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Abstract

N-acetyl-para-aminophenol (APAP) or paracetamol—copper based complex with [Cu(APAP) 2(OH)2.H20]
formula and noted Cu-APAP has been synthesized and characterized on the basis of elemental analysis,
conductivity, IR and thermal (TG/DTG), NMR and electronic spectral studies. The value of molar
conductance of the complex indicates a non-electrolyte nature. The antimicrobial activity of the complex
was evaluated against several pathogenic microorganisms to assess its potential. The copper complex
was found to be more active against Gram-positive than Gram-negative bacteria. The pharmacological
and toxicological ability of the complex were equally explored. The results are compared to those
obtained with the unbound drug molecule. The metal complex has been tested for antioxidant and

catalase-like activity in order to assess its catalytic properties. The results are encouraging.

Keywords: N-acetyl-para-aminophenol

microbiology.
Introduction

The study on complexation of drug molecules
with various metal ions is an important field
of research in the chemical, biochemical,
medicinal and pharmacological point of views
[1]. Our body possesses a large number of
metal ions for operating normal physiological
activities and we also intake a number of
metals as drug, dietary factor, drinks and we
also come in close contact with different
drugs. It’s also well established that many
pathological situations involve deregulation
in the metabolism of metals: therapeutic
responses are then necessary and although
most drugs or compounds used in medicine
are purely organic.

The challenge is to enhance the properties of
these drugs by complexing them and to study
their interaction with the trace elements
present in the human organism. In fact, the
complexation offers the metal ion a multitude
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of coordination possibilities and a wide range
of geometries.

As a result, the metal complexes, due to their
thermodynamic and kinetic properties, and
in some cases their redox activities, offer
novel mechanisms of action that organic
compounds do not exhibit themselves so it’s
very important to control all these properties
to obtain the desired therapeutic effect when
a drug or a metal complex is introduced into
the body or the cell [2-4]. The interest of this
study is to examine the modifications that
the metal can make to the properties of an
organic molecule when the latter is
coordinated to it.

Copper complexes have attracted great deal
of attention due to their therapeutic
applications as antimicrobial and antioxidant
so; we have been interested in the study of
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the complexation of this metal by some drug
molecules such as N-acetyl-para-
aminophenol (APAP) or paracetamol. Some
works report similar study [5-9] but no study
relating to its biological capacities was
carried out. Copper is an element redox
which is essential to the human organism
exceptionally for the correct function of the
brain. It is an essential element of the
cytochrome c oxidase and certain enzymes in
which it is associated with other elements as
it is the case in the superoxyde dismutase
(SOD, Cu/Zn)). Moreover, copper 1s a cofactor
necessary for many specific enzymes as those
which order homeostasis.

Experimental
Materials and Methods

All chemicals used were analytical reagent
grade products without further purification.
Copper (II), was used as chlorure salt and
were purchased from Fluka. Paracetamol
CsHoNO: was provided from Algerian
Pharmaceutical Industrial Group (SAIDAL).

Synthesis of the Complex (Cu-APAP)

The complex was prepared by mixing twice
amount of paracetamol 18 mmol (2.722 g)
and 9 mmol (2.180 g) of CuCl:6H20 in
MeOH/H:20 (50/50, w/w) solvent. The reaction
medium pH is adjusted to pH = 9, using a
concentrated ammonia solution. The mixture
was then refluxed under backward flow at
temperature maintained lower 60°C for 6 h
and left to stand overnight. The precipitated
complex was filtered, washed with distilled
water followed by water- ethanol mixture
(50:50v  proportion). The complex thus
prepared, was dried with the drying oven
during a few days at 60°C.

Spectral and Physical Measurements

Elemental analyses (C, H, N and M) were
performed at the Central Service of Analysis,
CNRS (Solaize-Lyon, France). Infrared
spectra (4000-400 cm!) were recorded as KBr
pellets on FTIR Nicolet Avatar 330
spectrophotometer. UV-vis absorption
spectra were obtained in solid state or in
DMSO solution from UV-Jasco V-650
spectrophotometer and recorded in 190-900
nm range.

IH and 23C NMR measurements were
recorded with a RMN Bruker AM 300
spectrometer. Chemical shifts are expressed
in ppm downfield from TMS.
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Thermo gravimetric measurements (room
temperature-600 °C) were recorded on a TA
instrumentQ500 thermo gravimetric
analyzer at a heating rate of 10 °C/min.

