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2.9 Gn]”)ﬂd"ldﬂm‘iﬁ’ﬁj’]ﬂl GNos Confidence Tnterval

sy

(5 %]

where X, = mean observed response with forinulation i, i = T, R
(where T and R denote the test and reference formulations)
S = ference in formulation means using

obtained from the analvsis of variance

v = degree of freedom for error
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PL3 BIOEQUIVALENCE STUDY : PRACTICAL APPROACH

AL WeY. g guyni
MATrundying anzuwnemans PnsensalumTinnay

. . = at u“ 1 e o J A ar ar
Biocquivalence study : (Humsdnmsdadurmaws 2 shiutuld fildrnddy
. . . o o nJ e v d 1w v " s
(active drug ingredient) Mifiznny WaldmnadimnumeldRaulamineassfitnilauiy
usmun aanGussTinamgaduignualadavasieme (bicavailability) laiuen
69N rfahedes s e nuhentumeinw wiailthanyaun v
(bioequivalence) éﬂﬁ'uuazﬁ'u
w A v oo a 1 LY =t
Tutsznalne Jtusisuauiaiuindoludszimamnnnii 20,000 3y ey
o [ = F=Y ar JA 9 L% '
NUAUUENAEULUY  (me-too drug products) wasudannmmhignunanlssing
) - b=3 b= ar 1 J’ ar o 1 A~ =y
(original or innovator products) SiKAaANAWTzlaTUNM AN NhiiUSInn
iy (active  drugs)  gnaasenundrshiuimueuasiiviinoehiu dafl
. . = t =l ol Moo ar v & v o
pharmaceutical equivalence 939  udnzdualumsinmbivdeunuld dwulaisuy
Mualaimsnaday bioavailability wenAniuRuuBgUAUNEaNMAOULUY (original
138 innovator product) SIWUNNAMUVNAENAUNIEINMW (bioequivalence) fidanans
Vv s A 1 = ar . . AJ 1 1 du (]
 MWuamssnunmfiannudng (therapeutic equivalence) TMdpyanig < wiahil wdlw
¢ o o = v oS = ~ P v
uwnduazindznsonduladanldnd manzan iilszAndmn uazlinawaaualsun
LI | nlo' QI J
thamaanusiilaieiiu
os -ﬂw . . ry ¢ W 1 :1
dmsumsdnmtanmaideisslonyd (bioavailability) waeeneuee g tRenadgau
] 1 = . . o = 1 & 1 ar
NeNULHBIMEINW (bioequivalence) Nuthdutuuvialiny ssdaverdannuinn
A Wy WAdInnadiln  (clinical  pharmacology),  (ARARRUAIEN S
(pharmacokinetics), LAFINTISNMSEINIW (biopharmaceutics) UWRLYWNEDR (statistic) 1ae
IRWIZANHNINNNUFDEH wianudagennlumsssnuuumsdinmnaasiuazms
IPETRUITTE

ar

o d - aa g
A15ANE bisequivalence Tuay Hdunaulumsufudasil

1. udodaweninagau

sh3umniisiundnm bioequivalence Tuauiiu davhumsanalianzaaEna
nuadassuluvasannaess (in vitro studies) el mamuyhautumanianssu
(pharmaceutical equivalence) AU ADALADIN

1. Ananmnidlunsnssnadizeiiam (disintegration test)

2. dnwgaenidlumsazmedizaadine (dissolution test)
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3. vUSinawasmenludinm (content of active ingredient)
4. Anwmanuainguavasiianluiine (content uniformity )

L= 1 = cldn’ (4 ) = n’d or =
wLaaN3UNae (lot) nmnmmﬁnm N JUHEANUANUMMN Vinauazany
a w o o & )
di UBYANEIET T YN FIMIS Wor ) MENNUUTUMTLG NG EB D W 1)
awldiundn Fehumamaday bicequivaléince Tuauuduniiudsudeulumsmesau
. N ~ [ :" ol
Tuvaaanaass Gn virro) ~ aeligaanadauluaudrin

2. stuuumsdnm

Ms@nn bicequivalence i [umsine ¥elueu Taseelumsdnuwniy axda
FUAMENTINNNSAIESTY (Ethics committee) ABINTENTNAGISUGY ¥IBIN: -
AeufezEuhmsdnele

. . J Y ¥ L
M35ANH bioequivalence 1l fivnldnmanaasaiuuiy w3e crossover d
e @ & 1

g0 Feonnainsnuimiuarldzumi i liaannudsiy
sewinyaaasanll vhlduazesmanasasiianugndaswiugndy usshwumaaing
TSiBgnuuy parallel design Tanarainsasgnuiisaaniungu Tasudaznguagldne
dfuiu uasusasauldumifitnsafmahiy
mammuasnoumaaiasiumsdnmi Hidudamdsnnuimeada ovezee
ﬁmuzu’wmnr;:','m“'fmmmumq61u§n%aa1nmmmqaﬁﬁ MSANY bioequivalence dulng
dnagldmnuaamadinsifeemld veadiinu () mmesesnhideumgui e
Tsidlunansdszng Wy YsenaginvusylsUuazaasesidy lahuuadnnumaanos
udlaluns@nen bioeguivalence 13 12 au
dmSumnaiinlumsnagaumeadfivaansdnmn bioequivalence laiiWannagiase
Tagiumuduunimeesdmsaimsuasenasaniyawsm (USFDA) TnlSauifiuen
pharmacokinetic parameters 'huomehqﬁ'uﬁahhfu Tould analysis of variance (ANOVA)

for two way crossover design SINNUMIRNFONTINAUA 909 confidence interval

o =y ey, dl L
3. MU Tiesiiiemanudsdurasenludan
o or o ¥ o . . P W o
dhutlgmaddgnatnanils 289mMsdnIMG bioequivalence  TIRzdavdanuaz
ada v A v v v g ol P o ot o
Nensdiamenu ™~ aen thiasnh ~~sitivity danudie
apr w = 1 o m ar . & o
wope-ificity) HOMNUNUAN (ac____y) UasintNasy (pr 1) haansule uanIniuil
MIAIANAMATHYBINTIN (quality control) A8
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. J 1 l:l 1 & W u.: =l

Tums@nwuuy  crossover design Y SEHELIRTNNYENATIULNLUNASHITUUUA

v oy W [ . = v e o Ve v w

anuddty Aonaaliil wachant nerind Agnaiasuanfisawa Aadasiiszeznanlismedy
. I - o ar 1 l:l o @ T

ENINMSANEENISUInnavmeunaylvmmsuasly thaliliendisuusniluasanis

6 o ar o 1 cl 9 W I s u!! 3
AnwuasiTunas dadi - e gaufinsliendsudald wanlesmlussivua
L. , o . v SN o

FONT O OTWNAT 8N (eli 'm Hn - ]

uazlumsinmn bioequivatence ¥ xmasummaszavenludaaviolutladne o
3 or L] =} - ar A
wumsNsumaifumetadaaviellammzflianuddginn anad wasssaznayas
ar 1 1 d W o s k4
mafudatnezdaadfisewa e lldnnunassedumiunm AWLE ~acme A nensits
o et w P v o
ffensessiinessiduauavizeensgadn  vinanuWutuesEaun  aapnIUTTEL
mstiuenaannTmele
_— 4 - .
M3An bicequivalence 1 A pharmacokinetic parameters ﬁ'l,ﬁ’manm Ob)
1. C_,, (Peak drug concentration) fi'rs::o‘fumwmﬁuﬁuﬂmﬂﬂmﬁamgﬁqm
o
2. T,,. (Time to peak drug concentration) MnanaNududuasenludangegn
. . &
8. AUC (Area under the drug concentration - time curve) wumﬁté‘lm'ﬂﬂﬂm
seauen lu@annunm
' g w & W o A |
M C,,. waz T, sufludniuentvdnsidrlumsqadueesn voieh AUC 2wiien
W o =
gaenudiinalumagady
' Pr| | = = o ' | o
@ parameters B¢ MoReziimsiSeuidisude maeedanGiaimsgad
. ' | Y Y c e
(Ka = absorption rate constant), MANa9dn515IMTednean (Ke = climination rate
COI‘lSiﬂ.ﬂt), djﬂ%q%ﬁmﬂaqnﬁzmgfnnﬂ I o Alicalotian Lalf 1Y M4 slaaeamca SI2LAMALA
wiawmuslan
mafumatadaaserinimshinluudasasimsldomadaies 3 whoaeh
R o | | v . . o o ¥ A o by
ARNTinuaesien uasiiudwaiasle absorption profile NFALY Wy 1 9NAGTHGY 3-4
1 . cl o ' Y . . .
qm’l‘umq absorption phase, 1 30U Cmax uazataion 4 qoﬂ.umﬁ climination phase
1 A [ ] & o’ ] |
garsEaLmen q fasfudiadini | 15EnsiusEHINenIdINIMATaU (test) Uaz
[ e o T Ly
#NAUUUY (reference products) LagtawizlumsuSaudiaviniulsemu waldmsulSeu
o L | ’ e M W
Wauanududufinnane 1 sunsemla
ot o w 1 - ¥ 1_adda P vaor H A A
FEmafuimathudassasdnerintniensiiy srldanvasiuiduvianasn
| v . o 1 =y = 1 | v ow 1
welumsheedasld anticoagulant Tudathadan a1vezinademfidownla et
o d ¥ ; 4L
daenifiulduerdauniuuandiadansen wasiiv seum Wlugdiduiidhn -20°C
d :; & = ar L]
Wahshmsienzimszauaeaall
ar -1 L 1 A ¥ A E=] A 1] )
faendmsiumelugilinisunadullaan: Tuluuigiwe wuannnh
v o a o o A
Touay 30 ¥m dose MY amazldUSnaenazanhtueeninlutasiy (cumulative amount
excreted) U nUSeUtgY bioavailability Hle winamvswaaannWsznindancilu
o . v v M e ey
mMatuenNUaane  (urinary excretion rate) 'lutmnmmﬂ favlanmiviniisnuas
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amandnuMIwisnszrinssdurasnlu@aaiunm wnsdlngasienuduingiu
Tusesddil mafumetnildgamemalaisunndrany wud s cumulative amount excreted
aaaiumadliasuazinume Taamhlazitiunnuia 7 half-life 289626 U633 urinary
. & e H ! . =] =l el =l ¥
excretion rate 21ANUMBENUA 3 half-life N@IWENWD wiiTdlReNANNUIUIUYBITD
NANMIINTZAUET  FUIHIBUIA
P o o o @rn, v v o a
Walduayassziumnialjuamsuds  asasfinsrummsmadsudiuuasag
M3ANE bioequivalence faly
MIANY1INIDY (Preliminary or Pilot study) ABUMSHNHIAN 9 UNATIDRENDN
= Y o 3 2 or 1 =
fimsdnmnlummaiasios 2-3 aunau waldnruiuwunm umsifiudlethaien
wiatldanuialnlaanuoe profile s ludanlilndifesanuiiiuaie useduiums
o o oefey Udﬂ\‘ J o v 4:1 dl ar
ARFDULRENANITALAT I LR B uazeldayamnmnuANNUYTUTINDE
1 o o o s w v
parameters 614 9 Azdnw ansmh lWldlumsdunuminnuermaiasnmansanld

