STUDIES ON THE MODE OF ACTION OF ISO-
NICOTINIC ACID HYDRAZIDE (INH)

BY P. R. J. GANGADHARAM AND M. SIRSI
(Pharmacology Laboratory, Indian Insti of Science, fore-3)

SUMMARY

The action of iso-nicotinic acid hydrazide (INH) on the respiration
of Mycobacterium tuberculosis Hg; R, strain as also on some enzymes
has been studied.

Based on these results and in consideration with the previous literature
on the subject a hypothetical postulation regarding its mode of action
has been advanced.

Soon after iso-nicotinic acid hydrazide (INH) was established as a power-
ful anti-tubercular drug, several people have attempted to study its mode of action.
Thus Zeller* studied the action of INH on bacterial and mammalian diamine oxi-
dase and found that the drug inhibited these enzyme systems. The action of the
drug on the tryptophanase and amino-acid decarboxylases of E. coli was studied by
Yoneda and co-workers® ® who found that the drug inhibited these enzymes and
that pyridoxine hydrochloride counteracted this inhibition. They also mentioned
that the inhibition is competetive. However Boone and Woodward? studying the
relation of pyridoxine derivatives to the mechanism of action of INH against
E. coli and Mycobacteria, mentioned that the antagonism by pyridoxine hydro-
chloride is not competetive. Newberg and Forrest® found that the drug competes
with the nicotinamide utilisation by the bacteria. Aronson ez al® found that INH
inhibited the catalase activity of the tubercle bacilli, but did not modify the suc-
cinic dehydrogenase activity. They also repeated these studies with the attenu-
ated B.C.G. strain. However Polster” could not find any inhibition of the catalase
activity in the tubercle bacilli. Barclay et al8 studying the bacteriostatic action
of INH using radio-active isotopes, suggested that it acts by interfering with the
formation of an essential metabolite. Zatman and co-workers? studied the action
of INH on diphospho-pyridine nucleotidase (DPNase) from various sources and
suggested that the drug might act through the formation of an INH-analogue of
DPN. The inhibition of succinic oxidase by this drug has also been reported re-
cently by Arora and Krishnamurthy.*®

In this communication the authors have presented the results of their studies
on the action of this. drug on the respiration of Mycobacterium tuberculosis, Hg,R,
strain, as also on some enzyme systems and proposed a view, in consideration with
the results of the studies of previous workers, regarding the mode of action of this
drug. The enzymes studied include succinic oxidase, cytochrome oxidase, cata-
lase, fumarase, glutamic acid decarboxylase, transaminase and tryptophanase.
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EXPERIMENTAL
Enzyime preparations
Bacilli preparations. - Six to cight toops of the tuberdde baoil are taken from

the surface pellicle of & Youmans' tube (12 14 duys ok} jnto o vlvasn ol saoriar
and ground uniformly with the pestle until the whole mass turned o beo pasde
About 10 ml of distiiled water is then ndded and mixed woll, The too B s
pension is then carefully transferred to a 50 ml. centrifuge tehe, tightly phappad watk
non-absorbent cotton and centrifuged at 4000 RPM for 20 ownuie.

The supernatant is then carefully decanted into boiling phe
and the washing repeated once again with some more water, e8]
amount of the suitable buffer is added and the solution thoreustis i
glass rod. 1t is then transferred 1o a thick-walled pyres test-tube wioch i bepe
in the cold storage.

Swceinic oxidase and cytochrome oxidase ~These envymes vy
from sheep heart according to the method of Balt er al? Cvtochion
preparcd from shcep heart by the method of Keilin and Hartreetd and standar
spectrophotometrically.

Catalase.~~This enzyme has been prepared from rat fver by the methad 4
Gordon and Quastel.}?

Fumarase.~-This enzyme has been prepared from sheep hwirt,
the method of Massey! with shght modifications,

Glutamie  acid  decarboxylase.— A suspension of  Clostridivee weli g SRO12,
grown and harvested according to the method of Galet has been used as iy enssmg
source.

of Green et al’s

Tryptophanase.——A suspension of £. coli, harvested after washing, from smutre
ent broth containing dl-tryptophane has been used as the enzyme.

Estimation of enzyme activities

Warburg manometric techniques~-The action of the drug on the rooaicatho
of the tubercle bacilli (Hg; R, strain) and on the eozymes suceinde oxbduse, cyto-
chrome oxidase, catalase, glutamic acid decarboxviase, transarinuse Fave been
studied vsing the standar¢ Warburg manometric technique. In sdl these cases,
the drag has been taken in the side limb and is tipped into the main comparune.a
after the contents have attained cquilibrium with the buth.

"The. action of the drug on the ensyme fumarase s baen
Stud.led by tha titrimetric mothod of Laki and Laki¥ and on the ir)pmph Ly
activity by the colorimetric method of Wood ¢ alit
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ResuLts
The results of the action of the drug on the respiration of the tubercle bacilli,
succinic oxidase, cylochrome oxidase, glutamic acid decarboxylase, transaminase
and tryptophanase are all represented graphically in Figs. 1-6, while the results of
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Fia. §. Effect of Iso-nicotinic Acid Hydrazide on Oxygen Consumption of Tubercle Bacilli.

