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\h tract Ph)lOM.crob have bcca ,nddy ~rudied ior thdr 
hu1c~tero.-lov.enog eftecl. Con1u :itcd pb~ to~tcrol fonm 

h.:i,;c beco found mor.: a-:ri\'c than tree moietie . There . re 
110 rcprJrts ahoal lhc ;.tciol pmtíle nf bJ¡¡c · bean ;;ecd coab 

odchcr its cffocts on d1ole·tcml mct:iboli:.m. The a1m ot 

lhi. rcs.:arch was to ideotify u.11d quanüfy phytosa:ro s from 

bl.ick bcan seed coiw anti to dctcrmmc ¡.heir effcct, nn 
chulcstt?rol nncellar so!Ltbility a11d on rnRi'liA. and kcy 
prnt<!Ln levels mvnlved in llpui/cholestcrol m~tubohsm nnd 
i:ho!c,tcrnl transpon in pnmary rnt hcpato9tes Free 
phyto. lcro:s, acylated :t..:ryl glyco>1de~. nnd tcryl g1}CO· 
s1d wcrc e-:tracred trom hlack ~.m seed co,11.~. Thcy 
~, ~r" 11.ienuficd thrnugh llPLC-. 1:-TOF and qumrified 
thr •ugh JIPLC eqmrped with • ·- •i, 1bie and c,aporau ·e 

light-scartenng <leteclor,. Frt:c anJ onjugaced phy10. rerols 
lrum the coru:s !>ignifi.:a.ntly rncn.:,1.,cJ lhe mlub1tory effr e 
oí -:bote~tcro mü;dle fonTI,inun rnmpa.rcd \\.1dl sugm.is 
t.-r11l wh1.:h \\,Jli 11-reú .1s wnmil (P < O 051 [n add1tiu11 
phytostcrob of bla..:k bean ·ccú cc,at de rcnsed hpogcnes1s 
b • the downrcgulanou 1)f hpogcnic protems such as stcrol 

1egul:11or:- elcmeur rnnding prOlcin 1 :md fart:, aciJ .:i}O · 

thes1s 1FA > m prima.'}' mt h~patocytes. Ikgarding P-o:n-
n J.t11<1n. rh}tv~terol urrcgul.il~d thc c.:1:pre,.iu11 of ·arnmnc 
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palmito_ ltran~fera;;e I and pramotcd the jl-m-idation of 
lon=·ch.1in ratty dCids. Ph~10. tcrol.~ mlubited cholestcrol 
m1ccllar olubilicy anJ reduced thc .1,l1\'iition oí tb.e livcr X 
rccepror, de ... "JCai;ing bepatíc FAS und promoting hepau 
P-oxidation of long-.:hJ.J.n f ny acith. 
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lntroduction 5 

Phyw.,terOiS .ire .Lnll~ru:-ally ,imil.ir lo dtole~tero ..i.nd J.d 58 
1n the t.nreMIDe lumen lo !,1wcr cholc tero] absorplilln ~w ·9 
thc 1:ugher c,cretioo of tccol ch,,Jcstcrol Ostlund 1 - ¡, 60 
Too.: rm Li ;1.ncl D,ug A.imin1 ... cr;1t1011 1 f-DAI 1 1 ha, 61 
con~!d<?red t'le. e planr src:rol 1. ~cncr.ill.y rect,gnizcJ ~ 6~ 

,.ifr IGRAS) and e: rablisheJ that 1he dtt:ta.•:: inlake nec- 6., 
c~;,a.-y to a.:hie-.c igru1k:i.n1 cholcstcrol plasma rcducaou 6~ 
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65 !5-l • o/;; J 1~ :?. g pcr d..ly Slmilarly, the National Cholcs-

66 terol Educ:mon Program (:--lCEP) ( ,1 recommcnds for 
6 7 adults the daüv iut:ike of 2 g phytosLerob co rcdttcc pl::isma 
6& LDL and the ·rhk of cardiova ·cular tfuea,e, . However, a 

cranspcn and .ue also respoosiblc to ii.J.rut mtt: rinal 11 S 
absorpdon and promore biliary excrelloo of hcpat1c srerob J 19 
(Grai et al J. 1~0 

Beans are a.o important soUTCe of . everaJ ph)1os·erol • 1 ~ 1 

69 conventiona WeM ·m diet prnvide onl:r an average of bue these pbytocbemicals have been qu:ultlficd afta- che 122 

70 250 mg/d.ly of phytosterols. 
71 Stud1es witb tbe free forros of phytostero!s related to 

hydro!y. i of the seed (Inti et al. _ ; ·ysrrom c1 al l.:!3 
_: Ryan ce al. _ ,1. For lllSta.nCe. the mo~c :ibundanr 12 

2 their cholesterol-Iowering effocts havc only been phytO Lerol in kídney beaus 1s .sito tero}, cünt.'UJUJlg l::!:5 

i 3 ndJ.rcsseJ LOward the reductior. 1D cho:csterol absorp- 86.S mg/ 100 g (Ryan et al ) ln ai.ld.1non. othirr 1211 

i4 non (Carr , .:.; Guderian et al. ; Lee et al. 
75 Rasmus-en et nl. ::. : Trautwein aad Duchateau 

author· reporteo that ~irosterol is lhc mam phymsteml 127 
foum.1 in cornmon bean.s wlth a concentranon of 27 2 mg/ l28 

76 ) One of the propo ed mecharusms for thc inter-
77 fereucc of cholesrerol inte tinal ab:.orµtion is the inhi-

100 g ~Triti et al · J. For black bcans.. the most abundan! l.29 
.reported phytosterol is aho silo:;terol, ano the proporuon of l 30 

78 bitton of mtcelJJr olubilily Jcsch and Carr .: acy\ate<l teryl g:lycusides is grenter than that of steryl 131 

71m(frautwein and Du..:hateau ~ l. Remarkabl;, esterifie<l 
80 phytosterols have been foun<l more actl ve in the cho-
81 le terol-!owenng effoct r:han free coumerparts tGude-
82 rían. et al _ - . Rnsmussen e1 al ' ) Gly1.:oside 

glycoside sterols (Nystrom et aL _ ) To our know.edge, l 32 
it has not been reporced tbe stcrol profile of blJd bc.m 133 
(Phaseolus 111lgarís L.J seed coats nor l.betr effect., on 134 
chole tero! metabol.ism. It 1s rmportanr to poinl oul chat 135 

83 ~cero! (G,) and acylatcd steryl glycosides 1ASG) are black btan i · one of tl:le mo·t frequcnt lcgumc ·c..:d~ con- J '(j 
8-4 Lhe major fonns of phytosterol.s w mauy fol)dS. (OstlUIJ<l swneJ in thc Mexí.:un dlet and is exkosively used 10 137 

85 _), and accordiog ro Li.n dt al. (_ ' ), the e chem- prepare an arr,iy of fooru of rhe Me;tican cui 'UlC. However. 138 

86 ical forms have a sixnilar reducüon effect of cbolesterol the consumption or bean has dccre.a. ed during lbt· past 139 
87 absorptton compare<l wich sterol e tcrs. Further studies dccades. l}J]d imeresringly during thi.s time span. thcre has 140 

88 have de.moastrate<l Lhal tbe bioacri.ve componenti. been an iocrease in thc inc1dcnce of hypcrcho:c tcrolerrua 141 

89 responsib1e for reuucing cholcsteíOl abso.rpt1on are 
90 ASG anú SG, bue not 1he free phytosrerols íLin et al 
91 _ t ) . Lln et al. ( ) rcported th.it ASO an<l G 
9: pre enl in the himen aod mucosa of nu.:e reduceJ 
<B 1.hole ·cernl ah orption, :tnd despne 1heir low absorp-
94 tion. lhe} signifi1.antly reduced both plasma and hepa.ttc 
95 cholesterol. Othcr report· :::howed Lhat ASG haw abo 

.i.nd cardiovasculm: di.seases (Díaz-Baralla t:l al. , ). L :: 
Thu . bl..tck benn cansumption cou.Jd benefit 10Jtv,dunJs ¡..¡3 
from high erum cholcslerol conccntratiou and rhu~ 14-1 
reduction rn che risk of carchovascu1ar dtsease. 14 -

Thus. the aun of thts srud} wa.s lo identify nnd guaottfy 146 
phytosterols. lll their free a.nd conJugared fo.rms. w black 1 .i7 
hean (Pluueolus ~wgarü L.J sced coats. a11d to dctennrne 148 

96 hcen use I to enha11ce drug delivory because tbey are their e.ffects in choksterol rnicellar solub1l1ty and m key 149 

97 well re.:og.ai.zcd by ;;orne heput1c receptors. allowmg µrocein levels and gene expression rnvolved rn llp1d/cho- 150 

98 the n<lml..ni ' lrated drug ro accu.m11latc up to 80 % in the !esterol m.etaboiJ..Sm and cholcsterol transport i.n pnmary rat 1 ~ 1 

99 llver f\lait.ani et al ~ ). De-spite the limtted ab orp- hepatocyte 15:! 

100 tion of ASO, there- is not knowle<lge whcther small 
1 O 1 a.rnount, of ch.ese compoWlds may exert biological 

102 effect i.n Ji ver cells faterial.,; and melhods 153 

l 03 There i limitet.! informauon ab-Out me effoct of spectfic 
J 0-4 free phytoste.rol (s.Jmsterol and stigmasterolJ ou thc 
10- expres~ion of key genes of cholesterol metaboltsm. A 

·eed coac sarnple~ 154 

106 ,igniiica.nt decrease in the relarive express.ion of hepauc PhczSf'.O[u.-, vu/1m11s L. var. ao r uis wa.<; obtaine,I om 155 

107 sterol regularory ekment-biniling protem 2 ( SREBP-21. 

108 l.-hydro:cy-3-methy!glucaryl-CoA reductasc (HMGCRJ, 
109 a.nd intestinal .\TP-hrnding cassettt: :rubfau:üly G 5 

Srnaloa, Me:uco, during Lhe r11onth of Man:h uf 21) 1 1 111e 150 
seccis wcre srored nt 4 ' C :md rdJtivc burn..id.Jty ot 85 %. 157 
B!ack beans. werc wtped w1tb a .fla.nncl ami thcn tempercd 15~ 

l 10 (ABCG-¡ h.i beeo observed in hrunsters ft:cl w1th a h1gh- in a pla.~trc bag wtth di.stilled water tn a 100· 1 l w/v ¡ ra.to ar 15'l 

l l l cliolesh:rol diet aod pu.re uosrerol or t1gmascerol (L1:mg room temperuturc for 24 h Thc cond1ttoned black b .ans J 60 

l l ~ et al. _ ). SREBP is a fam.Ll)' of trariscnplion factors thut were placed on trays for drying at 60 -e tor 6 h w on l}vcn 161 

113 reguhttc [ipid merabol.is.m and acnvute the ex.pressioo of 
1 ]~ more th.J.n 30 genes dedicared ro the ·ynthesu. and uptake 

fElectrolm EOH.3 !003X. Sparn). Later the sccd coal, 162 
were removed Jsmg a mecbarncal se.:d dt: .. oru ,_ator l6.3 

115 ,,r <.hl,k~lt:rol as well ,1~ fatty ac1J yntbcs.i · (Horton (Squar~ D. SC-DGE 4 64 JndiaJ fur 90 ~- Toe mixture of 164 

116 'fato _ ). On rhe other hanú. ABCG5 and are traru.- decorticared b~aus was separa.ted b; three Leves tillo 16) 

1 l 7 poners tb.tt beloog to tbe fomtly of reverse cholesrerol r.:ocyledons C:!. J mm>: seed coar.s (1 O() mm1: .i IDJ.:mm.: of lóá 
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167 ÍÍ.J1e pamclcs of cotyledons, h1lura, anü secd co:m 
168 10 :!5l mm); and a borrom pan thm colkcccd che finesc 
l@ pumcle .. Subscqucmh, Lhe seed coats were nnlkd wilh a 
170 coffee gnnucr (Krups GX4IO0, .\-lcxico) 

I i 1 Em::11.:líoo nf sreroL~ assocwted wuh black be.m eeu 
(72 CO!ll.S 

J 7'\ Dthydro-,hulesterol (5ry,-chok~tun 3P-ol. S1gm:i. St Loiu. , 
174 MO. l"SA) \l,a.; used a. intcrnal st.inüarJ Toe e-xtract1on 
175 wen: perfonncd with hexane usiog a mass-soheot ratio of 
l 76 1 10 w/11 The mn:tore wru; ·tJ:m:d for 1 h .it 250 rpm at a 

177 temper11ture of 35 >e anJ left for one addiuonal hour. Toe 
178 supemacim was recovered and vacuum tilten::Ll lhrough. a 

179 Whatman filter papcr No. l. Toe resulting extra t wu:. 
180 concentraIBd in a rorury evaporator to removc thl! orgaoic 
1 l so1vear. Toe hílth tcrnrerahm: w~s sel at .l[J "C, .u,d prei;­

sure in the ,·acuum pump at a raoge of - 70 to -90 kPa. 

Once b.!x.ane was rem0vcd. rhe e trae; rich in ph~tosterols 
wa:-. !yophtlized and the resulong powdcr ~tored at -80 ºC 
until an.uy,,.:s. 

186 1Tydroly81s of cxtract rich in phytosterols 

L 7 Two grams of ,yophilized exrract was bydrolyzcd w1th 
1 SS 10 mi.. of 6 ,\J HCI for 60 mm ar 70 ºC; evcry 10 min the 
1 9 samples we~e maoually shake~ Aftcr coolmg thc s:unples 
190 for 20 mm ac room temperarure. lipids wcre extracred 
191 ra1ct:. wilh 7 mL of c,'{a.ne/dLethylether l;l (v.vJ. The 
192 orgunic layer was rec wercd ::l.fld cvaporared to dryncss. 
191 Toen for sapontticat1011, tl11.: dned organic layer was dis-
19 so!ved m -l- m o ethanol, and 5 rnL of KOH w:1.s addcu. 
195 Toe mucrure w;:u; shaken 111 a vortex !lf'.d hyílrolyzcd fo, 
196 JO mm ar 70 C. After dial. the cni,rure was cooled at 
L 97 room tempcrarure, U1Jd 4 mL of d1 ti lied Wllter and 7 rnL ni 
19& he:<.ílllC \\t:rc audeJ. The orgamc laycr WílS rccovcrcd, and 
199 orher 7 mL of hf':1:.1.ne wa_~ ~dded and reco\'ered. The total 
200 orgaruc !J.yer was cvaporated to dryness. Toe dned fract1oa 
:!OJ was di ·solvcd w 1 mL oí hexam: for RPLC analys1s. 

20:! Sterol identificatioo aad qu::mrifü:atinn 

:'.03 Tbe idc11tiñ.c:ll1nn of phytostcrols was perfonneJ io a 
:!0-l HPLC-MS-TOr (l\!rn.lcl Gl 969A Agilent 1100 SanLl 
~Qj Clara. e_.\, USA) w1th lhe same chromatographfr cond,-
206 ttons dcscnbei.l ubave for the HPLC-DAD-EL. D .maJysb 
W7 Toe free torrns were coofinned b) rett!0tion tunt: of eacb 
20~ ;;tumlarJ m the RPLC column. For the identi5c1111on of 
~09 conJugated fonns, 1oruzatio11 tests were perfonneJ to 
2 líJ fragmenr the molecular ioo and ob1ain !he currespomling 
211 fragrnematwn pattcru. Mass spectTJ wen: colle..:teJ Uslllg 
.'.'.12 dectrospray source m po~ttive rnode (ESI-) lillder the 
213 following condit1oos. mi:. range. 100-1.400: aittogco gas: 

J=n,I '-"'11" tl!b} 

A-te~ ~r 'Jti1 
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gas tcmpcrature 150 ºC: drymg g¡¡s flow r'llte, 1J L/mm, 214 
nebuluer pressure, 50 pstg: capillary voltage, -l,000 \', ,.mu 215 
frngmcnc vo!rnge, ~f) V. E:<.tracteJ [011 chrnmamgr:im werc 216 
obc:uned comidenng accurare mass of phytosterols or rheu 217 
nJducrs, wtth an errnr raoge of O.O I wiirs usmg the Amlyl<I 218 

QS 1.1 <ofrware Apphed Bíosysrerru;, Ca.rlshad, CA. 219 

lli~ lli 
Phytosterol qua.utüic.:ition~ were performed in HPLC 221 

c4u1ppetl with Lt-Y-Visible detector ami Jn Evap11rative 222 
Light Sc.1.ttenng Detecwr HJ>LC-UV-VIS-ELSD (l'.!00 ""!1 

Senes, Agilent T.xhnologies. .:mia Clara., CA. US:\J, Thc 22../-
HPLC wa- eqULppe-cl w1th a Luna C column 225 
('.!50 " 4 6 mm i.d, Phe.oomcI1ex , Torram;c, CA. USA); 226 
mjecuon volume was 20 µL. and lb.e mob1k phase ..:011- 227 
Gted ot (A) acctoniciJe and <'B ) 55 % memanol a.nd 45 t~r 21, 

water (acidified with 1 % fomúc aci<l). The elunon gradJ- 229 
ent for 6 was a., follOW!>' 0-7 min, O % (flow rate of 230 
0.6 rnL/min); 7-15 mio, 0--1 % (0.6-1.2 mllminr 231 
15-20 min, 15-80 % ( 1 2-1.5 mL/mmJ; aod 20-50 mrn. 2J2 
80-J0O % (1.5 mL/min} Toe col.umn temperature ½as 233 
mamtain~d at ,fü ºC. EL D was adju~icd to -o "C with a ::!34 
mtrngen pres ure of l.& bar. ELSD signal w.i: m.ed to ::!35 
quantify free Jnd conjugated fonns of Ugmust.erol anti 236 
siro 'terol. Campesrnrol, free or conjug-atecl ond chule tero] 23i 
were mea ured at 205 om. Quantificat1ons were pcrfonned 23& 
U5ing cnli.bratllm cUIVes of swnd::irds of sugmasterol. 239 
sitosrerol, aod campt!l>terol (Sigma. St. Lou1s, MO, USA! 2-l0 
and conjugatcd forrru. were quantified ns eq1üvalcncs. oí the 24 ! 
corresponding phytostcrol LO 1l5 free form. In the case of 242 
i'i?-avena.sterol fonm,, cho!e~lerol wrr~ used for '.;43 
quanuficauon. 2+1 

lnhibitloo of m virro chnlesternl miL:eUar solubiliLy 245 

Toe 111 \'itro rmccllnr so!uh1ltty of choleslcrol was rneas11red 2-16 
accordrng to the method dcscribcd bcforc. fZhoog et al 2·P 
_ 1 J. :\Ilcellar olunons 17 mL1 connunmg 10 rn.vf 2-t.8 
sodrnm taurocholate ( igm:i, St. Lolll.'l, MO LISA), 2 rn.vl 2-19 
cholestcrol (Sigma. St. Louis. MD. eSA). 5 mM ole1c L1c1tl 250 
(Stgma. L LouLS, r 10. USA), 132 mM NaCl, L5 m..\.f 251 
sodium pho~phate tpH 7.4), and 5 mg/mL oE the non- 25'.! 
byclrolyzed phytosterols extracl or 5 mg/mL uf sirasterol or _53 
3 mg/mL of sito cero! ar 5 mg/mL of stigmasterol were 25-l 
prep:ll"ed hy ;.ooicauon r'Lnrrasonü: Homogcniz(.T VP-5 2:55 
Taitec Co. Ltd., Jap:m I Toe sitosrerol coo.ccntratioo of 2 ó 

} n,g/mL was ~e]t:ct~U LO assay rhe effect of the Sam!! r7 
proporrion of ·itostcrol contamed m lhe phytoslcrol extract, 25, 
,md 5 mg/mL of :ütosterol ami stigma~tcrol wus ev-.iluatei.l 259 
to ~omparc tbc cffcct of free forms 01 phyto:.tcrnl with the 260 
effccr of the nLJn-hydrnlyzcd ph) tostcr1;1l e.'l.tract Toe 261 
mcmrre was mcubated at ... 7 ºC for 14 h and ceotrifuged ar 262 
10<).000,i Cor 60 mi.D ut ~7 ºC. Toe supematant purt1on wai, 26, 
c11lkcteu ror tbc deternuoation of chok ·terol concencration 26~ 
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u mg the mcthod prevtously dcscribcd (Ch.ívez.-Santoscoy 
et al. ) DatJ were expressed as mhibition o choles­
terol micellar solub1lity (%) obt:u.ued as [Cs/(Cí -
Co)] x 100, where Cs is cholesterol concencrarion in 
supern,1tants w1lh. the té$ted excracts or control, Co is 
chole tero! concentration i.o supematn.nr withour di.sruptor 
and Ci wa:, lhe inilia.l cholesterol coocentrallOn, whi h in 
tru. p.u-ticulnr ca.~e was 2 µg/mL. 