ClUGAYCARDE]

1. Guidelines for Bioavailability/Bioequivalence studies. Working group on the
standardization of the General Guidelines for Bioavailability/Bioequivalence studies.
Drug Analysis Division. Department of Medical Sciences. Ministry of Public Health,
Thailand. August 1992.

2. 99.mMa0# WeHE Myreuaummeasdlumsdne Bicavailability /Bioequivalence.
msduunEsanmamsUssiinlssansmwenloamsinmn Bioavailability & T3ausa
By 17T NI 7 Bamau 2535,

3. i3 Inegly madsziiulsednimwlumsinuneeselosmsdny Bioavailability.
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s MU DTN 7 Banan 2535,
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PL4 mamﬂ"nm‘i’u’[aﬁm'luqﬂﬁﬁmﬁﬁlmi

(Antihypertensive drugs in the new millennium)

Usedm (a1as
f 1 1 wvszknging
1

mananudilafinlugailgiunfsuainndude folminnndy e
Wasumlaeiddde winmadhu,ninmsldnuassaunen lullagty duushmsld
mimnlsnenuiilafingeiinionldfuannfe INC 6 report ez 1999 WHO-ISH
guidelines MagpeNENUIMENMsInmheuiuide Mdwdnmsinsananudse(Risk
stratification)

msiunae sk stratification) 18 Snuiladu@sa(risk factors) suf
waenAafueTirae 9Adenh Target organ damage(TOD), UazAIMSUFAIMIAZTN
Associated clinical condition(ACC) : Taduidaaldun szfuamudulafioiigeliu(Grade 1-
3), BE-LHe, m'iquu‘ﬂ'%, wnny, Useddlunsaunda ; Target organ damage(TOD) 16
urt msfiwledndela, msamawuldinrlutlaaniz, Msas1awy atherosclerotic plague
daevasn@onuns, mswldsun ywaveandeauadhnitlon : Associated clinical
condition(ACC) 1éun cerebrovascular disease, heart disease, renal disease, vascular
disease, WAz advanced retinopathy tilathvisenutiadunsaaiu lvutenduauiianudy
'[aﬁmqqmumwlﬁm daResanmsldmaaniiy 4 Ngufe Low risk, medium risk, high
risk,u8 very high risk lUngy Low risk d@mimstinaimsunsndounnssuuilauas
naamden(major cardiovascular event) 1U¥ 10 thisgnd1 15 wastaud ’luwm:ﬁna;u
very high risk aanmaintgmunindaunnszuumlatazvaandanmnnni 30
wWaswudluzgana 10 T

Whvaneeesmssne(Goal of therapy) faasinisunsndaumsszuumlaua:
waanden Midem fa anamusulafialddnt 140,90 wu. Usan uazudlatlady
e SEmsSnenih ldaadd de Lifestyle modification, Lz Pharmacologic treatment

psuLinvasnanaNuiulafn(Classification of antihypertensive agents)
INC 6 Faudsmunalnmssangnamiautdiy fia

1) Diuretics

1.1 Thiazide

1.2 Loop diuretics

1.8 Potassium-sparing diuretics
2) Adrenergic inhibitors

2.1 Peripheral agents
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2.2
2.3
2.4
2.5

Central alpha agonists
Alpha blockers
Beta blockers

Combined alpha and beta blockers

3) Direct vasodilators

4} Calcium antagonists

4.1
4.2

Nondihydropyridines
Dihydropyridines

5) ACE inhibitors

6) Angiotensin II receptors blockers

7} New drugs

7.1
7.2
7.3

Centrally acting drugs
Vasopeptidase inhibitors

Endothelin antagonists

v 4 =,
Wil WHO-ISH guidelines liletiusmeunalnmseangns usnanteemih

nEiNEiaﬂ 186 nejumu‘dﬁmﬁ‘l’&’%’nm k) Diuretics, beta-blockers, calcinm antagonists, ACE

inhibitors, angiotensin II antagonist, alpha adrenergic blockers waz ld l¥manmslunmssnn

Tidatl

1) Low dose: I3ams3inymdaealugineiar ~nau uaaas uitnainaeniy

2) Appropriate drug combinations: mauldSuianmstaden  ldtfiumnaald

o v o oo ' © v & o -
W“n‘im’ﬂﬁﬂ’ml']ﬂﬁﬂﬁ‘i')ﬂ llu’ﬂg.l'dﬂ']ﬂ\'iaﬂ\iﬂ'ﬂ-uﬂuqﬂwl ALNEY

2| & o W y '
3) Changing to different drug class if not response: tUagusNNUAM auldliney

sunsaamiafimmsthads Teldineendguaanly

. o =y [ 4 T ]
4) Long acting drugs: #1Anangnaenadu 24 gu unsilnadiniiluwimsaugu

anuaulafnuaslasnuy TOC

L2
L Y

UseTemfnnmsine mynnguiiisdafuactaidy diumnudazi fifldawmnely

auldunengueneny wuy

Diuretics

Beta blockers

ACE inhibitors

V:]d . .
A luauldnfimaz heart failure, systolic hypertension

| . D . .
Taluauldniimae Angina, post myocardial infarction, cardiac
tachyarrhythmia

vel o . . . .
A luanldnilmae heart faiture, post myocardial infarction, LV

dysfunction, diabetic nephropathy
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vl o

Calcium antagonist Taluauldniinmag angina, elderly patients, systolic hypertension
vel o

Alpha blockers Taluauldni prosthetic hypertrophy

Angiotensin II antagonist 1ﬁ“lu¢l1ﬂ‘27‘ﬁﬂ ACE inhibitor cough

fhifidayaaiuayuh mdladnhdvlu msaeamsunsndaumeszuuiila
uazwaandan(cardiovascular events) @anuaUstlumiavuaifionn msananuiy
Tatio dayaflafuayuissTamiuas diuretics tax beta blockers Tudimsanamsunsnday
maszuuilauazvaaadaaiinninailasmngiihiemifimnu  fimmassnauas
enlupuldann 'ﬂagaﬁﬂﬁ’uaquﬂiﬂﬂﬁﬁwm calcium antagonists W8z ACE inlibitors #
wan warislififoyaimwaiesaiumulsdumiluwimsaaamsunsndaumessuuia
Tauazvannidon 2a9 alpha blockers Wa% angiotensin 1I antagonists uazﬁmﬁmﬁﬂé’uwﬂq
de ldiidayaatiuayun hananuaulaineur 9nu mdlavianguladniniu

Diuretics feauiiumuan nz 91010 UseAnBawgs thiazides (unitlFinni
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Alpha blockers UssAnSmud uadaldfidayaaivayuhausasaaimsunsndau
massuuhlaasveaniden SHamsseiafivutasiia postural hypotension dasseialuau
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INC 6 = The Sixth Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure

1999 WHO-ISH Guidelines = 1999 World Health Organization - International Society of
Hypertension  Guidelines for the Management of

Hypertension
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SY1 PROBLEMS OF NSAIDs IN CLINICAL ASPECT
Narong Bunyaratavej, MD.

Department of Orthopaedic Surgery , Faculty of Medicine, Siriraj Hospitol,
M Ur  rsity.

The inflammation process can be elicited by numerous stimuli which some are
proved and some are unknown, at the present we recognized prostaglandin as main
factor. If we interrupt the process of prostaglandin formation at any stage so we can
decrease the process of inflammation that induced by this mediator. The most method
use is to inhibit the process of prostaglandin formation considered enzymatic block
such as the inhibition of inducible cyclooxygenase (COX-2), phosphaselipase A,
(PLA;) etc.

Unfortunately the process of inflammation can be induced by many mediators
and chemical substances ie nitric oxide (NQ), leukotriene (I.T), platelet activating
factor ( PAF), some cytokines. These mediators, some, are related so if we inhibit
one may be effect normal function of the others.

The principle use of NSAIDs can be summarized.

Use NSAIDs for process of inflammation not for pain killer or antipyretic.
Adjust dose as much as possible especially in long term use.

Duration of treatment should be short term, not more than three months.
Co-medication with NSAIDs should be avoid or consider drug interaction
carefully.

Child and elderly people considered as contraindication.

Child bearing mother, breast feeding should not be used.

