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ABSTRAG!

1. A short history of‘ the antibaoterial aulphanilami&e de:ﬁvaﬁvea |
relates their derelcpment f‘mm Pron'eosil tn the pz*esent ﬂag Recent
| a&vances in the underetanding of the ahsorption, ﬂistribntion and excretion
of sulphomnﬁ.des are dismzaued. Previnua wark on their metabolism by
acetylation. oxidation anﬂ. conju@ticn with sulpha%e and glucuronate is
revzewed, imtrnducing the mrk descrihed herein.

o 2. | The glucuronid.e of aulphadimethoxme formed in men has been

| 5.aela.ted from urine by the wse ot ion—mhange reaim, mriﬁe& hy
chromatagraphy, and fina.lly charaeteriaeﬁ asg the S-henzylthimxronium aalt,
on hyamlysis with /g—glumronias.ae the ghcumnide yields smlphadimethoxine
and glucumrﬁ.c a.cid, with aaid or alka&i 1‘5‘ yiems glucurozﬁ.c snid and
the hydrolysis proancts of sulpha.dimetrhoxiﬂ;mf-mlphanilamide, mlphanilic
anidanﬂhax‘hitnricaciﬁ."_ T T

e Comparison of the isolated ghcuronida with synthe‘tic sulphadi-
‘methoxine N“‘-glucurcrﬁ.de showa the two campmn& to ha diasiuﬂ.lar. The
. _bmsynthetic glqcurom.ﬁe ia i&entical with a glucuronide formec‘i from sodium
sulphadimethoxine and methyl, acetobrcmughzcuronate.

b ‘I‘he :.denbity of the latter ocmpoun& is ahm to be sulpha.dimethoxine

X -g1ucuranida by infrared spe&-oscopy. Ultraviolet apecmscopy in
shown %¢ have no appliea.tinn in the resohxtiou of' the stmcture.

,5. .' Sulphadimethoxine exhibits eztensive species aiffemea in |
metaboliam. - Whereas in man a;na. the rhesus monkey tne N1~g1ucurom.d.a

formg the mJor nrinary metabolite, ,this is only a mlmr cmnpanent in
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the urine from the dog, rat end guinea~pig. The dog excretes principally
the uﬁchanged oompound, The rat and gxinea-pig exc:éete the _Ig"'-aoetyl
derivative; the rghbit exeretes almost exclusively this adpjuga&e.
Sulphadimethoxine N'-glucuromide is the major metabolite in rat bile,

6, Pretreatment of rats with phenobarbitone extensively alters
the exorstion of sulphadimethoxine and 1ts derivatives. Following
administration of sulphadimépnxine the renal excretion of all metabolites
increases but in the bile only the excretion of the §1-glucur§nide'
inoreeses. Following aiministration of sulphadimethoxine K'-glucuronide
exoretion in the urine ard bile decreases. In the light of in 1_13_;;-_;
results the suggestion is made that phenobarbitone activates systems for
sulphadinethoxine Kl-glucuronide transports |

7. The metaboliam of stfueturalfanaloguea of sﬁlphadiﬁethaxins
- (2-methoxy=, 4~methoxy-, S~methoxy~, 2,5~iimethoxy-, and l,5-dimethoxy-t-
' sn1§hanilamidopyrimidine) in the monkey, rat end rabbit (some also in men)
shows that none of the five compounds is extensively cohjugated with
g&ucuionic aéiﬂ in the<§?-position; in general.thé sulphonamides are
highly acetylated by the rabbit and less so by the rat, monkey and man,
Those sulphonamides containing a 2-methoxy substituent are less acetylated
than those lacking one, 2,5—Dimethoxyhé-sulphanilaﬁidnpyrimidins is
scarcely acetylated in eny species but L-methoxy- ani b, 5~dimethoxy=6=
sulphanilanﬁ.é.opyrimidine are highly acetylated. The latder compound ia
only slowly excreted by man; this effect im mod observed in the other

apecies,



S. Colorimetric, radiomstric a.nél ohromatagaphic methods indicate
tha.t liver slices, bnt not liver suspensions, aonaugate mlphaamthoxine.'
although at a slow rate. This is taken to indloate a mquirement for
orga.nised cellular elementu. |

9. Kinetic s‘hxdies on the action of ﬁ—glucuronidase on mlphadi—
methoxine n"-glumromae show that the mbstrate has nnly sligzt affinity >-
for the enzyne.

10. The foregoing resulta are diacusaed. and hypothesea proposed for
the apeoif’ieity o:t' 1!1-glum1ronide formation, stmctnra.l effects in in ¥ivo
acetyhtion and. the 1ang‘ antiaa of smome sulphonamidea.
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Sulphonamiaea are the drug of choice in the treatment of meningococ~
eal peningitis and thes.r use is to be preferrea. in ﬁxfeetiom of the
respiratory and urimery tracts., * Antibiotics, although potent, are better

reserved for other mfe i.nfectiééu‘s. %o avoid both prematnre inaiacﬁon of
baoterial resistance and ezposux-e of %he patient to side-sffects often
a.aaociated with these eamponnds

Hany new mlphananﬁ&as have been intmdnced in the laat 10 yeara.
Although thair toxicologi.cal m& clinical arainaticn ias been a.ﬁsquate, ‘
their ultimate metabolie fate has oﬁen remeined obacure. The literature
abounds with references to unspecified water-soluble conjugatea. The
| work described in this thesis ig an attempt to eluciﬁate the metabolic
routes taken by aulphadimethoxine and some of its close structural analognea. _

"I wish to thank Professor R T. Williems for giving me the opportunity
to work at St. ¥ary's and for his interest and advice deriting ffah past
experience with sulphonamdes. I also wish to thank the steff,
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| _"""Ihe’tim‘hals‘uomn" the Walma said,
| , 'To talk ormny thinga:

| 'Gf shoes - and ships - and saaling-wa::

o Ofoabhages-anamgs- B
A.nd wh; the sea 13 bos.liﬂg h,o'h -

 ana whether pigs hmra wingé ¢

(Lewia Carroll)
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. INERODUCTION -



HISTORY OF SULPHONAMIDES

Ehrlich's work on aeridinea and other antibanterial dysstutfs
(Ehrlich and Eata, 1910; Ehrlich and Bends, 1913) indicated the
potentialitiea of chemotherapy and ultimtely led to the teating of the
dye Prontoail. . This azosulphenilimide had outstanding antiha.etarial - w_h-:o
" properties in e:q»erimental animals (Domagk, 1955) but lacked any activity,
'I‘retouel, Trefouel, Mittl and Bavet (1935) swxggested that the azo link
was reduced _i__g .IL. liberating sulpha:dlamzde, _which thex haa found to
‘ba sctive both in viwo and in 2.5.-32 - In confirmation Faller (1937)
Pound sulphanilanﬁ.de in the urine of patients trea.ted with Pmntoail.

Meny ﬂ.er::rat:.ves af mlphanilamde ha.ve since bezn syn'shesiaed in
the course of improv:.ng the or;.ginal druge It was aoen found that
substitution ef the free amino group led to reﬁmtiﬂn or sbolition of the
antzbacterial activity of sulphaxﬁ.lanﬁ.de. ~ All imporkant &erivatives of
sulphanihﬁde have involved suhsti‘hztion af the anido gmap

The marked act:.v:.ty of N1-heterocycli.c sulphanilamidea aga.inst both
o graxﬁ-poaitive and gram—negative organisns ccmhined with the ease of

' adnﬁ.nistratian and low toxieity conpared with the pa.:cent compound -

established then as chemtherapmti.e agents. There qxickly followed
sulphapyridine (M and B 693) (Ewins and Phill:lps, 1938, Whitby, 1938),
aulpha.thiazole a.ml its d.eriVatives (Foabinder ana, ?Ialter, 1939, Bergheim,
Coy and Lott, 1940; Hartmann, 1940 Me;ez- and Allemen 1941). - Thexse
- were superseded for most purposes' by mpm;me and its derivatives
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(Réblin,' Williams, Winnek and Engliéh, 1940; Roblin, Winnek and Engush '
1942), - ‘Thé.fé.vourable ‘properties of mlphariilanﬁ.&oﬁ-pyrinﬁ.dines; including
high '~acts.vity' ana 1‘ow‘ t"oxicité gafé‘ impetus- to 'thé- -synthaéié 6?* many
related ccmpound.s, :mclud:mg sulphamerazz.ne and mlphamethazine (Roblin, |
Finnek and. English, 19&2, Schmi&t, Segler and Hulgles, 191;1;., Sehmj.dt, |
nughes, Badger and Sohuldt, 1944)s | | N
| The theory of Woods (19w) and Fil&ea (191;0) on the mda of action,‘ |
conbined with the stud:.es of Bell and Roblin (19:,2, 1943) on the most -
v. eff':.cient heterocyclic mbstiiuenta of mlphaﬁ.lamae t‘ocuasea a.tten'sicn

'un the sulnha&iazlnaa :.n genaral as tha mat useful sulphonamides. _
- | Nnrthey (19&8) stated with foresight tha.t “fuﬂher developmeu&s in the
fiel&. of mlphonamiae therapy would be conﬁnea to the synthesia of
conpounds which were hetter tolerated and had inpraved abaorption,
distmbution and excreti.on characteriatics“ |

B CQmpounds with extended duration of actian were found in tha sex-ien
of 60 described by Van Dyke, Tupikova. Ghow and ‘walker (19&-5)- ~The moat
pronﬁ.sing compound, h,&hmthoxy—?-mlphmilamidapmmcune, wag also
discovered independently by Gage, Aharhn, Rose, Spinks and Taey (1947),
However, wen submitted to climfeal trial it was found to be poorly
absorbea. from the inteéstine and o exhib:;t toxic eﬁ‘ech duoe to the  low
'solub:.l:.ty of the drug and its principal metabolites: (B,evan_and Imxton,
1947)s e | B
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The following ten yeai-s 'showed. a marked decline in interest in .
sulphonanides® due 4o the success of penicillin and Dther a.n’s:.b:z.otica. -
'Renml began when it became clear that a.ntibiotics had certa:z_n N
" dissdvantages, manifest as both prinary toxicity and secondary effects,
“Induced. bacterial reszstance algo proved to be a majnr prnblem.
: &t this thime: research was directed into the invest:.gation of aulphanamide |
| 'coubmahans. The theuretical advantages. were first pointed out by .
" Lehe {1945); - twc, three or more eonpnnenta would each dissolve in uriue
- regardless of the presence of the others, reﬂming toxicity due %o the
- insoluhimy of the mlphonamae and. :Lts metabolite, - However, im
? ’prant:.ce this was eonnterbalanne& by %he. mltiplicaticn of. other toxio
reaatiom.' .
" The contimed use of sulphonam&as hag been due largely to fshe
| development of" lcng—a.o’amg, conpound.s, ‘with their associated simple dosage
| regims, - 1he f:.rst of- these, anfl subsequently the mosi wia.ely useds
5 were mlphamemo: ypyrlé.azma (Clark ek al. 1958; I\I::.chols, Jones and
“}F:Lnla.nd, '1956) and aulphaaimetho.ane (Bretschneiaer.andl{loetzer, 1955; |
- Semenitz, 1954 Schndtzer, De lorenzo, Grunberg and Ihxssomanno, 1958),
They ha:te since been follcmea. by many ethers. .

. ™hroughout this work *mulphonamide’ indicstes the antibacterial |
sulphanilamide derivatives. It does mot include those compounds
whoae principal phearmacological effect is diuresis oxr hypoglycaemia,



_ hiw

B ?he most recent d_ev__elc;p_menk has been the discovery of an. extra=-
longeacking sulphonamde, sulphorthodimethoxine, This has e half-life
in man of 100-'-200 'hx.“(ﬁﬁé.asén, 1963, -1961;.). . |

o Althmg,h the neweat sulnhona:rides ineclude sone that are hlgiﬂly
active, safe and easy 4o admmster, medical op:,m.on (Anonymous, 1964) holda
$hat f.he:.r pr;z.noipal uses %o-day are for meningococcal msmng‘i:bis, f’or
‘which t.hey are the dmg of choice. and some uz*inary, mtesﬁ:.nal and :

respiratory tract :mfectiuns. R
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ABSORPTION, DISTRIBUTION AWD EXCRETION OF SULPHORANIDES
‘-Absoggtion C

Absorption of mzlphonaxzrid.es aﬂer an oral dose has been followed
i nen and experimental snimels by mamrement of blood levels, almoat
since the inception of mlphonami&e {herapy, Sloce most sulphonamides
are well shuorbed when given by %he orsl route, meny investigations of
thi.shn& have hebe.n ‘p,erform.eé. 3 Aﬁerrevien‘ing the ;-esults reached with
several mde@ sulphonand des, \*Bﬁ,gé.on (1961 concludes ,that.f comparisona
of blood éo'ncentmes.nns of various 'sulpnnnmniaes Tequire a detailed
consideratmn of the dose emplayea,, ’_’c'he speeies am‘i the specimens
a.ssa,yed. Ex’&mpolahng these date to other species may be of Iimited
valuee , :

Simple diffusion has been damonétrated to be the mode of absorption
of mipho_n&mides from the perfused rat intestine, ‘t_he rate for each
 compound being related to the lipid solubility (Nogami, Hanano and
Yamada, 1963; Koizumi, Avite and Kakemi,k 196k, 19_62@).' -

;gtmbution and tissue binding

- Sulphonamdes vary io their distmhztion within the body quite
@Mﬂy, see Tab}.e 1% Volnmaa of dis‘enbution are less than the
.theoretma.l 65?.:, ind:.ea.t:.ng that they are localisea :Ln some par& of the
body_wa‘her. This‘;mally the plasme with sulphonamides due %o protein
binding,. | '
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TABLE 4.1

Yolume of diatribﬁtion of four sulphonarddes

sfter a mpingle intravenms dose of 25 ng./kg.

Litchfiedl/ (1960).

Date £rom

‘ Sulphonamide ~ Volume of distribution (%)
Sulphadiazine 46
 Sulphanethoxypyridazine | W
Sulphisoxazole : T
' ‘ .r

%

Many mlphonamiaéa are bound more or less réve;'sibly %o plasma protein,

erythrocytes ami other tissues, This has a profound effect on the

hehaviour of this clasa of compmnda

Plagma protein binding reduces the amount of mlphonanrme diffualble

~into the t:’:.smea {Davin, 19&.3). Thus less sulphonamide is sble %o reash

4he site of infection, o

Tisaue binding, althougx comentrating slphonamide in gertain organs,

may reduce the cementration available %o fight a bacterial infection,

Protein bound sulphonamide has been shown not. to be antibanterially active
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(Anton, 1960). suspected aince Da:ria (19&2; 19&3) fonnd tha'h protein
interfered with the d.etermnation of E 11__;9_ a.cﬁvitnes.  However,
Vadsen, Ovthus and Boe (1963) found that ‘the antibaaterﬁ.al potemy of
serum of patients comsponﬁed cloaely to the coneeutmtien of free
aulphonauﬁds regardleas of the degree of prabein binaing.
Plasma protein binding may reduce the amount of vmlphpnanﬁ.de
reaching the @mmmg enzyme sites (Newbould and Kilpatrick, 1960).
It certainly redmes the amount of sulphemzride filtemble &% the renal
glnmemlio ' ’ , f | ‘ ‘
Binding to protein ar oiher tissue my also prolong the duration of
action of & compound f‘byv'aét:'.ng as a resemir‘(e._g.' Neipp, Sackmenn end
'rx-ipoa, 1961), . |
Finally, administration of sulphnnanﬁ.aes %o premature infants is
contra=indicated due %o the risk of - kexrpicterus, a form ui' jaundice -
‘ganging bra.i.n ﬂa.ma.ge*‘ 'The sulphonamide: competes succeasiully for binaing
"gites on plasca protein; “1iberating free bilimbin (aaeu,. 1959); it is .
not possible i‘ur ‘the bilirubin to be rendered less toxie by con;}ugation
'5113 to- the lack of ghcuronyl tranaferase .’m the prematnrelx born.
“Davis (1943) found that salphonamiﬁes were bounﬁ %o plaam alhum:.n Tt
pot globulin- | " ' |
* Other- exampiea of compehﬁon for plasm pmtem bznding aites ha.ve‘ :
beert given by Anton (1961)s  The astion of mlphcna.midgs inyiyo and
in yitro was potentiated by compiziﬁﬂs such as milphinpyrezone; not all.



compounds with a high affinity for protein alsplaced sulphonani des,
denonstrating that binding is to specific mites. An exaimple ‘of the
Istter is mirenin, which binds zo tightly to proteins thet it ceuses
denaturation (Town, Vills, Wilson and ﬁormll, 1950)¢

Iz'rreatig'#ioré. of the physical chemistry of protein binding have
in general assumed a reversible interaction of the eﬁzym»mbstmte
4ype, However, Kawerem (1962._) has shown 't.hat paz’t of ‘&he plasam bound
‘fraction of sulphadinethioxine is held very tigx‘kly, hemg resistant to
exbaistive dialysis. He believes tha,t in ﬁzg"the‘ sulphonami de may g
not be released until degraﬁaﬁon of the protein mzme occurs,

" 'SyIphotiamtdes are known %o be é%:creted“in bile in addition to z‘_;.'rihe, '
some in high concentration; sulphadinethoxine (mt, Boehni, Schnitzer,
- Rieder ‘and Stmllez', 1960, Preziosi, Isoacalzu, ﬁarmn and Hiele, 1959)
~and mlphaphemzule (Ken.pps Pa&owatz, Sackmnn and Tripod,: 1958a; 4 958&-

Preziosi e g_._., 1959}. “Other wlphcmnﬁ.des were excreted o an extent
"of less than 1% of the dose. Neipp“et al. (1 96’1)-fowi' that after an

| intrmnm dome of 100 mg./kge 6055 of mlpmmmpyriaazm, 3.3%
- mlpha.phemzole, Z.Wo ‘of wlphamethnx}'pyridazm and 1.5 of amlphiaomiﬁine
were mreteﬂ in the bile in 24 hr, These differences are relevant %o
the use of ‘sulphonamides in biliary tract inféetia‘né and to their
'possihle enterohepa.tic recirmlatian. which would have the effect of
' prolonging their anra'b:.on of action. chever, Preziosi, Luscalzo,



'Marm and Iﬁela (1963) fmmd. tha:t ememhepa.tia oimhtion was not a
| 'sxgmfioant faator in the long aati.on nf mlpha.dimethoxim
o 3 Secretzon of organic iom into the uri.ne can he a.‘-’trihnted %o one

- of two system, ‘the organic baze mchanism {Peters, 1960) and the org,mﬁ.c

aold (hippurate) mechaniam (Sperber, *:959) Many sulphonamides have been
” :shuwn to be aecreted hy the ‘hzbtxles (Despapnnlos an& Gallahan, 1962); the
“mecha.msm was ahonn 'hc he related ta the renal hipmrate transpert aystem,
&zlphanam:.des wiﬁb. a pI{al greater than B.l;- were mt tmmportea, thouc with
a ng 1ess than 6.2; were, ' |
| | In a&d:.tinn tc glnmemlar filtratian ani b::hulu' aecretian, sulphon-
" amidea bave heen ahwn to raach the rena.l h;bulee hy passive ﬁiffxmion, the
rate being related to the nps.a aulubility nr the mlphonamae (Knimmi, |
: arite anmd’ Kakemd., 19649_)



METABOLISH OF SULEHONAMIDES
Nl"-Acetzlajiuu o R
In commn with many aromtic amims. sulphonanﬁ.dea are acetylate&
ab the anﬁ.m gronp in vi _!g This was ﬁrat detected suon after the
| imeptinn oi’ thempy nith sulphanila:rﬁ.&e and’ ite snocessnrs (lhrshall,
Outting and Emmon, 1937, Marshsll and Li:tchfield, 1939) x'he raaotion
R ‘oeum'a in ma‘b mmmmlian apacies inelnaing man, hut excluding tha dag wi
j_fox. Snlphammzine uaa repnﬁed to he acetylated at the N‘*—poaition in
. tha ﬁag (Kx-ehs, Sykes end Bartley. 19&7). Harahall (1954) was unsble 4o ?
| '_ d.eteat auy n‘*-aeetyl &e:ivatives 0:1 reea:‘uig aﬁgu with elther axlphani}aud.dn
or mlphamemim | Bﬁ.&gea ard ?filliam (1963a) were unable ta £ind any

o ,m“-—asstyl mlphanilamiﬁa 1:: the urine ni‘ the ang or tox by sepa.ration of

- the metaholites ahramatagmphically. | Dﬁg liver exkraﬂﬁ cantaim a mn-vdhly-
| aahle 4ichibitor of Iﬁ‘*»a&etylasion of mlphmila.miﬁe (me and Anaslerio,
196, 1962), . |
. Sulphcnanﬂ.des ‘prodace & muber of oxic effesta (see Goodman and
Gilgen, 1955), of which the ‘principal and charaeterﬁ.suc one is renal
 damge due to aepusmm of crystals of the suzphoma.e and ite Mrencetyl
v‘ deﬁ.vative. Interest in ‘bhe metabolism of. mlphonamidea by wsty]ation
stem fmm the decreaaed solnbilitg of the metabulite in many cages
poteusming the danger, of renal toxicity (‘rable 1.2) 'As salphonamide
i,dmgs and their ﬁ"-acetyl G.er:.vatives are mich more goluble at higher pH,
| reauction of siéa-efrects involves ensurmg the emre‘kion of a large volume
of alkaline urine, 4 high urinary pH assists the excretion of Nh-acetyl



compounds by enhs.neing their passive c‘iiffhsion fmm the blooa plasm %o
~ the renal iubules (Braun, Adlnng and Malorney. 196:;.)
| S mEEL2
Cana.rison of the aobzh:.litzea of cerkain sulphonand.des and their
m‘*—-mtyl derivatives with ’#he cosurrence of kidney blockage
- end their ID50, Data :f;-qm_ w:.mam,('ggss, pp. 510, 511),

S Sclublli‘ty o 370 ' | 150 gor ﬁ“  Kianey
| s;lphomnﬁde ' (mg /100 ml, ‘uater) (&e/ kg-) | b...ockagac

ST R P o o ?!90 i’p.
Solphanilemide . 1500 | 3.8
‘ Ace‘hﬁsulphmlauﬂ.de 3. ' DR 2,_3
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‘;'
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o
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Sulphamerazi.ne o | 37 EREE “'3',3:?‘""
| ‘Met’m"mmm B T -
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A"e*‘YJ&zlphamethazxne' 15 L
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Sdlph&ﬁxiazole S
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I_n a -eeﬁeav'af papers (Ne}.sah, 1960, 1961; Iielsén"ana O'Réhiily,v

1961) 4t was shown that the asetylation and excretion of sulphathiazole
and other slphonamides could be desoribed es two competing first order

reactions, one for the acetylation and the other for the excretion of the
sulphoramide, It was mggeﬁtea that the expression'ob'tainea could be
used to caloulate safe dose levels i‘or sulphomnﬁ.&e drugs. However,
recently htm&med compounds are mre aoluhle ani adnﬂnisterecl at loverv |
doge Iewela. :sendeﬁ.ng the expression of more theareﬁical interest. |
White (1958) had found mo sigmificant variation in the pmparmn of
acetylated sulphediaszine emre’&e& by the rax;hit in ths dose mge 0,05 = |
1.2 g o o ‘ |

The &eoreésea sblnbility:‘ ana inoreased toxialty 0#‘ mnx ;g**aacstyl, ,'
Vsulphnnaﬂdes compared with the parent d.mg led some workers to sttempt
{0 decrease the level of s.cetylation in yive by additions to the diet.
The effect of acetate is not claar, some :t‘x.nding acstyla.tion inoreased
(e.gs Tames, 1940) and others decreased (e.g Martin and Rennebaum, 1943).
. Sodium pymphuspha‘be (mné%&?&d)i berbitaric acid (Cetrullo, 1958)
and vitamin D (Penagopoulos, ?959) have gll ‘been reporkaa to reduce
acetylation, | | | o

