DOCUMENT SQURCE
University of California at Berkels
y
The Bancroft Library/The University Archives, Berkeley CA

CORWES I g (Ihufe’\ @ (/) Y V/W

TCH2S T e

caKToN
'z:? COPY

FOLDERNAME &2 [ F

CO(T(?P

TR\ [elas

722499

<.
S
<

o

AT
n
i

><r ot Library, Uni

2

»
d":}q
1084';\
% g
e
&
obtained 405

ut expr

%

8
ne B..\ncrb,;f. "
‘" ,ﬁ@ ;

mia. 94720.

a

)

Ld
roft LTQ#'

be deug

ls in Theﬂd!}:
gzg
; %’h.

GGENOUS CHOLESTEROL METABOLISM IN
ROSCLEROSIS WITH THE AID OF ISOTOPES

©
13
@ By Max W, Blggs
W Page
Lglmro&udlon S50z 357
[EZ F¥petimental \Knho& L3539
O\ Tritigh Eaheled Golesicrol Cholesterol-H? 339
& .){s.acbfﬂ'r&mm Badipaetivity . 359
3. ;J(‘}Eml(‘aﬁ cedutps 360
g & Thgledergl Spepific Activity Measuretnents .. 360
g_ % K‘hgleaeﬁl Befernnmnom . 360
04 3 rﬁp@oso Brmph .. 360
5. U litacentrifagal Analysis of Serum proproxelm 360
1L Hum.m Studies—An Apparent Metaholic Defect in Etogenow Choleﬂteml
Metabolism in Atherosclerosis. ... . . .. 361
IV. Animal Studies—The Hepatic Uptake of Chyle € hole~tero| R 1)
1. Experirgental.... ... ... . L. 368
2 Results ... ... .. L..... 368
3. Discussion. .. 364
V. Integration of Human nnd l.mmul \(ud|e~ . 372
VL Inhthon of Dietary Cholesterol Absorption with Fitosterol .. 376
. Fxperimental. . 378
'2, Results. 379
3. Discussion ... .. ..., 381
References. . ... .. 383

1. IxTRODUCTION

Human studies are particularly indicated in atherosclerosis research
in view of the uncertainties in translating data collected in atherosclerotic
animals to man. The types of experiments which can be performed are
of course limited by considerations of safety; however, some studies of
the dyvnamics of metabolism can be made directly in man with complete
safetv utilizing the various labeling isotopes of biological interest.
Studies of the dynamics of metabolism in health and disease directly in
man promise much toward clarifying the pathological physiology of
atherosclerosis.

In spite of the enormous research effort which has been directed to-
ward the effective control of human atherosclerosis. it remains the prin-
cipal cause of death in the United States (34). No hypothesis as to the
357




DOCUMENT SOURCE
University of California at Berkeley
The Bancroft Library/The University Archives, Barkeley CA

RECDR% SERIES TITLE

1 t,n H U{/LO{[‘/‘L(‘L/ (10\"([@

PO Ve 51)Sie p—

o
FoLoeRname & T F

Coiz=p. {353

NO

4—1/5

5’&“ "I oS

g o o= B
.§-5a3_1855
>~Oa':'?’°:d —p—
2w w dF —
€ 5 oS == A
b CEEZY
86 9¢ectidy .
3 9am o s s
kS A N ; '
- S o . .
) < =
gn;;b_)
eg - 2 b L
338 5 22 MAX W, BIGGs
m)': N

euong o this dxsea:.eshaa been presented with sufficient experimental
.md'"clum@.l 3% xden(‘e Eo immunize it from vigorous and more or less
effe 1‘& Fttack. One pomt is certain, however, that the metabolism of
tx»up and aer[nmhpldé and lipoproteins is intimately involved in the
pat%)gnsns of this dxseh:e and at this time the study of atherosclerosis
as zsdberrse incident a;abnormal lipid metabolism would appear to offer
the@es& &pproacbtcr 1§ ultimate coutrol. The final understanding of the
pa[gol@gﬁafpb\ Qo@g‘f of atherosclerosis must contain answers to many
Iurrdaéem:ﬂ p@oalegl@of lipid and cholesterol metabolism.

e mrnnx‘mg‘nﬁnaaf deranged lipid metabolism us a promising up-
pxuatﬁ? =) Ehe. petfwl@xcal phy=iology of atherosclerusis arises from u
variety of evidence. There is no doubt that atherosclerotic plaques con-
tain increased deposits of lipids: that cholesterol feedings in suitable
animals produce experimental atherosclerosis; that certain diseases char-
acterized by deranged lipid metabolism. i.e.. xanthoma tuberosum, xan-
thoma tendinosum. diabetes, hypothyroidism. and nephrosis. show an
increase in atherosclerosis; and also that certain evidence would indicate
that the incidence of atherosclerosis can be influenced to a degree by
alterations in the lipid content of the diet. However, on closer examina-
tion of this evidence it becomes obvious that the morbid anatomy of
atheromatous plaques tells us little or nothing of the metabolic sequences
leading to their formation: that many features of experimental athero-
sclerosis differ rather strikingly from the human disease; that the vast
majority of patients having atherosclerosis show no obvious derangement
in lipid metabolism: and finally that attempts to control the disease by
dietary means have been disappointing. Indeed many phases of lipid
metabolism as it applies to 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 attack of modern iso-
topic techniques; however, the picture is far from complete.

The present paper deals with a variety of experiments on the funda-
mentals of cholesterol metabolism performed with cholesterol labeled
with tritium. Wherever possible human experiments have been done;
however. in attempting to explain the results seen in the human studies
it has been necessary to resort to animal experiments. This step. from
animals to man, is obviously a difficult one to take with certainty in
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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£ ndtabolism of exogenous or dietary cholesterol is empha-
bo“e\e; ~tbe intricate intermetabolism of exogenous and endog-
cboIEﬂgmB metabolism in all 7r vive animal and human studies is
lgh“t}mt E\Egemom and endogenous cholesterol metabolism cannot be
e;csbed W holf\l independently. Our understanding of exogenous choles-
o}metabolhm is not complete. and in some sections of this paper data
VE been: presﬁnted which lack sufficient corollary information to allow
act mterpre@non In the main. however. some interpretation of the
atg is p0<=1blg and a deseription of some aspects of our knowledge of
fundamental~ of exogenous rholesterol metabolism is presented.
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$ II. ExpertMENTAL METHODS

L. Tritium Labeled Cholesterol (Cholesterol-H*!

o :Eec@l H?3 was prepared according to the method of Bloch and
Rutenb‘erg |§) with a few minor changes (35). This catalvtic exchange
method of labeling provides a compound entirely suitable fur the study
of exogenous cholesterol metabolism. Biggs and Kritchevsky 1) and
Hellman ef al. (28) compared cholesterol-C!* and cholesterol-H? metabo-
lism in 7n rivo studies. Results of studies of the metabolic fate of exogenous
cholesterol were identical whether carbon-14 labeled or tritium labeled
cholesterol was used. The label in the cholesterol-H? so prepared is divided
approximately equally between the phenanthrene ring structure and the
side chain. i.e., 46 in the vicinity of the A3-3-hyvdroxy svstem and 346
in the isopropy! group of the side chain (21, 22;.

