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ABSTRACT 

Schiff bases, having azomethine group and their metal complexes are widely used for industrial purposes and also reveal a wide range of biological 
applications. This review describes the most promising biological activities of Schiff bases and their metal complexes. A general idea for synthetic 
methodologies used for the synthesis of Schiff bases and their metal complexes is also discussed. 
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INTRODUCTION 

a) SCHIFF BASE LIGANDS  

Hugo Schiff[1] was the first scientist who described Schiff bases in 
1864. The preparation of Schiff bases involves a variety of 

conditions and is brought about by mixing carbonyl compounds (1) 
and amines (2) in various proportions and employing a range of 
solvents (Scheme 1). The formation of Schiff bases (4) is generally 
favored by making use of dehydrating agents. A great care should be 
taken for the purification of Schiff bases as they are degradable.  

 

 

Scheme 1: General synthesis of Schiff bases. 

 

The acid/base catalysis or heating is employed for the synthesis of 
Schiff bases as their reactions are mostly reversible. The Schiff bases 
are formed by the reaction of amines with carbonyl compounds but 
it does not follow simple nucleophilic addition, but give an unstable 
addition compound called carbinolamine (3). The compound thus 
obtained is unstable and loses water molecule. The dehydration step 

during formation of Schiff base is actually the rate determining step 
and the reaction shown in scheme is catalyzed by acid (Scheme 2). 
The removal of product or separation of water from the reaction 
mixture assists the formation of product. The aqueous acids or bases 
may hydrolyze Schiff bases towards their respective aldehydes or 
ketones and amines as well. 

 

 
Scheme 2: Rate determining step in the synthesis of Schiff bases. 

 

In this regard, high concentration of acid is not needed due to basic 
character of amines. The formation of carbinolamine cannot occur and 

equilibrium is shifted towards left side because protonated amine 
does not act as nucleophile. This is the reason that mildly acidic pH are 

International Journal of Current Pharmaceutical Research 

ISSN- 0975-7066                                                                       Vol 5, Issue 2, 2013 

AAccaaddeemmiicc    SScciieenncceess  

http://en.wikipedia.org/wiki/Helicobacter_pylori


Aslam et al. 
Int J Curr Pharm Res, Vol 5, Issue 2, 48-57 

49 

quite good for the formation of Schiff bases. Moreover, bases can also 
catalyze dehydration of carbinolamines. This reaction shows similar 
trends as E2 elimination of alkyl halides but this reaction does not 
occur in a single step. It involves an ionic intermediate and completes 
in two steps. In real sense, the formation of Schiff bases is a 

combination of two type of reactions i.e., elimination after addition. 
Schiff bases can undergo hydrolysis on silica gel and due to this reason, 
purification of Schiff bases by chromatography is not recommended. 
Scheme 3 shows the general formula of azomethine group which is the 
most common structural feature of Schiff bases.  

 

 

Scheme 3: General formula of Schiff base having azomethine linkage. 

where R’ and R are cyclo alkyl, alkyl, aryl or heterocyclic groups having 
a variety of substituents at the indicated positions. The nitrogen atom 
of azomethine group possesses a lone pair of electrons in sp2 
hybridized orbital and has got greater significance in its chemistry as 
well as excellent chelating ability. The chelating ability is enhanced 

when nitrogen atom is present in the vicinity of one or more donor 
groups (Scheme 4). The azomethine group carrying ligands i.e., Schiff 
bases have achieved a considerable position and become ligands of 
interest in coordination chemistry due to the fact that formation of 
such compounds proceeds with greater ease.  

 

Scheme 4: Schiff bases having one or more donor atom. 

The condensation of a diamine derivative with salisaldehyde leads 
to the formation of a Schiff base which possesses such a structural 
set up that two nitrogen atoms and two oxygen atoms are available 
for chelation (Scheme 5). Thes ligands are known as Salen ligands 
and are analogous to the porphyrin in structural aspects but can be 
easily prepared. Since the tetradentate ligands obtained by 

condensation of salicyldehyde and ethylenediamine were originally 
termed as salen ligands but another term “salen-type” is now 
employed to discuss the class of (O, N, N, O) tetradentate bis-Schiff 
ligands in literature. Moreover, the synthetic design of Schiff bases 
may involve stereogenic centers and other elements of chirality 
(Scheme 5). 

 

Scheme 5: (ONNO)-Tetradentate bis-Schiff ligands. 
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Furthermore, the well known self condensation reaction of 
appropriate formyl- or keto- and primary amine precursors leads to 
the formation of Schiff base macrocycles (Scheme 6) and has a wide 

range of utilization in supramolecular and coordination chemistry[2-
3]. The excellent capability of Schiff bases to stabilize the metal ions in 
various oxidation states has enhanced their uses in metal complexes. 

