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ethylene-diimine bis-salicylaldehyde, o-phenylene bis- Carlin, R. L., Transition Metal Chemistry,

dimenthylarisine have been found to have room
temperature magnetic moments 2-10-2-72 B.M11, jt
ts Kknown that the Co(llI) planar complexes
have not been well characterised. A few papers
dealing with spectral studies of planar Co(ll) com-
plexes have been published!2. As the spectra
at ~ 8300cm™l was not taken, no definite conclu-
sion could be drawn about Co(II) complex of
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ABSTRACT

Detailed studies have been carried out to elucidate the precise nature of the complex
formed between copper and iscniazid as this complex 1S now Shown to be active against animal
viruses. IR and ESR data provide definite preef for the existence of both cupric and cuprous

complexes with isonirzid,

1. INTRODUCTION

SONICOTINIC acid hydrazide (isoniazid) is one
of the potent drugs used in the treatment of
tuberculosis. The bactericidal action of isoniaznd
is well wunderstood!. Cupric ions enhance the
activity of isoniazid {n vitro against Mycobacteriuny
tuberculosis®™%, Cupric ions form 1:1 (mono-
dentate) and 1:2 (bidentate) complexes (chelates)
with isoniazid37, Rieber and Bemdki? reported
that under aerobic conditions, not more than 209
of Cu2+ s reduced during the complex formation
with isoniazid, whereas the report of Krivis and
Rabb® showed that approximately 929 of the Cu®*,
which is precipitated as copper-isoniazid complex,
exists in cuprous form,
In the light of the above conflicting reports, the
present study was undertaken to determine the pre-

¢ise nature of the copperisoniazid c¢omplex, as

A possible stiucture of cuprovs-isoniazid complex is proposed,

this drug is a strong inhibitor of the in virro reverse
transcriptase activity of Rous sarcoma virus and
Is now shown to be active against both DNA and
RNA animal viruses®10, In this report, we present
data to show the formation of two different cori-
plexes betwacen copper and isoniazid, depending
upon the oxidation state of the metal jon.

2. MaterriarLs AND METHODS
Isontazid  (Sigma Chemical Co., USA), vanillin
(BD.H,} and other reagents wned were of analy-
tical grade.
2.1,

Cupric and

Prepuration of the Copper-lsoniazid Complexes

cuprous complexes were  prepared

separately by mixing equal volumes of the
equimolar  solutions? &, For cuprous-tsonazid
complex, freshly prepared cuprous chloride was

used, The precipitate obtained in euch fas¢ was
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washed extensively with distilled water, dried and
stored at 4° C.

2.2, Paper Chromatography

Ascending paper chromatography was done uneing
Whatman No. 1 paper with isopropanol: glacial
acetic acid : water (I2: 3: 35; v/v/v) as the
solvent system.

2.3. Egrimarion of lsoniazid

I.oniazid was estimated by the method of Kelly
and Poet!l. The yellow colour, developed by the
addition of 0-3ml of 2% vanillin solution in
I N NaOH to 3ml of 1 N H,SO, containing either
isoniazid  or copper-isoniazid complexes — was
measured at 380 nm.

2.4, Reverse Transcriptase Assay

15 ul of purified SR strain of Rous sarcoma virus
(suspended in 100 «l of a solution containing 8 mM{
Tris buffer of pH 8-1, 8 mM MgCl,, 200 «M each
of dATP, dCTP and dGTP), was exposed 1o
40 uM  isomiazid, cuprous-isoniazid or  cupric-
t.oniazid complex separately and incubated at
37°C for 15 min. Fivepl of 1% NP—-40 and
101 of 3H-TTP (10 wCi/mil, Sp. Act. 23-5
Ci/mmo]) were then added. The reaction mixtore
was incubated at 37° C for 60 min. and after the
addition of 0-5 ml of 2% sodium pyrophosphate
and 2 ml of 1095 TCA, the precipitate was filtered,
washed, dried and the radioactivity was deter-
mined in a Beckman LS-100 liquid scintillation
spectrometer.

2.5. IR Specnhrophotometry and ESR Spectrometrv

[R spectra of isoniazid, ecuprous-isoniazid and
cupric-isomazid <complexes were recorded in
UR 10 Carl Zewss Jena double beam IR spectro-
photometer at 25°C. The KBr pellet technigue
was followed as described by Tu and Remnosal?,

ESR spectra of both the complexes were recorded
in an ESR spectrometer at about 9,300 MHz with
100 KHz modulatons. All recordings were carrizd
cut at 25° C. A marker of g = 2-0036 was used o
calibrate the magnetic field.

