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la h\illUae lla1 ••11mla\ed. research la ll&DJ tlel4a of 1oleac•. 41'Uol•• 

4eacrll>laa oholea\erol experlMa\1 on lmll■:nt aacl love1' aat.aal.1 1au ... ,. 

tha, an •lnatloa ot Ille bloocl lnel of oholee\erol l.acrea••• \!le 

1u1d.•ac• ot a$hero1olero•l• (1, 2, 3, 4, 5). Bloor aa4 colhacv,e• 

(&, ?) •UCP•l•4 a.a blerre1a,1oalh1p b•\weon the ■etabol1• of 

chol••••rol and. \he hi&bl.7 ueuvate4 ta\ t7 ao14• of \he blood.. la 

fat had \he loweel uea\vatlon, lb• p.bosphoUpida 0011\at.11•4 tlut fat\J' 

aou., of 1n,er11e41a\e usatuaUon, u4 ti• ta\\y acld.1 preaen, la _., 

obol••'el'Ol eel•r• had the b1cbest wa■atura\loa. Alt1n-ela\er .al Al• 

(8) 1D 195' 11ud1e4 the ettecl of tatty acid 4ef1olea07 la rd,. fhe7 

uowe4 that th• c:hole1\eroi conten\ of \he ll•er 1ncreaH4 wUb 41•'• 

of low ta\'T ao14 ooa\a\ aa4_\hat \be 1DCr•••• vae oontlu•cl alao1\ 

exol11dTel7 lo \be ••••r traoUoa. The7 •ucce•t•d. that th• ab1eace 

ot the eaaeD\lal tat\1 ao14a reeulte4 la 11lCZ'eaaed leTel• ot cb.olee,uol 

1n ,he 11Ter, ll:le aveul claaAa, and the l>lood. thti:, rvther poalv.-

1•\•4 \bat thla lacr..,e wq hoe been \be ree�l\ of ohole1\erol ••'•r• 

ooa.l•ln.ta« eatu-ate4 tat\y aolb. Tble pa£'10ulal' chole1terol eal•r 

..., aot be ••-117 ••••\ollaecl. 
41 

8\aU1Uoal ••1711• of per capUa ta, cooauapUon (9) ucl 

•xp•rlaen\1 4Mllnc wl lh the ,,� of fat con euaecl (lo, 11) 1A4loal• 

,aa.t • hip oona•pUon ot fat eonta1alni�aoatl,¥ 1atvated tat•1 ao141 



,tw., a u,, hi• la •n\vahd ta,v ac14• \en4• lo lonr ihe bloo4 

lnel of cbol••\enl. tu, niclao• allaal.•'•4 a1IOh ln\er11t la tu 

blocllaS.1\17 o� '1l• ••••allal fdlJ' ao14•• 

lleoau• \ae ta,,1' acid.I ot \he chol••'•rol ••l•r• ar• p�lNrU,1 

,ae Ut&�va,ed ou• ...a th• ueatva,414 tat,t., ao14• are la4u1•• \o 

ar•• at \bls �.1•• aol clear. 



th• ea.,.. oltole1\erol ea\era•• appeared ln \he 11teratv• •• 

far b&Ok aa 1910 wit.ea J:oa4o (12) re-por\ed tb&t enl"aot1 ot horae 

linr ancl ox lb-er oa\alT••d the hy4.roqah ot cholesterol ••'•'•• 

Cholettel'Ol ••l•r••• &l•o aroueed intereet when Mueller (13) in 1916 

tound that th• tncet\ed tr•• Cboleeterol could be ruo•e4 in \he 

\boraclc chJ'l• •• cholH,el'Ol e1\er1. Scho•Ah•ill•r .11 .11• (14, 16) 

\hov.gbt 1t poaaible that a apeaitic cbole,terol •�t•r•«• was reapo.,_ 

3 

d.aonetrated that, whll• cholesterol h read.11.Y a'beor1>e4, other 1terol■ 
.. 

are abtor'bed onl7 ill \raoea. !he presaraee of euch a h1cbl7 apec1f1o 

esperlaen\1 of Schoeahelaer aad Tuaea (16), who ehove4 that cb.olee\erol 

placed und.er tbe tkla 1, ••\er1fle4, while non•a�eor\abl• 1\erol1 

r .. la v.aobaaced. 

t .... 0,01 Gol4etetn aad !rea4vell (17), Swell and !readwell 

.!1 al• (ls, 19, 30, 21, 32, 23, 3'), ucl lperq .ad !rand (2!) have 

coatrl�\•d.· •ueh \o \he etudy ot the cbeeioal and phtdc•l req_Gir .. eate 

for optlau ao\l'ri\,J' ot cholesterol estera,e and to 1\e claa,Uica\1on. 

Oae ot \he better eaaMrl•• of \he op\l•1&1a requlr-eaea,, tor cholesterol 

11\et"aae a-ppeN'I in • 110r• recen, publioaUon bT Swell and. fread.woll 

(20). la \bl• ar\icle \h97 11st the opt1ewa pB·aad ao\1v1t7 tor 

b¥4rol7aia and ••••r1f1oatlon of oholea\erol ••\ere and chol••••rol 
,,._• 

reepeot1••17 with \bir\een different act'a.t, troa acetic ao14 to ole1e 



eou.ro• �,he • .,. •• th• FA,e of ••'•r1tloa\1on of oholeaterol 

• 

vl$b oJ.•t.o aol4 •• aQ pea\u Iba \b• rate of ee\erUlcat1oa ot 

cbol••••rol vl'11 aoe,10 aol4. A peal cllftel'eDC• ill ,he l"a\• of 

••••r1tlca,1oa ••• DOied belween oaprolc ao1d and oapr7llo aot.4 aad 

ale<> \etweu \be 1tear1o aald. allld ol•lc .old. fb.e opllaall pl fo, 

••••r1t1o.a.,1oa of cbolea\erol wl\h olelo acl4 ••• hlch•r (0.6 pl ul\a) 

-\baa lb• opUaua ,a for .,,, of lb• otber acida l11\e4. la thla u-Uol• 

lher al ao repor\ecl '1,e latlueoe ot 4Uf erell\ ....telt7tac •••'• oa 

ihe ao\1Y11J of \he ea-,.e. 

blood. .,... t\wlled bJ' l,per17 _, Slqoaott (a&). b.r lper17 (3'1) aa4 

111, lwell u4 'lno.clwell (19). lat blood 414 DOI appear \o -· • •• .., 

eood. ea-,., eovoe beoaa .. or � pre,eao• of lnatfere, fr• M4 

1D \be �lood. or Hl"ll8. the rat l lYH' Ila• �-- u.ee_d •• • IOVJ'H of , •• 

• .,.. _, lp•ff7 u4 )r.a4 (25), »,Toa. Voocl u4 freed.well (as). a.ad. 

l1,r •1.i-1 and lhlel (29). S.Pffl7 ao.4 Braad (26) aleo alwl1e4 tu 

eaol••••rol ••••r••• PN•ea, 1A rat bnta. 

fhe proot \AA\ Uae ao\1Ye a&&At 1• u .. .,_ appnre la aw•nl 

publ1caUozi• (la. 30). J'oelor (30) 1uJeo�,ea lh• eaqa• to hnl. •o 

•ar11ac •4rocea loa oouen,ratto11e, e.D4
,.i,

to CJ7atalltae lr,pela. ID 

,eatiq \he acUTit.7. he foud \ba\ heaUuc \be ... ,... \o 60 4ecn•• 
oa\l5rad.e tor tweA'1-f1•• a1nul••• pntp-a,..._ \he enqae lo a pl of 

tu, and pre\reau.aa w1\h a,e\9l.l1n• tr:,p1lll tAaOUY,ate4 \he • .,... •. 

aw.ll end tread.well (21) aleo note4 Iba\ \tape:ro.\vea aroaad. 60 lo 6& 



depee1 centigrade l U 

e , rlflcaUon. 

