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INTRODUCTION

The recent widespread interest in the ceuse of atherosclerosis
in humane bas etimulated recearch in many fields of se¢lieace. Artioles
deacridbing cholesterol experiments on bumans and lover animals indicate
that an elevation of the dlood level of choleeterol increases $he
incidence of atherosolerosie (1, 2, 3, 4, 5). Bloor and colleagues
(8, 7) eusgosted an {nterrelatiocnship between the metstoliaam of
choleesterol and the highly unesturated fatty aoide of the dlood. Ia
these experiments it was found that the fatty acids present in neutral
fat had the loweet unsaturation, the phospholipids contained the fatty
soids of intermediate unsaturation, and the fatty acide present ia
oholesteTol estere had the highest unsaturation. Alfin-Slater gt al.
(8) im 1954 studied the effect of fatty acid deficiency in rads. They
shoved that the cholesterol content of the liver increased wvith dlete
of lov fatty aoid content and that the increase was confined almoet
exolusively to the ester fraotion. They suggeeted that the sdeence
of the esseatial fetty acids resulted ia increased levele of cholesterol
in the liver, the sdreasl glands, and the dlood. They further postu-
lated that this increase say have been the result of cholesterocl estere
containiag saturated fatty aoids. Thie particular cholesterol ester
ssy not be easily metebolised.

Statietioal amalyeie of per capita fat consumption {9) and
experizents dealing with the type of fat coneumed (10, 11) indicate
that a high consusption of fat eontainini vostly saturated fatty soids

increeses the incidence of atherosclercsis. It hes alsc bdeen showa



that a diet high ia uReaturated fatty acids teads %0 lower the dlood
level of cbocleeterol. This evidemce stimulated wuoh intereet ia the
bdiochemiotry of the essential fatty aeids.

Because the fatty acide of the cholestercl sstere Are primarily
the uneaturated oass snd the uneaturated fatiy acids are iaducive to
a lowaring of the gerum cholesterol level, it was of ianterest to study
the mechanism controlling the formation of these esters. The funection
of the cholesterol esters, their role in atherosclerosis, and the part
they play in the transport and metabolien of eagh lipid constituent

ere, at this time, not clear.



LITERATURE RREVIEW

The ensyme cholesterol esterase appeared in the litersture es
far beck as 1910 whea Kondo (12) reported that extraots of horse
liver and ox liver oatalysed the hydrolysis of cholesterol ssters.
Cholesterol esterase also aroueed intereet when Xueller (13) in 1916
fouad that the ingested free cholesterol could be removed in the
thoracic chyle as cholesterol esters. S8choenheimer g% al. (14, 16)
thought it possible that a specific cholesterol esterete was respon~-
sible for the high selectivity of stercl absorpticn. Their experiments
demonetreated that, wbile cholesterol iz readily abeorded, other sterols
are absorbded only in traces. The pressnee of euch a highly specific
cholesterol esterase in subcutsnecus tissue was slso indicated by
experiments of Schoenheimer and Yuzea (18), who showed that choleeterol
placed under the ekin is esterified, while non-absordable sterols
remein umnohanged.

Yamaacto, Goldetein amd Treadwell (17), Swell and Treadwell
8t al. (18, 19, 30, 21, 33, 23, 34), and Sperry snd Brand (25) have
contributed much to the etudy of the chemioal and physicel requiremente
for optimum eotivity of cholesterol esterase and to ite classification.
One of the better eumparies of the optimus requirements for cholesterol
ssterase appesrs in e sore recent pudblioation by Swell and Treadwell
(20). In this article they list the opti;mm pR and activity for
hydrolyeis and esterification of oholesterol esters and cholesterol
respeotively with thirteean different aclﬁi. from acetic acid to oleie

acid inclusive. In their experiments they used pancreatin es the



esouroe of the ensyme. The rate of esterifiontion of cholestercl

with oleio s0id was such greater then the rate of eeterificatioa of
cholestesol vith agetic acid. A great difference in the rate of
eeterification wae noted detveen osproic aocid and caprylio egid and
als0o betwesn the steario acid ant oleic asid. The optimus 3B for
eeterificution of cholesterol with oleio acid wae higher (0.6 pi uaite)
thaa the optimum pl for any of the other acids listed. Ia shis artiole
they alac reported the influence of different emuleifying agents oa
the aotivity of the enxyme.

Cholesterol estermse from other gources hae also deen studied
but not with such a large number of fatty acide. The enzyme from rat
bloocd wes studied by Sperry and Stwom&t (36), % Sper¥y (37) amd
bty 9well and Trasdvell (19). Xat blood 4id not eppser to be a very
€904 easyme eource dedaunse of the preseace of duffere, free aad
esterified cholesterol, emu)sifying agents and many other comstituents
in the blood or serum. The rat liver hse beez ueed ae a sourae of the
enxyse bty Sperry and drend (235), Byroa, ¥Wood and Tresdwell (38), ead
W Rieft and Duel (29). Sperry end Brand (25) aleo studied the
eholeetercl esterase preeent in rat dreia.

The proof that the active zgent is an enayse appesre ia seversl
publicatione (18, 30). Fodor (30) subjected the enxyme to hexzs, %o
varying hydrogen ioa oconseatratione, snd. to crystalline trypein. In
teating the mctivity, he found that heating the ensyse to 60 dagrees
oantigrade for twenty-five ainutee, pretgsating the ensyme %0 a pi of
tan, and pretreating with eryetalline trypsin inactivated the esgyme..

