
METABOLISM OF ETHIONAMIDE, ,4. SLCOND-I.1NE 
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Ethionanlide (2-ethylthioisonicotinamide) is an active, tubcrculostatic 
second-line drug, which plays an important role in the retrciimant of pul- ,, 
monary tuberculosis, resistant to one or more of the classicnl drugs [I]. 
The drug possesses very high activity and relatively low toxicity, thus offering 
good scope for the treatment of tuberculosis, especially in cascs of infection 
caused by organisms resistant to the primary 'drugs, viz., isokiazid or strepto- 
mycin. The structure of ethionamide shows similarity to othet antitubercular 
compounds, notably the thiosemicarbazones and isoniazid.' Unlike these 
drugs, the metabolism of thioamides has not been investigated, although the 
-- 
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behaviour of the -CSNH, group in thioureas and thioscmicarbazor.es is to 
some extent understood [2, 31. 

This paper deals with the isolation and characterizatioll of the meta- 
bolites after the administration of ethionamide to guinea pigs. These 
metabolites and a few other derivatives of the drug have been synthesized 
chemically and their antitubercular activities in vitro have been tested. 

(a) Chemicals 

Ethionanlide was purchased from Mzy and Baker Ltd., Dagenham, 
U.K. and was recrystallized from dcohol before use. Silice gel for thin leyer 
chromatography was purchased from E. Merck, Darnistedt, Germany. 
Other chemicals used were all of analytical grade. 

(b) Synthesis of the metabolites and derivrtti~res of etl7ioncri~ide 

(1) Ethionamide su1phoxide.-Ethionmide sulphoxide wns prepwcd 
according to the method of Libermsnn el al. [4]. 2.2 ml of hydrogen pero- 
xide was added to 3.32 g of ethionamide in 7 ml of pyridine. The tempora- 
ture was maintained below 40" for 3-4 hr and the pyridinc was removcd t y 
evaporation under vacuum. Fine crystals of ethionamide sulphoxide were 
formed. These were recrystallised twice from methyl alcohol (Mclting 
point-144-145" C; yield 7540%). 

(2) N-methyl ethionan~ide su1phoxide.-This and the following few 
metabolites were prepared according to the method of Yemarnoto and 
Yamaguchi [5]. 500 mg of ethionamide sulphoxide was dit.solvcd in a 
minimal amount of acetone followed by the addition of methyl Iodide. 
The reaction was allowed to take place at  room temperature in the dark. 
After 30-40 min, the solution was concentr~ted by evaporation in the desi- 
cator. The residue was dissolved in a minimel amount of acetone and left 
for crystallization. Only a pasty mass was obtained and the melting point 
could not be checked (yield 60%). 

(3) N-methyl etilionantide sulphoxide pyridone.-The N-methyl ethio- 
namide sulphoxide (220mg) thus obtained was dissolved in water and 
oxidzed by potassium ferricyanide in alkaline conditions: The pyridone 
formed wils extracted several times with ether after a.djust;ng the pH lo 
4-5, with dilute hydrochloric acid. The ether extrects were pooled, evapo- 
rated to dryness 2nd recrystallized from acetone-aichol. (Mclting point 
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122" C ;  yield 65%). The product was found to lx highly fluorescent 
(greenish yellow in colour) under ultraviolet liglir. 

(4) N-metliyl eetlziot~~n~ide.-1 g of othionamidc w a s  dissolved in the 
minimal amount of acetone and 0.75 ml of riictliyl ioditic w:t\ added in 
regulated amounts. Thc flask containing thc reactants wns kept at 37" C 
for 2-3 hr with frequent agitation. Aftcr cooling, firic cryst:rls of N-~nerhyl 
ethionamide separated out. The crystals were collccled by filtration and 
recrystallized twice from acetone (Melting point 203" C :  yicitl XS",',). 

