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Abstract

Eight metal(ll) amino acids complexes in aqueous basic solution, [CuLz], [CuL'],
[CoLz], [CoL', [ZnLz], [ZnLY;], [NiL;], and [NiL';] with L=L-methionine and L'=L-
leucine were synthesized and analyzed by gravimetric analyses, molar conductivity
measurements, magnetic susceptibility measurements, powder X-ray diffraction analysis,
UV-Vis and IR spectroscopies.Molar conductivity measurements showed that the
complexes are non-electrolytic, suggesting a metal-ligand ratio of 1:2 for the complexes,
with respect to the amino acids. Solubility studies indicated DMSO as the most suitable
solvent for dissolving the compounds;hence, all solvent bound analyses were carried out in
DMSO. The IR spectra showed that the amino acids acted as bidentate ligands with
coordination involving the carboxyl oxygen and the nitrogen of the amino group. Electronic
spectra and magnetic susceptibility measurements suggested a square planar geometry for
Cu(Il), tetrahedral for both Zn(1l) and Ni(ll) complexes, and octahedral for those of Co(ll).
Magnetic susceptibility studies also revealed that the complexes of Cu, Co and Ni are
paramagnetic while those of Zn are diamagnetic. The result also suggested L-methionine
and L-leucine to be weak field ligands as they formed high spin complexes with Co(ll) ion
([CoL] = 6.0 BM, [CoL'l = 5.10 BM) and tetrahedral complexes with Ni(ll)
ion.Gravimetric analyses showed that the complexes of Cu, Co and Zn contain one mole of
water of crystallization while those of Ni contain two moles.Powder XRD studies
suggested that the amino acid complexes are crystalline in nature and that they possibly
crystallized in monoclinic fashion. The agar diffusion antimicrobial studies revealed that
the amino acids are biologically active with their metal complexes showing significantly

enhanced activity against the studied microbial strains in comparison to the free ligands.

XVii



CHAPTER ONE

1.0 INTRODUCTION

Metals perform quite a number of functions in human body. Hemoglobin carries oxygen to
vital areas of the body by binding it to the iron atom contained within it. Metal ions such as
zinc provides the structural framework for the zinc fingers that regulate the function of
genes in the nuclei of cells (O’Shea, 2004). Minerals containing calcium are the basis of
bones which are the framework of the human body. Metals such as zinc, copper, iron and
manganese are incorporated into catalytic processeswhich facilitate a number of chemical

reactions needed for life (Da Silva and Williams, 1991).

The ability of metals to lose electrons to form positively charged ions allow them to play
important roles in biological systems. Whereas metal ions are electrophilic, most biological
molecules such as protein and DNA are electron rich. The attraction of these opposing
forces lead to interaction between metal ions and biological molecules (O’Shea, 2004).
Metal ions have been reported to improve, or induce the activity of biologically important
moieties (Sadler and Guo, 1998) and that of some known drugs such as paracetamol,

sulfamethoxazole and aspirin (Agbaje et al., 2014; Osowale, 2017).

1.1 Transition Metals

A transition metal isone thatcontains a partially filled dor fsub-shellin elemental state or one
of its important oxidation states (Petrucci et al., 2002; Rayner-Canham and Overtone,
2006). Several transition elements are important to the chemistry of living systems, the
most familiar examples being iron, cobalt, copper, zinc, nickel, and molybdenum. Iron is by

far the most widespread and important transition metal that has a function in living



systems; proteins containing iron participate in two main processes, these are; oxygen
transport and electron transfer (oxidation—reduction) reactions (Sundberg and Martin, 1974;

Vallee and Auld, 1993).

The chemistry of transition metal complexes is well known. However, the evaluation of
their antimicrobial activities has continued to attract more and more attention (Pierpont and
Lange, 2007; Patil et al., 2011; Pllana-Zeqiri et al., 2012). This is because bacteria can
cause foodborne diseases and other infections that affect our lives; therefore, there has been
a growing effort towards synthesizing new antimicrobial agents. Coordination complexes
of transition metals have been widely studied for their antimicrobial activities (Faundez et
al., 2004).Efforts to understand the function of transition metals in biological systems have

led to the growth of the field of bioinorganic chemistry (Farrel et al., 2003).

1.2 Methionine

Methionine, with molecular formula CsH;1NO,S (Fig.1.1a)is one of the amino acids
containing sulphur (Nelson et al., 2005).1t helps to prevent disorders of the hair, skin and
nails, in lowering the cholesterol levels by increasing the liver’s production of lecithin and
reduces fat build-up in the liver and body (Cao et al., 2000). It is known that methionine
presents antioxidant properties in several models of oxidative stress. It has been shown that
it acts as a powerful endogenous antioxidant agent, leading to the reduction of lipid

peroxidation in membranes (Gill and Tuteje, 2010).

1.3 Leucine



Leucine, an amino acid with molecular formula CgHi3NO, (Fig. 1.1b) is a major
component of the subunits in ferritin, astacin, and other “buffer” proteins (Nelson et al.,
2005). It is used in the liver, adipose tissue, and muscle tissue. Adipose and muscle tissue
use leucine in the formation of sterols. Combined leucine use in these two tissues is seven
times greater than in the liver (Rosenthal and Farkas, 1974). Leucine is rapidly taken up
into the brain where astrocytes convert it into a-ketoisocaproate via transamination of a-

ketoglutarate to glutamate (Yudkoff, 2005).

Figure 1.1: Structures of methionine (a) and leucine(b)

1.4 Transition Metal Complexes

These consist of a central transition metal atom or ion, called the coordination center, and a
surrounding array of bound molecules or ions known as ligands or complexing agents.
Transition metal complexes play very important roles in biological systems (Rayner-

Canham and Overtone, 2006; Noro et al., 2009).

1.5Statement of the Problem

Many of the current antimicrobial agents that are used in therapy are either becoming
resistant or have adverse side effects (Agbaje et al., 2014). This hasled to continued search
for new antimicrobial compounds, including coordination complexes of biologically

3



important molecules (Farrell et al.,2003).The medicinal uses and applications of metals and
metal complexes are of increasing clinical and commercial importance. The field of
inorganic chemistry in medicine has been divided into two main categories: firstly, ligands
as drugs which target metal ions in some form, whether free or protein-bound; and
secondly, metal-based drugs and imaging agents where the central metal ion is usually the
key feature of the mechanism of action (Reynold and Martidale, 1996; Farrel et al.,
2003).The use of chelating agents in the treatment of Wilson’s disease is a good example of
how medical problems due to free metal ion toxicity beenarrested by chelating agents
(Sarkar, 1999).Continued research aimed at developing metal-based drugs which perhaps
work by different mode of action and therefore arrest the challenge of resistance, is

therefore, a way forward (Agbaje et al., 2014).

1.6Justification of the Research

There have been some reports of antimicrobial activity of certain metal complexes of amino
acids. However, there is little information on coordination compounds of methionine.
Literature studies showed that there is scanty information on the structure of M(II)
coordination compounds of methionine and leucine in solid and aqueous phase as those
reported have often been poorly characterized with such analytical tools as X-ray
diffraction, molar conductivity, magnetic susceptibility and metal content analysis often
ignored (Asemave et al., 2015; Vilhena et al.,2017). The biological activity of some bio-
important moieties have been reportedly induced or elated on coordination with transition

metal ions (Sadlers et al., 2007; Agbaje et al., 2014; Osowale, 2017).



In spite of the interesting biological features exhibited by methionine and leucine, their
coordination complexes with transition metals have not been well studied (Hakimi and
Aliabadi, 2012) and this has ledtothe neglect in exploring their potential antimicrobial
activity.It will rather be a step forward to synthesize and study the biological activities of
complexes of such ligands with other similar biologically important metal ions as well in
ordertoadd to the already existing body of knowledge available on such complexes. The
reported widespread applications of amino acids and their coordination compounds,
therefore, informed our interest in the synthesis ofneutral metal(ll) complexes of L-
methionine and L-leucine with the aim of obtaining alternative antimicrobial therapeutic
agents to arrest the challenge of drug resistance.The current study is thus focused on
synthesizing amino acid complexes of some metal(Il) and characterizing them using XRD,
magnetic susceptibility and molar conductivity in addition to other already used methods,

and evaluating their biological potency against some pathogenic bacteria and fungi.

1.7 Aim and Objectives of the Research

The aim of this work is to synthesize and characterizeamino acid complexes of Cu(ll),

Co(I1), Zn(I1) and Ni(ll), and evaluate their microbial potential.

To achieve this aim, the following objectives were set:

(a) To synthesize Cu(ll), Co(Il) Zn(1l) and Ni(ll) complexes of L-methionine and L-
leucine.

(b) To characterize the amino acid complexes through spectrophotometric (UV, FT-IR
and X Ray Diffraction) and classical methods(magnetic susceptibility

measurements, molar conductivity and gravimetric analyses).



(c) To investigate the antibacterial and antifungal potential of the synthesize complexes

on some fungi and bacteria.
CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Biological importance of cobalt

Cobalt is a transition element with symbol Co, atomic number 27 and electronic
configuration [Ar] 3d” 4s” (Lee, 2013). It is essential to the metabolism of all animals and a
key constituent of cobalamin, also known as vitamin B, the primary biological reservoir
of cobalt as an altratrace element. Vitamin Bi, is an organocobalt complex essential to
human diet. Deficiency of Bj, in diet has proven to be the cause of pernicious anemia
(Sigel et al., 2010). Bacteria in the guts of ruminant animals convert cobalt salts into
vitamin B2, a compound that can only be produced by bacteria (Schwarz et al., 2000). The
minimum presence of cobalt in soils therefore markedly improves the health of grazing
animals, and an uptake of 0.20 mg/kg a day is recommended because they have no other

source of vitamin Bs, (Schwarz et al., 2000).

2.2 Biological importance of copper

Copper is a transition element with symbol Cu, atomic number 29 and electronic
configuration [Ar] 3d'® 4s' (Lee, 2013). In biological systems, copper is primarily a
catalytic metal. The scarcity of copper in the biological systems put it in the category of a
micronutrient, or more specifically a trace metal. The most primary of its actions is to allow
the bio system to deal with iron. Other studies have linked copper in animals and humans

with the synthesis of neurotransmitters, pituitary hormones, bio-pigments, and the



establishment of a firm connective tissue network, functions that are manifested through
copper-dependent enzymes like catalase. Cu deficiency can occur after prolonged
administration of a diet based solely on cows' milk which has a lower Cu content than

human milk (Walravens, 1980).