'Recently Anton and Boyle (1961;.) have shown in g____ ro the rednotion
of acetylation of sulphonamides in the presence of serum prnt_eina and
itz reversal by mlem and suramin.
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Acetylation ig the major mode of matabclism or the anﬁ.tubemulous
- drug tsoniazid (Hughes, Schuidt and Biehl, 1954).  Evans, Hanley,
~ WeKasick (1960) suggested »thére was & gez‘xetieany‘ coz;tmllea miation
~in the level of the acetylatlng systen in men, Bapid 1#&43‘&.{?8,1:@ were
. ¥hought 4o possess the donﬂnant gene, Frymnyer (1962) and Frymoyer
 and Jacox. {1963a) have put forvard the hypothezis that the acetyzation
- of bath isoniazid and aulphaﬁiazim in rabbits is nm.er *-he control of |
& single Gomtnamt Nendeliau characteriatic in which fest scetylation
was dominant to slow. . 711: man (Evané, 4965} 'the'acétylatioﬁ. of ,';.spniazid
anﬁ sulphaﬂimidine is uuder the contml of. the . sane aneles. In a
p ‘, 15.mtea gbudy of six mibjects feters, Cordon and Brown (1965) found that :
the acetyla'k:,on of aﬂphamethazine close}.y paralleis tha.t of 1301119:.1&.
- bat tha.f. the_acetylation of mlphanilanﬂ,de diﬁ. mt. : ‘Ehe mggestinn that
,;there is ~a fundamental ﬁiffereme in the menhaulam ahuul& ba treate& with
extrems. resemﬁun ainee Ahe resulis may reflect aifferemes in the rate
_ of .ebgorption of the oral dose. . ED .
-4 mlphad.iazine acetylase was fmmé. in big:. or intermeaiate
,- eoncentratians in liver preparatiom from rapldly acetylaﬁng rahhita,
-hut not in those from rebbita shich slevly acetylated mlphad.iazine
| g vitro (Frymoyer and Jagox, 1963b). o
‘The large. aiserepamies in the rate constants or aaetylation of
- aulphamethylthiadiazole between mabjects from the United States and
Japan were probahly due to ethnio dxfferema in the distribution of
Past and slow vaeetylaturs (Naito and Nelson, 1965). Hmvevar, the
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| possibility of this &istﬁbution of mb3e¢ts by chanae ﬁas not excludeds -
In conmon with other drug metabolising enzymee, a.cetylation of
aromt:.c ami.nes :mcluaing sulphonanides takes p?;aca la.rgely in the Ldver
(e. g Klein and Harris, 1938). Van Winkle and Giatting (1940) aemonstmtea
~ that the aa.t -spleen. alao containa arylanﬁ.ne anetylaﬁing m:wity-
A.cetylaticn has a.lao ‘been demnstrated in the blooa +the activity of rat
freticulocytes was 40 & 60 timea grea.ter than' retimlnm—ﬁea cells
{mat'geis and Preff‘erko}in, 1960}. Bridges and William {1963a) found
that Il"'- acetylation of sulphonamides :.n the rabbit, coypu ‘and alﬂ.ckea
occura mainly in ths l:wev with little,, if any, in cther 'b:r.sauea- :
| Iittle work has been performed on the acetylat:.ng activity of cell
f’raetiuns. ‘Bridges (1965) found acetylatmg enzymea in the mtcchonﬂrid
and mpernatanti‘ract;ons. In this respect aryla.mine anetylase ﬁit‘fera
i’roﬁx' mst,other dmg-;’né‘sabelising enzyme system, th.inh are localised 1;1
the micmsomes, | | | B | ) | FEAEE
At least two. amine anetylasea ha.ve been pastulatea to ‘ageount for- |
_the ability of the vldeg: to acetylate glucosamine and Mistemine (Tabor and
Vosettig, 1949) but mot mlphbnaﬁaes ‘(h’&afélialh ‘:495#)'.  Enzymic acetyle
ation of a.mines mns parallel to the electmnic eharge oi’ ths aming
nitrogen, provided ths.'& the ccnpom'ﬁ net pmtnmted. un&er the;
experimental cand:ats.cns (Permlt and Pullman, 1963). : ”_Sumg mlphonami@u
axamplea are given in Table 1.3. " - | o |



Arylaminea as acetyl meptara. Data f‘rum Peranlt
| - end Fullmen (1963)

L ~ ¢Relative rate of Eleetromc ¢harge Free valemy
_ , ‘ agg@ylé.tion of N atom A ; -~ of N atom

) ()
Anilin‘ e ] 0 e 1,023
Sulphanila;nidn | 047 4.0 184 4010
Sulphsthisgole | 030 &1 | 01
|oulphastesine | 0.20) . 1.83% . t.002

" Other attempts had been made to comlate the basicity of sn amine
m.th its degres of asetglation ___1_ (e.sn Zahender. 1 9543). Smith and
ﬁ Williama (1948a) found ihat thoge sulphonamides with a pK& hetween € and
9 were the most ‘ugzly acetylatefl (Table 1.74-)- |
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a1
Relationshiy between the dissociation constant and extent' |
nf mstyla.ticn in Z!-E of oertain g-substituted anilines
- (Suith and Villiame, 1948a)

| | Emreted as aﬂet;rl |
Sopowmd . o M| derdvative (%)

‘Sulphemilo acld | 2k| 0 ‘
E—Anﬂnobenzoic acid !;.68 o 23
&ﬂpb&pyrazine | sou| 87
Sulphediasine | 6uB| 72
Snlphamarazine | 7.06 9% 12
Sulphathiazole 22| %
Sulphamethazine | 7.37 8
Sulphepyridine a3l
Sulphanilamide | 10,43 50

Enzymes perforning the hydmlytic removasl of acetyl groups from
aminea m widely distributed in animal speciea. Deacetyhﬁan in tha}
dog has been observed with aeetaniliae,(sroa;e and Axelrud. 1948) and
the Nr-acetyl derivatives of szlphaniiaﬁids, sulphapyridine, mpmmzon
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and gulphadissine (Sheffer amd Bister, 1950), ¥an and the Tabbit ere far
less affioieut deasetylators or acetanilide (Bmdia ana Axelmﬂ, 19).8; .
Smith and Williams, 19h8h). : Deacetylaaes appear to be active i.n birda,

6.2, the pi.geon (Efimochkina, 1951), chick (Shaffer and Bieter, 1950)

exd hen (Bridges and Willians, 1965&) Bray, Jamea, m:-pe m Wasdell
{1950) have distinguished acetyl glycine deaca%yhse anﬁ. anetanilido :
deasetylaxa. The Pormer appeara Speciﬂc for acetylated animacids, the
latter ﬁeanatylatea ammtic sompounds, - The ensymes. were. ftmna. in doth

the liver emd kidney,',‘ 'khe relative anounts depending on the apeciea.‘ Dog '
| liver was more affieient deaaetylating ammatic acetamido oompounda vhareau .
rabbit liver was mre ‘aotive with aliphati.c eempaunas Bridges and ,

| Williame {19632) rouna. wetyl‘sulphaniland&s deacetylating activity in the
v Hd.dney, strong i:x the hen and weak in the rab!ﬁ.t, bn‘h not in the liver.

i mmo-Smd th ('3960) intestigateﬂ. the emm‘kic N-é.eanetylaaa of chick
kidney nﬁ.tochonﬁris.. xt has a wide specit'iﬁity. Bridges (1963) showed
deacetylation of vaz-i&na subs‘krates to te :mﬁepandaab of the pK‘ of the
emine. The m]nbilisa‘kion and huhtion of a higzly a.ctive acetanilide
hydroiyaing enzyme from rebbit liver microsomes has -been claimed {Hollunger
and Niklas'seh, 1961). | .

'rhe extent of excretion of a.cetylated amines has been sugested %0 be
thé resultm of a.cetyla.t:.ng and dsacetylating antivity (Krebs et g._. +-1947). |
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¥'oAgetylation S

Acetylation of the sulphonamide mitrogen of eulphanilanide was
I' :repofted by Boyer, Saviard and I)echmy}a.tsaiﬁen’ ‘("1956). 'it,haa not been
observed with ﬁi~sub#titutéa su}.phana;miaes.' . The gorrelation of electronic
' ydhargg on the nitrogen etom with acetylation (?emlt end Pullmen, 1963)
indicates that milphsnilamide (charge 1.736) should be scarcely acetylated
at the N'eposition and H'-heterooyclic substituted sulphonamides even
less 80, | B | |
- Study of the mtaholism of mlphanilanﬂ.ae :'m experimental animals
(Bridges and v:nnam, 1963a) confirmed that n -acetylsxlphanilam&e .
:(sulphacetamiae) vas a minor mtabolite, The dog excreted sbout 97 of
the dose in this form, the rabbit 17 end aleo K% of I',Nt-aiacetyl-
éﬁlphahil_anﬂ.de;. the gzinea-pig excreted 9 and 7/ respectively. In vityo,
_1‘_!1~a¢étyla£icn ocourred in the liver of the rabbit and coypu but mot the

‘ixeak N‘-Gemetylating actlv:.ty was ‘detected in many hen tisaues.
oo Hver. kidney, heart, brain. The intestinal bacteria Egcherichia
coli, gobgilm g.gidoghilgg and Stregtogoggg gggg_l_;_ deacetylated
g‘-acetylsulpmsomole, the rate increas:.ng with pH in the range 49
(Uno end Kono, 1961).
Aromatic mb@tes, analogous to sulphate esters, have becﬁ

detected as metabolites of a muber of aromatic anines in man, rat,
rabbit and dog. /B-»Naphthylanim end. ;mnine derivatives (Boyland,
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Manson and Orr, 1957) are the best examples of this class of conjugate, |
Sulphonamide ;f"-mlph&mteg have been repoxvted for mlpﬁsdmole (uno
and Kam, 1960), sulphathiezole {Uno and Ueda, 1960), éulphémethyl-
thiadiazole (Umo end Okazaki, 1960), slphadiszine (Uno, Yamds and
Sekine, 1963) and sulphasomizole (Bridges and Willians, 1963b).  Since
they are only minor metabolites and unstsble, none of the sulphonamide
N"‘ésulphonatea hag yet ﬁeen isolated; | mentiﬁc#tioh has been &sed on
chromtagmphy and oomparimn with synthetic eommnda

Sulphamate formaﬁen hns heen demonstrate& in mamalhn li.ver and |
sheep intestinal micosa praparations uaing Ot and ﬂ—mphthyhminea an
substrates (Roy, 1958, 1960; Kent and I’ute'_mak, 1958). A particular
. enéyme, arylamine sulphokimée. has been nﬁggestéd to catalyse the
reaction, although stemias appear to inhibit the reaction by *partial
- competition' (Roy, 1961) or pumly competitively (Roy, 196&.). | |
Fornation of M-gluouronides

The possible occurrence of carbohydrete N-co#:)u@tes wos first
recorded by Schoorl (1900) who observed that urea and glucose oocurred
in equimolecular proportions in the blooé. (0.006_) A modification of
the theory stated that lureido-glucuronic acid was the transport form
(Neuberg and Neimann, 1905). | |

An N—sulphonaf.e or Neglucuronide waa postulated as the water-solnble
conjugate found in the urine after aﬂm:.nistering azobenzene tov rats and
which yielded benzidine on acidification (Elson and ‘uarren. 195L4).
¥cChesney (1947) isolb,fea 8 labile glucuronic acid containing metabolite
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of 5',5'-&ibromosulphanilanilide whioh lns eubsequently been suggested
_ _to be en N‘*ngluwmniae ('uilliama, 1959. p.506).

- Smth and Wilhams (191;9&) proposed that the imreased glucuroxﬂ.c
- acid cmtput on feeaing anilzna was aue to the oun.jugate 1

0063906

.‘A sa.nti.lar coh:jugate was aleo suggented for phenetidine. Labile

, glncuroniﬁes were sugasted for baing raapomible fcr the imreaaed '
- ou’eput of glucuronic ac.i& on feeaing benzanitrﬁ.le an& o-tolnonitrﬂe |
(Bz-ay. Hyba and Tharpe, 1951).  *ollack and Eadea (1954) founa ,_
chmmatographic eviﬂema foz- tha exeretion in mrmal urine of aspartio
a.mi glutam.c aclds as N-glucuronl&u. _ e
o The firat N‘-»glncuronide isulate& waa that fnrme& fron Z;-,k’-diamino-
| "diphenylmlphone (Ezshby and Votwod, 1955. 1956)- prb from s

charactemation by chromtogmphy and ionox:horeais. sone wid.ome wes

_:ifmnd for the ocmmme of the metabols.te in blood. - _
| The N—glucuronide deri.ve& from ﬁ-naphthylamine was reported by *
Boylana, and R"anson (1955) and isolated from the urme of rabbits
: (Boyls.na, ldanson and Orr, 1957) Infrarea evideme indicatea. that the
etmcture ef the oon.jugate waa that of an aryl glucuronylamine and not
:a Sehiff's base. The N-glucopyranosid.a atmeture (probahly P) of
| aniline E-glucuroni&e was oonfirmed by ayntheai.s of methyl aniline-ﬂ-



(2,3,I.—tri-o-acetyl-n-gluoopyramsyl)uromte by two routes (Iahidate,

Taiiteni and Kishi, 1959)e R |

- Table 1.5 collects the ava:.la.ble data on the excretion of N‘"—-glucuron-
1dea of sulphonanﬁdes. The v,alngspbtazmd vary greatly between different

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

formation (see. belaiw); - Probebly all sulphonanﬁdes give r:iae to some |

N"’-glucnronide, in nnny caaes it bas not been searched for. :

It is knwn that aubstituti.nn of the free amino group of sulphonamldea
greatly reduces their bscterioatatic sctivity, This has been confirmed
_with sulphonamiae Neglucuronides (Og.iya and- Suzuki, 1961). :

The enzymic ayntheais of N—glumronides haa been a subject of debate,
Azelrod and his aasociates cla.imea to have detected the formation of
aniline glumroni&e by guinea-pig microsomes (Axelmd, Insooe and Tomkins,
| 1957, 1958; Aries, 1961). 'I‘he evidence for this was inairecs and the
method of estinatien inadequate (for 2 orz.t:.cal dismasion see Bridges,
1963), The use of more suitable substrates has failed to confirm these
‘resnlt_s',v eege p-chloroaniline (Bridgea end Williame, 1962) and sulphe-
pyridins (Oygi.nov Hashimpto, Katacka and londen, 196‘3).. |

.It has hng beén known that Neglucuromides can be formed by direot
reaction of an erﬁmﬂc amine and a glucuronic acid derivative ‘
(Thierfelder, 1889). Takitani (1959) showed that an agueous solution of
equimolar auounts of amine and glucuronic acidv'gppmache& an equilibrium
position. Solutions of the F-glucuronides miterotated, reaching the
same equilibrium mixture., ~ In general,' the H-glucuroni.des were stable
above pH 7, | |
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| TABLE 1e5
‘ Excretn.on of sulphonamide Nlﬁ-glucuronidea
S . : : % of the |
Sulphonamide Species . _Referencen
. : ‘ dose .
| Sulphenilanide Eabbit 510 2
| S Rabbit, dog, et | =5 x
| Sulphathiazole - Rabbit  ge20 2
S van 0.8 3
Sulphepyridine )  Babbit 35wi4 4
Sulﬂ;a.methﬁlﬁhiaﬁiazole ‘Man 0.3 5
Sulphiépiazole Man (8 6
&11pﬁuémizoig "I'éan, rat,
e 8 regb'b;u.: dog Outeto3 7
Sulphacetamide ~ Rat (blood) B ot | 8
Sulphadiazine Rabbit R R TR P
!
References: ‘
1, Bridges and William (1%3)e 5 Um apd Okazakd (1960).
2. Ogiya (1960). | 6. . Uno and Komo (1960).
 3; .Unq-and_Ueda (1962) 7. Bridges and Villiems (1952})
e

Ogiya (1959).

- 8s

‘Bridges and %illiams (1962)



‘l'hs spontaneous fomatzon of a number of H-glucuronidea, :mcludmg
sulphanila.nd.de, appeared to have an optimum pH approximately one pH unit
above thevpKa of the anine (B:iagea ani Vfilliama, 1962),  Bo appreciable
synthesis occurred with glucuronolactone. : Béluw pH 7 synthesis readily |
toak p;ace_, but below pH 2-3 the glucuronides also hydmlysed repidly.

Summarising, the evidence for the noxzé-enzynﬂ.c i‘ormatioh of
| N-glucuronidea is suf’ficient to acctmnt for the appearance of theae
con;]u@tes 8a metabolites,  The evidenoe for their enzymc aynthesia is
extreznely temous. |

| Since N-glucurorﬂ.des rapidly reach equilzbr&um under hydrclyti.c
conditions. the setion of enzymes such as 4 -glucuronidase is &ifficult
to aet.ect.' No evidence for the enzymic hydrolysis hes beem found with
~ aniline glucuronide (Axelrod et al., 1958) and sulphmﬂanﬁ.ae N"‘-gluauronido |
(Bridges and Williams, 1962).

Formation of other N-g]_.ucuroniggg | ' _

' Eecently Uno and his co-workers have S.solated glucuronide meta.bolites
of certain sulphonamides in which the glucuronic acid residue is not
attached to the N"‘-pue:.tion, but which on hydrolysis ya.ela only ‘the
- originel sulphonamide and glucuronic acide These workers have concluded
that they are glucuronides of the mlphdnam&e group oi' its téutomera.‘

llan was repbrted'ta form a minor metabolite of sulphathiazole
containing glucuronic acid (Uno and Ueda, 1960), amouhting to 3.87 of
the dose (Uno. and Ueda, 1962), On the basis of its infre-~red spectium |

.\»
o

(Uno, Uachida, Hanai and Ueds, 1963) and by comparison of iis_ ultra-violet
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spectrum with the spectra of a.nalogous cox@ounda it was aacnbea the
structure of an _u«-glucumw.ae (II).» Sulphathiszole N -glucuronide ’
was not feund to be a mtabolite of sﬁlphathiazole in the rabbit, nor |
~ was it found in rabbit lver perfusates (Uno end Ueda, 1963_13). |

I

| %lphisaxazole wgs reportea. to f‘orm a gluoumnide in men (Unc and Kono,
1960) whmh prcved to be dissimtlar to synthetic sulphisoxazole 211- .
glucumni&e (Uno and Kono, 1962). . On this besis the compaund was . .
thoug;ht to be sulphisoxazole 2%=glucuronide (111).

CIID

CoH .

The only evﬁ.&eme for thia stmcture isg fmm the ultra-violet apectmm,
and should be treated m‘t.h ‘regervation eapeeially since the came group S

of workers report that the clcse anaJ.ngze of mlphisoxazole, sulphiaomzole,
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foms an ni -glucurom.de. (Uedé ana Kuriﬁayaéhi, 156&).’ '
Hy_gggxy_lgtj,on | . | .

There are many references in the literatnre to the excret:.on of
~ oxidation products of s.zlphonaﬁdes, but in very few cases have they
been isolated 'an_d.l characteriseds Evidence for their formation often
‘depends én the memremgz;t of inére’a_ses in the excretion of glucuronip
aci& and ethereél’ mlpha’te.‘ This is unrelisble since thére are daily
variations of theme quantiti.es in animals maintained on a regalar diet,
and even if 'equilibmtion‘ is ensured, stress cansed by administration
of the eompound may upset this equilibrium. Alsu the compound may i.ndue_e
the exnretion of other p-lucuronides or sulphates. With the use of
sulphonamide drugs whmh a.re mre eas:.ly extractable into organia solvents..
the methoa of determinmg the non-extraetable paﬂ of an excretea doae
ha.a come i.nto being. There are many Water-soluble meta.bolites wh:.ch
will be classed as oxid.atiun pronncts by those unfaziliar with the

complexities of sulphonamide metebolisn (see Table 1.&.).

B-Hyaroxysulphanilamde is found s a metebolite of mlphanilamae
in both the rabbit and. man as the sulphate cenjug&te (Shelswell and
Uzlliams, 194,03 ‘w:.lliams, 1946, 191»7).

&zlphapyridine is extensi.vely oxidised and con;}ugated with glucuronic
acid in the é.og (2(3,-: of the excreted dx?se). Both the aglycone (5'-
hydrosysulphepyridine) and the conjugate have been imolated (Veber,
Lalich and lisjor, 1943 Soudi, 1944; Soudi and Childress, 1956)s
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| Admnistratien of mlphaﬁiazine to the rabbit was z-eportea to
inorease the excretion of glucuronic acid (Bray. Laka and Thorpe, 1951).
However, Uno, !’a.suas. and Sekine (1965) failed to detect any glucuronides
» chromatographﬂ.cally in buman urine; :

' Othey &lphonamidea thmght to be hydmxylated mmae salphe=
‘quimmm (Soud and Silber, 1944), eulphapyragine (Bray et sl. 1951),
sulphucmizcle (Brldgea and Williems, 1963), mlphmthomidine (piCarle,
mala.meut anﬁ Phillipa, 1963), mlphadimthoxine ~(Kneclﬂ.1n, Kern and

. Engelberg, 1959) and sulphamethozypyrszine (Bert.alozzi, Chield and
Gioer:l. 1962). ' '

" Smith ana mm.m (19:,7) studled the exidation and mtyhtion of
_saz.phonamm in the rabbit, With some mlphommldes, e.g. salpha~

g znerazine and aulphathiaaole. oxidati.on occuma. in tho free drug but

ot the acetylated forn, whereas with miph.pmaine both forns were

? ‘oxid:!.sed. Althougz t.he produat was mt isolateﬂ, 1t was conoluded
that oxidation occurz'ed in the pynmdine ring of mlphamethazim.
| Examples of the data abtained with the newer sulphananﬁ.des are
shminTabla 1.6, " o _' ‘
‘I‘he mst interésting of the m conaaounﬂs appeared to be mlpha-
'da.methoxme. a wi&ely used efficient and safe lang-acting mlphonam:.dc. o f
‘Koechlin et al. (1959} reporhed that it wes exoreted by man to the \

xtent of 807 as & glumronide. The glucmmnide was not isolated in \\ 3

a pure state but :!.t was shown not to be & conjugate of sulphadimethoxine ‘\
. hydroxylated in the benzene ring. |
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The large proportion of glucuronide made it likely that & unique

type of metabolite was form&. Eav:.ng found - the mture of thia ‘

mtabome,ue Anvestigated the structural speclfzcﬁiy of aulphonanﬁdes *

for this pathway by observing "thﬂ metabolic fate of .rela.te& methoxyebt

'mzphmmwpynmms.
chnptera.

- T4BLE 1,6

 Thia work is reported in the following

© " Urinary metsbolites of some mewer sulphonamides in man.

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

Sulphonaxﬁ.ﬁn ‘Acetylated® (3) | *Free* (%) ~':Gxida.t_eioz_:f |
' S - : ‘product! (s3)
Sulphagiezine 2030 6070 10
Sulphadmethylomola 45=70  30-40 20
Sulphaphenszole . o ‘1 5~30. - L i 1 .70,
: Sulpha’methbxyaiazing,  20=30 ‘l 3050 |30
&lzlphaméth-Oxypyriéazmev L. 35=60 . . 1 5-30 - A4=20
ISﬁlphadimethoxin'e-. 812 - 10=25 80-85
Sﬁlphamethyldiazinex* 30..1,,0 - 3C=l0 25 -




THE STEUCTURE OF THE CLUCURONIDE OF SULFHADIVETHOXINE FORMED IN MAT



Sulphadimethoxine (2,&»dimethoxy-6-mlphanzlamtdopyﬁmtdine, |

- ruaa.ribon) was synthesisea by Bretschneider & Kloetzer. (1955) and its
antibwt.erial pmpexﬁ.es reported byr Semenitz (1 951,) and Schnitzer.
Delorenso & Gmnberg (1959). It has the advantage thgt'if.a mjor |
metabwl:.te in man is a relatively water—soluble glucuronide, whereas.-
many other aulphnnamiaes tend to form relatively insohﬁ)le acetyl

- Qerivatives which cculd produce renal aarm;g.e. Previous attempta to
1solate a.nd. characterize this gluw.ronide have been made (e.g. Koechl‘l.n,‘
Kern & Engelberg, 1959) bt nnly A cmde prcduct wag ubtas.nea whioh
centamed sulphonauﬂ.de and glumonic aci.c’t in equimlecular ammta.
This prcancb was not hydrolyaed by ,&g:ummmaase but with acid it e
sulphanildc acide |

&31pha&im’ethoﬁm1 m.bp. 200=201°, was aomea by Racha i'roauota Ltde,
VWelwyn Ga.r&en. City, Herts., ‘&axﬁethoxy-s-éulphanilmﬁdppyriuﬂ.aine'

Depe ’261-263" wes donated by Imperdsl Chemical Indnatﬁes (Fharmoeutical
Division), alderley Fark, cheahire, ana N’*-acetylanlphanilyl chlori.ds

DBeDe 11;,9” by Hay and Baker Ltdes Dagenham, EsseXey l,.,ﬁ-—dihydmxypyrhﬂ.dine :
MaPe 230°, was purchased from Kach-hgat Ltd., Colnbmok, Eucks.

