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A series of mixed ligand complexes of Cd(Il) with the general formula Cdlliqgn;
(where L, =8-hydroxyquinoline ; L,=salicylic acid, 5-chloro, 3,5-dibromo, ,5-dliodo,

3,5-dinitro. acetyl salicylic

ids) are isolated in pure state and characterised by

elemental analysis and infrared data. The low molar conductance of these complexes

in DMF indicates non-electrolyte nature of these complexes.

The antimicrobial .

activity of these complexes against 14 pathogenic bacteria and S fungi is studjed under

various conditions. Even though one 8-hydroxyquinoline molecule in the

binary

cadmium-oxinate is replaced by a low cost fungicide like salicylic acid in the formation

of mixed ligand complexes, these mixed ligand complexes are fowd

to posses fairly

higher antimicrobial activity against several organisms than the binary cadmium;
oxinate. The lypophilic tendeacy of these complexes is determined and its inﬂuel'lce
on the antimicrobial activity is critically examined. The probable mechanism of
toxic action of these complexes against various organisms is discussed.

HOUGH 8-hydroxyquinoline (oxine) and its

divalent metal chelates are known to possess
fungicidal and bactericidal properties, the high
cost of 8-hydroxyquinoline limits their applicabi-
lity. It has been observed by the present authors
in the use of oxine chelates as antimicrobial agents
that the cost factor can be minimised by replacing
one oxine molecule in the divalent metal oxinates
of Cu(Il)?, Hg(Il)®* and Cd(II) with a low cost
fungicide like salicylic or substituted salicylic acids
as heteroligands. A series of mixed ligand com-
plexes of Cd(II) with oxine and salicylic acids are
prepared and their antimicrobial activity is studied
under various conditions. The relation between
their antimicrobial activity and physico-chemical
properties is examined critically to understand the
mechanism of action. The results of these investi-
gations are presented in this paper.

Experimental

All the chemicals used are of analytical grade
(B.D.H.) reagents.

General method for the preparation of the com-
plexes : Equimolar solutions of salicylic acids
(0.2 M), Cd(I1) acetate (0.2 M) and 8-hydroxyquino-
line (0.2M) in 80% aqueous methanol are mixed.
After stirring for 0.5 br, the product is removed by
filtration, washed with several volumes of water,
digested in acetone and filtered. The complexes
are dried at 70° for 12 hr. Metal and nitrogen are
estimated by standard methods.

* Author for correspondence.
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Physical measurements : Infrared :gectrop‘;g_

recorded on a Perkin-Elmer medeb +dise % 0
tometer (4000 cm™* to 200 cm~ ) by (10

es IV oty
nique. The conductivity of the CO?’PlegonductIV“y
is measured at 27° by SySt{gﬂ‘("SM -
bridge 205 in dimethyl sulpbox1d¢ U - -robia acun

Antimicrobial activity :  The a"ot“?s' oxa me% .
vity of the compounds in DM%; against VoS
vitro by serial dilution 'metho br pgainst 05
bacteria and by paper disc rpetho Dep?’ |
All the: tock cultures are obtained ronte of MG,
ment of Microbiology, All India Ins lm and 8 '
Sciences, New Delhi. Peptone wa inocu um o
water are used for making the 0 esp ctiv
bacteria (18 hr cultures) and funﬁ—c’)se af
Nutrient broth and Saborounds dexbay) are USC00
Hindustan Dehydrated Media, Bomi respecti ics
test media for bacteria and fungn’-ati on (}v:l Be
The minimum inhibition co-ncenbacteria ad s
ug/ml) of the compounds agalns; the oot o‘lles
average zone of inhibition (mm) o' % Tables,
at 1000 pg/ml against fungi are glvere !
and 3, respectively. All the tests a
duplicate,

Results and Discussion mng;

mp
i hese € lig#
The elemental analysis of 8%, .4
(Tabfhee 1) show that Cd(I) formy m(wherc:;i‘w.
complexes of general formula Cdl 158 or ubt o
8-hydroxyquinoline and L,-——salm}(lar condue
ted salicylic acids). The low mo
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TasLe 1—ANALYTICAL, CONDUCTOMETRIC AND IR DATA OF THE Cd-OXINE-SALYCILATE MIXED LiGAND COMPLEXES

IR frequencies in mixed ligand complexes (cm™*)

%l;). Compounds  Colour Dtecomp. %metal  %nitrogen ?1 1 _complez
emp. cal obs cal obs mbhos Oxine Salicylic acids
°C em? S(M—0) #(C—0) #(M — N) Pagy(0—O—0) 75, (0-C-0)

1. Ca(0x)(sA) Greenish >300  28.55 28.50 3.56 352 81 380b 1110s 500 1570 b 1420 s

2. Ca(ox)(C1-8a) éiiﬂsh =800 2625 96.28 327 325 86 390b 1110s 500s 1570 b 1420 s

8. Ca(0x)(2Br-84) é:lele(::sh >300 20.38 20.36 2.5¢ 255 84 380b 11108 500s 1570 5 1420 s

4. C4(OX)(21-84) éileorgsh 999  17.57 17.58 2.i8 214 83 380b 1110s 500s 1570 & 1420 s

5. 0d(0X)(2N0,-8A) (y}?)]llg:;.l 998  23.24 2321 869 866 82 390b 11108 490s 1570 s 1420 8

