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Abstract: Bioinorganic ternary complexes of manganese with some selected antibiotics viz. neomycin, chlortetracycline,
oxytetracycline, tetracycline penicillin-V and penicillin-G as primary ligands and paracetamol as secondary ligand have
been studied by polarographic technique to determinate the stability constant (log B) and kinetic parameters at pH = 7.30
+ 0.01 and ionic strength p = 1.0 M NaClO, at 298 K. The stability of formed complexes is elucidated on the basis of basic
nature and sizes of the selected primary and secondary ligands. The polarographic waves of Mn and its complexes were
found to be quasi-reversible and also, Mn (I1) formed 1:1:1, 1:2:1 and 1:1:2 complexes with selected legends.

Index Terms—Stability constants, Polar graphic characteristics, Kinetic parameters,[Mn (ll)-antibiotics-paracetamol]
complexes

I. INTRODUCTION:

ANTIBIOTICS ARE WELL KNOWN NATURALLY OCCURRING COMPOUNDS PRODUCED MOSTLY BY PLANTS ORGANISMS [1], USED IN
SEVERAL DISEASES IN PLANTS, ANIMALS AND HUMAN [2, 3] HAVE GREAT IMPORTANCE IN BIOLOGICAL SYSTEM. ON THE OTHER
HAND, PARACETAMOL IS ALSO A BIOLOGICAL DRUG USED AS ANTIPYRETIC AS WELL AS ANALGESIC. THE BIOCHEMICAL,
PHARMACOLOGICAL AND MEDICINAL IMPORTANCE OF METAL DRUG COMPLEXES IN VERY WELL ESTABLISHED. SOME WORK ON
MN (II) COMPLEXES WITH DIFFERENT TECHNIQUES ARE AVAILABLE IN THE LITERATURE. A SURVEY OF LITERATURE REVEALS
THAT NO REFERENCE IS AVAILABLE ON MN (Il) TERNARY COMPLEXES WITH THE PRESENTLY SELECTED ANTIBIOTICS AND
PARACETAMOL BY POLAROGRAPHIC TECHNIQUE, HENCE, AUTHORS HAVE STUDIES THE MIXED LIGAND COMPLEXATION OF MN (11)
WITH NEOMYCIN, CHLORTETRACYCLINE, OXYTETRACYCLINE, TETRACYCLINE, PENICILLIN-V AND PENICILLIN-G AS PRIMARY
LIGAND AND PARACETAMOL AS SECONDARY LIGAND, USING POLAROGRAPHIC TECHNIQUE WITH THE VIEW TO DETERMINE THE
VALUES OF STABILITY CONSTANTS AND KINETIC PARAMETERS. THE POSITION OF TRANSITION STATE AND EFFECT OF SIZE,
BASICITY, AND STERIC HINDERANCE DUE TO LIGANDS ON STABILITY COMPLEXES ALSO DISCUSSED.

I1. EXPERIMENTAL.:

MANGANESE CHLORIDE (ALDRICH USA), NACLO4 (FLUKA, SWITZERLAND), ANTIBIOTICS (FLUKA) WERE USED AND THEIR
SOLUTION WERE PREPARED IN DOUBLE DISTILLED WATER. PARACETAMOL IS USED AS ITS SODIUM SALT. THE CONCENTRATION OF
METAL IONS AND NACLO,4IN THE TEST SOLUTION WERE 0.5 MM AND 1.0 MM RESPECTIVELY WHILE 1.0 M NACLO, WAS USED TO
MAINTAIN THE IONIC STRENGTH AS WELL AS USED AS SUPPORTING ELECTROLYTE. NACL-AGAR-AGAR PLUG TOGETHER WITH
SINTERED DISC WAS USED IN LATININE-LINGANE CELL [4] WHICH CONNECT THE POLAROGRAPHIC CELL WITH SCE [5, 6]. THE
RESISTANCE OF CELL WAS LOWER THAN 200 OHMS AS TO MAKE NO CORRECTION FOR IR.THE PH OF THE SOLUTIONS WAS
ADJUSTED TO 7.30 + 0.01 BY ADDING REQUISITE AMOUNT OF SODIUM HYDROXIDE AND PERCHLORIC ACIDSOLUTION. THE C-V
DATA FOR THE COMPLEX SYSTEM WERE RECORDED AFTER PASSING THE PURE HYDROGEN GAS IN THE TEST SOLUTION. AN ELICO
(L1-120) PH METER FITTED WITH GLASS AND SATURATED CALOMEL ELECTRODE WERE USED TO RECORD THE PH OF THE TEST
SOLUTION. THE TEMPERATURE WAS MAINTAINED CONSTANTS AT 298 K.