(5)  N-methyl ethionnmide 6-pyril[ot1e.---N-lnctl1yl cthion~tmitic 6-pyridonc 
was prepared by dissolving N-mcthyl cthionim~idc (300 mgs) in w i c r  and 
to that was added 1.24 g of potassium fcrricymidc in w t i u  foLlowed by 
30% sodium hydroxide. The tempcraturc of the mixture was maintained 
below 20" C and the solution was allcwcd to sti~nti for 80 m:n without %timing. 
After adjusting the pH to 4-5 with dilutc hydrochloric :ic:d, the resulting 
solution was extracted with ethcr for &.I0 11rs cnnti~ruously itnd the pyridonn 
was obtained after removing the ethcr by dislillation. This product was 
recrystallized from alcohol-acclone. (Mclting point 141 * C; yicld 80.45%) 
The product is highly fluorescent giving blusih ptrplc flutrrcscencc undcr 
ultraviolet light. 

(6)  2-Ethyl isonicotitzznmide.--l g vT cLhion.mmidc was dissolved in 10y>o 
aqueous solution of sodium hydrvxide and allowed for the doulphuration 
reaction to  take place (30min). After adjusting the pH to 4 5  with dilute 
hydrochloric acid, the solution was evaporated under reduced pressure. Thw 
crude residue thus obtained was extracted with alcohol. The alcol~ofic 
solution was evaporated to dryness under vacuum and the residw was 
recrystallized from methanol (Melting point 130" C; yield PO';,). 

(7) N-methyl 2-ethyl isonicotinamide.-500 m g  of 2-ethyl isonicotinamide 
was dissolved in acetone and methy1 iodide was added. Thc methylation 
reaction was allowed to take place for 1 hr at 37' C with frequent agitation. 
Few crystals of N-methyl 2-ethyl isonicotinamide (white crystals) separated 
out. The crystals were separated by filtration, and recrystallized before 
use (Melting point 192" C ;  yield 75%). 

(8 )  N-methyl 2-etlzylisonicotinml~ide 6-pyriclone.-100 mg of N-methyl- 
2-ethyl isonicotinamide was dissolved in watcr and an aquous solution of 
potassium fcrricyanide (1.24 g/5 ml) and 30% scdium hydroxide were added. 
The reaction was allowed to take place; care was taken to see that the tem- 
perature was maintained below 20" C .  Thc pyridone thus formed was 



extracted with ether many times. The ether extracts were poolcd and the ether 
was removed by distillation. The product remained pasty and hcnce the 
melting point could not be checked. (Yield 55%). The product showed 
yellow fluorescence under ultraviolet light. 

(9) 2-ethyl isonicotinic acid.-1 g of ethionamide was dissolved in 20 1111 
of 10% aqueous solution of sodium hydroxide and boiled for 3 hr  under rcflux 
condenser. After cooling, the solution was brought to pH 4-5 with dilute 
hydrochloric acid and evaporated to dryness. The crude residue was extract- 
ed with ethanol. The alcoholic solution was evaporated to dryness and the 
residue was recrystallized from methanol (Melting point 233' C ;  yield 70- 
75%). 

(10) N-methyl-2-ethyl isonicotinic a c i d 4 0 0 m g  of 2-ethyl isonicolinic 
acid was dissolved in acetone followed by regulated addition of methyl 
iodide. The contents in a flask were incubated at  37' for some time with 
frequent agitation. Methyl iodide and acetone were removed by distillation 
and the crude sample was recrystallized from acetone (Melting point 130" C ;  
yield 60%). 

(11) N-~nerhyl 2-ethyl isonicotinic orid 6-pyridone.-100 mg of N-methyl 
2-ethyl isonicotinic acid (prepared as described above), was d;ssolved in 
water. To this solution an aqueous solution of potassium fcrricyanide 
(1.24 g/5 ml) and 30% sodium hydroxide were added and the tcnipcrature 
was maintained below 20". The solution was allowed to stand for 70 inin 
without stirring. After adjusting the pH to 4-5 with dilutc hydrochlolic 
acid, the resulting solution was extracted with ether for 8-10 hr continuously 
and the pyridone was obtained after removing the ether by dislillation. The 
product remained pasty; hence the melting point could not be checked (yield 
55%). The product showed yellow fluorescence under ultra-violet light. 

(12) N-ethyl ethionimide.-1 g of ethionamide was dissolved in acetone 
and ethyl iodide was added in regulated amounts. The reaction was allowed 
to take place at 37' for 2-3 hr with frequent agitation. After cooling, fine 
crystals of N-ethyl ethionamide separated out. The crystals were separated 
and recrystallized from acetone (Melting point 152" C ;  yield 60%). 