Cultu.n: of primary ral hepa1.ocyt..°S 

Wi r1r rat hep:nocytcs were isoiatcd by coliagenase 
perfusion and scparated from non-parcnchymal li ver 
cells by centnfugati(-'!l at 325g as prev1ously described 
,Beny and Fnenu · · ). Pri.ma.ry hcpatocytes were 
plured in :i ix-wcll platc {9.6 cm2/well) (CornwgCell­
BIND. Tewk~hury, MA). At ,1 h after plattng hepl.lto­

cytes phytosterol exrra.:ts at differeot dosages up to 
76.1 µg/L and/or 10 µmol/L of T0901317 (Sigma. t. 

Lou1s, MO. USAJ were atl<led. The hepaco ytes were 
sti_mul:ned for 14 h by each treacmem. Total R A from 
e.be hepamcyLes was obl:uned u~ing Tnzol reageot (Life 

Techoólog1es, Carlsbad. CA. rSA) WLt.h tbe protocol 
recommended for the provider, quanti.fied in a Nano­
Drop spectropho1ome1cr (NanoDrop Technologies. 
Houston. TX, L'SA). ll.lld reverse-transcnbcd. RT-PCR 
amplilic:i.tion was performed w a Roch~ Ltghtcycler 
4 O ll rSwi tz.erland) us10g Taql\fan a ¡,ays. Relalive 
e"'l:pression of SREBPI. fatty add syorhase (FAS), 
cn.rnltiDe palm1royltrnnsfcrasc [ (CPTI), ABCG5, and 
actin as housekceping gene was cakuJ::ired by 2-J.J.CT 

melhod (Liva.k and Scbmittgen - ,l. 

Protein extraction ami We tern blntting 

Protcin cxcracúon and Western blotti.ng were perlormcd as 
prevtou.Jy reportcd (González-Granillo ec nl. - :). 
Briefly. primar) ra1 hepntocytes were bGmogcruzcd tn lysis 
protern RIPA buffer and complete protease inlubitor 
cocktail tab!eis (fü:,che Applicd Science. GermanyJ . Toral 
proteill (30 µg) wa!> load.:d 011 8 % polyacrylamide gels. 
sepamed by SDS-PAGE, and eran. fom:d to polyvinyli­
dene di.fluoride ¡pvnn membrane. Blots wcre blocked 
,\ích nonfat dry milk (Bio-Rad. Hercules. CA. USA) and 
incuhater.l ovcmight at 4 ºC with the following primary 
auLJbodit:i.: ar1ri-SREBPI. ano-FAS. anli~CPTl, anti­
H.vlGCR, am1-cubulrn, and ann-act1.0 1Sa.nta Cruz Bw­
t.:chnulogy. Sa.uta Crui, CA l'SA> Toen. blots were 
incubated wilh th~· ~ccoudary aotibody and revealed in 
Chernilloc'f"\1 .X"'RS - ystem w1th lmage Labn,1 Software 
<Bio-RaJ Her.:ules, CA, USAl. Toe bam.ls were n.nnJyzcd 
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w rng the [mageJ J .-1.'.:'.p digual imaging processing sofrwarc 
). 

Stanstical analyst 

Resulls were e;,..-pressed ru; mca.n ± tandard error Dam 
wcre an:tlyzed Wlth Graphpad Prum b.0 aod MD;ITAB 16 
software. The stausticaJ analysis was performed by !.me­
way _A.}:OVA followed by Tukey's test lo i<lentify s1gmf­
i.:ant difforcnces berween groop . D1ffcrcnccs bec; een 
mea.ns wcre cómp::ue<l at a leve! of ~tgni:ficance of 
P < O.O- Every experimcnt was p~rformed in triplJcJtc 

Result 

fdenri:fication and quanttfü:ntion nf phytosterols 

ft was po~s1ble to iriennfy speci.fic free and cooJu¡p.t.ed 
srerols (Table ) by comparing the mass spectra with the 
cowpount.!s thac hnve beeo prev1ou !y 1dennfied in thc 
Fabacc:le family, according to the fragment:mon panern 
and molecular 1ons previou·ly reportetl 1Kalousttan l!I al. 
_ 1 : Leisso et al. :: ·; Ongob et al. , ), as well a the 
c0Lnc1dence in che retention time of tbe re.spccuve ~ran­
dard •. Stigmasterol was only fouml m Lt · free form, 
whcrea campesterol W3!> foumJ as free, , cylated steryl 
glyco ide and ·teryl gl.ycoside: 1to cero( wns found ín free 
and acylared steryl glyco.iik form Finally, ó 5-avi:n.1,.<;­
tcml wa.s found as fa.ce .i.ml steryl glycos.ide forms 
{Table ¡. 

Toe 44.2, 30 l. and 25.4 % of the ideallfü:d phytosUols 
were acylated steryl glycosides, free forms, and sccryl 
glyco. ides, re ,pectively {Table ::.). Toe mo.st abundan! free 
pl1ytoslerol found in rbe e..mact before and aiter a.:id 
hydrolys1s wa$ sitosterol with a concentration of 29.4 od 
51 2 mg/l 00 g. respeccivcly {Table _ ), nnd the rnost 
abund:mt conjugured phytostero~ found in block hc:in eed 
coats wne P-stt[){,'literyl (61-O-lino!eoyl)-P-o-glllcojde 
(41.2 ± 0.1 mg/100 gl :md campe.steryl-~-u-glucosidc 
(32.9 ± 1.2 mg/100 g) (Table ). 

lnhib1tion of in ,·11ro clmlcstcrol micell:.ir solub1lity 

Toe J.Dbibition of cholesterol mkeilar . o,ubil.Lcy due ro 
phytostero;s of black bean seed cm.1ts was s1gnilic:mtly 
higher than tbe effcct ach1eved by :my of rhe t:wo phyros­
tcrol slilnd:rrds used a:. 1..ontrol ¡Fig. 1 Parncularly, 
rnosrerol at a concentranon ot 3 mg/m.L i.nhibicctl chille.· 
te:ul micellar solubiluy by :i.39 = 0.4-6 % when commer­
.::1aJ .st:mdnrd wru u.sed aod 1 .:?4- = 1.5- % when 1t was 

3 ¡_: 

313 

314 

315 
'l6 
317 
318 
31~ 
120 
1_1 

323 

324 
Jr 
321'1 
''I~ 
1.:./ 

:!8 
329 
330 
331 
332 
333 
33-1 
.U5 
336 

37 
38 

339 
34fJ 
141 

142 
q.3 

3+1 
345 
q.(í 

~48 
149 
350 
351 
352 
353 
35-1 
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Table 1 ¡--~e ph;1asti::ols, stcr¡,i ly(o:-1 -~,. anJ 3cylatcd ·id}'l .yctJ 1úes , unJ :n b\.a.:::.k bew eeJ o3I bastJ 11 ~,.,_,rr:ui: = nnJ 
e wpan\on w::J:i liter:uur.: 

1',- ~tcrol~ 

S•igma~ter 1 

C:impe'1Cr-1l 

ll·S1rostcrol 

' · \Wn.tS~;ol 

S •c:-yl _¡;,ye, ,:Jei 

,\ ~-Aven.1M,m1l-íi-D-glucos1,lc 

• mpes1eryl-l!-r: ,Jucos1dc 

,\ ylu• ! st.:ryl gl}" iJe, 

~lnlcc::le.i­
mJSs 

-1 1'.:. 

J()(, 

[J 

JJ:: 

.Sil 

ml:. 

19:5 6 
3 35 

-il 1.3 

~~1.69 

397 ,; 
j<)j 5 
.ilJ,_6 

95 :!7 

1112/:J 
~9:!.J, 

3~315 
-lJQ:?S 

.:79:! 
·,;5.:.5 

LM + 11- IUW 
(M f H- H2or 
r. 1.,. H-mr 
[~1 - :-1 - 1-rr 
()I - H - H;O + 

{\.l ~ H - 1-f:Or 
[\! .... HI" .. 

[A¡;ly,une - JH -
li,OJ' 

[ ·\glycnoc ~ Hr 
f\l -+ H~ )j 

[Agl}~ me + H - H¡O] . 

[ \ Jyrunc + H:O H] º 

(M · H!O - H]-

(~I t H;O ..1.. 3H]* 

On¡:111(;1 ~l ¡¡,I 1 

R<11.eoht:"ri; 1. 

Roz noo · ( 

K.í hore et 

Rozrntm-g ( 

R111enh,:r¡: ( ~ J 

). RoZl!nb..:rg l 

J. Roienberg < 

0\1,ed.: ( J, Roz nhc~ -

í ;impe tc.;l {6'·0 lh:il~oy1J·'3·D 
!'.lU.COStdc 

.3 J 11i [Agly.:cm: - H - B~ot Lc:;sso i:t .tl. 1 ' 1 ' ) 

':!! 69 [:'11 H - IHl 

83 .56 [M .¡. H 2H]- Rozc bérg ('1 , 

•'17,37 [,\glvconc + H - R:O1 - Ror.:nhcrg ( 11 1 

Tahh:2 

S1:grna~tc:rol ·umpcstcrol 
mg.1100 g ··~,1 ,oa1,• 

:-:cn•hvd' 

l·= 
·o 

3.~I D.1. 

atl 

G n.J 

To!Jl J.21 = O 13 

H¡·,t 

F~ 

!!LO± l :'.'4 

'.!3.t,O ± 0 .8.S 

l:!.91 ± 111 
ht,_;¡ ± l ,!19 

1.10 

Total ASG/SG mtm 

'.!'l . .i'.! ± OSI 1 ú<J =: U.-ll .1J.9.:! :!: .:! 50 

11 .D _ 0 , 1 ! rul 1 ·1 ±. 11}1 1 7-1 

n.J '1 .-11 ± 0.08 J7.3."! ± L:!O 

70 '5 ± 1 SI s.-o =- O 5J 1,11:,07 ± 1j, 

5L!.I :r 1.1 ::..95::: 0.9.J sus::: i.{J'.! 

tet:l ·ly~06ides. H ·J hydrd)·.t.:J i:.\lr n f 110! i~--::ible 

· ·~. thc ,on¡ui;:m:J !mm~ re 'l'll nufu:J as eqwvalc:m of t..~ ;r.=c t nn 

3 5 · u. cd along with thc rc~1 01 thc ompon.:nts tn !h.! phyto • 
351, lera! e:\tr.tCL faim blad.: bean ccd c,,.11 

357 Rdutivc expres,lion anu \Vc~ll!rn blott1ng 

J:8 Phyro~tl!rols con1a1.n.:u m blad;. b an secd cnat :.tJ a ..:on-
3~9 cnt:anon of ,6.1 ~1g¡L wrc ..tblc 1 ~ ,1grniicant.y reduce 
3 ·o Lbc expr;.;: LOO of REBPI and f,)._ in -:ulrured rat h.:p:i-
~61 to.:yrc . l 1reo\cr, Lbc, . uppressed thc cffecc m che !Jver X 

JcJmll !.up 12::6.J 

tJü::-;v 3~7 

r"cepro: lLXRi mductor, T09 ll317, red1Jctng che re(Jllvc 3ó~ 
mR::--:, abundance ;ind ¡m>Lein c,¡,resMnn of rwo of Úlc ,6.~ 
rnam prnt "l.11S UJvo!vcd 111 livcr lipiigeocsis 1FA5 tuit.l Jó~ 

REBPl 10 the level., prcscntell in non-'-nmulatcd pnmary 36:5 
lwpatocytes (Fig. _) ABCG5 wa.i, abo downregulatcd by 3r,1i 
t.J1e phytostcrol-nch c~tracc, licfore and d.ltcr t.h~ muuc11on ,fi"' 
of 1- ·R \Fig. ar mR.'.': i\ and pi . tel11 !evc!s. Jfi 

lntere~'1mgly. jr \\a,; obs~n,eJ tha the phytosterol e tr:tct J6"1 
was able to up:-egu~rc the C'<prcss100 oi CPTl at mR. 'A JíO 

1.1' 
.,t ., 

r rYl'J!!!Ll .,, 
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Flg. l l11h1bitioo or ch.,Je.sterol m1ceílar solubility. Tiie tcstcd 
cre:im,ems 11ere hlank, che mJcell;u- miuare wnhc1ut llll>' tfuiruptor; 
Ph. !.he e:w:ic rich in pbyto~t<."l'Ol~ t_free and coaJa¡pteJ I ofbtack bean 
seed coat.s r.S mg/mL); tíg, stigmu:.terol \5 mg/mL1; Sil, illostcral 

Fig. 2 Efi"ecl 11f phytosn:.rols nf 
bl.a.~k be:m ;e<!d conts na the 
c:q;ress1ua oi lipogenic gc:nes uf 
the li\•cr. lt i, pre~entcd at me 
/.,ft the relall w gene np(Cssion. 
anti a! the right !he pro1ein 
e~s.~100 of a FAS 11ml 
h SREBPI of ptullllI'.) 

hcp:ucx.:y,c l!l:al!:d; CN = no 
slJ.mulus. T = !.he synthenc 
LXR lJ!Onlst T0901117. 
Ph = phyto~terob fmm blac.k 
be.w ~et!LI coo.t exttact a1 

761. µg¡L 
T Ph = T'lW 1317 aad thi: 
e1ttra~ rich i."I phyto~terols 
.JS:óocinteo wnll biru;k be:u1 oeed 
coa!. '1l the !aille Jn..-, f76.13 flg/ 
L). Every C'1J':riml!nt was 
¡:-en'onned m tnplicaie (n = 3J, 
Dal1! are- pn=o1ed in 
mean ± SE. Bars 1.-/rh diffút!JII 
latu mdicate ~l!ltistic:illy 
;ignifu:ant differen.:e, P <. O.O.:: 

a 

2.5 

e: 
.E 2.0 
¡ 
c. 1.5 
X 
41 

-~ 1.0 
;,; 
oi 0.5 
1:1:-

o.o 

b 

FAS 

a 

b 

CN 

SREBP1 

171 nnrJ prorein leve! (Fig J. Toe LAR inducuon by 
37'.: T090l317 reduce<l tbe m.RNA nbundance and protein 
'73 expre. íl,n of the key enzymo of ¡3-o:ud.ation CPTl 
17..¡ tfi.,,. ¡ but the addiuoo ot phytosterols ex:tract to stimu-
J75 ate hepatt.11.:yte<s i.ncrensed CPTI cxpresswn to normal 

3 76 levels {Fig. 1 

'&! Springer 

stig Síl Sil{L) 

(5 mglmL), and i1 [LJ, sitostcrnl ar a dose coata.!Jled in ch..,rostero!s 
extract \3 mglmL). E'óe-ry e~,rim~nl wns purfonneLI ;n · trlplicatc 
(n = 31 Data are -¡miseni~-tl 1n mean= SE Borr w11i1 d,fferen: 1;,¡¡er 
imlicate , ati tkally signific.int d!ffureace. P < U 05 

Di.-;cussion 

e 

2.0 

~ ~ 1.5 .,, -
" " c. E 
>< o 1.0 
"':::: 
.E ~ ., .. 
o:::!, 0.5 
a: 

2.0 

-~ ~ 1.5 
"' -41 C1J a.!: 
)< o 1.0 ... :::: 
e"' 
-- e:; ... ., 
e::::. o.s 
e:. 

0,0 

FAS 

ll·Actin 

b 

Ctl 

SRéBPl 

j3-A~in 

CN T Ph r • Ph 

1-~ -1 
1--- - 1 

a 

e 

l' Ph T•Pt, 

CN T Ph T + Ph 

----1 
a 

b 
e 

CN T Ph T•P~ 

Thi resean:h 1s the first to repon the pronle of ph}'toStcrnl.s 
a.s~octated wu:h beuo ccd coats. Sfwsterol was the majar 
phytosterol, and the conc.cntrrmon dcteTT!lllled hcrclll is 

lnlilnr to tho.t reponed for othe, n:lated secd,; of the 

- I.P 
v 

37'i 

37 
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Fig. 3 l:.ffecr ,,f ph;1osl.<.'tllls uf hla.;k bean ~ecd cu:tr.s 0:1 the 
exprcsfüm oi ABCG'i (tr;,.n,pon protcu resp11nsihle for biliary 
Cl\C":"etlL!U of sterols lll tbe lrw.r¡. le is prcsenccd the a relative 
exprc.ssi,,n ami b pn t<'in expr.::ssion of ABCG:S in primary bepaw­
cyi~s treatcd wuh control ar CN = no srunulus. T = thcl 1,yutheti, 
L:Xll .. gani~l TQC)() 1317, Pb = e:rtrn.:1 ri,:h In phyi.meroh assoc1nti:.J 

a 

CPT1 

ª 

b 

C r: 
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1..5 
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-~~ 
~ oí 1.0 
c. E 
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.; ;; 0.5 
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(11 Ph T • Ph 

A3CGS 1- - _, 
13-~ctín 1----1 

a 

b 

T Ph 

v;1lh bhck b~nn se-ed ~oa.t at n Liase of 7~ J:i µgil. 
T + Pb = TO'líll 317 and !he e:ctr.icl n .. ll in phytn~terol~ nsso,;i~tcJ 
whh blad.: beilll scod coa.e at rbc samc dow 176.13 ¡1g/LJ. Every 
eq,erimllm wa.~ performi:d in triplical.<! (r. = 1i. D:úa are prc,;ented in 
mean ± SE.. Bars ,..;,lt diff.-renr l,•rrer mdi.cn.e strtc,~ticnlly sigrutícn.m 
Jitfürencc, P < 0.05 

CN T Ph l• Ph 

CPT1 1-- .. - - 1 
2.0 

P·Actin 
1 1 

a 
o ·¡¡; 3 
V, 

~~ 1.5 
., -.... 

a 

~ 
Q. 

~ 2 
111 

.~ 

a. E 
~ ~ ,.o 
e: , 
·a a º~ o.s 
a:: 

.E 1 
QJ 

e:: 

o 
¡;;~ T Ph T • Ph 

Fig, 4 'Cffect ot ph;yu:isternls of black bean seed coacs to the 
citpre sinn nf PT 1 (ratc·liru.it!ng c:n7ymc for !l-ox.Waiion , f long 
cha.in fatty .ic1<ls 1n tbe 1vcro. lt ~ presenteJ the a relat1vc expr~'>iun 
arni h ¡,rorcin c:qm:s~ion of CPT I, wh1ch meilinh.:. thc transpon af 
long-dwn far;- aclJs J.Cross lh.: lllltnchundrfa.J m<:mbrunc by hinJiu¡; 
lhi:rn to Cámiunc tor fi-11udnuon, in prun:u:y bepiuoqtes treated wuh 
l"'i=no srimulu~. T=tbc, ,yntbcti.:; LXR ag,inist TOl/01317, 

3S2 Fsbuccac family such as k1dncy and cornmon beam, iliat 
3~3 coat:tincd 86.5 aml :!7.2 mg/10O g af ~itostcroi, respec-
3~ cively I lnt1 et al. • : Rya.n e t. al. - ). ito tero[. 
385 cnmpcsterol. und stigmasterol conterm foun<l afü:r hydro-
3~6 lys1S wcrc cornparabte to the conccntranons prcv¡r)U.-,1} 

3~7 reponed LD Jm eed spclL and rye !Ry.m et .u J. As 
3 :< cxpcctcd, from prcvwu.li reports Ul common beans ('\y-
3:i > slrórn et al _ l. thc a;nou11t of acy.:ired stcry l glycos1de 
3YO was h.tg.hcr rhan that of ~teryl glycos.1de.s (Tuble ). Fur-
391 thc::more. the .-\SG/SG rntlr.l ohtamed was 1 .7-t, whic:h i 
392 .,1milar to the rano l.i9 prev1ously reportcd for black bc.u1 
393 f;\Í}"'trom et J. ThLs ratio u; unpmt.lm in esumanng 
394 Iht! b1oacriv1[) of the phycostemi as oct.ucd with sced 

fo~ L~c:: L..?:6l 

.~:1>:l< 'In M7 

c r, T T • Ph 

Ph = extraer rich m phywsternls a;soc1ated w1th black beJ.Jl se.::d 
coai ru ll do·c af 76. IJ µg/L. T + Ph = l090Ull and the extrnct 
rich in phytilsterols assocfated with block "ean sced coat at L"ie \:une 
lfosr.: 17ó. l3 ~1g/L). Evcry exp-,runcar was pe:rformcd rn mphcmc 
(11 = 3,1 Dato <1l"e pre~rilcJ in menn =SE.Bar~ w11/1 diffn~m leru 
wd.Jcate statisticnlly sigruticnm d1fference, P < 0.05 

coat~. It has been reponed rhaL ASG are more bwacthe 395 
th<ll1 che GS in low ring cholcstcrol absorpti1111 in núce <Liu 396 
et al _ , J .u1c.l thercfrm::, the phytostcrol proftle of bl.1cl 397 
bean sced l.Oilt ·onrnim, more b1oa.ctive ..:onjugutcd sternls. 398 

Re ults of tbe in '<i lro sLutlies suggesl lhat l.bi.: 399 
enhuncement of lhe i_nhibiti(>n of ..:ho!estert\l miccllar sol- J00 
uh1lüy wa:. due to rhe , ynergisli'- effe t of free aod l.On- 40 l 

juguteJ phyto tero] conta.meu in the eJctrnd Thcre is •W2 
eviucncc that i.liewy pbyrm,terol.s reduc;ed \;rnm aDd 403 
hepatic chol~rerol leve! by intetfering witb. the intestinal ..¡o.¡ 
absorption through the inhlbit iun of its mlccllar ·oíubil1ty 40'í 
( C.ll7 ec al • ·; Trautwi:in ami Ducha tell U ). Adc.11- -l06 
l11mal!y. ir has been demonscratetl thJr ASG reduced -107 

(!!J;tst.:.h :?.,.1... 1 l-10l3 
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cholesLerol ubiorpnoll by 45 = 6 % m mice in contras! co 
the nuh effi!cl of the free forms (Lin et al. ). Other 
compounds coo1..ú.ned in black beil.Il seed cont!> have bccn 
srudLed fue tbeu effocl on l.he inhlbinon of cho!cst~rol 
micella.r solubility, such a~ sapomns. which ~rmngly 
inhibited cholcsterol micelliz.ation w1th values tugher than 
50 % {Chávez-Santoscoy et ol ). 