 

 

Scheme 6: Structure of Schiff base macrocycles. 
 

b) TRANSITION METAL COMPLEXES OF SCHIFF BASE LIGANDS 

The treatment of Schiff base ligands with metal salts gives metal 
complexes of Schiff base ligands under suitable experimental 
conditions. Anyhow, metal complexes can also be prepared in situ 
for catalytic applications. The commonly employed synthetic routes 
for the preparation of metal complexes are reported by Cozzi[4], 
which are reflected in Scheme 7. Route 1 employs metal alkoxides 
(M(OR)n). The early transition metal (M = Ti, Zr) bearing alkoxides, 
can be easily handled and is commercially available. It is not easy to 
use other alkoxide derivatives, especially in case of highly moisture 
sensitive lanthanide derivatives. The amides of metals M(NMe2)4 (M 
= Ti, Zr) are also applied as precursors for the synthesis of Schiff 
base metal complexes (Route 2). The elimination of the acidic 

phenolic proton of the Schiff bases through the formation of volatile 
NHMe2 occurs during this reaction. The treatment of Schiff bases 
with metal alkyl complexes is among other routes for the 
preparation of Schiff base complexes (Route 3). Similarly, the 
reaction can be carried out by refluxing Schiff bases with the 
corresponding metal acetate (Route 4). The route 5 presents a 
schematic outline for effective preparation of salen-type metal 
complexes which involves a two-step reaction based on 
deprotonation of the Schiff bases and then upon reaction with 
halides of metals. Sodium hydride NaH or Potassium hydride KH is 
employed for deprotonation in coordinating solvents and excess of 
hydrides can be eliminated by filtration. The step involving 
deprotonation is normally rapid and refluxing of hot reaction 
mixture does not cause any decomposition. 

 

 

Scheme 7: Common routes for the synthesis of Schiff base metal complexes. 
 

The detailed discussion on synthesis and characterisation of Schiff 
base metal complexes is not disclosed completely, because these 
aspects have been discussed by various reviews in literature[5-7]. 
Scheme 8 presents the synthesis of well known Schiff base complex, 
N,N’-bis(3,5-di-tert-butylsalicylidene)-1,2-
cyclohexanediaminomanganese (III) chloride (24). This manganese 

based complex is referred to as Jacobsen’s catalyst. The 
condensation of trans-1,2-diaminocyclohexane (21) and 3,5-di-tert-
butyl-2-hydroxybenzaldehyde (22) can be easily achieved for the 
preparation of Schiff bases and finally Jacobsen’s catalyst is obtained 
from the ligand (23) by treatment with manganese (II) acetate 
followed by oxidation. 
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Scheme 8: Synthesis of Jacobsen’s catalyst. 

 

c) BIOLOGICAL SYSTEMS AND METALLO ELEMENTS 

Introduction and general chemical principles 

The variety and extent of metal ions involvement has been recently 
appreciated but it has a very long history in toxicology, medicine and 
pharmacology. For instance, Cr, V, Mn, Cu, Ni, Co, Fe, Zn and Mo 
among the transition metals are very essential to life. Some other 
elements like Ag, Ir, Pt, Au, Os, Pd, Ti and others have some 
therapeutic value because of their use in therapy. Moreover, it has 
been established that the complexed ions are usually responsible for 
behavior of metals in vivo without the consideration of more polar 
such as Na+, K+ or more covalent like Pt (III) or Au (II). The type of 
ligand, solvent and metal ion itself decides the in vivo properties of 
metal ions such as effective size and solubility. The proper 
functioning of specific metal site possessing energy and proteins 
also depend upon correct balance of ions in vivo. In this regard, 
blocking to the transport site may occur upon rise in concentration 
of metal ions above the normal level and depletion of certain metal 
ions is among the symptoms of such situations. Moreover, alteration 
in the concentration of normally occurring in vivo low molecular 
weight ligands or protein complex sites may also be used as a tool 
for affecting distribution of metal ions. The significant lowering of 
histidine, albumin and thiol levels is an analogous situation which 
arises in rheumatoid arthritis. 

The availability of a variety of complexing agents is available in 
biological fluids for combining with metals. For instance, the 
complexing sites for iron or copper in low molecular weight 
peptides, amino acids and serum proteins are much greater as 
compared with metal ions themselves. As a result ions face an excess 
of competing complexing group in vivo systems. Therefore, the 
distribution and reactivity of transition metal ions in such fluids 
demands more studies on complexation of ions. 

The physiological activity may or may not be associated directly 
with the determination of complex ions and their concentration 
and this fact raises another problem. Yet, chemistry of metal ions 
is affected by the solvent or absorption of metal ion on surface; it 
can also be affected by in vivo microenvironments. It can be easily 
understood by the fact that different complexes are formed by the 
same amino acid molecule with copper in water and ethanol and it 
is due to the fact that strengths of H2O and CH3CH2OH as ligand is 
different and solubilities of complexes are also different from one 
another. In most cases membrane barriers separate in vivo 
systems which cannot be penetrated by specific complexes rather 
than by the ions or complexes or appropriate size change. The uses 
of platinum drugs in cancer therapy, the minor component found 
in vivo is conceived of most active species with respect to metal 

