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Abstract

The antibiotic enrofloxacin is vitiated in an alkaline medium with diperiodatocuprate (III), and the reaction is monitored
using an Ultra Violet Spectrophotometer at a wavelength of 415 nm with constant ionic strength and dielectric constant.
At room temperature, varying the oxidant concentration while keeping all other variables constant results in pseudo first
order kinetics. The sequence of the reaction is determined by altering the concentration of the antibiotic enrofloxacin at
four different temperatures and the results are used to compute thermodynamic and activation values. Activation parameter,
entropy increases on achieving the transition state and followed dissociative mechanism. Feasible reaction mechanism is
proposed based on the probable products of oxidation and the active species of reactants.

Introduction

Enrofloxacin is the medicine used in bacterial infection
for the veterinary purpose [1]. It is a broad-spectrum
antibiotic that comes under the fluoroquinolones group
[1-2] whereas the effect of this drug on viral infections and
fungal infections or other parasites is nil. This drug destroys
the bacterial cell by stopping the DNA synthesis process in
the cell of bacteria. The infections of the skin, urinary tract,
respiratory system, and the infections of wounds are treated
by this drug. IUPAC name of this drug is 1-Cyclopropyl-
6-fluoro-7-(4-ethyl-1piperazinyl)-1, 4-dihydro-4-oxo-3-
quinoline carboxylic acid [1-4].

The purpose of selecting this drug s to study the behavior
of Enrofloxacin with Diperiodato cuprate(Ill) a mild oxidizing
agent, which was not available in the literature. Very few
oxidation reactions have been carried out on this drug. This
research aims to shed more insight on Diperiodato cuprate
(IIT) oxidation behavior on Enrofloxacin and to propose a
possible redox mechanism.
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Figure 1: Molecular structure of Enrofloxacin.
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Diperiodato cuprate (III) is widely used to oxidise a
variety of organic molecules, including medicinal products,
and has a significant impact in the kinetics of a variety of
carbon compounds and physiologically active chemicals [3].

Generally, this is effective oxidizing agent in alkaline
medium. It is competent one electron oxidant for several
aromatic compounds in basic medium. In aqueous medium
the dipriodato cuprate (III) results in to restricted solubility
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and stability [3]. The applications of this oxidant is listed in
the estimation of amino acids more over the reaction with
alcohols leads to copper (II) complexes which catalyze
the amino acid reactions. The complexes of periodate are
trivalent and are extensively used in the degradation kinetics
of the biologically active compounds [3].

Experimental

Chemicals

The chemicals employed in the experiment are of the
reagent grade, and solution preparation is done using double
distilled water throughout. Diperiodato cuprate (III), the
oxidant utilized in the reaction, is produced and standardized
according to the literature [2]. The progress of the reaction is
monitored using a UV visible absorption spectrophotometer
set to 415 nm. The drug stock solution is prepared in
the double distilled water in alkaline medium by taking
appropriate amount of Enrofloxacin. Sodium hydroxide
solution of 1.0 x 10 M is prepared and standardized.

Instruments Used in the Experiment

A CARY 50 Bio UV-Vis Spectrophotometer (Varian BV,
The Netherlands) with a temperature regulation unit is used
to measure the kinetics. An Elico pH metre type LI 120 is
used to monitor pH levels.

Kinetic Measurements

The pseudo first order kinetics is used to conduct all
experimental kinetic measurements.

To preserve pseudo first order kinetics, the medication
concentration is kept ten times higher than the oxidant
diperiodato cuprate concentration (III). The constant
temperature and constant ionic strength is maintained
throughout the experimental process. The reaction is started
by mixing thermally stabilised diperiodatocuprate (III) with
adequate concentrations of enrofloxacin medicine in an
alkaline medium. The spectrophotometric absorption of light
at420 nm wavelength is used to track the reaction’s progress.
Figure 4.1 depicts the spectrum shifts that occur during the
reaction.. Diperiodatocuprate (III) has a computed value of
6253 +50 dm™ mol* cmas a function of time. Up until 80%
of the reaction is completed, kinetic data are taken.

Thek ,_are noted and rate constantk is calculated for the
different readings, from the graph log absorption vs. time is
drawn and k calculated is linear which indicates the reaction
in relation to diperiodatocuprate (III) is pseudo first order
reaction. The numerical quantities which are calculated for
k were reproducible in the range of + 2 percent error.

