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with sufficient experimental 
i rigorous and more or less 
\-er. that the metabolism of 
intimatel?- inwived in the 

pat@gjn$s-of thFb ctis@ae; and at  this time the study of atherowlerosi3 
as gd i3eFe  incid&$t$abnormal hpid nletaholisni ivould appear to  offer 
t h e g e d  &pc$cf t i j  i f j  ultimate coiitrol. The final uirderstniidiiip of the 
ps$ol&@rdp~y$o@&i of atherosrlerosis must contain uii*iver$ I O  many 
lunda&&t5f &@e&i@f lipid and vholesterol ructnholi.-ni. 

36 igr$n@ti&n3f deranged lipid ni t~[ : ihl i . -nr  91 u proiiii4iiy ap- 
prgA,,E 6 @<@t@I&ical phy-iolopy of atherusclerosis ariaes fruni u 
i.ariety oi r.\-idence. f h e r e  is no doubt that atherosclerotir plaques ('on- 
tain inrreu-ed deposits of lipids: that rholesterol feedings i i i  suitable 
animals pruduce esperimental atherosclerosis: that certain diseases rhar- 
a1,terized hy deranged lipid metabolism. i.e.. wiithoma tuberosum, sail- 
t honla reirdinoeum. diabetes. hypothyroidism. and nephrosis. show an 
iirrrea-e i i i  atherosclero and also that certain evidence n-ould indicate 
that the iiicidence of atherosclerosis can be influenced to  a degree by 
alterations in the lipid content of the diet. Hon-ever, on closer esamina- 
tion of this e\idence it becomes obvious that the morbid aiiarnniy of 
atheronintous plaques tells us little or nothing of the metabolic sequences 
leading to their formation: that  many features of esperimental athero- 
.wlerosis differ rather strikingly from the human disease; that the vast 
majority of patients having atherosclerosis shoiv no obvious derangement 
i n  lipid metabolism: and finally that attempts to control the disease by 
dietary means hare  been disappointing. Indeed many phases of lipid 
nietabolism as it applies t o  human atherosclerosis remain controversial. 
In order to correctly integrate the various conflicting ideas which are 
current in atherosclerosis research more information is needed on the 
fundamentals of lipid absorption. the Lipid transport system of the blood. 
blood and tissue lipid intermetabolism. hepatic function. and bile acid 
metabolism. The intensely dynamic state of all phases of lipid and 
lipoprotein metabolism is slowly unfolding to  the,at tack of modern iso- 
topic techniques: honever. the picture is far from complete. 

The present paper deals with a variety of experiments on the funda- 
meiitals of cholesterol metabolism performed n i t h  cholesterol labeled 
x\-ith tritium. Wherever possible human experiments hal-e been done: 
however. in attempting to explain the results seen in the human studies 
it has beeti necessary to  resort to animal experiments. This step. from 
animals to man. is obviously a difficult one to take with certainty ill 

metabolic research, but  in many areas of fundamental lipoprotein metab- 
olism animal studies would appear to be the only possible approach. In  
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@d& $@n?$tabolism of esogenow or dietary cholesterol is empha- 
e B $ d s  how?vfl.zthe intricate intermetabolism of esogenous and endog- 
2 Ty$c&&t&@j metabolism in all i n  t,im animal and human studies is 

0" q q h z h t  _Ps$ge$ous and eudo, Venous cholesterol nierabolism cannot be  
0 %&&bp(i gholff independentl!.. Our understanding of e\-ogenous choles- 

, t ~ o ~ n i ~ t a h d i s $  is not complete. and i n  sonie sections of this pnper data  
c 2 . -  .- Q m ~ y  been pfegnted n-hch lack sufficient corollary infornistion to a l l o n  
v) 0 .- 5 0 +act ,interpfe@rion. In the nisin. horr-evrr. sonie interpretation of the 

nd a rlrirmprinn of wnir nipec'ri of < J U T  k!inn.ldqe ( o i  

m ' ; i ~ g z  ' '. % ' i S $ S T E R O L  V E T I B O L I J Y  I S  ITHEKOSCLEROSIS 

- 
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15 of exogenous ~.holrsterul nirraholi.-rn is preseiited. 