Copper is required in the body for growth, keratinization, pigmentation, bone formation
among other functions. These roles of copper are based upon the requirement of
coordinated copper at the active site of copper-dependent enzymes: ceruloplasmin,
tyrosinase, lysyl oxidase, ceramide galactosyl transferase, etc. The use of copper coil as an

intrauterine device to regulate fertility has been common for many years (Harris, 1983).

2.3 Biological importance of zinc

Zinc, Zn is a d block element with the atomic number of 30 and electronic configuration
[Ar] 3d'° 4s® (Housecroft and Sharpe, 2005). It is an essential trace element, or a
micronutrient, essential for the normal growth and the reproduction of all higher plants and
animals, and of humans. In addition, it plays a key role during physiological growth and
fulfills an immune function (Frassinatti et al., 2006). It is vital for the functionality of more
than 300 enzymes, for the stabilization of DNA, and for gene expression. Zinc is also

needed for maintaining special senses such as smell and taste.

During pregnancy, infancy, and childhood the body needs zinc forproper growth and
development. Zinc takes part in the catalytic function of many metalloenzymes (Frassinatti
et al., 2006). Zinc is an important trace mineral that people need to stay healthy. This
element is second only to iron in its concentration in the body. Zinc is found in cells

throughout the body, and is needed for the body's defensive (immune) system to work



properly. It plays a role in cell division, cell growth, wound healing, and the breakdown of
carbohydrates (Roohani et al., 2011). Zinc is a common element in human and natural
environments and plays an important part in many biological processes (Whitney and
Rolfes, 2005). Copper and zinc are critical trace minerals for production and reproduction
in farm animals. The inorganic form of trace minerals is not sufficiently absorbed and
retained. However, the organic form of these minerals are absorbed efficiently and retained
in the tissue to enhance performance, improve immunity, health and reproduction (Pal et

al., 2010).

2.4 Biological importance of nickel

NickelINi, a transition element with atomic number 28, electronic configuration [Ar] 3d*°
4s* (Housecroft and Sharpe, 2005) is usually found in the 0 or +2 oxidation state, but
oxidation states +1, +3, and even +4 have been demonstrated. However, these latter ion
species are usually not stable in aqueous solutions. The element is ubiquitous but not
distributed equally.For instance, it is a natural constituent of plant tissues and normal
concentrations range from 0.05 to 10 pg per g of dry matter, but up to 1 mg nickel per g can
be found in some “hyperaccumulators” plant species (Kiipper and Kroneck, 2007) by

contrast, nickel concentrations in human serum are in the nanomolar range.

Several enzymes and one cofactor have recently been shown to contain nickel. For
example, urease of jack beans has been found to be a nickel protein. Nickel is very tightly
bound to the protein probably via the amino acid functional groups (Diekert et al., 1980;

Maroney, 1999).



2.5 Amino Acids

Amino acids are biologically important organic compounds containing amine and
carboxylic functional groups, along with a side-chain (R group) which is specific to each
amino acid. They can be classified according to the core structural functional groups'
locations as alpha- (a-), beta- (B-) or gamma- (y-) amino acids (Muller et al., 1999). Other
categories relate to polarity, pH level and side-chain group type. Amino acids are the
structural units (monomers) that make up proteins. They join to form short polymer chains
called peptides or longer chains called polypeptides or proteins. These polymers are linear
and unbranched, with each amino acid within the chain attached to two neighboring amino

acids via peptide bonds (Rodnina et al., 2007).

Twenty natural amino acids comprise the building blocks of proteins, which are chemical
species indispensable to perform a large number of biological functions (Muller et al.,
1999). From these 20 amino acids, nine are essential and cannot be produced by the human
body. Methionine and leucine are two of these essential amino acids. Complexes of
transition metals with amino acids in proteins and peptides are utilized in numerous
biological processes such as oxygen conveyor, electron transfer and oxidation. In these
processes, the enzymatic active site, which is very specific, forms complexes with divalent

metal ions (Kumar et al., 2014; Chandraleka et al., 2014).

2.5.1 Essential amino acids

Essential amino acids, or indispensable amino acids, are amino acids that cannot be
synthesized by the organism, and thus must be supplied in its diet. These are nine in

number and cannot be synthesize by the human system. They include phenylalanine, valine,



threonine, tryptophan, methionine, leucine, isoleucine, lysine and histidine (Furst and
Stehle, 2004). Six other amino acids are considered conditionally essential in the human
diet, meaning that their synthesis can be limited under special pathophysiological
conditions, such as prematurity in infant or individuals in severe catabolic distress. These
six are arginine, cysteine, glycine, glutamine, proline and tyrosine (Wagner and Musso,

1983; Furst and Stehle, 2004).

2.5.2 Non-essential amino acids

Non-essential amino acids are those that can be synthesized by the body. The term 'non-
essential' does not infer that those amino acids are any less important however. The body is
simply capable of creating them on its own; therefore, it is not necessary for it to obtain
them from external source. These non-essential amino acids serve many functions to create
optimal health. For instance, during exercise, muscle tissue breaks down and toxins are
released (Dougherty, 2000; Fuller, 2012). Alanine works to remove these toxins so the liver
is able to metabolize them and eliminate them from the body. Alanine may also help to
keep cholesterol levels in check, while asparagine helps the nervous system maintain its
equilibrium. It also acts as a detoxifier in the system and regulates metabolism. Five amino
acids are dispensable in humans, meaning they can be synthesized in the body. These
are alanine, aspartic acid, asparagine, glutamic acid and serine (Metcoff, 1988; Wilson and

Wilson, 2006).

2.5.3 Biological importance of amino acids

Because of their biological significance, amino acids are important in nutrition and are
commonly used in nutrition supplements, fertilizers, and food technology. Industrial uses

10



include the production of drugs, biodegradable plastics, and chiral catalysts.In the form of
proteins, amino acids comprise the second-largest component after water, of human
muscles, cells and other tissues. Outside proteins, amino acids perform critical roles in

processes such as neurotransmitter transport and biosynthesis (Latham, 1997).

The ability of amino acids to exist as zwitterions under biological conditions makes them
good ligands to suitable metal centers in coordination chemistry. In this form, the
carboxylic end is deprotonated to form the carboxylato anion, —COO ", which can bind to a
metal center under suitable conditions, while the amine end is protonated to form the
analogic ammonium group. If the pH of the medium is made alkaline, hydroxyl ions will
dominate protons in solution and hence convert them to water. This would make the —NH,
end unprotonated and so its electron pair on nitrogen atom become readily available for
coordinate bonding with suitable metal centers. Thus, in a typical metal-amino acid
complex one would expect bonds formed with metal by the ligands via —N, —O atoms, or
both. This fact was established by Saxena et al., 1996 for complexes of copper(ll),

nickel(11), cobalt(1) and zinc(Il) with histidine and glycine or alanine.

2.6 Transition Metal Complexes with Amino Acids

Metal complexes with amino acids are of great interest considering their use as models for
metalloproteins. Copper(ll) complexes are even of particular interest as they do not only
serve as metalloprotein models but as transport forms of copper in living organisms (Garcia
et al., 2006). Many reports have been devoted to understanding the coordination character

of such complexes especially copper(ll) complexes with histidine, as well as model

11



complexes with histidine-containing oligopeptides (Sovago et al., 2012; Bukharov et al.,

2014).

2.7Biological Importance of Coordination Complexes of Amino Acids

Metal ion complexes are playing an increasing role in the development of antimicrobial
agents (Chang et al., 2010). Coordination complexes of transition metals have been widely
studied for their antimicrobial activities (Pllana-Zeqiri et al., 2012).Mixed ligand
complexes of Zn(ll) and Co(ll) with cysteine, histidine, cysteinemethylester, and
histidinemethylester have been synthesized. Histidine and histidinemethylester acted as
bidentate ligands involving amino and imidazole nitrogen in the complexes. In addition, the
cysteine and cysteinemethylester acted as bidentate ligands coordinating via thiol sulphur
and amino nitrogen. Tetrahedral geometry was proposed for Zn(Il) and Co(ll) complexes
(Reddy et al., 2005).Promising antimicrobial activities of some amino acids chelates have
been reported, including those of histidine arginine and glutamic acid (Legler et al., 2001;
Saha et al., 2009). However, there is dearthof information on coordination compounds of

methionine and leucine, and their antimicrobial potential.

In a recent study, copper- and iron-leucine complexes were observed to have relatively
same antibacterial activities but higher than their respective ligands (Asemave et al., 2015).
The study emphasized the use of Cu-Leu complex as new alternative antibacterial
therapeutic agents.It has been reported that the antibacterial activity of a complex is
influenced by its stability. The lower the stability of the amino acid complex, the greater its
antibacterial activity. This is may be attributed to the fact that they have more free ions in

the solution, which can enhance the cooperative interaction between the metal ions and the
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ligands (Stanila et al., 2007). Another feature linked to the biological activities of transition
complex is that, the positive charge of the metal is partially shared with the donor atoms
present in the ligands and there is m-electron delocalization over the whole chelate ring.
This in turn increases the lipophilic character of the metal chelate and favours its

permeation through the lipid layers of the bacterial membranes (Faundez et al., 2004).