Tritium decays with a half-life of 12.5 vears emitting a 3-particle of
only 18 kev maximum energy. These physical characteristics make it
particularly suitable for human studies for a practical dose. i.e., 1 mc of
cholesterol-H?, can be given to a subject without approaching the maxi-
mum permissible amount of this isotope in the human body as set by
the National Committee on Radiation Protection.
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2. Assay of Tritium Radioactivity

Both ionization chambers and active-gas filled counting tubes opera-
ated in the proportional region have been used for measuring tritium
activities in this paper. Tritium-hydrogen gas was generated from a water
sample prepared from the biological sample under investigation. The
ionization chambers were filled with tritium-hyvdrogen to one atmosphere
pressure and assayed on a vibrating reed electrometer with a suitable
potentiometer (6, 23). 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. A suitable amplifier-scaler was used.
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5 2 caf Choleslgrol Specific Activity Measurements. An  alcohol-acetone
L i B TOC T . .

= (131} selyfien of the serum, plasma, or tissue lipids was prepared and

:made up te aknown volume. The concentrations of total and free choles-
gtéoﬁ“@rg datermined colorimetrically as described below. The choles-
#oEH! ig & suitable aliquot together with a known amount of carrier
E})lést'éroz ®as precipitated with digitonin. The cholesterol-digitonide
‘ w@sfigi;@tga xrfl oxygen in a suitable combustion train to provide the water
"sa;;n@]e_:usgdgor hydrogen generation. The specific activity was caleulated
l§ila %Cﬁoﬁsterol-digitonide empirical formula of CsiH 2505

@ Eogtatafcholesterol specific activities. the lipid extract was saponified
\gtg‘Pﬁf@S@m hydroxide prior to digitonin precipitation. For free choles-
t@r%sg‘eéﬁ§acti\it}' measurements. this saponification step was omitted.
Kstprified cBolesterol specific activities when desired were calculated from
the free and total cholesterol specific activities and the free and total
cholesterol concentrations.

The standard deviation of the cholesterol specific activity measure-
ments in the range of activities of this paper is +6.

b. Cholesterol Determinations. Cholesterol determinations on serum
or on aliquots of the alcohol-acetone extracts were done according to the
method of Schoenheimer and Sperry (47) as modified by Sobel and Mayer
(49) and Colman and McPhee (13).

4. Collection of Rat Lymnph

A polyethylene tube. outside diameter 0.060 in.. was placed in the
abdominal portion of the thoracic duct according to the technique de-
scribed by Bloom et al. (9). A second polyethylene tube was fixed in the
stomach to facilitate the administration of cholesterol-H?. After recovery
from the ether anesthesia the animals were maintained in restraining
cages without anesthesia throughout the lymph collections. Approxi-
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-H? 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 USP 2.06 gm.
citric acid 0.75 gm, and dextrose 2.29 gm. The lymph used for the in-
jection experiments was collected as soon after the cholesterol-H? ad-
wministration as the lymph became pure white and chylous. The iymph
was stored at 4°C and was used within 48 hours of collection.

5. Ultracentrifugal Analysis 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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B @1%5@& éu‘} 'Phe method classifies the serum lipoproteins in terms
B glegr B“otzu n raf.és in the ultracentrifuge under carefully defined con-
ditgorg st @mpetatﬁre solution density, and centrifugal force. Gofman
yno ocmc,tes (‘Ba.gf\ the low density lipoproteins in terms of 3 units.™
e 803 ues in,:this paper correspond to the **Standard Flotation
gix s pap p
g‘c;as ¥ of Gu)fma@ and have been corrected for Johnston-Ogston con-
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AL
- 8 =
g [~
88
go:z
> ¥

H
D‘
<
]
3
=
2
[=3
1,
Q
&
g ] |
§, PATIENT |, NORMAL FEMALE | L
' s
o ;
° ' 2 3 4 5 [} N

DAYS
Fic. 1. The graph shows the changes in serum cholesterol specific acrivities as
function of time following a single feeding of 0.63 gm of cholesterol-H® ‘sp. act. =
1.07 ue mg) in a fatty meal. The lipoprotein spectrum shows: §0-12 = 259 mg¢
8,912-400 = 74 mg%. Serum cholesterol values: free = 42 mg<, total = 143 mg <
(From Biggs, M. W., and Colman, D., Cireulation 7, 393, 1433.)

IIT. HrMax STUbiEs—AN APPARENT METaBOLIC DEFECT IN
ExoGevotrs CHOLESTEROL METABOLISM IN ATHEROSCLEROSIS

In the course of the last several years cholesterol-H? has been fed to
some twenty patients and the dynamies of the appearance and disappear-
ance of labeled cholesterol in the plasma as a function of time have been
determined. This group includes a variety of different clinical entities.
Many can be classified as ‘‘healthy " individuals. several had xanthoma
tuberosum, several xanthoma tendinosum, one nephritis, one biliary cir-

* 1 8 unit = Svedberg of flotation = a fotation rate of 1071 cm ‘sec dyne. gm at
26°C in 8 medium of sodium chloride of solution density 1.063.
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Fii. 2. The graph shows the changes in serum cholesterol specific activity as a

function of time following a single feeding of 0.34 gin of cholesterol-H?® (sp. act. =

1.07 uc mg) in a fatty meal. The lipoprotein spectrum shows: 3,°0-12 = 432 mg %,

§012-400 = 429 mg%. Serum cholesterol values: free = 66 mg, total = 266 mg %.
From Biggs, M. W, and Colman, D., Circulation 7, 393, 19533.)