Theoretical Calculations

Theoretical calculations for the paracetamol
and its Cu (II) complex were performed to
optimize the geometry and to obtain the
spectral features wusing Jaguar program
included in the Schrodinger package for
Linux platform, with the aid of Maestro GUI
Schrodinger [10]. 3D molecular modeling of
the ligand and the complex was carried out
using density functional theory (DFT) at the
B3LYP level for the ligand and UB3LYP for
the Cu(l) complex, using Lacvp** as basis
set [11].

Antimicrobial Activity (in vitro)

The antimicrobial activity of ligand and
complex were tested against standard strains
of Gram-negative bacteria (Escherichia coli
ATCC 25922, Pseudomonas aeruginosa
ATCC 27853) and Gram-positive bacteria
(Staphylococcus  aureus ATCC 25923,
Bacillus subtilis ATCC 6633, Micrococcus
luteus CIP 53-160) and one yeast (Candida
albicans ATCC 10231) using the agar-disc
diffusion method.

Mueller-Hinton agar (MHA) [12] and
Sabouraud dextrose agar (SDA) were used to
test the sensitivity of the bacteria and the
yeast. The MHA and SDA were distributed
into sterile Petri dishes. The bacteria were
incubated in nutrient agar Mueller Hinton
(MH) at 37 °C for 24 h. The yeast cultures
were grown on Sabouraud dextrose broth
(SAB) at 28 °C for 48 h [13, 14].

The cultures of the bacteria and yeast were
injected into the Petri dishes (9 cm) in the
amount of 50 uL.. The ligand and the complex
were dissolved at a concentration of 1.25
mg/mL in DMSO. The diameters of inhibition
zones were measured in millimeters (mm). To
ensure that the solvent had no effect on
bacterial growth, a control test was
performed with a test medium supplemented
with ethanol and copper chloride salt
following the same procedures as used in the
experiments. Ampicilline and Amoxicilline
were used as a standard reference in the case
of bacteria while, Amphotericine B was used
as a standard antifungal.
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Toxicity Study
Experimental Animals

Mice of NMRI strain (17-22 g) of both male
and female sex in-house bred at the Animal
House of Institute Pasteur, Algiers, Algeria
were used in this experiment.

Mice were housed in polypropylene cages
lined (Length 55 cm, width 33 cm, height 19
cm) with husk in standard environmental
conditions (temperature 22 + 3°C, relative
humidity 30-70 and 12:12 light: dark cycle).
The animals are acclimatized to the
conditions of the animalery of the laboratory
of quality control of the IPA during about
fifteen days before the experimentation. They
were fed standard pellet diet (mice feed
provided by ONAB Algiers, Algeria) ad
libitum and access to water. Oral acute
toxicity of complex was performed according
to OECD guidelines [15] and respecting
national rules on animal care.

Acute and Subacute Toxicity Study

The mice were fasted overnight and the
weight of each mouse was recorded just
before use. Animals were divided into two
groups. Group A was kept as control and
Group B received metal complex, control
group received only water. The animals were
observed for gross behavioral, neurologic,
autonomic and toxic effect of time for 24 h
and then daily for 14 days. The acute toxicity
1s expressed as an LD50 wvalue. The
toxicological effect was assessed on the basis
of mortality.

Anti-inflammatory Assay

Carrageenan induced paw oedema model was
used to determine the anti-inflammatory
activity of the complex by the method of
Winter and al. [16] Paw edema was induced
by injecting 0.1 mL of 2% of Carrageenan in
physiological saline solution into the sub
plantar tissues of the left hind paw of each
mouse [17]. Twenty Albino Swiss mice were
allowed to fast for 18 hours and divided into
four groups of five animals each. First batch
(negative control) was treated with 0.5 mL of
normal saline solution.

Second batch (positive control) received
orally, 50 mg/Kg-body weight of diclofenac.
Third and fourth batch received orally,
copper complex (200.1 and 400.2 mg/Kg-body
weight), respectively. The animals were
sacrificed 4 hours after Carrageenan
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injection by ether inhalation. The hind legs
are removed and weighed. Inhibitory activity
was calculated using the following formula:

Percentage inhibition = 100 x [1- (L — R) / (Lc
—Ro)]]

R: main of weight of right hind paw of mice
treated with standard or studied compound

L: main of weight of left hind paw of mice
treated with standard or studied compound

Rc: main of weight of right hind paw of mice
of batch treated with physiological saline
solution