TabLE 1

i Microlitres of
Concentration of 0, liberated Percentage

Flask No. ; P
INH (Final) (after 15 minutes) inhibition
1 ' o 31-8 ..
2 © T OM/fL,000 12-68 60-12
3 “M/10,000 21-82 31-38
4 M/100.000 30-9 © 283
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Fic. 2. Bifeot of Iso-nicotinic Acid Hydraside on Succine Oxidise
the action of the drug on catalase are presented in Table L The drug, howaer,
does not show any action on the cozyme fumarase,

DIscussion
The enzymes glutamic acid decarboxylase, transaminase and tryplophanass

occupy important positions in the protein metabolism of the bacterse.  They ali
require pyridoxal phosphate as the co-cnzyme.  Yoneds and co-workers™ % ge-
porting similar observations with tryptophanase. proposed that this drug posswsss
a competetive action with the co-enzyme, probably due to the slight strnctural
similarity.
GO~ NH~NH, CHLOH HL
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|/\n HO—/\—-CH.,OH, ner Hi‘)——ﬁ/%"—-»(iﬂ:.‘(‘?é!x!‘ﬁ.
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N 1

Iso-gicotizic acid Pyridoxing Ps';“idomi
hydraride QNE) hydrochtoride vhosphuie
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Fig. 3. Effect of Iso-nicotinic Acid Hydrazide on Cytochrome Oxidase.

This view is further strengthened by the recent observations that the toxemic
and neuritic after effects produced during INH therapy'® resemble those caused by
pyridoxine deficiency, and that treatment with pyridoxine in such patients has
definite beneficial results.

To verify the above postulation, the authors have carried out some in vitro
studies using the Hg R, strain of Mycobacterium tuberculosis in Y oumans’ medium
with various amounts of INH and pyridoxine hydrochloride. (Pyridoxal phos-
phate could not be used because of its unstable nature for long periods at incubator
temperature.) Various concentrations of INH, ranging from 1/1000 to 1/1060,000,000
are arranged and the antagonistic effects, if any. of various concentrations of pyrid-
oxine hydrochloride (ranging from 0-1 mg. to 4-0 mg. per ml.) have been tried.

It has been found that even the highest concentrations of pyridoxine hydro-
chloride could not exert any reversing effect on the activity of INH. Of course,
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Fi. 4. Effect of Jso-picotinic Acid Hydrzide on the Glutamis Droarborybng.
(CL welchi SR, 12}

INH bhas been found to inhibit the growth of the bucilli at | 106U voncentnie
tion, while pyridoxiue hydrochloride could not exert any bacterientuiio action cven
at 4 mg. per ml. concentration.

These results show, that, if permeability factors ure exempted, pyridiing Fsy dres
chloride cannot compete with the drug or vice versa. Further. the ubility of the
bacteria to grow well, even without the extraneous supply of this vitamin indicaten
that they may not require exogenous supply for growth,

Similar results are also reported recently by Boone and Woodward.® Bieht and
Vilter® and Ungar and co-workers.® Even desoxy-pyridoxine. tested by Tiry-
narayanan®® (of this laboratory) for its anti-iubercular activity. indicared that this
anti-vitamin does not posscss any tuberculostatic action.

All these points warn us to some extent that we should view with some reservar
tion this possibility of INH-pyridoxine hydrochloride antagonism gy the principal
mechanism of action.
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F16. 5. PBffect of Iso-nicotinic Acid Hydrazide on Transaminase.
(Aspartic Acid — Glutamic Acid (Manometric method)

Porusal of 1he results presented, also shows that the drug inhibits the enzymes
succinic oxidase, cytochrome oxidase and catalase. The enzyme succinic oxidase
consists of various components like the cytochrome C, cytochrome oxidase, succinic
dehydrogenase and a flavo protein complex. The proper functioning of this enzyme
is dependant upon the ability of the various components to be active, Activity
will be lost even if one of the components is inactivated. The inhibition of the
cytochrome oxidase by the drug is therefore responsible for the inactivation of
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Fig. 6. Effect of Iso-nicotinic Acid Hydravide on Tryprephunsse (&, cnd,

succinic oxidase. The lack of Inactivation of suecinic deliy drogerase by this deug
has already been reported.s

The existence of a weli-defined cytochrome system in the myvotactoria in welt
established.*® The inhibitory action of INH on the enzymes o tochrome oxidase
and catalase indicate its paralysing action of the iron-porphyrin type of enrymes.
The mechanism of inactivation of these enzymes by INH cun be explained in the
following manner.

It has been found that INH and its allied drugs form chelating compounds
with heavy metals like iron and copper. These complexes have been prepared and
their physico-chemical properties studied recenily by Albery
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In view of these, the mode of action of INH can be interpreted in two ways:
either it * fixes ” up the iron in the porphyrin nuclei, thereby inactivating the iron-
porphyrin system of enzymes, or it forms a metallic complex with these, in which
state it exerts its bacteriostatic activity. The first possibility fits well in the above
results explaining the inactivation of the iron-porphyrin enzymes cytochrome oxidase
and catalase. This view is further supported by the recent findings that hemin
counteracts the action of INH? and that INH is not active in alkaline Dubos
medium wherein iron-ammonium citrate is present.2s

The second possibility of the complex formation hypothesis cannot also be
ruled out, due to the fact?” that copper ions are found to increase the in vitro activity
of INH. The drug may form a complex with the metal, exerting its bacteriostatic
action in that form. Such theories of complex formation, in relation to mode of
action, have also been proposed before, for the anti-bacterial activity of 8-hydroxy
quinoline?® and the anti-tubercular activity of thiosemicarbazones?® and p-amino
salicylic acid.*®

At the present state, with the paucity of knowledge of the trace element require-
ments of Mycobacterium tuberculosis, it can only be said that the drug exerts its
action by interfering with the heavy metals in the cells either by * fixing” them
up or by forming active complexes.
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