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PL Biosimilars: General concepts 

Oranee Tangphao MD 

Executive Director, Medical Science 
Amgen Inc, Thousand Oaks. 

Abstract 

15 

Biosimilars , generic versions of large molecule biological products, has been a hot 
topic among healthcare and regulatory debates in recent years. The pressure for healthcare 
payors to contain the rising costs of healthcare, including pharmaceutical product cost, is a 
main driver for bringing less expensive drugs to the market. For generic versions of 
traditional small molecule pharmaceuticals , the standards for regulatory approval has been 
widely discussed and agreed upon since the 1980s. The criteria or requirements for 
traditional , generic small molecule drugs generally involve pharmaceutical equivalence and 
bioequivalence. These molecules are synthesized by chemical processes which usually yield 
relatively homogenous products. Most pharmacologists and regulatory reviewers are familiar 
with and have used these concepts although exceptions may be granted for certain drugs. In 
contrast, approval of biosirnilars is likely to need a different set of criteria as biologics are 
synthesized or produced by living organisms. Several regulatory agencies around the world, 
especially EU and US are considering routes to evaluate and approve biosirnilar products. 
Generally, biosirnilar products should demonstrate comparability to the reference product in 
terms of 1) physicochemical properties, 2) biological activities, 3) its impurity profile and 4) 
clinical safety and efficacy. Due to the complexity of biologic manufacturing and the 
possibility of heterogeneity of the products, the necessity of biosirnilars to prove clinical 
safety and efficacy in comparison to the reference product brings the burden of approval 
higher than with the generic version of traditional small molecule drugs. In addition, post­
marketing surveillance will play an important role in assuring regulatory bodies and the 
public on the safety issues of these follow-on biologics . Details on biosirnilar quality 
evaluation will be discussed during the presentation . 
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- ----------- ---- ---- --- -- I 
en is an in.novatlve company with decades of experience in developing,_ 
anufacturing and marketing sale and efficacious B1otech medicines ! 

-·--------------- ------ ----- ----- ---- -

In line with our values and as an industry leade1, Amgon has been al the 
forefront ol discussions on Biosirnilars to ensure a science·based and 
tr;insparenl approach is followed lor approval and use in medical practice 

The release or draft EMEA guidelines. proposing requirements for approv81 of 
B1osim1lars in four product-classes. has marked the beginning of a new phase 
of the Biosm11lar discussion. accompanied by broader public awareness 

As a science-based comp;my, we will ensure lhal our slaff r1as a well-balanced 
and ract-d1iven understanding of lhe nature and challenges of Biosimilars 

Amgerfs 1st priority is to ensure pafient safety and continued we/f-being, and to 
use sc{en_(;t:fand inflovatiorr to provide safe, breaklhroagh medi.caf ttealmenls 

Definitions 

Bioslml!ars vs. Genorlcs 

Regulatory Framewor~ 

Subsntullon 

Thai J Pharn1acol 

Patients cleserve safe and effective medicines 

Biosirnilar medicines need careful evaluation by Regulatory bodies 

lo ensure quality. safely, and efficacy 

Regulatory requirements should be transparent, science based, 

predictable and product specific 

Prescribing physicians sl1ould be fully inlormed about the Biosimilar 

medicines and actively involved in making a decision regarding 
substitution 

Innovator rights are fully respected 

lntroducllon 

Bioslmllms vs. Generics 

Regulatory Framework 

SubslituUon 

Blolech medlc;nes often replace or 

supplement a natural protein 
produced by the body, satisfying 
medical nesds previously unmet by 
chemlc~I medicines 

More "than 325 milfion patfonts wortdrdde have b·;en he/p<Jd by biofei:.h 
medicines 



Volc3o, No.l Jan-Apr 2008 17 

Chemical Drugs vs. Biotech Medicines 

Chemical d rugs 

Made by chemical synlhosls 

Dellned structure ond easy to 
characterlte 

Relatively stable 

Uaually t sken by mouth and 
proscribed by a genetal praeUlloner 

91otech medlclnoa 

Mode by living cells 

Unique cell lines, from bacteria or 
mammals 

• Recomblmml proteins 

Heterogeneous a lructure. dlfflcull to 
charoctcrl1e, mixtures of related molecules 

Varlable; sensiti ve to conditions 

Usually Injected end preecrfbed by 
apecl• ll•lt 

What Are Biosimilars? 

The expiry or pa lent prot.ecllon for 
certain Blotoch modlclnes has led to the 
development of what are called 

Biosimilars 

Blosirnll ars attempt lo copy the 
original innovalive blo lech medicine 

Howe11e1 B10simifars are actually different producls. not accurate copies 

Characteristics Of Biosimilars 

Biosimilars ... 

Are biological products that claim to be similar to an innovator 
biological product 

The innovator"s product is off-patent and no regulatory data 
protection remains 

Are manufactured by a second manufacturer with new cell line. 
new process and new analytical methods 

Require original data for approval 

Terminology (1) 

• EU = Biosimilars 

~ US = Follow-on Biologics (FOB) 

But never-ever~ 

Do Biosimilars Already Exist? 

So for, no Bloslmilar& aulhorl~ed al EU level or In the US, but •.• 

... Mulllple Epoetlns and G-CSFs under development 

... Dossiers tor HGH ond Interferons hovo been submitted ond are 

currenlly being rovlewed In the EU 

..• There aro marketed blologlcal producls lrom non-lnnoviltor companies 

out side the EU and US 

Intense mterest m US and EU m developing a regulatory pathway for approval 

Summary - Definitions • 

1. Biotechnology medicines aro: 

M:ido by living cells 

· Replace or supplement a protein 

2. Bloslmilars allempl to copy 
the original Innovative biotechnology medicine, but they are not ldenllc:il 

3. Blotech medicines cannot be copied because lhey are derived from unique 
ll ving cells and orgenisms 

81os11n1tars are only s1mllat - not 1d~n11cal 



Introduction 

Oe!inlllons 

Aogula1ory Framework 

Subslllution 

Moloc:ular Properties 

MAnutncl1iring P1ocess 

V Safety 

Hficacy 

Ii 
atlempt to copy 

! ! 

B!osimil<1rs 

Thai J Phar111acol 

Biotech medicines are more complex 

Large numbers of molecular components 

Bigger molecular size 

Lack ol exacting chemioil specilical1ons 

Mode ol aclion is very complicated ' 

lntcrforon Bela 
MW 19'0000 

Primary: 
Amino Acid Sequence 

Secondmy: 
lnlernction of Amino Acids 

Terllmy: 

Aspirin: 
MW 1800 

Hydrophobic 'md Hydrophilic Interactions, Oisul!lde Bonds, 
and Pos!1rnnsla1ional Modi!ica!ions 

OuJternary: 
ln\r.rJc!ions Witt• Other Proleins 
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Summary - Molecular Properties _ • 

.er B1os1milars are mote complex than Generics 

" lfll( p 

.a; ' y 
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Manufacturing : f 18 
The Process Makes_ The P_ro~ _ _ _ ......... 

A highly controlled 
manufacturing process 1s 
Intrinsically 1mporlant to 
IJ1olech medicines ... 

because control equals 
conSlstency 

8 
Characteristics Of the Manufacturing Process 

Takes months, not \'leeks. to 
produce a run 

Cost per run can be millions of euros 

To obtain consistent rcsulls. preC1se 
controlhog necessary 

MiJnufactunng bt0tec/I mcd1cmes 1~ complu:c. ta119thy und t"l /X'fl$1VB 

Each Manufacturer Must Make Their Own 
Unique Cell Line 

Cell Line Construction is Complex 

Clone to single cell 

Evaluate and compare clones 

Growth 

Viability 

Productivity 

Protein integnty 

Genetic stab•ltty 

Bank 

19 

ZJ . U IQIHI ,.... 

Each Man·ufacturer's Cell Line is Unique · 

Cell line Is descended constructed 
using a unique proprietary DNA 
expression vector 

The characteristics ol the 
incorporation ol the DNA is unique lor 
each cell 

The cell line is evaluated for product 
1ntegnty, acltvity and overall quahty 

In addilron to product quality, the cell 
line Is chosen based on expected 
performance in manufacturing such 
as growth and v1ab11tty 
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Unit Opera1ion 

Cell E:o:pansloft Cell lltH>, growtfl medJa, 
method of expanston 

Cell P1oduct1on In Cell line, growth media, 
Bloreac\ors t>ioreactor condllions 

Recover through liltratlon or Opera Ung condUlons­
cenlrffugat!on 

Purification through Binding and elution 
chromatography conditions 

Purllled Bulk Drug 
Ctiaraclarlzallon and Stablllty Methods, reagents, rel1lrenoe 

standards 

DuedO the comp/exily of molecule arid manufaclunng process; 
BfOsimifius iimnevet identfcal to originator praducls 

Manufacturing process is core lo lhe prod11c1 

" Extremely sensitive to ch;mges in manufacturing and production 

Minor ve1riations could produce vastly difJerent products 

Thai J Pharmacol 

"" ;c,,"~"' " "' "" """~ ~ 

~fife~'irnilltitea~i~ ~~n:ia !&it ~emeries · 
~ ~)!!Jl,t!!SL ~J~~ll!T!l~i?i"Iifirfii!.rsll!tl!larr~ , 

.,/ Bioavailabili!y 

.,/ Bioavaitability 

./ Safety 

./ Efficacy 

X Safety 

X Efficacy 

For Biotech Medicines, each product has a unique safety motile 

dependent on its 

Mechanism of action 

Unique manulacturing process 

Composition (by-products and impurities) 

conseqaen/ly, Bfosimi/ar med_icfnes need to _have pre-approval _safety dattJ 'in 
addition to robust ptmrmacpvtgilalice 

Therapeulic proteins have lhe polen!ial lo induce antibody re~onses 

Initial response to therapeutic protein 

, Later broad response incl. endogenous protein 

In many cases. no clinical consequences but antibody-related reaction can be 
serious, even life-threatening 

!mmunogenicily of Biosimilars cannol be predicted with preclinical or non­
human studies 

Clm1cal studies requirr.d pre-approval 

, Robust pharmacovigilance needed 
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Summary - Safety IJ 
M· 

• • Salely profile ol Biosimilars is unpredictable 

Prescrlbers and patienls must be fully aware of the potential 
issues 

r! I. Iii• 

;io ANG£N < ~ 

Manufacturing Changes Can Impact 
Pharmacokinetics and Efficacy 

Manulacluring site tor Rapliva was lranslerred 
from Xoma to Genentech 

No differences in analytical characterizaLion data between the Xoma 
product and the Genentech product 

Bui : products did not demonstrate bioequivalence 

An additional phase Ill sludy was carried out to support dosing. efficacy, 
and salely 

The preparation with higher peripheral drug concenlralion demonstrated 
a !rend towards a lower clinical response 

Pharmacokmel1c dais can be unpredictable w1tll regard to chmcst response 

Summary - Efficacy IJ 
Mc: u l rPwpe-ril 

M 1 11w 1nqP11H"' 

s.11 v 

Efficacy can differ significantly with small changes in protein or 
lormulation 

J1 lllGEH r ~ 

I 
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Agenda 

Introduction 

Deflnlllons 

Bloslmllars vs. Generics 

Subslllulion 

Regulatory Status In The EU 

Unlike the US, the EU is drafling guidance on • appropria te pathways tor the cl inical approval or Biosimilars 

The EU legislation is the first lo create an abbreviated 
legal pathway for approving 8 1osimitars 

• European regulators are now deciding on the process lo 
bring Biosimilars lo market 

~ The European Medicines Agency is currently collecting 
data from stakeholders on non-clincal and c linical 
guideline and on four product specific guidelines to 
manufacture Biosimilars 

Overview Of Planned EMEA Guidelines 
Likely to be adopted in 10 2006 

TOPIC 

Overarching 

Ou a lily 

Noncllnlcal 
& Cllnlcal 

Annexes 
Noncllnlcal 
& Clinical 

TITLE 

Guldellne on Slmllar Biological Medlclnal Ptoducts 

Guldollne on Similar Blologlcel M!Xllclnol Produc::ls 
Containing Biotechnology-Derived Prote4ns es Active 

Subt lanco: Ouellty Issues 

Guidellne on Similar Biological Medicinal Products 
Containing Biotechnology-Derived Proteins as Active 

Substance: Noncllnlcel A Cllnlcal lssuG-1 

APPLICATION 

~ 
Applles lo all 
Bloslmilers 

Recombh'\Dnl RKomblrianl Recombln.nt R.Komb!Nnl } Specific• 
Hum:t.n Hum11n Human Hllnun Growl.h Product daln 

1...::'"'="'.::°"°'=":::'"..J L_.:.<><.::.•:..• _ _, L-''-'M="'-'"___, ~-"-"_m_~_•_ requirements 
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H1Jman PK equlvalcnco 

E!ilcacy 

Extrnpol~lion 

Safely 

Human PK equivalence 

E!!icacy 

Extrapolation 

Saiely 

Phnrmncovigil~nce 

E~~EA Oral! Gui(lance 

Comrarat1ve non-clinic"! slo.>die~ 
23.,1ziy to;dcology 

Single dose ill healthy volun!eern u~lng SC and IV 

2-arm cquival'1nc" trial in CIN c,eWng o1 kno>~n 

neutrnp•mfc supprn~slon. 
OF/ 
PD s!tl<:lv l'l h~<lllhY volunteefs (ii ju:;Jiii~d) 

Yes - Equivalence in GIN c~n <.·dr<'f'"htt• to ntlw1 
in<licatione> ii meehanism o! action b llw samf! 

6-mon!hs \o "''~lu~to /l.E·s ond imm•1noganicily 

EMEA Oral! Guid~nco 

Comparative non-clinic~! s!ucHcs 
3-month fo~icology 

Single dose in healthy volunlccrs t1sing SC and JV 

2, (loublC' blind stud;.,s in irnphrology 
SC for predfofysis amJ lV ior haemo,lfolysb 
Dose> and Mb levels !o iw colled8d 

Yes - d~la in nephrology may allow OXl('!don io 
otlwr imlicoliorrn ii s~mo mode oi 3ction 

3()0 paUenl~ from eiiicacy !rial 

1 ·yc0r lmmtn1ogcnid1'/ dab 

No prncico requlrcmon1s hut lmmunogoniclly 

iclentiHed a3 topic lo I.Jo ~dd1osscd 

/\1119r::i-1's co111111<0-nl0 lo l. b1l"Jl. lucu:o CH• 

p, lC·app1 ov<.11 sJfely c.lal2bao<" 

Ei:tr cipol:Jt1on to ditie1enl11•dl<>1l1or>s 

Thai J Phar111acol 

lnlroduc!lon 

Defi!!iliO!•S 

Substituti .n 

raises 

concerns tor F'atient Safety 

Epoctin cilb Biosimilar Epoetin alfa 

Dcirbepoetin Jlfa EpoeUn alia 
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What Is The Principle Of. Substitution? 

~ : -! --.-.. 

Medicines are the same• tllerelore can be subshtuted ~ ~ 

./' Generics I chemical drugs 

Substances are identical = therefore can be substituted 

Principle Of Generic Substitution Does Not 
Apply To ~iosimilars . 

• • - I 1-,il 

Medicines ere the same "' therefore can be substituted - . - ... 

./' Generics I chemical drugs 

Substances are identical = therefore can be substituted 

X Bios1milars/Biotech medicines 

Are not identical = therefore generic substitution not 
possible 

.u A»WlHC ~ 

Even For Small Molecules, Substitution Carries A 
Risk 

Loss of seizure control and druo related toxicity 
fo llowing subslllutlon 
with anl lconvulssnts 

Slgnlncant dlfforences In pharmacoklnellc parameters 
and patient v.otlobllUy between generic ond brand 
verelona of on1larry1hmlc procntnomldo loadlng to 
differentl:il suppression of ven lrlcular octopv and 

emergence of arrhvthmlns; aftor r>wltchlng 

Ollferences ln solel y profile o~ 
generic hormone preparalion_~--'-------­

Wilhdrawal ol generic cyclosporlne A due to 
differences In absorpllon from 1he branded 
verelon that was not Identified by 
conventional bioequivolenco studios 

.u. .t.llQIHt ~-
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For Biosimilars, Substitution Would Carry An 
Even Greater Risk For The Patient 

Bloslmllors do not hove the s<Jme oclive Ingredient as the lnnovAtor 

81oslmllats may not have some safety & efficacy prollle as the lnnovalor 

Convenllonal biocqulvalcnco aludles alone cannol assuro clinicol safely nnd 
efficacy of blotech medicines 

Aulomalic subslitutlon of the original lrcnlmont with o Bloslmllar represents a 
safety risk since the consequences ol such substitution are unpredictable 

Limited safety database in populations 

Patient dose lllralion and lnler·patlenl variation 

lmmunogcnlcily 

The pl>ys1c1on sl>ould be responsible for proviclmg /he best t1eatmen1 
to the patient 

Physicians And Patients Need To Be 
Involved In Decisions On Substitution 

Phyal«:lan• 1hould ~ pt0vlded lull dotall? 
(9Q9(dlng •ny blo1oc:h medicine In 
orlglnal labeling tor each product 

Unlqu. cltnlcal dola 

Llmllod aalely data for Bloslmlla,.. 

\Yarning• regarding lmmunogentcUy 
and subs.Ulutlon without physician 
lnvolv.menl 

Produc-t• need to h11ve ~ 
ldenllllcnllon 

Promote sale use and pn!scrlpllon 

Promote .:JCCur.Jte dol11 repot11ng ond 
ph11rmitCOvl9llonce 

Enau1·e llmely 11nd accuroto acllon• 
In the poalm1trtletlny sellfng 

INN 

Brund nomo 

Summary - Substitution • 

Siosurnlars are not 1denl1cat to onginator. therefore genenc substitulion rules do 
not apply 

Physician needs 10 be involved in subslilulion decisions 

Risk of immunogenicity 

Patient dose titration and mter·patient varialion 

Pre·exposure to olher biological therapies 

'1 · 11.WOENC ..-
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l!M~ for pen11dopril ~fits~ 
the cardioVMCui&r di-oontim1um 

;.ri 

;;..· 
.m 

o,, 
·,:(l 

:;· 
'.'O 

'" 

:\u~!mlian Gmcrmmm! 

The lJniversity of Sydney 

5 K.t;• \'! /.'»'" 
v . .i 

CO'Jt'.F1SYL PllJS 

COVERSYl PUJ ' 

COVEflS'it PL\JS 

lncre~se +55% 

Thai J Pharmacol 

"\, ul •h• · 'Hhi··, 

1"'1'"1«1n•H 

Blood pressure '"'""'"''"" a11d va,,rnlar risk 

'"11'•' 

in diabetes: evidence 2000 

Mean systolic BP -~ dunng follow~up· 

Intensive conlrol 144 mm Hg 

Less t19ht 154 mm Hg 

EASD/ESC/ESH 
130/80 mmHg 
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Blood pressure lowering in diabetes: 
Unresolved issues 2000 

Among patients with diabetes, does 
blood pressure lowering therapy: 
• Produce additional benefits when systolic 

pressure is lowered below 145 mrnflg.? 

• Produce similar benefits for hypertensive 
and non-hype11en!iive patients? 

•Add to the benefits produced by other 
cardiovascular preventive therapies 
including ACE inhibitors? 

COVERSYL PWS MJYANCE: 

-
l+I 

II 

... - ----
m 

1 1 
II - • -

, ,,, lill "-'t, t . ..... 1111 ,, 

I J U 

COVERSYL PWS 

ADVANCE trial profile 
ll 877 p:tl1o•nt+. Wllh 

1 y~ 2 dta~tcr. 
rcg isl c..-cd 

i 
17J7 

w 1thdrf'W 
durlog run-in 

5571 dl"iSigncd matching 
placebo 

11 lostto 
lollOW·Up 

Scheduled end of follow-up: 4.3 years 

4908 (88% ) asussed nl final vis it 
"081 (73%) adhered to treatment 

Scheduled end or ronow-up: 4.3 years 

4863 (87%) assessed at fina l visit 
4143 (74%) adhere d to treat mnnt 

COVERSYL PW 
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ADVANCE study hypotheses 
Perindopril-indapamide arm 

• Among patients with diabetes, does 
blood pressure lowering therapy: 
• Produce additional benefits when systolic 

pressure is lowered below 145 mm! lg? 

• Produce similar benefits for hypet1ensive 
and 11011-hypertensiv<.: patients? 

•Add to the benefits produced by other 
cardiovascular preventive therapies 
including ACE inhibitors? 

.COVERSYL PLUS 

Inclusion criteria 
• Type 2 diabetes mcllitus 

• J\ge 55 years or older 

• Additional risk of vascular event 
• Age :2: 65 years 

1-1 islory or major macrovascular disease 

• History or llH\jOr microvascular discasl' 

• First diagnosis of diabetl's >I 0 years prior lo 
entry 

• Other major risk factor 

• Hypertensive or normolensive 

Baseline characteristics 

Randomized treatment 

Active Placebo 
(n=5569) (n=5571) 

Age (y) 66 66 

Systolic blood pressure (mm Hg) 145 145 

Diastolic blood pressure (mm Hg) 81 81 

Hemoglobin A,, (%) 7.5 7.5 

History of macrovascular disease (%) 32 32 

History of microvascular disease (%) 10 10 

Microalbuminuria (%) 26 26 

COVERSYL PLUS 
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Any blood pressure-lowering drugs 

ACE inhibitors• 

Oral hypoglycemic drugs 

Statins 

Other lipid-modifying drugs 

Aspirin 

Other antiplatelet drugs 

i,fii ffol.i i!..i ! .. ff!@· I. ; 

Randomized treatment 

Active 
(n=5569) 

75% 

43% 

91% 

28% 

9% 

44% 

4o/o 

I i.!.!.l.i!i.i!!!.ir+ 

Placebo 
{n"'5571) 

75% 

43% 

91% 

29% 

8% 

44% 

5% 

COVCESYL PLUS 

1~;1,, e1 w1;11c.p1.1;114.t.;r4; 
Combined macrovascular and microvascular end points 

Macrovascular 

Death from any 
cardiovascular cause, or 

nonfatal stroke, or 
nonfatal myocardial 

infarction 
~--~ 

Microvascular 

New or worsening 
nephropathy 

(microalbuminuria), or 
diabetic eye disease 

CDVEHSYL l'~LUS 
~ ~ 

Thai J Pharn1acol 

ll1id! ffl I t(l.lf I ?i· I! iij I, [.i; ! 1.5 I ij 
Reason for withdrawal 

Patienl ineligible 

Patient wishes 

Poor compliance with study drug 

Cough 

Hypotension 

Other suspected intolerance to study drug 

Other reasons 

TOTAL 

lllJl!llWC£ 

Major reasons for discontinuation 

Patient unable/unwilling to attend visits 

Cough 

Hypotension or dizziness 

Serious adverse events 

Other reasons 

N Registered 
patients 

(N=12 877) 

394 3.1% 

391 3.0% 

269 2.1% 

238 1.8% 

99 0.8% 

133 1.0% 

213 1.7% 

1737 13.5% 

COVCHSYL PLUS 

CC!\12HS!'L 

Randomized treatment 

Active 
(n=5569) 

521 (9.4%) 

184 (3.3%) 

69 (1.2%) 

67 ("1.2%) 

172 (3.1%) 

Placebo 
(n"'5571) 

635 (11.4%) 

72 (1.3o/o) 

22 (0.4%) 

66 ("1.2%) 

195(3.5%) 
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Adherence to study treatments 

Follow-up visits Randomized treatment 

(montlls) Active Placebo 
(n: 5569) (n=5571) 

12 4950 (89%) 5081 (91%) 

24 4676 (84%) 4776 (86%) 

36 4403 (79%) 4518 (81%) 

48 41 64 (75%) 4287 (77%) 

Final visit 4081 (73%) 4143 (74%) 

COVERSYL PLUS . - -

Blood pressure reduction 

165 - Plac:obo 
- Co\lersyl PLUS .. 155 

:i: 145 
E s 135 

du~~;r ,ii;1,~u1 
'l' . 
1n \ ,-..... ~-===============•=Y'='o=hc 140.3 mm Hg ~ 134.7mm Hg 

i 125 

115 

1 105 

2i 95 
c 

BS i 
75 

65 

~AHCE 

_\ S.6 mm Hg (95% Cl, 5.2-6.0); P<0.001 

): \.C::" Oias101ic 

.. \ 2.2 mm Hg (95% Cl7 2.0-2 .4); P <0.001 

R 6 12 18 2-4 30 36 42 48 54 GO 

Follow-up (months) 

77.0 mm Hg 
74.8 mm Hg 

COVERSYL PW" 

Risk factor levels 
At end of follow-up 

Parameter Randomized treatment 

Active Placebo 
(n- 5569) (n=5571) 

Systolic BP (mm Hg) 135.6 139.9 

Diastolic BP (mm Hg) 73.6 75.1 

Hemoglobin A1c (%) 6.9 6.9 

Total cholesterol (mmol/ L) • 4.7 4.6 

HDL cholesterol (mmol/ L) • 1.3 1.3 

LDL cholesterol (mmol/L) • 2.7 2.6 

Triglycerides (mmol/L) • 1.8 1.7 

ADVANCE 1110;1 COV .R:,.Yl PlU~ 

1 ...... 
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,ADVANCE. 
Blood pressure, 

other risk factors, and 
ancillary treatment 

COVERSYL PWS 

ADVANCE in context: 
UK Prospective Diabetes Study 

l 
l 

·. 
1 I 

' I 
I I 
I 1 

I 
I 
I 
I 

I 

I 
I 
I 
I 

I 

r: 
1: 

I I I 
I AO\' I I Ull~O~ I 
,...---, r----i 

l 
I 

ADVANCE goes beyond UKPDS 

Ancillary dru~ therapy 
At end of fo7low-up 

Randomized treatment 

Active Placebo 
(n= 5569) (n• 5571) 

Any BP-lowering drug 74% 83% 

ACE inhibitors 50% 60% 

Oral hypoglycemic drugs 90% 91 % 

Insulin 33% 30% 

Stat ins 44% 45% 

Other lipid-modifying drugs 8% 7% 

Aspirin 56% 55% 

Other antiplatelet drugs 6% 6% 

ADVANCE: COVERSYLP~ 
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lity 
morbidity 

-rlocot>o 
Coversyl PLUS 

6 121824JOJ642465460 

FolloW·up(nio) 

Relodive risk 
reduction 

18%; Peo0.027 

Goversyl Rllt!JS decreases 
renal events 

N events 
Cov PLUS Placebo Favors Favors Relative risk 

PLU 

(n~S569) (n~5571) Cov PLUS Placebo reduction (95% Cl) 

Total renal events 1243 1500 21% (15 lo 27) 

New or worsening nephropalhy 181 "' 18%H to 32) 

New mlcroalbuminuria 1 094 1317 21%{141027) 
-+----

'·" '·" 

.~. CDVERSYL PLU" 

'" Placebo 
Coversyl PLUS 

Thai J Pharmacol 

Relntivo risk reduction 
14%: 95% Cl, 27,,.-25% 

f'::,0.025 

12 18 ~ ~ ~ ~ ~ M W 

Follow-up (mo) 

Coversyl PL.:US decreases 
coronary events 

N events 

Cov PLUS Placet>o Favors Favors Relallve risk 
(n-5569) (n~5571) Gov PLUS Placebo reduction (95% Cl) 

All coronary heart disease 468 535 

Majm coronary heart diseaset 265 294 

Olher coronary heart disease! 283 324 

'fl~nfolol 1.11,n'"'''lh lrom '""""''Ylic•rt<lic,"'•" 

'·" 
Hazard ratio 

14%(21024)" 

11%(-61024) 

14%(-1 to27) 

'·" 

'IJiic,1.iblo O•HJin,1 ""l''l'l"ll ilo;p1t-1liJ01'M. C'OtU<l"'Y '""'' <0\11,"iwlio" Q' "'""' n1 

After 5 years, treatment would 
prevent: 

1 major vascular event 

1 death 

1 coronary event 

1 renal event* 

COVERSYL PLUS 

Among every 

66 patients 

79 patients 

75 patients 

20 patients 

'Mostly new-onset microa/buminuria 

GOVERSY!.. PLIJ~· 
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Subgroups 

Combined primary 
outcome 

COVERSYLPW 

Effects by ancillary treatment 
Combined primary endpoint ._ .. 