A manual polar graph with PL-50 Polyflex Galvinometer was use to record the current voltage data. The capillary characteristics

were m2/3t1/6 =2 40 m92/3 512 4t 60.0 cms (calculated) effective height of mercury. The depolariser and ligands (antibiotics
and paracetamol) were taken in the ratio 1:40:40 and current voltage curves were obtained at different pH values but pH=7.30 +
0.01 was selected on account of studying the complex formation in human blood pH.In ternary complexes the concentration of
antibiotics was varied from 0.50 mM to 30 mM at two fixed concentrations of paracetamol i.e., 0.025 and 0.050 M. For the
calculation of stability constants log B 11 (1:1:1), log B 15 (1:2:1) and log B 51 (1:1:2), Schaap and Mc Master Method [7] was

used.
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I11. RESULT AND DISCUSSION
Mn (I1) gave a well-defined two electron quasirevesible reduction wave in 1.0 mM NaClO, at pH= 7.30 + 0.01. The values of
El/z(qr) of Mn (11) were found -1.420 V vs SCE which by Gellings method [9] gave Eq/o = -1.410 V. Similarly, El/z(r) from

El/z(qr) of complexes for corresponding ligand concentration was also calculated. In all these cases it has been observed that

irreversibility increased with increase of living concentration. Mn formed 1:1 and 1:2 complexes with paracetamol and stability
constants [10-13] are given in Table no. 1

3.1. Polarography of [Mn(l1)-penicillin-G-paracetamol] complexes

The half wave potential increased with increase of concentrations of secondary ligand i.e., phenacetin to the [Mn-antibiotics]
system showed ternary complex formation. The values of stability constants are given in Table No.1. The polar graphic
characteristics &F;[X Y] values for the [Mn(I1)-penicillin-G-paracetamol] system are given in Table No 2. The quasireversible
waves for Mn(11) and its complexes were confirmed by the slope of current voltage curves and kinetic parameters which are given
in Table No. 3.

3.2. Kinetic parameters of [Mn(l1)-penicillin-G-paracetamol] complexes
The kinetic parameters such as standard rate constant (k), degree of irreversibility (A) and charge transfer coefficient () for the
[Mn(I)-penicillin-G- paracetamol] complexes were given in Table No. 3.
The parameter Z, which is measure of degree of irreversibility, is given by the following equation-
Z = antilog [(nF/2.303)RT(E1/p-E)]+log(iq - )/i

The values of standard rate constant (k) of Zn and its complexes are found to be order of 1073 cm. sec'l, confirmed that the
electrode processes are quasi reversible and the reduction of the electroactive species at the surface of the electrode is not fast.
The charge transfer coefficient (o), which can be regarded as the fraction of the applied potential, either assists or hinders the
process under consideration, also have the expected values[14-16]. The values of a comes about 0.500 confirming the transition
state lies in the mid-point of dropping mercury electrode and mercury solution interface [17].

3.3. Stability constants of the [Mn(ll)-antibiotics-paracetamol] complexes
Stability constants for [Mn(ll)-antibiotics- paracetamol] complexes are given in Table no 1. Stability of the complexes can be
compared by the value of mixing constant (log Km) which is given by the following equation[18]:

log Km = log 311-1/2 [log Bog+logBpo]

The values of log Km for the complexes [Mn(lIl)-neomycin-paracetamol], [Mn(ll)-chlortetracycline-paracetamol], [Mn(ll)-
oxytetracycline-paracetamol], [Mn(l1)-penicillin-V-paracetamol] and [Mn(l1)-penicillin-G-paracetamol] are +0.145, +3.55, 0,00,
+0.010, +0.070 and + 0.130 respectively. Ternary complexes with negative values of log Km are less stable than their parent
binary complexes and those with positive log Km are more stable than their parent binary complexes. In our case the values of
Km are found to be positive, thus it is clear that the ternary complexes are mor stable than their parent binary complexes. The
value of stability constants (from Table No. 1) of neomycin complexes showed that this antibiotic formed the complexes of
lowest stability amongst all the selected primary ligands because there is steric hindrance between metal and various groups
present in the neomycin. In the complexes of chlortetracycline, oxytetracycline and tetracycline, bonding takes place with metal
ion through the oxygen of amide group and the oxygen of carbon atom[19]. All tetracyclines have the same structures but they
differ only in the group R; and R,. The chlortetracycline complexes are less stable than oxytetracycline complexes which can be
explained on the basis of the presence of electronegative chlorine atom at R; in chlortetracycline while oxygen atom in OH group
of R, in oxytetracycline. Due to higher electronegativity of chlorine, it attracts electrons very rapidly from groups present in the
chlortetracycline while oxygen does not attract electron as rapidly as chlorine[20], and so in case of chlortetracycline there is
higher electronic disturbance than in oxytetracycline causes the less stability of chlortetracycline complexes than oxytetracycline
complexes. The pK values of these drugs are also support this order of stability [21-23].

