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CHAPTER |

INTRODUCTION

Background and Rationale

Ethanol, a widely consumed organi¢ solvent, is the most common cause of
chronic liver disease world J - :’ " /I ) of ethanol by cytosolic alcohol
dehydrogenase (ADH) . 0 f\dis further oxidized to acetate

Ethanol can i ite cel i . anisms. The steps are likely to
differ in acute and s 7 thano! (Zima. ; d Kalousova, 2005). The
production of ace Bldes e‘_, ighly-reactive i -gf [ acutely toxic. It binds
covalently to proteias and othe olec \ 2 ot al., 1996; Niemela, 1999;
Barry, 2006). Moreover, oxid I, : th eration of the redox status
(decrease in the _f'é: “ 1age ‘ mitochondria resulted in the
reduction of ATP pr 1. jn’il ffeots. e immune systems and alters

r b
cytokine production (e.g e- d leukotriene B4) with the increase in

bacterial derived endotoxin "“ subseque “activates the Kupffer cells (Wheeler,

; gelel ntial for generating
V. L - .

excess amounts-of rea qersdiver injury by a variety

of different pathwg. Recently, there & vidences suppo that acute and chronic

ethanol exposure affﬁcts cells and tissues inw by mechanisms that involve oxidative

ey PN 1F30 )R L1 M

Zima et al., 2001; Hoek and Pastoring, 2002; Wu and ajerbaum 2003). Q/

3 WAt dN B 16k
@NA These results may have profound effects on cell viability and function leading to
cell death and tissue damage. In addition, ethanol also reduces the levels of
antioxidants that can eliminate ROS and also interferes with the regulation of cellular

stress response machinery. Oxidative stress usually occurred from the imbalance



between pro-oxidants and endogenous antioxidants (Koch et al.,, 2004; Das and
Vasudevan, 2007).

Signal transduction mechanisms involving ethanol and its metabolites are still
largely unknown. However, it has been reported that the development of alcoholic liver

disease is related to the activation of n activated protein kinase (MAPK) signaling

Jokelainen, Reinke 5; Lamlé et al., 2008).
Nrf2, the C et Zi ans riptic ) factor, regulates the
expression of impo rotective-e ‘ ' 0 oxidative stress. Nrf2

may play a role in protecting liver, as '. 1‘; >d by in ised mortality associated with

\

liver failure in et ‘ g2 jmi 7;’ nie et al,, 3). Some studies demonstrated
the key role of Nrf2 | . o\ stress involving CYP2E1
in livers or hepaocyt i ohr :\\ ole-treated rats and mice

(Cederbaum, 2006, 20 ‘ : ‘ 4 (E47 cells) increased Nrf2
MRNA and protein expressio “ﬁ"'f .é Mpe ontrol HepG2 C34 cells) by the

increase in the up-regulation ‘f—_ ' b genes, glutamate cysteine ligase
i # ;

catalytic subuniiGCLC) and heme oxydenase 530 g nd Cederbaum, 2006;
Cederbaum, u’v;.—_r ; ‘
Phyllanthin,.a ligr & anthus amarus Schum.

et Thonn. (family’ Euphorbiaceae; In Thai “Luk Tai Ba.Thls herbal medicine

traditionally applied |ftmreatment of many liver diseases (Figure 1).

AUBINUNTNEING
RIAINTUNRINEIAY




(MW 418.53).

Several pi arma action: of | j" ‘, ~amarus have been reported
. ‘ ‘ activities (Kiemer et al.,
2003; Notka, Meier, ahd “2003: Raphae! and Ku :-\ 2003; Notka, Meier, and
‘ g, 2006 a ish and Shivanandappa,
2006; Kassuya et aly ‘ ‘ a7 / " 1 A ' 0 /: Pramyothin et al., 2007;
' Ro 1a, 2008; Harikumar, Kuttan, and
Kuttan, 2009a; Krithika and r—-,_ 009) N ontrary, there were few studies

e A S

examining the-pharme hepateprotective marker of

Phyllanthus amarlse—Phylianthiteshowedmthe—piotecion-againt

arbon tetrachloride

“culftire of rat hepatocytes

Tl

In the in vitro study, phyllanthin and hypophyllanthin

(CCl,) and gala :‘;;. .
(Syamasundar e 'I ., 1985).
exhibited their hepat‘b‘r&ction through a mWnism independent of B-glucuronidase
inhibitiﬂo%ﬂri@Z%.ﬂ ' 5 w El'] ﬂ ‘5
m aﬁ‘t|OX| ative ability of crude extracts from plants belonging to Phyllanthus
species and phyllanthin was re orgd to be strong#o*moderate as meawed by the
QAR ST bl Vb o G R
|

zeng, 2008). Twenty four hours pretreatment with phyllanthin in smaller concentrations

showed higher antioxidative and hepatoprotective properties than the extract of

Phyllanthus amarus in CCl,-induced HepG2 cell injury (Krithika et al., 2009).



Ethanol metabolism occurs predominantly in the liver which is the most
frequently and intensively studied organ. The deleterious effect of ethanol exposure
depends essentially on animal models which is applied to disclose and define the roles
of genetic and environment factors (Siegmund, Haas, and Singer, 2005). In the present

study, acute ethanol treatment was performed in primary culture of rat hepatocytes. This

selected model render to evaluate direct effeats ¢ test compound on ethanol treated

AL 1/

cells to clarify the molec y:and cytoprotection.

Since the féfi armechanisal i idant activity of phyllanthin

against ethanol ing or-“""::". |ty

e. This study aimed to
investigate the prote le mechanisms by using

primary culture of ra s the hepatotoxin.

F’TUEJ’JVIEWI?WEﬂﬂ‘i
’QW]MT’]‘EE’NNW]’W}H’I&B



Hypothesis

1. Phyllanthin has cytoprotective activity in ethanol-treated primary culture of rat
hepatocytes.
2. Phyllanthin has effect on the activities of antioxidant enzymes (superoxide

dismutase (SOD), catalase (CAT), glutathione reductase (GR) and glutathione

e (GST) and ethanol-metabolizing
hyde dehydrogenase (ALDH))

of transcription factor Nrf2

anol-treated primary culture

) n ‘ethanol-treated primary

of phyllanthin. The effect
of phyllanthin‘on | i ': - '-] - Nt € yrhes (superoxide dismutase
(SOD), catalase (A ; ' ase (GR) and glutathione peroxidase
(GPx)), glutathione="S et ethanol-metabolizing enzymes

(alcohol~ .‘_.,. jenase (ALDH)) in

ethand ‘.

3. To investigate the molecular m anism o ntioxid%aotivities of phyllanthin

involving the actlvatlon of transorlptlon factor Nrf2 and the expression of

ﬁﬁﬁﬁﬂﬂmwaﬂﬁﬂ?mm
AR AINIUNMINYINY



Conceptual framework

L @\ |

[ Acetaldehyde J

Activation of Nrf2

Protein expression °

of antioxidant enzymes

(e.g. SOD, GR and GPx)

X
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Ethical problem

The protocols of experiment in animals in this project were approved by the
Faculty of Pharmaceutical Sciences, Chulalongkorn University, Animal Care and Use
Committee (IACUC) (Animal Use Protocol No. 09-33-015 and Approval No. 09-33-015).
The review has followed guidelines documented in Ethical Principles and Guidelines for

the Use of Animals for Scientific Pury S 6 y the National Research Council of

Thailand.

Expected benefit from
Be able to e I Fal ; ~. mation of the hepatoprotective

m injury with its possible

activity of phyIIVanth'i ,o.
:

mechanisms.
This impo gt informét 2y, ‘ > .-'-h‘a,.sfﬁ'"u._ ategies in attempts to
; ‘ " . %

ameliorate or prevent the

AULININTNEINS
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CHAPTER I
LITERATURE REVIEWS

Phyllanthus amarus

Phyllanthus amarus Schu'iq% } 0
tropical and subtropical parts angb tri

Leaves are numerous, ile; pal gregWusly imbricate, glaucous
below, elliptic to obl J sub Iats\Flo S in leaf axis, very numerous,

males 1-3 and femal [ ) Is of male are orbicular.and obovate to oblong in

| o A A o, 4

Figure 2: Phyllanthus amarus http //plantes-rizieres

9 W’] RINTUNATINYTRY

Leaves and other aerial portions of the plant are used in the traditional medicine
for a variety of ailments including flu, dropsy, diabetes, jaundice, asthma, bronchial
infections and diuretic and to lower blood pressure. In addition, it is considered one of

the best herbs for treating liver disorders.



Several compounds are inherent in Phyllanthus amarus including phyllanthin,
hypophyllanthin, phyltetralin, nirtetralin, niranthin, trimethyl-3,4-dehydrochebulate,
methylgallate, gallic acid, ellagic acid, rhamnocitrin, methyl brevifolincarboxylate,
B-sitosterol-S-O-B-D-gIuCopyranoside, quercitrin,  rutin, amariin,  1-galloyl-2,3-

dehydrohexahydroxydiphenyl(DHHDP)-glugose, repandusinic acid, geraniin, corilagin,

phyllanthusiin D and querceti = -O-glt side (Phalwal, Biradar, and Rajani, 2006; Leite
et al., 2006; Fang, Rao, and Tz )08: Loh he 008, 2009).

Phyllanthin is the bioactive' gna@nd @stituent presented in whole
plant of Phy//anthus{ ‘ i y//anthus species.

Pharmacological studiet
Several marus were reported as
follows:
Antiviral activity _
Phyllanthu lly induced cancers. It
showed inhibitory ac | ‘ ‘ ._.- ion , bo i /0 and in vitro studies. The
water/alcohol extract of -1 attachment and the HIV-1
enzymes integrase, reverse tanseripta .. tease tb different degrees. Moreover,
"".;ﬂ;w—(d

a gallotannin containing fractien-and. gitannins, geraniin and corilagin

were shown cgg_;....a....m ...... ent- mi ediators for thi es =z.....'..z-_,“,} ities. Administration

of Phyllanthus~ama 3‘}

(Notka, Meier, an@/agner, 003, 200 m

Oral admmls&;atlon of the extract of Phyllanthus amarus decreased the

U D NI,
expres f Bcl-2 in the spleen of
infected mice (Harikumar, Kuttan, and Kuttan, 20093

A1AINTUUAIINYIA

ntimicrobial activity

Ony

by more than 30%

The methanolic extract of Phyllanthus amarus showed significant concentration-
dependent antibacterial activity particularly against gram-negative microbes

(Mazumder, Mahato, and Mazumder, 2006). Its ethanolic extract showed antibacterial
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properties by inhibiting all strains tested with minimum inhibitory concentrations of 0.25

to 16 mg/ml (Kloucek et al., 2005).

Antifungal activity

The antifungal activity of various solvent extracts (ether, chloroform, ethyl acetate

Aqueous extra ‘ amé “\‘\w ~ 'to have the protective

effect on acetami el icin-induced \ephrotoxie rats. Pretreatment with

A

100-400 mg/kg/day.0 xtract attenuated the ele ;‘,’ of serum creatinine,

blood urea nitrogen

mphﬁ) ,':. d by a mmophen (Adeneye and
md.-l; id ! ‘ ,

;,7. S E ' N
In vitro and in vivo m“;&. ‘indicat Phyllanthus amarus has potential

Benebo, 2008).

Radioprotective activi y

protective activity agalnst {"'ﬁ':' lity, lipid peroxidation and DNA
ol e et s i B )
damage (Jage t| 300 itedl the myelosuppression

and elevated Jy‘} . dliver in mice (Harikumar

and Kuttan, 2057 m
AN IS ARG v e

ggmﬂcarﬂ inhibited gastric Ie5|ons induced by mtragastrlc admlnlstratlon of absolute

q WARI SO ANUNA L.

of NO and PGE, in KC and in RAW264.7. Both extracts reduced expression of iNOS
and COX-2 and inhibited activation of NF-kappaB, but not AP-1.
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Phyllanthus amarus inhibited induction of interleukin(IL)-1beta, IL-10, and
interferon-gamma in human whole blood and reduced TNF-alpha production in vivo
(Kiemer et al., 2003).