Compounds containing —N and—O as donor atoms play an important role as ligands in
coordination chemistry. The amino acid, histidine, is the most frequently occurring ligand
of zinc in the active center of zinc containing enzymes. Both catalytic and structural zinc in
enzymes are always coordinated to at least one cysteine and one histidine donor. Among
allthe metal ligating amino acids bearing N, O and S containing donors in their side chains,
cysteine and histidine are the most prominent ones for zinc (Rombach et al., 2002).Most
biological molecules contain —N, —O or —S as donor atoms and are therefore electrons rich.
It has been shown from previous reports (Sadlers et al., 2007; Mohamed et al., 2009;
Agbaje et al., 2014; Osowale, 2017) that coordination of metal ions to biologically active
agents may improve their efficiency and accelerates their bioactivity. Furthermore, earlier
studies have also shown that some coordination compounds of coumarin derivatives and
those of amino acids exhibited promising antimicrobial and cytotoxic activities on chelation
(Chohan et al., 2006).Promising antimicrobial activities of some amino acids chelates have
also been reported (Nomiya et al., 2000; Legler et al., 2001; Saha et al., 2010), including
those of histidine, arginine and glutamic acid. It was further concluded that chelation may
enhance greatly the bioavailability of coordination compounds as therapeutic agents
(Aiyelabola et al., 2012a, Aiyelabola et al., 2016). Coordination compounds of glycine and

phenylalanine metal-ligand ratio 1:2 have been reported with marginal antimicrobial
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activities. It was suggested therefore, based on the chelate theory, that increasing the
number of chelate rings may improve the antimicrobial activity of these complexes (Chang
et al., 2010).Copper(ll) complexes of amino acids and peptides containing the chelating bis
(imidazolyl) residues have been reviewed by Sovago et al., 2003. The results reveal that bis
(imidazolyl) analogues of these biomolecules are very effective ligands for metal binding.
The nitrogen donor atoms of the chelating agent are the major metal binding sites under
acidic conditions. In the presence of terminal amino group, the multidentate character of the
ligands results in the formation of various polynuclear complexes including the ligand and
the imidazole bridged dimeric species. The most intriguing feature of the coordination
chemistry of these ligands is that the deprotonation of the coordinated imidazole-N (1) H
groups results in the appearance of a new chelating site in the molecules. It leads to the
formation of stable trinuclear complexes via negatively charged imidazolato bridges

(Sovago et al., 2003).

In recent years, Co(ll)and Cu(ll) amino acids complexes have received much attention
because they proved to be useful antibacterial agents against Staphylococcus aureus
andEscherichia coli (Stanila et al., 2011). In addition, complexes of transition metals with
amino acids in proteins and peptides are utilized in numerous biological processes, such as
oxygen conveyor, electron transfer and oxidation. In these processes, the enzymatic active
site, which is very specific, forms complexes with divalent metal ions (Vemrlinov et al.,

2006).

Recently, the copper amino acids complexes in aqueous solution: [Cu(L1),]-H.O (L1=D-
methionine), [Cu(L2).]-H.O (L2=D-phenylalanine) and [Cu(L3).] (L3=D-triptophan) were
synthesized and analyzed by means of elemental analysis, thermogravimetric differential
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analysis, atomic absorption, IR, UV-Vis and ESR studies (Stanila et al., 2007). Metal-
ligand ratio in Cu(ll)- amino acid complexes have beenreported to be 1:2 as the amino
acids are shown to act as bidentate ligands with coordination involving the carboxyl oxygen
and the nitrogen atom of amino group. The electronic and ESR spectra have been employed
to confirm square-planar local symmetry for the copper ion in these complexes (Stanila et
al., 2007). It is however, important to prioritize L-isomers of the amino acids for the
synthesis since they are the most important class of the compounds, and to evaluate the
biological activities of the synthesized metal(ll) complexes of L-amino acids.Also,
employing such techniques as XRD, magnetic measurements, molar conductivity and metal
content analyses, for structural characterization in addition to those used by Stanila and

coworkers (2007) is apparently an open area of research.

Yokota et al.,(2016) studied the crystallization behavior of Cu(ll) complexes of branched
chain amino acids (BCAAS). In the report, mixing of Cu(ll) and L-leucine in solution
caused immediate precipitation of Cu(ll)-leucine complex, while no precipitates were
obtained when L-valine or L-isoleucine were used as ligands. The results were discussed
based on structure differences among the precipitates. Questions may arise as to why the
use of a base was ignored in the synthesis of the Cu(ll) complexes of BCAAs since amino
acids exist as zwitterions and may become resistant to bidentate coordination considering
their ionization complications. The use of a strong base in the synthesis of similar
complexes have been indicated as a reliable way of arresting this challenge (Aiyelabola et

al., 2012a).

Although it is not possible to elucidate or confirm the structures of complex species by pH
measurements, they can be speculated upon based on the literature reports and chemical
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knowledge. In aqueous solutions, metal ions are coordinated by six water molecules.
Amino acids replace water molecules and form metal-amino acid complexes (Chen et al.,
2000a,b; Damaj et al., 2009; Patil et al., 2009). Depending on the nature of the ligands and
metal ions and based on the basic chemical knowledge tentative structures of complexes are
proposed. Carboxyl oxygen and amino nitrogen of L-valine are bonded to the metal ions
though nitrogen can associate with hydrogen ions in physiological pH ranges. Hence, there
is often significant competition between hydrogen and metal ion for this donor site and it
results in the formation of protonated species. The Cu(ll) ion forms distorted octahedral or

square planar complexes due to the Jahn—Teller effect (Grigoreva and Dusheiko, 1970).

A biomimetic study of metal ion complexes with L-valine in acetonitrile—water mixtures
indicated that the complexes are protonated in acidic pH medium (Bhushanavathi and Rao,
2013). An investigation was also made into the experimental conditions for the formation
of poorly soluble complexes of the divalent Zn(ll) combined with the amino acids:
tyrosine, tryptophan, cysteine, histidine, and alanine, in the form of suspensions for
intravenous administration. The number of Zn(ll)-binding sites in the amino acid (n) as
well as the amino acid affinity to Zn(l1) (Ka), were determined by Dolinska, (2001). The

study focused rather on the stability of such complexes formed.

It becomes apparent from literature reports that the amino acid complexes of copper(Il)
have been prioritized against other metal(ll) species of similar biological importance.
However, there is hardly any clear justification for such neglect. Biological studies for the
reported copper(Il) amino acid complexes have been limited to a few strains of bacteria,
mostly,Escherichia coli and Staphylococcus aureus (Stanila et al., 2011). Investigation of
the biological activity of the metal amino acid complexes on a wide range of bacteria, and
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some fungi strains is still an open area of research. In addition, characterization for the
reported complexes has also not adoptedsuch techniques as magnetic susceptibility, molar
conductivity and X-Ray Diffraction (XRD). Questions whether such complexes are
crystalline or amorphous, and the like remain to be answered; this could be achieved by

carrying out powder XRD analysis (Munoz-Espi et al., 2011).

CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Materials

The following apparatus and equipment were used: water bath (improvised), oven (heating
and drying oven DGH-9053), furnace (Nabertherm programmable furnace, Model GmbH),
digital weighing balance (FINLAB Electronic Balance Model ESJ200-4), melting point
apparatus (Stuart Automatic Model SMP40) and magnetic stirring hot plate (BIBBY
STERILIN Model HC500). Others werescientific magnetic susceptibility balance

(Sherwood AUTO scientific MSB), conductivity meter (HACH conductivity meter:
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Sension5), UV-visible spectrophotometer (Agilent Cary Series), IR spectrophotometer

(Agilent Cary 360) and XRD machine (Xpert-Pro XRD coupled with PDF-2 software).

The chemicals used includeL-methionine, L-leucine (Sigma-Aldrich Chemicals), copper(Il)
chloride dihydrate, cobalt(ll) chloride hexahydrate, zinc(ll) sulphate heptahydrate,
nickel(l1) chloride hexahydrate, sodium hydroxide, dimethyl sulphoxide, methanol, ethyl
acetate, ethanol (BDH products) and distilled water.The chemicals and solvents were of
analytical grade and were used without further purification. Themicrobes (bacteria and
fungi) were clinical strains obtained from the Department of Medical Microbiology,
Ahmadu Bello University Teaching Hospital, Zaria, Nigeria. The standard drugs used

wereciprofloxacin and fulcin (May & Baker Pharmaceutical Company).

3.2 Methods

3.2.1 Synthesis of metal(11) methionine complexes

The complexes were synthesized using a procedure adopted from Aiyelabola et al.,

2012bwith slight modification as follows:

Stoichiometric amounts 0f2.130 g methionine (0.014 mol), 1.530 g methionine (0.010 mol),
1.240 g methionine (0.008 mol) and 1.521 g methionine (0.010 mol) were weighed and
dissolved separately in 40 mL of distilled water. Appropriate amounts of 0.560 g (0.014
mol), 0.420 g (0.011 mol), 0.310 g (0.008 mol) and 0.410 g (0.010 mol) sodium hydroxide

were then weighed and dissolved in 10 mL of distilled water and added to the respective
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methionine solutions for deprotonation of the amino acid.Aqueous solutions of the metal
salts containing 1.210 g CuCl,.2H,0(0.007 mol), 1.230 g of CoCl,.6H,O (0.005 mol),
1.210 g of ZnS0O,4.7H,0 (0.004 mol) and 1.210 g of NiCl,.6H,0 (0.005 mol) were prepared
using 40 mL distilled water. Thesewere added to the deprotonated amino acid solutions
respectively, and the resultant mixture heated on a water bath with constant stirring for
about 2 hrs. Precipitates obtained were filtered off, washed with water several times and

dried in an oven at 60°C.

3.2.2. Synthesis of metal(l1) leucine complexes

The complexes were also synthesized using a procedure adopted from Aiyelabola et al.,

2012b with slight modification as follows:

Stoichiometric amounts of 1.880 g leucine (0.014 mol), 1.340 leucine (0.010 mol), 1.100 g
leucine (0.008 mol) and 1.340 g leucine (0.010 mol) were weighed and separately dissolved
in 40 mL of distilled water. Appropriate amounts of 0.580 g (0.015 mol), 0.420 g (0.011
mol), 0.330 g (0.008 mol) and 0.260 g (0.007 mol) sodium hydroxide were thenweighed
and dissolved in 10 mL of distilled water and added to the respective leucine solutions for
deprotonation of the amino acid.Aqueous solutions ofthe metal salts containing 1.210 ¢
CuCl,.2H,0(0.007 mol), 1.230 g of CoCl,.6H,0 (0.005 mol), 1.200 g of ZnSO4.7H,0
(0.004 mol) or 1.210 g of NiCl,.6H,O (0.005 mol) were prepared using 40 mL distilled
water. These were added to the deprotonated amino acid solutions respectively, and the
resultant mixture heated on a water bath with constant stirring for about 2 hrs. Precipitates
obtained were filtered off, washed with distilled water several times and dried in an oven at

60°C.
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3.3. Characterization

The synthesized complexes were subjected to spectrophotometric and classical analyses for

structuralelucidation.
3.3.1. Melting point analysis

The temperature of decomposition (d) of the complexes was measured using open capillary
tubes on a Stuart automatic melting point apparatus model SMP40, with starting

temperature of 40°C at a temperature ramp of 15°Cmin™.
3.3.2. Solubility test

Solubility test for the complexes was done at room temperature using the cold solvents,
water, methanol, ethanol, ethyl acetate and DMSO. The test was carried out by placing a
small amount of the sample in different test tubes each containing different solvent and the

mixture was vigorously hand-shaken to check whether the complex dissolved or not.
3.3.3. Molar conductivity

Molar conductivity measurements were carried out at room temperature using a HACH
conductivity meter model Sension5. The analysis was done using a procedure adopted from
Jamil et al., (2015). A 0.02 g of the sample was placed in a 10 cm® of 0.001M dimethyl
sulphoxide, DMSO solvent, in a test tube. The resultant solution was vigorously shaken to
ensure complete dissolution of the sample. The electrode was then dipped into the test tube

containing the dissolved sample and the readings from the conductivity meter was obtained.