7. Evaluate the efficacy should be more than 3-5 day after medication.

bl S

S

NSAIDs can relieve symptoms and signs of inflammation but the process of
disease may need combination of treatment such as physical therapy, rest and some
conditions considered surgery.
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SY2 THE COX-2 CONCEPT: AN UPDATE
Pravit Akarasereenont, MD.Ph.D

Department of Pharmacology, Faculty of Medicine, Siriraj Hospital, Mahidol
University

Cyclooxygenase (COX) is the first enzyme in the pathway in which
arachidonic acid is converted to prostaglandins (PGs) which have numerous
cardiovascular and inflammatory effects. COX exists in at least two isoforms, the
constitutive (COX-1) and inducible isoforms (COX-2). COX-1, which is
constitutively expressed in many tissues (including vascular endothelium,
gastrointestinal tract, platelets, and kidney) is responsible for producing prostanoids
that regulate normal physiological functions. In contrast, COX-2 is the inducible
isoform responsible for the production of prostanoids in response to a variety of
stimuli in different tissues and for mediation of inflammation and pain in certain
diseases. Since the identification of COX-2, a lot of researches have been devoted to
elucidating and understanding its molecular and physiologic characteristics. As a
result of research into the differences between COX-1 and COX-2, new insights into
the role of each isoform in normal homeostasis and in their responses to exogenous
stimuli have emerged. Recent evidences suggest that COX-2 has diverse physiologic
and pathophysiologic functions. It is expressed constitutively in the developing
kidney and brain, playing a role in their proper maturation and function. Furthermore,
COX-2 expression may be upregulated at certain sites besides its induction in cells at
inflammatory sites. COX-2 is known to be induced in the kidney in response to
sodium depletion or in hyperfiltration states; in postsynaptic excitatory neurons in the
brain after electroconvulsive stimulation, in the ovary and uterus during ovulation and
implantation; in intestinal epithelium after bacterial infection; as well as in colon
adenoma and carcinoma cells. These findings have suggested a broader spectrum of
biological activity of COX-2 and potential alterations of specific physiologic or
protective mechanisms by inhibition of COX-2, as well as potential new clinical
targets of therapy with COX-2 inhibitors. As COX-2 appears to play an important role
in pathologic processes other than pain and inflammation, ongoing research is
investigating the potential utility of COX-2 inhibitors in other conditions, such as
colonic polyposis, colorectal cancer, and Alzheimer's disease. Despite this apparently
optimistic outlook for future uses of COX-2 inhibitors, most of the findings
supporting this perspective are based on in vitro and in vivo models and must be
rigorously corroborated in human studies, some of which are already planned. Thus,
the development of specific COX-2 inhibitors will clearly provide important advances
in the therapy of pain and inflammation as well as a diverse array of other conditions.
However, it is important to bear in mind for the side effects of COX-2 inhibitor from
inhibiting the role of COX-2 in physiological stress or pathological defences which
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SY3 CLINICAL IMPLICATION OF COX-2 INHIBITORS IN THE
TREATMENT OF ARTHRITIS

Worawit Louthrenoo, M.D.

Division of Rheumatology, Department of Medicine, Faculty of Medicine, Chiang Mui
University, Chiang Mai 50200, Thailand

ABSTRACT

It is now recognized that the prostaglandin synthesis in humans is caused by the 2
cyclooxygenase (COX) enzymes, COX-1 and COX-2. The COX-1 enzyme is expressed constitutively,
and is responsible for homeostasis of the body eg, vascular dilatation, mucous production in the
stomach, platelet aggregation and the control of renal blood flow. The COX-2 enzyme, which is
present in leukocytes, vascular smooth muscles and synoviocytes, is induced by a variety of stimulators
including cytokines, endotoxins and mitogens. The prostaglandins produced by the COX-2 enzyme are
responsible for inflammatory reaction. Inhibition of the COX-1 enzyme is responsible for adverse
reactions, particularly in the gastrointestinal system (dyspepsia, ulcers and bleedimg), while inhibition
of the COX-2 enzyme will decrease inflammation. Traditional nonsteroidal antiinflammatory drugs
(NSAIDs) inhibit both COX-1 and COX-2 enzymes. The recent development of new drugs (both
preferential COX-2 and specific COX-2 inhibitors}, which have more selectivity to the COX-2 enzyme,
possesses the samne pote ' in decreasing pain and inflammation as non-specific COX inhibitors, but
with a significant reduction in adverse GI reactions. These new classes of drugs might change the role
of treatment for arthritis in the future,

Key words: cyclooxygenase, prostaglandins, NSAIDs, arthritis

Address correspondence and reprint requests to: Worawit Louthrenco, M.D., Division of
Rheumatology, Department of Medicine, Faculty of Medicine, Chiang Mai University, Chiang Mai

50200, Thailand
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Naproxen 27(1.9 4) 50 0.05 18.5
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Tugandwilodidseiundadudieuls! cox-1 wnntueulm! cox-2 ¢
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(Drugs Used in the Treatment of Alzheimer’s Disease)
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NEUROTROPHIC DRUGS
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SY5 ALZHEIMER’S DISEASE : FRC I PATHOPHYSIOLOGY TO
PHARMACOLOGICAL INTERVENTION
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Pathophysiology

1, auauﬁna\: ﬁWHﬁﬂﬂNB\IaﬂaQ Lﬁaaua\nmuaq i'aqauaqn*i’w'?‘fu ventricle
'ty
2. Lﬁaaumﬁ neurofibrillary tangle, amyloid protein, neural plaque
3. mmr‘-imﬂnﬁmqﬁ’uqmsu — human chromosome 21 & B - amyloid encoding
4. B - amyloid synthesis pathway — amyloid precursor protein (APP) & protease
inhibitor
5. Acetylcholine (ACh) deficiency
- low choline acetyltransferase & ACh synthesis
- ACh receptor responses & [B — amyloid synthesis
6. Other abnormalities
- Aluminium, Toxin
- Brain circulation & metabolism
- Other neuroregulators : dopamine, norepinephrine, serotonin, GABA,

glutamate, peptides, growth factor, steroids

Pharmacelogical intervention

1. Increase ACh synthesis : choline, lecithin, phosphatidylcholine

2. Inhibit ACh degradation (AChEIs) : tacrine, donepezil, galantamine,
heptastigmine, rivastigmine, metrifonate

3. ACh receptor agonists : sabcomeline, xanomeline

4, Alter ACh receptor signal transduction and B - amyloid synthesis ; drugs
acting at G proteins, proteins kinase C, phaspholipase C: phorbol esters,
staurosporine, tyrphostin A25, genistein

5. Non-specific: nootropics, gangliosides, anti-oxidants, vitamins, etc.
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Effects of AChEIs in Alzheimer’ disease
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Key Questicns

1. How selective is the selective CNS AChE inhibition ?
2. How to assess efficacy 7
3. Are the adverse effects tolerable ?
4. How long would the efficacy persist 7
lNEITa N8
1. Kelly JS. Alzheimer's disease: the tacrine legacy. Trends Pharmacol Sci 1999; 20:
127-129.
2. Racchi M, Govoni S. Rationalizing a pharmacological intervention on the amyloid
precursor protein metabolism. Trends Pharmacol Sci 1999; 20: 418-423.
3. Pametti L, Senin U, Mecocci P. Cognitive enhancement therapy for Alzheimer's

disease. Drugs 1997, 53: 7562-768,
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SY6 COMPARISON OF PHARMACOKINETICS-PHARMACODYNAMICS
OF ARTEMISININ DERIVATIVES IN HEALTHY NORMAL
YOLUNTEERS AND UNCOMPLICATED MALARIA PATIENTS

Paktiya Teja-Isavadharm’, Supornchai Kongpatanakul®, Kesara Na-Bangchang’,
T " Keeratithaku'' “"’meesorajl, Srivicha Krudsood?,
Udomsak Sil. 1 an®, Ni | J White!, Thomas
Brewer!

! Armed Forces Research Institute of Medical Science, Rajviti Road, Phayathai,
Bangkok, Thailand, zHospital Jor Tropical disease, Faculty of Tropical Medicine,
Mahidol University, *Department of Pharmacology, Faculty of Medicine, Siriraj
Hospital, Mahidol University, *Wellcome-Mahidol University-Oxford Research
Programme, Faculty of Tropical Medicine, Mahidol University

ABSTRACT

The Artemisinin class of compounds is the most rapidly acting of all
antimalarials. Two artemisinin derivatives, artemether and artesunate have been most
widely used in the treatment of multi-drug resistant falciparum malaria. Artesunate (AS)
and most other artemisinin derivatives (artemether, arteether) are biotransformed to
dihydroartemisinin (DHA), the major active metabolite. Dihydroartemisinin is the most
potent member of the class in ix vitro test system. It is synthesized by chemical reduction
of artemisinin extracted from the Chinese herb and is used as the starting material for the
manufacture of artesunate, artemether, and arteether. Since DHA is the most potent and
least expensive to manufacture, it has the potential to be developed as an antimalarial
drug in the market.

Artesunate is readily biotransformed to dihydroartemisinin and, therefore,
ineasurement of antimalarial activity in blood provides a critical pharmacodynamic
endpoint. Quantitative determination of plasma total antimalarial activity can be
performed by the use of an in vitro Plasmodium falciparum bioassay method, which has
been validated to measure drug in serum or plasma samples from patients given
artemisinin compounds. The plasma antimalarial activity is reported as the concentration
equivalent to DHA. In other words, the antimalarial activity of AS is reported as the
concentration of DHA that produces the same antimalarial activity as AS. Data from the
bioassay provides information on the pharmacokinetic-pharmacodynamic or the effect
kinetic profile of the drugs.