4 \he nlfll • Ibey al 10 1\udl•4 ,ne eff •ot 

arq 111141•• hA• been con4"0\e4 vllh h en.,.• obol.et\enl 

• , a-tfle tl♦a wl th h• ••• attal f - v , eld. b • been a It ·• ·••••• 

•• tal t t 'tr act ta \hero elero la, lt 

••• d ot intereet ,,o 9' dr' he- o: H.aa 

••••nti tat'7 14• •••air,•• 



6 

AUL? SIS OF CKOLESTJmOl, 

be lo obtain a r�llable aethocl of aaal7d1 tor the total •Ad tree 

chole1terol la the aa\erl&l WLd•r lnTee\lcatlon. Because of \he MDT 

411crepanole1 1n the re1ul\1 preaeated la paper• on cholee\erol 

et\eraee, aocuraq la th• aethod1 for de\ersinlng \o\al and tr•• 

chole1\erol haTe been q•ee,toaei. 

1Rt1:w•an. 

One of �• 1101\ wide]¥ aoeep\ed .d uaed ae\boda for anal71le 11 

a re-,1•1on of the Soboenb.elaer and lpen, ae\hod (31) )¥ lper17 ud Wellll 

(32). !he procedure 11 reT1ewe4 here tor the plll"J)OH of elarl\7 • 

Snrac\ion of Cllolea\el'Ol froa Blood Seru (or o\her aa\erlal)I 

About a ■111111\H't of aa aoe\on• encl e\huol al:a\ve 
(lal) are placed 1n a 5 alll111\er T'ol11Mirio tla1k, aa4 
0.2 a11111Uer1 of ••na 11 added elowl.T 1A euoh a uuer 
�t 11 ru, ... Ille vall of lhe flatk and f ora1 • l••r 
....... �- 1olTe11,.• .... IOOll •• \he plpe,t• h wi\)ld.nw:a, 
Ill• oon,ea\1 are alsecl \borou,hl.7 bl' a awlrllac 1110Uoa. 
4 fia•lT 41T14e4 preolpUa\e ehoulc\ reav.l ,. the aolTeat 
1, \roueht ,-., ,o a boil in the 11•• ba\h with acl\atlon 
,o _preTeJL\ \U9P1JIC. ·h• flaak la oooled, Ml.loll• .... 
e\lulael ■iz\ure ( abOTe) ii &44•4 \o the ■ark. aa4 lh• 
n.epeaelon 1a thoroucb,17 aln4 u4 f1Uere4 in\o a 
•ell \ea\ \ube. Allqu\1 of th• •clear filtrate tor 
tree ud \otal chol••'•rol detenina\lona are pipetted 
al oace \o ...-old naporalloa. .,. 

Preolpl\a\ioa of hee Olaoleaterola 

to 2 aillllitert of the fl!)sale 1• a cenl�ifQC• 
\•b• l c\rop ot 10 per eea\ aoelic 6ao14 eolutlon aa4 l 
a1llill\er of O.� per aea\ dlcUoJLia in 150 per cat 
•lh&ol are a44et. tu contents are atlrred \horoqhl.7 



vtth a ro4 which 1a left in the tube. The \ube 11  placed 
ia a prt1effiDC Ju which it co'fH•ed ti&hU,1 and left 
oTernlgh\ a\ l'Ooa temperature. 

the tul»e 11 \raa1ferre<1 to a rack, the content• are 
1tirred genti, to free tJD1 precipitate which ■q adhere to 
th• wall near th• eu.rf ace of the l lqu1d and the rod h 
remoTed w1tho�t contact with the �ppelj?ar\ o! the tube 
and placed on a rack aade of heaT7 vi.re and 10 de.S.pe4 
that A nuber of rods •&¥ be held wi tbou.t dan1e:r of 
rubbi� off \he adherent precipitate. The position of 
the rod ia AOte4 ao that H mq be returned to the proper 
tube. The tube 1 1  oentr1fqe4 tor 15 minut.H i:.\ 2,800 
reTolution• per ■uu\e and the centrif�. vh1cb allolllcl 
be clear, except for the occasional preeence of a tev 
particles float1nc at the eurfe.oe, 1 •  Aeoaated with a slow, 
steaq inotion a.o.4 va,ohed closely in a good light •• t.he 
fluid l••••• th• preo1p1\ate. lt u, preolpit.ate la •••• 
to be euepended., the e�le i e  receo.tr1uced., or 'better, 
41acarded. If ,hla happen, fre41lf11tly, \he Ua• or tpee4 
ot oentr1tucinc ehould be 1Zl0reas,ed. !he tube 1 1  drained 
for a tew aoaea,a u4 th• laet drop 1 1  r•110••4 DJ \ollOhiAC 
the lip to a clean towel. 1'he rod i s  retur11ed to the \abe, 
\he wall of the tube ud the rod are waahed 4own wUa 1.15 
to 2 millilitera of an acetone end ether mlxtu.re ( 1 : 2 ) ,  \he 
ooa\en\1 are atlrr•4 ,horouchl.7, the rod i1 r•tlU'Ded \o 
the r•ek, the tube la  centr1fuge4 tor 5 ainuha, a114 \be 
oentrltucate 1a  decanted. The prec1p1tat.e 11 waahe4 
\vice t110re in the aao manner with ether. \'he rod la 
re\1U'lled \o U'I.• tube which ■a, be atorecl tor HYert.l �• 
at \his stace. It color deyelopaent 11 to follow at ono•, 
the ether h .,yaporated b7 plaoln,; th• tlibl for a few 
•1autea la a mo4eratel7 want vat.er -nth. 

i'recipltatton ot fotal Choleeterol: 

Oae drop of potaniua b7dro.x14• solution ( 10 cram• of 
pve po\&11iu _,uo:dcle diuolTed i a  20 aillilUere of 
water) h place4 in a dry cenlr1tGC• tu'be, 1 •111111\er 
of t.h• ••rwa ex\rae\ 1 • a4d.e4. and. the •inur• 1 a 
attrred with a Ttcorou• up and dowa 1110t.ion of a rod 
uUl no 4rople\a ot \b.e alkall ,�u.Uon c&A be aeea e.\ 
\be Up of th• t•"be. A preaening Jar con\aiDJ.n& a 
1.,•r ot sand aboQ\ 3 ceaii••'•r• deep 1 1  healed 1A a 
water batb. UD\11 \he te11perature o'f t.he tumd it 45 4.ecr••• 
centigrade. the tub• h place4 !,the aoDd., and \he Jal" 
ia coTftr,.d t 1ghtlJ anct ple.eec1 111 nn incubator s.\ about 
� 4-cr••i oatlpa4e for 30 a1aa\ee. 

, 



,� ••• 1 1  roo•ecl to a raot a.at ooel.a. fbe ns.m-. 
ff4 it ••l•••• ... ,oae-e,.._l (111) l• d.4•4 lo \he a 
•UlllU•i" :auk, aad \he altel.1 1• neall"alht4 tQ \Ile 
_pbeatlp\lLaltla ••d.-;polal d\b 10 per CMt. ecttlie Mtl4. 
fro• 4 lo G 4rop• tho1114 "i• re4Glred lt ,iu. uop of .it.ll 
,olu'11a ••• of p1'0per ,11,. A4 ttlJ'a bop of AOeUo .alt 
ara4 1 ll11111U•r c,f 4111'1on1n (aboYt) eol�tloa 41'• •44114 
ut U• 1aa,l• 1• ,n�t•4 •• ieaor1be4 to� Ir•• Gll♦l••••rol. 
es.oept that th• pNo1p1tate 1 •  wafuHd w1\b e,ar oal, oace. 