Since there is no such electronegative atoms are present in case of tetracycline, results no electronic disturbance in tetracycline
and so it forms highly stable complexes amongst all the selected tetracyclines.In case of penicillin-V and penicillin-G, oxygen
atom of carboxylic group and ring nitrogen may take part in formation of complex with Zn[24]. High stability of penicillin-G
complexes than penicillin-V is supported by basic strength of these drugs. In case of penicillin-G the value of log K is 4.77 while
in case of penicillin-V it is found[24] 3.98.As a result of lesser steric hindrance in penicillin complexes than other antibiotics,
penicillin complexes are highly stable than other. Therefore, the trend of stability of the complexes is neomycin <
chlortetracycline < oxytetracycline < tetracycline< penicillin-V < penicillin-G. The stability constants of the complexes of Mn
with antibiotics are of great importance in pharmaceutical sciences. The values of stability constants obtained are not high, so Mn
toxicity in-vivo can be reduced by using these drugs[25].
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Table No. 01: Stability constants of [Mn-antibiotic-paracetamol]complexes (Ref. 15)

Ligands LogPo; | LogPo, | LogPy | LogBy | LogPsy | Logp | LogB, | LogPx
Paracetamol 1.87 2.90 - - - - -
Neomycin - - 3.40 6.31 8.90 4.35 7.65 9.98
Chlortetracycline - - 4.00 - 9.13 5.00 7.80 10.02
Oxytetracycline - - 4.31 7.50 9.32 5.20 - 10.25
Tetracycline - - 4.50 7.80 9.60 5.36 8.00 10.38
Penicillin-V - - 4.60 7.96 9.97 5.50 8.32 10.45
Penicillin-G - - 4.70 8.00 10.00 5.58 - 10.62

Table No. 02: The polarographic characteristics & Fij [X Y] values for the [Mn(l1)-tetracycline-paracetamol] system

Paracetamol = 0.025 M (Fixed)

Paracetamol = 0.050 M (Fixed)

Tetra | (EL/2) | AEy, | logly | FoolXy | FuolX, | FaolX, | FaolX, | (EL/ | AEy; | logly | FoolX)y | FiolX, | FaolX, | FaolX
cycli ' \% N ] vl y] y] 2" |V Ne ] yl yl Y]
ne -V X10% | X10° | X10° | X -V X10% | X10° | X10° | X
X Vs 10%° VS 10%°
10°M | SCE SCE
0.00 | 1.400 - - - - - - 1.40 - - - - - -
0 00
050 | 1.469 | 0.06 | 0.00 | 2.1915 | 4.316 | 6.647 | 3.981 | 1.47 | 0.07 | 0.00 | 4.6872 | 9.240 | 12.64 | 3.981
1 91 74 2 9 0 89 89 74 7 4 0
1.00 | 1.485 | 0.08 | 0.01 | 7.6935 | 7.660 | 6.667 | 3.900 | 1.49 | 0.09 | 0.09 | 15.649 | 15.58 | 12.66 | 3.975
2 52 49 1 9 7 44 44 44 9 30 4 0
2.00 | 1.502 | 0.10 | 0.02 | 28.847 | 14.40 | 6.707 | 3970 | 1.51 | 0.11 | 0.02 | 56.722 | 28.32 | 12.70 | 3.990
2 22 26 4 70 4 0 09 09 26 7 79 4 5
300 | 1512 | 0.11 | 0.03 | 63.736 | 21.23 | 6.747 | 3981 | 1.52 | 0.12 | 0.03 | 123.52 | 41.15 | 12.74 | 3.981
4 24 04 6 44 4 0 09 09 04 14 15 4 0
400 | 1519 | 0,11 | 0.03 | 11259 | 28.14 | 6.787 | 3.920 | 1.52 | 0.12 | 0.04 | 216.29 | 54.05 | 12.78 | 3.965
7 97 84 74 10 2 0 81 81 65 69 75 4 0
500 | 1.525 | 0.12 | 0.04 | 175.68 | 35.12 | 6.827 | 3.990 | 1.53 | 0.13 | 0.04 | 33525 | 67.03 | 12.82 | 3.980
4 54 65 19 97 5 0 37 37 65 84 83 4 0
6.00 | 1.530 | 0.13 | 0.05 | 253.16 | 42.18 | 6.866 | 3.970 | 1.53 | 0.13 | 0.05 | 480.67 | 80.10 | 12.86 | 3.941
1 01 48 98 94 2 0 83 83 48 35 11 3 0
8.00 | 1.537 | 0,13 | 0.06 | 452.54 | 56.56 | 6.946 | 3.950 | 1.54 | 0.14 | 0.06 | 851.54 | 106.4 | 12.94 | 3.971
4 75 32 06 34 4 0 56 56 32 45 64 3 0
10.00 | 1.543 | 0.14 | 0.07 | 71256 | 71.25 | 7.026 | 3.981 | 1.55 | 0.15 | 0.08 | 1331.5 | 133.1 | 13.02 | 3.980
4 34 18 54 32 1 0 24 14 06 49 48 3 0
20.00 | 1.562 | 0.16 | 0.08 | 2988.6 | 149.4 | 7.422 | 3.940 | 156 | 0.16 | 0.08 | 5426.4 | 271.3 | 13.42 | 3.965
8 18 06 77 32 0 0 94 94 96 32 18 0 0
30.00 | 1572 | 0.17 | 0.08 | 7072.2 | 235.7 | 7.425 [ 3.990 | 1.58 | 0.18 | 0.09 | 12527. | 417.5 | 13.82 | 3.991
8 28 96 99 42 0 0 01 01 87 68 87 2 0