As part of the drug development process, the pharmacokinetic-pharmacodynamic
properties of oral dihydroartemisinin were compared with oral artesunate (4 mg/kg) in a
crossover study in Thai healthy volunteers (n=20) and in patients with acute,
uncomplicated malaria (n=20) admitted to the Hospital of Tropical diseases, Bangkok.
The drugs were given sequentially once daily (day 1 DHA, day 2 AS or vice versa). For
patients, mefloquine (MQ) 25 mg/kg was administered as a split dose on the third day to
complete the treatment.

The maximum effect (Cpax) associated with DHA (1,576 nM) is less than that of
AS (4,042 nM) in normal volunteers (p < 0.001), but it is comparable to AS in patients
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(3,377 vs 5,400 nM, p 0.04). The time to reach maximum effect (tya) for both drugs in
normal volunteers and patients are 0.5 — 3 and 0.5 - 8 hr respectively. The elimination
half-live’s (ty ) of the effect associated with both drugs are between 1 - 2.6 hr in
volunteers. Although in patients, the half-live’s of DHA are not different than in
volunteers (p > 0.05), there are wide variation in the half-live’s associated with AS in
patients compared to volunteers (0.5 - 4.0 h). The areas under the effect-time curves
cor . for molar do (AUC/D) of I A in both volunteers and _ tit s (0.394 and
0.804 h.kg.L", respectively) are less than AS (0.654 and 1.114 hkg. L™, respectively; p <
.001). The relative bioavailability of the effect associated with DHA is 70% and 80% of
AS in volunteers and patients, respectively.

The apparent volume of dlstrlbutlon (Vz/f) of the effect associated with DHA is 2
fold %reater than AS (6.8 VS 2.7 L.kg™! in normal volunteers, p = 0.001; and 2.6 VS 1.6
L. kg in patients, p = 0.005). The clearance (Cl/f) of the DHA effect is faster than that of
AS in normal volunteers (3.0 VS 1.7 L.kg'.h? , p <0.001) but it is not clinically different
in patients (1.3 VS 1.0 Lkg b, p = 0.01). The volume of distribution and clearance
associated with DHA are reduced by half in patlents with malaria compared to volunteers
(6.79 VS 2.57 L.kg" and 3.03 VS 1.33 Lkg".h', p = 0.001 and < 0.001, respectively).
Both parameters for AS are also reduced in patients but to a lesser extent than DHA (2.68
VS 1.59 L.kg" and 1.72 VS 1,01 Lkg' h', p=0.004 and = 0.006, respectlvely)

In summary, effect kinetic bioavailability of oral DHA is 80% of oral AS in
patients. If the production cost of DHA is, in fact significantly less than AS, DHA can be
regarded as comparable to or economically better than AS.
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SY7 MECHANISMS OF DRUG RESISTANCE IN PLASMODIUM FALCIPARUM
Mathirut Mungthin

Department of Parasitology, Phramongkutklao College of Medicine, Bangkok,
Thailand

A major obstacle to the treatment and control of malaria is the emergence of drug
resistance in Plasmodium falciparum. Drug resistance has been defined as 'the ability of a
parasite isolate to survive and/or multiply despite the administration and absorption of a
drug in doses equal to or higher than those usually recommended but within limits of
tolerance of the subject™,

The intensity and frequency of resistance from each foci varies substantially. These
factors are dependent upon such variables as the amount of local drug pressure, the rate of
active malaria transmission in the area and the length of time that drug resistance has been
acquired within that area, The emergence of drug resistance is thought to have come about
by the selection of existing resistant mutants through drug pressure, although it is accepted
that parasite isolates expressing natural variations in drug susceptibility do exist’. This
selective drug pressure has most likely been applied by the unsupervised use of subcurative
doses of antimalarials that have been made widely available to the public in many parts of
the world, but may also be due to non-compliance, vomiting and/or diarrhoea after drug
intake. As drug resistance is genetically determined, it will be spread by active malaria
transmission, as gametocytes from resistant isolates will produce resistant offspring,
Antimalarial resistance has been shown to be a stable phenotype maintained in in vitro
culture for many years in the absence of continued drug pressure”.

Chloroquine (CQ) resistance in P. falciparum was first reported in the late 1950°s
from 2 separate foci; South America® and Southeast Asia®. Today CQ resistance effects
most areas of the we='1 in which the drug has been used”®. Indeed, in some areas CQ is
now almost completely ineffective. Parasite resistance is not confined to CQ. There have
been recent reports which suggest that amodiaquine (AQ), a niore active analogue of CQ,
commonly used in Africa in the therapy of CQ treatment failures is also subject to
resistance mediated treatment failures®'’. The increasing problem of parasite resistance to
CQ had prompted the use of combinations of existing drugs, in addition to the
development of novel antimalarials. During the 1970’s a combination of pyrimethamine
and sulphadoxine, named Fansidar, was employed. However, the development of
resistance to this combination and adverse reactions has limited its use in many areas''.
Furthermore, parasite resistance to the new generation of antimalarial drugs has been
reported. Resistance to mefloquine (MQ) in P. falciparum was observed as early as in
1982 in Southeast Asia and 1983 in Africa'®!® and clinical resistance persists despite an
increasing of the therapeutic dose'®, Early clinical failure to new drugs such as MQ and
halofantrine (HF) may be explained by cross-resistance' 2%, Further compounding the
situation is the continued drop in the sensitivity to quinine (QN)!", which now has to be
routinely administered together with tetracycline®', Artemisinin and its derivatives arc
highly effective for treatment of multidrug-resistant falciparum malaria, To date, a few
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treatment failures have been reported®’; however, actual parasite resistance to these drugs
has not been documented.

Clinical resistance to CQ in P. vivax has been recently reported particularly from
Southeast Asia and Oceania®?® and resistance to pyrimethamine is also we known®.
However, because of the difficulty of in vifro culture, mechanism of drug resistance in P.

vivax is less explored.

Mechanism of resistance to antifolate drugs in P. falciparum

Pyrimethamine binds and inhibits malarial dihydrofolate reductase (DHFR) and
sulphadoxine acts on dihydropteroate synthase (DHPS). The combination of pyrimethamine
and sulphadoxine gives a synergistic action against P. falciparum. Resistance to this
combination has long established particularly in Southeast Asia'''% Specific mutations in
both target enzymes can evade the action of these drugs. Kinetic studies of DHFR showed
that resistance in P. falciparum was associated with a reduced affinity binding between drug
and target enzymc”'zs. It is well established that pyrimethamine resistance is a result of the
mutations in the P. falciparum dhfi- gene. A single point mutation on codon 108 from Ser to
Arn is linked to pyrimethamine resistance. Additional changes in codons 59 (Cyst to Arg)
and/or 51 (Asn to Ile) confer higher level resistance”>!. Different mutations on this gene
conferring pyrimethamine resistance in P. falciparum have been reported’”. Interestingly,
with these 3 mutations, changing at codon 164 (Ile to Leu) confers cross-resistance between
pyrimethamine and cycloguanil, the active metabolite of proguanil (a I [FR inhibitor).
While changing of codon 108 (Ser to Thr) and 16 (Ala to Val) is only associated with
resistance to cycloguanil®?*. The importance of the mutations associated with
pyrimethamine resistance has been confirmed by the experiments using both homologous
and heterologous transformation .

The gene encoding P. falciparum DHPS has been sequenced. Specific point
mutations on this gene have been linked to sulphadoxine resistance in vitro. Mutations
associated with decreased susceptibility to sulphadoxine include codon 436 (Ser to
Phe/Ala), 437 (Ala to Gly), 540 (Lys to Glu), 581 (Ala to Gly) and 631 (Ala to Thr/Ser)’’ ™,

Mechanism(s) of resistance to quinolines in P. falciparum

Unlike antifolate drugs, the mechanism(s) underlying quinoline resistance is/are less
clarified. However, the studies performed so far, mainly involving CQ, have produced a
number of important, and widely accepted, insights into these resistance mechanisms.

Chloroquine resistance :

Proposed mechanisms for CQ resistance have been based on the evidence that CQ-
resistant parasite accumulates less drug than its susceptible counterpartJMz. Therefore most
of the proposed mechanisms have usually been linked to the reduction of drug available to
the site of action; the food vacuole of the parasite.

As the major driving force for 4-aminoquinoline accumulation in the parasite is the
transmembrane proton gradient“, changing in the magnitude of this proton gradient can
alter parasite susceptibility. Resistance in P. falciparum could therefore result from an
elevation of basal vacuolar pH in the resistant parasite. Based upon these ideas, Williams
and Fanimo (1974) suggested that the lower steady state level of drug seen in resistant
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parasites might be due to alterations in the regulation of vacuolar pH in resistant isolates™,
It is accepted that vacuolar pH in P. falciparum is maintained by a balance between an
inward proton transporter, the vacuolar ATPase pump, and outward proton leak™.
Therefore, an increased intravacuolar pH in resistant parasites could be due to either an
increased proton leak or reduced vacuolar ATPase activity. Indirect support for this
hypothesis using a mathe; tical model showed that the di. = wcyt +» 1s = s
drug levels seen in CQ-resistant and -susceptible isolates conld be &> ' i -d simply due to a
reduced force for uptake in the resistant isolates®. Further evidence in support of this
hypothesis was that CQ-resistant parasites were more sensitive to the effects of bafilomycin
Al, a specific vacuolar proton pumping ATPase inhibitor, than their susceptible
counterparts®’. Two subunits of the vacuolar ATPase from P. falciparum have been cloned
and the proteins characterised which showed significant sequence homology with the A and
B subunit of those found in a variety of organisms, However no differences have been
identified between CQ-resistant and CQ-sensitive parasite in either of these subunits that
could explain CQ resistance phenotype™® ™. It must be noted that although direct
measurement of the intravacuolar pH of resistant and susceptible isolates has been
attempted (independently), none of the studies described have compared absolute vacuolar
pH values of resistant and susceptible isolates within the same study’**,

