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Abstract

The enzyme inhibition is valuable in the regulation of the enzyme activity. It has many applications, which include
the drug design to target an enzyme. In the present review, we focus on the inhibition of different enzymes such as
glycosidases, arylsulfatases and others by synthetic inhibitors or drugs. This provides the strategy that combines the
inhibitory and therapeutic mode of action of the confirmed inhibitors.
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Overview

Enzyme inhibitors are molecules that bind to enzymes and lower
their activity. Many drugs are enzyme inhibitors due to the correction
of metabolic imbalance may occur, as a result of blocking an enzyme
activity. Therefore, the discovery of enzyme inhibitors is an active area
of research in biochemistry and pharmacology. Not all molecules that
bind to enzymes are inhibitors; enzyme activators bind to enzymes
and elevate their enzymatic activity [1,2]. Inhibitor binding is either
reversible or irreversible. Usually, irreversible inhibitors react with
the enzyme and change it chemically. Reversible inhibitors bind
non-covalently to produce different types of inhibition, depending
on whether these inhibitors bind the enzyme, the enzyme- substrate
complex, or both. There are different types of reversible inhibition
that may be competitive, non-competitive types and uncompetitive,
although a mixed type sometimes arises [1,2].

In competitive inhibition, the substrate and inhibitor cannot bind
to the enzyme at the same time. It can be overcome by sufficiently high
concentrations of substrate. Competitive inhibitors are often similar in
structure to the real substrate. Non-competitive inhibition is a form of
inhibition where the binding of the inhibitor to the enzyme reduces
its activity, but does not affect the binding of substrate. However, an
allosteric effect occurs where the inhibitor binds to a different site
on an enzyme. The value of the inhibition constant (K)) is used as an
indication for the degree of enzyme inhibition [2]. There is a mixed-
type inhibition that is a form of the non-competitive type [1].

The inhibition pattern is studied by both Lineweaver-Burk and
Dixon plots. Lineweaver-Burk plot is drawn by plotting the reciprocal
values of the initial velocity of the enzymatic reaction (1/v) versus the
reciprocal values of substrate concentration (1/[S]), in the absence
and presence of different fixed concentrations of the inhibitor. Dixon
plot of enzyme reaction is drawn by plotting 1/v versus the inhibitor
concentration, [I], in presence of different fixed concentrations of
substrate, [S] [3]. In Lineweaver-Burk plots, the lines of 1/v versus
1/[S] in the presence of several concentrations of the inhibitor [I],
intersect at the same point on the vertical axis for the competitive type,
and intersect at the same point on the horizontal axis for the non-
competitive type. The lines of the mixed type intersect between the two
axes. In Dixon plots, the lines of 1/v versus [I] in the presence of several
concentrations of [S] (increasing towards the horizontal axis), intersect
between the two axes for the competitive type, whereas they intersect at
the same point on the horizontal axis for the non-competitive type. The
lines of the mixed type intersect at the same point on the vertical axis.

According to the Michaelis-Menten kinetics of the enzyme
reaction, V_ describes the maximum initial velocity of the enzyme
reaction as an indication of the saturation of the enzyme by its
substrate. The Michaelis constant (K| ) is the substrate concentration
at half maximum velocity of a steady state reaction. Its value is an
indication for the affinity of the enzyme to a specific substrate. In the
enzyme inhibition, these kinetic data of the enzyme reaction (V,__and
K ) may be changed according to the inhibition type. The competitive
inhibitors do not alter V__ and increase K . Competitive inhibition
can be prohibited by increasing substrate concentration, and block
substrate binding to the active site of an enzyme. On the other hand,
the non-competitive inhibitors do not alter K value and decrease V__ .
This type of inhibition cannot be prohibited by adding excess substrate.
The inhibitor binds to a site outside of catalytic site of enzyme and acts
by decreasing the turnover number of an enzyme [1].

Inhibition of Glycosidases

Glycosidases are carbohydrate-processing enzymes that have
a variety of roles in important biological processes [4-6]. Modifying
or blocking these processes for therapeutic or biotechnological
applications, with the use of potent and selective inhibitors for these
enzymes has become an interesting target. Lysosomal a-glucosidase
(a- D-glucoside glucohydrolase, EC 3.2.1.20) is an exoglucosidase that
has both a-(1.4)-and a-(1.6)-glucosidase activities. This enzyme plays
an important role in glycogen breakdown, by catalyzing the hydrolysis
of lysosomal glycogen [7]. Many mammalian acid a-glucosidases have
been purified from different sources [8]. Acid a-glucosidases possess
both maltase and glycoamylase activities [9], and these have pH
optima in the range of pH 4-5 [9-19]. Another important lysosomal
glycosidase is 3-glucuronidase (B-D-glucuronide glucuronohydrolase,
EC 3.2.1.31), which hydrolyzes the glucuronide bond at the
nonreducing terminal of glycosaminoglycans [20]. The level of this
enzyme activity is elevated in some human tumors [21-23]. It has been
reported that acidic a-glucosidases are regulated within the regulation
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of lysosomal glycogen metabolism [8], whereas B-glucuronidase is
regulated by phosphorylation of its carbohydrate [21] or protein [24]
moieties. Glycosidase inhibitors [25-27] exert their biological effect by
competitively inhibiting specific glycoside-processing enzymes, and
much attention has been directed to developing therapeutic agents
acting on such enzymes, whereby some potential beneficial drugs are
clinically evaluated [28,29]. 1-Deoxynojirimycin (dnm) (Figure 1) is a
potent inhibitor for all types of mammalian a-glucosidases, and has
anti-HIV activity [30]. The respective derivative 1,5-dideoxy-1,5-[(6-
deoxy-1-O-methyl-6-a-D-glucopyranosyl)imino]-D-glucitol ~ (MDL
73945) (Figure 1) is a selective and potent intestinal a-glucohydrolase
inhibitor [31]. The examination of the skeleton of 1-deoxynojirimycin
and its analogues shows that the B-hydroxyalkylamine residue can be
considered as a part of such inhibitors. The skeleton of MDL 73945 has
the nitrogen linked to the C-6 of a 6-deoxyglucoside.

Since the structural analogues of dnm [5,6,32] are important,
glycosidase inhibitors having these structural features were designed
by considering the disconnection in DNM, such as ethanolamine
and diethanolamine. Replacing the 1-deoxynojirimycin (DNM)
ring by a simple cyclic amine ring having a chair conformation, and
characterized by a close similarity to the DNM moiety, led to DNM
derivative whose inhibition constant (K) was found to be 1.3 x10** M.
This value of K. is considered in the range of action against -glucosidase
from sweet almond [33]. Therefore, phenylglucoside was intensively
studied as an enzyme inhibitor. It was found that the magnitude value
of the inhibition constant of enzymes is dependent on the structure
of the inhibitor [34]. Both a-glucosidase and B-glucuronidase were
inhibited in vitro and in vivo by mono and diethanolamines [34].
Phenyl 6-deoxy-6-(morpholin-4-yl)-B-D-glucopyranoside (Figure 2)
inhibited a-glucosidase, both in vitro and in vivo. The in vitro treatment
of the enzymes by ethanolamine displayed a reversible inhibition of the
mixed and competitive types for a-glucosidase and B-glucuronidase,

OH o]
% ” if
OH H OH
N N o) O
HO Hom HO
HO
OH HO oH HO OH
OMe Me

1 2 3

5 R=R' =H
6 R=SH,R'= NH,

Figure 1: Structural formulae for 1-nojirimycin (DNM) and deoxynojirimycin (1),
1,5-dideoxy-1,5-[(6- deoxy-1-O-methyl-6-a-D-glucopyranosyl)imino]-D- glucitol
(MDL 73945) (2) and its analogue (3), 1,2,4 triazole (4), the seco- analogue (5),
4-amino-3-(D-glucopentitol-I-yl)-5-mercapto-1,2,4-triazole (6) [34,50].

respectively. Diethanolamine has a reversible inhibition of the
competitive type for both enzymes. This compound is a potent
inhibitor for B-glucuronidase in vitro, whose inhibition constant (K,)
is 5x10° M. Phenyl 6-deoxy-6-(morpholin-4-yl)-B-D-glucopyranoside
(Figure 2) is also a potent inhibitor, only for hepatic a-glucosidase with
a K, value of 1.6x10° M. The pH profile of the enzymatic assay was not
affected by ethanolamine inhibition [34].