concentration. The action of platinum believed to be on DNA and 
drugs are usually administered in milligram quantities. Platinum 
interacts with DNA and remaining excess amount makes 
complexes with other cellular and extracellular fractions. The 
problems faced with the least knowledge of inorganic chemistry 
but the introduction of more powerful tools. Physical techniques 
and better understanding of inorganic chemistry reflects that 
more issues can be addressed with significant chances of success. 
Therefore, it is primarily important to concentrate basic principles 
developed for transition metal ions for considering individual 
metal systems. The classification of metal ions as hard (class I) and 
soft (class II) acids, based on in vitro systems may be useful for 
considering their in vivo chemistry. The relatively high positive 
charge and smaller size is associated with hard metal ions e.g., Na+, 
K+, Mg2+ and Cr3+. However there is a low positive charge on soft 
metal ions like Cu2+, Pt2+, Cd2+, Hg+ and Au+. The divalent ions in the 
first row of transition metals lie between these extremes. In most 
of the cases, oxygen and nitrogen easily undergo complexation 
reactions with hard metal ions and those of sulphur and 
phosphorous with soft metal ions. The absolute applications of 
such concepts are difficult but it is employed in relative sense. Cu 
(I) is less harder than Cu (II) ion. Consequently, the former has 
more capability to bind with caeruloplasmin (i.e., a redox enzyme) 
and thiol ligands. Table 1.1 shows the essential metal ions and 
their biochemical properties which guide us for distinction 
between hard and soft metal ions. The d orbitals are partially filled 
or in the process of filling in d-block elements. Following 
properties make the metal ions suitable for above mentioned 
reactions: 

 Oxygen and sulphur donor ligands can be utilized for 
complexation by employing metal ions as Lewis acids. 

 They have capability to react with variable oxidation states and 
unfilled d-orbitals are also available in them 

 

Table 1.1: Classification of metal ions. 

Na+, K+ M2+, Ca2+ Transition metal ions 
Charge carriers Triggers structure 

formers 
Redox catalysts and 
Lewis acids 

Mobile  Semi-mobile Static 
Oxygen anion 
binding 

Oxygen anion 
binding 

O/N/S ligands 

Weak 
complexes 

Slightly stronger 
complexes 

Strong complexes 

Very fast 
exchange 

Moderately fast 
exchange 

Slower exchange 



Aslam et al. 
Int J Curr Pharm Res, Vol 5, Issue 2, 48-57 

52 

The property of transition metals discussed latter is the main 
difference between transition metals and main group elements. The 
variations in chemical properties are resulted due to the more 
covalent nature of bonding of these ions to produce quite specific 
and directional bonds. Therefore, the properties of a complex are 
not only the function of ligand alone but also a direct result of nature 
of nature of complex. 

Tetrahedral and octahedral geometries are preferred by transition 
metal ions. Anyhow, distorted structures are preferred when only a 
single electron is present in d orbital. The distorted tetrahedral site 
is favored by Zn (II), a d10 ion whereas Cu (II) with d9 configuration 
favors tetragonal site in superoxide dismutase. The reactivity of 
metal ion is greatly affected by the variation in size of metal ion in 
most of the cases because nature of protein square planar geometry 
along with other specific geometries. Mn2+ (1.00Å) has maximum 
ionic radius whereas Ni2+ has smaller (0.80Å) ionic radius. The 
decrease in size is observed by increasing oxidation states. The 
properties like redox potential and catalytically active site in 
enzymes are affected by structural variations. The formations of 
such type of geometries are regarded as less common in case of in 
vitro chemistry such as planar haeme system or the ferridoxin 
cluster. The reactions of complex are affected by the ligands present 
in complexes on the basis of steric preferences and electronic 
structures as well. For instance, the introduction of halide ligands in 
[Co(NH3)6]3+ hexaamminecobal (III) ion gives the stability order Cl1-

>Br1->I1- whereas the reverse order is followed in case of 
hexaamminecobaltate (III) ion i.e., [Co(NH3)6]3-. This is due to the 
fact that cyanide ligand is weaker than ammonia and the ligands 
alter the affinity of soft and hard ligands for Co. Moreover, the 
behavior of Zn in carboxy peptidase can be explained by the similar 
sort of argument. In general, there are two aspects to ponder upon 

the stability of complexes which include the kinetic and 
thermodynamic aspects. The kinetic aspect is associated with the 
ligand field stabilization energies of transition states and initial 
complexes produced during the reaction. The slow rate of reaction 
in case of Co3+, Cr3+ and Ni2+ as compared to other commonly 
occurring metals is due to such reasons. The bonding characteristics 
of complexes and alteration in size of the metal ion are related to 
thermodynamic aspects. The stability constants for the complexes 
formed from various metal ions and one ligand have a particular 
sequence. The most famous is the Irving William series. The series is 
Zn2+> Cu2+> Ni2+> Co2+> Fe2+> Mn2+> Cr2+. The significance of this 
effect is quite obvious as the difference in stability constants of Mn2+ 
and Cu2+ complexes with a ligand of the order of 105 and 103 and if 
conditions are not under control then copper will substitute 
manganese. One of the most important advantages of study of 
transition metal ions is the wide range of available physical 
techniques due to the presence of unpaired electrons. UV-Visible 
spectroscopy, ESR spectroscopy and magnetic susceptibility are 
among these techniques. A considerable improvement has been 
achieved for elucidating the role of transition metal ions in 
enzymatic reactions by using EXAFS, NMR and other methods.  