Svell end Tresdwell (21) aleo noted that teaperatures arousd 0 so 66



degrees centigrade imactivated the ansyme, They alsc studied the effect
of varying cholesterol and ensyme concentrations upon the rate of
esterification.

Hany studies havas been conducted with the ensyme cholesterol
esterase using many different acids; however, no study of sholesterol
eatearification with the essantial fatly acids hae deen noted, EFecause
cf the importance of the sasential fatiy acids in stheroselercsis, it
seemad of interest to study the ontimum pl for the ensyme, using the

essentinl fatty maids as substrates.



ABALY SIS OF CHOLESTEROL

The first odjective in the study of cholesterol esterase should
be to obtain a reliadle method of saalysis for the totsl snd free
cholesterol ia the material under inveetigation. Because of the many
discrepancies in the results presented in papers on choleeterol
esteraee, aocuracy in the methods for determining total and free

cholesterol have been queetioned.
THE SPERRY AND WEBB METHOD

Axeerinental
One of the moet widely eccepted ind ueed methods for analysie 19
a revieion of the Gohoenheimer and Sperry method (31) by Sperry and VWedd
(22). The procedure 1s revieved here for the purpose of clarity.
Extrection of Cholestercl from Blood Serum (or other material):

About 3 millilitere of en acetone and ethanol aixture
(111) are pleced in a 5 nilliliter volumetrio flask, and
0.2 milliliters of eerus is added elowly iz such a sanper
that it rans fewvn the vall of the flask and forms a layer
ubder the solvent. As socon ae the pipette is withdrewa,
the ocontente are mized thoroughly by a swirliag motion.

A fimely divided preoipitate should result. The solveat
is droughbt gust to a boil in the steam bath with agitation
to prevent bdusping, the flask is cooled, acetons and
ethanel mixture (adove) is edded to the mark, amd the
shepeneion is thoroughly mixed and filtered inte a

ssall test tube. Aliquots of the clear filtrate for

free and total choleeterol determinations are pipetted

at once %o avoid evaporatioa. >

Preoipitation of Free Cholesterol:

2o 2 nilliliters of the filjsate in a centrifuge
tube 1 drop of 10 per cent acetic ‘seid eolution and 1
milliliter of 0.5 per cent digitonin in 50 per cent
ethanol are sdded. The contents are stirred thoroughly



vith a rod which is left in the tube. The tudbe is placed
in a preserving Jer which is covered tightiy and left
overnight at rooa texmperature.

The tube ie transferred to a rack, the contente are
stirred gently to free any precipitsate which may adhere to
the wall near the eurface of the 1igquid and the rod is
removed without contact vith the upperpart of the tubde
and placed on a rack made of heavy wire and ¢ designed
that a number of rods may be held without danger of
rudbdbing off the adherent precipitate. The josition of
the rod is noted sc that it may be returned to the proper
tude. The tude is ocentrifuged for 15 ainutes % 3,800
revolutione per minute and ths cenirifuge, which saould
be clear, except for the occasional prezsnce of a fev
particlea floating at the eurface, ie deocanted with a slow,
steady motion and watched closely in a good 1light se the
fluid leavee the precipitate. If any preoipitate is eeen
to e suepended, the eample ie recentriuged, or bGetter,
discarded. If this happens frequeatly, the tiae or speed
of ocentrifuging ehould be increased. The tube i{s drained
for a few momenta and the laet drop is resmcved by touching
the 1ip to a clean towel. The rod is returned to the tabe,
the vall of the tube and the rod are washed down with 1.5
to 2 milliliters of an acetone and ether mixture (1:2), the
contents are stirred thoroughly, the rod is returnmed to
the reck, the tubdbe is centrifuged for £ minutes, and the
oentrifugate is decanted. The precipitate is waghed
twice wore in the samo manner with ether. The rod is
returned to the tube which may be atored for seversl daye
at thie atage. If color development 1is to follow at onoe,
the ether is svaporated by plaoing the tube for a few
minutea in a moderately warm vater b%ath.

Precipitation of Total Choleeterol:

One drop of potassium hydroxide solution (10 graze of
pure potassiua hydroxide dissolved ia 2C millilitere of
water) is placed in a dry centrifuge tube, 1 milliliter
of the eerum extract ie added, and the mixture ia
atirred with s vigoroue up and down motion of a rod
uatil no droplets of the alkali socdution can be aeen at
the tip of the tube. A preserving Jar containing a
layer of sand about 2 centimetere deep is heated in a
water bath until the temperature of the sand is 456 degreee
centigrade. The tube is placed ip-the sand, and the jar
ia covered tigbtly and pleced in 23 incudbator st sbout
& degrees cantigrade for 30 mimuteos.



2he tube 1a rexoved to a Taek and coeled. The stirring
rod is reised, seetone-etdensl (1i1l) ie alded to the 3
#21111iter mark, &nd the &1kald ie nsutrelised t¢ the
phenelphthalein end-point vith 10 per cent scetic acid,
Froa 4 80 8 drops ahould Ye reguired if She &rop of alkall
solutiea was of proper size, An extra drop of acetlo acid
aod 1 a11liliter of digitionin {above) sodlusion are sdded
and ths somple 19 trested as destrided for free oholesterol,
exdent that the pracipitate is washéed with elber cunly omce.