Based on the finding that resistant parasites released pre-accumulated CQ 40-50
times more rapidly than their susceptible counterparts and verapamil (VP) was able to
inhibit this enhanced efflux and increase steady state levels of drug®', it was then suggested
that rapid efflux was responsible for CQ resistance in P. falciparum. Since VP is a classical
chemosensitiser that can reverse drug efflux in multidrug-resistant tumour cells. However,
these findings have since been questioned by a number of workers who failed to show
differences in efflux rates between resistant and susceptible isolates*” **. Furthermore, the
study using mathematical model derived for the time course CQ accumulation by Ginsburg
and Stein (1991) concluded that the differences in CQ accumulation between resistant and
sensitive parasites could - explained purely by the differences in uptake force™. The
observations that differences in drug activity correlated more favourably with rates of drug
uptake rather than drug efflux have been confirmed i later studies®*®, According to
Ginsburg and Stein’s model, Bray ef al. (1994) suggested that the resistant isolates may
have an enhanced efflux capacity for CQ, this is however only at very low extern: drug
concentrations which is possibly therapeutically irrelevant™,

The level of CQ accumulation in malaria parasites could be due, at least in part, to
the presence of a specific drug importer or ‘permease’. Warhurst (1988) hypothesised that
the differences seen in levels of CQ accumulation between resistant and susceptible isolates
could be due to differences in the quantity, affinity for substrate and/or location of the
‘permease’ in resistant isolates™ . It was also suggested that the permease could be situated
on both the plasma membrane and the food vacuole membrane, but working in reverse to
export drug from the vacuole, into the cytoplasm and then out of the parasite. This
hypothesis is consistent with the earlier observations of Moreau et al. (1986) who showed
that a closely related analogue of CQ was accumulated predominantly in the acid
compartments of CQ susceptible P. berghei, whereas in resistant isolates this compound
was highly localised in the cytoplasm also™.



Vol 22 : Supplement 1, 2000 S65

Recent work from Sanchez ef al. (1997) based on the inhibition of saturable CQ
uptake by the amiloride analogue, EIPA (a specific blocker of the plasma membrane Na*/H*
exchanger)” in the progeny of a genetic cross between CQ-resistant and CQ-sensitive
clone® suggested that CQ is actively imported into the parasite by the Na* binding domain
of the Na"/H" exchanger, in exchange of protons. With modification, it was later suggested
tt "Qis T T it Na'vv o’ a’ st " “Estimulated sodium/proton
exchange™. These authors then sugg ‘ed that changes in the CQ importer could generate
CQ resistance. However several evidences contradict this hypothesis, Bray et al. (1999)
showed that CQ uptake by free parasites was identical when the extracelluiar sodium was
replaced by either choline or glucamine. Moreover EIPA could compete for CQ
accumulation SJmply by binding to haem which has been demonstrated to be vital for CQ
accumulation®. Although the gene responsible for CQ resistance in these progeny has been
identified and postulated to encode for a transporter, Su ef agl. (1997) could find no
meaningful sequence with any ion channel or Na'/H" exchanger®.

Finally, it has been suggested that CQ resistance may be due to a reduced affinity of
the intraparasitic binding site for CQ i resistant isolates®®. Using a mathematical model
based on the hypothesis that the high-affinity drug accumulation, rather than whole-cell
accumulation, is responsible for its pharmacological activity, it has been shown that the
apparent K, for high-affinity uptake is significantly increased in resistant isolates and this
apparent K. can be reduced in the presence of VP without any effect on low-affinity
uptake®. Further, it has been demonstrated that CQ-resistant and -sensitive isolates
accumulate similar amounts of CQ at high affinity when external concentrations correspond
to their respective ICso values. The low-affinity uptake is equivalent in both isolates,
however, because of the increased K, of the high-affinity process in resistant isolates, the
contribution of low-afﬁmty accumulation is greater. This model can explain the
observations that differences in CQ accumulation between sensitive and resistant isolates
are not as great as the differences in their dose-response to CQ"™* ' and that the increased
CQ accumulation brought by VP is insufficient to explain the increased susceptibility to CQ
also seen in the presence of VP***’,

Mefloquine/halofantrine resistance

The mechanism of action of and resistance to M(Q and HF remain unclear. It has
been shown that drug susceptibility to MQ and HF correlate with accumulation. By the
analysis as Bray ef al. (1998) did®, the activity of both MQ and HF depend on specific
accumulation at a high affinity site with in the parasite®. Although there are a number of
candidate accumulation sites®’, haem would appear to be a good candidate. Using a specific
inhibitors of plasmepsin and a cysteine proteinase inhibitor suggest that MQ and HF exert
their effect by an haem dependent mechansim®,

Penfuridol can reverse MQ and HF resistance in P. falciparum™ ", similar to the
effect of VP on the CQ resistance. The ability of penfuridol to enhance susceptlblhty in

resistant isolates is associated with an enhancement of drug accumulation™. 66

69-70

Molecular characterisation of quinoline resistance
The demonstration that CQ resistance in P. falciparum could be partially reversed
by VP led to the investigations at the molecular level”'. This phenomenon had been linked
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to that of mammalian multidrug-resistant (MDR) cancer cells where drug resistance is also
associated with the reduction of intracellular drug accumulation. In cancer cells, VP is able
to reverse the resistance phenotype by competing with the cytotoxic drug for an active
eftlux component on the cell membrane. This protein namely P-glycoprotein is encoded by
the mar geneu'M. Therefore, by analogy, it was suggested that VP exerted its
chemosensitisatic =f” ts,in P. £ 7@ 1, byir™™" g actc S 20 eomp’)
In cancer cells, selection for {I  usually coincides with ar ) "a P-
glycoprotein and amplification of the mdr genes that encode this protein’®. P-glycoprotein
belongs to the family of Adenine nucleotide Binding Cassette (ABC) transporters. The
classical P-glycoproteins are large plasma membrane glycoproteins consisting of two
similar halves; each containing six putative transmembrane segments and an ATP-binding
site. Drug resistance is caused by the ability of P-glycoprotein to extrude drugs. against a
concentration gradient, resulting in a decrease of the intracellular drug concentration
available to the drug target. Studies with P. falciparum have resulted in the isolation and
characterisation of three P-glycoprotein homologues, namely pfindrl, pfindr2 and
pfecn20®®, Of these three mdr-like genes, only the pfindrl gene has been linked to the

quinoline resistance phenotype.

pfmdrl and Chloroquine resistance

Stronger evidence has been forwarded to implicate a possible role for pfindrl in
drug resistance in P. falciparum. The pfindr] gene, which is situated on chromosome 5, has
been shown to encode a 162 kDa protein, P-glycoprotein homologue 1 (Pghl) which
belongs to the ATP binding cassette (ABC) transporter family and shows 54 % homology
with mammalian P-glycoprotein™. The protein consists of two homologous halves and an
asparagine-rich hinge region; each half molecule contains 6 transmembranous domains and
a nucleotide binding fold. The protein is present throughout all the asexual intraerythrocytic
stages of the parasites life cycle and is located mainly on the membrane of the digestive acid
food vacuole and to a lesser extent on the plasma membrane of the parasite®. More recent
studies also localised this protein to other membrane structures in the parasite®.

Original studies involving a limited number of P. falciparum isolates of varying
susceptibility, suggested that CQ resistance might be linked to amplification of pfindrl and
overexpression of Pghi”. However, subsequent studies have failed to correlate
amplification of pfindr1 and parasite sensitivity to CQ™. Indeed these studies have indicated
that not only can similar levels of Pghl be observed in both CQ-resistant and -susceptible
isolates, but also that certain susceptible isolates could have higher levels of expression than
the resistant parasites, In fact, subjecting moderately CQ resistant strains of P. falciparum to
CQ to produce a higher level of CQ resistance resulted in deamplification of the pfindri
gene from 3 copies to 1%,

The lack of a correlation between Pghl expression and CQ resistance led
investigators to speculate whether specific mutations in pfindr] might be responsible for CQ
resistance. Studies by Foote ef al. (1990) suggested that resistance to CQ might indeed be
correlated with amino acid differences in the pfindr]l gene®, although again, these findings
are not without controversy. In this study, the authors identified two “alleles’ that appeared
to be related to CQ resistance. The authors were able to predict the sensitivity status of 34
out of 36 isolates of P. falciparum based solely upon whether or not they possessed these
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alleles. One of the alleles (termed the K1 type) involved a single amino acid change (Asn®
to Tyr*), the second (termed the 7G8 type) involved three amino acid substitutions (Ser'®*
to Cys'™, Asn'™? to Asp'® and Asp'**® to Tyr'?*). Further studies, involving sequencing
pfindrl from P. falciparum isolates from Afiica, have also reported a strong relationship
between the K1-type mutation and CQ resistance®*®, However, several reports failed to
identify a mplete © | I v yofthe ~ " mns Q- s ph  ty; in
bott “e'*" ' % and culture-adapted isolates®®™*,