BIOLOGICAL ACTIVITIES 

a) UREASE INHIBITORY ACTIVITY 

The urease enzyme (EC 3.5.1.5) is present in bacteria, yeast, higher 
plants and exceptional in Helicobacter pylori and is basically a protein. 
Urease is also produced by various pathogens in gastrointestinal and 
urinary tract. The enzyme possesses nickel metal and is involved in the 
formation of carbamate and ammonia by hydrolysis of urea. The 
carbamate further decomposes to carbonic acid and ammonia 
(Scheme 9), which causes an increase in pH. 

 

 
Scheme 9: The breakdown of urea to ammonia and carbamate. 

 

Urease inhibitors 

The new drug targets and antiulcer agent to treat urinary and some 
hepatic diseases can be obtained by urease inhibitors. Hp induced 
pathologies are a major cause. The first line of treatment for 
prevention from infections caused by urease producing bacterium like 
Helicobacter pylori (Hp) therefore, include strategies based on urease 
inhibition which are being considered now. The colonies of gram-
negative bacterium are developed in gastric mucosa of ~50 % of all 
humans. The bacterial persistence is by Hp which contributes to the 
treatment failure occupies and protected intra-cellular 
environment[8-9]. The infections by various organisms may be 
developed by broad spectrum of diseases, which include gastric 
cancer, gastritis and peptic ulceration. Hp survival is one of the major 
factors for urease in the stomach which is also involved in the 
formation of infectious stones and adds to the pathogenesis of hepatic 
encephalopathy, urolithiasis, urinary catheter encrustation and 
hepatic coma. The important class of urease inhibitor is hydroxamic 
acid and some of its derivatives. The binding of metal ions to the active 
site of enzyme is involved in the mechanism of inhibition and they 
serve as good metal chelators. AHA causes rapid and complete 
inhibition of urease inhibitor and acetohydroxamic acid (AHA) is the 
best studied hydroxamate which is the best inhibitor at 25 °C with Ki 
value of 5 μM. 

Mechanism of action of urease  

The functions and additional stability of urease found in 
Helicobacter pylori, (HP) to produce ammonia for neutralizing 
gastric acid which allows the survival of Hp at low pH of the stomach 
and has very important role in peptic an gastric ulcer, which may 
lead to cancer after some progress. 

b) LIPOXYGENASES INHIBITORY ACTIVITY 

The hydroperoxidation of lipids is catalyzed by a class of iron-
containing dioxygenases known as lipoxygenases possessing 
structure of cis-1, 4-pentadiene. They are very much wide spread 
in animals and plants. The metabolism of leukotrienes and 
prostaglandins is carried out by a number of lipoxygenases 
isozymes in animals. The formation of hydroperoxides is catalyzed 
by hydroperoxides as the biosynthesis of several inflammatory 
mediators in first step, which leads to leukotriene synthesis 
(Scheme 10). The large non-haeme iron-containing enzymes like 
lipoxygenases use molecular oxygen for the diooxygenation of 
arachidonic acid for the formation of hydroperoxides due to 
significance of such compounds, in a number of diseases, the 
extensive study has been conducted on lipoxygenase. The broad 
range of cardiac, inflammatory diseases and human cancers 
involve the implication of such enzymes. These enzymes are 
actually peroxidases. The conversion of procarcinogen into 
carcinogens is catalyzed by these catalysts. The precursors of 
hormones, such as lipoxins and leukotriens leukotriens, are 
produced by human lipoxygenases (HLO) which have implications 
in critical signaling in a number of cancers and inflammatory 
diseases. 

Leukotrienes 

The fatty molecules of the immune systems like leukotriene which 
contributes to inflammation in bronchitis and asthma. The rate of 
apoptosis and proliferation can be altered which causes an 
enchanced proteins expression, that could make the subsequent 
tumor risk much more greater. 

http://en.wikipedia.org/wiki/Helicobacter_pylori
http://en.wikipedia.org/wiki/Gastric_acid
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Scheme 10: General reaction catalyzed by lipoxygenase. 

 

Types of leukotriene 

LTA4, LTB4, LTC4, LTD4, LTE4, and LTF4 are different type of 
leukotrienes 

Synthesis of leukotrienes 

Various type of cells such as mast cells, white blood cells, spleen, 
lung, heart and brain cells are involved in the synthesis of 
leukotrienes. In this regard, 5-lipoxygenase in combination with 5-
lipoxygenase activatingprotein (FLAP), initiates the synthesis of 
leukotrienes from substrate arachidonic acid. 

Leukotrienes in disease 

The inflammation in asthma is actually caused by fatty molecules of 
immune system like Leukotrienes. They are considered as possible 
factors in various diseases and multitude biological actions are 
associated with them. 

Asthma 

Anti-leukotriene therapy (5-lipoxygenase inhibition) improves 
pulmonary function in children and adults with asthma and the 
benefit of this treatment is the increased quality of life. 