(c) Treatment of animals 

Guinea pigs (700-800 g). random bred were divided into several groups 
(each group containing a minimum of 5 animals wore used in all the experi- 
ments). The animals were fed ad libitum on stock diet from Hindustan Lever 
Ltd., Bombay, and were housed in metabolic cages for the collection of urine 



s;in~plcs at different time intervals. Etkion:!mido disstrhcd in IO",, citric 
acid cont;?ining sucrose was givcn orally nt a dose of t40 nlg Lg hmiy wcight 
of animals. 

The animals wcre bled at  various time intervals (by c;rriiix punrturc') and 
thc blood sstnplcs wcre saved for the separation of serum. Thc livcr. kidney, 
spleen, lungs and pancreas wcre rcmoved immediately ;rnd the tiscue 
homogcnates wcre prepared in 1.15% potassium chloride (2 \cdrirneq) using 
MSE homogeniscr (Nelco). Thc conccntnltions of cthic~~~;m~icfi: :~nii 
cthionnmidc sulphoxide in the tissuc hon~ogcnalcs as well ;is in the awum 
were cstimated. 

(e) E ~ t i m l t i o n ~  o f  ethi~nmnicle and ctl~ioncrmicie srrlphosicic~ 
Estimations of ethionamide and ethionamide sulplmxide werc c:isricd o u t  

with a slight modification of the method of Ricder et u!. [S, 6.1 Thc wtimi!ticm 
in tissue extracts, serum and trine semplcs werc c:mied oul by Lhe s;m:e 
procedure. 

( f ) Treatment of' the urine scr~nples 

The volume of the urine samples collected :!t different time ~nterv,!ls 
was noted. The sanlples were processed for the extraction of cthionamido 
and ethionamide sulphoxide as described above. After estimating the amcwnt 
of ethionamide m d  ethionamide sulphoxide, the aqueous (containing =tho- 
nol), chloroform -and acid layers were concentrated and the eoncentmtm , 
were separately chromatographed on thin layers of silica gel, using the solvent 
system butanol: acctic acid: water (4: 1 : 5). The fluorescent spots in 
all the different plates were located by ultraviolet light and the R,. values 
were calculated. The spots from each plate were eluted with nicthanol, 
chloroform and dilute hydrochloric acid respectively and the fluorcscmce 
spectra were recorded on a Perkin-Elmer fluorescence spectrophoiomcter. 

( g )  Organism for tesfing antituberculous activity 

Mycobacterium tuberculosis var. horninis H,,R, (Stmin No. 7416) was 
obtained from the National collection of Type cuItures (England). For 
growth inhibition studies ihe bacilli were grown on the synthetic liquid 
medium [7]. 

Stock solutions of 5-10 mgs/ml of all the metabolites synthesized were 
prepared by dissolving a known quantity in ethenol and serizl dilutions were 
m d e  such that the find concentrations would be 0.1 to 50 @g/ml of the medium. 
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Suitable controls were included for the alcohol concentmtion. The 
tubes were inoculated with the strain H,,R, taking cure to sec that thc 
size of the inoculum was the same in all thc tubes. The experiment was 
done in triplicates. The tubes were incubated a1 37 C for three weeks, the 
culture reading being noted a t  weekly intervals. At the end of lhrce weoks, 
the dry weight of tho bacilli was recorded. 

(i) Antffirberc.ulu~~s activity of the del.ivtrti~es rrnd possible ritetnbolifes 
of' ethionanlide.-The growth inhibjting cfects of cthionarnidc and some of 
the probable ~netabolites synthcsizt?d, or. 'At, ts~bercuio.ris H,;K, in vitm :u.c 
shown in Tablc 1. 

In vilro gifowlh in1tibiror.y effect of the riteicibolifcr (s~mrhcfic) of 
efliiunn,t~ide on M. tuberculosis //,,7R, 

Metabolites 

Ethionamide (parent drug) . . . 0.5 
Ethionamide sulyhoxide .. 0.1 
N-111etl:yl othionamide .. 1.0 
N-ethyl ethionamide . .  1.0 