Nojirimycin and deoxynojirimycin are potent inhibitors of
glucosidases [35-39]. A good competitive inhibition of sweet
almond B-glucosidase has been exhibited by the amidine [40] and
the amidrazone [40,41]. 1,2,4-triazole competitively inhibited
B-glucosidases from sweet almond and Caldocellum saccharolyticum
[42], in contrast to respective 1,2,3-triazole and tetrazole analogues
[43,44]. Therefore, acyclic analogue of 1,2,4-triazole was designed by
applying the disconnection at the C-N bond, to offer the respective
seco-analogue. This postulation has been supported by the inhibition
of yeast a-glucosidase by some acyclic analogues such as 2-deoxy-2-
(1-hydroxyeth-2-yl)amino-glycerol which displayed a competitive
[45], but exhibited uncompetitive inhibition of B-glucosidase [46].
Furthermore, the presence of a basic group as well as functional groups
capable of hydrogen bonding may stimulate the binding to the enzyme.
The in vitro and in vivo effects of 4-amino-3-(D-glucopentitol-1-yl)-5-
mercapto-1,2,4-triazole [47,48] and its simple analogue 4-amino-3-
methyl-5-mercapto-1,2,4-triazole (Figure 1) [49], on purified hepatic
and B-glucosidases, p-glucuronidase and a-amylase have been studied.
a-glucosidase is the enzyme that is markedly affected, both in vivo and
in vitro in a dose-dependent manner by 4-amino-3-(D-glucopentitol-1-
yl)-5-mercapto-1,2,4-triazole and its 3-methyl analogue (Figure 1). The
in vivo and in vitro effects of on a-and B-glucosidases, p-glucuronidase
as well as a-amylase have been investigated. The compounds have a
reversible inhibition of a competitive type for a-glucosidase. Moreover,
they exert a relatively potent in vitro inhibition on a -glucosidase, with
a K, magnitude of 10 to 10° M [50].

Recently, the in vitro treatment of some glycosidases by
4,5-diphenylimidazole-2-thione (Figure 3) exhibited a reversible
inhibition of the non-competitive type, with K value of 3.5
and 6.5 x 10° M for a-glucosidase and a-amylase, respectively.
4,5-diphenyl-1,2,4-triazole-3-thione (Figure 3) showed a reversible
inhibition of the competitive and non-competitive types, with K
value of 10° M magnitude for a-glucosidase and a-amylase. No
observation of an inhibitory effect towards a-amylase was detected
by  5-(o-hydroxyphenyl)-4-phenyl-1,2,4-triazole-3-thione  (Figure
3). On the other hand, this compound has a potent inhibition of the
competitive type for hepatic a-glucosidase with 10° M magnitude
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Figure 2: Structural formula for phenyl 6-deoxy-6-
pyranoside [34].
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Figure 3: Structural formulae of diaryl derivatives of imidazole-thione and
1,2,4- triazole-thiol compounds.

of K, value [51]. The therapeutic effect of these compounds is being
intensively studied in coccidian infection of rabbits [52].

Schistosomicidal Drugs

The chemotherapeutic treatment of schistosomiasis occurs with
praziquantel or oxamniquine [53]. Praziquantel is the drug of choice
because it is more effective than oxamniquine, especially for the
treatment of the infection by Schistosoma mansoni [54]. Alternatively,
extracts from herbal products are used as effective schistosomicidal
drugs [55], due to drug resistance to praziquantel [56]. An important
herbal antischistosomal therapy is derived from myrrh from the stem
of the plant Commiphora molmol [53].

However, a change in various enzymes was observed during
Schistosoma mansoni such as arylsulfatase B [57], and many hydrolases
[58-61]. Arylsulfatases A, B and C (arylsulfo-hydrolases) are a group
of hydrolytic enzymes that occur in various tissues and fluids [62].
Arylsulfatase B (EC 3.1.6.9) is a lysosomal hydrolase, which desulfates
the non-reducing terminal N-acetylgalactosamine 4-sulfate residues
present in glycosaminoglycan [62]. Since this enzyme is significantly
increased in schistosomiasis [59], and its properties in this disease
are still obscure, the interaction of some drugs that are used for the
treatment of schistosomiasis with this enzyme was investigated. The
effect of drugs in vitro on the purified enzyme from the liver of the
infected mouse is examined, to find their influence on its catalytic
and immunological properties. The binding properties between this
enzyme and its specific antibody are studied in a comparative manner,
and both kinetic and immunological properties are investigated in the
absence and presence of the drugs.

The catalytic and immunological properties of purified arylsulfatase

B from the liver of Schistosoma-infected mouse was investigated in the
presence and absence of the schistosomicidal drugs, praziquantel and
Commiphora extract. The in vitro effect of praziquantel was found to
be inhibitory with a K. value of 5.5 X 10* M, while that of Commiphora
extract was as an activator [63].

In another kinetic study, the purified succinate-cytochrome c
reductase (SCR) in the absence and presence of the schistosomicidal
drugs praziquantel and Commiphora extract, reveal that both drugs
have an inhibitory action on the enzyme from the control and
Schistosoma-infected mice. Praziquantel changes the type of inhibition
of the enzyme towards cytochrome ¢ (Cyt ¢) from mixed type in
control to a competitive one in the case of the infection [61]. On the
other hand, Commiphora extract changes the inhibition pattern of the
enzyme towards 2,6-dichlorophenolindophenol (DCIP) or Cyt ¢ from
mixed type in control to competitive one for the enzyme from infected
mouse, towards either DCIP or Cyt c. The effect of praziquantel and
Commiphora extract was performed in vitro on the purified enzyme
from the liver of control and Schistosoma-infected mouse, respectively
[64].

SCR catalyzes the oxidation of Cyt ¢ or DCIP [65], and plays
an important role in biological respiration [66]. The enzyme exist
in a complex that is described as reconstituted active succinate
dehydrogenase, possesses the ability to reconstitute with hydroquinone
[67], or with soluble cytochromes bcl complex [68], and uses
ubiquinone as an electron acceptor [69]. This initiated the study of
the effect of schistosomiasis on this enzyme. Hence, the study of the
characterization of this enzyme in Schistosoma-infected and control
mice was performed in a whole investigation of biomarkers of this
infection.

Respiratory Drugs

Some drugs have been implicated in various respiratory and cardiac
effects. Phenobarbitone is a sedative of the central nervous system and
acts as a short acting barbiturate in the sedation of Angina pectoris [70].
Moreover, ithasbeen reported as anticonvulsant drug and inhibits brain
oxidative reactions in a convulsion mode [71]. Neostigmine, which is
a stimulant of the parasympathetic nervous system, acts as a reversible
anti-cholinesterase [72]. It is used in the control of the muscular disease,
myasthenia gravis, and the treatment of certain types of glaucoma [68].
Also, it is implicated in the development of postoperative nausea [73].
Aminophylline is a vasodilator [74], which improves the cardiac index
and pulmonary vascular resistance [75]. Gallamine (or flaxedil), which
is chemically 1,3-tris-(diethylaminoethoxy)-benzene triethiodide, is
considered as muscle relaxant, that has a cardiovascular effect [76,77].
These drugs have enormous marketing for medication, without enough
knowledge of their specific action on the enzymes of the respiratory
chain. Therefore, they were selected to study their effect on succinate-
cytochrome c reductase due to certain similarity in their structure.

SCRwasinhibited in vitroand in vivobyphenobarbitone,aminophylline
and neostigmine using both 2,6-dichlorophenolindophenol and
cytochrome ¢ as substrates [78]. The enzyme was also activated by
gallamine towards both substrates. Phenobarbitone and aminophylline
inhibited the enzyme, with respect to the reduction of the substrate in
a non-competitive manner with K values of 10~ magnitude. Moreover,
neostigmine competitively inhibited the enzyme towards both
substrates with Kj values of the same magnitude [78].

Inhibition of Aspartate Transcarbamylase

Aspartate transcarbamylase (abbreviated as ATCase, EC
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2.1.3.2) catalyzes the second reaction in pyrimidine biosynthesis,
which is the carbamylation of the a-amino group of L-aspartate by
Carbomyl Phosphate (CP) to yield carbamoyl aspartate and inorganic
phosphate [79-81]. The hepatic enzyme is inhibited by phenobarbital
p-nitrophenylhydrazone in a reversible and non-competitive type with
K magnitude of 10° M in the reactions towards CP and aspartate,
respectively [82]. In vivo inhibition occurred in a dose-dependent
manner [82]. In a later study, in vitro treatment of the hepatic enzyme
with different quinazolinone derivatives (Figure 4) showed that
they inhibited the enzyme activity, and that of 2-phenyl-1,3-4(H)
benzothiazin-4-thione is the most potent one. This compound acts
as a non-competitive inhibitor towards both aspartate and carbamoyl
phosphate. The values of the inhibition constant (K) indicate that this
compound exerts a potent inhibitory effect upon the enzyme activity
[83]. According to Lineweaver-Burk plot, different concentrations of
2-phenyl-1,3-4(H)benzothiazin-4-thione yielded an inhibition pattern,
in which the lines intersected at the horizontal axis and V__ of the
enzyme towards aspartate was decreased, and the observed K value
is unchanged. Therefore, the type of inhibition is a non- competitive
type. The observed values of K and dissociation constant of the

enzyme inhibitor complex, K, were found to be 6.70 mM and 6.6x10~°
M, respectively.

