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Abstract

The purpose of this study is to investigate thc relationship between the chemical structure of
acetophenoncs and their activities, in stimulating bile secretion and lowcring plasma lipids. The
acetophenones used are structurally related to that of phloracetophenone (2,4,6-trihydroxy acetophenone,
THAY) which has been reported to effectively stimulate bile secretion. In the present study, twenty-one
acetophenone analogs and derivatives werc used. For the same number of substituents on the benzene
ring, hydroxy acetophenone was found to induce a greater choleresis. The number and position of
hydroxy substituents on the benzene nucleus and physicochemical propertics of the compounds played
important rolcs in determining choleretic activity, biliary excretion of bile acids, and lithogenic index.
Among the hydroxylated analogs, THA was identificd as thc most polent choleretic compound whereas
2,6-dihydroxyacetophenone (DHA) which has less hydrophilicity induced low choleretic activity. In
addition to stimulate bile secretion, THA, and DHA also augmented excrctory rates of bile acid and
cholesterol, respectively, which both subsequently lower plasma cholesterol levels. The choleretic
mechanism of hydroxy analogs was investigated by using 4-hydroxy acetophcnone. After being absorbed
through the small intcstine, the compound was transported into the l'ivcr and was biotransformed to 4-
hydroxyacetophenone-4-O-glucuronide for excrection into bile. The excretion of this osmotic active
metabolite into bile was suggested to be one of the choleretic mechanisms, in addition to stimulate
excretion of bile acids.

Plasma lipid lowering activities of THA and DHA werc investigated in hypercholesterolemic
male hamsters. Both THA and DHA decreased plasma VLDL and LDL-cholestcrol but not HDL-
cholesterol. They did not alter hepatic cholesterel content which indicated that they neither inhibited the
“hepatic secretion of lipid into circulation nor induced accumulation of lipid in the liver. However, they
stirnulated activity of cholesterol 70(-hydroxylase in liver (6 to 7-fold). Corresponding to the increase in
enzyme activity, they increased cxcretion of fecal bile acids and cholesterol.  Therefore, it is suggested
that THA and DHA reduced plasma cholesterol by stimulating hepatic conversion of cholesterol to bile
acid for disposal via biliary excretion and feces.

Toxicity of THA was cvaluated by using various animal species including mice, hamsters and
rats of both sexes. LD, values for an acute toxicity of a single intragastic and intraperitoneal dose in
mice, hamsters and rats were found to be dependent on routes of administration, species and sex of
animals, but was not age dependent. Mice and hamsters were more sensitive to THA than rats. By oral
route, the LDy, values in adult male and female rats were higher than 6 g/kg BW, at which the compound
can practically be classified as a non-toxic compound. Subacute toxicity of THA was further investigated
in adult male mice by giving a daily sublcthal dose for 30 consccutive days. It was found that THA, at
high dose induced periportal hepatocyte degencration. Plasma levels of liver enzymes, alanine and
aspartate aminotransferases and other biochemical parameters including BUN, bilirubin, and hepatic

triglyceride content, although slightly increased, remained within the normal range.

v



The possible therapeutic effect of THA treatment in cthinylestradiol(EE)-induced cholestatic
animals was cvaluated. An intraduodenal administration of THA immediately increased bile flow rate and
reversed the elevated level of plasma alkaline phosphatase in the cholestatic rats to normal levels, but it
did not affect the clevated bilirubin.

In conclusion, the results of the prescent study demonstrated that among acetophenone analogs and
derivatives used, THA, aglucone of a naturally occurring compound from Curcuma comosa (family
Zingiberaceae) is thc most effective compound in stimulating bile secretion and lowering plasma lipid. [ts
mechanism of action is, at lcast, mediated through an excretion of osmotic active metabolite of the
compound and an activation of hepatic cholesterol 7-CL hydroxylase activity for conversion cholesterol
into bile acids and excretion into bile and feces. This latter mechanism is of interest as a new strategy for
lowering plasma lipid in hypercholesterolemic paticnts. The information gained from the present study
provides basis for further development of plants containing this compound as a therapeutics agents for

treatment cholestasis and hypercholesterolemic patients.

Keywords: bile, cholestasis, cholesterol, Curcuma comosa, phloracetophenone, toxicity,

2.4,6-trihydroxyacetophenone '
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1$19991N15 acetophenone 3IUHIA1S analogs Mozl lumsinuuiiumsiadfifis i A

¥

o b 4
Tun13 39013915092 NUTUABUNITANADINNE UATMIFAATITH analogs @139 11 A0y Taoas
TRhasuSqninismiouine

»
o’

ae o d =Y 5/ a wa 3/ Y o o o =4
ms3vetlunms e uion§dfmsTaoldny Rae wadidudainanes Dvouwaveams
Iudsae 1Un
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1.1 MSANMIDIANNANHUS V018NN 1ASI3199DIaF acetophenones HUGNENIINTTAN
mmmum (Structure-activity relationship of acetophenones and bile secretion)
o

m‘sﬁnmmqnwmmsﬂamsnsvﬂums}1aamﬂiﬂummmsﬁﬂuﬂuwu rat WUE Wistar
WAE) vnninuszinas 200250 ndy Li‘luﬁ'mmammuamuamﬁm‘ajmmgm (Pokphand Animals
Fed Co., Ltd., Bangkok) 8911311 1 Al §aUAY Nembutal (35-50 mg/kg., i.p.) 11 tracheostomy 11 ®

" ¥

%2611n15%1019 cannulate bile duct #20 polyethylene tube (PE) No. 10 (oA U1I1A @8a%D PE No. 50

¥ . = 8 . o . v ) 2 -
197 femoral vien 1IN0 1% 11N infuse 7138220 N3 infuse A0 normal saline INENALNUNITTEYLOY

»

o a o " = w o Ted o 1
uweadnisyninnisnaase guuglvesdaineasgnaiuguliogi 37°C A9t rectal probe Ao

ar 9 [ v 9 ] ar o
A1 temperature regulator 1au1% IW@oalinnuioumitioddn)
o o a ' oy o e t : o g [ 1 = ar =4 : = [
MM ua 0011989 TvasenuinoihAlur99r9as 30 WA wasennuihdluyaa
>

- l

1’1 2 lm?ﬂ'!ﬂﬁﬂﬂ?ﬂ'iﬁwﬂWU‘ﬂﬂﬂQﬂﬁ%leﬂﬂ'E)UL‘U'IﬂTWSJﬁ"IulﬂLﬁﬂU'iL’Jiu duodenum YINSIAUNIAAD

o

.

T 6-8 %19 13RI lumTINAABUTILIY 2] muazmmaa:awiu 10% DMSO #70aududun

4 g ar o ar v o o
muzauvaniune i dninaaswadszia 50 mgkg BW) lddainaasinguaz 8-10 #1 i
. ¥

¥ .
MSIUToUNoUen3I1IN15SMA41IA (bile flow rate) NeNBULIAZHAINITRAMISUGaZGIN 1T Naa oY Lavey

o

9 = F= | ‘:‘ as ar 1 ﬁ. o v ¢=: o1 as [ 4::(
TanSouiounain lddudninaasslunquaiuguin 1A5uUA solvent finaudoafudio furamigns

13
=Y

9 1 ] s o oy = =
msnsmumﬁmmusqmﬂﬂ HUBRTINMIHANNA (Bile flow rate) lawinilootinsla onset s

9
duration Lfluamﬂs mm "lﬂumﬂ'iuﬂmmmmmummmaamﬂ (bile salt concentration) LB%

3
o

Anuannsolunisndundethd (total output) Reemnluudazdas RInsIRsErinSeradan

enzymatic method Tavls enzyme 3-CL steroid dehydrogenase ATV Tumberg and Antony-Mote
(1969)



ar G @ a o o =
1.2 AnUIDIRNUFUNUS IZHINVUIATYOINTS acetophenones HUGNENIINTTAUNIHANNA
uazeanlsznovue i (Dose response effect of acetophenones on biliary secretion and

constituents)

¥ ¥

wioudaInaasin it lanaudludnedu (1.1) Sae1saraiu acetophenone analogs i}
o 9 Iy da LY ] a A 9 s W o = ot
gniawmunnrado (1.1) Iashilanududuuanainuiadig Inssdlddn  Wseuiounanis
[} » . EY
nszAumIIndnig  uazmsildsun)asesdiszneuveni@udminliarsvunadgiudsznm s
o nydlﬂ' Y o - 4 4 :,d ar 1 ﬂ”
vua dhan laudnud e uazdinsizvesddsenouve nird dere liil
) »
- IIUIUMIOATINITHAIUDNITA (Bile flow rate)
o o o ¥y ¥ I :u = . . <5 24 : ad
- MINITUATIZHHIANULUUYaUNADUIA (Bile salt concentration), Ysuimvaunanuian
09NN (Total bile salt output)
o = o 3 W = :q S R
- MRS THa It uINLaz S U0 cholesterol 1WA 1AUIT cnzymatic method
1]
(Bolton et. al, 1980)
- Hi1M3 R 12 US U phospholipid (Ellefson and Caraway, 1976) Taumisaniauazia Usuin
Y03 inorganic phosphate #10 Fiske & Subbarow method (1925)
3
- ddmamaiuIf s lithogenic index A035U84 Carrey (1978)
4 g 2 o 4 o 4wy . o 4 a ¢
a3 vdumInannd MIMsINLADA uazuun plasma NUTAMEUUAL -20°C oA 1ZH

) [ ¥
- US04 cholesterol U triglyceride Niag lunarau uazvaimingy

v v
o s o

1.3 fAinmdanalomsesngnBnszdun1snaniig (Mechanism of action)
- s o o e o b a a_ ar 3 o 3 -
Wisavnenlszneunanveniiane nsmhd Fevzliumumddglumsnsedumsndnin
at Y . 4 g’ Y 1 4 Q‘J o’ = =
Taududa 19159 osmotic inA w1000 N M308AYNBVBINITANATNIzAUMIHANTIRD vIAADIN
9 a : =t as u‘: . n‘: q’: 1 c{ o
Tnsedunisdundoind nedumatiu nie metabolite voaes1iu niosanietia Tavmsiigndy

¢ o el

» » v .
penuiazash MmwesnuuruRedundoid lunsanuisoiios evinisSms evhannsseen
1 ﬂ [} ltl =1 giag LY 2 °y ) . R t a |¢; o ] :
umMuuseiels DaunvuAUINAeYIA (Bile acid dependent flow, BADF) uazaiuf ludusumnasih
Eﬁ' (Bile acid independent flow, BAIF)
. al‘ o o 3 '
Tums#inyidanil 19015 4-monohydroxyacetophenone U umu ¥itn1ssausauthan1den
EY 9 [] u'a ]
NNIZAUATUTT 4-monohydroxyacetophenone Tuas 2 2 Tuawudeniedon absolute ethanol 20 1y

= [7) n’: o Y 1 :’ =1 Qy
Tavd3uns ndaemiuih lddislusiniudeaduna 30 uid fetuay 11 lUnsesdonszaiunseg



' ¥ N

“wnuazdsauen llsaunanaznauonn a1t llssmedaesavinazas Taunisnauannuay
udainldudane1dgeygime dhasi 18 lazaiely 5 ml 20% methanol uAMUNAIY preparative-
HPLC;

Column: Deta-Pak C!B, I51m, 40 x 100 mm,

Mobile phase: 5 : 95 U093 methanol : @1IATAY 5% acetic acid

Flow rate: 10 ml/min Detector: 250 nm.