11. ESPEHIMEIT.\L ~ I E T H O D ,  

Trdrrrm Labeled C'holeaterd (Cholesterul-HJ! 
was prepared according to the nierhod of Blwh and 

t h  a fen- minor changes 13.51. This cstslytic exchange 
method of labeling prorides a ronipound entirely suitable fur the study 
of exogenous cholesterol metabolism. Biggs and Kritchei-sky 8 4'1 and 
Hellman et al. (281 compared cholesterol-C" and choleirerol-HJ rnetabo- 
lism in i n  riiw studies. Results of studies of the metabolic fate of esoeenous 
cholesterol nere identical ahether  carbon-14 labeled or tritium labeled 
i.holestero1 was used. The label in the cholesterol-H3 so prepared is divided 
approsimately equally between the pherianthrene ring structure aiid the 
Gide chain. Le.. 465 in the vicinity of the li-3-h!drosy 
in the isopropyl group of the side chain 1'11. 21. 

Tritium decays m t h  a half-life of 1'7.3 years emitting a 3-particle of 
only 18 Lev maximum energy. These physiral characteristics make it 
particularly suitable for human studies for a practical dose. i.e.. 1 rnc of 
cholesterol-Ha, can be giren to a subject without approaching the maxi- 
mum permissible amount of this isotope in the hunian body a i  set by 
the Sat ional  Committee on Radiation Protection. 

2. dssay of Tritium Radioactil,ilg 
Both ionization chambers and active-gas filled counting tubes opera- 

ated in the proportional region have been used for niessuring tritium 
activities in this paper. Tritium-hydrogen gas was generated from a r a t e r  
sample prepared from the biological sample under investigation. The 
ionization rhambers nere  filled nith tritium-hydrogen to one atmosphere 
pressure and assayed on a vibrating reed electrometer with a suitable 
potentiometer (6 ,  231. The active-gas filled counters were filled to  partial 
pressures of 8 cm of mercury with tritium-hydrogen and 20 cm of mercury 
with isopentane. d suitable amplifier-scaler was used. 
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3. Chemical Procedures 

01 Specific dcfirify Jfeasurentcnts. .hi  alcohol-acetone 

precipitated with digitotlin. The cholesterol-digitonide 

I-digitonide empiriral forniula of C',?HI :,I ' 3 9 .  

sterol specific artivitier;. the lipid PKtrart \\-a,< sapoliltiptl 
droside prior t o  digitonin precipitarion. For i r w  cholri- 

01 specific activities nhen desired were ralculated from 
the free and total cholesterol specific activities arid the free and total 
cholesterol concentrations. 

The standard deviation of the cholesterol specific activity mensure- 
nients in the range of activities of this paper is ? 6 $ .  

b. Ckolesferol Determinations. Cholesterol determinations on srruni 
or on aliquots of the alcohol-acetone extracts were done according to the 
method of Schoenheimer and Sperry (47) as modified by Fobel and \layer 
(49) and Colman and 3IcPhee (13). 

4. Collection of Rat Lymph 

A polyethylene tube. outside diameter 0.060 in., \vas placed i i i  the 
abdominal portion of the thoracic duct. according to the technique de- 
scribed by Bloom et al. (9). I second polyethylene tube n'as fixed in the 
stomach to  facilitate the administration of cholesterol-H'. After recovery 
from the ether anesthesia the animals n-ere maintained in restraining 
cages ni thout  anesthesia throughout the lymph collections. hpprosi- 
mately 6 hours after surgery if the lymph flow was good each donor 
animal was given 5 ml of whole milk plus 30 mg of cholesterol-Ha dissolved 
in 1 ml of cottonseed oil. The lymph subsequently,collected was delivered 
to  a flask containing acid citrate dextrose anticoagulant to prevent clot- 
ting. Each 100 ml of this solution contains sodium citrate ZTSP 2.06 p i .  

citric acid 0 . i 5  gm, and dextrose 2.29 gm. The lymph used for the in- 
jection experiments was collected as soon after the cholesterol-H' ad- 
ministration as  the lymph became pure ahi te  and chylous. The lymph 
was stored a t  4OC and was used within 48 hours of collection. 

5. C;l&racmtn~ugd Analysza of Serum Lipoproteins 
The method of ultracentrifugal analysis of the low density lipoproteins 

of the serum as developed by Gofman and his associates has been utilized 
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2 @qs$ijd <et:e:erql had previously experienced a myocardial iufarct io~~.  

