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ABSTRACT

THE EFFECTS OF PHENOLIC COMPOUND TANNIC ACID ON P13 11
AND CYTOCHROME P450 DEPENDENT
ENZYMES IN RABBIT LIVER AND KIDNEY

Karakurt, Serdar
M.S., Department of Biochemistry

Supervisor: Prof.Dr. Orhan Adali

June 2008, 129 pages

Cancer is the second leading cause of death atdrovascular diseases
in the world.Many of the chemical carcinogens need metabolivatain that
catalyzed by cytochrome P450 and Phase Il enzymesrder to exert their
genotoxic and carcinogenic effects. Hence one plessnechanism is that
phenolic compounds may alter anticarcinogenic &féx through an interaction
with these enzymes either by the inhibition oration of certain forms, leading
to a reduced production of the ultimate carcinogBmerefore anti-carcinogen
activity of tannic acid, a hydrolyzable plant pdhgmol, has a crucial importance
to prevent conversion of pro-carcinogens to thancinogenic form. Tannic acid
is produced from secondary metabolism of plants @adound in edible

vegetables, fruits and nuts, especially tea, connidee and wine.

In the present workmodulation of rabbit liver and kidney microsomal
P450 dependent aniline 4-hydroxyladénitrosodimethylamineN-demethylase
and p-nitrophenol hydroxylase activities and cytosolphase Il enzymes;
glutathione S-transferase (GST), NAD(P)H:quinonedoreductase:1 (NQO1)
werestudied in the presence of tannic acid at conagatrs ranging from 0.5 uM

to 150 uM in the reaction medium.



The results obtained in this study were shown tatic acid significantly
inhibited the activities ofp-nitrophenol hydroxylaseaniline 4-hydroxylase,
NDMA  N-demethylase, glutathione  S-transferase, @ NAD(R)hige
oxidoreductase 1. Tannic acidas found to be the most potent inhibitor of
cytosolic glutathione S-transferase withsd@f 0.33 uM and the least potent

inhibitor of microsomal aniline 4-hydroxylase.wit@sg ot 60.26 UM.

Effect of tannic acid on enzyme activities was Hart studied for both
mode and type of inhibition. For this purpose wvasioconcentrations of the
substrate were examined at various tannic acidesarations. Lineweaver-Burk
and Dixon plots were then generated from the reguliata sets. The Kvalue
and inhibition constants (Kwere determined from double reciprocal and Dixon
plot of the enzyme activity versusubstrate and inhibitor concentration,
respectively. Tannic acid was shown to be a nonetitnye inhibitor for liver
cytosolic GST, NQO1 and microsomal aniline 4- hygtase enzymes with Kf
0.3 uM, 41 uM and 54.7 uM, respectively. On theeotiand, in kidney tissues,
tannic acid was an uncompetitive inhibitor of cyiiis GST, while it was
noncompetitive inhibitor for cytosolic NQO1 withka of 12.6 uM.

These results indicate that tannic acid may modutstochrome P450
dependent and Phase Il enzymes and influence thabole activation of

xenobiotics mediated by these enzymes.

Keywords: Tannic acid, Cytochrome P450, Aniline 4-hydroxglaBhase Il ;
GST, NQO1, Rabbit, Liver, Kidney.
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FENOLIK BILESIK TANNIK ASITIN TAVSAN KARACIGER VE
BOBREGINDE FAZ Il VE SITOKROM P450 BAGIMLI ENZ IMLER
UZERINDEKI ETKILERI

Karakurt, Serdar
Yuksek Lisans, Biyokimya Bolumu
Tez Yoneticisi: Prof.Dr. Orhan Adali

Haziran 2008, 129 Sayfa

Kanser, kardiyovaskuiler hastaliklardan sonra Olisekebiyet veren en
onemli nedendir. Bircok kimyasal kanserojenin geksik ve kanserojenik
etkilerini gosterebilmesi icin sitokrom P450 ve fhznzimleri tarafindan aktive
edilmesi  gerekmektedir.  Dolayisiyla  anti  kanseriijen etkilerinin
degistirilebilecegi muhtemel bir mekanizma fenolik bgiglerin bu enzimlerle
etkilesime girerek gerek inhibe ederek gerekse de aktiderek temel
kanserojenin olgumunun azalmasina yol agmasidir. Bundan dolayiokdr
edilebilir bir bitkisel polifenol olan tannik asmli pro-kanserojenlerin aktif
kanserojen formlarina dogriaelerini engelleyen anti-kanserojen aktivitesi iyt
bir 6neme sahiptir. Tannik asit bitkilerin ikingihetabolizmalari sonucu Uretilir
ve sebze, meyve ceviz ve findik gibi kabuklularda ézelliklede cay, kakao,

kahve vesarapta bulunmaktadir.

Bu calsmada 0.5 pM ile 150 pM arasinda gen tannik asit
konsantrasyonlarinda tgan karagter ve bdbrginde P450 bamli anilin
4- hidroksilaz, N-nitrosodimethylaming-demetilaz, ve p-nitrofenol hidroksilaz
aktiviteleri ile faz 2 enzimlerden glutation S-tef@raz (GST), ve NAD(P)H:kinon

oksidoreduktaz:1 (NQO1) enzimlerininglgmi incelenmistir.

Vi



Deneyler sonucunda elde edililen sonuglar tannikinasp-nitrofenol
hidroksilaz, aniline 4-hidroksilaz, NDMA N-demetzlaglutation S-transferaz ve
NAD(P)H:kinon oksidoreduktaz:1 aktivitelerini 6nemblctde inhibe etfi
gostermgtir. Tannik asidin glutation S-transferaz aktivitete en kuvvetli
inhibitér (1ICso = 0.33 pM) oldgu ve mikrozomal anilin 4- hidroksilaz
(IC50=60.26 uM) aktivitesinde ise en az etkiye sahgugh bulunmugtur.

Tannik asidin enzim aktivitesine olan etkisi daleara inhibisyon tipi ve
sekli acisindan incelengtir. Bu amagla farkli substrat konsantrasyonlarklifa
tannik asit konsantrasyonlarinda e¢enistir. Lineweaver-Burk ve Dixon
grafikleri elde edilen sonuclar gaultsunda olgturulmustur. Konsantrasyon sabiti
(Km) ve inhibisyon sabiti (§ enzim aktivitesine kar sirasiyla substrat ve
inhibitor konsantrasyonlarina kam cizilmesiyle bulunmgtur. Tannik asitin
karacger enzimlerinden sitozolik GST ve NQO1 ile mikoozal anilin 4-
hidroksilaz enzim aktivitelerine karsirasiyla 0.3 uM, 41 puM ve 54.7 uM K
degeriyle “noncompetitive* inhibitor oldgu gosterilmgtir. Diger yandan bobrek
dokularinda tannik asitin 12.6 pM ;Kdeseri ile sitozolik NQO1 igin
“noncompetitive” inhibitdr iken sitozolik GST icirfuncompetitive” inhibit6r

oldugu gosterilmgtir.

Bu sonuglar gostermektedir ki tannik asit sitokrétd502E1 ve faz |l
enzimlerini dgistirebilmekte ve bu enzimler tarafindan gdgirilen kimyasal

maddelerin metabolik aktivasyonlarini etkilemekiedi

Anahtar kelimeler: Tannik asit, Sitokrom P450, Anilin 4-Hidroksilazaz II,
GST, NQO1, Tasan, Karacier ve Bobrek
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CHAPTER 1

INTRODUCTION

Diets rich in fruit and vegetables decrease theafamortality from major
clinical conditions, including cancer and cardiaudar diseases. However it is
not yet clear which components or combination ofmponents in fruits and
vegetables are protective and what is their meshamf action. Plants produce
thousands of phenolic and polyphenolic compounds$ thiey have important
place in human nutrition. However as yet thereitdel clear evidence that
polyphenols are putative dietary factors with intpot health benefit. Tannic acid

is one of the polyphenolic molecules of diversentas.

1.1. Tannins

The name ‘tannin’ is derived from ‘tanin’ in Frenahd is used for a range of
natural polyphenols (Khanbabaee and van Ree, 28thpugh making a precise
definition for tannins is difficult since they amhemically diverse, the word
tannin can be defined as any phenolic compoundufficeently high molecular
weight (500-3000 Da) containing hydroxyl and otlseitable groups, such as
carboxyl, to form effectively strong complexes witprotein and other
macromolecules under the particular environmerdatitions. It was shown that
the low and high-molecular-weight phenolic compajnadolecular weight lower
than 500 Da and molecular weight higher than 300f) Eespectively, are
ineffective tanning agents (Bate-Smith, 1962; Htrya981).



Variety of plants utilized as food and feed contnnins. These include
food grains such as sorghum, millets, barley, drgnis, faba beans, peas, carobs,
pigeonpeas, winged beans, and other legumes. Fruits asidpples, bananas,
blackberries, cranberries, dates, grapes, hawthpeeches, pears, persimmons,
plums, raspberries, and strawberries also containagpreciable quantity of
tannins. In addition to grapes and fruits phenobmpounds are also present in
wine and tea. Forages such as crown vetch, lespeligas, sainfoin, and trefoll
are also reported to contain tannins (Goldstei§31%Hoff, 1975; Sandersost
al., 1975; Chavaset al., 1977; Salunkhet al., 1982).

Plant polyphenols are secondary metabolites symzgbdy several of the
higher plant kingdom. They are distinguished byftil®wing general features; a)
Water solubility, b) Molecular weight, c) Structuamd polyphenolic character,
d) Intermolecular complexation and e) Structurabrelteristics. Polyphenols
exert certain of their roles by virtue of threetitistive general characteristics
which they all possess to a greater or lesser degilgese are their complexation
with metal ions (lron, copper, aluminum, calciunt.gt their antioxidant and
radical scavenging activities and their ability moake complex with other
molecules including macromolecules such as proteind polysaccharides
(Haslam, 1996).

Due to complex chemistry and non-uniform structurgystematic
classification of tannins depends on their chemipedperties and specific
structural characteristics. Depending on their doahmand structural properties,
tannins can be divided into two general groups; rblydable and non-
hydrolysable (condensed tannins) (Haslam, 1981)drélyzable tannins are
present in plants as gallotannins or ellagitannifgure 1.1). Hydrolysable
tannins can be fractionated hydrolytically intoitheomponents when they are
treated with tannases or hot water. Tannins alsatago a central core of
polyhydric alcohol such as glucose, and hydroxyugs. They are esterified
either partially or wholly by gallic acid (gallotams) in which galloyl units are
bound to diverse polyol-, catechin- or triterpenaicits. Hexahydroxydiphenic
acids (ellagitannins) are also composed of &t leo galloyl units that are C—C

2



coupled to each other, and do not contain a glgoxaly linked catechin unit
(Khanbabaee and Ree, 2001). Hydrolysable tanniaspagsent in plants as
gallotannins or ellagitannins. Chinese tannin (@ractid), Turkish tannin, Tara
tannin, Acer tannin, and Hamamelis tannin are irtgoarexamples of gallotannins
while corilagin, chebulinic acid and chebulagic dacare the important

ellagitannins.

After hydrolysis by acids, bases, or certain enzmgallotannins yield
glucose and gallic acids. However condensed tanams non-hydrolysable
oligomeric and polymeric proanthocyanidins. Streetof condensed tannins as
shown in Figure 1.1 is much more complex than hiydable tannins. Condensed
tannins are all oligomeric and polymeric proantlaagins formed by linkage of
C-4 of one catechin witke-8 or C-6 of the next monomeric catechin (Khanbabaee
and van Ree, 2001).



OR OH o
HO OR
RO
e OR O o)
=C  OR HO OC:O d OR
HO c— © ORrR
HO OH HO O
OH o

OH Catechin moiety

c)

Figure 1. 1  Structures bhydrolysable tannins (a) Gallotannic , (b) Ellagitan
and non-hydrolysable tanningondensed tannins) (c) catechin-
(40— 8)-epicatechin (procyanidin B4).

Tannic acid shown in Figure 1.2 is a hydrolysabbdyphenol produced
from the secondary metabolism of plants. Tannid &eiters to human body via
consumption of polyphenol rich barks, fruits, vedpé¢s and beverages. It is
estimated that an average of 1-2 g/day of thesgpoonents may be consumed in
a human diet (Markham, 1989). Tea, cocoa, bearapegr strawberries and
especially the bark of the oak species, sumac ayrdbalan are tannic acid rich
plants (Mercket al. 1976; Nepkaet al., 1999).
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Figure 1. 2  Structure of tannic acid.

1.1.1 Therapeutic Effects of Tannic Acid

There is an inverse correlation between individuwal® consume a diet rich
in fruits and vegetables and their risk in develgptancers (Stich, 1984; Stoner,
1989). It was shown that stomach cancer incidenae significantly decreased
with tea consumption (Stocks, 1970; Ogueti al., 1988). Moreover oral
consumption of green tea decrease tumor size itiggap-bearing mice and also
inhibits N-nitrosodimethylamine (NDMA)-induced tumgenesis (Connewt al.,
1992; Wanget al., 1993).

In 1989, Atharet al. showed that incidence of fore stomach and pulmponar
tumors was decreased in the mice fed with tannat @mpared with the mice fed
with B[a]P, and also they showed that glutathioneti@nsferase and NAD(P)H:

quinone reductase activities were increased isetingice.



The inhibitory effect of tannins has been showbealue to the reduction of
enzyme activity, dysfunctioning of cell membranel aeprivation of substrate
metal ions and minerals (Gaatlal., 2005).

Like many polyphenols, tannic acid posses antioxidantimutagenic and
anticarcinogenic properties (Lopesal., 1999). In addition to its anticarcinogenic
and antimutagenic activity, it was shown that taracid effectively neutralizes
the activity ofNaja kaouthica venom (Pithayanukul, 2007). Besides, tannic acid
also has toxic effect on some bacteria suclesptococcus pyogenes which
cause mild superficial skin infections to life-thtening systemic diseases and
Yersinia enterocolitica which causes severe diarrhea in humans, along with
Peyer's patch necrosis, chronic lymphadenopatld/hapatic or splenic abscesses
(Chung, 1993). Furthermore it was shown that tarauid inhibits growth of

Influenza virus factor of flu and pneumonia (Green, 1948).

1.2 Detoxification Enzyme Systems

During lifetime, human being may take several tymdsxenobiotics
whether from pharmaceutical compounds or food addit These chemicals can
cause mutation, cancer and birth defects. In orgerreact with cellular
macromolecules, chemical carcinogens require mbtabactivation. Steps
required for the carcinogenesis process inclumemetabolic activation of a
carcinogen by cellular xenobiotic-metabolizing emeg,b) binding of the active
metabolite to DNA to produce a DNA adduc}, faulty repair of the adduct to
produce a gene mutatiod), cell replication to fix the mutation to the genenand
€) progression to a full neoplasm of the replicatesdl containing the mutated

genes (Sugimura, 1992).