CG'I PLUS fltKebo Favoni f lWOfS AMIH-... rbt 
(n.5.SU) (n-5.,571) Cov PLUS ptA«bo NducUon(t5% CQ 

TrHllMnt wl1h any BP-towering drug 
No 177 6%(-15 .. ID24••) 

y., .... 755 

Tta1tment with ACE lnfl lbllor• ... "' .... 
y., "" Treatment with slalln• 
No 038 ... 
Yo• m ... 

Treatmonl wllh anllplllll .. drugs .. ""' ... 
Yo• .,,, ... 
Alt~rtJclpanl• ... 

-

~--+--~ 

l°'-(Ch.lo 1&•;.) 

10~.(~ to 21•.) 

e•• t~·•io20'r.) 

10":. (trnto l r..) 

1'"'· (·1'"-I02l~) 

11•.(·2"..olD22":•) 

r. (~•.D18'!.o) 
t"'. (O".lo17". ) 

0 .5 1.0 
Hu w d,.Uo 

2.0 P ,,._,'l'!""J'" oil >0.1 

COVERSYL PWS 

Effects by age, sex, BP, and HbA1c 
Microalbuminuria 

AoeM 
< OS , .. ... ..... ·-HP (mmHg) 

?' 140 
Hlalofyofh~t4otl .. 

Y•• 
HbA1, (-lt) 
s )',S 

>75 

AH p1t1!Clpantt 

ADVANCE 

fl aveol• 
Cow PLUS Pl-bo Favon Fsvota Relall11• rllk 
tn-5519) (na5S7t) Cov PLUS Piaeebo rfdueUon•t~% Cl) 

... m ... , .. 

... 12' ... .., 

... .,. 

.,. 712 

,, . ... ... """' ...., 195 

'" .... 1317 

0.5 1.0 

16~ (S-.. IOM'!· ) 
24'~ (15'. lo31' .. ) 

21•. j12'102r.) 

~(t"'.IQ~.) 

1a ... w • .,25..;.) 

24-.,(l~IO~) 

1r. 11""J.to34 ... ) 

21~ (14"ol021~) 

~. 1 1 1•41()28•\) 

ir. (ll"'l.I031":~) 

21% (Uto27) 

2.0 

COVERSYL PLUS 
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Effects by age, sex, BP, and HbA1c 
Combined primary end point 

Ageh') 
<65 , .. ... ..... ·-SBP(mmHo) 
<140 

? t 40 

N tY•nlt 
COY PLUS P lac•bo FIYOl't f lYOU: AlttllYO rltk 
(n-.5569) (n-.5571 ) Cov PLUS Placebo tedliC1fon 195% CO 

325 ,.. ,,. .. , 
... ... ,,, ,.. 
,.. 

"" ""' ... 

6'..H0'"•1Dt1r.1 
11~. (0" .. 1021•.1 

10-. (·t •.m:zcr.) 
r, (·~tlD2t••J 

1~·(¥-ID~) 

~(·2"lelo t9'.J 

Hit t°')' of hypettertston 
No '" Yu "" HbA1.-(%) 
~ 7.5 ..,, 
:> 7.5 .,, 

A ll partlclp•nl.• ... 

ADVANCE 

,,. ... ... ... 
'"' 

0-.(-tr-. 10~.J 

9'"',. IO'°•IDll~) 

e-.1 ... • .. 1o~.) 

11•. (·1·•iott-•) 

~--~-~ r .. (O'_.kl 1~.) 

0.5 1.0 z.o 

_covERSYL PWS 

ADVANCE 
Subgroups 

New-onset 
microalbuminuria 

COVERSYL PLUS 

Effects by ancillary treatment 
Nlicroa/buminuria: 

effect of 8 mg/d of perindopril 
N event• 

COY PLUS Pt•cfl>o Fa~ Fa.vo.• Rtl•llYt tll k 
(n-S5t!t) (n-5571) Coif PLUS Placebo reducllon (ts%CI) 

Trutment •llh .. ,,., BP·kMl'ftng tkuo 
Ho ,.. 

Ho 

v .. 
Trntment wllh at.Hn• ... 
YH 

Trutmcflt wllh •nllpl1l•lst drug• 

No 

Yu 

... 
""' 
• •• 
278 

... ... 
1094 

312 . ... . .. ... 
... 
330 ... 
"" ll17 

4 

Hi11.UWd 1atic> 

21•. (710SJ) 

20-. (13 I0271 

16•· (fll02S) 

25% (16 lo 33) 

z.o 

2J"' .. (15I030} 

1s•. 11 io211 

2r.. (13 1030) 
19"• {tl028) 

21'°'• (14to27) 

p II' '•rOQll.ltM; Oii >0. 1 

COVERSYL PLUS 
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vvith (l,1m1,,1wl 

-- 11,.Jo/, n~r.lur;titHTu \tJ 

1 l3o/o in c21rdiov2]seu!ao ir:le~uth 
9o/o ref'Jvr.:tio1n 

4o/, rc1!luc1.1m1 

- 21o/o reduction 

vascu!ao f:'Vi.~nts 
.;;oron21ry ~;;vents 
ter~-i'.Ql ev0ii1l5 

Sin1ilar benefits in all major subgroups, 
Benefits additional to those produced by 
other treatments, including ACE inhibitor. 

Treatment very well-tolerated. 

"''*-~'™ ,,,, ,.,,..,,,, (,''"'"'" '*' 
".''."~"'.'."" 

WP>I ''1'' 
t>m, i·Jf.'J ,,.,.,, 

r: 
t: 

T 
I 

I 

COVi~HSYI_ f'LUS 

·ev -~-' 

'"'-'" "'""''"' 
1J'>I' 

UKPDS 38 results 

H'·'I""'' ,, ., 'dill'"'"''' 

Thai J Pharn1acol 

'Mean systolic BP 
, during follow-up: 

lntcnsiVe control 14·:J mm Hg 

: Less tight 154 mm Hg 

r,4;;;;;9 patie;t;~ith-df~b~t;~-d;~;·;;;;d-
1 ~r~:~~~::~~:~~~~e~~:~ae~~ systolic blood 

.I 

pressure is lowered he low· 145 111111 I lg'.' 

2. Produce similar benefits for hypertensive and 
11onhyperle11sivc patients? 

3. Produce benefits 011 tl1p of otlKr trentincnts, 
including ACE inhibilors and other 
antihypertensive drugs? 
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BP k\'Ols (mm Hg) 
Aclh C' lf"C'3lmul al lhr tntl orfollm\·Up 

Lis<' or:, h:u·kgrouud ACE 
iu l1 ibilur 

Use of stnl ins 

Hh.-\ 11 a l !Ill' t'lltl or follo\\ · t111 

Even I ntlcs 
Tutnl m1111ulil\·aml Cl' morlolil_r 

Stml.t 

Tulal 11rnr111lil) relluc1111iu11 

UKI'DS 

(11=11 48) 

1-l5iH! 

"" 
;\o 

R .. \% 

+++ 

110 

Micro HOPE 

(11=3577) 

l.\IJl7 

.'\n 

+ 

'>.s~ .. 

<II 

--++ 
11(1 

,\ll\',\NCF 

(11=1 I l~R) 

136/73 

Yes 

lf-t 

6.9°/;1 

-14'""'• (p 0.025) 

em.rtn; : COYCAS'fl Pl.US 'll«J ellet.live e1i1rn In e low riUt palienl1 from ADVANCE Triel COVERSYL PWS 

Potential global benefits of treatment 
2010-2015 

If the benefits observed in 
ADVANCE were applied to just half 
of the world's diabetic population, 

approximately 1.5 million deaths 
could be avoided over this period 

COVERSYL PLUS 
Or:tb*tn AU~J- Jtd edit.on IDf: 2'0U6 
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Absolute benefits of routine treatment 
with Coversyl PLUS 

Afier 5 years, treatment would 
prevent: 

1 major vascular event 

1 death 

1 coronary event 

I renal event* 

'Moslly mnv-011set m1c1nc1lh11rr1uw1in 

ADVANCE 

Among every 

66 patients 

79 patients 

75 patients 

20 patients 

COVERSYL PLUS 
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Advantages of Per/Ind in patients with type 2 diabetes 

Advantages of 
Perindopril/fndapamide 

in patients with type 2 diabetes 

m.mu:p1iHl~ Tilll'!lt11'l1liit:J1 
' - 4.1 Q 'HMfllllmlillW Slltl'l'llllSHY'll'l'fll'.Jl 

tiw::u~nt:Jflltr~i iJ1111nt:J1nm~t:J.:ih11.J 

DVANCE 
Combined primary outcomes 

~ Major macro or microvascular event 
!,., 20 

GI 
u 
c: 
GI 
'O ·;:; 
.!: 
GI 10 
> :; 
:; 
E 
:I 
u 

Placebo 
- Perindopril-lndapamide 

6 12 18 24 30 36 42 48 64 60 

Follow-up (months) 

Lancel 2007;370:829-40. 

Advantages of Per/Ind 
in patients with 
type 2 diabetes 

(};,, BP- lowering effect 
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Advantages of Per/Ind in patients with type 2 diabetes 

I
B LOOU 
PRf\SUIU 
l O Wl HIN<.. 
T Rr A.TM( Nl 
T ftlAl l'iT\" 
Cotl.A80~ATIO•l 

Ci 
:c 
E 
.§. 
~ 
:J .. 
I/I 

~ 
Q. ,, 
0 
0 
iii 
c .. ., 

::;;; 

165 

155 

145 

136 

125 

116 

105 

95 

85 

75 

65 

DVANCE 
Placebo 

; - Pcrlndopril·lndapamide Average BP 
during follow-up 

:t: lL Systolic 140.3 mmHg 
134.7 mmHg 

j & 57 mmHg (95% Cl 5.2·6.0); p<0.001 

.. Diastolic 

' 77.0mmHg 
" ; & 2.2 mmHg (95% Cl 2.0-2.4); p<0.001 74.8 mmHg 

R 12 18 24 30 36 42 48 64 60 

Follow-u p (Mont hs) 

Lancet 2007;370:829-40. 

Regression Meta-Analysis of 
ACEis vs. ARBs 

Data source: 21 large scale randomized trials 
(16 on ACEls, 5 on ARBs) 

Outcomes: 

Methodology: 

PRf'i'iUKF 

137,356 patients 

Stroke 
Coronary heart disease (CHD) 
Heart failure 

Assessment of the relative risk 
reduction for the same reduction 
in systolic BP 

1) Turnbull F. ESH 2005. 2) J Hypertens 2007;25:951 -8. 

l OWl RIN<. • • 

I
BL<X>U 

~=~:.~~.~NT Coronary Heart Disease Prevention: 
c

0
' ' ""

0
"""

0
N ACEis versus ARBs 

0 
d 
d 

n 

0 

2 

PEACE 

l'ART2 F.UllOl'A 
SCAT 

0.5 

llKPDSIJ'f. ALLllAT 

U 1rn1 

ANUl'-2 

ST01'2 
IU/IJH 1r1nl 

Effect of ACEls in CHO 
prevention is beyond 
what could be expected 
by BP lowering alone. 

ABCll(ll ) 0.25 ....._ _ _ ______ _ _ _ ...__ ____ _ 

-8 -6 -4 -2 2 4 
Difference in achieved SBP reduction (mm Hg) 

No difference in risk reduction between ACE ls and ARBs in stroke and heart failure. 

1) Turnbull F. ESH 2005. 2) J Hypertens 2007;25:951-8. 
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Advantages of Per/Ind in patients with type 2 diabetes 

Role of AT2 receptor in Plaque Rupture 

/it:qll !11 
ARr, Q 

-20 

Plaque dest~t>•h~.lt•on & 
roJp1ur,,//\CS 

- [Xlr.Kefh>I•" 
m;11nx 

J Leukoc Biol 2005;78:195-201 

Effects of ACEis vs ARBs 
on PAI-1 Expression 

4 6 

weeks 

lllllllACEl 

Change in PAI~l over time 
in response to treatment 
with ramipril (ACEI) or 
losartan (AT1RA) in patients 
with essential hypertension 
and insulin resistance 
taking HCTZ 1 • 

AC Els potentiate the effects of systemic bradykinin, a 
stimulus to endothelial NO release. 
Recent studies indicate that NO suppresses PAl-1 expression 
after stimulation by Ang ll in aortic smooth muscle cells2• 

1Hypertension 2002;40:859-65. 
2 Arteriosder Thromb Vase Biol 1998; 18'.1771-9. 

Effects of ACEis vs ARBs 
on PAI-1 Expression 

3 4 6 

!l'll!IACE! 

f.!i';;AT 1RA 
Change in PAI-1 over time 
in response to treatment 
with ramlpril (ACEI) or 
losartan (AT1RA) in patients 
with essential hypertension 
and insulin resistance 
taking HCTZi. 

Ang II possibly increases PAl-1 expression in humans 
through its hexapeptide metabolite, Ang IV, and the Ang II 
type 4 receptor (AT4 ), which has been observed in vitro in 
endothelial cells'. 

1Hypertension 2002:40:859-65. 
ZJ Clin Invest 1995:96:2515-20.[ 
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Advantages of Per/Ind in patients with type 2 diabetes 

Coronary Heart Disease Prevention: 
ACEis versus CCBs 

2.01 
Q) 1.a = 1.4 . ., 

ACE-Inhibitors 

"' ii 
t'. 1.2 
:I 
~ 1 .. ©) Q .... 
e - ~·-~~ .. 
8 .8 1 (~,;....,..- ..... 

o+. 

. Colc1um channel blockers 

T 
! o_ 
~ 
cj.~a._ 

········· ····\,~f~' o~ 

Q_ ' 
l 

0 -· 

~ (~C:.u 
~ .6 I ll--~ 
... 

Oo 
_, ..... _ 

('.'; .4 =!:: 
.2 L .;.... ..... , 'T" T 

.. 0 5 10 16 .. 6 10 16 
Systolic blood pfessure dllrerenc e between n11ndoml1~ group.s (mmHg) 

Hypertension 2005;46:386-392. 

Advantages of Per/Ind 
in patients with 
type 2 diabetes 

( 

~ Reduced pulse wave reflection 

Genesis of aortic pressure waveform 

I n cident wave (Pi) 

~ /~Pl= Pi+ Pr 
J -

~ 

p ~- ~ 
~ 11\

1 
P2 = Pi+Pr 

Reflected wave ( Pr) J '--
• The incident pressure wave in an artery, transmitted from the central 

aorta, is reflected back (wave reflection) and amplified toward the 
periphery at any point of impedance discontinuity, such as arterial 
branching and arterial-arteriolar junctions. 

Circ J 2006;70:1231-9. 
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Advantages of Per/Ind in patients with type 2 diabetes 

SP 
P, 

Pressure 
(mmHg) 

Pulse wave analysis of 
the central aortic pressure wave 

j dP 

Alx.-::: (l\ PIPP)~100 

TO indicates the lime at 1he start of 1he waveform; 
T1, duration from start of waveform lo lhe first 
peak/shoulder (outgoing pressure wave); 
T2, duration from start of waveform to the second 
peak/shoulder {reflected pressure wave); 
ED, ejection duration, or duration from start of 
waveform to closure of lhe aortic valve (incisura): 
SP, central aortic systolic pressure; 
DP, central aortic diastolic pressure; 
Pf, P1 height difference between the minimum 
pressure and the pressure al !he first peak/shoulder 
{T1); 

DP~~~~~~~~~~ 
Augmentation (P), difference between maximal 
pressure {central aortic systolic pressure) and 
pressure at the fist peak/shoulder (P1 height); 
PP, pulse pressure; 

T~ T1 Ti lncisura 

......_ED----....,. 
Time (msec) Alx, augmentation index. 

Circulation 2006; 113:1213-25. 

Importance of aortic pressure wave 

• The most physiologically relevant pressures for both cardiac 

and vascular effects are central pressures. 

• Central systolic pressure is the pressure that the left ventricle 

has to confront. 

•Central pulse pressure is a better predictor of left ventricular 

mass and carotid-intima thickness than peripheral pulse 

pressure. 

Hypertension 2001;38:1455--60 

AJH 2006;19:214-9. 

Kaplan-Meier estimates of the rates of 
the primary endpoint* according Alx@75 

0.6 --o---- . - ----·--------·--

262 patients undergoing PC/, 2-year follow-up. 
*Death, Ml, and clinical restenosis. 

"' "4 

Eur Heart J 2005; 26: 2657-63 
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Advantages of Per/Ind in patients with type 2 diabetes 

REASON: P~terax in Regression of Arterial .S,tiffness 
in a Contr.Q.lled Double-Blind Study 

- TRIAL DESIGN -
Design 
Multicenter, controlled, randomized, double-blind, 2-parallel groups study 
conducted in 13 countries 

Patients 
562 patients with essential hypertension 

Follow up and primary endpoint 
Brachia I BP, aortic or carotid pulse wave analysis, pulse wave velocity 
(PWV), heart rate. 12-month active treatment period. 

Treatment 
Perindopril/lndapamide (2 mg/0.625 mg) or atenolol (50 mg), and 
the dose was doubled after 3 months if SBP remained >160 mmHg 
and/or DBP >90 mmHg. 

Hypertension 2001 ;38:922-6. 

Pulse wave analysis 

Brach1al Blood 
Pressure 

Sensor I. 
~ 

Bone 

R adia l C e ntral Aortic 

REASON: Preterax in Regression of Arterial .S,tiffness 
in a Contr.Q.lled Double-Blind Study 

- RESULTS -

P<0.001 

Hortlo ~I(%) I ''Ll 
::: ~-1 _ .. I_/ 
-3 

Atenolol Per/Ind 

Hypertension 2001 ;38:922-6. 
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Advantages of Per/Ind in patients with type 2 diabetes 

REASON: Preterax in Regression of Arterial ~tiffness 
in a Contrg_lled Double-Blind Study 

• The differences in central blood pressure between the 2 
treatment arms could have resulted from: 

• The reduction of heart rate and the longer ventricular ejection 
time produced by the B·blocking agent may have delayed the 
peak of the forward wave, thus inducing an Al increase and 
contributing to the Al differences between atenolol and Per/Ind. 

• The contrasting changes in vascular structure and/or function 
between Per/Ind and atenolol might be an explanation for 
differential patterns of wave reflections. 

Hypertension 2001 ;38:922-6. 

REASON: P~terax in Regression of Arterial ~tiffness 
in a Contr2lled Double-Blind Study 

0 

-s 

·20 

·25 

Atenolol Per/Ind 

Between rou com arlson, g p p p~0.009 

Change from baseline to end 
value for left ventricular mass 
(L VM) for patients with left 
ventricular hypertrophy (n = 
124). 

The tests were adjusted for brachia! systolic BP and heart rate variation 
without altering the difference (-8.7; P <0.05), which can reflect the 
effect on LVM beyond the peripheral hemodynamic changes. 

Am J Hypertens 2004;17:660-7. 

Advantages of Per/Ind 
in patients with 
type 2 diabetes 

Improved coronary microcirculation 

Thai J Pharmacol 
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Advantages of Per/Ind in patients with type 2 diabetes 

Effect of Per /Ind on capillary density 
in the myocardium in Stroke prone-SHR 

Capillary 3100 
density 

(N/mm' ) 3000 

2900 

2800 

2700 

2600 
HT 

control 
HT 

low -dose 
Per 

HT 
low -dose 

Ind 

•P<0.05 Bonferroni/Dunnet test vs control 

* 

HT 
low-dose 

combination 
per I ind 

Microvasc Res 2000;59:243-54. 

Effect of Per/Ind on myocardial perfusion 
in patients after 6 months of treatment 

Coronary 
blood 6 

f low reserve 
ml/min/g 

4 

2 

0 

-4.0 

2.05 

Normotensive HT 

P=0.0498 

I 
5.49 

HT + Per/Ind 
PET Scan 

JRAAS 2003;4:9-95. 

Media:lumen ratio & coronary flow reserve 
in patients with essential hypertension 

0 

• •• 
y -25.929< 56149 

t - 0 63. P 0.DI 

·~ 
• 

0.0~ 0.07 0.09 0.11 0.13 0.15 0.17 
Meth~: lumen rat10 

• The alterations of vascular 
structure in peripheral 
microvessels may therefore 
be representative of parallel 
alterations in the coronary 
microcirculation. 

•Coronary flow reserve = mean diastolic now velocity after adenosine I res ting mean diastolic flow velocity. 
•A biopsy of subcutaneous fat from the gluteal region 

J Hypertens 2003;21 (3):625-31 . 
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Advantages of Per/Ind in patients with type 2 diabetes 

Advantages of Per/Ind 
in patients with 
type 2 diabetes 

Renal protection 

PREMIER: Preterax in albuminuria regression 

- Rationale -

Increased urinary albumin excretion is a major 
prognostic factor for: 

• Progressive diabetic renal disease. 

• Increased cardiovascular morbidity and mortality 
rates in both type 1 and type 2 diabetes. 

Hypertension 2003;41:1063-71. 

PREMIER: Preterax in albuminur ia regression 

- TRIAL DESIGN -

Design 
12-month international , randomized, double-blind, parallel group study. 

Patients 
481 Patients with type 2 diabetes with hypertension (140 mm 
HgsSBP<180 mm Hg and DBP<1 10 mm Hg) and albuminuria. 

Follow up and primary endpoint 
The change in the AER (g/min) after 1 year. 

Treatment 
Patients were randomly assigned in a double-blind manner to once-a-day 
therapy with either perindopril/indapamide (2/0.625 mg) or monotherapy 
with enalapril (10 mg). 

Hypertension 2003;41: 1063-71. 

Thai.! Pharmacol 

27 i'.h.Jlfl:IJ 255 1 



Vol 3'1 No. I Jan-Apr 2008 

Advantages of Per/Ind in patients with type 2 diabetes 

PREMIER: Prnterax in albuminuria ..,,,,.,,ssiion 

- TRIAL DESIGN -

BiPreterax X 2 

BiPreterax 
---------- n=72 (31%) 

----+----+------ n"'71 (31%) 
____ .._ ___ _.. ____ ..._ _____ n=90 (39%) 

1,;,;;11=;_2:;:2;;;4 _________________ n=78 (35%) 

Enalapril 10 l...---..1..----.1------ n=?Z (J2%) 
Ena 20 

'-----'----- n=74 (33%) 
Ena 40 

W·4 WO W12 W24 W36 W52 

Dose adjustment was permitted in patients whose SBP remained__;:;:_ 140 mm Hg and/or 
DBP _::::90 mm Hg 

Hype11ension 2003;41: 1063-71 

PREMIER: l'reterax in albuminuria regression 

- RESULTS -

0 

4BP 
{mm Hg) 

.5 

-10 

-15 

---------

SBP 

'p=:Q.01 

DBP 

'P=0.01 

Enalapril 
LJ Per/Ind 

Hypertension 2003;41:1063-71. 

PREMIER: Preterax in alburninuria 

- RESULTS -

Albumin excretion rate 

** 

4AER::-r1 
(%) 

-30 

Per/Ind 

m~~\.a I P~OOJ6 
lll~<!~~B~n~ 

enalapril 

enalapril 

-40 
Per/Ind 8''L--------

-50 
Days since ra~domirnlion 

''E0 d-' 0.76 95% Cl, 0.62-092; P"0.001 Serious CVoven/s (Ml. s/roke, Cl-IF, CV cl<mll1) 

Hypertension 2003;41 :1063-71 
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Advantages of Per/Ind in patients with type 2 diabetes 

Protection of obese Zucker rat kidneys from 
fibrosis and renal failure with Per/Ind 

Control Per/Ind 

An Per1lnd treatment was associated with complete kidney protection. 

Fundam Clin PharmacoJ 2004;18:437-47. 

Protection of obese Zucker rat kidneys from 
fibrosis and renal failure with Per/Ind 

Renoprotective effects associated with Per1lnd treatment can be 
attributed to renal structural protection, 

• Prevents focal and segmental glomerular hyalinosis and tubulo-interstitial 
damage. 

Reduces several staining markers of glomerular and interstitial fibrosis. 

Reduces hypertrophy of superficial glomeruli and the mesangial 
expansion of deep glomeruli. 

Maintains glomerular filtration and renal hemodynamic parameters. 

Prevents occurrence of severe proteinuria. 

Fundam Clin Pharmacol 2004;18:437-47. 

PREMIER: Preterax in albuminuria regression 

- RESULTS -

l'<"•·h>d" lol 
1-• h~• " .. ,, 

.....,. l'<'<md"r"•l ln,!.'r-"rnd·· h\.ol"p"\ 
-----------~ -~- ... _, __ .,, 

> -11·-~'' { 16>.•>. w.~<I 1-10·~~- ,1_1) <-.l_!J 

('hang;• In :'lkan bloo<l l'<'<'HOH' (mmll;t) (FiJ>al" ll'"dirw) 

An 30% reduction in AER even when the slightly fall in MAP (<3.3 mm Hg) 
raises the suggestion of a renoprolective mechanism independent of 
systemic BP lowering with Per/Ind. 

Hypertension 2003;41:1063·71. 
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Advantages of Per/Ind in patients with type 2 diabetes 

ADVANCE• 
Number of events 

Per-Ind Placebo Favours 

1 

Favours Relative risk 

(n=5,569) (n=5,571) Per-Ind Placebo reduction (95% Cl) 

Total renal events 1243 1500 

New or worsening 181 216 

nephropathy 

New microalbuminuria 1094 1317 

0.5 

~ 21% (1 5 to 27)* 

t 
1.0 

Hazard ratio 

18°~ (· I lo 32) 

21% (14 lo 27) 

2.0 

•p=<0.01 

Lance! 2007;370:829·40. 

Relation between Renal Dysfunction and 
Cardiovascular Outcomes after MI 

.. .r-
Gr ... dst....i/"""'" fJ tttl 

I 
! 04 

t 
i 0 I 

~ 
fl 0 1 

" i 
• •t-...,..-~-~~--, 

0 ' 11 ii l • )0 " 
Montlu. 

• Renal disease should be considered a major risk factor for 
cardiovascular complications after Ml. 

N Engl J Med 2004;351:1285·95. 

