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SUMMARY 

The action of iso-nicotinic acid hydrazide (INH) on the respiration 
of Mycobacterium tuberculosis H" 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" 3 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 et al.6 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 el al.B studying the bacteriostatic action 
of !NH using radio-active isotopes, suggested that it acts by interfering with the 
formation of an essential metabolite. Zatman and co-wolkers' studied the action 
of INH on diphospho-pyridine nucleotidase (OPNase) from various Sources and 
suggested that the drug might act through the formation of an INH-analogue of 
OPN. The inhibition of succinic oxidase by this drug has also been reported re­
cently by Arom and Krishnamurthy.'o 

In this communication the authors have presented the results of their studies 
on the action of this. drug on the respiration of Mycobacterium tuberculosis, H3,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. 

03 33 



I'XI'U<lMEl'.TAI, 

E!l=)'/}U' prcparalif11l.'; 

Badlli preparatioJls. Six tn ~lght loop~ ~)f tlh.' ttlb"Tl.:k 
the SUrl~lCC pc-Hick of ~( Ypunlan!'i' tuh~ (1: 1.+ day;.. \~hfj int(1 a 
and ground unif(,)fmly with the pe~tlc until the whole m~~'1 lunH:d \:. 
About 10 ml. of distiik"d water b. thl.!l1 aLiJ~'d ;tnd mix~'.J wdl. ! "u' ... · 
pcn~ioH i~ tht.:n L'arl!:ful1y transft.:rn:d to a SO ml. ct.:lltrij'ut~\.' tuhl.!, tlt~hl~~ ph~\'\'~'d lit: 

nOIl-;lbsorbcflt cotlon and centrifuged at 411{)O RPM f,,, 20 mllWI\",. 

The supnnatant i;-; then L'arefully decanted into hoiling plh,'lH~! 1\ 

and the wa:-,hing repeated once again with snlllt.' nhlfl' W~~h.'r, I';'mdi~ ··;dih.:lnn 
amount of the suitabll: hufftI' i~ added and tht <.;oiutit)!l [h'i!'U"l.'" "t:n .. 'd ;,u;h .r 
gins') rod. II. is then tran:-:ferreJ to a Ihil.:k ... \\-;tikd pyn:\ 1I..'\t~flih>'.,' 1.\!Htc.'h ;_<:pt 
in the cold storage. 

Surf'illic oxidase amI c)'!ochrome oxiJase." Thc9.· t:n:tyn1.r .. hJH· 
from sheep heart according to the method of Bal! t'i III." (':,I",'hr.'''': C 
prepared from sheep heart by the mctllOd of Kcilin and Itartr",'" ,mel ,:,:nd;.J.w",,:,1 
spectroph otomclrically, 

Catalase.--·Thi:.: e.01.ymc has been prcpan::d from rat !i\i,'r h~ thl.! m~'th.l\j 
Gordon and QuastcL 13 

Fu.nUlrase. ~·":rhh,. enzyme has been prl'parL'd from :-..lh.'Cp ht·~tr!.. h" ;, ~ 

the method of Massey'" with sli!!ht lUo(\ifieatimh, 

(ilutamic adel dec([l'hoxyla.\'e.·_· A suspension of Clu'I[rfdmm ~H'-{. \it L? 
grown and harvested according to the method or Gale!" htb bCt.'n tt~~d :fll' 
source. 

Trans(lIn.illase.·~-This enzyme has been prcparL'd front rnt Hn'r h} the m~thp.d 
of Green et aL'o 

Tryptophanasf!.-A ~u~Jlcn~ion of E. cali. harvested after wa:~hu\gt tr\~m m~!nu 
ell! broth containing dl.tryptophanc has been u;cd a5 lht' ::n<:ynw, 

Estirnation of enzyme activities 

Warburg manometric techniques,," -The action of the drug on til" r,·· 
of the tubercle bacilli (H., R, strain) and on the cllzym-:,; 'UGclfli<: uxid",t" t'Y!')' 
chrome oxidase, catalase, glutamic acid decarboxyla;", mmsamiud'" h.\vc bc~n 
studied using the standard Warburg manometric technique, In all th~,c ca,c", 
the drug has been taken in the side limb and j, tipped illw tbe muir. C\'l1lp"nn:c,,\ 
after the contents have attained equilibrium with the barh, 

". Other. metho:Js,~The. actioll of the 4rug 011 the el1/\'11h- fUlUaral<e hi\\ b<:~.11 
stiiiiied.~i.'~~~ t~trimeti:ic'~eth6d of Laki a.nd Laki,!7 a[;d <lll the tr)l'l"ph,,,,,,," 
activity by the colorimetriC method of Wood et aLu 
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RESULTS 

The results of the action of the drug on the respiration of the tubercle bacilli, 
succinic oxidase, cytochrome oxidase, glutamic acid decarboxylase, transaminase 
and tryptophanase are all represented graphically in Figs. 1-6, while the results of 
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Fro. I. Effect nC {so-nicotinic Acid Hydrazide 011 Oxygen Consumption of Tubercle Bacilli. 