Our body is capable of managing these environmectaipounds by
detoxifying them as illustrated in Figure 1.3. Rbis task, our body evolves a
system. Metabolism of xenobiotics consists of twteps; first one is

functionalization step in which oxygen is used twni reactive site and it is



known as Phase | metabolism, and the other stepngigation step that results
with addition of a water soluble group to the rescsite and it is known as Phase
Il metabolism (Liska, 1998).

r_ Ty
Phase I Phase II Phase III
System System System
Xenobiotic
C:-_\‘I:' K # -‘L # Z -:LTF}
2 g ﬁ—
O — vy
Oxidation Conjugation Elimination
Enzymes Enzymes Transporter
\
Figure 1. 3 lllustration of Phase I, Phase Il and Phase Hoxiécation system

(adapted from Nakat al., 2006).

Detoxification system may be manipulated via inductor inhibition
depending on the presence of xenobiotic and diet@ampounds, genetic, age, sex
and lifestyle habit such as drinking alcohol (Guengh, 1995; Park, 1996).

When the body exposes to a high dose of xenobiliase | and/or Phase Il
enzymes can be induced in order to detoxify thesepounds. Inducers can be
mono-functional or multi-functional (Park, 1996).okb-functional inducers just
affect one enzyme or one phase of detoxificatiostesy. Such as polycyclic
hydrocarbons from cigarette smoke significantlyuoel CYP1A1 enzymes in
Phase | activity but has little or no induction ®hase Il enzymes (Kall, 1995).
Multi-functional inducers affect multiple enzymesdaactivities. Tannins found in
edible plants affect not only Phase | enzymes laat Bhase Il enzymes. Such as
ellagic acid induces several Phase Il enzymes whieas found to be potent

inhibitor for certain Phase | enzymes (Barch, 1994)



Liver is the main organ for xenobiotic metabolizimgpcess (Lue and West,
1980; Nebert and Gonzales, 1987). Cytochrome Pd&9generally expressed in
lower amounts in extrahepatic tissues such askigney, and lung (Arin¢ and
Philpot, 1976; Aring, 1993). As it is shown in Figu.4 lipophilic compounds are
converted to a water-soluble compound via bioti@msétion and excreted in

urine or faces as a result of Phase | and Phakstdkification system.

Toxins [ Endotoxins; products of metabolism, bacterial endotoxins ]
Exotoxins; Drugs, chemicals (food additives, pollutantsicrobial
Phase | enzymes _
Toxins = Intermediary Phase II enzymeSExcretory
— ; —_— — .
Reactions metabolites . metabolites
Non-polar | B=EAUU2 more Polar Reactions
lipid solublg/ Oxidation [more water So|ub|Lsquanation [ Polar ]
Let(jjucflon ; glutathione conjugation/Vater solubl
yarolysis aminoacid conjugation
*-» ROS acetylation
H Bile Serum

Antioxidant/Protective
Nutrients/Plant derivates

Bioflavonoids

|

Copper Faces, stored Kidney
Zinc
Ascorbic acid (VitC
Superoxide Thiols

Carotenes (Vit A) ;

. Urine

Secondary Tissue
Damage

Free radicals

Figure 1. 4 Liver detoxification pathways and supportive nenis (taken from
DeAnn, 1998)



1.2.1 Phase | Detoxification / Activation System

Although Phase | detoxification system includes @43lavin-containing
monooxygenases (FMO) and epoxide hydrolases, tle component of Phase |
detoxification system is Cytochrome P450 systemcthiontains very large
groups of enzymes encoded by the P450 supergenly.fdime term P450 refers
to a pigment that absorbs light at 450 nm when geddorm exposed to carbon

monoxide (Omura and Sato, 1964)

P450s (CYPs) may be found in every living organisom bacteria to
human (Nelson, 1996). CYPs are membrane boundipsoigth an approximate
molecular weight of 50 kDa and contain a heme moiétke other mixed
function oxygenases CYPs are mainly found in thdopfasmic reticulum of the
liver. The total CYP450 content of the livers ratigeom 0.06 to 0.46 nmol/mg
microsomal protein (lyer and Sinz, 1999). By usiNgDPH and Q, P450
enzymes modify or insert new functional groups omalecule by oxidation,
reduction, and hydrolysis reactions. While somez$ypf P450s are involved in
the biosynthetic pathways of steroids, vitamin [ aie acid production, most of
them metabolize foreign compounds or xenobiotiogjuding drugs, toxicants
and chemical carcinogens as the first defense mexhawhich is illustrated in
Figure 1.5. On the other hand, certain chemicatsnagetabolically activated by
P450s to reactive derivates which cause cell toyxamd cancer. The P450s which
activate procarcinogens to carcinogenic form ard?CA1, CYP1A2, CYP1B1,
CYP2A6, CYP2E1l and CYP3A. These compounds whichnaoee toxic than
parent molecules have very short lifetime and mmyse protein, DNA or RNA
damages unless they are not conjugated by Phamezyimes. Addition to this
feature, they can add functional groups in ordemtwlerately increase polarity
and water solubility (Vermeulen, 1996; lyer andZ5ih999; Guengerich, 2003).
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Figure 1.5 Cytochrome P450 enzymes and their regulation.

Depending on their sequence similarities P45@epre can be categorized
into families and subfamilies. At the amino acidide sequences which are
greater than 40 % identical belong to the samelyaifithis similarity ratio rises
up to 55 % they are categorized in the same mulyfaMore than 7700
cytochrome P450 sequence has been reported as pteng®er 2007
(http://drnelson.utmem.edu). On the other hand Pb0s have some similar
properties; the ability to activate the O-O borid thiolate bond to the heme iron
and similar overall structure and shape (Anzenlbraghé Anzenbacherovd, 2001).
The standard naming system uses the abbreviatio@yftmchrome P4504YP]
followed by a number denoting the gene famiy, [a letter indicating the
subfamily [E], and another enzyme referring to the enzym§ [such as
CYP2E]]. Rabbit and mouse cytochrome P450 isozymes véatlam properties
are given in Table 1.1.
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Table 1. 1

Rabbit and Mouse Cytochrome P450 (adapted fronmidoet al.,
1978; Koop and Coon, 1984).

Rabbit and Mouse Cytochrome P450

Gene Cytochrome | Amax(nm) | Molecular Efficient Catalytic
category P450 CO-+educed | Weight (Da) Reaction
RABBIT P450
1A1 Form 6 448 57 500 Benza)pyrene

hydroxylation
1A2 Form 4 448 54 000 2-Acetylaminoflouren
N-hydroxylation
2B4 Form 2 451 49 500 Benzphatamine
N-demetylation
2C3 Form 3b 450 52 000 Progesterone
6B3- hydroxylation
2E1 Form 3a 452 51 000 Ethanol oxidation
3A6 Form 3c 449 53 000 Steroid - hydroxylation
4B1 Form 5 449 57 000 2-Aminoanthracene
metabolism
- Form 7 451 59 000- Prostaglandin
60 000 w- hydroxylation
MOUSE P450
1A1 P450 449 55 000 Arylhydrocarbon
hydroxylation
1A2 P:450 448 55 000 Acetanilide
4-hydroxylation
2A3 P450 1% 451 48 000 Testosterone
150- hydroxylation
2D9 P450 1@ 449 49 500 Testosterone
160- hydroxylation
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It is well established that cytochrome P450 momngexase system
functions as a multi-component electron transpgstesn. Lu and Coon (1968),
for the first time, demonstrated that liver microsd cytochrome P450 dependent
monooxygenase system has three components; cytnehprd50, FAD and FMN
containing NADPH dependent cytochrome P450 redactasd lipid. All three
components of cytochrome P450 dependent monooxggesgstem (NADPH,
cytochrome P450 reductase, cytochrome P450 andl) lipre required to
reconstitute the full hydroxylation activity (Lu @nCoon, 1968; Arin¢ and
Philpot, 1976; Aring and Adali, 1990; Aring, 199395).

1.2.1.1 CYP2E1

CYP2EL is one of the best conserved of the xenichio¢tabolizing
P450s involved in chemical activation of many aaogens, procarcinogens, and
toxicants. CYP2EL first identified in rabbits ithanol inducible form of P450.
Beside to liver, CYP2EL is found in extrahepat&sties such as lung, kidney
heart and bone narrow. Substrates of CYP2E1 aengiv Figure 1.6. Especially
CYP2E1 metabolize a large number of low-moleculaight compounds lower
than 100 kDa such as chemical additives or indassolvents like carbon
tetrachloride, chloroform (Raucy, 1993). The hgthlevel of CYP2EL1 is found
in the centrilobular zone of liver acinus (Ingelrfanndberget al., 1988).
Therefore toxins such as ethanol, acetaminophetmpsamines, and carbon
tetrachloride, which are substrates of CYP2EL, guegitially destroy the
centrilobular liver region. In liver, CYP2El is ewxgsed mainly in the
hepatocytes, but significant amounts are also fomnthe Kupffer cells; both
hepatocyte and Kupffer cell CYP2E1s are induciblg,, by ethanol (Jimenez-
Lopez and Cederbaum, 2005).
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Figure 1. 6 Substrates Metabolized/Activated by CYP2E1 (Madifiem Roniset al., 1996 and Rendic and Di Carlo, 1997)




Organic solvents such as benzene were demonstmtedrease CYP2E1
dependent activities (Aringt al., 1991). Moreover, it was established that
pyridine treatment enhanced NDMA N-demethylasevagtb.9, 5.2 and 3.4 fold
increased in rabbit liver, lung and kidney microgsmrespectively (Arinet al.,
2000a, 2000b). Several halogenated anaesthetgsh@othane, sevoflurane and
isoflurane) and drugs such as acetaminophen, ddaone, trimetmethadione and
acetylsalicylic acid (aspirin) are also mainly ¢gtad by CYP2E1 (Wu and
Cederbaum, 2001; Tanakhal., 2003; Gonzales, 2005; Khemawoot et al., 2007).
Increased activity of CYP2E1 has been associatéld wecreased risk of cancer
through an increased production of ROS and enhaacedhtion of a variety of
procarcinogens. CYP2EL1 level are influenced by aetya of hormones, e.g.,
hypophysectomy and T3 increase CYP2E1 protein aRdNAnlevels, whereas
insulin lowers these levels (Peng and Coon, 1998ng+tt al., 1990). Main
CYPZ2EL1 inhibitors and inducers were given in Tdb

Table 1.2  Cytochrome P450 CYP2EL1L Inhibitor and Inducers (rfinedi from
Tanakaet al., 2000).

Inducer Inhibitor
< Ethanol + Disulfiram,
% Isoniazid s Cimetidine,
% Ritonavir s Watercress,
« Acetone +«» Diallylsulfone,
< Benzene % Chlormethiazole,
% Isopropanol + Diallylsulfide,
s Pyrazole « 4-methyl-pyrazole,
s Pyridine % Isothiocyanates
% Pathological states (such as % Insulin

diabetes or starvation)

« Hypophysectomy
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Since its substrates are moderately small, a rewatna relatively
hydrophilic molecule, CYP2E1'’s active site shownFigure 1.7 is not expected
to be spacious, and capable of forming one or tygvdgen bonds with substrates
close to the site of metabolism (Smith, 1997; Lew800). Since CYP2EL is
involved in the metabolism of several xenobiotiascluding chemical
carcinogens, its modulation can dramatically aftket compound’s toxicity and
carcinogenesis. It was shown that tannic acid i®rgoinhibitors of CYP2E1
activity in mouse liver microsomes (Mikstacka, 2pORurthermore, Mikstacka
showed that tannic acid was a mixed type €K1 pM) p-nitrophenol

hydroxylase inhibitor.

CYP2E1 can also be induced under a variety of noditalor nutritional
conditions, such as in obese rats and in rats fédlafat diet (Raucyet al.,
1991).0n theother hand, levels of CYP2EL1 in rats were alsoeased by fasting
and by prolonged starvation (Hong al., 1987). Levels ofacetone were
conspicuously elevated under fasting condition€¥P2E1 null mice, suggesting
the critical role of CYP2EL in acetone metaboli@ondocet al., 1999). Diabetes
have differential effects on CYP2E1 expresion assbaiated drug metabolizing
enzyme activities in rabbit liver, lung and kidné&rin¢ et al., 2005, 2007).
CYP2E1linduction in diabetes may be related with the aied production of
ketone bodies (Bellwardet al., 1988).In rat hepatocyte cultures, addition of
pyrazole or 4-MP slowed the decline in CYP2EL progand activity, without any
effect on CYP2E1 mRNA levels (Wat al., 1990).
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Figure 1. 7 Modelling of Active sites of CYP2EL. Helices argmesented as
yellow cylinders,p-sheets as green ribbons, and coils as narrow
magenta ribbons. The heme is shown in as red Cpi€sentations
(Park and Harris, 2003).

1.2.2 Phase Il Detoxification System

Activated hydrophobic compound by Phase | enzymasst be
converted to hydrophilic forms. In order to excregenobiotics they must be
converted to more water soluble compounds. Thidoise by Phase Il enzyme
systems via conjugation reactions with glutathioselfate or glucuronide
(Table 1.3). Therefore it is possible to accept sehdl mechanism as a
detoxification process of xenobiotics. NeverthekbgsPhase 1l system is a critical
step in the formation of genotoxic electrophilesrthrermore accumulation of the
resulting metabolites in cells can lead to a desgan detoxification activity of
the Phase Il system. Phase Il metabolites areredied by efflux pumps called as

Phase Il detoxification system (Ishikawa, 1992).
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Table 1.3  Major Phase Il Detoxification Activities in Humarfsaken from
Vermeulen, 1996).

Reaction Enzyme Localization Substrates

Glutathione Glutathione transferaseMicrosomes Electrophiles
Cytosol

Glucuronic  Glucuronyl transferases Microsomes Phenols, thiols,

acid amines,

(UDPGAY Carboxylic acids

Sulfuric Sulfotransferase Cytosol Phenols, thiols,
acid amines

(PAPSY

Methyl N- and O- methyl Cytosol Phenols, amines
Group transferases Microsomes

(SAM)P

Acetic acid N-acetyl transferases  Cytosol Amines

(Acetyl-

CoA)

Amino Amino acid transferases Microsomes Carboxylic acids
acids

(Acetyl-

CoA,

taurine,

glycine)

% Microsome refers to membrane-associated activitigsthese activitie

"2

may be localized to the cellular membrane or terimal membranes;
cytosol refers to soluble activities present in tlggosolic portion of the
cell
< P Abbreviations in brackets are co-substrates: UDRG#Aidine - 3', 5' -
diphosphoglucuronic acid; PAPS = 3' -phosphoadeeosb’ -
phosphosulfate; SAM = S - adenosylmethionine; CoZoenzyme A.
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1.2.2.1 Glutathione S-Transferase

Glutathione S-transferases (GSTs, EC 2.5.1.18salgble proteins with
typical molecular masses of around 50 kDa. GSTe e general functions; to
remove toxic metabolites from the cell and to mamtcellular sulfhydryl groups
in their reduced form (Bendicét al., 1988). Besides, the resistance of cells and
organisms to pesticides, herbicides and antibioties implicated in GST
activities (Arcaet al., 1988; Fournieet al., 1992; Wilce and Parker, 1994).