SPECIFIC ACTMITY,
»

[ 24

found in “‘normal’’ individuals are exemplified in Fig. 1. Figure 2 illus-
trates the results found in a patient who had one year previously expe-
rienced a myocardial infarction. Tvpical results seen in xanthoma ten-
dinosum are illustrated in Fig. 3, in xanthoma tuberosum in 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 13¢; of the fed cholesterol-H? exists in the
circulating plasma at this time. The delayed maximum serum cholesterol
specific activity is of course a function of the rate of cholesterol-H? ab-
sorption and the metabolic fate of dietary cholesterol during the first
day or two following its aborption. The rate of cholesterol absorption in

1bZUYS
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0ars
Fia. 3. The graph shows the changes in serun cholesterol specific activities s a
function of time following a single feeding of 0.60 gm of cholesterol-H? (sp. act. =
1.07 uc mg in a {atty meal. The lipoprotein spertrum shows: §°0-12 = Y74 mg<,
$012-400 = 193 mg <. Serum cholesterol values: free = 143 mg <, rotal = 319 mg.
(From Biggs, M. W, and Colman, D., Circulation 7, 393, 1933.)

4

absorption rate. Integrated into the rate of cholesterol absorption to
determine the final shape of the specific activity curves is the rate of
hepatic removal of chyle cholesterol and the rate of its subsequent return
to the systemic circulation. This metabolic pathway will be discussed in
more detail in a later section of this paper.

The existing evidence would indicate that appreciable amounts of
dietary cholesterol are excreted in the feces without absorption. Perhaps
the strongest supporting evidence that the absorption of dietary cho-
lesterol is not efficient arises from animal studies with thoracic duet
fistulae. Appreciably less cholesterol is recovered in the collected lymph
than is administered orally. In man large amounts of tritium label fed as
cholesterol-H? appear in the feces over a period of 3 to 1 days following

F1b24bb
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F1G. 4. The graph shows the changes in serum cholesterol specific activities as a
function of time following a single feeding of 0.72 gm of cholesterol-H? (sp. act. =
1.07 ue mg in a fatty meal. The lipoprotein spectrum shows: 350-12 = 124 mg*e,
30112400 = 337 mg<:. Serum cholesterol values: free = 73 mg%, total = 259 mg<c.
{From Biggs, M. W., and Colman, D., Circulation T, 393, 1953.)

[}

gut. It would appear that on the average something around 30 of in-
gested dietary cholesterol is absorbed. In two patients on whom stool
examinations were done in our laboratory, 727 and 32 of the in-
gested label fed as cholesterol-H? appeared in the feces in 4 days (3).
These patients received 0.86 and 0.69 gm of cholesterol respectively.
Three patients reported by Hellman and co-workers (28} excreted 11, 14.
and 27 of a small 10 mg dose of labeled cholesterol in 4 days; while a
4th patient excreted 48¢; of the cholesterol dose following a feeding of

1 gm.
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Tlge nsﬁ)p% beu een the free and total cholesterol specific ac-
tivitig iff the seflrn duriig the first few days following a cholesterol-H*
meal are‘_ﬂoifparncuﬁmnt’erest In the normal patient the free cholesterol
. speci ﬁch' s Righe® than the esterified cholesterol specific activity
for a%éloa af approurﬁatel\ 3 days (Fig. 1). [n the patient with xan-
thongh @mdumaun}.thtuéj relationships are retained but exaggerated. The
free. Eh(;leaxeml apeclﬁc Jgetivity here rises to inordinately high levels and
ma\tt'c@tmue 'igove thefesterified cholesterol level for 4 or 5 days (Fig. 3.
In g-pgicht: “\ghxamhnma tuberosum the reverse situation exists. Here
the@aﬁrhﬁqﬁ ﬁo@«e@l has the higher specific activity for 3 or 4 davs.
(Fig @’s@e&t%\uﬂgmermedmte specific activity curves between the
exrgmk ® s B,\ Fopnd (Fig. 2). Figure 2 illustrates the findings in a
pagexB m ghgn‘tlg ffee and esterified cholesterol specific activities are
the sani€ \\lth%*expenmental error.

[t can be demonstrated that the type of low density lipoprotein spec-
trum as determined in the ultracentrifuge accurately predicts the free
and esterified cholesterol specific activity relationships to be expected
24 hours following a cholesterol-H? feeding. When the spectrum shows
predominantly $°0-12 lipoproteins in the serum, the free cholesternl
specific activity is higher; when the 8,°12-400 lipoprotein molecules pre-
dominate the esterified cholesterol specific activity is higher. This inter-
relationship is illustrated in Table I. Twelve patients are listed together
with the ratios of free cholesterol specific activity to total cholesterol
specific activity at the end of day one and the ratio of the concentration
of 5,°0-12 molecules to $,°12—400 molecules in the lipoprotein spectrum.
Caleulation of Pearson’s product-moment coefficient of correlation be-
tween these two parameters gives a value of 0.92. The serum cholesterol
values are included but these data do not give a significant positive cor-
relation between the type of specific activity curve seen and the serum
cholesterol.

Extensive correlation studies have been done to establish the relation-
ship beiween the serum lipoprotein spectrum and, the development of
atherosclerosis. The ‘‘Cooperative Study of Lipoproteins and Athero-
sclerosis 7 demonstrated an elevation of both the serum 3,°20-100 lipo-
proteins and of the serum cholesterol as an antecedent finding in athero-
=clerosis as manifest by definite evidence of coronary artery disease
113a). Gofman and co-workers reported in this same study their use of
the “atherogenic index” calculated from the standard serum lipoprotein
concentrations and discussed its predictive capacity for myocardial in-
farctions® (13a, 24, 38). This is the best predictive index of atherosclerosis
* This index, « is calculated as follows:

a = 0.1 (3°0-121 + 0.16 (§;,°12-400}
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OLESTEROL METABOLISM IN ATHEROSCLEHOSIS 367
_‘ek)pmég(get devised for man. The reader is referred to the papers of
'se*alﬁlférs,{or details of their correlation studies.