Cardiovascular disease 

Atherosclerosis has a prime role in pathobiology which is due to 5-
lipoxygenase (5-LOX), the atherosclerosis is promoted by 
upregulated 5-LOX pathway. So, the prolonged treatment with MK-
886 i.e., the 5-LOX inhibitor in an in vivo mouse model decreased 
atherosclerosis. The subject of intense investigation in 
cardiovascular diseases is the role of leukotrienes. 

Cancer 

The single cell can become a source of cancer which may begin from 
a single, abnormal cell as it leads to tumor upon cell division (a mass 
of cells) and its continued growth is nourished by blood supply. The 
masses and lumps of tissues i.e., tumors are developed by these 
damaged cells upon uncontrollable cell division. The body functions 
are altered by the tumor cells upon release of hormones and 
interference with the nervous, digestive, and circulatory systems. 
The benign tumors are those which demonstrate limited growth and 
stay in one spot. The cancerous cells which manage to spread 
throughout the body by making use of blood or lymph systems, and 
are involved in invasion i.e., a process of destroying healthy tissue 
are more dangerous and malingat. Squamous cell carcinomas 
(originate in the skin), adenocarcinomas (cancers that develop in an 
organ or a gland), melanomas (the pigment cells, melanocytes), 
gliomas (cancers of the nerve tissue) and sarcomas (bone, muscle 
and blood vessels) are different types of cancers. 

The risk of subsequent tumor development is enhanced by the 
inflammatory conditions. Moreover, such type of risk may be 
enhanced due to altered rate of proliferation and the proliferation of 
this type is due to inflammatory mediators such as leukotrienes 
which causes an increased protein expression. 

Leukotriene inhibitors 

The novel therapies for inflammation and respiratory diseases are 
developed by leukotriene biosynthesis and inhibition studies which 
have been extensively under investigations. The key enzyme is 
exhibited by different compounds, 5-lipoxygenase in a number of 
ways; they can be classified as: 

 Redox inhibitors (alternative substrates) 

 Iron chelating inhibitors 

 Competitive reversible inhibitors 

 Inhibitors of the 5-lipoxygenase activating protein (FLAP) 

c) ALPHA-GLUCOSIDASE INHIBITORY ACTIVITY 

The easily absorbing sugars are obtained upon break down of 
complex carbohydrates by alpha-glucosidase. Inhibition of 
leukotriene biosynthesis has been extensively studied as a potential 
for the development of inhibition of leukotriene biosynthesis has 
been extensively studied as a potential for the development of blood 
sugar levels in diabetic people. The drugs which are used to block 
alpha-glucosidase (alpha-glucosidase inhibitors) are also beneficial 
for people suffering from diabetes. 

Alpha-glucosidase inhibitors 

The blood glucose level can be maintained or reduced in diabetic 
and borderline patients by the inhibition of alpha-glucosidase which 
is associated with the digestion of carbohydrates. The isolation of 
new glucosidase inhibitors can be achieved due to revival of interest 
in plant-based medicines for curative and preventive measures 
against diabetes. The effective natural hypoglycemic agents can be 
obtained from plant kingdom with no side effects and diversity of 
structures. On the basis of importance for hypoglycemic activity, 
more than thousand plants have been reported. The recent 
pharmaceutical industry has an urge to discover new alpha-
glucosidase inhibitors from plant sources. 

The splitting of carbohydrates is delayed in the gut by alpha-
glucosidase inhibitors, which lowers after meal glucose level and 
sugars are no more available for absorption. Moreover, there is a 
considerable decrease in the fasting blood sugar. The glucosidase 
inhibitors are primarily beneficial for patients suffering from type 2 
diabetes and are also useful for raised level of glucose (without 
being a diabetic patient). The development of type 2 diabetes can be 
prevented by using such type of inhibitors. 

Mechanism of action 

The competitive inhibitors associated with enzymes needed for the 
digestion of carbohydrates are saccharides i.e., alpha-glucosidase 
inhibitors. The rate of digestion is reduced by inhibition of these 
enzymes system which leads to the formation of a few glucose 
molecules in blood and is considered as the basic need for diabetic 
patients. The decrease in levels of glucose in blood is controlled by 
various types of drug therapies. 

d) CHYMOTRYPSIN INHIBITORY ACTIVITY 

The proteolysis of chymotrypsinogen is carried out by trypsin which 
is also involved in the activation of chymotrypsin. The chymotrypsin 
is produced in acinar cells of the pancreas. In the real sense the 
activation of chymotrypsin is brought about by trypsin via cleavage 
of bond between isoleucine (R15 and I16) and arginine. The 
modifications in structures thus result in the generation of binding 
sites for substrate. The major difference between trypsin and 
chymotrypsin lies in that the large hydrophobic residues are 
preferred by chymotrysin and cleavage of peptides at lysine and 
arginine residues is brought about by trypsin[10]. The peptide 
bonds of L-isomers of tyrosine, phenylalanine and tryptophan are 
preferentially hydrolyzed by the action of chymotrypsin. It reacts 
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readily with amino acids and amides because such reactions are 
more susceptible. The specificity of chymotrypsin towards large 
hydrophobic residues is mainly due to the involvement of 
hydrophobic S1 binding pocket obtained by residues 189 through 
195, 214 through 220, and 225 through 228[11]. The mechanism 
associated with trypsin and chymotrypsin for achieving the 
substrates is not fully recognized due to the fact that site-directed 
mutagenesis of trypsin and chymotrypsin cannot interchange 
specificities despite of the smaller differences on S1 site ( at position 
189 )[12]. 