Synthesis of gglghaaimethogm V' =glucaronide,  The method of Okumra |
(1962) was modifieds ‘Sodium sulphaaimetho:d.m (6.0 ga) and acetobrom—
glucufonic acid methyl ester (7.’( o3 [eDa 106-109°; BQIJ.enhack, long,
Benjamin and Lindquist, 1955) were di_ssolved in a mxture of water (12 nﬁ.)
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~and acetone (50 ml.) end the solution kept at 37° for 4 hr. = The dark
red solution was kept at 0° overnight and then treated with isopropenol
(25 pl.) followed by water (200 ml.) whereby the tzﬁacetyl methyl ester
of vulphadimetho:dna—ﬁ‘-gmcuronide was precip:.taks& and then filtered
and dried at the pump to give a buff coloured powder (6.5 g.), m.p.
'110-‘-120". | The c_xﬁ:.ae géter in acetone (5 ml.) was passed through a

~ column (2.5 x 25 cm.) of activated alumina (type H 100-200 mesh,

B Séenae»Ltd..J Widnes, Lancs.) and eluted with scetonme (300 ml)e ;
 he first fr'a;.etionb (100 ml.) was collected and evapoiaﬁea to dryneas,
The prodnct waa.recrysiamzed,frqm'i,sopmpanol to give white platelets
" of the pure methyl [i-ﬂ‘ -(28 ~dinetho ' 5 din=6"- l.aul h

_. w- gge:gxlp1-deonghoe§ uronate, mep. 1541 55°
[QK] 87° {c =1 :.n methanol) (wund. C. LTeks H. 5¢2; N, 8.6;

253351«#0133 requires Co 47.9; T, 4eB; N, 8.97)e |

~ The above ester’ (1.8h g.) 4n methanol (50 ml. was treated with’
a.sg-bmm methoxide ‘in methaml (5 ml.). After keeping for 3 days
»’ae‘vo',‘ ‘zg-azseh (1.25 nl.) and water (25 nl.) were added. The BaSO,
~which had separated was removed and the solution passed 'khmgx a
columm (2.5 x 10 cm.) Df'the H* form of Amberlite CC-120 (100-200 mesh;
' 'British Drug Houses Bh.", Paale; Borseﬁ). "* The colum was washed with
water (10 ml.) and eluted with 2j~zmronia solution (150 ml.) followed
. by water (100 mi.). The combined eluaﬁés were evaporated to dryness
in vacuo at 45° to give a s01id (1.1 g.) which was then dissolved |
in'_methaml (10 mli).  Addition of isopropanol %o the solution
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| precipiteted the ammonium szalt of the . gluczwonide wh:mh was rscryatal-
lized from methenol, - M&. 18 - ' ) '

. f'ayl ilamido=i=q 98l ]w&g (0.7 g.) was obtained as'
clwters of small prisms, MePe 150-160°(decoup.) amlf(]
(c 5 in water) (I‘eunas C, 1;0.1..; Hy 5.2, N-, 12.9; Sy 5483 1ossl ét
2 mm, at room tenp., Lalie C18325N5 1.5 ﬁ 0 requires G, 2;0.7,
Hy 53; W' 13.2; 8 6.0, H,0, 5.1,0). ‘lhis compmnﬁ did not reduce
Benedict's or Fehling‘s aolutmn. | ‘ ' E |
The ‘salt (90 mg.) was dissolved w:.th waming in a satuxated aqueona
 solution of S»benzylth:muronium chloride (5 ml.). ‘The aalution was o
filtered (chamoal) and’ a.llowed %o’ cryatalme. 8. _gn_gx&héw
f[s.m J{ nothioxypyrimidin6* \phenilans _
uronate (42 mg.) had m.p. 178-179" and” EX] 9 .13 (c =4 in wa.tar) (Fouml:
Cs 16453 Ey 1B T, 12.3; S, 10.3; losa at 1109. ‘2.8%. | 261132 -

Hzo ‘mquiresf Gy '1,6;6} Hy 5alj " i;,"~12.'5, Sy 9.6 Heo. 2.7;0). | 'Thi.‘a'
salt was also non-reducing L o ‘
| | Aﬁempfs to prepare si:lphadimethoxiﬁé K'sglucuronide by fusing
- sodium sulphadimethoﬁne with ghauronic acid or by heatmg concentrated
aqueous solutions of glumronic acid and mlphadimetlnxim with aulplmric:
‘acid according to the method of Tsukamto, Yoshimura and 'l’atsumi (1963b) -
for ‘bhe preparation of mepmbamte N-glumromde, were unauooessml. |
Methylation of mlghaaimethoxine. The dmg (2.5 g.) wes mixed with
ether (2 ml.) and an excess of diazomethane in ether was distilled

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



on the methyhtion of mlphapyridine). mer k:eap:l.ng' at 'ros.m teoperature '
-ovenﬂ,ght, -£hs m'bure wan varme& to remove exoens dhsomthane anﬁ.
| filtered. The solid raai&m was now extracted with ether ccntaining b5
E ethanol (2 z 100 nl.) and the extrects evaporated to dryness mm
fhe white orystalline residus was dissolved in methanol and on keeping
i ,_@M__m (0.95 g.) orystallized (m.p. 150-4520),
' fhe residue from the eztraction wes now shaken with 107 NaOH to remove
‘unchanged dmg and the resiaue fram this waa heated with 6N-acetic acld
(50 ul.) for 5 min., £4ltered hot and the residus retained, The filtrate
on cooling yielﬂed s mxture of methylateﬁ sulphaﬂimthoﬁaea from vhs.ch
N”c»mathylsalphaﬂimethoxine was removed by extraction with hot methanol
(0.25 go mps 1:.5-151“).  The two crops of n“-»mgnyxguzphaaimmonne
were combined ana. recrystallizea from methanols  2,4D __Mé—

, mdine formed white needles, Zape 151=1529
(Pound: Cp 48.5; Hy 5.03 B, 17.3; S, 10.3.. Oyt o#s requim
Cs B4 Hy ke Wy 17.3; S, 9.9%)s

The residue from the acetic aoid extrastion and that From the
second orop of N'-methylsalphadimethoxine above vera conbined and
washed with hot methanol to remove any N’-mezhyz. isomer still present.
This residue (0.5 g.) was now ;ecryatallized from 6gfa,qetic. acid and
there Qas obtained 0,46 é. of smell white plates, m.p. 169-;173"
(Found: G, 47.8; Hy 485 N, 17.1; S, 99, Gy Hy (N, 0, S requires
C, 4Ba1; H, 4,95 N, 17.3; S, 9.9%), which appears, from infrared
- speotra (sée below) to be e mixture of the two ring Nepethylsulpha=



iaimethgmeg ie€eyp ?,ﬂgg g:‘!-» and .z-mtggzéﬂ g_hga_; gggdogxgi_midlne.

L Attempts to separate thase were not sucaesaful. .

- Wheacetyleni'-meshylalohadinettozine. <1> N’-xﬁetmaaphaammm
- (0.5 g) was dlssolved with iaming in an equal mixture of acetic anhydride
. and pyridine, The solution was ‘kept‘at room ten:péré.ﬁm for 4 hr, and
then diluted with 507 aqueous ethanol (50 ml.) with warming to dhssolve any
separated nnterial. On keeping 2 2, brdimethoxye6=(N* wagetyl-n! "’ ~pethyl-
MM)W separeted and was recrystallized from methenol, |
It formed small white pletes (O'.ZS Ze) WaDe 140e1449 (Found: C, 19.1;
‘H, 49; N, 15.2; 5, 8.8, Cygy gl 055 7equives G, 49.2; Hy h9;
Ny 15.3; S, 8;793). e o
(2) 2,hnnich1om-6-methympyrmaine, mepe 181»186%, was
syutheaized fron barbituric acid yia 2.&,6—trichloropyrimidine accordi.ng
to Winkelmen {1927) end Baddily end Topham (1944). sz(o.g &) was
- dissolved in hot methanol {10 ol.) and adcled to sodiun methoxide in
' absolute methanol (0.2h g. Na in 5 ul, MeOH)s The mixture was heated in

- 'a sealed tube for 5 hrs at 120%  The methanol was evaporated and th’e'

' yrea:.aue mcrystallized fmm waker to give z,kvﬁmethuxy-é-methylammo—

o pyrimidine (.22 ge) m.::. 131..-136" (Found: G5 49.5; Hy 6413 K, 25.1s
G0y reqiires Cy 4975 Hy 6455 Ny 2had%). Bredereck, Kupsoh and

¥ieland {1959) prepered it by another route and gave meps 135-136°,

2, 4-Dincthaxj-6-methylaiftopyrisidine (0.1 g.) and J-acetylmulphanilyl
chloride (0.2 g ) were dissolved in pyridine’ (0.5' ml,) and the solution

‘kept at ré‘pm temperature for 24 hr. - Vater (5 ml.) was added and the
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solution warmed to dlssolve the §reéi§it§té vhich had formed.  On stending v
‘ N&-acetyl-xﬁ;methylsulphaaimfetﬁmm .separaﬁeid a:ad. \wéis ‘re&ryst'aunéa. fmm_
methenol, mp. 142114° (yield, 47 ng.) ' (vowna:' G, 19415 B, 5.0; T, 15.2;
Sy 8.9%). This aanpla m iﬁentic&l in all respecta (mixe& 1 Pe and |
_ '1nfz-ared epectmm) w:.th tha sample obtained by acetylation of ﬁ -methyh ’

| suzpmimzmm PR |
| o k'vm‘-",’.":mﬁ"“nd“"“'

. mthylateé. as desoribed sbove for sulpha&imethoxine iiiethoxy gobe (i’
. | M&W gava uhite neeéles fron mthmnl, TePe 152°
| (Faan& Cy 18.9; H, Iu% B '19.0, Sy 1.0, 125‘&“&.6}5 zeqm.res
¢, 1.9.0, ,3’ -_L.B, ;v,' 19.0,‘ s, 19.9,% . zzing-x-methyluz,-mthoxy-»s- |
v mlphwimmmﬁmm mci‘yétaliized £rom SNoa.cetzc anid to give*
white g;}.éiéleis; ‘m.fp.;_lz';'sﬂao“ 'cr L e @g-a- or kmgx.-s-gxghgh
amidopyrimidine (Fouma: G, 1.9.0, By 5.0; 5 18.9; S, 1.0
Cy oy 1,0 " S requires G, 49.0; Hy LeB; N, 19.0; S 10.% « The
:mteriai fmm its mfrared gpectrum ani m.p. pemd bo cnntain only one
imomer but the position of the methyl gmup was not detemned. |
”Ag__‘_l;_h_g_x,xﬁ(ﬂl* =agetyleN' ' =poth amido)pyrimidine,
(1) p 'anethyl-hpmthaxy-&sulphanilamidopymmidim (1.0 g.) was disaolved |
" in an equal mxtmre of acetic anhydride end pyridine. and the aohmon kept B
a.t To0m tempemmre ovemight... Treatment with ice-water gave cxystah
a vhi@h wers mcrystallizea from w a.quaow: ‘methanol ta give white neealel

(0,68 g.) of g:methnm&(ﬁl* wm" -methx_}m_ghanilam&o)gmﬂggg
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D Pe 178-1?90 (Found: C, v’lﬁ.‘?; H,“L;.B; ,"1‘3,‘ 16.5; ‘S, %ebs - ‘M.H‘ISN 0 S '
requires C, 50.0; H, z.a. Ss %e5%)e . |

(2) kphethoxy-é-methylamiuopyrim:idine, T D 82&83 s Wam synﬁhesiaed
fron !u&dihyuraxypyrimiaine ___g Jy6edichloropyrimidine (mep. 6Lw65°) and
,s-methylamiwmmropgﬁmmine {mepe 137-138%) :..cccrding to Hull (1951)
and Brown {1955)s It (1.5 g.) waa dimsolved in pyx‘i&ine (6 ml.) together
with N—acetylmlphanilyl chloride (3 g-) and kept avem:.ght at room -
'temperature Gn paumng :.nto :.ce-water cryatals formed vhich on |
recrystallizatwn fron LOGE aquecue methanol gave vhite needlea m.p,. 178=179°
'(ys.eml-e.z &) (med Cp 50,03 B, 5o13 T, 16,55 5, 9.77), Ldentical
:m all respects with the sanple obta:inea by acetvlai-.ion of N’ wmethylelm,
methoxy—ﬁ-aulpyanilamiﬁopyrinﬂélne. hing -Aeetyhring-ﬂ-methyl-lp-methnxy—ﬁ-
_sulphanileﬂi&opyrimiﬁim«m oL mnm by treatment of mng-!%methyl—!w
mthoz:y—&mlphanilemidopyﬁmidim (0.2 g.) with scetic amyariﬁ.en
pyridine mixtme The compouna wes. recrystalnze& fron GEmacetic acid

to gi.ve km or srepethyl -6-(1«1‘* -gcetg_sglghannam@) -pyrimdine
- Bepe 235-236° (Found: c. 1948; Hy 4195 K, 1655 &y 9uTe. OppHagi0)S
;-aquires 3 5005 Hy keB; N, 16,75 S, 957)s This compound was shown
to be diﬁ‘ereut from the N"Qaeetyloﬁ -methyl isoma- by infrared, nﬂ.nd
m.p.andchmmtography.‘_"_ _ S .

. w—m‘ m. Sul.phadimethoxine (6.3 g.) dissolved
in aimthylformnﬁde (20 ml.) was mixed with a solution of sodium
glxmuronate (2.&, g-) in ethylene giyeod (30 sl.).  Clacisl ncetio aeid
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(0.5 ml.) was added to bring the pH to 3-i antl the solution was kept at
70° for 10 min. On keeping overnight at 0°, erystals (5.9 g.) separated
which were filtered and weshed with dimethylformamide, then acetons and
finally ether. Attempts to purify the compound wers made by dissoivins
it in 0,02 Jaomonia (10 nl.) end adding scetone (25 ml.).  On keeping at
0° overnight, crystals weparsted snd these were filtersd and washed with
acetone (yield, 2.1 Z.; &.p. ih9° decomp. )e The compound which was
expectod to be sodium | 1-p~-(2',4'~dinethoxypyrimidin.6=ylesulphamoyl )=
‘ uronate (sulphadimethorine-N*~glucuronide Na salt)
was very labile and was mover cbteined free of unconbined sulphadimethoxine.

However, it was nsad'as such for chromatographic purposes {see Table 1)
and on papex? it could easily be distinguished from sulphadimethoxine
§'-glucuronide. It reduced Bemedict's and Fehling's solutions readily
on warming and the ratio of sulphadimethoxine to glucuronic acid in the
compound was 1.03, |

HETHODS

. mato. »

The By values of sul‘phaaimethoxins and other relevant compounds ere
shown in Table 2.4. The following tests were used:
p-Dimethylaminocinnenaldshyde test (DNAG). DHAC was dissolved in
2§-HC1 (0.2 g./100 nl.) and diluted with ethanol (4 vol.). On spraying,
aromatic aminea showed up immediately é.a red-purple sjpota. ‘Weak B-
conjugates such as tha _li”-glumrroniae did not react immediately but a
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purple spot developed within 1=5 min, N'-Acetyl conjugates, barbituric
 aoid and N—mthylharbitum ‘aeld ahnwea. up as purple spots on keeping

. the chrumatogram overnighte =~ = T T
-naghthoregmiml f.egg (#R). . The paper was sprayed with 1% (w/v) .

- naphthoregoreinol infacéﬁne.; to which 107 phos'phoﬂc'iadi& (1;.:1, v/v) was
-added’ just before use, - On heating at 140°, the;,g!*—‘gluéumnide showed up
a8 & bright blue spot, Both the synthetic N'=glucuronide and the
. biogynthetic glgeuronide, isolated from humanurine gave ve:y.wéak blue=-

brown spots, . IS I RS |
Ferric chloride test.' The phenols gave red, brown or green colours,
- when sprayed with 0,15 (w/¥) aqueous ferﬁc chloride solution,
Diazotised sul ’11 acia (psA)e  (Elliott, 1959)s ‘Phenols gave.
redepink spota m.th this reagenh . o ‘ | A '
_Gibbs reagents (eee Elliott, 1959). _ Cei‘ta_in phenols gave red-blue
apots with this reagent, S | e

Ultre violet light, Chromatograms j;e;-e ‘examined ulzx'ie‘r.‘ the ultra violet
1ight (254 xya).fram a Hanovia 'Chromatolite’ lamp (Engelhard Industries
Ltd., Slough, Bucks,). Some compounds such as sulphanilic scid end
-éﬁlphanilaxﬁ.&a showed a weak purple fluorescence wh&.ie'others such a8
-sulphadimthozine qguenched the baokgraund fluoresceme of the ‘paper

.end appeared as dark spotse - ‘

_ Infrared amd ultre violet speotra. These were determined with the
‘Perkin Elmer infrecord spectrophotomster and the Unicam spectrophotometer

SP 500, respectively,
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| Freo and total sronstic %g Free anine wes doteruined using the

Y i mtho& of Bratton and Earshall (1939) ﬂirectiy. 'rotal aromatic amine
/", was estinated atter hydrolysis of the sample with an equal volune of
o ag-ﬁcl in a water bath for 20 nin. (Recoveries were between 99.5-100%),

G’-lucuroni&a_a_. These were ﬁatemina& by the methoﬁ of Paul (1951),

 : ISOLATIDH OF _S_Q%DIEETHOXINE GLUCI}'RGHIDE FROH ﬁUHAB URINE

m male volmtae:rs each ook 2 g. of aulphaﬂimethoﬁne orally and

 their urine (3 1.) was collected for 24 hr. Thisvaaevaparatedin
| '500 ml, hatc.haa nnﬁer reduced pressure at 50° to & syrup (75 ml.)e  4n

aqual volm of ethanol mtainias 5% or mwm soluta.on was added

ne ana the precipitated inarganic mstmal was fm;ma ai‘t m discarded.
i A sﬁ«mg];y bsaic anion exohan.ge resin colm 2 x 35 cm. (De-Acidite® FF
100-200 mesh, 2-5" crosselinked = Brit:lah m-ug Houses Ltd.) was loaded

:m; thn filtrate, washed wi.th water (500 ml.) and tm washinga discarded,

' It wes then eluted with & solution of aulpl'mr dioxids (prepared by bubbling
. the gas through water m-am.) and the first 350 nl. fraction retained
B after the f:rat- sppearence of the sulphite in the elute. The fraction |
. was demsa& under radmaa prsssm, ana. passaa throngh 8 atrongly aciaic
" cation exchange colum 2.5 x 25 om, ('Amberlite‘ IR-120, =16 + 25 mesh H*
‘fors, British Drug Houses Ltd.). After washing with water (250 nl.) it
. was aluted with 2N-ammania aolntian and the ﬁrst 300 ml. fraetion retained
‘after the first sppearance of ammonia in the elﬁ}:e. The i‘:aetion vas
: avaporated to dryness undsr reduce&pressm at 45 to givg"'120 Ige ot“

eruds ax.mniumsulphadimthoxina glﬁauronide. , This‘mateﬁai bwan about
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407 pure as shm by aaalysis, the :.mpurit:.es ’bei.ng ma:uﬂa' anﬁ.m acids, |
/
~ The salt (60 mg.) in methanol {2 nl.) was banded on Py thin«laaer plata

i

- (30x 30 em.) of cellulnae (m eallulose ponder 300G Camblab I.td.,

I Gamhrldga) and developed in 'bntan»‘l-ol»acetic aeid«-mtar (421 22 by vci.)
asainst a refmnee spot of the m'igina.l urine, ‘rhe band cmesponding
%o the glucurcnide (identiﬁea by emnining the pl&te under ultra violet
“light end ‘also by taking & print fron the wet plnta onto Whatman No. | .

" paper and spraying with naphtharesorcinsl and g-&imthylaminoo&ml&elwds)
was scraped from the plate, suspended in water (wm.) and cantrifusa&

o at 2000 g fmr 10 min. ‘The supernatant was evaporated to dryaass mﬂar

- reduced pressurs to gi.ve the NH, salt of aulpha&imethoxine glumnidn

4
| (20\:;1&) which vas 907 pure; - This material (5 mg.) was recrystallized

* . from metbamol sad 3 gui of the sslt (mip. 150-160°) was obtained which
- was ‘997 > pures - Purther attempts ta purify the salt rasulte& ‘in decompositions

* The' 90% pure material vss therefore dissolved in water (2 ml.) and trested

' vith solid §~mn¢1Mam-onim o:z:oriae (50 g ). On stending yellow

’ priams of the §_«-benzg1thiom'onium salt of the glucuronide appeared ,

(13 mge; mape 16,° daopmp‘v). On recrystallization f‘rom water (charcnal)
the.p, was raised to 179+180° (decomp:) (Fownd: C, 46.5; B, 4.8; N, 12.3;
025 2NgP1052e H0 requives C, 46.6; H,'5.1; N, 12.5%). The gzu@ma,/[

o
£

- @éa ot reﬁm Benediot's solation on warming. - - / -
 The aumonium selt of the glmnronide (0.&5 Bg. 9% pnrt) was bydrolysea
‘with ax-ngaromom acid (1 ml.) at 1oo° for 20 min., and slumopie acid |
'&nﬂ aromatic ami.na in tho Wolysata determined, It m fm,mﬁ_r ’to contain

35% glucuronio acid and 567 _gulphaaimetho:d.ne ,(estimated as ‘a‘t_xl‘phani.l:lc
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acid), which gives a molar ratio of glucwronic scid to sulphedimethoxine
of 1.0, B | | v- = | : :
B Hydrolysis of sulg’hadiﬁethbﬁng Qﬁgﬁrbﬁiéﬂ

1. With Mugmmgaau. The NH, salt of sulphadimsthoxine glucuronide
:lsolatg& from humen urine was G.isaolved in water (0.33 mg./ml.) The
semple used was 907 pure and was free from sulphadimethoxine as irdicated

' by paper c'hromatog'aplv‘.‘ | Threo test~tubes were set up each containing
0.5 nl, of the glucnronida solution and 0.1 ml. of 0,1 H—soﬂinm acatate
hnffa', the pH of the mixture being 4.2. To ona tn‘ba there were adda&
15,b00 Fishmen units of mailu::c : ﬁ-glubm'oniﬂaae aqlntion‘ (0.1 ml.)
(Kochelight Itd.}, to the second the same amount of hoﬁ.ié&enzym, and to
the third 0.1 ml.. mt‘er.l The tubes were plugged and incubated for 24 hr.
at 38°, The cantents of ea.ch tube were then chromatoyaphed. in solvents
A, B and Ce The experiment was repaated mth the ammon:.um sa.lt of
synthetia sulphadimethoxine K -glucuroni.ﬁe. ~ The first tube in both cases
gave spots corresponding to glucuronie acia.,. aulphadimathaxine; and |
‘unchangea sulphadimat_hoxipa_ g’»glnéuroniﬂa. The control tubes g#ve. in
each case, only one spot ‘qorta'sponaing to the unchanéed awmhiae.