Following the observation that application of CQ pressure to laboratory isolates of
P. falciparum, resulting in an increase in CQ resistance, was accompanied by a
deamplification of the pfindrl gene®. It was suggested that the Pghl might be involved in
the accumulation of CQ in the food vacuole of the parasite. This hypothesis has been
examined by transfection the pfindrl gene into Chinese hamster ovary cells (CHO), it has
been shown that those cells expressing the wild-type Pghl are hypersensitive to CQ as a
result of increased CQ accumulation™. However the transfected cells with the double
mutant pfindrl gene with amino acid replacements at positions 1034 and 1042, showed
neither CQ hypersensitivity nor the ability to accumulate CQ. Following work has indicated
that cells expressing the wild-type Pghl have a lower intravacuolar pH compared to cells
expressing the mutant Pghl or non-transfected cells’. It was proposed therefore that Pghl
mediated increased CQ accumulation by decreasing vacuolar pH. Further, the author
hypothesised that Pghl may be acting as a chloride channel, although no direct evidence
was forwarded. This work has therefore strengthened the hypothesis that pfindrl may play a
role in concentrating CQ within the malaria parasite’s food vacuole, by reducing
intravacuolar pH and thus increasing the force for drug accumulation in this cell type.

cg2 and Chloroquine resistance

The studies described above provide a rather confusing picture as to whether or not
the pfindrl gene is involved in CQ resistance in P. falciparum. However, studies involving
the analysis of a single genetic cross between a CQ-resistant and CQ-susceptible isolate of
P. falciparum appear to provide the strongest evidence so far that the pfindr]l gene is not
involved in CQ resistance®® *’. The progeny exhibited the phenotypic characteristics of
either the resistant or susceptible parent; this was seen as evidence that a single genetic
locus may be responsible for the drug phenotype. In the initial study, inheritance of parental
pfindrl did not segregate with the drug response. Further work by Su ef af. (1997) identified
cg2, a gene on chromosome 7 which encodes CG2 a unique ~300 kDa protein with
complex polymorphism®. The polymorphism of this gene was linked to the CQ-resistant
phenotype in these progeny. It must be noted that chromosome 7 contains no pfindr genes
(pfindrl is situated on chromosome 5). The CG2 protein was localised to the peripheral
membrane and in association with haemozoin of the food vacuole prompting speculation
that CG2 is a drug trafficking protein. However the experiments of genetic transformation
by the same group indicated that CG2 may not play a role in CQ resistance’®. Recently a
novel, complex polymorphic gene named pffcr has been identified and linked to CQ
resistance in the genetic cross progeny and field isolates®. Further studies of mechanistic
role of this gene has to be done.
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Pfmdr1 and Mefloquine/Halofantrine resistance

Although the role of the pfmdrl gene in CQ resistance is unclear, several studies
have identified a link between the amplification of pfindrl and MQ and HF resistance, A
number of workers have shown that the selection of MQ-resistant isolates by subjecting
parent lines to sequentially increasing MQ concentrations was associated with an
amplification of pfir " 17 '™ Jt must also be "t “inthestu™ 5 * eril
decrease in MQ susceptibility ' ‘ned in " se drug pressure experim¢ ‘s was
accompanied by cross-resistance to HF and QN and also an increase in CQ susceptibility.
Conversely, both Barnes et al. (1992) and Peel et al. (1994) have shown that CQ resistance
selected by CQ pressure, was accompanied by a deamplification of pfindr{ and an increase
in susceptibility to MQ and HF* '!, These observations have further strengthened the link
between MQ and by implication HF (which share similar cross-resistance patterns to MQ)
resistance and pfmdr1 gene expression. In addition, work by Wilson ef al. (1993) involving
the analysis of a number of resistant field isolates from Thailand, appeared to confirm that
both MQ and HF resistance is indeed linked to pfindrl amplification®. Experiments in a
heterologous yeast system showed that Pghl can act as a transporter, expression of pfindrl
has been shown to functionally complement the ste6 mutation in Saccharomyces
cerevisiae'. The yeast ste6 gene encodes a P-glycoprotein that exports the yeast a-type
mating factor, mutants being unable to export this peptide'®. These workers provided
further evidence for the functional importance of aniino acid differences in the pfidr1 gene.
Cells expressing Pghl containing 2 of 3 7G8-type mutations were unable to complement
the ste6 mutation, Using this yeast model, it has been demonstrated that the pfindrl gene
confers resistance in yeast cells to MQ, HF, QN and mepacrinelm. Drug resistance in
pfindr transformants was associated with decreased drug accumulation and an increase in
drug release from preloaded cells. Again it was also reported that mutations associated with
the 7G8 CQ-resistant allele resulted in loss of function.

However recent reports question the role of pfindrl in aminoalcohol resistance.
Studies of a HF-resistant isolate (K1Hf), selected by intermittent drug exposure, has
indicated that the decrease in HF susceptibility obtained, which is accompanied by a
decrease in MQ susceptibility and an increase in CQ susceptibility, is not accompanied by
an amplification of pfindrl 19 Furthermore, similar findings have been reported for cloned
lines selected for MQQ resistance by the application of MQ drug pressuremﬁ. Recent work
also shows no association between reduced sensitivity to MQ and HF and the level of
pfindrl amplification and expression in recently adapted and fresh Thai isolates™® 197108
These studies indicate that the acquisition of MQ and HF resistance need not always be
accompanied by an amplification of pfindr1.
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ABSTACT

25-hydroxycholesterol is the most abundant of cholesterol oxidative products
which has been shown to be injurious to many types of mammalian cells including
vascular endothelial cells and smooth muscle cells both in vitro and in vivo.
Prostacyclin (PGI;) is the most potent inhibitor of monocyte activation, platelet
activation, secretion and aggregation. Cyclooxygenase (COX) is the rate-limiting step
of PGI; synthesis. Constitutive and upregulated constitutive COX (COX: )}
expression and inducible COX (COX-2) expression are important in PGI; production
required for physiological and pathological defense of blood vessels. It is not known
whether cholesterol oxidative products, one of the causes of atherosclerosis, effects on
cyclooxygenase expression in vascular endothelial cells. Here we have investigated
the effects of 25-hydroxycholesterol on cyclooxygenase expression in human
umbilical vein endothelial cells (HUVEC). HUY™7 was obtained from babies born
to normal pregnancy and grown as standard technique. The medium in the third
passage was replaced with fresh medium (control) and fresh medium containing 25-
hydroxycholesterol (0.1, 1 and 10 pg/ml). Cells were then incubated at 37°C under
5% CO; concentration for variable periods of times (6, 12 and 24 hours). After which
time, the release of 6-keto-PGF), (a stable metabolite of PGL) in medium was
measure by enzyme immunoassay (EIA) technique and the remained cells were
extracted to detect COX protein expression by Western blot technique. The effects of
25-hydroxycholesterol on cell viability were also investigated using MTT assay. All
concentrations of 25-hydroxyche :sterol (0.1, 1 and 10 pg/ml) and incubation times
(6, 12, 24) used did not effect either cell viability or COX-1 expression, 0.1 ug/ml of
25-hydroxycholesterol up to 24h-incubation period could not induce COX-2
expression, However, at the higher doses (1 pug/ml for 24h and 10 pg/ml for 12 to
24h) incubation could induce COX-2 expression, The cyclooxygenase activities,
measured from 6-keto-PGF), level in medium supplemented with 10 pM arachidonic
acid, were also increased in HUVEC treated with 25-hydroxycholesterol at the dose
of 10uM for at least 12 h and at the dose of 1 pM for at least 24h. Because of no
change in COX-1 expression, the increase in COX activity should be due to the
induction of COX-2. This may be the physiological defense of endothelial cells
against vascular insults.
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02 A COMPARATIVE EFFECTS OF CU 763-16-04 AND CU 763-15-13 ON
THE SMOOTH MUSCLE CONTRACTION OF ISOLATED RAT
STOMACH AND EFFECTS OF CU 763-16-04 ON ISOLATED RABBIT
AORTA.
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ABSTRACT

e effects of CU 763-16-04 and CU 763-15-13, of which main structure was
similar to synthetic K'-channel opener on the smooth muscle contraction of isolated
rat stomach, rabbit aorta, rat aorta and vasdeferens had been studied. CU 763-16-04 as
well as CU 763-15-13 reduced the smooth muscle contractions of rat stomach, which
induced by 5-HT, Ach, CaCl,; and BaCl; in high potassium depolarizing solution and
TEA,; but less stronger than papaverine. Pre-incubation with CU 763-16-04 reduced
the smooth muscle contractions of rat stomach which induced by 5-HT in Ca®* —free
Krebs buffer. CU 763-16-04 as well as CU 763-15-13 reduced the smooth muscle
contractions of rat aorta and vasdeferens, but CU 763-16-04 increase the smooth
muscle contractions of rabbit aorta induced by 5-HT. CU 763-16-04 reduced the
smooth muscle contractions of rat vasdeferens, of which different from CU 763-15-13
induced by NE. These results suggested that CU 763-16-04 and CU 763-15-13
produced non-specific relaxing effect on isolated smooth muscle. The mechanism of
action of CU 763-16-04 and CU 763-15-13 may interfere with the release of
intracellular calcium from SR and calcium movement through calcium channel,
probably involve by opening K*-channel.
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ABSTRACT

The purpose of this study was to evaluate caffeine clearance, a quantitative
liver function assessment, in patients with hepatocellular carcinoma (HCC). Liver
function test both conventional test and caffeine clearance were evaluated in twelve
patients pre and post treatment with Transcatheter Oily Chemoembolization (TOCE).
Each patient took a 3.5 mg/kg single oral dose of caffeine solution at pre TOCE
treatment and 1 day and 5 weeks post treatment, Blood samples were subsequently
collected at 0.5, 1.5, 3, 5, 10 and 24 hours after caffeine administration. Clearance, Vd
and half life were determined by the pattern of pharmacokinetic study. It was found
that caffeine clearance decreased (P = 0.06) and decreased significantly (P = 0.03) at
1 day and 5 weeks after OCE treatment, respectively. No significant change (P>
0.05) in alanine transaminase (AST) and aspartate transaminase (ALT) were observed
neither on 1 day nor 5 weeks post treatment. It can be concluded that post TOCE
treatment patients have impaired hepatic metabolic activity demonstrated by
measuring caffeine clearance. Liver function assessment in HCC patients with
caffeine clearance looks more sensitive than conventional liver function test.