GSTs are multifunctional dimeric enzymes and playkey role in
biotransformation and detoxification of potentiallkydating agents and
xenobiotics during phase Il reactions. It was a@lsmonstrated that bioactivation
of toxic metabolites by GST may cause organ dam#&B&sleren van, 1988;
Sherrattet al., 1997; Anders and Dekant, 1998).

Bioactivation role of GST on dichloromethane, hékteaes, vicinal
dihaloalkenes and haloacids which are toxic meitsolwas demonstrated
(Bladeren van, 1988; Sherrattal., 1997; Anders and Dekant, 1998). GSTs have
been shown to be over-expressed in tumor cellsengrincreases the resistance
for chemotherapeutic drugs. Cancer chemotherapagénts such as adriamycin,
1,3-bis (2-chloroethyl)-1 nitrosourea, busulfan loptiosphoamid are detoxified
by GST (Hayes and Pulford, 1995; Hamilteinal., 2003). Therefore, enhanced
GST-mediated conjugations of cytostatics due toei®ed GST expression used
in cancer treatment have been suggested among #whamsms of drug
resistance. In this context, inhibition of GSTs nsmnsitize drug-resistant cells
(Yanget al., 1992; Hortoret al., 1999).
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Depending on isoelectric point, inhibitor propesti@ntibody recognition,
and N-terminal amino acid sequence, subtypesutdithione S-transferases have
been grouped into classes consisting of homo- atdrddimers grouped into
species-independent families: alpha, (i (t), mu @) and thetaf) as well as a
microsomal trimeric enzyme (Mannervék al., 1992; Beckett, 1993). The first
three (alpha, pi and mu) are present only in alsiraad yeasts but absent in
bacteria and plants while theta is present in gegdants, bacteria, rats, humans,
chickens, salmon, and non vertebrates (Pemble agtbfT 1992; Taylort al.,
1993).

Mammalian cytosolic GSTs are all dimeric with suibsirof 199-244
amino acids in length. Depending on amino acid eege similarities, while
seven classes of cytosolic GST are determined mnmalian species, designated
Alpha, Mu, Pi, Sigma, Theta, Omega, and Zeta (Haged Pulford, 1995;
Armstrong, 1997; Sheehanal., 2001), the other cytosolic GST subunits, namely
Beta, Delta, Epsilon, Lambda, Phi, Tau, and the €ldss, have been identified in
nonmammalian species (Sheelaral., 2001; Dinget al., 2003; Edwards and
Dixon, 2004).

In addition to catalyzes conjugation, reduction,d arsomerization
reactions, cytosolic GSTs bind, covalently and meatently, hydrophobic
nonsubstrate ligands (Hayes and Pulford, 1995) fyge of activity contributes
to intracellular transport, sequestration, and akgon of xenobiotics and
hormones. Such compounds include azo-dyes, bitirubéme, PAHS, steroids,
and thyroid hormones (Hayes and Pulford, 1995).

The mammalian mitochondrial class Kappa GST isomezsyare dimeric
and consist of 226 amino acids. Distinct from cgtiesGSTs, mouse, rat, and
human possess only a single Kappa GST (Laéhal., 2004; Robinsort al.,
2004; Jowsewt al., 2003; Morelet al., 2004). Although the majority of cytosolic
GST isoenzymes are found in the cytoplasm of thleroeuse and human Alpha-
class GSTA4-4 can associate with mitochondria aminbranes (Gardner and
Gallagher, 2001; Raza al., 2002; Robiret al., 2003). It has also been shown to
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be located in peroxisomes (Moetlal., 2004). The presence of GSTK1-1 in both
organelles suggests it may be specifically involieg-oxidation of fatty acids,
either through its catalytic activity, some tranggdanction, or interaction with a
membrane pore (Hayesal., 2005)

As shown Figure 1.83ST subunit consists of two domains, each contgini
two binding sites, the G site and the H site. Tighlly conserved G site binds the
tripeptide glutathione (GSH) and is largely comgbs&amino acid residues found in
the N-terminal domain. The H-site or electroph#icbstrate binding site is more

variable in structure and is largely formed frorsideies at the C-terminus.

Active sites for the
binding of substrates
(xenobiotics)

Figure 1. 8 Structure of glutathione S-transferase. The dimeniblecule is
globular with a prominent large cavity formed betwethe two
subunits. The active site is located in a clefua#d between
domains | and Il and each subunit can binds twoemadés (taken
from Reinemeet al., 1996; Schroder, 2001).
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Glutathione S-transferase has a physiological rnoleinitiating the
detoxification of potential alkylating agents, iadlng pharmacologically active
compounds. These enzyme catalyze the reaction abf sampounds with -SH
group of glutathione, thereby neutralizing theieadtophilic sites and rendering

the products more water-soluble (Habigal., 1974).

Glutathione (GSH; @H1/N30sS), shown in Figure 1.9 is a tripeptide
(L-glutamyl-L-cysteinyl-glycine) and first repodein 1988 as a phitothion,
distributed in the intracellular space of plantsinaals, and microorganisms has
two general functions: to remove toxic metabolitesn the cell and to maintain
cellular sulfhydryl groups in their reduced formefiglich, 1988). The antioxidant
function of GSH is mediated by the SH group of eys which upon oxidation,
forms a disulfide bond with a second molecule ofHG® form oxidized
glutathione. GSH can also form mixed disulfideshwitroteins or other thiols,
such as coenzyme A. The negative redox potent@k(B.34 V) of GSH allows
for efficient reduction of dehyroascorbate or disiés bond in proteins (Alscher
et. al., 1993).

0H

0
0
(04
0 NHZ OH
Figure 1. 9 Chemical structure of Glutathione. —SH is the nimethemically

active thiol group that can react with nucleophiles
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GST serves as a mobile pool for long distance pamsf reduced sulfur
between different organs and a reservoir of redusedur that can be re-
mobilized under increased demand (Rennenberg, 200M0)as reported that in
order to detoxify not only the xenobiotics but alsndogenous compounds,
glutathione S-transferase binds non-covalently wwi#my organic anions as well
as bilirubin, hormones, dyes and drugs and coJgldnhds with carcinogens
and/or their metabolites (Litwack, 1971; Habigal.,1974; Ketleyet. al.,1975).

1.2.2.2 NAD(P)H:Quinone Oxidoreductase 1 (NQO1)

NAD(P)H:quinone oxidoreductase 1 (NQOL1,; also terrasdicotinamide
quinone oxidoreductase 1, DT-diaphorase, quinonductase type 1, or
menadione reductase; EC 1.6.99.2) is an obligateetectron reductase that
catalyzes reduction of a broad range of substiatdading quinones, quinone-
imines, and nitro-compounds (Rossakt 2000). NQO1 is a FAD-containing
protein that exists as a homodimer and is biochalflgiccharacterized by its
unique ability to use either NADH or NADPH as rethgccofactors and by its
inhibition by the anticoagulant dicumarol (Ernst&®67; Edwardst al., 1980).
The enzyme is generally considered as a detoxticaénzyme because of its
ability to reduce reactive quinones and quinone@sito less reactive and less
toxic hydroquinones. It was discovered by Ernstad &is colleagues in
Stockholm in the late fifties (Ernstet al., 1958; Ernster and Navazio, 1958).
Apart from other quinone reductases such as cyboohr P450 reductase or
cytochrome b5 reductases which catalyze reductiarone electron mechanisms
leading to the generation of semiquinone radicatl & the presence of oxygen,
NQO1 obligates two electron reductase which redtweselectrons of quinones

and generate hydroquinones (Ernster, 1967; Ro83)19
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The mechanism of NQOL1 is illustrated in Figurel.A6tually quinones
are not the only substrate of NQO1 but also quirionees, nitro and azo
compounds can be mentioned in NQO1 substrates téEyis967; Lindet al.,
1990). Although NQO1 was described in numerousisped was found at very

low level in normal human livers (Aleksunes, 2006).

le reduction - DNA/Protein
e.g. P450 reductase > adducis
O OH *
CANCER
REDOX CYCLING
NQO1 l

Fe(llly —» Fel*

H Fel* + H,(); ——#Fe{Ill) + OH* + OH-
O, — Q. B 102

05" + Fe(lll)—— Fe* + 0,

CH Fe* + HyOp ——®Fe(lll) + OH"+ OH-

Conjugation/
Excretion o o
Lipid Peroxidation

Enzyme Inactivation
Attack on DNA

Figure 1. 10 Proposed role of NQO1 in both chemoprotectioniétation

and bioactivation (taken from Nioi, 2004).

A hypothetical scheme for the metabolism of a senguinone
(1,4-benzoquinone) is shown in Figure 1.10. Sirgéstron reduction (by P450
reductase, for example) produces highly reactiveiggginone species in which an
oxygen atom contains an unpaired electron. Due hig tlectrophilicity,
semiquinones are capable of direct reaction witliulee macromolecules

including protein and DNA, and this may ultimatégad to neoplasia. Redox-
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cycling may also occur; the unpaired electron fithie semiquinone can be used
to reduce F€ to F€*, which in turn drives the Fenton reaction leadiog
hydroxyl radical production. Alternatively, a semigone may reduce molecular
oxygen, which can lead to generation of singletgexy and superoxide-driven
Fenton reactions. ROS can cause lipid peroxidagonyme inactivation and they
can attack DNA directly. The exact consequencesenfiquinone production will
depend upon the chemical in question. NQO1 catalyke obligatory two-
electron reduction of quinones, thus bypassing sbmiquinone intermediate.
Fully reduced hydroquinones are generally lessctéai the cell and are more
readily conjugated and excreted.

Increased expression of NQOL1 enhances three deéessiategies; a)
direct catalytic action; single step detoxificatioh quinones, b) indirect effect;
maintenance of endogenous antioxidants in theiuaed and active forms, c)
regulation of the stability of the p53 tumor sums@s protein (Figure 1.11)
(Dinkova-Kostova, 2000; Ross, 2000; Talalay; 2004).
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Apoptosis Cell evele arrest
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Figure 1. 11 A proposed mechanism of p53 stabilization by NQ@/blving a

protein—protein interaction (taken from Ross, 2004)

1.2.3 Effect of Tannic Acid on P450 Dependent Phase | arféhase I

Enzymes

Tannic acid plant phenolic compound was reported irtbibit the
mutagenicity of the direct acting mutagen benzojfiedpe-7,8-diol- 9,10-epoxide
in Salmonella typhimurium and in Chinese hamster V-79 cells (Huaatgal.,
1983). It is also an inhibitor of epidermal monoggpase and inhibits the binding
of benzo[a]pyrene and benzo[a]pyrene 7,8-dihydiddi®NA (Daset al., 1987).
TeelandHuynh (1998) showed that tannic acid was a potdmbitor of not only
BROD, MROD and EROD activities of hamster liver msomes but also CYP
2C11, 1A and 2C6 enzyme activities. In their inovstudy, Krajka-Ku znialket
al. (2004) showed that tannic acid had no significgféct on Phase Il enzymes;
NQO1 in liver and also in kidney of 3-MC-induced, raowever the activity of
NQO1 was reduced (about 43%) to control level bynita acid pretreatment.
Moreover, they expressed that tannic acid inhibitezlise hepatic cytochromes
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P450 1A1, 1A2 and 2B mediated enzyme activitievitro even to a greater
extent (IGo 2.6 —7 uM) than CYP2E1 mediated enzyme activitythie current
study (Dast al., 1987; Baer-Dubowsket al., 1998).

Mikstacka et al. (2002) had investigated the effect of tannic acrd
hepatic PNPH in acetone induced mouse microsongeslamed that tannic acid

was a mixed type inhibitor (K= 1 uM).
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Scope of This Study

Incidence rates of cancer continue to rise witigaificant ratio in the last
century. Even more, cancer is the second leadingsecaof death after
cardiovascular diseases in the world. There islkaldetween certain cancers and
human exposure to toxic chemicals in the envirortmbn order to generate
mutagenic and carcinogenic metabolites, the mgjofitthese chemicals require
metabolic activation by the enzymes. Therefore-eattinogen activity of tannic
acid, a hydrolysable plant polyphenol, may haveuzial importance to prevent
conversion of pro-carcinogens to their carcinogefuon. There are several
investigations mainly focus on laboratory animalshsas rats and mice. However
no data is available regarding the effects of taratid on rabbit Phase | and
Phase Il enzymes. It is necessary to carry out esatige studies using different
laboratory animals in order to learn more about gpecies differences in the
xenobiotic metabolism and effect of those moleculexluding plant
polyphenolics. This study was undertaken to elteidhe possible in vitro effects
of plant phenolic compound tannic acid for its #@pito modulate cytochrome
P4502E1 mediated enzyme activities of N-nitrosodiylamine N-demethylase
(NDMA N-demethylase),p-nitrophenol hydroxylase (PNPH) and aniline 4-
hydroxylase involved in the metabolic activationdagketoxification of known
environmental agents including mutagens and cagein®. In addition, in vitro
effects of tannic acid on cytosolic phase Il enzgm@lutathione S-transferase
(GST) and NAD(P)H:quinone oxidoreductase:1 (NQOg&jenalso investigated.

In order to achieve these goals, first microsonmal aytosolic fractions
from rabbit liver and kidney were prepared by d#éfgial centrifugation. Those
fractions were preincubated in the presence ofitaacid (0.1 - 150 uM) for 10
minutes at room temperature and Phase | and Phaseyme activities given
above were determined by spectrophotometry. Thectinwh/inhibition kinetics of
Phase | and Phase Il enzymes by tannic acid mayideransight into the
prescription of anticarcinogenic drug developmdmt.our knowledge, this study
is the first concerning the effects of tannic asidPhase | and Phase Il enzymes

of rabbit liver and kidney.
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CHAPTER 2

MATERIAL AND METHODS

2.1 Chemicals

Tannic acid (T0200),2,6 dichlorophenol-indophenol (DCPIP; D1878),
1-chloro-2,4-dinitrobenzene (CDNB; C6396), ammaonmiwacetate (A7672),
g-amino caproic acide(ACA; A2504), bovine serum albumin (BSA; A7511),
D-glucose—-6-phosphate monosodium salt (G7879), ubegle—6-phosphate
dehydrogenase type IX (G8878), glutathione redutmun (GSH; G4251),
N-2-hydroxyethylpiperazine-Msethane sulfonic acid (HEPES; H3375),
N-nitrosodimethylamine (NDMA; N3632), phenylmetharsalfonyl flouride
(PMSF; P7626), sodium potassium tartarate (Rochsdlt; S2377),
2-amino-2(hydroxymethyl)-1,3-propandiol (Tris; TB)7 were purchased from

Sigma Chemical Company, Saint Louis, Missouri, USA.