2-ethyl isonicotinamide . . 25.0 
2-ethyl isonicotinic acid .. 50.0 
N-methyla-ethyl isonicotinamide . . - 
N-methyl 2-ethyl isonicolinic acid .. - 
N-methyl ethionamide sulphoxide .. 50.0 
Pyridone of N-methyl ethiona~nide .. 50.0 
Pyridone of N-methyl ethionamide sulplioxide .. 10.0 
Pyridolie of N-methyl 2-ethyl isonicotinamidc .. 25.0 
Pyridone of N-metliyl2-ethyl isonicorinic acid .. 50-0 

%,I.C. = Miniinci inhibitory conccltratio:, io  h ~ i c g  about complete inhibition of 
prowrii. Thesc compou2ds were synthesized as describ.:l 1 8  ilcr " Experimental ". The hl vitm 
antituberculous activity w.1~ detcrmincd using M. iiibc;?~.iL~sis H.,R,, in Youman's mcdium 
The perccntap inhiblfio? was cnlcoialed by the dote~minatio:l of dry weights o r  cells after 21 days 
growth at 37' C. Each value represcits nn average of :11 lcast 3-4 independent determinations. 
- represents n o  inhibi1io.l upto 100,&nl. 



The rehulls indicate thnl clliioi~amide sulph~i.tide i \  al lrnat 5 times 
moro cflktive than the pxcnt  dwg in inbiting thc gi.o\ctl~ crf &I. rtrhcr- 
c~i11nsi.v H:,, R,. On the othcr h:ui tl, Ihc other pluh:~ hle nrcl clholir ics m d  deri- 
vat i~cs of cthionamidc ~.cquired conccn1r:rtions higher Ih:rii lhc prcntnl  
colmpoond for growth inhibition. The dcxu1ph~ir:lted dwiwtives of cthio- 
namidc (N-mcthyl 2-cthyl isonicotinuniide aed N-methyl 2-cthyl ~sonico- 
tiiiic ;lcid) had no growth inhibiti~ig effccis upto IOOltg;n~l. 

(ii) Evcrc,lion of' elilio~icrt~~iclc. cnld irs t~iricihdi~r,.~: Aster oral re ti minis- 
tralion of clh~onamidc to guinea pigs, thc excretion of llrc Sroc drug :LS wdi as 
the nletabolitcs was studied. After 3 singlc do\e of oral :itln~inistraiion, 
excretion of cthionamidc was otxcrveci uplo 72 111. i l l  the uri~te. Altlzough 
several ~i~ctabolilcs dcrivcd from ctl~ionamidc wcrc kunii iii rhc urine ;it the 
ditrcrent time intervals, thc major ~netabolitic W I ~  ~tict~iilictl ( h y   omp pit ring 
R, value in diffcrcnt solvent systems and ultruviolcr irnci visible uhhrrrptior~ 
spectral characteristics) as  ethionamide sulphoxide. 

Among the other metabolites, at least 4 of them showed tIuol.csccnce 
and they were identified as N-methyl clhionanlidc pyriiiolic. N-methyl 
ethionamide sulphoxide pyridone, N-methyl 2-ethyliionicotii1:~111ide pyridonc 
and N-methyl 2-ethyl isonicotinic ac~d  pyridonc. with i l~c  liclp I>F the ;urlhen- 
tic samples synthesized (Table 2). Some of llic t ~ o ~ ~ - l l u o s c s c e ~ ~ ~  nwtaholite~ 
could not be identified. However, from tllc Cormatio~i and excretion of some 
of the pyridones, it could be concluded that sulplic~xidit~iol~, desiilphu~ttion 
and dealuination followed by methyhiion are cv~dent iri the metahloism of 
ethionamide in guinea pigs. 

Since ethionamide sulphoxide appeared to be the major metabolite 
and its in vitro antituberculous activity was morc than thal of the parent 
coinpound itself, the distribution of ethionarnide and its sulphoxide in 
various tissues as well as their excretion in urine after the oral administration 
of the drug was studied. The results are presented in Tables 11I and IV. 
As far as the distribution of the drugs in various tissues is concerned, it can 
be seen from Table I11 that the level of cthionamide was higher in liver than 
in other tissues and the sulplioxide could not be detected in tiss~~es other than 
liver. 

The level of ethionamide in all the tissue:, reached the maxlmum within 
an hour of administering it and then strated dechnlng. Ethronamide sul- 
phoxlde concentrations reached the maxl~nunl at 6 hr after the adminis- 
tratlon of the drug and after that the level s t~atcd declining. At 24 hr, the 
presence of sulphoxide could not be detected even in liver. Thus after oral 
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administration of ethionamide. only >erp low levels of both the unmeta- 
bolised drug and the si~lphoxide were distrtbnted. 