EUROPA: EURopean trial On reduction of cardiac 
events with Perindopril in stable coronary Artery disease 

- TRIAL DESIGN -

Design 
Multicenter, multinational, randomized, double-blind, placebo-controlled 

Patients 
12,218 patients with previous Ml, angiographic evidence of coronary 
artery disease, coronary revascularization or a positive stress test; 
patients with heart failure excluded 

Follow up and primary endpoint 
Primary combined endpoint: cardiovascular death, Ml or cardiac arrest. 
Mean 4 .2 years follow up 

Treatment 
Placebo or perindopril 8 mg daily 

Lancet 2003;362:782-8. 
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Advantages of Per/Ind in patients with type 2 diabetes 

Perim:lopril redm::es risk of cardiovascular events 
in CAD patents irrespective of renal function 

Primary end point 
275 ml/min/1.73m2 
< 75 ml/min/1. 73m2 

CV death, Ml, stroke 
;;:_75 ml/min/1. 73m2 
< 75 ml/min/1. 73m2 

Fatal and nonfatal Ml 
.?. 75 ml/min/1. 73tn2 
< 75 ml/min/1. 731112 

Perindopril .placebo 
better · better 

0.50 1.po 

Hazard ratio 
(95% Cl) 

0. 77 (0.64-0.93) 
0.84 (0. 72-0.98} 

0. 79 (0.66-0.94) 
0.86 (0.74-0.99) 

0.79 (0.63-0.98) 
0.75 (0.62-0.92) 

1.5 

Testing 
interaction 

0.47 NS 

0.48 NS 

0.74 NS 

J Arn Coll Cardiol 2007~50:2148-55 

Advantages of Per/Ind in 
patients with type 2 diabetes 
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Defining the circadian rhythm 

Persistence in constant conditions with a 
period of about 24 hours. 

Ability to reset by exposure to a light or dark 
pulse 

Temperature compensated: proceeds at the 
same rate within a range of temperature 

49 
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Insomnia as a risk factor of psychiatric disorders 

Polysomnogram 

Clock genes and depression 

Familial forms of circadian sleep disorders (i.e. 
advanced or delayed sleep phase syndrome) 
manifest allelic mutations on one or other clock 

51 
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~e~ro~~arm I in ~e~re~~ ion 

Oc-M>o· 11 

Neillrodegenerative 
"1 disorders 

't ~sw~hological 

disorder~ 

,.Depression* 

i n atment ~em~in~ '1 

Hindered the development of 
novel drug treatments 

-=- -=-St at i c Slow onset 
Response Rate of Action 
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After 
"Decade of the Brain"-

Neurogenomics 
cNeuroinformatics> 

--~···' 
Ion Channels & 

Signaling Pathway 

Cell Death 

Imaging a Brain Development 
& Neuroplasticity [ 

Anti lrprc r ;int M Jic;iti IJlJ 

= forefront of the treatment 
of moderate to severe forms 
of major depressive disoder. 

- efficacy 
(not a quantum leap ¢::J 

in depression 
treatment) 

Different side effect .A... 
profiles .,,_... 

An lte I ~j 

I mipramine 1957 
t 
t 
t 

SSRI 
S NRI 

NaSSAs 
NRI 

of Depression 
_ ................................................. - ........................... _ ...................................... l 

Psychological Traumatic ~omatic Phormocological j 
environment life events diseases o ents l 

i 
j 

Number of previou~ I 
depressiv-· epi·:ode 

~rmones & Synapstos & I 
~uropeptides Neurotransmitters Growth factors I 

'+' I 
Changes of Neuroplasticify in the i 
hippocampus , amygdala & cortex ! 
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Changes in amygdala volmne precede decrease In 
hippocnmpal volume observed in tnQjor depre5sive 
illness patieni·s (lk:Ewen, 8iol f'sychi(l!1-y 2003;5~:200-207) 

Nowboro 

N'"'"' preo.,..sor 

Hall th• 
<cil' di' 

Thai J Pharn1aco! 

•:•The Neuroplasticity Hypothesis 

•:•Melatonin-based Hypothesis 

•:•Neuropeptide Hypothesis 

(Norman, 2006) 
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fR~~i~~~·ci -t-iiP"j;oc~;;,p·a 1 vo1u;j:i~ ·i·~ ·u~~-~-cii~~t~ii·. ··· 
: Remitted Patients wit h Major Depression Versus , 

~ ~~-~~-~~~.~~-~).~~.ts... . ................ ''.'.' ~ .. "'' 11·\ 1 , • 

11¥ hi~h rcsulufion l\1m.I 11~ u nmcdicated patient~ 
with r ('mittcd major d eprrss ive tlism·dcr 

E 
g ., 
E 
:J 

0 
> 

CJ Controls 
- Remitted MDD 

Ltfl lllt hf 

Total Posterior Ant£rior 
Hlppocompus Hippocompus Hippocompus 

1Neume1stcr d ol . Biol Psychiatry 20051 

Effect of stress & ADs treatment on 
the number of dendritic branch point, 

length of CAJ neurons & L TP. 

St ress Apical trir.~ 

Tianept ine, 
not Fluoxetine, 
~ 

apical dendr ite 
remodeling 

St ero id 

Oli~ Mel Psychiolry 2(Xh 

Plastocitv l:A ~®llilll'®transmitters 
~ ..Joopamine 

__ 111111_.ReceptorsGrowth ~ore:pinephrine 

~A A~ Na Foctor.!Qe.r~n1r. ~nin 

,i0' """" ~ Pt.C lld<nylute All ADs 
Post '°(> CoMr-u r nc CycilG.>c 

Synoptic / 
l>frmbran" i / PKC 

LTP Co· 
Roi 

\ 
IAEK 

CuMKlV 

Nur:l·1J. 

cAMP 

Plasticity 
-0-

Synaptic protein. 
Neurite outgrowth 

CSP :' Trophic Neurotransmitter 

O~ re lease, 
/Hl!Wcr~;.w> Synoptic plas t icity. 

Tronsc:ri ~ Neuronal sur~i val 
P & neurogenes1s 

1ALe.I.· lot1el ,, •1.Johns,1011 el al . 
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Hippocampal volume 

l[L[fil_ 
Cont Con!- Strcn Strcu -

TiontptTllC Tioncpt lnc 

CuJ1 ti ol P1"0t f·'ull Ar-arJ 
S.:-i lJ.SA 100') 

SSRE (tianeptine):.+tcerebral met abolites, 1 

hippocampal volume & 

cell proliferation 

I AD treatment Q + Neurogenesis I 

plasticity ? 

G~u~am~~® !:i'fStems 
GI ~ 

~ t Neuroplasticity 
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Glutamate & Neuroplasticity: 
N~~~-=-~-~PA rec~_p_!~_r interaction 

ohwl··~ff, 
l;lo~k~d inc!udiu,, ui' 

Dl>NI' ~':l,''"'"ion 
& rmluu<d cdl dcnih 

<i\~ehmii'1i\S 

Induced CREB activity, 
SDNF gene expression 
Stimulation of L-type 

Ca'· channel 

···~etosisl 

1 he Dn!idepressanl t1nrwµ!i1m persislenlly modul"tes 
f]lUlarnate receptor currents of lhe hippocarnpal CA3 
commissu1al associiilional synapse m chronically stres~;cd 
rals ···-'< "' ,., !.'·-· ; ~1 , ,.,.,,., ;·uic 

EPSC e Exdtotor·y po$l'­
Synoptic i:urr~nt 

Chronic SSRE treatment decrease neuronal 
cell death <apoptosisi in cortex & hippocampus 

caused by Ill or stress 

[ ~-nduc~-~--~~2!J 
C()RTEX Wl-li"\C IM 1 TIT 

,Plaisant d al Neuropharmacology 2003> 

,fuchs et al. Eur Neuropsychophormocol 2004, 
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Introduction: 8(14), 15-isopimaradiene-3~, 18-diol exhibited the antifeedant activity against 
termite and low phytotoxicity against lettuce seedings (1). However, there is no study of the 
pharmacological and toxicological mechanism on subcellular level such as mitochondria. 
Objective: To investigate the effects of 8( 14), 15-isopimaradiene-3~, 18-diol on functions of 
mitochondria isolated from rat liver. 
Materials and methods: Mitochondria were isolated from rat liver. The respiration of 
mitochondria was measured polarographically at 3 7°C using a Clark-type oxygen electrode. 
Mitochondrial ATPase activity was measured the amount of inorganic phosphate (Pi) 
liberated from ATP hydrolysis (2). 
Results: 8(14), 15-isopimaradiene-3~, 18-diol showed the inhibitory effect on both State 3 
(ADP-stimulated) and State 3U [2,4-dinitrophenol (DNP)-stimulated] of mitochondrial 
respiration with glutamate combined malate as a substrate. In addition, this compound also 
inhibited the NADH oxidation of osmotic-shocked mitochondria. However, this inhibition 
could not be observed when the substrate was substrate. This compound had no effect on both 
mitochondrial A TPase activity and DNP stimulated mitochondrial ATPase activity. 
Respiratory Control Index (RCI) was decreased correlated with concentration of this 
compound. 
Conclusion: 8( 14), 15-isopimaradiene-3~, 18-diol inhibited oxidative phosphorylation and 
act as electron transport chain inhibitor at site I (Complex I). 
Keywords: 8(14), 15-isopimaradiene-3~, 18-diol, Xylia xylocarpa, Mitochondria, Rat liver, 
Oxidative Phosphorylation. 

Introduction 
Mitochondria are essential organelles which play an important role in cell metabolism 

by mediated a number of metabolic functions (3). Mitochondria are the energy powerhouses 
of cells and make approximately 95% of the cell's ATP, utilizing oxidative phosphorylation 
(4). This process is carried out by the oxidative phosphorylation complexes. Free energy 
released by oxidation of substrates within the mitochondrial matrix is used to reduce the 
electron carriers, NAO (nicotinamide adenine dinucleotide) and FAD (f1avin adenine 
dinucleotide) lo form NADH and FADH2 which, in turn, donate electrons to Complex I 
(NADH-ubiquinone oxidoreductase) and Complex II (succinate-ubiquinone oxidoreductase), 
respectively. Electrons from Complexs T and II are transferred to Complex III (ubiquinol­
cytochrome c oxidoreductase) and Complex IV (cytochrome c oxidase ), and the energy that is 
released during electron transfer is used to build a chemiosmotic gradient across the inner 
mitochondrial membrane. This gradient is used by Complex V (ATPsynthase/ F1F0-ATPase) 
for ATP synthesis (5). Tn addition to ATP synthesis, mitochondria are also critical to the 
modulation of cell osmotic regulation, redox status, pH control, cell signal transduction and 
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Ca2
+ homeostasis. Disrnption of mitochondrial bioenergetics has been recognized to 

participate in the lethal cell injury induced by xenobiotics, leading to cellular ATP depletion 
and cell death (6). 

8(14), 15-isopimaradiene-31'\, 18-diol, a diterpene substance extracted from heartwood 
of Xylia xylocarpa (Roxb.) Taub. var. kerrii (Craib & Hutch.) LC.Nielsen., exhibited the 
antifeedant activity against tennite and low phytotoxicity against lettuce seedings (1 ). 
However, there is no study of the phatmacological and toxicological mechanism on 
subcellular level. Accordingly, we designed this study to investigate the effects of 8(14), 15-
isopimaradiene-31'\, 18-diol on bioenergetic functions of mitochondria isolated from rat liver. 
It will contribute toward understanding of the pharmacological and/or toxicological 
mechanism on subcellular level (mitochondria). 

Materials and Methods 
Materials 

adenosine 5' diphosphate (ADP), adenosine 5' triphosphate (ATP), bovine sernm 
albumin (BSA), 2,4-dinitrophenol (DNP), HEPES, L-glutamic acid, magnesium chloride 
(MgCh), malic acid, nicotinamide adenine dinucleotide reduced form (NADH), oligomycin, 
potassium chloride (KC!), potassium phosphate monobasic anhydrous (KH2P04), rotenone 
and succinic acid were purchased from Sigma Chemical Co. (St. Louis, MO, USA). 8(14), 15-
isopimaradiene-313, 18-diol was a gift from Assoc. Prof. Chaiyo Chaichantipyuth, Ph.D. All 
other chemicals in this study were of reagent grade and were locally and commercially 
available. 8(14), 15-isopimaradiene-31'\, 18-diol, rotenone and oligomycin were prepared in 
absolute ethanol. The others were prepared in ultrapure water. Male albino Wistar rats 
weighing 200-250 g were used. They had free access to food and water in an animal room that 
was maintained at 25_± 2°C with a 12-h light-dark cycle. 

Preparation of rat liver mitochondria 
Rat liver mitochondria were prepared from fresh livers essentially by the method of 

Hogeboom (7) as modified by Myers and Slater (8). The isolated mitochondria were 
suspended in 0.25 M sucrose at 20-30 mg protein/ml. Mitochondrial protein was determined 
by Lowry's method (9) as modified by Miller (10) using bovine serum albumin as a standard. 

Measurement o.fmitochondrial respiratory activity 
Oxygen consumption was measured polarographically at 37°C from the fresh 

mitochondrial fraction in 2.0 ml of incubation medium consisting of 92 mM KC!, 40 mM 
HEPES buffer and 2 mM MgCh at pH 7.2, using a Clark-type oxygen electrode. 
Mitochondrial respiration was initiated by adding 310 µM ADP + 620 µM inorganic 
phosphate (Pi) with 5.2 mM glutamate + 5.2 mM malate or 5.2 mM succinate as the 
respiratory substrate. Oxygen consumption measured in the presence of added ADP was 
defined as State 3 respiration, while that measured in the absence of added ADP was defined 
as State 4 respiration. The RCI was calculated as ratio of State 3 respiration to State 4 
respiration, and used as a marker of mitochondrial respiratory activity (11 ). Uncoupled 
respiration (State 3U) was induced by adding 50 µM DNP. Mitochondrial respiration was 
calculated as the nanoatoms of oxygen per minute per milligram of protein. 

Measurement of osmotic-shocked mitochondrial respiratory activity 
Oxygen consumption was measured polarographically at 3 7°C from the fresh 

mitochondrial fraction in 2.0 ml of incubation medium consisting of 29.5 mM KC!, 40 mM 
HEPES buffer and 2 rnM MgCI, at pH 7.2, using a Clark-type electrode. Mitochondrial 
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respiration was initiated by adding 104 µM NADH as the respiratory substrate. Mitochondrial 
respiration was calculated as the nanoatoms of oxygen per minute per milligram of protein. 

Measurement of mitochondrial A TPase activity 
The A TPase activity can be detennined by measuring the amount of Pi liberated from 

ATP hydrolysis (2). In this study, Pi was employed and quantitated by the calorimetric 
method of Fiske and Subbarow (12). 

Statistical analysis 
All data are expressed as the mean± S.E.M. Data were analyzed by one-way analysis 

of variance, and Scheff e's test was applied to determine differences between the groups or by 
Student's t-test to determine differences between two groups. A level of P<0.05 was accepted 
as indicating statistical significance. 

Results 
Effect of 8(14), 15-isopimaradiene-3p, 18-diol on mitochondrial respiratory activity 

8(14), 15-isopimaradiene-3p, 18-diol at dose'.'.:: 102.69 µMand at dose'.'.:: 68.46 µM 
could significantly decreased rate of State 3 and State 3U respiration respectively but no 
change in state 4 respiration with glutamate combined malate (NAD+-linked substrate) as 
shown in the Figure 1. However, this result could not be observed when the substrate was 
succinate (FAD+-linked substrate) [data not shown]. RCI was decreased correlated with 
concentration '.'.:: 68.46 µM of this compound (Table 1). The 50% inhibitory concentration 
(IC50) of the compound on State 3 and State 3U respiration with glutamate combined malate 
as a substrate were 137.21and90.54 µM respectively. 
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Fig.1 Effect of 8(14), 15-isopimaradiene-3p, 18-diol on mitochondrial respiratory activity 
with glutamate combined malate as a substrate. Values are mean± S.E.M. obtained 
from 5 rats. * P<0.001 compared with control. 
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Effect of 8(14), l 5-isopimaradiene-3p, 18-diol on osmotic-shocked mitochondrial 
respiratory activity 

8(14), 15-isopimaradiene-3~, 18-diol at dose:'.': 68.46 µM significantly decreased the 
respiratory stimulation evoked by NADH as shown in Table 2. 

Table 1 The correlation between the concentration 
of 8(14), 15-isopimaradiene-3p, 18-diol and the RC! 
value with glutamate combined rnalate as a 
substrate 

Concentration 
(µM) 

0 
68.46 
102.69 
171.15 
239.61 
342.3 

RC! 

5.78+0.31 
3.49:;: 0.11' 
2.83:;: 0.14' 
1.93:;: 0.10' 
1.35:;: 0.07' 
1.03:;: 0.06' 

Values are mean± S.E.M. obtained from 5 rats. 
* P<0.001 compared with control. 

Table 2 Effect of8(14), 15-isopimaradiene-3p, 18-diol 
on osmotic-shocked n1itochondrial respiratory activity 
with exogeneous NADtl as a substrate 

Concentration 
(11M) 

0 
68.46 
102.69 
171.15 
239.61 

Rate of oxygen consumption 
(n atoms O/min/mg proteins) 

105.65 + 11.88 
31.31 + 1.38' 
22.65:;: 1.66' 
19.85:;: 0.64' 
19.39:;: 0.18' 

Values are mean± S.E.M. obtained from 5 rats. 
* P<0.001 compared with control. 

Effect of8(14), 15-isopimaradiene-3/3, 18-diol on mitochondrialATPase activity 
8(14), 15-isopimaradiene-3~, 18-diol at dose of 171.15 µM had no effect on both 

mitochondrial ATPase activity and DNP stimulated mitochondrial ATPase activity. In 
addition, DNP-stimulated A TPase activity was strongly inhibited by oligomycin significantly 
(Table3). 

Table 3 The A TPase acticity of the various experiments 

Control 
0.17mM DNP 

Experiments 

171.15 µM 8(14), J5-isopimaradiene-3j}, 18-diol 
0.17 mM DNP + 5 mg/ml oligomycin 2 µI 
0.17mMDNP+ 171.15µM8(14),15-
isopimaradiene-3j}, 18-diol 
Values are mean± S.E.M. obtained from 5 rats. 

ATPase activity 
(11 moles Pi /mg protein/IO min) 

4.20 + 0.45 
13.17 + 0.83' 
5.33 + 0.17 

4.42 + 0.28" 
14.48 + 1.92' 

* P<0.001 compared with control,** P<0.001 compared with 0.17 mM DNP 

Disscussion 
Oxidative phosphorylation of mitochondria can be inhibited by several inhibitors such 

as rotenone (inhibitor of Complex I), carboxin (inhibitor of Complex II), antimycin (inhibitor 
of Complex III), cyanide (inhibitor of Complex IV), oligomycin [inhibitor of Complex V 
(ATPsynthase/ F1Fo-ATPase)] and uncouplers. Uncouplers such as DNP and dicumarol can 
separate oxidation from phosphmylation by acting as a proton-ionophore transporting protons 
across inner membrane to the matrix without passing through ATP synthase. Therefore ATP 
synthesis was inhibited and rate of electron transport was enhanced (13). 

According to the results from this study, it was strongly indicated that 8(14), 15-
isopimaradiene-3p, 18-diol had inhibitory effect on mitochondrial respiratmy chain by 
inhibiting complex I of respiratory chain (Fig. l.) as same as rotenone while there was no 
effect on both ATPase activity and DNP stimulated ATPase activity (Table 3). It was 
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indicated that the compound had specific action on site I of respiratory chain while there was 
no effect on complex V (ATPsynthase/ F1F0-ATPase) which is a component of mitochondrial 
inner membrane. In addition, the compound did not stimulate state 4 respiration but DNP did. 
It was indicated that the compound is not uncoupler as DNP. According to the RCI value, it 
indicates that the tightness of the coupling mechanism, that is, whether the substrate oxidation 
is tightly coupled to ATP synthesis. The RCI value of good intact mitochondria should be at 
lease 4 at 37°C with glutamate combined malate as a substrate. From the results the RCI value 
was decreased correlated with concentration of the compound (Table 1). It was shown that the 
compound decreased tightness of the coupling mechanism of mitochondria. 

It has been reported that the isolated compounds from the heartwood of Xylia 
xylocarpa including 8(14), 15-isopimaradiene-3~, 18-diol exhibited high antifeedant activity 
against termite and low phytotoxicity against lettuce seedings (1). It may be possible that a 
part of their toxicological mechanism is interfering with mitochondrial bioenergetics. In the 
propose study membrane potential changing should be study for investigate exactly 
pharmacological and/or toxicological mechanism. In addition, any derivatives from the 
heartwood of Xylia xylocarpa should also be explored. 

Conclusion 
8(14), 15-isopimaradiene-3~, 18-diol inhibited oxidative phosphorylation and act as 

electron transport chain inhibitor at site I (Complex I). 
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Abstract 
Andrographolide, a major active component in Andrographis paniculata has been 

shown to possess many pharmacological effects including anti-inflammatory, antipyretic, 
analgesic and anti-HIV activities. The semisynthetic derivatives were synthesized to 
overcome the bitter taste. The aim of this study was to test for analgesic, antipyretic, anti­
inflammatory, antidepressant, anxiolytic and toxic effects of these derivatives. In this study, 
andrographolide (SS 1) and four semisynthetic derivatives (SS2, SS3, SS 17 and SS 19) were 
prepared in 5 % DMSO. Antipyretic and anti-inflammatory effects, in rat, were tested by 
using baker yeast-induced fever and carragenan-induced rat paw edema models, respectively. 
Analgesic, antidepressant and anxiolytic effects, in mice, were tested by using hot plate, 
forced swim and elevated plus maze models. Acute toxic effects were observed at up to 24 
hours. The results showed that, at 4 mg/kg, all tested substances have significant analgesic 
effects and the highest potency was seen with SS3 and SS 17. In baker yeast-induced fever 
model, only SS3 and SSl 7 could significantly reduced rats' rectal temperature (p<0.05). In 
carrageenan-induce inflammation model, SS 1, SS3 and SS 17 could significantly reduced paw 
volume. No antidepressant or anxiolytic effects could be seen with any substances tested. In 
acute toxicity test, SS3 and SS l 7, at a dose up to 100 mg/kg did not show any serious toxic 
effects. In conclusion, from this study, SS3 and SS 17 are the most interesting 2 semisynthetic 
derivatives of SSl which could be further developed to be analgesic, antipyretic and anti­
inflammatory agents without any serious side effects. 
Keywords: andrographolides, antipyretic, analgesic, anti-inflammatory, toxicity. 

Introduction 
Andrographis paniculata is a plant belongs to the family of Acanthaceae, that has 

been used as an official herbal medicine in China and Thailand for many years. 
Andrographolide, a diterpene lactones, is the major active component of this plant. It has been 
shown to possess many pharmacological effects including anti-inflammatory, antipyretic, 
analgesic and anti-HIV activities (1). It is recently reported to inhibit NF-kB binding to DNA 
thus reducing the expression of proinflammatory proteins such as cycloxygenase-2 (COX-2) 
(2). The problems limit the use of andrographolide was bitter taste. The semisynthetic 
derivatives were synthesized to overcome these problems. 

The aim of this study was to test for analgesic, antipyretic, anti-inflammatory, 
antidepressant, anxiolytic and toxic effects of these derivatives. 

Methods 
In these experiments, andrographolide (SS I) and four semisynthetic derivatives (SS2, 

SS3, SSI 7 and SS19) used in this study were received from Faculty of Pharmaceutical 
Sciences, Khon Kaen University. The substances were suspended in 5 % DMSO and given to 
the animals by intraperitoneal injection. All animals were received only a single dose 
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treatment and each animal was used only once. Antipyretic and anti-inflammatory effects, 
in rat, were tested by using baker yeast-induced fever (3) and carragenan-induced rat paw 
edema models, respectively. Analgesic, antidepressant and anxiolytic effects, in mice, were 
tested by using hot plate, forced swim and elevated plus maze models. Acute toxic effects, 
if any, were observed after treatment until 24 hours. Data were tested by one-way ANOVA, 
Fisher LSD. 

Results 
At a dosage of 4 mg/kg all tested substances showed significant analgesic effect~ and 

SS3, SS! 7 showing the highest potency (Fig.!). In baker yeast-induced fever model, it 
appeared that, at doses 4mg/kg, only SS3 and SS 17 but not SS 1, SS2, SS 19 could 
significantly reduced rats' rectal temperature when compared to 5% DMSO (control). The 
antipyretic effects of 4mg/kg SS3 and SS 17 were comparable to the effect of 1.25 mmole/kg 
paracetamol (Fig. 2). It was shown that SS 1, SS3 and SS 17 ( 4mg/kg) could significantly 
reduced paw volume significantly when compared to 5% DMSO (Fig.3). No antidepressant or 
anxiolytic effects could be seen with any substances tested. In acute toxicity test, SS3 and 
SSl 7, at either 4, 8, 50, or 100 mg/kg, did not show any serious toxic effects. 
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Figure 1 Thennal threshold of rats treated with either 5% DMSO, SS!, SS2, SS3, 
SS! 7 or SS19 in hot plate test. SSl, SS2, SS3, SS! 7 and SS 19 could 
increase thetmal threshold significantly (p<0.05) when compared to 5% 
DMSO (control). 
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Figure 2 Rectal temperature changes of rats in baker yeast-induced fever model after 
treated with paracetamol, SS3 or SSI 7 could reduced rats ' rectal temperature 
significantly (p<0.05) when compared to 5% DMSO (control). 
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Figure 3 The changes of rat's paw volume treated with either SS 1, SS3 or SS 17 at 3 hrs after 
carageenan injection. SS 1, SS3 and SS 17 ( 4mg/kg) could reduced paw volume 
significantly (p<0.05) when compared to 5% DMSO (control). 
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Discussion 

Modification of the stmcture to get non-bitter derivatives, SS2, SS3, SSl 7 and SS19 
showed comparable pharmacological effects with andrographolide (SS 1 ), although slightly 
differences. Interestingly, SS3 and SS 17 appeared to be quite potent derivatives, even more 
than andrographolide itself. In addition, SS3 and SS 17 also showed antipyretic effect while 
andrographolide did not. 

