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The inhibition kinetic experiments have been performed for the majority of these

compounds and the results of these studies were used to investigate the

mechanism of inhibition of individual compounds. It was discovered that these

compounds inhibit p-glucuronidase in a concentration dependent manner.

Majority of them were found to be of reversible noncompetitive and

uncompetitive inhibitors. Structure-activity relationships (SAR) were studied for

different classes of p-glucuronidase inhibitors on the basis of the experimental

data. In most of the cases, multiple groups present at different positions of

different compounds were found to be responsible for the inhibitory properties

of these compounds. Majority of these compounds have shown Ki in micro- and

nano-molar ranges.

The hepatoxicity studies of some of the compounds which were available

in good amount were also carried out in animal models. Many compounds have

shown good anti-hepalotoxic activities against CCU-induced liver intoxication.

Antioxidant activity is another area in which the DPPH radical scavenging

property of those compounds which have shown p-glucuronidase inhibitory

activity and were in good quantity was also determined.
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Chapter 1

Introduction



1.1. Enzymes

Enzymes are natural catalysts of biochemical reactions and are protein in

nature. About 90% of cellular proteins are enzymes. However, the most

important difference between an enzyme and "chemical catalysts" is the high

degree of specificity for substrates which enzymes possess. They accelerate

the specific biochemical reactions, and act in aqueous physiological medium

under mild temperature and pH conditions.

The study of enzymes provides a key to understanding how cells

survive and proliferate. They catalyze hundreds of stepwise reactions in

metabolic pathways by which nutrient molecules are degraded, chemical

energy is generated and transformed, and biological macromolecules are

synthesized from simple precursors.

The mechanisms by which enzymes catalyze the reactions are usually

simple. They, like other catalysts, increase the rate of the reaction by reducing

energy of activation. Enzymes do this by bringing the reactants

together in the appropriate orientations; by providing acidic or basic groups

at the right positions to promote acid or base catalysis of the reaction; or by

providing electrophilic or nucleophilic groups which form a temporary

covalent bond with the substrate. Usually during catalysis, enzyme molecules

undergo conformational changes that strain the substrate molecule and

facilitate the breaking of bonds within it. The active site of enzyme consists of

its

1



amino acid residues and their neighboring amino acids which take part in the

catalysis.

Most enzymes are present inside the cell, but some are also excreted

into the body fluids. Proteolytic enzymes are usually secreted as inactive

precursors that are activated when they are out of the cell. Some are not

secreted out, but are located in a special organelle, the lysosome.

The study of enzymes has many practical importances. The deficiency

or absence of an enzyme in the body or the excessive activity of a specific

enzyme may cause some health disorders. Some enzymes are specific for

particular organs or tissues and they can be used in diagnosis of certain

diseases by simply measuring their activities in the blood plasma, or in tissue

samples. Enzymes are important practical tools, not only in medicine but also

in chemical industry, in food processing, and in agriculture.

1.1.1. Classes of Enzymes

Enzymes are classified according to the reaction they catalyzed, The same

reaction may be catalyzed by different enzymes (non-homologous proteins) in

different organisms. There are six main groups of enzymes as shown in Table-

1(Donald Voet and Judith G. Voet, 1990).
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Table-1.1: Enzyme classification according to reaction type.

Type of reaction
catalyzed

Classification

Oxidation-reduction reaction

Transfer of functional groups
Hydrolysis reactions
Group elimination to form
double bonds
Isomerization
Bond formation coupled
with ATP hydrolysis

1- Oxidoreductases
2- Transferases
3- Hydrolases
4- Lyases

5- Isomerases
6- Ligases

1.2. (3-Glucuronidase (E.C. 3.2.1.31)

P-Glucuronidase (E.C.3.2.1.31) is an acid hydrolase which catalyses the

hydrolysis of glucuronides (the conjugated product of glucuronic acid with

aglycone moiety) to yield their respective aglycones (alkyl, aryl or acyl) and

free glucuronic acid. Previously it was thought to be involved in the synthesis

of p-glucuronides. However, it is now believed to function as a degradative

enzyme with its primary subcellular location in the lysosomes. It was first

discovered as an enzyme catalyzing the decomposition of glucuronide in the

rumen of sheep (Karunalratnam, 1951). Later it was found to be present in

almost all animals, plants and bacteria (Fishman, 1974). Specifically, p-

glucuronidase catalyzes the release of a terminal glucuronide unit linked by a

P-configuration via carbon-1.
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Figure-1.1: Conversion of glucuronide (hydroxybenzo [a] pyrene
glucuronide) into glucuronic acid and aglycon (hydroxybenzo [a] pyrene)

Optimum pH for p-glucuronidase (mammalian tissues) has been reported to

be 4.5 and 5.2 in acetate buffer and citrate buffer, respectively (Levvy, G. A.,

1961). Human p-glucuronidase has been reported in many organs and body

fluids such as macrophages and other blood cells, liver, spleen, kidney,

intestinal juice, lung, muscle, bile, urine and serum (Sperker, 1997).

1.2.1. Structure of p-glucuronidase

Structurally p-glucuronidase is reported to be a tetrameric glycoprotein. The

four subunits appear to be identical and are associated with a carbohydrate

group. Carbohydrate contents of bovine liver p-glucuronidase are reported to

be 3-6% with low contents of sulfur-containing amino acids (Bryce V. Plapp,

1966). Its molecular weight has been reported as 290,000 a.m.u. (Himeno M.,

1974). The structure of human p-glucuronidase has been reported as a

homotetramer of 332,000 a.m.u., each monomer consisting of a single chain of

651 amino acids with four Asn-linked glycosylation sites (Shipley, 1993). Each



monomer is arranged into three structural domains comprising residues 22-

223, 224-342 and 343-632, respectively. The last portion or the C-terminal is

particularly important since it contains the active site of the enzyme (Sanjeev,

1996).

1.2.2. Active site and catalytic mechanism

The location of the active site in p-glucuronidase was determined by Sanjeev

J. (Sanjeev, 1996). It was found to be a big crater-shaped cavity at the interface

of two monomers. As p-GIucuronidase is a tetrameric protein with two

identical copies of this cavity positioned on opposite side of the molecule. It

has been reported that each monomer has one active site so each cavity

contains two essentially identical pockets, one from each of the two

monomers. Thus there are four catalytic centers in each tetramer. It has also

been reported by the same group that substrate molecules can occupy all four

sites simultaneously. Amino acid residues, Glu 451, GIu 540 and Tyr 504 have

been proposed to be involved in catalytic process (Sanjeev, J., 1996). These

glutamic acid residues are believed to be directly involved in the catalysis

through their carboxylic acid group.

On the basis of the effects of temperature, addition of salts, and change

in pH on the activity and the rate of enzymatic reaction, Wang and Touster

(Chih-Cheng W., 1972) concluded that a carboxylate anion and carboxylic acid

functional groups are involved in catalysis, and the substrate binding

probably involves the development of ionic interactions between the substrate



and a histidine residue of the enzyme. It was also observed that rates of

reactions for different substrates depend upon the electronegativity of

substituents present on them. The proposed mechanism of p-glucuronidase

catalysis involves the donation of a proton of the carboxylic acid at the active

site of the enzyme to the glycosidic oxygen of the substrate, which leads to the

cleavage of the glycosidic bond. The resulting carbonium ion is stabilized by a

carboxylate anion of the enzyme. The mechanism of p-glucuronidase

catalysed hydrolysis as proposed by Wang and Touster is given in the Figure-

1.2. (Chih-Cheng, W„ 1972).
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1.2.3. Role of p-glucuronidase in metabolism

The main metabolic role of p-glucuronidase was thought to be

glycosaminoglycan degradation in lysosomes by catalyzing, the removal of

terminal p-glucuronosyl residues from oligosaccharides (Paigen, K., 1989).

Deficiency of this enzyme leads to a rare lysosomal storage disease known as

mucopolysaccharidosis type Vll or Sly Syndrome (Sly, W. S., 1973). In

mammalian tissues, the enzyme has been found to be essential for the release

of active hormones by deglucuronidation of these steroid hormones, which

are then subjected to endocrine control (Jayle M. F., 1966). p-Glucuronidase

has also been reported to have a role in the synthesis of ascorbic acid and the

catabolism of oligosaccharides derived from hyaluronic acid and condroitin

(Smith, R. L., 1966).

1.3. Clinical importance of p-glucuronidase: p-Glucuronidase is reported to

catalyse the cleavage of both xenobiotic and endogenous compounds

1.3.1. Xenobiotics

Xenobiotics are exogenous compounds and are pharmacologically,

endocrinologically, or toxicologically active. A large number of these foreign

chemicals are capable of causing illness and disease, either by direct toxicity

or by toxic intermediates formed during the detoxification process. Since



these compounds are toxic to the body, they need to be converted into

nontoxic compounds by the process of detoxification. The detoxification

process involves two phases. In phase 1, the primary functional group is

added or exposed to the compound via oxidation, reduction or hydrolysis.

Phase 2 involves a number of conjugation or synthetic reactions. The major

conjugation reactions are glucuronidation, glutathione conjugation, amino

acid conjugation, sulfation, acetylation and methylation.

Phase 1 intermediates are often more reactive than the parent

compounds. These compounds can be detoxified by conjugation. After

conjugation, foreign compounds are safely transported through the body,

until they are excreted.

1.3.2. Glucuronidation

The healthy body employs many different detoxification pathways, in the

liver and elsewhere, of which glucuronidation is one. Several toxic chemicals

such as polycyclic hydrocarbons, steroid hormones, some nitrosamines,

heterocyclic amines, some fungal toxins, and aromatic amines are removed

from the biological system by glucuronidation. Thus glucuronidation is a

major means of converting most drugs, steroids, and many toxic and

endogenous substances to such metabolites which can easily be excreted into

the urine or bile (Figure-1.3).
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1.3.3. Cleavage of glucuronides of endogenous compounds

Human p-glucuronidase has been reported to play an important role in the

deconjugation of several endogenous substances, in addition to the

degradation of glycosaminoglycanes by lysosomal p-glucuronidase. The

endogenous biliary p-glucuronidase deconjugates the glucuronides of

bilirubin and causes the development of cholelithiasis in human bile (Ho, K.

J., 1986). Therefore any increase in P-glucuronidase activity in bile can play a

role in the pathogenesis of pigment cholelithiasis. Intestinal p-glucuronidase

originating from breast milk has been reported to cause hyperbilirubinaemia

in infants of mothers with diabetes mellitus by increasing the enterohepatic

circulation of free bilirubin (Sirota, L., 1992).