A3 nﬁrgag low density lipoprotein spectrum as exemplified by a
ea]th\ :-.’(rvg;r -old female is illustrated in Fig. I. The predominant
0puetgn'<ﬂcxe= is the §,°0-12 class of mole(‘ule~ Patients with xan-
r)ma,tmhé-omm do not show this normal pattern but rather have high
meamxangof 3"12-400 lipoprotein molecules «Fig. 4i. Many patients
n— b& rea[ﬂ&ﬁound who have lipoprotein spectra which lie intermediate
tjre@ #hi Sdrmal and xanthoma tuberosum patterns (Fig. 2°. From
n)_(sg(?}éh'ﬂnom of patients with xanthoma tuberosum it is 4 known
%I@tg}n’\‘*—\ho“ an incidence of atherosclero-is higher than that of
eae)mlgl ngulanon It should be noted, too. that all types of experi-
ﬁaf’at‘h tofclerosis show elevated serum values for $,712.400 mole-
‘ cules. It is of particular interest and not surprising then that Gofman and
co-workers found the serum §,°12-400 lipoprotein concentration should
be weighted in their atherogenic index calculations: that the concentra-
tion of these molecules proves of particular value in predicting athero-
genesiz. It is of course true that patients with xanthoma tendinosum
who do not have increased S,°12-400 lipoprotein concentrations also have
an increased incidence of atherosclerosis. Thev show increased concen-
trations of S,°0-12 molecules; thus 3,°0-12 molecules, too, appear to be
associated with developing atherosclerosis if present in the serum in
sufficient concentrations. It remains to be seen whether the serum 3,%0-12

molecules in xanthoma tendinosum are chemically identical with those
in the normal patient.
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IV, Axivav Stupies—THE HEPaTic UPTAKE oF
CaYLeE CHOLESTEROL

A series of animal experiments have been done with the prime objec-
tive of clarifving the dynamics of exogenous cholesterol metabolism in
man.

It has been firmly established that dietary cholesterol is absorbed in
the chyle and enters the systemic circulation via the thoracic duct lymph
(3. 12). There is no evidence that any exogenous cholesterol enters di-
rectly into the portal venous system. Further it is known that the newly
absorbed dietary cholesterol in chyle is contained in alipoprotein molecule
floating with an 8,° rate greater than 400 S,° units (7, 11). All the evidence
would indicate that the newly absorbed cholesterol is contained within
the so called chylomicrons. Tracer cholesterol studies show that newly
absorbed cholesterol exists in both the free and esterified forms in chyle,
the larger amount being tu the esterified fraction 5. 10, 123,

11b2u50
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2 -g'lf&'lg ognglémg cholesterol-H? was collected as described under

rgethods.c TheSdfnor animal was given 30 mg of cholesterol-H? (sp.

@té%llﬁlﬁa 2rég) dissolved in 1 mi of cottonseed oil plus 5 ml of whole
ile B s dinxcté“tube An e\penmental group of fifteen rats, Wistar-
rdu@ skax"h"fe_ﬁmle weighing 200-225 gm. each received 0.3 ml of the

v r'omammg holesterol-H? intravenously by rail vein. The 0.5 ml
}g m]_emzé ontained 28 mg < free cholesterol 1sp. act. = 0.43 .
-4 :md—Szimg ¢ total cholesterol fsp. act. = 0.54 uc mg:. These
JS aly béd:beguillo“ ed Purina Rat Chow ad Iib up to the experimental
pﬁngd "The amm s were killed by exsanguination under ether anesthesix
rgt’ou-p ?rdh}:e&éar 30 min. 43 min. 1 hr. 2 hr. and 4 hr after the chyle
|dectu31 ST&e higod was collected in a syringe containing a drop of
°h@ﬂxrg~&m aB. mnd the plasma was separated from the red blood cells
Umgmsd@t _\'Cb; &umruganon Immediately following exsanguination
the liver was excised and lvophilized. The free and total cholesterol con-
tent and specific activities were determined for the plasma and liver
cholesterol.

C‘h\le containing stearic-H3-acid was collected from a donor animal
given 2.0 mg of stearic-H%acid (sp. act. = 83.3 ue mg) and 30 mg of
unlabeled cholesterol dissolved in 1 ml of cottonseed oil together with
53 ml of whole milk by stomach tube. Twelve animals similar to those
used in the cholesterol-H? experiment above were each given 0.5 ml of
chyle containing stearic-H?-acid intravenously (sp. act. = 3.36 uc ml
of chyle). These animals were also killed in groups of 3 at 13 min. 30 min.
43 min, and 1 he. The blood was collected in a heparinized rube to
prevent clotting. The livers were removed immediately and frozen.
Aliquots of whole blood and of wet liver were combusted directly in a
combustion tube and the water obtained used for tritium assay. Thus
the total tritium content of a known aliquot of blood or liver was obtained.

2. Results

At 30 minutes following the cholesterol-H? chyle injection, over 90
of the chyle cholesterol has been removed from the cireulating plasma.
At this time over 809 of the injected chyle cholesterol is to be found
in the liver. The percentages of injected chyle cholesterol found in the
plasma and liver at each time interval are recorded in Table II. For these
calculations the plasma volume for each rat has been estimated at 10 ml.

During the period between 30 minutes and 1 hour following the chyle
injection, the specific activities of the liver cholesterol rose to levels
greater than 5 times that of the corresponding plasma chelesterol specific
aetivities. The plasma total cholesterol specific activities and the liver

2

anff. Gope
rﬂu@»o@'ﬂ

d trom ongmels in The Bancroft Library tor

F1bZ451



DOCUMENT SOURCE
University of California at Berkeley
The Bancroft Library/The University Archives, Berkelsy CA

aEcozj f;‘n;;s TIME y{tclm/wdeyﬂjp

JARC ID
¢
i 7’*/55 57/% oy
FOLDER NAME [PNE]
Joirvesp. 5y
N TES%)

F°1"5tmfzml //%ﬁi'

T
o e & °

5E3382E

- 9 Q ;uiogt:?r OL METABOLISM IN ATHEROSCLEROSIS 369

>28 pDELC PN

N'c‘%’BE’imé . .
total %egerolgpgc fle activities are recorded in Table III. This table
alsg’ ey Hetre g, total, and esterified cholesterol concentrations for the

wh‘ae i rqrfqu IZaSthe specific activities for these metabolic pools.
\-2 p

Thgase@ge mlub:fon free, total, and esterified cholesterol specific ac-
tiv ﬂeﬁrg}qg lwe: ha\t' been plotted in Fig. 3, and this gives a qualitative
pxcturé‘é’owh ehangsjn free and esterified chole~terol specifie activities
as :Hum omof txme 2

c 23 c >
. PR 'z k) TABLE I
Perilc'nﬁ; g Ehyle ehoresmal H* and Chyle-Stearic-H?® Acid in the Liter and Blood
= 2 0= <+ Fallowing [ntravenous Injection®
> = = . .3
IR
Qy W 5oz 3 Per cent of Per cent of
E @ 2. e . : . s
3 2 ‘Emge - Per'vear of Per cent of injected injected
= 8 ier Z. mfeL injected stearic-H3-  stearic-H3-
\mmg S C'ﬁ\E > chn‘l -'H’ chol.-H? Animal acid in acid in
oumbi @)Eunn@ m das@a in liver number whole blood liver
Q G == ]
—eR s
13 min — —_ 16+ 8 30
15 min — —_ 17 7 18
13 min —_ — 18 — 28
1 30 min 1 g, 19 9 24
2 30 min 9 8t Co20 i 2t
3 30 min T 83 21 n 19
4 43 min 8 81 22 s 13
5 43 min h 7 23 T 24
ti 43 min + 81 24 B 18
T 1 hour h h 25 t 21
8 1 hour n 7 26 7 22
Y 1 hour 6 76 27 n 16
10 2 hours T 37
13 2 hours — -
12 2 hours 8 6
13 4 hours 6 34
14 4 hours 8 36
13 4 hours 8 33