Ethylene diamine tetra acetic acid disodium saDTE; 08421), glacial
acetic acid (0056), glycerol (04093), magnesiumomtie (MgCh;, 05833),
methanol (02500)p-nitrophenol (106798), potassium chloride (KCI 1839
potassium dihydrogen phosphate @y, 04871), di-potassium hydrogen
phosphate (KHPO,; 05101), sodium carbonate (06398), sodium hydexid
(06462), trichloroacetic acid (TCA; 00256) were tpeoducts of E. Merck,

Darmstadt, Germany.

Aniline (A0759) was obtained from Fisher Scienti@ompany, Chemical
Manufacturing Division, Fair Lawn, New Jersey, USFRormaldehyde was
obtained from Fluka A.G., Switzerland. Absolute agtbl (32221) and acetyl
acetone (33005) were taken from Riedel, Germany.
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B-nicotinamide adenine dinucleotide phosphate redldoem (NADPH;
A1395), B-nicotinamide adenine dinucleotide phosphate (NADN0505), were

taken from Applichem, Darmstadt, Germany.

All the other chemicals used in this study werauédlytical grade and were

obtained from commercial sources at the highestegod purity.

2.2 Method

2.2.1 Preparation of Rabbit Liver and Kidney Cytosols andMicrosomes

2.5 months old adult male New Zealand white rablitially weighing
1.5-2.2 kg. were purchased from Lameli HusbandaAnkara. The rabbits were
caged separately and maintained at 28€26n a 12 h light / 12 h dark cycle with
free access to water and commercial chow for 7 tajsre the beginning of the
treatments. The procedures involving animals areir tbare carried out in

accordance with the Declaration of Helsinki.

Rabbit liver and kidney microsomes were preparediescribed by the
method of Aringc and Adah (1990). The livers andingys were removed
immediately after killing the animals by decapuati Gall bladders were removed
from the livers to prevent release of its contéhéd are known to be inhibitory to
monooxygenase activity. All subsequent steps wardetl out at 0-£C. After
removal of the connective and fatty tissues, livaard kidneys were washed with
cold distilled water and then with 1.15% KCI sotutiseveral times to remove the
excess blood. After blotting the tissues by thephadla filter paper, tissues were
weighed and chopped with scissors. The resultingiced tissues were
homogenized in 1.15 % KCI solution containing 2 nrdATA pH 7.2, 0.25 mM
¢-ACA and 0.1 mM PMSF (described in Table 2.1) atotume of equal to 3
times of weight of liver and 2.2 times weight oflikey by using Potter-Elvehjem
glass homogenizer coupled with a motor (Black amatker, V850, multispeed
drill)-driven teflon pestle at 2 400 rpm. Fifteeragses were made for the

homogenization of both liver and kidney tissues.
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The resulting liver and kidney homogenate was degid at 9 500 rpm
(10 800 x g) (Sigma 3K30 Centrifuge, Osterode amzH&ermany) with 12156

type rotor for 25 minutes to remove cell debris;lauand mitochondria.

The supernatant fraction containing endoplasmicuktm and soluble
fraction of the cell was filtered through doublgdes of cheese cloth in a Buchner
funnel. The microsomes were sedimented from thersapant by centrifugation
at 45 000 rpm (145 215 x ¢pr 50 minutes using Sorval-Combi Ultracentrifuge
(Dupond Company, Newton, Connecticut, USA) with702ype rotor.

The supernatant fraction (cytosol) was removed siared at -86C until
use in determination of activity of cytosolic enasn The firmly packed
microsomal pellet was suspended in 1.15% KCI smtutiontaining 2 mM EDTA
(described in Table 2.1) and resedimented by w@traidugation at 45 000 rpm
(145 215 x g)for 50 minutes by using Sorval-Combi Ultracentréu¢Dupond
Company, Newton, Connecticut, USA) with T270 typtor.

Then the washed microsomal pellet was resuspenuetb i% glycerol
containing 1 mM EDTA at a volume of 0.5 ml for eagtam of liver tissue and
0.3 ml for each gram of kidney tissue. In order dbtain a homogenous
microsomal suspension, resuspended microsomes hgemegenized manually

using the glass-teflon homogenizer.

The microsomal suspensions containing approximagdyi0 mg of
microsomal protein per milliliter were then gasséth nitrogen in Nalgene tubes

and stored at -8%C for enzymatic assays.
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Table 2.1  The Constituents of Homogenization Mixture for Biathiver and
Kidney Tissues and Suspension of Liver and Kidnégrésomes.
Preparation of Stock KCI-EDTA Solution
. Stock Volume/Gram to Final
Constituents . )
Concentration be added Concentration
EDTA pH 7.2 100 mM 20 ml 2mM
KCI - 115¢g 1.15 % (wiv)
Final Volume is completed to 1 L with distilled eat
Tissue Homogenization Solution
_ Stock Volume to be Final
Constituents ) _
Concentration added Concentration
PMSF 100 mM 0.1 ml 0.1 mM
e-ACA 100 mM 0.25 ml 0.25 mM
Final volume is completed to 100 ml with 1.15 %\WWKCI-EDTA Solution

Microsome Suspension Solution

_ Stock Volume to be Final
Constituents _ _
Concentration added Concentration
EDTApH 7.2 100 mM 0.5 ml 2.5 mM
Glycerol - 5ml 25 % (V/Iv)

Final volume is completed to 20 ml with distillecter
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2.2.2 Determination of Protein Concentration

Protein concentrations of microsomal and cytosdiiactions were
determined according to the method of Lowatyal. (1951) using crystalline

bovine serum albumin as a standard.

The principle of the Lowry method depends on in thactivity of the
peptide nitrogen with the copper ions under allalioonditions and the
subsequent reduction of Folin reagent to heteropolgdenum blue by the
copper-catalyzed oxidation of aromatic amino aidsvry et al., 1951).

Reagents:

Reagent 1:2% (w/v) CuSQ.5H,0
Reagent 112% (w/v) Na-K tartarate (NaK4Ei,0s)
Reagent A2% (w/v) NaCOsin 0.1 N NaOH

Lowry Alkaline C upper ReagenReagent I, Reagent Il and Reagent A are mixed

in the same order with the ratio of 1:1:100.

Folin-phenol reagent2 N Stock Folin reagent is diluted to 1 N with dist

water (store in dark bottle).

Before the preparation of the reaction tubes,ahtilution was done for
microsomes and cytosols. 200 times dilution wasedon both liver and kidney
microsomes and also cytosols. In addition to ihdiautions, dilution within tube
was carried out by taking 0.1 to 0.5 ml of inityatliluted samples into reaction
tubes and completed it to final volume of 0.5 mthadlistilled water. After that
2.5 ml of Lowry Alkaline Cupper Reagent was addeeédch tube. All tubes were
mixed and let stand for 10 minutes at room tempeegator copper reaction in
alkaline medium. Then 0.25 ml of diluted Folin reag(1 N) was added to the
each tube and tubes mixed within 8 seconds by xoftee tubes were incubated
for 30 minutes at room temperature. The intendityesulting color was measured
at 660 nm. Standard tubes with five different protmncentrations (20, 50, 100,
150, 200ug BSA in 0.5 ml final volume) were prepared fronystalline bovine
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serum albumin and same steps used for samples caened out for standard
tubes. A standard curve was drawn by using intgmsidings of standards and

slope of this curve was used for the calculatioprotein amounts in the sample.

Protein concentration was calculated by the follmpiormula: (2.1)

. . ___ ODggonm - -
Protein Concentration (mg/ml) =———————  x DilutigRypesX Dilution jpjtial

Slope of Standards
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2.2.3 Determination of Mixed Function Oxidase (MFO) Enzyne Activities

2.2.3.1 Determination of Aniline 4-Hydroxylase Activity

Aniline 4-hydroxylase activity of rabbit liver arlddney microsomes was
determined by measuring the quantitypedminophenol (pAP) formed according
to the method of Imadt al. (1966). Aniline 4-hydroxylation reaction is givém

Figure 2.1.

NH, NH,
MFO
'
ﬁ HZK‘
- OH
Aniline NADPH H* NADP*  p-Aminophenol

Figure 2. 1  Aniline 4-hydroxylation reaction.

Reagents:
1. Hepes Buffer400 mM, pH 7.6

Aniline: 100 mM (Light sensitive)
Trichloro Acetic Acid (TCA):20% (w/v) (Light sensitive)
Sodium carbonate20% (w/v)

4 % Phenol in 0.4 N NaOHLight sensitive)

o bk~ 0N
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A typical reaction mixture given in Table 2.2 cantd 100 mM HEPES
buffer pH 7.6, 10 mM aniline, 1.5 mg microsomal teio for liver, 4 mg
microsomal protein for kidney and 0.5 mM NADPH geteg system in a final

volume of 1.0 ml.

NADPH generating system was prepared by addingi@its of glucose 6-
phosphate dehydrogenase into a test tube conta2ringnM glucose 6-phosphate,
2.5 mM MgC}, 14.6 mM HEPES buffer pH 7.8 and 0.5 mM NADRhen the
test tube containing generating system was incdba®’C for 5 minutes and
finally kept in crushed ice. 1 unit of glucose 6epphate dehydrogenase is equal

to the amount of enzyme reducingrhole of NADP in one minute at 25C.

The reaction was initiated by the addition of 0.8 of NADPH
generating system to the microsomal incubation unétand to zero time blank
(ZTB) to which 0.5 ml of 20 % TCA was added beftine addition of cofactor.
Zero time blanks were prepared to measure non-esizymproduct formation.
Reaction was carried out at 3C for 25 minutes aerobically with moderate
shaking in a water bath (Nuve Instruments Ltd.,468nkara-Turkey). At the
end of the incubation time, the reaction was stdpgpe addition of 0.5 ml 20 %
TCA. Then incubation mixture was transferred torngjmef tubes and denaturated
proteins were removed by centrifugation at 13 106 (16 000 x g) for 25
minutes by using Sigma 1-15 microcentrifuge. Finall ml of supernatant
containing productp-aminophenol, was removed and mixed with 0.5 n2@%b
N&COs; and with 0.5 ml of 0.4 N NaOH solution containidg% phenol. The
resulting mixture was incubated at 32 for 30 minutes. The intensity of blue
color developed was measured at 630 nm using SdaimaJV-1201
spectrophotometer (Schimadzu Corporation, Anallticestruments Division,

Kyoto- Japan).
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p-Aminophenol solution was used as a standard. Sinsdight sensitive,
0.5 mM p-aminophenol solution was prepared freshly and kepthe dark.
Standards at four differeptaminophenol concentration (2.5, 5, 12.5, 25 nmoles)
containing aniline and other incubation constitgemere run under the same
conditions as for reaction mixture. A standard eunf p-aminophenol was

constructed and used for the calculation of enzgotiwity.

The effect of tannic acid on aniline 4-hydroxylasgivity was studied by
adding various concentrations of tannic acid; 5 N, uM, 25 uM, 35uM,
50 uM, 75 puM, 100 uM, and 150 uM into the reactmmture. Liver and kidney
microsomes were preincubated in the presence oidacid for 10 minutes at
room temperature and then the enzyme reaction tasied by adding NADPH
generating system into the reaction mixture. Taremad containing reaction

medium was also run under the same conditionsvas giefore.

Aniline 4-hydroxylase activity was determined acting to the following
formula: (2.2)

. oD Reaction” oD ZTB 1 1
_Specmc Enzyme = X X
Activity (nmol/min/mg) 6x103uMtxcm?  Protein Amount 25 min
(mg)
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Table 2. 2 The Constituents of the Incubation Mixture for €watination of
Aniline 4-Hydroxylase Activity in Rabbit Liver andKidney

Microsomes.
Volume
' Stock Final
Constituents _ to be .
Concentration Concentration
added
Hepes buffer pH 7.6 400 mM 250 pl 100 mM
Aniline 100 mM 100 pl 10 mM
_ . 1.5 mg for liver
Microsomal fraction - - .
4 mq for kidney
NADPH generating system 0.5mM
Glucose 6-phosphate 100 mM 25 ul 2.5mM
MgCl; 100 mM 25 pl 2.5 mM
Hepes Buffer pH 7.8 200 mM 73 ul 14.6 mM
NADP* 20 mM 25 pl 0.5 mM
Glucose 6-phosphate
500 U 1ul 05U
dehydrogenase
Final volume is completed to 1 ml with distilled tea
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2.2.3.2 Determination of p-Nitrophenol Hydroxylase Activity

The hydroxylation ofp-nitrophenol to 4-nitrocatechol (1,2-dihydroxy-4-
nitrobenzene) was determined using the method wikkeand Moyer (1985). The
assay conditions that were optimized for lung nsoroal p-nitrophenol
hydroxylase by Aring and Ayg@mus (1990) were also used for the determination
of rabbit liver and kidney microsomgknitrophenol hydroxylase activity. The

reaction ofp-nitrophenol hydroxylation is given in Figure 2.2.

OH OH
OH
MFO
T
NX +
X /N\
© © NADPH, H* NADP*  © o

p-Nitrophenol 4-Nitrocatechol

Figure 2. 2 p-Nitrophenol hydroxylation reaction.

Reagents:
1. Tris Buffer: 400 mM, pH 6.8

p-nitrophenol:2.5 mM (Light sensitive)

Perchloric Acid:0.75 N (Light sensitive)

NADPH Generating Systend.5 mM (Prepared fresh)
NaOH:10 N

a k0D

The reaction medium given in Table 2.3 containe® M Tris-HCI
buffer pH 6.8, 0.25 mMp-nitrophenol, 1.5 mg and 4 mg of microsomal protein
for liver and kidney, respectively and 0.5 mM NADRJgnerating system in a

final volume of 1.0 ml.
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p-Nitrophenol hydroxylation reaction was startedtbg addition of 0.15
ml NADPH generating system and carried out for lutes at 37°C with
moderate shaking in a water bath. 0.5 ml of 0.7pekthloric acid was added to
zero time blank tubes just before addition of NADBeherating system. The
enzyme reaction was terminated by the addition.®f@ 0.75 N perchloric acid.
The contents of mixture transferred to ependoriesuand were centrifuged at
13 100 rpm (16 000 x g) for 25 minutes for remayMatienatured proteins.

After centrifugation, 1.0 ml aliquot of the supetaret was taken and
mixed with 0.1 ml of 20 N NaOH for complete ioniiwat of 4-nitrocatechol. Then
the mixture was centrifuged at 13 100 rpm (16 0@f) for 5 minutes in order to
remove NaOH precipitates. 4-nitrocatechol formedaaresult ofp-nitrophenol
hydroxylase activity of microsomal enzymes was wueteed spectrally at
546 nm. The enzyme activity was determined by usixiinction coefficient of
9.53 mM* x cm* (Koopet al., 1986).