Development and Resding of Color:

Tte tabdes are plaeced in order of reading in a samd
Ysth at 110 ¢o 118 degrees ceatigrade in as ovea for 30
minutese. The temparature ¢f a waier Dath in 2 dark
cadinet ie adjusted to 28 degrees cantigrade 3ad mein-
teinsd thore Guring the reet of the procedure dy the
addition of hot er cold vater ae meeded. ZThe samd deth
is reaoved from the oven, sad 1 milliliter of pure glecial
mevtie scid iy added 0 the first tude while it is still
i3 the ot ennd. The contente arp stirred vigsrously,
ond the tube 1s left ia the exnd hile the acid ie being
added to the mext two or three tubee; 2 or 3 mimutees 1a
8il. The solutioa {3 etirred agaia, and the tude is resoved
frowm the waad, cooled, and pleced ia the wvater dath. The
procese is esontimued antil all the tudes sre in the veter
Bath in order of reading. A tude eoatilaing 1 milliliter
of stendard solution (0.1 milligres of cholestercl per }
milliliter) s placed at ths beginning of the series of
tudbes end snother at $he eand.

An amount of acetic anhydride (96 to 100 per oceat)
suffieient for the ngmber of easples $0 be read is placed
ia a glase stoppered flesk znd chilled im &z fo0e bath,
¥isth ths Zlaek still ia the 1ce dath, cencentrated sulfurie
esid 19 adied 1a the proportien of 1 milliliter Se 0
silliliters of asetic ashydiride vith agitatiea Guriag
She sddition. The eteprer is imserted, and the flaek s
remeved froa the dath, shakes vigorously for a fev Ajusmts,
end returaed te the bath. A blank ceatataiang 1 ailli{liter
of ngetic aeid and 2 milliliter of the reagént is prn:red.

Adoat 10 misutes later, wvhea she reagent ie thorcughly
chilled, the firet gtubde iz removed fros the 36 degree
vater beath aad viped dry, 3 ailliligasrs eof the eold agstio
anhgdride-sul furic aeid rangent sre added, the econtents
are 18irred vigerowsly, the rod je reascved, snd the tube
13 returnsd to (ke bsth. If the feading is to de oarried
oat ia o hotometer whiok uses uetoked cuvettes of the



test tube type, the solution is poured at thie point into

a ouvette, which is placed in the series at time intervals

bést coatrolled by a stop=watoh, such that the time of

color development before resding is the same for all

eamples. Although the color is fairly etable at ite

maximua from 327 to 27 migutes after the acetic anhydride-

sulfuric acid eolution is added, it is bdeet to rsad all

eamples after ae nearly the sssie time of color development

ae possidle, preferably 30 to 31 minontes. The temperature

of the water bath is noted, end adjusted, if neosesary

at frequsnt intervals during the color development and

reading.

The changes that were made in the above procedure were¢ as
followe: In the extraotion of the substrute (or blood serum) one
Billiliter of substrate wes diluted to 35 =milliliters vwith acetone-
ethanol in plece of the 0.2 xilliliters of subetrate and five milliliters
volume. %o eliainate rapid evaporation of the eolvent, oreating
ocoaoentration of the ¢holesterol during *ﬂltntion. a wvatch glass wvas
placed over the funnel immediately after fillimg it with the material
to be filtered. The rest of the procedure¢ wae followed as outlined.

A oalidbration ourve vas made using recryetallized oholesterol
dissolved in glaoial acetioc aciéd. After adding the acetio amhydride-
sulfuric aocid resgent %0 a series of cuvettea coantaining one milliliter
of a specified cholesterol standsrd and allowing the color to develop
as presoribed, the per cent transuittance was obtained Yy ueing both
a Beckman IU gpectrophotometer ani a Bausoh and Lomd *"3pectronic 30"
epectrophotoneter.

The firet esterification deteraigation was made using palaitic
scid and recrystallised oholestercl as the sudbstrates. Four subd-
strates wvere prepared as suggeeted by 3;;011 end Treadwell (31):

13.5 milligrans of pelmitic acid, 0.5 milliliters of ether, 4.5
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milliliters of 0.125 molar phosphate buffer at a 5.2 pH, 0.5 milli-
liters of a 10 per cent eolution of sodium taurocholate, 0.5 milli-
liters of a 131000 eolution of merthiolate, end 250 milligreams of
impalpable dried egg aldbumin were homogenired for two minutes in a
Potter«-klveh jem homogeniter. The solution was then pleced in a
Dudbnoff Metadbolic Ghaker, which wae adjuested previouely to a temperature
of 37 degreee centigrsde for one hour to remove the ether. %his
homogenate was shaken at 120 oscillstions per minute,

The engyme extract was prepared ae followe: A wvhite adult rat
was decapitated and the liver immediately remscved aad placed on ice.
A veighed amouat of liver was homogenired in the Potter=Elvehjem
hosogenizer with a 131 dilution of glyeoéin and water so that a 20
per cent homogenate of the liver reeulted. This waes then transferred
to a centrifuge tude vhich wvae then corked and placed on a revolving
vertical wheel for fifty sinutes to facilitate extraction of the
enryme. It was then centrifuged for § minutes at 2500 revolutions
per minute in a nuadber 1 Kational centrifuge.