3.3.4. Magnetic susceptibility
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The magnetic susceptibility measurement for the synthesized complexes were obtained at
room temperature using an AUTO (Sherwood scientific) magnetic susceptibility balance
(MSB). This was done by first taking the magnetic measurement of an empty capillary tube
(a negative value, since glass is diamagnetic) recorded as R, then that of capillary tube with
pre-weighed amount of sample as R. The length of the sample in the column was taken as
L, the proportionality constant (C) given to be 1.0, mass (M) of the sample alone weighed
from the digital weighing balance was also recorded. The gram susceptibility (Xg) of the
complexes was thus evaluated using the relationship in equation 3.1 (Lotz, 2008;

Sharwood-Scientific, 2017).

Xy = € x L (R=Ro) 31

109 x M

A negative value of Xy indicates that the complex is diamagnetic while a positive value is

indicative of a paramagnetic behaviour.

The molar susceptibility (Xm) was then obtained using equation 3.2.

Xm = Xgx MM 3.2

where MM is the molecular mass of the complex.Hence,effective magnetic moments (Ues)

for the complexes was evaluated using the expression in equation 3.3.

Uert =2.83vV Xm X T 3.3

Where T is the room temperature in Kelvin, and Ueis the effective magnetic momentsin

Bohr magnetons (BM).

3.3.5. Determination of hydrationwater in the complex compounds
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This was done by following a procedure reported by Aliyu and Abdullahi, (2009). Specific
weight of the complexes (0.1000 g) in a crucible was placed in an oven at 110°C for 1 hour.
This was removed and reweighed after allowing it to cool in a desiccator. The procedure
was repeated until constant weight was obtained. The lost in weight was recorded and the
percentage composition of water of hydration in the complex determined using equation 3.4

(Vogel, 1966; Aliyu and Abdullahi, 2009).

loss in weig ht(g)

x100% 3.4

Weig ht of sample taken ( g)
3.3.6. Metal content analysis

The metal content was determined gravimetrically by converting the complexes into their
corresponding oxides. Weighted amount of the complexes (in a crucible) were ignited using
a Nabertherm programmable furnace (Model GmbH) at a temperature ramp of 20°C min™,
and held at a plateau temperature of 800°C for three hours (Refat et al., 2013a). The
weights of the resultant residue (corresponding metal oxides) were recorded, and

percentage of metal content determined using equation 3.5.

weig ht of metal oxide XGravimetric factor

x 100% 3.5

Weig ht of complex taken
3.3.7. Infra-red spectroscopy

IR spectra were recorded on Agilent Cary 630 FTIR Spectrophotometer within
wavenumber range of 4000-650 cm™. Information about metal(I) ions’ coordination was
obtained by comparing the IR frequencies of the ligands with those of their respective

metal complexes (Stanila et al., 2007).
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3.3.8. UV-Vis spectroscopy

The UV-visible spectra were determined in the DMSO solvent with concentration (1.0x10°
3 M) for the free ligands and their metal complexes using Cary series UV-vis

Spectrophotometer with 1cm quartz cell, in the range 200-800 nm (Refat et al., 2013a).
3.3.9. Powder X-ray Diffraction

The X-ray powder diffraction analysis was carried out using Xpert-Pro X-ray
diffractometer with Cu Kal radiation with A=1.54056A. The scans were made at a
temperature of 25°C within 260 range of 5.00-80.00° at scan rate of 8.00°min™. Unit cell
parameters were found by employing trial and error method using the Powder Diffraction
File software (PDF-2). The average crystallite sizes for all complexes were calculated using

Debye Scherrer’s formula, equation 3.6.

_09x1
xrd B Cos6

3.6

where 7 is the average crystallite size, A is the wavelength of Cu Ka radiation (1.54056 A),
B is the full width at half maximum (FWHM in radians) and © is the Braggs reflection

angle. 0.9 is the machine constant K. Inter-planer separations (d-spacing) were obtained

using the Bragg’s law, equation 3.7 (Kavitha et al., 2013; Bunaciu et al., 2015).

- 3.7
2 Sin6

3.4 Antimicrobial screening
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The antimicrobial activities of the ligands and the complexes were determined using some
clinical strains ofmicrobes obtained from the Department of Medical Microbiology,
Ahmadu Bello University Teaching Hospital, Zaria, Nigeria.The in vitro antibacterial
activity studies were therefore carried out against three Gram positive (Staphylococcus
aureus, Streptococcus pyogenesandBacillus cereus) and three Gram negative(Escherichia
coli, Salmonella typhiandShigella dysentriae).In addition, antifungal potential of four
fungal strains(Fusarium oxysporum, Aspergillus niger, Candida albicansand Aspergillus
flavus) was also investigated. The agar diffusion method was adopted for screening the
compounds.The zone of inhibition (ZI), minimum inhibition concentration (MIC),
minimum bactericidal concentration (MBC) and minimum fungicidal concentration (MFC)

were all carried out using the procedure reported by CLSI, (2016).

A mass of 0.002 g of the compound in each case was weighed and dissolved in 10 mL of
DMSO to obtain a concentration of 200pgmL™. This was the initial concentration of the
compounds used to determine their antimicrobial activities using the Mueller Hinton and
Sabouraud dextrose agars as media for the growth of the microbes. The media was prepared
according to the manufacturer’s instructions, sterilized at 121°C for 15 min, poured into
sterile petri dishes separately and the media allowed to cool and solidify. Mueller Hinton
agar was seeded with the test bacteria while the Sabouraud dextrose agar was seeded with
the fungi. The inoculum of the test microbes in the medium was spread evenly over the
surface of the medium by the use of a sterile swab. A well was cut at the center of each
inoculated medium using a standard cork borer of 6 mm diameter. 0.1 mL of the solution of
the extract was then introduced into the well on the inoculated media. Incubation followed

at 37°C for 24 hours for the bacteria, and at 30°C for 7 days for the fungi after which the
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media plates were observed for the zone of inhibition of growth. The zone was measured

with a transparent ruler and the result recorded in millimeters (CLSI, 2016).
3.4.1 Minimum inhibition concentration

The minimum inhibition concentration of the compounds was determined using the broth
dilution method. MuellerHinton and Sabouraud dextrose broth were prepared by dispensing
10 mL of the broth into test tubes and were sterilized at 121°C for15 min, then allowed to
cool. McFarland’s turbidity standard scale number 0.5 was prepared to give a turbid
solution. Normal saline was prepared by dispensing 10 mL of NaCl into sterile test tubes
and the test microbes inoculated and incubated at 37°C for 6 hours. Dilution of the test
microbes was done in the normal saline until the turbidity matched that of the McFarland’s
scale by visual comparison at which point the test pathogens had a concentration of
1.5x10%colony forming units (CFUL™). Two-fold serial dilution of the compounds in
DMSO was made to obtain the concentrations of 200ugmL™, 100ugmL™?, 50pugmL™,
25pugmL™ and 12.5pgmL™. The initial concentration was obtained by dissolving 0.002 g of
the compounds in 10 mL of the DMSO. Having obtained the different concentrations of the
compound in the sterile broth, 0.1 mL of the test strains in the normal saline was then
introduced into the different concentrations with the bacteria introduced into the Mueller
Hinton broth and the fungi in Sabouraud dextrose broth. Incubation followed at 37°C for 24
hrs for bacteria, and at 30°C for 7 days for the fungi after which the test tubes of the broth
were observed for turbidity (growth). The lowest concentration of the compounds in the

broth which showed no turbidity was recorded as the MIC (CLSI, 2016).

3.4.2 Minimum bactericidal concentration/minimum fungicidal concentration
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MBC/MFC was carried out to determine whether the test organisms were killed or only
their growth was inhibited. Mueller Hinton and Sabouraud dextrose agars were prepared,
sterilized at 121°C for 15 min, poured into sterile petri dishes and allowed to cool and
solidify. The content of the MIC in the serial dilutions were then sub-cultured onto the
prepared media with the bacteria sub-cultured onto the Mueller Hinton ager and incubated
at 37°C for 24 hrs, and the fungi sub-cultured onto the Sabouraud dextrose agar at 30°C for
7 days, after which the plates of the media were observed for colony growth. The
MBC/MFC was the plates with lowest concentration of the compound without colony

growth (CLSI, 2016).

CHAPTER FOUR

4.0 RESULTS
4.1 Physical Properties

The physical properties of the synthesized complexes and their percentage yields are shown
in Table 4.1. The data obtained proved the formation of the complexes. Their observed
colours were in agreement with those expected, grey-blue for Cu complexes, pink for Co,

white for zinc and pale-blue for those of Ni (Stanila et al., 2007; Refat et al., 2013b).
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4.2 Solubility Studies

The results of solubility analysis of the complexes were performed in some selected
solvents and the results are presented in Table 4.2. Dimethyl sulphoxide (DMSQO) was
found to be the best solvent for the complexes. Thus, studies of electronic spectroscopy and
conductivity measurements were carried out by dissolving the complexes in DMSO

Solvent.