The tlownregularory e ffo..:t on lipogenic gene 
(SREBPI and FASJ of the phyrosterol extracL was 

consistenr with previous repons rhat dcm.ons!rated mac 
sitosterol and stignrnsterol downregulated the expres ­
sion of othcT relevam prot.iim, invaJ ved in cholesternl 
bio,ynthem, such as SREBP-2 and H~1GCR (Liang 
et a.l. _ ). Moreovcr, it has bcen dcmonstrated 

hcpalic dowmegulatiou of SREBPl in C57BU6 ro.ice 
fed wnh a m.ixrure of phytosrerols in lhcir free forms 
(Rideout et al _ ' ). ft 1s well established that thc 
e.:<:presswn of the transcripiiou factor SREBP-l, essen· 
cial for the tr.rnscripciona. control of lipogenic gene • is 
strongly upregulated by lhe transcripr-ion factor LXR 
Panicularly. the isoform LXR-ac is t:b.e. mainly rcspon­
sible for upregulaung tbi; expression of SREBP- 1 whcn 
stimulnted witll either natural oxysterols or ~ymheüc 
LXR lig::rnds sucb a:; T090l317. Incercstmgly. phytos­
rerols were ablc to almost abofüh the srimu:acing effect 
of T0901.3 17 on SREBP I nud FAS cxpression to the 
levels obscrved ID uon-stimulated pnmary hepatocytes. 

Furrhermore, phytostcrols of black bella seed coat..~ 
deLreased che re!anve exprcss10a of ABCG5, rurnther target 

of thc trnnscríption factor LXR, rn primary hepatocytes 
incubated with T0901317. Nonetbcless, as expecced 
ABCG5 was overexprcssed by lhc LXR inductor 
T0901317 (Fíg. ) (Ca[pe-Benhel ce al. _i 1 , Pawar et al. 

), in prunary hepatocyres non-incubated w,th 
phytoscerol . 

The uownregularion o( SREBPl. FAS, and A.BCG5 by 
phyrosrerols of biack beun ~eed coats in hcpatocytes 
incubat.ed w1rh T09013 l 7 :uggcstl mar the terob inhibired 
che LXR act.iviry, Thcre is ev:idence thnt other b1oact1ve 
compoumls sucil as isollavones have similar effccrs on 
L'CR activuy (González-Granillo et al _, _ ). lt has been 

suggesced that these compou.nds coukl regulace the activity 
of r.hc enzymc adenosine monophosphare kiluse (Al'vlPKJ, 
ami tlus rn rum couW mo<lulate the pho. pborylatioo smte of 
LXR mod.tfying l1S biologi.cal uctiv1ty (GonzáleL-Granillo 
et al. J. However. more tud1.e~ are needed to l!Ilde.­
stand wherh.ir che phytosterols are able to alter the LAR 
pbo~phorylarion sea.re. Koncthele'is. it is known that sys­
temic LXR activat1oa im.:reascs hcpnt1.: [:my ac1d ~ynthesis 
and ste:uosis (De Smet et al . J. and thercfore. phy­
tosterols of black bcan · ced coats can potentiaUy be usecl to 
reduce or prevenl tbe.se abuonualiues. 

Ju-ur:L&: l ~l'ur U-!J¡l 

Ál"'1!: C !'lt1 J6i7 
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Imcresnngly. ir wa:; obse:-ved thm t.be synthenc hganu -160 
T09013 l 7 rcduced r:hc mR.; • A and procem :!Xpression ot -161 
the key enzyme of f>-ox.idntion CPT 1. In co11!';".1SI, phytos- 4ó.:! 
ierols nssoc1.iLeJ with blnck benn secd coa1;, upregul.a.I.ed 4ó3 

lhe expressicn of CPT1. promormg ~--0xidauoo of 10ng- 46-1 
cbain fatcy ac1d, ~foreovcr. rhey were able to suppr<',. 1he 465 
tlowmegulating dfect of T09013 l 7 over lhe cxpr surn of 466 
CP'Il. causwg thc cnz} me ro he expres~ed at s1milar leve\. 467 
obseCYe<l rn non•stimul:ited prun.ary hepatocyccs (Fig a). 46'.' 
Re[l1;.l.fk.ably, ar 1he prorein leve], 1.he express1on of CPTI of 469 
prim,u) bepatocyles tre.ateu with T09013l7 wtth phytos- -1 ,O 
terols of black bean secd toa r (T + Ph) \\ ;is h1gh<'!r than 4" 1 
that obsep;ed in non-sumulated priro.a!) hepa ocytes 472 
(Fig. l b). --173 

In .rnmmary, our resu1ts suggesl that phytosternl or 47..¡. 
black bean .,ecd coats can potentially reduce cholc:sterol 475 
levels by inhibiting its absorption in tbe mtestinal lumen -l76 

tbrough che ínbibition of cholesrerol micellar olubili~. -1-T' 
Furrhermore, the downregulation of LXR targer genes 478 
{SREBPl, FAS. and ABCG.5) suggeste<l thar thcsc pby- -1-"9 
tosrerols were able to suppress th.e a(:avicy of LXR, -1 O 
reduci.ug the expressioa of .ipogeni..: gen·~ t.bru are kn.own -181 
to reduce hepatic lipogen~1~. Ia addition.. phy1ostcrol.s of -1-82 
black bean seed cont..s upregulated the e:i.pression oí CPT l , -1-1)3 
whkh prommed tbe ~-oxidation of long-chain farty acids. 48-1 
Further cxperimeocs e.re necded ro deteani.nc the ir. vivo -485 
cffocts of ch.ese phytochemicah in humau.s. -186 
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Flnvon ids and sa oni s extrae ed from black be n (Ph seolus vulgaris L.) 
seed coaLS modulate lipid m~ abolism and b"liary cholesterol secretion in 
C578L/6 m.ice 

Rocio A. Chavez- antoscoy1, J.rnet Gutierrez-lJnbe1• Ornar Grnnaúosl, rvan Torre-Yillalv:izo2, 

Sergio o "-erna-':>.1h..l1v:i.r1 :--iimhe Torres~, Berenice PaJJc.10~-Gonz.ilez:! and Armando R. Tm·ar.!. 
iceritro ,J~ B1otec110/e,gí.1 FE.lL-1.. Es( 11ela de Bíoiecn ,logiá l A!m1~1fos, Tecnol6g1tu de .Uc,nter,vy, Cim,pus _'1,/0111,•rrc;; 

AH·nfdri Eugemo Gar.:a d1do 2501 Sur. C P 6 -+9 Vonterrey. ,W 1/1.:. ico 
znepr,rtmnento de Fis,olog1a de la 'rilnción, fnstzlmo Aacfonal 1/,1 Ciencias Médi.-ns y ll/t1lrlc 1ón Sal,:mlor Z1tbtrú11, 
vasco dt• Q11:roga No. 15. C.P 140UO .i1es1co, DF Jft'Xtco 

Abstl'lCt 
Bl:lcl< t,e:ln (Pbaseolus 1,:ulgrm.s L.) seed roiL, are :1 rich source of natu.rnl compounJ.s wuh porentt.11 ber.e..'icia.l eF.~,s on humm ht.-3lth, 8c:ins 
eXeJ'! hypalipi..l.1emic .1ctHit}; bowe-.- r, h1. ttf:L't't In no hee."I :itt:".bt.:te<l t•) ;1ny p:t.rnc>.!hr compon,:-m., 2nd ih umJélh·ing meduni m u: 
::iruon md p«. dn WrnL.'1.li rem:iln unkm>wn Tne .:wn of tl11.: prcxnt <;tud-; w.is ro d=·y -anc.l qwrui.'y prim:uy :.aporuns :ind tl.:ivon 1J:. 
e:nraaL.J fr ,in bl:i.Lk bc!-:1.n - ~d co:us, .1nd w srudv r.h 11' cl7eLl5 on lip1d mct::t!x.lism in pnm:iry nt hepat<X)1t".,; :md C57BVA ulip~ 
Toe mctha!101 t!..'IIl':lct of bl:lck bt!:Ul .secJ i..oaf.'i dtJ..1'3CICl1Sed by .1 HPLC ~'5tem wlth .1 UV-ns1blc dt:tt:c:tor and ·,m ev~ipor:i.U\e hgh1-5Cl.nenng 
de:t~ior :u'ld HPLC-!lme-ol-füght \IS, cont.unc.:J quen.:etm 3-IJ.glu~o,i<le a.nd 50yas:¡ponin Af J., the prlmll)" lhvonold am.l sip•>ru11, r,·,.¡...-a 
ively. Th .:xir:tc..l ~n.lfu:antly re<lu,ed th..- e"< )l\':S~on ,~r SREBP/c, F. 3lld H.Hr:CR :i.nd surnulatcd lhe ~re.ssion of ihe re\erse chol ·,tc:rol 

u-ansportc:r- ABCG51.l.8CG8 .. nd OPZH m the IJver fn 1ddi on. Últ:.t' Wa\ m lncre:!St' in thc e:q,re,,mo of hepalk' PP.-lR--0. Curu t1t>t1dy, 
then: w.:b :i úeere:i.sc m h p:auc 1.tpid clepoL,; :uu.l a s.i1,,-n1fir..1nt tm.T~ t.n t 1le and seacu1,n r•1r..hermore , tl1t! lllge.stion ot thls cxtr.1Lt 
modula:cd ll:r propor'uon ot l1p1ds t.h:lt \\':l!i 1.1.',0«-I as ;i rub; tr:tlL' for encrgy g -r,,:-r.iUon Thu.5, th · ré:>"'\.llt.i -,ugg~- tlut tht: Cxtral of bl:ii:k 
be-J.Il :secd ,::c,aLS ma y dt'Cl'i:'~t.sc b:t:p:ttic ltpr.igcncs1~ and ~urnubtc i.:hulester• ,¡ ~xr.reuon, i.n pan, vu blle acid synth •sL, 

Key wcrd st1ck bean.~, lipitl memboll.sm: Sap o nin.'i; Flavonoim 

Dysfunctlonal lipid homeoslasis plays :in 1mpo11:i.nt role In 
che imttatil,n J.nd prowe5~ion oí athero~ lcrouc l~1on .m 

St.:1tin.s ;¡re cli:uc:ill¡- w;ed 10 reduce the leve! oí cholesrer 1 
m ser.un and thus redu .. c u,e risk of he:irt dic;eJ5c(! However, 

it has bccn ·t:Jl<!d t,y thl! '\".it!onal Chultst!!101 Educacic,n ?ro­

gr.1m E."tpert P:md (Ar'I 1 lll ¡ rhm cliet.uv sir:ic gii:s mu~t be 

used bcforL mwducm.~ •uecliotion~ 1·01 the- treat.mcm of 
hypcrcholcstcrol:u::mi., · A numb..:r of dictar:, modific.1tJ,ms 
have becn proposed 10 reduce che h...,'Cls of cholcsterol 
in t-rum, mduc.Jini rhc -.onsum¡:,tlol" of sop protctn 

PCJFA :JJld dictarr phytosrLmls, :unong n1h1.:r bioacrJve com­
poundl5 101 tncerest~gi,· natural pi 'f' -hcmic:ils c:m h:ivc 

_.ynerg.iSl.ic effecr.s. md lower éo~cts of t.:.ach bi :i -1 ·e 
compound c:m 1m:nu:11e h~-y,ercholcs1erol3erru:i01 OJ 

en~ral studici; h..·we suggested tt~i t hean consumpuon 11;1" 
a h;-pochole~erolaem.ic ctffea('-~ 1~ Hc.,wt.-ver, in th •se :-rudies, 

bean componenL~ ·hat =r.:ed thc hypr>ehole'-lerol; ernic­

effe<.t \\ re nor 1dei1ufü:d Bl:ick be..n Pl-'asi!t>/11 .. 1 t"tl/gan.s L J 

.>eed LO,trs :ire a m.:.h :.ource of narur:11 c.:<Jmpminds, ~ud1 as 
llavunuhb and .snponlns. that J,ave bcndicía1 effects vn 
t, 1man he:i.1:h' tw • avono1ds are pol:;phenol~ th.11 ! 11..-0:: 
1 n • b1..-en recogni;;cd :l!> having man~ beneficí:il arfl ·itit:~, 

such :L :111un.id.1r11, anrj-infi:unmarory :ind hcpatopr ecuvc 
acti •11ic.s'1• .1pollÍI. , ar<> ,,ccondu) p!Jm meubuiílcts 'l'\'irh 

mult.iple hinlogicr.tl acth•itie,; being J.ltrihuted. inéluJlng hrpr,­
ch-,lt.: sten:.•l:tetrJc effe~ fs< 1"· 19>. 

l1 ha n,.,c bedl dearlv e~t:lblhlte<l n berher diet.u}' biúaaive 
ccmpc,nnd,; 'rom blad, be1n could modul.ue c.holt'.~t"Tol 

.~bttV!aUOIU: >,ll -G. , I.TP -b1nding ca,.,.,.::,:: ,ul.,l".u::úly G. AMPK, \.\,l.f'.;icri,-:ihcd p t<r.Jl k!n.ue; CPT I na:mc p:ibrutO\ lm.r-.sf o.15<: t, C\1>-Al, d1olor:crcl 
- ... hydrox:,bs., FSE, c,cnc:t m.h ,n 11:rro-coiés :me! s;ipomr,;s lro111 l,b:k bem !C::d :s; H.V:GC:R 3- "Ól'O -3-mcthyl~u!llryl-C n:ducrase: ¡~ .. IG, 
itdUlín-u:idu~ gen~ L~ llvc-r X n,cep •, ~RF..BP, =ol regi1l,1cr t"lemcn::--b:nding ~ r1.11c-.l'-

•Corn:spoodi.o~ =tbor, Dr A R TN"2r f:J...,: - .'.! '55 56553((} cn::i,I u,var'.ll'G¡;µn.úl.,.<.m 
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Table l. Die! cornpos1tion o! lhe slx tested e:Q:>e11rnental 01e:s offerad to C578U6 m1c9' 

lrgred,ems {g/kgi C:-J CN-FSE( l Ct'.ol Ct:ol---FS!: (H) Ctich-FSE (Ll Chol-S1m 

Caseu, 200 200 200 200 200 200 
Dextnn 132 132 V 127 127 127 
Soyabean oíl 70 70 70 70 70 iO 
Cellulose 50 so 50 50 50 50 
Choline 2--5 2-5 25 2·5 2·5 2-5 
Secci'1arose 100 00 100 100 100 100 
Slarch 397.i86 397 es 397 486 397 486 397 486 397 466 
Vttamms 10 10 10 10 10 10 
Mtnen31s 35 35 3S 35 35 35 
Cys:em 3 3 3 3 3 3 
rart-Butylhydroqulnona 0-014 0-01 0-014 0-014 0-014 0-014 
FSE o 25 o 5 25 o 
Cho1est11rol o o 5 5 5 5 
Slmvasia~n o o o o o 0-'J 

CN comol die,, CN-FSE (L}. CQt\tfol di@ wrth 11'1~ fl.ivoMid-and lllpo11!1'-riGÍ'I e,orll';t. (0,25 ~). Chal c.introl dlll! v.nh chcleS:erol (0-S ~.), 
Cl-~1- F SE (H) ccmr.JI dlel v, h cf-.dasteral (0-5 %) d/lC :N e-.:r-ac: (0-5 -..¡; 0-... FSE rLJ. CQl{fal M: ~les:erol (0-5%-l Md ,ne 
ar.rac:1 /0-25...,J. Chcf... S:m. cornrol a. l Wl1h choltl$.l!fal (0-éi'r-) e;,d &1m1<11S1Gn (O-C3'!1.) 

'DIIIS _,. mnde IIOCOfdl119 to hn starn!wds ol ~ AIN-QJG dt.t {C!l<tCl'D() 

homeosta.sr, vía rhe t.r:1ns1..ripcioro factors Stcro! regu!::ttory 

elemeru-bmdi.ng pm~ire; (SREBP) .md li c:r X recept -r tL'(R} 
Llpid hom1::osu..'iis in vit:J1:ebr.1te cclls b rcgul:.ued bv :1 fa.mJly 
of membrane-bo1 nd u-anscriptioo facmrs such as SREBP. On 
the om: hand RFBP dlrectly aaív:ue rhe e:xpn:~~ion of more 
than !hm:y genes involved in :ht! synlhc:sis ..nd uptlke of 
dlo[e.,rerol ;1nd fony aciru}ª· ll_ On lhe r;ihei hand, LXR can 
modulare the e:cpre:;sic,n of the tnlfüporers ATP-bi.n.:!ing c1s­
.selk rubfamUy G rnembers C·lBCG5, ABCC81 Toes<: reverse 
chol~1erol tr.1nsporters lre glycopn:.1teir'~ S)'llthesis~ in the 
cndoplasm.tc reut-ulun{'--231. Thev 'lre expressed in :i. assue­
specifi m.1nner m lhe ltver o,lon and imest:."1e<1 ..1.nd J.re 
re,ponsib!e for lmuu.ng lmc~cm:J absarptJon of cholesrerol 
and pro=wig bili.arv ~euun of tcro6' ·~ 

Therefon:: the a.lm of the presenc srudy w:u ro Jd ntify ::and 
quantity 1 , m.u.n s::ipunins ..nd íl.ivonoíds cxtr.1.ccc:d frcm 
black bean seed <.'Oars and to ~nidy rhe.ir effecLS on the 
apres.s1on ,f lif" getlli; 6ene~ 5pc:c!Íl..-...illy rhose mvo)ved in 
tL"Vets( chotcstcrol lr.mspurt and ¡3-oxi<l:ition In prirruuy r:u 
hepa•c :ytes 1l1e srud\ .1lso ;1.S<.esscd 1he mtCSlln:1.1 and hepat.ic 
effects of these .:ompou.-,ds on genes lnvolved in che sarne 

:ifon:mertioned pa1hv.:.1}''> in prinury rae h.epatccrtes :md m 
bíle :i.cid syruhe iS in CS7BL'6 mke. 

E·<p~rlm':'n · 1 rr.e od 

J -- ~ -~ 
P tulg.ins l. ~-ar. :-.an Lws was abe ir.ed from 'inJ..loo, .\kx1cu 

:md :;cored at lºC nd S % rdl~-e humldity. Titc:: bc-Jns wcre 
:soaked in .1 pl:mí ba¡; 1i.'1lh di:,tilled v.·a.ter ata r:i.tio of lúU:l 
t w/v) for 2 1 h ::u room temperaruri.:! Thc condilloni:d bl.1ck 
':le::u,,. were dric for h h .11 6cec. Lm•r, seecl co:ns wcre 
rernm·cd using a méch::r.nk::r.1 5<:~ decorúc:uor ( '-C-DGE 
· ~6--i -qu;ire D '11e d<.!C'OTtiC:lI.lon time was l. s. Thc result­

ing milled m:ice.rial wru; ~epar:ited by chree nestc<l ,¡..,_es !neo 
e, r.-l~oru (2·81 mm), !leed co· 1 OOmm\ and .:i m.ix:ure 
ot ilne .:otylcdon. hilum :i.nd seed cu:ir dcbris r O 251 mm t 

E ·trarncn cf t ,Nonr,,ds and ~pcn 11s • • bl-d< CL.J .. 

seed ce: u 
Tite extra-.tion of flJvono ds and saporun:; s pe forrnctl ar 
3;•c for 3h :u 250rpm with 80% m •t.hanol m w:n,•r (V/v) 

using J. rruss wl -ent r.w.o of l 10 (v. vJ Toe mpem.11 nr 
was recovereu :md v:tcu1J1n filtercd through a Whatm.1n fi!ter 

p;.per no 1 Toe l't'SWtmJI: extna was conccntnted m :i 

ror.irv cv:iporacor to removc mer.hanol The balh rempt:r.iture 
'1'1-35 ser .tt ó()"(. ard tbe prc-~~ure m ch· va.cuum pi.:mp •r :a a 
range of - 70 ro - 90 kP:t ,\.fr.er rhe remov-.1I oí meth:inol, the 
concencr.ued e. ~ ,;,,~e;; lynph!lt'i d, 2nd thc rt:5ltltirig frccze­
drled powder W:l.S storei.l at - 80ºC. 