Flask No. 

2 

4 

TABLE I 

Concentration of 
lNH (Final) 

M(I,OOO 

M(IO,OOO 

M(IOO.OOO 

Microlitres of 
0., liberated 

(after-IS minutes) 

31·8 

12·68 

21·82 
30·9 

Percentage 
inhibition 

60'12 

31·38 

2·83 
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the action of the drug on cat ala," arc prc,en(Gd in Tahl~ L Th" <,Ina!"~ hn",'\ ,'L 

does not show any action on the enzyme fllmarase, 

DISC'USSJOli 

The enzymes glutamic acid decarboxyillse, tran'amin,,," :",<1 
occupy important positions in the protein metabolbm "I' tile b;lctenc:, "U 
require pyridoxal phosphate as the co-cluyml', )'orled" and l:o-workcr," fe, 
porting similar observations with tryptophanase, proposed that thi> Until P'''''''"C'' 
a competetive action with the co-enzyme, L'robably due 1(. the ,light Hrm:ltlfi'! 
similarity, 
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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 
definilc beneficial results. 

To verify the above postulation, the authors have carried out some in vitro 
studies using the H" R" strain of Mycobacterium tuberculosis in Youmans' medium 
with various amoLlnts 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 INK ranging from 1/1000 to 1/100,000,000 
are arranged and the antagonistic effects, if any, of various concentrations of pyrid­
oxine hydrochloride (ranging from 0,] mg. to 4·0 mg. per mI.) have been tried. 

I t 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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6C 

INH has be~11 found to inhibit the growth of thc tHlcilli al 1 10-'111.1,1:'1 C'HI~t!\lf'" 
ticlO, while pyridoxine hydrochloride could not exert any bactcri<"h.tic a'liml nell 
at 4 mg, pcr ml. concentration" 

These results show, that, if permeability fact,,", arc exempted, p>ril.!iI\inc !l"b." 
chloride cannot compete with the drug or I'lce l'qrSt/. Further, th,~ IIhility or Ihc 
bacteria to grow well. even without the extraneous ~upply of tili, vhamin indicate, 
that they may not require exogenous supply for growth, 

Similar results (,re also reported recently by Boone ano \\' "",hI .• nl.' Blchl aflll 
Vilter20 and Ungar and co-workers" Even desOKy-pyrid"xine. tested oy Tiru, 
narayanan 22 (of this laboratory) for its anti-tubercular activity. indicmed Ihm tili, 
anti-vitamin does not possess any tuberculostatic action, 

All tbese points warn us to some extent that we should view with some rc~erv:I' 
tion tbis possibility of INH-pyrid()xinc hydrochloride antag<mbm a~ the prillCip<li 
mecbanism of action. 
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FIG. 5. Effect of Iso·nicotinic Acid Hydrazide on Transaminase. 
(Aspartic Acid --;,. Glutamic Acid (Manometric method) 

60 

Pertlsal of the 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 ftavo protein complex. The proper functioning of this enzyme 
is dependant upon the ability of the various compQnents to be active. Activity 
will be lost ~ven 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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CONCENTRATION OF INH "'9/« 

succinic oxidase. The lack of inactivation of ~ucdnic (k", ",.")".".",, 1>;. thh lIru»'! 
has already been reported." 

The existence of a well-defined cytochrome "YMcm in the flIl,:"hac·kri.! i. ""ell 
established." The inhibitory action of INH on the enzYllle, C': '"c'br"llle oxidaM: 
and catalase indicate its f"lralysing action of the imll-porphyrin type ()f clvyme,. 
The mechanism of inactivation of the.e enzymes by INH cun h~ explained !n Ihe 
follOwing manner. 

It has been found that INH and its allied drugs form chclating ~<lmp"(I1"" 
with heavy metals like iron and copper. These complexe,; have betn prepared lind 
their physico-chemical properties studied recently by Albert." 
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1 : 1 and 2: 1 metallic complexes with INH 

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 hremin 
counteracts the action of INH" and that INH is not active in alkaline Dubos 
medium wherein iron-ammonium citrate is present." 

The second possibility of the complex formation hypothesis cannot also be 
mled 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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