadimethomine o- phenol 

Homogenate 

iplwo 5 aupnt. 

0.28* 

0.29 ,10.03 

0 

0 

Rat 

INF 

0.66 

Guinea-pug 	Slices 

Homogenate 

0.07 + 0.01 	8.2 + 0.5 

0.11 + 0.04 	29.3 

0 	 4.0 

*` 112- 

2ABLB 6. 

Ability of rat and guinea-pig ver preparations  

to conjugate aulphadimethozine end o-aminophenol. Da oiven 

?moles gluouronide formed/g. liver/hr. 

• 
Approudmate value derived from isotope dilut 

'Slices prepared from the livers of animals pretreated vith 

phenobarbitone. 
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3. Isotope dilution confirms the colorimetric results, both 

qualitatively and quantitatively. 

4.. Incubation of other sulphonamide substrates gave much lower 

rates of conjugation, in agreement with the in vo results (Chapter 5). 

If the colon trio measurement were an artifact, then other sulphonamides 

would be expected to give a similsyr result. 

Sinee liver suspensions do not conjugate sulp 	 Adimethoxine, but liver 

slices appear to do so, it seems that an organised cell system,  is essential 

far the synthesis of sulphadimetboxine N -glucuronide. The system appears 

to be more complex than that required, for the conjugation of o-aminophenol. 

Phenobarbitone pretreatment greatly increased the rate of synthesis of 

o-aminophenol glucuronide (briefly reported by Inscoe and Axelrod, 1960)„ 

but ad not significantly affect sulphadimethoxine glucuronide synthesis. 

Phenobarbitone pretreatment is thought to induce the synthesis of drug-

metatolisong enzymes (e.g. Remmer and. Marker,. 1965). In spite of the 

greater concentration of enzyme available, the rate of conjugation of 

sulphadimethoxine did not increase significantly. Some other process 

must be rate.aimiting. Access of sulphadimethoxine to the conjugating 

site cannot be the rate-limiting step, because liver homogenates would 

then be expected to be more active and not less, as was observed. 

If it is assumed that the free energy change is sufficiently great 

in passing from sulphadimethoxine to sulphadimetboxine -glucuronide, 

then the reaction: 

sulphadimethoxine 	UDPCA = sulphadimethoxine N -glucuronide 	IMP 

win be in equilibrium. An active trnasport system will be required to 



remove the product and displace the equilibr um in favour of the 

synthesis of the glucuronide. In the absence of some system for the 

removal of the glucuronide, only undetectable quantities of the glucuronide 

will be formed. This is possibly the situation in tissue suspensions. 

In the intact liver, specific systems are thought to transport 

excreted products into the bile. Such an active transport system has 

been indicated for sulphadinethoxine 	glucuronide 
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THE ACTION OF 	UC1TRONIDASE ON SULPHADIVETHOXINE N A.GLUCETRONIDE 



Eceohlin„ Kern and Engelberg (1959) found that -glucuronidase did 

not hydrolyse the gAuturonide of sulphadimethate found in human urine. 

We found, that the enzyme did catalyse the hydrolysis of suiphsAimPthoxine 

gluouronide, although at a slew rate (Chapter 2). Both the synthetic 

and biosynthetic material yielded sulphadimethoxine and glucuronic acid. 

This chapter describes inn, vitro experiments to investigate the 

reaction sore fully, since it is the first example of an N-glucuronide 

being hydrolysed by the enzyme. 

Sulpbanilam4 de h =glucuronide (sodium salt) had been previously 

synthesised (Bridges, 1963), m.p. 195,-205 (decamp.). /3 -Glucuronidase 

was derived from beef liver (Warner-Chilcott tEetodaset). Phenolphthalein 

glucuronide (Koch-Light Ltd.) and, potassium hydrogen saccharate (British 

Drug Houses Ltd.) were purchased. A solution of saccharo-1,4-lactone 

was obtained by boiling a solution of potassium, ydrogen saccharate 

(Lev7y, 1952). 

Methods 

Estimation of the sctionof0-glucuronidase on sulyhadimethaxine  

N1-glucuronide. A inical procedure was as follows. Eetodase (0.5 ml.), 

0. -sodium acetate buffer pH 5.0 (1.0 ml.), 0.5mM.emmanium sulphadimethaxine = 	 = 

le-glucosiduronate (1.0 ml.) and water (0.5 mi.) were incubated at 370  for 

120 m• in a i5 ml. round.bottomed centrifuge tube without shaking. At 

the end of the incubation period the residual. sulphadimethoxine 

glucuronide was estimated. 