�•lopa•t tm4 !.•A4taa tJf Color: 

the 1abe1 are pla.oe4 tu ord$1' ot rea'111li in a .-4 
lMlih a\ 1io le l.15 4to-••• oea,tpa4• ill • o•• tor 00 
m.11Ulhe. Th tqparn\� of a wn\or kilt la a u...
oablan l. &4J,11t•4 ,o -25 deer-•• Cl4Nll1pu• aa4 u&a
te.1n.4 lure 4rlt'b& \bf seat of \ht prooedu'e b7 \llt 
a44Uton ot ho, or co14 va.t•r ae aeeied. t'b• t&lld 'b•UL 
1 •  rooTed t>oa th• o••n• n4 1 ■Ull11\er ot PV• -1Mia1 
acuUo e<:14 ll ad.4-4 w tll• flr•' h,'N vtdl• U la 9'111 
la the bo• eoa4. "'-• oontea\e Al'J •'il'l'e4 •'-ro••ll• 
and tke tub• 1• let\ la \h• eud. j,bU• the ao14 1 e  Mi .. 
acld.e4 to lh• a•xt ,_, or Ulr•• l'1l>••• 2 or 3 1tia11.i•1 la 
all. ·a• •ollltloa h eUrr•4 aca1a, -.d the t\lbe h raoff4 
�roa \1-e AAtl. oool•a.. aD4 pl&oe4 ta \.b• waur ltatll. ft• 
proo-•• l • Ma\1au4 v.atll all \ba tv.'k• are in t.b.• veter 
bth 1A oritl" ol NadiAI. A tu\,e ooai eiDa l llillUU•• 
ot ••&D.4ud ,ola.Uoa. (O.l •Ul1CI'• of obol••i•rc,1 J>Gf 1 
•1ll11U••> lt plactd at \M \leginall'AC of '"' ••riff ot' 
tu\H �4 --�•r at -Ill• eaa. 

AA ..._, •f aceUc .._,4J'i4• ( 89 \o 100 per cMt) 
..ttteltAt tor th• n.o\•r of ••»l•• ._ \e "" ia Jlac•A 
la a cl.,•• atopp•re-d. ne.&t aaA u.U1•4 1• • lo• 'baUl. 
WlUl ,i.. n•tt 1tt.ll la t».• to• \a\h, ., ........ ,n aaltuto 
•14 1, auu ta the pN»or,t.on ot l alllUU•� h ao 
at11111,•r• of ••tlc ..-.,wu wl\11 -C1i•\1oa mr1aa 
\bl a.lttltoa.. !ho etopper- l• 1aterlef.. u4 ,aa. t1a• l• 
• ....,., froa ill• nth, lhkea •1eoroo.i, fo-r a few ..._, •• 
•• 11tluae4 ti• llt.e bath. A �lNt. coalatalac l a11l.111'•r 
of .. ett.o u14 aact a 111UU.t 1 ••• ot \U r•••" t • �!'ff!}�H4. 

A'\o•I 10 11lfti•1 la\a.r, vhea �• N9e•nl · 1• \hOl'O\IOll.7 
ctAtlle4. th• ti l"a\ \aN h re1110Yed t,._ · tiM 215 a...,-.e 
wa\tr b•\h 94d w1� Ar-¥, 3 aill111-.ra of \h• ••14 .,..,10 
anbJvlt...MllfWlo &c1• � aa•n' ••• •UH. \be eoa'•'• 
u• dlneA •1Coto11t1T • \he ro4� r•ll01'•A, ••O th• Id• 
St t-elv.n. d. \0 \he 'ba\�. lf ih• itedla& 1t \o be oatl'i•t. 
011.\ la t'- pulOIMter wblOh u.••• M\� cu.Ye, i•• .t th 

• 



\e1\ \ube tne, \he solu\loa 11 po'1.re4 at \hie poin, into 
a ouve,te, which ie placed in the eeriea at t1ae ia\enals 
best coa\rolled \7 a s\opawatob, noh that the tbe of 
color developaeut before re�d1°" ia \he •-• tor all 
eaaples. 4lthou«h the color 11 tairl.7 etable at it8 
11axinnm fro• 27 to 37 miJu,t.u a.ft.er ihe ac•Uc anb¥dride-
1ultur1c acid 1oluti�n 1 a  added, it ia beet to read all 
H1tnples after ae nearlf the 1.ae tiae ot color dnelopaea\ 
ae pouible, preferabl)' 30 to 31 min11te1. The tnpera\ure 
of the water bath ia noted, and ad.Justed, if neo•••aJ7 
at frequent 1nte"8.le during the color drnlopa1ent and 
readinc. 

The obqee that were made in the a"boye procedure were •• 

tollowe: In th� extraction of the e�bat.r�te (or  blood eeJ'QII) oae 

■1ll111ter ot 1ubstrat� wa■ diluted to 25 ll1llillter1 with aceton•

•'11anol in place of the 0.2 milliliters of 1ub•trate and fi•• 11111111\ers 

Yolue. to ellaina\o rapid evapora\1on ?f the eolYent, oreat.1111 

ooaoeatra.Uon of th• ebol••hrol dv.rinc f1Urat.1on. a vat.oh clau was 

to �• filtered. fh• rest_ of \he procedure vae tollowecl •• ou\l1ne4. 

A oal1bra\ioa o\ar'f'e waa mad• �•1na recryet.allized ohole1\erol 

dia1olYed 1A &lao1al acet.1 c  acid.. After a4d1UC \he aceUo ..-u1c1 .. 

aulfvic acid re-,ent lo a eeri•• of cuvettea coa\a1n1nc on• ■1llll1t.er 

of a 1pecifiecl cbole1\erol ,tandard and allovinc the color to cl9Y•lop 

•• pre,orlllea, the per cent \i,an1111\t.ance va■ ob\a1Aed � ueirac bo\h 

a »•clmu DJ apec\ropb.ot.oaet.er and a �auaoh and l.oab • &pectroaic 20• 

epfflropholoaeler. 

fhe fire\ ••hriflcatton deterallJWl\lon •• aade ut1111 palat\ic 

ac,14 •4 recr,atallhe4 oholeahrol oa the aub1\rah1. lour 111.b

a\ratea were prepaHd a, •ucceete4 b7 S ell and Treadwell (31)1 
� .  

1a.s allllaru• of pala1t1c acid, 0.5 ■111111\er, of ether, ,.& 



a1ll111ters ot 0.125 a olar phosphate but ter at a 5.2 pB. 0.5 a1111-

11tera of a 10 per cent eolution of sodiua taurocholate. 0.5 ■1lli

l1tera of a 1 1 1000 eolution or merthiola\e, end 250 mill1crue ot 

impalpable dried ea« albuin were homogenized t o r  two ainute■ 1n  a 

Potter-ilvehJ• homogeniser. !he solution was then placed in a 

10 

Du.baoff Metabolic Shaker, which wae ed,Ju1ted previouel1 to a temperatve 

o t  37 deer••• centigra4e tor o ne hour to remove th• ether. this 

hoao�enate •�• ehaken at 120 osc1llst1ons per minute. 