4.3 Spectroscopic Analyses

The infrared spectroscopy analysis is reported in Table 4.3. Both bathochromic and
hypsochromic shifts were observed and assigned appropriately. Most significant were the
shifts observed in the —-NH; and —COO functional group domain. Also, the O-H group,

missing in the spectra of the ligands but appeared in that of the complex compounds.

Electronic spectra data recorded in Table 4.4 shows transition which were unique for each
complex compound formed. All the complexes showed d-d transition in the visible region
except those of Zn(ll) which only showed transition in the UV- region mainly

characteristics of n-z*and = — z* transition.

Table 4.1: Physical properties of metal(11) complexes

Complex Formula weight Decomposition  Colour Yield (%)
(gmol™) temperature
(°C)
[Cu(L)2].H20(2) 377.97 267-269 Grey-blue 50.74
[Cu(LY)2].H20(2) 341.91 254-257 Light-blue 53.06
[Co(L)2(H20),].H.0(3) 409.35 277-280 Pink 69.10
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[Co(LY)2(H20)2].H20(4)

[Zn(L).].H20(5)

[Zn(L")2].H.0O(6)

[Ni(L)2].2H0(7)

[Ni(LY)2].2H,0(8)

373.29

379.80

343.74

391.11

355.05

276*

285-288

287-290

233-237

269-270

Pink

White

White

Pale-blue

Pale-blue

55.80

57.59

57.90

51.70

51.80

*=decomposition temperature, L = L-methionine and L* = L-leucine

Table 4.2: Solubility of complexes in selected solvents

Complex Water Methanol  Ethanol Ethyl acetate DMSO
[CuL](1) IS IS IS S
[CuL'] (2) IS SS SS S
[CoL](3) IS SS IS S
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[CoL'] (4) IS IS IS IS S

[ZnL](5) IS sS IS IS S
[ZnL'1(6) IS sS SS PS S
[NIL](7) IS IS IS IS S
INIL'](8) IS sS SS 1S S

IS=Insoluble, SS=sparingly soluble, S=Soluble, DMSO=dimethyl sulphoxide, L = L-
methionine and L' = L-leucine

Table 4.3: IR frequencies ofL and L'and their metal complexes

Compound  v(OH;H,O) Vv(N-H) v(C=0) Vv(C-N) v(COO) v(C-O) v(CHs3-S-CH,)

L - 2944 1651 1333 1408 1159 2914

Lt - 2955 1572 1312 1405 1133 -
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[CuL](1)
[CuL'] (2)
[CoL](3)
[CoL'] (4)
[ZnL](5)
[ZnL"] (6)
[NIL](7)

[NiL'] (8)

3287

3317

3347

3365

3295

3324

3339

3369

3131

3242

3272

3280

3254

3268

3280

3276

1610

1613

1565

1587

1595

1606

1654

1587

1330

1394

1345

1304

1386

1244

1341

1397

1427 1151
1472 1192
1453 1151
1472 1189
1423 1159
1468 1196
1420 1185
1472 1189

2914

2914

2914

2914

L = L-methionine and L* = L-leucine, frequency in cm™

Table 4.4:UV-Visible spectra data ofL and L'and their metal complexes

Compound Amax(nNm) Amax (€m™) Assignment of
transitions
L 270 37037 n-m*
264 37879 n-1*
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L! 270 37037 n-m*

261 38314 n-m*
[CuL](1) 761 13141 ’B1y— E1q
[CuL'] (2) 771 12970 ’B1y— E1q
[CoL](3) 514 19455 Tig—"Agg
354 28249 n-m*
[CoL'] (4) 510 19608 Tig—"Agg
[ZnL](5) 268 37313 n-m*
[ZnL'] (6) 271 36900 n-m*
[NiL](7) 645 15504 Tog—>Aug
385 25974 n-m*
[NiL'] (8) 731 13680 Tog—>Aug
392 25510 n-m*

L = L-methionine and L = L-leucine

4.4 Magnetic and Conductivity Measurements

Table 4.5 presents the result of magnetic susceptibility and molar conductivity studies for
the synthesized complexes. Magnetic moments obtained showed that Cu(ll) Co(ll) and

Ni(Il) complexes were paramagnetic, while those of Zn(Il) were diamagnetic. Conductivity
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measurements showed that the complexes were non-electrolytic which is expected for

neutral complexes (Refat et al., 2013b).

4.5 Gravimetric Analyses

Results of metal contents and water of hydration analyses are recorded in Tables 4.6 and
4.7 respectively.The result showed in both cases that the calculated values were in close
agreement with the observed ones thus corroborating the molecular formula presented in

Table 4.1.

4.6 X-ray Diffraction Studies

Data of powder XRD analysis are presented in Table 4.8. The average crystal size obtained
by use of the Scherer equation proved the crystallinity of the complexes, and similarity in

bonding modes for all the complexes studied.

4.7 Antimicrobial Studies

4.7.1 Zone of inhibition

The zone of antimicrobial inhibition for the ligands and the complexes are presented
inTables 4.9-4.11. The CLSI (2016) standard zones of inhibition for the standard drugs
were used as basis for establishing activity. Most of the complexes proved to inhibit the

growth of

Table 4.5:Room temperature magnetic susceptibility and Molar Conductivity of the
M(l1)complexes

Complex Uit (B.M) Temperature (K) AQ " mol™ cm?)

[CuL](1) 1.97 299.50 18.47
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[CuL'] (2) 2.04 299.50 18.99

[CoL](3) 6.00 299.50 43.80
[CoL'] (4) 5.10 299.50 24.90
[ZnL](5) 0.00 300.00 25.10
[ZnLY] (6) 0.00 300.00 18.63
[NiL](7) 2.26 300.00 29.90
[NiL'] (8) 4.21 300.00 30.80

Hett = Effective magnetic moment, A= Molar conductivity, B.M=Bohr magnetons,
-3
K=Kelvin, molar conductivity in 1x10 DMSO solution

Table 4.6: Metal content analysis

Complex Weight of Weight of Gravimetric Percentage(%) Percentage(%)
complex (g)  oxide (g) factor of of
composition composition
of metal of metal
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(Calculated) (Observed)

[CuL](1) 0.1500 0.0305 0.7987 16.81 16.24
[CuL'] (2) 0.1500 0.0358 0.7987 18.59 19.07
[CoL](3) 0.1500 0.0281 0.7865 14.40 14.73
[CoL'] (4) 0.1500 0.0290 0.7865 15.79 15.21
[ZnL](5) 0.1500 0.0329 0.8034 17.21 17.62
[ZnL'] (6) 0.1500 0.0352 0.8034 19.02 18.85
[NiL](7) 0.1500 0.0289 0.7858 15.01 15.14
[NiL'] (8) 0.1500 0.0299 0.7858 16.53 15.66

Table 4.7: Water of hydration analysis

Complex Initial weight Final weight Loss in Percentage(%)of water of Percentage(%)of water of
of complex  of complex weight hydration (Calculated) hydration (Observed)

(9) (9) (9)
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[CuL](1)
[CuL"]
)
[CoL](3)
[CoL']
(4)
[ZnL]1(5)
[ZnL']
(6)
[NiL](7)
[NiLY]

(8)

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.1000

0.0955

0.0949

0.0953

0.0947

0.0954

0.0948

0.0911

0.0902

0.0045

0.0051

0.0047

0.0053

0.0046

0.0052

0.0089

0.0098

4.76

5.26

4.40

4.82

4.74

5.24

9.20

10.14

4.50

5.10

4.70

5.30

4.60

5.20

8.90

9.80
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Table 4.8: Powder X-ray diffraction analysis

Complex Cu-Met Cu-Leu Co-Met Co-Leu Zn-Met Zn-Leu
Parameters

a(d) 12.26 9.59 14.98 4.90 16.19 24.65

b (A) 10.99 7.15 2.81 2.81 5.11 24.65
c(d) 6.40 8.54 4.90 9.86 9.99 24.65

a () 90.00 90.00 90.00 90.00 90.00 90.00
B 90.50 90.50 95.91 93.40 95.50 90.00

v () 90.00 90.00 90.00 90.00 90.00 90.00
Txrd (NM) 63.68 55.30 74.69 55.79 84.26 91.42
VA )3 862.86 581.46 205.25 410.49 822.37 3744.47

7xra= Average crystal size and V = cell volume
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Table 4.9: Results of zone of antimicrobial inhibition(mm)for ligand and complexes on
Gram-positive bacteria

S. aureus S. pyogenes B. cereus
L 18 0 0
L' 0 23 20
[CuL](2) 21 0 0
[CuL'] (2) 0 27 24
[CoL](3) 25 27 24
[CoL'] (4) 0 26 25
[ZnL](5) 25 0 26
[ZnL] (6) 27 0 24
[NiL](7) 25 27 0
[NiL'] (8) 29 26 0
C 29 0 0

C = ciprofloxacin, L = L-methionine and L' = L-leucine
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Table 4.10: Results of zone of antimicrobial inhibition(mm)for ligand and complexes
onGram-negative bacteria

E. coli S. typhi S. dysentriae
L 24 0 0
Lt 20 0 0
[CuL](1) 26 0 0
[CuL'] (2) 25 0 0
[CoL](3) 0 0 25
[CoL'] (4) 24 0 0
[ZnL](5) 27 0 0
[ZnLY] (6) 23 0 0
[NiL](7) 24 0 0
[NIL'] (8) 0 0 26
C 28 21 27

C = ciprofloxacin, L = L-methionine and L' = L-leucine
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Table 4.11: Results of zone of antifungal inhibition(mm) for ligand and complexes

C. albicans A. niger A. flavus F. oxyparum
L 20 0 23 0
L 21 0 18 0
[CuL](1) 25 0 26 0
[CuL'] (2) 25 0 24 0
[CoL](3) 23 27 0 0
[CoL'] (4) 0 24 0 23
[ZnL](5) 26 0 24 23
[ZnL'] (6) 24 0 23 25
[NiL](7) 0 0 0 25
[NiL'] (8) 25 0 0 0
Q 30 26 30 32

