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PL Biosimilars: General concepts

Oranee Tangphao MD

Executive Director, Medical Science
Amgen Inc, Thousand Oaks.

Abstract

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 biosimilars 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 biosimilar products.
Generally, biosimilar 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 biosimilars 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 biosimilar quality

1 1 .
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Amgen is an innovative company with decades of experignce in developing,
manufacturing and marketing safe and efficacious Biolech medicines i

In line with cw values and as an industry feader, Amgen has been at the
forefront of discussions on Biosimilars to ensura a sclence-based and
transparent approach is followed for approval and use in medical practice

Thke release of draft EMEA guidelines, proposing requirements lor approval of
Bipsimilars in four produci-classes, has marked the beginning of a new phase
of the Biosimilar discussion, accompanied by broader public awareness

As a science-based company. we will ensure thal our stafi bas a well-balancad
and fact-driven understanding of the nature and challenges of Biosimiars

Thai J Pharmacol

Patients deserve safe and elective medicines

Blosimilar meuicines need carelul evatuation by Regulatory bodies
lo ensure quatity, salely, and elficacy

= Regulatory requirements should be transparent, science based,
predictable and product specific

Prescribing physicians should be fully informed about the Blosimitar
medicines and aclively invoived in making a decision regarding
substitution

» Innovator ¥ights are fully respected

Introduclion

e
T

& /:&M«'?" i
Biostmilars vs, Generics

Regulatory Framewaork

Subslitution

Definitians

Biosimiiars vs. Generics

Aegulzlory Framework

Subslitulion

Biolech medicines olten replace or
supplement a natural protein
produced by the body, satistying
medical needs proviously urmet by
chemlcal medicines

jSleigel g biote:
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Introduction Biotech medicines are more complex
Datintlions = Large numbers of motecular componenis

- Bigger molecidar size

Roquatory F . Lack of exacting chemical spedifications
eguiatory Framewor!

Mode of action is very complicaled
Subsltiution

I
atlempt to copy
e

N

interferon Bela Aspirln;
EW 190000 FiWW 180D

Primary:

Molacular Proparies Amino Acid Sequence

Secondary:

Manuiachuring Process Interaction of Amino Acids

Terltary:

Safety Hydrophobic and Hydiophilic Iiferactions, GisuHlde Bonds,
and Postiranslalional Modilications

EHicacy

Duaternary:
Interactfons With Other Protsins
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Unit Dperatior Specilic to Prodict

Asian:

Cell Production in Gell line, growth media,
Bioreaclors bioreactor candHions

| Recover Hirough filtration. or.: O

Purification throuph Binding and efution
chromatography conditions

. ; _gariis, reférenice
Furiied Butk Drug :

Fer Biotech Medicings, each product has a unigue salety profile
dependent on ils

* Mechanism of action
= Unique manulaciuring process

+ Composition {by-products and impurities)

Manufacturing process is core o the product

» Exirernely sensitive to changes in manufacturing and production

+ Minor variations could produce vastly dilerent products

Therapeulic prolsins have the polential to induce antibody responses
- Initial response to therapeulic protein
+ Later broad response incl. endogenous protein

In many cases, no clinical consequences but antibedy-relaled reaction can be
sefious, even life-lhreatening

tmmunogenicity of Biosimilars canno! be predicted with preclinical or nan-
human studies

- Chnicat studies required pre-approval
« Robus! pharmacovigilance needed
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EMEA Draft Guidance

Praclinical Comparative non-clinical shidies
28-tiay loxicology

Human PK equivalenceo Single dose in healthy volunteers using 5C and IV

Rfileacy - - . .. 2-arm enuivalence trial in CIN sebling of known
: o . neuvtrapenis suppression.
QR

FD study In haalthy volunissdss {if justifisd)

Extrapolalion Yes - Equivalence in CIM can exlrapolaie to othar
indications # mechanism of aclion is the same

Safety &-months io evaluata AR's and immunogenicily

introtucilon

Defndions

Biosimifars ve. Generics

Regutatory Framevork

EBFE L Grall Guidance

tomparative non-clinical studies

Preclinical 3

e T Fndnth tokicaldgy - PR
Human PK equivalance Single dose in healthy voluntesrs using SC and 1V
Eflicacy 2, double blind studies i nepirology
e Lol BC for prodiafysis and Y iar haemadislysis

: o Doee and Hh lovels 1o be'colertad
Extrapolation Yes - dala in nephrology may allow exienzton io
other indications I same mods of astion

Safely . . 309 patients from efftcacy izl

- s ST deyaar immunogenicity data .
No precise requlrements but immunogenicity
identiited as topic lo be addressed

Pharmacavigifance

raises

concerns for Patient Safety

EREEA procuckapecific gideline o o (11 2008

alidl drall Tinad version expr

Amgerys commeniz to EMEA foos on

Fre-approval sakely datab

Extrapolation to ditterentiriicalions

=l

Fharmacenighanse regueramains

Biosiiriar E.p;?e'tih ata’

[NE: hep'oei

‘Epoein alia
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Evldents Tor parindopril benafiis stroes f g . -
pri Global proiections for diabetes (millions)
the cardiovescular d continuwm 2072028
ascot
g 2007 = 248 milllon .
i o 2025 = 388 millen - — £ ool
SDYAMCE Increuse +55% popuiing
COVERSYL PLUE Blahotes FIIISAERBIRL IF1HLE)

Collgborative Group

Aunstralian Crnernment

Nottonat Health s Medical Wesearch Cownil

i)

The University of Sydoey

BYL PLLIGH

Prevention of cardiovascuiar
events in diabetic patients

COVERSYL PLUg

TVEASYL PLIE

Blood pressure lowering and vascular risk
in diabetes: besi evidence 2000

“Biand g2ecsun oV HEH

| Mean systolic BP
! during folow-up:

Intersive control 144 mm Hg
54 mm Hg

| Less tight

EASD/ESC/ESH
130/80 mmHg

TR
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Randomized treatment

Active Placeba

(n=5569}) {n=5571)
EAny bland ﬁfessd{e~iowering drugs 15% 15%
ACE inhibitors™ 431% 43%
Oral hypoglycemic drugs 91% 91%
Statins 28% 29%
Other lipid-modifying drugs 9% 8%
Aspirin 44% 4%
Other antiplatelet drugs . 5%

Lo Ew

3 REYL PLLES

Reason fnr withdrawal N Registered
patients
{N=12 877}
Patient ineligible 394 3.1%
Patient wishes 391 3.0%
Poor compliance with study drug 269 2.1%
Cough 238 1.8%
Hypatension 99 0.8%
: Other suspected intolerance to study drug 133 1.0%
Otherreasons 43

TOTAL 1737

TOVERSYL PLUS

Combined macrovascular and microvascular end points

Macrovascular Microvascular

New or worserning
nephropathy
{microaibuminugia), or
diabetic eye disease

Death from any
cardiovascular cause, or
nonfatal stroke, or
nonfatal myocardial
infarction i

ARYL LS

5 now

Follow-up and
attherence

Reasons for discontinuation

:Major reasons for discontinuation Randomized treatment

Active Placebe
{n=5569) (n=5571)

Patient unable/unwilling to attend visits 521 {(9.4%} 635 (11.49)

Cough 184 (3.3%) 72 (1.39%)
Hypotension or dizziness B9 {1.2%) 22 {0.49%)
Serious adverse events 67 (1.2%) 66 (1.2%)

Other reasons 172 (31%)  195(3.5%)

COVERSYL FLUS
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ortality and
yeriidity

ALRANCE COVERSYL PLug

Coversyl PLUS decreases
all-cause mortality

== Placebo
== Coversyl PLUS

Cumsilative incidanse (%)
«

“Relative risk reduction
14%: 95% CI, 2%-25% |
£=0.025 :

o
[ 6 12 18 24 30 2/ 42 48 54 60

Follow-up {rno)

] UEPDS & Micro-HOPE no benefits?! coveRsyL F’Luﬂ

Coversyl PLUS decreases
cardiovascular mortality

---- Placebo
Coversyl PLUS

6 12 18 24 30 35 42 48 & &0
Failow-up {mo}
Hetative risk
reduciion
8% P=0.027

TOVERSBYL PLSJ%

H events

Cov PLUS  Placebo Favors | Favors
{n=5H560} (n=5571) Cov PLUS| Placebo

Ralgilve risk
reduction {85% CI

AR cotonary hearl disease 468 535 s 14% (2 to 24y

Major coronary heart disease! 265 294 11% [-B 1o 24)