The reaction was stopped by adding acetic acid (0.1 ml.). The 

mixture was extracted twice with ethyl acetate (2.5 ml.) with centrifuging 

if necessary to break any emulsion formed. Trichloroacetic acid 

(30% w/v) (1.0 ml.) was added to the aqueous layer and the mixture 

centrifuged for 5 m. at 2 000 g. Two samples of the upper layer were 

taken (1.0 ml.) and each diazotised and coupled by the. Bretton and. Marshall 

procedure with 0.1% sodium nitrite (1.0 ml.), 0.5% ammonium sulphamate 

(1.0 ml.) and 0.1% N-1-naphthylethylenediamine dihydrochloride (1.0 ml.). 

The solution was allowed to stand 15 m. and read at 540 ,a in the Unice= 

SP 600 spectrophotometer. 

A calibration curve fer the hydro3ysis of suiphadimethazine 

...-glucuronide was prepared by adding known amounts of sulphadi.ethoxine 

and the glucuronide to 'incubates' and estimating in the same way. 

Recoveries were 90-95Z. 

Separate calibration curves were prepared. for estimations in the 

presence of salphAnclamide and sulphanilamide Nk-glucuronide. 

Estimation of the hydrolysis of phenolphthalein glucuronide by p7slueuronidaas 

This reaction. was estimated by the method of Le 	and Marsh (1959). A 

calibration curve was constructed from phenolphthalein in glycine-sodium 

hydroxide buffer pH 10.7. 

RESULTS AND DISCUSSION 

Action of /6-gluouronidase on sulphadimethoxing  N  -glucuronide. 

A progress curve for the hydrolysis of sulphadimethoxine i-gluouronide 

shows that the rate is approximately constant over a period of 120 m. 

Thus this period can be used for the determination of initial reaction 
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velocities. This is consistent with the assumption that initial reaction 

rates are constant while less than 2 of the substrate has been consumed 

(Dixon and Webb, 1964). 

A plot of enzyme concentration against velocity of the reaction 

yields a straight line (Figure 7.1). The possibility of an endogenous 

inhibitor being present (see below) can be discounted on the basis of 

experiment° conducted in the presence of the non-ionic surface-active agent 

Triton 1-100, This agent frees the ensyme from inhibition derived. from 
the tissue used in the preparation of the enzyme (walker and LevTyp 1953). 

No effect was observed (Figure 7.1). 

The effect of substrate concentration on the velocity of the reaction 

is shown in Figure 7.2. The curve is approximately linear but cuts the 

horizontal axis at about o.ennl, rather than passing through the origin. 

This abnormality is reflected in the Lineweaver-Burke plot (Figure 7.3). 

The deviation from normal cannot be explained by the presence of endogenous 

inhibitors often associated with fglucuronidase. 

Similar unexplained abnormalities have been found in the action of 

)6-gluzuronidase on other substrates (rarsho  1954). The non-linearity 

of the Lineweaver-Burke plot prevents a direct determination of Y. 

However, an apprniimote extrapolation indicates that the curve cuts the 

horizontal axis very near the origin. Thus the value of Km  is very high. 

As the equilibrium conditions for the richaelis-Menten equation presumably 

hold for this very slow reaction, Km  = Ke  the dissociation constant for 

the enzyme substrate complex. Henze 1/Km  is a measure of the affinity 
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of the substrate for the enzyme, i.e. the affinity of sulphadimethoxine 

-glucuronide for p-gluouronidase is very low. The slow rate of 

hydrolysis of the glucuronide is thus due to the low affinity of the 

substrate for the enzyme and not to the slow rate of breakdown of the 

enzYme-substrato complex to products. 

An alternative determination of K from the substrate concentration 

which produces half the maximum velocity is not possible since the maximum 

velocity of the reaction has not been determined. 

Action of inhibitors. Saccharo-1,4-lactone.  Complete inhibition of 

  

the ensyme at a substrate concentration at 0.1mr was obtained by boiled 

potassium hydrogen saccharate (0.0004mr), a substrate-inhibitor ratio 

of 250. 