In mice model, the hexane extract (HE), the lignan-rich fraction (LRF), or the

isolated lignans (phyltetralin, nirtetralin

”a thin) exhibited marked anti-inflammatory

yaw edema and neutrophil influx
nd niranthin (30 uM) (but not

YH]-PAF in mouse cerebral

(Kassuya et al., 2005).

nirtetralin or phyltetralin) decreased the s*eom

cortex membranew

which probably medi

ation and anti-allodynia
tion on the platelet activating

factor (PAF) bindin

blood sugar in all i rats by 6% and. 18 ectively (Raphael, Sabu, and

mice (Adeneye, Amole, and Adereye 06)—Aq! eous leaf extract (5 mg to 80 mg/kg
Jlé;"; .f"ul'lﬂ'.f.l’ i
.v.) showed bld pressure e"rrrfg’ eﬁ'éa* | hormc e rabbits probably by

,'_

smooth muscle relaxatic C ‘in-vascular smooth muscle

(Amaechina and

~FA N0 ...

both in vivo and in vitro. Methandlic extract was able to inhibit the agtivation and
YRR UNTTRBI 8 B
Wcludlng sodium azide (NaN(3)), N-methyl-N-nitro-N-nitrosoguanidine (MNNG) and 4-
nitro-0-phenylenediamine (NPD) (Raphael et al., 2002). In addition, oral administration
of Phyllanthus amarus extract significantly inhibited urinary mutagenicity produced in

rats by benzo[a] pyrene (Raphael et al., 2002).
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Aqueous extract treatment exhibited potent anticarcinogenic activity against 20-
methylcholanthrene (20-MC) induced sarcoma development and increased the survival
of tumor harboring mice (Rajeshkumar et al., 2002). Aqueous extract of the entire plant
showed antimutagenic effect against the induction causing by 2-aminofluorene (AF2), 2-

aminoanthracene (2AA) and 4-nitroguinolone-1-oxide (4-NQO) in  Salmonella
typhimurium strains TA98 an A10 ‘ y/) cher/ch/a coli WP2 u vrA/pKM101

o.) reduced the toxic side

myelosuppression and

improving WBC cou b aé meifow cellularity as well*asithe number of maturing

\d 1 e iso éted lignans (nirtetralin,
niranthin or phyllanthi ' 1owed Cytotos c J .‘ >* rug resistance (MDR)
> d its vincristine-resistant
counterpart Lucena ‘, OV e _.. SL »_ I ‘ ‘ ., 2006). Administration

nitrosoguanidine  (MNNG)

Hepatoprotective Qwuty ' m

Ethanolic exwect of Phyllanthus aradr'us (0.3 g/kg/day, p.o.) showed the

hepatopr abil cellula el tive oxygen species
by enhancing both enzymatic andﬁon -enzymatic aptioxidant levels, it eshances liver

% ﬁ%ﬂa*@ RN AR K =

q:hattopadhyay, Agrawal, and Garg, 2006; Naaz, Javed, and Abdin, 2007).
Administration of aqueous extract of Phyllanthus amarus protected against carbon

tetrachloride (CCl,)-induced liver damage in female mice (Krithika and Verma, 2009).
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Aqueous extract of Phyllanthus amarus protected rat liver cell injury from acute
and chronic ethanol induced toxicity by bringing the levels of AST, ALT, HTG and TNF-
A back to normal similar to silymarin the reference hepatoprotective agent (Pramyothin
et al.,, 2007). In the in vitro study, aqueous extract (1-4 mg/ml) increased %MTT

reduction assay and decreased the release of transaminases (AST and ALT) in primary

cultures of rat hepatocytes being | (Pramyothin et al., 2007).

Both in vivo and i act inhibited activities of aniline

hydroxylase (an indicato ol CYP 2“ ao@ pg/ml) and aminopyrine
demethylase (an iW mnies, IC,, >1000 pg /ml)

(Harikumar and K
anolic extracts was due

to their antioxidant activit \drighi opa, 6; Pramyothin et al., 2007;

xidati i i idant.de ism i mi y
eroxidation and inc . nism in rats (Faremi et al

2008).

ag,d?ijﬁg J ' plasmia NA were used as in vitro models to

Rat liver mitochondria
--‘ Ml"‘r "" 3
study radioprotective activity of qu"éoM’po "J sol: Yhyllanthus amarus. The

result showe'_‘ ¢ AC VIt - mariin, 1-galloyl-2,3-
acid, geraniin, corilagin

ﬁ may due to their ability

to scavenge differenﬁa&als more or less eﬂg’ently resulted in the relieve of oxidative

~ BHH IR RERE

d|phenylmp|crylhydrazyl DPPH), 2,2-azobis-3-ethylbenzthiazoline-6-sulfonic  acid

ABTS /ferrylm Iob|n ferric redtﬁm antioxidant ﬂver FRAP) and pugé'radmlysm
AT AR AL e A il

qnhomdant activity among the ellagitannins and were comparable to the flavonoids (rutin

dehydrohexahyd

phyllanthusiin D) :

flavonoids (rutin, quercetin-3-O-glucosi

and quercetin 3-O-glucoside) (Londhe et al., 2008).
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The hepatoprotective and antioxidative property of Phyllanthus amarus extract
and phyllanthin were compared in CCl, induced toxicity in HepG2 cell line. After 24
hours pretreatment with phyllanthin and extract, phyllanthin showed higher activity with

smaller concentration (Krithika et al., 2009).

AULININTNEINS
AR TUNN NN Y
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Liver

The liver is the largest glandular organ of the body. It receives a dual blood
supply consisting of the hepatic portal vein and hepatic arteries. Supplying
approximately 75% of the liver's blood supply, the hepatic portal vein carries venous

blood drained from the spleen, gastroi

estinal tract, and its associated organs. The
1Ny

e liver,saccounting for the remainder of its
hd'empiies into the central vein of each

lobule. The central vein: e e QFM I| ﬁ leave the liver and empty
into the inferior venw i H

| ‘and has a number of functions in the
body, including gly , ‘ Sitio! '-..u cells, plasma protein
synthesis, hormone pio ‘ Jetoxific ‘ i is particularly frequent target

organs of toxicit ' injure selecti e injured by xenobiotics, both

olve the following enzymes: alcohol
dehydrogenase (ADH), micro -'.--ﬁ_!'_:*gg;e.;.:j::: 0 ‘system (MEQOS) and catalase.

When consumed.in-mo¢ e_amounts. ajor part of ethanol is metabolized
d

SN0 + N+ 1
U TNEN Ry

The microsomal electron trapisport system alwarticipates in ethw oxidation

YAIRARIHIRAINHINY

qnzymes in this family include 2E1, 1A2 and 3A4 isoforms (Salmela et al., 1998), which

by alcohol dehydfogenase inthe liver. T

vary in their capacity to oxidize ethanol. They catalyze the following reaction sequence:

CH,CH,OH + NADPH + H" + O,——— CH,CHO + NADP" + 2H,0
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The cytochrome CYP2E1 isoform is induced by chronic ethanol consumption.
Peroxisomal activity also contributes to ethanol oxidation in the liver, as is seen
in the following reactions:
AcylCoA oxidase
RCH,CH,COSCoA + O, - RCH = CHCOSCoA + H,0,

Ethanol oxidatien'8ivesise to acetaldehyde, whichis further oxidized by hepatic
aldehyde dehydrogé ‘ 3\

The mitoc [ /O drogenase plays a prominent role in
maintaining a low co : , > e. The acetate is then activated by acety!
= =
Mechanism of ethanol alcof ﬁ uced. -
Ethanal. .‘___-_ jh numerous pathways to affect thedliver and other organs,
h,ﬁ ¥

leading to the deve ‘ 'f“' 4. Cederbaum, 2003;

Day, 2006) (Figur ).
W

ﬂUEJ’JVIWI?WEHﬂ‘i
QW]NT]‘T@NNW]’JWB’IQB
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Figure 3: Possible' mechanisms of eifz ) A\-‘. ssue injury (Day, 2006).

The excessive fr or that has been reported as a

key role in many pathways of alcohc

e .»i

important molecuil lamaging or causing complete-degradation of cellular essential

“injury and has been focused in many

studies. Reactive oxyger ntaining free radicals) are very

complex molecules A ral stiidies shown that both
l!

acute and chrorﬂethanol exposure an ease ROS neration and enhance

peroxidation of I|p|ds‘prote|ns and DNA.

S INENTNE T

® F[Fthanol metabolism by aIC(‘oI dehydrogenase, and aldehyde dehiydrogenase

A WM I T G B

ratio, provide more starting material and raise activity of the respiratory chain

reaction including heightened oxygen use and ROS production.
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® FEthanol metabolism by alcohol dehydrogenase increases the production of
acetaldehyde (reactive metabolite) which interacts with cellular proteins and

lipids and leads to radical formation results in cell damage.

® Fthanol induced oxidative stress through the impairment of cellular antioxidant

idant enzymes and glutathione (GSH).

istration.

Free radicals co 'nr r_‘).' -. and therefore seek to obtain other

*" -
electrons to produce a -H-}':"'.’.’!’.-:...-'
= L -'”" "'

molecules that i erac y hercell

molecules. They are highly reactive

lun‘
“““ /e oxygen-containing

f _ J; :
molecules. Sma -ar ~areconstantly generated in
aerobic organis ‘n response to both external and intern stimuli. ROS produce in

cells include hydroxyl nﬂcals (HO") superoﬁ anions (O, ) and hydrogen peroxide

Yy RN

peroxide in metal-catalyzed redox r@ctlons such as th&Fenton reaction. .7
QA WY ety BH IR -
p|d peroxidation, or by oxidizing DNA or proteins. Damage to DNA can cause
mutations and possibly cancer, if not reverse by DNA repair mechanisms, while damage

to proteins can cause enzyme inhibition, protein denaturation and degradation.



19

Lipid peroxidation

Lipid peroxidation refers to the oxidative degradation of lipids. It is the process
whereby free radicals "steal" electrons from the lipids in cell membranes, resulting in cell
damage. Two important features characterize lipid peroxidation and distinguish it from

the oxidation of other cellular oompart

ts including

® The produ“ ipi dati : - lkoxy radicals and toxic

N

aldehydes effeg active wO', ROS themselves and
damage cell; ' cchahism. \

As with any r - tior : ree major steps: initiation,

.M"
" "F" ||_ ! "ﬁf'\'r.'

| %_ 3!1?_]
AT Bl B &lml

Figure 4: Mechanism of lipid peroxidation.

(http://en.wikipedia.org/wiki/Lipid_peroxidation)
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Initiation
Initiation is the step whereby a fatty acid radical or lipid radical is produced. The
initiators in living cells are most notably reactive oxygen species (ROS), such as OH',

which combines with a hydrogen atom from fatty acid to make water and lipid radical.

Propagation

The lipid radical is not a very stable ol 16 so it reacts readily with molecular
oxygen, thereby creati ipid er i a& unstable species that reacts
: : cid radical and a hydrogen

with another free fatt
peroxide or lipid peroxi is cycle continues as the new

fatty acid radical reac

Termination

When a radi A ‘ ., {is ik od | N A radical, which is why the
process is called [ i ohial sm". The ic al reaction stops when two
radicals react and i " ‘ happens only when the
concentration of radical s r to be a high probability of two
radicals actually colliding. Li olved different molecules to catch
free radicals and protect important antioxidant is alpha-

tocopherol, also.kn \

the enzymes supgrc

Antioxidant defengmechanisms

AII aerobic ﬁl orms have defehgeg against ROS. An antioxidant is a
molecu %d H ﬂgnm @ﬂ g %ﬂl@es Oxidation is

a chemlm reaction that transfers eleotrons from a substance to an oxidizing agent.

LI APTUBIN (N (15 13) 3

|ntermed|ates and inhibit other oxidation reactions by being oxidized themselves. As a

result, antioxidants are often reducing agents such as thiols or polyphenols.
Although oxidation reactions are crucial for life, they can also be damaging so

plants and animals maintain complex systems of multiple types of antioxidants, such as
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glutathione, vitamin C and vitamin E as well as enzymes such as catalase, superoxide
dismutase and various peroxidases. Low levels of antioxidants, or inhibition of
antioxidant enzymes, cause oxidative stress and may damage or kill cells.

Three important intracellular enzymes constitute antioxidant defense include

superoxide dismutase (SOD), catalase GSH pero><|dase/GSSG reductase system.

