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Abstract

The article illustrates about the synthesis of Mn(l1)-Morin complex in methanol solvent. The
characterization of the complex was carried out using UV-visible, IR, *H NMR spectroscopic
techniques and thermal (i.e. TGA, DSC) techniques. The complex formation was deduced by UV -
visible spectra showing the successve Mn-Morin complex formation occurring at 1.1
(metal/ligand) ratio stoichiometrically. The antioxidant capacity of the complex has aso been
evaluated using 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging method. The work
describes that flavonoids complexed with metal ions are more free radical scavengers than the free

molecules.
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I ntroduction

A flavonoid is a polyphenolic compound present in
al over the plant kingdom. Naturaly, their basic
structure shows the variety of substitution patterns
on the two benzene rings (A and B) of 2-phenyl-
benzo-a-pyrone nucleus [1]. Fig. 1 shows the basic
flavonoid structure;

Figure 1. Generic structure of flavonoids

Flavonoids perform variety of important
functions in plants including UV screening,
pigmentation, chemical defense against predators,
iron uptake, and signaling pathways leading to N,
fixation, etc. Besides, they have attracted the
interest of researchers from last two decades
because of their organoleptic properties in foods
(color and flavor). They aso have important

nutritional value and avert the evolution of various
degenerative diseases for example cancer,
cardiovascular diseases, and age related disorders.
Additionaly, flavonoids can aso be applied for
treating different other diseases such as diabetes
méllitus, alergy, vira infection, inflammation etc.
These effects are mostly associated with anti-
cancer, enzymatic inhibition, antioxidant activity
as well as interfering to free radical formation
reactions[2].

Flavonoids being greatly explored
secondary metabolites possess higher value of
therapeutic actions. The chelaing ability of
flavonoids to meta ions results in the emergence
of these molecules as new category having
bioactivities with broad spectrum. Recently many
strenuous efforts are undertaken to synthesize and
characterize the novel type of metal flavonoid
complexes due to their potentia role in different
fields. Rutin, morin, quercetin and other types of
flavonoids forming transition metal complexes that
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may appreciably change the chemical properties of
their analogous parent molecules [3-6].

It is confirmed in numerous studies that
flavonoids function as antioxidants mainly by
chelating meta ions [7]. Because of certain
properties of metal flavonoid complexes such as
synergic effect of metal ions and flavonoids, access
to target spots as well as strong binding forces
produced from the change in complex structure
may contribute to many biologica activities for
instance, anti-tumor, antivirus, antibiosis, anti-free
radica and anti-inflammatory [8]. Thus biological
importance of such complexes is needed to be
completely explored in future [9].

Morin (3,5,7',2',4'-pentahydroxyflavone) is
a member of flavonol class of flavonoids that is
widely present in nature. It is aso well known as
good chelating agent, complexant as well as good
antioxidant, due to these properties it has attracted
many researchers [10]. The structure of morin is
shown in Fig. 2. In complexation, it can use
multiple chelation sites as shown in Fig. 3.

Benzoyl

Cinnamoyl

Figure 2. Molecular structure of morin.

OH O
Benzoyl

Cinnamoy!

Figure 3. Different chelating sites in morin are available around
car bonyl oxygen and ether oxygen
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Metal ions are involved in large number of
biological processes. As therapeutic agents, usage
of metal ions increases the drug action as well as
coordination of metal ions to drug molecules also
raise the drug efficacy [11,12]. The role of metal
complexes has been recognized from centuries in
antimicrobial activities and most fundamental
breakthroughs are aso known by them in medical
history [13].

Manganese (Mn) and its compounds find
historica importance in medicine [14]. Mn is an
essential trace element for all forms of life [15] and
considered to be the 12" most abundant element in
the biosphere. It is broadly available in biological
materids, water, soil, and sediment [16]. It is an
important metal for human health, being absolutely
necessary for skeletal system development,
metabolism, enzyme activation, reproductive
hormone function, immunological system function,
antioxidant system [17,18] and the nervous system
function. It is also important in regulating cellular
energy, blood clotting, bone and connective tissue
growth [19,20]. Nevertheless, chronic excessive
exposure or intake in man causes to distress the
central nervous system exhibiting Parkinson's
disease like symptoms. For this reason, Mn is
considered to be the significantly toxic heavy
metal. It can also affect the ecosystem negatively,
accumulating in the food chain. When Fe and Mn
are present in excess in drinking water, they cause
the unpleasant taste and odor in drinks and foods,
yellowish water appearance, staining of kitchen
utensils, clothes and bath accessories. Both the
metals are also involved in hardness of water that
results in the failure of pressure in pumps, water
pipes and heaters. It is also of specia importance
to determine Mn in trace amounts from huge
number of environmental samples as well as
various types of other matrices such as food, soil,
stream sediments over and above air borne
particulates [ 16].