Fr. r• oniillon ni h wdhanol ·x~ :r 

The Fmeúun:!llr>n of che e.·uuu ,.,, :tS pcrformed by ·olid pb:1se 
e.w:u.,mn usmg a rr.iu Cl.~ caruid,se (5<; µ.m, 20 g160 mi; 
Phermmcnex). F'irst the bl:tt:k lx-"3n sced .:.-o:it c::xa-act (PSt), rich 
1n !1:m.; oids ar..d !iJponms, v.-.is rest1-5pended in meth.mol 
(O J it,ml} Toe colllffi.tl wa;, cond1tioncd fust wll.h m,:;lhan,:, :md 
tht:n w1d distil!ed •;va.ter- 1 - 50 kP:i.) . Subsequenrly, rhe luble 

ex1r.1ct \\ ;is p.1.Ssed rhrough the cartrld~. foUowt:d by 60% 
(vl v) me1ha.nol acid!fted w11h 0-1 % (,-;v) HO aod tbcn b} 60 % 

(v/v mcth:mol wirhout aodific:u..ion. This fir.-1 elutivn y1clded 
the ílavonoid-m:h fr.ictian. l.;Js¡Jy, mechanol w~s passeJ tht 1,u:~h 
thc c:irtndge to l)btain the saponin-rich IÍ':lair>n F¼th fra1 io~ 
were conccnu-.trL-<l a.nd lyopluh:,ed as dcc;mbed previ0usl~ 

Q ,uri-,~ r, r, 1 rl der-• w!' r.f r'-.c • ,:::; .. r.r:! 
s:a o un; 

The quanuiicmon vl llavonoíds ~nd s:iporuns ,va.~ perf t ed 
ustng :1. HPr.C syst m with a 1 -vu.ible dt:tecmr ami an 
ev.iporac:ve liglt!·scu•enng dc!cd (12ti1) ... i::;, • gile..'1.t -ech­
noti gic,l , The HPLC sy,tcm wa.~ equtpp,:J with :t Zorba.-.: 
Sfl. \q r_~ X 150 mm. 3 - µ.m , cdumn. i.nd dJ.tJ wert: coLec:ed 
u:.ir\11; A~lcm Chenüt:Ujon. epJr.ltir:m condmons u!:>cd \\en. 
as repnn<.:d p1<.:viously'u;-i Toe conceru.ration,- of .sap ,run,; 
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Ta.DI 2. SeQi.erx:es al •ea!·dme PCR pnmers· aes1g"ed tor e.xpí6SSÍOfl studies 1n Mi;s musculus 

Genes Pnme: (s·-3·¡ T,. (ºC) Arnor1'ied fragment S1Ze (bp) 

ABCG5 Fcrwara cagaggaga:gc!lggcttc 60·0 240 
Re,,erse tgaaaggaaccgtgggtaag 59-96 

ABCGS Fonva.ró cc:e1caggtgcc:1tg91 5!189 '75 
Reverse acgtc:gagtagtgaggclc: 60-04 

AMPK Forward acctgegaacgtcctgct!g 59-97 155 
Revp-se ggce1gcgtacaatcttcc: 60-11 

C~P.-Af Forward 1gggctg1gctctgaagttc 60-25 211 
Rewrse crgtgtccaaa tgcc:tcgc 60-11 

FAS Forward caaaggaccaagca~gc:cc 55-00 238 
Reverse tacaacagcctcagagcgac 6500 

FXf? Forv,ard g3caciccc:a11tacaggct 60·03 260 
Reverse ac:cag1c11cc;1gttgngg 60,18 

HMGCA Forward gggtattgctggcctctlca 59 7.! 215 
Ra rse ggattgccattccacpagct 50.75 

/NSJGI Forward tagccaccatcttdcctcc 58·21 300 
Reverse gccaacgaacacggcaawc 60d5 

INSIG2 Forward ggtttl ggcdlggt¡¡ttgg 50.•a 153 
Re•19rse tcx:catcgttatgcctccag 59-24 

LXR·u Forward aaga1gcaggagacc:aG9ga 60·25 207 
Rev re.e gctq¡nccccagcauttg 60-11 

LXR-f'! Forward ltcgggctlccac1acaecg 60·32 326 
Reverse 1gcttgcttccgaagtgc SS55 

SREEP1c Fc.rward agacaaactgcc:ca:ccacc 60 25 216 
Reverse aagcggatg1agtcga1ggc 50.25 

SRéBP2 For~ara etga!caccccgacgttca 59.53 120 
Ra ·srse g1cacgaggctttgcacng 60·04 

,:.BCG!iGB. ,1.TP-hlrllrg casslt:<! sub!, m<iy ,:;s,os A.VPJ<. AMP-.:tJYa~lld P<O'""' "'1".a5B CYP1M, chale$! n:il 
¡.,~r.ixyuii,,s, FAS, <any ac1d syn1t-.u., FXR latM.soid X •ecev.or, HMGCR. 3-l'ryároxy, -me!hyiglularfl·CoA 
rod!Jc:ase; /NSlul,2 insuJln-<nd1.1:Bd ~na 1/2; I..XR-<t/ff hV!II X r-eceotor-wi3; SREBP li2, staral r89Jle10f!J 
e>ern~l-bondtlg p,01 ,n 112 

• ?rimar, w.,,. d _ gr,w:I using l e ¡:n:)QflWl'I Pnme(.l base<! <>n •ne NCBI nre, ni;a sequerce of ~acn pro,-u, 

:ind fLwonoids ,vere C3h.i.:I:11ed :15 soy:isaporun 1 :md :.¡g]yconi: 
equwalems, respe .lvdy, u!lng st,md:ml5 ( ignlá). 

Thc 1denu1ic~ of Oa\·on )ids :ind saponiru. ' i=re confumc<l 
by HP LC-time-of-Oighr. \l::t (Model G 1969A Ag1lem 1100: 
,,gilenc Technologies) l',tth the same chromatogl3phic 
t·ondiuons as deso-1bed previousl •. \Llss sp 'Ctral d,11:.1 were 

c,Uected using elecuosp , 10ni. :.uon in a pas:t.ive ir. 

unde1 the following cond111ons m,:: r:ingP, tou- 1.;00, N.! 
~-IS, g:is tempcrnrute 250"C" fo\'\. tal<: ul the Jry gas, 13 litre 
min; nebuliscr pre"5Ure, 3-H738 P.1, üplllary volr.age, <tOO0 \'; 

tral!IIlent volcage, 70 V. fü~rnae ion chromuogr ru.:; v.ere 
ub;ined based on the accur:ue IJU$.<e cobE.3.int'.d for the cnm­
pnunds or lheir :1dduas wlth N:.1 or K ·.v1ch an ~r r:inge of 
o 01 unils, usmg A.n:tlyst QS 1 l sofnvare (Applicd B10 _. • 

te:ns). 

Cull.J.Jre o/ pnmi1f'{ rat /JepJtocvt.c 

R.1! hQltocyres wcre isol.ucd b\ colll enase per.asicr. and 
s~p~ed from non-parend1ynul _ liver rdb by centrifug-,mon 
1 , 258, as reponed pn-v1ously .,,, Pru: ry hep.mx;•¡e;:s 1;1,- ·re 

pl;ited u, a stX·V:"Cl.l pl:ne (96cm· ,..-e1J) (Commg. CellBli\TIJ. 
..\: .¡ h :ifreT planng the. hep:i.to(Vt.::s, r·SE, Ll-ic bvc no1,j- Jf 

_3 pcni.n·rich fna.ioo andlor T0901317, a rugh-rtlrlnicy L'CR ago­
nl.Sr (10 ¡.1.M), was added. Toe con._ ntr'J' ons u~l-<l \\efe b.ised 
,,, [he most :abund.ant c:ompound-.. :surh :15 querceun :,-0-

ilucosl<le (10011,M) and soyasapat,m Af ( 1 µ.'<I' The hepa.wqtc:s 

werc tirnulated tor :!411 Jor 1:.1d1 trC:'.ltment, l:.11.:h u1:au11ent w:i.s 

perfonned 111 tr,pl.:cllle, 

An:.rP!:; -,J die.ar, gr-.u¡: .. 

Mate C5,B1~ - rtJ.JL~ were breJ :ind r..i ~.J ,!l J.e :mim:11 fi,7lU\ 

of the lns1tuto "iacmnol de Ciencias Medíc.s r Nutnción S;ilva­
dor Zublr.U'I U' Mexico City, A toul of f ,nv~1; 1C tTUl.."e (11 n\d 
idl!:u ~;ci~hl J2-15g), . ._.re r.indomlv 3.$lgned rn si:1: c..xper­
imenr:tl ~ups: tl.e size c.t rhc >.unplc was Jecerrnlm•d by r.h,. 
wcil -knov. '1 net h, ,d c..i.led power aruly•iis. Each groi,p ,;,,~~ 
fed fJd l1hfrum tor 3~ d w~,h one cf the xpenmenul Jiets 
detalled in t".ible 1 The diets w= c.udLllv prepared acrt rding 
ro rJu1 ~nd.1rds ol tbe ,\Il\-,lj dier íor 1.abnratorv rodt>nt<.'.m 
Ali :i.nimal. were rn.iint.imed undcr ~und:ud e.n,·uurw=ul 
crm .J1mns l:?O"C. díurnJJ cyclc J.:!h llghc-J:?h d.irk) 

FooJ consumption Jnd bod> weighr were recordai e, ::r¡· 
3-- d Th e c:1.. of lhe dit:ts on energy rnetabotism were dc:LL'f· 

rruned dwin thc ith v.·'c'ek (de iled 111 the m:.itt ;ec.uon). During 
che l.ist wcek, fat:ces were colk. ... 1ed da.il.y J\I the \!nd r rhe 
srud •• m.ice were kllled in a CO_ .::hamber .lítt:1 12h of to,xi 
de?n,-ation Blood was cotlected vi..l d.: puru,, 11cm. and 
.;en1m was ob11.1n~d bv ct·ncrifugauon ar 10[10 g for 10 rrun .md 
s:ared :lt - ' •e 1.mtil further an:ih 1 · -P.t. l..ivv :.nd ileum 
were r:.pidly exciscll frozen m llcp.ud i\1 and st.or.-d ut - ¡.¡o•c. 
Thc :ininul prorocol v.-:i. :ippro\'eJ b-., the ln~IJrulional \ruma! 
C:ue .lnd R S\!:m:h Advisory Commítke ofthe lnsutl.l.Lo \J.1t:.111n.1l 

de Ot:na;.1 Médi :a~~ ;\utnci•fa in Mé. ico City 
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Id ntIficat10n nd oonc.entra11on of 
compounds trom 1h11 bladl bean seed coat 

extract 

'9 

~1 __ : ___ ~----~-3C3~1_l~_g_\y_.,,_,..,_~_li1_· ____ __,.¡_!_ .. ,._[;:. .... ,. 

mQ/g extr~t· 

Maan SE 

ldent1fled navono1ds 
Myricetin l-0-',) lucoside 1J-83 1,18 

Quer011hn 3-0-glueos1de 11868 d -03 

Kaempfaro! 3-0-glucosode 0,75 0,02 
tB) 

ISD JOO J50 4QO 

3.3~10" - 101 -

1 

M'~lam u.l 
ldentif1ed 9apon,n5 

Pha,¡-lde 1 

So\las.aponon Al 

0-17 0-(13 

l 2 0·13 
0-<10·1 w,.: oi, 

;:. OH 0 ,....__ OH 0 

' ~í ), T ~ 
DeacetVI soye$aponIn Af 0-26 o es 
Soyas:aponin Ba 0•34 0·29 

2 !ii<10•1 

l 2-0:c10°' 

COOt4 
J /-0 r'o O .OM 
~ "<:><, CH J 

Soy pontn a.o 1 26 002 

~ 
.!/. 

~~r r 
y , ;' '--

o .. 
HOH,C o o "' °''°' 

!HO 
110 . 1 

CH 

1 O,. to" 

IM a rnb-glll·o 1-glu .. l-lf' 

li000-0 ¡1,,1 • ..,..,1,-g1c-.,.-.t~~,o~¡· 

123 439 S99 

f OH 
t.:> 

1107 
IM acetyl gro ups+-HJ' 

1275 

!Mtl-W 

Scyauaponin ~ 0·50 0-01 

Soyasaponln i,i 0-20 0-01 

¡ [M-arab-glc-gal-~H.O+-l½J< 
~O .... ------'----'-- -------- ~---'-----

1000 1:?00 1400 

flg. 1. Eidr11.ctton and .i:onttflcallon of compo"" ds from black bean &nM coa\S Mass spe<:tra ol !he ma¡or (A) flavono,a (quercalln 3-0glueo5lda) and (8) saponln 
j5oyasapon1n Al) eXlracted from black bean :seod coats. (C) Amounts 01 O!l\8r ccmpounds ldor,llfled In ~P. black" 00:111 s6ild coa1 lllt'.,act a m 1.1 •• AIDIT'-C rnMS mlt 
wab arablJIOSe: giucos,de, Q&I, galadose. ¡¡IU. gt.cose 

Determ111,:t1on of fh'" etfects ot tire d1e.s 011 energy 
,,., ::, IJol,s.m 

O_ consumption, C.02 production and food inLJk~ \\ere 
measured us..i.1g a l:ibor.1.tory :.mima! morntoring stem 
(Columbus ln~1ruments1 From ~,h expcnmenw up, 
tbn:e rrJr.:e ""~ housed mdividually in P!cXJ.gl.:l.s C.:il!(C::.S for 
3d :i.nd three night.s. and 0·6 litres of :tir pe.r min were 
p:issed throu~h e ch et e Detecto r. rhat 'I\ ere prev10U.'ily 
caUbrated wirh ¡,nm.uy g¡i~ standJ.rds of lugt, purit"j were 
u~ed to 111eJ5ure th~ ol :ind co! leveb- sequenñ.-tll\ in each 
chamb~·r or -15 s The RF.k was cikubted ;1 • he aver.ige 
volume of CO~ produced (\"CO:::. .nl kg per hl br thc threc 
mice over the ;; <l :tnd tlm:c rughrs div1ded by tht! volumc of 
º= consumed (VO.:, ml kg per b 

..i ,a;1:mc¿· on o; .rl1rn b•o",,.,..:m,ca, ¡;ia"as• t"'r ar ,JI ., 1::; , 
' tl'"íP lt•,er 

The le"eb of total d1olcsrerol , T.~G, HDL- and LDL--chotc~cerot 
were mc:isured in :erum obt.uned frl,m fr,od--deprlv d nuce 
1J5ing a COB.-\S CI ll arul ·:,er ( Rocht!) Thc \."Or.cer.Lr:1tlt n of 

iruull.n m serurn w~ mea~uTed bv E LISA acc :.11 dmg to the m:m­
ufaC'.lJ•cr\ prot1.; ·o) c.,1crck KG.1.-\) Tou! hp1d5 were cxtnctL"I.I 
rw11 .. t: fre;m homogenh i hep.n1'.. ússuc. w1d1 chloroform­
methanC"JI (2: U saluden. The org:mu:: l.ly~ w:.i.s dried unclcr · ¡, 
solub1li!<edin ~ pr ,panoL Trit n X 100 e 1 ú %) :md then assaye<l 
to dL"t.:rmine th~ roncentr:atíons of toul clmlesterd Jnd T. G 
usmg enz,matk lcirs Wia ys Dfagn<:>stic Sysrern.s GmbJ-l l 

H1st l. ~,:a 1 an !vfü 

Llver samples were dis~ccted and 1mmedl:.ud\ .fixt.-d with íce­
cold · % (wfr, p;..nfom1Jldehydt! m PBS oé crnb- dded in 

puaJ"fin Fer l!'.lch block, l\\"O -l ,i.m :secnoru. W<.'n" ihcn ,e.int .• -d 
v,lth hat.!m:itoxylln and c:osin To visuall e: nelllral líp1J.,. 
frozcn llver ~e<-.1:cr,s (8 µ.m, werc t:1.ined •1vich OU R .. d O 

( iznw) 1.'.l..ll.1ctl ltde.~ \\·ere í..11;,1~d wuh 3 "º"' CC5 IRJ • cti~al 
c.ameu caup\ed to a Lc1ca ,nicrL)Sco¡,e ~,t 20x m;1grufit:Jrin11 . 

Totil R:-:.\ rrom the hep.1tncvres r:d ussu.: ~·:is obtJ..ln.::J lJSÍJ'll( 

TIUt.v! rc:i~nc. qw.nuJic<l u~tr.~ :1 :--J.noD:op Spéctrcphotamet<!:r 
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Flg. 2. Eff&Cta af lhe black bean s od co I axtr11C1 on the expresSlon of key proteins lnvol..-ed in lp,d lllG!3bd115m (A) RolaJ/Va OJCpros¡¡¡on and proit1In la~..!s ot 
storof ulatory r¡J1.1me.n -brn~,ng proti,in te; (SREBP1c) and tetty acld syntt18"' (FAS) (key rlpogenlc pro1$1ns), ATP·blndmg CUl;Olto, s\JbtamUy GS (ABCG5, a 
key Prtíloln In fflVflJ&e cholés1erol transpon) and carnlboo palrrntoyttransferaso 1 (CPTt, a KIV proteln ,n ~-oxldatlon) In prfmary rat hepatocY1es trea11Jd W11h no 
st1mutus (conirof C!Jet. CN). thc eynfhobc tver X re<:Ql)tol !LXR) agornsr T0901317 fT TOfiM), the flavonou:t· ano sapoo1n-rIcl'I axtr¡¡,ct (FSE) al a concenuut!o/1 ot 
100" based on ine major compounc1 (querc tln 3·0-gtucoslde), or T0001317 end tho extraci at lhe !!2me i::oso fT-FSE) (B) A I lva expresslon and prol ,n 
levela 01 SREBP e and FAS ,n pnma,y ret hoP.docy1oa reatod wrlh r,o lillf!luius /CN), syninohc LXR a.gcw,lst 10901317 fT: 10 µM), the llavonotd-nch fraCII0'1 
!Flal ata dose Gf 100µ1,1 ll8Sed en 11'.e ma¡cr compound ¡quen:erin S-().gluc~ide), or T0901317 and lhe llavonOJó-ncn lf9Clion oJt tNI !-élll1a dosa IT~Ra). 
(C) R11l.i!Jyn eXp1essIcn and prora n 1811 ol ASCGS In pnmary ,al l'epe:oc:y1es :roanld "lh !'IO srnnu,us (C, ), !re synth811C LXR agon1st TOSO 317 (i: 10 ,.MJ, u,a 
e.apo, n-r!Cl'I 1, ,on ($a) a1 do!.JJ t 11,,. t o r.r :t-') ma¡or corr.pound (so-¡asapon!J Al), or T~1317 ar.d t/1a saJ>C01~1,ch rru:tion at tne same cose cr-Sa) 
V ,, are ms..'IS tt, lho,r slandarll e,rors rcpmsen1ed tv var.,caí bar.s ol.b =.:tw.e.an w,r:n ~k !ertltt5 wem sign,hc:antly dif.erenl (P<O 05) 

l. Jnol)rop Tedi.r.olo•res), and r ·va · • tr.mscrihed PCR :ll1lp!lfi • 

tir>n as ~onned 111 J Roe! e LightCrdt:r --ihO 11 UStn\s thc 
T; q'.'-fan ur SYBR Green -·}·stun. Prun r.c; for PCR :unplific:1tlon 
wcn: dt:sigm:d u.·ing tlie progr:un Primcr3 tHownrd Hught"s 
Mt:oii :11 lnsurure) to obl.li.n Jn JrnplJ <.,n sizl! of 100-350 bp 
(Tal lt! 2 . Rcl.l!Jve .:.xpr.:ssi, ,n leve!~ • c;iJo.ilared by tht: 
2-.\..\Cr m ú1ud Assay· f re3i;.'h~cnewcre perfoanedm rriplt· 
ca1c in runery- u -wcll opti01l r l. · 

PrtitcJn x.rr.1 .uon :ind ~br m bl nin were pt:1forrnc:J a:; 

rep, na! prc1 :ously'~'. Bm:11y, ~ r eac.:h e:<penmcnral group, 
1:qu~I q11.am11.1<.-s of protein from e;tcl1 rnr,u.,e <;\ ere poolt.'<l tor 
Western blortlng :inaly is or tl. i:11e' 'I'ot:11 prrirein (30 or 
iO µ.g) s !oaded orno ~% pclv:1c:ryfamiJe ~6. sep:1r:11ed 
by DS-PAl,E and tr.ln.km-d to pnlV\in ldt>ne dilluQnde 
mau.bran¡:;¡ Tb:: mi::mhr:i.ne v. c,:e bl ked \virh non- :it 

dry ruilk I Bío- R.1d) :md inc, ted overru¡zht at ..¡'C w irh r.he 
1 1ll0\\ ing prunary 1ntiboc.lic:.. anti- REBP Je: anti-SREBP 2 
l !illip, re>, ami-ABCG- and .\BCG- ; r,11-fatty ac:d ~·-r,tL.1:-e 
( F. 1, r.ti-cimrtlnc: ~oylr::a~ r'e.r~ 1 (CITT); ;;nrl-_ 
h ·dr . ,'-3-mct!'I) lglur.uyl..(;o,\ rcduiJA~ 0-L\!GCR.l, anti-
1mulin-incl11ced ene 1 and :! e L',.;JGl .1nJ l\JSIG.:?l, ;;nu-toul 

cnd pbosphon.bted AMP <.-Jv:w .. oJ prorein km~c <. MPK am..l 
p-AMPK'): .i.nu-pcroxi.:;ome prol:fer.itc;r-:ic ív:11eu Cl n:ceprors 
(PP·\R-0:' ('-:inu Cruz Bil•tel·hnob~, ), TT1en. rhe blms were 
irn .. 'tlhate l w1tl1 a second .. ry .tnllh< !y and visll3lised usrng a 

lu:1ruDrx."" ~'+ -y,tt:m .-.·1rl1 Jma~e l.Jh"' Softw.uc íB10-
R d) Band' v. ere :uulvs<.,d u-ing th lma~ej 1.-i2pdrg!Wl 1magirp 
pron .. sing prograt:1 (hrtp· r b.mro nih go• /" ~l.itch/2,/ '.!01:!) 