= 1 d.d‘ =8 ar o uy =5 4'-‘!. ¥ a

NUATAZAwFIUINN 6-8 Llszmuuazannaniu@d1iiazaly ethanol-t1 wWan# 1911 1dun

Tassaramanidin ' H NMR-spectroscopy

¥
a oo

1a391n7 1A metabolite INITANYIMIANTUTURUT VD1 metabolite HUMNTHENIIR

c.'l = £ qd ad [ ¥ LY )
ABUT 2. MSANKIDINS waznalnmsesngnianszauluiiliden

= [] dy st o a o
N15ANY1 AU 19 hamster 1 uda Inaasa ,

P o ar & v LY} 2 r =
2.1 MamienindnInaasdlRilsza cholesterol Tuiaoaganinlng

77, e 77
Cholest ] | nt i
00, creseswoenen. 770

Wmﬁy;"wﬂﬁ

-]
.ﬁnl THA or DHA :n.u:n

| | |

| |
0 l 2 3 4 (Fav)
Blood sample (from orbital sinus) - Blood sample
- plasma cholesterol - liver

- plasma triglyceride - feces

BHUES LEaRINTou cholesterol @51 N3 IHE1INATIULAZ NI URIDH19EDA 61U LAZBISE
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msanu lui ol ld Hamster mad Todnio auia 80-120 nfu Wudainanoalaiinsg
wiloi Hamster Wiszauluinlufoaganinin@idionisdlou cholesterol 13y wiisdainanes
paniu 3 nquwndnie nqumuauildnylnd ndunIunuRiiudas cholesterol HAENGUNARDIT
@SUR0  cholesterol  WiouAuldT U I NARDUVLIAAII AL ST oRNMIAI AN wanBeaTiez |
na1ae 'l ¥1msazalu cholesterol (Sigma-Aldrich Chem. Co.) Tubitud i inauddonlvidudnd
naasslungud 2, 3 uaz 4 v 0.2% vouhmiind e nniu doulunquaiugunguusnoz la
Sunainiudn Inedelfifudiazatn  cholesterol T uvnignaasvfuG I NEDAVINM
(orbital sinus) VYBITAINAABINIATIVABUMITZAY cholesterol TlFountasnndai idosedu
cholesterol luidoaguiu  250-350  mg% ﬂzﬁ]ﬁm’fmamﬁqndnnmﬂmnqm%’(ﬂmamszﬁﬁ-
trihydroxy acetophenone (THA) LA 2,6-dihydroxyacetophenone (DHA) @o 1 maﬁ”l%’maamfu%a
INUSHNATS MU (Sigma-Aldrich Chem. Co.) uag¥nisazawludidiazaredalszneudao

DMSO tag Corn Qil (1:10)

2.2 fnndaniseengnivesms THA uaz DHA demsanszivluifufigadudnd
2.2.1 Anmdendaniugszndlannaveans THA uay DHA fumsesngnt
MInAdeUnNIYeIas THA uaz DHA v laemstloumsiuvuiadiag (300-600 Hmolkg
Suaz 2 afy funa 7 Su densudmua idainaaeniuiisdiudenioing e Hnsdy

- triglyceride L@ix cholesterol Tanly enzymatic method (Allain ¢t al. 1974; McGowan et al. 1983)

Wl [ o n‘ "
2.2.2 A0 IANUINTUSITNNISZBZIMVeIMsIHMS THA oy DHA fugnsh
=Y
RN
11nHIoM5390h 2.2.1 wifenuuInvodesiieengnd IMMIIEaN 1 YUIAIANET 910015
oo £ ﬂ Ve o o ar n‘: =] ar o T o =
F3ulau]dvura 400 pmolkg Hlouldnudainaassiuar 2 afuilunal 14 Sudasodu Wuidoanin
. . = o o o ar i 4
orbital sinus H1UATITHHIITAY plasma cholesterol LAZTEAD triglyceride Tuduh 3, 7uae 10 Wonsu
3 dy al i [~1 ) d o =
AMruamsaosluiuf 14 1N1EDAIN abdominal aorta LAXALING WATIEHHI1YTUIMVBY cholesterol

O triglyceride 519 1



2.3 An¥INaInNIsBENgNEY0IMs THA uaz DHA Tumsanlusiu
w W o Qs i o gy ¢ = - ar 3 [
vIndatens3Ten 2.2.1 bl ldvinevesmsuazssoznaiasesngninag luiu lded
= P = v =t = 2 =y
fidsz@nsnm lumsfnyesldmadisannapuandnminalnmisesngniasvuia 400 Wmolke

o) ar n’: & g A;’ & 1 =
BW iu2a1 7 J1 9100 UIIUUUBILoR 13 u1AN Y1

2.3.1 gusaaiSanaluiuludu
ar o o o w o Ld = LY n’: P (]
1101290015398 2.2.2 111 UBY homogenate uaz s 1zHm1lsUIMYBY luduiuanlioglu
o ¥ s . . 1 3/ < 4 =
du laundsuiaes triglyceride 148% cholesterol Taoluduves cholesterol vz ldLunfnuIDIgIUR
1111 bound form 118 frec form Afieglusune’ly elfifluuuimialumsdsziiu activity ¥93 enzyme

Anv Y0 UN 1T metabolism V04 cholesterol TUAY

2.3.2 qniAeif31aued Lipoprotein sHamisqlumen

Hudsanndainaasingua1aqundnyinlsuinss lipoprotein nantifieg luian laun
VLDL, LDL uag HDL Taguon plasma lipoprotein #7073F sedimentation density gradient
[ n‘:, -] . ' P 9 o =
ultracentrifugation (Havel et al. 1955) &9 1811 fractions G]N“]ﬂvlﬂlﬂ’mﬂiu'lm‘llﬂ& cholesterol

14 fractions @109 enzymatic method (Allain et al. 1974)

2.3.3 E]TI%FI'EI activity Y94 enzyme cholesterol 7-Ol-hydroxylase

=

Enzyme cholesterol 7-OL-hydroxylase Tuduiu enzyme %MUﬂUWﬂﬁWﬁﬂﬂUﬂﬁtﬂéUu
cholesterol Tiflunsatira waztusenninhia msnimves enzyme ﬁaﬁamﬂuﬁaﬁmuﬂmnau
JARand 12 Tun133ns 12 i@ uIniams homogenize U§ 1 homogenate 7 1&dimitalushy
LEMN microsome fraction E)Bﬂlﬂﬁ’m ultracentrifuge (100,000 x g, 60 mﬁ) !Lﬂt?mﬂzﬁ'ﬂ1 activity of
cholesterol 7-Ol-hydroxylase #20339D4 Prinan et al. (1986) 118z Nimmannit and Porter (1980) Taelda
55 (4-C"*)- cholesterol 1014 substrate uazIn product mlane 7-Ql-hydroxycholesterol Tneld silica
gel plate 11N scape band U84 cholesterol 7-Cl-hydroxycholesterol 113aa13538 1aald B—counter VUL

= LY} ¥ o @ . ; =) =

WUINU ﬂz'lﬂmmi’m endogenous cholesterol 1u microsome Lﬁmﬂ?uumunﬂsmmﬂm substrate 114
' 1 [ 34

NRUAWINUAIY



2.3.4 qnEde3anamed cholesterol uaznimiialugoaisy
8 o = o o uy <4 o =4
2 1dins3nszM5uIuwed cholesterol waznsaiia luganss lavyimsinugoaaszan

. ¥ »
drudveamniniinlududezain vimimiigeaise ldeuldudeigungll s0-60 ‘c 2 u) o

» ¥
99971523710 (stable dried weight) Unnafiaunine IaTeAU cholesterol 1AZNSALIA

ld' =X = %SJ [
ADUN 3. MIANHIDIAINUHNYUBIANT acetophenones
I o oo d‘l o et a ¥ o ] n‘: o = J 3 =

NEaMsAnEITudanua s nlgniarue a2 Idhasmaniuuiimisanuiao luidusany
= ] =3 Y :; - J 9 [l =1 o 9 q‘: = =1 U
Snen Anwideoinmisinonsziiaiuldesuivundusninmisldaslunnageniados vielams
Tusuiadidadeiudlunaiiug  demsinvding ldanuduamalunisusameinisialng
YOI IUNISAIv A udy