The inh3bition of the hydrolysis of sulphadimethoxine NI  gluouronide 

by saccharo..104-4aotone is confirmation of the enzyme performing the 

hydrolysis being glucuronidase. oK-glucuronidase has been shown not 

to be inhibited by saccharolactone (Levvy and rarda, 1959). This is 

additional evidence for the configuration of sulphadinethoxine T31-glucuronide 

being the i&forma. 

Sulphanilamide 11-glucuronide.  The effect of sulphanilamide N4-glucuronide 

on the hydrolysis was tested in an attempt to detect any interaction 

between the latter and /9.0glucuronidase„ which had not been previously 

demonstrated. No effect was shown up to a substrate-inhibitor ratio of 

0.5 (concentration of sulphadimethoxine N ..glucuronide 0.1m2). Also, it 

was shown that no detectable hydrolysis of sulphanilamide N4-glucurouide 

by -gluouronidase occurred, confirming the result of Bridges and 
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Williams (1962), 

Fhenolphthaleinsluceronide. The competitive effect of phenolphthalein 

g/ucuronide was tested. This is known to have a high affinity for 

13-glueuronidase (Levey and harsh, 1959). No detectable effect was 

Shown on the hydrolysis of sulpha&vnethoxine N -glacuronide. This was 

almost certain37 due to the difficulty of maintaining a sufficient 

concentration of phenolphthalein gluourenide due to the rapidity- with 

which it is hydrolysed by the enzyme. 

Sulphartimethoxine N -glucuronide is the first N.glucuronide shown 

to be susceptible to IS-gluouronidese. It is thus intermediate between 

the aliphatic and aromatic smite noglucuronidess  which are not hydrolysed, 

rd the various types of 0-gluouronides  which are substrates for the 

enzyme. 

As the dimensions of the -NH- and .0- groups are closely similar 

(Pauling, 1960), it would be expected that most N-gluerronides would fit 

the enzyme active centre. Unce there has been no report that they 

inhibit 	glucuronidase and that sulthanilsmide N4-glucuronide did not 

competitively inhibit the hydrolysis of sulphataimethoxizie N.11ucuronides  

it would appear that /3-gluouronidase and amine W-glucuroniaes do not 

interact significantly. This must be due to the greater basicity of 

the imido group compared with the ether links  i.e. a greater electron 

density. However, in sulphas irethoxine Ni-glucuronide the nitrogen atom 

is adjacent to two strongly electron-attracting mlioetiess  the sulphopyl 

group and. the pyrimidine ring. Thus in this type of N-glucuronide the 
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electron density at the nitrogen atom is greatl,p reduced, making it 

resemble en 0-glucuronidemore closely. 

Meprobamate forms an N!..glucuronide in vivo which is a conjugate of 

a primary amide. It is thus similar in structure to sulphadimethoxine 

N ..glucuronide which is derived from a secondary sulphonamide. However, 

it contains only the weaker electron-attracting carbonyl group and would 

not be expected to be hydrplysed so rapidly as sulphadimethoxine Ni. 

glucurenide which itself is only hydrolysed slowly. reprObamate 

N-gluouronide bas been reported not to be acted upon by 	glucuronidase 

(Tsukamoto, Yeshimara and Tataatni. 1263a). 
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Figure 7.1 	Velocity-enzyme concentration curve for the action of 

p-glucuronidase on sulphadimethoxine 10-glucuronide. 



- 123 - 

X 

O.20 

C
H

A
N
G

E
 I

N
 EX

TI
N

CT
IO

N
 

0 .16 

0-08 

0.92 

X 
X 

X 

0.04 X 
X 

x x 
0 	x  

 

	 I 	I 	I 	____J 
1.2 	1.6 	2.0 	2.4 

 

0 	0.4 	0-8 

SUBSTRATE CONCENTRATION (rn 

Figure 7.2 	Velocity-substrate concentration plot for the action of 

1
3-glucuronidase on sulphadimethoxine Ni-glucuronide. 
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Figure 7.3 	Lineweaver-Burke plot of the data shown in Figure 7.2. 
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Recoveries of the methoxy-6sulnhanilamidop imidines  

Recoveries of the six sulphonamides from the rabbit were uniformly 

high (71-84% of the dose) but low from the monkey (29-63%) and the 
rat (29 -6,%). 