Other caronary heart tiseass! 283 324 - 4% {116 27)
F"""’Im_—_l
05 0 20

Hazard ratio

fep=ez
Fhanalal 411, nr death from cosonary heard disense

{Ensiable ongina seguising bospitiization, cotoany revagellzetion. or sikanpt T

COVERSYL PLLIG

H avents
Cov PLUSPlaceto Favors § Favors Relative risk
(n=5563} (N=5571}) Cov PLUS|Piacebe  raduction (95% CIj

Total renat events 1243 1500 21% (5 to 27)

New ar worsening naphropalhy 181 26 e s 8% {-1 10 32)

Now microalbuminuria 1094 1317 21% (1410 27)
[!K,S 10 ZTG

Hazaed ratio

aP=an.i

COVEREYL PL.Ug"

Absolute benefits of routine
treatment with Coversyl PLUS

E"fﬂd‘ter 5 yearé, treatment wouia
| prevent:

Among every
66 patients
79 patients
75 patients
20 patients

1 major vascular event
;1 death
;1 coronary event

*Mastly new-onset micrealbuminuria

&

VE RSV PLﬁj"
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BUIITIBEY

- Routine treatment of type 2 diabetic
patients with Coversyl PLUS resulied m:
- 1A% reduziion in totad moriafity
~ FRYG reqguction i cardiovasouiar daath
-~ B redutTion i rnajor vastular events
—- 14% reduciicn in total coronary evenis
- 2196 reduction in total renal avents

Simiiar benefils in all major subgroups,
Benefits additional {0 those produced by
othar treatments, including ACE inhibitor.

Treatment very wall-tolerated.

M}‘v

5
A

avidencs 2006

Mean sysiolic BP
Endwriﬁg foliow-up:

fntnnmve control 144 mim Hg

i Lesd irght

154 e Hy |

Yy drem ramdmiestig
[ RN TR TP Y ST THESNE

Ui beasipactivg Diplstos Sty

EDVANCE w @Wm%a:m

SR

Blood pressure lowesing in diabet
wriresofired issues 200

Among patients with diabetes, does blood
pressure-lowering therapy:

1. Produce additional benefits when systolic hlood
pressure is lowered below 145 nun He? W

2. Produce similar benefits for hypertensive and
notthypertensive patients? ¥ ki

3. Produce benefits on top of other reatmoenis,
including ACE inhibitors and othel
antihypertensive drugs? g

ARYANLE

AR T
Pl wt bygrpsy GO vt 8D

R L]
gl gad e G gy sl SelRgE Ry

B (o
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Advantages of Per/ind in patients with type 2 diabetes

Role of AT2 receptor in Plague Rupture

#Maque destabilizaton &
rupturefACS
Aot 6B

arn G

= Catracellilar
MATA

@

"Leukocyie

& o

Vascular srrooth muscfe cefls

J Leukoc Biot 2005;78:195-201.

Effects of ACEIs vs ARBs
on PAI-1 Expression

' 0. ¥ ACE}

5' £ 10| BRAT.RA Change in PAI-1 over time
c ?’ ; in response to treatment
gé with ramiprii {ACET} or

§§ - losartan (AT,RA} in patients

with essential hypertension
(. e and insulin resistance
1 3 4 6 taking HCTZ2?,

wereks

« ACEls potentiate the effects of systemic bradykinin, a
stimulus to endothelial NO release.

+ Recent studies indicate that NO suppresses PAI-1 expression
after stirnulation by Ang Il in aortic smooth muscle celis2

'Hyperlension 2002,40.859-65.
2 Arterioscler Thromb Vasc Biol 1998;18:1771-4.

Effects of ACEIs vs ARBs
on PAI-1 Expression

20, B8 ACE]
T AT
<€ w, FEATRA - change in PAT-1 over time
T E 0: in response to treatment
25 @ T B with ramipril {ACEI) or
%%;‘%’ . losartan (AT,RA} in patients
< i

with essential hypertension
__— ] _— and insulin resistance
taking HCTZ1,

S|
<
[=]
S
o

weeks.

» Ang i possibly increases PAJ-1 expression in humans
through its hexapeptide metabolite, Ang IV, and the Ang i

type 4 receptor {AT,), which has been observed in vitro in
endothelial cellsz,

'Hypertension 2002;40:859-65.
%} Clin Invest 1995:96:2515-20.
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Pulse wave analysis of
the central aortic pressure wave

T0 indicates the time at the start of the waveform;
T+, duration from start of waveform lo the first
peakishoulder {autgoing pressure wave);

T2, duralion from starl of wavelorm to the second
peak/shouider {reflected pressure wave),

ED, ejection duralion, or duralion from slarl of
wavaform 1o closure of lhe aortic vaive (incisura),
SP, central aarlic systolic pressure;

DP, cenlral aorlic diastolic pressure;

P1, P1 height difference belween the minimum
pressure and the pressure al fhe first peakfshoulder
o (T

opP : Augmentation (P}, difference between maximal
pressure (ceniral aortic systofic pressure) and
pressure af the fist peak/shoulder (P1 height);
PP, pulse pressure;

Time (msee) Alx, augmentation index.

Alx = {4 PIPP)x100

Prassure
{mmHuy}

T, ¥, T, lncisura

4B ——

Circulation 2006;113:1213-26,

Importance of aortic pressure wave

* The most physiologicaliy relevant pressures for both cardiac
and vascular effects are cenfral nressures.

» Central systolic pressure is the pressure that the left ventricle
has to confront.

+ Gentral pulse pressure is a better predictor of left ventricuiar
mass and carotid-intima thickness than peripheral puise
pressure,

Hyperlension 2001;38:1456-80.
AJH 2006:19:214-9.

Kaplan-Meier estimates of the rates of
the primary endpoint® according AIx@75

10

.6

Cumuiive prodainly far sebee course

O

w Fsh e 243 EXb R bl bt P00 POR 200

262 patients undergoing PCI, 2-year follow-up.
*Death, MI, and clinical restenosis.

Euwr Heart J 2005; 26: 2657-63.

Thei J Pharmacol

27 Huay 2551
















Vol 30 No.l Jan-Apr 2008

Advantages of Perflnd in patients with type 2 diabetes 27 Huaw 2551

PREMIER: ereterax in albuminuria regression
- TRIAL DESIGHN -

BiPreterax X 2

n=72 (31%)
BiPreterax

=71 (31%)
Preferax g

Placebol n= 233

n=90 {39%}

n= 224
n=78 (35%)
Enalapril 10 l
n=72 (32%)
Ena 20
n=74 (33%)
Ena 40
W4 Wi Wiz W24 W6 W52

Dase adjustment was permitied in patienis whose SBP remained =140 mm Hg and/or
DBP =96 mm Hg.

Hypaeriension 2003:41:1083-71,

PREMIER: preterax in albuminuria regression

- RESULTS -
SBP DBP
¢
ABP
{mm Ha)
5
-0 ~pP=0.01
-15  pen? Enalaprit
o O Perfing

Hypertension 2003;41.1063-71.

PREMIER: Preterax in albuminuria regression

Albumin excretion rate Cardiovascular evenis
*H
[ L S B Per”nd
§ . By 038 :
1 5 racinaan.
» HES - :
.20 2 enalaprif
AAER g
(%} g =
-3 . 5
enalapril K
Perftnd ¢
o [ECH Yt E B
-50
Days since randemizalion
*E,y 078 95% G, 0.62-0.92; P<0.001 Setious CV avenls (M1, stroke, CHE, CV dealh}

Hyperiension 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

Controi Per/ind

An Perdnd treatment was associated with complete kidney protection.

Fundam Clin Pharmacol 2004;18:437-47.

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

Renoprotective effects associated with Perind treatment can be
attributed to renal structural protection:

S

Prevents focal and segmental glomerular hyalinosis and tubulo-interstitiai
damage.

+ Reduces severai staining markers of glomerufar and interstifial 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

N
T Povilad a6l no 61 nod4 0. 58 P
B 5 B N [ n- 68 e ih a2

£ s i
= ° 21 E
2 ' : .