3.1 MFAMNTNMRLUNY (Acute toxicity)

¥
L ]

o = = - o < o w =1 o
msasoiniunisfnuidnnuduiivues  THA  dnsAne3SelunyBudng  (adut &
ar o‘: =t ' o w &
weanling) Hil3% uaznyueumas oy ot lumaduazineiis Taonewinisnanssdainansee
[ s‘z c; 3 s o A
gnanasnouwdunanszua 12-14 ¥alus M3 THA filenaaouazawludninsaivdlszney
A4 DMSO: EIOH: Distilled water Tu803 1674 25:15:60
TunsEneidaRmSsunduvoias THA simsteuasislimahn G.eg) viefadima
' ' & 1 ooar ] Qs "o [ ay o g Q@
Foartoa (ip) luvuiadiag Fegluddasziin 0.1-6 niuaen lansmimindivesny vdenly
t o o o ar ar o d [} a
@15 THA undainaaowdyimsdunauaziuiineinis  91nsuaaussdaInanoindia1ndde
aapAal 3 ¥ luasn wdaiuiininnudainaasiaiouazseadialusdazngu wawinlasy
THA Tuainaa 199/ dinduiumial LD, 3T Litchfield and Wilcoxon (1949) 1 LD, 11y
A o ¥a o = & o VoA = PR f
yunvasa st i dainaassnioluns il Wumfimiwwaanutuivvesasinil Hinsmm
w o ' a 4 Y- ar 1 ar o u’.rJ Y
LD,, ludniurazyiin Woldarsd1035a 19900 uazusazmaveadainaass wenvinduiiionsunan
ar o ¥ 4 [l ar o 4 = [ Y]
nsnaans 14 Ju vutioidevownareivizroadainanssiinionazsondiand191n 1d3uas THA
WINTINGNIINUITANIN (gross pathological changes) oA sasunilasaren Ninse lu
» ]
m3inaassludiuiidiswdinismauranisaiunionaaninldiuais THA Tuvnaiitluny
kY ar [= Y o a o [ Y [
Tagldnyusnaad laauds Minseavdainaasaazinizasldveotnlunsvioly canulate 1du
) (1 ret ar & o 4 = o = o Var o ar =
eauaslngnuiumetiunnmsilasuilasnnuduibon (mABP) NMuvda1d5y THA ¥imstiuin

vital signs 1139 18uA da31n13nele RR) uaz EKG 1$udu d10in503 MAC-LAB
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3.2 MIANHIRYNURBUWAYM (Subacute toxicity)
= ae A & - s a o oar 9 a8 o & - :’ s L] )
MsAnyItoRENuRsLWALYeY THA M lunyduinamed Tamude Fauiminegszvang
ar w o nJ é . ar 1
25-30 N5 damaaniaz1d5y THA Fazaiolu EtOH: Com oil ludnsiadau 10:90 fdouldniaihn
. ] o o 1 9 1 1 ] 9 as v g:;, 9
(i.g) nisdainaanisoniu 6 nquldun naualuau nautloudiodlazats uaznguintleudis THA
) A ] v o oa %) 1 & ar :’ ar ol ar :: o) =
Tuvuiad1eq@9egszndng 37-300 adniuden lansuiminaiveany Juay 1 aduiunaiuiuda
v Qs os y @ o Qs v =1 ar 1 ¥ Y
@oRU 30 U WIBATUMHUALIAINISNAABY 1FAIMNAa0WIMNedaumBifuAIad1udoaLazti oo
ar 1 d.l o 9 o * [l = =4 Al 1 dy d.l s ] 9t 1
voeniuazasieiin 1dimszimeansTuntvosion dnudloitoveieioizaieg  laun
Y] o 2 as 1 = Y v Ya =9 dy d‘! o 1
du 1o psziwizeins d11d dueou ifudu i ldviinsasnasunetan mvouiiaendoizaiee

(Histopathology) Ay

=4 =4 ¥ qll : C; ‘ﬂ. ) 3 =
3.3 M3APYIDINAYIANS THA namishavaihaluryusnimitanihlimnaniaz
< -
flavoaif ,
) .::.y = Qs : ar ar o v ]
msvaaosTudauiildyusvimed T de mindssum 200-250 NSy 8-10 fAarengunis
naasa utsdainaasseoniunguaisy 1dun nquatugy nauild THA Tuvuefidl (50 mgig
o =t o ] ] A i o o
BW) 1agv1af g (100 mgkg BW) vuiaided s idandsudu (i.d) nquimienildifneaniag
N13AIU9911A (cholestasis) AWTITONTHAART1 AR (Ethinylestradiol, EE) IagRmdin1aldm
o O o = ' ar ] ar e i = o
miadunas Ju dereiu sadums i THA luvinefidr wazvuiaiigs vwadeamad 1dian
. 1 kY . ] o o o o @ 1
AU (i.d) WensuMruanainisneany wwomisdainaaoudunanlszuia 12-14 ¥ uenou
o P= [ w o o \ s
MNINABDY ARNIAALTINBDINDIFAINAADT UAINILAD [T WHDAUAIBEAINVINUS US89
A =Y ' A 3 s o @ o )
gnilaseniieldifivdrediadenuazidasihaasonsguids (0.9% NaCl) dninaassazgnitlavti
9/ [ 1 4 =] as 1 : Y = =
7193119 PE-10 #1 common bile duct BINUAI0E191118 18211 UATIZTH bile flow rate 1USou
- o ' 3 a 1 o o a ar Y oa o w o ' °
ouiulungumyusnidnduaz igniileni lfidanisAavoni@ dmiudedrudenvziiimg

= 'd a o . as - .
WATIEHHITZATUD U laa] alkaline phosphatase (0% 2R bilirubin

11



Han15 98
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v o ¢
aaudl 1. MsAnyIBIgnBuaznalnmIsengninsziumsHaNif

)}

1.1 msAnnBannnFuiusvesinyarTnsadIuesms acctophenones NgNEMsnszdu

ﬂ'l‘iﬁgaﬁ]a (Structure-activity relationship of acetophenones and bile secretion)

a13197 1 uazgUd 2 T8uan a8 s8n51MITMA NI 1R (Bile flow rate, BFR) IINFLVDINY rat Fail
Anlnflszanns 60-80 plkg. min N158AA1502% 10T TUY (acctophenone) Fuiluarsiisl Tnsaadrandn
yoanguluvuin 50 mgkg BW Snanszdumsndaiia ddesnin Tasgnsnisndahdmfiutuii
116.5+2.3% # 30 wiindannfiamsdiofioususasinings 100% deuldsums Tumansidmms
T acetophenone analogs ‘I?.lllgfi]"lﬂﬂﬁlmuﬁ H atom ﬂmnamu%uﬁ’mﬂfjn hydroxy (OH) 3117 1 ﬂfjij
ﬁsﬁ‘umﬁwiﬁqﬁ'u (monohydroxy acetophenonc analogs) WU7I1813 3-mono U@% 4-mono hydroxy
acetophenones ﬁqwfﬁ!ﬁtduiumsﬂ'j:é’uﬂﬁﬁgaﬁyﬁ F ¥ BER 7 30 wifindann IdFumsdiniuiiu
196.34+3.4% Haz 196.24+2.5% A a1y luvmzfingy oH fidumils 2 songninssduldunats
Tuusuingy OH Agwme 3 waz 4

W o

a ’ ' = =1 [~ =1
MSNUIIUIUNGY OH THIUDUTUYD acctophenone Wy 2 uag 3 NRANNUHDNIZAUNTIINGI

L]

S aq yw A & o ' P a " . : A oa e v
um°lmwmummm’mﬂqu OH ML TaoivoonIuved OH NG WNUI 2 LAE 6 FIUONENTNTEAU

A1 Msunuf H-atom 1U290UFUAWTITOUY U NN methoxy 1AZNAY chloro 13319 1W1M
af £ [ F="} o LTl c{ b q‘,! : =4 u’; ::‘ c:; =}
1o dunduaiinai 1dgnsnisnszdun1sMaii@ (BFR) aaadniadu n1sunuf functional group A9
' Y] VoA ' 1 - ' . A = o ' . Y
NRY keto AIUNAVBOUS 1Y U NV aldehyde 50 NQYY carboxylic ‘HSEJL'lJﬁUunJUﬂQM propiophenone 67U
. L P 2

udwinad ldgninisnszdunisndnidanasisdy
= Y — [y o o = gy
Tugili 2 lenfSeudouanumussvesmislumsnszdumisndnirdde Tuaveeashlv

J i =] o = o t;: oy s =
Auaaslunsiunisdwrainmsddsuudasesimsndvenhandeninn v ais luvuia 50

»

as

1 ar ar 1 ' N -t e 3 :‘
mg/kg BW 1M1AUNNAI WUNA15NAY hydroxy analogs inundgniamulunisnszdumsndanirg

a & ¥ W A4 o ada S o -1 2
M5 2 uaasdanmduduveunimhaniogluiig v ldnluussenans
4=|du ! ar n‘: C!. Q’ Q'- : = @ : A:lt:l..
acetophenone analogs i19113u OH i aslaildigninsedumsndnid1das s TG
v + L ¥

»
o & o <4 o Ao & o o

Y1 ar 1 -~ o ]
Taianududuvoanio1@d vennniidawn i anutudussaundnidiiduiuiviungy ol

» .
=4 ¥ a O oo by

o [] ] 3 :, =t ) aa 1 1
Wileg 1w 1 oH 3 nquliihdilaudnduveunfethAuinniiasiill OH 2 ngu uaz 1 nguaw
°_ @ q.: dvd LY ’ = o 1 1 = ov = =

dey Mailiidesniiuvendy OH Aduimis 2 uaz 6 Algninszamitduasldouanududy
»

E- | =
ypunaouInldunals
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¥

v v ¥
TRITN 1 HAYDY acetophenone analogs A% derivatives GooNIIMTNAIVDNIAYINoULBEA 1A

anamoay
Treatments No. of B.W. Bile flow rate {(ml/kg.min) % of control
animals () Before After

Solvent 10 2248+ 28 68.95+ 1.0 70.35 + 1.4 102.32 + 1.9

Acetophenone 8§ 2221+ 27 69.70 + 2.4 81.09 + 3.9 116.51 + 2.3
2-OH-acctophenone 8 2305+ 5.2 69.65 + 2.4 93.95 + 4.1 134.87 + 3.5
3-OH-acetophenone 8 2227+ 3.2 70.03 + 1.4 137.73 + 3.8 196.34 + 3.4’
4-OH-acetophenone 8 2289+ 44 65.25 + 1.6 127.93 + 2.8 196.24 + 2.5
3-OCH;-acetophenone 7 2291+ 1.0 70.58 + 0.6 84.54 + 1.5 119.79 + 1.9~
2-Cl-acetophenone 8§ 2309+ 2.1 69.60 + 1.8 99.97 + 3.0 143.86 + 3.5
Propiophenone 5 2346+ 8.4 59.97 + 42 64.71 + 4.54° 110.21 + 2.5