1.3.4. Cleavage of glucuronides of drugs

Many drugs are removed from the body by a safer route of glucuronidation,

mostly through liver and are secreted into bile. Endogenous p-glucuronidase

(biliary or enteric) can hydrolyse the glucuronides which are reabsorbed

(Rollins, D. E., 1979). Doxycycline, morphine and some benzodiazepines have

been suggested to undergo this enterohepatic recirculation (Rollins, D. E.,

1979, Herman, R. J., 1989, Plaa, G. L., 1975).
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The enterohepatic circulation of drugs has clinical significance since the

prevention of circulation can considerably increase the drug clearance from

the body. For example, the clearance of lorazepam has been reported to

increase by about 25% when its recirculation is interrupted by neomycin and

cholestyramine (Herman R. J., 1989).

1.4. Drug toxicity

Hydrolysis of glucuronides by p-glucuronidase may also have a role in drug

toxicity and chemical carcinogenesis. It has been found that baicalin, an

inhibitor of p-glucuronidase, protects against intestinal toxicity of irinotectan

hydrochloride, an anticancer agent tried in rats (Takasuna, K., 1995). This

protective effect may be due to the inhibition of endogenous as well as

bacterial p-glucuronidase present in the intestine, so that less amount of

cytotoxic compounds are generated as a result of degradation of biliary

glucuronides of the drug.

It has been suggested that the subsequent hydrolysis of many

mutagenic metabolites of aromatic hydrocarbons that are exported from the

liver as glucuronides, results in the accumulation of mutagenic metabolites in

peripheral tissues. For example, the hydrolysis of 3-benzo(a)pyrenyl

glucuronide into a highly toxic carcinogenic metabolite catalyzed by p-

glucuronidase may cause chemical carcinogenesis in tissues, where p-

17.



glucuronidase is present (Kari, F. W., 1985, Whittaker, M., 1985, Kinoshita, N.,

1978).

As many other chemical carcinogens are detoxified vin

glucuronidation, it has been suggested that inhibitors of |3-g!ucuronidase

could be used to reduce the rate of deglucuronidation resulting in the

protection against carcinogenesis. For example, D-saccharic acid 1,4-lactone

and D-glucarate have been shown to inhibit carcinogen-induced mammary,

colonic and pulmonary tumourigenesis in animal models by inhibiting the P-

glucuronidase (Walaszek Z., 1990, 1984).

1.5. Inhibition of P-glucuronidase

The development of specific inhibitors of p-glucuronidase is of

pharmacological importance. For example, lysosomal enzymes, including p-

glucuronidase, are released into the synovial fluid in inflammatory joint

diseases such as rheumatoid arthritis, where these enzymes contribute to the

symptoms of these diseases (Sanjeev, J„ 1996). Similarly, metastasis of

adrenocarcinoma requires the breakdown of the basement membrane,

mediated in part by the release of P-glucuronidase from cancer cells (Boyer,

M. J., 1993). Inhibition of P-glucuronidase in both cases can alleviate the

symptoms of these diseases.

1.3



Based on the importance of p-glucuronidase inhibition in prevention of

chemical carcinogenesis, a large number of new inhibitors are being

synthesized or isolated from natural sources.

1.6. Enzyme kinetics

Factors affecting the rates of enzyme catalyzed reactions are studied in

enzyme kinetics. From kinetic experiments and evaluation of the kinetic data,

information about the reaction mechanism is obtained. During kinetic

experiments the rate of disappearance of substrate, or the appearance of

product are measured under controlled conditions of temperature, pH,

substrate and enzyme concentration, buffers, etc.

In order to understand the nature of an enzyme, it is essential to

investigate factors like enzyme concentration, ligand concentration (substrate,

products, inhibitors, and activators), pH, ionic strength, and temperature in

which the enzyme functions. For example, idea about the reacfion mechanism

of a biochemical process catalyzed by an enzyme can be obtained by varying

the substrate and product concentrations. Such studies can also be helpful in

understanding the nature of enzyme-substrate and enzyme-product

complexes and about the architecture of the active site of the enzyme.
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In some cases, the kinetics of a reaction provides indirect evidence of

the existence of stable covalent-bound intermediates that are difficult to detect

otherwise by ordinary chemical analysis. Certain kinetic constants are helpful

to determine the intracellular concentrations of substrate and product, as well

as the physiological direction of the reaction.

1.7. Enzyme inhibition

An inhibitor is a substance which can reduce the velocity of an enzyme-

catalyzed reaction. Inhibition of enzyme activity is one of the major regulatory

devices of living cells. These studies are very important to understand

enzyme specificity, structure of enzyme active site and the mechanism of

reaction. Most of the inhibitors of enzymes in the living system are antibiotics,

preservatives, poisons and toxins.

1.7.1. Types of inhibitors

Three major types of enzyme inhibitors are known:

1. Competitive inhibitors

2. Non-competitive inhibitors, and

3. Un-competitive inhibitors



Competitive inhibitors

Any substance that binds with the free enzyme in a manner which prevents

the binding of the substrate is classified as a "competitive inhibitor" of that

enzyme, as the inhibitor would often compete for the same site on the enzyme

as the substrate. A competitive inhibitor can be a non-metabolizable analog, a

derivative of a true substrate, an alternate substrate of the enzyme, or a

product of the reaction.

Examples of competitive inhibitors include malonic acid that inhibits

succinic acid dehydrogenase and thus blocks the oxidation of succinic acid to

fumaric acid.

CH2—COOH

CH2—COOH

HC—COOH
+ FAD + FADH2

HOOC—CH

Succinic acid Fumaric acid

COOH

I
CH 2

I
COOH

Malonic acid (Inhibitor)

The reason is that malonic acid structurally resembles succinic acid and

interacts with the enzyme active site and blocks it. However, the competitive

inhibitors may not necessarily be structurally similar to the substrate. Some

times, the inhibitor might be similar to an end product of a metabolic
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pathway. It is also not necessary that the inhibitor will always bind to the

active site of an enzyme. It can bind to any site of the enzyme in such a way

that the binding causes changes in the tertiary or quaternary structures of

enzyme. This binding can distort the substrate binding site and thereby

prevent the proper binding of the substrate to the enzyme.

Ks
E + S ES E + P

Ki
I = El

Figure-1.4: General representations of equilibria describing competitive
inhibition.
Kp is the rate constant for the breakdown of enzyme-substrate complex (ES) to
enzyme and product (E+P), K* is the dissociation constant of ES-complex and

Ki is the dissociation constant for El-complex (Segel, I. H„ 1993).

Generally a competitive inhibitor increases the apparent for the substrate,

while Vmnx remains unchanged. The degree of inhibition in the case of a

competitive inhibitor depends on the concentration of [S] and [I]. The Ki is

equivalent to the concentration of "I" that doubles the slope of the 1/ V versus

1/[S] plot (Segel, I. H., 1993).

Non-competitive inhibitor

A non-competitive inhibitor has no effect on substrate binding i.e., both

inhibitor and substrate bind independently at separate sites of the enzyme.
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The binding of one ligand has no effect on the dissociation constant of other.

However the resulting ESI complex is inactive. It is believed that binding of

the inhibitor [I] with "ES" or "E" distorts enzyme structure and prevents

proper positioning of the catalytic center that results in the inactivation of ESI

complex.

Kx Kp
E + S — ES E + P

+

Ki Ks Ki
ESI — ES + I1 — El + S

Figurc-1.5: General representations of equilibria describing non¬
competitive inhibition (Segel, I. H., 1993)

The Vmax in the presence of the non-competitive inhibitor is less than the

normal Vnw* or V™* in the absence of inhibitor, but has no effect on the Km

value. The degree of inhibition in the presence of a non-competitive inhibitor

depends upon [I] and K,.

Un-competitive inhibitor

In case of an un-competitive inhibitor, the inhibitor binds to the enzyme-

substrate complex and yields an inactive ESI complex. In this case the

inhibitor does not bind to the free enzyme. The uncompetitive inhibition can

be described by the following equilibria.

1o



KK
E + S ES E + P

I

*i
ESI

Figure-1.6: General representations of equilibria describing un-competitive
inhibition (Segel, I. H., 1993)

The Vmax in presence of an un-competitive inhibitor is lower than the normal

Vcnax, same is the case with Km value. The degree of inhibition in this case

depends upon the concentration of substrate [S], and it increases with the

increase of substrate concentration.

1.8. Importance of natural products as enzyme inhibitors

The use of natural materials for a variety of purposes has a very long history.

Many kinds of herbal preparations have been used as crude drugs in

traditional medicine. Indigenous systems of medicine have been practiced in

many parts of the world including China, Japan and South Asia for thousands

of years for the treatment of human diseases.
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Many plants and herbs contain constituents with proven biological activities.

Thus quinine, which was isolated from the bark of Cinchona tree, has been

used for the treatment of fever for the last sixty years. Many other naturally

occurring compounds have also been isolated which are potent inhibitors of

many enzymes. Several natural products have been reported to inhibit

enzymes such as serine proteinases (Laskowaski M., 1980), cyclooxygenase-2

(Sam Sik Kong, 2001), a-glucosidase (Tae Matsumura, 2000) and p-

glucuronidase (Kawasaki, M., 1988).

This indicates that natural products particularly secondary metabolites

can play an important role in the maintenance of human health. Isolation and

characterization of biologically active substances from natural resources have

also been contributing to both the progress of the biosciences and for

humanity.

1.9. Inhibitors of p-glucuronidase

Natural products are often useful as templates for the synthesis of more active

or less toxic analogues. There is therefore always a need to discover new

structural leads from natural sources that can effectively interact with

therapeutic targets.