: T » b ]
H - b -
k] ® . g
- [RE) 4

: H
= RN . - M -
: : o i g
gl : H o 1k
- : ; B 5
M - Yeensnuen | oy
wa b “ e
we L i Pocmdopetidapanige o0 Enalapat >
> s [ LR CINSETCRER B ST AR T TS B O

Thaage tn dhean Maad pgresaure (menifp) (Fipal - Baseline)

An 30% reduction in AER even when the skightly fall in MAP (<3.3 mm Hg)

raises the suggestion of a renoprotective mechanism independent of
systemic BP lowering with Per/ind.

Hyperlension 2003,41:1063-71.
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Advantages of Per/ind in patients with type 2 diabetes

Perindopril reduces risk of cardiovascular events
in CAD patents irrespective of renal function
% Perindopri! placebo  Hazard ratio Tasting
better | better (95% CF) interaction
Frimary end poirt
=75 ml/min/1.7307% m 0.77 (0.64-0.93)  0.47 NS
< 7& ml/min/ 1. 73mé g 0.84 (0.72-0.98})
Cl deatf, A, siroke
> 75 /i1, 730
= — 0.79 (0.66-0.94 )
< 75 md/min /¥, 73mE = i 0.86 go_ja_o.ggi 0.48 M5
Fatal arnd nonfatal Vi
275 mi/min/1. 730 0.79 (0.63-0.98) 0.7 N5
<75 mi/min/ 1. 737 e 0.75 (0.62-0.92)
0.50 1.00 1.5
J Am Coll Cardiol 2007;50:2148-55.

Advantages of Per/Ind in
patients with type 2 diabetes

That J Pharmacol

27 fiunu 2551
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. STAR*D Algorithim -
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wentataxiow fostended rlea 14 weaks







48

Thai J Pharmacol






30 Thai J Pharmacol






52

Thai J Pharmacol






54 Thai J Pharmacol

wisted with alteretions
¥ i b Gt araag involved L oa . , -
ot mood and emolisns ., A Mew Generation of

e

tidepressant Drua

%M“T‘he Neuropiasﬂcu‘ry Hypo“fhesw

< Melatonin-based Hypothesis

°_*Neuropepﬂde Hypofhes;s

i agi POV VRSSO

Changes in amygdala velume precede decrease in
hippocampnl voluma sbserved in major depressive
iflhess patients (McBwen, Biof Psychiairy 2003:54:200-207)

{Nermon, 2006)

i mwmﬂwﬂmﬂ Neumpias‘hm

L
|5

D*zaﬁmigc FER oa@ﬁ

%n
GE;

Neural
wiem celts

Mewbarn
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. precursar

Half the
cells die
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Glutamate & Neur‘ohiasﬁcify:
NMDA-AMPA receptor inferaction

3
(LTP

‘i Tnduced CREB activity,
i BDNF gene expressicn

Stimulation of L-type
Ca?* channel

f
|
|
|

Recycling \g}
eadosame

Lncked inducii
BONF estpr
& induced cal

meehanisgs

! Nzur-odegener'a?lve
i Diseases

totoxtc i
nerability |~

vl

[Giyene ()]
NMDA
Receptor |-
L-Glutamic AMPA 1
[ Acid Recepforé S o
- -+ Cognitive loses
Baducad activation |
Neuropsycholagmal
Diseases

tNMDA/AMPA activity B Neurgnal cell |055§
rain atrophy E
n

£

I
¢
i
1
i
H
:

The antidepressant tianeptine persislently modulales
glutarnate receptor curranis of the hippocampal CAJ3
commissiral assoctational synapse #!1 ai:ronmally stressed

ks
{2
kL
oo b
@ Siress ¢« Tianeptine E "o 5
4 S
E
—~%
ju E>
o
3
[
P

EPSC = Excitoiory post-
Synaphe current

{Chvoni¢ restialn < iress up- regulates GLY- ¥ nRNAT
and prolein expression in the rat h:ppnmmpus
Raversal %Jy tianeptine : 1

hunr:i.‘rrma g Medgroprofeciive effects

Chronic SSRE freatment decrease neuronal

cell death @poptosis) in cortex & hippocampus
caused by IL1 or stress

SSRE taneptine

Induced by Il

Aire,
S50

Lesion sizz {um)

Plaisont et of. Neuropharmacelegy 2003

Fuchs et af, Fur Neuropsychapharmacol 2004

T e B ke e

Acite stress-mediated increases in extraceliutar glulamate
Hevels in the rat amygdate: dfferenlial eflects
1of antidepressant realment Reznikov LR ef ol,, 2007 |

| -Stress increases glutamate efflux
-Fluoxetine increages glutamate effiux

-Tieneptine inhibited stress-induced
increase in glutamate i

i L Diegeba)
e (10mglky)

Clatamote 1 3

ML AT S P ER G (5 R0 g

MO CHUEs Frachion (12 min exen)
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The Nova! Mailonain Agonist Agemelanns (S2E008) 15 an
Anlagonist at B-Hydarvlryptamine,. Receplors, Rieskads of
Which Erhanices the Aclinly of Frontacuiticsl Dopaminergic
and Adrenerglc Pathways . R
Millan e1 ai, J Phermacal Exp Ther 20603

| Depression and associated steep disturbances: |

| patient benefits with agomelatine ‘
; Kupfar Eur Meuropaychaphermacad 2006 f

[Agomelatine, a New Antidepressant, induces Regional
iChanges in Hippecampal Heurogenesis  Donor et ol bl

Faychigtry 2006}

Coufd agomelatine be the ideal
antidepressant?
Pandi-Perunal et al, Expert Rev hearother 2006

i
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‘europeptide Hypothes

8

3 Cholecystokinin {CCK) antagonists

L3 Substance P
O MNeuropeptide ¥

Many drugs are on pipeline,
certain drugs are promising.
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P01 Effects of 8(14), 15—isopimaradiene?3[}, 18-diol on Functions of
Mitochondria Isolated from Rat Liver

Kawinthida J eeyasak” " Chaiyo Chaichantipyuthz, Withaya Janthasoot'.

!Department of Pharmacology, Faculty of Pharmaceutical Sciences,
Chulalongkorn University, Bangkok 10330, Thailand

‘Department of Pharmacognosy, Faculty of Pharmaceutical Sciences,
Chulalongkorn University, Bangkok 10330, Thailand

E~mail: Withaya.J@Chula.ac.th

Abstract

Introduction: 8(14), 15-isopimaradiene-3p3, 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-3p3, 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 37°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-33, 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
mhibited 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 ATPase activity and DNP stimulated mitochondrial ATPase activity.
Respiratory Control Index (RCI) was decreased correlated with concentration of this
compound.

Conclusion: 8(14), 15-isopimaradiene-3f3, 18-diol inhibited oxidative phosphorylation and
act as electron transport chain inhibitor at site I (Complex I).

Keywords: 8(14), 15-isopimaradiene-3(3, 18-diol, Xylia xylocarpa, Mitochondria, Rat liver,
Oxidative Phosphorylation.