O-acetylsalicylic acid 8 2282+ 29 66.29 + 1.5 84.14 + 2.0 127.24 + 3.5

2,4-(OH),-acetophenone 8 2303+ 47 69.26 + 1.1 143.87 + 3.0 207.73 + 2.3"
2,5-(OH),-acetophcnone 8 2213+ 1.8 72.67 + 1.6 104.24 + 3.7" 143.38 + 35"
2,6-(OH),-acetophenone 9 2294 43 68.26 + 1.6 12290 + 25" 179.90 + 21"
3,5-(OH),-acctophenone 8 230.1+ 24 68.42 + 2.0 126.38 + 2.6 184.88 + 3.1
2-OH-4-OCH,-acctophenone 7 220.9 + 4.0 63.41 + 2.3 74.93 + 3.0 115.59 + 2.7
2,6-(OCH,),-acetophenone 6 2219+ 3.4 63.56 + 1.0 73.16 + 1.7 115.00 + 2.5
3,4-(OCH,),-acetophenone 6 2264+ 3.4 65.59 + 2.5 79.97 + 3.1 122.05 + 2.4
2,4-Cl,-acetophenone 8 2203 + 4.1 65.22+ 1.0 86.37 + 2.2 131.04 + 2.6
3,4-Cl,-acetophcnone 7 2236+ 3.7 66.74 + 2.0 76.51 + 2.5 114.66 + 1.8
2,3,4-(OH),-acetophenone 9 2247+ 3.7 71.38+ 1.7 140.34 + 2.4 195.79 + 32
2,4,6-(OH),-acetophenone 8 2208+ 4.1 68.98 + 1.4 13631 + 3.4 197.52 + 2.1°
2,3,4-(OH),-benzaldehyde 8  226.1+ 3.8 65.01 + 1.8 98.11 + 2.9 151.19 + 2.3"
2,4,6-(OH),-benzoic acid 9  220.1+ 3.5 65.00 + 2.1 93.83 + 3.8 144,32 + 3.5"

Values are means + SEM.

"P<0.05, 'P<0.01 Significantly diffcrent from the solvent control at corresponding time.

13



300

H \‘ﬁ

NN

NN
AHlTHhn
.
PN

(uiwgjowwym) moy aptg

auouaydoidoad

pioe o1jAo1es 11920
p1oe ojozuaq-¢{HOY9'v'Z
apAyaplezuaq-g(HO)v'e'C

suouaydojase-¢(HOF9'v'2
auouaydoyase-¢(HO)¥'e'e

auvouaydojase-Z|D-4'c
auousydolase- Z|O-+'Z
suouaydolade- Z(EHOO)F's
auouaydojase- Z{EHD0)-9'Z
suouaydojade-gHOOP-HO-Z
auouaydojase-z(HON S c
suouaydojase-z(HO)9'Z
suouaydolase-z({HO)5'?
auouaydoyase-Z(HO)+'Z

auouaydojase-cHOO-¢€
auouaydojase-|n-Z
auouaydo}sae-HO-
auouaydojase-HO-¢
auouaydojade-HO-Z

auouaydojaoy

JusAj08

£
41187

auuLlaI0as1nNH

ﬂa'

ATINAITATUIN NS

av §/
A1t

P = _ .
§1J‘n 2 LA choleretic activity YBT3 acetophenone analogs 11at% derivatives

Tuavpsas

14



AN 2 M EJE)m‘]YIE‘UDQEﬂi acctophenonc analogs L% derivatives aponNuTuIunazlIuInvea

ndorhalniig
Treatments No. of Bile salt concentration (mMI) % of control Bile salt output
animals Before After % of control
Solvent 10 13.08 + 0.8 1267 + 0.8 97.06 + 1.6 99.15+ 26
Acetophenonce 8 13.22 + 09 11.13 1 0.7 8453+ 3.0 9806+ 3.8
2-OH-acetophenone 8 12.95 + 1.1 983+ 08 7633+ 2.1 10251+ 3.5
3-OH-acetophenone 8 12.35 + 0.9 642+ 05" 51.89 + 25" 10194+ 438
4-OH-acetophcnone 8 12.53 + 0.6 7224+ 04" 5797+ 14" 11388+ 3.6
3-OCH,-acctophenone 7 11.74 + 0.3 9.63 + 0.6 81,70+ 29 9764+ 25
2-Cl-acetophenonc 8 1218 + 0.4 8.64 + 0.4 7097 + 1.9 10202+ 34
Propiophcnone 5 1110 + 2.1 898 + 1.6 8284+ 19  91.86+ 7.2
QO-accetyl salicylic acid 8 1335+ 09 1457 ¢ 1.2 §5.29 + 3.9 108.16 + 4.5
2.4-(OH),-acctophenone 8 12,52+ 0.6 10.85 1+ 0.7 $6.30+ 21" 179.12+ 44"
2.5-(OH),-acctophenone 8 1147 + 0.3 1229 + 0.6 106.78 + 32" 15225+ 15"
2.6-(OH),-acetophenone 9 12.21 + 0.6 13.63 + 0.7 114.78 + 227 20263+ 3.1
3,5-(OH),-acctophenone 8 13.01 + 0.9 1027 + 09' 7863+ 2.1 14539+ 3.6
2-OH-4-OCH - 7 12.99 + 0.8 12.01 + 0.7 9281 + 3.1 108.58 + 2.9
acetophenone
2.6-{OCH,),-acctophenonc 6 13.01 + 0.8 11.94 = 0.7 9195+ 1.2 10575+ 2.8
3.4-(OCH,),-acctophenone 6 12.02 + 0.5 12.67 + 0.5 105.55 + 1.5 126.81 + 1.9
2.4-Cl,-acctophcnone 8 1222+ 04 837+ 0.3 68.95 + 3.3 9094 + 3.6
3.4-Cl,-acctophenone 7 1226+ 0.6 11.24 + 0.8 9134+ 2.8 104.71 + 3.5
2,3.4-(OH),-acetophenone 8 1233 + 0.5 36.20+ 2.1 29215+ 63" 58020+ 168"
2.4,6-(0H)l-acclophcnonc 8 11.88 + 0.4 15.54 + 0.5 131,17 + 4.0 258.78 + 6.9'
2,3,4-(OH),-benzaldehyde 8 13.64 + 0.4 3770+ 127 27703+ 497 41862+ 4.1
2,4.6-(OH),-benzoic acid 9 1247 + 0.4 890+ 03 7174+ 25 10635+ 2.2

Values are means + SEM.

.P<0.05, “P<0.01 Significantly diffcrent from the solvent control at corresponding time.

15



~

~

' v ¥ A . A - W w =% W
TIUANWNVUUUYDY cholesterol (R1313N 3) 1““19\Q:Uﬂﬂﬂ-l\iﬂ'ilﬂuﬂ]]”ﬂuq’ﬂﬁdlun-ﬁﬂizﬂu

» [l
e A o L]

o : 3 o o 1
AISMANIIA Aoie BFR g3 Aduduv0a cholesterol Tuthvedr edielsnamduruvoingn oH
Py =] - - 7w L y e A e - r P
Turwugubitianedumiusiuanunduduves cholesterol utha @amireruledonqu OH #

Y

1
Aumua 2 uaz 6 Tnai IUTiIm cholesterol Moo Tuiiags nisunuiingy o lulawudu
v v A » L4 t M : R ]
YB3 acctophenone AUNHY methoxy LNT chloro Fal¥iua N3tAU BFR lddnTu wun hitinadenu
v v . e
191 Ba cholesterol 111I1A
d' w oy v c;c! Q’ﬂ
ﬂ'!ﬂHﬁﬂ't'i\‘lﬂﬂDd\JﬁlUTiﬂﬁ'ilJ [CH)! hydroxy analogs YD acctophcnone :ﬂumanunuqnﬁﬁ
" q'.r : <3 ﬁlv ' b J LY - - ] .
WuluMsNITAUATIMANDIA guEdIna1ndiduegiud Iuias@nLIveIndy OH U benzene

nucleus Taua1sRINGU OH NAMMULN 4 o hidasinsndveni@ge

16



1 Y [ =
M13191 3 N139DNENTUBIATT acetophenone analogs 1A derivatives AoANITNYI WAz UTU1MvDe

Cholesterol Gluﬁﬁ]

Treatments No. of Cholesterol concentration % of control Cholesterol output
(mM)
animals Before After %o of control

Solvent 10 0.51 + 0.03  0.48 +0.02 96.69 + 3.9 98.45 + 3.3
Acetophenone 7 0.50 + 0.05 0.62+0.06  122.87+36 147.19 + 8.1
2-OH-acetophenone 7 0.52 + 0.06 0.39 + 0.05 74.01 + 39 99,31 +4.2
3-OH-acetophenone 8 0.54 + 0.04 0.16+0.02" 2976 +2.7" 58.29 + 5.0
4-OH-acetophenone 7 051+ 0.05 0.12+0.02" 2424 +24" 47.58 + 49"
3-OCH,-acetophenone 6 052+ 001 076+0.03  14530+2.2° 176.03 + 2.3"
2-Cl-acetophenone 6 050+ 0.04 037+005  73.12+46 102.62 + 6.1
O-acetylsalicylic acid 8 049 + 0.04 045+0.04 + 90.71 + 3.0 114.96 + 3.3"
2,4-(OH),-acetophenone 7 053+ 004 0.13+002" 2331+27" 48.13 + 5.7
2,5-(OH),-acetophenone 7 046 + 0.02 029+002" 6340+ 54" 88.93 + 6.1’
2,6-(OH),-acetophenone 7 048+ 0.03 039+0.03 8089 +44 14432 + 6.7

'3,5-(OH),-acetophenone 8 0.51+ 004 025+003" 4851 +3.8" 89.23 + 6.0'
2-OH-4-OCH;- 7 0.53 + 0.04  0.47 + 0.04 89.61 + 3.6 105.08 + 4.7
acetophenone

' 2,6-(OCH3)2—acetophenone 6 0.54 + 0.05 0.60 + 0.06 111.49 + 2.7 128.45 + 5.4
3,4-(OCH,),-acetophenone 6 0.56 + 0.03  0.52 +0.03 94.30 + 3.7 115.17 + 5.4
2,4-Cl,-acetophenone 6 0.55+ 0.02 042 +0.03 77.03 + 4.4 100.08 + 4.1
3,4-Cl,-acetophenone 7 0.52 + 0.03 0.53 +0.03 101.61 + 2.7 116.37 + 2.8
2,3,4-(OH),-acetophenone 9 0.53+ 0.04 022 +0.02 42.08 + 2.1 82.98 + 4.5
2,4,6-(OH),-acetophenone 8 052+ 0.04 022+002  4248+3.6 86.22 + 5.8
2,3,4-(OH),-benzaldehyde 8 0.56 + 0.03  0.40+0.02  71.74+24" 108.16 + 3.5
2,4,6-(OH),-benzoic acid 9 0.50 + 0.04 037+0.04  7392+38" 106.11 + 4.4

Values are means + SEM.