Mn is aso important in photosynthetic
oxygen evolution in chloroplasts of plants. For this
reason, most broad-spectrum plant fertilizers
contain Mn. In the human brain, Mn is bound to
Mn metalloproteins, most notably in glutamine
synthetase [21]. It is aso an important cofactor for
a variety of enzymes, including the antioxidant
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enzyme superoxide dismutase as well as enzymes
involved in neurotransmitter synthesis and
metabolism [22], others being hydrolases, |yases,
isomerases etc [23]. About 12 mg of Mn is
contained by human body that is stored in tissues,
bones, kidneys and liver [17]. For generd
population, diet is an important Mn source; about
2-9 mg/day of Mn is obtained from average food
intake, while 1-20 mg Mn/tablet is supplemented
by minerals and vitamins. For various age groups,
the estimated safe and adequate daily dietary
intake (ESADDI) levels are different, for example,
for adults and adolescents, it is 2-5 mg/day, while
it is 0.3-2 mg/day for infants and children up to 10
years age [24]. The consequences of Mn deficiency
include altered carbohydrate metabolism, reduced
glucose metabolism, abnormal lipid metabolism,
and impaired insulin synthesis and action. Only a
few instances of Mn deficiencies have been
reported in humans, with symptoms including
dermatitis, dow growth of hair and nails,
decreased serum cholesterol levels, and decreased
levels of clotting proteins. In addition, severa
diseases have been reported to be characterized by
low blood Mn concentrations, including epilepsy,
mseleni disease, down's syndrome, osteoporosis,
and perthest disease [25].

The synthesis and characterization of
Mn(I1) complexes of different ligands is of
growing interest in coordination chemistry [15].
The problem of antibiotic resistance has now
reached a crisis and there is a need to double the
efforts towards the design of new drugs. A number
of reports show the use of Mn complexes as both
antibacterial and antifunga agents [26]. In
addition, flavonoids and their meta complexes
also has become popular target of biological,
biochemica and anaytical studies [1]. So, in
current study, the strategy is made to design the
complex of Mn(ll) with one of the flavonoids (i.e.
morin) to get synergic effect from both the
flavonoids and metallic ions.

Material and methods
Reagents and instrumentation

Solvents and reagents of analyticaly pure
grade were used as received. HPLC grade
methanol (MeOH) was obtained from Fisher
Scientific UK Ltd. Morin.2H,O was purchased

Pak. J. Anal. Environ. Chem. Vol. 17, No. 2 (2016)

from Sigma. Sodium methoxide (MeONa) was
prepared by adding freshly cut small pieces of Na
(2.5 g) to anaytica grade dry MeOH (100 cm®)
and refractionated. MnCl,.4H,0O sdt was
obtained from Sigma-Aldrich Co. DPPH and KBr
were attained from Aldrich Chemical Co. All the
measurements were done with an accuracy of
+0.0001 g.

UV-visble spectra of morin  and
[Mn(Morin)(H20),]Cl.3H,O meta complex were
recorded on double beam spectrophotometer
(Perkin Elmer Lambda 35) in MeOH using 1.00
cm standard quartz cells. The IR spectra were
obtained on FTIR spectrophotometer (Nicolet
5700) within 400-4000 cm™ spectral range, using
KBr pellets. '"H NMR spectra were obtained on
spectrometer  (Bruker 400 MHz) in DMSO.
Thermogravimetric analysis (TG) measurement
was done in the temperature range 25-800 °C
under N, atmosphere at the heating rate 10 °C
min™® (Thermal analyzer DT-30 Shimadzu). DSC
curve was recorded in Al crucible under the
conditions of 20 °C min™ heating rate, 20 mg mass
and He amosphere (using DSC822° Mettler
Toledo).