Key words: caffeine clearance, hepatocellular carcinoma, transcatheter oily
chemoembolization
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04 EFFECTS OF PSYCHOLOGICAL STRESS ON LOCC [OTOR
ACTIVITY IN ETHANOL-TREATED RATS

Haruthai Thaidee ' and Noppamars Wongwitdecha®

‘rToxicology Program, Faculty of Science, Department of armacology,
Faculty of Science, Mahidol University, Bangkok 10400, Thailand

ABSTRACT

Early life stress has been shown to alter the behavior of the adult animals and
modify the effects of various addictive agents!™®. The objectives of the present
experiments were to study the effects of psychological stress in the early stage of life
(social isolation, rearing from weaning) on locomotor activity, and to compare the
effect of ethanol on this behavior in rats reared with different psychological stress
conditions (socially and isolation reared rats). ,

Methods: Male Wistar rats were obtained from weaning (21 days of age) and housed
either alone (isolation rearing) or groups of five rats/cage (social rearing). After four
weeks, these rats were placed individually into an open field arena (an animal model
of locomotor activity) either without drug pretreatment or following intraperitoneal
injection of saline or ethanol (60 and 240 mg/kg) 30 min before a 5 min test.

Results: The results showed that isolation reared rats exhibited hyperlocomotion (as
indicated by increasing total zone transitions), had significantly more number of rears
than socially reared rats. Both socially and isolation reared rats spent longer time in
the outer zone (P<0.05), however, isolation reared rat demonstrated inore entries and
spent more time in the inner zone than the social reared rats. Pretreatment with
ethanol (60 and 240 mg/kg i.p.) had no marked effect on total zone transittons in both
socially and isolation reared rats. However, ethanol significantly reduced the number
of inner zone entries and time spent in a dose related manner only in isolation reared
rats.

Conclusion: These results indicate that psychological stress during the early stage of
life alters locomotor activity and modifies the effect of ethanol in the adult rats. This
abnormality may reflect alterations of central neurotransmitters such as GABA ete.
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ABSTRACT

GANODERMA LUCIDUM (GL) is an herbal medicine with antitumor activity
capable of suppressing the growth of various tumors in vive. The exact mechanism of
GL against tumor cells is not clearly understood. The present study aimed to evaluate
the direct cytotoxic effect of crude polysaccharide fractions (FO and FA) of GL extracts
from both Thai and Japanese strains in P388 mouse leukemic cells (P388 cells).
In addition, the activity of various antioxidant enzymes superoxide dismutase (SOD),
glutathione (GSH) peroxidase, and catalase) were measured in P388 cells bi 1 in the
absence and in the presence of GL extracts.

GL had no cytotoxic effect, though it inhibited the growth of P388 cells in a
concentration dependent manner. The potency of inhibition was FA Thai > FO Japanese
> FA Japanese and FO Thai. The SOD, GSH peroxidase and catalase activities in P388
cells were 19.04 U/mg protein, 0.00126 U/mg protein and 0.00000483  sec™
mg protein”!, respectively. FA Thai and FO Japanese fractions of GL extracts
significantly increased SOD activity 29.78 % and 20.69 %, respectively, I Thai and
FA Japanese fractions significantly increased GSH peroxidase activity. None of the GL
extracts altered catalase activ _.

..1ese data thus indicated that-GL extracts exhibited no cytotoxic effect in P388
cells but they could inhibit the growth of P388 cells. The growth inhibition of P388
¢ s was not correlated with GSH peroxidase and catalase enzymes. This inhibition
may result from the increased SOD activity.

Key words:  Ganoderma Iucidum, antioxidant enzymes, P388 leukemic cell,
cytotoxic effect
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ABSTRACT

Cytochrome P450 2C19 (CYP2C19) is a polymorphically expressed enzyme
responsible for the metabolism of several drugs including barbiturates, carisoprodal,
diazepam, mephenytoin, omeprazole, lansoprazole, proguanil and propranolol.
Genetic polymorphism of this enzyme shows marked interracial differences with the
poor metabolizer (PM) phenotype representing 2-5 % of Caucasian and 13-23 % of
Oriental populations, {ore than 99 % of the PM in Asian populations are defined by
two defective alleles, CYP2CI19*2 and CYP2CI19*3. In the present study, the
phenotype and genotype of CYP2C19 was investigated in 55 Northeastern Thai
subjects using omeprazole hydroxylation index and polymerase chain reaction-
restriction fragment length polymorphism technique, respectively. The distribution
of omeprazole hydroxylation index in these subjects was biomodal. Four of these
subjects (7.3 %) were identified as PM with omeprazole hydroxylation index higher
than 7 (8.31-29.59). Analysis of CYP2C19 genotype in these 55 subjects revealed
that the allele frequencies of CYP2CI9*!, CYP2C19*2 and CYP2C19*3 were 72.72,
7 1772 %, respectively. T° 7 qu  cies of the defective CYP2C19*2 1
CYP2C19*3 alleles in the Northeastern Thai PMs were 50 % and 25 %, respectively.
It is noteworthy that one of our four PMs appeared to be an outlier whose phenotype
could not be explained by the two major defective alleles. Whether 1is PM
representing a novel defective allele nged to be further investigated.

Key words: cytochrome P450 2C19, CYP2CI19, genetic polymorphism phenotype,
genotype, Thai
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ABSTRACT

Cyclooxygenase (COX), which exist as COX-1 and COX-2 isoform, is the
first enzyme in the pathway in which arachidonic acid is converted to prostaglandins
including PGI,. Previously, we showed that 17f-estradiol stimulates the production of
prostacyclin (PGI,), a potent vasodilator and platelet inhibitor, through the induction
of COX-2 in endothelial cells. However, the signalling mechanism of COX-2
induced in 17p-estradiol activated endothelial cells has not been clearly identified.
Here, we have used protein kinase inhibitor (staurosporine) as pharmacological tool to
investigated the signalling mechanism of COX-2 induced in human umbilical vein
endothelial cells (HUVEC) treated with 17p-estradiol. COX activity was measured
by the production of 6-keto-PGFj, (stable metabolites of PGI) using enzyme
immunoassay. COX-2 protein expression was detected by using immunoblotting.
17B-estradiol (0.001, 0.01, 0.1 and 1 nM) increased COX activity by the production of
6-keto-PGFi4 in a dose dependent manner. Interestingly, COX-2, but not COX-1, was
induced in 17p-estradiol treated HUVEC. This induction was increased in a dose
dependent manner. Moreover, the induction of COX-2 in 17B-estradiol treated
HUVEC was inhihited when cells were coincubated with staurosporine (protein
kinase C inhibitor; v.0l, 0.1 and 1 pM). This inhibition was inhibited in a dose
dependent manner. The increased COX activity in HUVEC treated with 17f3-estradiol
was also inhibited by staurosporine (0.01, 0.1 and |1 pM) in a dose dependent manner,
These resuits suggested that the increased COX activity in 17p-estradiol treated
HUVEC was mediated COX-2 induction via protein kinase C.
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ABSTRACT

Objectives

To investigated the effects of COX-metabolites (PGl,, PGE;, PGF,, and
TXAj;) on COX-2 expressed in human umbilical vein endothelial cells (H! /EC)
treated with IL-1[3.

Materials & methods

Human umbilical vein endothelial cells (HUVEC) were obtained from babies
born to normal pregnant women (H /EC) and cultured in 96-w:  /6-well plates as
standard techniques. Cells were grown to confluent and replaced with fresh medium
containing no addition, IL-1p alone, COX-metabolites alone and IL-1p plus COX-
metabolites (0.001, 0.01, 0.1 or 1 pg/ml) for 24h. Then, the medium was removed and
replaced with fresh medium containing arachidonic acid (10 uM for 10 min). After
which time, the medium was collected to measured COX activity by the production of
6-keto-PGF),, (stable metabolites of PGI) using enzyme immunoassay. ~ e remained
cells were extracted and detected COX isoform expression by using immunoblotting.

Results

PGl,, PGE,, PGF», or TXA,, did not affect on basal COX activity in untreated
HUVEC (24h incubation). Untreated HUVEC contained COX-1 protein but not
COX-2 protein. When HUVEC were treated with IL-1p (1 ng/ml for 24h), COX
activity and COX-2 protein was increased in a dose dependent manner. The increased
COX activity in IL-1p (1 ng/ml) treated HUVEC was inhibited with PGE, (0.03, 0.3
or 3 pM), but not PGI,, PGFy, or TXA; in a dose dependent manner. Similary, COX-
2 protein expression in IL-1p treated HUVEC was also inhibited with PGE;, but not
PGy, PGF;4 or TXA; in a dose dependent manner.