Many compounds with p-glucuronidase inhibitory potential have been

reported from different plants and have also been used for the treatment of

many related diseases such as 8-hydroxytricitin, 7-glucuronide, isovitexin

(Kawasaki, M., 1988), trihydroxy pipecolic acid (Cenci di Bello I., 1984), etc. D-

Saccharic acid (1,4) lactone has been found to be a specific and competitive

inhibitor of both mammalian and bacterial P-glucuronidase (Lewy, G. A.,

1966). Similarly, various autoxidized lipids, as well as numerous organic

peroxides of natural origin, have shown inhibitory activity against bovine

liver p-glucuronidase (Christner, J. E., 1970). The structures of some inhibitors

of p-glucuronidase are given in the Figure-1.7.
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OH
)H

Scopoletin
(G. Schmeda-Hirschmann, et al., 1994)(5,7,8,3',4',5'-Hexahydroxyflavone-0-p-

D-glucuronide) (Masaru Kawasaki, et al.,
1988)

H

.ÿH-OH
HOOC:

: H<

H

H
.H

Xi ~o OHHOOC' o-c H H

(2(S)-Carboxy-3(R), 4(R), 5(S)-

trihyd roxypiperid ine)
(Isabelle Cenci di Bello et al., 1984)

Scoparic acid A (Toshimitsu Hayashi, et al.,

1992)

n PHVHCC/ .0
HO

\HO OH

D-Saccharic acid-1,4-lactone
(Levvy, G. A., 1966)

Figure-1.7: Some Known Inhibitors of



The present study was designed to identify and evaluate new inhibitors of 3-

glucuronidase. The specific aims of this study were to carry out a broad-based

random high throughput screening of a large number of natural and synthetic

compounds to identify new and specific inhibitors of 3-glucuronidase. To

study the inhibition kinetics of the new inhibitors and to determine the

mechanism of inhibition in vitro, the IC50 and Ki values are to be determined

also to evaluate the potency of these compounds. On the basis of the

experimental data and the structure of the inhibitors, the structure activity

relationship (SAR) of the new inhibitors will be studied. The hepatotoxic

activities in rat models and anti-oxidant activity of some of these active

compounds will also be determined.
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Chapter 2

Results and Discussion



2.1 (3-Glucuronidase inhibition studies

2.1.1. (3-Glucuronidase (Bovine liver and Escherichia coli) inhibition

studies of (3-JV- substituted acyl hydrazide derivatives

In order to study the reaction mechanism of any enzyme, its inhibitors can

play a very important role. This means that the study of enzyme inhibition

regime is an important part of overall enzyme research. Keeping in view the

importance of enzyme inhibition the activities of synthetic (3-N-substituted

acyl hydrazide derivatives against (3-glucuronidase were determined using a

modified method (Collins, R. A., 1997). All the activity assays were performed

at 37 ° C. (3-Glucuronidases from two different sources (bovine liver and

Escherichia coli) were used in the assay. The enzyme activity was determined

by measuring the rate of enzymatic hydrolysis of the substrate p-nitrophenyl-

(3-D-glucuronide by the formation of the p-nitrophenolate anion, which is

yellow in colour and absorbs at 405 nm.

HO -OH

r7 °"T
H H

COOll uisTJUq fWJlu

\__y NO>OH

37°C

/,-Nilrophcnyl-p-l)-{'lucwroni(le fl-n-Gliiciironic ncid P-Nilroplicnol:ilc

Figure-Zl: Mechanism of hydrolysis of />-nitrophenyl-[3-D-glucuronide by
P-glucuronidase



The percent inhibitory activity was determined by using the following

formula:

% Inhibition = (E-S) /Ex 100

where E is the activity of enzyme without test material and S is the activity of

enzyme with the test material. All the compounds were tested in triplicate.

2.1.2. Determination of 50% inhibitory concentrations of p-N-substituted

acyl hydrazide derivatives

The IC50 value is the concentration of inhibitor necessary to produce a 50%

reduction in enzyme activity compared to the uninhibited system and is

determined by using EZ-Fit5 program. D-saccharic acid 1,4-lactone was used

as standard inhibitor of (3-glucuronidase to evaluate the potency of new

inhibitors. The IC50 values of all these compounds (1, 4, 7, 9-16) (Khalid M.

Khan, 2002) against both enzymes are given in the Table-2.3. With the

exception of compounds 1, 4, 7 and 16 the IC50 values of all other compounds

(9 to 16), are in the range of 1.6 jiM to 55 4M against bovine liver (3-

glucuronidaso, and 1.0 nM to 46 nM against Escherichia coli (£. coli) |3-

glucuronidaso.



2.1.3. Specificity of p-N-substituted acyl hydrazide derivatives

All these compounds are found to be as specific inhibitors of p-glucuronidase

because they did not show any inhibitory activity against other enzymes such

as, a-glucosidase, phosphodiesterase, acetylcholinesterase, carbonic

anhydrase, urease, acid phosphatase, etc.

2.1.4. Kinetic Studies of P-JV-substituted acyl hydrazide derivatives

The kinetic studies of most of these compounds were also carried out in order

to investigate the mechanism of inhibition of p-glucuronidase and the mode

of action of these compounds. The effect of the inhibitor on both Km and Vmm

was determined by Lineweaver Burk and Dixon plots.

The effectiveness of an inhibitor can be measured from the value of

(inhibitory constant or dissociation constant of the enzyme-inhibitor

complex). The values of (inhibitory constant) were determined directly

from the Dixon plot. In the case of non-competitive inhibition, these values

were further confirmed by plotting the1/ Vmax«pPand the slope of each line of

inhibitor concentration on Lineweaver-Burk plot against different

concentrations of the respective inhibitors. For the un-competitive type of

inhibition, Km.,rp was determined from the intersection of the lines for the



inhibitory concentrations on the x-axis of Lineweaver-Burk plot and plotted

against inhibitor concentrations.

2.1.5. Determination of the type of inhibition of p-N-substituted acyl

hydrazide derivatives

The type of inhibition was directly determined from the Lineweaver Burk

plot. In the Linewaever Burk plot, the effect of the inhibitor concentrations on

both Km and Vmax values was mentioned in order to predict the type of

inhibition by plotting the reciprocal of the rate of the reactions against the

reciprocal of the different substrate concentrations. The other way of

predicting the type of inhibition was through Dixon plot, in which the

reciprocal of the reaction rate was plotted against the inhibitor concentrations.

The secondary replots of both the Lineweaver Burk and Dixon plots were

further studied to confirm the type of inhibition.

Non-competitive inhibitors of p-glucuronidases (bovine liver and E. coli)

Most of the compounds presented in Table-2.4 are non-competitive inhibitors

of P-glucuronidasc (bovine liver). In classical non-competitive inhibition, the

inhibitor binding has no effect on the binding of the substrate and vice versa.

Both the inhibitor and substrate bind reversibly and independently of each

other to the enzyme. When the inhibitor binds to the enzyme it causes certain

conformational changes in the enzyme molecule so as to prevent the



hydrolysis of the substrate but these changes do not affect the binding of

substrate with the enzyme. However, the resulting [ESI] complex is non¬

productive. Since the binding of inhibitor has no effect on the binding of

substrate, the Km value therefore remains unaffected. The Vmax observed in

the presence of a non-competitive inhibitor (Km™) will be less than the

observed in the absence of inhibitor (Segel I.H., 1993). The degree of inhibition

in the case of noncompetitive inhibition depends upon [I].

The non-competitive mode of inhibition of these compounds was

directly confirmed from the Lineweaver Burk plots of these compounds, as

they decreased the Vmn* value while the Km value remained the same. It was

further confirmed by replotting the data obtained from the Lineweaver Burk

plot. These secondary plots showed linear lines, as expected in the case of

pure noncompetitive type of inhibition. The graphical representation of

steady state data of compound 13 is shown in figures 2.2 and 2.3 as an

example of this type of inhibition.

Un-competitive inhibitors of (bovine liver and E. coli)

In pure uncompetitive inhibition, the Inhibitor binds only to "E", and only

after the binding of "S" to the enzyme. The inhibitor does not bind to the free

enzyme. When the substrate binds to free enzyme, it causes certain changes in

the enzyme such that the site for the second ligand (inhibitor) becomes



obvious and after the binding of the inhibitor, the resulting [ESI] complex is

catalytically inactive.

Among these inhibitors, compound 10 (Table-2.4) showed

uncompetitive type of inhibition against p-glucuronidase (bovine liver).

Almost all compounds in Table-2.4 were found to be un-competitive

inhibitors of p-glucuronidase (E.coli) as these compounds decreased both Km

and V™* values. The graphical steady state data of compound 10 against

bovine liver p-glucuronidase and compound 13 against E. coli p-

glucuronidase are given in Figures 2.4, 2.5 and 2.6, 2.7 respectively.

2.1.6. Structure-activity relationship

Effects of different groups on the activity of substituted acyl hydrazide:

The data in Table-2.4 suggests that the substitution of various groups on the

benzene nucleus of parent compound 9 produced remarkable variations in

the activities of various derivatives. Among all these groups substitution of

the benzyl group on the benzene nucleus increased the inhibitory activity of

compound 12 and 13 manyfold. Moreover, substitution at the C-3 position

further enhanced the activity of compounds. For example, the IC50 value of

meta- substituted compound 13 is 1.6 pM (Ks = 3.25 pM) as compared to

compound 12 (IC50 = 2.2 pM, Ki = 5.0 pM) that is a para- substituted acyl

hydrazide. However, the mode of inhibition of both compounds against p-

in



glucuronidase (bovine liver) remained the same i.e, noncompetitive. The

mode of action of these compounds (12 and 13) was also the same (un¬

competitive) against £. coli p-glucuronidase.

When we replaced the benzyloxy group with benzoyloxy group, as in

the case of compound 14, the activity of this compound decreased (ICso = 9.0

pM, Ki = 11.0 pM). The effect of different constituents on the inhibitory

activity of compound 9 against bovine liver p-glucuronidase is in the order

below:

benzyl > benzoyl > hydroxyl > tosyl

The effects of different substituents on the activity of the parent compound 9

followed the same pattern against £. coli p-glucuronidase as in the case of

bovine liver p-glucuronidase.

Role of cyanoethyl moiety on the activity of substituted acyl hydrazide:

However when we compare compound 13 to compound 5 (both contain

benzyloxy moiety at the C-3 position), compound 13 appears to be more

active . This could be due to the presence of a cyanoethyl moiety in

compound 13 that is absent in compound 5. This is also the case with all other

P-N-substiluted acyl hydrazides. When we compare these p-N-subslituted



acy! hydrazides with their corresponding acyl hydrazide derivatives, we

found a drastic decrease in the inhibitory potencies of these compounds, as

shown in Table-2.3. For example, IC50 of compound 1is 800 pM (in the case of

bovine liver) which is very high as compared to its p-N-substituted derivative

9 (IC50 = 55.4 pM).

Generally we concluded that p-N-substituted acyl hydrazides are more

active than their simple acyl hydrazides. The results of the kinetics studies of

all these compounds (4, 7, 9-16) are given in the Table-2.3. The IC50 of mcta-

substituted compound 11 is 7.8 pM while the IC50 of C-4 substituted

compound 10 is 12.0 pM.
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1AR NHNH2

Table-2.1: Chemical Structures of Acyl Hydrazide Derivatives (1-8).

Compound NameCompound No R1 Groups

a- Benzohydrazide

2
HO 4-Hydroxybenzohydrazide

3
3-Hydroxybenzohydra7jde

HO

4

4-(Benzyloxy)benzohydrazideBnO-

• 5

3-(Benzy1oxy)benzohydrazide

BnO

6
4-(Benzoyloxy)benzohydrazideBzO

-O-7 4-(Tosyloxy)benzohydrazido
TsO

8 - 2-(l H-indol-3-yl)fliPlohydr<izidi>

N

H



o
CNiXNHNHR

Table-2.2: Chemical Structures of p-N-Substituted Acyl Hydrazide
Derivatives (9-16).