Job's method of continuous variation

The stoichiometric ratio for the complex
was determined by Job's method [27]. Solutions of
equimolar concentrations (4 x 10* M) were
prepared in MeOH. Both the components were
mixed in 1:9 to 9:1. The maximum absorbance was
noted at 420 nm from absorption plots.

Synthesis of the complex

The complex compound was prepared by
simple route. The methanolic solution (20 mL) of
Morin.2H,O (0.30 g, 0.01 M) was prepared in a
round bottom flask (50 mL capacity) that produced
brownish color. The salt of MnCl,.4H,0O (0.19 g,
0.01 M) was added to the solution which
subsequently changed the color of solution. After
1.5 h dtirring time, the complex mixture was
filtered through gravity filtration method and
evaporated the filtrate owly at room temperature.
The dark brownish yellow product of Mn(ll)-
Morin complex was obtained [28]. Washed the
product with t-butanol, dried it in vaccum
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desiccator, while the yield was calculated as 73%.
Elemental analysis was found (%) C, 37.15; H,
3.26, Anal. Cdcd for [Mn(Morin)(H,0),]Cl.3H,0,
[C15 ng 012 cl Mn] [M = 481.385 gmol'l]: C,
37.39; H, 3.98%.

Antioxidant activity

Using previoudy reported method [29], the
antioxidant activity/free radical scavenging activity
of the Mn(ll) complex was examined by DPPH
stable free radical. The methanolic solution of
about 0.1 mL morin standards of various
concentrations was added to fresh DPPH solution
of 57.65 pmol. The DPPH was reduced at 515 nm
showing continuous decrease in its absorbance
until the plateau was achieved for the reaction. At
the time of measurement, the DPPH decomposition
was determined with its blank solution for
screening. Using caibration curve, starting DPPH
concentration (Xpppy) Was obtained in the reaction
medium with Equation 1 obtained by linear
regression, while Equation 2 was used to convert
the absorbance decrease into %age. Abs.,, T=0, T
only, denote the absorbance, zero time, and any
specified time for absorbance, respectively;

Asz7 = 0.009 x 10°® X Xpppy — 0.586, 12 = 0.9992 Q)
%DPPH remaining = ([Abs]1-o — [Abs]1)x100/[Abs] ;- ) (2)

Antimicrobial activity

In vitro antibacterial activity of different
concentrations of morin  and Mn(I1)-Morin
complex against localy isolated Gram positive (G
+ve) staphylococcus aureus (S aureus) and Gram
negative (G -ve) proteus vulgaris (P. vulgaris) was
explored by disk diffusion method.

The solutions of the morin and the
corresponding complex were prepared by
dissolving them in DMSO to get 0.05%, 0.1%,
0.15%, 0.2%, 0.25%, and 0.3% solutions. Disks of
6 mm diameter (filter paper Whatmann No. 6)
were impregnated with solutions (20 uL) of both
the compounds. They were dried a 30 °C for 2
min. in an oven. The disks were placed on the petri
dishes with nutrient agar containing cultures of
bacteriain lawn fashion [28].
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The standards of antibiotic disks were
used. Ciprofloxacin (5 pg) and streptomycin were
used for P. wvulgaris and S. aureus, respectively.
Lastly, the compounds were incubated for 24 hrs at
37 °C. For each compound, the experiment was
done in duplicate. The inhibition zones were
measured in mm for the disk of each concentration.

Resultsand Discussion
Synthesis and characterization

The stoichiometric composition of the
complex was validated with Job's plot. Band | of
morin a 357 nm decreased and the complex band
appeared at 420 nm as soon as the MnCl,.4H,0
salt was added to the ligand solution. The mole
fraction (X) of morin shows X, = 0.5 value (Fig. 4)
at maximum absorbance in plot of absorbance vs.
mole fraction. It confirms the 1:1 stoichiometry of
the complex formation between Mn(11) and morin
(Table 1).

Job's Plot

0.7 1
0.6
0.5 A
04
03
0.2 A

0.1

Absorbance (420nm)

0 02 04 0.6 08 1

(X) Morin

Figure 4. Job's plot showing 0.5 mole fraction value (X) for the
formation of Mn-Morin complex

Table 1. Metal and ligand showing preferred stoichiometric ratio
and specific pH value for maximum complexation.