"P<0.05, P<0.01 Significantly different from the solvent control at corresponding time.
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1.2.2 ANHTUWUE 5THI choleretic activity nazgaantinvasmsilulalasidiinunzlslas
Wanvosaianaaoy
- 2 = wa o ) . Y
msdau luduaoudl Hanaantanmsitlu hydrophobic — hydrophillic 494815 Iasv1 l@vin
= [~
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$1urumy oH Turauuduininu uasidfy 2,4,6- THA %33 hydrophillic Mnigailiofvuiues
Aldnaaauns 6 vila Taodwua1guantid hydrophillic ¥B9a15 (R, value 1) (3838100910070 a1
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- =4 [ dy
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250 r
= 200 | y = 41.95x + 85.295,R? = 0.2972
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y = 41.95x + 85.295,R? = 0.2972
r = 0.545**, p<0.01(4-MHA)
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200 p
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Total bile salt output (mmol/kg.min)
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=0.239x + 65.509,R* = 0.7924
r = 0.890"", p<0.01(2,4-DHA)

® . ..--9225373x+47.011,R? = 0.4785
e o -- r=0.692**, p<0.01

2ONUIHAINN 1ASY

2,4,6-tnhydroxy acetophenone (2,4,6 — THA); 2,4-dihydroxy acetophenone (2,4 —

DHA)}; t1ag 4-monohydroxy acetophenone (4 - MHA)
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Y
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v » ) '
IA384 evaporation H349INMIUALAWNAUAIY Methanol WioAAIds¥ VY HPLC 53Uy HPLC WiHilu
Reversed-phase, column = ch,mdaPakR C18, 10 pm, 3.9%300 mm, UV detector 280 nm @2 Mobile
4 .
phase Wuszuy gradient system 4419 5 % acetic acid in water and methanol
= s o d aa Yy v w }
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1 a . 1 o o o

mobile phase system WU7J1 Peak 1 T_= 8-10 min ﬂ1m1azmummuarlammms 4 - MHA nyuUnuIm

[} a .; - . 1 o 1 °y aaa
Tumswl¥ BFR 1Rugadiu uaz Peaks 71 T, = 16-25 min Maneziludiuilsznovvestidnians

J ' 1 . . of EY

non-polar 1INV BYT1AFU Bile acid 11l uau

1A¥IN131AUI VTN Fraction ¥BIUMIUD 1anu0Ias 4 — MHA # T, = 6-8 min ool
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aaud 2. MsAnwIBagnsuaznalnnisesngniaaszavluiiuluaen

P o ar ¢ v s s = ' =
2.1 msmignhdainaassliiszdvlviulwaoaganindnd
Hamster 1Wudninaassifiszuunisauquszdulviuluiameadoauminainsozild
(MAaA122 cholestero! Tuidoag’ld dagud 12 Tdvmstloumsazaiv cholesterol Turiiudalnalu
1 4 . ]
YA 0.2% vonininAmniunaiilesiu uaz lddamunisfvunlasszdu cholesterol Tuidina wu
] 1o o 1 o ey R AR 1 v
131317 cholesterol undainaass TldihldhihmindidadnlfoundasTdonnnguaiuaume e
529U cholesterol Tuidonunanguit 1asunistlou cholesterol v2AvspNNIUAMSTUZNMWRIMS TN
cholesterol &34 Tavlimsidaoundaisz@y cholesterol 1HIADAIN 91.943.6 mg% 1IBISUNITNAADY
Uil 154.6+6.1, 263.3+5.5 1Az 324.4+4.5 mg% Maa9INN1oU cholesterol 1A 1, 2 uaz 3 et
) 4 ) S = ) o o q’ ¥y
awdy  Tusmshinynguaiuaui lasuiniudnInveoiisdvalisyau loduwinduilu  150.9+4.7
4 ar o
mg% 1Wonsy 3 dua
L]
= (=] :: r L=
2.2 ANEIDINISBBAGNEUD IS THA oz DHA Tumsanlusiuluaen
2.2.1 ANNTNITUSVOIVIAUDITISHUNENRA (Dose-response effect)
- = an W ' o o !
31U 13 uaastamanldninmsilon THA uaz DHA vuwaqiiumat 7 Ju Ty hamster ngu
aunuiliem1sund uazh com oil a1 7 UM 1WTisefy plasma cholesterol ia2 triglyceride
= q. 4; L} @ 9 o
gandnd Taunndumeglussdy 150.944.7 1oz 181.0+6.6 mg% MNGIAY N5 197 solvent V033
THA uaz DHA hifwavildifensnavunlaslag nisiaSudiunistlou cholesterol axvilviuuin
ar 'J 1 C; = 4 T ]
oy lngiuninaguiiliomisdnd (p<0.05) Wallow THA wwnd1eqldun 300, 400 1az 600 1
molkg BW 11 1AUnN151804896 cholesterol M1 52AUY03 plasma cholesterol UAY triglyceride af
AIMVYUIAUDIANT LAY THA Y19 400 1az 600 mol/kg BW @1 plasma cholesterol 1 30 uaz 40%
ANEIAY uazARTEAY plasma triglyceride 191 30 1AZ 60% MuA1dL DHA THgwiadiofu THA s

r - - ] = o
uAqNEEAINIINNEUDI THA 1onviou

2.2.2 ArmFuiuEueszazIMTUN500nNE (Time course effect)

U7 14 wanawaii 18910m13 1% THA uas DHA wuim 400 Limolkg BW Ai50217a16149) 11
Foufunguasugquisszduves i ludoamuiunmszoznaesnis s lunsnaass Tungu
1450 THA 52dUYea plasma cholesterol vzAlBUAARANMIZIZNIAA AT VA3 Taul¥gnigaga

(maximum effect) TuFuf 10 Aloszau plasma cholesterol ﬂ;jﬁ 53.2+1.4% U0 50.5+1.3% of control T
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ar A o o e Y . . o t

Suf 10 uar 14 895 IWa15A L& 1AU gnBued THA lun13anseAy plasma triglyceride A IARAISY
@uaiu Teolignigegaluiun 10 voams1dos uazszduues plasma triglyceride 9gN 35.5+2.6
HAE 32.6+2.6% of control 1U3UM 10 uaz 14 Mud Ay (3UN 15 a) DHA fgndlumsaaszauluiuld

AR10AY THA (317 15 b)

2.3 ﬁnmnn‘lnmseaﬂqnémaamﬁ THA uaz DHA lumisanlusiu
1dinisanuidanalnniseangniutest 13909 THA LAz DHA
2.3.1 qniaedTinadluihiuiy
°|.u§_1Jff§ 16 hamster MA09AI001M13UnAE TSI IMV0 cholesterol Ty 2.340.2 mg/g liver
HIDNOMIIAIUVDS free: bound cholesterol H5Eitu 2.4+0.2 Astloutasy cholesterol dlﬁﬁuﬁﬂ’i
maaaﬁﬂﬁﬁuﬁmmﬂ"lnnjifmﬁﬂﬁaumn 33+0.1 iy 36402 w100 g BW uddsuinves
cholesterol Az ayluduinIUsz0IM 2-3 W11 US1avea cholestepol 'ﬁ;ﬁluﬁuagiugﬂﬁa free LAY
bound cholesterol 86111§ﬁﬂ1u5ﬂ51ﬁ3u118& free : bound cholesterol "lu';tl?ivuuﬂmmﬂ A151v THA
130 DHA Y11@ 400 Llmol/kg BW Juaz 2 nfadenom 7 u hiflnaserSinavea cholesterol Ty
$emaansinanlifvadomieinanszdunismauens ACAT enzyme uaotiala 33 enzyme i
funumlunisaon free cholesterol 11iilu bound cholesterol azau13ludy dausedy riglyceride
1uﬁmmﬁuﬁu1uﬂfjuﬁ‘lﬁ?umﬁm?nﬁ"w cholesterol 8613 15Anmn131W THA wSe DHA lifina
5@ triglyceride Tusuidiniu
232 qnineu3inmvea Lipoprotein wiinm1aq luiden
14 hamster Un@AaziiszAUY03 DHL cholesterol 96.3+4.2 mg% Lf}mﬁuuﬁ"mzﬁu cholesterol ‘ﬁ‘:&
HUA 124.2+4.3 mg% n131low cholesterol a3yl hamster Twavinldsedy cholesterol ndusly
392.1+19.6 mg% lavl5u1uu03 cholesterol Fviufeuianuadunisfuseduues VLDL uas
LDL luvaizfiszduves HOL Tunfdouulasas
M3 1¥ THA uaz DHA HuUszdninmotawudalunsanssdu cholesterol AT triglyceride
Twdon 91nMsTins1eiUSuimees lipoprotein lutiien Fufugmveslusumaniunuing THA
itz DHA fiqns lunisan VLDL uaz LDL 1¥uwan Tasfiszduves HDL linlfouulas (qud 17)
2.33 qn‘édamsﬁnmmeamu‘lmﬁ cholesterol 70L-hydroxylase
mﬂmsﬁﬂmmq%’:um THA uaz DHA aomsyiiauvoaen’lsd cholesterol 70L-hydroxylase