Further investigation of the low recovery of sulphadimethoxine from 

the rat showed that the urine was the 047 significant route of Oiminetioa 

after oral or parenteral administration. Sulphonamide was not detected 

in the faeces except after oral admietntration of high doses (400 -800 mg/kg. 

which were, probably incompletely dbsorbed. An intraperitoneal dose is 

unlikely to be excreted even partly in the faeces since excretion in the 

bile was only a minor route. Poor absorption of sulphadimethoxine from 

the gastro-intestinal tract at lower doses did not contribute to the low 

recoveries observed because the recoveries did not differ significantly 

whether the sulphonamide was given orally or intrePeritoneally (Chapter 2). 

The residual sulphonamide was not detected by qualitative examination of 

the tissues of a rat six days after administration of sulphadimethoxine 

(100  mis./kg.)• 
Low recoveries in the rat have appeared in cumulative recovery curves 

of sulphadimethoxine (e.g. Randall, Bagdon and Engelberg, 1959) but have 

not been commented upon. 

The unrecovered sulphonamide may have passed undetected by being 

tightly or irreversibly bound to a component of the excreta or tissues. 

Urine can be excluded since sulphonamide added to normal urine was 

completely accounted for. Recovery of added sulphonamide from faeces 
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was less complete (40-90% according to the concentration). However, 

the amount which could possibly be overlooked in the faeces would not 

account for more than a small proportion of the dose. 

One possible explanation of the low recoveries lies with the 

revious4 unreported observation that part of a dose of sulphadimethoxine 

is irreversibly bound to plasma protein in man and is probably not released 

until the protein molecule is broken down by normal catabolism (Cawerau, 

1964). The other sulphonamides of the series may be bound similarly 

since they are structurally closely related. 

There remains the possibility that the aromatic amino group, by 'obi& 

the sulphonamide is estimatedl  is metabolically,  removed or masked. Early 

in the biochemical investigation of sulphonamides it was suggested that 

the aromatic amino group of sulphanilamide might be converted to a 

hydromlamino group (Mayer, 1937). This has not been confirmed. However, 

recently hydroxylamine derivatives of aromatic 4.111U63 have been implicated 

in the carcinogenicity of the latter compounds, e.g. 2-acetamidofluorene 

(Millar, Miller and Hartmann, 1961) and 2-naphtby1amine (Boyland, Dukes and 

Grover, 1563). There is no chromatographic evidence for the occurrence 

of hydroxylemines as metabolites of the sulphonamides of this series. 

Aromatic hydroxylamines are easily converted to o-aminophenols (e.g. Booth 

and Boyland, 1964); o-aminophenolsulphonamides also have not been found 

as metabolites. There is no other known retabqlic reaction by which an 

aromatic amino group would escape being estimated. 

Without the use of isotopically labelled compounds it is not always 

possible to account for the entire dose of a sulphonamide (e.g. Smith and 



Williams*  194.8a). The colorimetri.o estimation agrees with radiometry 

for determinations performed. in blood*  but other tissues usually yield. 

much lower values by the former method (e.g. Ping', Christian and. Edwards*  

ino). Estimations of 353 in the mouse indicated. that levels of 

sulphaphenazole were higher than those in the blood in the liver*  kidney*  

lung and muscle in contrast with the colorimetric results (Schmid*  Tripod 

and Cross*  1960). 

Recoveries of the six sulphonamides investigated in the monkey, rat 

and. rabbit  are collected. in Table 8.1. 

Metabolism of the meth. v..6-sulphanilamidouxrimidines 

lik.Olucuronides. There is good. evidence for the non-mrymie 	.theats 

of the 114-glucuronides of sulphonamides*  in common with other aromatic 

amine glucuronides (Bridges and Williams*  1962). Added sulphadimethoxine 

was recovered from normal human urine as the glucuronide its sufficient 

quantities to account for the presence of this metabolite in urine after 

administration of sulphonamide. Combination of the unchanged sulphonamide 

with endogenous gluouronic acid probably accounts for the presence of 

Rit-glucuronides in the urine and bile after earring stration of the other 

sulphonamides of the series. 

The physiological significance, if any, of this conversion is unknown. 

It has been suggested that amino acids may be transported as N-glucuronides. 