Mathad SN, et al. Degradation and Kinetics Study of Enrofloxacin using Diperiodato Cuprate (III) in

Alkaline Medium. Nanomed Nanotechnol 2022, 7(3): 000223.

Stoichiometry and Product Analysis

Varied sets of molar concentrations of reactants in
appropriate alkaline condition and ionic strength kept in
the beaker for 24 hours in the room temperature in closed
container, next day the kinetic readings are calculated and
the stoichiometry of the reaction is found that is 1:1, for one
mole of drug one mole of oxidant is required to degrade it
completely. The stoichiometry of the reaction is explained
in the following equation. The primary product created
in the breakdown reaction of enrofloxacin is 7- amino-1-
cyclopropyl-6-fluoro-4oxo-quinolone-3-carboxylic acid,
which is the consequence of dealkalisation of the piperazine
moiety, which leads to ring opening of piperazine, and
ammonia and aldehyde as end products.

O O
Homl: + Cu(Ill) + OH- — Oxidized products
N NN u(IID)

A N

Results

By adjusting the concentrations of enrofloxacin, alkali,
and periodate while leaving all other conditions constant,
the order of reactions was estimated using the slopes derived
from log kobs Vs log (concentration) plots.

Oxidant Dependency

Oxidant diperiodatocuprate (III) in the reaction is
varied from 1.4 x 1 0 to 1.3 x 10*. In other static conditions,
the findings of this study and calculations show that the
reaction follows a pseudo-first-order reaction with respect
to the oxidant at a constant temperature. The linear graph is
observed for the determined values.

Dependency on Enrofloxacin Concentration

According to scientific analysis and current literature,
the rate of reaction increases as the drug concentration in
the reaction mixture increases, indicating that the reaction
is enrofloxacin-concentration dependent. The rate constant,
k, of the reaction increases as the amount of the antibiotic

enrofloxacin is increased between 1x10* to 1.4x10 mol dm"
3

This demonstrates the reaction’s drug reliance. The
graph of logk observed versus log [enrofloxacin] is plotted
and the value of the slope calculated is less than one which
determines the reaction is less than unit order dependent on
the antibiotic drug enrofloxacin concentration.
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Effect of Periodate and Alkali Concentration

By increasing the periodate quantity from 1.0x10
* to 1.0x102 mol dm? while retaining all other reactant
proportions constant, the impact of periodate concentration
was evaluated.

It was concluded that adding periodate hinders the
reaction rate (Table 1). In terms of periodate intensity,

the order is less than unity. An elevated level of alkali in
the reaction mixture was probed, and it was encountered
experimentally that an increase in alkali concentration is
directly proportional to the rate of reaction, resulting in an
increase in the value of k as the concentration of NaOH in the
reaction mixture is increased. The order of [OH] was shown
to be less than unity.
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Figure 2: Spectroscopic changes occurring in the degradation of Enrofloxacin by diperiodato cuprate (III) at 25°C([DPC]
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Figure 3: Verification of Beer’s law for diperiodatocuprate (III) concentrations at 420 nm in aqueous alkali at 30°C.
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dm-3 at room temperature.

Figure 4: First order plots for the variation of oxidant concentration [1.4 x10-5 to 1.4x10-4] [ENR] =1.0x10 -3, I= 0.02 mol

Effect of Ionic Strength and Solvent Polarity

By varying the potassium nitrate solution in the range of
0.02 to 0.20 mol dm™ while keeping the molar proportions
of the other reactant molecules like enrofloxacin and DPC
constant, it was discovered that an increase in the molar
concentrations of potassium nitrate had no discernible effect
on the rate of reaction. The effect of relative permittivity (D)
was observed experimentally by varying the concentration
of tertiary butanol and water content in the reaction mixture
while retaining all other reaction conditions constant. A
decrease in the reaction mixture’s dielectric constant had
almost no significant effect on the reaction rate.

Effect of Temperature

The effect of temperature modification on response rate
was investigated by varying the temperature to 25, 30, 35,

and 40 degrees. The temperature effect on enrofloxacin and
alkali was explored by modulating the enrofloxacin and alkali
quantities while keeping all other variables held constant.

It has been established that increasing the concentration
of the reactant significantly enhances the rate of reaction.
The slopes and intercepts of 1/kobs vs 1/[enrofloxacin] and
1/kobs versus 1/[OH] have been used to calculate the slow
step rate constant k1. The graph is designed with four unique
temperatures in consideration.