'l'he enqae enrac\ ••• prepft-red ae t oll o wet .l white adult ra\ 

was decapitated and the liver imedi&t�l1 reJ10ved and placed o n  ice. 

A weighed aaount ot liver was hoa ogenhe(l in  the PoUer-JUvehJ• 

ho110geoi1er with a l al  41lution or gl7cerin ad water so that a 20 

per cent ho■o1enate ot tbft liver reeulted. Tbh va11 then trensfenet 

to  a centrifu«e tube which wae then corked and placed o n  a rnolTlJlC 

Tertic&l. wheel t or  flt t7 ainuteo to fa.c111tate extraction of the 

ea11••· I\  waa then oeAtr1fac•4 for & minute• at 2eoo revolt\loa1 

per mill\l.\e i n  a zwaber l Vational centrifu&e. 

One ■illlliter or the ••IT•• enract va1 then placed ia the 

&boTe -..ra\e. qulokl.7 ■ixe4, and l aillillter reaoTed for cholealerol 

enrac\i on  vith alcohol-aceto ne. This cona\ituted the ••ro hour 

... ple. '?bis waa prepared in duplicate.� two control aupl•• were 

aaal¥se4 u■in& l milliliter of water-«J.7-..9erln in  place ot the enqae 

enract. fh• four preparation• were �laced in a l>o.bnoft MetaMllo 

Shaker which wae prnloual7 adJu-ted to 7 degree• centigrade. !heee ,,,_ 
preparation, were ecitated. a, t he rate of 120 eyclee per ainute for 
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18 hours. A\ \be en4 o! the incubation period aJlOther l •111111\er 

aliquot was reaoTed tor chole•t•rol . enrac\ion. The reeult1 obtained 

uainc \he aethod ot anal71i e preYiously descr1 bed are ehen in ?.'able 

1. 

1,,u1t, ana D1■cusa1on 

Jecawae of \he 41acrepaaciea in the reaults, the procedve waa 

repeated.: bovner, \he re1ults obtained fro• the second dehralaa\1oa 

had e1allar dhcrepuc1es. Jrom Table I U 1■ obT1ou1 \hat eUhff 

aoae of the choleaterol 1a lo1t in the total oholeaterol ual711• or 

\he free cbolee\erol pl'Oeedure &hee a1alea41DC17 b1ch reau1.,,. A 

oheok oa the accure.07 of \be anal7d• vaa 1ad1cated. Ano,her 

1tuclard cVYe va1 aade unnc a treahl.¥ prepared 1\aaclard solution 

Of ohole1hrol la acetic ao14. The reellltaa\ 1tuc1.ardhat1on cVTe 

waa aad• \o p\ 100 per cent recoTer7 of chole1\erol dlHolTed la 

aloohol-acetone. 'lo aoooiq,lllh \hie a terle• of soluUone of known 

obolederol conoeatrat1on were prepared and each treated aa \boucb 

1t were a f1Ura\e troll tb.e e:dracUon dep of the anal711a. !he 

total 8lld fr•• choleaterol porUon of the .. �od was rWL, a4 \he 

reaw. t • are 1a41cahd in !a'ble 11. -
fhh me\hod ot ohMkin& the proceclure waa repea\ecl, ad. cla\a 

Ir,; 
alallar \o \hoH touad 1a table 11 wire ob\alAed.. fro■ 2able 1 1  1 \ 

·la rea41i, aoted that l••• than 100 per cen� of the obolea\erol l e  
'VIJ • n  

reooTered vi th the total chole1hrol por\1oD of th• Sper17-We'bb aet!lo4. 

lnetea4 ot worldnc further with thi• method. U vat teo14e4 \o '17 



,aa l.  CIIOI&SftlOl, fALUIS OB!AlDJ> ..,., ..... ISUJalllC.dlOI 
DIUllllldlOI VlllO !II IPDRt-WID 

UDO»· OJ .d.&Ltlll. 

l1111ple Oholea\erol Gbole8'erol 
luuer >•tore lllouba\ioa U\er laoua\ loa 

rr .. fo\al rz. .. to,.i 

1 Wi \bou\ eas,ae 1.98• 1.so 1.86 l.M 

2 WUhou.t en17a• l.?5 1.12 1.a, l.'14 

a WUh uqae 1.98 1.16 1.a, l.M 

" WUh eaqae 2.4'0 1.16 2.40 1.16 

• the Taluea are e:1pre91e4 la atlllcru• per alllllt,er of au.bdrale • 



tau ll. Oll)I&8fll01, BIOOflBT vaua !II 
IPDRT-•-- IQIIBOJ) or AIW.tlll 

Aloobol...Aoe,oae Kc- Cboleahrol Ne. leooTered. 
a,aaurcl l1111lter per al. of 

l\udard !o\al hee 

la 1.00 o.,, 

l'b 1.00 O.?a 

la 1.eo 1 .2? 1.•e 

2'b 1.eo 1.oe 

3a a.oo 1.61 1.98 

a a.oo l.&a 

a.eo 
.., 

a.oa a.eo 

• 
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uo\her aethod of anal71ie. 

ffl 1'10011 .AllD P ARSOliS U!BOJ) 

lm?:l••a\Nr, 

AA lDCea1oue ••'1lod ot 191>arat1nc the eaters of oholenerol tNII 

fr•• chole1\erol w1 \h th• V.H of a 1lllclc ao14 ool\111A wa• reported 

lv 'qcoff and Par10111 (13). fheH autbora reoouencle4 either \he u•• 

of 100 aeah 11llclo ac:14 told b¥ Mall1ackro4, eapeo1alq tor ooluaa 

Iba OIIOe la a aol1t auaoapllere. The aol1Yate4 11llele ao14 1111.,t be 

protected troa aol1\v• 1a th• aboaphere! fh•lr prooeare tollow11 

.&. al••• \ube a\ou\ a� ••tille\er, lone wUh aa 8 allll
••lw ov.\114• 41Me\er h ue4 for \he ohroaatographlc 
tue. Th• tube 1 1  ooaetricte, lo a diaae\er of a lo 3 
alllll11er1 1a114•• --oa one ea4 aad clrawn out akut 10 
llllllaetere. fh• oolDA 1t prepared b7 r-1ac a ■-11 
aac,wa\ of oottoa down th• tube lo pl-c \he coa1tr1c\e4 
•• ,. fh• a1Uelo aclcl- h th•D placed la \he lube io • 
bel&bt ot a'bou\ 6 outille\ere • aeaa1 ot aa qe 4J'opper 
aa4 packe4 'b7 applJlag air at a preanr• of 1 h 10 
pou4■ per -..ur• in.oh to th• top of the oolaa. !wo 
alll1111•r• of petroleua ether or Skell, lol•• > 11 
, .... :f•ro•A thl'OQCb th• col- wUh th• aue air 
pre■IUl'e. 

Jor the rout1ae a11q of ll .. n• ,1 .... or aena 
(or other ■aterlal to be enraotecl) . ihe proce4m'e 
11 •• follovel 

K1x 0.1  aill1l1i•r of mal•rial \o be enraoie4 
with 6 lo ? a1111lit•r of 1:1 ••t.-1 aa4 uelone. 
lrlnc the als\w.re to 'boll1ac. oool, 4U•t• lo 10 
aUlllUera villl eol•em.,, u4 filter. JTaporat• 
a 3 allllllier allqllOI of ihe f1llra\e la a IMll 
iv.be ltJ' plaoiac \he Iv.be 111 0014 •••r aacl brtaclac 
lh• wa,er \o l>olltnc. laTer, ,he" lube wh� U la 
eoollac \o drala \he H114ul Tapor of th• aolTenl. 
traaafer \he liplcl ,o the colum vi lh Uir" 2 



llill1l1ter portions ot potroleua ether by aeans of 
u e,• clropper. 