Similarly, the same inhibition pattern of the non-competitive type
is obtained when CP is subjected as a substrate. The observed K value
of the enzyme is 1.25 mM. The observed K. value for 2-phenyl-1,3-
4(H)benzothiazin-4-thione was determined as 9x10° M. On treating
the enzyme by different concentrations of 3-amino-6,8-dibromo-2-
phenyl-4-(3H)quinazolinone, V__ of the enzyme towards aspartate
was decreased. The observed K, value is 8.6x10° M. The detected
inhibition pattern is also a non-competitive type, since a comparison
between the control and treated enzyme with this compound showed
that there is no change in K _ value that is 6.70 mM in both cases.
On using CP as a substrate, the treated enzyme with 3-amino-6,8-
dibromo-2-phenyl-4-(3H)quinazolinone showed a decreased V___and
unchanged K, that is equal to 1.25 mM. The observed K, was found
to be 1x10* M. However, the observed K, value determined by Dixon
plots that is made by plotting 1/v against different concentrations of
2-phenyl-1,3-4(H)benzothiazin-4-thione and 3-amino-6,8-dibromo-

(6]
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2-methyl-4(3H)-quinazolinone

(0]

Br N _~NH,
N)\ CH;
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3-amino-6,8-dibromo-2-methyl-4(3H)quinazolinone

Figure 4: Different quinazolinone derivatives.
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3-amino-6,8- dibromo-2-phenyl- 4- (3H)quinazolinone

Enzyme Inhibitor Inhibition type Inhibition Constant (K) (M) x10*
a-Glucosidase Phenyl 6-deoxy-6- (morpholin-4-yl)-B3-D- glucopyranoside Non-competitive [34] 1.60
B-Glucuronidase Ethanolamine Competitive [34] 0.10
a-Glucosidase Diethanolamine Competitive [34] 0.13
B-Glucuronidase Diethanolamine Competitive [34] 5.00
a-Glucosidase 5-mercapto-1,2,4-triazole Competitive [50] 0.36
a-Glucosidase 4-amino-3-methyl-1,2,4- triazole Competitive [50] 9.46
a-Glucosidase 4,5-Diphenyl-1,2,4- triazole-3-thione Competitive [51] 4.30
a-Amylase 4,5-Diphenyl-1,2,4- triazole-3-thione Non-competitive [51] 6.00
Arylsulphatase B praziquantel Mixed-type [62] 0.55
Succinate Cytc Reductase Phenobarbitone Non-competitive [77] 2.55
Succinate Cytc Reductase Aminophylline Non-competitive [77] 1.46
Succinate Cytc Reductase Neostigmine Competitive [77] 1.50
Succinate Cytc Reductase praziquantel Mixed-type [63] 0.003 ~ 0.004
Aspartate transcarbamylase phenobarbital p- nitrophenylhydrazone Non-competitive [81] 8.45~9.64
Aspartate transcarbamylase 2-phenyl-1,3- 4(H)benzothiazin-4-thione Non-competitive [82] 6.60 ~6.70
Aspartate transcarbamylase 3-amino-6,8-dibromo-2- phenyl-4- (3H)quinazolinone Non-competitive [82] 8.60 ~ 10

Table 1: A summarized chart of enzyme inhibitors and inhibition type for some reported enzymes measured at the standard conditions.
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2-phenyl-4-(3H)quinazolinone, were nearby to those obtained by the
reciprocal plots [83].

A comparison between the enzyme inhibitors, in respect to the
inhibition type and inhibition constant (K) of the reported enzymes
in this review is illustrated (Table 1). The magnitude of K is expressed
in the molar range and measured at the standard conditions for each
enzyme. In fact, the inhibitor potency is dependent on many factors
such as the chemical structure of the inhibitor, a variety of amino acid
residues in the enzyme, shape complementarities of the inhibitor, the
equilibrium between an enzyme and its inhibitor, and the different
types of interaction [1,84,85].

Inhibitors of other Enzymes

Carbonic anhydrases

The carbonic anhydrases (EC 4.2.1.1) form a family of enzymes,
which are classified as metalloenzymes and have an important catalytic
function. These enzymes catalyze the interconversion of carbon
dioxide and water to bicarbonate and protons, and vice-versa. The
reaction is reversible and occurs slowly in the absence of the enzyme
[86]. Most types of carbonic anhydrases contain zinc ion in their active
site. An important function of these enzymes is the catalysis of the
interconversion of carbon dioxide and bicarbonate, to maintain acid-
base balance in blood and other tissues. This helps in the transport of
carbon dioxide out of tissues. The enzymes have the fastest catalytic rate
constant, among other enzymes [87]. Carbonic anhydrase inhibitors
can be used for long periods of time to treat people who have not been
able to tolerate eye drops. They are also used when eye drops alone
have not been effective in decreasing the pressure in the eyes. These
inhibitors are very effective for lowering the pressure in the eyes [88].

Cyclooxgenases

The cyclooxygenases (EC 1.14.99.1, COX-1 and COX-2) are

membrane-associated and hemoproteins. These enzymes are
homodimers that generate prostaglandin H, from arachidonic acid
through prostaglandin biogenesis, and are the targets for nonsteroidal
anti-inflammatory drugs. The compound N-(2-cyclohexyloxy-4-
nitrophenyl)methane sulfonamide (NS-398) was the first in a series
of isoform-selective drugs, designed to preferentially inhibit COX-
2. X-ray crystal structure of murine COX-2 in complex with NS-398
was determined utilizing synchrotron radiation to 3.0A resolution
[89]. NS-398 binds in the cyclooxygenase channel in a different
conformation from that observed for other COX-2-selective inhibitors,
such as celecoxib. Moreover, the methane sulfonamide moiety of NS-
398 interacts with the side chain of Arg 120 residue, at the opening
of the cyclooxygenase channel. This occurs similarly to that observed
for acidic nonselective, nonsteroidal, anti-inflammatory drugs such
as indomethacin and flurbiprofen. Arg 120 residue was identified as
a molecular determinant for time-dependent inhibition of COX-2 by
NS-398 [89]. Recently, a novel inhibitor for cyclooxygenase-1 FK881
was found to be useful in treating symptoms of rheumatoid arthritis
and osteoarthritis. Its inhibitory effect is potent and selective for COX-
1[90].

Topoisomerase

Topoisomerase I and II (type I: EC 5.99.1.2, type II. EC
5.99.1.3) are enzymes that regulate the changes of the structure of
DNA. These enzymes catalyze the breakdown and rejoining of the
phosphodiester backbone of DNA strands, during the normal cell
cycle [91]. Topoisomerase inhibitors are designed compounds, for
the interference with the action of topoisomerase enzymes [91]. It is
thought that topoisomerase inhibitors block the ligation step of the
cell cycle, generating single and double stranded breaks that harm the
integrity of the genome. Introduction of these breaks subsequently lead
to apoptosis and cell death. Topoisomerase inhibitors can also function
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Figure 5: The structure of some topomerase inhibitors HU-331, EGGG and ICRF-193.
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as antibacterial agents, and quinolones are among these compounds
[92-93].

Topoisomerase inhibitors are often classified, according to
which type of enzyme it inhibits. Topoisomerase I inhibitors are
irinotecan, topotecan, camptothecin, lamellarin D, and all target
type IB topoisomerases. Topoisomerase II inhibitors are etoposide,
teniposide, aurintricarboxylic acid [94], and the quinolone HU-331
(Figure 5) that is synthesized from cannabidiol. Numerous plant
derived natural phenols such as epigallocatechin-3-gallate (Figure 5),
genistein, quercetin and resveratrol were reported. They possess potent
topoisomerase inhibitory effects, affecting both types of enzymes [95-
99]. However, the use of topoisomerase inhibitors for antineoplastic
treatments may lead to secondary neoplasms because of DNA damaging
properties of the compounds. Also, plant derived polyphenols show
signs of carcinogenity, especially in fetuses and neonates who do not
detoxify the compounds in a sufficient way [100-102]. An association
between high intake of tea during pregnancy and elevated risk of
childhood malignant central nervous system (CNS) tumours has been
found [103,104].