.- uI D .- En& c :pafi&&ec.eived r. a single dose of cholesterol-Ha dissolved in 
5 not@nlp+ oil &$emulsified into a mixture of 250 ml of whole milk and 
.$tIi. gn70f-jd ?&&I. The total and free cholerterol specific activities of 
. = t &  ? e f # ~ u ! + r ~ $ t e r n i i t i e d  as a fuiiction of time. Typtixl rewlts to  be 0 -. .,J - . _- - 

vt@$n$ifpgil +nalyses of the s e a m  lipoproteins were done. 

OAYS 

Fii;. 2. The gmph sbnw rhe rhnnpes in seruni i,holrsrrrol -peritir x t i v i t ?  uI n 
funrtion of time followng a single i d i n g  of 0.54 gm ol cholc~~rrrol-H’ c>p art. = 
1.0; pr mg, in a fatry meal. The lipoprotein spectrum rhou-s. &%I2 = 432 n i g 5 ,  
Sp12-400 - 429 mg?,. &rum cholesterol values: free = 66 m g f ,  toral - 266 m g s .  
(From Biggs. 11. \V,, and Colman, D., Circulolion 7, :393. 1953.) 

found in ‘‘normal” individuals are exemplified in Fig. 1. Figure 2 illus- 
trates the results found in a patient who had one year preriously expe- 
rienced a myocardial infarction. Typical results seen in santhonia ten- 
dinosum are illustrated in Fig. 3, i n  xanthoma tuberosum iu Fig. 4. 

In the usual patient the peak serum cholesterol specific activity is not 
reached until between 24 and 48 hours following the cholesterol-H’ meal 
and usually between 8 and 1.55 of the fed cholesterol-H’ exists i n  the 
circulating plasma at this time. The  delayed maximum serum cholesterol 
specific activity is of course a function of the rate of cholesterol-HJ ab- 
sorption and the metabolic fate of dietary cholesterol durillg the first 
day or two follosing its aborption. The rate of cholesterol absorption in 



WCUMWT SOURCE 
University of California at Berkeley 

The Bancroft Librarynhe University Archives, Berkeley CA 





1 WCwENT SOURCE 
Universitv of California at Berkeley 

The Elancroft Librawhhe Universdy Archives, Berkeley CA 



DOCUMENT S O U R E  
University of California at Berkeley 

The Bancroft Librarymhe University Archives, Berkeley CA 
RECOROSSEFYCSTinE . . 3 



lj g 
' n  u 3. 

OLEaTEROL YETIBOLISJL IS .\THERO>.( LENUSIS 8 -  0 _ $ 3 $  :;.. L -  

. - u " . J s c ,  - 
2 & & e G p p g t S e t  devised for inaii. The reader is referred to the papers of 
8 5 %h<be%$H$-dor details of their correlation studiel.. 

,= ,E Ket$t$,C?t3#r-old female is illustrated in Fig. 1 .  The predoniinant 
0" ! ~ p o p c ~ t g n ~ p c i e s  is the Pr%12 class of molerules. Parielits with sau- 2 0 thqfnit&&.o&n~ do not shoir. this normal patrertt hut rather hare  high 

'5 .- $ Q&pr$@iibof S,"12-400 lipoprotciii molecule- 1 Fig. 4 i. 11a11y parie~tts 
a 5 E yi$bgr$&l.%ound n-ho have lipoprotein spectra 1r.hir.h lie interniediate 

E 2 k t 3 e @  I(hg lObrnial and xanthoma tuberosum partrrrri I Fig. 2 ,  From 
0 &r&$-rg.&%tions of patients with sailthoma tuberorunl i t  i- J ~ I I , , K I I  