A sample (50 mg.) of the 0% pure anmonium salt of Qulpha&in;éthoxino
glucnmni.ds isolated from hmn urine was dissolved in 042%4061@ acetate
 buffer PH 43 (10 ml. ). Thi# sample of glﬁc&oni&e was f‘rge-of sulpha=
dimethoxine. The solution was treated with 50,000 Fishman units of
ﬁ-—glumn-oni&ase end then incubated at 380_' for 96 hr, ‘Tha; mixture was
extracted iith'stlwl acetate andi the extract was chromatographed as a band
on Whatman No.! paper using the top layer of the solvent mixture, butan-1-
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ol-ammonia gulktian (a.g; o;aa)aatar {42155 by voi. ). The band Ry, 0.4

was eluted with ethyl acetate. On evaporation, the eluate yielded pale

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

(m.p. 200° and mized m.p. 201°) by infrared spectrum, chromatography in

solvents A, B and C, and its alentropbcreais propertin at pH 1 (0. m-acl)

and 9 {n.fg—naﬁeos-xaoa). , :

2. Eith scid and alkall. Aqueous solutions (6.02% w/v) of the

biosynthetie or syathstic aulpha&imthmim g «glucuronids m hwarolysad

by heating at 100° for 1 hr, with an equal Yoluse of ZE-HCL or 2.5N-eOH.
The hydrolysates ware chromatographed in solvents A end C (Table2l),

Aqueous suspensions (0.57 w/y) of sulphadimsthoxine, E‘mtylmyha- ’

 dimethoxines were similerly hydrolysed and chromstographed. The results

~ ars shown in Teble22, The products of the lwarolysss were identified by

Bp vslues and colour reactions.

. Hydrolysis of sulohsdimethoxime, The arug (0.25 g.) in E-C1 (10 ul.) |

was heated on & boiling water bath for ¢ hs A 2 nl. portion of hydrolysate

was put on an‘ aluming colum (2 x 20 cm.; Whatman standard grade powder)

end eluted with solvent A The eluate was collected in 50 ul. portions

and the £ifth eluate was svaporated to yield 5 mge of sulphanilemide which

on rewstams;m from water hed m.p. 163-16," and uixed m.p. 162-16,°,

Its identity was M&d by its infrared spectrum. The rest of the

. hydrolysate (8 ml.) on keeping overnight yiolﬁoa 30 ng. of colourless

| erystals which were identifisd as barbituric sold (m.p. 2, 7-249°, mized

po 26-28°)0 |
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Stability of sulphedimethoxing N'-glucuromids et various pE values.
The M, salt of the synthetie glucuronids (5 mg.) wes dlssolved in 1 nl.
of B-Cl end various buffers of pi 3, 5, 7 and 9. The solutions were
~ shaken at 37° rorvariouammmofum@ to 24 kr.  Samples at
intamla of 1,3, 5 and 2 hr, were ebrmﬁosraphea on Whatean No.4
paper in sahent A aud the spats corresponding to the g -slmmda
end sulphanilic acid um eluted with water and analysed by the Bratton
ani Harshall mthn&. Tha slueuronida was tnnné. to be stable at pH 5,
5 rauasm ntpﬂaitalwlrlwdrolymmini#hr. %m
~ @isappesred. &bont 73% waB converted to aalphanﬂic aci&. |
N  DISCUSSI
| Mmeimmt@onuwsubmmhmi:a |

glucuronids which has been isolated snd characterized. A perusal of
the formla of sulphadimethoxine (I) shows thet several atructma could
- be postulated for this glumonide. Ir S.t wers an gngluomdq, :i.t

o Q0B

. L oo, : K o
i _, o |

i : | , |
could be darive& from a sulphaﬁiuothoune hyarmlataa in the benzens r:ng o
or position 5 of the pyrinidine ring, or demethylated at one of the |
mthoxyl groups in the pyrimidine ring. These types of atructma can

be elininated becauss hydrolysis of the glucuronide with A-glucuronidase
yields sulphadimethoxine and with acid sulphaniliec acid and some sulphanil=






amide. o hydroxysu’lghamho acid or hy&mmulphanilamﬁe was detected
(see Table 2,2)s Sulphadimethozine may not be readily ameth‘;latea
in vivo for we found that when it was incubated in vitro at 38° with the
réb‘bit-livar O-demethylating system of Takemeri and Mamnering (1958) no
- formaldehyde was procduced during 1 hr, ‘I‘hé drug was not hydroxylated or
. demethylated by the ascorbic scide-iron system of Brodie, Axelrod, Shore and |
Udeﬁfrien& (1954). | A |

The glucuronide must therefore be en I~glucuronide and four of these

are possible (II<V), -

ool a5 Heﬂ.*“’ ”< f“
NOCH, 4
06}19(36
II 11T

T acae . . . e R T B OO,

The ;;_‘rf*;-giucuroni&é,' II, can be readiiy eliminated. 'éz?osiatie; amine

Hmglucuronides are labile, reduce alkaline ‘copper reagents and are not-
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 Egdrolyais produc eg' of suighadiée@:iné end its aers.vativeg

~ The compounds were lwdrolysed with ae:lﬂ or alkali as descridbed in
the text, The hydrolysis preducts were identified by RF values and

‘colour reactions (sece Table2l).

Products of hydrolysis by

o compom:éa ,
Wm _ 23.531 2.5&-!{303 '
nhadizethoxine, {ba:w:m-lu acid  barbituric acid
cetylsulpha= sulphanilic acid sulphanilic acid
dimgfthoﬁ.na ' sulphanilamide® sulphanilamida
| §'-setuylsipha~ barbiturie acid . sulphanilic aeid (trace)
,, ﬁ:lmthoxim o au]@imnil’ic acid | aulph&nilanido (trace) |
Ring-N-Nethyle | N-methylvarbituric ecid | sulphanilic acid (trace)’
| eulphadimethoxine anlphanilic acid aulphanﬂwﬁde (trace) t
o © | (varbiturie ecid - -
| Synthetic sulphanilic scid .barbim:vada
dimethoxine N sulphanilanide® sulphanilamide
glnmﬁ.dc m&_ glucuronic acid ginemronic acid
gluenromlam‘ Lo S
Sulphadimethonm varbituric acid ‘parbituric acid
glucuronide sulphanilie acid ~ sulphanilanmide
szlt from glucuronic acid glucuronic aoi&
| wedne glucuronolactons |
% minor product.

t The mﬂwlsmphadimthoﬁnaa appear to ‘be relatively stahle under
these eona.itions of lvdrolysia. :
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‘hydrolysed by ﬁ-glmon.taase (Briagea and '@illiams, 1962). A aample of
sulpha&imathoﬁna Q"-glucmonide wes synthesiaaa and it was fonné to be
lebile, to reduce Beneéict's and ?ehli.ng‘s salution, aml to 311& a eolonx- S
slowly with g-dmettwlaminccimamaldehyde (aae Table 2.1) . Theae propat'tiaa ..
812 not agree with the urinary glucuroniﬂ.e which 1s sta’ble, nonereducing "
and gives a colour imediately. with g«dimﬂwlannoeimml&shy&. By
values were also different (Tahle 2.1). The tn'inary slucuraniﬁo was
- gimilar in all respects with a au‘lpha&metboxina gluemni&e ssnthesized
. trom sadium sulphaﬂimethoxim and 1-brem'2,3 ,lwtri«t)-acetylglwonic acid
1 matbyl ester (aea i‘ablas 2.1 and 2.4)-  The §_~benaylthiauron1w salt of
the urinery gluamniae was iésntical uitn that of the zynthetie s]ncnronﬂ.da
| A glumniaa synthesized as abate cm:l:‘i hm one of three mnatma
(III, IV, V) as a result of the tsutamim cvf' the aulphanilanidopyrmunoa. ,
A basis fm' distinguishing tha amido atrnctura ITI from the imido struotut-ea,j‘ =
IV and ¥, hes besn suggested by Uno, Nachida, Hanal, Usda and Sasakd (1963) |

e who showed that the amiaa and imiao fom of pma:me an& thiasole tnlphonv )
vamidas coulci be aistinguished by thoir 503 symmetrieal amtahins frnqunoissq :
In the inido farms this fequency occurs in the ronge 1120-1145 cu.™
whereas in the camsponding ami&o forms it ocours in the range 11&5-1170
cw™t, Xatlvl derivatives of sulpha.&z.methoxine and lwmthov-&anlphmﬂ-
‘amidopyrimidme ware syntheaized contain.ms both these structures. The
structures o: t!_;a methyl derivat;ves containing the amido link were proie&
by synthesis i.e., 4emethoxy anvdA 2.kbdimethoxy~6~@‘-m§hurlsu1phanﬂamﬁo) o
| pyrimidines und their N"e-acetyl déz?ivatives-. " The structures af,the
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“wmsponding ring»N-methyl der*vatzves were then dednced by inferenca.
~In the case of sulphaﬁlmathoxm (SD), the routes were as follows 3=

ring-guﬁet!wlos}) '- Z,awdimethozs'-&methwlm |

‘ ' aminopyrinidine +
/' | ~ acetylaulphanilyl chloride

SD methylation

3'-methyl-sp ~2¢ekidation, WencotyleN wmethyl-sD

. The 802 sympetrical stretching ‘fi‘eciuendea of these compounds eve shown in

'ra.bla 2.3, ané. on this evidence it ia clear that ths s;mthetia and urinary

au]phadimethoxine glucuraniﬁas have tha anido &tmmtureg I,
The ring—ﬁ-methylsulphadimethcxme obtai.ned by mathylation of

v mlphaﬂimthoxine éppearea. to be & mixture of two gompounds v!:ie'b. we

Pailed to #eparata. This conclusion wes based on the infrared spectrun
which showed extensive doubling of the absorption bends, Methylation of
Mmsthow—é—sulp“anﬁam&opﬂimiaine appeared to givae only one ring
N-methyl ﬁerivativn in whieh the dcubling of infrared absorption ba.nﬂ.a
' was abseut. Acid kwﬂrol;sis cf the ring R*methyl snlphadlmethmdna .
ielded N-met!vlbarbituric acdd, shereas that of the N ~mathyl derivative
| gave barbimic acids - _Acid lxyd_rolyais appagra to aemethylate all the .

methasgypyrimiaine ﬁerivatives {see Table 2.2). The prod,ucts of hydrolyeis
of the methyla*e& k-metho:w—é-sulphanilanﬂ.dopyrinﬂdms could mt bo
identified. -



 ZInfraved spectre in Kur pellsts determined in a Perkin-Elmer "Infracord"

SP@WW"
T - ’ &z-amtgmng
- Compound frequency
| et
Snlphanﬁanidn 150
-zmmmwsmmmmm%u)pw 1450
- ﬁ,z,a-nmmv-s-@wtymmmmao)pymm 1150
Sulphadimethoxine slumonm msbmemm N 1160
| sulphadivethorine K'~glucuronide NE, salt, synthetis 1160
| 254-Dinethoxy~6=(8 -mtwlmmamm)pmmn 1150
2,4 -Dimsthoxy~6=(H*~acetyl-§' ~nothyl sulpharnilamido) 1155
| 4-othoay-6-mlphanilantaopyrinistne 1155
| h—ﬁetm'&(ﬁ -methylsulphanilasido)pyrisidine 1180
| t-othony-6-(-soetz1-5'-netiylsulshantlantaolpyrintaine | 1155
a,a-mmu-s- and ~3-pothyl-g-sulphani lenidopyrintdine 1125
z.pramw— ar ~3-nethyl-6~sulphantlanidopyrimaine 1130
&-lathonbt- or «mml-s-@’*-mmmpmmao)- |
o pyrinidine + 1130

*This s & mixturs of the two possible ring methyl forms.

t Thesa are single compounds, but the position of the R-metiyl growp in

the pyrimidine ring is either 1 or 3.
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It has been clained thet ultraviolet shsorption spectra can be used
to distinguish the N'wnethyl and ring=Nenethyl derivatives of sulpha-
pyridine and sulphathiazols (She’pheré; Bratton ami ,B},anchai'd.,~ 1942:;
Sheinker, Postovskii, Voronina and Kushkin, 1957; Sheinker ana;
Ruznetzova, 1957). The N'emethyl (amido) forms in ethancl ahm one
ebsorption peak, whereas the ring-ﬁ-mettwl (imido) forms show two peaks,
the major of which occurs at longer wavelengths than the a;ngle peak of
the anido forms. The sbsorption pesks (sbove 220 mn) of & mumber of
 sulpbenilawidopyrinidines were deternined (see Appendix 1). It 4s clear
that, 4n this series of compounds, ultraviolet spectes samnot be used
to alstinguish amido and imido farms. lost of the compounds in this
table show one peck and there is mo separetion of the sbsarptions due to
thaanlphannamidsaudpyrinﬁ.ﬂimpartionsnfthemlecules. The |
! ~methyl and ring-&mathwl dari\ratitaa cf z,lmhmetho:w- and 4emethoxy-6-
sulphanﬁ.&nﬁ.dopyrmaines han similar spactra shmins an inflection in
the 255-»265 ?mgiou andapeakintth?ﬁ-ZBS ?rasion. These amido
and imido forms are thus not readily aaatimahaue by ultraviolet apoetra. |
‘The sulphadimethoxine glucuromide 4soleted from humen urine showed s
spectrun identical with that of synthetic anlphadiuthoﬁm ' ~glucuronide
(Teble 2.4).

- Sulphadimethoxine N N -glucuroniﬂs cuulﬂ be an (=~ or ﬁwglycosid.
Specific optical rotations (triscetyl methyl ester, + 87° in mathanols
RH‘ salt + 4.5° in water; _S_-—benzylthionrmium salt « 13° in water) gave
no injieation of the configuration. = The glucwronide, however, is slowly
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hydrolysed by g-glﬁcm'oniaaae and ‘the hydrolysis is imﬁbitea bgr '
sscoharom ,lg.'l&ﬂtm (see Chapter 7) é'kam :.nhibztor of ‘Bu-glucuronidase
(Lem, 1952). This suggests that the coupound has the. ﬁuuonﬁgmtion
and can ‘be tentatively dascribed as El-deonr-d-!ﬁ - (2“ ot *~dimethoxy-
pyrimidin-—é' '-yl)sulphanilamdo— p -D-glucosicﬂmnic acia. The
compmtive]y high positive rotatian for 2 p—-glncuroaids can paasibly
‘be explaine& by sta-:.c hinéranee. ’.I‘he sulphanamiée nitragen atom has
‘three bulky aubstituenta and nay take wp & preferential crientation,
causing a contribution to optical rotation as in the case of the
sulphonanide bamenesullphonwb(&nitro—‘l-naphﬁw}.)g];rcine which has been
resolved (Bﬁ.lla and Elllott, 1928). - , 4

The glmwonian showed only a.boat m—hmdwﬁth of thp aetiviw of
thé parent drug e.gainst Stsphylococcus aureus Oxford {testeﬂ tar
Dr. Mm&n of Mgy and Baker Ltd., Dagenham, Esaa:}. |

Thera have been repnrted in the ntemtm several t:paa af ‘
ﬁ*glwanides which are formed in m These include the 1abih
H—glucm'naidas of aromatic am:lnes. the atabh N«gl\xouonides ar carbamahea o
of which two are known, namely those of meprobanata (2-mtw1-z-proyy1-1 W3
propanediol dicarbamate) Tsuksmoto, Yoshimra and Tatsnmi. 1963b).and of -
sulphissxazole (Uno and Kono, 1962) and the 5 -glwoni&a of sulphonamide
drugs of which two ha.ve been previously known, name],y, of sulphathizzole
(Uno and Ueda, 1963) and snlphisomezola (Ueda. and mn-iha,yasm. 1961,).



- 61 -

TABLE 2,4

Ultraviolet spectre of sulphedimethoxine, its glucuromide =

 metabolite snd its N'-gluouronide,  Solvent: ethanols

 Wavelengths to nearest ma and émax to neevest 100, -

~ Compound

x 1077 .

P

Eras

Snlphainethotine
 Sulphadimethoxine ‘glucuronide N, salt
{from wrine) - - | .
 Sulphadivethoxine §'~glucurcnide T, salt
" (ynthetis) |

261, 273

[ 269‘ i .

269

19,0, _zs.o’
21.4

21,8
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THE VEPABOLISM OF SULPHADIMETHOXINE: SPECIES DIFFERENCES

“
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: Ghrénic fbxicity tests in fhe rat and dog (Rai&éll, Bagdon and
Engelbersg, 1959) showed aulphaﬁimathoﬁ.ne to be mm-toxze up to doses
of 200 mg./kg. mmte toxioities have been summarisaﬁ. see Zable 1.
. , LD50 nluea of aulphaaimethmine in vmous speciea. A
ma cited ty Fust, Boehni, Schnitser, Risder and smnu (1960)

| spocten| moute. ‘znsc'zasg. ol

Juouse | peo. | 16,0000

| e | ™

e | es
FIERS T

|met | .o | 20,000+

| matbit | peos | 1,0006

ipeg p.u. 5.200+

Data.iled imreati. ations of ther mtabolim of aulphadimethoxina !mn
ot been proviously reparted.  In the ret (Randall et 8. 1959), rabbit
 (umpublished dsta sited by Bagdon, 1964) and cow (Stows and Sisodis, 1963)
the mejor metabolite in urine has been shown to be the N'-acetyl derivative,
whereas in man the major utabolita is a glumonida (Koechlin, Kern and
Enselberg, 1959) which has been ahown to be en g -slneuronidc (chnpter 2).
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 Eaterigls thesis of reference compo
n"‘-mtylsulpuaamethm B.p. 210-211% was donated by Rochs
Products Ltd., Welwyn Garden City, Rerts. ‘ : :
Sulphadinethorine-Nt-sulphanate. Chlorosulphonte ssid (2.0 &) was
‘ 'aaaea aropuae with atirrins to anhydrous pyridine (25 nml.) which was
cooled in ice, After allowing to stand for 30 min. sulphadimethoxine
{6.24 g.) was gdﬁeﬂ, the mixture ahakenlvigorousyly untﬂ all solid material
had dissolved, and the solution was then i:egt in the dark st room
temperature for 24 hr. 0. 4T-KOR (100 ml.) was then added and the
solutibix extracted with sther (4 x 500 zl.) to remove the pyridine. The
aqﬁeons solution on evaporation %o Aryﬁéss Ain yacwo at 45° gave a white
reaidm (6.8 g.). Aftér dissolving this material in a mininal amount
of iat_ar (12 ml.) acetone was added (106 zﬂ.f) to precipitate inorgenio
sslts and the solution was filtered, The filtrate on evaporstion %o
dry:'zeasv _ig Yacuo yieidna a white amorphous residue (2.8 &) which on
| reawitaJMatidi‘from ebsolute sthanol gavévvkite platelets of the pure
: matasg\m ape(2¥] *_3inet imidin-6 l 1-sulp] 1)benzen
| (sulphadimthnxim—ﬂ"-snlpb&to dipotassium sslt) Found: C, 29.9; H, 3.03
N, 11.5; X, 16.1; loss in vaoup at 100° bets 3.5 ,231252%}732“2
- reguives C, 29.7; H, 2.9; N, 11.6; K, 16.1; K0 3.7¢. The compouna
which was very soluble in water gave no immediate reaction on paper with
dimethylaninocinnanaldehyde in 0,J-HC1 but on standing for 30 nin. a
purple spot developed. Addition of Ba(ﬂ03)2 ta an acldified solution of

the compound only gave a ppt. of 3530& on boiling. The material aia



however diazotise and couple with §'-nsphthylethylensdionine directly,
Free end total arometic emines in urimand %, . .i’hesé wera deternined
by the method of Bratton and Marshall (19_39)}. Urine or ﬁue containing
0.01=10.0 5g./100 a1, was diluted with water so as to contain iaetwaun
10-30 ﬂ./ml. Free aronstic antne (which includes g‘*— and ' ~gluouronides
and F*-sulphate) in this diluted urine or bile was dstermined directly by
the Bratton and Marahall method. Bcootery of au‘iphadimthnxim and
. sulphadimethoxine-N-glucuronide from m‘im and bile was 99-100 per cent.
To dstermine total aromatic emine, diluted urine or bile (1 ul.) was
nixed with ag-bydrtmhlmic acid (4 ial.)v and heated on ‘a.bailing water
bath for 20 min, mmmtﬂmﬁcmdetm&bym&aﬁm
and larshsll method, The Tecovery of N'-acetylsulphadinethoxine sdded
to urine (10 ug./100 ul.) was. 99 per cent. |
Determina in Fae Fe.ecea from rats, ra'bb:!.ts md guinea pigs
dosed uith aulphadiaethoxine ure alm ana]ysed meea ters hmogeniaed
with w%-mex (t vl./g.) and uater and centrifuged. Free and total

aromatic amines were determined on the supermtant. The reooury of
aulphaéimthoxiw added to fasces (0,110 ms./g. of air-dried faoces)
was 66-92 per cent. Recovery of aulphaﬂimethoxina«-ﬁ -glucuronida

(2 ng./g. air-dried faae.u) was 85-92 per cent.

Urimnrbila

(0.1-2 ml.) was banded across Whatman No.1 paper (1 5 ems . wide). Paperz
were chromstographed in butan-i~ol-ammonia so_luti.nn (ag. 0.880) + water



(10:1:1) for 17 his. _against zfeferénea spci:i; of the possibla,mtaﬁq;ifei v
and of the original urinms. 'Stx;i.pa cmesponding to the refarene? spots
(aeteatea by ultraviolet light ma aimthgzaminooinnamamehwdo spra;y
| <v(Chaptar 2) were cut from the ehramtogram s0d eluted am dlute
aomonia solution (a.ézn). The elnata raa ‘made uw to a knom valuma end
free and total amimsmaatmaaaasmim sbove, |
(mromtagam ggrax rag@ga. m g—dimetlwlaminoeimlﬁewaa and
| napharesarciml apray resgents have baan deawibe& (chapter 2). The |
| barim chlsor.laa soﬂiw rboﬂizomta sprey (Sﬁth, 961) was ap;:uaa
after treatiag tho chrumtoyam :ith 2N-Bcl and hea.ting at 70 for 5 e
The snlphata releasa& by bydrolysis aypeare& as a uhite spot on a pink
M’ gg human sub,}ee‘tg. : Kuman su’b&ects wm haalt!v male volunteara
'agea 18-26, Su]@hadimethoxim was sdministered by moath in tablet form.
' Monkeys (kasacca mﬂg) were gim powdered sulpbadimethoxine concealed
kY fruit or mized with haney | Dogs were of mixed atrains; sulpha-
aimathoxina tab‘.teta were aﬁminiatered with f‘md. Rats (i’ista.r albino,
180-200 g-)* sulphadimthoxine was suspenaeﬂ $n aq\:eous glycerol for
| adminiatration by feading cammla ar dissolved in warn propane-1 ,z-diol
| for mper.ttomal in.jectiun. Guinea-pigs (English) were aaministered v
an e.queons suspension of sulphadimetlnxins by feediug canmﬂa. " Rabbits
' (chinchilla) were given sulphadimt}mune as an aqueous suspsnsion by
'stomach tube. o '
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| Detection and isolation of metsbolites
Isolation of M*-scetylsulphatiethoxine
A Chinohilla rabbst (3.9 ke.) was glven orelly 0.5 g. of sulpha=
&imethoxine,  The 24 br, urine (175 nl.) was collected, 1ta pH sdjusted
to pH 5.5, and extracted with ethyl soetate (350 ul.).  The ethyl acetate

waa evaporated to dryness in vacuo at l;’j s The gum—-lika residuq ns
dissolved 4in !g-sedium carbonste {5 nl.) and‘repreeipitata&-by the addition
of 2N-hvdrochlerié aeia‘ (6 m, ); The precipitate was ‘filta!raa' oﬂ' and -
reeryatalliza& fronm glacia‘i acetia a&i& to gi.'re clusters of‘ small vhita
crystala B.pe 207—208 mixea Pe with synthetic l!"-»aeetylsulpha&imthoxinoi
208-210°,  Yield 8 mg.  The infrered spectrum of the isolated metabolite
proved to be identical with synthetic n"-aeetyzmphaazmthmu

Isolatiun of sulmeimet!wxig , A

A mongrel dog {10 kg.) was glven orany 18 of sulphadimethoxine.