However*  in general, aliphatic compounds fitgm these conjugates less readily 

than aromatic amines. 
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elt.Sulnhonates.  These conjugates appeared as metabolites of all the 

sulphonamides investigated, although only in trace amounts. Aryl 

sulphamates are thought to be formed ensymically (Roy, 1958). They 

undoubtedly occur as minor metabolites of many sulphonamides but there 

have been few reports of their existence (Uno andKono„ 1960; Uno and 

Ueda, 1960; Uno and Okazaki 1960; Uno, Yasuda and Sekine, 1963; 
Bridges and Williams, 19636). 

N -Glucuronides. The significance of this recently discovered metabolic 

route is unknown. It forms a minor pathway in the metabolism of 

sulphathiasole (Uno and. Ueda, 1962) and eulphamethomasole (Ueda and 

Euribayashi, 1960 and also most of the isomers investigated in this 

work, with the principal exception of sulphadimethoxine where it forms 

70' of the excreted dose in Man and the monkey. 

In Chapter 6 it was shown that suiphadimethoxine -glucuronide 

and others were probably synthesised enzymically by a system showing 

different properties from that conjugating o-aminophenol. The high 

degree of specificity of the enzyme system for sulphadimethoxine may be 

due to the latterts close resemblance to some naturally occurring compound 

(see below), in which the conjugation serves a biochemical function. 

Species differences in metabolism 

Throughout the series of six sulphonamides investigated, certain 

trends can be seen in the metabolism by each species. For instance 

the rabbit was the most active acetylator, folloted by the monkey and 

the rat. The biochemical basis of species differences is largely an 

unknown field. 
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TABLE 8.1  

Total urinary recovery of sulphonamide in 48 hr. from the monkey, 

rat and rabbit. Data expressed as per cent of 

the dose. Dose 100 mg./kg. p.o. 

Animal 
2 

Position 
4 . 	5 

of methoxy 
2,4 

groups 
2,5 4,5 

monkey 59 14* 29 63 4J- 35a  

Rat 30 65 20b  29 55b 
4.6 

Rabbit 71. 83 84 76°  72 75 

*Animals showed oliguria. 

dose 17 makg. 

1124 hr. velue. 

672 hr. value. 
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The rabbit appeared unable to form sulphonamide N .glucuronides. 

Traces of .glueuronide were also found in the urine of the rat and 

monkey after administration of most of the sulphonatides of this series. 

It appears that man resembles the monkey most closely in the proportion 

and nature of the metabolites of the metbaxy-6-sulphanilamidopyrinidines. 

The data shown in Chapter 3 indicates that the monkey excretes the 

sulphonamides and their derivatives at a greater rate than man* Brodie 

(1964) states that the monkey generally does not treat foreign compounds 

in a similar way to man. Bever, he does not produce any examples to 

support his contention. The metabolism of selphonamides mi t prove an 

exception to the general rule, in which case the monkey could be an 

appropriate animal in which to study new sulphonamide drugs prior to 

clinical trial. Their use in this fashionappears not to have been 

reported. 

The rhesus monkey has also been shown to be similar to man in its 

metabolism of indolylacetic amid (Bridges'  Ring and Lilliamee  1964). 

The major metabolite, indolylglutamlne is not a conjugate formed by lower 

mammals. 

Structure-metabolism correlation  

The extensive variation of metabolism of the methoxy-substituted 

6-sulphanilamidopyricidines with the location of the methory groups on the 

pyrimidine ring has been reported in detail in Chapters 3 and 5. The 

major metabolite for each sulphonamide-species combination is shown in the 
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TABLE 8.2  

The principal metabolite of the methogy-6.45aphani1milidopyrimidinee 

in the urine of man, the monketyi rat and rabbit. 

Animal 2..metho 4.0ethoxy ..methav 204...dimethcocy 2,5-dimethav 445-dimethoxy 

Man 

Monkey 

Rat 

Rabbit 

— 

U 

U 

A 

A 

A 

U 

A 

- 

A 

A 

f 	A 

G 

G 

A 

A 

- 

U 

U 

1 	U 

U 

. A 

A 

A 

A = N4-acetyl derivative 

G = Ni-gluouronide 

U unchanged sulphonamide. 
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Proportion 	cent) of 
	

a tlui N4 oty  

	