The effect of tannic acid gonitrophenol hydroxylase activity was studied
by adding various concentrations of tannic acia ifinal concentration of 1 puM,
5 uM, 10 uM, 25uM, 50 uM, and 100 pM, into the temarc mixture. Liver and
kidney microsomes were preincubated with tannic &r 10 minutes at room
temperature and then the reaction was started bin@dNADPH generating
system into the reaction mixture. Tannic acid comg reaction medium was

also run under the same conditions as given before.

p-Nitrophenol hydroxylase activity was determinedcading to the

following formula: (2.3)

e OD (eaction” OD z18 1 1
Specn‘w Enzyme = X X
Activity (mol/min/mg) 9.53 mM1x cmt Protein Amount 10 min.
(mg)
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Table 2. 3

The Constituents of the Incubation Mixture for &eatination of

p-Nitrophenol Hydroxylase Activity in Rabbit Livernd Kidney

Microsomes.
_ Stock Volume Final
Constituents _ _
Concentration | to be added| Concentration
Tris buffer, pH 6.8 400 mM 125 pl 50 mM
p-nitrophenol 2.5mM 100 pl 0.25 mM
1.5 mg for
. . liver
Microsomal fraction - -
4 mq for
kidney
NADPH generating system 0.5mM
Glucose 6-phosphate 100 mM 25 ul 2.5mM
MgCl, 100 mM 25 pul 2.5 mM
Hepes Buffer, pH 7.8 200 mM 73 pul 14.6 mM
NADP* 20 mM 25 pl 0.5 mM
Glucose 6-phosphate
500 U 1pl 05U

dehydrogenase

Final volume is completed to 1 ml with distilled &g

40




2.2.3.3 Determination of N-Nitrosodimethylamine (NDMA) N-Demethylase
Activity

NDMA N-demethylase activity of rabbit liver and kily microsomes was
determined according to the method of Gorsky andleHberg (1989) and
formaldehyde formed was measured by the method NHE8H3) as modified
Cochin and Axelrod (1959). NDMA N-demethylase reactis shown in
Figure 2.3.

CH, 0
0 ! NDMA N-Demethylase [
NI »  HL N -
N CH, SN+ HC0
H
N-nitrosodimethylamine 0, HO N-nitro N-methylamine  formaldehyde
NADPHH* NADP*

Figure 2. 3 N-Nitrosodimethylamine (NDMA) N-demethylation reime.

Reagents:
1. Hepes Buffer400 mM, pH 7.7

N-NitrosodimethylamindNDMA): 25 mM

Perchloric Acid:0.75 N

NADPH Generating Systen0.:5 mM

Nash ReagenPrepared by the addition of 0.4 ml acetylacetorgaée 100

o bk~ 0N

ml solution containing 30.8 g ammonium acetate ar& ml of glacial
acetic acid.

6. Formaldehyde0.5 mM (Light sensitive)
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A 0.5 ml of incubation mixture given in Table 2.4ntained 100 mM
HEPES buffer pH 7.7, 2.5 mM NDMA, 0.75 mg microsdipaotein for liver and
2 mg microsomal protein for kidney and 0.5 mM NADIEnerating system in
final concentration. The enzyme reaction was itaticby the addition of 0.075 ml
NADPH generating system to incubation mixture amdero time blank to which
0.5 ml of 0.75 N perchloric acid was added jusbbethe cofactor. The reaction
was carried out at 37C for 20 minutes under the air with constant moidera
shaking in a water bath. The enzyme reaction waspsd by the addition of 0.5
ml 0.75 N perchloric acid at the end of 20 minu@sen the contents of the tubes
were transferred to the ependorf centrifuge tubes @denatured proteins were
removed by the centrifugation at 13 100 rpm (16 ¥@) for 25 minutes. Finally,
0.5 ml aliquots of supernatant were taken and waxed with freshly prepared
0.375 ml of Nash reagent. The mixture was incub&ied0 minutes at 56C in a
water bath and the intensity of yellow color deypeld was measured at 412 nm
using Schimadzu UV-1201 spectrophotometer.

The effect of tannic acid on NDMA N-demethylasa\att was studied by
adding various concentrations of tannic acid; OM, L uM, 5 uM, 10 uM,
50 uM, and 100 pM, into the reaction mixture. Livgerd kidney microsomes
were preincubated in the presence of tannic acid 1f®@ minutes at room
temperature and then the reaction was started bin@dNADPH generating
system into the reaction mixture. Tannic acid comg reaction medium was

also run under the same conditions as given before.

A 0.5 mM freshly prepared formaldehyde solution wasd as a standard
as described in Figure 2.4. The tubes containimgdstrds at four different
concentrations (12.5, 25, 50, 100 nmoles) with oiheubation constituents were
run under the same conditions as for reaction tuBestandard formaldehyde
calibration curve was constructed and the slopehdf curve was used for

calculation of enzyme activity.
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0.5 mM Formaldehyde

12.5ul 1004l
25l ol
Completed to 50Ql

12.5 nmol Completed to 50@1' Completed to 50@1'
25 nm0| 50 nmol

Completed to 50Qul
100 nmol

Figure 2. 4 Preparation of formaldehyde standards.

N-Nitrosodimethylamine (NDMA) N-demethylase actywitas calculated
according to the following formula: (2.4)

OD Reactior OD 1 L

Specific Enzyme _ Reaction AL )

Aty (melminimng) - 2.4x 10 uMIxem?  Protein Amount 20 min.
(mg)
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Table 2.4 The Constituents of the Incubation Mixture for €watination of
N-Nitrosodimethylamine (NDMA) N-Demethylase Actiyitin

Rabbit Liver and Kidney Microsomes.

Volume
. Stock Final
Constituent . to be .
Concentration Concentration
added
Hepes buffer, pH 7.7 400 mM 125 pl 100 mM
NDMA 25 mM 50 pl 2.5 mM
. _ 1.5 mg for liver
Microsomal fraction - - _
4 mg for kidney
NADPH generating system 0.5mM
Glucose 6-phosphate 100 mM 12.5 ul 2.5 mM
MgClI2 100 mM 12.5 pul 2.5 mM
Hepes Buffer, pH 7.8 200 mM 36.5 pl 14.6 mM
NADP* 20 mM 12.5 pul 0.5 mM
Glucose 6-phosphate
500 U 1pl 05U
dehydrogenase
Final volume is completed to 0.5 ml with distillechter
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2.2.4 Determination of Phase Il Enzyme Activities

2.2.4.1 Determination of Total Glutathione S -Transferase GST) Activities

Glutathione S-transferase (GST) activity of rabbiter and kidney
cytosolic fractions was determined according torttethod of Habigt al. (1974)
with slight modifications. 1- Chloro-2,4 dinitrokeene (CDNB) was used as a
substrate for determination of total glutathion&r&sferase activity. The rate of
glutathione conjugate (1-(S-glutationyl)-2,4-dinltienzene (DNB-SG)) formation
was monitored by following the rate of increasehiae absorbance at 340 nm. The

reaction catalyzed by glutathione S-transferaggvisn in Figure 2.5.

Cl
NO, O\ N|-||3 0 l:lil 0 -HC1 D\\ N|'||3 0 lﬁl 0
' 1l
+ J:C'CH'CHZ*CHQ—E'NH'Cll'I—C-NHCHQ% N /C'CH'CH-_J'CHQ—C'NH'CIII—C-NHCH;%
] C|_||2 0 0 C|.||2 0
NO; SH S
NO,
CDNB Reduced glutathione
NO
DNB-5G

Figure 2. 5 Reaction catalyzed by GST.

Reagents:
Potassium Phosphate Buff&0 mM, pH 7.0

"GSH:20 mM
"CDNB: 20 mM (CDNB was first dissolved in absolute etHahen completed to

final volume with distilled water. Ethanol shouldtnexceed to 3 % of assay
mixture. Store in dark bottle)

" It should be prepared fresh.
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A typical assay mixture given in Table 2.5 contdir#500 pul of 50 mM
potassium phosphate buffer pH 7.0, 200 ul of 20 @BH, 150 ul of cytosolic
fractions and 150 ul of 20 mM 1-chloro-2,4-dinitesizene (CDNB) as a substrate
in a final volume of 3 ml. Each time a blank cuediteaction with no enzyme) was
also used. The reaction was started by additict60ful of 20 mM 1-chloro-2, 4-
dinitrobenzene (CDNB).Then thioether formation waBowed continuously at
340 nm for 2 minutes using Schimadzu UV-160A UVihis spectrophotometer
(Schimadzu Corporation, Analytical Instruments Bign, Kyoto, Japan). The
absorbance obtained from blank cuvette was substraftom absorbance of

enzymatic reaction to eliminate non-enzymatic pobdormation.

The enzyme activity was calculated by using 0.0p96" x cm' as an

extinction coefficient of thioether formed by GST.

The effect of tannic acid on GST activity was saadby adding various
concentrations of tannic acid; 0.05 puM, 0.1 uM, @&, 0.25 uM, 0.3 uM,
0.35 uM, 0.4 uM, 0.5 uM and 1 uM into the reactiixture. Liver and kidney
cytosols were preincubated with tannic acid fornlibutes at room temperature
and then the reaction was started by adding CDNB fhe reaction mixture.
Tannic acid containing reaction medium was alsounder the same conditions

as given before.
GSTactivity was determined according to the followfngmula: (2.5)

N AODa340 nm Total Volume
Enzyme Activity = X —————— X Dilution Factor

(nmol/min/ml) 0.0096uMLx cntt  Volume of Sample
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Table 2. 5

The Constituents of the Reaction Mixture for Deteration of

GST Activity of Rabbit Liver and Kidney Cytosol.

Stock Volume to be Final
Constituents Concentration added Concentration
(mM) (ml) (mM)
Potassium
Phosphate 50 2.5 41.6
Buffer, pH 7.0
1-Chloro-2,4-
dinitrobenzene 20 0.150 1
(CDNB)
Glutathione
reduced form
(GSH) 20 0.200 1.3
Cytosol - 0.150 -
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2.2.4.2 Determination of NAD(P)H Dehydrogenase, Quinone INQO1)
Activity

NAD(P)H:quinone oxidoreductase 1 (NQO1, DT-diapkersEC 1.6.99.2)
activity of rabbit liver and kidney cytosols wastekenined according to the
method of Ernste(1960).2,6-Dichlorophenolindophenol (DCPIP) was used as a
substrate for NQOl1 and DCPIP reduction was moggtocontinuously by
following the decrease in the absorbance at 600 Tim. reaction catalyzed by
NQO1 is given in Figure 2.6.

Q \@ Cytosol Q \@ )

Cl NADPH, HJr + NADP*

2,6-dichlorphenolindophenol Reduced form

Figure 2. 6 The reaction catalyzed by NQO1.

Reagents:
1. Potassium Phosphate Buffé&l M, pH7.4

2. NADPH: 10 mM (Prepared fresh)
3. 2,6-Dichlorophenolindophenol (DCPIF):5 mM (Light sensitive,

prepared fresh )
4. Dicoumarol:0.5 mM (Prepared fresh)
5. BSA: 28 mg/ml
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A typical assay mixture described in Table 2.6 aowd, 250 ul of 0.1 M
potassium phosphate buffer pH 7.8, 25 pl of 28 Mm@&8WA, appropriate amount
of cytosolic fraction and 80 pl of 0.5 mM 2,6-dioctdphenolindophenol (DCPIP)
in a final volume of 1 ml. Reaction was started dgding 20 pl of 10 mM
NADPH to the reaction mixture and to zero time BRI&ATB) to which 40 pul of
0.5 mM dicoumarol was added before the additiocaffctor. Zero time blank
was prepared to measure the non-enzymatic produciation. DCPIP reduction
reaction was followed continuously at 600 nm fomihutes against the blank
containing only buffer by using Schimadzu UV-160A VU visible
spectrophotometer (Schimadzu Corporation, Anallticestruments Division,
Kyoto, Japan). The enzyme activity was calculateidgian extinction coefficient
of 0.021 pM'x cm*when DCPIP used as a substrate.

The effect of tannic acid on NQO1 activity was stddby adding various
concentrations of tannic acid; 1 uM, 2.5 uM, 5 UK uM, 10 uM, 25 uM,
35 uM, and 50 pM into the reaction mixture. Hepati renal cytosols were
preincubated in the presence of tannic acid foml@utes at room temperature
and then the reaction was started by adding NAD#®bB the reaction mixture.
Tannic acid containing reaction medium was alsounder the same conditions

as given before.

NQO1 activity was determined according to the felloy formula: (2.7)

o AODg,mple- & OD 213 Total Volume .
Enzyme Activity = X — X Dilution Factor

(nmol/min/mi) 0.021pM1x cmt Volume of Sample
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Table 2. 6 The Constituents of the Reaction Mixture for Detmation of
NQOL1 Activity of Rabbit Liver and Kidney Cytosol.

_ Stock Volume to be Final
Constituents _ _
Concentration added Concentration
Potassium Phosphate
100 mM 250 pl 25 mM
Buffer, pH 7.8
Bovine Serum
_ 28 mg/ml 25 ul 0.7 mg/ml
Albumin (BSA)
Cytosol
- - 2 - 4 mg/mi
NADPH 10 mM 20 pl 0.2mM
2,6 Dichlorophenol-
. 0.5 mM. 80 pl 0.04 mM
indophenol (DCPIP)
Complete to final volume to 1 ml with distilled veat
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CHAPTER 3

RESULTS

3.1 Preparation of Rabbit Liver and Kidney Microsomes and Cytosols

Liver and kidney tissues of rabbit were homogeniaed then microsomal
and cytosolic fractions were prepared by diffe@ntentrifugation. Average
protein concentration of three rabbit liver microsd and cytosolic preparations
were found 36.23 + 3.02 mg/ml and 35.033 = 0.448/nmhgrespectively.
Moreover, average protein concentrations of thedxbit kidney microsomal and
cytosolic preparations were found 41.77 £ 1.02 nh@nd 29.28 + 1.45 mg/ml,

respectively.

3.2. Effects of Tannic acid on Rabbit Liver and Kidney Mixed Function

Oxidase Enzyme Activities

Modulation of rabbit liver and kidney microsomal34dependent aniline
4-hydroxylase, NDMA N-demethylase and p-nitrophehgtiroxylase activities
werestudied in the presence of tannic acid at conagatrs ranging from 0.5 uM

to 150 uM in the reaction medium.
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3.2.1 Effect of Tannic Acid on Rabbit Liver and Kidney Microsomal
Aniline 4-Hydroxylase Activity

Rabbit liver and kidney microsomal aniline 4-hydytase activity in the
presence of different concentrations of tannic asmb determined using the
method of Imaiet al. (1966). A range of tannic acid concentration chagdrom
5 uM to 150 uM was used against various conceatratdf substrate aniline from
6 mM to 12 mM to investigate the effect of tannmdaon rabbit microsomal

aniline 4-hydroxylase activity.