Une milliliter of the enzyme extract was then placed ia the
adove sadeirate, quickly mixed, snd 1 milliliter reaoved for cholesterol
extraction wvith alcohol=acetone. This constituted the sero hour
eample. 7This was prepared in duplicate. Two control samples were
analysed using 1 milliliter of water-glygerin in place of the engyme
eztract. The four preparations were placed in a Dubnoff MNetadolioc
S8haker which wae prevtiously adjusted tg.ﬂ? degreer centigrade. Theee

preparations vere sgitated at the rate of 120 cycles per minute for
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18 hours. At the end of the incubation period amother 1 milliliter
aliquot was removed for cholesterol extraction. The reeults obtained
using the method of analysie previously descrided are given in Tadle
1.

dsaults and Discussion

Because of the discrepancies in the resulte, the procedure wvas
repeated; however, the results obtained from the second deteraimation
had eimilar discrepancies. JFrom Table I it is obvious that either
some of the cholesterol is lost in the total oholesterol amalysie or
the free choleeterol proeedure givee misleadingly high results. A
cheok on the sccurecy of the anslygie was indicated. Another
standard curve vas made using a freshly prepared standard solution
©f oholesterol in acetic aocid. 7The reeultant standardisation curve
showed no significant change. As a check on the method an attempt
wag made to get 100 per cent recovery of cholesterol dissolved in
aloohol-acetone. To acoomplish thie a seriee of solutione of kmown
cholesterol concentration were prepared and each treated as though
it were a filtrate from the extraction step of the analyeis. The
total and free cholesterol portion of the method vas run, ead the
results are indicated in Tabdle II.

This method of ohesking the procedure was repeated, end data
similar to those fouamd in Tabdle II ware :btauod. From Tadle II 1t
is readily noted that less than 100 per cent of the cholesterol ie
recovered vith the total cholesterol portion of the Sperry-Wedd method.

Inetead of working further with this method, 1t wvas deocided to try



2ABLE I. CEOLESTERQL VALUES OBTAINED FROX AM BSTERIZPICATION
—UETERNTEATION USINO T?HR SPXRRY-.VERB
METEOD OF ANALYSIS.

Semple Oholesterol Cholesterel
Huaber Before Inoudatioa After Inoubatioa
Ires Total Tree Total

1 ¥ithout enzyme 1.98° 1.80 1.86 1.8¢
2 Without easyme 1.7 1.72 k.87 1.74
3 With entyse 1.98 l1.88 1.87 1.8¢
4 vith ensyme 3.40 1.16 2.9 1.16

= = = —— - —————
® %The values are expressed ia ailligrame per ailliliter of substrate.
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TABLD 11. CHOLESTEROL REOOVARY USING THE
OFIRHY.VEDB MNTHOD OF ANALYSIS

Aloohol-Aocetone Kg. Cholesterol Ng. Recovered
8tandard Fumbder per ml, of
Staadard Total Tree
la 1.00 0.77
v 1.00 0.73
3a 1.80 1.37 1.48
& 1.60 1.08
3a 3.00 1.61 1.98
- ) 3.00 1.83
L .80 N 3.03 3.80

129865 SOUTH DAKOTA STATE TIBRARY
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another method of analyeie.

?EE WIOOFF AND PARSONS MRTHOD

Ramsrinental

An ingenicue method of separating the esters of ocholesterol from
free cholestercl with the use of a silicic acid column wvae reported
Y Vycoff and Parsons (33). These authors recommended either the use
of 100 mesh silicio acid sold by Mallinckrodt espeoially for ocluam
chromatography, or the activating of ordinary reagent grade products
by heating them at 120 degreew centigrade overnight and guickly sieving
thea once in a moist atmosphere. The ectivated esilieie eoid must de
protected from moisture ia the akmosphere. ITheir prooedure followst

A glass tude adout 30 eentimeters loag vith ea 8 milli-
meter outeide diemeter is unsed for the ohromatographic
tube. ZThe tude is ocometricted to a diameter of 2 %0 3
milliliters ineide, on ocne emd and drawm out about 10
sillimstere. The ocolumn is prepared Yy rammiag a sasll
amount of ocottom down the tude to plug the comstricted
ond, The silieio acid is then placed ia the tubde %0 a
height of adout 6 centimetere %y means of an eye dropper
and packed Yy applyiag air at a pressure of 7 %0 10
pounds per eguare iroh to the top of ths ocolumn. Zwo
milliliters of petroleum ether or 8kelly Solve B is
Shea feroed through the columa wvith the same air
pressure.

For the routine asszy of hupaa plassa Or serca
(or other material to bde extrmuted), the procedure
ie ae followvs!

Xix O.1 milliliter of material to de extracoted
with § to 7 milliliter of 1:1 methgool and acetone.
Briang the aixture to doiliag, ocool, dilute t0 10
milliliters vith solvent, amd filter. ZRvaporste
a 3 milliliter aliquos of the filtrate in a saall
tube by plaociag the tube ia 00ld ypter and dringing
the vater to doiling. Imvert tha‘ sube while it s
sooling to draia the residasl vapor of the solvent.
2rensfer the lipid to the columm vith three 3
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milliliter portions of petroleum ether by means of
an gye drgopper.

Rinse the test tube and the chromatographic tubde
with each of the 2 milliliter vortions of petroleum
ether eand force each through in tura. The flow
rate should aever be greater than 4 milliliters
per minute with any of the solvents. Care should
also be taken never to allow the solvent level to
€0 belov the top of the eilicio acid in thie etep
and in the next one. At this point the free and
eaterified choleeterol are adsorbed at the top of
the column.