Conclusion 

From this study, SS3 and SS 17 are the most interesting 2 semisynthetic derivatives of 
andrographolide which could be further developed to be analgesic, antipyretic and anti­
inflammatory agents without any serious side effects. 
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Abstract 
Introduction : Diabetes mellitus is one of the hallmarks of metabolic syndrome, which also 
include hyperlipidemia and hypertension. Roselle (Hibicus sabdariffa) extract has been 
reported to possess antidyslipidemia, antiatherosclerosis and antihypertensive activities . It is, 
therefore, interesting to investigate antidiabetic activity of roselle to support its use in the 
treatment of metabolic syndrome. 
Objectives : To investigate antihyperglycemic and glucose tolerance improving activities of 
ethanolic extract of calyx of H. sabdariffa (HS-EE) in streptozotocin (STZ)-induced diabetic 
rats. 
Methods : Male Sprague-Dawley rats (200-250 g) were induced to be diabetics by an i.p. 
injection of STZ 45 mg/kgBW. HS-EE was orally administered to diabetic rats for 6 weeks. 
Venous blood was collected to determine FBG and oral glucose tolerance test (OGTT). 
Insulin and metformin were used as reference hypoglycemic drugs. 
Results: The administration of HS-EE at doses of 0.5 and 1.0 g/kgBW, but not 0.1 g/kg, for 6 
weeks decreased the FBG of diabetic rats significantly (p<0.05) by 15±3 and 32±2 %, 
respectively, whereas insulin 4 U/kg caused a 30±7 % decrease of FBG in diabetic rats. For 
OGTT, 2 hour blood glucose levels of diabetic rats receiving HS-EE 0.5 and 1.0 g/kg were 
similar to their FBG. However, the 2 hour blood glucose of control diabetic rats (466±30 
mg/di) remained significantly higher than FBG level (334±40 mg/dl). 
Conclusion : The ethanolic extract of H. sabdariffa possesses antidiabetic activity in chronic 
STZ-induced diabetic rats. Thus, the roselle extract may be useful in the management of 
metabolic syndrome. 
Keywords: Hibiscus sabdar{ffa, Diabetes mellitus, Antidiabetic activity 

Introduction 
Metabolic syndrome is characterized by a clustering of a number of metabolic 

abnormalities (i.e. dyslipidemia, hyperglycemia) in the presence of underlying insulin 
resistance with a strong association with diabetes and cardiovascular disease. Hibiscus 
sabdariffa Linn (roselle), locally called " Krachiap Daeng" in Thailand, belongs to the Family 
Malvaceae. Interestingly, the extract of roselle calyx has been reported of antidyslipidemia 
(1), antiatherosclerosis (2) and antihypertensive (3) activities. Thus, the investigation of 
antidiabetic activity of roselle may add more support in applying roselle extract in the 
treatment of metabolic syndrome. Therefore, this study had an aim to investigate the 
antidiabetic effect of ethanolic extract of H. sabdariffa in streptozotocin (STZ)-induced 
diabetic rats. 
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Methods 

1) Plant material and extraction : One year old H. sabdar{tfa (HS) was collected 
from Khoun Meed District, Songkla Province, in September 2007. The dry calyx of H. 
sabdaritfa was minced and immersed in absolute ethanol for 3 days, and then filtered. The left 
fiber was repeatedly extracted by ethanol for 3 times. Alcohol was removed from the filtrate 
using the rotary vacuum evaporator. The remaining alcohol was further evaporated at a 
controlled temperature of 50 °C. By this procedure, the dry powder (HS-EE) was obtained 
and the yield was 21.5% 

2) Induction of diabetic rats : Male Sprague-Dawley rats (200-250 g) were obtained 
from the National Laboratory Animal Centre, Mahidol University, Bangkok. They were 
maintained in air-conditioned room (25±1° C) with relative humidity of 44-55% under a 12 h 
light: 12 h dark cycle. They received standard rat chow (C.P. mice feed, Thailand ) and tap 
water ad libitum. All procedures were complied with the standards for the care and use of 
experimental animals and approved by Animal Ethics Committee of Khon Kaen University, 
Khon Kaen, Thailand. Rats were induced to be diabetics by a single i.p. injection of STZ 45 
mg/kg BW. After 7 days of STZ injection, fasting blood glucose (FBG) level was determined 
using glucorneter (Accu-check Advantage II; Roche). The animals with FBG over 200 mg/ml 
were included in the experiment. 

3) Experimental Protocol 

3.1) Examination of the effect of HS-EE on FBG of diabetic rats 
The diabetic rats were divided into 5 groups with four to five animals in each group 

and on the following administration protocols for 6 weeks: distilled water (p.o. ), insulin 
(Monotard®) 4 U/kg BW (s.c.) and HS-EE 0.1, 0.5 and 1.0 g/kg BW (p.o.). The FBG was 
detennined at 1 and 6 weeks after all those administrations. 

3.2) Examination of the effect of HS-EE on glucose tolerance of diabetic rats 
The diabetic rats were divided into 5 groups and on the administration protocols as 

follows for 7 days: distilled water (p.o.), rnetformin 0.5 g/kg bw. (p.o.), and HS-EE 0.1, 0.5 
and 1.0 g/kg bw. (p.o.). On the seventh day, the oral glucose tolerance test (OGTT) was 
performed. Thirty minutes after receiving the last dose of all administrations, the animals 
were loaded orally with glucose 2 g/kg BW. The blood glucose concentrations before (0) and 
at 30, 60 and 120 min after glucose loading were determined. 

4) Statistical analysis 
Results were presented as mean±S.E.M. The effect of HS-EE on FBG was analyzed 

by paired t-test, while effect on OGTT was analyzed by analysis of variance (ANOVA) and 
significance was accepted at p < 0.05. 

Results 
Effects of HS-EE on FBG. As shown in Table 1 and Table 2, the administration of 

HS-EE at doses of 0.5 and 1.0 g/kg for short tenn (1 week) or long term (6 weeks) 
significantly decreased the FBG of diabetic rats as compared to the control diabetic rats 
receiving distilled water. The percent decrease in FBG in response to HS-EE was dose­
dependent (Table 1 and Table 2). The antihyperglycemic activity of HS-EE 1.0 g/kg was 
comparable to that of insulin 4 U/kg (Table 2). 

Effect of HS-EE on OGTT. The administration of HS-EE 0.5 and 1.0 g/kg for 1 
week significantly improved glucose tolerance of diabetic rats (Figure 1) as the blood glucose 
levels at 2 hr after glucose loading (254±10 and 293±45 mg/dl, respectively) were comparable 
to the levels at fasting stage (280±30 and 231±22 mg/dl, respectively). For the control 
diabetic rats, the 2 hour blood glucose ( 466±30 mg/di) was significantly (p<0.05) higher than 
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its fasting blood glucose level (334±40 mg/di). Metformin, an insulin sensitizing agent, also 
showed OGT improving activity with the 2 hr blood glucose of 254±10 mg/di as compared to 
fasting blood glucose of281±29 mg/di. 

Table 1 The effect of one week administration of HS-EE on FBG of diabetic 

rats. 

Groups N 
FBG (mg/di) 

Before After I week of % decrease in 
treatment treatment FBG 

Distilled water 5 413 ± 22 405 ±17.00 2±2 

Insulin 4 U/kg 5 465 ± 58 291 ±35'"' 35 ± 8' 

HS-EE 0.1 g/kg 5 304 ± 10 313±18 0 

HS-EE 0.5 g/kg 5 292 ± 34 252 ±30''" 13 ± 3' 

HS-EE 1.0 g/kg 5 331±14 245 ±12" 26± 3' 

Values arc mean± S.E.M., 
HS-EE: ethanolic extract of H. sabdarif.fa, N: number of animals, FBG: fasting blood glucose 
' : p<0.05 as compared to control diabetic rats receiving distilled water 
": p<0.05 as compared to before treatment 
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Table 2 The effect of six weeks administrations of HS-EE on FBG of diabetic 
rats 

Groups N 
FBG (mg/di) 

Before After 6 weeks % decrease in 
treatment of treatment FBG 

Distilled water 5 413 ± 22 421 ±17 0 

Insulin 4 U /kg 5 465 ± 58 314 ±32" 30±7"' 

HS-EE 0.1 g/kg 4 304 ± 10 373 ±77 0 

HS-EE 0.5 g/kg 4 292 ± 34 241 ±26 15 ± 3 

HS-EE 1.0 g/kg 5 331±14 227 ±12" 32 ± 2' 

Values are mean± S.E.M., 
HS-EE: ethanolic extract of H. sabdar!ffa, N: number of animals, FBG: fasting blood glucose 
' : p<0.05 as compared to control diabetic rats receiving distilled water 
** : p<0.05 as compared to before treatment 
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Figure 1 The effect of HS-EE on OGTT of diabetic rats. HS-EE (0.5 and 1.0 g/kg) and 
metformin (0.5 g/kg) significantly improved glucose tolerance of diabetic rats. 

Values are mean± S.E.M. 
*: p<0.05 as compared to corresponding blood glucose at 0 min (fasting blood glucose) 
Ctr!: control diabetic rats 
HS-EE: ethanolic extract of H. sabdarijfa 
Number of animals in each group was five. 
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Discussion 
The present study demonstrates the anti-hyperglycaemic and oral glucose tolerance 

improving activities of ethanolic extract of H. sabdariffa in streptozotocin-induced diabetic 
rats. STZ causes diabetes by damaging ~-cell s, which leads to the reduction of insulin release 
(4). Both short-term and long-term administration of HS-EE result in reduced plasma glucose 
in diabetic rats. The effective long-term regimen may especially be appropriate for treating 
diabetic patients who need chronic medication. 

A glucose tolerance test in medical practice is the administration of glucose to 
determine how the body can dispose a loaded glucose from the blood (5). In non-diabetic 
person, the 2 hour glucose should not be higher than 140 mg/di or should be similar to fasting 
blood glucose. In our experiment, control diabetic rats had higher 2 hr glucose level than its 
fasting bl.ood glucose indicating defect in glucose disposal from blood. Interestingly, even 
short-term administration of HS-EE 1 g/kg could improve this glucose disposal within 2 
hours. The mechanisms by which the extract uses to mediate the anti-hyperglycemia and 
glucose tolerance improvement are being investigated. 

Conclusion 
The ethanolic extract of H. sabdariffa calyx possesses antidiabetic activity in chronic 

STZ-induced diabetic rats. Thus, the roselle extract may be useful in the management of 
metabolic syndrome in the near future. 
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Abstract 
Many plants of Curcuma sp. (Zingiberaceae) are reputed in Thailand as "snakebite 

antidote". The rhizomes of these plants were found to have a common yellow substance 
proofed to be a dialdehyde compound and beleieved to be an active substance. In this study, 
dialdehyde compound was tested both in vitro and in vivo for anti venom activity against Naja 
kaouthia venom. The compound (in 95% ethanol) has been found to have significant (p < 
0.01) antagonistic effect on the inhibition of neuromuscular transmission produced by the 
venom in isolated rat phrenic nerve-hemidiaphragm preparations. Mice, subcutaneously 
injected with venom at 0.75 mg/kg, had the survival time of 52.00 ± 5.35 min, while giving 
dialdehyde compound at a dose of 100 mg/kg (in 5% DMSO) orally or intraperitoneally , 30 
min before the venom, had survival time of 61.50 ± 5.38 and 88.75 ± 11.15 min, respectively. 
Mice received the mixture of venom and the compound, previously incubated at 3 7°C for 30 
min, were all survive. The present finding suggests that dialdehyde compound from Curcuma 
sp. rhizome has the antagonistic effect against the lethality of cobra venom. 
Keywords: dialdehyde compound, Curcuma sp., Cobra venom, lethality. 

Introduction 
For many decades, scientific attention has been concentrated on plant natural products 

which active against snake venom (I). Although the most effective and accepted therapy for 
snakebite patients is immediate administration of specific anti venom following envenomation, 
anaphylaxis and serum sickness are frequently resulted (2). The use of traditional medicine in 
the treatment of poisonous snakebite is still one of the beliefs of people in the tropical 
countries. However, this type of treatment can either be very useful if it is really effective or 
extremely dangerous if it has no therapeutic use. Many plants of Curcuma ,1p. (Zingiberaceae) 
are reputed in Thailand as "snakebite antidote". From our studies (3,4,5), it was found that the 
rhizomes of these plants contain a common yellow substance proofed to be a dialdehyde 
compound and bcleieved to be an active substance. In the present investigation, both in vitro 
and in vivo studies were made to evaluate the efficacy of a dialdehyde compound isolated 
from Curcuma sp. rhizome as the antidote of Nc!ia kaouthia venom. 

Methodology 
l. Fresh venom of Naia kaouthia (Fig. I) in normal saline (9.317 mg protein/ml) was 

used. A dialdehyde compound isolated from Curcuma sp. rhizome (Fig. 2) from Dr.E. 
Lattmann's laboratory (Aston University, Birmingham, UK.) was dissolved in 95% ethanol 
(for in vitro experiments) or in 5% DMSO (for in vivo experiments). 

2. Rat phrenic nerve-hemidiaphragm preparations were prepared and submerged in 50 
ml Kreb's solution aerated with carbogen and maintained at 37°C. Phrenic nerve was 
stimulated with the rectangular wave pulse of 0.5 msec duration and frequency of 0.5 Hz. 
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Muscle contraction was recorded with polygraph. Either the mixture of the dialdehyde 
compound and normal saline, venom and ethanol or the compound and venom, preincubated 
at 37°C for 30 min, was added to the bath. The final concentrations of the venom and the 
dialdehyde compound were expressed as final concentration in the bath. There were at least 6 
preparations in each condition tested. The complete inhibition time was recorded and one way 
ANOV A was used for the statistical test. 

3. For the in vivo tests, mice were injected subcutaneously with venom (0. 75 mg/kg) 
and 5% DMSO intraperitoneally, the dialdehyde compound (100 mg/kg) orally or 
intraperitoneally 30 min before the venom or the preincubated mixture (37°C for 30 min) of 
the compound and venom subcutaneously. There were at least 10 animals in each treatment 
group. The survival time of the animal were recorded up to 24 hours after receiving the 
injection of venom. Survival rate in each treatment group were calculated and tested for 
statistically significant by one way ANOV A, -Tukey Test. 

Results 
In vitro experiment: The venom alone (3.726 µg protein/ml) gradually but 

completely inhibited the indirectly - evoked twitch and the complete inhibition time was 
23 .80 ± 2.78 min. The dialdehyde compound (40 mg/ml) appeared to have no effect on the 
neuromuscular transmission ofrat phrenic nerve-hemidiaphragm. The venom preincubated (at 
37°C for 30 min before adding to the bath) with the compound at either 4, 10, 20 or 40 mg/ml 
showed a significant decrease in the toxic effect and resulted in the complete inhibition of the 
contraction within 67.00 ± 19.88, 84.00 ± 20.45, 127.40 ± 34.33 or 145.00 ± 25.75 min, 
respectively (Figure 3). 

In vivo experiment: Studies in mice showed the inhibitory effect of the compound on 
lethality of the venom. Figure 4 showed the survival time of the mice treated with different 
conditions. Mice received subcutaneous injection of venom (0.75 mg protein/kg) were all died 
and the survival time of the mice was 52.00 ± 5.35 min. lnjectlon with the dialdehyde 
compound alone (100 mg/kg) showed no effect on the animals and all were survived. Mice 
received the dialdehyde compound (100 mg/kg) orally or intraperitoneally 30 min before the 
venom had a survival time of 61.50 ± 5.38 and 88.75 ± 11.15 min, respectively. A significant 
pro longed of survival time was seen in the latter group. All mice received the preincubated 
mixture (37°C for 30 min) of the compound and venom, subcutaneously, were smvived (up to 
24 hours after injection). Death rate of the animals in each treatment group was shown in 
Figure 5. 

Discussion and Conclusion 
From the present study, the dialdehyde compound isolated from Curcuma sp. rhizome 

was found to antagonize the inhibitory action of Naja kaouthia venom at the neuromuscu lar 
junction and also protect mice from lethal dose of venom. However, the effects were clearly 
observed when the venom was preincubated with the extract. It might be the case that direct 
binding rather than the interaction at neuromuscular junction be the underlying mechanism. It 
has been shown earlier that curcwnin, one of the curcuminoids from Curcuma plants, can 
interact strongly with biological macromolecules, like serum protein, albumin and hya luronic 
acid (6). Accordingly, the immediate application of the dialdehyde compound at sites of 
snakebites could probably neutralize most of the venom not yet absorbed. 
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Abstract 
"Bencha-Loga-Wichien (BLW)" is one of the very famous herbal fmmula used in 

Thailand as an antipyretic drug. It is composed of 5 different herbal roots, including Tiliacora 
triandra (Colebr.) Die ls (Ya-Nang), Harrisonia perjiJrata Merr. (Kon-Ta), Ficus racemosa L. 
(Ma-Due-Au-Thum-Porn), Clerodendrum indicum (L.) 0. Kuntze (Mai-Tao-Yai-Mom) and 
Capparis micracantha DC. (Ching-Chi). Although listed in 'Thailand Essential Herbal Drug 
List", no scientific data has been shown about the efficacy of "Bencha-Loga-Wichien" as an 
antipyrctic. In this study, "Bencha-Loga-Wichien" powder was orally given to rats at a dose 
of either 100, 200 or 400 mg/kg. Two hours later, rats were induced to have fever with baker 
yeast (0.135 g/kg, intraperitoneal injection). It appeared that, at all doses tested, BLW could 
decrease rectal temperature significantly and highest efficacy was observed at the dose of 200 
mg/kg. Each herb at a dose of 40 mg/kg was tested separately for its antipyretic effect and the 
results showed that Tiliacora triandra has the highest and Clerodendrum indicum the lowest 
antipyretic efficacy. No obvious toxic effect of each herb or the fmmula could be seen. This 
study suggests that BLW could be used effectively as an antipyretic fmmula. 
Keywords: Bencha-Loga-Wichien, antipyretic effect, yeast-induced fever, rat 

Introduction 
"Bencha-Loga-Wichien (BLW)" is one of the very famous herbal fmmula used in 

Thailand as an antipyretic dmg. As powder or tablet, it has been included in "Thailand Herbal 
Medicine Essential Drug List" as an antipyrctic for both children and adults. BL W fmmula is 
composed of 5 herbal roots in an equal part by weight, including roots of Tiliacora triandra 
(Colebr.) Diels (Ya-Nang), Harrisonia perforata Merr. (Kon-Ta), Ficus racemosa L. (Ma­
Due-Au-Thum-Porn), Clerodendrum indicwn (L.) 0. Kuntze (Mai-Tao-Yai-Mom) and 
Capparis micracantha DC. (Ching-Chi). Many studies have shown that all those plants 
contain many alkaloids, sterols and others. The root of Tiliacora triandra contains many 
alkaloids (1) and some of them have antimalarial activities (2). Given the 50% ethanolic 
extract of Ya-Nang leave to mice, orally or subcutaneously, showed no sign of toxic effect 
(3). Antipyretic effect of Ficus racemosa was recently reported in yeast-induced fever model 
in rats (4). Antipyretic effect of Capparis micracantha root extract was also reported in rabbit 
(5). No study on antipyretic effect of Clerodendrum indicum and Harrisonia pe1forata could 
be found. 

As a fmmula, BL W is widely used by traditional doctors in Thailand without any 
scientific data support. Therefore, it is interesting to see whether the drug either as the 
formula or individual root powder could really reduced fever or not. In this study, yeast­
induced fever in rats was used as a studying model. 

Methods 
Roots of Tiliacora triandra, Harrisonia pe1:forata, Ficus racemosa, Clerodendrum 

indicum and Capparis micracantha were collected. Roots were washed, air-dried and further 
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kept in the oven at 50°C until completely dried. Dried root was powderized and sieved. Fine 
powder of each root was weighted and kept in the air-tight container. A portion of each 
powder root was mixed in an equal weight portion and used as a BL W formula. The powder 
was freshly suspended in normal saline and orally given to the animals and normal saline was 
used as control. Aspirin at a dose of 150mg/kg orally was used as a positive control. Rectal 
temperature of each rat was measured many times before starting the experiment to minimize 
the anxiety state of the animal. Basal rectal temperature of each rat was recorded just before 
given the drug and rectal temperature was also measured eve1y hour thereafter for another 8 
hours. At 2 hours after drug treatment, yeast (0.135 g/kg) suspension was intraperitoneal 
injected into each rat ( 6). All animals were used only once. All data were expressed as the 
rectal temperature changes from the baseline. Statistical analysis was done by using one way 
ANOVA, Fisher LSD test and p< 0.05 was considered statistically significance. 

Results 
BLW formula: Figure I showed the rectal temperature changes at various time after 

the animals received BLW orally at a dose of either I 00, 200 or 400 mg/kg. Not much 
changes of the rectal temperature could be seen during the first 2 hours before yeast injection. 
After yeast injection, rats treated with normal saline have increased rectal temperature and the 
fever was persisted until the end of the experiment. Aspirin could reduce rectal temperature 
significantly when compared to the control group. BL W showed antipyretic effect with all 
doses tested, especially at the dose of 200 mg/kg. 

Each root: As BL W at 200 mg/kg showed a prominent antipyretic effect, each 
powdered root at a dose of 40 mg/kg (equal to the part in BLW) was tested in yeast-induced 
fever model (Figure 2). At I and 2 hour after receiving each powdered root orally, rectal 
temperature of rats received Tiliacora triandra, Ficus racemosa, and Capparis micracantha 
were significantly lowered than the control. After yeast injection, all powdered root except 
Clerodendrum indicum reduced rats rectaltemperature significantly from the first hour after 
yeast injection and the effect persisted until the end of the experiment. In Clerodendrum 
indicum treatment group, rectal temperature was lowered than the control group only at T7-8 
or 5 and 6 hours after yeast injection. 

Discussion and Conclusion 
From the present study, BLW was found to have antipyretic effect in yeast-induced 

fever in rats at dose 100, 200 or 400 mg/kg. It is interesting to note that 200 mg/kg of BL W 
seemed to be more potent than a dose of 400mg/kg. This might be the case that as a mixture 
of many compounds, some of them might produce an opposite effect. As a dose increase, the 
antagonistic effect might be prominent. Each root seemed to be active as an antipyretic drug, 
except the root of Clerodendrum indicum (Mai-Tao-Yai-Mom). However, as the BLW 
formula, each root might contribute other pharmacological effect which will help ease all the 
symptoms found in patients. Further study will help clarify the pharmacological action of this 
interesting Thai herbal medicine and provide scientific support the famous traditional 
medicine. 
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Figure 1 Rectal temperature changes of rats in yeast-induced fever mod~l. 
Rats were orally fed with "Bencha-Loga-Wichien (BLW)" at a dose 
of either 100, 200 or 400 mg/kg or normal saline as a control and 
rectal temperature was measured at every hour thereafter until 8 
hours. At 2 hours after BL W administration, yeast was injected 
intraperitoneally at a dose of 0.135g/kg. (*p<0.05 when compared 
to saline group at the same time) 
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Figure 2 Rectal temperature changes of rats in yeast-induced fever model. 
Rats were orally fed with normal saline, Tiliacora triandra, Ficus 
racemosa, Harrisonia pe1:forata, Clerodendrwn indicum or 
Capparis micracantha in a dose of 40 mg/kg. The experiment was 
done as described in Fig. 1. A, showed all the treatment 
conditions. B-F, showed the rectal temperature changes in the 
animals received each herb. (*p<0.05 when compared to saline 
group at the same time) 
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Abstract 
Introduction: Sernm paraoxonase, PONl and PON3, is HDL-associated antioxidant enzymes. 
The role of PON 1 and PON3 as anti-atherosclerosis has been clearly demonstrated both in 
vitro and in vivo . The activity of PON 1 is modulated by various factors including 
hypolipidemic agents. Curcuma comosa Roxb. (Zingiberaceae) is an indigenous plant of 
Thailand and has been widely used in Thai traditional medicine for treatment of abnormal 
uterine symptoms. Recently, the hypolipidemic effect of C. comosa was extensively 
investigated. 
Objective: We investigated effects of C. comosa on PONl and PON3 activities in cholesterol­
diet fed rabbits. 
Materials and Methods: Twelve male New Zealand White (NZW) rabbits were treated with 
1.0% cholesterol for 1 month and subsequently treated with either 0.5% cholesterol or 0.5% 
cholesterol combined simvastatin at the dosage of 5 mg/day or 0.5% cholesterol combined C. 
comosa powder at the dosage of 400 mg/kg/day for 3 months. 
Results: At 4 months after treatment, lipid parameters and PONl and PON3 activities were 
determined. The results showed that C. comosa powder significantly decreased levels of total 
cholesterol and LDL similarly to simvastatin. We found that both C. comosa powder and 
simvastatin did not affect PONl and PON3 activities. 
Conclusion: C. comosa powder has hypolipidemic similarly to simvastatin but did not affect 
PON 1 and PON3 activities. 
Keywords: Paraoxonase; Curcwna comosa; Simvastatin; Cholesterol 

Introduction 
Sernm paraoxonase (PON) consists of two members: PONl and PON3 which are 

located adjacent to one another on chromosome 7q2 1.3-22.l (1). PONl and PON3 are 
expressed primarily in the liver and then secreted into the sernm where they are closely 
associated with HDL (2). Increasing evidences demonstrated that PON l and PON3 are 
involved in anti-atherosclerosis. PONl inhibits copper-induced lipid peroxidation (3). The 
human PON 1 transgenic mice have been found to reduce atherosclerotic lesion ( 4,5) whereas 
the PONl knock out mice accelerated atherosclerosis process and increased lipid peroxidation 
(6). The information of PON3 is scarcely but bas a promising evidence of anti-atherosclerosis 
properties. Rabbit PON3 is significantly more potent than rabbit PON! in protecting LDL 
against oxidative modification (7). Recently, it was found that over-expression of human 
PON3 in mice reduced atherosclerotic lesion (8). Some clinical data suggest that treatment 
with hypollpidemic drugs such as simvastatin modulate PON! activity (9,10). However, at 
present, it is not known whether simvastatin, might influence PON3 activity. 
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Curcuma comosa Roxb. is a plant in family Zingiberaceae. It is an indigenous plant of 
Thailand with a common name in Thai as Waan Chak Mod Look. Rhizomes of C. comosa has 
been used extensively in Thai traditional medicine as an anti-inflammatory agent paiiicularly 
for the treatment of postpartum uterine bleeding, peri-menopausal bleeding and uterine 
inflammation. The choleretic effect of C. comosa rhizome extract has been recently 
investigated. It remarkably stimulated bile secretion and enhanced biliary excretion of bile 
salt and cholesterol which consequently led to a decrease in plasma cholesterol (11).The 
hypolipidemic effect of C. comosa from ethyl acetate extract has been shown to effectively 
decreased LDL, triglycerides but increased HDL (12, 13). The anti-oxidative effect of crude 
ethanol extract of C. comosa has been revealed past year (14). The aim of this study was to 
investigate the effect of C. comosa powder on PON! and PON3 activities in cholesterol-diet 
fed rabbits, which was compared with simvastatin, the known medicine using in 
cardiovascular disease. 