Figure 3.1 shows that rabbit liver aniline 4-hydyrase activity was
inhibited by increasing the concentration of tanaad. Although the enzyme
reaction was inhibited at all concentrations ofnianacid, inhibition was not
significant up to 25 uM tannic acid present in teaction medium. While half of
the liver aniline 4-hydroxylase activity was inhdd at 60 uM tannic acid, only
less than 8 % of initial activity remained whenelivmicrosomes preincubated

with 150 uM tannic acid.

Modulation kinetic of rabbit liver microsomal amé& 4-hydroxylase
activity by tannic acid was studied by increasihg tannic acid concentration
from 10 puM to 35 puM in the reaction medium contagnifour different fixed
concentrations of aniline (6 mM, 8 mM, 10 mM andra®1). As shown in Figure
3.2, aniline 4-hydroxylase activity decreased véthincreased concentration of
tannic acid. 40 % of the initial activity was iniiégdd when 35 uM of tannic acid

used at all concentrations of aniline.
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Effect of tannic acid on rabbit liver microsomalnilae
4- hydroxylase activity. The reaction medium com¢al indicated
amount of tannic acid in addition to standard assayture
constituents given in  “Method”. Liver microsomes ree
preincubated with tannic acid for 10 minutes atmmoemperature
and then the reaction was started by adding 0.5 NADPH
generating system into the reaction mixtureMas calculated to
be 60 uM.
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Figure 3.2 Modulation of rabbit liver microsomal aniline 4drpxylase
activity by tannic acid. Reaction medium containiedicated

amount of tannic acid and aniline.
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Michaelis — Menten, V versus [S], and Linewear +iB81/V versus 1/[S],
plots in the presence of three different conceiainatof tannic acid were shown in
Figure 3.3 and Figure 3.4, respectively. The Linawe Burk plot indicated that
the Michaelis — Menten constant {Kremained unchanged by the presence of
different concentrations of tannic acid, whilg/(maximum velocity) decreased
with increasing tannic acid concentration. Theaxppt K, value was found to be
1.72 mM for aniline in all concentrations of tanrcid present in the reaction
medium. However, ¥ax values of the enzyme reaction were decreased from
1.005 nmol/min/mg (no tannic acid) to 0,615 nmohimg (35 uM tannic acid)

with increasing tannic acid concentration.

Figure 3.5 shows Dixon plot, 1/V versus 1/ [tanaeid], in the presence of
different fix concentrations of aniline (from 6 mitd 12 mM). The apparent,K
value for tannic acid was calculated to be 54.7 [INIs figure informed the type
of inhibition of P450 dependent aniline 4-hydroxida by tannic acid. Kvalue
remained same while \\x value differed for each concentration of aniline.
Therefore, the inhibition of rabbit liver microsohaailine 4-hydroxylase activity

by tannic acid was found to be noncompetitive tgpmhibition.

Since aniline 4-hydroxylase activity of kidney nasomes was very low,
modulatory mechanism of tannic acid on enzyme #ygteoould not be studied
using different concentrations of substrate, aeilifigure 3.6 shows the effect of
tannic acid, in the range of 0-150 pM, on kidneycnmsomal aniline
4-hydroxylase activity when only 10 mM aniline usedthe reaction medium.
Although the kidney aniline 4-hydroxylase was intatd at all concentrations of
tannic acid, inhibition was not significant up t00LuM tannic acid present in the
reaction medium. While half of the renal anilinehydroxylase activity was
inhibited at 100 puM tannic acid, only less than%a@f initial activity remained

when renal microsomes preincubated with 150 pMitaaecid.
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Figure 3.4 Lineweaver-Burk plot for rabbit liver microsomalniine
4-hydroxylase activity in the presence of differennhcentrations
of tannic acid. The apparent,Kvas 1.72 mM and M.« values of
the enzyme reaction were decreased from 1.005 nmmdihg to

0.615 nmol/min/mg increasing tannic acid conceitnat
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Figure 3.5 Dixon plot for rabbit liver microsomal aniline A4iroxylase
activity, 1/V versus [tannic acid], in the presemtalifferent fixed concentrations
of substrate aniline (6 mM - 12 mM). The apparenv&ue for tannic acid was
calculated to be 54.7 uM.
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3.2.2 Effect of Tannic Acid on Rabbit Liver Microsomal p-Nitrophenol
Hydroxylase Activity

Rabbit liver microsomal p-nitrophenol hydroxylase activity was
determined by the method of Reinke and Moyer (19@%th was later modified
by Aring and Aydgmus (1990).

The effect of tannic acid on rabbit liver microsdmanitrophenol
hydroxylase was studied by adding various concegairs of tannic acid into the
assay system containing fixed concentration of tsates p-nitrophenol
(0.25 mM).

Since p-nitrophenol hydroxylaseactivity of rabbit liver microsomes was
very low, modulatory mechanism of tannic acid oayene activity could not be
studied using different concentrations of substrat@itrophenol. Figure 3.7
shows the effect of tannic acid, in the range af00- uM, on rabbit liver
microsomalp-nitrophenol hydroxylasactivity when only 0.25 mM-nitrophenol
used in the reaction medium. The enzyme reactios iwaibited at all, except
1 uM concentrations of tannic acid. Thed®alue (the concentration giving 50 %
inhibition) of tannic acid was estimated to be 4. Rabbit liver microsomal
p-nitrophenol hydroxylasectivity was completely inhibited at 100 uM tannic

acid concentration.
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Figure 3. 7 Effect of tannic acid on liver PNPH activity. Theaction medium
contained indicated amount of tannic acid in additio standard
assay mixture constituents given “Method”. Livercmisomes
were preincubated with tannic acid for 10 minutds r@om
temperature and then the reaction was started yn@d.5 mM
NADPH generating system into the reaction mixtu@s, was

calculated to be 26 pM.
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3.2.3 Effect of Tannic Acid on Rabbit Liver NDMA N-Demethylase Activity

Rabbit liver microsomal NDMA N-demethylase activityas determined
as described by Gorsky and Hollenberg (1989).

The effect of tannic acid on rabbit liver microsdamalDMA
N-demethylase was studied by adding various coragors of tannic acid into

the assay system containing fixed concentraticgubstrate NDMA (2.5 mM).

Figure 3.8 shows the effect of tannic acid, inittwege of 0.5-100 uM, on
rabbit liver microsomal NDMA N-demethylase activityhen only 2.5 mM
N-nitrosodimethylamine used in the reaction mediukithough the enzyme
reaction was inhibited at all concentrations ofnianacid, inhibition was not
significant up to 50 uM tannic acid present in teaction medium. While half of
the rabbit liver NDMA N-demethylase activity washihited at 37 pM tannic
acid, enzyme activity was completely inhibited a@0l1uM tannic acid
concentration. Since NDMA N-demethylase activityrabbit liver microsomes
was very low, modulatory mechanism of tannic acidceazyme activity could not

be studied using different concentrations of salbstN-nitrosodimethylamine.
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Figure 3.8 Effect of tannic acid on NDMA N-demethylase adipvi The
reaction medium contained indicated amount of @ragid in
addition to standard assay mixture constituentergitMethod”.
Liver microsomes were preincubated with tannic adat
10 minutes at room temperature and then the reactas started
by adding 0.5 mM NADPH generating system into thaction
mixture. IGo was calculated to be 37 uM.
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3.3 Effects of Tannic acid on Phase Il Enzyme Activitis

Effect of tannic acid on rabbit liver and kidney @k Il enzymes;
Glutathione S-Transferase (GST) and NAD(P)H:quinamddoreductase 1
(NQO1, DT-diaphorase) were studied in the preseatetannic acid at

concentration ranging from 0.25 uM to 50 uM in teaction medium.

3.3.1 Effect of Tannic Acid on Rabbit Liver and Kidney Cytosolic
Glutathione S -Transferase (GST) Activity

Rabbit liver and kidney cytosolic glutathione SAsterase activity in the
presence of different concentration of tannic aga$ determined by the method
of Habig et al. (1974). A range of tannic acid concentration cliaggrom
0.05 uM to 1 uM was used against various conceotratof substrate CDNB
from 0.2 mM to 1.5 mM to investigate the effectafnic acid on rabbit cytosolic
GST activity.

Figure 3.9 and Figure 3.10 showed that rabbit Isygosolic glutathione
S-transferase activity was inhibited by increagimg concentration of tannic acid.
The enzyme reaction was inhibited at all conceiatnatof tannic acid used. The
ICso value of tannic acid was estimated to be 0.33 piidmthe assay was carried
out using 1 mM CDNB. Rabbit liver cytosolic glutadhe S-transferase activity

was completely inhibited at 1 uM tannic acid conragion.
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Figure 3. 10 Modulation of rabbit liver cytosolic glutathione-tfansferase
activity by tannic acid. Reaction medium containedicated

amount of tannic acid and CDNB.
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Michaelis — Menten, V versus [S], and Linewear urlB 1/V versus
1/[S], plots in the presence of three differentaarirations of tannic acid were
shown in Figure 3.11 and Figure 3.12, respectivéhe Linewear — Burk plot
indicated that the Michaelis — Menten constant)(kemained unchanged by the
presence of different concentrations of tannic acitile Vpnax (Mmaximum
velocity) decreased with increasing tannic acidcemtration. The apparent,K
value was found to be 0.3 mM for CDNB in all conications of tannic acid
present in the reaction medium. Howevepa)values of the enzyme reaction
were decreased from 192.3 pmol/ml/min (no tannid)ao 104.2 pmol/ml/min

(0.35 uM tannic acid) with increasing tannic aahcentration.

Figure 3.13 shows Dixon plot, 1/V versus 1/ [tareoad], in the presence
of different fix concentrations of CDNB (from 0.5Mnto 1.5 mM). From the
intersecting point of the four lines, the ¥alue was determined to be 0.3 uM for
rabbit liver cytosolic GST. Kvalue remained same whilgn¥ value differed for
each concentration of CDNB. Therefore the plot waggesting the inhibitor

manner to be apparently noncompetitive.
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Figure 3. 11 Michaelis - Menten plofor rabbit liver cytosolic GST activity.
Effect of tannic acid concentration on rabbit lieytosolic GST
activity was measured using different concentratiai CDNB
(0.5 mM-2 mM).
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Figure 3. 12 Lineweaver-Burk plot for GST activity of rabbitvér cytosol
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tannic acid concentration.
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Figure 3. 13 Dixon plot for rabbit liver cytosolic GST activityl/V versus
[tannic acid], in the presence of different fixeoncentrations of
substrate CDNB. The apparent, Kalue for tannic acid was

calculated to be 0.3 uM.
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Figure 3.14 shows the effect of tannic acid, inrdrege of 0.05 - 1 uM, on
rabbit kidney glutathione S-transferase activityewhlk mM CDNB used as a
substrate in the reaction medium. Tannic acid lasignificant inhibitory effect
on renal GST activity up to 0.1 uM. The half of thiial renal GST activity was
inhibited with 0.24 uM tannic acid while the totadtivity was inhibited at 1 uM
tannic acid concentration. Modulation kinetic obbé& kidney cytosolic GST
activity by tannic acid was studied by increasihg tannic acid concentration
from 0.05 puM to 0.2 uM in the reaction medium camtay five different fixed
concentrations of CDNB (0.2 mM, 0.4 mM, 0.6 mM, Oahd 1 mM)
(Figure 3.15).
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Figure 3. 14 Effect of tannic acid on rabbit kidney cytosoliSG activity. The
reaction medium contained indicated amount of @ragid in
addition to standard assay mixture constituentsergiwnder
‘Methods’. Kidney cytosols were preincubated winnic acid for
10 minutes at room temperature and then the renctas started
by adding 1 mM CDNB into the reaction mixture ifirsal volume
of 3.0 ml. IGo was calculated to be 0.24 uM.
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Figure 3. 15 Modulation of rabbit kidney cytosolic glutathioneti@nsferase
activity by tannic acid. Reaction medium containedicated

amount of tannic acid and CDNB.
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In the determination of the inhibitory mechanisntarinic acid on rabbit
kidney cytosolic glutathione S-transferase, as mive Figure 3.16,the
concentration of tannic acid was held three difieralues (0.05 pM, 0.1 uM and
0.15 pM) in the assay mixture, while the subst(@BNB) concentration were
varied (0.2 mM, 0.4 mM, 0.8 mM and 1 mM). When lweaver — Burk plot (1/V
versus 1/[S]) was plotted at four different suldstreoncentration, the four lines
were not crossed and become parallel to each ofherLineweaver — Burk plot
indicated that both Michaelis constant{flkand \nax decreased with increasing
tannic acid concentration, from 0.6 mM to 0.34 mMl &4.64 pmol/ml/min to
28.65 pmol/ml/min, respectively (Fig 3.17). Dixolotowas also plotted since it is
used to identify the type of inhibition and to detene the K value. As it was
shown in Figure 3.18, tannic acid was uncompetitnrebitor for rabbit kidney
cytosolic glutathione S-transferase with decrea§gd@irom 0.615 to 0.252).
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Figure 3. 16 Michaelis - Menten plofor rabbit kidney cytosolic GST activity.
Effect of tannic acid concentration on rabbit lieytosolic GST
activity was measured using different concentratiafi CDNB
(0.2 to 1 mM).
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Figure 3. 18 Dixon plot for rabbit kidney cytosolic GST actiyjt1/V versus
[tannic acid], in the presence of different fixeonhcentrations of
substrate CDNB (0.2 mM - 1 mM). The apparentudlues for
increased tannic acid concentrations were decreafsenh
0.615 pM to 0.252 pM.
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3.3.2 Effects of Tannic acid on NAD(P)H:quinone oxidoredatase 1 (NQO1,
DT-diaphorase) Activity

Rabbit liver and kidney cytosolic NAD(P)H:quinoneidoreductase 1
(NQO1) activity in the presence of different conication of tannic acid was
determined by the method of Ernst&860).

The effect of tannic acid on rabbit liver cytosoN€QO1 was studied by
adding various concentrations of tannic acid (1 pM0 puM) into the assay

system containing fixed concentration of substEx@#IP (40 uM).