Q = fulcin, L = L-methionine and L* = L-leucine
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clinical strains of bacteria and fungi used in this study, with activity of the ligands
increasing on complexation. The Gram-positive bacteria largely proved more susceptible to
the complex compounds than their Gram-negative counterparts (Tables 4.9 and 4.8

respectively).
4.7.2 Minimum inhibition concentration

The MIC for the ligands, complexes and standard drugs were determined against the test
organisms (Tables 4.12-4.14). The result proved that the standard drugs have the lowest

MIC against most of the pathogens studied except for a few microbes.
4.7.3 Minimum bactericidal concentration/minimum fungicidal concentration

The MBC and MFC was evaluated to ascertain whether the test microbes were only
inhibited or Killed (Tables 4.15-4.17). All the active complexes showed both bactericidal
and fungicidal potency with minimum bactericidal concentrations and minimum fungicidal

concentrations ranging between 50-200 pgmL™.
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Table 4.12: Results of minimum inhibition concentration(ugmL ™ )for ligand and
complexes on Gram-positive bacteria

S. aureus S. pyogenes B. cereus
L 50 - -
L' 100 50 50
[CuL](2) 50 - -
[CuL'] (2) - 25 50
[CoL](3) 50 25 50
[CoL'] (4) - 50 50
[ZnL](5) 50 - 25
[ZnL'] (6) 25 - 50
[NiL](7) 50 25 -
[NiL'] (8) 25 25 -
C 25 - -

— =no activity, C = ciprofloxacin, L = L-methionine and L* = L-leucine
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Table 4.13: Results of minimum inhibition concentration(ugmL ™ )for ligand and
complexes onGram-negative bacteria

E. coli S. typhi S. dysentriae
L 50 - 3
L' 50 - -
[CuL](1) 25 - -
[CuL'] (2) 50 - -
[CoL](3) - - 50
[CoL'] (4) 50 - -
[ZnL](5) 25 - -
[ZnL'] (6) 50 - -
[NIL](7) 50 - -
[NiL'] (8) - - 25
C 25 125 25

— = no activity, C = ciprofloxacin, L = L-methionine and L' = L-leucine
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Table 4.14: Results of minimum inhibition concentration(ugmL ™ )for ligand and
complexes onsome fungi strains

C. albicans A. niger A. flavus F. oxyparum
L 50 - 50 -
Lt 50 - 100 -
[CuL](1) 50 - 50 -
[CuL'] (2) 50 - 50 ]
[CoL](3) 50 25 - -
[CoL'] (4) - 50 - 50
[ZnL](5) 25 - 50 50
[ZnL'] (6) 50 - 50 50
[NiL](7) - - - 50
[NiL'] (8) 50 - - -
Q 25 50 25 25

— = no activity, Q = fulcin,L = L-methionine and L* = L-leucine
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Table 4.15: Results of minimum bactericidal concentration(ugmL ™ )for ligand and
complexes on Gram-positive bacteria

S. aureus S. pyogenes B. cereus
L 200 - -
Lt - 100 200
[CuL](1) 200 - -
[CuL'] (2) - 50 100
[CoL](3) 100 50 -
[CoL'] (4) - 100 100
[ZnL](5) 100 - 100
[ZnL"] (6) 50 . 100
[NiL](7) 100 50 -
[NiL'] (8) 50 50 -
C 100 - -

—= no bactericidal activity, C = ciprofloxacin, L = L-methionine and L* = L-leucine
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Table 4.16: Results of minimum bactericidal concentration(ugmL™) for ligand and
complexes on Gram-negative bacteria

E. coli S. typhi S. dysentriae

L 100 - 3
L' 200 - -
[CuL](1) 100 - -
[CuL'] (2) 100 - -
[CoL](3) - - 100
[CoL'] (4) 100 - -
[ZnL](5) 50 - -
[ZnLY] (6) 100 - -
[NiL](7) 100 - -
[NiL'] (8) - : 100
C 100 50 50

— = no bactericidal activity, C = ciprofloxacin, L = L-methionine and L' = L-leucine
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Table 4.17:Results of minimum fungicidal concentration(ugmL*)for ligand and
complexes on some fungi strains

C. albicans A. niger A. flavus F. oxyparum
L 200 - 100 -
Lt 200 - 200 -
[CuL](1) 100 - 100 -
[CuL'] (2) 100 - 100 -
[CoL](3) 100 50 - -
[CoL'] (4) - 100 - 100
[ZnL](5) 100 - 100 100
[ZnL'] (6) 100 - 100 100
[NiL](7) - - - 100
[NiL'] (8) 100 - - -
Q 100 200 200 100

— = no fungicidal activity, Q = fulcin,L = L-methionine andL" = L-leucine
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CHAPTER FIVE
5.0 DISCUSSION
5.1 Physical Properties of the Metal(11) Complexes

The reaction of L-methionine (HL) and L-leucine (HL1) with the metal(ll) chlorides (Cu,
Co and Ni), and Zn(I1) sulphate under alkaline pH gave coloured complexes except for Zn
complexes which are white (Table 4.1). Good yields were obtained for the complexes (50-
70 %), with the highest yield recorded for Co-methionine complex (69.10 %), while Cu-
methionine complex gave the least percentage yield (50.74 %). The complexes were

formed according to the equations 5.1-5.8.

CUCIQ

where, HL= L-methionine and HL! = L-leucine.
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The decomposition temperature of the complexes was measured using a Stuart automatic
melting point apparatus model SMP40. The range of values observed for the complexes
were reasonably fair since they are in agreement with previous reports for similar
compounds, with differences at about 2.0-3.0°C. This shows that the melting points are
fairly sharp, inferring that the complexes under study were isolated considerably in their
pure form. The result of melting point obtained herein is akin to that obtained by Stanila

and his coworkers in 2007 for similar complex compounds (Stanila et al., 2007).

Formation of the metal(ll) complexes was confirmed by percentage metal content, distinct
colour, and solubility, infrared and electronic spectroscopies. The discrepancy in the
biological activity of the ligands and their resultant metal complexes also support complex

formation.
5.2 Solubility

The solubility of the metal complexes was tested in water, methanol, ethanol, ethyl acetate
and dimethylsulphoxide (DMSO). However, the complexes were only soluble in DMSO
(Table 4.2). Consequently, the molar conductivity measurements and electronic spectra
studies for the complexes were carried out in DMSO. The result is in concomitance with
the findings of Corbi and co-workers in 2000 for analogous compounds, nickel(ll)

complexes with methionine sulfoxide (Corbi et al., 2000).
5.3 Infrared Spectroscopic Analysis

The infrared spectra analyses of the ligands, L (L-methionine) and L* (L-leucine), and their

respective complexes were carried out and the relevant peaks are given in Table 4.3.
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Information about metal(ll) ions coordination was obtained by comparing the IR

frequencies of the ligands with those of their respective complexes.

In the spectra of the ligands, L and L*, the v(N-H) stretching vibrations appear at 2944 cm™
and 2955 cm™ respectively. These bands appear to be shifted towards higher wavenumbers
in the spectra of the complexes with 3131 cm™ for Cu-Met (1), 3272 cm™ for Co-Met (3),
3254 cm™ for Zn-Met (5) and 3280 cm™ for Ni-Met (7). Also, 3242 cm™ for Cu-Leu (2),
3280 cm™ for Co-Leu (4), 3268 cm™ for Zn-Leu (6) and 3276 cm™ for Ni-Leu (8). This
provides an evidence for the involvement of the -NH; group in complex formation (Batiu et
al., 2005; Kumar, 2011). A further supporting evidence for the involvement of the —NH,
group in metal-ligand bonding is obtained from the bands in the spectra of L and L* at 1333
cm™ and 1312 cm™ respectively, which are assigned to v(C-N) stretching vibrations. This
band at 1333 cm™ in the spectra of L appear to be shifted to 1330 cm™, 1345 cm™, 1386
cm™ and 1341 cm™ for 1, 3, 5, and 7 respectively. Similarly, the band at 1312 cm™ in L!
appear to be shifted to 1394 cm™, 1304 cm™, 1244 cm™ and 1397 cm™ for 2, 4, 6 and 8

respectively (Batiu et al., 2005).

The ligands showed strong vibrations at 1651 cm™ for L and 1572 cm™ for L' which are
attributed to v(C=0) stretching. These bands appear to be shifted reasonably in the spectra
of the corresponding complexes (Table 4.3) with the bands appearing at 1610 cm™ (1),
1565 cm™ (3), 1595 cm™ (5) and 1654 cm™ (7). Also, 1613 cm™ (2), 1587 cm™ (4), 1606
cm™ (6) and 1587 cm™ (8). Such shifts in band positions provide an insight into the
bonding modes of the metal(ll)-amino acid complexes. The fact that such peaks appear to
have shifted bathochromically or hypsochromically in the spectra of their respective
complexes can be ascribed to the involvement of the carboxylic oxygen of the amino acid
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in the metal-ligand coordinate bonding (Stanila et al., 2007). The bands at 1159 cm™ and
1133 cm™ in the spectra of L and L* respectively are assignable to the v(C-O) vibration.
These bands appear to be shifted to lower wavenumbers or higher in the spectra of the
corresponding metal(11) complexes providing further supporting evidence that the carboxyl
oxygen of the ligand is involved in coordinate bonding with the metal(ll) centers
(Aiyelabola et al., 2012a). The bands at 1408 cm™ and 1405 cm™ in the spectra of L and L
respectively, assigned to v(COO) vibrations are bathochromically shifted in the spectra of
the corresponding metal complexes. This fact further supports the assertion that this group
is involved in coordinate bond formation with the metal centers (Kulkarni et al., 2014;

Aiyelabola et al., 2016).

The v(O-H) stretching vibration does not appear in the spectra of L and L but does in those
of their metal complexes with 1, 3, 5 and 7 at 3287 cm™, 3347 cm™, 3295 cm™ and 3339
cm™ respectively. Also, 2, 4, 6, 8 at 3317 cm™, 3365 cm™, 3324 cm™, 3369 cm™
respectively. This suggests the presence of water of crystallization and, or water of
coordination in these complexes (Stanila et al., 2011). This finding is in close agreement
with that of Stanila and his coworkers in 2007 for complex 1. The band at 2914 cm™ in the
spectra of the complexes 1, 3, 5 and 7 are attributed to the CH3-S-CH, symmetric and
asymmetric vibrations and are not shifted when compared to that of L (2914 cm™). This
implies that the sulphur atom of this group is not involved in coordination with the

metal(ll) centers (Wokaun, 1995).