Lc: main of weight of left hind paw of mice
batch treated with physiological saline
solution

Antioxidant Assay

The free radical scavenging effects of APAP
and Cu-APAP complex with DPPH radical
were evaluated with various concentrations
(1, 2.5, 5, 10, 25, 50, 100, 150, 200, 250, 500,
and 1000 ug/mL). The sample of the test
compound (3 mL) was mixed with 1 mL of
methanolic  solution containing DPPH
radicals. The mixture was shaken vigorously
and left in the dark. After 30 min incubation
period at room temperature, the reduction of
the DPPH radical was measured by
monitoring continuously the decrease of
absorption at 517 nm. DPPH scavenging
effect was calculated as percentage of DPPH
discoloration using the equation: %
Scavenging effect = [(Ao — A)]/Ao] x 100,
where A is the absorbance of the solution
when the tested compound has been added
and Ao is the absorbance of the DPPH
solution [18]. Results are compared to those
obtained when ascorbic acid (vitamin C) is
used as a standard.

Catalase-like Activity

The study of the catalase-like activity
(disproportionation reaction of H2O2 into H20
and O2) was carried out by volumetric
determination of the oxygen evolved with a
gas-measuring burette (with a precision of
0.1 mL). All reactions were carried out in a
250 cm? reactor containing a stirring bar
under air. Distilled water (20 cm3) was added
to the complex and the flask was closed with
a rubber septum. Hydrogen peroxide (2 mL
at 83.3 N) was injected through the septum
with a syringe at pH 5-6. The reactor was
connected to a graduated burette filled with
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water, and dioxygen evolution was measured
volumetrically.

Statistical Analysis

Within studied groups, comparisons were
performed. Student's test was used to assess
the significance of differences seen between

Characterization

The distorted square planar complex [Cu @D
(APAP) 2(OH) 2].H:O was carefully
characterized by elemental analyses.
C16H22CuN207 (F.W., calc. 417.99; found 416),
yield: 70.86%. Anal. Calcd.: C, 48.00; N, 7.00;
H, 4.40; Cu, 15.91%. Found: C, 49.01; N, 7.55;

groups of animals. The results were H, 4.12; Cu, 15.98%.
considered significant at p < 0.05.
FTIR Study
Results and Discussion
The IR spectral data (Table 1) suggested that
Characterization and Theoretical APAP  (paracetamol) behaves as a
Calculations monodentate coordinated ligand to the metal
ions via the phenolic oxygen.
Table 1: IR data
Peak (cm) v(OH) v(NH) v(CHs) 6(NH) v(C=0) v(C=C-H) v(C-N) 6(CHs)
1561
1281 13764sym
APAP 3200-3100 | 3326 | 2800-2700 1666 1513
1244 1328 sym
1444
1560 1370 asym
3930 1279
Complex . 3327 | 2800-2700 1656 1510 1320 sym
intermol. 1241
1440
NMR Study investigation; this study is illustrated by

APAP (paracetamol) was identified within
the complex par NMR (H and 13C)

Table 2 : 1ZH NMR data

Tables 2 and 3.

APAP structure

APAP in CD;0D/5 (ppm)

IETH Ll
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.r'a-"" .
SR | \jl —dH—l—CH,
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e al E
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Complex in CD30D/6 (ppm)
9.66 (1H) A 9.95 (1 H)
9.14 (1H) B 9.22 (1 H)
7.35 (2 H) C 7.37 (2 H)
6.69 (2 H) D 6.72 (2 H)
1.99 (3 H) E 1.98 (3 H)

Table 3 : 3C NMR data

APAP structure APAP in DMSO/6 (ppm) Complex in DMSO/6 (ppm

— ) 1 171.38 1 167.44

wa—2 | M‘.";a_'u'_l_l_n 2 155.39 2 153.15
WA

F—d 3 131.69 3 130.99

4 123.38 4 120.91

5 116.20 5 114.97

6 23.51 6 23.61

Spectroscopic Study

The electronic spectrum of Cu-APAP complex
displays three bands. The former was sharp
at 45454 cm! while the second as a shoulder
centered at 33333 cm'. The two bands are
assigned, respectively to m—mn* of phenolic
group and n—m* transitions of carbonyl
group. The last band is broad and centered
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around 20000 cm'. It corresponds to the
overlapping of 2Bz — 2E15 and 2B2g — 2A1, d-d
transitions of Cu (II) ion in a square planar
geometry with a CuO4 environment [19-24].