As it was shown in Figure 3.19, tannic acid showednhibitory effect on
rabbit liver cytosolic NQO1 activity. Although tlenzyme reaction was inhibited
at all concentrations of tannic acid, inhibitionsmaot significant up to 10 pM
tannic acid present in the reaction medium. The Malue of tannic acid was
estimated to be 7.25 uM. At 25 uM tannic acid cotr@ion, hepatic cytosolic
NQO1 activity was almost completely (97 %) inhidite¢Modulation mechanism
of rabbit liver cytosolic NQO1 activity by tannicid was studied by increasing
tannic acid concentration from 1 pM to 25 pM in teaction medium in which
four different concentrations of DCPIP (20 uM, 44,60 uM, and 80 uM) were
used (Figure 3.20).
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Figure 3. 19 Effect of tannic acid on rabbit liver cytosolic NQQ@ctivity. The

reaction medium contained indicated amount of @ragid in

addition to standard assay mixture constituentsergiwunder
‘Methods’. Liver cytosols were preincubated witmriac acid for

10 minutes at room temperature.sdCwas calculated to be
7.25 uM.
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Figure 3. 20 Modulation of rabbit liver cytosolic NQO1 activityy tannic acid.
Reaction medium contained indicated amount of tamweid and

DCPIP.
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Michaelis — Menten, V versus [S], and Linewear -rilBul/V versus
1/[S], plots in the presence of three differentaarirations of tannic acid were
shown in  Figure 3.21 and Figure 3.22, respelstivEhe Linewear — Burk plot
indicated that the Michaelis — Menten constant)(kemained unchanged by the
presence of different concentrations of tannic acitile Vpnax (Mmaximum
velocity) decreased with increasing tannic acidcemtration. The apparent,K
value was found to be 40 uM for DCPIP in all concations of tannic acid
present in the reaction medium. Howevepa)values of the enzyme reaction
were decreased from 4.2 pmol/ml/min (no tannic)aB.7 pmol/ml/min (5 uM

tannic acid) with increasing tannic acid concenrat

Figure 3.23 shows Dixon plot, 1/V versus 1/ [taremad], in the presence
of different fix concentrations of DCPIP (from 2Muto 80 uM). From the
intersecting point of the four lines, the ¥alue was determined to be 41 uM for
rabbit liver cytosolic NQO1L. Kvalue remained same whilen¥ value differed
for each concentration of CDNB. Therefore the plas suggesting the inhibitor

manner to be apparently noncompetitive.
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Figure 3. 21 Michaelis - Menten plofor rabbit liver cytosolic NQO1 activity.

Effect of tannic acid concentration on rabbit livtosolic NQO1
activity was measured using different concentratiaf DCPIP
(20 uM -80 uM).
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Figure 3. 22 Lineweaver-Burk plot for NQOL1 activity of rabbiivér cytosol
preincubated with different concentrations of tanmicid. The
apparent I was 40 uM and Wax values of the reaction were
decreased from 4.2 pmol/ml/min to 3.7 pmol/ml/mnereasing

tannic acid concentrations
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Figure 3. 23 Dixon plot for rabbit liver cytosolic NQO1 activit 1/V versus
[tannic acid], in the presence of different fixeoncentrations of

substrate DCPIP. The apparent talue for tannic acid was

calculated to be 41 uM.
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Figure 3.24 shows the effect of tannic acid, inrdrege of 2.5 - 50 uM, on
rabbit kidney NQO1 activity when 40 uM DCPIP usexl a substrate in the
reaction medium. Tannic acid has a concentratigregigent inhibitory effect on
rabbit kidney NQOL activity. The half of the initieenal NQO1 activity was
inhibited at 8.6 uM tannic acid concentration while total activity was inhibited
at 50 uM tannic acid.

Modulation kinetic of rabbit kidney cytosolic NQCdctivity by tannic
acid was studied by increasing the tannic acid eotmation from 2.5 uM to
7.5 UM in the reaction medium containing four diiet fixed concentrations of
DCPIP (16 uM, 32 uM, 48 uM and 64 uM) (Figure 3.25)
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Figure 3. 24 Effect of tannic acid on rabbit kidney cytosoliQ®1 activity. The
reaction medium contained indicated amount of @ragid in
addition to standard assay mixture constituentsergiwnder
‘Methods’. Kidney cytosols were preincubated winnic acid for
10 minutes at room temperature and then the reauctas started
by adding 40 uM 2,6-dichlorophenolindophenol (DORHRO the
reaction mixture in a final volume of 1.0 ml.sifGvas calculated as
8.6 uM.
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Figure 3. 25 Modulation of rabbit kidney cytosolic NQO1 activityy tannic
acid. Reaction medium contained indicated amourtafic acid
and DCPIP.
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The relationship between the rate of substrate ex@mn by enzyme and
substrate concentration (Michaelis-Menten kinéfizersus [S]) was described in
Figure 3.26. When 1/V was plotted against 1/[Shé@weaver-Burk plot) at five
different substrate concentrations, the four lioesssed apparently at a point on
the X-axis which indicated that Michaelis-Mentennstant (K, remained
unchanged (5.9 uM), while Mx (maximum velocity) decreased from
1.4 pmol/ml/min to 0.9 pmol/ml/min for rabbit kidpecytosolic NQO1 with

increasing tannic acid concentration (Figure 3.27).

1/V was also plotted against tannic acid conceintiaiDixon plot) since
Dixon plot is used to identify the type of inhiloiti and to determine the Kalue.
As shown in Figure 3.28, the plot suggests thebitibn manner to be apparently
noncompetitive. From the intersecting point of fdures, the K value was
determined to be 12.6 pM.
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Figure 3. 26 Michaelis - Menten plotor rabbit kidney cytosolic NQOL1 activity.
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Figure 3. 27 Lineweaver-Burk plot for NQOL1 activity of rabbitdaey cytosol
preincubated with different concentrations of tanmicid. The
apparent kK was 5.9 uM and ¥ax values of the reaction were

decreased from 1.4 pmol/ml/min to 0.9 pmol/ml/min.
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Figure 3. 28 Dixon plot for rabbit kidney cytosolic NQOL1 actiyjtl/V versus
[tannic acid], in the presence of different fixeancentrations of
substrate DCPIP. The apparent #alue for tannic acid was
calculated to be 12.6 uM.
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CHAPTER 4

DISCUSSION

One of the major causes of death across the waddoken determined as
cancer over the past decades. The best way tocpfoden cancer is to prevent it
before it starts, which can be possible by modoatf dietary factors. Phenolic
compounds, abundant in vegetables and fruits uloigsiiin diet, were described
to play an important role as chemopreventive ageittsis known that
approximately 90 % of human cancer is due to enwrental chemicals.
Fortunately our bodies are capable of managingremwiental exposure by
detoxifying them via detoxification enzymes. Theswyme systems generally
function adequately to minimize the potential oh@ae from xenobiotics. The
detoxification systems are highly complex. Such cagsjugation reaction of
Phase Il enzymes does not have only protectivevipctbut also activating
activity on chemical carcinogens. Although GST has important role in
detoxification of several chemicals, it activatesnge other chemicals such as
1,2-dihaloethanes, dichloromethane, haloalkenesijnali dihaloalkenes and
haloacids(Rannug.et al, 1978; Bladeren van, 1988; Shermital., 1997; Anders
and Dekant, 1998 Therefore modulation of this enzyme system hasuaialr

importance for chemoprotection.

In this concept, tannic acid, hydrolysable polyphieproduced from the
secondary metabolism of plants, passes one stépefudue to its ability to
modulate Phase | and Phase Il enzymes. Tannic \wagl suggested to be
anticarcinogenic (Chunlet al., 1998). Variety of edible vegetables and fruits
possess tannic acid such as sorghum, grapes, strégblotus, nut wines and tea
(Goldstein; 1963; Hoff, 1975; Sanderseh al., 1975; Chavaret al., 1977,
Salunkhest al., 1982).
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Up to now, several compounds have been reporteetlastive inhibitors
of cytochrome(s) P450, including both reversibled amechanism-based
inactivators. Such as coumarins was demonstrateldat@ a structure-activity
relationship for P450 CYP1A1 selectivity and thpayor mode of inhibition (Cai
et al., 1993). Diallyl sulfide and phenethyl isothiocgd® from Allium sp. and
Brassicaceae vegetables, respectively, have selective inhibitmm CYP2E1
(Guyonnetet al., 2000).Most studies with plant polyphenols mainly focused
small laboratory animals such as rats and mice. édewno data is available
concerning effects of tannic acid on rabbit Phased Phase Il enzymes. In this in
vitro study we have demonstrated that tannic aed &n inhibitory effect on
rabbit liver and kidney cytochrome P450 dependdmdsE | enzyme activities
(aniline 4-hydroxylase, p-nitrophenol hydroxylasedaNDMA N-demethylase)
and also Phase Il enzyme activities (GST and NQ@315hown in Figure 4.1 and
Figure 4.2, respectively.
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Figure 4.1 The effects of tannic acid on rabbit liver Phasant Phase I
enzyme activities. Control values are given as #)0rhe names

of the enzyme and the amount of tannic acid foibitibn of 50 %
of initial activity were given.
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Figure 4.2 The effects of tannic acid on rabbit kidney Phasend Phase Il
enzyme activities. Control values are given as #)0rhe names

of the enzymes are given with required amount ohiaacid for
inhibition of 50 % of initial activity.

P4502E1, a member of cytochrome P450 superfansilypvolved in the
metabolism of both exogenous and endogenous cordpolmogenous substrates
and also inducers of CYP2El1l are industrial chemjcatirugs and
procarcinogens/carcinogens. Among them are nitrossnincluding NDMA
(Gorro et al., 1981; Arincet al., 2007), heterocyclic compounds like pyridine
(Aring et al., 2000a, b), small molecular weight hydrocarbomshsas benzene
and styrene (Guengerich, 1995). Activation of thesemicals into more toxic or
carcinogenic form is catalyzed by CYP2E1l. Moreove¥P2E1l reduces
molecular oxygen, resulting in the formation of04 and Q" radicals (Gorskt
al., 1984; Elkstran and Ingelman-Sundberg, 1989; Bertsal., 1990). Therefore
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Cytochrome P4502E1 has received a great deal ehtmth in recent years
because of its vital role in the activation of maoyic chemicals. Its possible role
in the activation of xenobiotics to electrophilpntentially mutagenic metabolites
and in tumor development has been demonstratedtudies with benzene
(Mehlman, 1991) and nitrosamines (Yeial., 1988; Yangt al., 1990).

The inhibition of CYP2E1 dependent enzyme actigitaserved in our
study might be important for anticarcinogenic atyivof tannic acid. The
inhibition of CYP2E1l is expected to prevent bothe thoxicity and the
carcinogenicity of compounds given above. In ordestudy type and mode of
inhibition of CYP2E1 enzymes in detail, preinduatiof these enzymes with
chemical carcinogens such as benzene is requiresketer we have used
untreated rabbits to study the effects of tannid ao CYP2E1 dependent aniline

4-hydroxylasep-nitrophenol hydroxylase and NDMA N-demethylaseyeneas.

Phase Il enzymes are generally assumed to posséaspartant protective
properties due to their detoxification action. Heereit is demonstrated that these
enzymes such as GST and NQOL1 also activates somi@aggenic compounds
(Ernster, 1967; Lindtt al., 1990; Anders and Dekant, 1998; Xu and Thornalley
2001). Therefore, inhibition of these enzymes oa band contributes to suicide
of the cell but on the other hand, prevention afcicebgenic and mutagenic
compounds. In this respect, the present studyeiditst concerning the effects of
tannic acid on Phase | and Phase Il enzymes oftrialdy and kidney. The results
obtained in this study have shown that tannic agghificantly inhibited the
activities of rabbit microsomai-nitrophenol hydroxylaseaniline 4-hydroxylase,
N-nitrosodimethylamine N-demethylase and cytosgligtathione S-transferase

and NAD(P)H: quinonexidoreductasel enzymes.

Tannic acidwas found to be the most potent inhibitor withyd©f 0.33
KM on the activity of rabbit liver cytosolic glutabne S-transferase and the least
potent inhibitor with 1G, of 60.26 uM on the activity of rabbit liver micmsal
aniline 4-hydroxylase. Tannic acid has distinctiltory mechanism on cytosolic

GST activities of rabbit liver and kidney. Moreoyéannic acid is found as an
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uncompetitive inhibitor of rabbit kidney GST actwiwhile it is a noncompetitive
inhibitor for hepatic GST activity. These resultbtained from rabbit were
different from in vivo mouse and rat studies of KeaKuzniak et al. (2003) and

Nijhoff et al. (1993), respectively. KrajkHuzniak et al. (2003) showed that
tannic acid acted as an activator in mouse kidneyewNijhoff et al. (1993) did

not find any change in the overall GST activityat liver as a result of the tannic
acid dietary treatment. Therefore, the above stutbgether with ours indicate
that the experimental model (in vitro, in vivo)etimethod of animal treatment
(injection, dietary) and the species’ and tissugiecific response affect the
enzyme activity by this polyphenol, tannic acichhibition of GST activity has a
crucial importance since it may increase efficatycloemotherapeutic drug. In
order to prevent its adverse effects on normauésst may be used with tumor

specific monoclonal antibodies as combinationalapeg.

As it can be seen in Table 4.1, inhibitory effetttamnic acid on rabbit
liver Phase | and Phase Il enzyme activities canrdered from more to less as
GST > NQO1 > PNPH > NDMA N-demethylase > anilinaytiroxylase. Due to
very low enzyme activity of PNPH and NDMA N-demdtse measured in rabbit
kidney microsomes, it can not be possible to sthége enzymes in detail. But, a
similar inhibitory effect of tannic acid in kidne@nzymes (GST > NQO1 > aniline
4-hydroxylase) was observed.

Table 4.1  Effects of tannic acid on Phase | and Phase Iyreez of rabbit
liver and kidney. 1G is the amount of tannic acid for inhibition of
50 % of total enzyme activity.

ICsc
Name of Enzyme Liver Kidney
GST 0.33 uM 0.24 uM
NQO1 7.25 uM 8.6 uM
PNPH 26.1 uM ND
NDMA N-Demethylase 36.8 UM ND
Aniline 4-Hydroxylase 60.3 uM 100 uM

ND; not determined
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Inhibition kinetics and mechanisms were studiedhi@ presence of
different concentrations of tannic acid and subssrasing Michaelis — Menten, V
versus [S], Linewear - Burk, 1/V versus 1/[S], ddicton, 1/V versus 1/ [tannic
acid] plots It was shown that tannic acid has dgtinhibitory mechanism on
enzyme activities depending on the type of enzyme the type of tissue as

shown in Table 4.2.

Table 4. 2  K,values and type of inhibition of Phase | and Phasezymes

by tannic acid.

Liver Kidney
Name of
Enzyme Ki Type Ki Type

.. 10.615 uM to .