Discussion

The diperiodatocuprate(ll) a water soluble complex
in alkaline medium at high pH exist in HIO * as present in
the complex. This is documented in several studies, which
reveals that numerous equilibria emerge depending on the
medium pH [3,4].

H,IO, HJO, + H eeee- 2)
H,10¢ HI0¢" + HY e 3)
H,104% H,IO + HY ---e- “)
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Figure 5: Effect of dielectric constant (D) and Ionic strength on the oxidation of enrofloxacin by DPC in aqueous alkaline
medium at 30.

[DPC] x 10°Mol dm [ENR]x10*Mol dm [OH]x10°*Mol dm? [10,]x 10* (mol dm?) K _ x10%s?
1.2 1 1 1 0.15
1.4 1 1 1 0.14

3.31 1 1 1 0.14
4.8 1 1 1 0.14
7.3 1 1 1 0.13
8.7 1 1 1 0.12
10.17 1 1 1 0.12
1.2 1 1 1 0.15
1.2 3 1 1 0.54
1.2 6 1 1 0.64
1.2 8 1 1 0.71
1.2 10 1 1 0.73
1.2 12 1 1 0.74
1.2 14 1 1 0.76
1.2 1 1 1 0.15
1.2 1 2 1 0.24
1.2 1 4 1 0.36
1.2 1 6 1 0.44
1.2 1 8 1 0.52
1.2 1 10 1 0.61
1.2 1 12 1 0.72
1.2 1 1 1 0.15
1.2 1 1 2 0.1
1.2 1 1 4 0.07
1.2 1 1 8 0.05
1.2 1 1 10 0.04

Table 1: Effect of variation of DPC, enrofloxacin, periodate and alkali concentrations on the oxidation of enroflaxacin by DPC at 30°C.
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Figure 6: Effect of temperature on the oxidation of enrofloxacin by diperiodatouprate (III) in aqueous alkaline medium.
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Activation Parameters

PARAMETERS VALUES
E, (k] mol?) 4586+ 1
AH" (k] mol-1) -251+1
AS" (k] mol-1) 933.1+4
AG" (k] mol-1) -287.58+3

Table 2: Activation and thermodynamic parameters of
the oxidation of enrofloxacin by diperiodatouprate(IlI)
in aqueous alkaline medium with respect to slow step of
Scheme.

Temperature(K) K, (dm® mol”) K, (dm?® mol™)
298 0.92 0.22
303 0.95 0.23
308 1.63 0.4
313 2 0.5

Equilibrium Constants K, and K, at Different

Temperatures

Quantities Using K| values Using K, values
AH (K] mol™) -2.6 -2.6
AS (JK'mol?) -0.0147 -4.29
AG (k] mol™) -2.5 -2.5
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Thermodynamic Quantities using K, and K,
Values

Near pH 7 the periodic acid exists as H,10, "and as H.10,
!in the acid medium. Under our experimental conditions,
the main expected species are H,10,* and H,10 *. The earlier
work shows that the soluble copper (I1I) periodate complex
exists as diperiodatocuprate (III), [Cu(H,I0,), (OH),]* in
little high pH.

In an alkaline medium, the diperiodatocuprate(III)
complex and enrofloxacin reaction have the first-order
dependency on [DPC], fractional-order on both [ENR] and
[alkali], and a negative fractional order dependence on
periodate. The simulation and experimental results were
used to propose a plausible mechanism that accommodated
all of the observed ordering in each reactant, such as
[oxidant], [reductant], [OH], and [H,I0*].

The alkali effect on the reaction is explained by the
equilibrium shown below

[Cu(OH), (HsO),]” + OH =l [Cu(OH), (H10g) ( O+ Hy0  --=--- )

The order with respect to [H31062-] (Table 1) suggests
that the equilibrium of Cu(Ill) periodate complex to form
monoperiodatocuprate(Ill) (MPC) as given in Eq (6) is
established. Such types of equilibria (5) and (6) have been
noticed in literature [5].