Superoxide dismutases

Superoxide di : ar = z mes which catalyze the
dismutation of super drogen peroxide (H,0,) at a rate
10" times as fast as ODs serve an important
antioxidant defehse [ i Y [ sed R ?y ’ ey have been shown to
play a key role i v ‘ N A

Three diffeger » Xi ‘ e have been characterized in

eukaryotes: =
! ﬂddau Fi
® A copper- Aagwfgr ‘ OD1) is a 32 kDa dimeric
protein that w tially ribee ;-'-. bé : tricted to the cytoplasm.
ik f..‘l Ik \

as-afso been d d in lysosomes, peroxisomes, nuclei
Pt - 40

and the mitochondrial intermemb rane-space.
J?"%“-’# A .
ning form (MnSOL D2) is.widely distributed in

However, recentl

® A manganesex

bacte "’"t":,; ith four subunits in
mammal$ that site._MnSOD is insensitive to

cyanide -j! is located in the mitochondria. The actimof MnSOD in mammals
is about 1 ti'1 o of the total SOIisctMty (Cu-ZnSOD plus MnSOD). The

u q oﬂ ﬁ% P(Tﬂ ﬁomdatlve stress
ell as in regulating intram |tochon rial O, concentration (and consequently

O concentration)
9 W’mmmwwwm&&a .
SOD3) is a tetrameric glycoprotein with molecular mass of 135 kDa. There are
several isoforms of EC-SOD, and they seem to be bound to cell surface,

especially in the lung and blood vessels. The biological function of EC-SOD
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appears to be connected with the extracellular control of 02" interaction with
"NO (which forms ONOO)).
The major form is SOD1 which accounts for nearly 90% while the mitochondrial

enzyme, SOD2, is approximately 10%.

Catalase

Catalase (CAT) d omp: 0. tofudtc '.7 d.oxygen. Mammalian catalase is

present in all tissues wi part] | " in er hrocytes, liver, kidney and
adipose tissue. The Mi€hag Aten, onstant'(K,) % e is higher than the K of
glutathione peroxidase (EPx), lich,sugge [ catalase scavenges H,0O, efficiently

at high H,0, concentrations ' i”"" ;

f;f-f J "J' /

Glutathione redox cycle

: T
The glutathione Aenﬁ’ S a.mi ich scavenges lipid peroxides

and H,O,. T >--enzymes in the cycle include glutathione “peroxidase (GPx) and
glutathione red F_ 1‘ ‘

ﬂumwmwmm
’QW’]Nﬂ‘iﬂJﬂmTc)mﬂﬂB
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Figure 5. ol % Bxdeycle: 1GPxE Glutathione peroxidase,
GSH = Glutathione, o ' GR = Glutathione reductase,
NADP = Nicotinamide ~ ade " phosphate,  NADPH = Reduced
nicotinamide adenine . Tﬁf!r,. "‘j 6PD = Glucose 6-phophate

o

dehydrogenase

In this re 3 osub ,., e to metabolize H,0, to
H,O and oxidized glutathione (GSSG). Oxidized glutathione "J ) is reduced back to
GSH by glutathionefqmtase (GR). This reaction requires NADPH regenerated by

oo RV Rger

GSH Cyma pivotal antioxidant defence mechanism for cells to prevent the depletlon of

HTRIN TN INAE

Glutathione peroxidases (GPx) are four different selenoenzymes that have
similar function. These enzymes are typical in animal kingdom, some of them have found
in plants and yeast. GPx is a homotetramer with one selenium atom per subunit and

ranges in size from 76 to 105 kDa depending on animal species. GPx catalyses the
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decomposition of H,0,, some organic hydroperoxides (such as fatty acid
hydroperoxide, LOOH), and artificial substrates (cumene hydroperoxide and tert-butyl
hydroperoxide) using GSH as a cosubstrate.

GPx localizes in the cytosol and mitochondria. Organs with high metabolic rate

such as liver, lung and kidney prodt e H,O, by their mitochondria and have

higher activities of GPx than d" other e gl tathione cycle is complementary to
r H,0, is lower than that for
catalase and in contra atalast s 7 perOX|des Several studies

have suggested that:GF NOkr lore [ 2 n se but has a critical role

dependent reductio uced glutathione (GSH)
which can again act a Xygen species in the cell
This enzyme is an importa lar 'r.itm It is ntial for the GSH redox cycle

used as indicator for OX|dat| .;.: jeneration of glutathione through GR

e .M".u,..f
requires  NADPH, whi urm - is/ reg

dehydrogena"““ - i
v )

Glutathione D m

Glutathione ( CJ?SH is a tripeptide found in most forms of aerobic life. It contains

o ELEL NI
group utathion dan since the thiol
group in |ts cysteine moiety is a reducing agent ar&:an be reversibly ngzed and

RN AN INE Q)

In cells, glutathione is maintained in the reduced form by the enzyme glutathione

arough ..glucose-6-phosphate

reductase and in turn reduces other metabolites and enzyme systems as well as
reacting directly with oxidants. Due to its high concentration and its central role in

maintaining the cell's redox state, glutathione plays important roles in critical
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physiological functions and protection against oxidative damage. It functions by
detoxifying electrophiles and scavenging free radicals. Its homeostasis is maintained by
a balance between the rate of synthesis and the combined rate of utilization and loss
through efflux. The biosynthesis of GSH is first catalyzed by [l-glutamylcysteine
synthetase (L]-GCS) and then by glutai

ione ynthetase (GSS) (Figure 6).

H5 el T ‘ , ‘Sgiutamylcysteine

aATP

;jH\/
MH
0 2

L-glycine

nlnnonln:nln

{

GSH is k own as substrate in both conjugation reactions and reduction

reactio icrosomes and
mitoohﬁﬁ alt 0% oﬁz ﬁ:t{l in the reduced

form and%ss than 10% exists in tl? disulfide form GSSG An increased GSSG/GSH
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Glutathione S-transferase

Glutathione S-transferase (GST) constitutes a large family of multifunctional
enzymes involved in GSH conjugation to xenobiotics and aldehydes from lipid
peroxidation. Conjugate forms in hepatic cells are often excreted into bile using ATP-

dependent pumps.

% of cytosolic protein in some

mammalian organs. GST._catal : s -t ' ‘ reduced glutathione via the

(40 to 55 kDa si | ‘ ee ass ( at leas generic classes: Alpha,

Mu, Pi and Theta g classgs are-bas | | mino acid sequences,

e.g. alpha GST in hepatocytes qh{:esf‘
oA S

Oiliary tract of the human liver.

Biochemical a -':T-T.¥g=_— ' ‘.
Bioche , ! _inte" structure, function,

ation of biological molecules and metab processes is necessary

regulation and inte

for two main reasonsr

T ih e v

pressure, pH, ionic strengtt‘solute concentrations, water availability; radiation
ARARIATA AN NINY NN E

2. All cells and all organisms, in order to remain viable must maintain an adequate

level of energy turnover through an adequate supply of the energy currencies of

the cells, primarily adenosine triphosphate (ATP) which is used to drive
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thermodynamically unfavorable reactions and reduced nicotinamide adenine

dinucleotide phosphate which is used for reductive biosynthetic reactions.

Mechanisms of metabolic regulation

Multiple mechanisms of metabaolic regulation employed in biochemical
(VAIOH (Storey, 2004).
C 2 gesgl : in o ‘}\\h

‘ tre e \. d effectors of enzymes

Enzyme/Prbtei

operties of enzymes

o\

T ;
OW- ln'-n.al- ar-\Wi

/ "r -; -l. J;

1}"@ tors

=

Enzym EJ EJ ﬂ ‘;’
tral o] |ochemlcal adaptation is the control of enzyme function, and multiple

mechanisms have been desEne‘ to tailor enz for optimal furétion in the

aemmm el 9o borbehor o

sponses to deal with metabolic demands and environmental stresses.
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Changes in enzyme or protein amount

The amount of each enzyme or protein in a cell is a primary determinant of the
capabilities of different cells, tissues and species, and changes in enzyme/protein
amount provide the coarse control of metabolism that is a key part of cellular response

to many external signals (hormones, en mental stresses, etc.).

Stress-induced changes in en: yme am / .
Change in the amount of ¢ [ r&_the maximum capacity of its

of an enzyme or protein occurs over a relatively
long time frame. in g adid: ' . sis (transcription and/or
translation) or p legradation 1 ~differs from shc n responses to the same

stress that can beia '

molecule.

Changes in enzyme ani

Alterations of en es ;&.{— '.-* r subté igand affinity. Evolutionary

,p r-r

time has also produced soforf -d-'ir-- >d on different genes yet catalyzing

the same reactlon) and d-{ﬁ-"gg“ otei ri* 1 single gene that can have slightly

iy

different prop tigs, '7 ' | '.’ , subcellular location,

expression pattern: ‘é’ roles and regulatory

mechanisms andﬁv play'e

tissues.

ook HINUNTNYINT

nge in the amounts of ?Iected protelns in cells is a major meohanlsm of

SR TASILINN AT TneIa

aoh|eve biochemical adaptation, including

etébﬂ capabilities of different

® FEvolution of new genes encoding new protein types that address key adaptive

needs.
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® Duplication of genes to insert multiple copies in the genome to greatly increase
the number of MRNA transcripts that are produced in response to a signal.
® Modification of existing or elaboration of new response elements in the 5

untranslated region of a gene so that transcription of an individual gene can

respond to a new transcription factar or to new combination of factors.

® FElaboration of new transcr ) fac modification of the stimuli that activate

transcription factor ynthe ’ ew or modified transcription factor

target genes under its

\

control to-provide a nodifiediyet rdinated respo by multiple genes to a

signal. ‘

® Modification offGnesor | s 0 ) tra duct|on pathway leading
from cell surface “ ge %pr §§ﬁ v \\ clt e > cell surface receptor,
a second me ‘- metaboli > ‘i: d one c T( 2in kinases often linked in
a cascade th it u v. “ \ factor synthesis. Multiple

Jrl
components in the thww 1

- One signal to. i-{{a -—u— hitiate: multiple effects on different

iple re 9 "o inputs that could permit:

aspects of c .m,.‘ n. : up-regulation of selected genes,
e el g

ation of membrane ion
B
-
Y )

- Die C 00 |$d set of responses or
ul ts of the responses. .

nse to be modulated b i mputs from other extracellular or

qu&ﬁm&ws
ARIAINTUUAIINYAY
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Transcription factor Nrf2

Nuclear factor-erythroid 2 p45-related factor 2 (Nrf2) is a basic leucine zipper
transcription factor that binds and activates the antioxidant response element (ARE) in
the promoters of many antioxidant and detoxification genes.

Under unstressed conditions, the transcription factor Nrf2 interacts with the

actin-anchored protein Kea e Kelck ': CH-associated protein 1), largely
localized in the cytoplasm ‘ ., ought to vo" Ll degraded by the proteasome.
This quenching interactio v ‘ ) @1 of Nrf2-regulated genes.
However, upon recoghitiot ( s ed by oxidative and electrophilic
molecules, Nrf2 is i : | al , asomal  degradation and
translocates to the nuel ‘ ‘_ Srous, ‘ \ mg oxidation of thiols on

ignals on Keap1 and

NIf2 heterodinierize / ' yrofein binds antioxidant response
elements (AREs)" e regic tanget geres and activates gene
transcription, maintaini alancing the oxidation level of

the intracellular environment. -The Nrf2-mec tioxidant defense is composed of

numerous genes involved in cell*sifess :;.5‘ drug metabolism, detoxification, and
T TR
transport (Lee and Surf 05; Aleksunes ¢ 007; Kensler, Wakabayashi,

and Biswal, 2 79 (Figure 7)

9
ﬂUEl’mEWl‘WEﬂﬂ‘i
ammmm UNIINYIA
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Negative Regulation

CNC-Basic Leucine-Zipper

N/

Neh5s Nehl Neh3

Nrf2

Neh2 Neh4

DNA binding &
cterodimerization

Figure 7: Nrf2 regulatory network; (a) Nrf2 has sixl' lighly conserved protein
regions called Neh1 $&6 (Nrf2-ECH hom At its C terminus, Nrf2 protein has a
basic | up&’t@ % H Va]uﬁ/lt ﬂ;‘] ﬂw?d for binding to

the ARE %t its N terminus, Nrf2 has a Neh2 domaln which is most hlghly conserved

ST ST Ve T

protem ) to activate transcription, (b) Regulation of Nrf2-mediated gene transcription

(Itoh, Tong, and Yamamoto, 2004; Aleksunes and Manautou, 2007).
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Nrf2 is the primary transcription factor protecting cells from oxidative stress by

regulating cytoprotective genes, including the antioxidant glutathione (GSH) pathway,

antioxidant proteins and phase Il detoxifying enzymes (Figure 8).