Introduction

Mitochondria are cssential 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, NAD (nicotinamide adenine dinucleotide) and FAD (flavin adenine
dinucleotide) to form NADH and FADH; which, in turn, donate clectrons to Complex [
{NADH-ubiquinone oxidoreductase) and Complex Il (succinate-ubiquinone oxidoreductase),
respectively. Electrons from Complexs T and IT are transferred to Complex III (ubiquinol-
cytochrome ¢ oxidoreductase) and Complex IV (cytochrome ¢ oxidase), and the energy that is
released during electron transfer is used to build a chemiosmotic gradient across the inner
mitochondrial membrane. This gradient 1s used by Complex V (ATPsynthase/ F | Fo-ATPase)
for ATP synthesis (5). Tn addition to ATP synthesis, mitochondria are also eritical to the
modulation of cell osmotic regulation, redox status, pH control, cell signal transduction and
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Ca” homeostasis. Disruption 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-3f3, 18-diol, a diterpene substance extracted from heartwood
of Xylia xylocarpa (Roxb.) Taub. var, kerrii (Craib & Hutch.) I.C.Nielsen., 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. Accordingly, we designed this study to investigate the effects of 8(14), 15-
isopimaradiene-3f, 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 serum
albumin (BSA), 2.4-dinitrophenol (DNP), HEPES, L-glutamic acid, magnesium chloride
(MgCly), malic acid, nicotinamide adenine dinucleotide reduced form (NADH), oligomycin,
potassium chloride (KCl), potassium phosphate monobasic anhydrous (KH,PO,), rotenone
and succinic acid were purchased from Sigma Chemical Co. (St. Louis, MO, USA}. 8(14), 15-
isopimaradiene-3f3, 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-3f3, 18-diol, rotenone and oligomycin were prepared in
absolute cthanol. 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 tiver 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 of mitochondrial 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 KCl, 40 mM
HEPES buffer and 2 mM MgCl, at pH 7.2, using a Clark-type oxygen electrode.
Mitochondrial respiration was initiated by adding 310 uM ADP + 620 pM inorganic
phosphate (Pi} with 5.2 mM glutamate + 5.2 mM malate or 52 mM succinate as the
respiratory substrate. Oxygen consumption measured 1n 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 pM 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 37°C from the fresh
mitochondrial fraction in 2.0 ml of incubation medium consisting of 29.5 mM KCIl, 40 mM
HEPES buffer and 2 mM MgCl, at pH 7.2, using a Clark-type electrode. Mitochondrial
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Effect of 8(14), 15-isopimaradiene-3, 18-diol on osmotic-shocked mitochondrial
respiralory activity

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

Table 1 The correlation between the concentration Table 2 Effect of 8(14), 15-isopimaradiene-3f, 18-diol
of 8(14), 15-isopimaradiene-3p, 18-diof and the RCI ~ on osmotic-shocked mitochondrial respiratory activity

value with glutamate combined malate as a with exogeneous NADH as a substrate
substrate
Concentration RCI Concentration Rate of oxygen consumption
(M) (M) (n atoms ()/min/mg proteins)
0 578+ 0.31 0 105.65+11.88
68.46 3.49+0.11° 68.46 3131+ 1.38
102.69 2.83+0.14" 102.69 22654+ 1.66°
171.15 1.93+0.10" 171.15 19.85 + 0.64
239.61 £.35+0.07 239.61 19.39 + 0.18°
342.3 1.03 +0.06" Values are mean + S.E.M. obtained from 5 rats,
Values are mean + S.E.M. obtained from 5 rats. * P<0.001 compared with control.

* P<0.001 compared with control.

Effect of 8(14), 15-isopimaradiene-3f, 18-diol on mitochondrial ATPase activity

8(14}), 15-isopimaradiene-3p, 18-diol at dose of 171.15 uM had no effect on both
mitochondrial ATPase activity and DNP stimulated mitochondrial ATPase activity. In
addition, DNP-stimulated ATPase activity was strongly inhibited by oligomycin significantly
(Table3).

Table 3 The ATPase acticity of the various experiments

Experiments ATPase activity
{z moles Pi /mg protein/10 min)
Control 420+ 045
0.17 mM DNP 13.17 +0.83"
171.15 pM 8(14), 15-isopimaradiene-3p3, 18-diol 5.33+0.17
0.17 mM DNP + 5 mg/ml oligomycin 2 pl 4.42+0.28"
0.17 mM DNP + 171.15 pM 8(14), 15- 14.48 + 1.92"

isopimaradiene-3f, 18-diol

Values are mean + S.E.M. obtained from 5 rats.
* 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 IT}, antimycin (inhibitor
of Complex ), cyanide (inhibitor of Complex 1V), oligomycin [inhibitor of Complex V
(ATPsynthase/ IFo-ATPase}] and uncouplers. Uncouplers such as DNP and dicumarol can
separate oxidation from phosphorylation 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 respiratory chain by
inhibiting compiex 1 of respiratory chain (Fig.1.} as same as rotenone while there was no
effect on both ATPase activity and DNP stimulated ATPase activity (Table 3). Tt 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/ FiFo-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[3, 18-diol exhibited high antifeedant activity
against termite and low phytotoxicity against lettuce seedings (1). Tt 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-30, 18-diol inhibited oxidative phosphorylation and act as
electron transport chain inhibitor at site T (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 (SS1) and four semisynthetic derivatives (852, SS3, SS17 and SS19) 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 SS17. In baker yeast-induced fever
model, only SS3 and SS17 could significantly reduced rats’ rectal temperature (p<t0.05). In
carrageenan-induce inflammation model, SS1, SS3 and SS17 could significantly reduced paw
volume. No antidepressant or anxiolytic effects could be seen with any substances tested. In
acute toxicity test, SS3 and SS17, at a dose up to 100 mg/kg did not show any serious toxic
effects. In conclusion, from this study, SS3 and SS17 are the most interesting 2 semisynthetic
derivatives of SS1 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 medicing 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-HTV 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 (SS1) and four semisynthetic derivatives (SS2,
SS3, 8817 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 teceived 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 effects and
SS3, SS17 showing the highest potency (Fig.l). In baker yeast-induced fever model, it
appeared that, at doses 4mg/kg, only SS3 and SSI7 but not SS1, SS2, SS19 could
significantly reduced rats’ rectal temperature when compared to 5% DMSO (controf). The
antipyretic effects of 4mg/kg SS3 and SS17 were comparable to the effect of 1.25 mmole/kg
paracetamol (Fig. 2). It was shown that SS1, SS3 and SS17 (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
SS17, at cither 4, 8, 50, or 100 mg/kg, did not show any serious toxic effects.

Hot plate test
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Figure 1 Themmal threshold of rats treated with either 5% DMSO, SS1, SS2, SS3,
SS17 or SS19 in hot plate test. SS1, SS2, SS3, SS17 and SS19 could
increase thermal threshold significantly (p<0.05) when compared to 5%
DMSO (control).
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Figure 2 Rectal temperature changes of rats i baker yeast-induced fever model after
treated with paracetamol, SS3 or SS17 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 SS1, SS3 or SS17 at 3 hrs after
carageenan injection. SS1, S83 and SS17 (4mg/kg) could reduced paw volume
significantly (p<<0.05) when compared to 5% DMSO (control).
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Discussion

Modification of the structure to get non-bitter derivatives, SS2, SS3, SS17 and SS19
showed comparable pharmacological effects with andrographolide (SS1), although slightly
differences. Interestingly, SS3 and SS17 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 SS17 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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Metheds

1) Plant material and extraction : One year old H. sabdariffa (HS) was collected
from Khoun Meed District, Songkla Province, in September 2007. The dry calyx of H.
sabdariffa 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 glucometer (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/lkg BW (p.o.). The FBG was
determined 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.), metformin 0.5 g/kg bw. (p.0.), and HS-EE 0.1, 0.5
and 1.0 g/kg bw. (p.0.). 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 term (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 (254410 and 293+45 mg/dl, respectively) were comparable
to the levels at fasting stage (280430 and 231122 mg/dl, respectively). For the control
diabetic rats, the 2 hour blood glucose (466130 mg/dl) was significantly (p<0.05) higher than
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its fasting blood giucose level (334440 mg/dl). Metformin, an insulin sensitizing agent, also
showed OGT improving activity with the 2 hr blood glucose of 254+10 mg/dl as compared to
fasting blood glucose of 281429 mg/dl.

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

rats,
Groups N FBG (mg/dl)
Before After 1 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+£37
HS-EE 1.0 g/’kg 5 331+ 14 245 +£12 26+ 37

Values arc mean = S.EM.,

HS-EE: ethanolic extract of H. sabdariffa, N. number of animals, FBG: fasting blood glucose
f : 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/dl)
Before After 6 weeks % decrease in
treatment of treatment FBG

Distilled water 5 413 +£22 421 £17 0
Insulin 4 U/kg 5 465 + 58 314 432" 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 + 14 227 127 32+2°

Values arc mean = S.E.M.,

HS-EE: ethanolic extract of H. sabdariffa, N: number of animals, FBG: fasting blood glucose
"1 p<0.05 as compared to control diabetic rats receiving distilled water

i 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)
Ctrl: control diabetic rats

HS-EE: ethanolic extract of H. sabdariffa

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 "!. sabdariffa n streptozotocin-induced diabetic
rats. STZ causes diabetes by damaging B-cells, 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/dl or should be similar to fasting
blood glucose. In our experiment, control diabetic rats had higher 2 hr glucose level than its
fasting blood 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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Albstract

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 vitrro and in vivo for antivenom 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 37°C for 30
min, were all survive, The present finding suggests that dialdehyde compound from Curcuma
sp. thizome 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 (1). Although the most effective and accepted therapy for
snakebite patients 1s immediate administration of specific antivenom 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 sp. (Zingiberaceac)
are reputed in Thailand as “snakebite antidote”. From our studies (3,4,5), it was found that the
rhizomes of these plants contain a comumon yellow substance proofed to be a dialdehyde
compound and beleieved 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. thizome as the antidote of Naja kaouthia venom.