A combined spectrum of the ligands and their respective metal(l1l) complexes formed from
them are shown in Appendices 1 and 3 respectively. The spectra of the complexes in each
case appear distinct from those of their respective ligands with major variations occurring
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at the -NH, and —-COOQO domain. Also, the absence of O-H vibrational bands in the ligands
become an exception rather than the rule for the complexes as new resolved peaks emerged
for all the complexes at > 3300 cm™ which suggest the presence of water of crystalization
in the complex compounds. When the spectra of the complexes were superimposed on
those of their respective ligands from which they were formed (Appendices 2 and 4), two
observations were made. First, the spectra of the complexes show peaks that do not match
with those of their respective ligands. This infers that a reaction has taken place. Secondly,
the spectra of the complexes show peaks deviating from those of their respective ligands at
similar positions. Consequently, the spectra of the complexes appear somewhat similar.

This fact supports the hypothesis that the bonding modes in these complexes are the same.
5.4 UV-Visible Spectroscopy

The electronic spectra of the two ligands and their complexes in DMSO were obtained and
spectra data are presented in Table 4.4. The free ligands show maximum wavelengths at
270 cm™L and L' assignable to n-n* transition within the ligands. The bands at 264 nm (L)
and 261 nm (L') are assigned to m-m* transitions. Electronic spectra provide valuable
information about the arrangement of the ligands around the metal ions (Singh et al., 2012).
According to Liu et al., 2007, Cu(ll) complexes exhibiting bands at about 690 nm due to
?E4—°T2q transition are a feature of Cu(ll) ion in an octahedral environment. In the visible
spectra of Cu(ll) complexes however, such bands are absent. However, well resolved bands
emerged at 761 nm (1) and 771 nm (2) which are assignable to 2Blg—>2Elg transitions. This
may rule out the possibility of an octahedral local symmetry around Cu(ll) ion but suggests
a four coordinate environment (Liu et al., 2007; Singh et al., 2012). Ni(ll) complexes
exhibited bands at 645 nm (7) and 731 nm (8) respectively, assigned to 3ng—>3Azg
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transitions which may be ascribed to a four coordinate local symmetry around Ni(ll) ion.
Consequently, the d-d bands observed for the respective Cu(ll) and Ni(ll) complexes are a
feature that is expected for a square planar MO;N, chromophore (Stanila et al., 2007;

Stanila et al., 2009).

The visible spectra of cobalt complexes exhibited d-d transitions whose maxima were at
514 nm (3) and 510 nm (4) which are assigned to “T4 (F)—"Aq (F), characteristic of an
octahedral geometry (Patil et al., 2011). The result is in concomitance with the findings of
Stanila and his co-workers for similar compounds, Co(Il) complexes with phenylalanine,

tryptophan and methionine (Stanila et al., 2009).

The complexes of Zn(11) are diamagnetic and do not possess any d-d transitions as no bands
are observed in the visible domain of their spectra. This is due to the fully filled 3d orbital
of Zn(I1) ion. Their magnetic moments of zero corroborated this further (Banerjee et al.,

2008).
5.5 Magnetic Susceptibility Measurement

Magnetic moments for the complexes are shown in Table 4.5 with the results revealing
paramagnetic character for the complexes of Cu(ll), Co(ll), and Ni(ll). The complexes of
copper, 1 (1.97 BM) and 2 (2.04 BM) showed values of magnetic moments which are in
concomitance with a single spin state (n=1) (Canpolat et al., 2002). Values in the range
5.10-6.00 BM were observed for cobalt complexes, suggesting their existence in a high
spin state. This implies that the amino acid ligands are so weak that they create only a weak
ligand field around the Co(ll) center, causing a low energy eq-toqd-splitting in an octahedral

environment. Such an observation is valuable and important to assist in suggesting that the
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amino acids, L-methionine and L-leucine are weak field ligands, and that Co(ll) ion is in an
octahedral environment in the complexes formed from these ligands. The later assertion
being supported by d-d transitions in the visible spectra of Co(ll) complexes observed at
514nm and 510 nm for 3 and 4 respectively, which are characteristic of an octahedral local
symmetry around Co ion (Ozkan et al., 2005; El-Tabl, 2008). The observed moments of 6.0
BM (3) and 5.10 BM (4) is thus supportive of octahedral geometry since room temperature
magnetic moments in the range of 4.6-6.0 BM are reported for octahedral Co(Il) complexes

as validated by Housecroft and Sharpe, (2005).

The complexes of nickel also showed paramagnetic behaviour with magnetic moments
between 2.21-4.11 BM. This obviously rules out the possibility of a square planar local
symmetry around nickel in these complexes as square planar complexes of d®electronic
systems are usually diamagnetic. Consequently, tetrahedral structure appear more
reasonable for the amino acid complexes of Ni(ll) under investigation (Lee, 2013). This
also supports the hypothesis that the amino acids, L-methionine and L-leucine are weak
field ligands.The magnetic moments of the paramagnetic complexes appeared to be greater
than the theoretically expected values of 1.73 BM for Cu?*, 3.87 BM for Co** and 2.83 BM
for Ni** ions. This is because for the theoretical calculations, only the spin moments (spin
only magnetic moments) are considered, but the observed moments sums both spin and

orbital contributions (Lee, 2013).

The complexes of zinc are diamagnetic with magnetic moments of zero indicating that
there are nounpaired electrons in the degenerate 3d orbitals of the metal ion, such is
expected for a d*° electronic system. The absence of d-d bands in the visible spectra of the
complexes supports this further and is due to the filled 3d-orbital of the Zn(Il) ion. The
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result is in accord with what was obtained by previous workers on Zn(ll) complexes

(Miessler and Tarr, 1996; Aiyelabola et al., 2012b).
5.6 Molar Conductivity Measurements

The molar conductivity values for the amino acid complexes in 10° moldm™ DMSO are
presented in Table 4.5. The values are in the range of 18-44 O™ mol*cm?suggesting these
complex compounds to be non-electrolytes. In cases of presence of ions outside the
coordination sphere (electrolytes), higher conductivity measurements are observed in the
electrolytic range which is 106-311Q" mol*cm?(Refat et al., 2013b). Conductivity
measurements have frequently been used in structure elucidation of metal complexes (mode
of coordination) within the limits of their solubility. They provide a method of probing the
degree of ionization of the complexes, the molar ions a complex liberates in solution

(Refat, 2007).

It becomes clear from the conductivity data that the complexes under study are most likely
to be non-electrolytes. This would only infer that the complexes all form in a 1:2 metal-
ligand ratio since charge neutrality can only be maintained when 1 mole of M*" combine
with 2 moles of Met or Leu . This fact is important in establishing that there is the absence
of such ions as Na* in the outer coordination sphere of these complexes which eliminates
the possibility of a 1:3 metal-ligand ratio. Similarly, the possibility of a metal-ligand ratio
of 1:1 is untenable as the non-electrolytic nature of these complexes rationalizes the
absence of CI” or SO,*” ions in their outer coordination sphere (Mohamed et al., 2009;
Abou-Hussein and Linert, 2015). This fact was strongly supported by simple qualitative

analysis where CI” or SO4*" ions are not precipitated on addition of aqueous solutions of
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silver nitrate or barium chloride respectively to a solution of the complexes (Refat, 2007;
Keypour et al., 2015). This proved a good match with the fact that the filtrates (by-
products) obtained during isolation of complexes gave precipitates instantly on addition of
aqueous solutions of silver nitrate or barium chloride respectively (Refat, 2010; Refat et al.,

2013a).

5.7 Metal Content Analysis

Table 4.6 shows the results of metal content analysis. It can be observed therein that the
calculated values of percentage metal in the complexes are in close agreement with the

experimental. This corroborated further the molecular formula.

5.8 Hydration Water Analysis

The results of infrared spectroscopy reveal the presence of coordination, and or hydration
water in the metal(1l) complexes (Table 4.3). Consequently, percentage hydration water in
the complex compounds was determined (Table 4.7). The experimental values of
percentage water present in the complexes are in close agreement with the calculated

values. This corroborated the molecular formula as chronicled in Table 4.1.

5.9 Powder X-ray Diffraction Studies

Powder XRD patterns of the synthesized metal(ll) complexes were recorded. All
complexes were characterized at room temperature, 25°C (298 K). The observed cell
parameters and average particle sizes are given in Table 4.8. Clear resolved peaks were
observed for all the complexes indicating that the complexes so formed are crystalline in

nature (Sharma et al., 2014). The powder XRD patterns of the complexes appear to be
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similar with the most prominent peak in each case appearing between 20 values of 5-20°
(Appendices 5 — 10). The average crystallite sizes of the complexes were observed to be
within the range of 63.68-91.42 nm. This suggests that all the complexes possess similar
bonding modes (Xiao-Quan et al., 2005). This fact further corroborated with the results of
vibrational spectroscopy. All complexes except Zn-Leu are proposed to be monoclinic
based on comparison with standard reference patterns (Gomez-Ruiz et al., 2010; Kavitha et
al., 2013). The complex, Zn-Leu however, showed referenced unit cell parameters that
suggest it to have crystallized in a cubic fashion with a=b=c, and a=p=y. The average
crystallite sizes for all the complexes were estimated using the Debye-Scherrer relationship

(Warren, 1990; Kavitha et al., 2013).