There are compounds that target Type II topoisomerase. These
inhibitors are divided into two main classes: topoisomerase poisons,
which target the topoisomerase-DNA complex, and topoisomerase
inhibitors, which disrupt catalytic turnover. Topoisomerase
poisons include eukaryotic type II topoisomerase inhibitors (topo II)
such as amsacrine, etoposide, etoposide phosphate, teniposide and
doxorubicin. These drugs are anti-cancer therapies. Bacterial type II
topoisomerase inhibitors (topo IV) include fluoroquinolones. These
are antibacterials and include such fluoroquinolones, as ciprofloxacin.
Some of these poisons encourage the forward cleavage reaction (e.g.
fluoroquinolones), while other poisons prevent the re-ligation of
DNA (e.g. etoposide and teniposide). In addition, the poisons of type
ITA topoisomerases can target prokaryotic and eukaryotic enzymes,
preferentially. Ciprofloxacin targets prokaryotes in excess of a
thousand fold more than it targets eukaryotic topo II. The mechanism
for this specificity is unknown, but drug-resistant mutants cluster in
regions around the active site. Topo II inhibitors are inhibitors target
the N-terminal ATPase domain of topo II, and prevent topo II from
turning over. Examples of topoisomerase inhibitors include ICRF-193
[105] that binds in a non-competitive manner and locks down the
dimerization of the ATPase domain [106].

Conclusion

Enzyme inhibitors are molecules which reduce the enzymatic
activity, and these inhibitors may include many drugs. There are
different types of enzyme inhibitors, according to their structure and
their site of action in the enzyme. In addition, completely different
inhibition mechanisms may be operative in one enzyme inhibition.
Studies with different enzymes and inhibition analyses are important,
in order to clarify the structural requirements in the skeleton of the
inhibitor.

References

1. Segel IH (1976) Biochemical calculations: how to solve mathematical problems
in general biochemistry. (2nd edition), Wiley Publications,NewYork.

2. http://books.google.co.in/books?id=3VCfSgAACAAJ.

3. Dixon M, Webb EC (1979) Enzymes. (3rd edition), Academic Press, New York,
860-862.

4. Legler G (1990) Glycoside hydrolases: mechanistic information from studies
with reversible and irreversible inhibitors. Adv Carbohydr Chem Biochem 48:
319-384.

20.

2

=

22

23.

24,

25.

26.

27.

28.

Ganem B (1996) Inhibitors of Carbohydrate-processing enzymes inhibitors:
design and synthesis of sugar-shaped heterocycles. Acc Chem Res 29: 340-
347.

Winchester B, Fleet GW (1992) Amino-sugar glycosidase inhibitors: versatile
tools for glycobiologists. Glycobiology 2: 199-210.

Hers HG, de Barsy T (1973) HG Hers, F Van Hoof (Eds.), Lysosomes and
Storage Diseases, Academic Press, New York.

Calder PC, Geddes R (1989) Regulation of lysosomal glycogen metabolism:
studies of the actions of mammalian acid alpha-glucosidases. Int J Biochem
21: 569-576.

LEJEUNE N, THINES-SEMPOUX D, HERS HG (1963) Tissue fractionation
studies. 16. Intracellular distribution and properties of alpha-glucosidases in rat
liver. Biochem J 86: 16-21.

. TORRES HN, OLAVARRIA JM (1964) LIVER ALPHA-GLUCOSIDASES. J Biol

Chem 239: 2427-2434.

. Auricchio F, Bruni CB (1967) Purification of an acid alpha-glucosidase by

dextran-gel filtration. Biochem J 105: 35-38.

. Auricchio F, Bruni CB, Sica V (1968) Further purification and characterization of

the acid alpha-glucosidase. Biochem J 108: 161-167.

Jeffrey PL, Brown DH, Brown Bl (1970) Studies of lysosomal alpha-
glucosidase. |. Purification and properties of the rat liver enzyme. Biochemistry
9: 1403-1415.

. Jeffrey PL, Brown DH, Brown BI (1970) Studies of lysosomal alpha-glucosidase.

II. Kinetics of action of the rat liver enzyme. Biochemistry 9: 1416-1422.

. Bruni CB, Sica V, Auricchio F, Covelli | (1970) Further kinetic and structural

characterization of the lysosomal alpha-D-glucoside glucohydrolase from cattle
liver. Biochim Biophys Acta 212: 470-477.

.Palmer TN (1971) The substrate specificity of acid -glucosidase from rabbit

muscle. Biochem J 124: 701-711.

. Palmer TN (1971) The maltase, glucoamylase and transglucosylase activities

of acid -glucosidase from rabbit muscle. Biochem J 124: 713-724.

. Murray AK, Brown BI, Brown DH (1978) The molecular heterogeneity of purified

human liver lysosomal alpha-glucosidase (acid alpha-glucosidase). Arch
Biochem Biophys 185: 511-524.

. Matsui H, Sasaki M, Takemasa E, Kaneta T, Chiba S (1984) Kinetic studies on

the substrate specificity and active site of rabbit muscle acid alpha-glucosidase.
J Biochem 96: 993-1004.

Natowicz M, Baenziger JU, Sly WS (1982) Structural studies of the
phosphorylated high mannose-type oligosaccharides on human beta-
glucuronidase. J Biol Chem 257: 4412-4420.

. Motomiya Y, Yamada K, Matsushima S, ljyuin M, Iriya K (1975) Studies on

urinary isozymes of lactic dehydrogenase and beta-glucuronidase in patients
with bladder tumors. Urol Res 3: 41-48.

.Hofmann KD, Wagner F, Dziambor H, Preibsch W, Miller HJ (1979)

Betaglucuronidase activity in ovarian carcinoma. Zentralbl Gynakol 101: 950-
952.

Fujita M, Taniguchi N, Makita A, Oikawa K (1984) Cancer-associated alteration
of beta-glucuronidase in human lung cancer: elevated activity and increased
phosphorylation. Gann 75: 508-517.

Fujita M, Taniguchi N, Makita A, Ono M, Oikawa K (1985) Protein
phosphorylation of beta-glucuronidase in human lung cancer--identification of
serine-and threonine-phosphates. Biochem Biophys Res Commun 126: 818-
824.

el Ashry ES, Rashed N, Shobier AH (2000) Glycosidase inhibitors and their
chemotherapeutic value, Part 1. Pharmazie 55: 251-262.

el Ashry ES, Rashed N, Shobier AH (2000) Glycosidase inhibitors and their
chemotherapeutic value, Part 2. Pharmazie 55: 331-348.

el Ashry ES, Rashed N, Shobier AH (2000) Glycosidase inhibitors and their
chemotherapeutic value, Part 3. Pharmazie 55: 403-415.

Krause HP, Keup U, Puls W (1982) Inhibition of disaccharide digestion in rat
intestine by the alpha-glucosidase inhibitor acarbose (BAY g 5421). Digestion
23: 232-238.