» .
WU9IM3 THA itaz DHA gnslumianszqumsviiauveusuland cholesterol 70t-hydroxylase ‘1884 7
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M1 Faeulmidananiunumlunsaiuaumsinldou cholesterol 11hilu bile acid nazduoonnig
= ' 1 - 1 o " 1 =] t
bile F3aamalNsUNIU pool A1374DI cholesterol Rllogludy usnd1a1sAnIn 21NNITANYI pool A197

ur o d' :!yu Y o ar )

¥4 cholesterol Tuau lufinsiaouilas uenviniida1aviin1s 3@ endogenous cholesterol TudInYB
. . 1 q’: v = Y ar 1 3 ar = o [} ot &4
liver microsome WuIMalungn hamster N1A5unay 13'1A5U THA uaz DHA Hszavuludianu a9

¥ o ' < & g ::’ 9/ a oo ¢ v as s n’;’ 1
uaaaliiudl dSumueslammasseagailumsansdulumsifnso liuanedradu daiusien
=t ' =9 ar ¥ A a v o nv o as & o 9/ o ot
33119z lusiuen plasma wnldaddoulvidunsaiiduazduoon Javildseavlaiulu plasma
annd (3 18)

£ H
2.3.4 gn5n013110:984 cholesterol naznImialugaise
& o = ¢ = ar a a [y = v

iweviimsinsizilsuinvesluiulugenisy (UH 19) Tu hamster 7 1@ M5 UNE WLl
M39UBBNYDA cholesterol LA bile acid N19QIVITTABUNIAIAD Uszur 0.240.0 mg/100 mg feces
(tag 2.9+0.1 mmol/100 mg feces MUV UAIID hamster 195 UNI5H01ASUAW cholesterol 3eW1 1Y

a o < 4
15118 cholesterol 1Y bile acid “U“UEJﬁ)mJﬂ‘IJQﬁJﬁJTi:tWIHJwﬂu 1.4+0,0 mg/100 mg feces IR 6.7+0.4
[] o A % L] LY d‘ L] 1
mmol/100 mg feces MUFIFU FIHARINA1ITDANADINUNITHWUI THA uag DHA Inaaon1snszqy
. & A o ,
A13M191U909 enzyme cholesterol 7Qt-hydroxylase Favziiun1s1lAousiluea cholestero! Tuliflu bile
¥ » »

acid UAZYULBANMIANNALALYINITE MUY WBAINTUMITY bile acid PBNMINIATIAUATUNS

t
YUDBNUDA cholesterol N11A F)ﬂﬁ’{')l_l
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A
H

Control Cholesterol-fed Cholesterol-fed Cholesterol-fed
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Ap1/5u15uUD4 cholesterol 1uAv Iausuuazlsu1mu0a cholesterol
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Conclusion of the results

The purpose of this study is to investigate the relationship between the chemical structure of
acetophenones and their activities, in stimulating bile secretion and lowering plasma lipids. The
acetophenones used are structurally related to that of phloracetophenone (2,4,6-trihydroxy
acetophenone, THA) which is the aglucone part of a glucoside, [4,6-dihydroxy-2-O-(3-D-
glucopyranosyl) acetophenone]. It is a naturally occurring compound from Curcuma comosa (family
Zingiberaceae), which has been reported to effectively stimulate bile secretion. In the present study,
twenty-one acetophenone analogs and derivatives with different substituents on the benzene nucleus
and on a functional keto group were used. It was found that for the same number of substituents on
the benzene ring, hydroxy acetophenone analogues induced a greater choleresis. The number and
position of hydroxy substituents on the benzene nucleus play an important role in determining
choleretic activity, biliary excretion of bile acid, and lithogenic index. Replacement of a hydroxy
group with a methoxy or chloro group reduced the choleretic efficacy of the compound. Likewise,
replacement of the functional keto group with aldehydic or carboxylic group led to reduced the
choleretic efficacy of the compound.

Analysis on physico-chemical properties of the hydroxylated acetophenone analogs

indicated that the choleretic activities of the compounds were related to their hydrophilicity, as
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inferred by thin-layer chromatography. Among the hydroxylated analogs, 2,4,6-trihydroxy
acetophenone (THA) was identified as the most potent compound whereas 2,6-
dihydroxyacetophenone (DHA) which has less hydrophilicity induced low choleretic activity. In
addition to stimulating bile secretion, THA, and DHA also augmented excretory rates of bile acid and
cholesterol, respectively, which both subsequently lower plasma cholesterol levels. The mechanism
of an increase in bile secretion of an analog such as 4-hydroxy acetophenone (4-MHA) was
investigated. After being absorbed through the intestine, the compound was transported into the liver
and was biotransformed to 4-hydroxyacetophenone-4-O-glucuronide for excretion into bile. The
excretion of this metabolite correlated linearly with the increment in bile flow. The choleretic effect
of 4-MHA was suggested to be partly due to its osmotic effect of the conjugate-metabolite eliminated
in bile. This mechanism may also account for choleretic activities of other hydroxyacetophenone
| analogs, particularly those that contain a hydroxyl group at 4-position.

Plasma lipid lowering activities of 2.,4,6-trihydroxyacetophenone (THA) and 2,6-
dihydroxyacetophenone (DHA) were investigated in hypercholesterolemic male hamsters (plasma
cholesterol ~300-350 mg%). Intragastric administration of the compound (300-600 pmol/kg) twice a
day for 7 days to the hypercholesterolemic animals decreased both plasma cholesterol and triglyceride
levels in a dose-related manner. THA at dose of 400 umol/kg reduced tHe cholesterol and triglyceride
levels in plasma by 48% and 75%. respectively, with significantly decreases in both plasma VLDL
and LDL-cholesterol but not HDL-cholesterol. THA did not significantly alter hepatic cholesterol
content in either free or bound pools but significantly increased fecal excretion of both bile acids and
cholesterol. Corresponding to the increase in fecal bile acid excretion, THA stimulated activity of
cholesterol 7a-hydroxylase in liver (6 to 7-fold). DHA also has similar activity to that of THA but
less effect. These findings suggest that THA and DHA reduced plasma cholesterol by stimulating
hepatic conversion of cholesterol to bile acid for disposal via biliary excretion and feces.

It is apparent that THA is the most effective choleretic compound and has potential
for development as a therapeutic agent. It is essential to evaluate its toxicity by using various animal
species including mice, hamsters and rats of both sexes. LDsq values for an acute toxicity of a single
intraperitoneal dose in mice, hamsters and rats were 365, 338 and 620 mg/kg BW, respectively. LDy,
were higher for administration by i.g route. The toxicity was dependent on routes of administration,
species and sex of animals, but was not age dependent. Mice and hamsters were more sensitive to
THA than rats. By oral route, the LDs, values in adult male and female rats were higher than 6 g/kg
BW, at which the compound can practically be classified as a non-toxic compound. At lethal doses,
the animals became excited and hypersensitive to noise, followed by convulsions and death with
respiratory paralysis. Subacute toxicity of THA was further investigated in adult male mice by giving
a daily sublethal dose (37-300 mg/kg BW, i.g.) for 30 consecutive days. It was found that THA, at
high dose (150 mg/kg BW) induced periportal hepatocyte degeneration. Plasma levels of liver
enzymes, alanine and aspartate aminotransferases and other biochemical parameters including BUN,
bilirubin, and hepatic triglyceride content were slightly increased, yet, remained within the normal
range.

The possible therapeutic effect of THA treatment in the ethinylestradiol (EE)-induced
cholestasis was evaluated. Intraduodenal administration of THA at a dose of 50 or 100 mg/kg BW
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immediately increased bile flow rate and reversed the elevated level of plasma alkaline phosphatase in
EE-treated rats to normal levels, but it did not affect the elevated level of bilirubin. The results
suggest that THA, only at high dose, induced subacute toxicities in mice and probably, those toxic
effects are attributable to THA itself, not its metabolite. THA at a biologically active dose which is
low in toxicity, fully reversed the increased plasma alkaline phosphatase in EE-induced cholestasis
but it did not affect plasma bilirubin level.

In conclusion, the results of the present study demonstrated that among acetophenone analogs
and derivatives used, 2,4,6-trthydroxy acetophenone (THA), a naturally occurring compound from
Curcuma comosa (family Zingiberaceae) is the most effective compound in stimulating bile secretion
and lowering plasma lipid. Its mechanism of action is, at least, mediated through an activation of
hepatic cholesterol 7-a hydroxylase activity for conversion cholesterol into bile acids and excretion
into bile and feces. This mechanism is of interest as a new strategy for lowering plasma lipid in
hypercholesterolaemic patients. The information gained from the present study also provides a
rational basis for the design and selection of candidate molecules with choleretic, litholytic or/and

lipid lowering activities.

Keywords: Curcuma comosa, cholestasis, phloracetophenone, tdxicity,

acute toxicity, subacute toxicity
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Abstract

The plasma cholesterol-lowering effect of phloracetophenone or 2,4,6-
trihydroxyacetophenone (THA) which is the aglucone part of phloracetophenone
'glucoside from Curcuma comosa (family Zingiberaceae), was investigated in
hypercholesterolemic male hamsters. The hypercholesterolemia in animals was
induced by daily supplementary cholesterol (0.2% body weight). Intragastric
administration of THA (300-600 pmol/kg) twice a day for 7 days to
hypercholesterolemic animals decreased both plasma cholesterol and triglyceride
levels in a dose-related manner. THA at dose of 400 umol/kg reduced the cholesterol
and triglyceride levels in plasma by 48% and 74%, respectively, with decreases in
both plasma VLDL and LDL-cholesterol but not HDL-cholesterol. THA did not
significantly alter hepatic cholesterol content in either free or bound pools but
significantly increased fecal excretion of both bile acids and cholesterol.
Corresponding to the increase in fecal bile acid excretion, THA stimulated activity of
cholesterol 7a-hydroxylase activity in liver (7-fold). These findings suggest that
THA reduced plasma cholesterol by stimulating hepatic conversion of cholesterol to
bile acid for disposal via biliary secretion. This compound may have the potential for
development as a therapeutic agent for lowering lipids in hypercholesterolemic

patients.