Develop the column with adout 4 milliliters of
1:1 cholorcfora and petroleum ether. Collect this
eluate, wvhich contains the esterified cholesterol,
in a separate test tube. Kinse the outside of the
tip of the chromatographic tube with about 1 ailli-
liter of petroleus ether, allowing the ether to
run into the same test tube. To remove the free
chélesterol froa the column elute ¥ith 4 ailliliters
of 1:1 methyl or ethyl scetate »nd petroleus ether.
Foroe this through until flow ceases, and rinse the
tip as before. Extrude the colusn by means of air
pressure and discard the silicic acid.

Avaporate the solvents as before by placing the
tubes in cold water and bringing the water to &
boil. Take ths fractions up in 3 milliliters of
glacial acetic acid. Wwarm the tudes containing
the eeters to effect solution. Cool and add 3
Billiliters of the ferric chloride=gulfurio ecid
eolution of Brown (34) and mix thoroughly. Read
the optical density et a wave length of 680 ailli-
microne in the gpectrophotoaster. ¥Yor precise work,
it is necessary to prepsre chromatographed solvent
bYlanke. The estandard containe 60 micrograms of
cholesterol in 3 milliliters of acetic acid, and
the bleak for thie, is not chromstographed. The
color develope rapidly and is stadle for hours.

Diffisulty in calibration was encountered in this procedure.
The Bauech and Load Speotronic ‘20" wae used, and the resulte of

the calidration are recorded in Tedle III.
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dnslygis of the following chart reveale complications in this
part of the procedure. It vas noted that during the addition and
mixing of the color develovping reegent to the acetic acid solution
of cholesterol e fair amount of heat was released, 7The maximum
temperature recched wvas considered as a possible factor in the amount
of color developed with any given standard. To etudy the effect of
temperature on the color development, different cuvettes of the same
etandard acetic acid cholesterol solution were treated ae follows:
In numder 1, the cuvette containing the 1 milliliter of the etandard
wvae heatea to S0 degrees centigrade in a water bath before adding the
color developing reegent; in number &, the standard and the color
developinng reagent were aixed very rapidly: ia number 3, the two
solutions wvere mixed very eslowly; in namder 4, the cuvette was held
under cold running water while the two ligquids were mixed slowly. Z%he
results are indicated in Table IV, The standard used contained 36.73

eicrograms of choleeterol per millilitver.
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TABLE IIl. RBESULTS OF CALISRATING THE SILICIC AOCID COLUME
CHEOMATOGRAFPEY XETROD OF CROLESTEROL ANALYSIE

Micrograme of Cholesterol Per cent Transzittance
per Cuvette Odtained

Ran 1 Rag 2 Rup 3 Bun 4

4.59 86 87 98 99
9.18 97 98 9 98

13.77 89.5 95 96 90
18.26 82.5 83 83 (1
22.98 93 86 80 81
27.54 84 - 91 89 0
32.13 7 82 85 "
36.72 83.5 " 73 81.5
86.85 56.5 65
91.44 56 69.5
96.03 49.5 83

100.63 48.5 49

106.31 51 63.5

109.80 46.5 41

114.39 43 43.5
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TABLY IV. PR OZNT TRAESMITTANCE VALUES OBTAINED FROM MIXINO,
UNDER DXIFFERBNT COMDITIONS, A CHOLEKSTEROL STASDARD WITH
?HE OOLOR DEVALOPING REAGENT,

Tade Number Oondition Per cent Transsittance
1l Stendard Heated 70.6
%0 90°0.
a ¥Kized Rapidly 74
3 Nized Slowly 83
4 Standard Ceoled 6

- T T T T T sy . T R e e ey e e
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Rlacussion ead Fursher Jeadics
Xxamiaation of the resnlte imdicates that the rapidity with

whioh the two frictione sre mixsd sad the saximem tesperature resched
ars importaat factors in the coler dsvelopmeat, Deosase it le diffieult
to control the amount of mixing whea the color developimg reagest 1is
edded to the esetic ecld, this portion of the proocsdure wvas adandoaed.

Duplication was easily odtained iam the use of the aaalytieal
proocedure dy Sperry snd Wedd (32): therefore it ssemed advisadle o
ecebine the silicie acid method of separating the two cholesberol
fractions (33) and the Sperry-wedd color development method. Ia this
eombimed method 1% wae nesessary to use s sssller dilutioa becaase a
larger quantity of chelestarol is uodo;l for the Sperry-¥edd color
developaent. Otherwise the chrematographic portion remsimed the
sams.

As a prelimiasry check oz the mecuragy of this procedare the
per cent of cholestercl recovered fros a known amount of choles$erol
chreomatographed was measured. Yo accosplish this an sloohol-ncetons
(151) solutiom of cholesserel was prepared ecatainiag 0.1708 milligrems
of ebelesterol per ailliliter. The followving velumes vers placed in
tades, evaporated to dryaess oa the stean tadle, and chromatographed
as adeve: 0.8 milliliters, 1.0 milliiiters, and 1.5 milliliters. A
VSlank prepared by yassiag aa edditiomal“six milliliters of Skelly
Selve B through the soluma at the degimaiag of the ehromatographis

prooedure was chromatograzhed. The $afdrmatioa odtained is iadiecated
ia Tadls ¥V,
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This proocedure was repeated and similar reeults odtained.
Nearly one hundred per oent of ths cholesterol was reooverd which imdi-
cated that this method of snalysis for free oholeeterol was satiefactory.
The value of this method of analysis for esterified cholestarol will

be shown later.
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GHOLESTEROL RECOVERY USING THR SILICIC ACID COLUMN AND THE
COLOR DEVIELOPMERT OF SPERE®-WEBB,

Milliliters of Standard

Reosults Obtained®

Agtual (holestarol

Ghromatographed Eeterified JFree Ooneentration®
0.8 0 .088 .0854
1.0 0 17 1706
1.6 0 857 . 2869
0.0 0 0 0
e

e ——
® Concentration in milligr

: ' s mmto;mu.