NameCompound No R' Groups

O- Benzoyl (2-cyanoethylhydrazine)9

N-(2-Cyanoethyl)-4-hydroxybenzo-
hydrazide

HO
10

N-(2-Cyanoelhyl)-3-hydroxybenzo-
hydrazide

11

HO

4-(Benzyloxy)-N-(2-cya noet hyl)benzo-
hydrazide

BUD12

/T\
3-(Benzyloxy)-N-(2-cyanoethyl)bcnzo-
hydrazide13

BnO

fS 4-{[2-Cyanoethyl)hydrazine]carbonyl)
phenyl benzoate

14 BzO-

4-{(2-(2-Cyanoelhyl)hydrazLne] carbonyl}
phenyl 4-inethylbenzene sulfonate

15 TsO

-
N-(2-Cyanoelhyl)-2-(lH-indol-3-yl)
.HVlohydrazide

16

N
1

H
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Table-2.3: Summary of the in vitro Anti (3-Glucuronidases Activity of

P-N-Substituted Acyl Hydrazide Derivatives (1, 4, 7, 9-16)

n
o £. coli (3-GlucuronidaseBovine Liver p-Glucuronidase3

K, •(jiM)
± SEM

Type of
Inhibition

Type of
Inhibition

ICsoOiM)
± SEM*

IC50 (fiM)

± SEM*
K, •(JJM)

± SEM
o

120.0 + 1.5 UC800.0 ± 0.120 61.70 ±1.7001
UC420.0 ± 0.250 580.00 ±0.15 NC 6.40 ± 0.500 6.300 ± 0.154

14.50 ±0.39 UC215.0 ±0.08 270.00 ± 0.39 NC 12.10 ±0.2587
UCNC 0.512 ±0.038 0.270 ± 0.029 55.4 ± 0.002 M.00±0.1

10 12.0 ±0.03 UC 0.0318 ±0.005 UC8.0 ± 0.0 01 0.014 ± 0.005
7.8 ± 0.100 8.70 ± 0.02 NC UC11 0.046 ± 0.0052 0.036 ± 0.008
2.2 ±0.0512 5.00 ± 0.2 NC 0.008 ± 0.001 0.010 ± 0.001 UC

NC13 1.6 ±0.12 3.25 ±0.01 0.0016 ±0.0006 0.001 ± 0.0002 UC
14 6.0 ± 0.066 11.00 ±0.33 NC 0.0062 ± 0.0002 UC0.006 ± 0.0001
15 11.6 + 0.02 21.0 ±0.023 NC 0.0084 ± 0.0004 UC0.005 ± 0.0002
16 277.0 ± 0.01 120.00 ±0.03 NC 59.96 ±7.119 UC40.00 ± 0.3

•Ki is the mean of three values calculated using Dixon plot, and

Lineweaver Burk secondary plots.

SEM is the mean of five values in case of IC50 and, three values in case

of Ki

IC50 of D-saccharic acid 1,4-lactone (standard) = 0.8 pM ± 0.002

- Notdone due to insufficient quantity

NC = (noncompetitive), UC = (uncompetitive)
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Figure-2.2: Steady State Inhibition of p-glucuronidase (Bovine Liver) by Compound
13 [3-(benzyloxy)-JV'-(2-cyanoethyl)benzohydrazide].

(A) is the Lineweaver-Burk plot of the reciprocal of the initial velocities versus various
substrate (p-nitrophenyl-p-D-glucuronide) concentrations, (B) is the respective
secondary replot of the Lineweeaver-burk plots i.e., slope and 1/Vm«xapp versus various
compound concentrations. Each point in the graph represents the mean of three
experiments.
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Figure-2.3: Steady state inhibition of p-glucuronidase (Bovine Liver) by
compound 13 [3-(benzyIoxy)-N'-(2-cyanoethyl)benzohydrazide].

(A) is the Dixon plot of the reciprocal of the initial velocities versus various
concentrations of the compound. (B) is the respective secondary replol of the
Dixon plots i.c., Slope versus various substrate concentrations. Each point in the
graphs represents the mean of three experiments.

36



100 -
A

o Control
•04.0 pM

08.0 pM
20.0 pM

80 -
1 60 -S

Ir 40 -
&

20 -

0 • > i • > 1 i > • 1 i • 1

-12 -8-4 0 4

1/S (mM)

B
60 -

rf 40 -
is
O • 20 -

0 1 I 1 1 1 ' I 1

-15-10 -5 0 5 10 15 20

Compound 10 (pM)

Figure-2.4: Steady State Inhibition of p-GIucuronidase (Bovine Liver) by Compound
10 |l-[4-(hydroxyl)benzoyl]-2-(2-cyanoethyl)hydrazine).

(A) is the Lineweaver Burk plot of reciprocal of the initial velocities versus various
concentrations of the compound, (B) is the respective secondary replots of the
Lineweaver Burk plot i.e., l/VmaxapP and 1/Kmnpp versus various compound
concentrations. Each point in the graph represents the mean of three experiments.
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Figure-2.5: Steady state inhibition of p-glucuronidase (Bovine Liver) by
compound 10 |l-[4-(hydroxyl)benzoyl]-2-(2-cyanoethyl)hydrazine}.

(A) is the Dixon plot of reciprocal of the initial velocities versus various
concentrations of the compound. Each point in the graph represents the mean
of three experiments.
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Figure-2.6: Steady state inhibition of p-glucuronidase (E. coli) by compound 13
[3-(benzyloxy)-N’-(2-cyanoethyl)bcnzohydrazide].

(A) is the Lineweaver-Burk plot of reciprocal of the initial velocities versus
various substrate (p-nitrophenyl-p-D-glucuronide) concentrations, (B) is the
respective secondary replots of the Lineweaver Burk plot i.e., 1/Km«pp and
V V'nvnwp,, versus various concentrations of the compound. Each point in the
graphs represents the mean of three experiments.
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2.1. 7. DPPH Radical scavenging activity of p-N-substituted acyl

hydrazide derivatives (1, 4, 7, 9-13,15 and 16)

DPPH (1, l-Diphenyl-2-picrylhydrazyl radical) is a stable radical species

having an odd electron. It has strong absorption at5l5nm. In the presence of

an antioxidant the purple color of DPPH radicals is decolorized due to the

ability of the compound to donate an electron to the radical molecule. This

method can afford data on the reduction potential of the sample, and hence

can be helpful in determining the radical scavenging potential of the

compound.

P-W-Subsli luted acyl hydrazide derivatives (1, 4, 7, 9-13, 15 and 16)

were tested for their DPPH radical scavenging property, and almost all were

found to have this property. The IC50 values of these compounds are given in

Table-2.4. Among all these compounds, compound 15 was found to be the

most active (IC50 = 35.0 pM). When the activities of these compounds were

compared along with their structures, it appeared that the cyanoethyl moiety

may play a role in the activity. For example, the IC50 of compound 1 is 106.0

pM which is almost double that of compound 9 (IC50 = 71.0 pM). A similar

situation was found with other compounds.
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Table-2.4: Summary of the in vitro DPPH radical scavenging activity of p-
N-substituted acyl hydrazide derivatives (1, 4, 7, 9-16)

IC50±SEM*
QIM)

Compd. Compound Name
No

Benzohydrazide 106.0 ±2.721
4-(Benzyloxy) benzohydrazide 94.0 ±0.2724
4-(Tosyloxy) benzohydrazide 49.0 ±2.07
Benzoyl (2-cyanoethylhydrazine) 710 ± 1,419
A,-(2-Cyanoctliyl)-4-hydro\ybcn/o-hydrazidc 133,0 ± 2.7210
A/-(2-Cyanoclhyl)-3-hydroxybenzo-hydrazide 87.0 ± 0.7211
4-(Benzyloxy)-;V-(2-cyanoelhyl) benzo-
hvd razide_ 72.0 ±0.2712

3-(Bcnzylo.\y)-A/-(2-cyanoethyl) benzo-
liydrazidc_ 69.0 ±0.7213

4-{[2-Cyanoethyl) hydrazine]carbonyl }

phenyl benzoate
123.0 ±0.5414

4-{[2-(2-Cyanoethyl) hydrazine] carbonylphenyl
4-mcthylbcnzcnc sulfonate_15

35.0 ±0.27
,V-(2-Cyanoethyl)-2-(ltf-indo]-3-yl)
acclohydrazidc_ 550.0 ± 18.816

St Saccharic acid-l,4-lactonc

St-2 Propyl gallaic 30.0

* Mean of three experiments

- = Inactive
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2.1.8. Hepatotoxicity studies of p-N-substituted acyl hydrazide

derivatives (Compounds1, 7, 9-13,15 and 16)

Carbon tetrachloride (CCU) is a pharmacological tool used to produce liver

damage in animal models. Its hepatotoxic action begins with a change in the

endoplasmic reticulum which results in a loss of metabolic enzymes located in

intracellular structures (Visweswaram, D., 1994). The hepatotoxicity of CCU

results from the metabolism of CCU to the trichloromethyl free radical (‘CCI3)

by NADPH-cytochrome P450 system, formed by the transferring of an

electron from NADPH to CCU. This free radical and related reactive species

may cause cellular damage by initiating lipid peroxidation and covalent

binding to protein, causing a rise in cellular Ca2+, depleting GHS

(glutathione), or releasing iron and ultimately leading to cell death (Wen Zhu,

2000).

The study was performed to investigate the anti-hepatotoxic activity of

P-/V-substituted acyl hydrazide derivatives on CCU-induced liver damage in

rats. It has been reported earlier that CCU induces hepatocellular damage

(Sang-Bum Shim, 2000, Dong-Hyun Kim, 1994) that results in an increase in

the enzyme levels in the serum. Elevated levels of serum enzymes, especially

transaminases (GOT and GPT), are indicative of cellular leakage and loss of
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functional integrity of the cell membrane in the liver (Aftab Ahmad, 2002).

CC1.1 is metabolized by the mixed-function oxidase system in the endoplasmic

reticulum of the liver. Cleavage of the carbon-chlorine bond results in the

formation of free trichloromethane radicals *CCb, which are highly unstable

and immediately react with the membrane components. They form covalent

bonds with unsaturated fatty acids or take a hydrogen atom from the

unsaturated fatty acids of membrane lipids, resulting in the production of

chloroform and lipid radicals. The peroxidative decomposition of

phospholipids in the endoplasmic reticulum results in the formation of

phosgene (Kuo-Liang Lu, 2002). Total and direct bilirubin also serves as

markers for the assessment of the proper functioning and integrity of the

liver. As shown in Table-2.5, the pathological control group receives only

saline solution and after half an hour an i.p. dose of CCU (20% in edible oil)

was given, while the normal control group did not receive any CCh dose.

Administration of CCb (20%, 1.0 mL/lOOg) resulted in a marked

increase in serum bilirubin and transaminase activities which were

significantly different from the control group (Figure 2.8 - Figure 2.12). All

levels of sGOT, sGPT/ALT, Total bilirubin (T. bilirubin), Direct bilirubin (D.

bilirubin) and Indirect bilirubin (I. Bilirubin) are summarized in Table-2.5.