Table No. 03: Kinetic parameters such as standard rate constant (k), degree of irreversibility (1) and charge transfer
coefficient (o) for the [Mn(II)-tetracycline -paracetamol] complexes
Mn(I1) = 0.5 mM; p = 1.0 m NaClO,pH =7.30 = 0.01; Temp. = 25°C

Paracetamol = 0.025 M (Fixed)

Paracetamol = 0.050 M (Fixed)

Tetracy | (E1/2)* | Slop | « A D¥x10? | kx10® | (E1/2) | Slop a A | DY | kx107
cline -V e sec™ | cm%ec? | cm ar e sec” cm
x10°M | VsSSCE | mV sec™ -V mvV Y2 | cmPsec | sect
Vs t
SCE
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0.00 -1.420 40.00 | 0.487 | 1.86 4.05 7.53 -1.420 | 40.00 | 0.487 | 1.86 4.05 7.53
0.50 -1.493 40.00 | 0.460 | 1.76 3.98 7.00 -1.501 | 42.50 | 0.460 | 1.76 3.98 7.00
1.00 -1.509 4250 | 0460 | 1.76 3,91 6.88 -1.517 | 45.00 | 0.400 | 2.22 3.91 8.68
2.00 -1.521 4250 | 0460 | 1.76 3.84 6.75 -1.530 | 40.00 | 0.460 | 1.86 3.84 7.14
3.00 -1.540 45.00 | 0485 | 1.76 3.77 6.63 -1.546 | 42.50 | 0.460 | 1.76 3.77 6.63
4.00 -1.541 40.00 | 0.460 | 1.86 3.70 6.88 -1.555 | 45.00 | 0.485 | 1.66 3.63 6.02
5.00 -1.553 45.00 | 0.460 | 1.86 3.63 6.75 -1.561 | 42.50 | 0.509 | 1.48 3.63 5.37
6.00 -1.556 4250 | 0.460 | 1.86 3.56 6.62 -1.563 | 45.00 | 0.509 | 1.40 3.56 4.98
8.00 -1.566 45.00 | 0.460 | 1.66 3.50 5.81 -1.573 | 45.00 | 0.509 | 1.66 3.50 5.81
10.00 -1.567 37.50 | 0.509 | 1.57 3.43 5.38 -1.575 | 40.00 | 0.485 | 1.57 3.36 5.27
20.00 -1.585 40.00 | 0.509 | 1.48 3.36 4.97 -1.593 | 40.00 | 0.485 | 1.48 3.29 4.86
30.00 -1.595 40.00 | 0.509 | 1.48 3.29 4.86 -1.604 | 37.50 | 0.485 | 1.57 3.22 5.05
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