OPTINUM ETDROGEN IOK CCHURERRATIOB REQUIRIMEETS
JOR CHOLESTXROL LSTHRASK

Ae atated before, the esterification of cholesterol with sany
acide hae been studied; however, no study of cholesterol esterifica-
tion with the essential fatty acide has Yeen noted. In viewv of the
importance of the polyunsaturated fatty acids and cholesterol ia the
condition of atherosclsrosie, such a study would be interesting,
although the results of such a study would not be conclusive as to the
cause of the diesase.

Swvell and Treadwsll (20) conducted studies on the optiaum pX
for esterification of cholesterol with a large nusder of fatty acide
using a pascrestin extract as the enxyse source. In general, the pi
valuee for the acids were at about thc same level vith little variation.
Hovever, a greater difference was noted between the optimumn pi values
for the esterification with stearic (pE of 5.5) and oleic (pR of 6.1)
egide. It wae of interest to see whother greater umsaturation of the
fatty ecids would dring adout still higher optimum pH values.

Beterification of Cholesterol
vith Oleic Acid

Experimental

At varying pil values the esterification of cholesterol with oleiec
a0id was deterained in this laboratory ueing practiocally the same
substrate and snsyme extract ae Swell*and Treadwell (20) did in their
studies. The substrate was prepared as follows: A series of 0.154

molar phosphate buffers were preparafi having pE values of 6.0, 6.3, 6.4,
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6.6, 6.8, 7.0 end 7.2. One and one~kalf grass of cbolesterol esd
3.93 millilitere of oleio acid (the equivalent of whioh is three

times $he equivalent of cholestsrol, were &issolved ia 30 millilitere
of ether. %en milliliters of the appropriate duffer, 1 milliliter of
10 per cent sodiua tsurockolate, 1 milliliter of a 1:1000 agueous
solution of merthiolate, 600 milligrans of impalpadle ogg albumim, and
1 milliliter of the ether solution were placed in a Potter-Elvedjomu
homogenizer and homogenised for two minutes. The material was thea
tranaferred to a Jagalir vhioh was placed in & metabolic suaker (a
Dudaoff Ketadolis Shaker was used here) at 37 degrees centigrale for

1 hour to. remove the¢ ether. AiAfter the mixtore had deen shaken for

1 hour the pH was measused and adjusted with 0.1 normal sodius hydrox-
ide to the values indientsd in Table VI,

Por the ensyme ¢xiraol a 20 per cent muspenmsion of Penoreatin
(U.8.P.) wae prepared fn she hosogeniser with a 1il dilution of
glycerin aad water. '‘his vwas slowly mized by ocontinucusly inverting
the container for & yeriod of about 30 minutee and wae then centrifugetd
at 2500 revolutions per miamis for 10 minutes.

I% hae previouszly dean proved that this suspeneion of cholesterol
is etable and remsius stadle daring inoudation with the enzyme (31),

As a ocheok on the sutstrate prepared ia. this iadboratory, routine
determinations of cholesterol were performed defore and after inoudationm.
fo bde certain that mo esterification t;ok place in the adsence of the
engyme extract, the subs trates having pE values of 6.6 and 6.8 were

run with a dlaank; that is, only glyoo;':in aad wvater were added to

duplicate quantities of subetrate ia place of the ensyme extract.



Five milliliter quantities of esch sudstrate wvere pipetted into
appropriate dottles, 0.5 milliliters of ensyme extiraot was added, the
s0lution was mixed, end a 0.8 milliliter volume vas removed and plaocsd
in a 26 milliliter volumetrie flask for cholesterol analysis. The
bottles were then cappsd and pleced in the metabolic shaker, which
had been previously adjusted to a temperature of 37 degreee osatigrade,
and vere agitated at the rate of 120 osoillatione per minmute for 18
hours. Abouf 16 milliliters of alcoholescetone (1:1) vere plioo‘d in
the flaeke with the 0.5 milliliter aliguot arid heated to boilirg on
the stesz tadle. 7The solution was then cocled, the flasks were filled
to the 35 milliliter mark with alcoholescetone mixture snd contents
were filtered. Onme milliliter of the filtr.to vas removed feor
evagoration and subsequent anslyeie vith the siliocic aoid chromatograply
method,

At the end of she incadation period another 0.5 milliliter volume
was removed, placed ia a 25 milliliter volumetric flaek, aand treated
ae above. Here 2 milliliters instead of 1 milliliter of the filtrate
vere removed for chrosatography decause it vas anticipated that the
cholesterol would be divided iato twvo fraotion, reguiring a larger
quantity in each fraction for proper color developament. The enalysee

of the filtratee gave the results indicated in Zadle VI.