Keywords: Bile acid; Cholesterol; Cholesterol 7a-hydroxylase, Curcuma comosa;

Hypercholesterolemia; Hypolipidemia
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1. Introduction

Atherosclerotic vascular disease, particularly in coronary heart disease (CHD) is
known to be one of the leading causes of morbidity and mortality worldwide. A
direct relationship between an elevated concentration of low density lipoprotein
(LDL) cholesterol in plasma and development and progression of CHD has been
reported [1,2 ]. suggesting that a reduction of plasma LDL-cholesterol levels may be
an important mean for preventing CHD development [2]. The liver plays a central
role in regulating plasma lipoprotein and cholesterol concentrations. It is the only
organ capable of excreting significant amounts of cholesterol which occurs either by
direct excretion of cholesterol or by indirect excretion after conversion of cholesterol
to bile actids. The conversion of cholesterol to bile acids is catalyzed by the enzyme
hepatic cholesterol 7a-hydroxylase which is the first and rate-limiting step in the bile
acid biosynthetic pathway [3,4]. Although the details of the ::ontrol mechanisms of
the synthesis of bile acid and the activity of cholesterol 7o -hydroxylase are not clear
yet, they are known to be under the negative feedback control of bile acids returning
- to the liver via the enterohepatic circulation [5.6]. For example, an absence of the
enterohepatic circulation of bile acids in bile-diverted rats leads to activation of
hepatic 7ec-hydroxylase activity and an increase the synthesis of bile acids. An
intraduodenal administration of bile acids could prevent the effect [6]. Likewise,
cholestyramine, a bile acid sequestrant, which binds bile acids in the intestinal lumen
and limits their enterohepatic circulation increases cholesterol 7a-hydroxylase
activity and increases the synthesis of bile acid [7]. Therefore, any intervention that
activates hepatic cholesterol 7a-hydroxylase activity and enterohepatic excretion of
bile acids could be one of the potential pharmacologic strategies to reduce risk of
CHD [8].

Phloracetophenone, (2,4,6-trihydroxyacetophenone) which is the aglucone
part of a glucoside from Curcuma comosa (family Zingiberaceae) effectively
stimulated bile secretion [9,10]. The secretion of bile was accompanied by an
enthanced biliary excretion of bile acid and decreased plasma cholesterol [10,11].
However, at present, the mechanism by which phloracetophenone increased bile acid
excretion and decreased plasma cholesterol are not known. It is possibly related to an

increase in hepatic cholesterol 7a-hydroxylase activity as well as an activation of a
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bile acid-dependent choleresis process. The present study was undertaken to
investigate the effect and mecchanism of phloracetophenone in lowering plasma

cholesterol by using cholesterol-fed hamsters.
2. Materials and Methods
2.1. Animals and Treatnient

Adult male golden hamsters weighing 100-130 g were obtained from the
Animals Center, Faculty of Science, Mahidol University (Bangkok, Thailand). They
were housed in a room with a 12 h-light-dark cycle, room temperature 29-32°C. They
were given free access to a standard commercial diet (C.P. Pokaphand Co., Ltd.,
Bangkok, Thailand) and water ad /ibitum. Hamsters were divided into a control
group which was allowed free access to a regular diet, and diet-induced
hypercholesterolemic group. The latter was maintained on the same commercial diet,
supplemented with a cholesterol suspension in corn oil (0.2 g% body weight/day). To
follow the changes after cholesterol feeding with time, body weight and plasma
cholesterol were determined weekly. The animals were used afier 3 weeks when
plasma cholesterol level was higher than 250 mg%. They were subjected to different
treatments. A dose response study was conducted by intragastrical administration of
different doses of THA from 100-600 pmol/kg BW twice a day for 7 days. The
compound was dissolved in 10% DMSO in corn oil and was given at 09.00 and 15.00
h. Time course study was conducted by giving an effecttve dose of the compound and
the animals were sacrificed at varying periods after treatment (3-14 days). At the end
of the experiment, the overnight-fasted animals were anaesthetised with ether. A
blood sample was collected from the abdominal aorta and plasma was separated after
centrifugation (3,000xg for 15 min) and stored at -20°C for further analysis of lipids
and lipoproteins. Afier blood sampling, the liver was immediately excised, weighed
and stored at -20°C for further analysis of liver triglyceride and cholesterol contents
and activity of cholesterol 7a—hydroxylase. Feces was collected from the cecum for

determination of excretory cholesterol and bile acid concentrations.
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2.3, Analytical methods

Triglyceride and cholesterol concentrations in liver and plasma were analyzed
using the colonmetric enzymatic method [12,13]. The lipoproteins in plasma were
separated on a density gradient by preparative ultracentrifigation according to the
method described by Havel [14]. After centrifugation, the gradient was fractionated

and the cholesterol content of each fraction was determined.
2.4, Preparation of liver homogenate and microsome

The liver was homogenized in 4 volumes of an ice-cold medium containing
0.25 M sucrose, | mM EDTA and 10 mM Tri-HCI| pH 8.0 using a glass-Teflon
homogenizer. The liver homogenate was divided into two portions; 3 volumes of the
homogenate for preparation of liver microsome and one volume for lipid extraction.
The microsomal fraction was prepared according to the modified method of Hoeg et
al [15]. The homogenate was centrifuged at 12,000 x g. 4°C, for 50 min to remove
the larger cellular debris. The supernatant was filtered through 6 layers of gauze and
the filtrate was recentrifuged at 100,000 x g, 4°C for 60 min to obtain the microsomal
pellet. The pellet was resuspended in buffer containing 150 mM NaCl, 10 mM Tris-
HCI pH 8.0 for analysis of cholesterol 7a-hydroxylase activity and endogenous
cholesterol level. Total protein contents of liver microsome and homogenate were
determined by the Lowry method [16]. The lipid content was extracted by the
modified method of Bligh and Dyer [17].

2.5. Assay of cholesterol 7a-hydroxylase activity.

Cholesterol 7a-hydroxylase activity was measured by using [*C] cholesterol
as the substrate [18]. Conversion of exogenous [MC] cholesterol into [*C] 7a-
hydroxycholesterol was determined. They were separated by thin layer
chromatography on silica-gel plates, after elution by a mixture of
benzene/ethylacetate (2:3, V/V). The band corresponding to 7a-hydroxycholesterol
was scraped out and extracted 3 times with diethyl ether. The combined extract was

dried and counted for radioactivity. Cholesterol 7oa-hydroxylase activity was
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expressed as percent conversion of radioactivity from exogenous [**C]-cholesterol to

7a-hydroxycholesterol by the microsomal enzyme.
2.6. Determination of toial, free and esterified cholesterol content in liver

Cholesterol contents of liver homogenate and liver microsome were
determined from their lipid extract in chloroform/methanol [3:1, V/V]. The organic
solvent was evaporated to dryness under Nj and the lipid residual was redissolved in
isopropanol. The free and esterified cholesterol was determined using an enzymatic

assay method [19].

2.7. Fecal lipids

Dried fecal samples were soaked overnight with phosphate buffer (0.67 M, pH
7.0). Then 5 ml of methanol was added, mixed and the sarr'lples were centrifuged.
The pooled methanolic extract was evaporated by N; gas and the residue was
extracted three times with petroleum ether. The pooled petroleum ether was
measured for cholesterol content. The residue containing bile acid was dissolved with
50% ethanol and kept for further analysis of bile acids according to the method of
Turnberg and Mote [20].

2.7. Chemicals

Phioracetophenone or 2,4,6-trihydroxyacetophenone (THA, Fig. 1),
cholesterol, B-nicotinamide adenine dinucleotide phosphate, glucose-6-phosphate,
glucose-6-phosphate dehydrogenase, DL-dithiothereitol and 3a-hydroxysteroid
dehydrogenase were purchased from the Sigma-Aldrich Chemical Co. (St. Louis,
MO, USA).

[4-”C]-Cholester0] was purchased from Amersham Corporation (lilinois,
USA) Enzymatic reagent kits for determination of total cholesterol, free cholesterol
and triglyceride were purchased from Bio-Medical Laboratory (BM-Lab Ltd.,

Bangkok, Thailand) All other chemicals and solvents were of analytical grade.
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-2.9. Statistical analysis

All data are expressed as means +SEM. The values obtained from different
groups were compared using one-way ANOVA followed by the Student-Neuman
Keuls test. Values of P < 0.05 were considered to indicate a statistically significant

difference.
3. Results

Table 1 shows the results of THA treatment in hamsters supplemented with
cholesterol. The body weight of cholesterol-fed animals was comparable to those of
normal diet control either with or without solvent treatment. However, in contrast to
the body weight, liver weights of the cholesterol-fed animals were substantially
increased as compared to those of diet controls. The plasma lipid levels, both
cholesterol and triglycerides progressively increased over the .feeding period. Plasma
cholesterol rose to approximately 300 mg % in 3 weeks and it continued to increase to
372.4+22.6 mg % by the end of the 4™ week. Plasma triglyceride was also markedly
elevated, and reached 865.9+158.2 mg % by the end of the 4™ week. The dose-
dependent decreases of both plasma cholesterol and triglyceride after THA treatment
to hypercholesterolemic hamsters is shown in Table 1. THA at a dose of 400 p
mol/’kgBW twice a day for 7 days markedly reduced plasma cholesterol and
triglyceride to approximately 52% and 25% of the cholesterol-fed control,
respectively. These reductions occurred, even in the presence of progressively rising
plasma lipids in cholesterol-fed animals. A further increase in the dose of THA to
600 pmol/kgBW caused a reduction of plasma lipids, bringing them close to control
values.

The time course of THA treatment in lowering plasma lipid was assessed at a
dose of 400 umol/kgBW twice a day for 14 days as this dose resulted in
approximately 50% reduction at day 7. After THA treatment plasma cholesterol and
triglyceride progressively decreased over the period of treatment. THA exerted an
effect countering the rise of plasma lipid in cholesterol-fed animals. The maximum
effect was attained on day 10 of THA treatment. A prolonged period of treatment to
14 days did not induce any further decrease of plasma lipids. It was probably due to

the plasma lipid level having returned close to the normal control levels.
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The lipoprotein profile was determined in both normal diet and cholesterol-fed
animals. The cholesterol feeding resulted in a marked increase in plasma cholesterol
as compared to normal diet control. The increase was found to occur in the amounts
of cholesterol in the VLDL and LDL fractions, whereas cholesterol in the HDL
fraction was not significantly changed. (Fig. 2). Treatment with THA 400 n
mol/kgBW twice a day for 7 days significantly reduced the elevated cholesterol in the
VLDL and LDL fractions but had no significant effect on the HDL-cholesterol level.