ox" eadh s4pliona:Uda 	man, ho zonkey, rot and rabbit 



4,5-(iimethav Animal 4.-methoxy 2-methoxy 5—methozy 2,4.-dimethoxy 

Man 

Monkey 

Rat 

Rabbit 

18 

2 

2 

0 

0 

2 

0 

2 1 

0 

62 

70 

7 

5 

2 

0 

234 

TABLX8.4 

Proportion (per cent) of the excreted dose as 111-tlucuronids of each 

sulphonamide itt*p, the monkey*  rat rr  rabbit 
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t can be seen from the ranking order that the 2mzethoxy group 

appears to strongly depress acetylation. Ibis is confirmed by examination 

of the detailed results. In all species except the rat the 2,4-dimethoxy 

sulphommide is acetylated to a lower degree than the 4-methory sulphon-

amide. In all species the 2,5-dimethozy sulphonamide is acetylated less 

than the 5-methoxy analogue. 2-nethoxY-6-sulphanilamidopyrimidine is 

poorly acetylated in the monkey, rat and rabbit. 

2,5-Dimethory-6-sulphanilamidopyrImidine is remarkable in that  it is 

scarcely acetylated at all even in the rabbit, which acetylates all its 

congernners to 67-98 of the excreted dose. 

The compounds need to be examined in vitro with the3 mitochondrial 

acetylating system to distinguishwhether the observed effects are 

intrinsic, caused by differing interactions with the enzymes of the 

acetylating system or extrinsic, caused by differing ease of =ceps to 

the mitochondria in the living PrimAl. 

'Mere is an interesting correlation 	he ul 

the sulphonamides (App i i4   x I). use su p 

substituent show a single absorption maxims at 272-275 'Pi whereas those 

which contain a 2-methoxy aubetituent either show two maxima (2,4-dimetboXY 

at 261, 273 mr; 2,5-dimethoxy at 270, 295 ap) or a single broad maximum 

(2-methoxy 268-280 mil), It is possible that the 2-methoxy subotituent 

affects the delocalisation of electrons within the molecule. By reducing 

the availability of electrons at the amino nitrogen, so the relative rate 

of acetylation is reduced (e.g. Perault and Pullman 1963). In 

violet spectra of 

eking a 2-mettory 
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confirmation, the sulphonamide by far the bast acetylated, 2,5-dimethsXr° 

6.eulphardlamidopyrimidime„ has the lowest molar extinction coefficient 

of the series (16 000 and 16 8000 compared with 19 300.23 000 for the 

remainder). 

Electron delecalisatton in the molecule should reflected by the 

pEa  values of the amino group of the sulphonamides. Asp attempt was 

made to measure these by the ultraviolet absorpt on method but the 

spectra of the ionic forms were not sufficiently differentiated for this 

to be done. Protanation of the pyrimidine ring was observed at the pH 

values involved which may render measurement of absolute plf values 

111-GIuouronide eoniugatiork. Data for the daegree of conjugation are 

collected in Table 8.4. 

Earlier workers have detected N -glucuronides of sulphathiazole 

(Una and Ueda, 1962) and sulphisomezole (Ueda and Euribayashi, 1964) 

as minor metabolites in man. Assuming that man and the monkey are 

similar in their abilities to form these conjugates, as appears from 

Table 8.4, the Ii-glucuronide is at best a minor metabolite of most of 

the sulphonamides investigated in this work. Apart from suIphadimethozine, 

sulphamonomethomine is the only other sulphonamide which may be metabolised 

to a significant extent along this pathway in man. 

This metabolic route is almost specific for sulphaimetbozine in 

the series studied; removal of one of the two methoiy groups drastiea117 
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reduces the3 propa ti on of sulphonmade metabo *Bed in thisway by both 

man and the monkey. Eb.ether it is specific for sulphadimethezine among 

sulphonamides in general is unlikely. There are reports of quite 

unrelated 'sulphonamides, e.g. suiphaphenazole (Walter, 1963) forming 

large amounts of unidentified water-eoluble metabolites. Some of these 

may well be N -glueurorides, Thoziore closely related sulphwnethemidine 

(4-methozy-2-methyl-6.oulOrmilamidopyr midine) has been reported to fame 

a glucuronide lumen (DiCarlo, Malament and Phillips, 1963). 

