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ABSTRACT

Several derivatives and possible metabolites of cthionumide {(2-cthyl thioisoni-
cotinamide), an active tuberculostatic sccond-line drug have beew chomivaliy syathe
sized. Of all the compounds prepared, ethionamide sulphoxide showed nore witi-
tubercular activity than cthionamide when tested against M. tuberculosis Ry
in vitro. The N-methyl and N-ethyl devivatives of ethionamide were fairly  active
but all the other derivatives were much less active than the parent  compound.
Ethionamide is converted to various metabolites on administration to experimental
animals; the urinary metabolites of the drug in guinea pigs have been identified as
ethionamide sulphoxide, the N-methyl pyridones of cthionamide and othionumide
sulphoxide, and the N-methyl pyridone derivatives of the desulphurated compounds.
viz., 2-ethyl isonicotinamide and 2-ethyl isonicotinic acid, in addition to the purental
compound. The distribution of ethionamide and its major metabolite (erhionamide
sulphoxide) in various tissues of 1he guinea pig as well as their excretion pattern in
urine after the oral administration of the drug have also been studied. i

Key words: Ethionamide; Antitubercular drug.

1. INTRODUCTION

Ethionamide (2-ethylthioisonicotinamide) is an active, tuberculostatic
second-line drug, which plays an important role in the retreatment of pul- .,
monary tuberculosis, resistant to one or more of the classical drugs [1).
The drug possesses very high activity and relatively low toxicity, thus offering
good scope for the treatment of tuberculosis, especially in cases of infection
caused by organisms resistant to the primary drugs, viz., isordazid or strepto-
mycin. The structure of ethionamide shows similarity to other-antitubercular
compounds, notably the thiosemicarbazones and isoniazid.” Unlike these
drugs, the metabolism of thicamides has not been investigated, although the
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Ethionamide Metabolism 17
behaviour of the ~CSNH, group in thioureas and thiosemicarbazores is to

some extent understood [2, 3]

This paper deals with the isolation and characterization 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.

2, EXPERIMENTAL

(a) Chemicals

Ethionamide was purchased from May and Baker Ltd., Dagenham,
U.K. and was recrystallized from alcohol before use. Silica gel for thin layer
chromatography was purchased from E. Merck, Darmstadt, Germany.
Other chemicals used were all of analytical grade.

(b) Synthesis of the metabolites and derivatives of ethionamide

(1) Ethionamide sulphoxide.—Ethionamide sulphoxide was preparcd
according to the method of Libermann ez al. [4]. 2-2 ml of hydrogen pero-
xide was added to 3-32 g of ethionamide in 7 ml of pyridine. The tempera-
ture was mainiained below 40° for 3-4 hr and the pyridine was removed ty
evaporation under vacuum. Fine crystals of ethionamide sulphoxide were
formed. These were recrystallised twice from methyl alcohol (Melting
point-144-145° C; yield 75-80%).

(2) N-methyl ethionamide sulphoxide~~This and the following few
metabolites were prepared according to the method of Yamamoto and
Yamaguchi [5]. 500mg of ethionamide sulphoxide was disscived in a
minimal amount of aceione 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 concenirated by evaporation in the desi-
cator. The residue was dissolved in 2 minimal 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 ethionamide 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 was extracted several times with ether after adjusting the pH (o
4-5, with dilute hydrochloric acid. The ether extracts were pooled, evapo-
rated to dryness and recrystallized from acetone-alchol. (Melting point
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122°C; yield 65%). The product was found to be highly fluorescent
(greenish yellow in colour) under ultraviolet light.