6. Cd(0X)(Ace-S4) é:le?:ish >300 2579 9581 3.27 398 84 380b 1110s 490s 1570 s 1420 s

yellow

OX =8-hydroxyquinoline ; SA =salicylic acid ;
2NO,-SA = 3,5-dinitro salicylic acid ; 2I-SA=38,5

Cl-SA =5-chloro salicylic acid ; 2Br-SA =38,5-dibromo salicylic acid ;
-diiodo salicylic acid ; Ace-SA =acetyl salicylic acid ; s=sharp ; b="broad.

TaBLE 2—A ActIviTy MIC (#g/ml) o¥ THE CADMIUM COMPLEXES WITH 8-HYDROXYQUINOLINE
NTIBACTERIAL 1C ACIDS AT 37° AFTER 18 Hr 1N NUTRIENT BROTH

AND SUBSTITUTED SALICYL

Gram-negative

SL Com Gram-positive

No. pound ) 541 5 6 7 8 9 10 11 12 13 1
1, 6.2 12.5 25 50 12.5. 50 125 100 25 125 125 125 >100
2. 83§8§§;SA 12'3 3.1 125 100 3.1 50 50 125 125 25 25 125 25 25
8. cd(ox)(CL )SA 6.9 3.1 125 100 31 50 100 25 81 2 25 125 50 50
4. Cd(0X)(2B S)A 6.2 3.1 125 100 3.1 50 100 125 3.1 25 25 125 25 50
5. gd(ox)m_gA ) 192.5 6.2 125 100 6.2 50 100 2 25 25 25 25 50 50
6. Cd(0X)(aNo -)s A) 6.9 3.1 62 100 81 50 100 125 62 25 25 25 50 50
. Cd(0X)(Ace-8A) 1925 3.1 95 100 62 50 100 25 50 50 25 125 25 25

(2) Staph- aureus; 3
Proteus morgansi ; ¢
Salmonella paratyphi-4 ;

(1) Staph. albus;
(8)  Klebsilla aerogenes ; (7)
(11)  Salmonelia typhi ;  (12)

(8) Sch. schmitzi ;
(8) Shigella flexneri ;

(5) Shigella sonnei ;
(10) Escherichia coli ;
Schigella boydii.

(4) Pseudomonas pyocanes ;
(9) Vibrio cholerae ;

(18) Salmonella paratyphi-B; (14)

values of these complexes in DMSO indicate that
they are of non-electrolyte type-

Infrared data : The asymmetric »(0—-C-O0)
and the symmetric »(O—C—0), which appeared
1n all the salicylic acids around 1600 and 1440 cm™
Tespectively are found to be shifted in the mixed
Complexes to lower values of 1570 and 1420 cm™1,
Indicating metal carboxylate linkage®®. Charles
~ € al” reported that in several oxine complexes 9f

Wetals, the »(C-0) is observed at 1120 cm™
Te8lon but the position of the bands slightly varies
With the metal. ~ The »(C—0), which appeared in
th? ree oxine molecule at 1090 cm™* is found to be
shifted in all the mixed complexes giving a strong
absorption band at 1110 cm~* indicating clearly the
OXine coordination in the complex. In all the
Mixed ligand complexes, the observed band in the
Neighbourhood of 500 cm-* may be identified as

=N stretching frequency®. A broad band ac{
380-400 c¢m-1 jn all the complexes may be assigne
to metal-oxygen stretching frequency®. -

Antimicrobi iy - The toxic effect of the
:a%mium{?fﬁgfsgfgyﬁ or substituted salicylic

Cl mi . m

acteria );71(};1 lflfgg:i is C?Ougd to be either equal or
slightly greater than the cadmium-bis-8-hydroxy-
Quinoline complex. Salicylic acid or substituted
salicylic acids and their cadmium chelates are