Conclusion
These results suggested that PGE,, but not PGl,, PGFsq or TXA; is a key in
feedback regulation of COX-metabolites produced in HUVEC.
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ABSTRACT

The HIV virus infection is the important problem of Thailand. The patients
infected with HIV-1 virus were spread out all over the world, the HIV-2 infected patients
were found in west Africa but it is not severe as HIV-1 infection. The AIDS patients
having immune deficiency, may induce undesirable symptoms such as fever, nausea
vomiting, cramp, dizziness, headache and may cause severe disease such as tuberculosis.
The objective of this research in to prove the antifungal activity of turmeric oil against
Penicillium marneffei, Candida albicans, Cryptococcus neoformans which are the fungi
isolated from HIV patients. Another objective of this study is to observe and follow up
the HIV patients after giving vitamins and turmeric oil cream preparation. We also
studied the effect of turmeric oil cream in normal volunteers and with fungal infection.
From this study, turmeric oil isolated from turmeric by steam distillation is clear pale
yellow liquid, soluble in 70-80% ethanol yield average 1-3% of raw material, and
possesses 20 chemicals structure by Gas Chromatography analysis. The sensitivity test of
turmeric oil on the different fungi microorganisms was studied in comparison to standard
drug, aniphotericin B in different doses. Turmeric oil in the dilution of 1:160-1:2" -ould
inhibit growth of Candida albicans 34 isolates (strains) from 37 isolates, dilution of
1:160-1:10 could inhibit growth of Cryptococcus neaformans 33 isolates and dilution of
1:160-1:40 could inhibit Penicillium marneffei all of isolates 37 isolates. In this study, the
researchers will give counselling to HIV patients, give the knowledge of health care,
health promotion informations about how to use medicinal plants, medicine, home care,
food every month, and giving vitamin C, Vitamin B, B,, Vitamin B complex. Turmeric
oil cream were prepared and the patients need to receive this new drug preparation for
skin rash, the results was found that turmeric oil cream was good for them, and they need
more for skin therapy.

Key words : Research and Development Turmeric oil HIV patients
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ABSTRACT

Iron overload, is closely associated with pathophysiological changes in
thalassemia, An oral iron chelator, deferiprone (1.1) should be on trial to prevent the
oxidative damage in thalassemic patient. The preliminary study the effect of L1 on
biochemical compositions (total cholesterol, total protein, and total iron) and lipid
peroxidation markers {(conjugated diene, lipid hydroperoxide and malondialdehyde) in
lipoproteins (VLDL, LDL, HDL; and HDL3) was performed in 3 thalassemic patients.
They took the daily dose of L1 (50-75 mg/kg) for several weeks (20-50 weeks). The
time course of L1 on the changes of biochemical compositions and lipid peroxidation
markers in their lipoproteins were widely fluctuated. However, the statistic data
showed a significant therapeutic effectiveness in mobilizing iron and progressive
decline in the level of initial phase oxidative markers (CD and LOOHs) with r > 0.8
(p<0.05). This finding indicates that the overloaded iron is one of the initial factors
for pathophysiological changes in thalassemia.

Key words : deferiprone, thalassemia, lipoproteins, lipid peroxidation
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P6 THE INHIBITORY EFFECTS OF EXTRACTS OF SOME HERBAL
MEDICINES ON THE PRODUCTION OF PROINFLAMMATORY
CYTOKINES BY IN VITRO STIMULATED HUMAN BL.OOD CELLS

Sopit Thamaree', Kiat I|{ugrungthaml, Nijsiri Ruangrungsi®, Nongnuch

Thaworn!, W: "¢ n

Faculty of Medicine, *Faculty of Pharmaceutical Sciences, Chulalongkorn
University, Bangkok 10330, Thailand

ABSTRACT

Purpose : Andrographis paniculata, Clinacanthus nutans, Gynura pseundo-chinag and
Gynura integrifolia had been widely used as antiinflammatory herbs in Chinese and
Thai traditional medicine, TNF-a, IL-1-$ and IL-6 are proinflammatory cytokines
produced mainly by blood monocytes and tissue macrophages. They play crucial role
in the processes of inflammation. Interference with the production of
proinflammatory cytokines may be responsible for their biological activity. It is
therefore, the purpose of this study to investigate the effects of test compounds
including, andrographolide; an active principle isolated from the leaf of
Andrographis paniculata, ethanol extracts from Clinacanthus nutans, Gynura
pseudo-china, and Gynura integrifolia on the production of proinflammatory
cytokines by lipopolysaccharide (LPS)-stimulated human blood cells.

Methods : Heparinized human blood obtained from normal volunteers was
stimulated with LPS in the presence or absence of test compounds. After a 6-24 hour
incubation, supernatant levels of 11.-1, [L-6 and TNF-a were measured by ELISA.
Results : Andrographolide at a concentration of 20 pg/ml caused a decrease in the
production of TNF-o. by LPS-stimulated blood cells down to 3.7% of the level in the
control group, while the production of IL-1-f and 1L-6 were slightly increased. The
ethanol extracts of Clinacanthus nutans and Gynura pseudo-china dose dependently
(20 pg/ml) and significantly suppressed the LPS-stimulated whole blood generation
of IL-1-B but not the production of I1.-6 and TNF-a. The ethanol extract of Gyaura
integrifolia did not inhibit the production of TNF-a, IL-1-p and IL.-6 by the I.PS-
stimulated blood cells.

Conclusion : Although the production of IL-1-B and IL.-6 are slightly increased, the
data clearly indicates that andrographolide possesses the inhibitory effect on TNF-o.
production by LPS-stimulated human blood cells. This activity may contribute to
the antiinflammatory activity previously reported. This effect may be dose-dependent
and may also be involved the inhibition of inflammatory mediators of arachidonic
acid pathway. The inhibitory effects of ethanol extracts of Clinacanthus nutans and
Gynura pseudo-china on the production of II.-1-f indicate the activity contributing to
the antiinflammatory action.
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P7 PRIMARY CULTURES OF CHOLANGIOCAR(C NOMA
ESTABLISHED FROM BILE FLUID EXPRESS INSUL. -LIKE
GROWTH FACTORIA D FAS

Adisak Wongkajornsilp, Yudhtana Sattawatthamrong, Sukit Huabprasert

Department of Pharmacology and Departiment of Medicine, Faculty of
Medicine Siriraj Hospital, Mahidol University, Bangkok 10700

ABSTRACT

Cholangiocarcinoma cells were isolated from biliary fluid aspirated from the
lumen of bile duct upstream from the intrahepatic obstruction in subjects inflicted
with cholangiocarcinoma using endoscopic retrograde cholecystopancreatomy
(ERCP). These established cultured cells were confirmed for their epithelial origin by
their intensely staining with primary antibody against cytokeratin. By using flow
cytometric analysis, these cultured cells were positively stained for insulin-like
growth factor 1 (IGF-1) and Fas (CD95) using the respective specific monoclonal
antibodies. The findings of IGF-1 expression suggested that IGF-1 could mediate an
autocrine action in the proliferation of these cells. The downregulation of IGF-1
within these cells may have a therapeutic potential in the respective subjects. The
observation of Fas on these cells suggested that these cancer cells could enter into
apoptotic stage in responsive to contact with Fas ligand (CD95L).
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P8 THE STUDY OF MAGNESIUM SUPPLEMENT IN PREGNANT SOWS
Wilai Rattanatayaroml, Kumpee Kortheerakul?, Hans- Georg Classen3

! Department of Pharmacology, Faculty of Medicine, Srinakharinwirot
University, Ban_ k, Thailand, *h ttion piy  wrm co tance, Thailand,
I Deparment of Pharmacology an. ..xicology of _._ trition, University of
Hohenheim, Stuttgart, Germany.

ABSTRACT

Magnesium (Mg) in the form of magnesium L-aspartate hydrochloride (MAH)
20 g per sow per day equivalent to dose 13 mg of Mg/Kg body weight per sow per
day was given to pigs n=24, compared to control group n=24 (totally purebred 47,
crossbred 1) body weight amounted to 150 kg and daily food consumption to 2.4 kg,
Mg was given at starting 0 to 4 days before mating for all pregnant period ca. 117
days and after delivery for 4 days. Blood collection from jugular vein were done 5
times at weeks 0, 4, 8, 12, 16 of experiment weeks 0 was before pregnant, weeks 4, 8,
12 were during pregnant and week 16 was after parturition 4 days. Plasma magnesium
and calcium were measured by atomic absorption spectrophotometer. The level of Mg
on weeks 0, 4, 8, 12, 16 were 0.84+0.05, 0.62+0.1, 0.6510.05, 0.74+0.07, 0.85+0.12
mmol/l respectively in control group and were 0.87 +0.1, 0.7110.08, 0.77+0.17, 0.81+
0.05, 0.90£0.09 mmol/l respectively in Mg treated group. The level of plasma
magnesium in Mg treated group were increased significantly (p<0.01) during week 4,
8,12 while plasma calcium were slightly decreased (p>0.05) in Mg treated group.
During gestation both plasma Mg and plasma Ca in the same group were decreased
significantly (p<0.01) from starting week (Week 0), and after parturition plasma Mg
was increased to nearly the same level as Week 0 while plasma Ca slightly increased
during Week 12 and Week 16 but were still lower than Week 0. Blood glucose
preserved in NaF were detected within 24 hrs after blood collection by GOD-PAP
method enzymatic colorimetric method. Blood glucose in Mg-treated group was not
different from control group (level between 70 to 90 mg/100ml). The pattern of blood
sugar during gestation in the same group were also decreased significantly from week
0 (p<0.01) in both control and Mg treated group but after delivery the level of
glucose were increased nearly the same level in Week 0. Mean pregnant period were
116+3 days in control group and were 11712 days in Mg treated group. Percent
abortion were 8.3 in control group and were 12.5 in Mg treated group. Totally piglets
consume were 184 in control and were 186 in Mg treated group. After statistic
analysis, it was found that mean little size, birth weights, abnormality, mummified
foetues, and stillbirths were not significant different from control group. But the
figures of mean mummified foetuses and stillbirths were more prominent better in Mg
treated group than control. In conclusion, these data showed that MAH 20 g/sow/day
equivalent to Mg dose 13 mg/Kg per day for long term treatment in pregnant pig can
fullfill achieve a significance rise in magnesium levels, but the increased plasma Mg
did not change the level of blood glucose in pregnant sow. This supplementation of
Mg did not delay parturition and be safe to do on whole pregnant period, some benefit
on decrease of mummified foetuses and stillbirths were observed .
Key words : Magnesium, Supplementation, Pregnant pigs, Blood glucose,

Stillbirths, Mummified foetuses
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