RinH t.h• t••' tu.be and th• chroaatographic tube 
with each of the 2 milliliter portions ot petroleua 
ether encl force each through i n  turai. The !low 
rAte should oner be creater than 4 llillil1tera 
per minute with arr ot the ,olven\o. Care 1 ahould 
also be taken aeYer to allow tho solTent leTel to 
go below ,he \op of the 1llicio acid 1n th11 1t1p 
and in \he nen one. At thia point the free aad 
eaterit ied cboleeterol are ad1crbed at the top of 
the eolun. 

�eTclop the column with �bout 4 mlllilitere of 
l : l  cholorofora and petroleua ether. Collect this 
el�ate, which contain, the ea,erlfled choleaterol, 
in a separate teat tube. liinse the outside of the 
tip of ihe chromatographic tube wl th about l aill1-
l Uer of petrolewa ether, allowing the ether to 
rua iAto th• ,ue teat tube. To re•ove the free 
eluiletterol troa the colaa elute .atUh 4 aillilUers 
o! 1:1 moteyl or etb,yl aceb.te en� petroleu ether. 
7oroe \hi• throucb wi\11 flow ceases, and rinse the 
tip as before. 'lrlrude th• col'Wln l>7 l\eUa of a1r 
preuure and cliacarcl the dl1c1o acid. 

i'yai,ora\e •ll • sol�entt •• before by placing the 
tube• in cold water end br1nc1n� the wa$er to • 
boil. fake th, t ract1ona up 1n 3 milliliters of 
glacial acetic acid. Warm the tube a con t.a.in1D& 
th• e1\er1 to effect ,olution. Cool Md add 1l 
milliliters of the ferric ehloride-1ulfurio �cld 
1olut1on of •J'Owa (3'&) aacl ■ix thorougbl.7. lead 
the opUc2.l density et  a waTe length o� 680 allli
aiaron.1 ill the apeotropho,oaeter. J"or preoi te work, 
1 t 1a neet•HU'J' to prepare ohroaatograpbed. aolTut 
l>la.Dk1. !fhe 1\uf.ard aonta1A1 50 a1cro,;raa, of 
choleaterol in 3 millllitert of acetic acid, and 
the 'blaDJc tor \h11, 1, not chromatocrapb•d. !he 
color deTelope rap1dl� and ia  ata�le� for hour,. 

Diffiow.t7 in calibration wa, encountered 1n thit procedure. 

the Bau1ob and I.oal> lpeo\ronic 11 .m11 wae used, and the retul t • of 

the aal1braUon. are recorded in �able UI.-. "' 
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A.na.11111 ot t.h• following chart reYeals complication• in t.hia 

part of the procedure. lt va, noted th.t;l.t du.ring the addition and 

mixing of the color developing rea&ent to the acetic aci d  aolu\ion 

16 

of chole1terol a tair aaount of heat was released. 'l'he manllWI 

temperature reached wat considered as a poeaible factor in the UlOWlt 

of color dn-eloped with 8111' g1Ten 1tanclard. To etud¥ the effect of 

t•»erature on the color 4eTelopment, different cUYettea of the ••• 

etand.aro. acetic acid cholesterol solution were treated ae follow,: 

In nuber l, the cuvette contaiDirl6 the l •1ll1llter of the etandard 

wae heated to 90 decree, centigrade in a water bath before ad ding the 

color deYelo�1ng reacent ; in nuber 2, th� ,tandard and the color 

cleTelopin,; reacent were a1xecl Ye-q rapidly; il1 ••ber 3, the ho 

1oluUona were aixecJ. Terr 1low1¥; in nuber 4, \be cuYett.e wa1 hel d 

uad.er cold rW1ninc water while the two liquid& were �ixed elowtT. !he 

re■ulto are indicated 1a Table IV. The •tand.ard used cont�1ned 36.72 

aicrogrus ot choleeterol per a1111lher. 



1'1 

!A'BU Ill. DSUL!S or OALUli!IIG to SlLlOI C A.ClJ> OOI,tlCJ 
ODOIIA!OGJWllT K'S41'BOD 01 CHOLJlS!JROL .d.A.Lt811 

Kicrocr8Jlle of Cholee\erol Per oea\ fraaea1t,uce 
per eu .... ,,. Ob\aiuecl 

la.a l � 2  au 3 Jb:&a • 

4.59 86 87 98 99 

9.18 97 98 91 98 

13.77 89.5 95 96 90 

18.36 82.5 83 83 83 

2.2.95 93 ea 80 81 

27.54 8.fa 
.. 91 M 88 .. 

32.13 .,, 82 8!5 ,., 
36."12 83.G .,. '13 e1.e 

86.85 58.6 66 

91.+ti M 59.6 

98.03 49.5 83 

100.62 48.6 .ft9 

106.21 51 53.& 

109.80 46.5 41 

11 •• 39 •a 43.CS 



!4131.ll 1'. PJia OUT ftalMlft.AaOa f ALUJS Oll!AlD» ft0ll MIXI•O, 
U&DIR mnmn COIDl'.flOIS, ,. CllOLJ:SflROL SfJJi.tWU) Viti 

'!D Q)I,OR Dl'flLOPUlG UMJIMT. 
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hb• :laaber Ooa41\1on Rer cea\ fraaulUaa•• 

l 

3 

• 

l\u4ard Hea,ed 
,o 90°0. 
1Uze4 Bapt.417 

lllxe4 llowl.7 

l\uAard Coole4 

. . ,� .., 

?0.5 

.,. 
ea 

91 
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a\11u11u M4 lvSh•r ,,,.,,, 

lu.aiaaUoa of \Ile •••-.lh ladioa\et \hat \he raptcli\J' wiUl 

'lllhloh the '" tr Hone are 11l1ac1 aad. --.. auim ,e-,era\ve "te'-e& 

u• 1■,0l'\Mt tac\or1 ln th• col•• 4"•lopaea\ . .Beoaa1• U le Uttl-11 

\o co»\rol \he &GOUD\ ot atn11c whea \he color d.neloptac r•ace•' 1• 

e44e4 \o \he acetic aclcl. \hit porUon of the pro ou.ure •• aNa4oaN. 

l>u.plioa.\ion ... eaall7 oblalned ta the �•• of tb• --1¥\leal 

prooeclure b7 &per17 ad. Ve1tl> (32) ; \h1refore i t  ••••4 aai.aul• lo  

eoab1•• the 11l1c1• acl4 ae\hod. ot n_paraU.114 t-ll• \wo Gole■-erol 

trac\io�, (33) ud \be Sperry-Webb eolor deTelopMa\ '"'"'• la \Ala 

ooabiaed. ••UP.Gd. U V&I ·-••1&17 to UH� aal.111' dil&Uoa ......... a 

larcer qua,1\7 of •11a\arol 1• •••4•4 for \he tJ>-l'l'J"•V•b' color 

4"elopaent. O\hH•wiH \be chr .. \ocraphio por\ioa ruaiM4 � 

..... 