Flavonoid-
metal ratio

Mn(ll) 11 5.6

Flavonoid Metal ion pH

Morin

Physical properties of the complex

The stable yellowish brown complex
product is soluble in solvents such as EtOH,
MeOH, DMF and DM SO, moderately soluble in
CHCI; and Me;CO, where as completely insoluble
in CCl, and water. Furthermore, the physico-
chemical properties of the complex are given in
Table 2.
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Table 2. Physico-chemical properties of Morin-Mn(I1) complex.

Pak. J. Anal. Environ. Chem. Vol. 17, No. 2 (2016)

CH% M etal%
Complex % Yield Color
P ’ C Caleulated ) o510 1ated (found) ~ Min(11) Calculated (found)
(found)
[Mn(Morin) 73 Brownishyellow  37.39 (37.15) 3.98 (3.26) 11.41 (11.01)

(H,0),]Cl.3H,0

UV-visible spectroscopic study of the complex

The UV-visible spectra demonstrated in
Figs. 5 and 6 are obtained in methanol for pure
morin and its Mn(ll) complex. Two bands are
visible in the morin spectrum similar to most of the
other flavonols and flavones. Band | at 357 nm
shows the B ring absorption (cinnamoyl system),
while Band Il a 262 nm reveds the A ring
absorption (Benzoyl system) (Table 3).

112
ECHS .
28}t Morin
28 1
Lol OH [
22 7 9
o 20
ERE &
_g 1.6{ 1 i °
g 1l i OH
-E vl A Benzoyl Cinnomoyl
i 11=262nm I= 357nm
0.6{
0.4
0.2 .
0.0
250 300 380 400 450 500 850 500
Wavelength (nm)

Figure5. UV-visible spectrum of puremorin

These bands are appeared due to intra
ligand (IL) n- n*/mn-n* transitions taking place in
the aromatic rings of the morin. On the other hand,
complex spectrum relatively shows the shift in
bands towards longer wavelength (Fig. 6). This
shift is caused by the complexation that extends the
conjugation. Thus, characteristic peak at 420 nm
(isobestic  point) is indicative of complex
formation.

Table 3. Important characteristic bandsfor morin, deprotonated
morin aswell asitsMn(l1) complex.

Compound h(n-m*) Ao(m-m*)
Morin 357 nm 262 nm
Deprotonated Morin 400 nm 274nm
[Mn(Morin)(H20),]Cl.3H,0 420 nm 267 nm

The most important information regarding
the coordination site in morin can be easily
observed from UV-visible spectra, which show
that 1:1 interaction in metal:morin causes the
bathochromic shift in both bands. Nevertheless,
among all, 3-OH group is known to have most
acidic proton that is the first site for complexation
in conjunction with 4-oxo group [30].

112 Morin
0 Deprotonated Morin

[Mn (Morin) (H,0),]Cl .3H,0

Cinnomoyl
Al= 35Tnm

-0
YR "\ MI=2620m
. A

A
W\
N

Absorbance

‘Wavelength (nm)

Figure 6. Relative UV-visible spectra of morin, deprotonated
morin, and Mn(l1)-Morin complex

'H NMR

'H NMR daa for morin and its
corresponding complex are provided below
individually for ligand molecule and complex
compound.

Morin: 6 1260 (s, 1H, 5-OH), 10.65 (s, 1H,
7-OH), 9.75 (s, 1H, 3-OH), 9.75 (s, 1H, 2-OH),
9.39 (s, 1H, 4-OH), 7.08 (d, Juzme = 1.8 Hz, 1H,
2-H), 6.31 (dd, 1H, 6-H), 6.22 (d, Jugms = 8.5 Hz,
1H, 5-H), 6.14 (d, Jugre 1.5 Hz, 1H, 8-H), 6.05
(d, 1H, 6-H).