* In part from Biggs, M. W., Proc. Intern. Conf. Peaceful Uses Atomic Energy,
Genera, 1955, p. 529.
+ Time intervals after chyle injection given in column 2 apply to animals 16 to 27.

The results obtained in the stearic-H3-acid injected animals are
recorded in Table II as the percentage of the total tritium injected in
the chyle found in the liver and whole blood.

3. Discussion

During the period 30 minutes to 1 hour following the chyle-choles-
terol-H? injection the liver total cholesterol specific activity has risen to

I1b2452
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%8 g FoMe Jimes the specific activity of the plasma total cholesterol. Such
%. é 8 & Enging shows unequivocally that dietary cholesterol following its
B 3 'y entranrcecinto the systemic circulation is in a separate metabolic pool;
3 'g £ @a% i?, foes not normally mix in a metabolic sense with the rest of the
- @rimz cfplesterol but is specifically and rapidly removed from the
PR A R R A . .. . .
3 z 3 %cgcqlfglrg blood into the liver. The literature of the life =ciences is full .
2 o C z 2
c 2ESeT 2o TABLE It
c % 'é H a—_a‘gi Liver Cholesterol Specinic Artivities Following the Intravs wows Injection
o 8 %5 & of €k le Containing Cholesterol-H3*
® 3
> Liver cholesterol specifie
2 g @ = Liver vholesterol activity
g9« 3 18e Piasma total content —————
g 4 b E_I{a(;:; Qiter cholesterol ———— Free  Total  Ester
= ¢ fé ‘-_““80‘2 'gjn?e specific activity Free Total Fster _—
2 ] : th Sugcton (XU e mgs mEg Mgy g CX07 pe mg?)
AR e -
8 S5 EB BiEmd 1.4 12.3 156 3.3 6.9 12 9 33
= 2 30 min 2.6 122 143 21 6.6 12 3 19
35 30 mmn 1w 154 211 2.7 1.6 vl 40
$ 43min 22 121 151 3¢ 8.3 12 27
3 43 min 2.3 13.3 136 23 7.2 [TV 32
o 43 mun 1.3 13.4 16.3 3.1 8.4 11.0 22
h 1 hour 1.9 12,1 16.6 $.35 7.9 10 3 7
8 1 hour 1.9 4.4 168 24 8.2 10 4 24
@ 1 hour 2.4 13.7 160 2.3 99 (I 15
10 2 hours 1.8 3.6 168 32 37 1.4 10
11 2 hours _ —_ — — — —_ —
12 2 hours 35 123 151 2.8 T 6 9 3
i3 4 hours 2.5 1.1 v 4 33 18 10 —
14 4 hours 2.9 1.0 200 30 41 11 —
15 1 hours 3.1 138 13.0 1.2 1.3 1.9 —
* From Biggs. M. W., Proc. Intern. Conf. Peaceful Uses Atomic Enerqy. Genera,
1933. p. 320.

of papers indicating that the liver is of prime importance in the metab-
olism of both exogenous and endogenous cholesterol. It is not surprising
then to find the liver actively participating in chyle cholesterol metab-
olism. The feature of particular interest when viewed in light of the
specific activity absorption curves seen in man and in light of current
ideas of the serum lipid transport system is the fact that exogenous
cholesterol follows this specific pathway to the liver and does not initially
mix with the other serum lipids. The implications of this ohservation

will be discussed further in Section V.

Following the chyle cholesterol-H? injection the specific activity of
the liver esterified cholesterol pool rises quickly and falls precipitously

I1b2453
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5 %irxnug ‘t»h&30 rﬁmutes to 1 hour penod (Fig. o) The relame height of
3 M
5 ﬁhg re
E %(JEE er. -lmp}e ul(u]anou shows that the e~ter1hed cholesterol pool in
n:’ /e li ive orut S(Dnnnute\ contains approximately 0.111 u¢ of tritium. The
£ lil Eum, n)nrenr Lﬂ the 0.3 ml of chyle injected existent in the esterified
¢ = L3
o ° -
S ]
£ > 43
2% {2 \
5 o _, 3 \ -
€ 2T o> b S bl
2o = “361-1' 2 _
T E= TEZ2Z
3. s =7 a - ESTERIFIED_CHOLESTEROL
2 e O - = 5 -
222 2los ¥ -
52323

—

]
T

\ "TOTAL CHOLESTEROL
AN ———v——'

" FREE CHOLESTEROL |

LIVER GHOLESTEROL SPECIFIBUBETYIVINY, we /grom -
S
T

| | i ' 1 t |

i 2 3 4
HOURS AFTER CHYLE INJECTION

Fus. 3. Free and esterified liver cholesterol specific activities following the intra-
venous injection of chyle-cholesterol-H3,

cholesterol fraction was 0.178 xc. Thus about 60, of the injected esteri-
fied cholesterol is present in the liver at 30 minutes. Since we are observ-
ing a dynamic state and the esterified cholesterol specific activity as
seen in Fig. 5 is falling rapidly, appreciably more than 60 of the
esterified cholesterol injected probably entered the liver still esterified.
The evidence is good that the fall of esterified cholesterol specitie
activity in the liver during the period of 30 minutes to 1 hour is due to
hydrolysis of cholesterol esters and not due to return of these esters
intact to the blood. In the original chyle injected there was 0.060 e
of tritium in free cholesterol. At 30 minutes following the chyle cholesterol
injection there was on the average 0.083 uc of tritium in free cholesterol
in the liver; at 45 minutes this had increased to 0.104 uc in free cholesterol,
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there was 0.116 uc in free cholesterol in the liver. Such
Bee. spedks strongly in support of a ““clearing” mechanism for the
offalzof: dRtary cholesterol into the liver without appreciable ¢ho-
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terese activzty as a serum event prior to hepatic removal.