F ,. ' b,I ~, .:1 raf• ,~ f-y C 

Dm.'C fac-: s:imple fr >m e-.1ch ·perimL-nt:11 .irroup ( 100 nt;.?J 

1;:t: dilut<.:d in ulint Svlllli n , anu norcholí· a d was addc:d 
a~ an inremil i.undan.l (100 mg.. n B,le acids 'TOm the faece,; 
werc e..'ltraued :1nd qu:mtifieu as d .~c1Jlx:d previousl}"-..,.,1_ 

:,t ¡ • t., , • 1alys1 • 

Resul• .. re expresS<!í.l a me 1ns wnh rhC1r s1.Jnd.J.rd =rs. naw 
were :m:ilrsed '"ith Gr1phPad 6 O Pn.sm) and .\lr ;fl~\B 10 
(.\linruh lnc) 50~-are ro :den 1fv !'1gnificint differen1-:cs 
amon~ the groups, ;,uti,.tJC':l) analy i v.-:is peiiormed b•· on • 

a · A O :.i,, followed bv Tuke ~ r~c ·n,c disrribution ty e f 
[l, • \ :~ri:ible~ w:i. · t:.=m.lm·d u rn Lhc: Kolmogurov- 5mirnov 
z te~t L garlt.hm.ic transform.111on ,;,,,':1,; performed befor 
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Ag. 3 . Ellocts o! 1ha black bean ~oed coat extrect on (A) bcoy-welght galn, (Sl lood lnlake and ce. D) Hrum btocn11m1cal per&ITlll!ar& In C57BU6 mtce. ~ tef.:I\ or 
1ort-¡-e1gr,i mica Ne!O rundornJ.ed ,mo SOi graups ti-al '!!Cl'IIVfld 1he 101101.ir,g !llq!Bnrnl!nt.al Cie'..S or 5 V.GIi • CN, co,,trol diet (1' 7 (A) aod (C) 11). CN FSE (L) 
cc.ntml dol w h 025 . 0cW-do5e) bleck 1:)1\an sead coa1 exiracl In 8, (A) .end (C) a l Oiol, COf'ltrol • w«h 0.5 ~ ster'lll (n 8 (A) -..... Rnd (D) 11), 
C~S,m, cori o1 a.ot W111l o 5""• cholos1or01 il1'd 003o/. s1mvair.a1in (stahn) (n B, {A) ..,._ and (D) 11); Chol+FSE (H1 contrlli at111 W1th 0-5% chOles:erol and 
0-5 % (rngh-doso) block bean sr,ed coat extrocl (n 9, (AJ -+- and (0) 11}; Chol-FSE {L), control ene! wriri 0-5 % choles1erol and 0.25 ¾ !lo1'Hk>se) black bean 
eoo Cl)al 9XlrllCt (n8, (AJ-•- dJ (D) el) Body a!frt (A) and food lrlake (BJ 1wers m&asur8CI every 3 to 5 C1. (C. D) Al me 8Nl d r.he slooy, plasma a.s oiJtatned 

from C57BtJ6 mice lhar were la.sled lor 12h to detel'lTIIM lhll SIJ1Um b1ocr-em!Qll pa-amet11,s Valllil$ a,I! m!lam, t lll8!r standard errara ropresef'b!d bf 1artical 
bars L.J>c Maan vllk.as 1,1'11 tJn\lke let-.ers were 1,lgr,ifican y o,7'eP.lnt (P • 0-05), TC. total ci'l0tes1ero1. 

analy~i ít the vari:ibles clid no· e::mibír a norma.1 cfüuibuaon. 
Oiffen.'l'lces wen: c:ons1dcrcd m b<! signific::mt .il P< 0·05 

na compos1t,on or fhe b a::A; b ª" seea 

Quercct ri 3-0-glucosjde w the pnm.11'}' flavono1d 1dcntified 
ín rhe c. rract oí bluck bc-.m seed co11:.S (Fí , , l(A)) and thc 
mo!>t abund:i.nt s:tponín \,. s !>O)':U:iponin f (Pig, l ( B.11. In 
Jddilion. c,ther fbv,)noids :ind · ponms w re identilled and 
quantill.~d (Flg. W:)). 

E,(prc5 u 
r1"'-l3._..!t, 

The exI.rll't nd1 in fla ·.:mo1ds and saporuru, redu<:ed che 

e:-:pres•ion of both SREBPJ.: .ind r:.J.S 111 primary me heparo­
cytes ·n1e synthl•tk lipm.l of L"\R. rc90131-, Í.."1CTC:.l'ied the 
e3J)res5l n of hpogc.:ruc pro eins 1.-omp.i;ed ~1.L¾ the k-n:ls in 
rhe con1rol group, ·¡~ =~t1ed lnt.-r ·stingly, the addition of 
the FSE pJ.rti:illv repres-ed the sumuJ:i,ory effec of T0901317 
on the c.\press1cin -:if che 1pogeruc Drotc:ins 'i.REBP/c and 
F.~S In .:onu-ast, the a:press1un af ABCG5 w:i;. no1 repressed 
hy the FS~. ::ind thí.s exrt'l '! díd n I n-duce the sIJmubmry 
ettei.:; or Tu 01317 or. che e.'tpress1 n ol AB .rii The pot~nl.1.íl 

clfe es of Llie F~E e n gene uwol ed m the f3 cxu:la.u n o f fauy 
:1cid:., e,;pedll,} the r.ue-linuung enzyme CPTJ. "ere :tlso 
an:ilY5(.-<l in pnrJWn. rar hepatocytéS. n,c f:E had nn elfect 
on the expres.slí•n of CPTl, however, i inh1b1tcd the 
suppn:_sive cff,·ct oi T0',013 l7 un genes in primary r epato­

cyte ruhures (Fi 2(.1 ) . 

Th an:ilysis f che F E fr:icuon.5 revealed 11ul both families 
oí ... ompounds. rlavono1ds -ind saponiru. h:irl elfec:s :mnilar to 

those observed wlrb the F'~F Toe flavonold,Jtch fr:11:tlu11 ha<l 'll 
~uon~er elfecr , .n che J..:iwn-regul:mon ot the e."tpre.'i.~lon uJ 

lipog nK protein:, (Fig. 2113)) whcreas lht .:;.1ponln rich frJ. ·• 
Lion h:11.l a grearer clfe1."t on the up-regula.uon o fchc c-cpression 
of the :r.tnspcrrer A3CG5 sim.il:u to the vnL~euc ligand of 
L~. 1'0901317 (Fig 2tC)) 

Toe .iddmon uf the FSE to ch~ dict5 tlld nm significanth ch:angc 
the bcxfr-we•ght g:un among the ¡;roups dtl!ing tht. 5 ·Week 
st'u~h fig . 3 AJ), We me ,;ured the .n.-eragr: J3.tlv food inuke 
of rruce L'l :i.U experimental ¡,puups, :ind no 1gnlflcam litfrrence 
w;IS' mr.d dunng the 5-w 'ek snu.ly 1'i ,. 3{B •> lntercsungly Lhc: 
ñF tg:nific:mtly reduce<! •be le,·cls of toLal .:hok_ cri:,1 md 

HOL-c 1olesterol in the scmm of mice fed rhe conrro dk:t 
These c:ffeas of lhc ¡;"';E 9-·en! s1~11icmrly cr.harn.:ecl ír rru<: 

fed a h.ig.h-ch les,erol dtc:t b,· decre!:!Sinll the lcYcls of 
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ffi ~ 
e:: o-10 L-L--....L--'--_...--',___...__J..;.._....1._ a: o-eo L_.__ _ __. _ _._ __ ,...._...&,¡ ......... ;¡_~...._;__..1.._ 

Chol...Slm Cho! Chol+FSE IHI Chol-FSE (l) Chot+S,m Chal Chol+FSE lHI Chol~FSE (\) 

Ag. 4 Bf&e15 o! 1he u penmor,!i!I aIsts on 1119 avcrnge REA o! C579Li6 moco C57BU5 m1o.1 In 3 por group) '-"lrli placed ln met.aboilsm cagos and ar.alysed 
fer 3d (Al A11erage REA QI mlC8 laCI lha cornrOI m 1 !CN'. J ond !he control dial wrt/1 the blaci< bean 5880 coa! mn111ct al a !Qw dt)go (CN+FSE (L), ) FIER 
(Ught eyclo/; CN - 0-76 (GE 0002), ¡plds = 80-80 •,., eart,c,hyd(BIOS • 19-20 %; CN-FSE !L) - O 74 (se O 001), liplds "'88%. carbohydr.ll t>S = 2 %. RER {áarlt 
o¡cio): Cl'I - 0-98 (SE 0·002), L .. 6-37._ , cart>oh¡'ljra1es 93-7 ~ CN-FSE lLJ - 0-9 {SE 0-003) pICIS = 12 8'%,, caroonytlrates "'87 2"'-. (B) Avaraga REA of 
mC!I Jed t11a corTUol alo1 w,l!l ctoloi;:erol (0·5~ •. Chcl; ), tt,o con ol dlot wrth choia11terot {0-5%) and rhe extrae! (0-5"<, .. Cho/ FSE (M); -+--), tila cor.n;! 1 
woth chales rol !0-S ~l and /\El u:mct (0-25 ~-, Chol -FSE (L). -1 and 1M ccr.tn::4 01el .,,,, ctc,10S:erol {O 5 ~) er.-:1 SUTl'l&sta 11 t0-03 %, Cnot-S1m, ¡. REA 
(1•!r.f cyda). Chol-S,m - O 75 (Sli Q,001), 1'11ds 84..t ... , cartlollydr.1185 • 15-6%; Cl'"ol - 075 (SE 0002), lipki'I 84-4 .... carbohydra!DS = 15·6"'. Ctcl-FSE 
(Hl - 0-T.I [~ 0001), llpld ,,.,91 ó%. ~Clr.T,118"> 8-4Gfo Ct",ol-FSE (L) - 0-75 (SE 0002) liplds = iµ-4•._ tarbohydrates - 1S-60J:. REA (dml! cyde). 
Chol-S,m - 0-96 ISE O 002), ll111cs - i 2 8 ~l., calt)Ohydr.ttos = 87 2 ~~. Chol - O 95 (6E 0,003), hplds · 16-0 ¾. carbohydrales • 84 O '":o: Chol~FSE (HJ - 0-92 
{~E o-003). t,pkls 25 9~., certJOhydr.ues = 74 1 %; Chol-FSE (L) - O 93 (&E O 002). loDlds 22 6 "\. carlJcnyC~,,. n 4 ~ . Thn AEl'l w:is cale\Ja!Dd from o, 
consumpl,Ol'I and CO:: pr0dtJCD011 1tl week 4 TM bll,!ck bean Sl'Od coat ex1mct oecreaseo enargy oxpe11ál11,1re ano lndU<:ed llptd o~JdQllon. Vlllll<ls aro TT'OMS. '111111 
tr~il standnrd arror.s presanted by viutlcal bar...• .<...:1 M81ill I/UIUes ~11h "'1!llle l&tters waa 11gn,f1C1111Cy ~erem 1P--:: O 05). A colour ·1Dr&100 o s ~ure can be 

tounc:1 01111n at Nip.'/WWN jourraJs.camcndge orrvrw 

LDL-cholcsterol Jnd TAC , m addllion to the Jcvds. of e t:iJ ..:holes­
rc-:-ol and HDL t:bn!l!!'rerol ffíg. <O nd ( Ol1 ·o ~¡~,.:mt 
difft!r !'tlc;;:s were ob ·erved in ::h levds of serum i sulin md 
glucú:e .1mong L'ic groups tdata nol J1own) 

1:- --~ , 1 the t,,_ ~ ,. 
r m,c,;c 

e-= ,,, : • "·m: t. ,, ; 

The prescnt results 5J-.owed rh:11 !he .RER v.':l!> siLmfi,::mtl:; lnwer 
m th • gioup fed w1Úl the FSF. e.ha.o in th~ comrol gmup, wlth 

a do:.c-dependcnt dfect bein ~ ob~eJVed.. Although the RER 
differed bct':VcL-n nit,!ht ;i.nd cb.y, the rrend remalntc'.d the 
same ·Jñe etfcc; of rhe FSE 0'1 th RER o;,. ~ mure c•.-1d~t m 
mlL--e kd thl! cholestcrol-cont:unlng diet ffli.c -! ) 

Thc 111 t'ltTO :i ªY" rt..,_·,~:1.k--d llut Lhe FSI ,.:gnific:inrlv 
decrel cJ the cxpre ·ton of llpogcnic protc1n!· H'I th~ liv1.'t' ~I 
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Flg. 5. Ellccts ol lhe JIP&Omental dlats 0!1 IIVar lpog~resiS n CS7St.6 r:vc.e 
fA) A atrvo mRNA expres.sion lovola oi !r-a hpo¡;sn,c proto111s s1arol ragu!a1-
ory C'lll!ll!l1t-blndll'l'J prote,n •e (SREBPT,;) SREBP2. t r.y IICl<:1 symraso 
(FAS} ¡,d 3-hydro y-3-moJhYlgll,1ary1,CcA reduc'.as11 (HMGCR) and ol 1ns1J­

!ln-lndl;ced ¡¡ano 1 I INS/G 1) ;ni INS IG2 kl!}' pro!ai/lS lnvoP.ed !he dagra. 
di,no,, af SRES? protl"'fns (8) ?ro1ffln oxpms.sion levefs of lhe sama prorelns 
delsrminad by Western blatflng. The !!l<P')nmerrtal d&11 w'!lle as fclallll!I. CN, 
cmtrol are ): C -FSE tL), control dial 1 ,!h lhe r1a110no1d- and salX)nJn­
nch OXU1i.C1 (0 25~) \ Chol, control ·al Wfl]', cnoh:618~ (Q 5°,i} ( . 
CMt-,.fSE lH), controt dlot w~h chotoSlarct (0-5%) Md tre axtra.C! (0·5~) 

: Chot-FSE (L), cootroo c:1 ,1 -,, th c:holESI rol (O 5 ° .. ) snd me Xlratt 

(0·25 ,•) 1: Cnol-Slm eomrol cfült wnh choleste.r,:,I (0-S~) an1:1 slmvas!alU'I 
(0-03 ,..) . 7141 black bean S"ed coa! e rac:t signiflCélll ~ decreased 11'!& 
rui:press1on leve/~ ol llpog ruc prote1r1a "1 C57SL.J6 mies. Valuea arn l'T'!!l!l1 , 

·,w,lh e1r 5tandún:I error.; 1e11rasen:eo by vn :cal barfl . ....,_.,,.. Mean 'll!luoa 
w,th unflko l~ners wera !ilgn1 lcamly c:,l~acer,t ( P...: O 05) 

C5-;BL'6 rrucc. Th1s decr ,ise tn tbc e"l:pre~51on oí lipo~ernc 
vrotem:, \\'-as obser...-ed ,11 be th the mR: • \ ( Fig. 5 ,\)) and 

pro1ein (Fi2. -cB) le c:15 , toreo" r, a dose-depencknt t:ffect 
w:i.s obM:rved amon~ thc: e:tperim~nw.1 p. fed with the 
r:-r:. lmeresnngly. wc obscrveJ th:it thc F · l· mduced rhe cwer· 
cxpr ,- ·ion oí E\YTGJI,:,.; iG2 (Fig. - ) 

1-t, ,olc5 · ~a/ J1 

Hist log¡c::u ;.1.na.l...-m c,f Uv.:r secti n., sumed ""iL~ h:ienu:o­
xvlin and =~in r ·1g u( J) ar O.il Re<l O ( Fíg. 6(DJJ showed 
rli:11 mkc fed thc: chn!e terol diets h:id s1gnificaru!y ~reate 
hepatii.; f:1t ~cc,:u.rnu!Jtion lh:tn cht> ·ur1.rol mice, nd theSc 
resuJts \\·ere mnfirmcd by Lhe qwnt.ifh--:iti n of hep:itic lipíd 
leve[ ffig. /:i(C.)J lice ed :i diec c.:om.uru.ng cho!e~terol .1nd 

F'>E J.l ., low <l1Jse had a s grufiom dt:o't::t~c in hep.mc hpid 
Jt:pot~. lmwcver, rhi~ rcducrlon w;.i5 onl · mode:;r w/-:er, 
ompare-J w I I.h:it m ·he group ot ,ru, e ftu a dJL<lestcrol­

conuutin¡;¡ d.ieL w1r!i :nwa.sratm l lowever. the ;i.ddit1on uf 
rhe f,E :11 :i high dosc to the cholf'Sterol cor,taining :.Ji.et had 

t::ffec~ cm th~ rcduc 10n of hc::pn!ic lipid lével., smufar to 
those nbse~ :-d in mi. .. e fed a ·hol :t" 1 a:m:.i.mmg dil"t 

wllh smwas1:rn.n There w .. s no tllffLrcnce in che hep:u.ic 

hpid levels betweéll thl" 1.•,ntrol groups tnl t.hc dlers wnh 
:md \\,'Hh ur 1hc f' E (Ag. e 1J 

f.f ; (1 

,....,, )/) 

n brl r,,j 

Bíle aud fonnatíon depc:nds on tht! syothesh of I ile :icids as 
v. eU as on the hep;;¡¡,· oanspúrt of cholt:!>terol to lite hile 

Thes procc :leS are mJ.ITll regul:!.1 br th,; enrymt: chole -
ccrol 7a-l ydro)(}'l:bl" (CYPiAI) 3nd by the rever!< choli.:!>1crol 
rr.m:.porter,;, respeCti\'dy. ·rrie rre5t::m rc'lulr.s hnwe,I rh:ll tl:11.:' 

c. pl'1" sion of ABCG51 \.BCG in the h\'er <F,g ,t )) :md ílcum 
1 l·ig. ~{B) v.-1 slgnificanr..h lm:re-.i.scd by me :i~l, lition of me 

F E to the diet. Howe\'Cl" tl!r: cholcsrerol -comamír _ dier 
\\ 11h mm tm down-n:gulared r.hc <!Xpres~1on of ABCC.-'.i/ 
.\BCGS in thc ileum, prom tlng che .tbsorpuon uf chl)ll!f-tL-rol 
CFig. 7(B!). Jnu-igw.n,qlv, thc 1-'iE did not further ,cimubre 

L'XR--ct or PPAR-a exp1ess10n in che ikum sugge .tmg that 
thc F E could mod.ify L'J{ .. e1.1v:r- wltht. u an lncre:1.St! In 1he 

leve!~ of L'I.~ Cdat.., not shu\'-nJ Addlt.io11:1.Uy 1he F.'E. rlrnu­

l;ued bik 30d srnthl"Sls \'t:l che up-re~lation of CYPi A 1 
ffig. (C) .-\~ J "' ulr "'-e b~erveJ th, • che índu~i n of the 
F.':iE IJ1 e.he dice increa~ed e.he :un0unt o f bilt: ~cid in 1ht:: 
scool.s cf miLe (Fi -;(D • 