(4 N-methyl ethionamide~1 g of cthionamide was dissolved in the
minimal amount of acetone and 0-75 ml of methyl iodide was added in
regulated amounts. The flask containing the reactants was kept at 37°C
for 2-3 hr with frequent agitation. After cooling, fine crystals of N-methyl
ethionamide separated out. The crystals were collected by filtration and
recrystallized twice from acetone (Melting point 203" C;  yield RS

(5) N-methyl ethionamide 6-pyridone—N-methyl cthionumide 6-pyridone
was prepared by dissolving N-methyl ethionamide (300 mgs) in water and
to that was added 1-24 g of potassium ferricyanide in water followed by
30%, sodium hydroxide. The temperature of the mixture was maintained
below 20° C and the solution was allowed to stand for 80 m'n without stirring.
After adjusting the pH to 4-5 with dilute hydrochloric acid, the resulting
solution was extracted with ether for 8-10 hrs continuously and the pyridone
was obtained after removing the ether by distillation. This product was
recrystallized from alcohol-acetone. (Melting point 1417 C;  yicld 80--85%)
The product is highly fluorescent giving blusih purple fluorescence under
ultraviolet light.

(6) 2-Ethyl isonicotinamide—1 g of cthionumide was dissolved in 109,
aqueous solution of sodium hydroxide and allowed for the desulphuration
reaction to take place (30min). After adjusting the pH (o 4-5 with dilute
hydrochloric acid, the solution was evaporated under reduced pressure. Thew
crude residue thus obtained was extracted with alcohol. The alcoholic
solution was evaporated to dryness under vacuum and the residuc was
recrystallized from methanol (Melting point 130° C; yield 90%,).

() N-methyl 2-ethyl isonicotinamide —500 mg of 2-ethyl isonicotinamide
was dissolved in acetone and methyl iodide was added. The 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 scparated by filiration, and recrystallized before
use (Melting point 192°C; yield 75%).

(8) N-methyl 2-ethyl isonicotinamide 6-pyridone.~100 mg of N-methyl-
2-ethyl isonicotinamide was dissolved in water and an aquous solution of
potassium ferricyanide (1-24 g/5ml) 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. The pyridone thus formed was
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extracted with ether many times. The ether extracts were pooled and the ether
was removed by distillation. The product remained pasty and hence 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 mi
of 10%, aqueous solution of sodium hydroxide and boiled for 3 hr under reflux
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 acid—400mg of 2-ethyl isonicotinic
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-methyl 2-ethyl isonicotinic acid 6-pyridone.—100 mg of N-methyl
2-ethyl isonicotinic acid (prepared as described above), was dissolved in
water. To this solution an aqueous solution of potassium ferricyanide
{1-24 g/5 ml) and 30%, sodium hydroxide were added and the temperature
was maintained below 20°. The solution was allowed to stand for 70 min
without stirring. After adjusting the pH to 4-5 with dilute hydrochloric
acid, the resulting solution was extracted with ether for 8-10 hr continuously
and the pyridone was obtained after removing the ether by distillation. The
product remained pasty ; hence the melting point could not be checked (vield
55%). The product showed yellow fluorescence under ultra-violet light.

(12) N-ethy!l ethionamide—~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 acetore (Melting point 152°C; yield 60%).

(¢) Treatment of animals

Guinea pigs (700~800 g), random bred were divided into several groups
(each group containing a minimum of 5 animals were 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
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samples ot different time intervals. Ethionamide dissobed in 10%, citric
acid contoining sucrose was given orally at a dose of 140 mg-kg hody weight
of animals.

() Treatment of tissues

The animals were bled at various time intervals (by cardiac puncture) and
the blood samples were saved for the separation of serum, The liver, kidaoy,
spleen, lungs and pancreas were removed immediately and the tissue
homogenates were prepared in 1-15% potassium chloride (2 volumes) using
MSE homogeniser (Nelco). The concentrations of ethionemide and
cthionamide sulphoxide in the tissue homogenates as well as in the serum
were estimated.

(e) Estimations of ethionamide and ethionamide sulphoxide

Bstimations of ethionamide and ethionamide sulphoxide were carried out
with a slight modification of the method of Bieder et al. {5, 6.] The estimations
in tissue exiracts, serum and trine samples were carried out by the sume
procedure.

(f) Treatment of the urine samples

The volume of the urine samples collected ot different time intervals
was noted, The samples were processed for the cxtraction of ethionamide
and ethionamide sulphoxide as described above. After estimating the ameount
of ethionamide and ethionamide sulphoxide, the aqueous (containing meths-
nol), chloroform -and acid layers were concentrated and the concentrates:
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 methanol,
chloroform and ditute hydrochloric acid respectively and the fluorescence
spectra were recorded on a Perkin-Elmer fluorescence spectrophotomoter.