Pretreatment of the animals with different (3-N-substituted acyl hydrazide

derivatives showed significant alteration of sGOT and sGPT after CCh
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intoxication. Similar effect was observed in case of T. bilirubin and D.

bilirubin levels.

As mentioned in the previous section (2. 1. 6), all these substituted

hydrazide series (1, 4, 7, 9-16), except saccharic acid-1,4-lactone (standard)

possessed DPPH radical scavenging property. It therefore can be deduced

that these compounds prevent CCh-induced lipid peroxidation and

hepatotoxicity, either through their effects on microsomal enzymes by

increasing the membrane stability, by decreasing the metabolic activation of

carbon tetrachloride, or by acting as a chain-breaking antioxidant for free

radicals scavenging.

2.1.9. Conclusion:

The study indicated that the pretreatment of substituted hydrazides (1, 4, 7, 9-

16) appeared to enhance the recovery of CCU-induced hepatotoxicity as

apparent by the significant recovery of sGOT, sGPT, T.bilirubi and D.

bilirubin (p< 0.05). Among all these compounds, compound 9 and standard

(saccharic acid-1,4-lactone) were found to be the most protective against CCh

liver intoxication as compared to the positive control group.
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Table-2.5: The protective effect of p-N-substituted acyl hydrazide
derivatives (compounds1, 7, 9-13,15 and 1)

sGOT
(IU/L)

T. Bilirubin
(mg%)

0.126
±0.06

D. Bilirubin
(mg%)

I. Bilirubin
(mg%)

Groups sGPT
(IU/L)

Normal Control 71.75 0 103157.5 0.023
±0.0152± 13.70 ±3.403 ± 0.066

Pathological control
CCI,(20% 1 mL/lOOg)

1715.5 **
± 550.0

1557 **
± 569.5

0.824 **
± 0.284

0.254 **
± 0.079

0.576 **
±0.223

813.75 *
± 27.77

0.1675 *
± 0.0073

1484.0
±61.02

0.075 *
±0.0103

0.0925 *
±0.00739

1

746.25
± 43.64

564.5 *
±8.189

0.1875 *
±0.0316

0.1025 *
±0.0316

0.085 *
± 0.0075

7

132.0*
± 14.00

160.75
± 23.06

0.203
± 0.036

0.045 *
± 0.00645

0.1975 *

±0.015
9

292.2 +

± 47.77
131.2 *
± 14.35

0.142 *

±0.016
0.0625 *
±0.017

0.082 *
± 0.023

10

391.2 +

± 10.49
208.2 *
± 10.47

0.2275 *
±0.012

0.074
± 0.039

0.164 +

±0.05
11

135.75 *
± 11.38

317.0*
± 104.6

0.1925 *
±0.04

0.165*
± 0.0429

12 0.11 *

±0.052
441.4
± 55.04

210.6*
± 49.32

0.176*
± 0.038

13 0.065 *
±0.01

0.11 *
± 0.053

173.75 *
± 10.26

516.0*
± 63.20

15 0.155 *
± 0.0064

0.0325 *
± 0.006

0.1225 *
±0.0094

313.5*
± 17.76

16 170.75 *
± 6.702

0.115*
±0.0043

0.0675 *
± 0.0089

0.0475 *
± 0.0073

D-Saccharic acid-!.ÿ4-lactonc
_(Standard) _ 227.0

± 23.17
95.5 *
±5.85

0.0525 *
±0.00819

0.0225 *
± 0.0054

0.035 *
±0.0055

Results are expressed as Mean ± SEM
Each means value n =6
*P< 0.05: pathological control vs test,

**P< 0.05: normal control vs pathological control (analysis of variance)
A NOVA
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Figure-2.8: The effect of p-N-substituted acyl hydrazide derivatives and standard
inhibitor of p-glucuronidase (saccharic acid-1,4-Iactone) on sGOT in CCh-
induced rats.

A: Normal Control; B: CCh/Edible oil (1.0 mL/lOOg); C: Saccharic acid-1,4-lactone;
Compounds 1, 7, 9-13, 15 and 16 are different derivatives of substituted acyl
hydrazides (10 mg/kg). Values represent the mean ± SEM of six rats **P< 0.05:
normal control vs pathological control, *P< 0.05: pathological control vs test
(analysis of variance) ANOVA.
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Figure-2.9: The effect of p-N-substituted Acyl Hydrazide Derivatives and
standard inhibitor of p-glucuronidase (Saccharic acid-1,4-lactone) on sGPT in

CCU-induced rats.

A: Normal Control; B: CCU/Ediblel oil (1.0 mL/lOOg); C: Saccharic acid-1,4-
lactone; Compounds 1, 7, 9-13, 15 and 16 are different derivatives of substituted
acyl hydrazides (10 mg/kg). Values represent the mean ± SEM of six rats, ,W,P<

0.05: norma! control vs pathological control, *P< 0.05: pathological control vs test
(analysis of variance) ANOVA.
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Figure-2.10: The effect of p-N-subslituted Acyl Hydrazide Derivatives and
standard inhibitor of p-glucuronidase (Saccharic acid-1,4-lactone) on T. bilirubin
in CCU-induced rats.

A: Normal Control; B: CCU/Edible oil (1.0 mL/lOOg); C: Saccharic acid-1,4-lactone;
compounds 1, 7, 9-13, 15 and 16 are different derivatives of substituted acyl
hydrazides (10 mg/kg). Values represent the mean ± SEM of six rats, **P< 0.05:
normal control vs pathological control, *P< 0.05: pathological control vs test
(analysis of variance) ANOVA.
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Figure-2.11: The effect of p-N-substituted acyl hydrazide derivatives and
standard inhibitor of p-glucuronidase (Saccharic acid 1,4-lactone) on D.
bilirubin in CCl4-induced rats.

A: Normal Control; B: CCU/Ediblel oil (1.0 mL/lOOg); C: Saccharic acid-1,4-
lactone; Compounds 1, 7, 9-13, 15 and 16 are different derivatives of substituted
acyl hydrazides (10 mg/kg). Values represent the mean ± SEM of six rats, **P<
0.05: normal control vs pathological control, *P< 0.05: pathological control vs test
(analysis of variance) ANOVA.
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Figure-2.12: The effect of [J-N-substituted acyl hydrazide derivatives and
standard inhibitor of p-glucuronidase (Saccharic acid 1,4-lactone) on I. bilirubin
in CCU-induced rats.

A: Normal Control; B: CCU/Edible oil (1.0 mL/lOOg); C: Saccharic acid-l,4-lactone;
Compounds 1, 7, 9-13, 15 and 16 are different derivatives of substituted acyl
hydrazides (10 mg/kg). Values represent the mean ± SEM of six rats, **P< 0.05:
normal control vs pathological control, *P< 0.05: pathological control vs test
(analysis of variance) ANOVA.



2.2. (3-Glucuronidase inhibition studies of Triterpenoid compounds (17-

29)

Out of sixteen triterpenoids (Table-6) tested for their in vitro (3-glucuronidase

(bovine liver) inhibition activity, eight compounds (17-19) (Bombardelli E,

1974), 22 (Shashi B. Mahato, 1992), 25 (Row L.R., 1992), 26 (Anjneyulu A. S. R.,

1982), 28, 29 were found to have potential activity against this enzyme. Only

those compounds (17 and 18) that showed good inhibitory activity against

bovine liver (5-glucuronidase were further subjected to kinetic studies. These

compounds (17 and 18) were also tested against E. coli (3-glucuronidase.

2.2.1. Determination of kinetic parameters

Out of the eleven triterpenoids tested for their in vitro (3-glucuronidases

(bovine liver, E. coli) inhibition activity, compound 17 was found to be the

most active in the series. The percent inhibition and IC50 values against bovine

liver (3-glucuronidases of compounds (17-27) are given in the Table-2.6. The K,

values were determined in the same way as mentioned in the previous section

2.1.4 (page 25). The Ki values of compounds 17 and 18 against both enzymes

(bovine liver, E. coli (3-glucuronidase) are given in Table-2.6.
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2.2.2. Structure activity relationship of Triterpinoids

Effect of -CH2OH and -COOH groups at C-17 position

When the activities of all these triterpenoids were compared, it was found

that the substituents at C-17 play an important role in the activity against both

P-glucuronidases (Bovine liver, E. coli). Consequently the most active member

of this series was compound 17. This compound has a -CH2OH group at C-17.

The IC50 value of compound 17 against bovine liver and E. coli (3-

glucuronidase was found to 45.9 and 17.3 pM, respectively. The mode of

action of compound 17 was found to be un-competitive against the bovine

liver p-glucuronidase and non-competitive against E. coli (3-glucuronidase. In

both cases, the compound apparently did not bind directly to the active site of

the enzyme. The Ki values and type of inhibition are shown in the Table-2.6.

The graphical steady state data of compound 17 against the both enzymes

(bovine liver and E. coli) are given in Figures- 2.13, 2.14, 2.15 and 2.16.

In another compound 18, -COOH was present at C-17. This affected

the inhibiting potency of compound 18. The IC50 value of this compound

decreased substantially against both enzymes. The IC50 and K, values of

compound 18 are shown in Table-2.8. The role of the constituents at C-17

position was further inferred when -COOH group at C-17 was protected with

different groups such as sugar (compound 25), and -CH3 (compound 20). In
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the presence of -COOCFb, as in compound 20 complete lack of activity was

observed. The activity results of compounds 25 and 20 are given in Table-2.6.

Role of different groups at C-4 position:

It seems likely that the groups attached at C-4 positions also play an

important role in the activity of triterpenoid series of compounds. For

example, compound 26 that is similar in structure to compound 18 except at

C-4, where -CH3 is present instead of -CH2OH. The IC50 of the compound 26

was found to be 500 nM, much higher than that of compound 18 (IC50 = 100

nM). The results of the effects of other substituents at C-4 position of

triterpenoids are shown in Table-2.6.

2.2.3. General conclusion

From above discussion it is evident that in this series of compounds, the

activity largely depends upon the presence of constituents at C-17 and C-4

position of the compounds. Compounds having -CH2OH group at C-4 and

free -COOH group at C-17 position (compound 17, 18 and 29) have shown

good inhibitory activity as compared to those with -COOH group blocked

with different groups.
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Table-2.6: Summary of the in vitro Anti p-Glucuronidase (Bovine Liver)

Activity of Triterpenoids (17-29)

Compd. Cone.

(niM)

% Inhibition ICsoOiM)

± SEM*No

0.5 60.0 45.9± 1.317

61.8 100 ± 2.018

61.019 385 ± 0.8

0.020

64.321

49.0 550 ± 1.522

23 0.125 44.0

0.5 2424

70.0 200 ± 0.1 525

01 60.0 500 ±2,526

0.5 44.027

70.00.5 274.0 ±2.028

80.0 160.0 ±0.2329 0.5

•Kj is the mean of three values calculated using Dixon plot, and

Lineweaver Burk secondary plots.