Methodology

1. Fresh venom of Naja kaouthia (Fig. 1) 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 1n 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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Figure 1 Naja kaouthia

Figure 2 A dialdehyde
(E)-8[, 17-expoxylabd-12-ene-15,16-dial
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Figure 3 The complete inhibition time of the rat’s phrenic nerve-
hemidiaphragm preparations after exposure to the venom
or the mixture of the venom and the dialdehyde
compound. (*p<0.05)
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Figure 4 Survival time of mice injected with cobra venom
(subcutaneously) alone, or with the dialdehyde
compound, either orally or intraperitoneally 30 min
before the venom.
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Abstract

“Bencha-Loga-Wichien (BLW)” 1s one of the very famous herbal formula used in
Thailand as an antipyretic drug. It is composed of 5 different herbal roots, including Tiliacora
triandra (Colebr.) Diels (Ya-Nang), Harrisonia perforata Merr. (Kon-Ta), Ficus racemosa L.
(Ma-Due-Au-Thum-Porn), Clerodendrum indicum (L.) O. 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
antipyretic. 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 cfficacy 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 friandra has the highest and Clerodendrum indicum the lowest
antipyretic efficacy. No obvious toxic effect of each herb or the formula could be seen. This
study suggests that BLW could be used effectively as an antipyretic formula.
Keywords: Bencha-Loga-Wichien, antipyretic effect, yeast-induced fever, rat

Introduction

“Bencha-Loga-Wichien (BLW)” is one of the very famous herbal formula used in
Thailand as an antipyretic drug. As powder or tablet, it has been included in “Thailand Herbal
Mecdicine Essential Drug List” as an antipyretic for both children and adults. BLW formula 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 indicum (L) O. 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 perforata could
be found.

As a formula, BLW 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 perforata, 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 cach
powder root was mixed in an equal weight portion and used as a BLW 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 every 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 1 showed the rectal temperature changes at various time after
the animals received BLW orally at a dose of either 100, 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. BLW showed antipyretic effect with all
doses tested, especially at the dose of 200 mg/kg.

Each root: As BLW 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 1 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. 1t is interesting to note that 200 mg/kg of BLW
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 2 Rectal temperature changes of rats in yeast-induced fever model.
Rats were orally fed with normal saline, Tiliacora triandra, Ficus
racemosa, Harrisonia perforata, Clerodendrum 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: Serum paraoxonase, PON1 and PON3, is HDL-associated antioxidant enzymes.
The role of PONI1 and PON3 as anti-atherosclerosis has been clearly demonstrated both in
vitro and in vivo. The activity of PON1 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 PON1 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 cither 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 PON1 and PON3 activities werc
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 PON1 and PON3 activitics.

Conclusion: C. comosa powder has hypolipidemic similarly to simvastatin but did not affect
PONI and PON3 activities.

Keywords: Paraoxonase; Curcuma comosa; Simvastatin; Cholesterol

Introduction

Serum paraoxonase (PON) consists of two members: PONI1 and PON3 which are
located adjaccnt to onc another on chromosome 7q21.3-22.1 (1). PONIL and PON3 are
expressed primarily in the liver and then secreted into the serum where they arc closely
associated with HDL (2). Increasing evidences demonstrated that PON1 and PON3 are
involved in anti-atherosclerosis. PONI inhibits copper-induced lipid peroxidation (3). The
human PONT1 transgenic mice have been found to reduce atherosclerotic lesion (4,5) whereas
the PONI knock out mice accelerated atherosclerosis process and increased lipid peroxidation
(6). The information of PON3J is scarcely but has a promising evidence of anti-athcrosclerosis
properties. Rabbit PON3 is significantly more potent than rabbit PONI in protecting LDL
against oxidative modification (7). Recently, it was found that over-expression of human
PON3 in mice reduced atherosclerotic lcsion (8). Some clinical data suggest that treatment
with hypolipidemic drugs such as simvastatin modulate PON1 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 extenstvely in Thai traditional medicine as an anti-inflammatory agent particularly
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 PONI 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. Al
animals were in a controlled humidify room at a constant temperature of 25 + 2 °C and
maintained on a 12-hour alternate light-dark cyecle. 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 I 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 PON1 and PON3 activities.
Determination of serum PONI activity

PONI activity toward paraoxon was measured in 100 mM Tris-HCI buffer pH 8.0
containing 2 mM CaCl, and 1.1 mM paraoxon at 37 °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. PON1 arylesterase activity was determined in 10 mM Tris-HCl
buffer pH 8.0 and 0.9 mM CaCl; with 1.0 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-HCI buffer pH 8.0 and 1 mM CaCl, 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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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. 1A).

PONT 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 PON1 activity toward paraoxon and PON3 activities were observed
in cholesterol-fed with simvastatin. However, the PONI1 activity toward arylesterase was
similar in all three groups (Fig. 1B).

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 freatment, 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 occurred (data not shown). Simvastatin
decrcased 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 term treatment with C. comosa 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 of removal of the circulating cholesterol for excretion.

Accumulated data indicated that both PON1 and PON3 are closely associated with
HDL and are involved in the prevention of atherosclerosis (7). Hence, the factors influence
PON1 activity has been intensively investigated. In addition to reduce plasma lipid,
simvastatin with short term treatment has been found to increase the PON1 activity (9,17). In
this study, we found that the long term treatment with C. comosa powder and stmvastatin in
cholesterol-diet fed rabbit did not affect PON1 and PON3 activities.

Conclusion

In conciusion, this study demonstrated that long term treatment with C. comosa
powder decreased total cholesterol and LDL in cholesterol-diet fed rabbits similarly to
simvastatin. Both C. comosa powder and simvastatin did not affect PON1 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 PON1 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 inflammatory
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
formation

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 (1).
Platelets are involved in the processes of hemostasis, thrombus formation, inflammatory
reactions after an endothelial injury and the development of atherosclerosis (2).
Hypercholesterolemia induces a hyperreactive 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-inflammatory 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 wecks. 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 mgEDTA/mL of whole
blood for analysis of cholesterol concentrations. Other blood samples were drawn into
siliconized 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<t0.05), 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 resuli from the action of phytoestrogens
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 vessels,(9) and eventually
reducing the percent of plaque formation.

Conclusion
The results of this study indicate that the hexane extracts of Curcuma comosa Roxb. has a
potential in prevention of atherosclerosis in hypercholesterolemic rabbits.
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The percent of platelet aggregation in C-comosa and C-simvastatin groups was significantly
lesser than that of the cholesterol group
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Figure 2 Aortic cross-sectional intima/media ratio in various groups of rabbits
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group n=6) * VS control; T VS cholesterol, P < 0.05
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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 412442 35.943.8 36.743.2 37451
Cholesterol 50.00+2.98 927.20+£235.44* | 1217.604295.73* | 1606.5+96.5*
Chol+Simvastatin | 41.75=4.31 618.60+£168.94%F | 797.404254.00*1 | 526.754£201.31%%
Chol+C.comosa 52.40+6.01 651.204£205.14*F | 709.00£226.77%1 | 980.4£298.8*+
LDL-Cholesterol (mg/dL)
Control 10.70+2.2 8.33+2.1 9+1.9 9.5£2.9
Cholesterol 14.20+1.93 873.404232.13* | 1047.00£259.89*% | 1305.54-87.20%
Cholt+Simvastatin { 11.75+1.44 584.20+175.08% | 745.00+£235.26*F | 453.5£174.9*%
CholH+C.comosa | 18.40£3.33 601.204£201.35% | 596.80+175.54%} | 855.404264.25%F
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% 224.6168.19* 145.75+51.86%
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; ¥ 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
immune 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.
Curcuma comosa 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 tmmortatized (HAP1) cells, a rat microglia cell linc stimulated with METH were
used to study the neuroprotective effect of purified compounds of C. comosa fractionated
from hexane extract.