(a) ROS
- ‘x‘\l i

202

- 3 . - - Bilirubin
J _ S - cavenged
Glutamate + clo il ‘ B, i i

glycine ol o

Gépd
Pgd
Me1

RN, = No-
Lipid peroxyl radica . \;,& Biliverdin
™ " .
Loo/Lag ~oneo™ /

Hmox1

e

NADP

NADPH

Heme

Gepd
Pgd
Me1

(b)

PAH-glucurenie ew_Dinyeredo

NNAL-glucuronic 'I
i

i ool
AT

Quinone N0 as
conjugate

Hydroquinone

ARIAN LI UNEATIL A,

e/

—

P s
-
N

g;:t«ilic
metabolites

(aflatoxin-epoxide)

Effluxed




33

Figure 8: Schematic diagram representing Nrf2-regulated antioxidants and
xenobiotic detoxification enzymes. In response to oxidative or electrophilic stress, Nrf2
has been demonstrated to coordinately upregulate expression of (a) antioxidants:
SOD1, heme oxygenase; and genes associated with glutathione pathway: glutathione

peroxidase, glutathione reductase, gl te-cysteine ligase catalytic subunit (Gclc),

hydrolase, carbonylsi asey "' )1, and MR ’. These antioxidants and
xenobiotic detoxificalie nZymie in oncertec . ' ;,ﬁ o attenuate pathological
damage caused by RN ‘ rophile 1S u abayashi, and Biswal,

2007).

Nrf2 activatio y dlir ot 7 or covale modification of thiol groups
of Keap1, a cytoplasmic repressor protein. | ar, rf2-Keap1-ARE signaling can
be modulated by post-transcriptienal modific: of Nrf2 (Figure 9).

T35 /8
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PKC
JNK || ERK ||p38 f

GSTA2
NQO1

i | ~ F-GCL
f T'\\\‘b\  HOA

1 2|

/J::.:

Figure 9: Upstre % - X \rf2 activation; the Nrf2-
Keap1-ARE signaling ¢ th 2y ca ; ‘ pstream kinases including
phosphatidylinositol 3-kinase Tt“""f‘ J(I: togen-activated protein kinases
(Lee and Surh, 2005). '

I Signalingpathways have been implicated in.ifié activation of Nrf2.
Activated PKC"ma 1cluding extracellular
signal-regulated o.!! ein kinase (ERK), ¢-Jun N-terminal kinase (JNK), and p38, may also
stimulate the act|vat|3n of Nrf2. The p38 MAP kinase can either stimulate or inhibit the
Nrf2 n uaﬂw‘; nﬂnﬁw ﬂﬂﬁrﬁely, PI3K can
phosph Qa it location e nucleus and
subsequent binding to the CCAATéequence of C/EBPb response elementiwithin the

AR WA R e

ffor the C/EBP binding site (Kang et al., 2003).
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Many activators, which selected Nrf2-Keap1-ARE signaling pathway, were
reported such as oltipraz, anethole dithiolethione, sulforaphane, 6-methylsulphinylhexy!
isothiocyanate, curcumin, caffeic acid phenethyl ester, resveratrol, quercetin, 40-
bromoflavone (Lee and Surh, 2005; Yao et al., 2007; Rubiolo, Mithieux, and Vega, 2008;

Surh, Kundu, and Na, 2008). Some agtivators trigger the Nrf2 signal transduction by

activating upstream kinases via phospho /or covalent modification/ oxidation

cadmium, ca_rbon etrachloride; -algohot;/ = ninop! oxfendazole, ferric
nitrilotriacetate (FEe-NTA), hel = and-beta-napht hoﬂavone etc. (Chan,
Han, and Kan,‘ n ) : 004; Umemura et al.,
2006; He, Chen, : Ma, 2008; ., 2008; Lamlé etm, 2008; Xu et al., 2008;
Dewa et al., 2008; D?Na et al., 2009; Jiang t , 2009; Liu, Qu, and Kadiiska, 2009).

7 NN

induced tissue/cell injury and displafed more severe pathological changesfintissue/cell

RN FUNNIINYTIRE




CHAPTER Il

MATERIALS AND METHODS

Materials

Animals

Male Wistar rats e purchased from the National

Laboratory Animal Ce Mat “Universi akornpathom. Animals were

humidity of appreimatelyl 50/% /9%. They were rec free standard rat pellets and

tap water ad libitu

ﬂd;:u F
IZ'F
y'\Jf'l g

.m.ﬁ | iminotransferase (AST) assay Kkits,

Chemicals

The following chemi

U.S.A.; alanine aminotrans

ﬁJJJ

nf

antioxidant enzyme a ay" i dismutase, catalase, glutathione

peroxidase and glutathione red :’,_ Caym: ical, USA), B-actin antibody (HRP)

ol e e

(ab20272, Abcam, ¢ A). Bradford reagent, 1-

chloro, 2,4-dini .i’;:, Nz CNi ' o f tanol, collagenase,

 (4, -d ytetr lium bromide (MTT),

dexamethasone g
dimethyl sulfoxide (DMSO), 2’,7’-Dichlorodihydrofluoroscein diacetate (DCFH-DA), 5-5'-

dithio-bis=(2-nitr id-disodium salt
dihydrate ugjeta b P rtﬁasm antibody

ab22604 Aboam Cambridge), g&ltatmone reductase antibody ( ab16801 Abcam,

WIANATE :mw (1 W f e

Abcam, Cambridge), penicillin-G sodium, phosphotungstic acid, potassium chloride
(KCI), propionaldehyde, rabbit IgG secondary antibody (ab6721, Abcam, Cambridge),

reduced glutathione (GSH), superoxide dismutase1 antibody (ab16831, Abcam,
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Cambridge), superoxide dismutase?2 antibody (ab13533, Abcam, Cambridge), sodium

chloride (NaCl), sodium carbonate, sodium laurylsulfate, streptomycin, sulfosalicylic

acid, tetraethoxypropane (TEP), 2-thiobarbituric acid, tris(hydroxymethyl)aminomethane,

trypan blue solution.

Instruments

All other reagents were analytical grade and obtained from commercial sources.

Microplate reag
Microplate a‘.(

Mini Trans-b El

Pipette tips 10 2

pH meter (Beckman instrdim

Refrigerated cen rifuge-

Shaker (Rocker, Model

Surgical€qu
.,l

TC-plate 24 well, TC-plate 96 we einer bio-one)

Ultra sonloat("

FUBARENTIE 11T

pectrophotometer (Jasco model UVDEC 650)

QMMﬁ"ﬁ?ﬁWﬁﬂmaﬂ

96 well PS microplate black (Greiner bio-one)
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Research methodology
1. Extraction, isolation and identification of phyllanthin

Phyllanthin was isolated from Phyllanthus amarus which was collected in and
around Faculty of Pharmaceutical Sciences, Chulalongkorn University during May to

June 2007. Plant was authenticated by Assoc. Prof. Chaiyo Chaichantipyuth at

Sciences, Chulalongkorn Ur ,

The isolation mée
fresh plant was pulverized a ' ed using a laboratory mill. The
powder was Soxhlet- 7 ‘hexane for 1 day. The
solvent was evapor ried in vacuum. The
combined hexa vas then subjected to
column chromatog tationary phase and N-
hexane with an :ncrv e ‘ z . . ile phase (yield 0.06% of

\\ 10). Online thin-layer

dried whole plan

chromatography was

ﬂUEI’JVIEWl?WEﬂﬂ‘i
QW]MﬂiﬂJMWl’mmﬂU
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[ Air-dried whole plant of Phyllanthus amarus (4 kg) ]

|

& slaked lime (250 g:75 g)+10% Na,CO, 100 ml ]

[ Plant were powdered and mixee N

fy-overnight

Silica gel colu naiegraphs ane - ethyl acetate gradients ]

Il
|
I

Figure 10 Dlagram of the extractlon and isolation of phyllanthin.

Ana.yt.ﬂduﬂl NUNTNYINT

F| al purlﬂcatlon of phyllarﬁnn was |dent|f|<aby compared wﬁhjhyllanthln

YIRS D TN T TR
qpeotrum and high performa ce liquid hromatogra
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Thin layer chromatography (TLC)

TLC was used as primary screening for phyllanthin from each fraction with N-
hexane:ethyl acetate (3:2) as mobile phase and anisaldehyde (the sensitive and
selective compound) to produce color characterizing the lignans and sterols inherent in

hexane extract of Phyllanthus amarus.

Chromatographic Conditic

® TLC plates 10 x 10
® Hexane : efhyl clel

® Spray TLC plate

Infrared spectrum A M ‘ ‘

Phyllanthin'was 2d U f, ‘; 1 Infrared Spectrometer (FT-IR)
(PerkinElmer (Spectr’ ¢ -r'_ﬁé and >An jical Research Equipment
Centre, Chulalongkorn U *;,v;ﬂ frared, Vas sent onto or through the sample.
Phyllanthin was identified by corr — pectrum with spectra from phyllanthin

standard refer,ce m IR .worked well on small

¥

Eﬁethod described by
Murugaiyah and Cha‘(ﬂ?

ol 114 ANYNINYINT

onditions

Sa m pl eS a n d &} CJAY-‘I-‘QIII(_"IAYI-'-‘-“-‘IlY-Y--l-1b\ll'I al\/ 131

U

High performanc u

PhyIIanthi- as analyzed by HPLC followed th

° Column l\géhtysn RP-18 GP€50><4 6 (5

3 Wad @il i ne1ay

® Mobile Phase: Acetonitrile:H,0 (55:45 % v/v)
® Flow Rate: 1.4 ml/min

® Detection: 230 nm
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2. Primary cultures of rat hepatocyte preparation

Hepatocytes were isolated from male Wistar rat using methods of Berry and
Friend (1969) as modified by Stacey and Priestly (1978) and Pramyothin (1986).
® Under ether anesthesia, liver was perfused with Ca’'-free physiological solution

via the portal vein.

® When the perfusion of all hepe es was rapidly completed, 40 ml of 0.4%

collagenase in the same Ca™ -free physialdgical'solution was added and allowed

to digest under.t ulatingsg nd|ma|nta|ned at 30-35 mi/min
‘ m was maintained at 37°C

‘ [iver ‘was dispersed with blunt

spatula in 50 giffor d19h fed h -olla nass b fer, and incubated at 37°C in a
‘ ' min (BSA) was added to give a
\\ sted through nylon mesh
,\ her cells and cellular debris
=‘ ashed twice with this fresh
| BSA and once with the incubation
medium.

® Cell viability w tgst using the exclusion

o~ T R, A
index A Y

° Hepatocyﬁ c ‘yplemented with  10%
inactivatedfetal bovine serum, 10°M Insulin, 10°M déx

01U/ angsﬁtom Cln # Cells were cultured on rat-tail collagen
13 TS STAR 5 oo

t37 C in a humidified 5% C0,-95% air atmosphere. Hepatocytes were used

aw'mﬂﬁtuwﬁwmaa

amethasone, penicillin
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able hepatocytes

phyllanthin for 24 h at

concentrations 1, 2, : [$%: 48 anc ‘UM) and ethanol 80 pl/ml or

1

>
 [Phyllanthin 1, 2, 3, 4 pg/mi |

Figure 12: Diagram of hepatoprotective study of phyllanthin in ethanol-treated

primary culture of rat hepatocytes.
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3.1 Effect of phyllanthin on cytotoxicity in primary culture of rat hepatocytes treated with
ethanol

MTT assay

MTT assay was based on the ability of viable cells to reduce 3-(4,5-

dimethylthiazol-2-yl)-2,5- d|phenyltetrazol|um bromide (MTT) from a yellow water-soluble

dye to a dark blue insoluble forma \\ i( ossmann, 1983) (Figure13).

[T reduction assa

® 3.(4,5-Dimethylthiazol-2 '.;,ﬂ.......;- azolium  bromide  (MTT)  was
. . ‘. = AT . .
dissolved in phosphate-bufi fered saline: ,-pH 7.4 at a concentration of

5 mg/ml anc to the cell culture to the final-.concerifration of 100 ug/ml.

ad i .
® After 1 hymec , crystals were dissolved

in 200 pl .t!!. |

® Qptical denswfgs assessed using chroplate reader (Anthos Labtec HT2,

AUBIRENINGINT

Determmatlon of alanine ammotransérase (ALT) and aspartate am/notransf%e (AST)

AN I UL
q ALT and AST were assayed using kits from diagnostics (IFCC method).