(g) Organism for testing amtituberculous activity

Mycobacterium tuberculosis var. hominis HgR, (Strain No. 7416) was
obtained from the National collection of Type cultures (England). For

growth inhibition studies the bacilli were grown on the synthetic Hquid
medium [7].

Stock solutions of 5-10 mgs/ml of all the metabolites synthesized were
prepared by dissolving a known quantity in ethanol and serial dilutions were
made such that the final concentrations would be 0-1 to 50 ug/m! of the medium.
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Suitable controls were included for the alcohol concentration. The
tubes were inoculated with the strain Hg R, taking care to see that the
size of the inoculum was the same in all the tubes. The experiment was
done in triplicates. The tubes were incubated at 37" C for three weeks, the
culture reading being noted at weekly intervals, At the end of three wecks,
the dry weight of the bacilli was recorded.

3. RESULTS

() Antituberculous activity of the derivatives and possible metabolites
of ethionamide~~The growth inhibiting cffects of ethionamide and some of
the probable metabolites synthesized, on M. tuberculosis HyuR, in vitro are
shown in Table I

TABLE I

In vitro growth inhibitory effect of the metubolites (synthetic) of
ethionamide on M. tuberculosis R,

Metabolites M.LC.
(pegml)
Ethionamide (parent drug) e Q-5
Ethionamide sulphoxide .. 0-1
N-methyl ethionamide .. 10
N-ethyl ethionamide .. 1-0
2-ethyl isonicotinamide .. 25-0
2-ethyl isonicotinic acid o 500
N-methyl 2-ethyl isonicotinamide .. —
N-methyl 2-ethyl isonicotinic acid .. —
N-methyl ethionamide sulphoxide .. 50-0
Pyridone of N-methyl ethionamide .. 50-0
Pyridone of N-methy! ethionamide sulphoxide .. 10-0
Pyridone of N-methyl 2-ethyl isonicotinamide .. 25:0
Pyridone of N-methyl 2-ethyl isonicotinic acid .. 50-0

4 MILC. = Minimal inhibitory conceitratio:, to biing about complete inhibition of
growth. These compousds were synthesized as deseribod u -der *¢ Experimental . The i vitro
antituberculous aclivity was deternuned using M. wbercalosis HyRe, in Youman’s medium
Thé percentage inhibition was calculaled by the determination of dry weights of cells after 21 days
growth at 37° C. Each value represetts an average of at least 3-4 independent determinations,
~— represents no inhibitica upto 100 pg/mi.
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The results indicate that cthionamide sulphoxide is at least 3 times
more effective than the parent drug in inbiting the growth of M. fuber-
culosis Hyy Ry, On the other hand, the other probable meiabolities and deri-
vatives of ethionamide required concentrations higher than  the parental
compound for growth inhibition. The desulphurated derivatives of ethio-
namide (N-methyl 2-cthyl isonicotinamide and N-methyl 2-ethyl sonico-
tinic acid) had no growth inhibiting effects upto 100 pg/mi.

(i) Excrerion of ethionamide and its metabolites.- - After oral adminis-
tration of cthionamide to guinea pigs, the excretion of the free drug as well as
the metabolites was studicd. After a single dose of oral administration,
excretion of ethionamide was observed upto 72 hr in the urine.  Although
severa] motabolites derived from ethionamide were found i the vrine at the
different time intervals, the major metabolitic was identified (by comparing
Ry value in different solvent systems and ultraviolet und visible absorption
spectral characteristics) as ethionamide sulphoxide.

Among the other metabolites, at least 4 of them showed fluorescence
and they were identified as N-methyl ethionamide pyridone, N-methy]
ethionamide sulphoxide pyridone, N-methyl 2-ethylisonicotinamide pyridone
and N-methyl 2-ethyl isonicotinic acid pyridone. with the help of the authen-
tic samples synthesized (Table 2). Some of the nen-fluorescent metabolites
could not be identified. However, from the formation and excretion of some
of the pyridones, it could be concluded that sulphoxidation. desulphuration
and deamination followed by methylation are evident in the metabloism of
cthionamide in guinea pigs.