JICS—2

lexes against various

found to have measurable activity against these
bacteria and fungi only at relatively high concentra-
tions (for bacteria >100 upg/ml, fungi >2000
ug/ml). This may be due to their higher water
solubility. Albert et al explained the antimicrobial
activity of copper(Il)-bis-8-hydroxyquinoline by
assuming that this complex first penetrates the cell
and undergoes dissociationtoa 1:1 copper-oxine
complex and free oxine at the site of action. The
1:1 chelate will become the toxic entity by com-
bining with and blocking metal binding sites on
enzymes. Thus the 1:2 chelate due to its lipo
solubility is necessary to take the toxic moiety i.e.
the 1:1 charged complex to the site of action.
The assumption was supported by the fact that
antimicrobial activity of these complexes was
reversed in the presence of excess of copper. This
may be due to the inability of the ionically charged
1:1 chelate (which is produced in the presence of
excess of metal) to penetrate the cell membrane.
Block® proposed that the natural chelates within
the cell were poisoned by removing copper from
Cu(IIl)-oxine, thereby freeing oxine which could
then bind the metallic prosthetic groups of the
enzymes. Zentmyer et al'® proposed a mechanism
of detoxication of the 1:2 chelate by natural
metabolites. The 1:2 chelate dissociates to the
1: 1 chelate, thereby entering the aqueous phase of
the cell. Histidine and cystine, which form more
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stable complexes with copper than the 1: 1 chelate
of copper and 8-hydroxyquinoline, remove the
copper and form lipid soluble chelates. Esposito
and Fletcher®t proposed that the activity of
copper(II)-8-hydroxyquinoline was due to the 1: 1
complex which could bind with an enzyme site
involved in the biosynthesis of pteridines. This
was based on the reversal of inhibition by several
pteridines and precursors. It is also believed that
a similar mechanism may be working well in
explaining the toxic action of all other bivalent
oxinates.

According to Overton’s concept of cell perme-
ability, the lipoid membrane surrounding the cell
favours the passage of lipid soluble materials
through the membrane aad lipo solubility is consi-
dered as one of the important factors that control
the antimicrobial activity of any toxic agent. The
partition of the toxic agent between olyl alcohol or
chloroform and pH 7.4 phosphate buffer system is
considered as a good model to understand the
lipophilic or lipophobic tendency'®. So we have
determined the distribution of all these complexes
between chloroform and pH 7.4 buffer and the results
are given in Table 4. As expected, the cadmium-
oxine salicylic acid or substituted salicylic acids

. e ic lic
salicylic acids and cadmium’qx{ﬂe‘d’g: os2 slylch
acid must have maximum activity. ﬁmlcroblal
relation is found to exist from their at d3w ich
activity screening studies (Tables 2 an

70
TABLE 4—PRRCENTAGE BXTRACTION OF el ¥
Oarorororm AT PHT4 cted
S1L Complex 9 of cadmium ex
No. &
1. Cd(0X), 26
2. Cd(0X)(8A) a1
3. Ca(C1-8A)(0X) 40
4, Cd(2Br-84)(0X) 9
5. C4(21-SA)(0X) 38
6. Cd(NO,-8A)(0X) g5
7. Od(Ace-SA)(OX) 7
8. Cd(SA)s 8
9. 0d(Cl1-84), 9
10. Cd(QBt'SA)n 5
11 Cd(2I-8A), g
12. Cd(2N0,-SA), 2
13. Od(Ace-8A)s -
t

TABLE 3—ANTIFUNGAL ACPIVITY OF THE CADMIUM
COMPLEXES WITH 8-HYDROXYQUINOLINE AND
SALICYLIC ACIDS AT 1000 gg/ml IN SABOROUNDS

DRXTROSE AGAR AFTER 48 Hr a7 80°

21N Compound Zone of 1nhibition in mm at 1000 gg/ml
No. 1 2 3 4 5
1. Cd(0X), 9 7 — — 7
2. CA{OX)(BA) — 7 — — 9
3. Ca(OX)(Cl-8A) 7 10 9 12 7
4. C4(OX)(2Br-8A) 9 —_ — 8 9
5. Ca(OX)(21-84) — 8 —_ 9 9
6. CA(OX){(2N0,-SA) 7 7 — — 7
7. CA(OX)(Ace-S8A) — 8 — 7 7

Puangi : {1) Pencillium spp., (2) 4sp. mger , (8) Tricophyton
rubrum , (4) Asp. fumgatus ; (5) Candida albrcans,

mixed complexes have lower partition coefficient in
chloroform when compared to cadmium(II)-oxine
complex. However, they have equal or slightly
more toxic effect against various bacteria and fungi
in comparison to cadmium(II)-bis-8-hydroxyquino-
line complex. This indicates that in the mixed
complexes not only the 1 : 1 cadmium oxine com-
plex is having toxic activity but also the released
salicylic acid may be playing an important role in
the antimicrobial activity through a different
mechanism. The salicylic acids or cadmium salicy-
Iate chelates, though possessing toxic effects due to
their higher water solubility, cannot go to the
site of action as much as the miked complexes can
penetrate. If in the mixed complexes also the 1:1
cadmium oxine is the only toxic moiety then the
aotimicrobial activity of the mixed complexes
should increase with increasing pK, values of the
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indicate that salicylic acids also play a8 coupq the!
role in the toxic action. It 18 a_sgn around
if the geometry and charge distributi g

: ometry *
molecule are incompatible with %fenes of

charge distribution around the perip enc
pore% of the fungal or bacterial ct?ll :’:g,’tpcaﬂ o
tion through the wall by the tOXiC e/ sor
take place and toxic reactions w1thllllle £6as0
not occur. This may be the on¢ of the
certain mixed ligand complexes sil N or
tive antimicrobial activity than the¢
Cd(0X)4 complex.
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