It is interesting to speculate whether the slvoifioitY of this major 

route of de °Ideation for sulphadimethoxine is due to a resemblance to 

naturally occurring compounds. Sulphadimethoxine contains theWrimidine 

ring which occurs in many biologically important compounds. However, none 

seems to provide a sufficiently close analogy. The purines in particular 

xatthine (I), do contain elements in common with oulphadimethorine (II). 

Apart from the structural similarity, the acidic hydrogen atom of the 

sulphonamide group is analogous to the hydrogen atom of the imidazolo 

ring of xanthine and other purines. Nucleosides contain a ribose 



residue at this position 7. It is known that in ermediary metabolism 

glucuronie acid can give rise to pentossa1  strengthening the analogy. 

However, as far as is loss  purine nucleosides are synthesised by the 

pathway from ribosylamine derivatives. That is, the sugar residue is 

already in situ. Only dietary adenine is incorporated into nucleosides 

(Browns  Rolls  Plehtl and Cavalieris  1948). A preliminary experiment 

designed to teat this hypothesis was unsuccessful due to the high toxicity 

of the purine administered. 

Other explanations of the specificity for sulphadimethoxine must 

rely on differing physico-chemical properties in the series. This data 

is not yet available. In view of the close structural relationship of 

the components of the series, it ie unlikely that there will be major 

differences in physioo-chemical parameters. Those sulphonamides containing 

a 5-methoxy croup may differ from the remainder since the 5-position is 

the most truly aromatic in the pyrimidine ring* The 2. and 4-substituentss  

according to the extent and nature of ring substitutions  have most 

influence on the electronic status of the pyrimidine rings  and hence the 

properties of the compound. 

Lone action of sulphonamides  

!To single convincing explanation has been proposed to account for the 

long action of sulphonamides* A single hypothesis would appear to be 

attractive in view of the overall similarities in chemical structure and 

physical properties of many of the clinically used long-acting sulphonamides* 
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The principal component of these compounds is a lipophilic substituent on 

the heterocyclic part of the molecule. It is usually a methoxy group; 

included in thin class are sulphadimetheline, sulphanethemidine, sulpha-

methoxypyridazine, and sulphamethoxywrazine; sulphaphenezole contains 

a phenyl substituted imidazole ring, However, the gross sindlarities 

structure of this class of compounds may be partly due to the conservatism 

of the research chemists employed in the development of sulphonamides and 

to the technical difficulties of cheaply obtaining heterocyclic compounds 

with more elaborate substituents. 

Enterohepatic recirculation was atone time considered and subsequently 

rejected as a significant factor in the long action of sulphadimethoxine 

in the rat. The evidence adduced in Chapter 4 is in agreement with the 

conclusions of Preziosi, Ioscalzo, Harm° and giele (1963) and Milburn (1965) 

on different grounds. Host other long-acting sulphonamides for which 

data exist are excreted less in the bile than sulphadimethoxine (Greif and 

Seidl, 1960). 

Protein birding was considered by Newbould and Kilpatrick (1960). 

It is true that nanny long-acting sulphonamides are bound to plasma proteins 

to a high degree. Certainly protein bindilz will reduce the amount 

filterable at the renal glomerulus. However, thio cannot be taken as the 

complete explanation since some shorter acting sulphonamides are also 

extensively bound (e.g. Rieder, 1963a). 

Ilespopoulos and Callahan (1962) investigated the tubular secretion 

of sulphonamides, most of which had short or medium duration of action. 



Assumi that their conclusiote are valid for long-acing 0ompounds,, the 

pRa  values of these sulphonamides, most of which are in the range 6-7, 

indicate that many shnuld be secreted by the renal tubules. Differences 

in the rate of tubular secretion do not aPpear to correlate with the 

plasma half-lives, eliminating this as a principal factor in the mechanism 

of long action. 

Id (1960) suggested that the long action of sulphamethoxy-

pyridazine was due to extensive tubular reabsorption whereas the long 

action of sulphadimethoxine was due to high protein binding Iiv  titing the 

rate of renal filtration. Such ad hoe explanations for each long-acting' 

sulphonamide do not appear convincing. 

Accmnulation of sulphonamides in a depot followed by their gradual 

release could be held to prolong their duration of action. There is no 

evidence that long-acting sulphonamides are stored in the body in this ray. 

Tissue binding, discussed above, is probably irreversible. 