Mn-Morin complex ([Mn(Morin)(H,0),]
Cl.3H,0): ¢ 1339 (s, 1H, 5-OH), 10.65 (s, 1H, 7-
OH), 9.67 (s, 1H, 2-0OH), 9.45 (s, 1H, 4-OH), 9.43
(d, Jyzme = 1.8 Hz, 1H, 2'-H), 6.41 (dd, 1H, 6-H),
6.32 (d, ‘]H5/H6 =85 Hz, 1H, 5"H), 6.23 (d, JH8/H6:
1.5Hz, 1H, 8-H), 6.17 (d, 1H, 6-H).
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'H NMR data (Table 4) indicate that ¢
values of Mn(Il)-Morin complex were shifted to
lower field relative to pure morin. This shift is
correlated to increased conjugation obtained in the
result of coordination. It is also the result of
complex formation that causes the increased
planarity of the ligand molecule. Hence, it can be
demonstrated that the coordination of the metal ion
occurred through the removal of phenolic
hydrogen of 3-OH. It can also be reveded from
data, which shows the absence of this proton.
Thus, '"H NMR and IR studies jointly demonstrate
that 3-OH and 4-CO groups of morin are involved
in complex formation [31].

Table 4. Assignments of *H NMR signals for morin and Mn(l1)-
Morin complex.

SNo. Morin ~ Mn-Morin Type of N

ppm ppm proton Position
1 12.60 13.39 S, 1H 5-OH
2 10.65 11.52 S, 1H 7-OH
3 9.75 S, 1H 3-OH
4 9.75 9.67 B, Ha/Hy, 1H 2-OH
5 9.39 9.45 B, Ha/Hy, 1H 4-OH
6 7.08 7.43 S, 1H 6'-H
7 6.31 6.41 S, 1H 5-H
8 6.22 6.32 S, 1H 8-H
9 6.14 6.23 S, 1H 3-H
10 6.05 6.17 S, 1H 6-H

FT-IR

Table 5 shows the FT-IR spectral data for
morin and Mn(I1)-Morin complex. The evidence of
coordination between the metal ion and ligand
molecule is aso well illustrated by spectra
provided in Fig. 7. The main features of the spectra
are described below;

(1) Morin shows the characteristic frequency
mode for v(C=0) at 1662 cm™, but complex
formation by Mn(ll) may shift the peak
towards 1649 cm™ as illustrated by complex
spectrum. It indicates that Mn(ll) is
coordinated to morin through a carbonyl
oxygen and 3-OH/5-OH groups. In addition,
the appearance of two peaks giving rise the
coupling vibrations may be due to increased
bond order of C,=0, along with Cs-O3 giving
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peaks at 1510 and 1446 cm™ for the anti-
symmetric as well as symmetric stretching
vibration modes for each C-O group at both
the chelating sites.

(2) Thereisdight shift in the frequencies of morin
at 1258 and 1508 cm™ for the peaks related to
v(C-0O-C) and ring v(C=C) indicating no ring
oxygen involvement in chelation.

(3) In complex spectrum, there is a peak at 536
cm?® due to formation of v(Mn-O) that
indicated the metal chelate formation, but no
such band is present in the spectrum of morin.

An important and broad band appearing
between the 3500 and 3000 cm™ frequencies is
assigned to v(-OH) of water. In addition, the
thermal analysis also supports the presence of
coordinated water molecules [32].

Table 5. Assignments of the main IR bandsfor morin and Morin-
Mn(l1) complex.

Morin cm™® Mn(I1)-Morin cm™ Assignment
(3378-3153)b (3389)b V(O-H)
(1662)w (1649)sh v(C=0)
(1612)sh (1607)s v ring (A and B)
(1508)s (1510)m Ring B (C=C)
(1458)sh (1446)m vring C, v C3-0O3
(1258)vs (1236)m ¥(C-0-C)
(1174)s (1152)sh C=0, C=CH
(1144)m (1148)m (CH2)
(1094)s V(-C-O-H)
(536)m M-O, M-O=C
(415)sh M-O