Biochem Physiol
ISSN: 2168-9652 BCP, an open access journal

Volume 1 ¢ Issue 2 + 1000103


http://books.google.co.in/books?id=u4lqAAAAMAAJ
http://books.google.co.in/books?id=3VCfSgAACAAJ
http://www.ncbi.nlm.nih.gov/pubmed/2077872
http://www.lw20.com/201204181259801.html
http://www.ncbi.nlm.nih.gov/pubmed?term=Winchester%2C%20B.%20and%20Fleet%2C%20G.W.J.%20(1992)%20Glycobiology%2C%202%3A%20199%E2%80%93210.
http://www.ncbi.nlm.nih.gov/pubmed?term=Calder%2C%20P.C.%20and%20Geddes%2C%20R.%20(1989)%20Int.%20J.%20Biochem.%2C%2021%3A%20569%E2%80%93576.
http://www.ncbi.nlm.nih.gov/pubmed?term=Lejeune%2C%20N.%2C%20Thines-Sempoux%2C%20D.%20and%20Hers%2C%20H.%20G.%20(1963)%20Biochem.%20J.%2C%2086%3A%2016%E2%80%9321.
http://www.ncbi.nlm.nih.gov/pubmed?term=Torres%2C%20H.N.%20and%20Olavarria%2C%20J.M.%20(1964)%20%20J.%20Biol.%20Chem.%2C%20239%3A%202427%E2%80%932433.
http://www.ncbi.nlm.nih.gov/pubmed/6056633
http://www.ncbi.nlm.nih.gov/pubmed?term=Auricchio%2C%20F.%20and%20Bruni%2C%20C.B.%20and%20Sica%2C%20V.%20(1968)%2C%20Biochem.%20J.%2C%20108%3A%20161%E2%80%93167.
http://www.ncbi.nlm.nih.gov/pubmed?term=Jeffrey%2C%20%20P.L.%2C%20%20Brown%2C%20D.H.%20and%20Brown%2C%20B.I.%20(1970)%20Biochemistry%2C%209%3A%201403%E2%80%931415.
http://www.ncbi.nlm.nih.gov/pubmed?term=Jeffrey%2C%20P.L.%2C%20Brown%2C%20D.H.%20and%20Brown%2C%20B.I.%20(1970)%20Biochemistry%2C%209%3A%201416%E2%80%93%201422.
http://www.ncbi.nlm.nih.gov/pubmed?term=Bruni%2C%20C.B.%2C%20Sica%2C%20V.%2C%20Auricchio%2C%20F.%20and%20Conelli%2C%20I.%20(1970)%20Biochim.%20Biophys.%20Acta%2C%20212%3A%20470%E2%80%93477.
http://www.ncbi.nlm.nih.gov/pubmed?term=Palmer%2C%20T.N.%20(1971)%20Biochem.%20J.%2C%20124%3A%20701%E2%80%93711.
http://www.ncbi.nlm.nih.gov/pubmed?term=Palmer%2C%20T.N.%20(1971)%20Biochem.%20J.%2C%20124%3A%20713%E2%80%93724.
http://www.ncbi.nlm.nih.gov/pubmed?term=Murray%2C%20A.K.%2C%20Brown%2C%20B.I.%2C%20and%20Brown%2C%20D.H.%20(1978)%20Arch.%20Biochem.%20Biophys.%2C%20185%3A%20511%E2%80%93524.
http://www.ncbi.nlm.nih.gov/pubmed?term=Matsui%2C%20H.%2C%20Sasaki%2C%20M.%2C%20Takemasa%2C%20E.%2C%20Kaneta%2C%20T.%20and%20Chiba%2C%20S.%20(1984)%20J.%20Biochem.%2C%2096%3A%20993%E2%80%931004
http://www.ncbi.nlm.nih.gov/pubmed?term=Natowicz%2C%20M.%2C%20Baenziger%2C%20J.U.%20and%20%20Sly%2C%20%20W.S.%20(1982)%20J.%20Biol.%20Chem.%2C%20257%3A%204412%E2%80%934420
http://www.ncbi.nlm.nih.gov/pubmed?term=Motomiya%2C%20%20Y.%2C%20%20Yamada%2C%20%20K.%2C%20%20Matsushima%2C%20%20S.%2C%20%20Ijyuin%2C%20%20M.%2C%20%20Iriya%2C%20%20K.%20%20and%20Okajima%2C%20E.%20(1975)%20Urol.%20Res.%2C%203%3A%2041%E2%80%9348.
http://www.ncbi.nlm.nih.gov/pubmed?term=Von%20Hoffmann%2C%20K.D.%2C%20Wagner%2C%20F.%2C%20Dziambor%2C%20H.%2C%20Preibsch%2C%20W.%20and%20Mu%C2%A8%20ller%2C%20H.%20(1979)%20Zentralbl.%20Gyna%C2%A8kol.%2C%20101%3A%20950%E2%80%93952.
http://www.ncbi.nlm.nih.gov/pubmed?term=Fujita%2C%20M.%2C%20Taniguchi%2C%20N.%2C%20Makita%2C%20A.%20and%20Oikawa%2C%20K.%20(1984)%20Gann%2C%2075%3A%20508%E2%80%93%20517.
http://www.ncbi.nlm.nih.gov/pubmed?term=Fujita%2C%20%20M.%2C%20%20Taniguchi%2C%20%20N.%2C%20%20Makita%2C%20%20A.%2C%20%20Ono%2C%20%20M.%20%20and%20%20Oikawa%2C%20%20K.%20%20(1985)%20Biochem.%20Biophys.%20Res.%20Commun.%2C%20126%3A%20818%E2%80%93824.
http://www.ncbi.nlm.nih.gov/pubmed/10798237
http://www.ncbi.nlm.nih.gov/pubmed?term=El%20Ashry%2C%20E.S.H.%2C%20Rashed%20N.%20and%20Shobier%2C%20A.H.%20(2000)%20Pharmazie%2C%2055%3A%20331%E2%80%93%20348.
http://www.ncbi.nlm.nih.gov/pubmed?term=El%20Ashry%2C%20E.S.H.%2C%20Rashed%20N.%20and%20Shobier%2C%20A.H.%20(2000)%20Pharmazie%2C%2055%3A%20403%E2%80%93%20415.

Citation: Balbaa M, El Ashry ESH (2012) Enzyme Inhibitors as Therapeutic Tools. Biochem Physiol 1:103. doi:10.4172/2168-9652.1000103

Page 7 of 8

29.

30.

3

=

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

a

42.

43.

44,

45.

46.

47.

48.

49.

50.

Rhinehart BL, Robinson KM, Liu PS, Payne AJ, Wheatley ME, et al. (1987)
Inhibition of intestinal disaccharidases and suppression of blood glucose by a
new alpha-glucohydrolase inhibitor--MDL 25,637. J Pharmacol Exp Ther 241:
915-920.

Gruters RA, Neefijes JJ, Tersmette M, de Goede RE, Tulp A, et al. (1987)
Interference with HIV-induced syncytium formation and viral infectivity by
inhibitors of trimming glucosidase. Nature 330: 74-77.

. Robinson KM, Begovic ME, Rhinehart BL, Heineke EW, Ducep JB, et al. (1991)

New potent alpha-glucohydrolase inhibitor MDL 73945 with long duration of
action in rats. Diabetes 40: 825-830.

Truscheit E, Frommer W, Junge B, Mueller L, Schmidt DD, et al. (1981)
Chemistry and Biochemistry of Microbial a-Glucosidase Inhibitors. Angew
Chem Int Ed Engl 20: 744-761.

El Ashry ESH, Abdel Rahman AA-H, Khattab M, Shobier AH, Schmidt RR
(2000) Analogues of Moranoline and Mdl 73945. Methyl 6(5)-Deoxy-6(5)-
(Morpholin-4-Y1)-a-D-Glycosides as Glucosidase Inhibitors. J Carbohydr Chem
19: 345-357.

Balbaa M, Abdel-Hady N, el-Rashidy F, Awad L, el-Ashry el-S H, et al. (1999)
Inhibition of some hepatic lysosomal glycosidases by ethanolamines and
phenyl 6-deoxy-6-(morpholin-4-yl)-beta-D-glucopyranoside. Carbohydr Res
317: 100-109.

Legler G, Finken M-T, Felsch S (1996) Synthesis, from nojirimycin, of N1
-alkyl-d- gluconamidines as potential glucosidase inhibitors. Carbohydr Res
292: 91-101.

Frommer W, Junge B, Miller L, Schmidt D, Truscheit E (1979) New enzyme
inhibitors from microorganisms. Planta Med 35: 195-217.

Yoshikuni Y (1988) Inhibition of intestinal alpha-glucosidase activity and
postprandial hyperglycemia by moranoline and its N-alkyl derivatives. Agric
Biol Chem 52: 121-128.

Fuhrmann U, Bause E, Ploegh H (1985) Inhibitors of oligosaccharide
processing. Biochim Biophys Acta 825: 95-110.

Elbein AD (1991) Glycosidase inhibitors: inhibitors of N-linked oligosaccharide
processing. FASEB J 5: 3055-3063.

Papandreou G, Tong MK, Ganem B (1993) J Am Chem Soc 115: 11682-11690.

. Ganem B, Papandreou GJ (1991) Mimicking the glucosidase transition state:

shape/charge considerations. J Am Chem Soc 113: 8984-8985.

Tatsuta K, lkeda Y, Miura S (1996) Synthesis and glycosidase inhibitory
activities of nagstatin triazole analogs. J Antibiot 49: 836-838.

Heightman TD, Locatelli M, Vasella A (1996) Synthesis of Fused Triazoles as
Probes for the Active Site of Retaining B-Glycosidases: From Which Direction
Is the Glycoside Protonated? Helv Chim Acta 79: 2190-2200.

Krulle TM, de la Fuente C, Pickering L, Aplin RT, Tsitsanou KE, et al. (1997)
Triazole carboxylic acids as anionic sugar mimics? Inhibition of glycogen
phosphorylase by a d-glucotriazole carboxylate. Tetrahedron Asymmetry 8:
3807-3820.

Fowler PA, Haines AH, Taylor RJK, Chrystal EJT, Gravestock MB (1994)
Synthesis and biological activity of acyclic anlogues of nojirimycin. J Chem Soc
Perkin Trans 1: 2229-2235.

El Ashry ESH, Abdel-Rahman AA-H, El Kilany Y, Schmidt RR (1999) Acyclic
Analogues of Glucosamidine, 1-Deoxynojirimycin and N-(1,3-Dihydroxyprop-
2-yl) Derivative of Valiolamine as Potential Glucosidase Inhibitors. Tetrahedron
55:2381-2388.

Awad L, El Ahsry ESH (1998) Synthesis and conformational analysis of seco
C-nucleosides and their diseco double-headed analogues of the 1,2,4-triazole,
1,2,4-triazolo[3,4-b]1,3,4-thiadiazole. Carbohydr Res 312: 9-22.

El Ashry ES, Awad LF (2001) Novel synthesis of seco type of acyclo
C-nucleosides of 1,2,4-triazole and 1,2,4-triazol. Nucleosides Nucleotides
Nucleic Acids 20: 103-116.

Hoggarth E (1952) 2-Benzoyldithiocarbazinic acid and related compounds. J
Chem Soc 4811-4817.