® 5

L
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TABLE V1. GQHOLRBSTBROL BSTERIFICATION WITH OLEIC AGLD

R EE—— e — e —
Sszple Oholesterol Oholestercl
Bumdber pE Before After Incubation Per cent
Inoubation Ester- Tree Total Bsterifi-
(Pree)* ified eation
1 8.0 5,45 3.42 1.%0 5.22 64.4
2 6.2 6.33 3.72 1.40 b..8 73.7
3 6.4 5.76 3.87 1.60 5.47 7.7
4 6.8 5.38 2.89 2.40 5.29 54.7
<f 6.6 B.38 0.03 .28 6.3¢ 00.4
8 €.8 5.1° 1.30 4.00 6.30 23.8
&8 6.8 8.33 0.co k 3.98 3.96 00.0
L 7.0 8.30 3.20 2.16 B.36 59.9
? r.3 6.8 0,30 5.06 5.28 3.6

*lic value for esterificution cholesterol was obtained.
#B Indicates that no enuyme wae added, :



Resulta end Riscussion
Swell and Treadwell (20) performing similar experiments weing

the same sudbstrate showved thet the total cholesterol in euepemsion
did not deviate throughout the incudasion period. The results showa
in Tadle VI indicate that with this method of analysis the total
cholesterol {or free choleeterol) before incubation nearly equals

the total cholesterol after incubation. This suggests that toe method
ie eatisfactory for analyeis of free cholesterol. The valuss given ae
total cheolestercl are the sum of the esterified =nd frae cholesterol.
It was previously vhown that this nmethod was satisf41080:7 for analyeie
of free cholesteiol, Tharefore the analysis of eeterifie? sholesterol
muet aleo de fairly ascarate,

The results also indiocate that the optimus p& for oleic eoid
in %hie etudy ir detwnen £.0 and 6.4 which is comnsistent with the
resiults of Swell anc Treadwell (30). The results sleo show that very
1ittle if any esteriliocation takss place in the adeence of the panoreatio
extract. BRecanse of the graat difference detveea the results odtaiaed
for the pE of 7.0 and the results of the %wo adjacent pE values and
because this &ifferemce is not oconsistent with resulss obvtsiaed by
others, the valus ndtained here for this pH siay perhaps be disrtegarded.
The value of 3,96 in number 6B (see Tadle VI} for free chelesterol
after iacudation is also not consistent and ghould very likely de

disregarded,
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Rsterification of Cholesterol
with Linoleic Acid

Exparisontal

For the esterifiocation of cholesterol with linoleio acid a
small quantity of high purity esid vas ueed. This vas odbtained from
the University of Minnesota end showed the following purity (35)¢

*Prepared from highly purified methyl linoleate Yy
saponifioation and distillation of the acids.

Iodine valus (¥ijs) 181.0 (theoretical 181.03)
Oonjugated polyumsaturated constituents (from ultre~

violet adsorption data) expreeeed ae perceatege of 018
fatty acids.

Dlenoie! not more thaa 0,168
Prienoic: not mcre thaa nome
fetraenscict pot more than aoze®

The subetrate was prepared for thie amalysis as it had deem for
the analysis vith oleic ecid; Rowvever mmaller quantities vere homogen~
$sed end no controls vere used. 1.183 grames of the aoid and 0.4610
gremg of cholesterol were digsolved in ether and diluted to 7.2 millil-
iters. 8ix milliliters of the sppropriate buffer, 0.6 millilitere of
10 per cent eodium tsurocholate, 0.8 milliliters of 1:1000 merthiolalbe,
0.6 millfliters of the ether solution and 300 milligreme of egg aldumin
were homogenized. 7This mixture was placed ia the metabolic eshaker at
37 degrees centigrade for 1 hour and the pH sdjusted to the values
indicated in Tadle VII. The enxyme extract was prepared as defore,
and 0.4 milliliters of this vas added to 5 millilitere of the mixture,
After mixing, 0.5 milliliters was respwed and placed in a 35 milliliter
volumeiri¢ flask fer extraeticn. A 3 milliliter aliguot was takea for

chromatography. After incubation at 37 degrees oentigrade in the
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metabolic ahaker for 18 hours with constant agitation of 120 gycles

per minute, another 0.5 milliliter sample vas taken from each bottle

and placed in a 256 milliliter volumetric flask for extraotion. Two
milliliters of the filtrate wae taken for evaporation and chromatography.
dnalyeis of the 2 milliliter quantitiee for free and eeterified
choleeterol with the method using the silicic acid eolumn separation

and the sulfurio ecid-asetic anmkydride ocolor developing reagent EavVe

the reeultes reported in Tadble VII,
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TABLL V1I. CHOLESTEROL BSTRRIFICATION wITH LINOLRIC ACLD.

e o T e W et e — e T e e ey

Sample Cholesterol
$uaber pE Before Ineudbation After Incubation Pey cent
(Freo)* ’1%‘1.9’;1 - Tree Totel :;;;;1_
LARR.. —o
p 3 5.8 5.57 3.86 1.7 5,41 "N.3
s 6.0 5.50 3.98 1.0 5.42 7.4
3 6.2 1.99 ° 408 1.33 6.40 75.6
4 6.4 6.30 4,33 1.06 8.37 80.5
5 6.6 6.33 3.42 1.96 6.37 83.8
6 6.8 5.48 1.50 3.8 5.38 27.9
? ?.0 5.50 0,46 4.9 B85.385 8.4
[ 7.3 5.30 0.10 6.20 B.30 1.9
9 7.4 5.16 0.0 5.10 5,30 0.0
10 7.6 5.37 1.12 4.10 b5.34 21.6

[ —— — . T e — —
%Ne value for esterification ohsleeterol was obdtained,

VYalues sre expressed in milligrame per milliliter of origiexl sub-
strase.