® Aftertreatment, the medium of control or treated-groups was collected.
® Transaminase activity was measured as kinetic reaction using IFCC method.

® The absorbance of reaction was determined at 340 nm by spectrophotometer.
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3.2 Effect of phyllanthin on reactive oxygen species (ROS) production in primary culture
of rat hepatocytes treated with ethanol
Determination of intracellular reactive oxygen species

2’ 7-Dichlorodihydrofluoroscein diacetate (DCFH-DA) was used to assess the

generation of intracellular ROS (Wang and Joseph, 1999). The assay is based on the

principle that DCFH-DA, a nonp ar an scent compound, can diffuse through

the cell membrane an ' ‘ £ ’oy ic esterases to yield polar
) ; : apped within the cytoplasm,
where it reacts with peroxides uorescein), which can be
measured by fluorom | a a £ ‘wavelengths of 485 and 530 nm,
respectively. /. |

® Atthee d three times with cool

\ / .\: mutes 37°C at dark.

ool PBS, pH 7.4.

® (Centrifuged at 5 ellet was resuspened in 200 pl of

PBS, pH 7.4. —_— z
i L2 e

® The formatio wag’ detected under the

fluores ‘ nicroplate reader (Wallac mc 2( |tat|on wavelength of
3.3 Effect of phyIIantlf ingon total glutathione lévels in primary culture of rat hepatocytes

—AREANENINEINT

Total glutathione levels weré measured by Tietze method (1969)fusing DTNB

QIR ST S VAV Ly v

Qlutatmone disulfide (GSSG, oxidized form) by glutathione reductase. It reacts with

485 nm andlan e

DTNB to produce 2-nitro-5-thiobenzoic acid, a yellow colored product which can be
measured by absorbance at 405 nm (Figure 14). This recycling reaction improves the

sensitivity of total glutathione detection.
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2GSH

DTNB
5-5'-Dithiobis(2-nitrobenz

Glutathione
reductase

® After treatfent Gult epatocytes were wa & twiee with the cool PBS, pH
7.4. | T

® The 100 pl of 55 (W a‘nd left the plate on ice for
10 minutes. '

® (Cell suspension was tre

® Centrifuged at 13,000 x.g at4°C

° Super. ,_,,“._;--.-_---...-.-.----_--._--...-._-..-..-..-..-.-.-_-.-..-.--x1 J 1. By adding 10 pl of

super _

96-well .'!! | ’ ",'j
.I

B ‘o 7.5 10 100 pl into

® Next, 100 pl (?reactlon mixture (0.15 mM 5-5"-dithio-bis- (2-nitrobenzoic acid, 0.2

@fﬂﬂﬁﬂﬁﬁjﬂﬂ 11 e WO

(Wallac model 1420) at 30 séconds intervals fory10 minutes

4 R FHRIRIIRY Firi

glutathione (GSH).
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3.4 Effect of phyllanthin on lipid peroxidation in primary culture of rat hepatocytes
treated with ethanol.
Lipid peroxidation assay for malondialdehyde

Malondialdehyde (MDA) level was measured using a thiobarbituric acid reactive

substances (TBARS) assay which modified from Ohkawa et al. (1979).

minutes.
® (Cells were sc¢

® Next, 50 ulof4% pityiated h jen 'mlof 10% phosphotungstic

® Then 4 mlof n-hutant

"

® The samples were entrifuged

S sdais o 4 .
® The supernatant was 4neasured usi : vectrofluorometer (Jusco model FP-

777) with excitation ﬁﬁﬁ?'.':-,.- .,-‘{" 553 nm.
® MDA levelwa : propane (TEP)

.||
]
[}

AULININTNEINS
AMIAN TN INAE



TEP (Tetraethoxypropane) standard

10 plof 0.4 M TEP + 990 pl of EtOH

| TEP preparation

"~ | Nss
()
900

Note: *freshly prepared

1MTEP=1M MDA

47
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3.5 Effect of phyllanthin on the activities of antioxidant enzymes (superoxide dismutase
(SOD), catalase (CAT), glutathione reductase (GR) and glutathione peroxidase (GPx)),
glutathione S-transferase (GST) and ethanol-metabolizing enzymes (alcohol

dehydrogenase (ADH), aldehyde dehydrogenase (ALDH)) in primary culture of rat

hepatocytes treated with ethanol.

PBS, pH 7.4 in order to eliminate

aséayed by kits from Cayman

Chemical (USA) utilizing -a -etrazoliu ) salt “for detection of superoxide radicals

generated by xanthine oxidase and xanthine (Figure15)

Formazan dye

Figure 15: Superoxide dismutase activity.
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® To perform the assay
Blank well: 200 pl of diluted radical detector + 10 pl of sample buffer.

Positive control well: 200 pl of diluted radical detector + 10 pl of

SOD standard.

® Incubated the plate.or . utes. emperature.

® Read the"aBsorbafiCeBL460 nm using the. licroplate reader (Anthos Labtec

® The SOD agii y dvas “_ ‘standard curve. Enzyme activity was
expresse n~ unit of SOD activity is
defined as "l' xhlb "«K tation of the superoxide

radical.

FRE |

Determination of catalase act “ B Syl 28

Catalase (CAT) act|V| M{""

is involved in the his fenzyme catalyzes the

- -

from Cayman Chemical (USA). CAT

Lt TR, A
conversion of \" '''''''''''''''''''''''''' 1{ d two molecules of

water (catalytic ﬂvi y oxidat
molecular weight™alcohols can serve as electron donors (

alcohols serves as s em substrates for CATother enzymes with peroxidatic activity

o R

reactlon enzyme with methanol in the presenoe of an optimal concentrann of

'ii Wfa nsin s

activity, in which low

re 16). While aliphatic
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CAT
(Catalytic activity) 2H,0, =p O,+2H,0

CAT

(Peroxidatic activity) Oy + AH, == A +2H,0

' ._ anol + 20 i of buffer.

+30 pl of methanol + 20 pl of

® |nitiated reac \ ' {Ne [ | peroxide as quickly as possible

W e e

o JJJ

to all the wells bel g testedt -

® |ncubated the plate 0 r.af—'} aker or 2 at room temperature.

= oty

® Added 30 ninate the reaction and
then addéed ' \H‘

® [ncubated plate o s at roo mperature.

® Added 10 pl of potassium perlodate to each well. Incubated the plate on a

Emﬂi mmmmn;m
a mmmwwm BN

expressed as nmole per minute per milligram of cellular protein. One unit of CAT

activity is defined as the amount of enzyme that will generate the formation of 1.0

nmole of formaldehyde per minute at 25°C.
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Determination of glutathione reductase activity
Glutathione reductase (GR) activity was assayed by kits from Cayman Chemical
(USA). GR catalyzes the NADPH-dependent reduction of glutathione disulfide (GSSG) to

GSH (Figure 17). The activity of GR is used as indicator for oxidative stress. The

oxidation of NADPH to NADP" is acco ied by a decrease in absorbance at 340 nm

® To perform the@ssza
Blank we \
Positive con ! vl nn., ssay buffer +20 pl of GSSG + 20 pl of
diluted GRIStandarg ‘ |
- ’:ﬁr ,
Sample weII 100-j-6f ¢ F+ 20 pl of GSSG + 20 pl of sample.

® |Initiated reactions 3y adding - as. quickly as possible to all the

wells t'-:"‘.-_';;-':':":':
LN s
® Carefully'shoo 0 mis

® Read the Aorbance once every minute at 340 nm mg the microplate reader
(Wallac modq‘ﬂﬁ) ) to obtain at Ieastﬁ}me points.

b o ﬂﬂ ?he reaction rate
nm can be determmed using the N extinction coefficient of 0.00622
N ’1@ W‘;m URIINYIAY. -

milligram of cellular protein. One unit of GR activity is defined as the amount of

enzyme that will generate the oxidation of 1.0 nmole of NADPH to NADP" per

minute at 25°C.
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Determination of glutathione peroxidase activity

Cellular glutathione peroxidase (GPx) activity was assayed by kits from Cayman
Chemical (USA). GPx catalyzes the reduction of hydrogen peroxide by reduced
glutathione. GPx activity is measured indirectly by a coupled reaction with glutathione

reductase (GR). Oxidized glutathione G) produced upon reduction of hydrogen

under conditions in whi i ' itinweorease in absorbance is
directly proportiona X ity '

‘ ‘

SH + NADP'

ﬂ(lllll:_';_‘IIIII=Ill|l.lll=-.l=lliiliiiﬁﬁ;r-l-l":'.‘ -

Vo~ X

® To perforrme assay @

Blank'hﬁ 20 pl of Assay bufW 50 pl of co-substrate mixture.

ﬂ uoa\’acc;terﬂylo§SWUHﬂ ﬁ %ubstrate
ql mixture + 20 pl of diluted GPx standard.
- B Sam le well: 100 pl JAssay,bufferHr ﬂul of co-substrate mixture +
QR UATINE N E
q ® |nitiated reactions by adding 20 pl of cumehe hydroperoxide as quickly as

possible to all the wells being tested.

® Carefully shook the 96-well plate for a few seconds to mix.
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® Read the absorbance once every minute at 340 nm using the microplate reader
(Wallac model 1420) to obtain at least 5 time points.

® The change in absorbance per minute (AA340) was calculated. The reaction rate
at 340 nm can be determined using the NADPH extinction coefficient of 0.00622

pM'em™.

ADPH consumed per minute per

milligram of cellula ' otein V|t is defined as the amount of

ined by measuring the

jugati ‘ nzene (CDNB) with. reduced glutathione (GSH)
(Habig and Jakoby, 19 | uh “ \

® |nitiated reactio : CD ‘B as quickly as possible to all

the wells.
® Carefully $hoo

® Read %

= N

(Wallac model 1420

‘uj e microplate reader

® The change |n absorbance per minute AA340 ) was calculated. The reaction rate

S ) (o)1

E yme activity was expres&ed in units of Ggactlwty per mg ofvteln One

g W"lmﬂjm AL TRy™

Determination of alcohol dehydrogenase activity
Alcohol  dehydrogenase (ADH) activity was performed using the

spectrophotometric assay as described by Haseba et al. (2003). ADH is responsible for
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catalyzing oxidation of ethanol to acetaldehyde with the reduction of NAD" to NADH
(Figure 19). Ethanol was used as substrate and measured NADH production by

absorbance at 340 nm.

Acetic acid

® 20 yl of cell exir: J0ded-10-180 Ul of assay er (1.7 mM NAD" and 15

\'
production during oxidation of

of 340 nm using the microplate

; w ol
® The assay was blan -.E'{...?- -1

-
Jbstrate from the reaction medium.
The ADH activity .h‘ S| a_;[bd the NADH extinction coefficient of

/min

0.0062 _g‘ M- )
— - — -,

Yo d

Determination of ‘

hya
Aldehydeﬁehydrogenase (ALDH) activity wasﬂerformed using the

spectrophotometric !gﬂ as described byfBdesch et al. (1996), and Moreb et al.

T et Sy

AD" ADH (Figure 19). Prop|onaldehyde was used as substrate and NADH

TEIANL N8

propionaldehyde and 1 mM NAD" in assay buffer (60 mM phosphate, 1 mM

EDTA, 1 mM B—mercaptoethanol, pH 8.5).
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® The increase in absorbance due to NADH production during oxidation of
substrate was calculated by using the NADH extinction coefficient of 0.00622

pM'1cm'1 at 340 nm. The ALDH activity was expressed in nmole/mg protein/min.

3.6 Effect of phyllanthin on the expr n of cytoprotective proteins (superoxide
dismutase (Cu-ZnSOD (SOD ‘ % glutathione reductase (GR) and

glutathione peroxidase ( /Nrfz in primary culture of rat
-J

hepatocytes treated wi

(PBS; p

® Added 25

® The lysates were clanﬂe ,-mmm-.-r N at 10,000 g for 10 min at 4°C.

Y )
~PAGE and transferred to

Western blot "?Jlﬁimﬁununﬂh
Y ]

® Cellular extr _
PVDF meﬂanes (Bio-Rad, Munchen, Germany). u

® Bilots were bli’c@ in 3% bovine serymyalbumin in TBST (10 mM Tris, 100 mM

FHEMBATABING

branes were mcubated with anti-SOD1 (1:2,000, Abcam), anti-SOD2

Wk bl s AR

overnight.
® After incubation in Rabbit IgG secondary antibody (1:20,000, Abcam), blots

were visualized by enhanced chemiluminescence and were exposed to X-ray

films (Eastman Kodak). Actin bands were monitored on the same blot to verify
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the consistency of protein loading. The staining band was quantified by

densitometry using computerized image analysis program (ImageJ, Ver. 1.410).