A.a a prellalu.17 ehe!)k oA \he accuraq ol \b.l• proce4ve \Ike 

pet' cea\ of oholea\erol r•••••r•4 from a known aaou\ of ollol••l•rol 

ah.roaa\ocraphed wu ■eanred. fo accoapliah \hh an alooi.ol-aee\oM 

(111) a ol�Uoa of chol••••rol waa prepar•• eoa,alnlna 0.1706 ■llllCl"lla• 

of oJMlee\el"Ol pn alll11 Uer. !'he followlac ftlue• ver& plaoe4 la 

\ebea, na;ora\e4 ,o lqMH oa ,be ., ... \al,l•• an4 ohro■a\opaph•4 

•• aMflt 0.1 aUUlOera ,  1.0 allU.llt•r•• aai 1.s alllUUua. A 

�au preparet � paadac aa a441Uoaa alx allUlU•rt of Skell.7 

lol•• B \llroqll �- col- ., \he beciaaiac of ,u Woaa\opapbl• 

prooed.ve ••• chro-.kCT•fh•cl• fh• �na,1oa oUa1ne4 11 lactl••'•' 

la \labla i. 
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!hit prooedve ••• repea\ed and. liailar reeulh obtal.aed.. 

Keari., one hl&A4red per oea\ o f  th• chole,,erol was reooTerd which 1acl1-

ca\ed that th1• JH\hod ot tinal-Tth tor tree oholee\erol wat aatittac,017. 

4?he Talu.e of this method ot anai,ds for ee'8r1f1ed choleahrol w1ll 

be thOWA later. 



Kt.11111 te.�c of · t - cl&r4 
Oltrouto11•:,JuaA 

o • .• 

1 .0  

1 . 6 

o.o 

&e-1•• Ol)tatae&• 
1t•••Ute4 I�•• 

0 . oee, 

0 . 1,1 

0 . as, 

0 0 

. D f . . 

Ae,ul '1.0lt· \ Nl 

Ooae,at•inl••• 

·. oaM 

.1901 

.2a1 

0 



OPrlMUM BtlEOGrAI IOI OCJQa!JU.!101 UQ,UlllllU!8 
JOJl OJlOLIS!DOl. •stU.UJi 

Ae atated before. the ester1f1cat1on or ehole1\erol wi\h a&ll1° 

acide hae been u\�41•4; boweTer. uo a\wly of cholesterol e1\er1f1ca

\1on with the easen\ial !att7 acide hat been noted. In Yiew of the 

uportance of the po}¥un1aturahd fatty acidt and chole■\erol 1a Ule 

eondi\ion of athero1cleroe1e, eu.ch a a\uey wcul.4 be intere1t1DC, 

although the results of 41\lCh a etudJ' would not be con.olusiY• •• to \Ile 

cause of the disease. 

Swell and Treadwell (20) conducted 1tud1es on the optiau pl 

for •aterification of chole1ttrol with a larc• nuaber of t atty ao141 

u11D« a pancreatin extract •• the enzyare source. In general, the pll 

••luee for the acid1 were nt about tho ••• level with little variation. 

Rovner. a greater difference was noted between the optiltWl pH values 

for the eeterification vith steario (pB ot 5.5) and oleic (pB of 6.l) 

ao14a. It wae of intere9t to aee whether greater uaea\vation ot tM 

fa\t7 e.cids wo\lld brine about etill higher optillwa pB TaluH. 

�•\erificatloQ or Cholesterol 
vi th Ole1c Ao1 d. 

ao14 was 4e\era1ned 1a 1h11 labora\or7 u•inc 9rac,1oa.ll7 the ••e 

eub•ir�t• ud •n•r•• extract a• 8well�d Treadwell (ao) did 1n \heir 

.,wli... the 81lbltrate w•• prepared a1 1'ollOWII A Hrie• ot O. lM 

molar pboephate buffer• were prep h&Ting pB Taluea of 6.0. S.3, &.4, .... 



aa 

a.a, •·•• '1.0 aacl 1.a. Oae ucl one-half er•• ot cbol••••rol an4 

2.93 aillilUert of oleio ac14 (\be equiTalen, ot vhioh 11 three 

t1••• \he 41qu1Yalea\ of chole 1\1rol, were 411101••4 in 10 a1ll1li�•r• 

of ether. ta 11111111\ers of the appropriate butter, l ■111111,er ot 

10 per ceat ,ocU.\111 \eu.roOllolale, l a1ll11Uer ot a ltlOOO -.uou.1 

,oluUon of aerlhiolate, eoo ailllcraa1 of impalpable ._ al'oaaia, u4 

l a1111l1ier of the e\ller 1oluUon were place4 ia a 1otter-SlYellJ'4 

hoaoceniaer and hoaoc•1••4 for ho alnute,. the aaterial ••• ,nea 

tranef erred. ,o a ~ r vbloh waa placet 1D a aetcibollc ahaker (a · 

Dubnoft Metabolic &taker •• used here) a, 37 4ecrH, oeaUcrad• tor 

l hour to. reao•• �� •'her. .&tier the ah::tUN ka4 bHA tthakea tor 
. l,' 

7or th• eaqae l'd�o• a .20 per c•n� auaP:.ation 1Jt .laiaof't•\in 

(U. I • .P. ) va, prepare� £• �• boao,enher vUh .a  111  cliluUon ot 

&17cerla u4 water. 'lhla wa, alowl.7 al�•cl b7 oonUn1a0uw ln•erliac 

th• eon\a.1ner fo� t, JHt�o4 . of abou\ 30 ainu\ee aad ••• then oelr1fu.Ce4 

a\ 2600 rnolu\1oa, .per •laat• for 10 aiaute,. 

U hat prnloaai, b•·•• proYed that thl• au,pene1on ot cholealenl 

h e\a'bl• ui r-.aia, atable &::lrin.g 1noubat1oi:i wUh \he en.,.. (21 ) .  

Aa • oheok on the aubt\rat• prepa.Nd. 1a� th1a iaborato1"¥• rouUne 

d.etel'lllinaUona ot cholla\erol were pertol'll•cl before encl aher 1aoubat1oa. 

to be certain ,hat Do ••ter1f1cat1o-n \oolt place 111 th• absence of th• 

•nsra• estrac,. tll• w'ba tratea haYing pB Taluea of 6.6 and 6.8 _wee 

run with a blank; \ha\ 1 •• oDl.7 gl,oerin and wa\er w•r• ad.cle4 \o 

duplicate quaaUUea of eubt\rate ln place o� the eaqae e.nraot. 



11•• •111111\er quut1\1e1 of eaoh aubatrate were p1pe\\e4 into 

appropr1a\e bo\lle1, 0.6 a111111'er1 of e11qae enrao, ••• a44•4. lhe 

ftOluUon va1 ai.ud., u.4 a O.� ■111111\er 'foluae waa remoTe4 an.4 ,plaoa4 ·. 

in a 26 aill111\er Toladrie natk tor choleaterol aul.7•�• the 

bo\tles were then capp14 uc1 plececl ill \he metabolic 1haker1 �1• 

had been pre�ioutl,y a4Ju1tecl \o a '•perature of 37 deer••• o.�Ucru.e, 

and were acita\e4 a, the rate of 120 oao1llaUoa• per aia,e tor 11 

boura, About 16 a111111'ers ot alcohol-acetone {ltl-) ti9re plao�c\ lm 

\be tlaek• wlth the 0.6 a111111ter aliquot .uid heated to bollt.Dc on 

the 1teaa iable. the aolutlon was then cooled, the tlaalca were filled 

were filtered. Oae ailliliter of th• filtrate wa1 ruao••4 tn 

e'faporation and nbaequa\ anal.1'•1• with Ille ■111oic aol4 ch.l'Oaatocrapbr 

.. tho4. 

•. 

. 

• ' �.i. r, • 
; . ,. 

'; 

·. 

.; � 
. ·d· ... 

- .: ... . .J"· . 