Materials & Methods 
Materials 

Diethyl p-nitrophenyl phosphate (paraoxon) and p-nitrophenyl butyrate were 
purchased from Sigma-Aldrich (St.Louis, MO, USA). Phenyl acetate was purchased from 
Merck (Darmstadt, Germany). Simvastatin was purchased from an accredited drug store 
(Bangkok, Thailand). C. comosa powder was kindly provided by Professor Dr. Apichart 
Suksamrarn, Faculty of Sciences, Ramkamhaeng University. 
Animals and treatment 

Twelve male NZW rabbits of body weight between 1.5 - 2.0 kg were obtained from 
the National Laboratory Animal Center, Mahidol University, Thailand. The animals were 
housed one per cage at the Faculty of Medicine, Srinakharinwirot University, Thailand. All 
animals were in a controlled humidify room at a constant temperature of 25 ± 2 °C and 
maintained on a 12-hour alternate light-dark cycle. They were allowed to freely access to 
food (C.P. Company, Thailand) and drinking water. Prior to the experiment, they were 
randomly divided into three treatment groups of 4 rabbit each. All treatment groups were 
given orally with 1 .0% cholesterol for 1 month. After 1 month, rabbits in group 1, 2 and 3 
were given orally for 3 months with 0.5% cholesterol, 0.5% cholesterol combined simvastatin 
at the dosage of 5 mg/day and 0.5% cholesterol combined C. comosa at the dosage of 400 
mg/kg/day, respectively. 
Blood sample collection 

Blood were collected from 12 hours fasted rabbit at the end of treatment. Plasma were 
separated and analyzed for lipid profile, liver function and kidney function using auto­
analyzer (Hitachi 917) at by Professional Laboratory Management Corp Co., Ltd., Bangkok. 
Serum were separated and stored at -80 °C until analysis of PON 1 and PON3 activities. 
Determination of serum PONJ activity 

PON! activity toward paraoxon was measured in 100 mM Tris-HC! buffer pH 8.0 
containing 2 mM CaCli and 1.1 mM paraoxon at 3 7 'C (15). The rate of p-nitrophenol 
generation was monitored at 405 nm, and a molar extinction coefficient of 18, 700 was used to 
calculate the enzyme activity. PON! arylesterase activity was determined in 10 mM Tris-HCI 
buffer pH 8.0 and 0.9 mM CaClz with l.0 mM phenyl acetate at 37 'C (15). Reaction was 
monitored at 270 nm, and as extinction coefficient of 1,310 was used for activity calculation. 
Determination of serum PON3 activity 

PON3 activity was measured in 50 mM Tris-HC! buffer pH 8.0 and 1 mM CaCh with 
1 mM p-nitrophenyl butyrate at 37 'C (16). The rate of of p-nitrophenol generation was 
monitored at 405 nm, and a molar extinction coefficient of 18, 700 was used to calculate the 
enzyme activity. 
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Statistical analysis 
All data were presented as mean ± standard error of the mean (SEM). Differences 

between groups were analyzed using one-way analysis of variance (ANOV A) by Student­
Newman-Keuls and Kruskal-Wallis tests for normally and non-nonnally distributed 
parameters, respectively. Changes form baseline outcomes were analyzed using Student's t­
test. Values of p<0.05 were considered to be statistically significant. 

Results 
Table I shows no significant different in the levels of lipid parameters among groups 

at the baseline. The supplement feeding of cholesterol to rabbits successfully raised the level 
of lipid parameters at 4 months. The levels of TC, HDL and LDL were high ly significant 
increased at 4 months of treatment in all groups (p<0.001) while the level ofTG significantly 
increased at 4 months of treatment in all groups with p<0.05 as compared to the levels at 
baseline. 

Table 1 Lipid parameters at baseline and 4 months of the 3 treatment groups 
Parameters Baseline 4 months 

(mg/di) Cholesterol Cholesterol+ Cholesterol+ Cholesterol Cholesterol+ Cholesterol+ 

Simvastatin C. comosa Simvastatin C. comosa 

TC 53.8 ± 6.4 54.8 ± 5.4 49.3 ± 5.9 2 135.3 ± 169.3** 1575.0 ± 146.6** 1642.8 ± 93.4** 

TG 76.3 ± 16.2 57.8 ± 8.1 80.0 ± 7.7 139.3 ± 19.3* 88.0 ± 16.4* 216.3 ± 80.9* 

I-1.DL 41.5 ± 6.0 43.0 ± 5.0 38.5 ± 3.9 386.8 ± 17.8** 384.0 ± 83.7** 3 17.0 ± 17.0** 

LDL 14.5 ± 3.5 14.3 ±2.7 10.5 ± 3.5 2009.3 ± 201.4** 1408.3 ± 103.7** 1463.5 ± 69.0** 

Values are mean ± SEM obtained from 4 rabbits. p<0.001 significant difference from baseline. p<0.05 
significant difference from baseline. TC=tota l cholesterol, TG=triglyceride, HDL=high density lipoprotein, 
LDL=low density lipoprotein. 
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Figurel Effects of C. comosa powder and simvastatin (A) on lipid parameters and (B) on PONI (using phenyl 
acetate (ARE) and paraoxon (PON 1) as substrates) and PON3 activities at 4 months. Animals were 
cholesterol-fed, cholesterol-fed with simvastatin and cholesterol-fed with C. comosa. Values are mean ± 
SEM obtained from 4 rabbits. •p<0.05 s ignificant difference from cholesterol-fed control. 
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At 4 months of treatment, both TC and LDL levels in the cholesterol-fed with C. 
comosa and cholesterol-fed with simvastatin groups were significantly decreased than that in 
the cholesterol-fed control group (p<0.05). Remarkably, the decreasing of both TC and LDL 
levels in the cholesterol-fed with simvastatin group was the same extent as in the cholesterol­
fed with C. comosa. There were no significant differences in the TG and HDL levels among 
groups (Fig. I A). 

PON 1 activity toward paraoxon and PON3 activities were increased in the cholesterol­
fed with C. comosa when compared to the cholesterol-fed control, but did not reach statistical 
significant. The lowest in PON! activity toward paraoxon and PON3 activities were observed 
in cholesterol-fed with simvastatin. However, the PON! activity toward arylesterase was 
similar in all three groups (Fig. IB). 

Discussion 
This study mainly focused on the anti-atherosclerotic effects of C. comosa in 

cholesterol-diet fed rabbit groups by monitoring lipid parameters and serum paraoxonase 
activity at 4 months of treatment. At 4 months of treatment, the levels of biomarkers for liver 
function and kidney function were in the reference values in all treatment which indicated that 
the side effects from the treatment was unlikely occun-ed (data not shown). Simvastatin 
decreased TC and LDL levels, but HDL and TG levels remained unchanged. These finding 
are consistent with the observation found in human (9,10). In our cholesterol-diet fed rabbits, 
we found that long te1m treatment with C. cmnosa powder decreased TC and LDL levels as 
seen in the short term treatment in hypercholesterolemic hamsters (12,13). However, our long 
term treatment with C. comosa powder did not result in the decreased of TG levels. The 
mechanism of C. comosa to lipid parameters is still unknown, it might be associated with 
interference with the synthesis as well as secretion of lipoprotein into plasma and/or with 
acceleration ofremoval of the circulating cholesterol for excretion. 

Accumulated data indicated that both PON 1 and PON3 are closely associated with 
HDL and arc involved in the prevention of atherosclerosis (7). Hence, the factors influence 
PONl activity has been intensively investigated. In addition to reduce plasma I ipid, 
simvastatin with short term treatment has been found to increase the PON! activity (9,17). In 
this study, we found that the long term treatment with C. comosa powder and simvastatin in 
cholesterol-diet fed rabbit did not affect PON 1 and PON3 activities. 

Conclusion 
In conclusion, this study demonstrated that long term treatment with C. conwsa 

powder decreased total cholesterol and LDL in cholesterol-diet fed rabbits similarly to 
simvastatin. Both C. comosa powder and simvastatin did not affect PONl and PON3 
activities. Our data is limited, thus, true difference between treatment that should present in 
larger samples might be missed in our study group of 4 rabbits or modulation of PON! and 
PON3 might not be associated with the hypolipidemic effect of C. comosa powder. 
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Abstract 
Introduction: Inflammation plays a crucial role in the development of atherosclerosis. 
Curcuma comosa (CC) is an indigenous plant of Thailand which has been traditionally used 
in folk medicine for the treatment of uterine inflammation. Recent study reported that hexane 
extract of CC contains an estrogenic like action and prevents the release of inflammatmy 
cytokines from activated microglia. 
Objective: This study aims to investigate the effects of hexane extracts of CC on plasma 
cholesterol levels, platelet aggregation and plaque formation in high cholesterol-fed rabbits. 
Materials and methods: Rabbits were fed with normal rabbit chow, normal rabbit chow + 
cholesterol, normal rabbit chow +cholesterol + simvastatin, and normal rabbit chow + 
cholesterol + hexane extract of CC for twelve weeks. Plasma cholesterol levels and platelet 
aggregation were analyzed every 4 weeks. Twelve weeks after the treatment rabbits were 
sacrificed for histological examination of plaque formation. 
Results: The results demonstrated that the hexane extracts of CC significantly lowered the 
cholesterol levels, reduced plaque formation and attenuated platelet aggregation. 
Conclusion: Our results suggested that the hexane extracts of CC had therapeutic potential 
for prevention of atherosclerosis. 
Keywords: Curcuma comosa , Hypercholesterolemic rabbits, Platelet aggregation, Plaque 
fmmation 

Introduction 
Atherosclerosis and related diseases are major causes of death in the industrialized 

countries. One of the risk factors for the atherosclerosis pathogenesis is hyperlipidemia (! ). 
Platelets are involved in the processes of hemostasis, thrombus formation, inflammatory 
reactions after an endothelial injmy and the development of atherosclerosis (2). 
Hypercholesterolemia induces a hypeneactive state of the platelets, which enhanced 
responses to platelet aggregators such as collagen and thromboxane while the antiaggregatory 
activity of prostacyclin is reduced (3). In addition, the bioactivity of endothelium-derived 
nitric oxide (NO) can no longer compensate for the atherosclerotic disease process (4). 

Curcuma comosa Roxb. is an indigenous plant of Thailand, commonly known as Waan 
chak mod look. Previous studies demonstrated that CC inhibited inflammatory cytokines 
production (5) and agent possesses anti-inflammatmy action prevents atherosclerotic plaque 
formation (6). Other studies demonstrated the uterotrophic effect and estrogenic activity (7) 
and hypocholesterolemic effects in hamster (8). Based on these results, we therefore, 
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investigated the effects of CC on plasma cholesterol levels, platelet aggregation and plaque 
formation in hypercholesterolemic rabbits. 

Methods 
24 male New Zealand White rabbits initially weighing 1.5-2 kg. were used in this study. 

The animal study conformed to the Guide to care and Use of Experimental Animal published 
by the Canadian Council an Animal Care (1993; Vol. 1). The rabbits were randomize-divided 
into 4 groups. After 2 weeks period of acclimation, the rabbits were exposed to dietary 
treatment for a period of 12 weeks. The rabbits were fed a commercial diet preparation of 
Charoen Pokphand Foods Public Company Limited, Thailand. 

Rabbits in the first group was fed normal rabbit chow and tap water throughout the 
experimental period, and served as the control group. Second group was fed a diet containing 
0.5% cholesterol served as cholesterol group. Third group was fed a diet containing 0.5% 
cholesterol and 5 mg/day of simvastatin served as C-simvastatin group. Forth group was fed a 
diet containing 0.5% cholesterol and 100 mg/kg BW/day of CC extract served as C-comosa 
group. Food and water supplied ad libitum throughout the experimental periods. Prior to the 
beginning of the experiment and at every 4 weeks thereafter, blood samples were drawn by 
puncture of the marginal ear vein into vacutainers containing 1.2 mgEDT A/mL of whole 
blood for analysis of cholesterol concentrations. Other blood samples were drawn into 
sihconized glass tubes containing 3.8% sodium citrate in ratio of 9: 1 for determination of 
platelet aggregation. 

At the end of the experimental periods the animals were sacrificed. Segments of the 
proximal aorta were used for histological examination of the thickening of the aortic plaque 
formation. The results are expressed as intima/media ratio. 

Results 
ADP was used to induce platelet aggregation in this study. As shown in figure 1, the 

responses of platelets to ADP from animals in C-simvastatin and C-comosa treated groups 
were significantly lesser than that of cholesterol treated group. However, the lower degree of 
response to ADP was seen in C-comasa group than in C-simvastatin group. 

Plasma concentrations of total cholesterol in all groups of rabbits were shown in Table 1. 
Total plasma cholesterol at baseline in all groups of rabbits was not significant difference. 
The total cholesterol concentration in control group showed no significant difference 
throughout the whole experimental period. In contrast, plasma total cholesterol levels in 
cholesterol group rapidly increased to 927.2 ± 235.4 mg/dL after 4 weeks and continuously 
increased to 1606.5 ± 96.5 at the end of the experimental period. The total cholesterol levels 
in C-simvastatin and C-comosa group significantly lowered than cholesterol group. The 
difference was evident after 4 weeks of treatment. The changes in LDL-C and HDL-C went 
parallel to plasma total cholesterol in all groups. The level of LDL-C in C-simvastatin group 
was significantly decreased when compared to cholesterol group at 8 and 12 weeks, for C­
comosa group the significant decrease was seen at 8 weeks. The level of HDL-C in C­
simvastatin group significantly lowered than the cholesterol group at 12 weeks of treatment 
but the level of HDL-C in C-comosa group showed no significant difference from the 
cholesterol group at all treatment periods. 

After 12 weeks of the experiment, the intimal thickening of aorta of cholesterol, C­
simvastatin and C-comosa groups were significantly increased. However, no intimal 
thickening was seen in the control group. The intimal thickening in the C-simvastatin and C­
comosa groups was significantly lesser than the cholesterol group (p<0.05), as shown in 
figure 2 
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Discussion 
The results in this study demonstrate that the hexane extracts of C. comosa Roxb. can 

decrease platelet aggregation, plasma total cholesterol and reduced the intimal thickening on 
hypercholesterolemic rabbits. These effects may result from the action of phytocstrogens 
present in this plant. It has been demonstrated that phytoestrogens have the ability to 
upregulate the expression of endothelial nitric oxide synthase (eNOS) protein in the 
endothelial cells of the blood vessels and hence the increase in the production of nitric oxide 
(NO), causing vasodilation and preventing clotting from blood vcssels,(9) and eventually 
reducing the percent of plaque fo1mation. 

Conclusion 
The results of this study indicate that the hexane extracts of Curcwna comosa Roxb. has a 

potential in prevention of atherosclerosis in hypercholesterolemic rabbits. 
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Table 1 Levels of total plasma cholesterol, LDL and HDL in various groups of rabbits. 

Group Time Period (weeks) 

0 4 8 12 

Total Cholesterol (mg/dL) 

Control 41.2±4.2 35.9±3.8 36.7±3.2 37±5.1 

Cholesterol 50.00±2.98 927.20±235.44* 1217.60±295. 73* 1606.5±96.5* 

Chol+Simvastatin 41.75±4.31 618.60±168.94*t 797.40±254.00*t 526.75±201.31 *t 

Chol+C.comosa 52.40±6.01 65 l.20±205.14*t 709.00±226.77*t 980.4±298.8*t 

LDL-Cholesterol (mg/dL) 

Control 10.70±2.2 8.33±2.1 9±1.9 9.5±2.9 

Cholesterol 14.20±1.93 873.40±232.13* 1047.00±259.89* 1305 .5±87.20* 

Chol+Simvastatin 11.75±1.44 584.20±175.08* 745.00±235.26*t 453.5±174.9*'1' 

Chol+C.comosa 18.40±3.33 601.20±201.35* 596.80±175.54*t 855.40±264.25*t 

HDL-Cholesterol (mg/dL) 

Control 33.67±3.75 28.67±5.24 21.6 ± 2.91 26.7±2.8 

Cholesterol 30.80±3.47 220.00±48.39* 310.80±73.82* 331.5±42.51 * 

Chol+Simvastatin 30.00±4.02 163.00±39.48* 224.6±68.19* 145. 75±5 J.86*t 

Chol+C.comosa 35.00±3.54 171.00±38.35* 192.4±46.11 * 252.6±76.32* 

All values are mean± SEM: *vs control; t P<0.05 vs cholesterol; at the same time, P <0.05 
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Abstract 
Introduction: Methamphetamine (METH) is a powerful stimulant drug of abuse that is 
known to be selectively toxic to dopamine (DA) and serotonin (5-HT) terminals in the central 
nervous system (CNS). The mechanisms underlying this neurotoxicity are not known but 
oxidative stress has been implicated. Microglia, the brain macrophages, are the principal 
in1mune effector cells in the CNS and when activated, they secrete an array of factors that 
cause neuronal damage. Thus, chemicals that can modulate these syntheses may be beneficial. 
Curcum.a com.osa is an indigenous plant of Thailand, which has been traditionally and widely 
used as an anti-inflammatory agent for the treatment of uterine bleeding and uterine 
inflammation. However, the scientific investigation on its anti-inflammatory activity was 
limited. 
Objective: The aim of this study is to investigate the neuroprotective effect of purified 
compounds of C . comosa fractionated from hexane extract on METH-induced microglial 
activation and neurotoxicity. 
Materials and methods: Human SH-SY5Y neuroblastoma cell line and highly aggressively 
proliferating immo1talized (HAPl) cells, a rat microglia cell line stimulated with METH were 
used to study the neuroprotective effect of purified compounds of C . com.osa fractionated 
from hexane extract. 
Results: Our results showed that METH significantly reduces cell viability; tend to increase 
nitric oxide (NO) production on SH-SY5Y and HAPI cells. Preh·eatment of SH-SY5Y cells 
with C. comosa improved the reduction of cell survival induced by METH. 
Conclusion: These findings indicated that purified compounds of C. comosa fractionated 
from hexane extract may serve as neuroprotective agents for many neurodegenerative 
disorders. 
Keywords: Neuroprotective, Curcuma comosa, Methamphetamine, Microglia 

Introduction 
Amphetamine derivatives are the most commonly abused drugs. Among them, 

methamphetamine (METH) is the most popular derivatives used as recreational drugs in 
developed countries. METH is a neurotoxic illicit drug that may cause long-lasting changes in 
the dopaminergic pathways of the brain (1 ), predisposing individuals to parkinsonism (2) . 
Although the mechanisms by which METH causes neurotoxicity are not well understood but 
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a great deal of interest has centered on oxidative stress as a potential cause (3). In particular, 
microglia have attracted considerable attention for their roles in mediating damage to the 
nervous system. Microglia, the brain macrophages, are the principal immune effector cells in 
the CNS which are responsible for homeostasis regulation and defense against injury. 
Microglial activation has been shown to play a pivotal role in various neurological disorders 
(4). Proinflammatory substances produced by microglia such as cytokines, chemokines, 
reactive oxygen species (ROS), and nitric oxide (NO) result in neuronal damage and further 
exacerbate the neuroinflammatory states of the diseases (5). Thus, chemicals that can 
modulate these syntheses may be beneficial. Estrogen and phytoestrogens have been shown to 
be neuroprotective in several neurotoxicity models ( 6, 7); however, their effects in microglia 
have not been well established. 

Curcuma comosa Roxb. (Zingiberaceae), commonly knows as Waan chak mod look in 
Thai, is an indigenous plant of Thailand which has been generally used in folk medicine as an 
anti-inflammatory agent for the treatment of postpartum uterine bleeding, peri-menopausal 
bleeding, and uterine inflammation. Despite its long-term and wide use, there is scant 
scientific evidence on the anti-inflammatory activity of the plant. The result from previous 
study demonstrated the estrogenic-like activity of the plant and they suggested the presence of 
phytoestrogens in the hexane extract of this plant (8). It has been reported that phytoestrogens 
possess anti-inflammatmy and ncuroprotective activities in the CNS (9). Recent study has 
demonstrated that hexane extract from the rhizome of C. comosa suppressed NO/iNOS 
synthesis, MCP-1 and lL-6 expression in HAPI cells in LPS-induced microgliosis (10). 
However, there is no scientific investigation of the activity of purified compounds from C. 
comosa extract especially in the brain. 

In the present study we investigated the neuroprotective effects of purified compounds 
of C. comosa fractionated from hexane extract on METH-induced microglial activation and 
neurotoxicity by using human SH-SY5Y neuroblastoma cell line and highly aggressively 
proliferating i1mnortalized (HAP!) cells, a rat microglia cell line. 

Materials and Methods 
Cell cultures 

Human SH-SY5Y neuroblastoma cell line were maintained in a mixture of Eagle's 
Minimal Essential Medium (MEM) and Nutrient Mixture Ham's F-12 medium, supplemented 
with 10% heat-inactivated fetal bovine serum (FBS), 100 units/ml of penicillin, and 100 
~tg/ml streptomycin. Highly aggressive proliferating immortalized (HAPI) microglial cells 
were maintained in Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 5% 
heat-inactivated FBS. In all experiments, cells were left to acclimate for 24 hr before any 
treatments. The purified compounds of C. comosa fractionated from hexane extract were 
always added 2 hr prior to METH. 
MTTassay 

The number of viable cells were determined by the ability of mitochondria to convert 
MTT (3( 4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) to fmmazan dye. SH­
SY5Y and HAP! cells were cultured onto 96-well plate at a density of 2 x 104 cells/well 
overnight. The cells were then treated with various reagents according to the experimental 
design. After 24 hr the medium was removed and 50 µl of 1 mg/ml MTT in Hank's balanced 
salt solution (HBSS) was added to each well and further incubated for 4 hr in a humidified 
atmosphere at 37 °C, 5% C02. MTT was removed and cells were lysed with 100 µl DMSO, 
then the absorbance was measured at 570 nm and at a reference wavelength of 620 nm on a 
microplate reader. 
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Griess assay 
To determine NO produced from METH-treated cells, SH-SY5Y and HAPI (5 x 105 

cells/well) were plated onto 6-well plate and treated with METH. At 24 hr after activation, the 
cells culture supernatant from each sample was collected and the equal volume of Griess 
reagent was added. After 15-min incubation at room temperature, optical density at 545 nm of 
the sample was detennined by an automated microplate reader. Sodium nitrite, diluted in 
culture media at 0 to 100 µM concentration, was used as standard curve. 
Statistical analysis 

Data are presented as mean ± S.E.M. from three or more independent experiments. 
Statistical comparison between different treatments was done by one-way ANOV A with 
Tukey's multiple comparison post-test using SPSS program version 15. Differences were 
considered significant at p<0.05. 

Results 
Effects of METH and C. comosa on cell viability 

SH-SY5Y cells were treated with increasing concentrations of METH ranging from 
0.1 to 3 mM for 24 and 48 hr and cell viability was determined. METH produced a dose- and 
time-dependent decrease in cell viability. At 24 hr cell viability decreased to 92.6 ± 0.3, 84.2 
± 2.5, 80.3 ± 1.9, 73.3 ± 1.6, 54.3 ± 3.9% of the control values with 0.1, 0.5, 1, 2 and 3 mM 
METH treatment, respectively. At 48 lu· cell viability decreased to 81.3 ± 3.2, 74.7 ± 4.1, 71.8 
± 4.9, 60.9 ± 4.4, 29 ± 2.5% of the control values with 0.1 , 0.5, 1, 2 and 3 mM METH 
treatment, respectively, which demonstrated that the neurotoxic effect of METH on 
dopaminergic neurons was mediated in a dose- and time-dependent manner. 

HAPI cells were treated with increasing concentrntions of METH ranging from 0.1 to 
3 mM for 24 and cell viability was detennined. MTT assay showed that METH appeared to 
decrease cell survival concentration-dependently. At 24 hr cell viability decreased to 89.4 ± 
0.6, 81.6 ± 0.9, 77.8 ± 1.4, 70.7 ± 1.6, 55.9 ± 1.6% of the control values with 0.1, 0.5, 1, 2 and 
3 mM METH treatment, respectively, indicating the neurotoxic effect of METH. 

The cytotoxic effect of purified compounds of C. conwsa fractionated from hexane 
extract on SH-SY5Y and HAPI cells was evaluated. Both cells were treated with various 
concentrations of C. comosa ranging from 0. 001 ~lM to 100 µM for 24 hr and were subject to 
MTT assay. The purified compounds of C. comosa fractionated from hexane extract at 
concentrations from 0.001 µM to 10 µM had no effect on cell survival. However, the viability 
of the cells was remarkably reduced to only 1 % of control when 100 ~lM of purified 
compounds of C. comosa fractionated from hexane extract was used. 

In order to determine whether C. com.osa provides neuroprotection, SH-SY5Y cells 
were exposed to 2.5 mM METH with or without pretreatment with C. comosa. The viability 
of cells incubated with 2.5 mM METH for 24 hr was 65.9 ± 1.6% of the control value. The 
viability of cells incubated with C. comosa at 100 nM for 2 lu· prior treatment with 2.5 mM 
METH for additional 24 hr was 85.5 ± 2.0% of the control value. Pretreatment with C. 
comosa for 2 lu· had no effect on cell viability when compared with control untreated cells. 
Effect of METH on NO production 

SH-SY5Y and HAPI cells were incubated with METH from 0.1 mM to 3 mM for 24 
lu· and the levels of NO in the culture media were determined with Griess assay. METH at 
low concentrations (0.1, 0.5 and 1 mM) did not affect NO production but at high 
concentrations of METH (2 and 3 mM) tend to increase NO production. 

Discussion 
The present study has shown that METH induces SH-SY5Y cell death in a 

concentration and time-dependent manner, whereas METH inducing HAPI cell death is only 
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concentration-dependent. However, pretreatment of SH-SY5Y cells with purified compounds 
of C. comosa fractionated from hexane extract reduced the loss of cell viability caused by 
METH treatment. These effects may result from the action of phytoestrogens present in this 
plant. The study of C. comosa and its role in neuroprotection is still in a very early stage. 
Fmiher studies are needed to explore mechanisms of C. comosa that confer these 
neuroprotective effects in microglia and neurons. 

Conclnsion 
The results of this study indicate that purified compounds of C. cmnosa fractionated 

from hexane extract may serve as neuroprotective agents for many neurodegenerative 
diseases. 
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Introduction: It has been known that methamphetamine (METH) induces the formation of 
free radicals and other inflammatory factors causing the damage of monoaminergic system, 
especially the dopaminergic pathway of CNS both in vitro model, experimental animals and 
also postmortem striatum of chronic METH users. Curcumin, the active component in 
turmeric, has been shown to possess anti-oxidant, anti-inflammatory and anti-carcinogenic 
activities by reducing the formation of free radicals and the production of apoptotic and 
inflammatory factors and also modulating transcription factors such as ROS, NO, ILs, BAX, 
nNOS, COX-2 and NF-KB, which play a major role in neurodegeneration. 
Objective: The present study was aimed to evaluate the effects of purified natural and 
synthesized compounds from Curcuma longa, which are curcumin I, II, III and AS-YS 001-
004, on survival of SH-SYSY neuroblastoma cell line in order to further study the protective 
effect of those compounds on METH-induced neurotoxicity. 
Materials and methods: SH-SY SY cells were treated with various concentrations of purified 
natural and synthesized compounds from C. longa and also METH, and the number of cell 
viability was determined by MTT reduction assay. 
Results: These finding showed that METH-induced neurotoxicity in a concentration and time 
dependent manner. Moreover, at concentration 0.001-0.l µM of curcumin I, II, II and AS-YS 
002-004 could preserve cell viability, suggesting that might be a suitable concentration for 
preventing METH-induced neurotoxicity. 
Conclusion: The purified natural and synthesized compounds from C. longa might be used as 
compound to protect neuron. 
Keyword: Methamphetamine (METH)/ Curcuma long a ( curcumin) 

Introduction 
Parkinson's disease (PD) is an idiopathic disorder whose signs include tremor, 

hypokinesia, muscular rigidity and loss of postural reflexes (1 ). Parkinsonism can also be seen 
after exposure to a number of toxins (2).This is a slow, progressive disease and is 
characterized by the loss of dopaminergic neurons in the pars compacta of the substantia nigra 
(SN) and intraneuronal cytoplasmic inclusions called Lewy Bodies (3) . A number of 
important results have been accumulated from pathological and pharmacological studies on 
PD and from animal or in vitro studies using dopaminergic neurotoxins which cause 
parkinsonism in animals. 