3. RESULTS AND DISCUSSION

A few characteristic properties of the two com-
plexes are given in Table 1. The precipitation of
the cupricisoniazid complex takes a little more
time than that of the cuprous-isontazid complex,
indicating that inmitially, 1:1 (monodentate) com-
plex is formed between CuZ+ jons and isoniazid
which later form 1 :2 (bidentate) complex?. On
the other hand, Cu* ions and isoniazid form oniy
1:1 (monodentate} complex. This was proved
by estimating the amount of bound isoniazid present
in both the complexes, The amount of isoniazid
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in the cupric-i~oniazid complex was twice that
present in the same concentration of the cuprou.-

isoniazid complex (Table I). Microanalysis of
both the complexes further proved this point.
(Data not shown).

TaBLe 1

Characterisiic properties of the two complexes formed
hetween copper and isoniazid

Cuprous- Cup}iq-
1soniazid isoniazid
I. Precipitation time 5-7 min 10-12 mn,
2. Colour and natuie Yellow, thin  Green, clum-
and ped and
powdery flocculent
3. R, valve 0-73 0- 64
4. Stoichiometry 1:1(Mono- 1:2 (Biden-
dentate) tate)
5. Meliing point ~250°C d. ~280°C d.
6. Reverse transcrip-
tase tnhibition
(40 uM) 45%; 95%

el

The chemical structures of the complexes and the
involvement of the groups of isoniazid side chain
in the complex formation were ascertained by
IR spectrophotometry. The IR spectra of isoniazid,
cuprous-isoniazid and cupric-isoniazid complexes
are presented in Fig. 1. The absorption between
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Fic. 1. 1R spectra of isomazid (a), cuprous-
isomazid compiex (&), and cupiic-isomazid com-
plex (¢). A possible structure of cuprous-iseniazid
complex is shown in (iif). Structure (ii) 1s redrawn
from Fallab and Erlenmayeri3, (i} INH-isonico-
tinic acid hydrazide.

1650-1680 cm™ 1n the IR spectrum of cuprous-
isoniazid complex indicates the presence of ~C=0
group of ~-CO.NH.NH,, and the hydrogen bondel
—NH group of isoniazid is indicated by the absorp-
tion in the region 2950-3200 cm-!, The absence of
the sharp absorption peak at 3300 cor}* by -NH,
group indicates the involvement of ~NH,, group in the
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complex formation. The IR spectrum of cupric-
1soniazid complex indicates the presence of only —INH
group. Both -WH, and -C=0 groups of isoniazid side
chain are involved in the complex formation, since
the corresponding peaks disappear from the c¢upric-
isoniazid complex spectrum!2:13, The presence of
intact pyridine nuclens of isoniazid by the aromatic
C=C streiching vibrations at 1580 cm™ in both
the cases indicates the mnon-involvement of the
pyridine nucleus in the complex formation,

!

g-= 2.0036
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Fic. 2. ESR spectra of cupric-isoniazid com-
plex (a), cuprous-isoniazid complex (b), and
oxidized cuprous-isoniazid complex (c¢).

The ESR spectra ofl the complexes (Fig. 2) rules out
the possibility of any significant reduction of Cu=+ 1o
Cu+ durinpg the complex formation as proposed by
Krivis and Rabb8% The cupric-i~oniazid complcx
gave an absorption around 3200 G with a g valne
of 2-30 (as was obtained by Ricber and Bemaki?),
the complex showing less detail and a slight shift
towards the lower magnetic field as compared wiih
1the best resolved hyperfing structure, with four
lines superposed on the large ab.orption by CUpIic
jons alone. On the other hand, vnder similar cone
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subjected to oxidizing conditions., These results
show that theire is no significant reduction of
Cu2+ to Cut during the complex formation, and
Cut jons themselves are capable of forming another
complex with isoniazid. Oxidation of Cut to Cu2+
may cccur under acrobi¢ conditions to an extent of
not more than 5%, since 1soniazid serves as an
antioxidant,

The present results, therefore, support the finding
of Rieber and Bemski7, that the complex formation
between cupric ions and isoniazid does not involve
reduction of cupric ions and a 1 : 2 (bidentate) com-
plex 1s formed.

The inhibition’ of the in vitro revers¢ transcriptase
activity of Rous sarcoma virus and also the trans-
forming ability of the virus in chick embryo fibro-
blast cell culture by the cupric-isoniazid complex,
is signaficantly more than either 1isoniazid or
cuprous-isoniazid complex?10, Furthermore, cupric-
1soniazid complex is least toxic to the animal celis
(primary chick embryo fibroblast and vero cells)
grown in stationary cultures, as compared with
either isoniazid or cuprous-isoniazid complex
(Unpublished results). A detailed study on the
nature of the physiologically active molecular com-
plex is now under invesiigation,
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