The 24 hr. urine was ~collected (400 ml.) ac;i&ified to pH 5 and extracted
with ethyl acetate (200 ml.), The ethyl acetate was extracted with bhalf
its volume of 1H~so&ium hy&roxﬂe. - On neutrelizing the agueous phaae with
glaelal acetie wid, 2 dense thite precipitate appeared (290 mg.). This
was ﬁitarea off and roam'yatanizeﬁ twice from 50 per cent ethanol to give
200 sg, material m.p. 197°, mixed m.p. with synthetic sulphadimethoxine
198°, S o

Isolation of sulphedimethoxine-N'-glucuronids

The deteotion, isolation and characterizstion of sulphedimethoxine~

.N =glucuronide from the urine of volunteers recelving 2 g. of sulpha-
dimethoxine is dsse}.baa in Chapter 2.



- 68 -

Earsgtion of sulchadimethoxine M=plucuronide in wrine

| Sulphadimethoxine (220 mg./100 ml.) was addeﬁ %0 freshly voided
humau urine, The urine was then examined quantitatively as abova to
ﬁetermine the n"wonaugate formed.

RESULTS
Sulphaaimethunm N"’vglucuronida was identified as a metabolite by

| its similar chromatographic proportiea to the synthetic material (Table 3.2)e
On spraying with y_-d.imatlvlammoaimamalaehyde reagent it characteristmauy
appeared in abaub 5«10 m. in solvents A and B due to slow hydrolysis
releasing the i‘me amino group. ~ It did not appesr in the acn,aic solvent
C due to !qdrolssis._ The constitution of the original spot was therefors
confirmed by elution and rechromatography in solvent C, when it gave rise
to sulphadimethoxine and glucuronic acid. 7
| The glucurcnide occurred in all urines and bile imestigated, as &
minor metabolite aceoxmting for less than 107 of the excreted dose emept
in the case of the dog, where it accounted for 177 of the excreted dose
(Ta.ble 3e3)e

Addition of sulphadimethoxine to normal human wrine also yielded
the ,X_\l_l"-glucmonida.’ The highogt proportion (19%) was found at a
sulphadinmethoxine concenﬁ-ation of 2 mg./100 ml., the lowest (37) at
20 mg./ 100 ml,

 Sulphadimethoxine N'-sulphonate was identified chromatogrephicelly by
comparison with the synthetic compound. On sgraying with the p~dinethyl=
eminocinnamaldehyde reagent & spot only appears after one hour. It has



Descending ohromatography on Whatman No.4 peper was used. The
butaneieoleammonia solution {s.g. 0,880)-water (10:1:1 by vol.);

B,BO%a

solvent Wm employed weres A,
ethanol; C, butane

queous
1=dl-acotic acidwwater (41112 by vol.); D, propan~ieocleammonia solution (s.g. 0,830) (7:3 by vol.).
Chromatographs wers run for six howrs in aolwnta»A, C and D gnd &4 hours in solvent B, .

: t 1 — ' ; : 1 ? -
By values in solvent Fluorescence olowr reaction
Compound - ' w T -
| A B c D ra puac® | wa® BaRh®
Sulphadimsthoxine=N'- 0.00 [ 025 | <® | 0,41 @ purple
gluouronids sodium salt 4 | (5«10 m)] blue none
Sulphadimethoxine=N*» | 0.05 | 0,79 | 0.66 | 0,42 q purple| none white
| sulphate dipotassium salt . | | (30 m)|
Sulphadimsthoxing-N'~ 0,15 | 0.80 | 0.55 | 0.54 q purple | bluetrown | none
glucuronide ammnim salt ' , : N ,
Sulphaddnethoxine 0.40 | 0.95 | 0.95 | 0.72 q purple| none ‘none
., g‘-Acatylsnlphamthoﬁm 0,65 | 0,95 | 0,95 | 0,8, qQ none®|  none none
Sulphanilsmids 0,62 | 0,72 [0.77 | 0.78 | viodat | ved | nome none
Sulphanilic acdd 0.91 | 0.57 | 0,32 | 0,48 violet | red none nons

*quenches background flucrescence of paper

BDMAC o pedimethylaninooinnaneldshyde; NR = nephtharesorcinol (see text);

: %mzymtomm,mmmm. | o
%3eveloped a purple spot after kesping overnight

Bakh = barium ghloride~
so@ium rhodisonate



-70 -

& very aifferent RI‘ #alue from the g""-angtyl conjugate, which reacts
similarly. %he g’*wsulphonate dinzotises and couples without preliminery
hydrolysis, | | -

Significant amounts of the _If’-sulphonate; wére found only in rat
urine (2%). It occurred in traces below the limits of estimetion in
the urine from #ome othar species,

The $solstion and identification of sulphsdimethoxine N'-glusuronide
in hunan urine has been discussed in Chapter 2, It was detected in the
urines and ’one of other apeaies by its cmmatographw properties
(Tables 3.2 and 3.3). |

Unchanged sulphedimethoxine was excreted by all species examined.

Ift was isolatvea. from dog urine iﬁ which it was ths principal metabolite
(64%) (Teble 3.3). In other épacies it was -iden‘l‘;ifie& by its R, value
in several solvents and its immediate reaction with g;aimetkwlamiuo-

cinnamsldshyde reagemt. | | |

W*-scetylsulphadtamethoxine was isolated fron the urine of a rabbit
 receiving sulphadimethoxine. On chromatograms of the urine of other
species it was identified by BF values and slow reaction with p-dimethyle
~ aminocinnamaldehyde. It asppeared in the urines of ell species examined
except the dog. »

In rat bile sulphadimethoxine g’-,glucuraniaa wes the principel
component (68%) (Table 3.4).

Recoveries of sulphonamide varied from 767% of the dose. in three
dsys in the rabbit in the urine, none being in the faeces, to 437 in



‘the guineappig. 171: in two days in the rat (‘I’able 5.3). Only‘
traces of aulphonamia.e were found in the faeces at this dose level
(100 mg./kg.). Recoveriea in the rat aa ot dif‘fer sigm.fi.canbly .
between o'ra;ly and iﬁtraperitonaal a&mnistration (Table 3.5). Sulphonamids B E
was detected in rat fa.eces at very high dose levels (z,oo-soo img./kg. PeOe)e
No trace o: sulphonamide was found ﬂnring qualitative exaz_ninat.’_mn of the
tissues of & rat six deys after administration of mulphadimethoxines
 amIE 3. |
Fa.te of sulpha&imethoxﬁ.ne in rata w:i.th blliary flstula. A
The mlphonanﬁ.de was admnistered :.ntrapentoneally at 100 mg./kg.
Emept where: inaica.ted othemiae the data is expresaed as &

pruportion of the dose

‘No. of animals 3 |
*Free® amige in 2!.. hr. bile 12 + 4
mgxgmmmaz.hr. bile 12 &+ 1
, | _l!'*églucumni&a | 2 1
% of the exnreted(RM-sulphonate | O =
dose in 24 hr. - (N-gluourontde |68 & 3 |
bile as (salphonamide |21 &+ 3
- Nl_h-a.qetyl 13 20
‘Free’ emine in 48 br. bile | 3.5:0.3
| Total amine in 48 hr. bile 305803
Totsl recovery = . 115 s t




FABLE 3.5

Fate of sulphadimethoxine in the rat.

svlphonanide was aaminiatereﬁ either orally or intr&peritoneélly

at 100 mg./kg. Except where indicated oiherwise, dsta is

expressed asf}a proportion of the dose.

i,p. .

Total recovery in 6 days

4523

Route " PeGs
| No. of animals 3 5
"Free' amine in 24 hr. wrine | 3.9 £ 0.5 | 5.3 0.9
Totel emine in 2j hr, urine 8.6 2 1.3 | 12.7 3 2.3
=glucuront de 511 521
1 ~suiphate 241 121
| % of the exareted( , | '
dose in 24 hre (N =glucuroaide 7253 8+1.
urine as , . : -
: sulphonamide W3 3848
~acetyl w621 4828
"Free* amine in 48 hr. urine 742 1.9 | 6.6% 1.4
Total emine in 48 br. urine 20 22 1B+5
*Free* amine in days 3«6 wrine 1022 | 9.9231.5
Total amine in days 36 urine 177 +1 18 x5
50 49
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| THE METABOLISH OF SULPHADIMETHOXINE:
 THE EFFECT OF PHENOBARBITONE PREFREATHENT



enmer (19&‘) reported that pretreatment uith phembarbitone
affected the metabolism of‘ sulphadimethoxins in the rat ana the dog. B
Although he ma.de an attempt_at identifying the glntm‘onide of snlpha-v.
dimethoxine, Remmer was unawsre of its true natm;é.’ He proﬁably assumed;_
follouing Koschlin, Kern and Engelberg (1959); that it was a consngata of v
‘an oxidation product of sulphadimthoxim Phenobarbitone, in common
with many other eomponnds, has been known %o atimxlate the enzyma systems
respondble for tha lw&z-o:rﬂation and acalkyla.ﬁon of roraisn oomponnda
(see Reumer and Yerker, 1965)

Once the true naturs of aulphadimthaxim glnmniﬁe heeams known
to us 1t malaatu& -1 potential new reaetion sufb.ieut to activation by
phambar’bitone. v '

Pretreatment with phenobarbitons, Fhenobarbitone sodium (15 mg./kg.) |
was administered in aqﬁénus-solution in&aperitmany to rats twice
daily for three days prior to aaminiatration of sulphadimethoxine

.This was one of the rasims used by Remmor (1964).

_ Sulghaﬁimethmdm Nl glue nide (NH salt) was aaministered a8 en

- agueous solution. : o §

tion of 3 contents with sulphadimethoxine N'mgluouronide.
The caecal end small intestinal contents of a freshlyw:i‘llaﬂ rat were
. each suapendea in 0. ﬂf-phosphate buff‘er pH 7ok iBooth ana ¥Williams, 1963)."



-%-

Sulphadimethoxine _If-gluemnidy (E&&‘ salt) was 2dded to aliquots of
the suspansiuns: to'give a final,éonce.ntratibn 1 vg./ul. and the whole
incubsted at 37° without shaking, At intervals samples were withiram
and analysed for hydrolysis products as described for urine (Chapter 3).

RESULTS
Pate of sulphadimsthoxine in normal and pretreated rats

The relevant data are shown in Table 4.1,
R_eggveéius; The recovery data for each period (day 1, day 2, days 3«6)
vere the same whether sulphadimethoxine was glven by oral or intraperitoncel
routes to normal rats. Simﬁér]y the route did not effect 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 sgainst 10%). However, total
recoveries were stetistically indistinguishsble whether the rets were
- pretreated or not. |
Vetabolites, Ko significant changes occurred 5.:1 the relative amutmts o!‘
day 1 metabolites on slteration of the route of administration or pre-
treatuent of the rats with phenoberbitone. ~ The principal metabolite was
[*-acetylsulphadinethoxine (L5-L% of the exoreted dose), followed by = |

Y
¢

unchanged sulphonamide (36-40%); with small amounts of the N -glncm'omda \ r
(7-9%), N*~sulphonate (1-45%) and m"-gmamnida CH | ;\{
Eate of sulphadinethoxing N'z ! -glucuronide in mgrnsl and pretreated rats \
|

The relevant date ave shown in Table 4.2. . ‘(\\

7 e ,,/

_;_z;;ﬁ__gg. The urinary recovery of sulphonamide derivatives from normal
rats was much lower when snlp}iadimethaxine f-glucuronids was given orally
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"than whan given intraperitomany. ) Da,y 1 recmeriea we 16 an& er%
| raspaethely with total recomiesat‘s'! and 70”’. SO o
 Faeoal racurery was somewhat higher af‘ter orai a&miniatration, bt
'the aifferenea 18 nat s!gndﬁcm ‘ o
Prematment w:l.th phsnobar’bitone ﬂegressa& nr:lmry recovary after
a&uﬁnistration of tha glnctn‘oniéa by a:t.thor teute, mmpmc. Iith the ,
control animela. After oral aaministraﬁon, day 1 rmovexy ﬁemaaa&
from 16 to 8, 2%, intra@eritomal, f’rom lé to 17%. , '.Yotal ra‘eovmgs were
 Faecal reéovéry ma thaaama (24%) 1n protrested aninals after
aral admiaistratinn. ‘but decreased (18 to 5%) in pretmate& rats eomparaa
with conmu after intrapmtomal in;omm. e |
) ﬂetabolitaa. After aral aaminiatration, the priumpal urinary metabolites
were sulphadimethoxine (41-51%) and its N”aaaetyl derivative (35-367 |
the excreted ﬂnse). Differma in the proportiona of metabolites between
pretraataﬁ and control animla ara prnba'bly net sigxﬁ.ficant o
- After intraperitoual admiuiatratioa, the principal nrinary metabolita
was unchangad su:lphaamethoxim n -glnmnme (7&-75%); Again, pre-
traatmnt had no a.tgniﬂoant effect on the praportiun of mtabclites.
' Fo aulphaﬂimethaxim K"’-vsulphomta was o’bsmed. : |
| o mmtm tnnbil stularat]
' fhe relevant data are shown in Table hu3. R .
Sulshedisethorise ajuinistered. Total mm of arug in the bile
was matly enhanced after phenabarbitone pratraatment (12 to &lﬁ’ )
This wag largely due to the increase in the amomnt of sulphaﬁimthoxma
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B'-gluowrontas excroted (63 to 89% of the excreted dose). Free sulpha-
- dimsthorine exorstion remained unchanged (2.5 3 0.6 and 2.2 & 0.8% of the

dose in namal and ;wetrsataa animals reapectivelgr). K
gghadig E :glncmnida %ghred. Reenm in the bile
_after phanobarbitons pretraatmut was halved (78 to 38%). This was due
entirely to depression in the axereti.sn of wnchanged glucuronide; this

 being almost the sole component (m and 99% of the emete& doss in
. mrmal and pretreated animals respeetively) ‘

Intectina) ﬁ:ﬂmﬁ%
: Ga.aaal contents hydrolysed 2% of the added sﬂyhaﬂimthozim
N'-glucuronide efter 5 br. and 5% after 32 br.  The contents of the

- ) .amall 1ntest1ne !wdrolyaea at a smzw rata. -

o nxscnsszmr o

om ammmg auzphaaimtnm x .gznemnias orally, 2% of
tha &oa apyeared in the raaeos, gnasibly mchmgeﬂ, Part of the traotion :
: abmhed was exmteﬂ 1n the urina, the ratio of metobolites being very
eimﬂar to that o‘hsmad after adniaimation of anlphaéimtm and
- dissimilar to the meta,’bolites found after intrapgritcneal sdministration
. of the glucuroride, It follows that the glucuronide was almost completely
hvarolysea to sulphadimethoxine on abaorption.

Eilburn (1965) iutroduced both bile from euzpmmmmu-treatea

rats and sulphadimethoxine g ~glucuronide into the duodens of bile-Pistula
rats, finding little sbsorption (7.6 and 11.6% respectively) or hydrolysis.



Ve found that caacal and small intasﬁnal contents, knmm %o contain an-
active }-glucmniaaae {Marsh, Alexander and Levvy, 1953). aa not bresk
down sulphadimethoxine R -glucmnide at 2 rate faat enough to aceomt for
the observed hyarolysis in vivo, o , '

When given by intraperitoneél injection the principal m'inary
metabolite, with good recovery, was mchangeﬁ glucuronide, Other
glucwronides given intraperitonsally are mot hydrolysed (e.g. Carton and
- W:nlia.ms, 1949). Endogenous -,G-glncuroniaase does not aiapm"tp bes

” ai@ifioanﬁ Paciom, | | R

Sulphadimethoxine N*-gmmnm when given arally may be hwaralysaa
within the mesﬁnal zmeosa since this tissno .’m knom to oontas.n ‘

A=glucuronidase (ﬁshman, 1961).‘ The data of Hilbm (1965) sppears

to indicate that ttdamo&eofhyaralysisis aver;ymi.norm.
 Although st pH 5 end 37° sulphadinethozine § §'-glucuronide was atablo.
4t was hydrolysed repidly by normel acdd (Bhapter 2). This is consistent
with stomach acid being the principsl hydrolytic sgest in yivo. In the
intaot rat ginmoniaa excreted in the bile may be | subjectea to Stomach '
ecdd by regureltation or zones of incomplete meutrelisstion in the
duodenum, |

A fra.ction:x(ZB%) of the snlphénamiﬂa derivatives appearing in the urine
after‘intraparitcneal_ injection of sulphaﬂimethoxine N’-glucuronida |
| represents products of its lvéro!ysis. It follows that at least 25% .
of the excreted dose (13‘,’75 of the doze administared) has been present in



" the saatrointutinal tract and after lvﬂralysia m been reabaorbed.

. The fraction 13% appronmma to the proportion of tha aﬂninistere& dose

which lma mﬁergone one cycle of the enmohepatic eirmxit 1:: 24 hr.

" Since excretion in the bils following trestment with aulphadimthm:lm -
_xg‘_-gluém'oﬁda represents 787 of the dose, one-sixzth of the glucuronide
excreted in the bile can be éxpeé%e& to be reabsorbed. Winn suipha-
dimethoxine glucuronide is administema, ret:irm}ation can be expactaa to
be ziguifica.nt. |

Sim mch mlln' qmtitiea of tba slucmnidn are axerated in tho
bile of 8 ra.t raeeimg sulphadimthazine, it is unlikely that more than
. 2.5% of the dose undergoes antmhepaﬁ.e recireulation. fhﬁa value was
calculataﬁ by aasuming comlate reabaorptian of aulphaﬂimthmina sxcreted
in the bile and is in good agreament with the conclusion ot ¥ 1burn (1965).
1% is unlikel.y that this moehaniam is reupansible for the 1ons ection of
sulphadimethoxine. Preziosi, Loscalzo, Marmo and Miele (1963) also
ﬂiacounted enterohepatic recirculation as a significaﬂe factor in the
long aetion of mlphadimthuxi.m They found that tying off the bile
ﬂnct aid not aﬁ‘ect the plasma h&lf-hfe of the drns nor ita urinary
Aexcretion. .

Enterohepatic recirculation has long been thought to be a gontributory
factor in the long a.etiou nf sulphadimthoﬁne and other hng-acting
sulphonanides (see discussion by Williams, ¥ilbwrn and Smi.th. 1965), .
deapite date showing excretion in thn bila to be a comparaﬁ.vely minor
pathvay (Fust,;Boehni,_ Schnitzer, Rieder and Struller, i960, Preziosi,
Loscalso, larmo and kiele, 1959). -



 Phenobarbitons pretreatmen
 There are three observed phenomens ceused by pretreatment which
require interpratats.on' | | o
${. Vhen aulphadimthoxine is administered, pretraatment increases renal
| | exaretion of all metsbolites. B
2, Vhen sulphsdimethoxine is administered, prptreatmt ‘appears to
. stimilste glusuronide synthesis and exeretion in the bile,

3. When sulphsdinethoxine g’-glmmaé is sdministered, pretrestment
- -Wesaeamﬁonmmmmm _ S

Pretreatnent with phembarbitm aod other atimlatows nr drug
metabolism is held to be principal‘.ly due to the inﬁ.ucticn ot the engyme
systens rssponsibla for the netabolism of fmign compoxmﬁs Induction
is accompanied by chansea in the andoplasmio reticulm with which theae
syatama are associa‘&ea (see Remmer end Merker, 1965).

It is but a short step to suggeat that other cell membranes sre also
" suseeptible to the influence of phenbba.ébitone, in particular the cell
walls. Nany cells contain active tmnsport systems located within the
boundsry membranes. Those of the liver and renal tubules are of particular
iﬁtarest 40 blochemical pharmscologists. It is proposed that the systems
concerned with the active transport of sulphadimethoxine ¥ N -gluem'oniﬂa
are stimlated by phenobarbltons.

¥ilburn (1965) found that the biliary excretion of sulphadimethoxine
_121-31ucnronida exhibits saturation at high comcentrations, confirming that
| an act:l.ie transport system for this compound does exist in the liver.
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Its preaenee i.s invoked to axplain the requiremt of intact eells for
the syntheas.s of sulphadimthoxine 5 -glucwoniaa 1n witro (Chapter 7).
| Stimnlation of the syatem by phenobarbitone weul& accmml: f’nr the
s.nerease& bniary exoretion of znlphadimethoxine H -glucuroniﬁo ai'ter
aﬂninistration af sulphadimethoxine
‘ An activa tranaport ayaten far urganic anions ui.nta in tha kidney |
(Sperher, 1959). Hany sulphonamides have been shown to be transported
vby a related meeh#niam (Deapopoulcs and callahan, ‘1962) " ~ Presumably
' gucwonides ere also antively transpuwte& by this gysten, Stimulation
of aetive tranaport by phenobarbitona prstreatmnt wonld :hm-easa the
renal exeretion of all aulphadimethu:ine metabolites. 4
If an aetive transport syatam ex:sts in other tissuas, also |
susceptible to atimzlation by phenoharbitune, it is poaaible that the
volume of distribntion availahle to sulphadimthoxim ﬂ -glucuronide is
.ez'aatly moreased. Sinee this componnd is not ver;y npid-snluble, it
will norma.uy be mnﬁnad to the extracellular vater. ~ Increasing the
d!.stribntian of the glucnroniﬁe will reduce its concentratmn, reducing
tha amount uvaﬂable to ths liver and kidney cells. Tl;e redqaeﬁ. exgretiqn
following administration of sulphadimethoxine N'=glucuronide may be
inferpretad_in thia way. An additional fa.ctér reducing renel excretion
may bc the decreased ;éntarohepatie racirculatiohrcauaed by‘ a lduer bile
concentration. | | |
" Since reeoveries do not changa significa.nﬂy in rats reaeivins
aulphadimethaxim arter pretreatment with phenobarbitone, it is reasonable
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to assume that pretreatment does mot affect that part of the dose
umcuoimted fdr; fhought to be irréversibly‘tissue bound.  This assumption
proba’bly holds for rats receiving sulphadimatho:dna H -glumniae oral]a'
~ since the glucuronide ia bydrolysed on absoq:tion. ~The reuavery data
bear th:ts ont. | Intraparitoneal injeetion of tha glucuronida presenta a
different case; recov:ary of snlphonam:!.de derivatives is hal*ma. The
reason for this is possibly the increased volmaa or d;latribuﬁon auggested
" above. , . ; = : o
| Pretraatment rec‘mces the excretion of meta‘bolitea after ora.l
administration of sulpha&imethonne N -glucuronids, although the latter
is thought to‘ be twdrolyaed' to au]phadimethoxim, the excretion of which
is enhanced in these circuénétances., This is pérhaps an'iuﬂieatioﬁ that
the intestinal meoss playa a more significant part ‘in the m'drolysts of
the glucm*onide than has besn previoualy suppuaeﬂ. - If the glucuronide
were tsken uwp into the mncoaal cells prior to hydrolysis, alteration of
active transport at this site might reduce the rate of sbsorption and
ultizately the rate of exgretion. | |
‘The faregoing ‘discussion makes it clesr that pretrestment with
 phencbarbitone has & movs profound and widespread effect than has been
thought.  Previous workers have cqncentrated on the induction of drug-# f
metabolising enzymes, oreriooking other eff‘aéfk# which are juat as
significant in the influence of one drug on anothér.
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licre axparmtatian is required to substantiate the hypotheaia
propounded above. Hmvever, phenebarbitone and allied compounds ma,y well
be useful tools in‘increaaing the understanding of active tramsports
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TABIE Lol

. Fate of sulphadimethoxine in normal and pretwvested rats

Preatment

Phenobarbitone

' : Ronef, Phenéba:bitona .| None
Route of sulphonamide administration PeOs- Pebe i.p. dape
No. of animals 3 3 5 3
Free anmine in 24 hr, urine 3.9 £ 0.5 1543 | 53+0.9 16 25
seoeaz amine in 24 hr, urine 8.5 £ 1.3 294+7 132 31 210
) N¥~gluouronids 541 52t | 11 541
P (N)*wsulpha‘&e . 221 | hat 121 FI
arvg exoreted N'~glucurontds 723 941 811 941
h‘%m a Sulphadinethoxine , 4o +3 1 3 alk 388 36 4+ 4
N“‘-—amtylmlphaﬂimathmm L6 21 23 L8 + 8 LI £ 5
- 'Total‘amiminwhr.:wim 202 26ﬂ 18 +5 IR I
| Free amine in day 3«6 urine 10 + 2 Bz 9.9 215 | 154 0ag
- |Total amine in day 3-6 urine 1721 3| 183 343 2 19
Total resovery in 6 days from urine b5 43 55 % 9 50+9 | 51419




o =B6e
- DABLE 4,2

- Fate of sul hadimé*’choxiwﬂag‘hwufonidé “in normal W'Préﬁ*eatea vats .

| ’I‘raatmenh ,‘ S | | None  _ ' Phenobarbieom 1 Kdm | i?henobé;rbitqha
: Routaoct’aulphonami.da adxni.nistrationg © Peds .} Pe0e | depe C depe

§ AT A ENEPUIE (I PO R
| *Freet amine anaz;.m'. urine o 1022 | 89205 | 16125 | u2sl
"Dotal' anine in 2k hr. wrine | 16i3 | 82310 | 17x5 |  s3zk

- (N‘*-gluowozxme F N EE S S S e

. faf m"-»au;phate i e } o | o} 0
| arug exoretea wglmuronida SR IR L I I e 71;*1;’2, |  75x2
|40 24 ke, as (supmaimthm o b s | ss2 | 121

fn‘*«aeetyxuulphaaa.metnm % o3 | 6xz1. | 9axr

tFroe! amine 1n 48 hwe wrine - | 7.3 £0.8 | 1315 722 2.7 6:050.3

"Potal’ amine in 48 hr. mrina o ;11_3-_7.2 o f ‘8.7-*3.5 1343 8,6 + 0.2

‘Pooled facces (Free amine ‘ Sl 5l | 2149 0 | 46204 101
of 1st 48 Wr, (Total amine = |2x5 | 238 | 5.0%05| 18%IL

Total reedvesz_in 2 doys b Bt a2 SRR L 35 4% 1 7016
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TABLE .