Excretion of etlkmamide and ethionutwcle sulphoxide in urine after on oral 
admini.~tratio o f  ethionnnzide 

Total Total 
Ti me excretion ol' excretion of 

intervals ethionamide" ethionamide 
(hrs) (4 sulphoxidc 

(f4 

- -- - -- - - --- 

Ethionarnide was administered orally to guinea pigs weighing 500-800 : at a dose of 140 
mgs/kg. The urine satnple~ were collected at diflcrent iinie i~.ierrnis. Thc details for the ~isi i-  

marion oC ethiona%idc and ethiouamidi: sulphoxide is described in the tcst unticr " Cperima-tal  ". 
* Total excretion per animal. 

Tt can be seen from Table IV that these was n iota1 urinary excretion of  
1016pg of the unchanged drug and 860pg of ethinnaniide sulphoxidc tritliiti 
12 hours and this corresponds ro less than 2 x  of the drug administreed. 
The level comes down considerably after 12 hours and Yery liltle excretion 
of the unchanged drug and the sulphoxidc was obserhed nfier 72 hr. The 
bulk of the dmg might have been eliminated (unndsorbcd) through illo faeces, 
since the drug was administered orally: the faecal contents wore. however, 
not estimated. 

Ethionamide, a second line antitubercular drug is effective against 
isoniazid resistant and streptomycin rcsistan~ strains of 46, tuhevcirlosis and 
therefore occupies an important place in the chemotherapy of tuberculosis. 



Thc iii virw activity of the drug in experinlentalIy infkctctl animals is greater 
than its in vifro cictivity which indicates that the drug cxcrciscs its antitub~w- 
culous effect through the nietabolitcs [8]. From the rehuh prcsenkxl here 
the major metabolite of cthionamidc in guinea pigs appexr ro he ctliionaniide 
sulphouide: ihc sulphoxide has also bcen itlentifictl a s  :I mctabolitc in 
man 19, 103 arid mbbit I:11]. This is very significmt becartie cthion:uiiide 
sulpl~oxide showed more mtib:lcteriaI activity in v i r w  :tgi~inrt M. /rrh~~r~~~ilo.v;,s 
H,,.,R, thm ethionamide it~elf. The ready form:tticin of' Ihc wlpho\icle in 
animals rutd Inan may thus be important in exerting the :intitutK.~~~ul,,us 
activity of the drug. 

In adclilion to thc sulphoxidc, scvcrnl oihci. nlcf:tholiles lihc the 
pyridonc of cthionamide sulphoxide and the pyridonc of' lhc de~i~lphur;~tcd 
derivatives are cxcretcd in the urine of guincli pips, ailnlinistcrcd n itli ;i 

single dose of clhionaniide. Most of those metaholitoh liud n~i~ituhcroulous 
activity it1 vifro, cqual to or less than cthionanlide itself. 1i:trlicr \rtidics 
[lo, 12, 131 have demonstreated the formation of ethic~nnmide sulplic~xide 
2-ethyl isonicotnamidc, 2-ethylisonicotinic acid. N-nicthyl ethioniimidc and 
its pyridone in htlman. Thc prescnt studies reportcd hcre d ios  for thc f rst 
time the formation of metabolites like thc pyridones of N-mcthyl-3-ethyl 
isonicotinc acid, N-methyl-2-ethyl isonicotinamide and N-methyl-ethio- 
namide sulphoxide. 

The distribution of ethionamide and its sulphoxidc in the animal was 
also studied. The maximum levels of elhionamidc sulphoxide were found 
in the liver, 6 hours after the administration of the drug; on the other hitnd. 
the highest levels in the serum were reachcd within 1 hour. Our recent 
studies [I41 have shown thc presence of an enzymc, a mono-oxygcnasc. 
located in the microsoinal fraction of the liver, which is capable of con- 
verting ethionamide to its sulphoxide. Although the enzynlc was present 
in various tissues and the serum of guines pigs. the highest activities were 
always found in liver (15). Thus the formation of ethionarnide sulphoxitlc 
may form an important step in the antituberculous activity or the drug. 
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