* SEM is the mean of five values in case of ICso and, three

values in case of K\

Notdone due to insufficient quantity

=: Same as above
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Table-2.7: Chemical Structures of Triterpenoids (17-27).
29
CH , «

R4%
\HO

219

12 IB 2 2,

1 125 29 H R1CH , CH »
21I -I UJR*

9

1 52 10
CH ,

< 2"

«
K

R*R
il24

Compd.
R4R1 R3 R5R1 R4No Compd. Name

CH3OH CH;OHOH CH2OH CH,2a 3(5. 19a 24. 28-Pentaliydroxyolean-12~en
17

2a 3(5. 19a 24-Tetraliydroxyolean-12-en-28-
oic acid OH COOH CH3OH CH;OH CH318

2a 3(1. 24-Triacctoxy-l9a-hydroxyolean-12-
cn-28-oic acid CH3CH:OAcCOCH3 COCH3 COOHCH3319
2a 3p. 19a 24-Teirahydroxyolean-12-en-28-
methylcster_ CH3CH:OH AcOOH CH3OH20

2a 3p. 19a 23, 24-Pentahydroxyolean-12-en-
28-oic acid CH3COOHCH;OH CH;OHOH OH21
2a 3p. 23, 24-TeLrahydroxy-19a-hydroxy
olean-12-en-28-methylcster_ CH2OHAcOCH-OHOH CHjOHOH22
2a 33, 23, 24-Tetraacctoxyolcan-12-oi-28-
oic acid COOH CH3COCH3 COCHJ CH:OAC CH;OAc23
2a 3p. 19a 23-Tetrahydroxyolcan-12-cn-28-
oic acid CH3CH, CH:OH COOHOH OH24
2a 3p. 19a 24-Telrahydroxyolean-12-en-28-
Q-P-p-glucopyranoside_
2a 3p. 19a-Trihydroxyolean-12-en-28-oic
acid

CH,COO-gluCH:OH CH,OH OH25

CH,COOHCH3OH OH CH,26

2a 3p, 19a 30-Tclrahydroxyolcan-12-01-23-
oic acid CH2OHCOOHOH CH,OH CH,27
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Table-2.8: Summary of the in vitro Anti p-Glucuronidases (Bovine Liver,

E .coli) Activity of Triterpenoids (17, 18 and 29).

Compd. Bovine Liver p-Glucuronidnse E. coli p-GIucuronidH.se

No
K, * (pM)

± SEM
Ks‘ (pM)

± SEM
ICJO (pM)
± SEM*

ICsoOiM)
± SEM*

Type of
inhibition

Type of
inhibition

UC 17.3 ±0.01 NC17 45.9 ± 1.0 22.0 ±0.5 11.6 ±0.05

UC100 ± 0. 1 98.0 ±0.8 UC 91.0 ±0.2 70.3 ± 0. 118

160 ± 1.30 190 ±2.0 NC29

• Ki is the mean of three values calculated using Dixon, and Lineweaver

Burk secondary plots.

SEM is the mean of five values in case of IC50 and, three values in case of K,

-: Notdone due to insufficient quantity

NC: (non-competitive), UC: (un-competitive)
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Figure-2.13: Steady state inhibition of p-glucuronidase (E. colt) by compound 17
(2«,3p,19a,24,28-pentahydroxy-olean-12-ene).

(A) is the Lineweaver-Burk plot of reciprocal of the initial velocities versus various

substrate (p-nitrophenyl-p-D-glucuronide) concentrations, (B) is the respective
secondary replots of the Lineweeaver-Burk plot i.e., Slope and l/Vnwapp versus
various compound concentrations. Each point in the graphs represents the mean of
three experiments.
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Figure-2.14: Steady state inhibition of p-glucuronidase (E. coli) by
compound 17 (2ci,3p,19ci,24,28-pentahydroxy-olean-12-ene).

(A) is the Dixon plot of reciprocal of the initial velocities versus various
concentrations of the compound, (B) is the respective secondary replot of the
Dixon plot i.e., slope versus various substrate concentrations. Each point in
the graphs represents the mean of three experiments.
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Figure-2.15: Steady state inhibition of (Bovine Liver) by
compound 17 (ZaÿpÿaÿÿS-pentahydroxy-olean-lZ-ene).

(A) is the Lineweaver-Burk plot of reciprocal of the initial velocities versus
various substrate (p-nitrophenyl-p-D-glucuronide) concentrations, (B) is the
respective secondary replots of the Lineweeaver-burk plot i.e., 1/Kma?v and
1/Vmaxapp versus various compound concentrations. Each point in the graphs
represents the mean of three experiments.
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Figure-2.16: Steady state inhibition of (Bovine Liver) by
compound 17 (2a,3p,19a,24,28-pentahydroxy-olean-12-ene).

(A) is the Dixon plot of reciprocal of the initial velocities versus various
concentrations of the compound. Each point in the graph represents the
mean of three experiments.
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Figure-2.17: Structures of compounds (A) 28 (3P, 6p, 19a, 23-
Tetrahydroxy-urs-12-ene) (Nusrat Jahan, 2000), and (B) 29 (1 P, 3(3, 5a, 23, 24-
Pontahydroxy-30-norolean-12, 20(29)-duen-28-oic acid) (Hafiz Rub Nawaz.,
2000)
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Figure-2.18: Steady slate inhibition of p-glucuronidase (bovine liver) by
compound 29 (ip, 3p, 5a, 23, 24-pontahydroxy-30-norolean-12, 20(29)-duen-
28-oic acid).

(A) is the Lineweaver-Burk plot of reciprocal of the initial velocities versus
various substrate (p-nitrophenyl-P-D-glucuronide) concentrations, (B) is the
respective secondary replots of the Lineweaver-Burk plot i.e., Slope and
1/ V'max.ipp versus various compound concentrations. Each point in the graph
represents the mean of three experiments.

63



25 i 0O.I66 (mM)

•0.222 (mM)

0.333 (mM)

0.666 (mM)

A

20 ~

3

f 15 ~

10
&

5 ~

0-

0.2-0.2 0-0.4

Compound 29 (mM)

60-
B

40 -
g.

20 -

0
-6 -4 -2 0 2 4 6

l/S (mM)

Figure-2.19: Steady state inhibition of p-glucuronidase (bovine liver) by
compound 29 (ip, 3p, 5a, 23, 24-pontahydroxy-30-norolean-12, 20(29)-duen-28-oic
acid).

(A) is the Dixon plot of reciprocal of the initial velocities versus various

concentrations of the compound, (B) is the respective secondary replot of the Dixon
plot /.(*., Slope versus various substrate concentrations. Each point in the graph
represents the mean of three experiments.
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2.3. p-Glucuronidase (bovine liver and E. coli) inhibition studies on

other classes of natural products

2.3.1. Cycloartane triterpene glucosides (30 and 31)

Cycloartane triterpene glucosides belong to a new class of p-glucuronidase

inhibitors. Depresoside A (30) (Ahmad V. U., 1998) and depresoside D (31) (Ahmad

V. U., 2000) isolated from Corchorus depresstis were found to be good natural

inhibitors of p-glucuronidase (bovine liver). Compound 30 has a sugar moiety

attached at C-3 position of ring A, while compound 31 has two sugars, one at C-3

and other at C-24. Both sugars are p-D-sugars.

Compound 30 was found to be more active than compound 31. ICso of

compound 30 was 16.4 pM, while for compound 31 it was 83.0 pM as shown in

Table-2.9. This may be due to the presence of free -OH group at C-24 position of

compound 30. While the C-24 OH group was linked with p-sugar in compound 31.

The mode of action of these compounds therefore cannot be predicted as kinetics

analysis was not carried out due to the insufficient amount of the two compounds.
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Figure-2.20: Structures of Cycloartane type Triterpene Glucosides 30 and
31.
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Table-2.9: Summary of in vitro (3-glucuronidase (Bovine Liver) inhibitory
activities of cycloartane-type triterpene glucosides 30 and 31.

JC50 (MM) ±Compd. Compound Name
SEMNo

9. ]9-Cyclolnnosla-22(6),25-epo\y-
3p,16p,24(S)-lriol 3-O-p-D-
glucopyranosidc_ 16.4 ±0.10030

(22R,24S)-22, 25-cpoxy-3p,16p.24-
trihydroxy-9,19,CycIolanostane-3,42-di-
Q-P-D-glucopyranosidc_ 83.0 ±0.09031

SEM is the mean of five values in case of IC50
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2. 3. 2. Withnnolids (steroidal lactones 32 - 35).

This class of compounds has shown good inhibitory activity against (3-

glucuronidase. Compounds 32 and 33 were isolated from Witluwia coagulance Dunal

(Atta-ur-Rahman, 1998), while compounds 34 (Kirson, 1970) and 35 were isolated

from Withania sonmijera. The most active compound among them was 34 with K,

value 33.0 pM. The results of ICso and Ki of compounds 32-35 are shown in Table-

2.12. Compound 34 is a non-competitive inhibitor of bovine liver |3-glucuronidase, as

indicated in the Figures-2.21 and -2.22.
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Figure-2.21: Steady state inhibition of (3-glucuronidase (bovine liver) by
compound 34 (4p-hydroxy-l-oxo-5p,6P-epoxy-(22K)witha-2,24-dienolide).

(A) is the Lineweaver-Burk plot of reciprocal of the initial velocities versus
various substrate (p-nitrophenyl-p-D-glucuronide) concentrations, (B) is the
respective secondary replot of the Lineweaver-Burk plot i.e., Slope and
1/ Vmiixapp versus various compound concentrations. Each point in the graph
represents the mean of three experiments.
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Figure-2.22: Steady state inhibition of p-glucuronidase (Bovine Liver) by
compound 34 (4p-hydroxy-l-oxo-5(3,6P-epoxy-(22R)witha-2,24-dienoIide).

(A) is the Dixon plot of reciprocal of the initial velocities versus various
concentrations of the compound. (B) is the respective secondary replots of
Dixon plot i.e., Slope versus various substrate concentrations. Each point in the
graph represents the mean of three experiments.
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Table-2.10: Structures of Withanolides (32 arid 33).

R»Compd. Compound Name R
No

OHH32 27-Hydroxy-14a,20a-cpoxidc-(227?)wit]ia-
1-oxo-2,5,24-tricnolide.

33 17(}-Hydroxy-14a,20a-cpoxide-
(22R)wiUia-l-oxo-2,5,24-trienoidc. OH H
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Table-2.11: Structures of Withanolides (33 and 34).

Compd. Compound Name R R,
No

34 4P-hydroxy-1-oxo-5p,6p-epoxy-
(22R)wilha-2,24-dienolide.