3 E @cg@t6h&%how an incidence of atherozclero-is higher thaLr th s t  of 

2 g i; ; : \ s n g e a e  Ion- density Lipoprotein spectruni :id exeniplitied I,? a c 

m -  c 

- 8 ~ t & , o ~ i ~ l $ ~ $ ~ ~ l a t i o n .  It should be ttoted. too. that all - r e r k a f  aTh rosclero;is show elel-ated wruni rdw~  fc)r 
cule.;. It is of particular interest and not surprising then that GoinIan and 
c+workerr found the serum St01'7-400 lipoprotein concentration should 
be n-eiphted in their atherogenic index calculations: that the concentra- 
tion of these molecules proves of particular I-alue in predicting athpro- 
genesis. It is of course true that patients ni th  santhlmia tenditlosum 
who do not h a r e  increased SP12-400 lipoprotein concentratioiis al,*o hare  
an increased incidence of atherosclerosis. They shun. incren-ed concen- 
trations of S100-12 rno1t:cules; thus S0O-1? molecules. too, appear t o  be 
associated with developing atherosclerosis if pre:ent in the serum in 
sufficient concentrations. It remains to be seen whether the serum $00-12 
molecules in santhoma tendinosum are chemically identical with those 
i n  the normal patient. 

11.. IXIMAL STTDIES-THE HEPATIC Y P T I K E  OF 

CHTLE CHOLESTEROL 

.\ series of animal experiments h a r e  been doue with the prime objec- 
tive of clarifying the dynamics of exogenous cholesterol metabolism in 
man. 

It has been firmly established tha t  dietary cholesterol is absorbed in 
the chyle and enters the systemic circulation via the thoracic duct lymph 
(3. 12). There is no eridence that  any exogenous cholesterol enters di- 
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- P a  5 2 f'9-4 c%&@ng cholesterol-H' nas  collected as described under 

8 J&~~1&15c..1A$j dissolyed in 1 ml of cottonseed oil plus 5 nil of whole 
0 ge@@s.iq@d@or animal y a s  giren 30 mg of cholesterol-HJ (sp. 

the plasma was separated from the red blood cells 
Immediately folloning essanguination 

the liver was excised arid lyophilized. The free and total cholesterol con- 
tent and specific actiiities were determined for the plasma and liver 
cholesterol. 

Chyle containing stearic-HJ-acid was collected from a donor ailrmal 
gi\.eir 2.0 nig of stearic-HJ-acid (sp. act. = S3.3 fie mgi and 30 rng of 
unlabeled cholesterol dissolved in 1 ml of cottonseed oil together with 
> nil of whole milk by stomach tube. Twelve animals similar to those 
used in the cholesterol-H' esperiment above were each given 0.5 nd uf 
rhyle containing stearic-Ha-acid intravenously isp. act. = 3.36 p c  nil 
of vhylel. These animals were also killed in groups of 3 at 1.5 min. 30 nliii. 
i 3  niin. and 1 hr. The blood n a s  collected in a heparinized rube to 
prewnt  clotting. The livers were removed immediately and frozen. 
.\liquors of n-hole blood and of wet liver were combusted directly i n  a 
combustion tube and the water obtained used for tritium assay. Thus 
the total tritium content of a known aliquot of blood or liver n-as obtained. 

2. Results 
-it 30 minutes following the cholesterol-HI chyle injection, over 905 

of the chyle cholesterol bas been removed from the circulating plasma. 
At this time over 80% of the injected chyle cholesterol is to  be found 
in the  liver. The percentages of injected chyle cholesterol found i n  the 
plasma and liver a t  each time interval are recorded in Table 11. For thele 
calculations the plasma volume for each rat has been estimated at  10 nil. 

During the period betneen 30 minutes and 1 hour followilng the chyle 
injection, the specific activities of the liver cholesterol rose to levels 
greater than 5 times that of the corresponding plasma cholesterol specific 
:ictivities. The plasma total cholesterol specific activities and the li1.t-r 
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1 
I , 

L:wr rrholwerol 
confenr 

Frer Total L t e r  

I X 111.' pc mg! 
__ -_____ 

12.3 1.5 6 3 3 ti 9 12 0 :l5 
E ?  1 4 3  2 1  t i 6  1 2 5  49 

j 30mm 1 !I 1 6 4  2 1 1  2 ;  4 6  ! I 1  411 
4 4 5 m m  2 2  I 2 1  I 5 1  3 0  8 5  1 2 1  2; 
5 45 nim '7; 13 3 15 6 2 ;i 7 2 10 !> .i2 
ti 45mm 1 5  1 3 4 1 6 5 3 1  8 4  1 1 0  "2 
7 I hour I 9  12.1 I6 fi 4 5 7 . 9  10 5 l i  
8 I hour I .9  1 4 1 1 6 8 2 4  8 2  1 0 4  24 
!J I hour 2 . 1  13.7 16 0 2 3 9 9 I O  7 15 