' , . 
.... _ .. j 

A\ the encl ot th• 1aCllbat1on period ano\her 0.5 a.111111\er Tolua, 

wa1 remo••cl. placed la a 26 alllllher 'foluae\rlc_ flaek. and \rea\ed. 

•• abo-,e. l•r• 2 a1lllli\er1 1aatea4 of l a1111l.Uer of \he fllt.ra,e ., 

vere remoTect for chro•'°CJ"apllt beoaua• 1, va1 anUclpatecl t.hat, tb• 

choleat.•rol would b• 41T14ed. 111,0 \wo frao.Uon, requ1r1n& a larpr 

qunt.·U7 in each traeUoa tor proper color dnelo:;,aent.. the •-1.TH• 

ot the flltrat.•• gaTe \he rewlt1 1A4ic�•d in !alll• Vl . 

. ,, 

--

. ... . 
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ltgl\1 MA PltDH1op 

lwell and h•a4vell (20) pertonin,; d•Uar exper1aen\1 ••UC 

the .... 1ubalra\e ahowe4 \hat the \o\al cholea\el'Ol ia •�1pea11oa 

414 not dnla,e \hroqhou.\ the 1ACubaUoa period. the reaul\1 ah.ova 

in fabl• YI 1n41oa\e \hat. 'With -'h1• aetho4 or t.nal.T•la \be total 

abole1\erol (or fr•• choleelerol) before incul>atloa aeari, etul• 

\he to\al chole1terol after 1Dcubat.1on. fhh •ue&•lt• that. to.e Mtho\l 

11 eat1atact.or,y tor anal711I ot fr•• cholesterol. tbt Talus• &1••• ae 

U va■ preYio'1aq l-\hown tha\ thh 1Htbod wa, aat1al1Affo�, ·tor aaal.7ai1 

of tr•• obol.ea\u-ol. f'n.•tfor• th• aul71h . o! ••\erlf1e;t oholatterol 

av.et alto �• fairly �•'•• 
.., 

fh• re1ult1 1t.ltJ0 1n4ioate \hat \he opt5.llmt pl for �letc aoi-4 

1n 1h11 1t.o.q 11 betw"•• a.o u4 6.4 vb.loh lt con111t.•n, w1,� .--h• 

ralUlt.t of lvell u� 'h·eadvell (30). fha r11ult1 alao aho• that TU, 

ll\tle 1t -, ea\arlttoaUon t.u:11 place ln th• abeuo.• of the puoraaUo 

exiraot. »•oau•·• ot t.n• ,p,ad clltterenc• betveaa t.h• retul\1 obt.alud 

for \ha p1I of '1.0 u4 th• reKlt.• of t.h• t.lfO a4Jacea\ pl Ya.luet u4 

\eoa11H Ulla 4.Uferaoe h Mt ooa1ht.ent wl\h r••ul'• ob\alu4 l>7 

o,Mr1, tb• 'falue n'bt�t.1114 here for \hit pl 118T p1rhap1 be 418l"ec&l'4•ct. 

lfhe 'falu.e ot 3. 95 la aaber 61 (1M table Vl] for fr•• chole1terol 

aft.er iaoubaUon h alao no\ conah\ent and. ,hou.lcl ., • .,,,. lUc•lT be .,, 

.-... 
• n 



llPVINAltl 

ls\eritloation of Cholesterol 
vt\h Llnolele Acld 

�or the •a\erltloa,ton of cholealerol with 11nole1o ao14 a 

2'1 

..all quanlU7 of hlcl) �v1t7 aoid. va• uee4. !his was obla1ne4 froa 

lhe Ull1T•r1U1 of Nlueaola and 9howe4 \he followinc pv117 (3&)1 

11 .Pr-.i,ared fl'Oa 1'1chl7 pvUled. ••tbl'l liaoleah • 
upoaifioatioa and dla\illa\1on 9f \he ac14a. 

lodla• 'fal.U (lft.j.a) 181.0 (,beoretical 181.03) 

Ooajgga\ed. pol¥U,eatura\ed coa•l1'u.ent1 (.froa ultr.
•lole\ abaorplioa uta) •ai,r••••d •• perculace of Gia 
faU7 acid.a. 

J>lenoiot 
ll'luoic_a 
felraeaolea 

aol �pr• \:baa 0.16� 
aol aore ,� none 
aol aore \ban DJJ'Ae' 

!he tubetrate wa, preparecl for thle aaal.Tab as U ha4 '-• .. . tor 

lll.e aaal¥alt w1'h olelO aoU.; hov.-rer eaaller quaUU•• vere hoao,..

hed. and ao conil'Ola were ,i.ed. 1 .183 craa• of the .oid and. o.•610 

PIii• of cholea\erol were diaaolTe4 in elll.er and d1lule4 lo ?.2 alllll• 

1'••• llx allllll\el's of the approprlaie buffer, 0.6 a1ll1llt•r• of 

10 p.H' c,n, eocU.a \.vooholah, 0 . 8  atllllit•rs of -1 : 1000 •�lolah, 

0.6 alllUUera ot ,he elher 1olv.tioa and 300 a1111craa• ot ecc alnaia 

,,...e hoaoeelllled.. 1h11 a1nve va• placed. 111 lhe aeial>ollo abaker al 

1a4ioa\e4 lll fal>le fU. Ill• eAs,ae eMr-act was prepared aa bet ore, 

aacl o.• aillilU•r• ot this was add.eel \o 6 aillilhere of th• •inure. 

Af\er ■iXUC, 0.6 alllllU•r• va• re,,..,ecl. A4 plao•ct. in a a6 alllilUer -., 

TOl1111e$r1• fiaak �•r enru'1oa. • a ail;l.111\er aUquo\ wa• lakea- for _ 

ahroaaioerapb¥. After 1ncv.bat1on at 37 deer••• o•Ull'a4e in th• 
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aetabo11 c  shaker for 18 hours vtth constant acttaiion of 120 o,cle1 

per a1Allte, ano\her 0.5 a1ll1liter aaaple vaa taka froa each bo\tle 

and placed \n a 25 allllllter Yolmaeiric tlaak for enraotloe. 'l'wo 

a1ll U 1 ters or th• filtrate wae \ak•n for eYaporatioa and chroaaiopapi,,. 

Anal.7•1 •  of the 2 a 11llllte7 quntttlee for tree and eeterified 

choleelerol with th• aetho4 uw1nc the s111 clc acid ooluu ••»aratioa 

au lhe aulfurio acid.-aeetlc u:a,,,uide oolor dnelopiac r9t1Ceat caT• 

the r eeult1 reported ta fa\le tll. 



a, 

I.ABLE VU. 0!01.J:ffiitOL IISftRillCAfIOfi Wl!H Llll>J.110 J.CU:�. 

lfuaple Ob.olee,erol 
iuber pli letore 1Dnbat1ea u,er 1nc-.bat1oa Per en, 

(hM)• liter- h•• total 1,,.ru-
ified 11\J.AA . ·. 

l 5;8 a.a, 1.86 l.'15 5.41 n.z 

2 6.0 6.!0 z.92 1.50 5.42 n.• 

a 6.2 l." ? 4.08 l..32 6.40 ff.I I 

• 6.4 6.30 •.32 1.05 1.37 eo.e 

6 6.6 s.aa 3.42. 1.95 6.'81 13.1 

• a.a &.•a 1.10 a.88 6. 38 a,.t 

, ,.o 5.50 ·,..0.46 .f..90 1.3& 8.4 

,.a 5.ao 0.10 15.20 8.30 l.t 

9 ., .4 5.16 o.o 5.10 5.30 0.0 

10 f.6 5.i, 1 .11 ,.10 ,.a. ai.& 

•I• Tal.\le tor ••••rlfloatloa obol••••rol wae obta1ae4. 
Ya>.11.ea are apreHe4 la ailllcl'aa• pn •llllll,er of on,1.ul ■u-., ... , .. 