H H

35 5,6-epoxy-4,l7,27-trihydroxy-1-oxo
(22R)witha-2,24-dicnolide. OH OH
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Table-2.12: Summary of in vitro p-Glucuronidase (bovine liver) Inhibitory
Activities of wathanolides (32-35).

Compd. Compound name ICso±SEM K; ± SEM Type of
InhibitionpMNo pM

27-Hydroxy-14a,20ot-
epoxide-(22R)witha-l-
oxo-2,5,24-trienolide

32

121.0 ± NC90.0 ±0.9
10.0

33 173-Hydroxy-14a,20a-
epoxide-(22K)witha-l-
oxo-2,5,24-trienoide

84.8 ±1.8

34 4p-Hydroxy-l-oxo-5p,63-
epoxy-(22K)witha-2,24-
dienolide

6.28 ± 0.35 NC33.0 ±0.1

35 5,6-Epoxy-4,17,27-
tri hyd roxy-1-oxo-
(22R)witha-2,24-dienolide

257.1 ± 2.8

• Ki is the mean of three values calculated using Dixon, and Lineweaver

Burk secondary plots.

* SEM is the mean of five values in case of IC50 and, three values in case of K,

- Notdone due to insufficient quantity

NC: (non-competitive), UC: (un-competitive)
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2.3.3. Cinnamic acid esters (36 and 37)

Cinnamic acid esters Represents a new class of p-glucuronidase inhibitors.

Compounds 36 and 37 were isolated from marine brown alga Spatpglossiiiu variable

(Safdar Hayat, et. al., 2002). The IC50 and K, values of these compounds are given in

Table-2.14. According to the kinetic analysis, compound 36 was found to be a mixed-

type inhibitor of p-glucuronidase with K, value 28.0 pM. Interestingly, in the

presence of compound 36 (Figures-2.23 and -2.24) p-glucuronidase showed high Km

and low V™* values, indicating a linear mixed type of inhibition against this

enzyme. The system therefore may be considered as a mixture of partial competitive

and pure noncompetitive inhibition.

The partial competitive nature of inhibition was further confirmed by the replots of

Dixon (Figure 2.24), in which the lines do not cross the origin as in the case of pure

competitive inhibition. The pure non-competitive inhibition was inferred from the

decrease in Vm»x value and by the secondary plots of Lineweaver-Burk plots, which

yield straight line instead of hyperbolic lines of partial non-competitive inhibition

(Figure 2.23). The increase in Km value indicated that the compound 36 causes a

decrease in the substrate affinity towards the enzyme's active site. The binding of the

compound 36 may caused a conformational change in enzyme structure and

decreased enzyme activity. These results also suggest that the linear-mixed inhibitor

and the substrate bind independently to the enzyme.
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Compound 37 has shown an uncompetitive mode of inhibition with K\ 680.0 nM.

The only difference in these two compounds is the presence of n-butyl moiety in

compound 36 instead of iso-propyl as in case of compound 37 which makes

compound 36 much more active than compound 37.
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Table-2.13: Chemical Structures of Cinnamic acid ester (36 and 37)

Compound NameCompd. R
No

»-Butyl-3,5-dimethoxy-4-
hydroxyl cinnamate.

36 n-Butyl

37 /so-Propyl-3,5-dimethoxy-4-
hydroxyl cinnamate.

/so-Propyl
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Table-2.14: Summary of in vitro (E. coli) inhibitory
activities of cinnamic acid esters (36-37)

K\ ± SEM Type of
Inhibition

Compound name ICsoiSEMCompd.
MM |uMNo

mixed-
type

u-Butyl-3,5-dimethoxy-4-
hydroxyl cinnamate.

23.4 ±3.0 28.0 ± 1.2336

UC/so-Propyl-3,5-dimethoxy-
4-hydroxyl cinnamate.

37 276.2 ± 10.0 680.0 ± 3.0

• Ki is the mean of three values calculated using Dixon plot and Lineweaver

Burk secondary plots.

SEM is the mean of five values in case of IC50 and, three values in case of K

UC: (Uncompetitive)
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Figure-2.23: Steady state inhibition of p-glucuronidase (E. coli)

compound 36 (n-Butyl-3/5-dimethoxy“4-hydroxyl cinnamate).

(A) Lineweaver-Burk plot of reciprocal of the initial velocities versus
reciprocal of p-nitrophenyl-(3-D-glucuronide. (B) respective secondary
replots of the Lineweaver-Burk plot: l/VnM*app and slope versus
compound concentrations. Each point in the graphs represents the mean
of three experiments.
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Figure-2.24: Steady state inhibition of P-glucuronidase (E. coli) by compound
36 (n-Butyl-3,5-dimethoxy-4-hydroxyI cinnamate).

(A) Dixon plot of reciprocal of the initial velocities versus various
concentrations of inhibitor. (B) respective secondary replot of the Dixon plot:
slope versus reciprocal of the p-nitrophenyl-p-D-glucuronide concentrations.
Each point in the graphs represents the mean of three experiments.



2. 3. 3.1. DPPH Radical scavenging activity of Cinnamic acid esters (36

and 37)

The DPPH radical scavenging property of cinnamic acid esters (36 and 37) was also

determined. The results of this study are given in Table-2.15. IC50 value of

compounds 36 and 37 are 72.0 and 138.0 tiM respectively. When the activities of

these compounds are considered along with their structures, it was concluded that

the structure of the side chain may play a role in the activity of these compounds.
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Table-2.15:Summary of in vitro DPPH radical scavenging activities of

cinnamic acid esters (36-37)

ICso ± SEM •Compd. Compound name
pMNo

36 »-Butyl 3,5-dimethoxy-4-hydroxyl
cinnamate.

72.00 ±1.20

37 /so-Propyl-3,5-dimethoxy-4,
hydroxyl cinnamate.

138.0 ± 0.54

Standard Propyl gallate 30.00 ± 0.25

* IC50 is the mean of five experiments
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2. 3. 3. 2. Hepatotoxicity studies of Cinnamic acid esters (36 and 37)

The in vivo hepatotoxic activity of cinnamic acid esters (compound 36 and 37) was

investigated against CCh-induced liver injury in rats. It was found that these

compounds (36 and 37) prevent the liver cell from the adverse effects of CCU in

rats. The preventive effect of compound 37 on liver cells against CCU induced

toxicity is more than the compound 36 as it is evident from the levels of sGOT,

sGPT shown in Figure 2.25 (1 and 2).
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Table-2.16: The protective effect of cinnamic acid esters (compounds 36and 37)

sGPT
(IUITL)

SCOT
(1U/L)

T. Bilirubin
(mg%)

D. Bilirubin
(mg%)

I. Bilirubin
(mg%)

Groups

Normal Control 157.5
± 13.70

71.75
± 3.403

0.126
±0.06

0.023
±0.0152

0.103
± 0.066

0.824 **
± 0.284

0.576**
± 0.223

Pathological control
CC14(20%. i mL/lOOg)

1715.5 **
± 550.0

1557 ”
± 569.5

0.254**
± 0.079

0.2675
±0.0035

896.25
± 355.46

.3375 *
± 0.085

0.07*
±0.0035

156436
± 378.328

0.0475 *
± 0.00966

0.03 *
0.00935

196.25 *

± 5.492
83.71 *
± 9.481

0.0175 *
±0.00414

37

95.5*
±5.85

0.0525 *
±0.00819

0.0225 *
± 0.0054

0.035 *
± 0.0055

D-Saccharic acid-1,4-lactonc
(Standard) _

227.0 *
±23.17

Results are expressed as Mean ± SEM
Each means value n =6
*P< 0.05: pathological control vs test,

**P< 0.05: normal control vs pathological control (analysis of variance) ANOVA
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Figure-2.25: The effect of Cinnamic acid esters (36 and 37) and standard
inhibitor of (J-glucuronidase (Saccharic acid-l,4-lactone) on sGPT levels
in CCLt-induced rats.

A: Normal Control; B: CCl4/Edible oil (1.0 mL/lOOg); C: Saccharic acid-
1,4-lactone; compounds 36 and 37 are cinnamic acid esters (10 mg/kg).
Values represent the mean ± SEM of six rats, **P< 0.05: normal control vs
pathological control, *P< 0.05: pathological control us test, (analysis of
variance) ANOVA.
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Figure-2.26: The effect of Cinnamic acid esters (36 and 37) and standard inhibitor of
P-glucuronidase (Saccharic acid-1,4-laclone) on sGOT levels in CCU-induced rats.

A: Normal Control; B: CCl4/Edible oil (1.0 mL/lOOg); C: Saccharic acid-1,4-!actone;

compounds 36 and 37 are cinnamic acid esters (10 mg/kg). Values represent the mean
± SEM of six rats, **P< 0.05: norma! control vs pathological control, *P< 0.05:
pathological control vs test, (analysis of variance) ANOVA.
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Figure-2.27: The effect of Cinnamic acid esters (36 and 37) and standard
inhibitor of p-glucuronidase (Saccharic acid-l,4-lactone) on T. bilirubin and
levels in CCLj-induced rats.

A: Normal Control; B: CCU/Edible oil (TO mL/TOOg); C: Saccharic acid-1,4-
lactone; compounds 36 and 37 are cinnamic acid esters (10 mg/kg). Values
represent the mean ± SEM of six rats, **P< 0.05: normal control vs pathological
control, *P< 0.05: pathological control vs test, (analysis of variance) ANOVA.
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Figure-2.28: The effect of Cinnamic acid esters (36 and 37) and standard
inhibitor of (ÿ-glucuronidase (Saccharic acid-1,4-lactone) on D. bilirubin
levels in CCU-induced rats.

A: Normal Control; B: CCU/Edible oil (1.0 mL/lOOg); C: Saccharic acid-
1,4-lactone; compounds 36 and 37 are cinnamic acid esters (10 mg/kg).
Values represent the mean ± SEM of six rats, **P< 0.05: normal control vs
pathological control, *P< 0.05: pathological control vs test (analysis of
variance) ANOVA.
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Figure-2.29: The effect of Cinnamic acid esters (36 and 37) and standard
inhibitor of (ÿglucuronidase (Saccharic acid-1,4-lactone) on I. bilirubin

A: Normal Control; B: CCU/Edible oil (1.0 mL/lOOg); C: Saccharic acid-1,4-
lactone; compounds 36 and 37 are cinnamic acid esters (10 rng/kg). Values
represent the mean ± SEM of six rats, **P< 0.05: normal control vs pathological
control, *P< 0.05: pathological control vs test (analysis of variance) ANOVA.
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Conclusion

During this study about 1500 compounds, both natural and synthetic, were screened

for p-glucuronidase enzyme inhibition activity. Out of these 21 natural and 16

synthetic compounds were found to be potent p-glucuronidase enzyme inhibitors.

Almost all of them represent new classes of p-glucuronidase inhibitors and they

include triterpenoids, withanolides and acyl hydrazides.