Protein assay

Protein concentration was determined according to Bradford method (1976)

using bovine serum albumin (BSA) & I|I orote  standard. The absorbance at 595 nm

(Ar hos 2, Version 1.21E).

was recorded using microplate re

Statistical analysis

All results were expr a8 1 ' ifferences between means
were determined Using afalysis of va > ( i Tukey's post hoc test. P< 0.05

was considered as statisiic.

AULININTNEINS
AR TUNN NN Y



CHAPTER IV
RESULTS

Part A: Effect of 24 h phyllanthin (1, 2, 3, 4 yg/ml) pretreatment on ethanol-

Protective effect of phyi ’ ulture of rat hepatocytes

Protective eff 7 inthin (1, 2, Wcute ethanol toxicity was

conducted in prima ! ai hepatocytes. Biochemical markers for early acute

hepatic damage wege!" ' galf usi reduct ~assay and the release of

aminotransferases: : ' .and. aspartate aminotransferase
(AST) ' 9 A

After 2 h of ethanol fre 4 ; was o 2S¢ 1-‘ ith the increase in cellular
leakage of ALT and A . Pre *"' _phyllant (1 ), 3 pg/ml) 24 h before
ethanol, increased % MTT ar 7 a5 ‘ (' eRf I and AST when compared
to effect of ethanol alone (Fi Eﬁ"”. 0 - ! l twith phyllanthin at a dose of 4
ug/ml seemed to have less proteetive effect e ared to the lower concentrations.

Effect of phyllanthin t t ione levels in
primary cultur ETFEPaOTE s treated with etha

In order to-dste f p yIl nthin on ethanol-induced
tmiomarkers of oxidative stress; the genemon of intracellular ROS,
lipid peroxidation ancrtcﬂglutathione levels Were assessed.

PR AT o i

were de ased by phyllanthin pretreatment (1, 2, 3, 4 yg/ml, 24 h before ethanol)

qriadnsulann g o

liver cell injury,
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Effect of phyllanthin on the activities of ethanol-metabolizing enzymes (ADH, ALDH) in
primary culture of rat hepatocytes treated with ethanol

Effect of phyllanthin (1, 2, 3, 4 ug/ml) on ethanol metabolism was investigated.
Activities of ethanol metabolizing enzymes including cytosolic alcohol dehydrogenase
(ADH) and mitochondrial aldehyde dehydrogenase (ALDH) were determined.
Pretreatment with phyllanthin showed no effect on ADH activity (Figure 27). And had no

effect on the activity of ALDH which was decreased by ethanol treatment (Figure 28).

"
Effect of phyllanthin on_the~activities of antioxidant enzymes: superoxide dismutase

(SOD), catalase (CAT),.glutathione reductase (GR), glutathione peroxidase (GPx); and
glutathione S-transferase(GST) in primary. culture of rat hepatocytes treated with ethanol

|
Effects of phyllantiin (1, 2, 8, 4 ug/ml) pretreatment against ethanol-induced rat

liver cell injury on theractivities of major antioxidant enzymes: SOD, CAT, GPx, GR; and

GST were investigated. i A &

)
Ethanol decreased the activities 0f SOD and GR. Pretreatment with phyllanthin
brought the activities of SOD and GR beck 0 normal but not the GPx and GST which
: )
were increased and decreased respectively by ethanol treatment. There was no change

in the activity of CAT (Figures 29-33). sy

i i
' i" g
d el

Effect of phyllanthin on the expression of cytoprotective proteins: superoxide dismutases
(Cu-ZnSOD (SODT MnSOD (SOD2)), glutathione reductase’ (GR) and glutathione
peroxidase (GP;(),' -and transcription factor Nrf2 in primary eulture of rat hepatocytes

treated with ethanel

The expression ,of involved cytoprotective proteins and the activation of Nrf2
transcription factorregulated antioxidant'and detoxification genes werelinvestigated.

After ethanol treatment there was the reduction of SOD1 (Cu-ZnSOD), GR and
GPx proteins with no change in the expression of SOB2 (MnSOD). Pretreatment with
phyllanthin (1,2, 8, 4 ug/mil) 24 h.before ethanol increased the expression of SOD1,
S0D2, GR and GPx proteins (Figures 34-37).

The reduction of Nrf2 was observed after 2 h of ethanol treatment. Pretreatment
with phyllanthin (1, 2, 3, 4 ug/ml) 24 h before ethanol increased the expression of Nrf2
(Figure 38).
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Significant difference at p<0.05 from ethanol treatment.
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Note: Using the same data set, % MTT was calculated as 100% for control to see the

effect of ethanol in Figure 20 and as 100% for ethanol in Figure 21 to see the
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Part B: Effect of 24 h pretreatment with phyllanthin (1, 2, 3, 4 ug/ml) in

primary culture of rat hepatocytes

Effect of 24 h pretreatment with phyllanthin in primary culture of rat hepatocytes
Twenty four hours pretreatment with phyllanthin (1, 2, 3, 4 ug/ml) in primary

ffects assessed by MTT reduction

jon of ROS, MDA and total

The sign #oxidati e was not seen with phyllanthin
pretreatment.Ph ‘ he production of ROS,

the levels of malondi es 42-44).
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V : o

peroxidase (GPX

orimary culture of rat
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The result sh&wed that the activities &JSOD CAT, GPx, GR and GST did not
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Effect of 24 h pretreatment with ph}‘anth/n on the ex&ss:on of cytoprotew proteins:

NS ST AL TR A
‘GR), 'glutath peroxidase’ ( ra anscription factor Nrf27in primary culttire of rat
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In primary culture of rat hepatocytes treated with phyllanthin (1, 2, 3, 4 ug/mi) for

24 h, the expression of Nrf2 protein was increased when compared with control (Figure
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56). This increase was concomitant with the induction of SOD1 (Cu-ZnSOD), SOD2
(MnSOD), GR and GPx protein expression (Figures 52-55).

e
-
h“
1
rp

AULININTNEINS
AR TUNN NN Y



79

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:

160.00 -

140.00 o

120.00 A

80.00 o

(1043u00 J0 %) 11IN

0.00

in primary

e
b VO

iven 24 h

YHANYNINYINT

3

Ny

N

¢

AR

AN

YR

q



80

14.00 +

12.00 ~

10.00 ~

8.00 -+
6.00 +
4.00 -
2.00
0.00

(/n) 1v

3, 4 ug/ml) on the
ry culture of rat

©
£

epatocytes.

Vaﬁeﬂe Mean + SEM, n=4+"

[}

d

Figure : V
Trelea
[y

o

INYINT
ARIAINTUURIINYIAY

Ml

We3ve

A



81

120.00 -

100.00 -

80.00 +

60.00 +

40.00 -+

20.00 +
0.00

(/n) LSV

ary culture of rat
o/

llanthin (1, 2, 3, 4 ug/ml) on the

edNINEINT

ue3

Figure 41: Effect of 24

AU
ARAINTUUNINYIA Y



82

250.00 -

200.00 -

150.00 A

50.00 +
0.00

(1023U09 JO %) SOY Jejnjjeoeny|

2/

=

3, 4 ug/ml) on the
: - (ROS) in primary

avs
C«

Figure 42: Effe

v/

YHANYNINYINT

values are vied

= o

¢

P
YRIANNIUNANTINETAE



83

(utejoud Bw gl jowu)

uonepixosad pidi]

Effe

in (1,2, 3, 4 ug/ml) on the

Figure 43

ulture of rat

\e

‘_!l

Ve ues are

¢

AULINYNINEING

¢

YRIANNIUNANTINETAE



84

8.00 -

7.00 +

6.00 -
5.00 1
4.00 -
3.00
2.00 1

(u1eyo04d Buwyajowoloiw)

auolyen|b [ejo

0.00

Effe

thin (1, 2, 3, 4 ug/ml) on the

Figure 44:

it hepatocytes.

NYNINYINT

[

¢

AUE

¢

YRIANNIUNANTINETAE

[



85

1.00 -

T T
o o
@ ©

0.20 4

T
o
~

o o o

(ulwyureyoud Bwyjowu) Ayanoe HAY

0.00

culture of rat

Véléesare Mean + SEM,
="

We I

s

=

YNINYINT

n=4.

¢

f
QRN TUNAINYIAY



86

3.00 -

T T
o o
© Q

1.50 -
1.00 -
0.50
0.00

AN AN

(uwyutejoud Bwyjowu) Ayanoe HATV

3, 4 ug/ml) on the
i ary culture of rat

- |
L
N,

YNINYINT

W/

Fay

*

:
:
¢
n
:

¢ a

)
We I

/alues are Mean

f

s

ARAINTUUNINYIA Y



87

5.00 -

3.50 -
3.00 -+
2.50 -+
2.00 -+
1.50 -
1.00 -

(ureyoud Buwi/n) Ananoe Aos

0.00

1% culture of rat

NINBINT
nIneIag

e

AWIANNITU A

Effect o
‘ )

Figure 47

AUE



88

T
E
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

90.00 -

75.00 +
60.00 —
45.00 -+
30.00 o
0.00

(ulwyuieyoud Buijjowu) Ayanoe |0

d

epatocytes.

thin (1, 2, 3, 4 pg/ml) on the

INEINT
1IN

Nnevl
fUdd

7]
Ik

Effect o

Figure 48

A1
ARA



89

50.00 -

45.00 A

T
o
<
o

4
(unwy

35.00 A

uiajoud Bwjjowu) AjAiOE XdO

e
2

i

Figure 49: Effe

[ture of rat

Ly CU

ues are iea
‘ )

AUE IV

NINBINT

¢)

¢

{Y

AR

nIneIag

NS



90

[ture of rat

3, 4 ug/ml) on the

NINBINT
N1INgIae

A0l

0
)
()
s
®©
N
()
>

=
co

H A oz
=
«

3

8.00 -

T T
o o
Qo Q

© Lo

YR

1
o
<
N~

2.00 -+
1.00 -
0.00

T
o
Q
<

(uiwyuidyold Bwyjowu) AjAOE YO

[



91

14.00 +

12.00 -+
10.00 -
8.00 -+
6.00 -+
4.00 -
2.00 -+

(uiwyueyold Buijjowu) Ayanoe 1S9

0.00

in (1,2, 3, 4 ug/ml) on the

lanth

Effect of 24

Figure 51

ary culture of rat

NINBINT
nIneIag

d
{Y

AU
ik

AR



92

Phyllanthin (ug/ml)

17 kDa

42 kDa

200.00 -

180.00 A

160.00 A
140.00 A
120.00 A

(losyuod Jo 9,) uoissaldxs LAOS

wE

()

=
&&
&
—
&R

F'iere 52: Effect of 24 h prefreatment with phylgpthin (1,2,3,4 Hg/ﬂ'),on the

YWIA

An

Values are Mean + SEM, n

*Significant difference at p<0.05 from control.



93

Phyllanthin (ug/ml)

25 kDa

42 kDa

SOD2

B-actin

<<<<<<<<

-

QOY\“O\ m

250.00 -

200.00 -

150.00 A
100.00 A

(losju09 Jo 9,) uoissaldxe zdOS

50.00 o
0.00

o \)glm

\

?\\\J\\&?

FUe

g™
\J\\a “\\(\\(\ 2 8
e /s

e

INEINT

N

f 24 h reﬁaatment with

on the

ug/miy
S

S

1,2,3,4
i

in (
[

h

t
i

ylian
)

ok
SOD?2) in primary culture of rat hepatocytes.

:4a}

re 53: Effect o

Y

Figu

& W e

=4,

Values are Mean + SEM, n

*Significant difference at p<0.05 from control.



94

Phyllanthin (ug/ml)

58 kDa

42 kDa

GR

B-actin

200.00 -

180.00 A

160.00 o

20.00 +
0.00

140.00 A
120.00 A

(loJyuo9d Jo 9,) uoissaldxs Yo

he
re of

A

3
in

t
t

ala¥ k]

it

-—

c:

rat hepatocytes.

AR

f
€

-ffect o
ﬁ]

A“
I
e

=

LLi

%)
+
=
©
o)

=
)
—
©
0
o)

=
©
>

*Significant difference at p<0.05 from control.