GST 0.3 uM Noncompetitive 0.252 uM Uncompetitive
NQO1 41 uM. Noncompetitive 12.6 uM. Noncompetitive
PNPH ND ND ND ND
NDMA N-
Demethylas ND ND ND ND
e
Aniline 4-
Hydroxylas | 54.7 uM Noncompetitive ND ND
e

ND; not determined

Aniline (C¢HsNH,) and its derivatives are widely used in chemical,
pharmaceutical, and agricultural industries (Beditzl., 2004). Moreover these
compounds have been introduced into the environalieattly through industrial
discharges and may cause environmental polluticehigéin, 1984). Experimental
studies with laboratory animals have shown thdirenand its metabolites have a
very acute and chronic toxicity. Such as anilingahelite, acetaminophen causes
both liver necrosis while it is shown to be an aaquephrotoxin of the pars recta of

the proximal tubule (Gartlanet al., 1989, 1990; Thomas, 1993; Bual., 2004).
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Aniline 4-hydroxylase activity is known to be majintatalyzed by enzymes
belonging to the P450 2E1 gene subfamily (Caea., 1996).As given before,
CYP2EL is involved in the metabolism of severalot@atics, including chemical
carcinogens. Hence, its modulation can dramaticaffigct the compound’s
toxicity and carcinogenesik.was shown that aniline 4-hydroxylase, a memlber o
mixed-function oxidase, has catalyzed transfornmatd aniline to nephrotoxic
p-aminophenol (Calder et al 1979, Crove et al, 191®erefore inhibition of
aniline 4-hydroxylase activity has a crucial impoite to prevertoxic effects of
the metabolites of aniline. The incidence of kidntyicity due to aniline
metabolism by this enzyme may be prevented thrinigbition by tannic acid. In
order to prevent substrate inhibition, aniline aamcations used in this study were
chosen under 15 mM (Arinc and Iscan, 1983). Gaill{d974) showed that tannic
acid given to rats in a dose of 25 mg/kg/day fodays caused a significant
inhibition of rat aniline 4-hydroxylation. Kinetistudies on kidney enzymes were
not carry out due to low expression of P450s indgdP4502E1 in this tissues. In
the present workannic acid was shown to be a noncompetitive inbiitwf rabbit
liver microsomalaniline 4-hydroxylase with Kof 54.7 uM and it binds to the
enzyme at a site other than the active site. Pcesehthe tannic acid may cause a
change in the structure and shape of the enzyhis.change in shape reduces the
concentration of active enzyme resulting in a deseein the Wax (1.005
nmol/min/mg to 0.615 nmol/min/mg) without affectinige binding affinity, kK,
(1.72 mM) of the substrate. There is no competibetween the tannic acid and
aniline, so increasing the concentration of thestabe still does not allow the

maximum enzyme activity rate to be achieved.

PNPH and NDMA N-demethylase are other enzymes #&uate tannic
acid for its ability to modulate cytochrome P45012&Eediated metabolism. In
their study,Mikstackaet al. (2002) showed that tannic acid is potent inhibdbr
CYP2E1 dependent mouse liver microsomal PNPH a&gtwith 1Cso = 29.6 M.
The results obtained in this study £ds 26.1 uM)were found similar to those
Moreover they studietbr both the mode and the type of inhibition anelytfound
that tannic acid is a mixed (kK 1 uM) inhibitor for acetone induced mice liver

PNPH. Since, in this study we have obtained a \@wPNPH enzyme activity
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(0.18 nmol/mg liver/min) in rabbit microsomes, & hot possible to study
inhibition kinetic of PNPH both in liver and kidneVherefore induction of PNPH
is required in order to study inhibition kineti€rajka-Kuzniak et al. (2003) also

showed in their in vivo study that the activity lsdth mouse hepatic and renal

PNPH was reduced by ~ 50% as result of treatme®® ohg/kg tannic acid.

N-nitrosodimethylamine (NDMA) is the simplest dialkigrosamine
(ATSDR, 1989). The main NDMA sources are the martuf@ of pesticides,
rubber tires, alkylamines, and dyes. Moreover it & formed under natural
conditions in air, water, and soil as a result bérmical, photochemical, and
biological processes and has been detected inidgivkater and in automobile
exhaust (Ayanaba & Alexander, 1974). The presenceNDMA has been
demonstrated in some foods, most frequently in,baeed meat, fish products,
and some cheeses (OME, 1998; Gaiffal., 1980). There is great evidence that
NDMA is mutagenic and clastogenic (reviewed in IARK®78; ATSDR, 1989).
Increased tumor incidences were reported at coratemts of NDMA of about
5 mg/L in drinking-water and 10 mg/kg in the dikicreased incidences of nasal,
hepatic, pulmonary, and renal tumors were observeats exposed to NDMA via
inhalation (Moiseev & Benemanskii, 1975; Kleghal., 1991). In order to show
mutagenic, carcinogenic and clastogenic effects,MRDrequired metabolic
activation since it is a procarcinogen. CYP2E1l depat monooxygenases,
specifically known as NDMA N-demethylase is respbies for NDMA
metabolism. As a result of the metabolism of urlstdtydroxylated metabolites
methyl (hydroxymethyl) nitrosamine is formed. Thénis converted to the
methylated methyldiazonium ion which alkylates bgtal macromolecules such
as DNA, RNA, and proteins (Souliogsal., 1995; Yang and Hong, 1995; Liteplo
and Meek, 2001). Due to an adverse effect of NDMA lmuman health,
modulation of NDMA N-demethylase has a crucial imigoce. In this study it
was demonstrated that tannic acid has an inhibeffigct on rabbit liver NDMA
N-demethylase activity with I§g of 36.84 uM. Moreover it was detected that
hepatic NDMA N-demethylase activity is higher thanal. This is due to
metabolism of xenobiotics accomplished mainly ireti Since, in this study we

have measured a very low NDMA N-demethylase enzwautitvity in rabbit
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microsomes, it is not possible to study inhibitiktmetic of NDMA N-
demethylase both in liver and kidney. Thereforeugitbn of this enzyme is

necessary in order to study inhibition kinetic.

Glutathione S-transferases (GSTs, EC 2.5.1.18) rardtifunctional
dimeric enzymes which have a crucial role in thetrhsformation and
detoxification of potential alkylating agents anénebiotics during phase I
reactions. It was demonstrated that bioactivatioioxic metabolites by GST may
cause organ damages. Furthermore the resistanaellsf and organisms to
pesticides, herbicides and antibiotics was impéidah GST activities. GSTs have
been shown to be overexpressed in tumor cells hiénoereases the resistance
for chemotherapeutic drugs. In this study in viteéfect of tannic acid,
hydrolysable polyphenol, produced from the secondagtabolism of plants, for
its ability to modulate rabbit liver and kidney ogblic glutathione S-transferase
activity was determined. It was shown that tanmicl as the potent inhibitor of
the rabbit cytosolic glutathione S-transferasevégtin organs, liver and kidney
with 1Cso= 0.33 UM and 1g= 0.24 uM, respectively. Rabbit cytosolic GSTs are
the most effected enzymes in the presence of tamniccompared to other Phase
I and Phase Il enzymes studied in this work. Taanid inhibits hepatic and renal
GST activities with different mechanisms. In liveannic acid was shown to be a
noncompetitive inhibitor of GST with Kof 0.3 uM (K, remained unchanged
while Vnax decreased). In hepatic tissue, tannic acid bitigsr site of GST apart
from catalytic site and binding causes a conforomati change in GST resulting
decrease of Wax. However, tannic acid was found to be uncompetitnhibitor of
renal GST (both K and Vlnax Were changed). In kidney, tannic acid can bing onl
to the complex formed between GST and CDNB (thec&8plex). On the other
hand,Krajka-Kuzniak et al. (2003) showed in their in vivo study with mousatth
tannic acid increases (24 %) the GST activity iinkly. Moreover, Nijhofet al.
(1993) did not find any change in the overall G8Tivaty in rat liver as a result of
the tannic acid dietary treatment.
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Inhibition of GST may have a crucial importance tieatment of tumor
cells in which chemotherapeutic drug resistance iameeased due to high
expression of GST. On the other hand, tannic adihiitory effect on GST
activity of normal cells may cause problems forodédication system of those
cells. Therefore it was suggested that tannic a@g be introduced to the tumor
cells inside liposomes bound to specific monoclardlbodies for tumor cells. It
may be used in combinational therapy with othemnubtberapeutic drugs in order

to increase their efficacy.

Another detoxification enzyme studied in this waskNAD(P)H:quinone
oxidoreductase 1 (NQO1; EC 1.6.99.2). It is a homedc, cytosolic
flavoprotein. It is able to perform two-electroeduction of quinones and nitro
aromatics (Ernster, 1958; Ross, 2004). NQOL1 is medeto having important
protective properties, not only by detoxifying son@cinogenic compounds but
also by preventing the generation of oxygen radicah catalyzation of two-
electron transfer from both reduced pyridine nuiitkss to some redox azo dyes
and quinones (Smitskamp-Wilnesal., 1996; Begleiteet al., 1997). On the other
hand, this enzyme may provide not only a cellulketoglifying system, but also,
with some substrates, an activating mechanism. eltmsnprise significant
mutagens and carcinogens, such as heterocycliceanfide Floraet al., 1988;
Kitamura et al., 1999). NQO1 catalyzes the conversion of 4-nitingline
N-oxide to 4-hydroxyamino- quinoline N-oxide, an lightory proximate
metabolite (Nagao and Sugimura, 1976). Thereforerehand the inhibition of
NQO1 contribute to the anticarcinogenic activity tafnic acid towards amine
derivatives, but on the other hand, it may accedettze formation of the reactive
oxygen species through the semiquinones pathwagy.nfdgor NQO1 inhibitor is
dicoumarol which competes with the binding of NADHP (Ernster, 1960).
Dicoumarol has distinct effect on NQO1 activityimvivo and in vitro studies. It
was shown that 1.6 uM dicoumarol inhibits 50 % ciivaty for in vivo studies
while it decreases to 0.5 nM for in vitro studiesd et al; 2005). In this study we
have demonstrated that tannic acid dramaticallyged the activity of rabbit
cytosolic NQO1 Krajka-Kuzniak et al. (2003) showed in their in vivo study that

90 % decrease of hepatic enzyme activity was obsdenv mice after treatment
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with tannic acid at the doses of 60 and 80 mg/Kys Ts contradictory to the
reported beneficial effects of these phytochemitake dicoumarol, in vivo
inhibition of NQO1 by flavonoids does not occur the same concentration
causing inhibition in in vitro studies. In theiudly Leeet al. (2005) showed that
several flavonoids that inhibit NQO1 activity inwitro studies did not inhibit in
living cells. This is due to high level of NAD(P)ebncentration in living cells.
We have found that degree of inhibition of rabhjitosolic NQO1 activity with
dicoumarol was increased with increasing tannia ambncentration. It was
previously also demonstrated that dicoumarol coegetith the binding of
NAD(P)H (Ernster, 1960). We demonstrated that tanrmcid was a
noncompetitive inhibitor for hepatic and renal N@O4ith K of 41 uM and 12
UM, respectively. Therefore it is suggested thatnia acid may cause
conformational changes in NQO1’s active site whaimumarol binds, which
decrease the binding possibilities of dicoumaroll @herefore NAD(P)H has
chance to bind there. Binding of dicoumarol to M@O1 inhibits the electron
transfer from NAD(P)H to FAD (Huangt al., 1987). Any conformational
changes due to tannic acid prevent this inhibitedfect of dicoumarol and
increase the enzyme activity. Moreover it may bssge to increase the activity
by increasing NAD(P)H concentration.

The results of the present study indicate that ghisenolic compound,
tannic acid can modulate carcinogens activating detbxifying pathways,
particularly those in which CYP2E1, GST and NQO@ mvolved. This effect
depends on the species and tissues used and typezwgine determined. The
results of the studies in literature together vaitins indicate that the experimental
model (in vitro, in vivo), the method of animal atenent (injection, dietary) and
the species’ and tissue’s specific response atfiecenzyme activity differently by
this polyphenol, tannic acid. Since humans are segao tannic acid in their diet,
it is important to understand its pharmacologicad #oxicological functions and
also to understand how it might interact and magutarcinogen-metabolizing

enzymes in different laboratory animals.
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CHAPTER 5

CONCLUSION

Chemical carcinogens need metabolic activation tbatalyzed by
cytochrome P450 and Phase Il enzymes in order éot é¢Reir genotoxic and
carcinogenic effects. Hence one possible mechaisgimat phenolic compounds
may alter anticarcinogenic effects is through aeraction with these enzymes
either by the inhibition or activation of certaiorins, leading to a reduced
production of the ultimate carcinogerherefore anti-carcinogen activity of tannic
acid, a hydrolyzable plant polyphenol, has a ciluamaportance to prevent
conversion of pro-carcinogens to their carcinogémim. Tannic acid is produced
from secondary metabolism of plants and is founddible vegetables, fruits and

nuts, especially tea, cocoa, coffee and wine.

In the present workmodulation of rabbit liver and kidney microsomal
cytochrome P450 (CYP2E1l) dependent aniline 4-hydase, NDMA
N-demethylase ang@-nitrophenol hydroxylase activities and cytosqgtibase Il
enzymes; glutathione S-transferase (GST), NAD(R)imne oxidoreductase:l
(NQO1) were studied in the presence of tannic acid at conagotrs ranging

from 0.5 uM to 150 uM in the reaction medium.

The results obtained in this study have shownttdratic acid significantly
inhibited the activities ofp-nitrophenol hydroxylaseaniline 4-hydroxylase,
NDMA  N-demethylase, glutathione  S-transferase, = NRMP{quinine
oxidoreductase 1. Tannic aaihs found to be the most potent inhibitor witlydC
of 0.33 UM on the activity of cytosolic glutathior®transferase and the least
potent inhibitor with 1Gy of 60.26 UM on the activity of microsomal aniline
4-hydroxylase.
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Effect of tannic acid on enzyme activities was Hertstudied for both the
mode and the type of inhibition. For this purposgiaus concentrations of the
substrate were examined at various tannic acidesdrations. Lineweaver-Burk
and Dixon plots were then generated from the regutiata sets. The inhibition
constants (K were determined from double reciprocal and Dixdots of the
enzyme activity versusubstrate and inhibitor concentration, respectivéannic
acid was shown to be a noncompetitive inhibitorlifeer cytosolic GST, NQO1
and microsomal aniline 4- hydroxylase enzymes Wtlof 0.3 uM, 41 uM and
54.7 uM, respectively. On the other hand, in rdrssues, tannic acid was an
uncompetitive inhibitor of cytosolic GST, while was noncompetitive inhibitor
for cytosolic NQO1 with a Kof 12.6 pM.

The results of the present study indicate that ghisnolic compound,
tannic acid can modulate carcinogens activating datbxifying pathways,
particularly those in which CYP2E1, GST and NQO@ mvolved. This effect
depends on the tissue used and type enzyme degetniihe results of the studies
in literature together with ours indicate that theerimental model (in vitro, in
vivo), the method of animal treatment (injectionetdry) and the species’ and
tissue’s specific response affect the enzyme agtidifferently by this
polyphenol, tannic acid. Since humans are expaséahnic acid in their diet, it is
important to understand its pharmacological andcti&gical functions and also
to understand how it might interact and modulatecinagen-metabolizing
enzymes in laboratory animals. More detailed swdseich as in vivo and cell
culture, are required to further clarify the eff@fttannic acid on CYP2E1 and

Phase Il enzymes.
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