Balbaa M, Mansour H, EI-Sawy H, El-Ashry el-SH (2002) Inhibition of some
hepatic glycosidases by the diseco nucleoside, 4-amino-3-(D-glucopentitol-1-
yl)-5-mercapto-1,2,4-triazole and its 3-methyl analog. Nucleosides Nucleotides
Nucleic Acids 21: 695-708.

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.
73.

Balba M, El-Hady NA, Taha N, Rezki N, El Ashry el SH (2011) Inhibition of
a-glucosidase and a-amylase by diaryl derivatives of imidazole-thione and
1,2,4-triazole-thiol. Eur J Med Chem 46: 2596-2601.

Balbaa M, Abdel-Hady N Taha N, El-Ashry ESH (2012) Acta Biochim Pol.

Sheir Z, Nasr AA, Massoud A, Salama O, Badra GA, et al. (2001) A safe,
effective, herbal antischistosomal therapy derived from myrrh. Am J Trop Med
Hyg 65: 700-704.

Ismail M, Metwally A, Farghaly A, Bruce J, Tao LF, et al. (1996) Characterization
of isolates of Schistosoma mansoni from Egyptian villagers that tolerate high
doses of praziquantel. Am J Trop Med Hyg 55: 214-218.

Stelma FF, Talla |, Sow S, Kongs A, Niang M, et al. (1995) Efficacy and side
effects of praziquantel in an epidemic focus of Schistosoma mansoni. Am J
Trop Med Hyg 53: 167-170.

Ndamba J, Nyazema N, Makaza N, Anderson C, Kaondera KC (1994)
Traditional herbal remedies used for the treatment of urinary schistosomiasis in
Zimbabwe. J Ethnopharmacol 42: 125-132.

Higuchi M, Ito Y, Fukuyama K, Epstein WL (1984) Biochemical characterization
of arylsulfatases detected in granulomatous inflammation. Exp Mol Pathol 40:
70-78.

Balbaa M, El-Kersh M, Mansour H, Yacout G, Ismail M, et al. (2004) Activity
of some hepatic enzymes in schistosomiasis and concomitant alteration of
arylsulfatase B. J Biochem Mol Biol 37: 223-228.

Balbaa M, Abbas S, El-Deen S, Hassab A, Awad O (2003) Some hydrolases
in human schistosomiasis with special reference to arylsulfatase B. Intern J
Environ Studies 60: 563-573.

Nabih I, el-Ansary A (1991) Activity of some hydrolytic enzymes in tissue
homogenates and haemolymph of fresh water snails, intermediate hosts in
schistosomiasis. Cell Mol Biol 37: 309-314.

Cesari IM, Ballen DE, Perrone T, Oriol O, Hoebeke J, et al. (2000) Enzyme
activities in Schistosoma mansoni soluble egg antigen. J Parasitol 86: 1137-
1140.

Draper RK, Fiskum GM, Edmond J (1976) Purification, molecular weight,
amino acid, and subunit composition of arylsulfatase A from human liver. Arch
Biochem Biophys 177: 525-538.

Balbaa M, Bassiouny K (2006) In vitro effect of schistosomicidal drugs on
hepatic arylsulfatase B from the schistosoma-infected mouse. J Enzyme Inhib
Med Chem 21: 81-85.

Balbaa M, Abdel Moneam NM, El-Kersh M, Omran H, Kandeel K (2010)
Succinate cytochrome c reductase in schistosomiasis: in vitro inhibition by
some schistosomicidal drugs. J Physiol Biochem 66: 291-299.

Takemori S, King TE (1964) Reconstitution of respiratory chain enzyme
systems. 13. sequential fragmentation of succinate oxidase: preparation and
properties of succinate-cytochrome c reductase and the cytochrome b-c1
particle. J Biol Chem 239: 3546-3558.

Berry EA, Guergova-Kuras M, Huang LS, Crofts AR (2000) Structure and
function of cytochrome bc complexes. Annu Rev Biochem 69: 1005-1075.

Yu CA, Yu L (1980) Isolation and properties of a mitochondrial protein that
converts succinate dehydrogenase into succinate-ubiquinone oxidoreductase.
Biochemistry 19: 3579-3585.

Yu L, Yu CA (1983) Inhibitory effect of alpha-tocopherol and its derivatives on
bovine heart succinate-cytochrome c reductase. Biochim Biophys Acta 723:
139-149.

YulL, McCurley JP, Yu CA(1987) An antimycin-insensitive succinate-cytochrome
c reductase activity in pure reconstitutively active succinate dehydrogenase.
Biochim Biophys Acta 893: 75-82.

KRAATZ CP, GLUCKMAN MI, SHIELDS HL (1953) The effects of thiopental
and pentobarbital on voluntary muscle. J Pharmacol Exp Therap 107: 437-458.

Arai Y, Maeda S, Higuchi H, Tomoyasu Y, Shimada M, et al. (2012) Effects
of midazolam and phenobarbital on brain oxidative reactions induced by
pentylenetetrazole in a convulsion model. Immunopharmacol Immunotoxicol
34:216-221.

Columbia Encyclopedia. (6th edn).
Lovstad RZ, Thagaard KS, Berner NS, Raeder JC (2001) Neostigmine 50