b, m, sh, sand w stand for broad, medium, sharp, short and wide,
respectively

Thermal study of the complex

Therma methods were used for analyzing
and investigating the metal complexes as well as
their structures. Many physica and chemical
transformations occur on heating the materials in
conjunction with libration or absorption of heat. In
such reactions, change in weight occurs which is
subsequently measured by thermogravimetric
anaysis (TG). For understanding complex
formation mechanism as well as complex stability,
it is interesting to note the intermediate products
produced on heating to investigate the complex.
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It is observed that Mn(l1)-Morin complex
gives dehydration and decomposition patterns. The
TG plot demonstrated the decomposition in four
main steps as provided in Table 6. The net weight
loss of about 88.28% in decomposition steps
occurred between the range of 56-524 °C. The first
decomposition  step, observed within the
temperature range 56-120 °C, with an estimated
mass loss of 11.03% (Calc. mass = 53.73 g) may
be attributed to the liberation of three moles of
hydrated water molecules. The  second
decomposition was observed at 121-184 °C,
corresponding to 7.89% (calc. mass 36.2 g) weight

Chem. Vol. 17, No. 2 (2016)

loss, coincides with the two coordinated water
molecules. Hence, it was observed that complex
comprises of three crystalline and two coordinated
water molecules as supported by IR and DSC
studies (Figs. 7 (complex spectrum) and 8). IR
spectrum of the complex aso shows the presence
of water of crystallization by appearance of broad
band for v(O-H) at 3389 cm™. DSC curvein Fig. 8
gives the characteristic thermal events with 20 °C
min® heating rate showing endothermic and
exothermic peaks which are in agreement with
weight losses given by TG.

100
i 100|
Morin Mn-Morin
80
80
2 B
8 60 8
g g
E £
& ]
Z a0 @ 40
:
= (536)cm? M-0, M-O=C
20 20 “15) cm? M-O
0
° 3500 3000 2500 2000 1500 1000 500 400 3500 3000 2500 2000 1500 1000 500 400
Wavenumbers (cm™) Wavenumbers (cm™)
Figure 7. FT-IR spectra of morin and Mn(11)-M orin complex
=
_w{
=0 100 155 200 250 300 )
I 1 1 : [} 3 ] [} >~
l’) s l:) 1‘5 2:) 2.5 3‘0 wmdn
Mn(II)-Morin

Figure 8. DSC curvefor Mn(l1)-Morin complex

Table 6. Ther mogravimetric analysis destruction patternsof Mn(l1)-Morin complex.

Complex  Molecular wt g/mol Decomposition Eliminated Species MassLoss (%)
Temperature (°C) Found Calculated

=~ 56-120 3H,0 11.03 11.22
(@) —

\Ii o E 121-184 2H,0 7.89 7.48
= %N > 185-324 CeHsO; 21.97 22.64
§ o) & 325-524 CoH,0s + Cl 47.39 47.24
== —

; X Total loss 88.28 88.58
— Solid Residue Mn 10.64 1141
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DSC curve dso provides useful
information regarding the complex structure. It
shows an endothermic peak a 80 °C for the
dehydration of the complex. In addition, the
thermal event sighted at 152 °C shows the complex
melting point. The exothermic thermal peaks at
158 °C, 239 °C and above may correspond to the
degradation of remaining organic matter of the
complex. The Mn metal remains as final residue
because metal oxides are not acquired under
nitrogen atmosphere [33]. Thus, the complex
structure can be proposed as Fig. 9 from
decomposition data presented in Table 6.

Cl-3H,0

Figure9. Proposed structure of Mn(l1)-Morin complex

Structure of the complex

Mn(l1) shows d° electronic configuration
which has no any crystal field stabilization energy
(CFSE) specific to any particular geometry. Hence,
for Mn(ll) complexes, different geometries are
actually expected. Moreover, it's very surprising
thaa most of the Mn(ll) complexes exhibit
octahedral while just few ones display other types
of coordination geometries[34,35]. In addition, the
current study also describes the octahedra
geometry of the complex as supported by spectra
and thermal studies.

Antioxidant activity of morin and the complex by
DPPH radical scavenging method

The antioxidant activity of pure morin and
its Mn(Il) complex was measured by UV-visible
spectroscopy. The measurement is done on the
basis of electron and hydrogen donating/radical
scavenging activities. Morin and DPPH react in
two steps where in one step quick decay in
absorbance of DPPH occurs at 515 nm Ay, (Where
the reaction occurs within 60-120 seconds in
methanol); while second step corresponds to very
slow decay around 1h to give a constant value. In
quick step, most labile H-atom is abstracted from
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morin to DPPH, whereas in dow step remaining
activity in oxidation degradation product is
measured.