Beqults epd Discuseion
In Tadle VII the valus of 21.5 per cent esterification of obolsst-

erol for the pB of 7.6 is mot coneistent vith the curve; therefore,

the value is prodadly in error and should perhaps bds disregarded. The

results have indicated an optimom pH detveen 6.2 snd 6.6.

Bsterification of Choleeterol
with Linolemic Aoid

Ameorimental

The study of ssterification of oholesterol with unololnio soid
wvas conducted in exmetly the eemoe vay as the etudy of choleeterol
esterification with 1inoleio acid smsept for the followiag differencee:
Ia the preparation of the sudetrate aixture 0.4601 graams of choleeterol
end 1,183 grame of limoleaic acid vere disesolved in ether and diluted
to 7.25 ailliliteres. As defore, 0.6 milliliters of thie solutioa vas
used i» the preperation of the mizture., ZThe other change coneisted of
asing 3 ailliliters of the filtrate resulting from cholesterol exirectioa
of the samplee taken after imcudation for chromatogTaply. Here, as
with the esterifieation of cholesterol with 1lincleio aoid, a high puripy
a0id vas used. This wae also obtained from the University of Mimnesota
ead showed the followimg purity (36):

"Prepared from highly purified methyl linolemate bty sapon-
1fication aad Aletillation of the soide.

L3
lodise valus (¥ijs): 373.0 (Sheroretiosl value, 373.51)

Conjugated polyunsaturated constitueamts (froa ultraviolet
absorption data) expreesee pa percentege of 05 fatty seide.

Dlenoio: Bot more than 0.30%
friencio: not more than.yraee
Tetraenotioct not more tdan none.
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PABLE ¥113I. CROLESYRROL KSTRRIFICATION WiTH LIROLERIC ACID

Gsaple Cholesterol Chol sstarol Per ceat
Nuaber pH Before Incudation After Incudbatioa Eeterifi-
(Free)® Reter - JFree Total oatios
ified ;
1l 5.76 8.33 3.66 1.66 8.2 69.0
3 8.0 5.43 3.83 1.53 65.36 7.4
3 6.3 5.423 3.89 1.83 ©5.43 7.8
4 6.4 6.38 4.10 1.6 ©5.35 76.8
5 6.6 6.23 4.14 1.17 8.31 78.0
é 6.8 0.10 2.98 1.38 5.8 ™.4
4 7.0 56.33 3.43 -1,7 6.18 66.3
8 V.3 8.78 1.71 3.67 6,28 23.6
9 7.4 6.33 0.88 5.0¢ §65.33 5.3
10 7.7 6.23 0.16 4,97 5.13 3.9

e e AL R T & T T T T T T e T
*5o value for esterification oholesterol was obsaimed.

Yalves are expressed in milligrams per ailliliter of origimal sud-
trate.



The results obtained from the analysis appear in Tadle VIII.

Besults epd Pisguasion

In deteraination number & (see Tadle VIII) the value of 0.10
milligrams of cholesterol per milliliter of the substrate is prodabdly
an amalytical error and should perhaps be disregarded. Theee resulte
show an optimum pH bdetween 6.4 mnd 6.8,

IS wvas of interest to determine vhetaer the optimam pH for the
ssterification of cholesterol wvould more closely approach the pR of
3lood and that of the imtrasellular fluid if the umsaturasion of the
fatty acid was increased. Graph ) represents the results of the three

esterification determimations.
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SUMLARY

Ia preparation for the etady of choleslsrol eeterase difficully
wae eaecuntered ia the sethod chesen for cholesterel snalysie.
Usilisation of the Eperry-vedd @etdod proved unsatiefactory in its
eatirely. However, the coler 4svelepment portion seemed eatisfaetoly.
Study of amotder method utilising a e¢ilicic acid aoluan for seperatioa
of the cholesterol fractions mad subseguent color davelapmweant vith a
ferrie chleride-hydroohloric acid-salfuric acid resgeat aleo appeared
aafsvorable. Ia thes latter method the coler develogmesut porttonm
Presonted She difficulty. A cemdiastion of the silicie asiéd evluamn
ehramatograpbic metbed of separation of the fradtiesne of cholestersl
aad the coler developmeat used ia the Sperry-¥edbh methed produced &
ssasitive, Breciee, workedle method for quaatitative asolysis.

The optimua pE requiremeats for the enxyme chelesterol caterace
wele obudied 1ia relatien te the eeterification of ehelesterol with
oleic acid, limoleic eaid, and limsleale seid.

Study of solde having the same carton length but Raving greater
uneaturatitoa revealed higher pR roguiruonsﬁr; than previous studies
had ahova. The optisus pE for ahelesterol ceterificatiaon with oleie
agid vee betveen 6.0 and 6.4; with linoleie soid Lt was between 6.2
ssd 6£.6; and vith 1ineleaic ssid 1t wvas betveen 6.4 and 6.6. 7This
showe that tho higher the degree of uuﬁmuon: st least up %¢ 3
doudle Yonds 1a 18 eordea fatly sside, $2s grecter ie the optimam

o8 of eeterifieation.
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