10 2 hour- 1 8  1 3 t i  I 6 8  x . 2  : 3 7  4 ! )  111 

1 1  2 hour- 
I ?  ? hour- 3 .i 123  1 5 1  2 6  7 ;  6 9  ? 
1 3  4 hour5 9 j 1 6 1  1 9 4  3 3  :3s 4 0  - 
1 4  4 houn 2 9  1 7 0  2 0 0  ; i o  4 1  4 1  - 
15 + h o r n  3 1  1 3 8 1 5 . 0 1 2  4 5  4 9  - 

_ _ _  - - - - 

* From Biggs. \ I .  K., Proc. Infern. Conf. Pmcrflil t ' s e s  .4fornic E n r r g g ,  G i n e r a ,  
1953. p. 329. 

of papers indicating that the liver is o f  prime importance in the metab- 
olism of both esogeuous and endogenous cholesterol. It is not surprisiug 
then to find the liver actively participating in chyle cholesterol rnetab- 
olism. The feature of particular interest when vieired in light o f  the 
specific activity absorption curves seen in man and in light of current 
ideas of the  serum lipid transport system is the fact that esogenous 
cholesterol follows this specific pathxay to the li\.er and does not initially 
mis n i t h  the other serum lipids. The implications of this ohservation 
\\-ill be discussed further in section v.  

Folloning the chxle cholesterol-Hs injection the specific actirity of 
the liver wterified cholesterol pool rises quickly and falls precipitously 
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ry  cholesterol into the liver without appreciable (.ho- 

5 c\ &t& snd este'fided by Friedman and co-workers I IS. 191. These author.. 
'5 .- f p+nt t o  tfierejiculo-endothelial syJtem as perforniirig the initial impor- 
6 E t+it sfi.p'--ofr~t$o\%yg the esugeiiuu chole5rerol frnni the serum into the 
E 2 i@i  The:-qe&ic-irj- oi the heparic uptake of  chyle musf uertninly be a 

cJt&i$i& $ Wzmorphology oi the IipoprotPiw in which the esogenous 
3 - ~ I . ~ o ~ % - : & ~ $ - ~ &  in the serum. 
8 2 2 $h$ +tZ 6esented iii Table 11 follo\i-ing the injection of chyle 
0 % 5 h t k i 6 q  s?ea%c-H5-acid is of interest when vien-ed against a simple 

coiicrpt i>f "phagocytosis" of chylomicrons by the hepatic reticulo- 
e n d ~ ~ t h ~ l i a l  system. The data  .5horv an effective dii-ergence of :he nieta- 
bolic iate for neutral fat and cholesterol early in their metabolism follon-- 
iiig absorption. If the chylonlicrons are removed in tolo into the hepatic 
reticulo-endothelial system the findings would seem to require n rapid 
resecretion of fat back into the circulation in some form for distribution 
elsen-here. .in alternative esplanation of the data  is that the neutral fat 
content of chylomicrons can be reduced at  various tissue sites other than 
the liver prior to hepatic uptake of chyle cholesterol. 

1.. ISTEGR.4TIOT OF HLXAS .<SD .\SI!L$L S T r D I L J  

In the human studies i t  was observed that the fornisof the cholesterol 
specific aeririry absorptioii curves are a function of the Sfg0-12 versus 
S,012400 lipoprotein molecules in the serum. K h e n  the Sr?12400 niole- 
cules predominate the esterified cholesterol of the serum has the higher 
specific acri\ity at 24 hours folloeing a single cholesterol-H3 meal. 
When the S,oO-12 molecules predominate the free cholesterol ha* the 
higher specific activity. 

The animal studies reported here and in the literature afford a tiuni- 
ber of obseri-ations on fundamental exogenous cholesterol nietabolisni 
which appear pertinent to  the interpretation of the human data. In 
summary these observations are: 

1. Dietary cholesterol is absorbed in the chyle of rhe thoracic duct 
(3, 121 in lipoprotein molecules floating in the ultracentrifuge Kith 3. 
flotation rate of greater than 400 Sro units ( 7 ) .  Presumably the esogenou: 
cholesterol is in the chylomicrons (11) n-hich contain over 90% neutral fa t .  