I

%I’Iife defail of the hepatic clearing of chyle cholesterol are poorly
gnderitood.  The presence of lipid material in the reticulo-endothelial 0
é‘s(éem_ of thediver following cholesterol-fat feedings has been reinvesti-
 gatad and extehded by Friedman and co-workers (18. 191, These authors

Copies may not be deposited in
ons 51

als in The Bancroft Libsary for

‘_:Ezs z point 1o "tjhe"ré'siculo-endothelial svstem as performing the initial impor-
s 7 tant step of removing the exogenous cholesterol from the serum into the
g £ léeir. The ~geddficity of the hepatic uptake of chyle must certainly be a
= 81’ngi® % ¥h® morphology of the lipoproteins in which the exogenous
3 ;E_,(-Enl_‘;:ixw%@%s in the serum.

e % 2 Ehes @IE gresented in Table II following the injection of chyle
o8

céngilﬁng‘ sfedtic-H-acid is of interest when viewed against a simple
concept of “"phagoestosis’™ of chylomicrons by the hepatic reticulo-
endothelial svstem. The data show an effective divergence of the meta-
bolic fate for neutral fat and cholesterol early in their metabolism follow-
ing absorption. If the chylomicrons are removed in fofo into the hepatic
reticulo-endothelial svstem the findings would seem to require a rapid
resecretion of fat back into the circulation in some form for distribution
elsewhere. An alternative explanation 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.

V. INTEGRATION OF HUMAN axD ANIMaL STUDIES

In the human studies it was observed that the forms of the cholesterol
specific activity absorption curves are a function of the 3,°0-12 versus
§,912-400 lipoprotein molecules in the serum. When the 5,°12-400 mole-
cules predominate the esterified cholesterol of the serum has the higher
specific activity at 24 hours following a single cholesterol-H? meal.
When the 3,°0-12 molecules predominate the free cholesterol has the
higher specific activity. )

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

1. Dietary cholesterol is absorbed in the chyle of the thoracic duct
(3, 12) in lipoprotein molecules floating in the ultracentrifuge with a
flotation rate of greater than 400 $,° units (7). Presumably the exogenous
cholesterol is in the chylomicrons (11) which contain over 90¢ neutral fat.

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

[1b243535
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ic': 5 2 3’ n 7}hia L, exogenous cholesterol upon entering the systemic

3 € cieiglation @ ’ohvle is rapidly removed into the liver without mixing

ny ts%ohca.lly; wrth the other cholesterol pools of the plasma.
2 g p
£ 5 5% The'cleaBing of chyle cholesterol into the liver does not involve

&@mxabk kydrolysis of exogenous cholesterol esters as a plasma event:
FvEVeR anek within the liver the exogenous cholesterol esters are
‘ﬂml\'zet}’ rapidly. Ouce hydrolyzed. exogenous cholesterol undoubtediy

S rlts xdengrg and mixes with the hepatic cholesterol of endogenous

C
Ethe binding forces withiu rhe lipuprotein molecules of

: that free cholesterol exchanges freely between the various
Evllaulea and red blood cell LbOlt“[eTOl t.’.a) Esterified

Copied trom originels in
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" examination of the different human -pecxﬁc activ ltv absorption
curves, two possible explanations suggest themselves. First, the composi-
tion of chyle might differ in various subjects: or. secondly. if the chyle
rholesterol composition is esseutially the same in all, the metabolic fate
of ¢hyle cholesterol upon entrance into the sv=temic circulation must differ
from individual to individual. These possibilities are considered below
and it appears most likelv that the rate of hepatic chyle cholesterol
uptake and the rate of cholesterol ester hydrolysis determines the =hape
of the specific activity curves observed.

i exogenous cholesterol entered in the chyle of the normal patient
predominantly free, while entering in the chyle of the xanthoma-tubero-
sum-like patient predominantly esterified. the observed specific activity
absorption curves would be at least partially explained. The composition
of human chyle with respect to cholesterol is not accurately Kknown.
Lindgret (3t found the chylomicron fraction =eparated centrifugally
from the serum of two normal patients to contain 3 and 6 cholesterol
respectivelv. The ratio of ester to free cholesterol found was approxi-
mately 2 in both cases. Peters and Man (39) examined patients with
chyluria and chylothorax and found ester to free cholesterol ratios in
the fluid so obtained ‘““‘of the same order of magnitude as those in the
sera.”” Rat chyle during cholesterol absorption shows an ester to free
cholesterol ratio between 1 and 4. The evidence would suggest that more
exogenous cholesterol enters normally in the esterified form than free.
If one estimates the serum cholesterol specific activities to be expected
in the normal patient, conservatively estimating that equal amounts of
free and esterified exogenous cholesterol-H? enter the systemic circula-
tion in chyle, the esterified serum cholesterol should have the higher
specific activity during the period 24 to 48 hours following a cholesterol-H?
meal if simple dilution into the free and ester cholesterol pools occurs.
There is little doubt that the free and ester cholesterol pools of both

F1b245b
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obnga.ﬂd Liver would be involved (27, 28). An estimation of the size
1 eﬁﬂn‘jp cholesterol pools in patient number 1 (Fig. 1) gives a free
ofsiaral Fool of approximately +.2 gm and an esterified cholesterol
o@oé@kgm.‘ The cholesterol pool in the liver is less well known;
wevst o i entirely reasonable to assume that the free hepatic cho- "t
tets pér'o@s appreciably larger than the esterified hepatic cholesterol
in-this gealthy patient. Thus the specific activity curves seen in the
ol rrizal” patigut appear to require a metabolic hydrolysis of exogenous 4
: -:kvk‘ole',sr_e:rqﬁ edters early in dietary cholesterol metabolism. Without such
Shrd@lasizt® specific activity curves seen in xanthoma tuberosum would
.‘c_n-bev;exjneg(éj Ruch reasoning does not eliminate differences in the compo-
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Zegdence @ §1pport such an hypothesis I believe that the rate of in vivo

ah:v;drg*l)@sio@ newly absorbed cholesterol esters determines the shape
PRt PeF¥ activity curves abserved.

The possibility that 7n t7vo hydrolysis of exogenous cholesterol esters
might occur in the circulating plasma has received attention in our
laboratory. That cholesterase exists in the plasma has been unequi-
vocally shown by Sperry and Stovanoff {30, 51); however, these workers
observed an esterification of free cholesterol rather than a hydrolysis of
esters on incubating serum for prolonged periods of time. Studying the
in viro clearing effect of serum obtained foilawing intravenous heparin
injections, we have been unable to demonstrate that cholesterol esters
serve as a substrate for the enzymes involves (7). Although cholesterase
activity is present in the serum, the animal studies would indicate that
the site of exogenous cholesterol ester hydrolysis is within the liver.