Thermal Analysis

The TG curve indicates a significant stability
of the complex up to T= 120 °C.
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Above this temperature, the complex starts
to decompose and the thermo gram presents
three main distinct stages which are
maximized at 210, 300, and 400 °C on the
DTG curve. According to the hypothesis that

the final residue is CuO, the recorded total
loss would be appropriate for the computed
value based on the suggested structural

formulation of the complex [Cu (CsHy
NO32)2(OH) 2].H20 (417.99 g/mmol) (Fig.1).

a_ o @ ]
PR S f"‘*f p e A

Fig. 1: structural formulation of the complex

Theoretical Calculations parameters related to the atoms involved in
the coordination shows that the geometry of
the complex suggests a non-regular square

planar structure.

We give below geometric parameters around
metal in the optimized complex (Fig. 2). The

analysis of the optimized geometric
Bl
\ 1 2 ) Spn—
138 Gw _

B

< - ""1/ -

- 4 a Bi,“ -

233 > ‘ . 1> 3 -
- -

Fig. 2: Optimized geometric parameters of o(a) APAP optimized at DFT/BSLYP/ and (b) Cu-APAP complex optimized
by DFT/U B3LYP/ Lacvp** basis. Distance (A), bond angles are displayed in green.

Biological Activity The results of the bacterial screening of
paracetamol and Cu-APAP complex are
recorded in Fig. 3. No growth inhibition was
observed for ethanol and copper chloride salt.

Antibacterial and Antifungal Activity (in
vitro)

=
E
St 30
o
- 20 *
= o =
g 10 = | )
= o - v — — .
= . — =
= > o~ = sy
= < > >
c— v\} <¢~°¢ & \’s =
= S5 S = 4 S° y"'e & = APAP
= > £ < > a3
—_— F < &5 o & e = Cu-APAP
> S OL <>
S5 & =
< = <
Target

Fig. 3: Antibacterial activity of APAP and Cu-APAP complex
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European harmonization [25] of antibacterial
tests 1mposed standards to define the
resistance and activity of an antibacterial

Antibiotic

Ampicilline (10 pg)
Amoxicilline (25 pg)

The comparison of the results obtained with
Cu-APAP complex with those established for
ampicilline and amoxicilline highlights the
sensitivity  of  this  compound  with
Pseudomonas aeruginosa and  Bacillus
subtilis. The results show that the metal
complex is more toxic than its parent ligand
against the same microorganism and under
identical experimental conditions. This
suggests that chelating could facilitate the
crossing of a cell membrane by the complex.
By the fact, the mode of action may be due to
various parameters like: higher activity of
the metal complex attributable to change in
properties of the metal ion after complexation
[26, 27].

According to Overtone's concept [28]
concerning cellular permeability, the lipid
membrane which surrounds the cell promotes
passage of only liposoluble materials, thus
lipophilicity is an important factor controlling
antifungal activity. In addition, based on
Tweedy's chelation theory [29], the polarity of
the metal ion will be reduced because of
partial positive charge sharing of the metal
with donor groups present in the ligand.
Thus, chelation improves penetration of
complexes into lipid membranes. It is
important to note that this result is in perfect
agreement with the theoretical DFT study
which revealed the relative high reactivity of
the complex. Paracetamol and cupric complex
seem inactive towards Candida albicans with
an inhibition zone of 10 mm much lower than
that obtained with Amphotericin B (29 mm),
a currently antifungal medication.

Acute Toxicity

For treated groups, the present study shows
that a single administration of Cu-APAP
complex via the oral route up to a dose of
1140.7 mg/Kg (minimum tolerated dose
(MTD)) did not produce any mortality or alter
behavioral patterns in the mice as compared
to the control group.
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> 21 sensitive
> 23 sensitive

agent and sets up standards for commonly
used antibiotics.

Inhibition zone (mm)

< 16 resistant
< 16 resistant

Also, no gross pathological changes were
seen. The measured LD 50 value of APAP
was estimated to be greater than 338 mg/Kg
[30] so, the administered doses used ranged
from 66.66 to 8662.18 mg/Kg.

The found LD50 is 3172.57 mg/Kg. It’s
obtained by the following formula:

DL50 =DL100 - ) (a.b) / n. [31]

The comparison of this value with that of
APAP (322 mg /Kg) shows formally that the
complex is less toxic than the APAP itself
with a much higher tolerance to the synthetic
product.