The enzyme inhibitors are the substances which intercede natural 
substrates of enzymes especially in their conversion. The enzyme 
inhibition study of reported compounds is involved in the 
investigation of the choice of drugs in the pharmaceutical research 
area. The hyperactivity of enzymes is debilitated due to 
physiological abnormalities and enzyme inhibitors are the urgent 
need in such circumstances[13]. The decimation of cellular proteins 
and peptides along with replication of viruses is brought about the 
proteases in the enzyme mundane. The targets of anti-HCV and anti-
HIV drugs are the proteases of HCV (NS3 protease) and HIV which 
are involved in the replication of viruses[14]. The declared 
inhibitors in genetically engineered plants are also targets of plant 
pathogens. The protease inhibitors are increased in genetically 
engineered tobacco plants which is insect/pest resistant breed[15]. 
The tumor suppressors, both in vitro as well as in vivo include 
Bowman-Birk-type protease inhibitors[16]. 

Moreover, serine proteases associated with skin desquamation, 
plasticity, prostate cancer, psoriasis and neural breast include 
Kalikerins[17]. The bio-marker of pediatric pneumonia sCD14 which 
enhances the death rate, is formed due to cleavage of CD14 by serine 
protease[18]. In this regard, more than one type of serine proteases 
are obstructed by majority of serine proteases[19]. The cleavage of 
both interleukin 1-β (IL-1β) precursor into IL-1β which is 
responsible for inflammatory arthritis is carried out by 
cathepsin[20]. The epithelial sodium channel is mobilized by 
chymotrypsin (EnaC) via proteolytic cleavage and results in cystic 
fibrosis[21]. 

e) ANTIOXIDANT ACTIVITY 

The free radicals and reactive oxygen species (ROS) are involved in 
complete damage of our tissues and such type of damage can be 
avoided by employing antioxidants. The amount of ROS which is 
removed is detoxified by mitochondria and at the same time, ROS is 
generated at mitochondrial site. The capacity of removal of ROS 
from mitochondria could be very much different from that of 
generated ROS[22]. The difference in ROS removal and generation 
leads to the emission of ROS outside mitochondria. The rate of 
emission of ROS and the production of ROS by extra mitochondrial 
resources determines the steady state ROS concentration. 

Classification of antioxidants 

The major antioxidant defense and primary intracellular 
endogenous system is the enzyme system. Superoxide dismutase 
(SOD), glutathione peroxidase and catalases are among the major 
enzymes which makes a change in the generation of reactive oxygen 
species (ROS) by transforming ROS into relatively stable compounds 
and by removal of potential oxidants[23]. The transformation of 
hydrogen peroxide to the superoxide radical is catalyzed by 
antioxidants which can then be further converted to molecular 
oxygen and water by the enzyme catalase. The lipid peroxides 
(ROOH) are reduced by Glutathione peroxidase (GPx). The lipid 
peroxides like stable, non-toxic molecule-hydroxyl fatty acids are 
resulted by the oxidation of polyunsaturated fatty acid (PUFA). 

The differences in composition, physical and chemical properties, 
their site of action and mechanism paves the way for division of 
naturally occurring substances into various classes as given below: 

High molecular weight proteins 

The redox active metals bind with plasma proteins such as 
ceruloplasmin, albumin, haptoglobin and transferrin and metal-
catalyzed production of free radicals is limited. In this regard, the 

binding of free iron takes place with transferring and that of copper 
ions with albumin and ceruloplasmin. The haeme containing 
proteins bind to haptoglobin and as a consequence become clear for 
blood circulation. 

Low molecular weight molecules 

The lipid soluble species (carotenoids, tocopherol, quinones, 
bilirubin and some polyphenols) and water-soluble entities 
(ascorbic acid, uric acid and some polyphenol molecules) are a 
further subdivision of low molecular weight molecules. The free 
radical scavenging property of such molecules delays or inhibits the 
cellular damage. 

Mechanism of action of antioxidants 

Ingold observed and proposed two types of mechanisms for the 
behavior of antioxidants[24]. The antioxidants are characterized as 
primary antioxidants or secondary antioxidants on the basis of these 
mechanisms. 

Primary antioxidants 

The antioxidants which are capable of donating an electron or a 
hydrogen atom to lipid molecule in such a way that a more stable 
radical than the initial one is formed are known as primary 
antioxidants. In this case electron donation is involved in the first 
mechanism. Polyunsaturated fatty acids (PUFA) like linolenic, 
linoleic and arachidonic acids are found in the organs especially in 
the form of cholestrol, phospholipid esters and triglycerides. Lipid 
peroxidation may take place in these poly unsaturated fatty acids 
(PUFA) and antioxidants may interrupt this peroxidation by 
donation of electrons. 