Resualts: Our results showed that METH significantly reduces cell viability; tend to increase
nitric oxide (NO) production on SH-SY5Y and HAPI cells. Pretreatment 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 recrcational drugs in
developed countrics. 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-inflammatory and neuroprotective 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 IL-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 immortalized (HAPI) cells, a rat microglia cell line.

Materials and Methods
Cell cultures

Human SH-SYSY neuroblastoma cell line were mainfained 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
pg/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. comeosa fractionated from hexane extract were
always added 2 hr prior to METH.
MTT assay

The number of viable cells were determined by the ability of mitochondria to convert
MTT (3(4,5-dimethylthiazol-2-y1}-2,5-diphenyltetrazolium bromide) to formazan dye. SH-
SYS5Y and HAPI cells were cultured onto 96-well plate at a density of 2 x 10* 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 pl 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% CO,. MTT was removed and cclls were lysed with 100 pl 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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concentration-dependent. However, pretreatment of SH-SYS5Y cells with purified compounds
of C. comosa fractionated from hexane extract reduced the foss of cell viability caused by
METH treatment. These effects may result from the action of phytoestrogens present in this
plant. The study of C. comoesa and its role in neuroprotection is still in a very early stage.
Further studies are needed to explore mechanisms of C. comosa that confer these
neuroprotective effects in microglia and neurons.

Conclusion

The results of this study indicate that purified compounds of C. comosa fractionated
from hexane extract may serve as neuroprotective agents for many neurodegenerative
discases.
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Abstract

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, NQO, 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, 11, TIT and AS-Y'S 001-
004, on survival of SH-SYS5Y neuroblastoma cell line in order to further study the protective
effect of those compounds on METH-induced neurotoxicity.

Materials and methods: SH-SY5Y 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 0.001-0.1 uM of curcumin I, 11, Tl 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 longa (curcumin)

Iutroduction

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
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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 transport (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
mode] for drug-induced dopaminergic and neural toxicity.

Curcumin [1,7-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 III) 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 [), demethoxycurcumin (curcumin II), bisdemethoxycurcumin (curcumin III) and
AS-YS 001-004, was provided by Professor Dr. Apichat Suksamrarn, Department of
chemistry, Ramkhamheang University.

Cell culture SH-SY5Y cells from a human dopaminergic neuroblastoma cell line were
purchased from American Type Culture Collection (ATCC), (Manassas, VA). They were
grown in a medium containing MEM supplemented with 10% heat-inactivated FBS, 100
units/ml of penicillin, and 100 pg/ml streptomycin at 37°C under a humidified 5% CO; and
95% air atmosphere. At confluence, the cells were seeded onto culture plates for further
experiment.

MTT reduction assay The number of viable cells were determined by the mitochondrial
conversion of yellow MTT (3(4,5-dimethylthiazol-2-y1)-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 10" 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 further 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 ANOVA 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.

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

To evaluate the effect of METH-induced neurotoxicity, SH-5YS5Y 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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Figure 2. Effect of purified synthesized compounds from C. longa on cell viability in SH-
SYSY cells. SH-SYSY celis (2 x 10* cells/well) were treated with various concentrations of
purified natural and synthesized compounds from C. longa (0.001, 0.01, 0.1, I, 10 and 100
pM) 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<(.05 significance compare with untreated controls
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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 particular 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. mirifica), subcutancously injected of estradiol valerate
300 pg/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 wvascular function
measurements and histopathological studies.

Results: Acetylcholing-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. mirifica
resulted in significantly increased in NO production.

Conclusion: These results indicate that treatment with the P. mirifica 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 arc 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. mirifica preparation using as ERT in particular on
vascular functions and vascular structures remain unclearly defined.

Therefore, the objcctives 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 biochemistry 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 administercd
with P. mirifica 100 mg/kg/day (OVX+ P. mirifica), subcutaneous injected of estradiol
valerate 300 pg/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.

Al the end of treatments, blood samples were collected by cardiac puncture for
determination of cardiovascular-related blood biochemistry parameters including nitric oxide
(NO) and lipid parameters (total cholesterol, HDL-C, LDL-C and triglyceride). Descending
thoracic aortas were 1solated for histopathological studics. Vascular functions were measured
as isolated thoracic aorta preparations including vasocontraction response to noradrenaline
(NA), vasorelaxation response to acctylcholine (Ach) and sodium nitroprusside (SNP) in NA-
precontracted aortic rings.

Results

Compared to the Sham group, Ach-mediated endothelium-dependent vascular
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 107 to 10 M of Ach concentration (Figure
1A). While the significant differences of SNP-mediated endothelium-independent vascular
relaxation and NA (10”7 to 10 M)-induced vascular contraction among the group were not
identified (Figure 1B and [C).

The plasma levels of NO in OVX+ P. mirifica, OV X+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) / HDL-C ratio, of OVX+ P. mirifica and
OV X+Estrogen were lower than the OV X group but not significant different (Figure 2C).

Microscopic studies of descending 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 with OVX group (Figure 3).

Discussion

The results of this present study demonstrated the improvement of endothelium-
dependent vascular relaxation due to the beneficial effects on lipid profiles and endothelial
cell preservation in P. mirifica treated ovariectomized rats. Improvement of endothelial
dysfunction which was correlated 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 2 Cardiovascular-related blood biochemistry parameters from non-OVX control
(Sham), OVX, OVX+Estrogen and OVX+P. mirifica (mean+ SEM., * p < 0.05
vs. OVX," p <0.05 vs. Sham).

A: Plasma nitric oxide (NO) production
B: Plasma level of lipid profiles (Total cholesterol, HDL-C, LDL-C and Triglyceride)
C: Atherogenic Index [(total cholesterol — HDL-C) / HDL-C ratio]
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Figure 3 Histopathological figures of descending thoracic aortas of the study rats.
TT: tunica intima, TM: tunica media, TA: tunica adventitia
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 NG108-15 cells. Oxidative stress
was induced by hydrogen peroxide (H20O:). In the DPPH assay, the radical scavenging activity
of water was higher than the methanol and chloroform extracts (1Cso = 62, 84 and 243 pg/ml,
respectively). In cytotoxic experiment, water and chloroform extracts (1 mg/ml) caused cell
death. In neuroprotective study, when being added simultaneously with H,O; (150 uM), the
methanol extracts (10-100 pg/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 NG108-15
cells, oxidative siress

Introductiou

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 discases 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(1)}. 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 radical scavenging activities. CA extract is also has
protective effect against adriamycin 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

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 pM
hypoxanthine, 1 pM aminopterin and 16 pM thymidine and 10 % fetal bovine serum. Cell
cultures were maintained in a humidified incubator with 5% CO; — 95% air at 37 °C.
DPPH radical-scavenging activity

The free radical scavenging activities of the extracts were determined with 1,1-
diphenyl-2-picryl-hydrazil (DPPH.). The radical scavenging activity of DPPH was expressed
as 1Cso. 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 (2x10°cells/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 H;0, 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 TCsy values of 3 uM (R” =
0.7853). Vitamin C showed DPPH radical-scavenging activity with 1Cso values of 5 pg/ml (R
= 0.9064), The water (ICsp 62 pg/ml, R = 0.9436) showed comparative radical-scavenging
effects with methanol (ICsy 84 pg/ml, R” = 0.9430) and more efficient than chloroform extract
(ICsp 243 pg/ml, R* = 0.7917).
Cytotoxic effects of H;O; on neuroblastoma NGI108-15 cells

NG108-15 cells were treated with various concentrations of H,O, (100-800 puM).
Following 2h of incubation after H,O, challenge, cell viability was determined. The results
showed that H,O, 100-800 pM significantly reduced cell viability in a concentration-
dependent manner (Fig. 1). For subsequent protection experiments, we used 150 uM as the
concentration of H,O;.
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Figure 1 H,0s-induced cell damage in neuroblastoma NG108-15 cells
H;0,-induced reduction of viability of NG108-15 cells when treated
with various concentrations of HyO, (100-800 pM). After 2 h of
incubation, cell viability was measured using the MTT method. Data are
expressed as mean + S.D. (n=5). * p < 0.05 compared with the control group.