95

Phyllanthin (ug/ml)

o/

R, o
>>>>>>>>>>>>>>>>>>>>> — 1) S
© Rt R = £ =
3 a S} =
= > )
= = o |
Q] 9\ = =
N S g mvﬁ
=) =" |
<, (@) .
) S
=
z ~ _m
o (ep]
~ &0
=
=
=
- —
=
®
g™
,-e

t‘ OﬂA

Values are Mean + SEM, n=4.

‘a

AULINYNINYINT

Fﬂjre 55: Effect of 24 h pre@eatment with ph

c °
= =
% < e z
a © e
o =R ©
I 1 1 1 1 1 1 1 1 1
o o o o o o o o o o o
S & & § & & g & & g &
o o o o o o o (@] o o o
o [e] © < N o o) © < AN
AN ~ ~ ~ ~ ~

(lo2yuod Jo 9,) uoissaldxa XdO

*Significant difference at p<0.05 from control.



96

Phyllanthin (ug/ml)

L ™ ()
* _|Hmm<H<”<Hmm<H<”<Hmm<H<”<H<H<H<H<”<H<H<H<H<”<H<H< < =
®© © e < -
o o [®)} o i .
X~ ~ > —
8 E o
© F i 2 >
2 2
< <~
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> . -
e e gl < ™
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< O\

[1N6]

|

7

*Significant difference at p<0.05 from control.

AUYINININYINT

47

treatment with phyllanthin (1, 2,

¢

Values are Mean + SEM, n

>

RN

\

\DY\\J\\B

Figure 56: Effect of 24 h pre

CO(\\( o\

Nrf2
B-actin

T T T T T T T T 1
O O O O O O 9O 9O 9 9O O
S & & & & & & & & & S
o O o © o ©o o o 9o 9o o
S O O H & L © b S Db
O ¥ F o ® & & < -

(Josjuo9 Jo 9,) uoissaldxa ZuUN

=4,



CHAPTER V

DISCUSSION AND CONCLUSIONS

Primary culture of rat hepato

1
investigate the direct effect K 0SS /} Arotective mechanism of phyllanthin
against ethanol induced acute otoxicity. /)
Acetaldehyde ‘icalﬁrodu@wanol exposure played an

ytes was selected as an in vitro model to

ot al., 2001; Zima et i 2001 gk and Pastorine, 2002 W hd Cederbaum, 2003).
ROS formation exhik A idation-of I membrane lipids, depletion of
glutathione (GSH) which incree | _' ) ty fo ative damage by ethanol.

These causes dan

|anz E 5?\1 ' y ;"
W‘ﬁ” e ellfinjury induced by ethanol was

detected by using MTT redu on-—assay which indicates the viability cells and the
‘,p-J“Jk;!

In the present st

impairment of .memb e leakage of certain liver
enzymes into the: ‘medium.After 2 h_exposure to-cthancl (80= “ ), cell viability was

F i
decreased by e~ dec : srease in the leakage of

|
transaminases (ALT & AST) (Figures 20- oncurrently, intracellular reactive oxygen

species (ROS) wasﬁl&mcreased by ethw exposure (Figure 24) in which ROS
tnggerﬂ u ﬁﬂe ﬂ W ﬁ Wﬂ ﬂoﬂ ﬁyde (MDA), the
produc qjlpld peroxidation (Figure
Several antioxidant enzymegplayed major roléston removal of excessive cellular
YA T O K0 P B .o
QSR. Impairmént of cellular éntioxidant. acti\>ity by ethanol exposure was important and
lead to the generation of alcoholic liver disease. Superoxide radicals could inactivate

catalase, whereas Cu-ZnSOD was irreversibly inactivated by hydrogen peroxide (H,0O,),
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both enzyme activities were disturbed by overproduction of superoxide anion (Sinet and
Garber, 1981; Kono and Fridovich, 1982; Salo et al., 1988).

Acute ethanol-treated rat showed the decrease in activity of copper-zinc
superoxide dismutase (Cu-ZnSOD), catalase (CAT) and glutathione S-transferase (GST)
but not glutathione peroxidase (GPx) (Ribére et al., 1984; Ribére et al., 1985; Kocak-
Toker et al.,, 1985). Long-term exposure to ethanol increased total GST activity as
assessed by CDNB conjugation both in vifre and ja-vivo studies (Vanhaecke et al.,
2000). Recent evidence suggested that ethanol could inhibit glutathione peroxidase and
glutathione reductasesaetivitics (- uezaj and Skrzydlewska, 2004; Ostrowska et al., 2004;
Pushpakiran, Mahalakshmi,.and Anuradheﬂa, 2004).

In our studygin primagy culture I&u)f rat hepatocytes, ethanol reduced cellular
antioxidant capability dllustrated Py the dLeC:'rease in level of total glutathione (GSH)
(Figure 26) and activities of superOX|de"'d|smutase (SOD) (Figure 29), glutathione

reductase (GR) (Figure 32) and glutathroneJS transferase (GST) (Figure 33). The activity
of glutathione peroxidage (GPx) was mcrea;g?d by ethanol exposure (Figure 31). GPx
may be activated by exidative Stri!e.Sué initiate@'Ry_‘ROS resulting in the increased enzyme
activity. Catalase (CAT) played-minor. role for grj:[i,;_a';qdant activity in rat liver cells (Figure
30). The varieties of the effectu-of ethanol on aﬂ%ﬁ&éant enzymes activities may depend

on the model, diet, amount and time of ethanol exposure (Balley et al., 2001; Wu and

Cederbaum, 2008\ R

Phyllanthm was isolated from Phyllanthus amarus Schukﬁfuet Thonn, one of the
best herbs for treating liver diseases. In our previous study, 24 h pretreatment with
aqueous extract of Phyllanthus amarus showed the hepatoprotective activity against
ethanollin rats, based on biochemical and histopathological assessment (Pramyothin et
al., 2007)z Phyllanthin has been reported to protect liver cells from carbon tetratchloride
(CCl,) and D-galactosamine (Syamasundar et als®=1985). The meehanism of
hepatoprotective effect of phyllanthin awas through its.antioxidant activity (Harish and
Shivanandappa, 2006; Fang, Rao, and Tzeng, 2008; Krithika et al., 2009).

In the present study, the exposure time (24 h pretreatment) and concentrations
of phyllantin (1, 2, 3, 4 ug/ml) were selected from preliminary study in primary culture of

rat hepatocytes as manifested by %MTT and the release of ALT & AST (Figures 39-41).
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Precipitation of phyllanthin in DMSO (0.05% v/v) was observed at the concentration
more than 100 pg/ml. Phyllanthin at high dose (100 ug/ml) showed no cytotoxicity.

Phyllanthin (1, 2, 3 pg/ml) showed the hepatoprotection by improving cell
viability and membrane integrity of rat hepatocytes being treated with ethanol (Figures
20-23). Phyllanthin at dose 4 ug/ml seemed to have lesser effect with slightly toxic on
ethanol treated primary culture of rat hepatocytes.

Hepatoprotective effect of Phyllanthtiss amarus and phyllanthin has been
reported in CCl, induced liver damage. Ihe isolated and purified active principles such
as phyllanthin, hypephyllanthin,+ geraniin ~and rutin"were responsible for the
hepatoprotection of .PAyllanihussiamarus py their perfect synergistic combination (Islam
et al., 2008). From qur preyvious study, aclueous extract of Phyllanthus amarus showed
the hepatoprotective agctivity against ethal'flol'.'in primary culture of rat hepatocytes and
rats. In primary culture of rat hepatocytes,'ln"o need for pretreatment of aqueous extract,
it was incubated withrethanol foré heurs; ‘;&; I\;ITT was improved about 2.5 times of the
effect of ethanol alone (Pramyotrn]in et aItj,}_ZOQ_.?). Using the same procedure for
phyllanthin in this present study,d.Zfr Rours 'Eﬁfgj;_r‘eatment was needed for phyllanthin to
demonstrate its hepatoprotec_tiye activity. This_, ,m,éy,due to the late effect of phyllanthin.
When compared the protectivu-e activity-of aq@;extract and phyllanthin in improving
cell viability, agueous ext-ré'c'f-Se:emed to lf{e;{;e":r_n?)re effecth_suggesting the major
involvement of otb%@end@c@mp@un@mh@@%th&eﬁpa@t

The ant'io'x“idant effects of phyllanthin on ethanol-induced 6_>iidative damage were
shown by the decreased ethanol generating intracellular. _ROS together with the
reduction in lipid peroxidation (Figures 24-256)s Twenty four hours pretreatment with
these cancentrations of phyllanthin (1,°2, 3,4 pg/ml) produced no oxidative liver cell
damage as demonstrated by no change in the production of ROS, lipid peroxidation and
total glutathione (Figures 42-44).

Phyllanthin, restored.. the, decreased factivity by ethanol of major antioxidant
enzymes including SOD and GR back to normal (Figures 29, 32). SOD catalyzed
dismutation of superoxide anion (02-') into oxygen (O,) and hydrogen peroxide (H,O,).
The important reactivity of superoxide radical is its capability of initiating free-radical

chain reactions. SOD is considered as front line among other antioxidant enzymes in
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defense against the potentially free radicals that cause oxidative stress (Mallikarjuna et
al., 2008)

Reduced glutathione (GSH) plays crucial roles in physiological functions and
protection against oxidative damage by detoxifying electrophilic molecules and

scavenging free radicals. Effects of e | on total hepatic GSH level were variable.
I vels by generating pro-oxidants as

well as inhibiting the mitoehondrial gl
1998; Fernandez-Checa.

Pretreatmeni:

Vlna et al., 1980; Colell et al.,

d total glutathione levels
which was reduced«By : 71 ' 3). This may due to the
increment of GR acti sporisi ) an . ‘cellular GSH homeostasis
and regulates G ‘ -

Phyllanthing

chemical structure ' ) S0avE jer. i and Kawabata, 2005). As

previously mentioned, IIa;jt-HL‘-'r}e! time - f ast 24 h to demonstrate its

s w

hepatoprotection against ethanm a--:;_ ".“ of rat hepatocytes indicating that

g-" r"r""’) 3 gl 2B

hepatoprotectl effect of phyﬂ'én'ﬁf'f

ermine the : h pretreatment with
phyllanthin which.showed heatoprotection against ethanol-il duced oxidative damage,

changes of protein Evﬂantioxidant enzyn@ were investigated. The activation of

nucleaﬁtﬁy&juﬁ%eﬁi%j ﬁ ﬁ fe} er transcription
factor thgh controls the expression of antioxidan and detoxification enzymes, has

been focused in this study. In adﬁtlon the gene ession of antioxidant enzymes
SRS TR D
Amount and activity of Nrf2 are regulated at levels of transcription, degradation,
translocation and post-translational modifications (Purdom-Dickinson et al., 2007). It is
transcriptionally active under both constitutive and stress conditions which induced a

subset of cytoprotective proteins during stress adaptations. From our result, an almost



101

negligible amount of Nrf2 protein was observed in control hepatocytes. After 2 h of
ethanol treatment, Nrf2 protein was reduced when compared with control. Twenty four
hours pretreatment with phyllanthin (1, 2, 3, 4 ug/ml) before ethanol treatment induced
the expression of Nrf2 (Figure 38). This induction of Nrf2 activation was proved to be the

effect of phyllanthin pretreatment as sho

known. Some evidence suggs .} ‘multi
or more of the u$

phosphatidylionosi

in Figure 56.

ion by phyllanthin is currently not

ms of signals mediated by one

@ctivated protein kinases,
' ‘_-.Min kinase-2 (Chen et al.,

2004; Keum et al., 2006). Recent ral re reported as inducers

upstream kinases ma .[ Ctheh ion of Nrf2 (Young-Loon,

Kundu, and Hye-Kyung,

Nrf2 has been shown a reg ole in the inducible expression of a
number of enzymes |mportan'f"|n pffc')fecﬁ‘orf aga ive gen species including

NAD(P)H-quinene. —heie—oxygenase-=giutamate cysteine ligase,
glutathione S—tr:j" » “reductase-1, Cu-Zn
I

se, catalase etc (ltoh et al., 1997;

superoxide dis Chan and Kwong, 2000;

Thimmulappa et al., W%Kwak et al., 2003; Wet al., 2006). Nrf2 also plays a critical

role mﬂ %rﬂ:ﬂc Elj% ?ﬁi 5l ;ﬂﬁ and non-stress

cond|t|ormand is critical for mamtammg ate via transcrlpt|ona|

regulation of glutathione reductase ﬁ ey et al
o} PEREL I T TP TN
anOD GR and GPx protein in hepatocytes after 2 h treatment with ethanol. Ethanol-

induced oxidative damage could induce varying degrees of protein cross-linking,

protein fragmentation and proteolysis. Ethanol has been reported to interrupt cellular
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proteolytic pathways that regulated the quantity and the types of proteins inside cells
(Donohue, 2002; Donohue and Osna, 2003).