In light of our present knowledge of exogenous cholesterol metabo-
Yism from the animal studies and human experiments the best hypothesis
regarding the normal metabolic fate of chyle cholesterol in man ecan be
summarized as follows: When the S912-400 lipoprotein concentration
of the plasma is low, chyle cholesterol enters a small metabolic pool.
and removal into the liver is relatively rapid and efficient. Within the
liver the chyle cholesterol esters are hydrolyzed, and the resultant free
cholesterol becomes indistinguishable from endogenous hepatic choles-
terol. The hepatic free cholesterol and serum free cholesterol equilibrate
rapidly. The S,°0-12 lipoprotein molecules, since they are the major
cholesterol carriers of the serum in normal patients, participate actively
in this equilibrium. The net result is a shift of exogenous cholesterol-H?
from the esterified pool in the serum into the serum free cholesterol pool
via the liver. The introduction of cholesterol esters of hepatic synthesis

Copied from originals
reterence use only. Co
h

* Estimated using 3 body wt = 60 kg; red cell volume = 27 cc/kg: red cell free
cholesterol concentration = 200 mg %; plasma volume = 37 cc/kg.
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FiG. 6. Schematic representation of exogenous chole:terol metabohsm in the
normal patient. The §,°20—00 lipoprotein pool is small and hepatic uptake is rapid.

The esterified cholesterol specific activity will be higher than the free
cholesterol specific activity for the effective shift of cholesterol-H? esters
of serum to free cholesterol-H? does not occur as efficiently as in the
normal patient. A schematic representation of the fate of exogenous
cholesterol esters of chyle in xanthoma tuberosum is presented in Fig. 7

Thus the human cholesterol specific activity curves appear to be the
net result of two dynamic metabolic processes: the rate of hepatic uptake
of chyle cholesterol esters and the relative rates of return of free and
esterified cholesterol of hepatic origin to the plasma.

L the course of the last several years a theory of how the lipid trans-
port svstem of the serum functions has been developed by Gofman,
Lindgren, Pierce, Nichols. and Freeman (36, 37, 43). These authors have
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xanthoma tuberosum. The $,020-400 lipoprotein pool is large, and effective hepatic
uptake is slow.

divergence of metabolic pathways early in chyle metabolism are con-
sistent with their ideas.

VI. IxuiBiTioN ofF DIETARY CHOLESTEROL ABSORPTION
wITH SITOSTEROL

Regulation of the serum cholesterol levels and the lipoprotein distri-
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 picture on a diet wherein the
animal fats have been replaced by vegetable fats. This improvement.
however, usually ceases short of the desired clinical effect. Whether 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 content of the
diet be kept low cholesterol continues to be secreted into the intestinal
lumen in bile in amounts variously estimated at around 1.25 gm per day.
and there is some evidence for cholesterol secretion into the gut lumen hy
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the %nms@lél muso a. oo, there is some evidence in both animals and
marg t@ & et ﬂlat 3}he efficiency of dietarv cholesterol absorption
decases #s 3hé mge<ted dose increases.
]g t‘& 2r B determxm what portion of the serum cholesterol concen-
¢

tratipn § s2 éc{u ely-atfunction of the cholesterol entering from the
mte{u@-g leie it js"necessary to employ a measure which inhibirs
cholegté?of‘nﬂgorpn:ou b8t permits the absorption of other lipids. Sitos-
terol’ aumld; appear. to’ p{O\ ide such a research tool. The foliowing experi-
mentd a‘gperf()rmedte~ ¢ how efficiently sitosterol inhibits the absorption
of di@a®-chslesrerol? m’ man and to attempt an evaluation of what
fractisn ef Bme;‘erum ﬂlcﬂe~terol conrentration is a function of rthe quan-
Hry og(ﬁal'e’;wm;egtezmg the circulation in thoracie duct chyle.

Pegrg)u: i€ B El\hed his observations that a soyvbean-sterol
mixtugd mcmtfefm the diet of cholesterol fed chicks prevented the
<erum hypercholesterolemia and the cholesterol deposits in the aorta
and liver which would normally occur when cholesterol was fed alone
:40. 42). Pollak reported similar results in rabbits and observed a reduc-
tion in serum cholesterol in man (44. 43). Since these early observations
there have been numerous observations in man and in the main some
lowering of serum cholesterol values have been observed following the
addition of sitosterols to the diet (1, 33, 1. 48). Nearly all reports indi-
cate that the best results are obtained in patients with a hypercho-
lesterolemia; less significant changes occurring in normocholesterolemic
individuals. Some reports have failed to observe a definite lowering of
<erum cholesterol values (17, 33). Peterson in his original reports
believed the effects observed were due to a reduction in exogenous
holesterol absorption. This has been shown to be true in rats using
tracer cholesterol (30). The mechanism of this reduction in cholesterol
absorption is not known. but a mixed crystal complex of cholesterol and
sitosterol interfering with the colloidal dispersion of cholesterol in the
absorptive processes has been proposed (13). Since sitosterols undergo
esterification in the intestinal lumen a competitive inhibition of the
esterification of cholesterol has been postulated. It was originally
believed that the sitosterols were not absorbed (46, 52), however, it has
now been conclusively demonstrated that a small percentage, perhaps
10¢%, is absorbed (26, 31). Indeed the soy sterols have been shown to be
atherogenic in rabbits (14).

As indicated above the results in man utilizing soy sterols have been
variable. It seems unlikely that the soy sterol preparation or experi-
mental design explains all of the divergent results. Rather these results
seem to point up the fact that the serum cholesterol value in man is the
integrated sum of several metabolic variables involving both exogenous
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@Btﬁs e serum were measured. At the Completion of this
¥-dav control period both subjects were placed on sitosterol,* 18 gm
per day in 3 divided doses before meals. After a suitable period the
cholesterol-H® meal was repeated, and the dynamics of cholesterol
metabolism again measured and compared with the control results.