2. Exogenous cholesterol in the chyle is in both free and esterified 
forms, and in animals the greater amount is esteriEed (10). 
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XANTHOMA TUBEROSUM 

Fro. 7,  S~llruinlic representation of ezogenom cholesterol-esrrr meralmlism in 
utnthoma tuherosum. The St~z(t4GU lipoprotein pool is large, and eEertire hepatic 
uptake is slow. 

dirergence of nietabolic pathway.< early in chyle nietabuliain are con- 
sistent with their ideas. 

TI. ISHIBITI@S or DIETIRT CHOLESTEROL . \BS@RPTIUX 
WITH SITOSTEROL 

Regulation of the serum cholesterol levels and the lipoproteiu distn- 
bution within the various lipoprotein species of the serum can be effected 
to a degree by alterations in .the fat and carbohydrate content of the 
diet without caloric restrictions. The usual patient shows changes 
toward an improved serum lipoprotein pirture on a diet whereill the 
animal fa t s  have been replaced by vegetable fats. This impro~-en~e!rt. 
however. usually ceases short of the desired clinical effect. Xhether or not 
the cholesterol content of the diet is of any consequence in determining 
the serum cholesterol level continues to  be debated. The debate is compli- 
cated by the obvious fact that although the cholesterol m i t e n t  of the 
diet be kept low cholesterol couri~iues to  be secreted into the i l l t e s t i d  
lunlen in bile in aniouiirs t-uriously esrinlated at around 1.25 gni per day. 
:tud thew is gome eritlriivr for r.holrsterol secretion iiito the gut I I I I I I I - ~ I  In?. 
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-t.runi li~percholi;tcroleniia and the cholesterol depo;::~ i n  the aorta 
~ i i d  liver 11 hirh nould normally occur when t.holesterol n a d  ied alone 

Pollak reporred similar results 211 rabbira and chsrrted 3 reduc- 
r i a m  in seriini cholesterol in man :44,  451 .  Since the.;e enrl?. ubser\arions 
.here have been numerous observations in rnm aiid ii i  rhe niam some 
Inxrerinq of serum cholesterol values have been obserx ~d iollowing the 
JJditioii of sitosrerols to the diet f 1. 33. 41. 481. Sesrly 311 reports indi- 
$'ate that  the best results are obtained in patients with a hxperchn- 
Iwseroleniia: less significant changes occurriiig i i i  norn:32holeitrrolt,niir 
iiidivit1ii:iIs. Some reports hare  failed to observe a drfixire lorrering or' 

-zrum t.tiolestero1 values (17, 53). Peterson in his ~ )nqna l  rcptrts 
t,elie\-ed the erlects obsened were due to D reducrion in ezupet ,bus 
t.htp:r.;tt.rol 3horpt ion.  This has been shown to be true in rats u-iitp 
tracer vholesterol ,30',. The mechanism of this reduction in cholePrrrol 
ab*orption is not knonn .  but a mixed crystal complex of cholesterol arid 
sitosterol interfering n l th  the colloidal dispersion of cholesterol in the 
absorptive processes has been proposed (15 , .  Since sitosterols undergo 
esterification in the intestinal lumen a competitive W b i t l o n  of the 
esterification of cholesterol has been postulated. It  as originally 
believed that  the sitosterols were not absorbed (46. 321. hower.er, i t  has 
now been conclusively demonstrated that a small percentage. perhaps 
105,  is absorbed (26, 31). Indeed the soy sterols have been :horn to  be 
stherogenic in rabbits (14). 

.Ls indicated above the results in man utilizing soy sterols have been 
variable. I t  s e e m  unlikely that the soy sterol preparation or experi- 
mental design evplains all of the divergent results. Rather these results 
aeern to point up the fact that  the serum cholesterol value in  man is the 
integrated sum of several metabolic variable? it.i.oli-ing hot h exogenous 

(0. 41 
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fractiou of the seruni cholesterol 
f esogenous cholesterol absorption 
al. It has been shown in the initial 
esogenous cholesterol is processed 

atieiits n-ith divergent lipoproreiii 
ow efficicrit the soy sterols are in 
to get surne iiiforiiiatioii about the 

rum I,huir?t?rul ~.riiir.ei~trativii arising 

1 .  Expcr imoi ta l  

were given an  oral feeding of cholesterol-H3 iii a 
tianiics of cholesrerol ahsorption were then observed 
. The rise and fall of free and esterified cholesterol 
e serum were nieasurrd. . i t  the completion of this 
both subjects were placed on sitosrerol.* 1s gni 

per day in 3 divided doses before meals. .Uter a suitable period the 
choleirerol-H3 meal \vas repeated, and the dynamics of cholesterol 
nierabolisni again measured and compared with the control results. 