Eli-ects 01.; k be n Sce<:J coat ,= c.--t on 1, 
a uv,., 

To determine l1ow 1he FSE mc.-rt.:J.Sed the acovit, .:,f l.XR. ,..-e 

fir)C found thar fe ding Lhe FSE re.ulced !n :i. signi1c:int 

íncn!3se m th • reJ,uive e:tpre~ion len~l of LXR as wdl a.s 
the procur lc\"el nt LXR-u (Fi . ,\) and lo), respewvelv 1 

v. 11.houc anv si~kanr chrulges in th level , f L'<R-13 or Ílm • 
·oh: X re1:eptur \l'e lhen íound rJ1:11 LXR .icrivuy r mi be 
modul:ired by 1ts pho)ph rylauc n Pan.irul:uly, ph, ;ph ,ry­
laúon ol LXR-a by the c:.'1Z}'me A.\1PK reduced 11, cap 1oty ro 
·;lmul:ue he lip,1geruc gene.s. Toe prcsc.-nt re.-rulrs 51..1gge-r 
u. l che .P!)E coukl :1criv1ce Llu~ me1..ru'ltll!--m. ~in ·t. the ir1.ikl!' 
of thr: FS.E uxrcJ.SL--d rhf! phc,sµhodatiun of :\.'\.t; K whldt is 
th 1.:1i,;e nn of Lllis ,:nzyme (f¡g HlCl1 

•,: , (1(1 f,1 

r.; I , d PP/.. • 

Surpru.in v. cüole<.te.ol int.1ke by C57BL 6 r.uce decre.; ~d 
the expressmn leveb f hepJtlc PPAR· :ind PTl In coru:--...st., 
mice led rhe high- holcste l d.ict wirh the F Ti d.id not t::Jtlubu 
dct.n:a.~ ln ch<.' expre~-i~n kn:b of lht::..e protem.,; (fig. 9) 
These n:-s11lts .ire in gre menr with the m , 11 tt:i a.'< 
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Flg. 5. E~m;t.s of lhe ~¡¡enmen!al diels on llplo ac:C\Jmu,a1 on n 1118 11vor OI C578L/6 m1ce Hep ttc: IISSIJO sta,nod w,lh (A) /laerretoll'Jfin ana acslfl al"Cl 1B) 0,1 Red 
O sho~vng tltffetencas in ·p10 cc.,mut;t;an b&IIW,,."1 :ha e,pe•mer.tal grovp (C) W-p,d acci.rnu,Jtton i,; tr,u ltvur wBS conllrmud by !l'le meruwremont ot ltlO 
chol&sltlrol 1.:') and TAG 1 ) IOVe.Js, Too expl'!nmentaJ aois weni as 1o1I0ws: CN ccrmol ouen. C. -FSE (L), control d,et Nllh • •tavonc;,d- and sapcn1n·r1Ch l!Xlract 
(0-25..,J, Cho!. contrcl t ir d'dl:storo1 (Os-~). Chol-FSE(L), l;Of'ltrol d1e1 wrth ct,olll&lerol (05 ) and lho ex1ract ro 25%): Chol-FSE (H) eontrol dlot \Vllh 
cnolesterol (0-5 ~~) and a eirtract f0·5 "b) Chot-Slrn, cootrtil clat wlth chotesterol (0-<:i %) and U11'1aslahn (O 03 º,,,). Vall.>35 ;&re rr.1181l5. wilh lhe,r SUIJldard eno11; 
repn)sented by vorUcal baIW, a.M. Ma.1 vatues w11h un1111e lella1$ wera signlf,cantly ditle,ent (P·'O 05l, A colour ver&10r1 of thJJJ 1gure can be (ound onbne al hr'pJ/ 
IY\W1.jourr,e1s camtmdge.org/bJO 

\\.di :is thc RER, u~ tmg tl tht! F E .:ould sumul:.tw e.he 
C-c ~ld.nion o~ farry aCJJ 

In ·h.- pre~nt sru&:, ,;,.·e !!X. trun•!C che e t::::cr uf fbvonoids .ind 
s:ip run:. e.xtracte<l f rn black be3.fl seed COJIS en 1hi:: 

r:xpre!lS1on of kev ¡,rotems uwr.ilvecl in thc rc:gulJllt;;,n of lip1:.l 
;i.., ! ch,~1~1crol m,.1:1tx1lism \l'e lit.sr t•:,:arnlnéd rhe effr:li: ar 
tl.1: !·SE on protcm• r~a!.:d bv the mnscnrrion t. aor t.:XR 

m pnm~uy r:1t hep:ucr.vres TI e result si ,,wcJ that the C.\.,ract 
redui:ed the expresslon f Upugcnic prott::in.3, but induced the 
a¡:,res5-ion ol rc~ver-sc ch1.,,lesicrol tr:msport ~1.1ch as ABrG5 
Furth=on;, the :i..!tli.ríon of che FSE 10 the c:!ier ri:p~~sed 
thc umulacory et ect of S)'Tltheric L'\R IJg.int.ls lipo0 eni(" 

prrnci.n.s, bt:t, .ig:un, t.h.is C:Grlct did noc rc::<lu, e the sliJnul.t o.ry 
cffect of T0<.>0131- on 1h~ expres.\"lOn of ,\BC.GS. lntt:.rc.stingiy, 

despire rhe f5E having no eftr:cr on the c:.,r.pre s,, n oí CPTI, ,e 
l11hih red tht!' ~11ppre.!>,ÍH' effo1..t of ITJ 01317 ún 1hi:; r-.ru:­
hmmng eruyme of f.my ai.:td l,3-o'.'Cid.!tlm1 Th~ r~1..1l1s 
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fjg. 1_ E.r.oc-..s 01 1118 tll3Gk tl8Jr .-d coo.1 IIX11'8Cl on livor and ,mesrinat cr,o¡es1ero1, bUUJry ctiol&&':erol secretlcn. and ll'le llver e1¡>re.ss10n ol tt.e rr.e-llm ng 
!lf1L'J""ID 1M syninosts ot btl11 aOdS {Al In the livllf tne bi.ad< bea¡7 see<1 coat IIXtrac1 llgn,fanlly ltlC!Usea lhe retnwu ptOte;n 611pr.llili1Cln :,r.els o1 A T?-bnóng 
casMllte, 111.1btamaly GS (A&CGSlJABCGe Toese prD!mns m!!C!afed tne excr9lllln ot !ree choles111rQI to lhe bdlt. /B) :n :ne Jffl. ABCGS/.\BCGB sup¡;:ressed tt.e 
abserp!IOO 01 st IOls -n,¡5 S41JPfllssr.e et'!lci was fr.Cl'e,IISJ;(! 11' thl! eiciiermonlal gr~11 lec • u:rae1 (C) The leve! or cholest&rol 7~-nydroxylase (CYP7A1), 
.1o'l'llC.'1 c.a1Bfy&ad !he ra:e-1itr1J!l1'9 s:ep tte synu,ests of l:i,le adds. as lJJ)-'egtJlatDd m lte " r by lha e ract (D) TIia amour,1 of lllle aod W11S ,naeased in !he 
~!00/~ Of mlC8 ad , 0 exuacl, The 11)(Dllnn,em.il G:S ere as tollows_ C , cor.trol d,et i.1: CN- FSE \L) caurcl aet ,· tn :ne :avoncc- anc1 sapon¡r.-nctl warad 

\O 25 ·) (11); Cnol coi,1rol Oiel NI h cJ'lOlestN~ (0-5%) . ; Ctn-FSc (1-1): cc:nll'OI dM!t l cnole6tttol (0 5%) and :n axtrad (0·5 '9) t!Jl , Ctool-FSE IU, cornrol 
ó&1 "'rth chClle&' rol ¡o s 'liol ar,d tho oiruact \0·25 ~l Oli, Chot-5'm airiaol Oi with cho4a&lerol (0·5 •I and 51m~a5lalJl1 (0-03 %) flll Values aTB means. w1h 

landard errors I p $er'lled by verocal bars u.i:.~waan ,'ali.es Wrt/1 unllke ! ers -were 11l9r fcat\Jly rt'erem (P<0-05). 

sug~C!>ted tlul 11 vom;,id :m<.l saporuns extractc:.d from black 
be-Jn ,c:ed coo~ ..,,er cipabk of regulating rhe :i.cuvi.Iy of 
LXR Moreoicr, !-l1Jdic~ w11h tlavonoid- and sapomn·ril.:h 
fm uon:s h.1vr: sugge ted u,:11 therc:! ís a -nergistic clfect 
e.xerte<l b\ 11.wonoid~ Jnd saponlns contunt!d in me eru-a1:t 
to conrrol llpogd'IC is as well :b reverse ch~lesterol cr.ul!i-port. 

To 1Jnd.::rsund che rot :ncl.11 physiologictl relevance of 

in i !trQ .tud:e< cm cholestcrol ..nd fatry acid met1bollsm, we 
tht'!n srudiéd che el cci:. uf lhe F E in C57BLl6 m.ice ted d1ets 
w1rh or ithour ~hole,rerul. Meubolic changei v.-ere no, 
.is~1tcd ,,,ch Jiffe1ences in food intake :unong the 
¡uoups, :md a 1 r ,,ul1, ar the end o~ the sruciy, there w35 

no ignilkant d!tfen:nce tll \\'C1 hr gam :unon" rhe group . 
'i1,t: present ruu showcd tha, che pb~nu üpid profile Wa!> 

lnde d lmproved b · fcedin the e.W3'- in mio: -\ddiúon;ill ·. 
an:uy mg ti.e RER Wt' obscrvt:d that the F~E l\':lS :ible 10 

modul.ite lh CfllC' f en rgy sub~u-.L!e far ene~ID ener.11:on 
used bv mic~. [he pre:,;cnt cltta indu.: 10:c! that :.he propvrJon 

of ltptds us1.:rl J sub~tr3.tc t r ener.,; generauon 9-'aS ~e:uer 
u, nuce fed che r~E than in mi~ fed the conuol ciletS or dier:­
v. ith sunvi'iI,mn Toe ronl.rol d1t:t ronrainlng cholesterol 
mcre:tst..-cl th. e,xpre .,1, n of SREBPJc possíbly bv :icriv:uim.? 

• 1.31) 
L'ffi anc.l hcnc rhe llpogencs1s pro~e 

TI1c: ben .... fici.:11 eff1:1ct of the F:::.!: on dccre:mnit rhe- b·e!:o of 
,erum umlc~rero! m c:,;s1J6 rnke ".b :i.."-sociaced "'1th ~ 
reuuction in hc:p.rnc üpogene:.b a~d r.hule~t.:rol biosymhe~b 

through che do~n-regul3tic.'1 of 'iREBPI ... F.-lS :i..nd /-1.lfGCR 
.•nd the up-regubuon of IN. IGl/lJ1,SfG2. le has been deinC"n· 
SLr;Jted tlt.Jt ovc:rt:xpre,sJun of EVSIG J trap~ rhe SCAP (SREBP 
de:w-age-activatlnH pmreml/SREBP complcx 1n me i::l'l<lupl:1~­
rn.i<.: retKiJlum, promoting SRFBP degrad;¡¡jon and r-:dudng 
rhc abillty of SIU!BI' ro .Krlv:itc the tra.nscription oí genes 

th:ir encode cn.,:;me in\'rJI\ d in cho!esterol :md fam, aud 
biosynthesc.'32 ~un1llr dovlin-regu1atorv cffect ol lJpogeruc 
proté.l!l' by ch ·on.sumpuon of \\'le! blueberrv-eruichcd 

\) . . 
dier and r um. nn h:i~ been reported, the Jauer wa:, relaced 
to an ::menu:iuon of h p:i:k ste.uosi;;o-i • 

We then rud1cd cholc:~teml ruetabol.ism, whkh :-ho· ... ed :it1 

m ·rcm~t tn the mR: • bund:mce of SREBP2 and FLl!C-cR in 
nucc fed he cona I die! wilh cho!esrerol In 3grel!tlle:'lt \\ 1th 

previou - cudt.cs, w howi:d that sunvasu~:n decre.1~ed 1Le 
levels < r lil!GCR more than hose o· 1he orhei· lip genic 
p ·leín:,. L'ltcrc)t1n Jy, the :1dd1r:ion o ch( lest:::rol ro the dic.:1 
<lid not " 'i :1-itly ..:hani.e lhc :i.bunaan ... e or SREBP2 
mR: · A. hu · '\'t:r, lhc leve! oí the mature forro ot SREBP2 

':l.s. • 1fi ntlr :ncn:a- d, ind1 lin • .lI1 woea.se 111 rl-e pro­
ce~sm ot rl e prt:cursor f, rm of 'REIJP2 ll'l rhe Golgi'>~1• 

Tnc tn.::t .~e m lh 1.--0111.cr.trati"'n of this tr:Jnscr.ption faetúr 
w, markedly r<.-J\lced ~.-1 en nti,:e were •ed rh.: FSE, reducin¡z 
ten: cho!~ 1crol b1u,-vntl:eú, progr.immr 

To rechice thc ce nct>nct:1tion of hc:p:iri,. cholesrerul, cbe- f<,f 
lrn:rea~cd thc expn-. · ,on of genes involved in btlc :1od svmhesis, 
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Flg. a. EffactS of h b d!. bl>an seod coat e,mact ot'l ltv81 X •eeep10r (l)(R) 
tarne6Qld X ,ec¡¡p!Qr IFXR) nnd e pnosoho,ylaMn of .i.MP-aci1vated ort oln 

ma'>II tp-M,tP "1,,; enact 'l>IJll,'ficamly .,,.asao tr-e rel1111~e 

axpra!i.$1on Jevets o napat:e FXR and LXR·"· (B) the pr0101n abundar,c°"' ol 
LXR-o .na (C) the ¡¡hosphorylatlon ol AMPI< ,,, !he IIVBr IW'~th m,ghl ac~v e 
LXA. Th& &xper.menlilJ C!,et:; we,e u follo·Ns. CN .:omrol dl6t la ; C -FSE 
(L), conlrol dlet wnh the t'laVOl'Oid- ancl sepon1ri-r1cn eoctract (0·25 %) 1• 1· 
Chal, comrol el 11n ~&SU;-,;;! (0 S "..) r O -FSE (H cor.trol dlet 
w,1n Cl10lesterol (0-5 .• ¡ ar,d the ewact (O 5 %) (.11]), Chrl FSE (L), corrt~I 
(!J ·1 '1h ct.<>I ·teral 10-5'!'.l arel tho ,;xtract (O 25 '' C/tol-5 m. cortrcl 
dlC!t 1, ui, cr, , rd (0-5 '!'.) and s,mVUS1al CO 03-r.¡ (ti) V~s are means. 
w~h lh~r s,..,ndard orrors rApmsentod by vorlk:nl burs a.b,< Mean values wlth 

J<e r, 11ers w, ,,. s ¡¡ntcal'ltly cllller~m (P<0-05) 

p:i.rt.l .ubrh Cn>;¡-1] :IS well ..t In rt:Ver~ 1.:hc,lt.•SféWJ trJnspr,1 , 
:uch ,¡,.. A.8CG5 'ABCGR 111 dd1110n. •h F.:E .rim l ted r .e 
<:'Xprcs.w;;,n uí ABCG5/.-iBC(,ó' in the mtc:M'.ln fn rhe liv..:r. 
.iBCG5. ABCG8 c'.riy~ rhe t,:rrunarion , hepJ.llc ch, ,le.11...,-, 1 
lnh) th,;- bile, wheri.;a.s in tl .t! intéstine, te suppresse the :ibsorption 
,f bllurv anJ di1.-t;.n, ~rd0ls1 '• y, T lle cffe<..1:ív. suppres<t n 

1.>1 ch~ Jc:c;umufauon ,Jf dieLJf\ chole;rerol .1pp~rs rn requtr~ 

llu.: uvrn::x;,n;, ~1<.m of both inrcsrtn:11 ~ncl h~~11c ,{flCG51 
.-UJCG8,., nu.:,effec1 basht:en~ht')"-TI ,,,be, ·btedtoprr•tt'.(. 

::gam;1 :itherosckrn ·L'i ' .-\ddiri, inalir CYP7, 1 is Lhe r.m:-luni!· 
ing scep ln the S}nrhesis e! bile cid fo m c.ho!e~1erol'Y.') Hent:c, 
the resulr~ indk red rh.H 1hc FSE: promo1c.-d the ~"creuon o/ biliar-y 
chole.sterul .1.nd re:d1 cect the absorpúon of dii:ur cholc:~tero, 
Th1, rcsulc showmg che ~CJmulation of rhe c.1pre$S1on of chese 

enes h\' rhc F!'IE \< .1!i l!íSI ·u:e<l with an !ncrei.se Ir, t;.ie :al bilt-
3 ds tnlt."re tingly, \\-e ,l. servec.l .1 do"' n-n::gula.t.mn of .-tBCG5 

in thc m1r.:~e Jue to 5llffi'J..<>CJ.tir' an ctft>r.:. hJ.t r · heen reponed 
pi nou!il, IO\ ~ug~5ting mac rutlns pocentully c::in inttt:",ise thc 
a ,rpt.i n of in estin, 1 e 'iolcster ,¡ Thereiorc thc f 5E \\"aS ccp­
res:t'ntí!d as a prospectively more elfecan: tn:;1uncnt tu dt.-c1e:i..~1· 
cholesrerol:t.b:aorpuon b..- ,he up-regul;mon 0f -t&,'G'i. ABCC. 

To cludcbtc che poss.iUe mechaníi,111 by wbich ch,.• FSF 
regub.tcd tJ-,e C."tpress.i;.m 1,f genes :nvotn .. -d m lipo -ies-i.< 
and rever.se cholestcrol rrnnsport (Fig 10) , it tS tmporum to 

po1.m out that these gent:S are rri=ily oonu·• .led by ui.. cr: n • 

!ócnpuon factor L"'CR. TI1e :icti:vir. of these tmn.scripuon fa1..tur,; 
i rc:gul.Heri by the binding of thdr n:uur.il or :.vnthcuc. J.nd.., 

a.rid :il ·o b ns phosphoryl.1tion st:ue. Reccm ev1dence hows 
~hJt isotl.1vonc , p,inicubrl}' p.eni.s <:lll <.Jn m dulace LXR 
anivjtv by c:onrrolling the phosphol"}larion ~c..ue ot rlm nucle:ir 
rect:p or'm_ Phosphorvhtion of LXR-u md LXR-~ C1J1 t>e rri:­
gered by th~ t!f1Z}ml.! AMPK, resulclng ln rhe mr,dul:irttln of 
u1cir bivl, 1gical :i.CU\ i • in .m oppc,sire m.ari ,:r ln e present 
srudy, wc dc:mt.tnstrared rhar rhc:> FSE 5ll.mulated th phm­
ph,;ryl.111 n mre of :\TPK The·etore. íc J.S p<)~ibl~ co su@esc 

rlw th!!! FSF. up-regul.1rc · ABCG5/ ABCG8 and l"..'TP7'.-I ! , 

1 'l!e.$UJ J.1 renurh·el~ thc prur1ui:ion uf tht: e. creti n anct 

PPAR-a CPTl 

Flg. 9. Elfe,;'.s 01 lhe exoenr"IGnlBI Cl lr; s on ~~~lde Jon In !ha l1ver ol 
C57!'!Ll6 mu,e. "'"1'l blae11 OOc!J1 seed coa extra;: al¡¡ r,ogt1 coric¡¡,itr TIOn sg­
nd1cantty StJppfl!s.sm:I tte er!ect el chalesteroi on !he prol'3Jn axpress,on 
lovol5 o' PPAR-~ 1111e1 m M palmltoy!translaraso 1 (CPT 11. ThD '3Xpl.lr• 
IT'011tal Ól ,• Mil' as ws. CN c:lnlllll Olet ta ); CN-FSE (L). control (1/1}! 

w~h :no flavanoto- am:! sapon ~rlch e~act \0·25 o/a) (a ) Cllol, co111101 á1111 
w1tn cho!f!S:erol (0 5 o/ol ID); Chol-FSE {H) cor.trol CEI w I d"-<*!staro' 
(O 5~> and lr'a e>C?ract íO !i~~¡ 1ml; Chol-FSE (L) control Qol •Hltn chclas-
10101 (0-5 ,~) and lhe e 1rac1 (O 25 ·~) 11:1), Cho,-Srm, COl'llrol diot wrth 
cho"'512 (0-5° 1 and asto (0,03~c) C) VaJuo& ara mean . Y,111\ 
1he r stlintlard errors rcpmsantlld by YartJcal bars •~-"''Mean vlllues 
wlth unflkg etlers Her!! stgn,ficari y rti!'erent (P, 0-05) 
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+ J í CYP7A1 / 