Bata of sgghadimthmdm and sulghadimthoxim-ﬂ 5}29‘ wrond.de. in. X

normal

etreated hi

ula‘l:e& rats

_"c‘omgounﬁ :

- Sulphadinethoxing

1

* SulphadimethoxinaeN =
3 @mqnide

Nos of animels
Treatment

Free amine in 24 hr, bila
‘l‘otal amim 1:: 214. hre bile

u‘*—-g:mwonﬁe

N‘*«aulphata |
~gluo\m:niﬂe

‘Sulphadimethoxine

R

r.mhdf
' bm

gig‘m .

: Ry -facatylsulphadimgtm;m‘i i

None

e +5

L

3s1 1

Phenobarbitone

W37
b

89_32.
Ba1

241

Y A
o

3
Phembarbitcne
3843

3843




THE METABOLISM OF THE METHOXY-6~-SULPHN{LAMIDOPYRIMIDINES



&tho&%-sulghanilm&omuﬁdine* was first synthes:.se& by winnek and
Robl:.n (1947) who repcrte& it to be therapeutical]y aetive., A aeoomi

aynthaais was achievea by Bretachneider. Kloa’czer, Spiteller and Dehler -
(1961). It hasz not attaineu clin:r.eal use. There appears to be no
pubnshea. toxicity date. e

Q—Methoq&sulphanilamidopynmi ne (sulphamonomethox:.ne) was synthasised

by Shepherd, ‘l‘aft and Krazinski (‘!96‘!). It was up to twice as potent
as sulphadiazine on a hloeﬂ level basis in standard:.se& infectiann in the
mouse (Redin and HoCoy, 1962). Glarkson and lsrtin (196‘-1) sttribute its
high activity in mice ccmgpared with sulyhadimethoxme and snlphmthoxyb
‘pyridasine to a high intrinsic sotivity and persistance in the mouse
coubined with louer plasma protein binding, ’

_Acute toxicities in the mouse were: :.:rtraperitoneal LD50 2800 ng./kg. 3
oral 1050 grea.{;er than 8000 mg./kg. (Redln end YoCoy, 1962)s

The sulphonamzﬁe has been reported in clinical use in Japan; in man
it ‘-appearekd %o be very nﬁtia acetylated (Oshima, Xasshara and Shibata,,
1962). Its introduction in this country has been delayed due to untoward
toxic reactions in the monkey (Spimks, 1963).
Sellethoxy=6-sulphanilamidopyrinidine, The synthesis has been reported
 (Budesinsky, Bydzovsky, Kopecky, Svab and Vavrinz, 1961).  According to

*Stri.ctly, some snlphonamid.as in this series should ba named as the
corresponding 4-sulphanilamido derivatives. For clearn.ess in comparison
the sulphonamido group will be given the Geposition. The l;‘-
6-positions on the pyrimidine ring are equivalent,
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Budesinsky and Bydzovsky (1961 ) the sulphanilamiﬁo group g to the
5-methoxy group on the pyrimidme r:.ng strongly inhibited antibacterial
activity. , : ‘ :

,g-nimetho&—é-sulghannamaom m . The synthesis has been reparted
by Budesinsky gt al- (1961). It also would not be expacted to be highly
. active on the above considerations.
‘giﬁnnimthgzé—gulghanilamidom dine (sulphorthoamethoxim). |
A patem: for the synthesxs of this compound ha.s been 1ssued to Hofrmanu-La. :
~ Roche and Co, (1964), The substance can be regarded as an extra=longe
acting sulphonamiae, with a hglf;ﬁfe in men of 100200 hr, (Madaen, 196L).
It has recently _béen claimed to be effective in the treatment of malaria
~ (Laing, 1964, 1965) and'Laprosy (Languillon.a.n& Clary, 196&).
| EXPERTHENTAL o

aterials end the synthesis of reference compounds |
-z-réetho:qeé-sulphaniiami.aobyriinidine m.p. 186+187°, Snmefho:;y-én -

sulphanilamidopyrizidine m.p. 200»201"; 2,5=3inethoxy=6-sulphani lanido=
pyrintdine mp. 190193, L,5~dinsthoxy~G-sulphanilanidopyrinidine

m.p} 19&.—_'197‘: were donated by Roche Products Ltd. ,‘ Welwyn Garden City,
‘Hé_rts. » l;—methoxy—G-sulphanilaxﬁidopyrimidine MaDe | 201-203° was donated
| by 'Impariél Chemical Industries (Pharmaceutical Division),‘ Alderley Park,
Cheshire, A | o « |
r{l’-Abetﬁl derivatives. The sulphonamide (O.S ge) vas dissolved in 107
(w/v) Na, solution (5 ml.) and acetic anhydride (o, 5 ml.) added.
When the gentle reaction hed subsided, the mixture was kept at room
tenperature (1 hr.), and the crystals of the N'-acetyl derivative filtered



. Mezgig;g points and anslyses of the N'-acetyl derivatives of the 6-sulphanilenidopyrimidines

6~8u1phanil- ~
. amiﬂopyrimiﬁim

| 2

Solvent | -

analyses

" Found (%)
H ] N

o ‘Re;qxlréd (f}é‘,

"

N

| 2ototnony-
Selethony=
| 2,5-p1nethoxy-
| 4y5-Dinethoxy-

éé‘w
,_219-20 o
st |
r158“6° E g

2145

= w om ono

c_,}nwﬂ#o#s.ﬁnzo z;(‘.} |
AT *i*‘z" R

f “1#

n : -

vu_o_ -

S

16 | 16,7

47 | 16,0

9.7
9.5

9.0

4741

47

"‘.-7- 7

s

46

heb

16,9

15.9

5.7/

9.7

9.1

- Rearystallisstion solvents:

.

Ll

2,
3.

’ 'mm ac:ld.
' Aoatia acid (507 V/v).
Acetic aaid. (25"’ 74 v/v). .

Ethanol
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oifi’.  Yields were 90-3007%. In each case this was a new route to the
known compounds, Propart..as and analyses are ahm in Ta.ble 5.1.
| u"-e;gcwumg. ‘Smell-scale synthests (0.5-1.0 g, sulphonamide) were
at_tempted using the method 'd.e‘seribe_d. ’for. sulphadimethoxine (Chépter 2).
only mm-é erystels of the n"-glucmnmes were obtaiéed, with the
" exoeption of sulphorthodimethoxine which arystallised as disodium

| 1-_@;@4-[9-(4* ,S’Mthmg&M‘qkﬁgmxl)W]

| _u;_r_o_%;t_g from acetone=0.2N-Na0H (20:1 v/v), decomp. 138°. (Fownd: €, 38.7;
H, 4.0; N, 9.1; Na 7.5, c,,aw N8 0405, 2,0 roquires C, 38.2; H, k.33
- K, 9.9; | Na, 8.1%). The impm preparations, as with sulphadimthoxine,
could bs used for chramatog-aphie pnrposas.
| -N"-—Sulgbamteg. These conjugates were synthesiaad from lp-methoxy-
S~methoxy=- and hﬁ-ﬂimthw—ﬁ-snlphanﬂamidopmma by the method
used for sulphadimethoxine (Chapter 3). The products were recrystallised

from ehsolute ethanol. Dipotassium 1-p-{4*methoxypyrimidin-6'-ylsulphanoyl)
bengene sulphamste. (Found: C, 29.6; H, 2.7; K, 16.13 W, 11.7.

cﬂamxzm 05,5 §H20 reguires €, 29.6; H, 2.5; K, 1?.6 N, 12.6%).
Dipotassium 1-p-(5tmethoxypyrinidin-6*~ylsulphanoyl Jbensene sulphamate.
(Found: €, 29.6; H, 2.7; K, 16.3; N, 11.7. ¢C,, 101‘2" 0gS0s fuzo
requires C, 29.6; H, 2.5; K, 17.6; N, 12.6%). Dipotassium

 tep=(4,5* ~dimethoxypyrintdin-6"~ylsulphanoyl Jhengens ..m...__.s hanate

requires ©, 28.6; H, 3.2; K, 15.6; N, 11.1%).
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N'-Cluouronides. Dus to the small quantity of some sulphonamides
availabls, sttempts were made to synthesise only sulphamonomethoxine
K'-glucuronids and sulphorthodinethoxine X'~glucuronide.

The sodium salt of sulphamonomethoxine (3.16 g.) and acetobromoe
gluouronic acid methyl ester (4.13 g.) were dissolved in aguecus acetons
{75% v/*) (50 nil.) and kept 6 days. ~ The solntion was passed through a
solumn (2.5 x 25 mn.) of activated alumina (type H; 100-200 msah)

(P. Spence Lta., Viidnes, La.nes.) and eluted with anetona. | *zhe eluate

| (200 nl.) was avaporatea to dryneas and orystallised f:om propau-z-ol to
give white necdles of the pure m 2,3,&-&%_%—1%—1{!!
{4 'wmthmpyrimidin-é' ' ql)sn]phanilamiﬁoghmaid]uamte, P
183-18,° an2 Hﬂw +68° (¢ 1.05 4n sostone).  (Fomnd: €, 47.05

Hy, 4.9; B, 9.4; 5, p,h, c% g%,0425 ;Se raquirgs C, _h6.9, H, 493
K, 9.4; 8, 5&27) . | '

’I’he a’bove oster was traated with barium methoxide in a similar wa;v
to the estu‘ of aulphaaimethm g ~glucuronids. The m'uda yallcw '
emnoniun salt of aulphmmmthoxiue N ~glucuronide (100 mg.) could not
be in&m& to erystallise. mnevar, it coulﬁ be used as suah for
chramatagraphie pm-poses.

| ‘i’ha potassium salt of aulphorthoﬂimethaxine whun traate& as above
gave no recognissble product. The reaction mixture darkened with keeping
and could not be purified on an aluxina column, On treating the brown
oil (obtainsd by concentration) with bariun methoxide, only sulphortho-
dimethoxine was isolated. Chramato@aplw indicated the presence of
sulphorthodimethorine Ji'~glucuronide in the reaction mixture.
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‘Experimental mthuas‘ and animals were as described previously .
(Chapter 3). ~Four monkeys were used ia rotztion for all the experiments;
a period of at least 1, days elapsed between successive doses in the same
aninal, : ﬁat 811 aulphonamiass could be administered %o man because the-

. toxicities of soms were not known,
ggtion of gjor matabai‘ltes. . The 24 hr. uﬁ.ne froﬁ a.nimala reoeiﬂng
f wa ng./'kg. sulphonanide orally was adjusted to pE 5 with acetic acid and
ntractad tﬂm with an equal volume of atbyl mta‘ba. The {two phe.sn ,
were: mmted by comifngaticn where nscassary, sl the nqueoua loyer
ddscardeds m othyl agetate extraocts vere comhineﬁ and the mtabolitc
taken m:: aatmtea mﬁcos solution (% vols)s - Onm auiﬁiﬂc:ation, the
.matabolitu a‘ystslliae&. !Iatnbolitea nare rewstamaeé and eharaeterisod
by m.p" mixed m.pa. ma& spectrun and ulmmatosrap&ie pmpm.tu.
‘Isolated metsbolites of the methoxy-6msulphanilanidepyrimidines.

| 6-Suwiphanilentdon | yoynotate | Spectes | mp.
2-ethoxy- . | N'-Aoetyl | Bavbat | 2245
4~Nsthoxy- H'omoetyl | Rabbit | 21729
| 2,5-Dimsthoxy- | Unchanges | Rabbit | 189-92|
45-Dimethoxy~ | N'-Acetyl | Rabbat | 212-3




Identification of mstabolites, ~ Apart from those msjor metsbolites
isolated, i&entiﬁoation‘ has been largely ansn&ant on chromatosraphy,
- eomparison with the mthasiaed cozq:ouna.s and anslogy with the metebolites
of sulpha.éimathoxine. - Table 5.3 shou the elaae s.uﬂ.laxity of BF veluss
| of the seriss of compounds,  The ‘baaaa 01’ i&ant&.ﬂeaﬁcn have been
disousaed in Chapter 3. , SRR el :
seggbo;;sm of 2-met M&aﬂgmmmgmmm' 'Rameriss in tha"
| first 2L hr. sre high in the rabbit (678) end the monkey (5%)
. valm o‘otainad with the rat (197) is lower ‘!mt signiﬂcanﬂy higher tha.n
the ma;mw.ug value for snzpha.amthm (8.5%).  The major metabolite
 inthe rabblt is the n”-ami dsrivative, wheress is the rat ané! morkey
: the mhango:‘l sulphonani e preaomm (?able s.z;.).‘ '

 of this sulyhommida in the zabbit (337 1n two dsys) could paasib]y e
sceounted far by the alwost exclosive mtian of the B”—wetyl derivative
in the wrine (9&% in the excrited doae). However, the rat shows good
recoveries (65"' in two ‘days) but exeretos only hﬂ% of the mcmsred dose
in the wrine as the acetylated cozpound (mab:m 5.5).. . There is & trace
of g *glncmnide amrateﬁ. As w:lth sulphaaimathoziaa, thi.s petabolite
35 found 4n much laraer qmtiﬁoa m rat ma (:ram 5.9, 227 of the
exoreted dose). | |

Like the rabbit, “the mnkay high]av" aecetylates this ahiphommlde
(89% of the mﬁd doss), but whereas the rabbit showsd no untoward
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TABLE
Colowr !‘oact:l.om cﬁ the metabolites of tha mﬁm&sulphannamiaopyrimimea and their
) RE values in the nolvont syatem D [propm«nz-ol-ammnia solution (s.g. 0,880) (7:3 by vol. )]

All oampaunds quenohed the baokaa\mﬂ, ﬂw«aaoama of the papex' undsx' ul‘braviolet nght
(254 xyi) ‘ B

ST 'Pnaition_' of mothoxy ‘-svbsﬁtum# ' o 0010\3' rea.nt:lon
Matabonto N SRR e S |
| b2 b b B {2k | 25 | Mb DMAC - NR | BaRh |
| ¥*~Glucurontde | 0.10 { 0,07 | 0,08 | 0.41 | 0,07 | 0.09 (n:‘gze) ‘Blue | Neme
Nt-sulphonate | B | 036 | 0.30° | 0wz | 0.30° | 020 | ZEA T s | e
T el e : b o (30me) | _.
N'=Glucuronide | 0,35% [ 048 | = | 054 | « | 0.32| Purple é'i“"' None
']?"‘«-AWI - 0076 ' 0475 0677 E'Bh- 0072 6!71 Nom*, - None Nm ‘ )

: * Developed a purple spot after kesping wmght.

mmc - g-aimthylaminncimaml&amrﬂa NR = naphtharuoroiml'
Balh = berium ohloride - soa:m rhodigonate (ue chapteu 2 ana 5).

b Jetabolite not observed,

© Not oonparad with synthetie compound,



_ "l?’ate of 2-methm~6—su1phanilamidopyrimiﬁine in various v
~ species after ma. sdninistration (100 ne./ke.).

Reconri.es raprassnted as propm:lon of tha dose (%3.

Species . |

No. at‘ animala o

: ’Fraa’ sm‘:‘.na in 2L hr. urine :
Total amine in 2&- hr. uriue

%wwm
mete&
dau iu 224- hr.

: 'wim; as

: -'Fred’amineinwhr. urine
‘ 'l‘otal amine inhBhr. _

| Revbis

o ©

,3347

67-*7

°a6 * 0.1

307 _‘_"_ 0.'

Rat
‘ Fomalo

1 3.8 1.4
927

2
0
>
8
9

Honkew

: 'Z?amale‘

2
5
57

1.3
1.6
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TABLE 5,
_Fate of h-@thm—é—aﬂpﬁani}widnpytma :1:: various -

~ species after oral administration.

* Recoveries represented as propertion of the dose (%).

Specios

Sex | o

| No. of anjmals ez'-' subjects
Doss level (ng./ke.)
| "Fres® anine in 24 br, urine
| Total amine in 2 hr, urine

| exereted *-muilphonste
dose in 23, hr, S5 ~glucuronide
| urine as sulphonaside
‘ (ﬁ"mtyz

*Free! am}in 48 hr. urine
Totsl amine in 48 hr. urine

Habbit

| Pemale

3
100
3.0 2 0.0

' 7&3;‘{3‘5 ‘

K
o
0
221
L E R

0‘7 x 0.4

R ?0’4»33'5,

Bat

Female
,
100
1927
i0 3 12
"!_fi |
240
et
5 24 11

Lo+ 9

10* »

25‘

2.3

Honkey
y

B9

0.3

¥an

18
18

61

* One animel dled
® Aninals showed oligwria




Fate of Semsthoxy-G-sulphanilanidopyriniding in various
species aftsr m'sl sdiibtetration {100 mEe/X&:)e
Becoveries represented as proportion of the dose (%)

a

| spactes | | RatMit | Rat ;Emakey

 Sex | i Fomals ; Temals | Femele

\No, of sniwals | 3 3 2
' {

'Free' anino dn 2% bre urine (585 1el | Sl 213 | 50

|

{Zotel amine dn 24 hw, wrine | 8233 | 20:3 i 17

wglucurontic 130 540
; exerated As -
o - Al wglucuronide o 320

o - {sulphonaside 641 a9
urine as ,
- ~ngetyl 9221 | 6s8 |

% of the

gmu‘\'a-{“

VPves'anine in W8 br. wine (7% 04 1 = | 21

é*mmammwmm .,?2‘343’,% - 12
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TABLE !

Fate of 2,5-dinethoxy-6-sulphanilenidopyrinidine in

various species sfier oral administration (100 mg.

oo

Reeoveries represented as m‘mmn of the dose (%).

» ‘Spedas :
sex.

To. of animls
| tFree® anine in 24 br. urine
Total amine in 24 hbr. mm
o N“‘-glwb_hiﬂé

% of the , S
| (if*~sulphonate |
excreted 3 ,
o =glucuronide
dose in 24 he, ‘
' suiphonamide

urine as @mtyl

*Fres' amine in 48 kr. urine
Totel anine in 48 hr. urine

Rabbit

.?emaia'”'

-3

661 12
6 212

‘5!:_4;0
0
I

210

740

4&6 x B-S

59 3 0.5

Rat

58 & 12

T

w B u e af Bow

Yorkey
Fenale

1.7
1.7




- 4n various species after oral administration.
Recoveriss reprasanta& as proportion of the dose (%).
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| TABLE 5.8
© Fate of 1,5~3insthoxy-6~sulphanilanidopyrintdine -

Species
Sex

No. of soimsls or subjects
| Dose 1evel (mg-/kg.)

"Proe’ amine in 24 hr. urine
| urine

'Fres' winn in 48 hr. wine
Totsl amine in 45 hr. urine

Rabbit

| 8az2

3
100
1523
631k
221
0
0
92

2.9 2 1.1
1223

#a3
66 2 &

Rt
Fenale
3
100
8.0 2 i.ﬂ
191
bt
531

bud

B.% 2 0.7

2752 |

Fonale
3
| 4100
5.0 1 0.9
T
T
X
2
.
s

17
7.6

.16

69
4.8
13

TRk

3ok 3 0.3
5.5 & 0.6

9 4

—

' ,55;3

Pz
301 4 0.2
6.0 4 0.4




‘ ZABLE 5.9 |
- Excrstion of aﬂpmﬂmthmm aad mmmaimtm
~in rat bile aftu- intrapnritoml aams.nimation (199 mg,./ks.)

Sulphonsuids Sulphhmominéthoxﬁgs Snlpﬁwthbdimthoﬁu

No. of animals . 3 s

| "Free* auine inm 24 hr. bils | M 3.,8_";1.3”. ] Suls 30,6

‘fommhzam.m.“ 39208  Buh 0.2

‘ | 2 . L3
SEr

)

89

=
6+6

‘.m ﬁrk_{.a
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| symptoms, possibl& due to the higher pH of its urine and consequent
greater solubility of the metsbolite, all monkeys given this compound
showed extensive 6liguria., excreting about 50 nl, arine per day compared
with a more normal 150-200 ml. per day. This effect was undoubtedly due
' %0 partial kidney blockage by crystels of the metabolite, Renal dauage
probebly accounts for the high toxicity of A-methoxy=6~sulphsnilanido-
pyrimidine in the monkey (Spinks, 1963). |
The compound has been tested clinically in Japan (Oshima et al., 1962),

being reported to be t‘mly} moderately acetylated, 7he one human subject
tested (Table,5.5)v at & very low dose level (8 mge/kg.) acetylated the
Cnmpound to the extent of 617, This can be comi&ered.td be high for man.