Methamphetamine (METH) is a well known drug of abuse and neurotoxin that 
may cause long-lasting changes in the CNS dopaminergic pathway(4). METH is amphetamine 
molecule with an additional methyl group attached to its nitrogen amine group. The additional 
methyl group results in METH having a slightly higher pKa value than AMP. This should mean 
that METH has a greater speed of absorption (5). Therefore, it is closely related chemically to 
amphetamine, but the central nervous system effects of methamphetamine are greater. It causes 
neurotoxicity in rodents and non-human primates by producing long-term depletion of 



98 Thai J fJhannacol 

dopamine (DA) and its metabolites (6, 7), decreasing the number of high affinity DA uptake 
sites (8) and decreasing the activity of tyrosine hydroxylase (TH) in striatum (9). Moreover, 
DA, TH, and the DA transporter were reduced in the postmortem striatum of chronic METH 
users (10). METH induced DA release from the vesicle to the extracellular space by means of 
reverse transpmi (11) along with formation of free radicals such as reactive oxygen species 
(ROS) (12) and reactive nitrogen species (RNS) (13), resulting in the formation of 
peroxynitrite, a highly reactive molecule causing neurotoxicity, is thought to one of the main 
mechanisms involved in METH-induced neurotoxicity. Thus, it is considered as one of the 
model for drng-induced dopaminergic and neural toxicity. 

Curcumin [J, 7-bis( 4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione], the 
principle yellow active substances isolated from turmeric, a powder forms of Curcuma longa 
Linn, is widely used for the coloring of food. The major natural curcumin present in turmeric 
contains diferuloymethane ( curcumin I), demethoxycurcumin ( curcumin II) and 
bisdemethoxycurcumin (curcumin UT) approximately 77, 17 and 3%, respectively (14). 
Moreover, one of curcumin's major metabolites is tetrahydrocurcumin or THC. A large number 
of evidence has reported that curcumin possesses an anti-oxidant (15), anti-inflammatory (16) 
and anti-carcinogenic activity, it therefore is considered to be used as the supplement 
compound for its therapeutic purpose. 

Methods 
Substrates The purified natural and synthesized compounds from C. longa, diferuloymethane 
( curcumin I), demethoxycurcumin ( curcumin U), bisdemethoxycurcumin ( curcumin III) and 
AS-YS 001-004, was provided by Professor Dr. A pi chat Suksamrarn, Departu1ent of 
chemistry, Ramkhamheang University. 
Cell culture SH-SY5Y cells from a human dopaminergic neuroblastoma cell line were 
purchased from American Type Culture Collection (A TCC), (Manassas, VA). They were 
grown in a medium containing MEM supplemented with 10% heat-inactivated FBS, 100 
units/ml of penicillin, and 100 µg/ml streptomycin at 3 7°C under a humidified 5% C02 and 
95% air atmosphere. At confluence, the cells were seeded onto culture plates for futiher 
experiment. 
MIT reduction assay The number of viable cells were determined by the mitochondrial 
conversion of yellow MTT (3( 4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) to 
purple formazan dye. SH-SY5Y cells were seeded onto 96-well cell culture plate at a density 
of 2 x 104 cells/well. Cells were treated with various concentrations of purified natural and 
synthesized compounds from C. longa for 24 in order to investigate the effect on cell 
viability. All results will be taken for fmiher study the protective effect of these compounds 
on METH-induced neurotoxicity. The cellular reduction of MTT which represents metabolic 
activity and viability is expressed as the percent absorbance of treated cells compared with the 
absorbance of control cells. 
Data analysis Data are presented as mean ± S.E.M. from three independent experiments. 
Statistical comparison between different treatments was done by one-way ANOV A with 
Tukey's multiple comparison post-test using GraphPad Prism program versions 5. The 
significance was taken when p values were 0.05 or less. 

Results 
1. Effects of METH-induced reduction in cell viability in SH-SY5Y cells. 
I. I Concentration and time-dependent effects of METH on cell viability 

To evaluate the effect of METH-induced neurotoxicity. SH-SY5Y cells were treated with 
increasing concentrations of METH ranging from 0.1 to 3 mM for 12, 24, and 48 h and cell 
viability was determined. MTT assay showed that METH-induced SH-SYSY cell death in a 
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concentration and time-dependent manner. METH at a concentration of 3 rnM decreased cell 
survival to 75.86%, 54.27%, and 28.94% compared to control for 12, 24, and 48 h, 
respectively. 
2. Effects of purified natural and synthesized compounds from C. longa on cell viability in 
SH-SY5Y cells 

2.1 To evaluate the effect of purified natural compounds from C. longa on cell viability. 
SH-SY5Y cells were treated with increasing concentrations of purified natural compounds 
from C. Longa ranging from 0.001 to 100 µM 24 h and cell viability was determined. At 
concentration ranging from 0.001-0.lµM of curcumin I, II, II and AS-YS 002-004 could 
preserve cell viability more than 90%. 

Discussion 
In this study, we would like to evaluate the effect of purified natural and synthesized 

compounds from C. Long a in order to further study the neuroprotective of these compounds 
on METH-induced neurotoxicity. The results showed that METH significantly induced cell 
cytotoxicity in a concentration and time dependent manner. At 0.001- 0.1 µM of curcumin I, 
II, III and AS-YS 002-004 could preserve the number of cell survival. Moreover, more than 
0.1 ~LM of AS-YS 00 I could significantly increase the number of cell death. It has been 
suggested that this compound might be toxic to neuron and unsuitable for further study. 

In conclusion, METH can be used as a neurotoxin and experimental model for inducing 
neurotoxicity of dopaminergic CNS system. At 0.001-0.1 µM of purified natural and 
synthesized compounds from C .longa except AS-YS 001 might be a suitable concentration 
for further study the neuroprotective effects of these compounds on METH-induced 
neurotoxicity. 
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Figure 1. Concentration- and time-dependent effects of METH on cell viabi lity in SH-SY5Y 
cells. SH-SY5Y cells (2 x 104 ce lls/well) were treated with various concentrations of METH 
(0 .1 , 0.5, 1, 2, and 3 mM) for 12, 24, and 48 h. Cell viability was assessed by the MTT assay 
and is presented as percent of untreated controls. Values represent the mean ± SEM of three 
separate determinations. 
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Figure 2. Effect of purified synthesized compounds from C. longa on cell viability in SH­
SY5Y cells. SH-SY5Y cells (2 x 104 cells/well) were treated with various concentrations of 
purified natural and synthesized compounds from C. longa (0.001, 0.01, 0.1, 1, 10 and 100 
µM) for 24 h. Cell viability was assessed by the MTT assay and is presented as percent of 
untreated controls. Values represent the mean ± SEM of three separate determinations. 
*P<0.05 significance compare with untreated controls 



Vol )01 No. I Jan-Apr 2008 101 

References 
1. Bemheimer R.S., Birlanayer W, Homykiewicz 0 ., Jellinger K., and Seitelberger F., 

1973, Brain dopamine and the syndromes of Parkinson and Huntington: Clinical, 
morphological and neurochemical c01relations, J Neurol Sci, 20:41 5-455 

2. Fahn S., 1977, Secondary Parkinsonism. In: Godenshohn ES, Appe Sh, editors, 
Scientific approaches to clinical neurology, Philadelphia, 1159-11 89 

3. Masato A., Ikuko M., Francisco J. , Diaz-Corrales, and Norio 0 ., 2004, Quinone 
formation as dopaminergic neuron-specific oxidative stress in the pathogenesis of 
sporadic Parkinson's disease and neurotoxin-induced Parkinsonism: a review, 5:22 1-
233 

4. CASS, W.A. 1997. Decreases in evoked overflow of dopamine in rat striatum after 
neurotoxic doses of methamphetamine. J. Pharrnacol. Exp. Ther. 280: 105-113. 

5. A report by the advisory council on the misuse of drugs, 2005, Methylamphetamine 
review, 1-61 

6. A li , S.F., G.D. NEWPORT, R.R. ROLSON, et al. 1994. Low environmental 
temperature or phaimacologic agents that produce hypothennia decrease 
methamphetamine neurotoxicity in mice. Brain Res. 658: 33- 38. 

7. Siden L.S., Fischman M.W.& Schuster C.R.. 1975. Long-term methamphetamine 
induced changes in brain catecholamines in tolerant rhesus monkeys. Drug Alcohol 
Depend. 1: 215- 219. 

8. Itzhak, Y. & Ali S.F,. 1996. The neuronal nih·ic oxide synthase inhibitor, 7-
nitroindazole, 
protect against methamphetamine-induced neurotoxicity in vivo. J. Neurochem. 
67: 1770-1 773. 

9. Hotchkis, A.J. & Gibb J.W .. 1979. The long-term effetcs of multiple doses of 
methamphetamine on neostriatal h-yptophan hydroxylase, tyrosine hydroxylase, 
choline acetyltransferase and glutamate decarboxylase activities, J. Phannacol. Exp. 
Ther. 214: 257- 262. 

10. Wilson J.M., Kalasinsky K.S., Levey A.I. , and et al, 1996, Striatal dopamine nerve 
terminal markers in human chronic methamphetamine users, Nature Med, 6:699-703 

11. Jones S.R. , Gainetdinov R.R., Wightman R.M., and Caron M.G., 1998, Mechanisms 
of amphetamine action revealed in mice lacking the dopamine transporter, J Neurosci, 
18: 1979- 1986 

12. Cubells J.F., Rayport S., Rajendran G., and Sulzer D., 1994, metharnphetamine 
neurotoxicity involves vacuolation of endocytic organelles and dopamine-dependent 
inh·acellular oxidative stress, J Neurosci, 14:2260-2271 

13. Bowyer J.F., Clausing P., Glough B. , Slikker W., Rolson J.r., and R.R., 1995, Nitric 
oxide regulation of methamphetamine-induced dopamine release in caudate putamen, 
Brain Res , 699:62- 70 

14. Ravindran P.N ., 2006, Turmeric: The genus Curcuma, Taylor and Francis Group, 1-
14. 

15. Sreejayan and Rao M.N., 1997, Nitric oxide scavenging by curcuminoids, J Phann 
Phannacol, 96: 723-728. 

16. Brouet I and Ohshima H., 1995, curcumin, an anti-tumour promoter and anti­
inflammatory agent, inhibits induction of nitre oxide synthase in activated 
macrophages, Biochem biophys res Commun, 206: 533-540. 



102 

PIO Vasoprotective Effects of Pueraria mirijica Extract in 
Ovariectomized Rats. 

Chenphop Sawangmake 1*, Somlak Poungchompoo 2, Supatra Srichairat 3 

Thai J Pharmaco/ 

1 Veterinary Drug Group, Drug Control Division, Food and Drug Administration, Ministry of 
Public Health 
2Department of Pathology, Faculty a/Veterinary Science, Chulalongkorn University 
3Department of Pharmacology, Faculty a/Veterinary Science, Chulalongkorn University 
E-mail: chenphop@Jgrnail.com 

Abstract 
Introduction: Pueraria mirifica Airy Shaw and Suvatabandhu, a phytoestrogens containing 
herb, has been used as traditional medicine and exhibits comparable effects to estrogen. 
Phytoestrogens supplementation is an alternative way of hormone replacement therapy (HRT) 
in post-menopausal women, in paiiicular to preserves the protective effects on cardiovascular 
system and minimizes the side effects in long term estrogen treatment. 
Objective: This experiment was designed to determine the vasoprotective effects of P. 
mirifica in ovariectomized rats. 
Materials and methods: Thirty two female Wistar albino rats were randomly assigned into 4 
groups. Group 1, 2 and 3 were undergone bilateral ovariectomy and orally administered with 
P. mirifica 100 mg/kg/day (OVX+P. mir(fica), subcutaneously injected of estradiol valerate 
300 µg/kg/week (OVX+Estrogen) and distilled water fed (OVX), respectively. Group 4 was 
sham operated and treated with distilled water (Sham). All of them were treated for 42 
consecutive days. At the end of treatments, blood samples were obtained by cardiac puncture 
for determination of nitric oxide (NO) and lipid parameters (total cholesterol, HDL-C, LDL-C 
and triglyceride). Descending thoracic aortas were isolated for vascular function 
measurements and histopathological studies. 
Results: Acetylcholine-mediated endothelium-dependent vascular relaxation was significantly 
impaired in OVX group (p< 0.05 vs. normal vessel), but restored in the OVX+P. mirifica and 
OVX+Estrogen groups. Microscopic examinations of thoracic aortas in the OVX+P. mirifica 
and the OVX +estrogen groups showed the lesser degree of medial smooth muscle and 
endothelial cell degenerations. Compared to the OVX group, treatment with P. mir(fica 
resulted in significantly increased in NO production. 
Conclusion: These results indicate that treatment with the P. mir(fica preparation preserves 
endothelial vasodilator function and vascular structures in ovariectomized rats. 
Keywords: Pueraria mirifica, Vascular function, endothelial cell, Ovariectomized rat 

Introduction 
Oophorectomized and post-menopausal women suffer from many menopausal 

symptoms. Accordingly, important abnormality including cardiovascular diseases (CVDs) has 
been reported (1). The losses of protective effects of endogenous estrogen on cardiovascular 
system are considered to be the main cause of this abnormality (2). Estrogen replacement 
therapy (ERT) is an effective method to prevent menopausal symptoms and restore the 
protective effects on cardiovascular system (3). However, many serious side effects in long 
term ERT used including cancerous events and thromboembolic events have been reported 
(4). 

Pueraria mirifica (white "Kwao-Keur") is an indigenous herb of Thailand which 
possesses estrogenic activity. The phytoestrogens that possess the highest estrogenic activity 
in tuberous root of P. mirifica are chromene derivative compounds, deoxymiroestrol and 
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miroestrol (5). Despite evidences linking phytoestrogens of P. mirifica exhibit strong 
estrogenic activities, beneficial effects of P. mir~fica preparation using as ERT in particular on 
vascular functions and vascu lar strnctures remain unclearly defined. 

Therefore, the objectives of this study were to determine the subchronic effects of P. 
mirifica preparation on vascular functions in isolated thoracic aorta preparations in 
ovariectomized rat model. In parallel sets of experiment, the effects of P. mirifica on 
cardiovascular-related blood biochemistty parameters were also examined. 

Methods 
Thirty two female Wistar albino rats were randomly divided into 4 groups. Group 1, 2 

and 3 were operated to remove both of bilateral ovaries (ovariectomy) and orally administered 
with P. mir(fica 100 mg/kg/day (OVX+ P. niirifica), subcutaneous injected of estradiol 
valerate 300 µg/kg/week (OVX +Estrogen) and distilled water fed (OVX), respectively. Group 
4 was undergone laparotomy operation and treated with distilled water (Sham). All of them 
were treated for 42 consecutive days. 

At the end of tt·eatments, blood samples were collected by cardiac puncture for 
determination of cardiovascular-related blood biochemistiy parameters including nitric oxide 
(NO) and lipid parameters (total cholesterol, HDL-C, LDL-C and triglyceride) . Descending 
thoracic amtas were isolated for histopathological studies. Vascular functions were measured 
as isolated thoracic amia preparations including vasocontraction response to noradrenaline 
(NA), vasorelaxation response to acetylcholine (Ach) and sodium nitroprusside (SNP) in NA­
precontt·acted aortic rings. 

Results 
Compared to the Sham group, Ach-mediated endothelium-dependent vascu lar 

relaxation in OVX group was significantly impaired, but restored in OVX + P. mirifica and 
OVX+Estrogen groups. The percentages of vascular relaxation in OVX+ P. mirifica were 
significantly higher than those in OVX group at 10·7 to 10·4 M of Ach concentration (Figure 
1 A). While the significant differences of SNP-mediated endothelium-independent vascular 
relaxation and NA (10·9 to 10·5 M)-induced vascular contraction among the group were not 
identified (Figure lB and IC). 

The plasma levels of NO in OVX + P. mir~fica, OVX +Estrogen and Sham group were 
not significantly different from each other. However, the plasma NO levels of these groups 
were significantly higher than the OVX group (Figure 2A). The OVX group showed a 
considerable rise in all lipid parameters compared with that in the Sham group which 
significant different in total cholesterol and LDL-C levels. The plasma TG level in OVX + P. 
mirifica was lower than that in OVX group, but not significant different (Figure 2B). The 
atherogenic index, (total cholesterol - HDL-C) I HDL-C ratio, of OVX+ P. mirifica and 
OVX+Estrogen were lower than the OVX group but not significant different (Figure 2C). 

Microscopic studies of descending thoracic aortas in the OVX +P. mirifica and the 
OVX +Estt·ogen groups showed the lesser degree of medial smooth muscle and endothelial 
cell degenerations, compared with OVX group (Figure 3). 

Discussion 
The results of this present study demonstt·ated the improvement of endothelium­

dependent vascular relaxation due to the beneficial effects on lipid profiles and endothelial 
cell preservation in P. mirifica trnated ovariectomized rats. Improvement of endothelial 
dysfunction which was conelated with an increase of NO production in blood was considered 
to be the results of the antioxidant effects of P. mirifica in comparison with estrogen. These 
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are involved in atherosclerosis prevention and restoration of vascular smooth muscle co­
ordination in arterial wall and balance in adrenergic response of vascular contraction. 

Conclusion 
The results in the present studies provided the evidences that P. mirifica may exert 

estrogen-like effects. The data supports the beneficial effects and knowledge in using of 
P. mirifica in Thai traditional medicine. The efficacy of using P. mirifica as an alternative 
hormone replacement therapy (HRT) in postmenopausal women is also demonstrated. In 
order to clarify the exact mechanisms of its protective effects on vascular in aging women, 
further studies of P. mirifica effects on estrogen receptors in various tissues as well as its 
antioxidant properties should be examined. 
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Figure 1 Vascular responses in isolated rat thoracic aortas from non-OVX control (Sham), 
OVX, OVX+Estrogen and OVX+P. mirifica (mean± S.E.M., * p < 0.05 vs. OVX). 

A: Vasorelaxation response to acetylcholine (Ach) in NA-precontracted ao1iic rings 
B: Vasorelaxation response to sodium nitroprusside (SNP) in NA-precontracted aortic rings 
C: Vasocontraction response to noradrenaline (NA) 
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Figure 2 Cardiovascular-related blood biochemistry parameters from non-OVX control 
(Sham), OVX, OVX+Estrogen and OVX+P. mirifica (mean± S.E.M., * p < 0.05 
vs. OVX, + p < 0.05 vs. Sham). 

A: Plasma nitric oxide (NO) production 
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Figure 3 Histopathological figures of descending thoracic aortas of the study rats. 
TI: tunica intima, TM: tunica media, TA: tunica advcntitia 
A: non-OVX control (Sham), B: OVX, C: OVX+Estrogen, D: OVX+P. mirifica 
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Abstract 
Oxidative stress resulting from the toxic effects of free radicals on tissue plays an 

important role in the pathogenesis of various neurodegenerative diseases such as cerebral 
ischemia, Parkinson's disease and Alzheimer's disease. Natural antioxidants can scavenge 
free radicals and prevent the human body from aging by reducing oxidative stress. The 
present study was performed to evaluate antioxidative and neuroprotective properties of 
Centella asiatica Urban (CA). Radical scavenging effects were evaluated by the 1, 1-
diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging assay. The cytotoxic and 
neuroprotective properties were evaluated on neuroblastoma NG 108-15 cells. Oxidative stress 
was induced by hydrogen peroxide (H20 2). In the DPPH assay, the radical scavenging activity 
of water was higher than the methanol and chloroform extracts (IC5o = 62, 84 and 243 µg/ml, 
respectively). In cytotoxic experiment, water and chloroform extracts (1 mg/ml) caused cell 
death. In neuroprotective study, when being added simultaneously with H20 2 (150 µM), the 
methanol extracts (10-100 µg/ml) effectively protected cells from oxidative damage. 
Therefore, the present results indicated that methanol extracts from CA acts as antioxidants 
and neuroprotective agents against oxidative damage. Thus the methanol extract from CA 
should be further investigated to be used in prevention and treatment of disorders which 
results from oxidative stress. 
Keywords: Neurotoprotective, antioxidant, Centella asiatica , neuroblastoma NG 108-15 
cells, oxidative stress 

Introduction 
In recent years, there has been an increased interest in the application of antioxidants 

for medical treatment as more information links the development of human diseases to 
oxidative stress. Oxidative stress, which results from an imbalance between the antioxidant 
defense system and the formation of reactive oxygen species (ROS), may damage important 
membrane lipids, proteins, DNA and carbohydrates. In neurology, it is generally agreed that 
ROS are one of the major and important factors contributing to degenerative brain diseases 
such as Alzheimer's, Parkinson 's disease, epilepsy, and stroke( I). A variety of plant products 
that have potent antioxidants properties have been used for prevent and treatment of this 
neurogenerative dysfunction (2). 

Centella asiatica urban (umbelliferae) is commonly used in traditional medicine for 
improvement of bruising and inflammation. The plant is claimed to possess anti-inflammatory 
(3), memory improvement ( 4) and anticancer activity (5). CA is also useful in venous 
hypertension and atheroscelerosis (6, 7). For antioxidant activity, CA has been reported to 
have anti-lipid peroxidative and free radica l scavenging activities. CA extract is also has 
protective effect against adriarnycin induced cardiomyopathy (8). Recently, Ramanathan et al. 
suggested that protective effect of CA extract on monosodium glutamate induced 
neurodegeneration attributed to is antioxidant properties (9). Therefore, the present work was 
performed to confirm the antioxidative and neuroprotective activities of CA extract by using 
different methods. We here also evaluated effect of different kinds of extracts that is 
chloroform, methanol and water extracts. 
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Material and Methods 
Preparation of plants 

17wi J Pharmaco! 

Air-dried and powdered leaves of CA were extracted with chloroform, methanol and 
water. The supernatant was collected and evaporated to dryness under reduced pressure in a 
rotary evaporator. The yields of the chloroform, methanol and water extracts were 4.12, 20.55 
and 54.12 % respectively. 
Cell cultures 

Neuroblastoma NG108-15 cells were grown in DMEM containing 100 µM 
hypoxanthine, I µM aminopterin and 16 µM thymidine and I 0 % fetal bovine serum. Cell 
cultures were maintained in a humidified incubator with 5% C02 - 95% air at 37 °C. 
DPPH radical-scavenging activity 

The free radical scavenging activities of the extracts were determined with 1, l­
diphenyl-2-piciyl-hydrazil (DPPH.). The radical scavenging activity of DPPH was expressed 
as IC50. This value represents the concentration of a test compound required to inhibit 50% of 
the initial DPPH free radical. 
Hydrogen peroxide-induced neurotoxicity and study of protection offered by extracts 

NG108-15 cells (2xl03cells/well) were seeded into 96-well plates and incubated at 37 
°C for 48 hr. After plating, they were treated with various concentrations of the three extracts 
or trolox for 2 hr, and a stock solution of H20 2 solution was added. Neuronal survival was 
quantified using MTT. The resulting colored end product was solubilized in dimethyl 
sulfoxide (DMSO) and measured using a Microplate Reader (A Packard Bioscience 
Company, USA) at 550 nm. 
Statistics 

All data are expressed as mean ± SD. Pearson's correlation analysis (SPSS 7.5 for 
Windows, SPSS Inc.) was used to test for the significance of the relationship between the 
concentration and percentage inhibition at a p <:: 0.05. 

Results 
DPPH radical scavenging activity 

Trolox exhibited DPPH radical-scavenging activity with IC50 values of 3 µM (R2 = 

0.7853). Vitamin C showed DPPH radical-scavenging activity with IC50 values of5 µg/ml (R2 

= 0.9064). The water (ICso 62 µg/ml, R2 
= 0.9436) showed comparative radical-scavenging 

effects with methanol (IC50 84 µg/ml, R2 
= 0.9430) and more efficient than chloroform extract 

(IC50 243 µg/ml, R2 
= 0.7917). 

Cytotoxic effects of H202 on neuroblastoma NG I 08-15 cells 
NG 108-15 cells were treated with various concentrations of H20 2 (! 00-800 µM). 

Following 2h of incubation after I-h02 challenge, cell viability was determined. The results 
showed that H202 100-800 µM significantly reduced cell viability in a concentration­
dependent manner (Fig. I). For subsequent protection experiments, we used 150 µMas the 
concentration of H202. 
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Figure 1 H20 2-induced cell damage in neuroblastoma NG I 08-15 cells 
H20 2-induced reduction of viability ofNG108-15 cell s when treated 
with various concentrations of H20 2 ( 100-800 µM). After 2 h of 
incubation, cell viability was measured using the MTT method. Data are 
expressed as mean ± S.D. (n = 5). * p :'.S 0.05 compared with the control group. 

Cytotoxic effects of extracts on neuroblastoma NG 108-15 cells 
NG 108-15 cells were treated with various concentrations of extracts (0. 1-1000 µg/ml). 

Following 4h of incubation, cell viability was determined. The results showed that water and 
chloroform extracts exhibited cytotoxic effect at the concentration of 1000 µg/ml (Fig. 2 A,B) 
whereas methanol extract (0.1-1000 µg/ml) did not showed cytotoxic effect on cells (Fig. 2C). 
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Figure 2 Cytotoxic effects of extracts on neuroblastorna NG 108-15 cells 
NG108-15 cells were treated with various concentrations (0.1-1000 
µg/ml) of A) water B) chlorofo1m and C) methanol extracts of Centella asiatica. 
After 4 h of incubation, cell viability was measured using the MTT method. Data 
are expressed as mean ± S.D. (n = 5). * p :'.S 0.05 compared with the control group. 

Effects of extracts on H10rinduced neurotoxicity 
When trolox, a reference standard, was added simultaneously with H20 2, it caused a 

concentration-dependent increase in cell viabi lity from 1 to 100 µM (Fig. 3A). When the 
methanol extracts of CA (1-1000 µg/ml) were added together with H20 2, it significantly 
increased the viability of NG l 08-15 cells in a concentration dependent manner compared with 
treatment with H20 2 alone. The neuroprotective effects of methanol extracts of CA were 
observed in the concentration ranged of 10-100 µg/ml (Fig. 3D) whereas the water and 
chloroform extracts did not showed any neuroprotective effect Fig. 3B, C). 
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Figure 3 Effects of test compounds on H 20 2-induced cell damage in NG 108-15 
Cells NG 108-15 cells were treated with H 20 2 (150 µM) together with 
various concentrations oftest compounds: (A) reference drug, trolox, 
(B) water (C) chloroform and (D) Methanol extract of Centella 
asiatica. After 2 h of incubation, H 20 2 (150 µM) was added, cell 
viability was measured using the MTT method. Data are expressed as 
mean± S.D. (n = 5). # p :S 0.05 compared with the control group. * p:S 
0.05 compared with the H20 2-treated control group 

Discussion 
Neurodegenerative diseases are characterized by the loss of neuronal cells in the brain. 

Reactive oxygen species (ROS) may be involved in the etiologies of these diseases. 
Antioxidant in plants or herbs may be useful in delaying or preventing of oxidation damages. 