Patient number one was a 38-year-old male. tveight 314 Ib, who was 
rlinically well with a negative past history. He was part of a larger study 
being conducted to evaluate the effects of soy sterols on the serum 
cholesterol and waa just completing a period 011 placebo medication 
when the control study was done. His diet and weight reniained unchanged 
during the period of study. This patient initially ingested 0.115 gni of 
cholesrerol-H1 with a specific activity of 1.81 MC nig. This choleserol 
was dissolved in 5.0 ml of Fesson oil and emulsified in 45 gm of ice cream 
and 230 ml of whole milk. The free and total serum cholesterol specific 
actii-ities were determined for 10 days. -kt the end of the IO-day period 
the patient \vas shifted from the placebo to 18 gm of sitosterol per day. 
;\fter the medication had been taken for 32 days the study with labeled 
cholesterol was repeated. The subject received (I132 gm of the choles- 
terol-HJ. ypecific activity equal to 1.81 pc/mg as  before but r i t h  the 
addition of 6 gm of sitosterol. The specific act i t i ty  measurements rrere 
repeated. -\ blood sample was taken a t  the time of the second choles- 
terol-H* dose to  determine how much cholesterol-H’ remained in the 
serum from the first dose. 

Patient number two was a 41-year-old male, weight 200 Ib, nho had 
a clinical diagnosis of xanthoma tuberosum. He had not received prior 

me sitosterol preparation used in this study wa-c “Cytellin” kindly provided 
by Dr. Robert Shipley of the Ell Lllly Company. 



period \\-as 291 5 3 nig?. .Lfter 3:' d3ys on 13 gni of sitssrerol per 
da? the total serum cholesterol as niensured in 7 separate seruni +ani- 
ples during the second cholr-terol-Hi' study i v 3 3  273 = 3 mg';. The 
Ierum lipoprotein spectrum 3t the heginiiing of thr. r\per:nlent shonrd.  
5,%12 = 601 mg? ; S,r12-20 = 117 nigC,. .31'*20-100 = 1'25 mg? niid 
S,0100-400 = 52 nig?. The results of the Zpccifir nct: \ i ty  deterniinatims 
are giren in Fig 8. The results of the control period arc as e\pected. Thr 
free cholesterol specific act i t i ty  \vas higher thnn the r u t 3 1  (~hulesterol 
iprcific act i \ i ty  for a period of 2 days. The penk tots: I hulciterol qpecilic 
scti\.ity \\as reached between 1 snd 2 d3ys The tnt91 a.holeiterol specif(* 
activity at the time the free and total cholestero: spcrific arti\.ities are 
identical represents npprosinutely 7 . 5 ?  of the ii:gc-:zd chule+terul in 
the serum at this time. The results folloniilg the iiigt-ition ai sitosterol 
are also included in Fig. 8. Here there IS a general flattening of the curve 
:md the free and total cholesterol specific a(-tivity \.slues are the same 
tvithin experimental error. . i t  the masimunl total cholesterol specific 
actirity obtained on day 3 approximately 3.37- of the ingested choles- 
terol-Ha was in the serum. The serum total cholesterol specific activity a t  
the time oi the second cholcsterol-Ha feeding \ \as 0.16 X IO-' gc; mg. 

I n  patient number two the average of 7 serum cholesterol deterniina- 
tions in the control period w a s  2% z 40 mg?. .Girer 32 days on 15 pm 
of sitosterol per day the at'erage serum cholesterol was 276 C 13 mg?. 
Initially the serum loa  density lipoprotein zpectrum ihorved Ses'O-12 = 
230 mg?: Sr'12-30 = 131 mgC,: S,"20-100 = 7 2 6  mg?: and S10100-400 
= 785 m g S .  hf ter  treatment the values \\ere .<! 0-12 = 115 m g S :  
&012-20 = 89 mg?. SrD?@lOO = 333 mg?: 5 ' 1 0 - 4 0 0  = .;E m g S .  The 
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t e p l t s  F w F r d e d  in Fig. 9. In the control and sitosterol esperimental 
&&i&gneqgralent amount of cholesterol \vas fed; however, the specific 5 s4v!~’3Cj@ initial feeding was lower than in  the esperimental feeding. 