It has been early explored that antioxidant
activity of flavonoids depends upon their
molecular structures. Fig. 10 demonstrates the
relative DPPH scavenging activity of pure morin
and its Mn(ll) complex. Thus, from the graph it
can be inferred that the complex exhibits higher
antioxidant activity than pure morin and
subsequently indicates that metad ion (Mn[ll])
shows the significant change in the chemica
properties of whole ligand molecule [31].

A Morin
¢— Ma(Morin)E,0),ICI 36,0

DPPH Scavenging %

Concentration pM

Figure 10. Relative antioxidant activity of morin and Mn(ll)-
Morin complex

Antimicrobial activity

The antibacterial activity of morin and
corresponding Mn complex was relatively
explored against two bacteria pathogenic species.
In Table 7, the data about antibacterial screening
has been presented. It has been observed that the
metal complex has shown an increase in the
inhibition zones relative to the corresponding
ligand, which indicates the decreased bacterial
population caused by the metal complex. Thus, the
study suggests that the metal complex is more
antibacteria than the free ligand molecule. This
increased antibacterial activity of the complex can
be explained on the basis of metal's oxidation state,
overtone concept and Tweedy's chelation theory
[36]. Thus, the enhanced antibacteria activity of
the complex is due to its increased lipophilic
character. It is found that the cellular enzymes play
very important role in the different metabolic
pathways of microorganisms but the complex
affects these cellular enzymes and cause their
deactivation.
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Table 7. Antimicrobial activity of morin and itsMn(l1) complex.

Compounds

Diameter of inhibition zone of bacteria by ligand and complex (mm)

Proteus vulgaris (-ve)

Staphylococcus aureus (+ve)

Concentrations | 0.05% 0.1% 0.15% 02% 0.25%

Morin 11 20 29 4.7 6.3
Mn(l1)-Morin 16 27 53 7.6 8.3
Ciprofloxacin 8.6 133 174 20.7 232
Streptomycin

DM SO +ve +ve +ve +ve +ve

0.3% 005% 01% 015% 02% 025% 0.3%

75 13 22 35 4.2 7.3 8.4
9.5 19 3.6 6.2 81 9.7 105
25.6

9.7 153 195 227 251 27.8

+ve +ve +ve +ve +ve +ve +ve

In this way, these toxicants show ultimate
action and denature the one or more proteins
resulting in imparing the norma cdlular
processes. The complex thus inhibits the
microorganism growth because enzymes are highly
affected and hence microorganisms become unable
to use thelir food or there is decreased nutrient
intake in proper form whereas the growth of
microorganisms is completely arrested, while high
concentrations are fatal [37].

Conclusion

The study concludes regarding the
complex formation between Mn(l1) metal ion and
morin flavonoid molecule. The complex was
synthesized and characterized based on the spectral
and anaytica data and formulated as
[Mn(Morin)(H,0),]Cl.3H,O.  The  electronic
spectroscopic data demonstrated that the morin
exhibits the two main bands at 357 and 262 nm,
but the absorption bands were shifted to longer
wavelength maximum (Amm) With appearance of
new bands at 420 and 267 nm in case of complex
formation. The interaction was validated with Job's
plot for stoichiometric composition of complex
that was found to occur at 1:1 (L/M). Ultimately,
al the data is in accordance with that the 3-OH
moiety is an active coordination site to be involved
in complexation jointly with carbonyl function
moiety as verified by FT-IR spectroscopy. For
antioxidant activity, flavonoids are recognized to
depend on the positions and number of OH groups.
While the [Mn(Morin)(H»0),]Cl.3H,0 is explored
currently to show the increased antioxidant as well
as antimicrobial activities relative to pure morin.
Thus, it could be suggested that the chemica
properties of the morin are significantly changed

with the metal ion (Mn[ll]) compliant with
chelation law. Hence, it signifies that the ligand
molecule may act as antidote or chelating ligand to
medically treat the metals overload or poisoning.
Thus, the flavonoids being vital source of nutrition
were ignored as antioxidants due to their low
efficiency; this problem has now been overcome
by complexing the flavonoids with metal ions
resulting in formation of complexes with enhanced
antioxidant/antimicrobial properties.
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