There was evidence showed that modification of structural protein by free radical
especially in the enzyme active site increased proteolytic susceptibility (Salo et al.,

1990). Cellular proteins were susceptibleita damage by ROS and oxidative modification

of proteins may lead to theh ,
enzymes studied both in vi a \
degraded more rapi&e prq’eins ,
1992). / J \

The mitoo genes smutase (MnSOD, SOD2)

safeguarding mitochendria  fr 4 Oxi _ | as in regulating

nd functional inactivation of many

. These modified proteins were

intramitochondriald®, cofce on."Ma ies sugg hat mitochondria were

was not observed in ethanol- tpe;ﬁ:;hhT (C These occurring may due to cellular
g.‘" rl"'r ;.-' -
adaptive respo e against ethanol- mduoém -
Howe er,“there-v ontrove ove -,-, fturbations in hepatic

protein metabo |SEO owing ethanc : i data has been reported

on ethanol-induced impairment in liver protein metabolism clor protein synthesis and

protein degradation .ﬁ/lﬁ/ Verney, and Sidﬁgeky, 1980; Morland et al., 1983; Poso,

= SHHHFRHRINENI
reatment with phyllanthin pug/ml) 24 h before ethanol exposure

arkedly increased the expresmon'ﬁf SOD1, SOD2,#GR and GPx in hepaMtes when
ot KGRk Ty T
‘SOD1 SOD2, GR and GPx) was due to the effect of phyllanthin (1, 2, 3, 4 ug/ml) alone
as shown in Figures 52-55. However, phyllanthin alone did not change the activities of
antioxidant enzymes (SOD, CAT, GR, GPx and GST) when compared with control group

(Figures 42-44, 47-51). These results suggested that the antioxidant activity of
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phyllanthin against ethanol-induced oxidative damage in rat liver cell may be related to
the increase in protein expression of antioxidant enzymes.
Several studies suggested that oxidative stress was an important cause of

ethanol-induced cellular damage. Hepatic effect of acute ethanol toxicity also caused

cytosolic alcohol dehydroge

accounting for 90% of et )
potent electrophiles

phospholipids and

nsidered the primary initial step

}n generated acetaldehyde, the
@th nucleophiles in proteins,

; ‘-ts—wehyde was converted to

, the NAD+—dependent

oxidative damage via its metabolism 'rr 1997). Oxidation of ethanol through the

acetate by mitoc
enzyme which was ajor mea i ion ir iver to prevent the formation

of adducts from acetaldéhyde and protei Th e yield played a role in the

"his result indicated that

did not alter in t , . : ﬂ/
the protective acti of phyllanthin on the ethanol-induced r: r er cell damage did not

involve the inhibition of ﬁtaldehyde prodchy ethanol oxidation.

p yIWB%ﬁ w 6} e ct on ethanol-
induce |dat|ve amage in primary culture of rat hepatocytes through its antioxidant
activity via the induction of the de nﬁ/o synthesis of ahliexidant enzymes ( M1

FRIRE RIS Y™
This important information may be of therapeutic strategies in attempts to

ameliorate or prevent the toxic effect of ethanol. Further study should be performed

using in vivo model to investigate the protective effect of phyllanthin in ethanol-induced

liver toxicity.
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Analytical identification of phyllanthin

Figure A1: Analytical identification of phyllanthin isolated from Phyllanthus amarus by

thin layer chromatography (TLC).
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ALT AST
Group (U/L) (U/L)

Control | 6.25 + 0.61 53.15 +1.63

EtOH 80 pl/m 3642 d6 ¢ v AL 00 N\ 11.60 4084 10718 +1.82
Phyllanthin 1 pg/mi-->EtOH 52.88 + 9 Cigsge+sal  710+073 77754367 1
Phyllanthin 2 pg/ml-->EtOH 52.30 +6.88 0t 12 740+ 1.09" 77384394
Phyllanthin 3 ug/ml-->EtOH 53.40 + fﬁ;j" . 13 6:9: 745+113" 8305524
Phyllanthin 4 pg/ml-->EtOH | 46 " L 1.98£0.78 80734316 "

&
o

MTT=3-(4,5-dimethylthiazol-2-y1)-2,5-dipher

i ’J erase; AST=aspartate aminotransferase.
Values are Mean + SEM, n=4. I'I
W

*Significant difference at p<0.05 from control.
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ARIANTU NI INYINY

124

vl



125

Table A2: Effect of phyllanthin on the generai ) S / total U ’  one levels in primary culture of rat hepatocytes

treated with ethanol.

Total GSH

Group Y ) (umol/mg protein)
Control 4.78 £ 0.25
EtOH 80 pl/ml 3.23 0.09*
Phyllanthin 1 pg/ml-->EtOH 4304021
Phyllanthin 2 pg/ml-->EtOH 127.50 + ‘ T 4125007
Phyllanthin 3 pg/mi—->EtOH ™} 1€ 11es | 453+0.13"
[~ 3 4364028

Phyllanthin 4 ug/ml-->EtOH v

.

ROS=reactive oxygen species; MDA II alondia
W
Values are Mean + SEM, n=4.
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Table A3: Effect of phylla

in primary cult

g enzymes (ADH, ALDH)

ALDH activity

Group ol/mg protein/min)

Control 1.42 £ 0.05

EtOH 80 pl/ml 0.66 + 0.06*
Phyllanthin 1 pg/ml-->EtOH 0.75 0.07*
Phyllanthin 2 pg/ml-->EtO 0.78 + 0.06*
Phyllanthin 3 pg/ml-->EtO 0.57 £ 0.05*

*
Phyllanthin 4 pg/mi==EtOH  0.62 + 0.06 E— +0.44 + 0.06

-y

ADH=alcohol EF.'.';. 4

e

Values are Mean + SEM, 4.

s

Slgnlflcant difference at piD .05 from control.
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treated with ethanol.

SOD activity GR activity GST activity

Group (U/mg protein) (nmol/mg protein/min)  (nmol/mg protein/min)

Control 4.29 £0.05 4.34+0.12 8.59 + 0.44
EtOH 80 pl/ml 3.79 0.08* 312+ 0.21* 514 + 0.83*
Phyllanthin 1 pg/ml-->EtOH 4.36 + 0.12Jr 504 0.25Jr 432 0.69*
Phyllanthin 2 pg/ml-->EtOH 4.26 + 0.07Jr 501+ 0.17Jr 371+ 0.66*
Phyllanthin 3 pg/ml-->EtOH 4.44 + 0.14Jr 481+ 0.26Jr 3.89+ 0.65*
Phyllanthin 4 pg/ml-->EtOH 3.99 +0.09 _--—---————-—-— -------- -l - 495+ 0.16Jr 3.89+ 0.55*
SOD=superoxide dismutase; CAT=catalase, _!‘"_ 7 I tas ; GST=glutathione S-transferase.

Values are Mean + SEM, n=4. L'j

*Significant difference at p<0.05 from control. g
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Table A5: Effect of phyllanthin on the expression of ¢ ive proei . o OD2 (MnSOD), GR, GPx; and transcription factor

Nrf2 in primary culture of rat hepatocytes tre

128

Nrf2 expression GR expression GPx expression
Group (% of control) « (% of control) (% of control)
Control 100.00 100.00 100.00
EtOH 80 pl/ml 57.00 + 3.89* 31.50 + 6.41* 43.75 £ 3.59*
Phyllanthin 1 pg/ml-->EtOH 203.25 +10.97 "1 9.00.£8%3 - ‘, - 11.21 15250 £2.25 1 166.50 + 6.55 "1
Phyllanthin 2 ug/mi-->EtOH 221004625 1 1 17.~":" 172,00 £ 7.36 1 155.00 + 8.97"
Phyllanthin 3 pg/ml-->EtOH 155.75 12.57T 03 ﬁ;’ -‘--.-‘_I 160.75 5.94*'T 182.00 = 4.55*'T
Phyllanthin 4 pg/ml-->EtOH 173.00 + 9.7, = 172.75 4.79*'T 137.50 + 7.12T

o
da % _. . .
“ =manganese-superoxide dismutase; GR=

]

Nrf2=nuclear factor-erythroid 2 p45-related factored S
glutathione reductase; GPx=glutathione peroxidase !I
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Table A6: Effect of 24 h pretre at hepatocytes.

AST

Group (UL)
Control 53.15 +1.63
Phyllanthin 1 pug/ml 65.40 + 5.48
Phyllanthin 2 pg/mi 68.33 + 7.89
Phyllanthin 3 pug/ml 70.30 + 4.41
Phyllanthin 4 pg/mi , 5+1.18 69.73 + 3.37

MTT=3-(4, 5-dimethylthiazol-2-yl)-2 AL T=alanine aminotransferase;
AST=aspartate aminotrans sferass

L
Values are Mean + SEM, }"_ . ‘

-lI e
n'L 4¥F
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Table A7: Effect of 24 h pretreat ' th_phyanthi generatio S, MDA and total glutathione levels

in primary culture o

Total GSH

Group (umol/mg protein)
Control 5.19+£0.42
Phyllanthin 1 ug/mi 6.10 £ 0.69
Phyllanthin 2 ug/ml 575+ 0.65
Phyllanthin 3 ug/ml 576 +0.72
Phyllanthin 4 pg/mi 5.46 + 0.57

i

ROS=reactive oxygen species: MDA=malondialdehyde; Total GSH —

Values are Mean + SEM, n V_ ‘
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Table A8: Effect of 24 h of ethanol-metabolizing

enzymes (ADH

. ALDH activity

Group | amol/mg pi n 'mg protein/min)

Control 1.64 £ 0.11

Phyllanthin 1 pg/ml- 1.85+0.23

Phyllanthin 2 ug/ml 1.81+£0.16

Phyllanthin 3 pg/ml 1.73+0.25

Phyllanthin 4 pg/ml 1.49 +0.21
A 4

ADH=alcohol dehlicras@nase ALDF=aldeRyde teRvan v

: J
Values are Mean +SEN o

o
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Table A9: Effect of 24 h pretreatment with phyllanthi D, CAT, GPx, GR; and GST in primary culture of

rat hepatocytes.

SOD activity GR activity GST activity

Group (U/mg protein) " (nmol/mg protein/min)  (nmol/mg protein/min)
Control 4.24 £ 0.33 4.63 £0.11 9.05+ 0.37
Phyllanthin 1 pug/ml 3.87+0.18 521+0.36 10.13 £ 0.58
Phyllanthin 2 ug/ml 3.65+ 0.37 548 + 0.23 9.60 + 0.44
Phyllanthin 3 pg/ml 3.40+0.14 6.19 + 0.48 9.91+0.30
Phyllanthin 4 ug/ml 419 +0.25 76.64 £ 1871 .# o 5.78 + 0.39 1111 + 0.47

SOD=superoxide dismutase; CAT=catalase; GPx: v-__._-__ ione re ‘ iase GST=glutathione S-transferase.

o

Values are Mean + SEM, n=3.
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Table A10: Effect of 24 h pretreatment with phy ess o\"&\ ‘ oteins: SOD1 (Cu-ZnSOD), SOD2 (MnSOD),
GR, GPx; and transcription factor I /jﬁ 0 \\» C \ :
Nrf2 expression SOD 1fexpression.... o .\L X \ \ GR expression GPx expression
Group (% of control) m (% of control) (% of control)
Control 100.00 100.00 100.00
Phyllanthin 1 ug/ml 387.00 + 37.02 146.25 £ 5.54 151.25 + 3.97
Phyllanthin 2 ug/ml 422.75 + 15.99 153.75 £ 5.41 144.75 + 5.65
Phyllanthin 3 ug/ml 383.75 + 36.20 166.50 + 4.79 131.00 + 2.55
Phyllanthin 4 ug/mi 396.00 + 24.67 146.25 £ 2.95 118.00 £ 4.78
Nrf2=nuclear factor-erythroid 2 p45-relatedf: ot r-zinc superoxids D2=manganese—superoxide dismutase;

\* X
GR=glutathione reductase; GPx=glutathione ‘yia F

Values are Mean + SEM, n=4. : ; il I""

*Significant difference at p<0.05 from control. g
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