Secondary antioxidants 

Quenching of chain-initiating catalysts via metal chelation is in the 
second mechanism involved in the removal of ROS / RNS initiators. 
The radical initiation reaction is retarded by the secondary 
antioxidants by elimination of initiators. The deactivation of high 
energy species (e.g., singlet oxygen), scavenging of oxygen, 
absorption of UV light and reduction in concentration, by inhibition 
of peroxidases, such as NADPH oxidase, xanthine oxidase, dopamine-
hydroxylase or lipoxygenases, chelations of metal catalyzing free 
radical reaction are involved in the completion of this mechanism. 
The free radical formation is also inhibited due to chelation of 
antioxidants such as low molecular weight compounds, like 
polyphenols which act as chain breaking agents[25]. 

Measurement of antioxidant activity 

The results obtained during in vitro studies of a compound or of a 
crude plant extract, must be dealt with great care because variation 
in the antioxidative effect of a test compound may be observed due 
to variations in method and conditions used. The intended 
applications of antioxidant guide the selection of the appropriate 
assay to be used. There are two major categories of methods 
associated with the examination of antioxidant activity: 

1) Measurement of electron (or hydrogen atom) donation ability to 
an electron acceptor or specific ROS. 

2) The measurement of ability of compound to stop oxidative 
initiation, e.g., chelation of transition metal ions, inhibition of 
enzymes and absorption of UV radiation. 

The antioxidant capacity is usually measured by adopting following 
assays. 

Conjugated diene assay 

Conjugated dienes are resulted from double bonds upon oxidation of 
poly unsaturated fatty acids, and these compounds can be easily 
identified by absorption at 234 nm in UV/Vis region. Moreover, such 
type of measurement also allows quantification. 

Lipid peroxide (PD) assay 

El-Saadani et al developed a method for detection of the total 
amount of lipid peroxides on the basis of iodometry . 
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Thiobarbituric acid reactive substances (TBARS) assay 

The lipid peroxides are formed during lipid peroxidation which 
leads to the formation of peroxyl radicals and is followed by a phase 
decomposition to yield malondialdehyde (MDA), 4-hydroxynonenal 
and other aldehydes such as hexanal. The detection of a stable 
product is the basis for this method which is obtained by 
combination of aldehydes and thiobarbituric acid (TBA) in the 
aqueous phase. 

Linoleyl hydroperoxide (L-OOH) and linoleyl hydroxide (L-OH) assay 

The quantitative determination of L-OOH and of L-OH can be 
achieved by various approaches but HPLC is among the most direct 

one. Such type of methods don’t require any derivatization, as does 
the more sensitive GC-MS methods and are specific which involve 
silylation, esterification, and, in some cases double bonds reduction 
as well[26]. 

Reaction with 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) 

The donation of an electron of an antioxidant to DPPH takes place 
and original purple color changes to yellow color (Scheme 11). 
Moreover, change in absorbance value at 517 nm is 
spectrophotometrically measured. The capacity of a compound to 
scavange radicals can be measure through color change in DPPH (a 
stable free radical) as a result of compound’s potential to behave as 
antioxidant. 

 

 
Scheme 11: (a) Removal of a hydrogen atom from the compound. (b) Hydrogen atom donated to DPPH radical by compound. 

 

f) DNA CLEAVAGE ACTIVITY 

The importance of certain compounds in medical diagnosis and 
genomic research is based on the ability of such compounds to bind 
and cleave double stranded DNA under physiological conditions[27]. 
The hydrolytic and oxidative cleavage pathways are involved in DNA 
cleavage reactions. The formation of fragments may be considered 
to take place through enzymatic processes which occurs due to 
hydrolysis of phosphodiester. The nucleobase oxidation and/or 
degradation of sugar by abstraction of sugar hydrogen atom(s) take 
place during oxidative process. The oxidative cleavage of DNA is 
brought about by various methodologies and the methodology 
which involves irradiation with visible light of long wavelength, has 
achieved significant importance for their major use in photodynamic 
therapy (PDT) of cancer[28]. The photodynamic therapy (PDT) 
involves the treatment of tumor by combining the effects of 
photosensitizing drug and red light which transfers its excited state 
energy to molecular oxygen on photo-excitation in a type-II process 
leading to the formation of singlet oxygen that is responsible for cell 
damage via oxidation. 