Biochem Physiol
ISSN: 2168-9652 BCP, an open access journal

Volume 1 ¢ Issue 2 + 1000103


http://www.ncbi.nlm.nih.gov/pubmed?term=Rhinehart%2C%20B.L.%2C%20Robinson%2C%20K.M.%2C%20Liu%2C%20P.S.%2C%20Payne%2C%20A.J.%2C%20Wheatly%2C%20M.E.%20and%20Wagner%2C%20S.R.%20(1987)%20J.%20Pharmacol.%20Exp.%20Ther%2C%20241%3A%20915%E2%80%93920
http://www.ncbi.nlm.nih.gov/pubmed?term=Gruters%2C%20R.A.%2C%20Neefjes%2C%20J.J.%2C%20Tersmette%2C%20M.%2C%20de%20Goede%2C%20R.E.Y.%2C%20Tulp%2C%20A.%2C%20Huisman%2C%20H.G.%2C%20Miedema%2C%20F.%20and%20Ploegh%2C%20H.L.%20(1987)%20Nature%2C%20330%3A%2074%E2
http://www.ncbi.nlm.nih.gov/pubmed?term=Robinson%2C%20K.M.%2C%20Begovic%2C%20M.E.%2C%20Rhinehart%2C%20B.L.%2C%20Heineke%2C%20E.W.%2C%20Ducep%2C%20J.-B.%2C%20Kastner%2C%20P.R.%2C%20Marshall%2C%20F.N.%20and%20Danzin%2C%20C.%20(1991)%20Diabetes%2C%2040%3A%208
http://onlinelibrary.wiley.com/doi/10.1002/anie.198107441/abstract
http://www.tandfonline.com/doi/abs/10.1080/07328300008544083?journalCode=lcar20
http://www.ncbi.nlm.nih.gov/pubmed?term=Balbaa%2C%20M.%2C%20Abdel-Hady%2C%20N.%2C%20El-Rashidy%2C%20M.%2C%20Awad%2C%20L.%2C%20El%20Ashry%2C%20E.S.H.%20and%20Schmidt%2C%20R.R.%20(1999)%20Carbohyd.%20Res.%2C%20317%3A%20100-109.
http://www.sciencedirect.com/science/article/pii/S0008621596910319
http://www.ncbi.nlm.nih.gov/pubmed?term=Frommer%2C%20W.%2C%20Junge%2C%20B.%2C%20Muller%2C%20L.%20and%20Truscheit%2C%20E.%20(1979)%20Planta%20Med.%2C%2035%3A%20195%E2%80%93217.
http://www.ncbi.nlm.nih.gov/pubmed?term=Frommer%2C%20W.%2C%20Junge%2C%20B.%2C%20Muller%2C%20L.%20and%20Truscheit%2C%20E.%20(1979)%20Planta%20Med.%2C%2035%3A%20195%E2%80%93217.
http://www.ncbi.nlm.nih.gov/pubmed?term=Elbein%2C%20A.D.%20(1991)%20FASEB%20J.%2C%205%3A%203055%E2%80%933063.
http://journals.ohiolink.edu/ejc/article.cgi?issn=00027863&issue=v113i0023&article=8984_mtgtssc
http://www.ncbi.nlm.nih.gov/pubmed?term=Tatsuta%2C%20K.%2C%20Ikeda%2C%20Y.%20and%20Miura%2C%20S.J.%20(1996)%20Antibiotics%2C%2049%3A%20836%E2%80%93838.
http://onlinelibrary.wiley.com/doi/10.1002/hlca.19960790814/abstract
http://www.ingentaconnect.com/content/els/09574166/1997/00000008/00000022/art00561
http://pubs.rsc.org/en/content/articlelanding/1994/p1/p19940002229
http://www.ingentaconnect.com/content/els/00404020/1999/00000055/00000008/art00031
http://www.sciencedirect.com/science/article/pii/S0008621598002055
http://www.ncbi.nlm.nih.gov/pubmed/11303556
http://pubs.rsc.org/en/content/articlelanding/1952/jr/jr9520004811
http://www.ncbi.nlm.nih.gov/pubmed?term=Balbaa%2C%20M.%2C%20Mansour%2C%20H.%2C%20El-Sawy%2C%20H.%20and%20El%20Ashry%2C%20E.%20S.%20H.%20(2002)%20Nucleos.%20Nucleot.%20Nucl.%20Acids%2C%2021%3A%20695-708.
http://www.ncbi.nlm.nih.gov/pubmed?term=Balba%2C%20M.%2C%20Abdel-Hady%2C%20N.%20Taha%2C%20N.%2C%20Rezki%2C%20N.%20and%20El%20Ashry%2C%20E.%20S.%20H.%20(2011)Eur.%20J.%20Med.%20Chem.%2C%2046%3A%202596-2601.
http://www.ncbi.nlm.nih.gov/pubmed?term=Sheir%2C%20Z.%2C%20Nasr%2C%20A.%20A.%2C%20Massoud%2C%20A.%2C%20Salama%2C%20O.%2C%20Badra%2C%20G.%20A.%2C%20EL-Shennawy%2C%20H.%2C%20Hassan%2C%20N.%20and%20Hammad%2C%20S.%20M.%20(2001)%20Am.%20J.%20Trop.%20Med.%20Hyg.
http://www.ncbi.nlm.nih.gov/pubmed?term=Ismail%2C%20M.%2C%20Metwally%2C%20A.%2C%20Farghaly%2C%20A.%2C%20Bruce%2C%20J.%2C%20Tao%2C%20L.%20F.%20and%20Bermet%2C%20J.%20L.%20(1996)%20Am.%20%20J.%20%20Trop.%20Med.%20Hyg.%2C%2055%3A%20214-218.
http://www.ncbi.nlm.nih.gov/pubmed?term=Stclma%2C%20F.%20F.%2C%20Talla%2C%20I.%2C%20Sow%2C%20S.%2C%20Kong%2C%20A.%2C%20Niang%2C%20M.%2C%20Polman%2C%20K.%2C%20Deelder%2C%20A.%20M.%20and%20Gryseels%20B.%20(1995)%20Am.%20%20J.%20%20Trop.%20Med.%20Hyg.%2C%2053
http://www.ncbi.nlm.nih.gov/pubmed?term=Ndamba%2C%20I.%2C%20Nyazyma%2C%20N.%2C%20Makaza%2C%20N.%2C%20Anderson%2C%20L.%20and%20Kaondera%2C%20K.%20(1994)%20Ethanopharmacol.%2C%2042%3A%20125-132.
http://www.ncbi.nlm.nih.gov/pubmed?term=Higuchi%2C%20M.%2C%20Ito%2C%20Y.%2C%20Fukuyama%2C%20K.%20and%20Epstein%2C%20W.%20L.%20(1984)%20Exp.%20Mol.%20Pathol%2040%3A%2070-78.
http://www.ncbi.nlm.nih.gov/pubmed?term=Balbaa%2C%20M.%2C%20El-Kersh%2C%20M.%2C%20Mansour%2C%20H.%2C%20Yacout%2C%20G.%2C%20Ismail%2C%20M.%2C%20Malky%2C%20%20A.%2C%20Bassiouny%2C%20K.%2C%20Abdel-Monem%2C%20N.%20and%20Kandeel%2C%20K.%20(2004)%20J.%20Biochem.
http://www.tandfonline.com/doi/abs/10.1080/0020723032000069196
http://www.ncbi.nlm.nih.gov/pubmed?term=Nabih%2C%20I.%20and%20el-Ansary%2C%20A.%20(1991)%20Cell.%20Mol.%20Biol.%2C%2037%3A%20309-314
http://www.ncbi.nlm.nih.gov/pubmed?term=Cesari%2C%20I.%20M.%2C%20Ballen%2C%20D.%20E.%2C%20Perrone%2C%20T.%2C%20Oriol%2C%20O.%2C%20Hoebeke%2C%20J.%20and%20Bout%2C%20D.%20(2000)%20J.%20Parasitol.%2C%2086%3A%201137-1140.
http://www.ncbi.nlm.nih.gov/pubmed/13717
http://www.ncbi.nlm.nih.gov/pubmed?term=Balbaa%2C%20M.%20and%20Bassiouny%2C%20K.%20(2006)%20J.%20Enzyme%20Inhib.%20Med.%20Chem.%2C%2021%2C%2081-85.
http://www.ncbi.nlm.nih.gov/pubmed?term=Balbaa%2C%20M.%2C%20Abdel%20Monem%2C%20N.M.%2C%20El-Kersh%2C%20M.%2C%20Omran%2C%20H.%20and%20Kandeel%2C%20K.%20(2010)%20J.%20Physiol.%20Biochem.%2C%2066%3A%20291-299.
http://www.ncbi.nlm.nih.gov/pubmed?term=Takemori%2C%20S.%20and%20King%2C%20T.%20E.%20(1964)%20J.%20Biol.%20Chem.%2C%20239%3A3546%E2%80%933558.
http://www.ncbi.nlm.nih.gov/pubmed?term=Berry%2C%20E.%20A.%2C%20Guergova-Kuras%2C%20M.%2C%20Huang%2C%20L.%20S.%20and%20Crofts%2C%20A.%20R.%20(2000)%20Annu.%20Rev.%20Biochem.%2C%2069%3A1005%E2%80%931075.
http://www.ncbi.nlm.nih.gov/pubmed?term=Yu%2C%20L.%20and%20An-Yu%2C%20C.%20(1983)%20Biochim.%20Biophys.%20Acta%2C%20723%3A139%E2%80%93149.
http://www.ncbi.nlm.nih.gov/pubmed?term=Yu%2C%20L.%2C%20McCurley%2C%20J.%20P.%20and%20Yu%2C%20Ch.%20A.%20(1987)%20Biochim.%20Biophys.%20Acta%2C%20893%3A75%E2%80%9382.
http://www.ncbi.nlm.nih.gov/pubmed?term=Kraatz%2C%20C.%20P.%2C%20Gluckman%2C%20M.%20L.%20and%20Shields%2C%20H.%20L.%20%20(1953)%20J.%20Pharmacol.%20Exper.%20Therap.%2C%20107%3A%20437-458.
http://www.ncbi.nlm.nih.gov/pubmed/21851322
http://www.ncbi.nlm.nih.gov/pubmed?term=Lovstad%2C%20%20R.Z.%2C%20%20Thagaard%2C%20%20K.S.%2C%20%20Berner%2C%20%20N.S.%20%20and%20%20Raeder%2C%20%20J.C.%20%20(2001)%20%20Acta%20Anaesthesiol.%20Scand.%2C%2045%3A%20495-500

Citation: Balbaa M, El Ashry ESH (2012) Enzyme Inhibitors as Therapeutic Tools. Biochem Physiol 1:103. doi:10.4172/2168-9652.1000103

Page 8 of 8

74.

75.
76.

77.

78.

79.

80.

8

=

82.

83.

84.

85.

86.

87

88.

89.

90.

microg kg(-1) with glycopyrrolate increases postoperative nausea in women
after laparoscopic gynaecological surgery. Acta Anaesthesiol Scand 45: 495-
500.

Kirby BS, Crecelius AR, Voyles WF, Dinenno FA (2010) Vasodilatory
responsiveness to adenosine triphosphate in ageing humans. J Physiol 588:
4017-4027.

Spalding M (2001) Academic Dissertation,Oulu University, Finland.

Burgen AS, Spero L (1968) The action of acetylcholine and other drugs on
the efflux of potassium and rubidium from smooth muscle of the guinea-pig
intestine. Br J Pharmacol 34: 99-115.

Davies P (1983) Maueux R, Rosen WC (eds) Advances in Neurology. Raven
Press, New York.

Balbaa M, Al-Meer J, Al-Khal A (2004) Effect of some cardiac and respiratory
drugs on succinate-cytochrome ¢ reductase. J Enzyme Inhib Med Chem 19:
343-347.

Bresnick E (1962) Effect of Deoxyribonucleosides upon Aspartate.
Transcarbamylase. Activity in Rat Liver Preparations. Biochim Biophys Acta 61:
598-605.

Dennis PR, Krishna MV, Di Gregorio M, Chan WW (1986) Ligand interactions
at the active site of aspartate transcarbamoylase from Escherichia coli.
Biochemistry 25: 1605-1611.

.Monks A, Anderson LW, Strong J, Cysyk RL (1983) Flux through the de novo

pyrimidine pathway in vivo. Effect of N-phosphonacetyl-L-aspartate, a potent
inhibitor of aspartate transcarbamylase. J Biol Chem 258: 13564-13569.