Cytotoxic effects of extracts on neuroblastoma NG108-15 cells

NG108-15 cells were treated with various concentrations of extracts (0.{-1000 pg/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 ug/ml (Fig. 2 A.B)
whereas methanol extract (0.1-1000 pg/ml) did not showed cytotoxic effect on cells (Fig. 2C).
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Figure 2 Cytotoxic effects of extracts on neuroblastoma NG108-15 cells
NG108-15 cells were treated with various concentrations (0.1-1000
ug/ml) of A} water B) chloroform 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 <0.05 compared with the control group.

Effects of extracts on H,O-induced neurotoxicity

When trolox, a reference standard, was added simultaneously with H,O,, it caused a
concentration-dependent increase in cell viability from 1 to 100 uM (Fig. 3A). When the
methanol extracts of CA (1-1000 pg/ml) were added together with H,O,, it significantly
increased the viability of NG 08-15 cells in a concentration dependent manner compared with
treatment with H,O, alone. The neuroprotective effects of methanol extracts of CA were
observed in the concentration ranged of 10-100 ug/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,Os-induced cell damage in NG108-15
Cells NG108-15 cells were treated with H,O, (150 pM) together with
various concentrations of test compounds: (A) reference drug, trolox,
(B) water (C) chloroform and (D) Methanol extract of Centella
asiatica. After 2 h of incubation, H>O, (150 pM) was added, cell
viability was measured using the MTT method. Data are expressed as
mean + S.D. (n = 5). # p < 0.05 compared with the control group. * p<
0.05 compared with the H,O,-treated control group

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

Reactive oxygen species (ROS) may be invelved 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 HpOp-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 f-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 properties.
Thus, methanolic extracts of CA contain active components that may be of value in
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 of GST 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 of xenobiotics via these enzymes.

Key words: Centella asiatica, Phase Il 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 (1).

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, Chulalongkorn 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 11 metabolism are required. Modulation of this extract on
hepatic phase [ and phase II drug metabolizing enzymes would provide information regarding
drug interaction and the possibility of the extract to increase/decrease risks of xenobiotic-
tnduced toxicity/mutagenesis/carcinogenesis. Effect of ECa 233 on phase 1 enzymes (CYPs)
has been studying. Thus, the aim of this study was to investigate effect of ECa 233 on hepatic
phase Il enzymes such as sulfotransferase (SULT), glutathione S-transferase (GST) and
NAD(P)H quinoneoxidoreductase (NQORY) 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, 1-
chloro-2,4-dinitrobenzene (CIDNB), 2,6-dichlorophenoi-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). FEthanol 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 10, 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 deterrmned by the method of Lowry et al (1951) (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 1-
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
Emster (1990) (6) using 2, 6-dichlorophencl-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 (10, 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 (CCL). 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 CCly at dose of 1 mlkg 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 CCly 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
CCly 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

Resistance to [(-lactam antibiotics is a global problem. Today over 90% of
Stuphylococcus aureus strains are f-lactamase positive. In addition, strains of methicillin-
resistant S. aureus (MRSA) and ceftazidime-resistant Enferobacter 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 B-lactam antibiotics are research objectives of
far reaching importance and urgently needed. In this study, we have examined the
antibacterial action of naturally occurring flavonoids. When combined ampicillin, cloxacillin
and ceftazidime with baicalein 5 pg/ml, minimum inhibitory concentrations (MICs) of these
drugs against clinical isolates of MRSA were reduced from 100, >1,000 and 50 pg/ml to 5, 5
and 5 pg/ml respectively. Furthermore, clinical isolates of CREnC with MICs of ceftazidime
> 1,000 pg/ml had their resistance to these drugs reversed by apigenin 5 pg/ml or luteolin 5
pg/ml to MICs of ceftazidime 5 ug/ml. Viable counts showed that the killing of MRSA cells
by 10 pg/ml ampicillin or cloxacillin was potentiated by 10 pug/ml baicalein. Ceftazidime 10
pg/ml in combination with 10 pg/ml of baicalein or galangin or quercetin also reduced the
CFU/ml of MRSA to low levels (1x10° CFU/ml) over 6 h. The killing curve of CREnC cells
were also maintained at low level from 6 to 24 h by ceftazidime 10 pg/ml in combination with
10 pg/ml of luteolin or apigenin. Electronmicroscopy clearly showed that the combination of
10 pg/ml baicalein with 10 pg/ml of ampicillin or cloxacillin and 10 pg/ml ceftazidime with
10 pg/ml of baicalein or galangin or quercetin caused damage to the ultrastructure of MRSA.
Ceftazidime 10 pg/ml in combination with 10 pg/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 1V from Enterobacter
cloacae.

From the study, it was concluded that baicalein, galangin and quercetin have the
potential to reverse bacterial resistance to B-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 B-lactam
treatments against otherwise resistant strains of currently almost untreatable microorganisms.
Keywords: B-lactam antibiotic, Resistant bacteria, Flavonoids

Introduction

Bacterial resistance to -lactam antibiotics is a global problem. Today over 90% of
Sraphylococcus aureus (S. aureus) strains are [-lactamase positive (1). Strains of f3-lactam-
resistant S. awreus including methicillin-resistant S. aureus (MRSA) and strains of
Ceftazidime-resistant FEnterobacter 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 reseatch
objectives of far reaching importance (4). In this study, we have investigated the in-vitro
activity of naturally occurring flavonoids, a major constituent in edible plants and / or
traditional herbal remedies (5,6) against 3-lactam-resistant S. aureus (MRSA) and CREnC
when used alone and in combination with B-lactam antibiotics.

Materials and Methods
Flavonoids, - 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, Ministry 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 B-lactamases of Bacillus cereus (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 P-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 ez al. (13).
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Moreover, the combination between 10 pg/ml ceftazidime with 10 pg/ml of baicalein or
galangin or quecertin caused damage (o the ultrastructure of MRSA such as cell wall damage,
electron-transparent area devoid of ribosomes and lost some organelles from cytoplasm (Fig.
4d, de, 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 20pg/ml show some of these bacterial cells exhibited larger gap
between outer membrane and cytoplasmic membrane (Fig.5b)

The resulted showed that ceftazidime 10 pg/ml in combination with 10 pg/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 pg/ml
plus apigenin 10 pg/ml showed obvious detachment of cell wall and plasma membrane.
Distortion of cell wall in several bacterial cells are also observed (Fig.5c, 5d).
Enzyme assays

The ability of flavonoids to inhibit the in vifro activity of [-lactamases varied
considerably. Fig.6 indicates that galangin has an inhibitory activity against -lactamasel
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

[-lactamase activity.

Discussion and Conclusion

The results of checkerboard and viable counts of MRSA are in substantial agreement with
those of Lui (7) that baicalin had the potential to restore the effectiveness of [-lactam
antibiotics against MRSA. The results seem consistent with Sato et al. (14) that 6,7
dihydroxyflavone synergistically elevates the susceptibility of MRSA to -lactam antibiotics
from 8- to 32,000-fold. Moreover, flavone found to show diverse synergistic effects on the
susceptibility of MRSA to B-lactam antibiotics (15). The TEM results of MRSA seem
consistent with Eumkeb and Richards (12) that the combination of f-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 [-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 [-lactam activity is via inhibition of the activity of certain -lactamase enzymes. The first
action could also include an effect on the production and/or release of -lactamase enzymes
within and from the cell walls (16). In the last two decades, B-lactamase inhibitors like
clavulanic acid have played an important role in fighting B-lactam-resistant bacteria. These
inhibitors work as suicide compounds to react with the enzymes since they share the same key
structure with -lactam antibiotics (17). Recent studies demonstrated that clavulanate caused
a considerable induction of [-lactamase expression and an increase of clavulanate
concentration was followed by an elevation in (-lactamase production (18,19). This indicates
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Figure 6 The inhibitory activity of flavonoids against f3-lactamase in hydrolyzing
benzylpenicillin. a. B-lactamase used from B. cereus; symbol represents flavonoids
(200 pg/ml)y; =, control ( without flavonoids ); ¢, galangin; A, 6-chloro-7-
methylflavone; B, tectochrysin. b. f-lactamase used from E. cloacea; symbol

represent concentrations (pg/ml) of apigenin; o, control ( without apigenin ); U,
20; o, 40; v, 60; @, 80; », 100.
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Abstract