Bile ac,ds+cholesrerol 

F I J Bile ac1d e,ccretion 
eca 1 cholesterol 

Bile 

Cholestarol 
excreuon 

J 
Cholestercl 
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Flg. 10. p~ modal lor Ir.a mechllNIITI by which f;.i\<OMlld~ e.nd pooms 6lt1 c:ed trcrn ~ack baan <Pllaseolus vul{;arrs L) so,iCI coets mooulat11 llpId 
melabOl,sm aro oU,a,y choles.terol socrello~ /NS/G112. insulln-lnduced ggne 112; SREBP1c, sle•ol regulatory etemenl-b.ndlng prcta,n 1; FAS l,;ny acié synt=· 
~¡.MP · pt,ospt,orytallDl'I or A.MP-acwatf!d protell'I klr>ase; LXR. rver X fE:Ceillor: ABCGSGS, ATP-lllnC.iig a,,serto m;bfamly G5/G8. C'l'P7A 1, cMI ard 
,.,,-hyOrUX"/111&8 A colc¡\lr verS;Of1 o1111ts f~l'II can be ound onl1ne at hHp.1/www Jot.Jmals.cambrldga.org/ll¡n 

C1L1b<.>llsm of cholesteiol'"1 , but ,1.1ppre es tht: expr<!SSion of 
lipogcruc pr em via L"OI. Ir. contrJ.5r, 1c ha.s bcen suggestcd 
th:u t.XR a1.."tiv::itit0 n inrubirs farry add o:cdation by lnterle!in.,. 
..,,th r.he binding oí PP.AR-« 10 its :irger • ttes "- We observed 
th:u choksrerol dt:cre:i.sed the express1on of PP.lll-o :.nd 
CPTJ. Surpriliingly, rhe FSE pre\ct:nted the dt:ere:is.: in rhe 
e.."<prcssion of 1hese g1:ne-s u, the liver, possibly ~unulaung 
:urv add o:édauon d plt the prcsen<:i:: oi choksterol m 

che diet. 
ln sumrn:1ry, th1.: pre~c,nt resull!i suggor th:u Jla,·onoids a.ne 

saporuns e.xtrn.cted from black bean ~""t:d coats c.:ou ld 

potc.r:uall pr~vt!nt "l<!Pltic lipid .1ccurrtJ:u.i, r. ~ :i.m:nu:uing 
lipogenr~is ~nd stlmul.mn.t f:.itt} :i.od oiudarion :ind bil ia:y 
cholesierol e.~cr.:::.iun dirougl tht: differennal regulition 
of LXR probably meúlatecl by he phosphoryluuon of J\11IPK. 

clmc,wl_dge,r.e ts 

TI11.. prt!!icr,t tudr wa5 suppori:ed by rhc: :'>lt11rlgenomic 

Rc:1il.'.'.1t l Ch:iir fur.J:; f ,ra Ta:rml igt<..:o é.1.c \lontcm~ ·­
r:ampu~ Münterrey anJ C<.:0~10 /1.aaon:iJ dt. Clenc:1a y 
Tc<nc-1•..> 
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R. A. Chavez-,;¡antoscoy et al, 

R 1\ ,: · "·: ropons1ble fot rh.:: expertmem::ú deslgn, 
:in:1h-•ed llit cLiu ar:d wroce :he m:i.nu npr; J. .\, G.·U .. O 
G and I T -\ :malysed d.ua, O .-S, and X T. wcre 
re5pons1ble lor 1hc c.-."tpenmen::il de · r. :i~ dau an:iksi., 
B P.-G, aiul}·sed rh eta A R. T. comribu:ed 10 the c~pt::i­
m<!nt;il d sign :ind dí~1;;:;lon md w .: thc manuscrip 
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INSTITUTO NACIONAL DE 
CIENCIAS MÉDICAS 
Y NUTRICION 
SALVADOR ZUBIRAN 

Dra. Norm.:i Bobadilla Sandoval 
Coordinadora de la Comisión de 
lnvestíg..1c1ón en animales 
Pre se nle 

Ciudad de Mé).ico élbril 2 7 de 20 17 

Por medio de l.:t p rese11te informo que se concluyó satisfactoriamente el proyecto tiLulado 
"Eíeclo de compuestos IJioactivos asociadoas a la lesla de frijol negro (phaseolus vulgaris Uen el 
metabolismo de colesterol en ratones C57BU6" con referencic1 CINVA-781 del cval se 
obtuvieron dos publicac ones. 

l. Conjugated and free sterols from black bean íPhaseoulus vulgaris l.) seec1 co.Jts as 
cholesterol micelle dic;ruptors and their efiect on lipid metabolisrn Jnd cholesterol 
transport in rc1t primary hepatocytes. Cenh Nutr. 9.367. 201-4. 

2. Flavono1ds and s.:tponins e>.tractecl from black bean (Phaseolus vulgJris U seec.l coats 
modu!Jte lipid met.-ibol1sm ancl biliary cholesterol secretion 1n C57BU6 m1ce. U11t I /\/11t1. 

11 2: 886-899. 2014. 

Aven¡da V<nco dí' 
Quiroga No 15 
Colonia 8t!l1s..1rio 
Dom,n~¡UC'l )E'CClt1n XVI 
Ddegac1on Tl.slp;in 
Cod1go Poqal 14080 
Mpx1co, 01s1nto Federal 
fol. ( S :>) 5 •l 8 7 O 9 O O 
www.lncmnsz.mx 

A t entamente 

>\_t~ 
Dr. Arn~b1..1r Palacio 
Responsable del provecto 



INSTITUTO NACIONAL DE 
CIENCIAS MEDICAS 
Y NUTRICIÓN 
SALVADOR ZUBIRAN 

Dra. Norma Bobadilla Sandoval 

Coordinadora de la CINVA 

~resente 

Estimada Dra Bobadi lla: 

Mexico, D.F. a 1J de Febrero de l 20'.'!.6 

Por ~ste conduc·o me perr11to solicitar el ci~r~e del protocolo:" Efecto CP CQTJl.ES1:os biaoctivos 

asociaros a la testa ~ frijol regro (phaseolus wlgaris L) a, el rretmlism CE rolesterol 

en rata-Es C578_/6 " con registro CINVA: _ _ 78_ 1 ____ ___. 

debido a oue el pro toco lo ha concluido 

S1n ocro particular por el momento, quedo de usted. 

A.te ntamente 

Nombre y Firma de, (a) Investigador (a} 

- 1 



INSTITUTO NACIONAL DE 
CIENCIAS MEDICAS 
Y NUTRICION 
SALVADOR ZUSIRAN 

México D.F a 1 O de Febrero de 2016 

Dr. Armando R. Tovar Palacios 
Depto. de Fisiología de la Nutrición 
Presente 

Esomado Dr. Tovar: 

Por este conducto e informo que su proyecto "EFECTO DE COMPUESTOS 
BIOACTIVOS ASOCIADOS A LA TESTA DE FRIJOL NEGRO (PHASEOLUS 
VULGARIS L.) EN EL METABOLISMO DE COLESTEROL EN RATONES 
C57BL/6.". con regís ro CINVA: 781-13/13-1 finalizó en mayo del 20 ·15 Por lo 
que le solicito ce la mdnera mas aten a ·ne tiaga saber s1 el proyecto re1uemá 
una prórroga En caso afirma tivo favor de envia r a la CINVA el penado de 
exte11s1on que solicita y de requerir un rra¡or numero de animales espec1f1car y 
justificar como se ut !Izarán y los procedimientos experimentales que se llevaran a 
cabo con los mismos En caso de no requerir una prórroga favor de llenar el 
formato de cierre de pro acolo que se anexa a la presente De no rec1b1r resRuesta 
de su parte en el plazo de 30 días, el protocolo se ciara por cern,'12~ éi -e ~t,..,v l 

S,n otro particular por e l momento. quedo de usted. . e_.,; .J:::2 
l o \; '-O'-~ ""2..c> 

Aren amente , 
z_é> V 

~¡~ 
Ora N a A Bobadilla Sandoval 

Coordinadora de la CINVA 

1 O r.r-p 2·· .. j 

e e o Dr ,.,.tc.·ardo G 1mta A ,lo '.:°irBCi"' el In ·e~t acón 
MVl M2 1e a Cent' ·,s E c:arn1I 1_,,,_. Cl ül "B 

'N 

L • .. J 
A61nom 

l ( 1' ¡: r" ., 1 

~- ·-4 _1...0 
IV!:STIGACION EXPERIMEN, - ---.... ,-

w '<' •• , 1 11 e: m f" • 1T' 



INSTITUTO NACIONAL DE 
CIENCIAS MEDICAS 
Y NUTRICION 
SALVADOR ZUBIRAN 

"2015, Año del Generalísimo Jose M ana Morelos y Pavón" 

México, D.F a 23 de Junio del 2015 

IN 1 Z~ 
~ DlílF.CCIÓN OE NlITRICIÓN 

Dr. Armando Roberto Tovar Tovar 
Depto. de Fisiología de la Nutrición 

Presente 

•• 
DEPJ\RT,f,MENTO GE 

FISIOLOGIA DE LA NUT ICIÓN 

Estimado Dr Tovar.: 

Por este condJcto le 1n orrno que. su proyec o "EFECTO DE COMPUESTOS BIOACTIVOS 
ASOCIADOS A LA TESTA DE FRIJOL NEGRO {PHASEOLUS VULGARIS L.) EN EL METABOLISMO 

DE COLESTEROL EN RATONES C57BL/6 ''¡ con registro CINVA: FNU-781-13/13-1 finalizó en mayo 

de este aiio. Por lo qu~ le solic,to de la manera más atenta rne haga saber si el provecto requerirá 
una prórroga. l.n caso afirma ivo, favor de env1ar a la CINVA P periodo de extensión que solicita y 
de r.:.querir un mayor número de animales especificar y Justificar como si" u ilizarán y los 

prccerlini1entos expenmentalr.s que se llevaran a r.ílho con los rr11smos. t;Jl caso de no requerir una 
prórroga favor de llenar el forrnato de cierre del prolocolo que se anexa a la presente. 

Sin otro partict.lar por el momento, quedo de us ed. 

Atentamente, 

Coordmadora de la CI VA 

c.c.p Dr Gerardo Gamba Aya la, Director de lnves igación 

INSTllUTO r,iA(IONAl DE CIE_NCIAS 
MEDICAS V NUTRICION 

c4••1t f'IJ .,,-,c~N 

P.v~nida VaHo de 
Quiraga No. 15 
Colonia Be/1,ario 
Dominguez Seccion XVI 
Delc9<1cron TIJlpan 
Código Postal 14080 
Mé. Ice, D1srrlto Fednal 
Tel (52154870.C.0 
www.1ncmnsz.mx 

MVZ Mariela Contreras Escamilla, Jefa del Bioteria. INClo' 

* 
----- -
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f "11defincJ. imk \ .:1 1'6_cormtes_1JCc,m1te 111 C. Pmg:rnm hles (;,S6)v\pachc S,,úware 
foumbt1un Ap,t, lh.:.: htJ1 es J..1ll<- rnduJc latis mtles.pltr> 1Ju l1ne 27'+3 /\N1ce· t ·n<lefined inJcx· 20VJ_.:, 1mttes_1JCom1te in 

C I rogr~m Fil, 1 ,:,.;6). \ pache \, t,, :irc h ,und::ttil1n\,\ pachc:2.2 lnJo.:s'laus ,iocl ude'lati~ utih.:s.rh p vu I ine- 27~3 

10\ C ome ntal'ios 

!Hui,; dtl /'f ,,.ec1,,. 

l lpo de ptll)rdu: 

f1t l11tic'hi1t ll<I pMhltut.1• 

l·/c,to :.!e c0r.ipwc:,lú~ ~t•J·" r1~~ ,,•i<-c:a,lcs 4 IJ lé.'>ll é.: lnJl·I negro (P!las« lus \"JlgatL~ 1~ 1 en rJ mdJl1'Jl1,1nv dt tu!c,:,1111 rn 

l'Jlonr,¡ C57BIJ"' 

IJc. cr.icrair'J.i.!:~ c:u\J1,wi•.:ulr.i~s C:Q;¡¡,, J.1 au::osc!criisi~ ,1,:r1dc1·te, cc:ct,ro, 1.<, ular.:s ) l.:lque~ ,,1idia~.:rl ~prc~nr;in ui, 

prot!C111., de ,.tl.w pLlll.ca a ruv,eJ ,11.icdi:u(F.rdm.lnn el ~1. 1f.J(J$ Al;un!lS cstum.:.s ~ cll(t!Il1!:uio u:i;i fuerte e, 111:Ja.:11)1' w11r 

d 1Jc:.sam:,l11> ,k Qrtfem1t.1~,~,s .:n1du1v;i.,c:u.irc~ )1 ti d~st,~J;m;;:c ,er¡ bs cnnant1J<:1,•ucs Ce llpido-3 en pl,t~ma (< 'hrn et at ~, ,.<;). 

OSI como C\)l!Ctttn,"JIJt.,~ rl,,¾d.~ de coln:.,~J tot.i: y hpor.n::1c1~ de ba;;i dcnsnuu (lfJ!J tEtmnann e1 ~,. : , .:, 

t,llll ce ks proJuc-.c-s m.,s 111.11~.1,fos ¡nra ,j:sounutr [c15 conccli~r.i,.,,;i,·~ de co,csi.:rol ser. .los ,nt11,,«ion:1 dr IJ cu.mu El.tdrJ.~1 l­

mc11lgl11tanl-r.oeo..:.uua • .\ !l·l.'•IG-~,\} rt.:!1~:1.-a, comCJ lo 11>11 IJs c~tnlln,lS. :,,n tm"'1r;:<>. e( U$u r1ul11ut~ú<l de e~h,s comp•irst"s 

Cillia rrl.ic.m11;11I,~ CC1 efttl\115 !l.dH:l'.lllS o!OIUQ lo ,un (•ll~ hcpáUCD {Calpc -Benl1cJ et ,il ~l'()IJ) 

Plod 1c:os l-,0;1tltY(S ntn,,!ns t!c rt1ctas hin dcr.ms1rs~, ser u1,los 4:n !;i rrc;·cnc:oa) lr.ita:u~:11,, de conccrurn 1onc, de\ id.u 

de cclt~h'tnl l'.1! eJ~"tfl~ se !13 dnm::~u-:i-lo ..¡11t los ütr.:~lcwle.s 1e li;ccn b~ cnnu¡¡_1;,,,.1, ,n,s tk culc.1t10! en pl.1sma IGu¡:t.1 el 

.11 ZNI l Haycs ~1 ,,l :«.:: '\1-n::ii: e: :ti :<iO!. C-sll!ll!(! uiti:, L..l FDA h.t ~sublerufo un.1 ~ de ln¡:csu d110~ :1c ~; ~ 

r,·,lt,~1r l•)i m•·ks ár co,~s:~ft",l ~n pl..sn;a de S .1 lSr::',t-<:oc and Cirn; ,\,lmull,1,,1•,an. ¡nJn) 

l'cr =o lw,, ,;e h~ cc::i¡¡rab,11J;, ,¡uc e• p~:ltl• &1,ant:ir m cfr::o s:rr1i:1co d< ,·~nu, filo,:¡w111tC\:cs pr J ,cmb ,1i1 1.1 

b.Jf,tr,:úlcs~1i:-lcm..1 1~,1u.::,c,1o la.s r.l,~:s u!".hz.u!.u ~ ~1 o:c.101..r l.1 t.cJ¡'ur.dad de IDS s~cmca:c,,. l'or c¡c:mpk to b n,.:¡,oru;jo 

J., mt11,:c1bn de cck .tcr<:I y t..n;lici n•I>:!$ i.1 (uan.i:ws ccr.. suplctnent.1rn,n d~ l 11,;,c,stcc,:,t~~ y Jc~J!< <k pcsc.:u!.). neo,, en a~1d11$ 

i:-.is,:,,; polin::.,tiu1-!o:;1 \·l:u.l.~( & •'.i.u! :•)OS). L-c ro:mc~, 1llllLM los ar.101'[r.l v b bcrt<lUll> }.:.n ni,;:,st:ado uo c:fttn SllreJJ:!Cfl 

rn lll m.!ucn,n de ctilc5!crol •uctJ ,Je )a. 1:iliib1at.n de J~On Ct lJl<•1!r;II ca rcc !, re ¡¡,; .,:ig et RI :rJIOi 

l.-1 ,1t-cs1d~i.l es un pl1kc1D.1Jc1111.1 <i"" 11fcet.1 .1 milkmc!. de ¡xtwn.is en nucsu, pm )' rn rl m~cdo, É,1;1 ~ C'3tUallte Je Lis 11:.u 

1:1,:i,:1:t1J"JC!<11<d !!e L-cles1crcl c:i p.:,sma qu,:, íl si. ve;-. !u sulo rcl:mollól,.ln i:Oll nurm:10:1,¡¿; cnkrmcd.JJc:ti c;roruc:M l'-S oc,cs;.no 

11.knuili:ar compuestos 1·1~ icuµn un cícetu &1&J111Íwll1YO c:i l11G::minix,on d<, ,lcstut!I y tn:-1 ~endol,) 1¡uc SC.lll c.1pM~i de 

~,¡111:1\,nr ,.¡ in,uh,hsmo d,· hi;1dC4. ,\,:ea..,. i::- r.c.:~s.-.110 ciU< 1d.H su.'I Jl".l'íhlcij rneéln1.-ni1s d~ J..ci<.'in 1,1hrr el m(!,1\iali~m·~ ce: 
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,,..,,111c~<l·•n: 

1 ult,1 ieHlm.1,l.1 d~ 1nidu 

1",·1 h I e~timatL, dr IN m111u; 

tn,c:stif!:.icJort:.~ p;.11 ndp:rnr,-... 

t 01 Com~:11 ios 

to,a,\1g,1á-0r 

ÍO\lU Falm:11:i \r:nc.!v Robcr:o 

J',,bl..Jéti111 n.r ln,·r.1bll' 

(O, C2nwntarinc. 

r,,hl.1d"n •11h1fr.1hlr. •-fru:ul.iJu ,11 
pn.tlncr,fo 

Fl (:,¡ul es •m.: .. r ient.: mi.y ::npN·i.in,~ de ¡mitc!n.l fibra dict.uu !ne;ra_ cutx,tJdrat.» ( >mpleJO$ IIUll&!r.i!u )' , ,t:im¡¡:a_-; de 

t11i.l•'IT'-" de pc:.cm,i:. ,·11 :\:C:\:..-o, y en f\ l ros p.1Í$c!$ CIJ ,k,~Jf11 lli:t'.\ ft'.,1114, lO'l'I\ Al¡:1r111s h,p, a~s su~ien n r l e!cc:11 

blp--XDl~tcrolcu:1t.> -,!f:a:tdM f'OT el cx.i.m:o Je !;i ol. ,tnbuycn.!u Cllcl::,) cle!:10 al =tioltsll1\l de l.úl <M.:inolo \nitJ .s: 

Nc1>1 1~931 O~ ci.111;!:M propon<11 qu• d fnJ<:I ue~ro pr.>nmc,·-: la c:i.,n:oon d.: .o,e~tcrol cJ h.-::nR~. et o, IY9<:) 

,\dcmil:) ,e cr.~L"ntr6 ,¡u, el ,t.:1,•_stcrol c11 rlasm~ •e veiJ rcd~c,do Jt !IIJUcr, s1;;u;ficJll• t si 5c lm 111;,1 fq¡t:I co,,afo ca ta J1c1.a 

(<:bi;tk: el .il., tl>iw' Se rcal:m. tnrub1€o .in c;1u.:l10 c,)o cr.ra~:o Je •.ioa de fnjol ckndc ac ullli=;-1 un cfci;:O 

l'l1pocd~st,:rolcm,n1 e 1'11¡:,oil,c=:111,;<'.! en r.11.is d;.,hc:!1c:1S = enccn1r.u- dccto .lJE!Ullu c:1 r.u.r; n,;;.::i~!~ IP.zn & Vcnk.ll«"",11:t.-:in 

~/:IJ.l) 5 n c111h.ug•>, no ie c·i...inr,o 1¡111' mvt,~u:o /J foru1lu e:,• torupu.:slü!l 1u ti mt, anmno ¡,cr el tual c:m'llirC•n c,ir. declo 

pe51t1,·o u l:i., ratas ::iab.!l«:,1s 

l :i;i ,e, .¡ur r r:,"'!-ccl(Hc conc:c1e 11(' tspe, ¡¡ca.erar 1rJ,1tlU(1~0 cu:i.!1(10 robre 1, ccm;.~i:.:s l.im,m, l:.: ~-~:c-;:un 

¡,rcscntcs en !Ji tc;t:i ,~e 1111•>1 ilL'gl'• q1 n tic11en 1111 r!ecto b1p1)<'0lc:iln1'1cml.:(). 