Many of these compounds were found to be potent inhibitors of p-glucuronidase

with ICso/ Ki values in nM and nM range. Some of them are more potent inhibitors

than the standard saccharic acid-1,4-lactone. All the compounds were found to be

selective to p-glucuronidase.

All the active compounds were also found to be reversible inhibitors, the majority

being non-competitive and some being un-competitive type inhibitors, binding close

to the active site of the enzyme.

Most of the selected compounds which were subjected to the CCh-induced liver

intoxication studies in rats reduced the damaging effect of CCU radicals. Many of

these compounds exhibited good DPPH radical scavenging properties too.

In summary, the present work has resulted in the identification of new classes of

natural and synthetic p-glucuronidase inhibitors and helped in identifying their

mode of action. This work may therefore provide potential leads to the development
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of new and better treatments of certain health disorders such as liver disorders and

colon cancer.
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Chapter 3

Experimental



3.1. General

Commercially available regents, solvents, p-glucuronidase enzyme (bovine liver and

E. coll), substrate (p-nitropheny-p-D-glucuronide) and standard inhibitor CD-

saccharic acid 1,4-lactone) were purchased from Merck Germany, Sigma Chemical

Co. or Fluka. Water used for buffer preparation and for other regents was deionized

by Simplicity Water Purification System (Millipore). All the enzyme reactions were

carried out at 37 0 C. All the P-glucuronidase inhibition studies were performed in 96

well microtiter plates, using Spectra Max-340 spectrophotometer (Molecular

Devices).

3.2. General protocol for screening

P-Glucuronidase (bovine liver)

P-Glucuronidase activity was determined by measuring the absorbance at 405 nm of

p-nitrophenol formed from the substrate by the spectrophotometric method of R. A.

Collins (Collins, R. A., 1997) with the following modification. Total reaction volume

was 250 pL, the reaction mixture contained 190 pL of 0.1 M acetate buffer pH 5.0

(13.608 gm/L of sodium acetate, pH adjusted to 5.0 with 0.1 M acetic acid), 5 pL of

enzyme (30 U), 50 pL of 0.4 mM />nitrophcny!-P-D-glucuronidc was incubated at 37°

C for 30 min. After addition of 50 pL of 0.2 M Na2CC>3 to quench the reaction, the

plate was read on a multiplate reader (Spectra MAX-340) at 405 nm.
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P-Glucuronidase (E. coli)

Total reaction volume was 250 pL consisting of 10 pL (1 U) of enzyme, 50 pL of

substrate (0.4 mM) and 190 pL of buffer (Na-acetate pH 7.0). Release of p-nitrophenol

was measured continuously at 405 nm for 30 minutes on a muitiplate reader (Spectra

MAX-340).

The inhibitory activity was determined as described above, except that 5 pL of each

test compound dissolved in DMSO were mixed with the enzymes (bovine liver and

£. coli) and incubated at 37 °C for 30 min before addition of the substrates initiate the

reaction.

The inhibitory activity (%) was calculated as

% Inhibition = [(E-S) / E] * 100

where E is the activity of enzyme without test material and S is the activity of

enzyme with test material.

3.3. General protocol for ICso determination

The concentrations of test compounds that inhibited the hydrolysis of p-nitrophenyl-

P-D-glucuronide by 50% (IC50 value) were determined by monitoring the effect of

increasing concentrations of these compounds in the assay. The ICso values were

then calculated using EZ-Fit Enzyme Kinetic program (Perrella Scientific Inc.,

Amherst, U.S.A.).
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3.4. Determination of the linearity of the reaction rate

P-Glucuronidase (bovine liver)

The reaction mixture containing enzyme and buffer was incubated for 10 min. The

reaction was started by adding the substrate and after every min for 5 min, 250 pL

of the reaction mixture was drawn out and stopped with 50 pL of 0.2 M Na2CC>3 and

read at 405 nm.

P-Glucuronidase (£. colt)

The reaction mixture containing enzyme and buffer was incubated for 10 min. The

reaction was initiated with the addition of substrate. The reaction was monitored

continuously at 405 nm for 15 min.

3.5. General protocol for kinetic tests

p-Glucuronidase (Bovine liver)

The enzyme (30 U/250 pL) was pre-incubated with different concentrations of

inhibitors for 30 min at 37 °C in order to get maximum interactions of inhibitor with

the enzyme. The reaction was initiated by adding four different concentrations of

substrate (p-nitrophenyl-P-D-glucuronide) ranging from 0.1 mM to 0.666 mM. The

final volume of reaction mixture was 250 pL and pH was 5.0. The whole experiment
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was run in triplicate. The reactions were quenched by adding 50 nL of 0.2 M Na2CQj

after 15 min at 37 °C and the liberated p-nitrophenols were measured at 405 nm on a

multiplate reader (Spectra MAX-340).

P-Glucuronidase (E. coli)

The enzyme (1 U/300 nL) was pre-incubated with different concentrations of

inhibitors for 30 min at37°C in order to get maximum interactions of inhibitor with

the enzyme. The reaction was initiated by adding four different concentrations of

substrate (p-nitrophenyl-p-D-glucuronide) ranging from 0.1333 mM to 0.333 mM.

The final volume of reaction mixture was 300 nL and pH was 7.0. Product (p-

nitrophenol) formation was measured continuously for 15 min at 405 nm on a

multiplate reader (Spectra MAX-340). The whole experiment was run in triplicate.

3.6. Determination of the type of inhibition

Two different methods were applied to monitor the effect of the inhibitor on both Km

and Vma* values. Firstly by plotting the reciprocal of the rate of the reactions against

the reciprocal of the substrate concentration as Lineweaver-Burk plot (Segel, 1975)

and secondly by the mean of Dixon plot on which the reciprocal of the rate of the

reactions was plotted against the inhibitor concentrations (Dixon, 1953). The

secondary replots of the Lineweaver-Burk were also constructed in two ways; firstly,
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1/Vmaxapp values were determined at each intersection point of every inhibitor

concentration line on the y-axis of Lineweaver-Burk plot and then replotted against

different concentrations of the respective inhibitor. Secondly, in the case of non¬

competitive inhibitions, the slope of each line of inhibitor concentration on

Lineweaver-Burk plot was plotted against inhibitor concentrations. For the un¬

competitive type of inhibition, Knwpp was determined from intersection of the

inhibitor concentrations lines on the x-axis of Lineweaver-Burk plot and plotted

against inhibitor concentrations. The secondary plot of Dixon plot was constructed

between the slope of each line of substrate concentration in original Dixon plot and

the reciprocals of the substrate concentrations.

The types of inhibition were determined by the graphical views of Dixon

plots, Lineweaver-Burk plots and their secondary plots. values (the dissociation

constant of the dissociation of the enzyme-inhibitor complex into free enzyme and

inhibitor) were determined by the interpretation of Dixon plot (Dixon, 1953)

Lineweaver-Burk plot (Segel, 1975) and its secondary replots by using initial

velocities. Assays were conducted in triplicate at each concentration of the inhibitor.

Graphs were plotted using GraFit program (Leatherbarrow, R. J. GraFit; 4.09 ed.;

Erithacus Software Ltd.; Tains, U. K.), Values of the correlation coefficient, slope,

intercept and their standard errors were obtained by the linear regression analysis

using the same software.
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3.7. Hepatotoxicily assay

3. 7.1. Experimental protocol for animals

Adult Wistar rats of either sexes weighing (150-200 gm.) bred in the animal house of

HEJ Research Institute of Chemistry, University of Karachi. Diet and water ad libitum

were used. Rats were divided into different groups consisting six rats in each.

1) Normal Control Group

2) Pathological Control Group

3) Test Group

Rats which served as normal controls were kept on normal diet and water. Rats

other than normal control received the test compound, 10.0 mg/Kg body weight p.o.

Pathological control animals received saline in same quantity. After 30 minute all the

rats got the i.p dose of 20% CCU diluted with dietary cooking oil (1 mL/100 g body

weight). All the animals were sacrificed after 48 hr of treatment. Blood samples were

allowed to clot for 30-40 minutes. The serum was separated after centrifugation and

used for further analysis.

3. 7. 2. Analysis of serum

Biochemical analysis of the serum was performed by standard Kit method

(Boehringer Mannheim) for enzyme estimation.
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Alanine Aminotransferase (ALT/GPT)

The serum ALT was assayed by the standard kit method as recommended by IFCC

(Bergmeyer and Border, 1980; Bergmyer, 1986). 2.0 mL reagent solution was mixed

with 0.2 mL of serum and absorbance level was measured at 340 nm. Change in

absorbance was recorded after one min intervals for three min. To evaluate the value

of ALT in IU/L mean absorbance was multiplied by factor 1746.

Aspartate Aminotrasnsferase (AST/GOT)

IFCC recommended method for AST estimation was used (Bergmeyer, 1986). In

recommended amount of serum, 2.0 mL of reagent solution was mixed and

absorbance was recorded immediately at 340 nm. The reaction was repeated three

times. The mean change in absorbance was multiplied with factor 1746 to obtain

IU/L of AST in serum.

Total Bilirubin

Total bilirubin was estimated by kit (Randox) method (Jendrassik and Grof, 1938;

Sherlock, 1951). To determine the concentration of total bilirubin in serum sample

reagents 1, 2 and reagent 3 were mixed and allowed to stand for ten minutes. Then
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reagent 4 was added and incubated for 5-30 minutes at 20-25 0 C. The absorbance

was recorded at 578 nm against sample blank. The mean absorbance was multiplied

with a factor 10.8 to determine the concentration (mg/dL) of total bilirubin in the

serum.

Direct Bilirubin

Serum direct bilirubin was estimated by the same (Randox) method (Jendrassik and

Grof, 1938; Sherlock, 1951) as mentioned above. Equal amounts of reagent 1 and one

drop of reagent 2 were added to the serum and instead of reagent 3, 2.0 mL of

sodium chloride (9 g/L) was mixed, and the solution was allowed to stand for five

minutes. The absorbance of the sample was read against sample blank at 546 nm. By

multiplying the mean value with 14.4 the concentration of direct bilirubin in mg/dL

of sample was obtained.

3. 8. Antioxidant assay for DPPH free radical scavenging activity

The reaction mixture composed of 5 pL of test samples and 95 pL of DPPH in

ethanol. The concentration of DPPH was 300 pM in the reaction mixture. These

reaction mixtures were taken in 96-well plates (Molecular Devices. USA) and

incubated for 30 min. at 37 ° C. The absorbance was measured at 515 nm. Percent

radical scavenging activity by sample treatment was determined by comparison

with a DMSO treated control group. ICso values represent the concentration of
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sample, which is required to scavenge 50% DPPH free radicals (Smith, 1987; Fujita,

1988). Propyl gallate was used as a positive control.

Statistical analysis

The data obtained were statistically analyzed. The significant values (p<0.05) were

assessed by performing analysis of variance (ANOVA).
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