The "*F-FDG radiopharmaceutical has become widely used in nuclear medicine for
cancerous diagnostic studies using Positron Emission Tomography (PET) body technique.
However, the "*F-FDG solution rapidly loses in radiochemical purity due to both radiolysis
and the half-life of the radioisotope. Thus the compound fails to mect 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 "®F-FDG preparations using the radio-TLC technique. Fifteen batches of '*F-FDG were
collected from routine production with radioactive concentrations in the range of 0.261-1.411
GBg/ml (0.979+0.425 GBg/mi) 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 "*F-FDG
and the radiochemical purity of these compounds maintains at more than 90% over 12 hrs
from the EOS. However, the '"F-FDG will exhibit radiolytic instability if prepared in
relatively high concentration (>3.7 GBg/ml). In the presence of ethanol of at least 0.01% in
the final product, the radiochemical purity of "*F-FDG preparations was more than 95%. Thus
ethanol seems to be a natural choice of stabilizer for the production of *F-FDG.

Keywords: *F-FDG, Radiochemical purity and Radiolysis

Introduction

Professor Dr. HRH Princess Chulabhorn 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 '*F isotope-labeled glucose 2-deoxy-2-[F-18]-fluoro-D-glucose
("*F-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 ®F 1sotope 1s by bombarding water
enriched with the "*O isotope using high energy protons from a cyclotron. The synthesis of
E.FDG involves a nucleophilic '°F fluorination step which to formation of an acetylated
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with the water solvent and possibly air. These processes may be lead to the decomposition of
"F.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 '*F-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
|F-FDG preparations (4).

The important goal for '*F-FDG manufacturers is an improving the stability of ~ ®F-
FDG preparations and increasing the radiochemical purity at the time of administration. It is
also important to control radiolysis during the '"F-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 '*F-FDG. Because during the process of E-FDG production, ethanol is
incorporate into the final product, having a concentration in a range of minimum effective
stabilization up to a practical pharmacopeia limit (3, 4, 5).

Conclusion _

The radiochemical purity is an important indicator to determine the stability of  '°F-
FDG preparations over a period of 12 hrs or longer after the end of synthesis. The quality
standard established by USP for "*F-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 concentration is about 0.01% (v/v) per GBg/ml of
'8F activity concentration is enough to maintain the stability of "*F-FDG preparations.
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Abstract

Introduction: The human uridine diphospho-glucuronosyltransferase, UGT1A9, catalyzes
glucuronidations of various endobiotics and xenobiotics. Genetic polymorphisms in UGT/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 UGT1A9 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
UGTIA9.

Results: A novel SNP was identified in UGTIA9 promoter region, heterozygous -689 (A>C).
Conclusion: This study showed a novel SNP in the promoter region of UGTIAY gene.
However, further investigations of the possible influence of this polymorphism on enzyme
activity should be carried out.

Key words: UGTIAY, polymorphism

Introduction

Uridine diphospho-glucuronosyltransferases (UGTs) represent one of the major
classes of enzymes involved in phase IT 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 UGTIA9 gene, which consists of 5 exons,
Among the 5 exons, the first exon 1s unique, whereas exons 2-5 are common to all UGT1A
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 UGTLA9 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 UGT/A9
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 UGTIA9 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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P18 Bioequivalence Study of a Generic Quetiapine in Healthy
Thai Male Volunteers

W. Mahatthanatrakul, K. Rattana, S. Sriwiriyajan, M. Wongnawa and W. Ridtitid
Department of Pharmacology, Faculty of Science, Prince of Songkla University,

Songkhla, 90112, Thailand
Email: werawatthana.m{@psu.ac.th

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 (Cyax), the area under the
plasma-concentration time curve from 0 to 48 h (AUCy.43) and the area under the plasma-
concentration time curve from 0 to infinity (AUCy.) of Quantia 200% v.s. Seroquel® were
886.60 £ 356.50 v.s. 811.34 + 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 Crax (Thax) 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 Cp., AUCy4s and AUCy,, 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 Cpax, AUCj4s and AUCy.,, 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, pharmacokinetics, quetiapine, Quantia 200°, Seroquel®
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P19 Bioequivalence Study of Gabapentin 300 mg Capsule in
Thai Healthy Volunteers

Supeecha Wittayalertpanya, Sumana Chompootaweep, Nongnuch Thaworn, Wondee
Khemsri, Nantana Intanil

Depariment of Pharmacology, Faculty of Medicine, Chulalongkorn University,
Bangkok 10330, Thailand.

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 Performance Liquid Chromatography (HPLC)
with fluorescence detection after deproteinized with acetonitrile and following derivatization
with o-phthaldehyde (OPA) reagent containing 2-mercaptoethanol. The difference of
pharmacokinetic parameters, Cmax, AUC.y, and AUCg.np were analyzed by Two Way
Analysis of Variance (ANOVA) and 90% confidence interval. The maximum concentration
(Crmax, pg/ml) of gabapentin was 3.26+0.60 (range 1.58-4.07) and 3.00£0.71 (range 1.42-3.95)
ng/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
3.3340.63 (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 pg.hr/ml for AUC. and 30.76+4.88
vs 28.27+6.63 pghr/ml for AUCq.np, respectively. 90% CI of Cupax, AUCy and
AUCq.inny 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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P20 TInhibition of Neutrophil Functional Responsiveness and T-
Lymphocyte Proliferation by (-) Panduratin-A

Payong Wanikiat", Patoomratana Tuchinda?®, Vichai Reutrakul®

! Department of Pharmacology, *Department of Chemistry, Faculty of Science,
Mahidol University, Rama VI Road, Bangkok 10400, Thailand,
E-mail address :scpwt@mahidol.ac.th

Abstract

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 TPA-induced ear edema in rats.
Ohjective: 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-cytometricaily, Neutrophil
viability was assessed by trypan blue exclusion and XTT cytotoxicity assays. T
lymphocyte proliferation was quantified by [*H] 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 [*H]
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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P21 Neuroprotective Effects of Curcumin on Hydrogen peroxide-induced
Neurotoxicity in SH-SYSY Human Neuroblastoma Cells

Jantra Chalasin*, Auratai Aramphongphan, Krongthong Yoovathawon and Porntip Supavilai.

Department of Pharmacology, Faculty of Science, Mahidol University, Rama 6 Road,
Bangkok10400
E-mail: scpsp@mahidol.ac.th

Abstract

Curcumin, the major yellow pigment in turmeric (Curcuma longa), is a naturally-
occurring anti-oxidant with numerous pharmacological activities such as anti-iflammatory,
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-SYS5Y cells) in the presence of hydrogen peroxide (H.0,). SH-
SY5Y cells treated with H,O, exhibited a decrease 1n survival. However, pretreatment of cells
with curcumin attenuated the neuronal death induced by H»,O,. 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.onga, is a widely studied
phytochemical which has a variety of biological activities: anti-inflammatory and anti-
oxidative [1]. Oxidative stress play a key role in aging, it i1s 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.longa may be useful for the
prevention and / or treatment of some age-related degenerative processes. SH-SYSY cells
were exposed to oxidative stress induced by H»0,, which has been extensively used to induce
reactive oxygen species (ROS) productions. In this study the protective effect of curcumin on
hydrogen peroxide (H;0,)-induced neuronal cell damage was evaluated.

Materials and Methods
1. Materials

Human SH-SYS5Y 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-SYSY cells

SH-SYS5Y 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, pyruvate and 10 % heat-inactivated fetal bovine serum. 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 2x10* 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 pl of 0.25 mg/m! 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) was added to each well and further incubated
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Figure 1 The Effect of curcumin on H;0;-induced toxicity. SH-SYSY cells were
exposed to 600 uM H,O, for 6 hours in the absence or presence of 100 uM
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 HOs.
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Figure 2 Time course of HyO, induced free radical formation. SH-SYS5Y cells were
treated with 600 uM H;O,. 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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