It was tenable that long-acting sulphonamides weremetabolised in a 

specific way, enabling them to be excreted at a slower rate. Kw lo -

acting sulpbonamides have been shown to form unidentified me abolites 

(Walter, 1963). It was shown by us that sulphadimethoxine was,  metabolised 

in those animals in which it was excreted most slo4y, to an ri-glucuronide, 

a hitherto unknown, major metabolite. However, the even longer acting 

(in man) sulphorthedimethoxine was shown not to be metabolised in this 

way (Chapter 5). 
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to ono property common to all long-acting sulphommides is 

comparatively high solubility in organic solvents, shown by the ease of 

recovery of the unchanged drug and its 144-acetyl derivative from urine 

by 	 raction techniques. Pharmacologically, this property has great 

aignificance; long-acting sulphonamides are able to penetrate the 

lipoprotein membranes of the animal more easily than their shorter acting 

congener.. In particular this property allows them to difitse from the 

renal tabula% thereby effecting tho47.  reabsorption. 

A prolonged stay within the body, combined with increased ease of 

access to drug-metabolising enzymes, increases the probability that 

unusual metabolic paths may be taken. Present ideas on the structure 

of proteins envisage a folding of the amino acid chains and their 

orientation within the molecule in such a 	that the hydrophobic amino 

acid side chains occur largely in the interior, where Van der Weals forces 

are dominant. It is understandable that the more lipid soluble a molecule 

is, the more it will be able to penetrate to the interior of a protein 

molecule and thus have access to more hineing sites. Such, factors may 

explain the extensive protein binding of long-acting sulphonamides; if 

this is so, then protein binding becomes another effect of the Primary 

cause of lone-action and is notjeasaresponsible for it. 

It is probable that the half-life of a sulphonamidermy be determined 

by plasma protein binding reducing the filterable concentration, fellowed 

by active tubular secretion and passive tubular reaboorption modifying the 



-142- 

the glomerular filtrate. An examination of the data of Rieder (19633a1b10) 

shaws that a correlation of 0.67 exists for 16 sulphonamides of all types 

between the ratio of plaw4a half—life and fracti©n unbound to plasma 

protein in the rabbit and the distribution coefficient between aqueous 

buffer and ethylene dichloride, with p=0.06. 

This degree of correlation is remarkable since the tubular secretion 

factor has been ignored in the simple treatment of the data. However, 

the extent and route of metabolism may be complicating factors in some 

cases. Thera is ample scope for research along the lines of these 

suggestions in investigating the renal behaviour of sulphonamides. 



41E.: -'4)IX' I  



-144 4. 

APPENDIX I - 

Ultraviolet spectra of the methoxy-substituted 6-sulphanilamido- 

pyrimidines and related compounds. 

Compound max. 	1 ) 10-3  xLax  

Sulphanilamide 273 17.4. 
2,4.Dimethoxy-6-sulphani1amidopyrimidine 
(sulphadimethoxine) 261, 273 29.0, 23.0 

SuIphadimothoxine Elucumnide ammonium salt 
(from urine) 269 21.4 

Sulphadimathoxine Ni-iglucuronide ammonium salt 
(synthetic) 269 21.8 

2,4p.Dimetboxy-6-(N meth laulphaniurmsao) 
pyrimidine X265, 274 19.4*  21.7 

4-Methoxy-6-sulphanilamidopyrimidine 275 19.9 
.11ethox,y-6-( N1  -methylaulphanilamido)pyri 	dine -3255, 279 12.9, 22.4. 

2-1lethoxy-6-sulphanilamidopyrimidine 268-280 20.0 

5-11ethoxy-6-silphanilamidopyrimidine 272 19.3 
2,5-Dimethoxy-6-sulphanilazd.dop,yrimidine 270, 295 16.0, 16.8 

415-Dimethoxy-6-malphanilamidopyrimidine 275 22.3 
2,4*Dimethy1-6-eulphani1emidopyrimidine 272 20.2 

4”Methoxy-2-methy1-6.sulphanilamidopyrimidine 274. 19.8 
6-Am9.no-2,4-dimethozypyrimidine 253 6.7 

2,1.4-Dimetboxy-i- and 2,4.dimethoxy-3-.methyl. 
6-sulphanilamidopyrimidine -.465, 284 19.6, 24.5 

4mMethoxy-1 or 41-methoxy-3.methyl-6.,  
sulphanilamidopyrimidine -'0259, 278 14.8, 22.0 
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