Since ethionamide sulphoxide appeared to be the major metabolite
and its in vitro antituberculous activity was more than that of the parent
compound itself, the distribution of ethionamide 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 1[I and IV.
As far as the distribution of the drugs in various tissues is concerned, it can
be seen from Table III that the level of ecthionamide was higher in liver than
in other tissues and the sulphoxide could not be detected in tissues other than
liver.

The level of ethionamide in all the tissues reached the maximum within
an hour of administering it and then strated declining. Ethionamide sul-
phoxide concentrations reached the maximum at 6 hr after the adminis-
tration of the drug and after that the level straled 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 very low levels of both the unmeta-
bolised drug and the sulphoxide were distributed.

TaBLE IV

Excretion of ethionamide and ethionamide sulphoxide in urine after an oral
administration of ethionamide

Total Total
Time excretion of excretion of
intervals cthionamide™ ethionamide
(hrs) (ug) sulphoxide
(v
12 1016 860
24 750 202
36 698 178
48 464 132
60 286 77
72 165 54

Ethionamide was administered orally to guinea pigs weighing 700-800 g at a dosc of 140
mgs/kg. The urine samples were collected at different time intervals. The details for the esti-
mation of ethionamide and ethionramide sulphoxide is described in the text under ** Experimertal »,

* Total excretion per animal.

Tt can be seen from Table IV that there was a tofal urinary excretion of
1016 ug of the unchanged drug and 860 ug of ethionamide sulphoxide within
12 hours and this corresponds to less than 2% of the drug administreed.
The level comes down considerably after 12 hours and very litile excretion
of the unchanged drug and the sulphoxide was observed afler 72 hr. The
bulk of the drug might have been eliminated (unadsorbed) through the faeces,
since the drug was administered orally; the faecal contents were, however,
not estimated.

4. DISCUSSION

Ethionamide, a second line antitubercular drug is effective against
isoniazid resistant and streptomycin resistant strains of M. tuberculosis and
therefore occupies an important place in the chemotherapy of tuberculosis,
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The in vitro activity of the drug in experimentally infected animals is greater
than its in vifro activity which indicates that the drug exercises its antituber-
culous effect through the metabolites [8]. From the results presenied here
the major meiabolite of cthionamide in guinea pigs appear (o be cthionamide
sulphoxide; the sulphoxide has also been identified as a metabolite in
man [9, 10} and rabbit {11]. This is very significant because ethionamide
sulphoxide showed more antibacterial activity in virro against M. tuberculosis
H..R, than ethionamide itself. The ready formation of the sulphoxide in
animals and man may thus be imporiant in exerting the antituberculous
activity of the drug.

In addition to the sulphoxide, scveral other metabolites like the
pytidone of sthionamide sulphoxide and the pyridone of the desulphurated
derivatives are excreted in the urine of guinen pigs, administered with a
single dose of ethionamide. Most of these metabolites hud antituberculous
activity in vifro, cqual (o or less than cthionamide itself. Larlier studies
[10, 12, 13] have demonstreated the formation of ethionamide sulphoxide
2-ethyl isonicotnamide, 2-ethylisonicotinic acid, N-methyl ethionamide and
its pyridone in human. The present siudies reported here show for the first
time the formation of metabolites like the pyridones of N-methyl-2-cthyl
isonicotine acid, N-methyl-2-ethyl isonicotinamide and WN-methyl-ethio-
namide sulphoxide.

The distribution of ethionamide and its sulphoxide in the animal was
also studied. The maximum levels of ethionamide sulphoxide were found
in the liver, 6 hours after the administration of the drug; on the other hand.
the highest levels in the serum were reached within 1 hour. Our recent
studies [14] have shown the presence of an enzyme, a mono-oxygenase,
located in the microsomal fraction of the liver, which is capable of con-
verting ethionamide to its sulphoxide. Although the enzyme was present
in various tissues and the serum of guines pigs. the highest activities were
always found in liver (15). Thus the formation of ethionamide sulphoxide
may form an important step in the antituberculous activity of the drug.
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