Our results demonstrate that all of extracts could potently reduce the stable radical 
DPPH. This indicated hydrogen donating ability. Among all extracts, only methanol extracts 
of CA showed neuroprotective against H20 2-induced toxicity in neuroblastoma NG-108. 
The neuroprotective effect of methanol extract may be partly due to its radical scavenging 
effect and may results from the active constituents present in the CA extract. The active 
constituents are triterpenes namely asiatic acid, asiaticoside (10). Also, different parts of CA 
were found to contain high phenolic contents, which exhibit strong association with its 
antioxidative activities (11 ). Asiatic acid has been reported to possess hepatoprotection and 
protective effects against 13-amyloid-induced and glutamate-induced neurotoxicity (12,13). 
Although the water extract exhibited highest free radical scavenging activities, it has no 
protective effect on neuroblastoma against oxidative damage. These results may due to its 
cytotoxic effect. 

In conclusion, our results suggest that the methanol extracts of CA exert significant 
neuroprotective effects against hydrogen peroxide induced cell death in neuroblastoma cells. 
It may be partly attributed to their apparent antioxidant and free radical scavenging prope1iies. 
Thus, methanolic extracts of CA contain active components that may be of value m 
preventing neurogenerative diseases in which free radical generation is implicated. 
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Abstract 
Introduction: Centella asiatica (Linn.) Urban is widely used as food, beverage and traditional 
medicine. The standard extract of C. asiatica (ECa 233) has been studied for an indication of 
memory enhancer. 
Objective: We investigated the effects of ECa 233 on the activity of hepatic phase II drug 
metabolizing enzymes using rats liver cytosols. 
Materials and methods: Male Wistar albino rats were treated with either ECa 233 (10, 100 or 
1,000 mg/kg/day, p.o.) or vehicle control for 90 days. Liver cytosols were prepared and used 
for analysis the activities of sulfotransferase (SULT), glutathione S-transferase (GST) and 
NAD(P)H Quinoneoxidoreductase (NQOR). 
Results: The result demonstrated that both doses of ECa233 caused a decrease of SULT 
activity, whereas the activities ofGST and NQOR were not changed. 
Discussion and Conclusion: The inhibitory effect of ECa 233 on SULT activity suggested 
the possibility of drug interaction on medicines that are metabolized by this enzyme. No 
effects of ECa 233 on GST and NQOR activities suggested no advantage effect of this extract 
regarding the detoxification ofxenobiotics via these enzymes. 
Key words: Centella asiatica, Phase II Drug Metabolizing Enzymes 

Introduction 
Centella asiatica (Linn.) Urban is a traditional plant of which stems and leaves are 

used for preparing beverage, consumed as food and taken as traditional medicine. The major 
constituents are triterpenoids, mainly asiatic acid, asiaticoside, madecassic acid and 
madecassoside (!). 

The standard extract of C. asiatica (ECa 233) has been studied preclinically for an 
indication of memory enhancer by Tantisira M. et al. at the Faculty of Pharmaceutical 
Sciences, Chulalongkom University. During research and development process of this extract 
for this indication, a study regarding effects of this extract on hepatic drug metabolizing 
enzymes either phase I and phase II metabolism are required. Modulation of this extract on 
hepatic phase I and phase II drug metabolizing enzymes would provide information regarding 
drug interaction and the possibility of the extract to increase/decrease risks of xenobiotic­
induced toxicity/mutagenesis/carcinogenesis. Effect of ECa 233 on phase I enzymes (CYPs) 
bas been studying. Thus, the aim of this study was to investigate effect of ECa 233 on hepatic 
phase II enzymes such as sulfotransferase (SULT), glutathione S-transferase (GST) and 
NAD(P)H quinoneoxidoreductase (NQOR) using rat livers cytosol. 

Materials and Methods 
Materials 

These following chemicals were purchased from Sigma Chemical Co. Ltd., USA: 
adenosine 3 '-phosphate 5 '-phosphosufate (PAPS), bovine serum albumin, cupric sulfate, l­
chloro-2,4-dinitrobenzene (CDNB), 2,6-dichlorophenol-indophenol (DCPIP), dicumarol, 
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ethylenediaminetetraacetic acid (EDTA), Folin & Ciocalteu's phenol reagent, glutathione 
reduced from (GSH), magnesium chloride, nicotinamide adenine dinucleotide reduced from 
(NADH). Ethanol and potassium dihydrogen phosphate were purchased form Merck, 
Germany. 2-Naphthol was purchased from Aldrich, USA. 

Animal treatment 
Male Wistar albino rats (8 weeks old and weighing 250-300 g) were obtained from the 

National Laboratory Animal Center, Mahidol University, Salaya, Nakhon Pathom, Thailand. 
Rats were housed at the Department of Medical Sciences, Ministry of Public Health, 
Thailand. They were maintained at 22-25 °C with 12-h light/dark cycle and allowed free 
access to standard diet and water throughout the study. The animals were allowed to 
acclimatize for seven days before the study. Rats (10 per group) were randomly assigned to 
the various treatment groups. Rats were orally gavaged with ECa 233 at doses of I 0, 100 or 
1,000 mg/kg/day or water for 90 days. At the end of the extract administration, rats were 
euthanized by diethyl ether inhalation. Livers were perfused with ice-cold saline and 
removed. Liver cytosols were prepared by a differential centrifugation method (2) with some 
modification and stored at -80 °C until enzymes assays. Protein concentrations of liver 
cytosols were determined by the method of Lowry et al (195 1) (3). 

Enzymes assay 
Cytosolic SULT activity was determined using the spectrophotometric method 

described by Frame et al. (2000) (4) with some modification. 2-Naphthol was used as a 
selective substrate for the assay. 

Cytosolic GST activity was determined spectrophotometrically at 340 nm using l­
chloro-2, 4-dinitrobenzene (CDNB) as a selective substrate according to the procedure of 
Habig et al. (1980) (5) with some modification. 

Cytosolic NQOR activity was determined by the method modifies from the method of 
Ernster ( 1990) ( 6) using 2, 6-dichlorophenol-indophenol (DCPIP) as a selective substrate. 

Statistical analysis. Data were presented as means ± SEM. Statistical differences were 
determined by one-way analysis of variance, followed by Student-Newman-Keuls test. P < 
0.05 was chosen as indicating significance. 

Results 
A significant decrease in the activity of SULT was observed in rats treated with ECa 

233 at all doses used in this study ( l 0, 100 or 1,000 mg/kg/day) as compared to the control 
group (Figure 1 ). 

ECa 233 given at all dosage regimens used in this study did not affect the activities of 
NQOR (Figure 2) and GST (Figure 3). 

Discussion and Conclusion 
The inhibitory effect of ECa 233 on SULT activity suggested the possibility of drug 

interaction of this extract on medicines that are metabolizes by this enzyme. No effects of 
ECa 233 on GST and NQOR activities suggested no advantage effect of this extract regarding 
the detoxification of xenobiotics via these enzymes. 
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Abstract 
This study was planned to determine the protective role of green tea extract, if any, in 

attenuating the acute hepatitis induced by carbon tetrachloride (CC14). To assess the hepatitis, 
we determine hepatic marker enzymes aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) in serum, including lipid peroxidation and histological changes in 
liver. Male Wistar rats were pretreated with green tea extract at dose of 1000, 2000 and 3000 
mg/kg by single gavage for 24 hours before they given CC14 at dose of 1 ml/kg by 
intraperitoneally. All rats were killed 24 hours post-exposure. The results showed that 
activities of serum AST and ALT in green tea extract group were not different from control 
group. Lipid peroxidation induced by CC14 could be reduced significantly by green tea extract 
at dose of 2000 mg/kg (p<0.05). In addition, the vacuolation and necrosis of liver observed in 
this dose of green tea extract was less than other groups of treatment. This study concluded 
that green tea extract at dose of 2000 mg/kg could attenuate the acute hepatitis induced by 
CC14 that shown by lipid peroxidation and histological changes. This result indicated that 
green tea extract might have some protective role over the hepatitis by free radical scavengers. 

Keywords: green tea, hepatitis, lipid peroxidation, ALT, AST 
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Abstract 

117 

Resistance to P-lactam antibiotics is a global problem. Today over 90% of 
Staphylococcus aureus strains are P-lactamase positive. In addition, strains of methicillin­
resistant S. aureus (MRSA) and ceftazidime-resistant Enterobacter cloacae (CREnC) are 
usually multiply resistant to many antibiotics and pose life-threatening risks to the 
hospitalised patients and their care givers. The search for new antibacterial agents and 
compounds that can reverse the resistance to P-lactam antibiotics are research objectives of 
far reaching importance and urgently needed. In this study, we have examined the 
antibacterial action of naturally occurring tlavonoids. When combined ampicillin, cloxacillin 
and ceftazidime with baicalein 5 µg/ml, minimum inhibitory concentrations (MICs) of these 
drugs against clinical isolates of MRSA were reduced from 100, > 1,000 and 50 µg/rnl to 5, 5 
and 5 µg/ml respectively. Furthermore, clinical isolates of CREnC with MICs of ceftazidime 
> 1,000 µg/rnl had their resistance to these drugs reversed by apigenin 5 µg/rnl or luteolin 5 
µg/ml to MI Cs of ceftazidime 5 µg/ml. Viable counts showed that the killing of MRSA cells 
by 10 µg/rnl ampiciU in or cloxacillin was potentiated by 10 µg/ml baicalein. Ceftazidime 10 
µg/ml in combination with 10 µg/rnl of baicalein or galangin or quercetin also reduced the 
CFU/ml of MRSA to low levels (lxl03 CFU/rnl) over 6 h. The killing curve of CREnC cells 
were also maintained at low level from 6 to 24 h by ceftazidime 10 µg/ml in combination with 
10 µg/ml of luteolin or apigenin. Electronrnicroscopy clearly showed that the combination of 
1 O µg/ml baicalein with 10 µg/rnl of ampicillin or cloxacillin and 10 µg/ml ceftazidime with 
1 O µg/ml of baicalein or galangin or quercetin caused damage to the ultrastructure of MRSA. 
Ceftazidime 10 µg/rnl in combination with 10 µg/ml of luteolin or apigenin also caused 
marked morphological damage for CREnC. Enzymes assays indicated that galangin, 
baicalein, and quercetin had inhibitory activity against P-lactamase I from Bacillus cereus. 
Apigenin showed marked inhibitory activity against penicillinase type IV from Enterobacter 
cloacae . 

From the study, it was concluded that baicalein, galangin and quercetin have the 
potential to reverse bacterial resistance to P-lactam antibiotics against MRSA. Luteolin and 
apigenin have synergistic effect with ceftazidime against CREnC. In view of their limited 
toxicity, These tested flavonoids offer for the development of a valuable adjunct to P-lactam 
treatments against otherwise resistant strains of currently almost untreatable microorganisms. 
Keywords : P-lactam antibiotic, Resistant bacteria, Flavonoids 

Introduction 
Bacterial resistance to P-lactam antibiotics is a global problem. Today over 90% of 

Staphylococcus aureus (S. aureus) strains are P-lactamase positive (1 ). Strains of P-lactam­
resistant S. aureus including methicillin-resistant S. aureus (MRSA) and strains of 
Ceftazidime-resistant Enterobacter cloacae (CREnC) now pose serious problem to 
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hospitalized patients, and their care providers (2). Antibiotics available for the treatment of 
MRSA or CREnC infection are fairly toxic and their use is frequently associated with 
unwanted side-effects (3). Novel antibiotics and/or new approaches that can reverse the 
resistance to well tried agents which have lost their original effectiveness are research 
objectives of far reaching importance ( 4). Tn this study, we have investigated the in-vitro 
activity of naturally occurring flavonoids, a major constituent in edible plants and I or 
traditional herbal remedies (5,6) against 13-lactam-resistant S. aureus (MRSA) and CREnC 
when used alone and in combination with 13-lactam antibiotics. 

Materials and Methods 
Flavonoids, 13- lactam antibiotics and bacterial strains sources 

All tested flavonoids (galangin, baicalein, apigenin, luteolin and quercetin) were 
obtained from Indofine Chemical company, New Jersy, USA. Ampicillin, cloxacillin and 
ceftazidime were obtained from Sigma. Three clinical isolates of methicillin-resistant S. 
aureus DMST 20651 (MRSA), Ceftazidime-resistant Enterobacter cloacae DMST 21394 
(CREnC) and ampicillin sensitive Enterobacter cloacae DMST 19022 (ASEnC) were 
obtained from clinical microbiology department, Maharat Nakhonratchasima hospital, 
Nakhonratchasima and Department of Medical Sciences, Ministiy of Public Health. 

Bacterial suspension standard curve. 
To select bacterial suspensions with a known viable count the following steps were 

followed Lui et al. (7). 

Minimum inhibitory concentration (MIC) determinations 
MIC derterminations of three clinical isolates of MRSA, CREnC and ampicillin 

sensitive Enterobacter cloacae (ASEnC) were followed Lui et al. (7) and NCCLS (8). 

Checkerboard determinations 

Checkerboard determinations in antimicrobial combinations were performed as 
previously described (9) with slight modification (10). 

Killing curve determinations 

Viable counts for the determination of killing-curves were performed as previously 
described by Richards and Xing ( 11 ). 

Enzyme assays 
The 13-lactamases of Bacillus cereits (B. cereus) and Enterobacter cloacae (E. 

cloacae) were obtain from Sigma (Poole, England). Enzymes activities were followed 
Eumkeb and Richards (12). 

Electronmicroscopy 
Selected flavonoids that dramatically decreased the MICs of selected 13-lactam 

antibiotics when used in combination will be used to examine electronmicroscopy. Therefore, 
the following flavonoids were chosen for electronmicroscopy study when used singly and in 
combination. Subculture of MRSA and CREnC were prepared to examine by TEM following 
Richards et al. (13). 
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Results 
MIC determinations 

The MICs for the tested flavonoids and ~- lactam antibiotics against three clinical 
isolates strains of MRSA, CREnC and ASEnC are shown in Table 1. All tested flavonoids 
(galangin, baicalein, apigenin, luteolin and quercetin) showed no activity against all isolates 
strains of MRSA, CREnC and ASEnC at MI Cs of >400 µg/ml. CREnC was resistant to all 
tested ~- lactams ( ampicillin, cloxacillin and ceftazidime) at MI Cs of > 1,000 µg/ml. MRSA 
was resistant to ceftazidime, ampicillin and cloxacillin at MICs of 50, 100 and> 1,000 µg/ml. 
ASEnC was also resistant to ceftazidime and cloxacillin, while showed sensitive to ampicillin. 
Checkerboard determinations 

The isobolograms obtained from plotting of checkerboard MIC determinations 
showed the synergistic activity for all combinations of baicalein and all tested~- lactams 
against clinical isolates of MRSA. The MI Cs of ampicillin, cloxacillin and ceftazidime were 
reduced from 100, > 1,000 and 50 µg/ml to 5, 5 and 5 µg/ml when combined with baicalein 5 
~lg/ml against this strain. Apigenin or luteolin 5 ~Lg/ml reduced the MI Cs of both ampicillin 
and ceftazidime at > 1,000 µg/ml to 30 and 5 µg/ml respectively against this strain. 
Killing curve determinations (Viable counts) 

Sample killing curves resulting from selected ~-lactam alone and in combination with 
selected flavonoids against MRSA and CREnC are presented in Fig.I to 3. The control of 
both MRSA and CREnC showed no reduction in the counts of CFU from control inoculum. 

Fig. 1 shows that ampicillin, cloxacillin and baicalein at 50 µg/ml alone had little 
effect on the bacterial growth rate compared with the control. Baicalein at 10 µg/ml plus 
either ampicillin at 10 µg/ml or cloxacillin at 10 µg/ml reduced the viable counts by 5x102 

CFU/ml for MRSA in 6 h and to below the lowest detectable limit (103 CFU/ml) in 24 h. 
Fig.2 shows that viable counts for MRSA were slight reduced by ceftazidime at 30 

µg/ml, quecertin (50 µg/ml), galangin (50 µg/ml) or baicalein (50 µg/ml) alone when 
compared with the level of the untreated control culture between 6 to 24 h period. 
Ceftazidime (10 µg/ml) in combination with baicalein (10 µg/ml) or galangin (10 µg/ml) or 
quece1iin (20 µg/ml) reduced the CFU/ml by 5x102 over 6 h in all combinations. The reduced 
counts did not recover in 24 h. 

Similar decreases in resistance of microorganisms to antibiotics were obtained with 
combination of ceftazidime with luteolin or apigenin against CREnC, both luteolin (10 µg/ml) 
and apigenin (10 µg/ml) in combination with ceftazidime at 10 µg/ml reduced the CFU/ml 
count by 5x l 02 over 6 h. The reduced counts did not recover in 24 h. While ceftazidime (30 
µg/ml), apigenin (50 µg/ml) and luteolin (50 µg/ml) alone had little effect on the bacterial 
growth rate compared with the control (Fig.3). 
Electron microscopy 

Fig. 4a shows the appearance of normal log phase cells of clinical isolates of MRSA. The 
cell wall and the cytoplasmic membrane can be distinguished. The electron dense ribosomes 
can be seen in great number in cytoplasm. The micrographs of this strain after exposure to 
cloxacillin 20 µg/rnl show some of the bacteria have a little larger than those of control cells. 
(Fig. 4b) The micrograph of MRSA treated with ampicillin 20 µg/ml show that some of the 
bacteria have slightly larger gap between the cytoplasmic membrane and cell wall (Fig 4c). 
Electronmicroscopy clearly showed that the combination of 10 µg/ml baicalein with 10 µg/ml 
of ampicillin or cloxacillin caused elech·on-transparent areas of MRSA devoid of ribosomes 
(holes) clearly visible within the cytoplasm. A lot of cells lost some organelles from 
cytoplasm such as ribosomes chromosomes etc. Some of these showed morphological 
damages such as cell wall and cell shape distortion. Broken of some cells are also observed. 
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Moreover, the combination between 10 µg/ml ceftazidime with 10 µg/ml of baicalein or 
gal an gin or quecertin caused damage to the ultrastructure of MRSA such as cell wall damage, 
electron-transparent area devoid of ribosomes and lost some organelles from cytoplasm (Fig. 
4d, 4e, 4f, 4g, 4h) 

Fig.5 a shows the appearance of normal log phase cells of clinical isolates of CREnC. The 
outer membrane and the cytoplasmic membrane can be distinguished. The electron dense 
ribosomes can be seen in numerous number in cytoplasm. The micrographs of CREnC after 
exposute to ceftazidime 20µg/ml show some of these bacterial cells exhibited larger gap 
between outer membrane and cytoplasmic membrane (Fig.Sb) 
The resulted showed that ceftazidime 10 µg/ml in combination with 10 µg/ml of luteolin or 
apigenin also caused marked morphological damage for CREnC. A lot of these bacterial cells 
exhibited morphological damage of cell wall and cell shape and electron-transparant area in 
cytoplasm due to losing most of organelles. Several bacterial cells showed broken cell and 
distortion of cell wall. The micrographs of CREnC after exposure to ceftazidime 10 µg/ml 
plus apigenin 10 µg/ml showed obvious detachment of cell wall and plasma membrane. 
Distortion of cell wall in several bacterial cells are also observed (Fig.Sc, Sd). 
Enzyme assays 

The ability of flavonoids to inhibit the in vitro activity of P-lactamases varied 
considerably. Fig.6 indicates that galangin has an inhibitory activity against P-lactamaseI 
from B. cereus. Galangin had some activity and tectochrysin and 6-chloro-7-methylflavone 
showed greater activity. Against penicillinase type IV from E. cloacae, apigenin showed 
marked inhibitory activity but none of other flavonoids tested showed appreciable activity. 
These results indicate that in addition to the direct effect on cell structure and cell division, 
the resistance reversing activity of flavonoids against bacteria might also include inhibition of 
P-lactamase activity. 

Discussion and Conclusion 

The results of checkerboard and viable counts ofMRSA are in substantial agreement with 
those of Lui (7) that baicalin had the potential to restore the effectiveness of P-lactam 
antibiotics against MRSA. The results seem consistent with Sato et al. (14) that 6,7 
dihydroxyflavone synergistically elevates the susceptibility of MRSA to P-lactam antibiotics 
from 8- to 32,000-fold. Moreover, flavone found to show diverse synergistic effects on the 
susceptibility of MRSA to P-lactam antibiotics (lS). The TEM results of MRSA seem 
consistent with Eumkeb and Richards (12) that the combination of P-lactam with galangin 
caused damage to the ultrastructural of MRSA cells. These results indicated that flavonoids 
not only have an activity of their own against P-lactam-resistant staphylococci but also have 
the ability to reverse the resistance of such bacterial strains to the activity of the primary 
antibiotics. This may involve two mechanisms of action by the flavonoids. The first is on the 
integrity of the cell wall and on septum formation prior to cell division. This implies an effect 
on protein synthesis including an effect on penicillin-binding proteins. The second mechanism 
of P-lactam activity is via inhibition of the activity of ce1iain P-lactamase enzymes. The first 
action could also include an effect on the production and/or release of P-lactamase enzymes 
within and from the cell walls (16). In the last two decades, P-lactamase inhibitors like 
clavulanic acid have played an impmiant role in fighting P-lactam-resistant bacteria. These 
inhibitors work as suicide compounds to react with the enzymes since they share the same key 
structure with P-lactam antibiotics ( 17). Recent studies demonstrated that clavulanate caused 
a considerable induction of P-lactamase expression and an increase of clavulanate 
concentration was followed by an elevation in P-lactamase production (18, 19). This indicates 
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that the presently available P-lactamase inhibitors can also lose their activity by the same 
mechanism as the P-lactam antibiotics. Our research provides an unique example that 
flavonoids without a P-lactam structure can reverse bacteiial resistance to P-lactams via 
multiple mechanisms. Because of this strnctural dissimilarity these compounds are unlikely to 
induce P-lactamase production. It should also be remembered that conventional P-lactamase 
inhibitors, unlike flavonoids, cannot reverse the resistance of MRSA, which is one of the most 
dangerous bacterial pathogens. 

From the study, it was concluded that baicalein, galangin and quecertin have the 
potential to reverse bacterial resistance to P-lactam antibiotics against MRSA. Luteolin and 
apigenin have synergistic effect with ceftazidime against CREnC. In view of their limited 
toxicity, These tested flavonoids offer for the development of a valuable adjunct to P-lactam 
treatments against otherwise resistant strains of currently almost untreatable microorganisms. 
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Table 1 MICs (µg/ml) for tested flavonoids and ~- lactams used againsts clinical isolates 
strains of MRSA, CREnC and ASEnC 
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ampicillin ceftazidime cloxacillin galangin baicalein apigenin luteol in quercetin 

MRSA 

CR.Enc 

.ASEnC 
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100 50 >1000 >400 >400 >400 >400 
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Viable count of MRSA plus cloxacill in, ampicillin and/or baicalein 
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Time ( h) 

_._ MRSA ( control ) 
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--v- MRSA + Baicalein 
- MRSA + Cloxacillin + Baicalein 
-CJ- MRSA + Ampicillin + Baicalein 

24 25 

>400 

>400 

>400 

Figure 1 The effect of cloxacillin or ampicillin combined with baicalein on the viable counts 
of MRSA. e, control (bacterial culture with corresponding solvent );O , 
cloxacillin 50 µg/ml ; •, ampicillin 50 µg/ml ; \7, baicalein 50 µg/ml; v , 
cloxacillin 10 µg/ml plus baicalein 10 µg/ml ; 0 , ampicillin 10 µg/ml plus 
baicalein 10 µg/ml ;the values plotted are the means of 4 observations, and the 
ve11ical bars indicate the standard errors of the means. 
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Viable count of M RSA plus ceftazidime and/or selected flavonoids 
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---------- MRSA (control) 
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-----v- MRSA + Ouecertin 
~ MRSA + Galangin 
--llll- MRSA + Baicalein 
-----o-- MRSA + Ceftazidime + Galangin 
-----+----- MRSA + Celtazidime + Baicalein 
--<>--- MRSA + Ceftaz1dime + Quecertin 

--------------------

-j-~-~----T-- 1--------/ /,L-"------,-------j 

2 3 4 7 23 24 

Time ( h ) 

Figure 2 The effect of ceftazidime combined with selected flavonoids on the viable counts of 
MRSA. 8, control ( bacterial culture with corresponding solvent); 0, ceftazidime 
30 µg/ml ; T, quecertin 50 µg/ml ; V, galangin 50 µg/ml ; v , baicalein 50 µg/ml ; 
[] , ceftazidime 10 µg/ml plus galangin 10 µg/ml ; u, ceftazidime I 0 µg/ml plus 
baicalein 10 µg/ml ; 0 ceftazidime 10 µg/ml plus quecertin 10 µg/ml ; the values 
plotted are the means of 4 observations, and the vertical bars indicate the standard 
errors of the means. 

Viable count of CREnC plus ceftazidime and/or selected flavonoids 
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~ 1e+8 
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---o- CAEnC + Ceftazidime 
-----v- CAEnC + Apigenin 
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" "' :0 1e+5 

~ CAEnC + Luteolin 
--- CREnC + Ceftazidime + Luteolin 
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Figure 3 The effect of ceftazidime combined with selected flavonoids on the viable counts 
of CREnC. G, control (bacterial culture with corresponding solvent); 0, 

ceftazidime 30 µg/ml ; 'r, apigenin 50 µg/ml ; 'il, luteolin 50 µg/ml ; v , 
ceftazidime 10 µg/ml plus luteolin 10 µg/ml ; LJ , ceftazidime 10 µg/ml plus 
apigenin I 0 µg/ml ; the values plotted are the means of 4 observations, and 
the vertical bars indicate the standard errors of the means. 
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Figure 4 Ultrathin sections of log phase S. aureus DMST 20651 ( MRSA ) grown in 
Mueller-Hinton broth containing: a, drug-free (control); b, 20 µg/ml cloxacillin; 
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c, 20 µg/ml ampicillin; d, 10 µg/ml cloxacillin plus 10 µg/ml baicalein; e, 10 
µg/ml ampicillin plus 10 µg/ml baicalein; f, 10 µg/ml ceftazidime plus 10 µg/ml 
gal an gin; g, 10 µg/ml ceftazidime plus 10 µg/ml baicalein; h, 10 µg/ml ceftazidime 
plus 10 µg/ml quercetin. 

Figure 5 Ultrathin sections of log phase E. cloacae DMST 21394 (CREnC) grown in Iso­
sensitest broth containing: a , drug-free (control); b, 20 µg/ml ceftazidime; c, 10 
µg/ml ceftazidime plus 10 µg/ml luteolin; d, 10 µg/ml ceftazidime plus 10 µg/ml 
ap1genm. 
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Figure 6 The inhibitory activity of flavonoids against P-lactamase in hydrolyzing 
benzylpenicillin. a. P-lactamase used from B. cereus; symbol represents flavonoids 
(200 µg/ml); *,control (without flavonoids ); 0, galangin; L\., 6-chloro-7-
methylflavone; 111, tectochrysin. b. P-lactamase used from E. cloacea; symbol 
represent concentrations (µg/ml) of apigenin; o, control ( without apigenin ); LJ, 
20; cr, 40; u, 60; Ill, 80; •, 100. 
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Abstract 
This study aimed at determining the quality specifications and biological effects of the 

crude King Cobra (Ophiophagus hannah) venom (KCV) obtained from three sources in 
Thailand. Physicochemical properties, including appearance; protein content/pattern; various 
enzyme activities were studied. Protein pattern of lyophilized KCV was determined using 
sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and 2-dimension 
electrophoresis. Biological effects, including hemolysis, neurotoxicity, and coagulation were 
studied by the method desclibed by Theakston and Reid. Cytotoxicity was tested in various 
cancer cell-lines, including BT 474 (breast cancer cell); Chago (lung cancer cell); Hep-G2 
(hepatoma); KATO-III (stomach cancer); and SW 620 (intestine cancer). LD50 of the crude 
KCV was determined. The results showed that crude KCV was devoid of coagulation effect. 
KCV from different sources showed quantitatively different in hemolytic and neurotoxic 
effects. The neurotoxic effect was related to the LD50 of the crude KCV. Crude KCV showed 
IC50 (inhibit01y concentration 50) on the growth of cancer cell lines comparable to 
doxorubicine, an anticancer agent. In conclusion, KCV from various sources have different 
potency of neurotoxicity. Fractionation of KCV to obtain the active compounds are advisable 
in order to develop new therapeutic agents, eg. neuromuscular blocking and anticancer agents. 