Subacute Toxicity

Increasing doses (66.66- 8662.18 mg/Kg) of
diluted Cu-APAP complex in 97° alcohol were
orally administered to 10 batches of mice
each consisting of 5 females and 5 males. The
animals were observed for 14 days. On the
other hand, it’s well known that the diagram
showing the variation in the weight of a
laboratory animal with time is a direct
means of evaluating the toxicity of the
compounds administered to the animals.
Examination of the different curves (Fig. 4)
allows us to make the following observations:

e A constant increase in the weight of the
mice 1n the first seven batches. This
increase 1s similar to that of the control
batch.

e For lots 8 and 9, a slight decrease in weight
is recorded from the first day.

e For lot 10, 100% of the mortality occurs
within  twenty-four  hours of the
administration.

As a result, we find that batches treated with
doses lesser than 50% of determined lethal
dose do not affect the weight evolution of the
mice. Therefore, the results obtained suggest
that Cu-APAP complex is fairly non-toxic
(Table 4).
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Fig.4: Variation in the weight of treated mice with Cu-APAP complex

Table 4: Results of Subacute toxicity study

Lot Dose (mg/Kg) Number of dead mice Mortality (%)
Male Female
1 66.66 0 0 0
2 100 0 0 0
3 150 0 0 0
4 225 0 0 0
5 338 0 0 0
6 760.5 0 0 0
7 1140.7 0 0 0
8 1711.05 3 4 70
9 2566.57 3 5 80
10 8662.18 5 5 100
Control - 0 0 0

Anti-inflammatory Assay

The injection of Carrageenan induces the
liberation of bradykinin, which later induces
the biosynthesis of prostaglandin and other
autacoids, which are responsible for the
formation of the inflammatory exudates [32-
34]. The study of the acute anti-
inflammatory test showed that Cu-APAP
complex produced a significant (P = 0.028)
reduction at 4 h in Carageenan induced paw
edema when compared to the positive control
group (Diclofenac at 50 mg/Kg-body weight)

(Fig.5). Cu-APAP exhibited 43.64 % and
66.07 % anti-inflammatory  inhibition,
respectively for tested doses, namely 200.1
and 400.2 mg/Kg. These values, where
compared to that obtained with Diclofenac
(55.73% 1inhibition), show clearly that Cu-
APAP, when administered at relatively high
doses but lower than the minimum tolerated
dose (1171.05 mg/Kg) is more active than the
standard. It seems that the copper-APAP
binding gave an anti-inflammatory effect to
the drug molecule, which thus changes the
therapeutic class.

0.2500 « WHLP. (g)
+ WHRP,
0.2000 @
0.1500
0.1000
0.0000 |
.2 % 8. 6 QN wT s 8 $14 2 35 4 6 8]% 2 3 ¢ & ¢
Control(-)y:saline Controi(+): Diclofenac| CuP (200.1mg/Xg) CuP (400.2 mg/XKg)
solution (0.9%) S5moXg

Fig. 5: Anti-inflammatory assay results
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Antioxidant Assay

The antioxidant activity of APAP and its
Cu(l) complex was measured in terms of

= —
R
B i e
- -I~_ ‘— B 7
~—

Complex and free ligand antioxidant activity
on the DPPH radical compared to that of a
standard antioxidant (ascorbic acid) was
evaluated using a UV-vis spectrophotometer
by monitoring reduction of the radical which
1s accompanied by a change in color from
violet (DPPH *) to yellow (DPPH-H).

This reduction capacity 1s determined
through a decreased absorbance induced by
anti-radical substances.

AA% = [(Ao — A)]/Ao] x 100

their  hydrogen donating or radical
scavenging ability using the stable 2,2-
diphenyl-1-picrylhydrazyl radical (DPPH)
(DPPH: C1sH12N506, M =394.33) [35, 36].

DPPH's maximum wavelength of absorption
is located towards 515-518 nm in methanol.
Reduction of the radical by an H donor atom
leds to 2, 2'- diphenylhydrazine.

DPPH: (Violet) + AH — DPPH-H (yellow) +
A.

The decreased absorbance is translates into
an antioxidant activity or inhibition of free
radicals in percentages (AA %) (Figure 6)
using the following formula:

Ao: bsorbance of DPPHe at to.

A: Absorbance of the sample.