These equations reveal that monoperiodatocuprate
(II1) is a key player in this reaction. Before the sluggish step,
the reaction starts with the creation of a complex between
oxidant species and enrofloxacin. The fractional order of
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enrofloxacin demonstrates this. The Michaelis-Menten plot,
which depicts an intercept in agreement with complex

formation, confirms this.

o O

k

Cu (OH),(H;104),] + HOmF —3+~  Complex[C] =----- (7)
N N
I
O O
F
G B! 2
Complex[C] —(——> N NH2+ Cu(OH),+H310¢4 "+ CO,+ Other products ------ )
Slow A
Above scheme is used and proposed a following rate law Likewise,

-d|DP
Rate =¥= k [Complex(C)}

_KKK,K, [ENR][OH][Cu[OH], (H,10,), ]
- [H,10,* ]

The total [DPC] can be written as

~[oec],

[H,10," ] +K,K,K,[OH | [ENR] +K,K,[ OH ] +K,[H,I0." |[OH ]
[m10,"] }

The free [DPC] is given by,

[DPC], [Hzlof]

[DPC]r=[H21 0,"] +K KK [OH ] [ENR] +KK,[ OH | +K,[H,10,” JOH ]

Similarly, total [OH"] can be calculated as,

[OH" ],= [OH" ]+ [ Cu(OH), (H,10,)(H,I0,)]"+ [ Cu(OH), (H,10,)] +Complex (C)

K,k,[oH"] [cu(OH), (H,10,),]" +K,[OH ][Cu(OH), (H,I0,), "
[H,I0." ]

= [OH']f +

K,K,K,[OH ][ Cu(OH), (H,IO,), ] [ENR]
! [H,10," ]

We can neglect 2", 3" and 4" terms in the above Equation
due ow concentration of DPC used, Therefore,
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[OH "], = [OH');
[ENR] =[ENR] + Complex (C)

K,K,K,[OH |[ Cu(OH), (H,IO, )2]3' [ENR]

[ENR] = [ENR], + [H o 3_]

Due to low concentration of DPC used, the 2" term in the
above Equation is neglected. Therefore,

[ENR], - [ENR]
In the above equations subscripts T and frefer to total

and free concentrations respectively.

Merging equations (9),(10) and (11) in (8) and neglecting
T and f we get

d[ppC] kK, K,K, [ENR][DPC][OH]
dt (H,I0,) +K,(H,I0,)" [OH]+K K,[OH]+K K,K, [ENR][OH]

Rate=

The verification and confirmation of the observed order
has been done by rearranging the above equation as

1 (H,10,)" N (H,10,)" L]
kKKK, [ENR][OH] KK,K,[ENR] kK, [ENR]

1
+_
k k

obs

The reaction mixture is kept for 24 hours to undergo
complete degradation under constant temperature and
pressure. The basic medium is maintained throughout the
experiment, the Cu*® ion oxidizes the enrofloxacin so as to
form products, here intermolecular electron transfer takes
place, and oxidation may take place at the piperazine ring
[6-7]. N dealkylation, hydroxylation, and hydrolysis bring
the structural change in the piperazine ring [2,8-12]. The
flouroquinolone may remain structurally intact during
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the reaction [1,12-14] the aromatic amine group can be
oxidized to enamine [1,12-16]. Formation of phenol and 7-
amino-1-cyclopropyl-6- fluoro-4oxo-quinolone-3- carboxylic
acid are noticed. 7- amino-1-cyclopropyl-6-fluoro-4oxo-
quinolone-3- carboxylic acid is the major product formed
in the degradation and ammonia and aldehydes and other
products are the byproducts [1,13-17]. Fluoroquinolone
moiety remains intact in the structure which retains the
antibacterial activity of the drug even after oxidation and the
changes observed in the structure significantly improve the
fluoroquinolone antibacterial activity [17-21]. The positive
value of entropy of activation indicates that the activation
complex is loosely formed and about to dissociate. In this
case entropy increases on achieving the transition state and
follows a dissociative mechanism. Low enthalpy of activation
indicates that the reaction is fairly fast.

Conclusion

The drug enrofloxacin oxidizes easily in the alkyl
medium and the fluoroquinolone moiety remains intact
in the structure which retains the antibacterial activity of
the drug even after oxidation. As per the interpretation of
the fluoroquinolones -DNA model the cooperative binding
of DNA gyrase, quinolone moiety containing carboxyl and
keto groups show very important features in retaining
antibacterial activity. The changes observed in the structure
significantly improve the fluoroquinolone antibacterial
activity. The other products formed in the reaction are not
harmful to the domestic activities and higher molecules were
degraded in to lower masses. And further according to the
mechanism observed and the reactivity of the molecules
this technique can be utilized for the purification of water
resources and also can be applied to treat the industrial
waste effluents.
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