Keywords: King Cobra venom, Ophiophagus hannah, protein pattern, biological Activity 
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Abstract 
The 18F-FDG radiopharmaceutical has become widely used in nuclear medicine for 

cancerous diagnostic studies using Positron Emission Tomography (PET) body technique. 
However, the 18F-FDG solution rapidly loses in radiochemical purity due to both radiolysis 
and the half-life of the radioisotope. Thus the compound fails to meet the specifications 
dictated by European Pharmacopeia (EP) and United States Pharmacopeia (USP) and limiting 
the period in which the compound can be used. In this study we are investigate the effects of 
radioactive concentration and the ethanolic free radical scavenger on the radiochemical purity 
of 18F-FDG preparations using the radio-TLC technique. Fifteen batches of 18F-FDG were 
collected from routine production with radioactive concentrations in the range of 0.261-1.411 
GBq/ml (0.979±0.425 GBg/ml) and the radiochemical purity at the end of synthesis (EOS) 
was 97.813±0.337%. Our results show that there is no radiolytic decomposition of 18F-FDG 
and the radiochemical purity of these compounds maintains at more than 90% over 12 hrs 
from the EOS. However, the 18F-FDG will exhibit radiolytic instability if prepared in 
relatively high concentration (>3.7 GBq/ml). In the presence of ethanol of at least 0.01% in 
the final product, the radiochemical purity of 18F-FDG preparations was more than 95%. Thus 
ethanol seems to be a natural choice of stabilizer for the production of 18F-FDG. 

Keywords: 18F-FDG, Radiochemical purity and Radiolysis 

Introduction 
Professor Dr. HRH Princess Chu lab horn Mahidol, the president of Chulabhorn Cancer 

Centre, in cooperation with three medical schools namely; Faculty of Medicine Siriraj 
Hospital Mahidol University; Faculty of Medicine Ramathibodi Hospital Mahidol University; 
Faculty of Medicine Chulalongkorn University and National Cancer Institute, has established 
the National Cyclotron and PET Centre in the year 2006 to provide a cancerous diagnostic 
including the researches, a global exchange of knowledge and know-how, as well as nuclear 
medicine services for cancerous-disease patients, brain and heart diseases. 

In the recent years, the 18F isotope-labeled glucose 2-deoxy-2-[F-18)-fluoro-D-glucose 
(

18F-FDG) has become widely used in nuclear medicine for diagnostic studies using a 
Positron Emission Tomography (PET) body technique. The compound, aside from important 
uses in cardiology and neurology, has shown an ability to detect cancerous tissues 
undetectable by conventional means or to correct misdiagnosis of the disease. This is due to 
exploiting a fundamental change that occurs in cells when they become malignant; cancer 
cells lose their ability to efficiently convert glucose into energy. Consequently, they require 
much more glucose, up to 20 to 50 times more ( 1 ). 

Currently, the preferred method of producing the 18F isotope is by bombarding water 
enriched with the 180 isotope using high energy protons from a cyclotron. The synthesis of 
18F-FDG involves a nucleophilic 18F fluorination step which to formation of an acetylated 
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derivative of FDG and then a hydrolysis step during which protective acetyl groups are 
removed resulting in the final product (2). However, the radiochemical purity of the 
compound decreases drastically during standard steps and thus the compound fails to meet the 
specifications dictated by European Phaimacopeia (EP) and United States Pharmacopeia 
(USP). In addition, after synthesis, the 18F-FDG rapidly loses in radiochemical purity due to 
both radiolysis and the half-life of the radioisotope, limiting the period in which the 
compound can be used. 

Objectives 
1. Investigate the effects of radioactive concentration on the radiochemical purity of 18F­

FDG solutions over the time period. 
2. Investigate the effects of ethanolic free radical scavenger on the radiochemical purity of 

18F-FDG solutions over the time period. 

Materials and Methods 
The 18F-FDG was produced using the 180 (p, n) 18F nuclear reaction. Labeling was 

completed using the GEMS TRACERlab MXFoG synthesis module (2). The final product was 
formulated in 0.9% NaCl solution and was not doped with stabilizing material. All quality 
assurance testing met the standards of the United States Pharmacopeia monograph (3). 

The radiochemical purity of 18F-FDG preparations was determined by radio-Thin 
Layer Chromatography (radio-TLC) according to the monograph using 5x20 cm TLC silica 
plates supplied by Fisher or equivalent. A 95:5 mixture of acetonitrile and water was used as a 
mobile phase. The radioactivity distribution on the plate was measured by a Bioscan TLC 
scanner using Winscan® software program at the time of 0, 2, 4, 8 and 12 hrs after the end of 
synthesis. 

Ethanol concentrations were determined with Gas Chromatograph (GC) analysis using 
an HP 6850 gas chromatograph equipped with 50 m capillary column, type DB WAX, and a 
standard HP Flame Ionization Detector (FID). Helium flow was 15 ml/min with split injection 
and a constant temperature of 50°C (Figure l). 

Results 
Fifteen batches of 18F-FDG were collected from the routine production with 

radioactive concentrations in the range of 0.261 -1.411 GBq/ml (0.979±0.425 GBq/ml) (Table 
1 ). The radiochemical purity of these compounds at the end of synthesis in the mean±SD was 
97.817±0.337% (Table 1, Figure 2). 

The radiolytic decomposition profiles of 18F-FDG preparations are determined at the 
time of 0, 2, 4, 8 and 12 hrs after the end of synthesis. The data shows that there is no 
radiolytic decomposition of 18F-FDG is observed and the radiochemical purity of these 
compounds maintains at more than 90% over 12 hrs from the EOS. These values at the time 
of 0, 2, 4, 8 and 12 hrs from the EOS in the mean±SD were 97.813±0.337%, 97.439±0.527%, 
97.255±0.493%, 96.929±0.775% and 96.177±1.372%, respectively (Figure 3). 

The effects of ethanol concentration on the radiolytic decomposition of 18F-FDG 
preparations are illustrated. The results show that, in the presence of ethanol in the final 
product of at least 0.01 %, the radiochemical purity of 18F-FDG preparations was more than 
95% (Figure 4). 

Discussion 
These results support the fact that 18F-FDG will exhibit radiolytic instabi lity if 

prepared in relatively high concentration (>3.7 GBq/ml) (4). It is caused mainly by oxidation 
by free radica ls that are produced by the interaction of ionizing radiation from the 18F isotope 
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with the water solvent and possibly air. These processes may be lead to the decomposition of 
18F-FDG, which can be quantified in terms of decreased radiochemical purity. The 
radiochemical purity is typically expressed as a percentage of activity in the form of 18F-FDG 
relatively to the total radioactivity present in the sample (5). The relative low radioactive 
concentration can be sufficiently protective against radiation-induced the decomposition of 
18F-FDG preparations ( 4). 

The important goal for 18F-FDG manufacturers is an improving the stability of 18F-
FDG preparations and increasing the radiochemical purity at the time of admini~tration. It is 
also important to control radiolysis during the 18F-FDG production steps to increase 
radiochemical yield of the product. Therefore, several stabilizers were used to extend the 
expiry time of the product (5). Currently, ethanol has been widely used as stabilizer for the 
preparation of 18F-FDG. Because during the process of 18F-FDG production, ethanol is 
incorporate into the final product, having a concentration in a range of minimum effective 
stahilization up to a practical pharmacopeia limit (3, 4, 5). 

Conclusion 
The radiochemical purity is an important indicator to determine the stability of 18F-

FDG preparations over a period of 12 hrs or longer after the end of synthesis. The quality 
standard established by USP for 18F-FDG is not less than 90% radiochemical purity. It is 
obviously desirable to retain as high radiochemical purity as possible for as long as possible 
to achieve the best PET image quality. Our data support the role of ethanol as a free radical 
scavenger. The minimum effective ethanol concenh·ation is about 0.01 % (v/v) per GBq/ml of 
18F activity concentration is enough to maintain the stability of 18F-FDG preparations. 
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Figure 1 Schematic diagram of 18F-FDG production and quality controls. A: Cyclotron, B: 
Radiochemistry room, C: TRACERlab MXrna synthesis module, D: 18F-FDG 
production print screen, E: radio-TLC scanner, F: The radio-TLC report form, G: 
GC and H: GC report form. 
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Figure 2 The percentages of radiochemical purity of 18F-FDG preparations at the end of 
synthesis (t=O hr) determined by radio-TLC. 
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Figure 3 The radiolytic decomposition profiles of 18F-FDG preparations over 12 hours after 
the end of synthesis. 
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Figure 4 The effects of ethanol, comparison between low concentration of ethanol (<0.01 %) 
and high concentration of ethanol (>0.01 %) on the radiolytic decomposition of 18F­
FDG preparations. 

Table 1 The results of radioactivity concentration, percentage of ethanol content and percentage 
ofradiochemical purity of 18F-FDG preparations at the end o 

Production Batch Radioactivity Ethanol Content Radiochemical Purity 
Number Concentration (GBq/ml) (%) (%)at the EOS 

1 0.523 0.036 97.85 

2 0.350 0.049 97.82 

3 0.465 0.004 97.74 

4 1.279 0.004 97.59 

5 0.920 0.039 97.61 

6 1.108 0.019 97.16 

7 0.261 0.029 98.43 

8 1.320 0.037 97.86 

9 1.244 0.002 97.73 

10 1.246 0.010 97.79 

11 1.240 0.029 97.62 

12 1.401 0.010 97.69 

13 1.411 0.041 97.65 

14 1.357 0.030 98.1 5 

15 0.599 0.013 98.51 
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Abstract 
Introduction: The human uridine diphospho-glucuronosyltransferase, UGT1A9, catalyzes 
glucuronidations of various endobiotics and xenobiotics. Genetic polymorphisms in UGTJ A9 
can influence detoxifying capacities and have considerable responses in the metabolisms of 
numerous drugs. 
Objective: This study aimed to investigate the single nucleotide polymorphisms (SNPs) in 
the promoter region of UGTJA9 gene in Thai population. 
Materials and methods: Genomic deoxyribonucleic acid (DNA) samples from healthy 
unrelated volunteers were amplified by using polymerase chain reaction (PCR) technique. 
The PCR products were sequenced to identify the polymorphisms in the promoter region of 
UGTJA9. 
Results: A novel SNP was identified in UGTI A9 promoter region, heterozygous -689 (A>C). 
Conclusion: This study showed a novel SNP in the promoter region of UGTJA9 gene. 
However, further investigations of the possible influence of this polymorphism on enzyme 
activity should be carried out. 
Key words: UGTJA9, polymorphism 

Introduction 
Uridine diphospho-glucuronosyltransferases (UGTs) represent one of the major 

classes of enzymes involved in phase II metabolism. UGTs are membrane-bound conjugating 
enzymes that catalyze the transfer of glucuronic acid moiety from uridine 
diphosphoglucuronic acid (UDPGA) to the functional group of a specific substrate to 
accelerate excretion from the body (1 ). 

The UGT1A9 enzyme is encoded by the UGTJA9 gene, which consists of 5 exons. 
Among the 5 exons, the first exon is unique, whereas exons 2-5 are common to all UGTlA 
subfamily members (2). To date, 27 variants of UGTIA9 have been identified and published 
on the (http://www.pharmacogenomics.pha.ulaval.ca/webdav/site/pharmacogenomics/shared/ 
Nomenclature/UGT1A/UGT1A9.htm). Some of these polymorphisms are known to affect 
glucuronidation activities (3-9). However, no such genetic polymorphisms of UGT1A9 in 
Thai population have been reported. Thus, the objective of the present study was to 
investigate the single nucleotide polymorphisms (SNPs) in the promoter region of UGTJA9 
gene in Thai population. 

Methods 
Genomic DNA samples were taken from healthy unrelated Thai volunteers who 

participated in the previous study (10). The promoters of the UGTJ A9 gene in Thai subjects 
were amplified by the polymerase chain reaction (PCR). For the genotyping, PCR products 
were sequenced to determine the polymorphisms. 
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Results 
A total of 1,276 bps of the promoter UGTJA9 gene was screened for genetic 

variations. Analysis of these sequences revealed a novel SNP at position -689 A>C, relative to 
the adenine of the predicted start codon (Accession number NG_ 002601 ). This SNP has not 
been reported elsewhere. The electrophoregrams of the mutation are shown in Figure 1. 

210 220 230 
, T T G G G C G G G C Ai·.C T TC C C AC T G C G 

200 210 
~ T T G G G C G G G C A C C T T C CC i·.C T G C G 

Figure 1 Electropherograms of UGTJA9 gene sequences at nucleotide -677 
to - 700 for wild-type (top) and heterozygous -689 A>C (bottom) 
individuals. Arrows indicate the variant nucleotide positions. 

Discussion 
The results from DNA sequencing of the 5'-regulatory region of the human UGTJA9 

gene showed a novel variation at nucleotide -689 (A>C). Thus, this is the first study to 
investigate genetic polymorphisms of the UGTJA9 gene in Thai population. Study in a large 
sample size is required to elucidate the allele frequency of this SNP. However, tissue-specific 
expression of the UGTJA9 genes appear to be regulated by promoter elements in the 5'­
flanking region, further studies of the transcriptional activity influenced from this 
polymorphism should be carried out. 

Conclusion 
The novel SNP at nucleotide -689 (A>C) in the promoter region of UGTJA9 gene in 

Thai population was found in this study. 
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Abstract 

Introduction: Quetiapine is an atypical antipsychotic used for the treatment of 
schizophrenia. 
Objective: To study the bioequivalence of a generic quetiapine (Quantia 200®, 
manufactured by the Unison Laboratories Co., Ltd.) and the innovator product 
(Seroquel®). 
Methods: The study was a randomized, two-way crossover design with a two-week 
washout period in 24 healthy Thai male volunteers. After a single 200-mg oral dosing, 
serial blood samples were collected at appropriate interval up to 48 h. Plasma quetiapine 
concentrations were determined by high performance liquid chromatography (HPLC). 
Pharmacokinetic parameters were estimated using the WinNonlin® software with 
noncompartment model analysis. 
Results: The mean ± SD of maximum plasma concentration (Cmax), the area under the 
plasma-concentration time curve from 0 to 48 h (AUC0.4s) and the area under the plasma­
concentration time curve from 0 to infinity (AU Co-co) of Quantia 200® v.s. Seroquel® were 
886.60 ± 356.50 v.s. 81 1.34 ± 323.37 ng/ml; 3,754.41 ± 1,453.00 v.s. 3,420.00 ± 1,229.6 
ng.h/ml and 4,015.35 ± 1,528.25 v.s. 3,769.45 ± 1,296.69 ng.h/ml, respectively. Time to 
reach Cmax (Tmax) of Quantia 200® and Seroquel® were 1.08 ± 0.778 and 1.10 ± 0.79 h. , 
respectively and were not significantly different. The 90% confidence interval of the 
ratios of the logarithmically transformed of Cmax, AUCo.48 and AUCo-oo were 98.21-
124.37%, 94.43-117.03% and 94.77-116.61%, respectively, which were within the 
acceptable range of 80-125%. Power of the test for Cmax, AUC0.4s and AUCo.oo were 
92. 1 %, 96.9% and 97.4%, respectively. 
Conclusion: Quantia 200®, used in this study, was bioequivalent to Seroquel® in terms of 
both the rate and extent of absorption. 
Keywords : Bioequivalence, pharrnacokinetics, quetiapine, Quantia 200®, Seroquel® 
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Abstract 

The objective of this study is to compare the bioavailability of new generic product of 
gabapentin with the innovator's product. The study was performed in 20 Thai male healthy 
volunteers who received a single oral dose of 300 mg gabapentin. Double blind randomized 
two way crossover design was used with one week washout period between treatments. After 
drug administration, serial blood sample was collected over a period of 32 hours. Plasma 
gabapentin was determined by automated High Perfo1mance Liquid Chromatography (HPLC) 
with fluorescence detection after deproteinized with acetonitrile and following derivatization 
with o-phthaldehyde (OP A) reagent containing 2-mercaptoethanol. The difference of 
pharmacokinetic parameters, Cmax, AUCco-t) and AUC(o-int) were analyzed by Two Way 
Analysis of Variance (ANOV A) and 90% confidence interval. The maximum concentration 
(Cmax, µg/ml) of gabapentin was 3.26±0.60 (range 1.58-4.07) and 3.00±0.71 (range 1.42-3.95) 
µg/ml for generic and innovator's product, respectively. The time to peak plasma gabapentin 
concentration (Tmax, hr) of generic and innovator's product was 3.08±0.59 (2-4) and 
3.33±0.63 (2-5), respectively. The area under the plasma concentration-time curve of generic 
and innovator's product were 30.06±4.94 vs 27.63±6.45 µg.hr/ml for AUCco-t) and 30.76±4.88 
vs 28.27±6.63 µg.hr/ml for AUCco-inf), respectively. 90% CI of Cmax. AUCco-t) and 
AUCco-inf) of generic compared to innovator's product were 96.64-124.94%, 97.60-124.43% 
and 97.90-124.00%, respectively. They were within the acceptance range of 80-125 %, thus 
we concluded that gabapentin from two formulations are bioequivalent. 

Keywords: Bioequivalence, pharmacokinetics, gabapentin 
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Abstract 

139 

Introduction: (-) Panduratin A, a cyclohexenyl chalcone derivative isolated from the 
chloroform extract of the red rhizome variety of Boesenbergia pandurata (Robx) Schltr, 
showed significant topical anti-inflammatory activity in the TP A-induced ear edema in rats. 
Objective: We aimed to investigate the effects of(-) Panduratin-A on human neutrophil 
responsiveness and T-lymphocyte proliferation to elucidate underlying cellular 
mechanisms of its powerful anti-inflammatory activity. 
Materials and methods: Human neutrophil responsiveness was determined by measuring 
fMLP-induced chemotaxis, superoxide anion generation (SAG), and release of MPO and 
elastase. Apoptosis was assessed morphologically and flow-cytometrically. Neutrophil 
viability was assessed by trypan blue exclusion and XTT cytotoxicity assays. T 
lymphocyte proliferation was quantified by [3H] thymidine incorporation. 
Results: Our results showed that treatment of neutrophils with (-) Panduratin-A 
concentration-dependently inhibited fMLP-induced chemotaxis, SAG, and MPO and 
elastase release, although Panduratin-A did not affect neutrophil viability or apoptosis. 
Panduratin-A was also inhibited T lymphocyte proliferation as quantified by [3H] 
thymidine incorporation. 
These findings suggest that inhibition of neutrophil functional responsiveness and T­
lymphocyte proliferation may be attributed, in part, to the powerful anti-inflammatory 
properties of(-) Panduratin-A. 

Keywords: Boesenbergia pandurata; (-)panduratin A; Neutrophil functional responsiveness; 
T-lymphocyte proliferation 
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Abstract 
Curcumin, the major yellow pigment in turmeric (Curcuma longa), is a naturally­

occurring anti-oxidant with numerous pharmacological activities such as anti-inflammatory, 
anti-carcinogenic and anti-bacterial effects. Oxidative stress plays an important role in the 
pathological processes of a variety of neurodegenerative diseases. The objective of the present 
study was to study the protective effects of curcumin on the survival of SH-SY5Y human 
neuroblastoma cells (SH-SY5Y cells) in the presence of hydrogen peroxide (H20 2). SH­
SY5Y cells treated with H20 2 exhibited a decrease in survival. However, pretreatment of cells 
with curcumin attenuated the neuronal death induced by H20 2• The data suggest that 
curcumin might be a potential therapeutic agent for treating or preventing neurodegenerative 
diseases implicated with oxidative stress. 

Keywords: curcumin, antioxidant, SH-SY5Y human neuroblastoma cells 

Introduction 
Curcumin, the yellow pigment from the rhizoma of C.longa, is a widely studied 

phytochemical which has a variety of biological activities: anti-inflammatory and anti­
oxidative [l]. Oxidative stress play a key role in aging, it is not surprising that diet 
supplementation with antioxidants may increase life span. Recent data suggest that curcumin 
and other antioxidant products from the dried rhizome of C .long a may be useful for the 
prevention and I or treatment of some age-related degenerative processes. SH-SY5Y cells 
were exposed to oxidative stress induced by H20 2, which has been extensively used to induce 
reactive oxygen species (ROS) productions. In this study the protective effect of curcumin on 
hydrogen peroxide (H20 2)-induced neuronal cell damage was evaluated. 

Materials and Methods 
1. Materials 

Human SH-SY5Y cell was purchased from American Type Culture Collection, UK. 
Curcumin and common laboratory chemicals were obtained from Sigma, St. Louis, MO. 

2. Culture of SH-SY5Y cells 
SH-SY5Y cells were grown in equal parts of Minimum Essential Medium (MEM) 

with Earle's Salts and nutrient mixture Ham's F-12 supplemented with nonessential amino 
acid, pymvate and 10 % heat-inactivated fetal bovine semm. At confluence, the cells were 
harvested and seeded onto culture plates for further experiments [2]. 

3. Cell viability assay 
SH-SY5Y cells were cultured onto 96-well plate at a density of 2x104 cells/well 

overnight. The cells were then treated with various chemicals according to the experimental 
design. After 24 h the medium was removed and 10 µl of0.25 mg/ml 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) was added to each well and further incubated 
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for 4 h in a humidified atmosphere at 37°C, 5% C02. MTT was removed and cells were lysed 
with 100 µl DMSO, then the absorbance was measured at 570 run and at a reference 
wavelength of 665 nm on a microplate reader [3]. 

4. Detection of ROS by using 207Qlichlorofluorescein (DCHF-DA) and dihydrorhodamine 
123 (DHR) 

SH-SY5Y cells were plated at a density of 2x104 viable cells per well in 96-wells 
fluorescent plate. Cells were grown in culture medium and incubated at 37°C. Following 48 h 
incubation, cells were washed once with PBS pH 7.4 before loading with freshly prepared of 
10 µM DCFH-DA or DHR in HBSS for 1 h at 37°C. After the loading period, cells were 
washed with HBSS and treated with HBSS containing H202 in the presence or absence of 
curcumin. Increases in fluorescence were measured immediately at 3 7°C for 15 min interval 
up to 6 h. Measurement of developing fluorescent intensity is performed every 15 min for 2 h 
at 37 [JC by using automated microplate reader with filters 485/510 nm for DHR and 485/535 
nm for DCFH-DA [4]. 

5. Statistics 
All data were indicated as the mean ± SEM of n experiments. Statistical analysis was 

performed by a one-way analysis of variance (ANOVA). Values of p_0.05 were considered 
statistically significant. 

Results 
The SH-SY5Y cell was used as a neuronotypic model of H20 2-induced cell death. 

H20 2 causes a dose-dependent decrease in cell viability in SH-SY5Y cells, as measured by 
the reduction of MTT. Figure 1 showed the effects of H20 2 on cell viability. At 6 h of 600 
µM H20 2 incubation markedly reduced the cell survival 40%. The curcumin at concentration 
100 µM did not affect cell survival up to 6 h. Pretreatment of cells with 100 µM curcumin 
attenuated the neuronal death induced by H202. 

In order to determine the mechanism of the neuroprotective effect of curcumin on 
oxidative stress induced toxicity; the level of free radical production was detected. The level 
of intracellular ROS using 5, 6-carboxy-2',7'-dihydrodichloro-fluorescein diacetate (DCFH­
DA) fluorescent dye, and mitochondrial ROS using tetramethyl-rhodamine methyl ester 
(DHR) fluorescent dye were assessed in SH-SY5Y cells. Figure 2 showed the time course of 
changes in cellular fluorescence in response to 600 µM H20 2 in SH-SY5Y cells. H20 2 caused 
rapidly increased the intracellular ROS production during 6 h. The mitochondrial ROS 
formations were showed in Figure 3. Curcurnin significantly inhibited intracellular and 
mitochondrial ROS production in the presence and absence of H20 2. 

Discussion 
The neuroprotective effect of curcumin was investigated in this study by using an in 

vitro model of the SH-SY5Y cells. The present study revealed that curcumin could inhibit the 
formation of intracellular and mitochondrial ROS in the control condition and under oxidative 
stress induced by H20 2. H20 2 is a water soluble hydroperoxide that diffuses easily across 
cellular compartments. The toxic effect of H202 involved its ready conversion to reactive 
hydroxyl radical. Normally, the ROS is produced in several physiological processes, which 
OOOOOOOOODDDDDDDDOOOODOD filfllllilEJili1Jt!elfilf@~B.ill!Sl~ 

D 0 0 0 D D D D D D 0 0 0 0 0 0 0 D D D 0 D D filfilerunrn:afilfagfilttg [j]llillilliliflfilllillue to the 
damaging consequences of free radical action. The 100 µM curcumin had no cytotoxic effect 
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Figure 1 The Effect of curcumin on H20 2-induced toxicity. SH-SY5Y cells were 
exposed to 600 µM H20 2 for 6 hours in the absence or presence of 100 µM 
curcumin. Cell viability was determined by MTT assay. Data are presented 
as the percent of the untreated cell. Values represent mean ± SEM of three 
experiments, each performed in quadruplicate. * P < 0.05 compared with the 
cells treated only with H20 2 . 
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Figure 2 Time course of H20 2 induced free radical formation. SH-SY SY cells were 
treated with 600 µM H20 2• Intracellular free radical production was monitored 
by measurement of DCF fluorescence. Data are presented as the percent of the 
untreated cell. Values represent a mean ± SEM of three experiments, each 
performed in quadruplicate. 
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Figure 3 Time course ofH20 2 induced free radical formation. SH-SY5Y cells were 
treated with 600 µM H202. Mitochondrial free radical production was monitored 
by measurement ofDHR fluorescence. Data are presented as the percent of the 
untreated cell. Values represent a mean± SEM of three experiments, each 
performed in quadruplicate. 
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and possessed neuroprotection from H20 i-induced toxicity by the reduction of free radical 
accumulation in the cytoplasm and mitochondria. Therefore, curcumin may be benefit on the 
retardation of the ageing process as claimed in the benefits of curcumin in the traditional 
medicine. 

Conclusion 
Curcumin could protect SH-SY5Y cells against H202-induced oxidative stress in 

both cytoplasm and mitochondria. Th.e current study revealed that curcumin could exhibit 
neuroprotection in SH-SY5Y neuroblastoma cells by theirs antioxidant effect. 
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