Ii..,; 
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l!Gl.\ I yd Dlt0u.uioa 

In !able Vll \be Talu.e ot 21.6 per cent ea\er1f1ca\1on of ohol••l

erol for the pJl of 7.6 la ao\ ooDeh\a\ wlth \he cunei \llerefore, 

\he Yalue ii probably 1D erl'Or and ahould. perbap• b• dhrep.rclM. fll• 

rellllt• have illdlcate4 aa oi,\taua pl bdvffn 6 . 2  and 6.6.  

lmtJ:WA\tl 

•••.rttlca\1oD of Choleet•rol 
wt\b LiDOleaic Aold 

• 

!'he s\uq of •s\erUication of oholeahrol with 11noleaio aol4 

waa conduc\e4 ln eae\l.7 \he ee:ae wa, aa \he etu� of cholee\erol 

ea,er1tica\1on w1\h llaolelo acid •n�, for ,he tollowiag 41fferenoeea 

la \be preparation of \he su\elra\e alnv.J>e 0.4801 er•• of Gboleelerol 

and 1 .183 o-ae o'f Uaolealc acid vere d111olTed in ether ud 41lulecl 

l-o ?.25 alllll1'er1. Ae Mfore, 0.6 aill1llter1 of thte 1olu\loa waa 

uae4 b the preperaUon of t.b.e 111%\ure. the other chaac• coae1a\e4 of 

Ula& 3 alllllUer• ot �he tu,rate reeultlnc t_roa ollolealerol enraotloa 

of •h• ••Pl•• taken afl•r lacllbaUon for chroaatocrapl,.r. Ber,, •• 

wl\h \he ••ter1f1eaUon of cbolederol wUh llnole1o aolcl, a hip pvln 

aa4 lhowed \he followiac pvU7 (36) a 

1hepare'1 troa lllOJ.7 pvlflecl � aetql l1aoleaa\e l>7 ••-
U1ca\1oa Md 411\illatlo• of lbe ao141 • 

.. .,, 
locU.ae T&l•• (WlJ•h a?3.0 ( ,uroreUoal Yalu•, a?a. 51) 

h•J11Cated. po17Uut\lra\e4 coaa\Uua\a (fro■ lll,raTiole\ 
a\eo,pt1ou u•a) eapreeaee :: percuhc• of Oie fal'7 ao1l1. 

»leaoloc aot more \ban O.� 
tl'ieaoloa ao\ aor-e \hu\lr.e• 
fetrae110ic1 ao\ aor• \baa none. 
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IA"BIJ} fill. OIOUSfDOL �S!BRlflCA.flOk Wlfi LIIOI.milC A.Cl» 

hapl• Cllol••••rol Cholesterol P,r cent 
lh•ber pi Beto�• 1aov.,a,1oa Mier lncubatioa Keler1fl-

(hee)• ••••r - ,,._ !o\al oauoa 
ified 

1 5.16 1.26 3.66 l.66 6.32 o.o 

a 1.0 o • .u a.ea 1 .53 6.36 71.4 

3 a.a a • .a 3.·89 1.63 &.•a ?l.8 

" 6. 4 &.38 4.10 1.26 &.35 ,a.a 

I 6 •• 6.23 '· 1-4 1.1, a.31 78.0 

• 6.8 0.10 a.98 1.38 & • •  "·' 
' '7 .o 6.23 a.,a .; l. 76 6.18 66.Z 

• ,.2 a.,a 1.,1 3.6? 6.28 32.6 

t '·" 1.aa 0.28 5.0& 6.12 5.2 

10 ,., 6.23 O.lf> "· 9"1 5.12 a.e 

... •al•• to� ••••rlflcatlon oboleel•�ol waa ob\aiaed. 
Y&lte• are ezpteeee4 in atlliCI" .. • per a111111ter of o•lclaal aub-., ... , .. 



th• re1ul\a ob,a.ined froa the anal.7111 appear in Table flll. 

BgG,1\1 yd R1!Att19A 

la de\eniaation 111111ber & (see !able lIII) ,he ••lue of 0.10 

alllt.craai of choleaterol per a1ll111ter of the sub1,rnte 11 probablJ 

ea aaal.T'1cal error and aoul.4 perhapa be  d11recarded. t'heee r e..al.te 

l\ vaa of 1n,er•1t ,o dete!'lline whether the op,laa pl tor \he 

••\•rlfication of oholes\erol would more closely app�oach the pB ot 

\loocl and '11at of the latruellulN' �lu1d if the ua1atvaUon of ihe 

••••r1tioat1on de\enlaatlon1. 

-
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la iar-paratloa for \he etaq of cholee,6rol ealffa1e Wtld\ll'J 

•• •aeout•nl la ua. aetho4 cboaeD fo� Chol�•lorol aAal.71le. 

U\Ult&Uoa ol Ille lpen,-We\b ..ua.4 ,ro••<1 WllaU t1f .Oto17 u 1 ta 

aUret,. ac,....,... \be eol•r teHleJ11191t.t portioa aeetalit •••latao\oq. 

ltv.d7 of aao�r •tu4 ulllt,,... a tlliolo ac14 oolwaa tor 19PGratloa 

of \he obol••••rol hac,10•• aa4 ,u,et\uai color dM•lQJ)llo-at wnll a 

fenl• ol:llorlt.,..aroohlorlc ac14-tvJ.tvte ao14 n-c•a� elto ApP4JUH 

ufUoJ'•bl•. la \be lat,er •••4 the eolor dnelo,atttl' J>OtUoa 

Pl'•H•··· Ibo 4ltt10lll11. 4 c•bla&UOII of th• dllcl• aelc1 e.olua 

eAl"Olla\opaph!c •lho4 of ••:,arauoa of lh• traauoa• ot cbolener-ol 

-4 U• ool•r 4•••1.,.u\ ue4 la t.be tperr7-Veb'b ••'-hod �l'Od.uce4 • 

••dll••• ,.eolwe, lfOl'kdle M\bocl tor �uaalltaUT• e&al.l'dl. 

Ille opH- JI 1'9'-'•••t• tor \!Le eas,a• cbol•ilerol ••'•'••• 

_.. etwllff la ••l••loa le � ••t•rlflca\lo.n of ehole1,,ro1 v11• 

o1elo aotct. lbololo u14. u& llulealo ae14. 

·-� d _,, . ....... , ... .... ..,.,ea l•.nh b\l.1 UYla« II"••'· 
.... IU'a\l.oa r..,Mle4 hl&ll•r ,. •��r•eal9; \b.M pl'ff1ou 1tv.ctl•• 

bu 1Mwa. lb.• 0,,1- pJl tor ._l••••rol ••'•rlftoMlon v1 "1 ole1e 

Ntt vu '-•'"••• 6.0 eat 1.-1& wUh llaol•le aa14.J• wa1 b•\--• t.8 

M4 ,.&; aa4 vt\ll UMlule Ml& U v•• b•'WNA 6.4 encl e.e. fhla 

••• '1la\ '" hlper ,,-. ,...,.. ot u•lu•t1on. "' l•tt Q h I 

Ao.a.bl• \oe4, la l8 ..... ,.,,, Miele, � O"Oll\er l • \b.e o,u ... 

pl td ••••rltloa\ioa. 
--
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