Patient number one was a 38-vear-old male, weight 214 1b, who was
clinically 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 was just completing a period on placebo medication
when the control study was done. His diet and weight remained unchanged
during the period of study. This patient initially ingested 0.115 gm of
cholesterol-H?* with a specific activity of 1.81 uc mg. This cholesterol
was dissolved in 5.0 ml of Wesson oil and emulsified in 45 gm of ice cream
and 250 ml of whole milk. The free and total serum cholesterol specific
activities were determined for 10 days. At the end of the 10-day period
the patient was shifted from the placebo to 18 gm of sitosterol per day.
After the medication had been taken for 32 days the study with labeled
cholesterol was repeated. The subject received 0.132 gm of the choles-
terol-H3, specific activity equal to 1.81 uc/mg as before but with the
addition of 6 gm of sitosterol. The specific activity measurements were
repeated. A blood sample was taken at 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 4l-vear-old male, weight 200 Ib, who had
a clinical diagnosis of xanthoma tuberosum. He had not received prior

® The sitosterol preparation used in this study was *“Cytellin’’ kindly provided
by Dr. Robert Shipiey of the Eli Lilly Company.
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é}: rg igbq one the average of 7 separate total serum choles-
efminations. each done in duplicate, during the 10-day control
period was 291 + 5 mg®. After 32 days on 18 gm of sitosterol per
day the total serum cholesterol as measured in 7 separate serum sam-
ples during the second cholesterol-H? study was 273 = 3 mg<. The
serum lipoprotein spectrum at the beginning of the experiment showed:
5,%0-12 = 604 mg<;: §°12-20 = 117 mg: 3,°20-100 = 123 mg: and
3,0100-400 = 52 mg®¢. The results of the specific activity determinations
are given in Fig. 8. The results of the control period are as expected. The
free cholesterol specific activity was higher than the total cholesterol
specific activity for a period of 2 days. The peak total cholesterol specific
activity was reached between 1 and 2 days. The total cholesterol specific
activity at the time the free and total cholesterol specific activities are
identical represents approximately 7.5, of the ingested cholesterol in
the serum at this time. The results following the ingestion of sitosterol
are also included in Fig. 8. Here there is a general flattening of the curve
and the free and total cholesterol specific activity values are the same
within experimental error. At the maximum total cholesterol specific
activity obtained on day 3 approximately 3.3 of the ingested choles-
terol-H? was in the serum. The serum total cholesterol specific activity at
the time of the second cholesterol-H? feeding was 0.16 X 10-% ge,/ mg.

In patient number two the average of 7 serum cholesterol determina-
tions in the control period was 566 + 40 mg<,. After 32 days on 18 gm
of sitosterol per day the average serum cholesterol was 276 + 13 mg7.
Initially the serum low density lipoprotein spectrum showed ,°0-12 =
230 mg%; S°12-20 = 131 mgS; $,°20-100 = 726 mg<: and J,°100-100
= 785 mg%. After treatment the values were S,°0-12 = 1153 mg<:
3,012-20 = 89 mg%: §20-100 = 353 mgr; R100-400 = 522 mg<;. The
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Fic. 8. The inhibition of exogenous cholesterol-H? absorption in patient 1. At the

top of the figure is a line tracing of the serum lipoprotein spectrum as determined in
the ultracentrifuge.

specific activity continued higher than the free cholesterol specific activity
for a period of 3—4 days. The cholesterol-H3 in the total serum cholesterol
at the end of day 4, when the free and total cholesterol values are approxi-
mately the same, represents approximately 8.1 of the ingested dose.
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 maximum specific activity at day one repre-
sents only approximately 1.4¢; of the ingested dose. The serum total
cholesterol specific activity at the time of the second cholesternl-H?
feeding was 0.12 X 1072 uc ‘'mg.
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Fic. 9. The inhibition of exogenous cholesterol-H? absorption in patient 2. At the
top of the figure is a line tracing of the serum lipoprotein spectrum as determined in
the ultracentrifuge.
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total cholesterol specific activities. There is no evidenee to indicate that
these differences so calculated in amounts of tracer cholesterol appearing
in the serum in the experimental versus the control period are not pri-
marily determined by quantitative differences in the amount of exogenous
chojesterol absorbed. The total exogenous cholesterol absorbed is of
course greater than the amount appearing in the serum for the liver
cholesterol pool. and possibly other tissue cholesterol pools are also
involved.

In patient one. whose lipoprotein spectrum shows predominantly
lipoprotein molecules in the ¥%0-12 class, it i= of particular interest that
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“Tuire 13'\&3 of over 50 in the amount of chyle cholesterol entering
‘?ilg drcpl&w@g blood over a period of 32 days produced only a small
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'Cnent the etﬁctue fraction of the serum cholesterol value which can

b atinbu\’ecﬁto the amount of chyle cholesterol entering the circulation ~

3 may nol be deposited in
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© ZThe Tesulty iu patient two show a dramatic reduction in both the
‘~emm Lhole~@rol values and in the amount of cholesterol-H? appearing "

In the sérums= OIH(GI‘pIGt&IIOI’) of the data is seriously complicated by the
Eact tha® t.he\}mnent lust 12 pounds of body weight during the experi-
.mEmsl nﬂﬁ)% A reduction of total calories in the diet of such a patient
-vuﬁ fhsegpesred to produce a dramatic fall in serum cholesterol without
QIG'AJ%URXQB @ uny other form of medication. There seems little question
FoGeSer2 bt The absorption of dietary cholesterol was strikingly reduced
in this patient. Further studies with better dietary control will be neces-
sary to evaluate what effective fraction of the serum cholesterol value
arises directly from exogenous sources in such patients.

The dvnamics of exogenous cholesterol metabolism as viewed in the
serum cholesterol pools are altered under the influence of sitosterol
medication. The free and total cholesterol specific activities are essentially
the same through the experimental period of observation. The tentative
explanation for these findings is that they result solely from a general
slowing and depression of cholesterol absorption from the gut.

The data do not provide an accurate measure of the turnover rate
of serum cholesterol under sitosterol therapy; however, the descending
values of the total cholesterol specific activities in the control and experi-
mental periods do not indicate any gross alteration in serum cholesterol
turnover under sitosterol medication. In patient one, in whom the serum
cholesterol values varied only slightly during the period of sitosterol
administration, the serum cholesterol specific activity on day 10 of the
control period was 0.73 X 10~* uc/mg. On this day he was started on
18 gm of sitosterol per day. Thirty-two days later the serum cholesterol
specific activity was 0.16 X 10~ uc/mg, which would indicate a serum
cholesterol hali-time of approximately 14 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 would appear to be size-
able; more than 307, of the exogenous cholesterol-H? which would
normally be absorbed fails to appear in the circulating blood when admin-
istered in association with sitosterol. However the numerous clinical
ohservations on the effects of sitosterol medication seem to clearly
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