Balbaa M, Yacout G, Ghonaim T, Othman D (2001) Inhibition of aspartate
transcarbamylase by a phenobarbital derivative. J Enzyme Inhib 16: 259-267.

Balbaa M, Abdel-Megeed M, Diab T, Mansour H (2008) Inhibition of mammalian
aspartate transcarbamylase by quinazolinone derivatives. J Enzyme Inhib Med
Chem 23: 483-492.

Smyth TP (2004) Substrate variants versus transition state analogues as
noncovalent reversible enzyme inhibitors. Bioorg Med Chem 12: 4081-4088.

Hartley RW (1989) Barnase and barstar: two small proteins to fold and fit
together. Trends Biochem Sci 14: 450-454.

Badger MR, Price GD(1994) The Role of Carbonic Anhydrase in Photosynthesis.
Annu Rev Plant Physiol Plant Mol Biol 45: 369-392.

. Lindskog S (1997) Structure and mechanism of carbonic anhydrase. Pharmacol

Ther 74: 1-20.

Riordan-Eva P, Whitcher JP (2007) Vaughan and Asbury’sGeneral
Ophthalmology (17th edn), McGraw-Hill, New York.

Vecchio AJ, Malkowski MG (2011) The structure of NS-398 bound to
cyclooxygenase-2. J Struct Biol 176: 254-258.

Imanishi J, Morita Y, Yoshimi E, Kuroda K, Masunaga T, et al. (2011)
Pharmacological profile of FK881(ASP6537), a novel potent and selective
cyclooxygenase-1 inhibitor. Biochem Pharmacol 82: 746-754.

9

=

.Chen AY, Liu LF (1994) DNA topoisomerases: essential enzymes and lethal
targets. Annu Rev Pharmacol Toxicol 34: 191-218.

92. Mitscher LA (2005) Bacterial topoisomerase inhibitors: quinolone and pyridone
antibacterial agents. Chem Rev 105: 559-592.

93. Fisher LM, Pan XS (2008) Methods to assay inhibitors of DNA gyrase and
topoisomerase |V activities. Methods Mol Med 142: 11-23.

94. Benchokroun Y, Couprie J, Larsen AK (1995) Aurintricarboxylic acid, a putative
inhibitor of apoptosis, is a potent inhibitor of DNA topoisomerase Il in vitro and
in Chinese hamster fibrosarcoma cells. Biochem Pharmacol 49: 305-313.

95. Neukam K, Pastor N, Cortés F (2008) Tea flavanols inhibit cell growth and DNA
topoisomerase |l activity and induce endoreduplication in cultured Chinese
hamster cells. Mutat Res 654: 8-12.

96. Berger SJ, Gupta S, Belfi CA, Gosky DM, Mukhtar H (2001) Green tea
constituent (--)-epigallocatechin-3-gallate inhibits topoisomerase | activity in
human colon carcinoma cells. Biochem Biophys Res Commun 288: 101-105.

97. Suzuki K, Yahara S, Hashimoto F, Uyeda M (2001) Inhibitory activities of
(-)-epigallocatechin-3-O-gallate against topoisomerases | and Il. Biol Pharm
Bull 24: 1088-1090.

98. Bandele OJ, Osheroff N (2008) (-)-Epigallocatechin gallate, a major constituent
of green tea, poisons human type Il topoisomerases. Chem Res Toxicol 21:
936-943.

99. Bandele OJ, Osheroff N (2007) Bioflavonoids as poisons of human
topoisomerase |l alpha and Il beta. Biochemistry 46: 6097-6108.

100.Paolini M, Sapone A, Valgimigli L (2003) Avoidance of bioflavonoid supplements
during pregnancy: a pathway to infant leukemia? Mutat Res 527: 99-101.

101.Strick R, Strissel PL, Borgers S, Smith SL, Rowley JD (2000) Dietary
bioflavonoids induce cleavage in the MLL gene and may contribute to infant
leukemia. Proc Natl Acad Sci U S A 97: 4790-4795.

102.Ross JA (2000) Dietary flavonoids and the MLL gene: A pathway to infant
leukemia? Proc Natl Acad Sci USA 97: 4411-4413.

103.Wang R, Zhou W, Jiang X (2008) Reaction kinetics of degradation and
epimerization of epigallocatechin gallate (EGCG) in aqueous system over a
wide temperature range. J Agric Food Chem 56: 2694-2701.

104.Plichart M, Menegaux F, Lacour B, Hartmann O, Frappaz D, et al. (2008)
Parental smoking, maternal alcohol, coffee and tea consumption during
pregnancy and childhood malignant central nervous system tumours: the
ESCALE study (SFCE). Eur J Cancer Prev 17: 376-383.

105.Robinson HM, Bratlie-Thoresen S, Brown R, Gillespie DA (2007) Chk1 is
required for G2/M checkpoint response induced by the catalytic topoisomerase
Il inhibitor ICRF-193. Cell Cycle 6: 1265-1267.

106.Baird CL, Gordon MS, Andrenyak DM, Marecek JF, Lindsley JE (2001) The
ATPase reaction cycle of yeast DNA topoisomerase Il. Slow rates of ATP
resynthesis and P(i) release. J Biol Chem 276: 27893-27898.

Biochem Physiol
ISSN: 2168-9652 BCP, an open access journal

Volume 1 ¢ Issue 2 + 1000103


http://www.ncbi.nlm.nih.gov/pubmed?term=Lovstad%2C%20%20R.Z.%2C%20%20Thagaard%2C%20%20K.S.%2C%20%20Berner%2C%20%20N.S.%20%20and%20%20Raeder%2C%20%20J.C.%20%20(2001)%20%20Acta%20Anaesthesiol.%20Scand.%2C%2045%3A%20495-500
http://www.ncbi.nlm.nih.gov/pubmed?term=Kirby%2C%20B.%20S.%2C%20Crecelius%2C%20A.%20R.%20%2C%20Voyles%2C%20W.%20F.%20and%20Dinenno%2C%20F.%20A.%20%20%20(2010)%20J.%20Physiol.%2C%20588%3A%204017-4027.
http://www.ncbi.nlm.nih.gov/pubmed?term=Burgen%2C%20A.S.V.%20and%20Spero%2C%20L.%20(1968)%20Br.%20J.%20Pharmac.%2C%2034%3A%2099-115.
http://www.ncbi.nlm.nih.gov/pubmed?term=%5D%20Balbaa%2C%20M.%2C%20Al-Meer%2C%20J.%20and%20Al-Khal%2C%20A.%20(2004)%20J.%20Enzyme%20Inhib.%20Med.%20Chem.%2C%2019%3A%20343-347
http://www.ncbi.nlm.nih.gov/pubmed/3518791
http://www.ncbi.nlm.nih.gov/pubmed/6417130
http://www.ncbi.nlm.nih.gov/pubmed/11697046
http://www.ncbi.nlm.nih.gov/pubmed/18665995
http://www.ncbi.nlm.nih.gov/pubmed/15246086
http://www.ncbi.nlm.nih.gov/pubmed/2696173
http://www.annualreviews.org/doi/abs/10.1146/annurev.pp.45.060194.002101
http://www.ncbi.nlm.nih.gov/pubmed/9336012
http://books.google.co.in/books?id=8scDNlPw_B0C
http://www.ncbi.nlm.nih.gov/pubmed/21843643
http://www.ncbi.nlm.nih.gov/pubmed/21745460
http://www.ncbi.nlm.nih.gov/pubmed/8042851
http://www.ncbi.nlm.nih.gov/pubmed/15700957
http://www.ncbi.nlm.nih.gov/pubmed/18437302
http://www.ncbi.nlm.nih.gov/pubmed/7857317
http://www.ncbi.nlm.nih.gov/pubmed/18541453
http://www.ncbi.nlm.nih.gov/pubmed/11594758
http://www.ncbi.nlm.nih.gov/pubmed/11558576
http://www.ncbi.nlm.nih.gov/pubmed/11558576
http://www.ncbi.nlm.nih.gov/pubmed/17458941
http://www.ncbi.nlm.nih.gov/pubmed/12787918
http://www.ncbi.nlm.nih.gov/pubmed/10758153
http://www.ncbi.nlm.nih.gov/pubmed/10781030
http://www.ncbi.nlm.nih.gov/pubmed/18361498
http://www.ncbi.nlm.nih.gov/pubmed/18562965
http://www.ncbi.nlm.nih.gov/pubmed/17495539
http://www.ncbi.nlm.nih.gov/pubmed/11353771

	Title
	Corresponding author
	Abstract
	Keywords
	Overview
	Inhibition of Glycosidases
	Schistosomicidal Drugs
	Respiratory Drugs
	Inhibition of Aspartate Transcarbamylase
	Inhibitors of other Enzymes
	Carbonic anhydrases
	Cyclooxgenases
	Topoisomerase

	Conclusion
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	References