The obtained structural data thus allows for the proposition of the structural formula for the
studied metal(Il) complexes as in Figures 5.1 -5.3. Subsequently, the molecular geometry

and crystal classof the complexes are proposed in Table 5.1.
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Table 5.1: Proposed molecular geometry and crystal class of metal(11) complexes

Complex Formula Proposed Molecular Proposed crystal class
\1/veight (gmol” geometry
)
[Cu(L)2].H20(2) 377.97 Square planar Monoclinic
[Cu(LY)2].H20(2) 341.91 Square planar Monoclinic
[Co(L)2(H20),].H.0(3) 409.35 Octahedral Monoclinic
[Co(LY2(H20)2].H20(4) 373.29 Octahedral Monoclinic
[Zn(L),].H.0O(5) 379.80 Tetrahedral Monoclinic
[Zn(LY)2].H,0(6) 343.74 Tetrahedral Cubic
[Ni(L)2].2H.0(7) 391.11 Tetrahedral -
[Ni(L1)2].2H,0(8) 355.05 Tetrahedral -

— = not investigated
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Fig.5.1: Proposed structure of M(I1) complex

whereM=Cu(ll), M=zZn(ll), R=CH3;—S—CH,— for L-methionine and R=CH;—CH,—CH
(CHj3)— for L-leucine.
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Fig.5.2: Proposed structure of M(I1) complex

whereM=Co(Il), R=CH3;—S—CH,— for L-methionine and R=CH3;—CH,—CH (CH3)— L-
leucine.
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Fig. 5.3: Proposed structure of M(11) complex

where M=Ni(Il), R=CH3—S—CH,— for L-methionine and R=CH3;—CH,—CH (CH3)— for L-
leucine.
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5.10 Antimicrobial Screening

A comparative evaluation of the antimicrobial activity of the ligands, L and L', and the
synthesized compounds, 1-8 was carried out against three Gram-positive bacteria, three
Gram-negative bacteria and four fungi (Tables 4.9-4.17). The standard drug showed
slightly better activity than all the synthesized complexes except for the fact that B. cereus
showed resistance to the standard drug but was susceptible to complexes 2, 3, 4, 5 and 6.
Moreover, S.pyogenes proved susceptible to complexes 2, 3, 4, 7 and 8 but also resistant to
the standard drug (Table 4.9). The ligand, L proved intermediately active against S. aureus
but L' do not. However, except for complexes 2 and 4, all the other complexes exhibited

enhanced activity against the organism.

The result of zone of inhibition also indicated that both L and L' were inactive against S.
typhi and S. dysentriae (Table 4.10). The synthesized complexes also showed no activity
against these organisms with the exception of complexes 3 and 8, which proved potent
against S. dysentriae (Table 4.10). The ligands exhibited intermediate activity against E.
coli; however, two of the complexes, 3 and 8 lacked potencies against the organism. All the
other complexes proved potent against the microbe and are more active than the parent
ligand, this suggest the enhanced lipophilicity of the complexes on coordination (Sadlers et

al., 2007; Chang et al., 2010).

The ligands showed no activity against A. niger and F. oxyparum. The complexes of cobalt,
2 and 4 however, proved potent against A. niger, and complexes 4, 5, 6 and 7 were also
active against F. oxyparum. This supports the hypothesis that metal centers induce or

enhance the activity of biologically important moieties(Sadler and Guo, 1998; Sadlers et
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al., 2007). The standard drug, fulcin showed better activity against all the fungi strains
studied than the complexes and the ligands respectively, except for the complexes 1, 2,
5and 8 which showed similar zones of inhibition with the standard drug against C.
albicans(Table 4.11). Thismay be a strong indication that the activity of these complex
compounds against C. albicans is at par with that of the standard drug indicating their
potential as alternative antifungal agents (Asemave et al., 2015). In addition, the ligands
and complexes 1, 2, 5 and 6proved active against A. flavus with the activity of the
complexes increased on complexation. This outcome is in strong agreement with earlier
findings of other researchers (Sadlers et al., 2007). However, the fungi (A. flavus) proved
resistant to the complexes of cobalt and nickel (3, 4, 7 and 8). The reason for the resistance
of the microbes to some of the complexes may be vested on the fact that activity does not
solely depend on the ease of movement of an antimicrobial agent through the cell walls of
the microbes but rather a synergistic effect of many factors (Walsh, 2003; Floss and Yu,

2005; Drlica et al., 2008).

Generally, the Gram-positive bacteria proved more susceptible to the amino acid complexes
than the Gram-negative bacteria. The weak antibacterial activity against Gram-negative
bacteria may be ascribed to the presence of an outer membrane in these microorganisms,
which poses hydrophilic polysaccharide chains as a barrier to the amino acid complexes
(Walsh et al., 1996; Kabbani, et al., 2007).The comparative studies of the amino acids and
their metal complexes thus indicate that the complexes showed significantly enhanced
antimicrobial activity against the studied microbial strains in comparison to the free

ligands.

62



Among the complexes studied, complex 8 was found to demonstrate the best antimicrobial
potency exhibiting the lowest MIC, 25ugmL™ which is akin to that of the standard drug
against S. aureus,and S. dysentriae (Tables 4.12 and 4.13). The result of this study is in
accordance with the report of earlier workers, which showed that the antimicrobial activity
of the ligands is greatly enhanced when coordinated to metal ions (Patil et al. 2011; Kasuga
et al., 2012).The overtone’s concept (Raman et al., 2002) and Tweedy’s chelation theory
(Dharmaraj et al., 2001) can be used to explain the enhanced antimicrobial activity of the
metal complexes. According to the Overtone’s concept of cell permeability, the lipid
membrane surrounding the cell favors the passage of only lipid-soluble materials; therefore,
liposolubility is an important factor that controls the antimicrobial activity. On chelation,
polarity of the metal ion is largely reduced due the overlapping of the ligand orbital and
partial sharing of the positive charge of the metal ion with donor groups. Moreover,
delocalization of the z-electrons over the whole chelate ring is increased, and lipophilicity
of the complexes is enhanced. Although the standard drug (Ciprofloxacin) has less MIC, 25
ngmL *compared to the metal complexes in most cases, the result of this study suggest the
importance of amino acid complexes as potential alternative antibacterial agents for the

control of resistant bacteria which are becoming a threat to human health.

On the other hand, complex 6 appeared to demonstrate the best antifungal candidate
exhibiting MICs of 25pgmL™ against C. albicans, and 50 pgmL™ against A. flavus and F.
oxyparum. The standard antifungal drug proved inactive against the fungi, A. niger, A.
flavus and F. oxyparum but some of the complexes proved sensitive against these microbes.
Such finding suggests the amino acid complexes under study to be promising potential

antifungal agents. MBC results (Tables 4.15-4.17) also revealed that the metal complexes
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are more effective against the microbial strains compared to the free ligands. The order of
the activity of the ligands, complexes and standard drug against the tested pathogens can be

represented as follows;

S. aureus; L<1<3 =5 = 7<6<8<C

S. pyogene;L'<4 =8<2=3=7

B. cereus;L'<2 = 3 = 6<4<5

E. coli;L'<6<L1 = 4 = 7<2<1<5<C

S. typhi;C

S. dysentriae;3<8<C

C. albicans;L<L’<3<6<1 = 2 = 8<5<Q
A. niger;4<3

A. flavus;L*<L = 6<2 = 5<1

F. oxyparum;4 = 5<6 =7
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CHAPTER SIX
6.0 SUMMARY, CONCLUSION AND RECOMMENDATION
6.1 Summary and Conclusion

Eight  metal(ll) amino acids complexes in  aqueous basic  solution,
[CuL,].H20, [CuL';].H.0,

[CoL(H20)2].H20, [CoL';(H20)2].H20, [ZnL,].H20, [ZnL*;].H,0, [NiL].2H,0 and
[NiL';].2H,0O with L=L-methionine and L'=L-leucine were synthesized and analyzed by
metal content analysis, molar conductivity measurements, magnetic susceptibility

measurements, powder X-ray diffraction analysis, UV-Vis and IR spectroscopies.

Molar conductivity measurements showed that the complexes are non-electrolytic and their
composition correspond to a metal-ligand ratio of 1:2. The IR spectra showed that the
amino acids act as bidentate ligands with coordination involving the carboxyl oxygen and
the nitrogen of the amino group. The result also suggests the presence water of

crystallization in all the complexes.

Electronic spectra and magnetic susceptibility measurements suggested a four coordinate
local symmetry around the Cu (square planar), Zn (tetrahedral) and Ni (tetrahedral) ions,

and octahedral local symmetry for Co ion. Magnetic susceptibility studies also revealed that
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the complexes of Cu, Co and Ni are paramagnetic while those of Zn are diamagnetic. The
result also suggested the ligands, L-methionine and L-leucine to be weak field ligands as

they formed high spin complexes with Co and Ni ions.

Metal content and hydration water analyses showed that the complexes of Cu, Co and Zn
contain one mole of hydration water while those of Ni contain two moles.Powder XRD
studies confirmed that the amino acid complexes are crystalline in nature and that they
largely crystallized in monoclinic fashion. It also suggested that the bonding mode in the
complexes is similar. The obtained structural data thus allows for the proposition of the

structural formula for the studied metal(1l) complexes as shown in Figures 5.1 - 5.3.

The antimicrobial studies suggested that the amino acid ligands are biologically active and
their metal complexes showed significantly enhanced antimicrobial sensitivity against the
studied microbial strains in comparison to the free ligands. The amino acid complexes are
therefore promising potent broad-spectrum antimicrobial agents, and that L-methionine and

L-leucine can be used medically to arrest metal overloads or poisoning.

6.2 Recommendation

It is recommended that single crystal of these complexes be grown and X-ray
crystallographic analysis be carried out on them to emphatically establish their geometry.
Other techniques such as elemental analysis, thermogravimetric analysis (TGA) and
electronic spin resonance (ESR) can as well be used to characterize the complexes for
detailed structural elucidation.Also, toxicity test should be done to determine the lethal
dose (LDsp) of the complexes followed by clinical trials (in vivo studies) to enable the

exploration of their antimicrobial potential.
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APPENDICES

Appendix 1: Stacked IR spectra of L and ML complexes respectively
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Appendix 2: Superimposed IR spectra of L with ML complexes respectively
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Appendix 3: Stacked IR spectra of L' and ML* complexes respectively
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Appendix 4: Superimposed IR spectra of L'with ML* complexes respectively
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Appendix 5: XRD pattern of Cu-Met Complex (A= Cu Ka 1 1.54056A)
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Appendix 6: XRD pattern of Cu-Leu Complex (A= Cu Ko 1 1.54056A)
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Appendix 7:XRD pattern of Co-Met Complex (A= Cu Ka 1 1.54056A)
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Appendix 8:XRD pattern of Co-Leu Complex (A= Cu Ka 1 1.54056A)
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Appendix 9:XRD pattern of Zn-Met Complex (A= Cu Ka 1 1.54056A)
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Appendix 10:XRD pattern of Zn-Leu Complex (A= Cu Ka 1 1.54056A)
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