' _I_{_‘-glucuronida.was a minor metabolite in the monkey (2% of the
excreted dose) and e move significant one in the one human subject
examined (187). Sim:s-, the synthetic ﬁinglumronide waé available, this
i&entifiqaﬁon véa.s déi‘inite. ~ The amount of glucuronide formed is unlikely
to amliorate'possible toxic effects in men due to the high degree of |
acetylation, | | ‘ _ |
Retabolism of ‘&meth‘o;gg-E-’suthanilamidaEtr_;miding. Table 5.6.
This eulphonamide is very highly acetylated in all three species examined.
Kidney i\mdtien did nod appear Lo be alfected .a.n any fupi‘ the animls,
Again recovery was good ia lhe rabbii (82 vin’on:-: day, 92?3 of the
exoreted dose acetylated;.  Recovery ,ﬁas av.erage for this group of
coupounds in the rat and monkey (20 and 177 in one day respectively),

Traces of a metebolite suspected of beihg an ﬁ‘-glucumxﬁ.de were

observed in rat and iwnkey urine (2~37 of the excreted dose). Since
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the synthetic cozpound was mot available, it was not identified with
certeinty, | | o
f:&étgbolism Of 245edi methoxyebegulphani lamidopyrimidine. If this compound
were active bacteriestatically, 1% would appéar to be an ideal short-
 eoting eulphonamide, It was rapidly excreted by the rabbit, ret and
monkey (Table 5.7). Horeover, the only significant produck in the urine
was the unchangeﬂ sulphnnami.&e (92, 99 and 945 of the exex'eted dose in
rabbit. mt end monkey, respectively).
Uotabolism of k5= methoxy=G=sulpbenilapidopyrimdine, The metabolism
of sulphorthodimethoxine is of great interest since the compound will
probably be widely used prophylactically due to ite long half-life in man,
Recovery of the sulphonsmide wes mrkedly low only in man (5.5 first
day, 6.07 second day, see Table 5.8), In other species recovery in 2) hr,
“urine was average for this class of compounds in the rabbit, rat end
monkey, | | | o |
The difference in the excretion rate between man and other species is
pa.raileléd by the degree of acetylation, being high in the rabbit, rat and
monkey {89, 66 end 85 respectively) tut low in man (29%)e This compound
of the series formed mch grester amounts éf’ ﬁl"-sulphonate than the othera
in the rat, mo’nkey end men (5, 16}anc‘i 9 of the excreted dose reapectively).
This sulphate conjugate should be iéol&tahle; Do auiphonamide}_&"‘-mlphonate
has yet been isolated. | | | | |
Unchanged sulphorthodimethoxine predonrliates in rat bile (Teble 5¢9)s
~tragting with the metabolic picture in rat urine, |
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CHAPTER 6

| THE IN VITEQ SYNTHESIS OF SULPHORAWIDE 11’ - GLOCURONIDES



The biologioal ooourrence of salphonamide H'-glicuronides has only
recently been recognised, Those detected by Japanese workers, derivatives
of sulphathiazole and sulphisomezole, have only ocourred ag trace metabolites
in moan urine (Uno, Hachida, Hanal #na Ueda, 1963; Ueda and Kuribayashi,
1964).  Sulphadimethoxine N'-glucuronide, however, occurs to the extent of
70553'0? the excreted dose in human emﬁ monkey urine, It is also found in
the urine of the dog rat and guines~pig (Chapter 3). Sulphadimethoxine
appeared to be an ideal’ subgtrate with which to investigate the synthesis

in viyo of §'-glucuronides.
EXPERIMENTAL
| Mothnds |
Chromatoeraphy .' In addition to the solvents ﬁat.»ea. in Table 2.1, propan-

1-olmammonia solution {s.g. 0.880) (7:3 by volume) was slso used. Spray
reagents were as in Chapter 2, | 7

Tizsue preparations., = Female rat and gineawplyg tissues were removed
jumediately after death frbm a blow on the neck and piacea. in crushed ice.
livers were homogenised in a Fotter tube with a gless or Teflon plunger
with three} tires their volume of ice~cold 1.155 KC1 solution. The 10,000 g
supernatant was obtained by centrii‘uging for 10 m, in an I, 5.E. "Supere |
speed 40" centrifuge (Keamaring and Scientific Equipment, Itd., London,
8.W.1). liver slices {0,5-1.0 mm. thick) were cut by hand with a
stainless steel blade and immediately placed in the incubate. - Kidney

and adrenal tissue was trested in a similar way to liver. Small intestire

was washed with ice~cold KC1 to remove its contents, chopped finely and
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homogenised thoroughly. Tissue homogenates amd 40,000 g mpémataﬁs
were used as soon as possible,
Ingybations and estimations. - p-Aminophenol conjugation was determined
by the method of Dutton and Storey (1962) for both tissue homogemates and
slices. Ths mbstrate soliution wes prepared £rom g-aminophenol hydro--
chloride; the lstter was found to be easier to purify than the free base.

| Imuﬁatjes;z to dét_eripine sulphadimthoxiize éonéugat.ibn were prepared
similarly exoept that en equimolar amount of sulphadimethoxine replaced
the o-aminophenol substrata. The sddition of a.sco’zﬁic acid was unnecessary.
A typiéal imubatiou with a{ tissue suspenpion was as follows; -

Into‘ each of three 15 ml., centrifuge tubes was pipetted _the tissue
preparation (1.0 nl.), 0.1k mi-silphadimethoxine in sufficient Nalil to
achivve solution (0.2 ml,), 0.5 mi-UDPGA (0.2 ml.), water 1.4 ml.) and
0.5 g-tris bui'fer pH 7.4 {02 ml. ). Control tubes conteined either
boiled tissue preparation or 0.028 mi~sodium glucuronate (1.0 ml.).

After incubation at 37° for 1 br. in a shaking wstervbath (. kickle Ltd.,
Comshall, Sarrey), the tubes were plunged into a boiling water-bath for

60 sec., cooled m*m water and centrifuged at 2000 g for 10 m.

Acetic acid (0.1 ml.) was added to part of the supernatent (2.0 ml.) and
the solution then extracted with ethyl acetate saturated with water

(2 x 2.5 nwl.) to remove free sulphadimethoxine (the tubes béing centrifuged
4o break any emlsion farmed).‘ 2 NeHCL (1.0 ml,) was adﬂ.ed to ‘.the agueous -
phase and the solution centrifuged at 2000 g for 5 ms Part of the

supernatant (2.5 ml,) was then treated by the Bratton and Mershall method.
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A ecalibration curve was prepared -using mixtures of sxﬂphé&imetho;d.ne
and sulphadivethoxine N'~glucuronide, = Mesn recovery} in the range of
1@10&5@613;}.33&01& was 98 + 37, ‘

A typical incubation with liver slices was as follows, each
determination being. pe:formed in triplicate. |

Into each of three 25 ml, conical flesks was pipetted 2, ml. of
Krebs bicarbonate R:Lnger solution pH 7.k, "I'a the first flask ral liver
slices (anproﬁmtely 100 mg. web weigizt) and 0,1 ml. sulphaﬁimethoxina
(ms /umlea in 0,97 NaCl) was added, %o the second rat. liver slices and
0,1 ml. of 0,97 NaCl and to the third sulphadimethoxine. {0.5‘}@1128) plus
Ot ml. of sodium glucuronate solution (0.5 /mole in 0.9% Hac'l) ach
Plask was ﬂ*asse& with O, containing 5/5 COpy immaﬂiately stoppered. and
placed in a,ahgking water bath at 37° (H. Hickle 1#d., Goschall, Surrey)
' ‘fa‘r 80 min, ;a,&t;}this, time 0.5 }mbles of sulphadimethoxine waa.'ad@ed to0
the second flask, liver slices were then immediately withdrawn from all
Plasks, ‘&mine& ‘_on,f.iltér papers end iweig‘hed; . The supérnatanﬁs were |
pm;rgd;into-cenmﬁge tubeg, plak:ed in a bolling water bath for * min.,
cgqi_ed in running vater, and then egtima&ed as labqve.' Formation of
sulpha&iﬁethcxine—l‘f‘-g]ucﬁroniae by ihe Tat liver. sli'@és was“démonstrated
quaiitatively by paper chromatography in butan—‘i-ol-mnmonia aelution-
water, butan—‘i-olnacetic acid-water and prapan-‘!-ol-mmonia solntion.

"‘he ayntheais of glucuronide was also studied by following the
incorporation of ["‘C :[ =glucoge into sulpha&imﬁhoxi@e«ﬁ-glucuronide. |

The procedure used was as follows: rat liver slices were incubated
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with 2 ml, of Krebs bicirbonate Ringer solution pH 7.l containing

5% 1056.p;m. of “"C] =glucose (0.06/1moles) end sulphadimethoxine as
described ebove, After incubating fo::- 4 hre at 37° the liver slices were
immediately withdrawn from the flasks, drained and homogenized in Vdioxan
(10 ml,)s  Controls were ‘pregared as #bove_ except that "suiphadimethoxine
was edded after incubations Saﬁples of this homogenate (1 mly and 2 ml,)
were pipetted into dioxan; PPC, POPOP scintillstor conteining 55 Gérbosil
el and their radicactive content determined i_n # Tri=Carb geintillation

~ counter model no; 321L (Packard Instrument Co, Ltd,, Wembley, Mddlesex),
disintegrations ‘pe'r 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 Abraham{ 1 95?. To the supernatant from each

incubate 100 mg. of sulphadimethoxine-X'-gluouronide (NH, salt) was added
which dissolved on warming.. . The solutions were plaeed. in a boiling

water bath for {1 min. to deproteinize aha' centrﬁfﬁggé. at 2500 g. for

5 min, The s@ernétant was decanted off into other tubes tan& §~benzy1- -
thiom'oi;ium chloride (0.3 g.) wes added to each of these with warming.

On jst.anﬁing crystels of the Sebenzylthiouronium salt of sulphadimethoxinee

| §1~g1ucurdni§e were Pormed (400 mg.) which ori recrystallising twice from
water yielded the pure goﬁenzylthiouronium, s2lt (30-50 mge)s This material
was vcotmted in dloxan PPO, PCPOP scintillator conteining 57 Carbosil gel |

and its true radiosctive content determined by the chanmels ratio method.
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| - BESULTS
In vitro canjggatioﬁ of sulghadimafhoxine. Tissue houiogenates fron
the small intesbine, kidneys, adrenals aend liver appeared unsble to
oa‘calyse the conjugation of stﬂ.phadimethcxiﬁe. The trace éf eolour
ébtained in the estimation method could be ascribed to non~ensymic
formation of the ﬁl’-glucuronide s since controls containing glu@ﬁronate
in place of the tissue suspension geve similar results. The tissue
suspensions were all active in the éonjuga(_:ion of g-eminophencl (Teble 6.1).
" Liver slices from both the rat and guinea-pig were active in

sulphadimethoxine gf-glucwonide formation comparg& with controls. The
rave of cchjugation with guinéa-.—pig tissve was agproximatély 107 of that
for g-aminophenol. Evidexice to support the colorimefric results was
aifficult to obtain chromatogrephically because there was little conjugate
synthesised end the chroma.togramé of tissue extracts showed extensive
stresking of the spots, in spite of deproteinisation and desalbing.
Nevertheless there appeared to be a spot corresponding to sulphadimethoxine
5i'-glucuronide in solvents C and D.

conf'irmator‘j evidence was sought by means of isotope dilutiom. 4
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 lé.’bel proportionately being incorporated into the
UDPGA end thence inte sulphadimethoxine ;\I_" ~glucuronide.  The labelled

glucurcnide was diluted with cerrier, a derivative crystallised, purified

and counted. Dilution from test incubstions showed higher activity
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than those from control incubstions (1840 compsred with 1320 disinteg-

rations/m./g;‘ iiver, difference significont at the 4% level).  Uptake

of label from the»mevdium,by_ the slices showed no significant d¢ifference
{test 19 200 dp.r., céntrol 17 200 dupem)s  The rate of congugetion

- was oaleulated on the 'bas:.s the ghove asswmptions {Table 6.1).

Phenobarbitone pretreatment of the animal prior to preparatlon of the liver

slices hed & slight effect on the in vitre synthesis of" sulphadimethoxine
N’-gluctxromde (Table 6.1),  The difference was not sta‘blstica.lly

significant, " | |

Other suighonanﬁ.de substrates. zél.fe‘choxy- and L~methoxy-6-sulphanilamido-

pyrimidine were tested in thn sulphaﬂimethcﬁne canjuga**‘ ing system, The
hmethoxy derivative was conjupeted &t 10-1;,07 the rate of sulphedimethoxine
and the 2-methoxy der:.Vative at O=10Z,
- DISCUSSION _
The evidence in favour of an snzymic synthasis of §1-glgcurbnides
derives from several SOuUrces.

1. Co‘lcrimetric} enalyses indicate an incre.ase,in the water-soluble
and diazotissble material on incubation with sulphadimethoxine with liver
slices, but not liver homogenates. Sodium ‘glumrrcnate in place of the
slices @id not produce these resulis, showing non~enzymic formation of the
_l\f"-glucurcnide wes not responsible, | »

2. Chromatography éhows ‘the presence of & spot ccrrespon&ing to
sulphadimethozine f-—glucm*onide. -



Ability of rat and guinea-pig liver prepe.i-atiam
to wn,ivga.ta sulphadimethoxine and o-—aminaphenol Data Ziven

as pmoles glucuroniaa forma/g. nver/hr.

)

Species Preparation Substrate
‘ Sulphadimethoxine | o=Aminophenol
Rat Slices 0,28 -
Slices 0.29 _t 0:93 -
Homogenate Q -
10000 g supnt. 0 0.66
Guinea-pig Slices 0.07 £ 0.01 8.2 & 0.5
‘ Slices™ 0.11 2 0.04 293
Homogenate 0 4.0

B

Approaimatu valus Mved fron uatapa ailntion.

®511ces prepsred from the livers of enimals pretraated. with
phenobarbitons,




‘3. TIsotope dilution confirms the colorimetric results, both
qualitatively and quantitctively.

Zh Incubation of other sulphonsmide substrates gave much lcmer
rates of eonéugatiou. in sgresment with the in vivo results (Chapter 5).
If the colorimetric measurement were an artifact, then other sulphonamides
would be expected to give a similar result. |

Since liver suépensi.ons do not conjugate _suiphadimethaiiﬁe,, but liver |
- slices appeér to do so, it seems that an organised cell system is essentianl
‘for the synthesis of sulphadimethoxine J'-glucuronide. The system appears

to be more complex then that required for the conjugation of g-amimophenol.
Fhenobarbitone pretreatusnt greatly increased the rate of synthesis of
g-aminophenbl glucuronide (briefly reported by Inseoe and A:ﬁglréd, 1960),
but a1 not significently affect sxﬂphaaimethoxim glucuronide synthesis.
Phenobarbitone pre'a:eatment is thought to induce the synthesia of drug—
wetabolising anzymas (e.g. Remmer and Nerker, 1965). In spite of the
greater concemtration of enzyme available, the rate of -eonjugation of
sulphadimethoxine did not increase significantly.  Some other process
must be rate-limiting. Access of sulphadimethoxine '!:b the conjugating
sita_cannnt be the rate-limiting sﬁep, because liver homogenates would
then be expected %o be more active and not less, a8 was observed.

If it is assumed that the free energy change is suf‘fmently great
in passing from sulphadimethmine to sulphadimethoxine N N ~g1uem°om.de,
then the reaction:

sulphsdimethoxine + UDPGA = sulphadimethoxine K -glucuronide + UDP
will be in squilibrium. An active trnasport system will be i'equired to



remove the product and displace the equilibrium in favour of the
synthesis of the glucuronide. In the absence of some system for the
removal of the glucuronide, only undetea’s_able qaantitiqs of the glucuronide
will be formed. m:; is possibly the situation in} tiésue suspensions.

In the intaet liver, specif’ic systéms are thought to transport
excreted products into 'the’bile. Such an active transport systen has
 been indicsted far sulphadimethoxine ﬁiwglucin;onide.
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SHAFTER 7

| THE ACTION OF S~GLUCTRONIDASE ON SULPHADINETHOXINE N'~GLUCURONIDE
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Kceahlln, Kern end Engel'berg (1959) found that /f-gzucm-oniaaaa dia
not bydrclyse the glucm’ouide of aulpha&imethcxina found in human urine.
'ﬁo found that the enzyme did catalyse the hydrolysis of sulphaﬂimethoxine
Ej-glucuronids, although at e slow rate (Chapter 2). Both the synthotic
and biosynthotic material yielded sulphedinethoxine and gluswronic acid.

This chapter aescribﬁs in vitrﬁ experiments to investigaﬁ the
reaation more fully, sinca it is the first example of an Noglueuroni&e
‘being hydrolysed by the ensyns.
¥aterials o

- Sulphanilamide K N’" glucuronide ( soﬂium salt) had been previaus]y
| synthesised (Bridges, 1963), m.p. 195§205 {decomp. ) ﬁ-@lucnroniﬂaaa
" was derived from beef liver (Warner-Chileott 'Ketodase'). Pﬁanolphthalein
glucuronide (Yoch-Light Itd.) and potassium hydrogen saccharate (British
‘Drug Houses Lta.) were purchased. 4 solution of sacchai*o-ﬂ Jh=lactone
‘wé.s obi;ainad by builing a solution of ’potassium hydrogen saccharate
(Levvy, 1952). |
o Hethods

Estination of the action ofﬂ-glucurofnaase on sulgha&imethmna

H_ -glncmnide, & typicel prceedtme was as f’allows. Ketodase (0.5 ml.),
0.1li~sodiun acetate buffer pH 5.0 (1.0 m1.), o.smgnammnium sulphadimethoxine
| Hi_gluéoéidufonata (&.0 mi.) and water (0.5 ml.‘) were vincuibatéd at 37° for
120 m. in 8 15 nl. round-bottomed centrifuge tube without shelcing. At

the end of the incubation perz.oa. the residu=l sulphadimthamne _11 -
glncuronids was estimated. ' '
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The reactian was stopped by aﬁding acet:.c ac:.& (0.1 nl.)e The
mixture was extracted twice with ethyl acetate (2.5 ml, ) with centrifuging
if necessary to break any emulsion formed. Trichloroacetic acid
(307 w/v} (4.0 xﬁ}..) was added to the aqueous layer am}, the mixture
centrifuged fc&: 5 m.> at 2 000‘ g+ Two samples of thé upper layer were
taken (4.0 nl.) and each diazoti;sé& and coupled b:,; the Bratton and Marshall
proce&dre with 0,17 sodium nitrite (‘}.é nl, ), 0.5% anmoniun sulphemate
(1.0 nl.) and 0,1% F=f-nephthylethylenediamine dihydrochloride (1.0 ml.).
The solution was allowed to stand 15 m. and read at 540 gu in the Unicem
SP 600 spectrophotometer, ' '

A calibration curve for the hydrolysis of sulphadimethoxine
H‘-glucuroniaa was pfeparad by adding knmm amounts éfv sulphadimethoxine
and the glucwronide to “"immbatee‘ and estimating in the same way.
Recoveries were 90-957. | |

Separate galibration curves were prepared for estimations in the
preéence of sulphanilamide and sulphanilamide -lf’mglmzrcnide.

Estimation of the hydrolysis of phemolphthalein glucuronide by peglucuronidase
This reaction was estimated by the methda. of levvy and larsh (1959). &
calibré,tion curve was constructed from phenolphihalein in glycine~-sodium
hydroxide buffer pH 10.7. | |

| RESULTS AND DISCUSSION

Action of B-glucuronidase on sulghachmthonne i -glucur 3o,

A progress curve for the hydrolysis of sulphadimethoxine N N -glucuronide

shows that the rete is approximately constant over a period of 120 m.
Thus this period can be used for the determination of initisl reaction
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velodifies; ms is consistent m.th the assumpt:.on tha.t :mit:.al reaction
rates are constent while less than 205% of the snbstrate has been consumed
(Dixou and I‘sab'b, 196&)

A plet of enzyme concentration against velocity of‘ t‘ne refmt:.on
;yielaa & straight line (Figure 7.1), The possiblhty»nf an endogenous
4nhibitor being present (see “be}.mv) can be ﬁiécomﬁted on the basis of
experiments conducted in the presence of the non«-idi;ic ‘swraceoactive agent
Triton i-i‘OO.' - This agent frees the enm from inhibition émrivea. fron
‘ the tiséue used in the prgparatian of the enzyme (Walkér and levvy, 1953).
No effect was observed (Figure 7.1). | |

| ~ The effect of subsirate concentretion on the velocity of the rezction.
| is shovm in Figure T.2. The curve is appmimate];y 1inéar but cuf.s the
horizontal exis at about 0.0tuml, rather than passing through the origin,
Tais abnormslity is reflected in the Lineweaver-Burke plot (Figure 7.3)s
The aeviation from normal cannot be. axplaine& by the presence of endogenous
inhibitors often associated with /ﬁ-glucuromﬂase.

Similer unexplaine& abnormalities have been fmmﬂ in the act:.on of'
ﬁ-glucm'qnidase on other substrates (¥arsh, 1954). The non-linearity
of the Linsweaver~Burke plot prevents a diréct determiration of Ke
‘Howeyver, an epproximate ‘extrapolatioﬁ indicates that the quwe cuts ths
horizontal axis very n'gar» the origin., Thus the value of X, is very high.
As the equilibrium qond_iﬁioias for the Michaelis~Nenten a;gua;tion presumably
hold for this very slow reaction, K =‘Ks the dissociation constant fof
the enzyme substrate complex. Hence 1/K_is e meésure_of the affinity
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of the substrate Por the ensyme, i.c. the aff:.n:.ty of sulphadimethoxine
g*—giucuronide for ﬁ-’glucuroniﬁase is very low. The slow rate of
hyérolysis of the glucuronide is thus due to the low af‘:inity of the
substrate for the enzyme and not to the slow rate of b&ea?ﬁoﬁn of the
enzyme?suﬁstrate 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 resction has not been detefmine&. |

Action of inhibitors. Sagcharoeilielactome., Complete inhibition of

the enzyme at a sulb_sfrate : concentratioq of O.ﬂ% was obtained by boiled
potassium hydrogen 'sacché.rate (O;anugxé) 2 & fsubétrate-izmi’hit’or ratio.
of 250.° o |

- The inhibition of the hydrolysis of sulphadimethoxine E“-glueurohide
by saccharo=t,k=lcetone is ccnfirmati‘bn of the benzyme pérforming the
hydrolysis being ﬂ—glucuroniaase. X =glucuronidase has been shown not
to be inhibited by szccherclactone {Levvy and Ez?arsh_. 1959). This is
additional evidence for the canfiguraticn of sulinhadimethoxine g{' ~glucuronide
being the F—form. o
Sulphepilemide Neglucuronide. The effect of sulphanilamide N*-glucuronide

on the hydrolysis was tested in an attempﬁ 0 detect any interaction
between the latter and ﬁ»glucurdniéase, vhich had not been previously
demonstrated. No effect was shown up to & subsirate-inhibitor ratio of
0.5 (concentration of sulphadimethoxine E’»g.lucuroni&e 0.1m§). Also, it
was shown that no detectable hydrolysis of sulphanilemide g“-glucuroﬁiae

by /B-glucuronidase ocourred, confirming the result of Bridges and
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| .Williams' (1962), -

Phenolohthalein giuéuronide. The competitive effect of phenolphthalein

- glucuronide was testeds This is known %o bave a high affinity for -

ﬁ«glucuroni&ase (Levey and ﬁ%arsh, 1959).  No detectable effect wes
. shown on the hydrolysis of sulphadimethoxine §1;gluctronide, This was
' elmost ‘certainly due to the éiff‘iculty of maintalning a sufficient
- poneentration of phenolphthalein vgluonraniaé due f.o the rapidity with
which it is hydrolysed by the enzyme,

© Sulphadimethoxins N'-glucuronids is the Pirst Neglucuromide shown
tb, be susceptible to ﬁ-glucm'oniaase. It is thus intermediate between
the aliphatic and aromatic smine vgwglugmnidés; which are notvhydralysea,
and the various types of O-glucuronide, which sre substrates for the
‘onzyme, . ' | _ |

As the a.imensigns of the ~NHe and =0« groups are closely similar

(Paﬁling, 1960), it would be ‘exp.ectea that most E—glugm'onides would ff_s.t
the enzyme active centre.. Since there hes been no report that they
inhibit Seglucuronidase and that sulphanilomide N'-glucuromide dld not
competitively inhibit the wamlysis of aulphaaimethoxine g{*—glucm-oniae,
it would appear that /B—glucuroni&ase and amine ﬂ-gluctmonideg'de not
interact significantly. This must be dus to the greater basicity of
» the imido group compared with the ether link, .. & grea.terv elsctron
| density. Howegver, in sulpha&imthoxina' §1—glucm'onide the nitrogen atom
is adjacent %o two strongly electron=attracting riigeties, the sudphonyl
‘group and the pyrimid:.ne ring. Thus in this type of ﬁ-giuéuroﬁi&e the
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alectron dens::t:y et the nitrogen atom is g'eatly reduced, making it

| resemble an O-glucm'oni&e more closely.

leprobamate forms on rl’glucuromﬁe in v.wo which is 2 conaugata of

e primery a&niée. It is thus similar in structure to sulphaaimethoxlne
‘ Ni-glﬁctmoniae, *m::.ch is derived from a secondsry stﬂpﬁonm&e. However,
.it contains only the weeker electron-attructmg carbomrl group and would
not 'be expestea. to ’be byamlysea su rapia_]g as sulphaaimethaxme 1‘%’.‘1

: glucsm'onide, wh:.ch itself‘ is only hyarolvsea slowly. Leprcnmta v
| _ N-glucm'onida haa been repurtea not to be acted upon by -glucuéonidase

: {Tsnkamata, Yuahimn'a and i'atsum, 1963a) ‘ |
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CHAPTER 8

DISCUSSION
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Recoveries of the methoxy-6-sulphenilemidopyrimidines

Reeover‘iaé‘ of the six sulphonamides from the rabbit were uniformly
high (71-84% of the dose), but low from the monkey (20-637) and the
rat (29-65,%).