The binding ability of DNA is the main source for making 
comparison in cleavage efficiency of the complexes to that of the 
control. The open circular DNA is obtained from supercoiled DNA by 
complexes. The account of DNA cleavage by hydroxyl radicals via 
abstraction of a hydrogen atom from sugar units and proposed 
general mechanisms that predicts the release of specific residues 
which arise from transformation of sugars, which also depends on 
the the position of hydrogen atom removal[29]. The hydroxyl radical 
mediated cleavage reactions and cleavage of peroxy derivatives is 
inhibited by free radical scavangers. The hydroxyl radical or a 
peroxo moiety generated from the co-reactant H2O2 is bound by the 
metallo complexes which modulate the cleavage reactions as well. 
CT DNA gel electrophoresis experiment was conducted during the 

present work in the presence of H2O2 as an oxidant by employing 
synthesized complexes at 35 oC. The results declared that the 
complexes exhibited nuclease activity in the presence of H2O2 even 
at very low concentrations. No significant cleavage of CT DNA in the 
control experiment was observed upon using DNA alone even on 
long exposure time. The results may be due to the involvement of 
redox couple of metal ions and its behavior[30]. 

g) BRINE SHRIMP ACTIVITY 

The shrimp lava are often destroyed by employing bioactive 
compounds and new bioactive synthetic products can be 
preliminary monitored by in vivo lethality test of the shrimp 
larvae[31]. The in vivo animal experiment on large scale can be 
carried out by making use of this is rapid, inexpensive, in-house 
general bioassay. 

h) ANTI-BACTERIAL ACTIVITY 

The microorganisms adsorb metal ions on their cell walls and as a 
result respiration processes of cells are disturbed and protein 
synthesis is blocked which is the requirement for further growth of 
organisms. The growth inhibition effects of metal ions are 
considerable[32]. The only passage of lipid soluble material is 
favored by the lipid membrane that surrounds the cell in accordance 
with the overtone’s concept of cell permeability, as the antifungal 
activity is controlled by lipophillicity factor. The overlap of ligand 
orbitals and the behavior of metal ions to share charge with the 
donor groups is reduced upon chelation. Besides this, the 
delocalization of π electrons over the whole ring is due to chelation 
and liphophilicity of complexes is enhanced. The proliferation of 
microorganisms is further restricted because the penetration of 
complexes in lipid membranes is facilitated by increased 
lipophilicity. The impermeability of microbial cells and differences in 
ribosomes of cells are the major reason for variations in the 
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effectiveness of different compounds against a variety of 
organisms[33]. In most of the cases, ligands are less effective 
antifungal agents than their metal complexes[34].  

Mode of action 

The mode of action for the antimicrobials involves various targets in 
the organisms but the exact biochemical mechanisms are not known. 
Following are included in the targets:  

 The chelation of metal ions may be a reason for the higher 
activity of metal complexes. Moreover, the polarity of metal ions is 
reduced due to partial sharing of positive charge with the donor 
groups and overlapping of ligands. Therefore binding sites in the 
enzymes are blocked due to the fact that the penetrating ability of 
complexes in the lipid membranes is enhanced[35].  

 In this regard, Tweedy’s theory of chelation reveals that 
reduction in polarity of the metal is function of chelation atom 
mainly because of possible electron delocalization over the complete 
ring and partial sharing of its positive charge with donor groups. 
Consequently permeation of chelates through lipid membranes is 
favored due to enhanced lipophilicity of complexes[36].  

 The altered cell permeability or cell death and 
disorganization of lipoproteins is resulted due to interference with 
the synthesis of cellular walls.  

 A number of cellular enzymes are deactivated which have 
a major role in the organism’s metabolic pathways.  

 The normal cellular processes are denatured due to 
impaired cellular processes.  

 The interference with normal cellular processes is 
resulted due to formation of a hydrogen bond at the active centers of 
various cellular constituents and azomethine[37]. 

Effect of azomethine (-C=N-) group 

The mechanism of working of such compounds may be on the basis 
of hydrogen bond formation by the azomethine group (-C=N-) at the 
active centers of cellular entities, which cause the interferences in 
normal cellular phenomenon[38]. 

 Staphylococcus intermedius is a coagulase-positive, a 
Gram-positive zoonotic organism, found in dogs, horses, mink, foxes, 
and pigeons as a common flora and invasive diseases are caused. It 
is responsible for invasive infections or some canine-inflicted wound 
infections in humans.  

 Bacillus subtilis is commonly found in soil and vegetation 
and is a gram-positive organism which is responsible for causing 
ropiness.  

 Staphylococcus aureus is found in skin, soft tissue, bone 
joint, endovascular and wound infections and is a facultative 
anaerobic, gram-positive, coagulase-positive catalase-positive 
potential pathogen. A range of illnesses from minor skin infections 
like scalded skin syndrome and cellulitis folliculitis to life-
threatening diseases as toxic shock syndrome, pneumonia and 
sepsis. A more active strain of S. aureus is Methicillin-resistant S. 
aureus, which is now resistant to most of the antibiotics.  

 Escherichia coli is a facultative anaerobic, gram-negative, 
and non-sporulating bacterium. Some serotypes among its strains 
can cause food poisoning in human and bacterial infections 
including cholecystitis, bacteremia, cholangitis, pneumonia, urinary 
tract infection (UTI), vomiting and bloody diarrhea but most of them 
are harmless.  

 Salmonella typhi affects the 17 million people and is the 
reason behind 60 thousands deaths annually in the world. It is a 
Gram-negative, facultative anaerobic pathogen and results in enteric 
fever and typhoid. 
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