$ Znz% @:.$I $e,curI.es for the control period have been corrected to the 5 ~ ~ e $ p ~ ~ & c q r t i v i t y  doiape scale used in the espenmental period. *\gain 
.- c .E gie re-i?t-$$he wir r id  period ore a3 espected. The rota1 cholesterol 
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FIG. 8. The inhibition or exogenous cholesterol-H’ ahsorption in patient 1. . i t  the 

tap of the figure is n line tracing of rhe serum lipoprotein spectrum as determined in 
the ultracentrifuge. 

specific actirity rontinued higher than the free cholesterol specific activity 
for a period of 3 4  days. The cholesterol-H* in the total serum cholesterol 
at the end of day 4, when the free and total rholesterol values are approxi- 
mately the same, represents approsimately 8.14; of the ingested doer. 
The experimental period is also graphically demonstrated in Fig. 9. The 
rise in serum cholesterol specific activity values was not nearly as high as 
in the control period. The rnasimum specific artivity at day one repre- 
sents only approximately 1 .45  of the ingested dose. The serum total 
cholesterol specific activity at rhe time of the sernnd rholrsternl-H’ 
feeding was 0.12 X IO-’ pc ‘ n q .  
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0, 2 3;Ie&lt8i$i $f over >O$ in the aniount of chyle cholesterol enteritig 
2 5 i?i@ dr31ktilSg blood over a period of 32 days produced only a small 

, re&~biibnibNut  6 s .  iii the serum cholesterol values. Thus in this pa- 
.e" fraction of the serum cholesterol value which can 
he amount of chyle cholesterol entering the circulation 

i l l  pcttieiit two show a dramatic reduction iii both the 
01 values and in the amount uf cholesterol-H3 appearing 
terpretstion of the data is seriously complicated b.v the 
tieiit lust 1'2 pounds of body w i g h t  during the experi- 

recluction of tot31 raloriea i i i  the diet of such a patient 
d to produce a draniattc fall 111 Ferum cholesterol without 
iiy other form of medicstion. There s e e m  little questioti 
absorption of dietary cholesterol was strikingly reduced 

in this patient. Further studies with better dietary control ivill be neres- 
sary to evaluate Khat effectii-e fraction of the serum cholesterol l-alue 
arises directly from esopenous sources in such patients. 

The dynamics of exogenous cholesterol metabolism as \ iewed in the 
ceruni c.hole$terol pools are altered under the influence of sitosterol 
nirdicatiou. The free ai?d total cholesterol specific activities are essentially 
the same through the experimental period of observation. The tentative 
esplaiiatioii for these findings is that they result solely from a general 
slo\\-ing and depression of cholesterol absorption from the gut. 

The data do not proiide an accurate measure of the turnover rate 
of serum cholesterol under sitosterol therapy; holvever. the descending 
\.aluea ui the total cholesterol specific activities in the control and esperi- 
niental periods do not indicate any gross alteration in serum cholesterol 
turnover under sitosterol medication. In  patient one, in n-horn the seruni 
cholesterol values varied only slightly during the period of sitosterol 
administration. the serum cholesterol specific activity on day 10 of the  
control period was 0.i5 X lo-' pc/mg. On this day he was started on 
18 gm of sitosterol per day. Thirty-two days later the serum cholesterol 
specific acti\ity was 0.16 X IO-' rc,/mg, which would indicate a serum 
cholesterol half-time of approximately 11 days under the influence of 
sitosterol medication. 

From these observations there appears to be no doubt that  cholesterol 
absorption can be appreciably reduced in man by the administration 
of sitosterol, The magnitude of this reduction n-ould appear to be size- 
able; more than SO$ of the esogenous cholesterol-Ha which rould  
ilormally be absorbed fails to appear in the circulating blood when admiti- 
istered in associatioii ivith sitosterol. However the numerous clinical 
( h e r v a t i o n s  on the effert3 nf sitostprnl niedication .seem to rlearly 
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