Further investxgation of tha low x-eeavery af sulphadimethoxina from
the rat showed that the mne was the only signif:.eant route of elimination
after oral or parenteral aﬂmnistratiom Sulphonamide was not detected
in the facces oxcept after orel sdministration of high d.oaas (100-800 mg/kg‘ ),
“which were probably incomp.mte]y absorbed. An intrapentcneal dose is
unhkely to be excretaﬂ. even part]y in the faeces ainoe exm'etmn in tha
bile was only & minor routo. - Poor absorption of sulpha,dxmethoxme from
_ the gastro-intest:.nal tract at 1cwer doses aid not contmbute to the low

| , recoveries observed because the recoveries a:.a not a:..f‘fer significantly

whether the sulphonamide was given orally or intraperitoneally (Chepter 2).
The residual sulphonamde was not detected by qualitative examination of
‘the tissues of a rat six ﬁays aefter administration of sulpha&:-methcxine
(100 ng./xg. ). |

Low recoveries in the rat have appeared in cumulative recovery curves
of aulphadimethoxine (e.8. Ranaan, Ba.gdon ani 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 exerete or tissues.

Urine can be excluded since sulphonamide added to mormal urine was
completely sccounted for. Recovery of added sulphonamide from faeces
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was less complete (L0-90% according to the concanfration). However,
the amcunt which cnixl& possib]y be overlooked in the faeces would not
‘aceon‘nt for more than g smgll proportion of the aose.‘ o

One possible explanation of the low recoveries lies with the
previonsly unreported observation that part of a dose of sulphadimethoxine
is irreversibly bound to plasms protein in man and is probably not releaéea
until the protein molecule is broken down by normal catabolism (Fawerau,
1964). = The other sulphonamides of the serdes may be bound similarly
sinoe they ere structurslly closely relsted.

There remains the possibility that the aromatic amino group, by which
the sulphonomide ie estimated, is metabolicelly removed or mssked., Early
in the biochemical investigation of sulphonsmides it was suggested that
the arometic amino group of sulphanilamide might be converted to a
hydroxylamino group (Mayer, 1937). This has not been confirmed. - However,
racently hydroxylamine derdvatives of aromatic amines have been implicated
in the carcinogenicity of the latter compounds, e.g. 2-scetamidofluorens
(161ler, Killer and Hﬁrtmann, 1961) and Z2-naphthylamine (Boyland, Dukes and
Grover, 1963). There is no chéomatayaphig evidence for the occurrence
of hydroxylamines as metsbolites of‘ the sulphonamides of this seﬁes.
Aromatic hydroxylamines sre easily converted to g-aminophenola {8.5. Booth
and Boyland, 1964); gmaminoPhenclsﬁlphdnamiaes glso have not been found
as mptabolites. There is no.other known ‘zietéhalic reasction by which an
arometic amino group would escape bqisg es‘éimaﬁea.

'Withbut the use of isotopically lzbelled compounds it is not alwsys

poasible to acocount for the entire dose of a sulphonamide {e.g. Smith and
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Williams, 19483).‘ The colorimetric estimetion agrees with rediometry
for determixiations perfofmed in bllaaa,‘ but other tissues ususlly yield |
much lower values by the former methoa; (e.z. Fingl, Christia.n end Edwarda,
1950) Estimations of 355 1n the mouse Sudicated that levels of
 sulphsphenazole wero highor than those in the blood. in the liver, kidney,
lung anﬁ nuscle in contrast with the calmmetr:.e results {Sohmid, ’.{‘npod
and Grass, 1960).

aecovenes of the six sulphonamides invest:.gataﬁ in the smnkey, rat
and ra‘bhi* are collected in Table 8.1.

@tabclism of the meth -&sﬂghanilamigmg_iﬁdinaé
N"‘-»Glucui‘onides. There is gooa evidenee for the non-enzynﬁ.e synthesls

- of the N"‘-glucmniaas of sulphammdes, in common with other aromatic
amine glucuronides (Bridges and williams, 1962).  Added sulphadimethoxine
was recovered from normal hﬁman urine as the glﬁdmni&e in sufficient
quantifies to account for the presence of this metabeiita in wrine after
adninistretion of sulpmmae.' Combination of the unchanged sulphonamide
with endogenous glumn'onie acid prcbahlyb &ucozmts for the presanne. of
Ez"—glucmni&as in the urine and bile _'after aaministrationv of the other
sulphonanidesn of the sarias. , | . , A

The physiological significance, if any, of this conversion is unknown,
It has been suggested that smino acids may be trensported as N-glucuronides.
However, in ge#eral, aliphatic compounds fﬁgmv these eonjugates less ieadi]y
than aromatic amiﬁes. |
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N’*-Shlghgnates. ' These conjugates appeared as meta_bolite.s’ of all the
sulphonamides investigated, although anly in trace amounts. Aryl |
sulphamates are thought to be formed enzymieally (Roy, 1958). They
unaonbtedly ocafxr &5 minor metsbolites of meny sulphdnamidas but there
have heen‘fe'w reports of their existence (Uno end Kono,: 1960; Uno and
Ueda, 1960; Uno and Okaszki, 1960; Uno, Yesude and Sekin'e,ﬁsée';';
Bridges end Williams, 1963b). | |
N’-leoni&es. The signifiéame of this recently aiééovefed metabolic
route is wiknown, It forms a minor pathwsy in the metabolism of
sulphathiszole (Uno and Ueda, 1962) and sulphamethoxazole {Ueda and
Kuribayashi, 1964) and also most of the isomers investigated in this
work, with the principal exception of sulphadimethoxins where it forms
70% of the exoroted dose in rian and the monkey.

In Chapter 6 it was shown tﬁat sulpﬁadimetkoxine g*-glucmnide
end others were probably synthesised enzymteally by & system showing
asfferent properties from that conjugating p-sminophenol, The high
degree of specificity of the ‘enzymé system for su}.phadiméthoxine ‘may be
due to the latter's tlose resemblance to some natm'ally ocourring coﬁpaund

(see below), in which the conjugation serves a biochemical funotion.
Spegies differences :m metabolism

Throughout the series of six sulphonawmides investigated, certain -
trends can be seen in the metsholism by each species. Tor instance
the rabbit was the most aétive acetylator, followed by the monkey and
the rat, The biochemical ’oéais of s\p.ec:"o.es‘ differences is largely an
unknown field. |



© Total wimxy recovery of sulphonamide in 48 hr. from the monkey,
rat and rzbbit. Data expressed as p'er cent of |
the dosé. - Dose 100 mge/kge F.0.

ARG ~ Position of methoxy groups
Animal
2 by 5 |24 [ 2,5 b5

Juonkey | 59°| 1 | 29 |63 |au | 35°

Rat |30 | 65 | 20° |29 |58% | 46

Rebbit | 74 | 85 | & | 76° 172 | 75

*Aniumals showed oliguria.
| a’Bosei? mg./kg;
b, .

2L hr. value,

-°,72 ‘hre volue.



.’i“ne rabbit appeared unable %o form mlphananﬂ.ﬁe ;f-glucumnides .
Traces of g‘-glucurcnide were also found in the uiine of the rat and
monkey after 'adﬁinist;-ation of most of the sulphonamides of this series,

It appears that man resezbles the monkey most closely in the proportion
an& natufe of the metabolites of the mettnxy-&-sulphanilmdopyrimidines.

' The date shown in Chapter 3 indicates that the monkey e#cretes} the
sulphonarides and their derivatives et a greater rate then ma#. Brodie
(1964) states that the monkey generally does not treat foreign compounds
in a sindler way to man, However, he does not produce any examples to
support his conteﬁtion. | The metabolism of'mlphonanﬂ.des might prove an
exception to the general rule, in which case the monkey eoulé be an
eppropriate snimal in which to study new sulphonamide dmugs prior to
olinical trial, Their use in this fashion appears not to have been
reported, o

The rhesus monkey has also been shown to be similer to man in its
metgbolism of indplylacetic acid (Bridges, }‘{ing and Williams, 196L).

The major metabolite, indolylglutamine, is not a conjugate formed by lower
mammals, ‘ ‘ - |

Structure-metabolism correlation

' The extensive variation of metabolism of the methoxy-substituted
6-sulphanilamidopyrimidines with the location of the meﬁhoxy groups on the

pyrimidine ring has been reported in detail in Chepters 3 and 5. The

. major metabolite for each sulphonamdde=species combination is shown in the
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TABLE 8.2

The principal metabolite of the methoxy=-6-sylphenilamidopyrimidines
o in the urine of man, the monkey, rat and rabbit.

Aninal | 2emethoxy | h-methoxy | S~-methoxy | 2,4edimethoxy | 2,5-dimethoxy | 4,5-dimethoxy

Man | - A - 6 - U
Yonkey | U A A G U A
Rat | U v A A u A
Rabbif A A | & A v A

A = N¥eacetyl derivative
¢ = Negluouronide

U = unchanged sulphonamide,




Proportion (por cent) of the exeroted doso as the gé—aéatyl canjugnte

oi" wach sulphonwalde ia zan, ths monkey, rat and rabbit

Animal | 2emethoxy | Leupthoxmy ﬁ-zsathﬁxy 2h=dinathoxy | 2,5=dinothoxy | Nd=dinothoxy
H 3 )

¥an - 61 - 21 - 28

vonkey g B2 85 21 3 85

Rat 20 42 £3 5 G 67

Rabbit 67 98 92 o 7 37




e -

Prcportion (per oent) of the excreted dose as. N‘»gluewoni.de of eaoh

aulphonamids mmap,the monkey, rat, rabbit

2-methoxy

4emethoxy

s-osthony

2, ~d4nethoxy

| taB-dinathazy

' Honkey
Rat
Rabbit

T SRR

© m ™ b

oo m o©




It can be seen from the ranking order that the 2~methoxy group
: -appeérs 1o strongly depresg acetylation. This is eenﬁiﬁet’t by;‘examination
of the detsiled results, In all species except the rat the 2,l-dimethoxy
sulphonemide is acetyia_‘tad('ba a lower degree than the Lemethozy sulphon-
amj.ée. - In all species the 2,5-dimethoxy sulphonamide is acetylated less
than the Semethoxy analogue. E%thoxy—&mulphanﬂamidopyﬁuﬁ&im is
poorly acetylated im the monkey, rat and rabbit.
2,5—Mmethew—6-su1phanﬂam§.dopyrmi&ine is remarkable in that it is
scarcely acetylated at all, even in the :ba’obii, which acetylates all its
congeners to 67=98% of the excreted dose.

The compounds meed to be examined in vitro with ithe mitochondrial
acetylating system to distinguish whether the observed effects are
intrinsic, caused by differing interactions with the enzymes of the

acetylating system, ar extrinsics oaused by differing case of access to
the mitochondria in the living animale .

‘i'hemi is an interesting correlation with the ultraviolet gpectra of
‘the sulphonzmides (Appendix 1)« Those sulphonamides lacking a 2-methoxy
substituent show a single sbsorption marimm at 272275 g, whereas those
which contain a 2-methoxy substituent either show two maxima (2,4-dimethoxy
at 261, 273 oy 2,5-dimethoxy at 270, 295 m) or a single troad marioun

(2=methoxy 268280 x?a). It is poesible that the 2-methoxy substituent
affects the &elocaliéation of electrons within the molecule. By reducing
the av;xila‘biiity of electrons at the amino ni.trogen,' so the relative rate

of acetylation is Teduced (e.gs Perault and Pullman, 1963). In
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confirmatmn, the sulphnnam&e by far the least acetylated, 2,5-dimethoxy-
Mulpkamlamidapyﬂmdme, hae the Iewest wmolar extmctz,an coeffmien‘b
 of the series (16 000 and 16 8000 eompared with 19 3oa~23 000 for the -
zema:.naer). |

Electron delocalisation in the ml@ze”ahoum be zeflsoted by the
B, values of the anino group of the eulphonamides. n attempt was
 made %o measurs these by the hltravialat é’bserpﬁen method, but the
apcctra of tha jonic forms me not aufficiently differentiatad for this
to 'be dvne. Paetanatinn ef the pyrinéina rizg wvas o‘bsme& at the pH
values mvalved whick may renasr mammnt wi' ahmlute pK values

difficult.

v 7 Data foz'."uthe degree Votz coﬁjugation are
collected in Tablo 8k e
| I%.rh.er workers have detecte& K’-glueumniaea of aulphathiazole
| (Une and Ueda, 1962) and sulphiamemle {Ueda and szrzhasashi, 1964 )
as minor metabolitea in mane Asamng that man end t}m mnkey are
' ami}.ar in theix abzlities to form these cozs;ugates, as appears from
Teble 8.4, the N -glucm.-onide is at 'bent a mimr meta‘bolite of most of
the su‘lphonmdea 1mestigated in thia work, Apart from sulphadimethoxine,
Bulphamonme‘hheﬁm ie the only other aulphonamde uhieh may be metabolised
to a mgnifmant axtent almsg this pathmy in mane
. fThis meta‘bchc route is almost apecz.fie fer mlphaﬂiﬂathoxine in
the aeries studieds removal of ome of the two methezy gmups drastically
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r:edun‘esv ‘the piap@rtiea' of. sﬁlphdaamide metabolised in this way by both
 man and tha mnkey. Ehetiher it 'ia specific for sulphadimethoxine among
' pulphonzmides in genetal is unlikely. There ore x?eparts of quite
unrelated mphenmaea, 2e8e mlphaphanamle (Valters 1963) forming

large amounts of urddentified mte;-—-aeluble metaboliten, - : “Some of these
may well ‘bé _Rg}--glucuroniaas. - The 'mﬁa closely rgiétga. sulphamethomidine
(e thoxy=2mtse thyl=Gecul phanilant dopyrinidine) bas been reported to form

a glucuropids in man (DiCarlo, Malament end Phillips, ‘1965).‘. L

It is interesting to epacﬁiate whether the speeii‘icitygf this major

route of detoxication for sﬁlphadinétkoxine is &ue %o a resezblance to _
naturally cccurring compounds. Sulphadimefhoxine contains the pyrimidine
ring which occurs in many biélogicany important compounds. However, none
seezis to provide a sufficiently close analogye ﬂ’he purines, in particular

zanthine (I), do contain elements in common with sulphadimethoxine (II).

. . ‘ @ if i

Izpért from the structural similarity, the acidic hydrogen atom of the
sulphonamide group is analogous to the hydrogen atom of the imidazole

ring of xanthine and other purines. HNucleosides contain a ribose



residue at ‘thia posi-tien Te It is known that in intemdiary metabolisn
glucuranic acid can give rise to pentoses, atrengthemm’ the analogye
Howevery as far as is known, purime mucleosides are synthesised by the
pathway from ribesylaéine derivatives, That isy the sugar zasidué is
already in sitn. Only dietary ademine is incorporated into nuéleosi&es
(Brown, Roll, Plentl and Cavalieri, 1948). A preliminary experiment
designed to test this hypothesis was unsuccessful due to the high toxicity
of the purine éémiaistere&. | |
Other expiahations bof the specificity for sﬁlphaﬁ.imethoxine rmst
rely on differing physico~chemicel propertiec in the series. This data
is not yet available. In view of the close structural relationship of
the components of the series, it ia unlike:w that there will be ‘major
differenoee in pbysice—chmieal parame terss Those sulphcnamrles containing
a S-methoxy group mey differ from the remainder since the S-pomition is
‘the most truly ammatié in the pyrimidine ring. | kﬁ"he P~ and L-substituents,
according to the extent and nature of ring eubstitution, have most
influence on the electronic status of the pyrimidine ring, and hence ths
 properties of the compound, | N
long setion of sulvhonamides
o single convincing explanation has been proposed %o account for the
long action of sulphonamides. 4 single hypothesis would appear to be
attractive in view of the eﬁeran similarities in éh&mical structure and

physical properties of many of the clinically used long-acting sulphonsmides.
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The principal component of these compounds is e lipophilic substitusnt on
the heterocyclic part 'e‘f the molecule. it‘,.is usually a methoxy group;
‘included in this cless are sulphadimethoxine, sulphamethmi&im,‘.‘ sulpha=
ma'&hozyp&ridézine, and sulphamethoxypyrazine; sul@haphenazolé 'éontains

a phenyl substitﬁted, imidagole ring. However, the gross similarities in
‘structure of this class of compounds may be partly due to the conservaticm
of 'bhe research chemiste employed in the develépment of sulphemides and
0 the technical d;.ffmultma of cheaply cobtaining he'i:erocyniic compounds
with moTe elabnrate substituents.

Enteronepatzc recirculation was at one time cons:.darea and subsequently
rejecte&as'a significant factor in the 3.nng action of sulphadimethoxine
in the rat. The evidence adduced in Chapter 4 is in agreament with the
conclusions of Preziosis Lescalze, Harmo and ifiels (1963) and Hilburn (1965)
on different groundes k{ent other long-ccting slephonam;des for which
- data exist are excreted less in the bile than sulphadi:&theﬁng' {Greif and
 Seddl, 1960). . | | |

Protein binding was considered by zmhoum and K:lyatrick (1960).

It is true thaot many long~acting sulphonamides are bound ta plasma proteins
to a high degree. = Certainly protein binding will reduce t‘he‘ amount
Pilterable at the renal glomeruluse However, fhia cannot be taken as the
complete explanation since some shorter acting sulphonamides are also
extensively bound (e.g. Hieder, 19633).

Despopoulos and Callaban (1962) investigated the tubular secretion

of sulphonamides, most of which had short or medium duration of actione
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| Aesuming that their conclusiors are valid for long-acing compounds, the

‘ pK values of these sulphonamée.a, mast of wn:.ch are in the range 6-T,
indicate that many should be gecreted by the rensl tubulcs. Differences
in the rate of tubular secretion do not appear to correlate mth the
plasma half-lums, eliminatmg this as a principal factor m tha mechanien
of 1ang c.ctien. o

: , Iitohfield (‘3960) suggested thP;t the lonz action of sulphamethoxy-

. pyridazine was due to extenai#e tubular reabserptioa‘ #h?teaé the long
action of sulphadimethoxine was due to Iﬁg‘n protein liinaing Iiniiing the
rate of renai filtratién. Such a:i hnc explamtmns i‘er aaeh 1eng-aeting
sulphmamidz da not appaar c:anvinc:mg. |

i!ccumlahon of sulphanam&es in a 6@94: fellcwea by their gradual
release could be held to yroleng their durat:.an ef actmn. ﬁ‘here is no
evidence that lang—-acting sulphanami&es are, ma:ce& m the body in this waye
Tigsue binding, discussed above,; is pmbably imvarm.ble.

- It was tenable that long-acting sulphonamides were metabolised in a
Specific way, enabling them to be excreted at a slover rete. Heny long-
actingfsuiphanam.id?es have been shown to form uniﬁentifieé metabolites
(valter, 1963)s Tt was shown by us that sulphadimetboxine wes metabolised
in those onimals in vhich it wao excreted most slowlyy o an ﬁ‘-gluenronide, ‘
& hitherto unlmbm major zﬁetabélite; Bowaver, the even longer actiﬁg
(in man) Bulphorthodz.methoxine wae shown not to be metahchse& in this
way (Chapter 5)e
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The one property common to all long-acting mzphongmmeé is
cempamtively hlg‘a solubility in organic solvenis, shem: by the éaae of
recovery of the unchanged d:'ug and z.ts E"’-qcetyl deriva’uve from urine
'by extrgctzon techniques. Phamacologically, this property has great

| | significance; long-acting sulphonamides are a'ble to penet:ate the

lipoprotein mesbranes of the animal move easily than their shorter aoting

éengsna:s. In particular this property allows theéi to diffuse from the
renal tubules, thereby effecting their reabsorption.

A pmlmage;»d stay Mthin the body, combimﬁ with inocreaced eace of
access to drug-metabolising enzymes, increases the probability that
umsual petabolic éaths..may Se taken. Present ideze on the structure
of pr_ateins envisage a foldiﬁg -of'the amiim geid chains and their
arientation within the molecule in such a way that the hydrophobic amino
acid éide chains occur largely in ‘i:hé interiory where Van der Waals forces
are dominant. It is understandable that thé more 'iipia soluble & molecule
is, the move it will be able to penetrate to the interior of a protein
molecule an& t}ms have access {o more binding sites. Such fectors may
explaln the extensive protein binding of long-acting &ulphemides, if
 this is soy then protein h:.nd:mg becoues another effect of tha p:r.'imary
czuse of lew-actz.on and is not per se responsible far it.

It is probable that the half-life of o eulphonaride may be dsternined
vb;y placma protein binding reiucing the filterable comentratmn, followed

by active tubular secretion and passive tubular reabsorptinn_modifying the



the ginmerular filtrateQ An exemination of the éata’of'Riéder (1963a,b,c)

*‘~shsws that a correlaticn of 067 oxxats for 16 sulp honamides af all types

: betﬂeen the ratlo of plasma half~&1fe and. fraction unhounﬁ to p&asma -

| protein in the rabbit and the dlstrxhutlon coefflcient between aqueouu
buffer and ethylene dzchloride, with p=0.06. | -
‘ . Thig degree of correlation is remarkable since the tﬁbnlar secretlan
” faetor~ha° been 1gncred in the szmple traatment of the data. : Hawever,
, the extent and reute of‘metabolxsm may be comnl:cqtmn& facters in scme
qaqes. There is amyle scope for research along the lznes of these

' suggeéflons in *nvustlgatzng the renal bahav:our of sulphcnamldes.
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APPENDIX I

Ultraviolet spectra of the methoxyesubstituted 6-sulphanilamido=

_ pyrimidines and related compounds,

sulphanilamidopyrimidine

Gompound Apax, (80 | 10328,
Sulphenilamide 273 174
2,&-Dimethoxy-6-eu1phanilanﬂdopyrizdaine _
{sulphadimethoxine) _ 261, 273 | 29,0, 23.0
| Sulphedizethoxine glucuronide ammonium salt
(from urine) 269 214
Su%m;k:;m I'-glucuronide asmonium salt 269 o1.8
2,z.,-nmethoxy-s-(m‘-methylaulphammao)
pyrimidine *~265, 274 19.4y 217
h=Yethoxy=6=-sulphanilanidopyrimidine 275 ] 199
Y=lethoxy=Ge{ N1-methylsulpharﬁ.1amido)pyrimidim ~255, 279 | 12,9, 22.4
z-kemoxy%—mlpmm&opyrmﬁm 268-280 20,0
5-Hethoxy~6-sulphanilenidopyrimidine 272 1943
2,5—D1methoxy—6—mlphan11anﬂ,dnpynmi&ine 270, 295 16.0, 16.8
Ly 5-Dimethoxy=6=-sulphanilanidopyrimidine | 275 2243
2, h—Dimethyl«G—sulphanil&nﬂdopyrimiﬁim 272 20,2
lp-Lethoxy—&mthyl-&mlphanilamidwyﬁmﬁim 274 19.8
e dino=2, l~dinethoxypyrimidine 253 67
2, »Dimethoxy=1= and 2,4=dimethoxy=3=nethyle ' ‘
. 6=gulphanilamidopyrimidine ~265, 28k | 1946, 2hs5
L=tethoxy=1 or lp-methoxy-}methyl-'&, S
~259, 278 148, 22,0
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