Radical scavenging of APAP and Cu-APAP
complex showed less good activities as a
radical. Scavenger compared to that of
ascorbic acid, which was used as a standard.
However, they exhibit appreciable activity
with 80% in percentage from a concentration

hydrogen atom of the phenol hydroxyl group
which is influenced by the conjugate system
resonance, the nitrogen doublet and
inductive effects. The conjugation facilitates
the release of hydrogen as a free radical,
whereas the nitrogen pushes electron density

of 300 pg/mL. A postulated mechanism for toward the free radical, resulting in a
the antioxidant ability of APAP and its relatively stable molecule.
complex depends on the donation of the
100 - = - -
-
- o
> =
= - -
o a
L= e
= a
e = ascorbi acid
- - APAP
- ~ Cu-APAP
S0
L hd L 3 - L S L2 - L S - L 3
O 200 400 SO0 S00 PW0OO0

Concentration (ug/mlL)
Fig. 6: DPPH scavenging activity of ascorbic acid, APAP and Cu-APAP complex
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Catalase-like Activity and Kinetics of
H:0: Decomposition

As the subacute toxicity study shows that the
complex is fairly non-toxic, we considered it
advisable to evaluate its catalase-like activity
at different temperatures and particularly at
37°C, the ordinary temperature of the human
body. The study of the catalase-like activity
(disproportionation reaction of H2O2 into H20
and O2 was carried out by volumetric
determination of the evolved oxygen with a
gas-measuring burette (with a precision of
0.1 mL).

All reactions were conducted in a 250 cm?
reactor containing a stirring bar under air.
Distilled water (20 c¢cm3) was added to the
complex and the flask was closed with a
rubber septum. Hydrogen peroxide (2 mL at
83.3 N) was injected through the septum
with a syringe at pH 5-6. The reactor was

connected to a graduated burette filled with
water, and dioxygen evolution was measured
volumetrically [37]. Figures 7 and 8
illustrate, respectively the effect of the
temperature and the mass of the catalyst on
% of evolved dioxygen during the dismutation
of H20:. These curves show clearly that the
complex decomposes hydrogen peroxide
slowly and the process reaches its paroxysm
around 37° C and in the presence of 20 mg of
Cu-APAP.

The decomposition of H:0: was equally

examined in the presence of imidazole as a
nitrogen heterocyclic base adduct at 37°C.
The results are illustrated in Fig. 9. The
decomposition of H20: is enhanced in the
presence of imidazole (imH). This will be
attributed to its strong m-donating ability
[38].

28E_2

Fig. 7: Effect of the temperature on % of evolved dioxygen during the dismutation of H20: catalyzed by Cu-APAP (m =

5 mg and reaction duration = 120 mn)
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Fig. 8: Effect of the mass of Cu-APAP on % of evolved dioxygen during the dismutation of H20: (T= 37°C and reaction

duration = 120 mn)

<>
=0
= . SR L = B At armvicl sz '
g 40 K - <» . L= B <> § =
28 =0 - — S ARy drvsici iz o la ratios =
- - o~
% ! ” Vetth tmitd sz ole ratio S
= =zo0 { S
- /‘
1L 1 4
v
L= f =
L= =0 2 OO

A =0

Tiewvr e €devmrinmn )

Fig. 9: Effect of addition of imidazole on % of evolved dioxygen during the dismutation of H:0: catalyzed by Cu-APAP

(m =5mg, T = 37°C and reaction duration = 120 mn)
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Two mechanisms could be considered. In the
first one [39], the complex fixes, initially, a
hydrogen peroxide molecule via an oxygen
atom.

Complex + H202 — [Complex-(Hz202)]

While remaining fastened with the complex,
homolytic rupture of the H-O- bound,
releases a proton.

[Complex-(H202)] — [Complex (OOH")] + H*

The second stage consists of the interaction of
a second molecule of H202 with the OOH-
group carried by the metal complex to release
a dioxygen molecule and a water one.

[Complex (OOH)] + H2O2 — Complex + H20
+ Oz + OH-

The hydroxyl ion combines with the proton
released by the first molecule of H202

OH + H* — H20

In the second mechanism, the deprotonation
of the hydrogen peroxide molecule can occurs
before fixing with complex [40]

H:0: — OOH-+ H*
Complex + OOH" — [Complex (OOH)]

The second stage always corresponds to the
fixing of a second molecule of H202 followed
by the expulsion of a water molecule, a
molecule of dioxygen and an ion hydroxyl.

[Complex (OOH")] + H202 — Complex + H20
+ Oz + OH-

The hydroxyl ion combines with the proton
released by the first molecule of H202

OH -+ H* — H20
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