LA ltp:",tc~1s ce.,1ral ild ¡1ro~~l'.\o e~ 11110 !e· 1lJ•·rJJ1,11<k:i «~r,in1n.v, 1 ! 11··~ 1cro1,rs :1soq,1,fo~ u !.11cm d~ friJ•~ ne;:¡CJ, s~-11 :os 

c.-owpo~<"ottJ fllll("Jf:.llc.. ¡uc t1,;1cc11 UD tfe.;l(I 1ine1¡:ii:o c11 l.:1 c!1;mmu--1.;n Je col~:c1d y por liUto ¡:1ieck~ ;:;; pc,1,n.::ialmcll.l~ 

mihu:ll-.. ce l,.;s 1t1::cim1cni.15 ílc hlpcrcolcst.:r.;Itm:;a 

14 11 :.DIJ 

No 

Pwt1cp,1.:.w 

ú:vc,:,gador rcsrx>=btc 



C,ra p,•hl.tdiin:: 

i"íl ,jt'lin,, 

101 Comenladu.; 

OhJt1J1,,· 

Objcli",: 

Tipo ,Ir ot.Jdhu: 

,',h:1,Jt.11,,!.>•-•fa. Oi'>l·ñr, !!t'n"r.11 

\ 01 Conient:1l'in.; 

tratumr.ntos 

:.130/13 8:C7 ~ \1 

l)e~nnwr ii les !Lwoll!iidc:s Silf,CWt:e y l11Jc;~rolcs oDtcru.:c~ rn IJ ttsl.1 ,U fn;d ne111' t1<nc11 un e!cct('I :n~ruf-111Y<'! en la 

tlisaunu,:1611 ilc (olcstcrol y u,!)iccn,ln~ ct1 plnma y en \c:Jlt!03 ~ r.iU>ocs CS";BUt> 

l. C,rnctc~"X:•m de, cxt,~, :-~ ,k •,·:1.1 ,Ji: fri¡, -1 negro ¡>JrJ dt1cm11.r~11 las ,· jn,:en::ac:u1d y el ¡,cri,I d" flavar.i:!;:k:1 

11,1ron!w y litors~r<>lr, contt!Uct~, e~, d ru..s,n,i, 

' L11:1~n11 nru:11)11 ,Id c:cc!O cd cmn~hJ r1t 

1 r-:1vcl.:.s r1c c.;i.:stcrol tzi;:h,md,~ (e;¡ lrJnl!l ) ea pl.um.tl 

2 1'1vck.s de ¡:loct,~a y lrptma CJt pf.1óm4 

3 Cor.cenu,1rn~n de uk~ t-d1~r~s 

i n,urm,n.1c:i,;n del cJrnl:oiQ r!l L, n_pn:,1,Jo ~eni:m, e:i ten~ que ;,wncicn tl tlcc:o oh.ic111odó c:n 1,.,. dHl« i!c 

colt5tuul. bJhcrndc;, glu:osa }' tr¡,ur.1 

F.spccüieo (SI 

1'Jcfa1un de c~pre,,,,!11 ,:e prote:nas en tcJ1,Jo1 ncpalic,., > c,usculnr l \BCG3 AB<"ClS ~RBI'· 1 $PEP ! f-,\S 

C'{ln 1 "?í. 1, L., F'J 

" /'.kdtrnSn d: ,i\;\!FJ.: fcílunl.td-.> ~ la ¡,rot:m:i dd ltJ:do t:epático 

11. D1ct.i com10I r c.s1.,mlli11 
h [ 1t!.l c1111l'(II - '"'·'!'l.; J.: ~u d<- fir;111 o~~t\'I 
e Dti:1.1 tnr,:-:colcstm>,tll!JcJ 
d. :."'>1(' •.a t:,r,c:.:~lcs:~,01cm1a .. t:StJUn:1:i • 't;t:.l.c.uaito comanl 
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B¡ P:ir;, t:!ludl.U d de to d <: 11!11mc, d ~ tr::cto dr !C'1il e frijol n ,.r sc-!•:c )J l 1&d se lltlliz=o wl 1!(3 C:C l.1 ccp.1 ,;s~ ' IUWD.tl~ 

se rnan~nw4;t ca m1c1Q:11sllld ,es con uo c1do Lit- b: osr.umfa;! J.: I::! b,1r~ ct>n l· Z< ces .a IJ duta ~unapcndicn1c 11,u rupo upcr.rué!ltll 
y .1 .t gUJI 

Los ~IVíK"' 01,nore. .,. úO alimtr.n.:Q.i r~,, ur. ¡,cnmf,, j JIMS C· n ll che•.1 IC.lpc:cri,,1. Coa b f1.1.ll1•.!.1Ll Je di:1cr.u1rur d den t1el .. 01.1S•,u~ 
fr Cid c~Uu.,.;ltJ prob,100 ~,,brc I" obcs1d,1,l se rc~te-,1.,rJ !:,m.,m~a,., el ¡,eso, el con.1WIJ•> ,k ,tl1111,mt,~ ~ el conswm d, cn~r;:,4 .:cn1,,rmc J la• 
kClll l ,·out~rud.t ea IJ <J1ctJ .:Su.ru,re IOJ 3!> ,has dé < 11nhr 

Dt~pt;is ifo rntnplu cuu el rc~pe--u1•0 l1t'mp,;, r!.: c~luclío i-,~· r.1,,1, .$ ;:t IJ ,:e¡:., C5:Bt.;,, c:on ~)'ll!!i> ,Je 1: hill'lLS. St p1 1 <dcrJ ., rcJiilar J,1 

cul,lll.:i.l1J & u~•ts de 1r.h1l-,c1,01 et CO:) de!'.~p,1.1, ,3n Pos1e110rr.1cme se re,·t>lctuira IJ s:m~re ¡x;r ,gr.n·cd.ru c:1 l'Jn<l:I con gd ~,paraJt1r ;, 

nc.t.1,·.ui r c0.1~ul.ic1ón p.:i-d la dctcrm1 <Mi ~ pa=t,:- lwx¡wm"Ol gluccs:i tnglódndos e l :c:cl. 1usuJ1n.1 y ltpWUI r ost 
:nc;m~ arum st e\" 1, 1.i el rut:e-c.11 es ¡~deuco r zs:i.tt -: '. IS h.J~ • .::o, in:.csllr.os y s;tlcs 1>1h11Tcs p rl 1.-. :11r I u éc ui\clcs 1pid~i 
y t lcsterol en ll.il un•> de I lcji.J, ,, 1Jc:u ét !J Clltl~ccion ¡J I R: :.-\ t l.ill ¡:,ar, su r i,·,or JJ1,ius1s El ICJUh 1U11e li,it.im~nh! • <lep<·~,t.Ui 
en nllro'!!e~v 1lqu1Jc }' g1.uudatá a -7(•'1' basta cl mv:ucl\lil de re~l1ur :a., dttcnruu.1cl ocs cwrcspomlJr,1tcs 

o f:I IJ.lllX -· IIIII" Ir:, s.:r.i lle R r;ll,,r.t de I,¡ epa l.~- ,., p<ll rur• 

lf LO.llll<OI 

F• e 1eni.lran ,, upas Je r:1L,m1cn1os. 
a Dtcw coatrol tcsi. n 1 
b D1 lil r; l - utr, :t · • ti:s:,, • ín; ne 1. 

i:•1eu bi¡,crcoleS1~m1 m,~ 
Drcm l11per.:ok1;:crt1lcClll,·-1 + cst.11111.is ,n:iwm en10 ccinuul 

,. ü1cu h1rrrcolcs:crol,nuC'.1 - c,trac1 de tesw (.,· Jn1vl TT'.i!''' 1c1>ncc¡:¡1rJ• 1,,11 bJ;J1 

f 1:1'.tl-? h.~rr !<.·crol m,.1 • e~u-:ir.· .:e :.:-;t.1 d f:1, 1 :i•=~ conctn1.r:ic1c-n. lu1 



ro, Comentario'-

,; El t.un:tf.,:, de n:~'11 f.Cr.i ,fo < rat,:m~ i.!r la cc¡:.1 C5óBL6 par :ru~o 

[,1 L•:is nlunt:. s-in mJ.:111,:; de .1 srn~11:1s Je c-1.-..J, de l.1 cr¡t., C.5ó1:.L6 

1~) u oUl?lt:1 .. n !lcl ;..-;,..un1enU> si: rea11ud .Je ionn.1 J.lc:itoi:1.,d.t 

F) Se tcr:.!r.m h grup~~ J.. tr.tace;nr!J!; 

a Dicta contri tcst.ind:u 
b Drcu cooucl • curacr,, de IC5t:I .Je fruol i!L~Ct 

,: D1tt~ h1pcrcokStrrulcmic~ 
d D\ct,l h1¡<::cckstc:r,lem1c:i .. cir.,:,r..i.~ 11.r.tam ,cnto eomun) 

c. D1e:.1 J:q1cn:olc:lli!1okm1c.i • c~:::.o O<: tc,:.t de ÍnJ!>I o.-gro ci>n,~Htrac.ou b:i;.1 
1.[11<11 h1r~11:'Jlc~:1:1olemi .. J + ,·,tr;cl(I ok leftll k rn, i negro C•lllant r:1,.1ou o.t~) 

;i/30 13 • fJ7 .-\M 

l ,nltrh•, ,le scl~rclun del prolucolc> 

fknt!fkío 1~, úd ,·<uú'. 

/IJ; Comentarjo" 

Jlcoclidu: 

:!) l·.icc,nrnr u11 CIL"\.1.J mayo, al p,,,porc:~·1,u!..1 f" r t1.,t.u:wm1 ,• u11h2.i:.~ 1rt¡JJJ0,ce1k como ni ,:so de csum,.., y 'it«éllctnl ,._ 
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Titulo de proyecto: 

Efecto de compuestos bioactivos asociados a la testa de frijol negro (Phaseolus 

vulgaris L.) en el metabolismo de colesterol en ratón C57BU6. 

Tipo de proyecto: Investigación Experimental 

Fecha estimada de inicio: 14/01/2013 Fecha de Término: 04/03/2013 

Comisión a la que somete: Comisión de investigación en animales 

Antecedentes: 

Las enfermedades cardiovasculares como la aterosclerosis, accidentes 
cerebrovasculares y ataques cardíacos representan un problema de salud pública a 
nivel mundial.(Erdmann et al. , 2008). Algunos estudios han encontrado una fuerte 
correlación entre el desarrollo de enfermedades cardiovasculares y el desbalance en 
los niveles de lip1dos en plasma (Chen et al , 2008), así como niveles altos de 
coles erol total y l1poproteinas de baJa densidad (LDL) (Erdmann et al. 2008) . 

Uno de los productos más utilizados para disminuir los niveles de colesterol son los 
inhibidores de H1drox1-3-met1lglutaril-coenzima A (HMG-CoA) reductasa, corno lo son 
las estatinas. Sin embargo, el uso prolongado de estos compuestos están relacionados 
con efectos adversos como lo son falla hepática(Calpe-Berdiel et al. , 2009) 

Productos b1oactivos extraídos de plantas han demostrado ser útiles en la 
prevención y tratamiento de niveles altos de colesterol. Por ejemplo, se ha demostrado 
que los f1toesteroles reducen los niveles de coles eral en plasma(Gupta el al. . 2011 ; 
Hayes et al ., 2002; Moreau et al ., 2002; Ostlund 200~) La FDA ha establecido una 
dosis de ingesta diaria de 2g para reducir los niveles de colesterol en plasma de 5 a 
15%(Food and Drug Administration, 201 O). 

Por otro lado, se ha comprobado que es posible alcanzar un efecto sinérgico de 
varios fitoquímícos para combatir la hipercolesterolemia, reduciendo las dosis util izadas 
y así mejorar la seguridad de los suplementos. Por eJem plo, se ha reportado la 
reducción de colesterol y triglicéridos in humanos con suplementac1ón de fitoesteroles y 

aceite de pescado, ricos en ácidos grasos polinsaturados(M1callef & Garg, 2008). De 
manera similar los etanoles y berberina han mostrado un efecto sinérgico en la 
reducción de colesterol a través de la inhibición de absorción de colesterol en roedores 
(Wang et al. , 2010) . 



Definición del problema: 

La obesidad es un padecimiento que afecta a millones de personas en nuestro país y 
en el mundo. Ésta es causante de los altos niveles de colesterol en plasma, que a su 
vez, ha sido relacionado con numerosas enfermedades crónicas . Es necesario 
identificar compuestos que tengan un efecto significativo en la dism 1nución de 
colesterol y lípidos, y que sean capaces de equilibrar el metabolismo de líp1dos 
Además es necesario elucidar sus posibles mecanismos de acción sobre el 

metabolismo de líp1dos. 

Justificación: 

El frijol es una fuente muy importante de proteína fibra dietaria, hierro, carbohidratos 
compleJos, minerales y vitaminas de mil lones de personas en México, y en otros paises 
en desarrollo(Messina, 1999). Algunos reportes sugieren el efecto hipocolesterolemico 
ob en1dos por el consumo de frijol , atribuyendo dicho efecto al catabolismo de 
LDL(Marzolo, Amigo , & Nervi, 1993). Otros estudios proponen que el f rl]o ! negro 
promueve la excreción de colesterol en heces(Rosa et al ., 1998). Además, se encontró 
que el colesterol en plasma se veía reducido de manera significativa, si se inclu ía frijol 
cocido en la dieta (Shutler et al. 1989). Se realizo, también un estudio con extracto de 
vaina de frijol donde se observó un efecto hipocolesterolemico e hlpoglicémico en ratas 
diabéticas. sin encontrar efecto alguno en ratas ormales ( Pari & Venkateswaran 

2004).Sin embargo, no se encontró qué molécula o familia de compuestos ni el 
mecanismo por el cual causaron este efecto positivo en las ratas diabéticas. 

Una vez que el proyecto se concrete se espera generar información científica sobre los 
compuestos o familia de compuestos presentes en la testa de frijol negro que tiene un 
efecto hipocolesterolemico. 

Hipotesis: 

La H1potes1s central del proyecto es que los flavonoides, saponinas y fitoesteroles 

asociados a la testa de frijol negro, son los componentes principales que tienen un 
efecto sinérgico en la disminución de colesterol y por tanto pueden ser potencialmente 
util izados en los tratamientos de h1percolesterolem1a. 

Investigadores participantes 
Tovar Palacio, Armando Roberto 

Torres, Nimbe 



Metodología: Diseño general 

A) El diseño del estudio es aleatorio. las unidades experimentales serán 
bloqueadas por tratamiento de manera aleatoria Se realizarán 5 ratamientos 

a. Dieta control ( estándar) 
b Dieta control + extracto de testa de frijol negro 
c Dieta h!percolesterolemica 
d. Dieta hipercolesterolemIca + estatinas ( ratamIento común) 
e. Dieta hlpercolesterolemica + extracto 

A continuación se describe el contenido de cada una de las dietas a utilizar. 

g/Kg 

Control 
Control+ 
extracto 

H ipercolesterolemica 
Hipercolesterolemica Hipercolestero!emica 

Caseína 

Dextrina 

Aceite de soya 

Fíbra 

Colina 

Sacarosa 

Almidón 

Vitaminas 

Minerales 

Cistelna 

Extracto 

1 

Colesterol 

Estatina 

200 200 

.132 132 

70 70 

50 50 

2.5 2.5 

100 100 

397.486 397.486 

10 10 

35 35 

3 3 

NA 2.5 

NA NA 

NA NA 

200 

127 

70 

50 

2.5 

100 

397.486 

10 

35 

3 

NA 

5 

NA 

+ Extracto + estatina 

200 

127 

70 

50 

2.5 

100 

397.486 

10 

35 

3 

2.5 

5 

NA 

200 

127 

70 

50 

25 

100 

397. 86 

10 

35 

3 

NA 

5 

0.3 

B) Para estudiar el efecto del consumo de extracto de testa de frijol negro sobre la 
obesidad se utilizaran ratones de la cepa C56BL6 Los animales se mantendrán 
en m icroaisladores con un ciclo de luz/oscuridad de 12 horas con libre acceso a 
la dieta correspondiente a su grupo experimental y al agua. 

Los grupos anteriores serán alimentados por un periodo de 36 días con la dieta 
respectiva Con la finalidad de determinar el efecto del consumo de del extracto 
probado sobre la obesidad, se registrará diariamente el peso, el consumo de 
alimen o y el consumo de energía conforme a las kca!/g contenidas en la dieta 
durante los 36 días de estudio. 

Después de curnphr con el respectivo tiempo de estudio los ratones de la cepa 
C57BU6 con ayuno de 12 horas, se procederá a realizar la eutanasia a través 
de inhalación de CO2 y decapitación Posteriormente se recolectará la sangre 



por gravedad en tubos con gel separador y activador de coagulación para la 
determinación de parámetros bioquímicos (glucosa, tnglicéridos, colesterol , 
insulina y leptina). De estos mismos animales se extraerá el músculo esquelético 
(vastus latera/is) , hígado, intestinos y sales biliares, para la medición de niveles 
de lípidos y colesterol en cada uno de los tejidos, además de la extracción del 
RNA total para su posterior análisis. El tejido inmediatamente se depositará en 
nitrógeno líquido y se guardará a -70°C hasta el momento de realizar las 
determinaciones correspondientes 

C) El tamaño de muestra será de 8 ratones de la cepa C578U6 por grupo 
D) Los ratones son machos de 4 semanas de edad, de la cepa C56BL6 
E) La asignación del tratamiento se realizará de forma aleatorizada 
F) Se tendrán 6 grupos de tratamientos: 

a. Dieta control (estándar) 
b. Dieta control + extracto de testa de frijol negro 
c. Dieta hipercolesterolemica 
d. Dieta hipercolesterolemica + estatinas (tratamiento común) 
e. Dieta hipercolesterolemica + extracto de testa de fruol negro 

G) La duración del estudio será de 36 días 

Metodología: Criterios de selección 
a) Ser ratones machos de la cepa C56BL6 de cuatro semanas de edad de peso entre 
15-17 g 

b) Ratones hembra de la cepa C56BL6 

c) Se elimarán del estudio los ratones C57BU6, que no aumenten de peso que 
presenten baja en la ganancia de peso 

Beneficio {s) del estudio 

1) Encontrar una disminución significativa (semejante a los normales) en los niveles 
de lípidos en plasma y tejido. 

2) Encontrar un efecto mayor al proporcionado por tratamientos utilizados 
actualmente como el uso de estatinas y füoesteroles comerciales. 

3) Encontrar que dicho efecto mayor se debe al efecto sinérgico de los 
componentes del extracto de testa de frijol negro proporcionado (flavono1des. 
saponinas, fitoesteroles) 



Metodología: Desenlace y variables 

La ganancia de peso y consumo de alimentos 

Las concentraciones en suero de glucosa, insulina, leptína, ácidos graso libres y 
triglicéridos 

- La expresión génica de ABCGS, ABCG8, SRBP-1 SRBP-2,FAS, CYP7. CPT-
1, LxR en músculo esquelético, tejido hepático e intestinos. 

- La concentración de lípidos en el interior del músculo esquelético, hígado y 

plasma 

- La concentración de sales biliares en la bilis 

-Medición de AMPK fosforilado en la proteína del tejido hepat1co 

Los resultados se presentarán como la media + el error estándar de la media (EEM) 
Los datos se evaluarán por análisis de varianza (ANOVA) de una vía , con la dieta 
utilizada como variable independiente. El grado de s1gnificancia de las diferencias entre 
los grupos control y experimentales se determinará por medio de la prueba protegida 
de la diferencia de los cuadrados mínimos de Fisher (Fisher PLSD), usando el 
programa Minitab 16.0. Las diferencias se considerarán significativas con una p<0 05. 

Manejo de confidencialidad 
El presente estudio no se llevará a cabo en pacientes, únicamente en animales de 

investigación 
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Los investigadores que participamos en el proyecto arriba mencionado 
sometemos voluntariamente a evaluación dicho proyecto ante el Comité 
Institucional de Investigación Biomédica en Humanos y libremente 
declaramos: 

• Que conocemos todos los aspectos del estudio y contamos con la 
capacidad de llevarlo a buen término. 

• Que la revisión minuciosa de los antecedentes científicos del 
proyecto justifican su realización y nos comprometemos a 
mantener un estándar científico elevado que permita obtener 
información útil para la sociedad. 

• Que conocemos los riegos potenciales a los que exponemos a los 
pacientes invitados a participar los cuales hemos discutido 
ampliamente con ellos. 

• Que pondremos el bienestar y la seguridad de los pacientes sujetos 
de investigación por encima de cualquier otro objetivo. 

• Que nos conduciremos de acuerdo con los estándares de 
comportamiento ético y científico aceptados nacional e 
internacionalmente según Jo establecido por la Ley General de 
Salud y el Reglamento en Materia de Investigación para la Salud de 
México, las Pautas Éticas Internacionales para la Investigación y 
Experimentación Biomédica en Seres Humanos de la Organización 
Mundial de la Salud así como la Declaración de Helsinky. 

Nombre del investigador Firma 
TOJ. IR P-tL tCJO .4R.JL4. \JJO ROBERTO 