Cholesterol feeding significantly increased liver weight and contents of both
triglyceride and cholesterol (Fig.3). The hepatic triglyceride and cholesterol contents
were significantly increased from 3.8+0.3 and 2.3+0.2 mg/g in normal diet control to
5.3+£0.3 and 8.0+0.3mg/g liver, respectively, in the cholesterol-fed animals. However,
both free and esterified cholesterol contents were increased which led to a non-
significant change into free to esterified cholesterol ratio. This result might indirectly
indicate an increase in activity of enzyme Acyl-CoA: cholesterol acyltransferase
(ACAT) which catalyzes the conversion of free to esterified cholesterol for storage.
Treatment with THA at a dose of 400 pmol/kg BW twice a day for 7 days did not
- significantly affect any parameters of lipids in liver, including triglyceride content and
both free and esterified cholesterol. Total cholesterol content was maintained at 8.0+
0.2 mg/g liver.

Since THA has been reported to stimulate bile acid secretion, the activity of
hepatic cholesterol 7-a hydroxylase (C7aOHase) associated with the synthesis of bile
acids, was measured. In Figure 4, it is evident that THA treatment had no significant
effect on the amount of endogenous cholesterol in liver microsomes when compared
to the cholesterol-fed control group. Despite the availability of similar content of
endogenous cholesterol substrate, the activity of C7aOHase in the THA-treated group
was markedly higher than that in the cholesterol-fed control (7-fold increase).
Corresponding to the increased C7aOHase activity, fecal bile acid excretion which
was significantly higher in cholesterol feeding as compared to the normal diet
feeding, was further and significantly increased by THA treatment, as compared to the
corresponding cholesterol-fed control. In addition to the fecal bile acid excretion,
fecal cholesterol excretion showed a similar pattern of increased excretion following
THA treatment (Fig.5).
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4. Discussion

The therapeutic purpose of using lipid lowering agents, is to reduce plasma
cholesterol levels when elevated above normal, and may be associated with a number
of diseases, including coronary heart disease [1,2]. In the present study the lipid
lowering activity of THA was evaluated in hypercholesterolemic hamsters, induced
by supplementary feeding with cholesterol 0.2% BW. By 3 weeks of cholesterol
feeding, plasma cholesterol was elevated to 250-350 mg % and plasma triglyceride
was similarly elevated. The increase of plasma cholesterol was mostly observed in
the VLDL and LDL fractions. These results were consistent with earlier reports
showing that dictary cholesterol induced both hypertriglyceridemia and
hypercholesterolemia [21-23]. The hepatic lipid content was also increased in our
animals. The increased plasma triglyceridemia has previously been reported to be
associated with an increase in activity of hepatic phosphalidate phosphohydrolase-1
(PAP-1) which is a key enzyme in regulating triacylglycerol synthesis [23]. The
increase in total liver cholesterol content has been reported to be due to an increased
ACAT activity, which resulted in a massive deposition of cholesteryl ester after a high
influx of cholestero! into livers of cholesterol-fed animals [24]. In the present study, a
marked increase in total hepatic cholesterol content in the cholesterol fed animals
apparently occurred in both free and esterified forms, suggesting an increase of
ACAT in our cholesterol-fed animals. In addition, an increasing load of dietary
cholesterol has been reported to suppress the activity of HMG-CoA reductase which
is the enzyme that catalyses the rate-limiting step in cholesterol synthesis [25].

In the present study, THA treatment of the hypercholesterolemic animals led
to a significant fall in both plasma cholesterol and trigiycerides, which showed dose~
dependence. The compound selectively reduced the elevated level of cholesterol in
VLDL and LDL fractions whereas cholesterol in HDL remained unchanged. In
addition, total hepatic cholesterol content and ratio between free and esterified form
were not affected. It is noted that THA markedly increased the activity of C7«cOHase

activity in the liver. Corresponding to the increase of the C7«OHase activity, the
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excretion of fecal bile acids was essentially increased. Fecal cholesterol was also
increased. Although the mechanism by which THA lowered plasma lipid was not
clear, there were several possibilities which might involve. THA might interfere with
synthesis of apo-B containing lipoprotein as the compound selectively decreased
cholesterol in VLDL and LDL fractions. Both fractions contain apoprotein B-100
which is necessary for their secretion. An abnormality of this apoprotein synthesis
appears to relate to a beta lipoproteinemia in which VLDL is not released from liver,
causing an accumulation [26]. However, THA treatment did not alter the liver lipid
content. [t was unlikely that THA lowered plasma lipid by interfering with hepatic
formation and secretion of VLDL by decreasing of apoprotein B-100 synthesis.

THA might have a direct effect on bile acid synthesis by activating C7aOHase
activity, enhancing the conversion of cholesterol to bile acid and thus increasing
excretion into feces, as found in the present study. This is in agreement with our
earlier study in which THA effectively activated a bile acid-d:spendent choleresis and
subsequently, a lower plasma cholesterol [10,11]. Generally, in intact animals, most
bile acids excreted into the small intestine are reabsorbed back along the entire
intestine. Only a small amount of bile acids (less than 10 %) is excreted in feces and
this portion will be replenished by hepatic synthesis from cholesterol. The returning
of bile acid to the liver provides a feed back inhibition to the enzyme activity [27].
From this view, it is suggested that THA exerted its hypocholesterolemic action by
increasing synthesis of bile acids and diversion into feces. The excretion of
cholesterol into feces was followed that of bile acids. It is possible that the increased
hepatic C7aOHase activity, which promoted elimination of bile acids via feces, was
indirectly resulted from the interference of THA with the enterohepatic circulation of
bile acids. This could occur by inhibition of uptake of bile acids by either enterocytes
or hepatocytes, or possibly via a non-systemic inhibition in the intestinal lumen.
When considering the action of our compound that increased hepatic C7aQOHase
activity, appears unlike cholestyramine and other bile acid sequestrants, which are
anion exchange resins and mediate action by binding with bile acids, preventing their
absorption in the intestinal lumen [7]. In contrast to the non-systemic action of
cholestyramine, THA is a small compound which was rapidly and readily absorbed
after intraduodenal administration. Its choleretic action reached a peak within 15-30

min and showed a dose-dependent effect [10]. In the present study, it was not clear
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- how and to what extent THA interfered with uptake of the returning bile acids, as a
mean of providing the control of enzyme activity. A similar systemic choleretic
action was also reported for some statins such as crilvastatin. In addition to inhibiting
HMG-CoA-reductase activity, it has been reported to lower plasma cholesterol by
diverting circulating lipids into bile by inducing a bile salt-dependent choleresis [28].
It remains possible that THA might alter bile acid metabolism and induce secretion of
different bile acid species, which in tum, could interfere with enterohepatic
circulation as reported for the case of ursodeoxycholic acid [29]. Currently, research
on cellular membrane transporters for bile acids and lipid have been done to forward
understanding of the mechanism responsible for their uptake and excretion from liver
and intestinal cells. Recently, ATP binding cassette (ABC) transporters which are
abundant in canalicular membranes in liver and associate in excretion of exogenous
and endogenous multiple organic anions including bile acids [30], have also been
reported to be involved in lipid transport and some lipid di;orders [31,32]. Further
study of the action of THA on the uptake, metabolism, excretion and interaction with

bile acids transporter are necessary to clarify its mechanism of action.

The increased hepatic C7aOHase activity and fecal bile acid excretion were
also possibly related with an increase in hepatic LDL-receptors, which led to increase
clearance of plasma VLDL and LDL. If it was the case, cholesterol taken up via the
LDL receptor pathway might be directed into the pool for biliary excretion rather than
into the pool for cholesterol esterification, as the hepatic cholesterol content was not
changed by THA. However, since the LDL receptor number was not determined in
the present study, it could not be ascertained whether LDL receptor number was up
regulated or not. Further investigation of the regulation of hepatic LDL receptors by
THA might tell us by means of which pathway the compound might exert its lipid
lowering influence.

In conclusion, the present data showed that THA exerted hypocholesterolemic
activity by an increase in C7ccOHase activity and fecal excretion of bile acids. These
effects are especially interesting as it is primarily associated with LDL levels whereas
HDL levels remained unchanged. The modulation of C7aOHase activity with an
increase of bile acid-dependent choleresis as well as a direct shunt of lipid from

circulation into bile and fecal excretion might offer a new pharmacological strategy,
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- and thus encourage development of the compound as a therapeutic agent for lowering

lipid in patients with hyperlipidemia.
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LEGENDS TO FIGURES

Figure 1. Chemical structure of phloracetophenone (2,4,6-trihydroxyacetophenone)

Figure 2. Effect of THA treatment on cholesterol concentration of plasma lipoproteins
in normal diet control and cholesterol-fed male hamsters with and without
THA treatment. Animals received THA treatment at dose of 400 p
mol/kgBW, twice a day for 7 days.
*P < 0.05, significant difference from normal control.

"P < 0.05, significant difference from cholesterol-fed control.

Figure 3. Effect of THA treatment on cholesterol concentration of plasma lipoproteins
in normal diet control, cholesterol-fed with and without THA treatment.
Animals received THA treatment at dose of 400 pumol/kgBW twice a day
for 7 days.
*P < 0.05, significant difference from normal control.

"P < 0.05, significant difference from cholesterol-fed control.

Figure. 4. Effect of THA treatment on (a) endogenous cholesterol content and (b)
activities of cholesterol 7a-hydroxylase enzyme in liver microsomes.
Animals received THA treatment at dose of 400 umol/kgBW twice a day
for 7 days.

* P <0.05, significant difference from cholesterol-fed control.

Figure. 5. Fecal excretion of bile acids (a) and cholesterol (b) in normal diet control,
and cholesterol-fed with and without THA treatment. Animals received
THA treatment at dose of 400 pumol/kgBW twice a day for 7 days.
*P < (.05, significant difference from normal-diet control.

P < 0.05, significant difference from cholesterol-fed control.
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