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Observations on the Fate of Ingested
Cholesterol in Man
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Tritium-labeled chiolesternl has been used to study several aspects of exogenous cholesterol metab-
olism in man. The rate and magnitude of the appearnee of ingested cholesterol in the various
blood compartments has been followed, Fecal excretion of the labeling material wus measured.
Cholesterol of dietary origin was demonstrated in a human atherustierotic aorta.

HE PART plaved by the lipid content

of the diet in the development of
atherosclerosis is a controversial point
among investigators of atherosclerosis and
associated diseases. Some investigators would
implicate the fat and cholesterol conteut of the
diet as a major contributing factor while others
deem it of little or no importance. The rightful
positioning of dietary factors in the pathologic
sequence of events leading to the development
of atherosclerosis must await a more complete
knowledge of some of the fundamental aspeets
of lipid metabolism. The present report deals
primarily with the absorption and turnover of
ingested cholesterol in the various compart-
ments of the blood in four patients, all of whom
undoubtedly had some degree of atherosclero-
sis. One patient had previously had a tvpical
myocardial infarction, the second had chronic
glomerulonephritis with hypertension, the thirg
had xanthoma tendinosum of mauy vears
duration, and the fourth experienced a «-erg
brovascular accident and came to autopsy. 5
Each of these patients was given a single ordl
dose of tritium-labeled cholesterol by mouth®
The appearance of thix labeled compound iX
the total serum cholesterol, free serum choless
terol, and red hlood cell cholesterol was fol@
lowed for from two to six weeks. Examinations
of the feces were done in two cases. £
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of labeling material stems primarily from the fact
that tritium in the doses required does not involve
an appreciable radiation hazard, hence is safe for
humun experimentation. The tritium-tabeled choles-
terol wus prepared by a catalyzed exchange reaction
acvording to the method of Bloch and Rittenberg': ?
and the specifie activity of the tritium-cholesterol
so prepuare] varied from 045 to LO7 we. of tritium
per gram of cholesterol in different preparations.
This rompound so prepared contains 46 per eent of
the labe! in the vicinity of the 3*-3-hydroxyi svstem
and 34 per cent in the isopropyl group of the side
chain according to Fukushima and Gallagher?. 4
It hus been shown repeatediy that this tritium label
vecupies stuhle positions in that there ix no redue-
tion of sperific activity on reflaxing this tritium-
cholesterol in 30 per cent potussium hydroxide in 50
per cent alcohol for 12 hours. Revent work in this
laboratory emploving cholesterol doubly labeled with
carbon-14 and tritium for feeding experiments in
rabbits indicates that tritium-labeled cholesterol is a
suitable tracer compound for the investigation of
many aspects of in vivo cholesterol metabolism.®
- .The patients reported here each received an oral
Hige § tgtidngholesterol dissolved in wurm Wesson

wiﬁemyl@‘ieﬁ, whole milk, excepting patient 2,
Svfio peceivad ghe tritium-cholesterol in the crys-

affing fmispersed in milk.
S “Ihe viyigheDlood and tissue cholesterol samples
vere all fRolited as the digitonide; these samples in

Qurn \ter® d@nzbusted and the water obtained al-

ﬂoﬁ’ed’:.}xii_'\ﬁ'b\-ith lithium aluminum hydride to
energle iffirogen. The hydrogen-tritium mixture

mad agka 'h{gun jonization chamber.¢ The total
SribiugreahfEntd! the feces was determined by burn-
_.:1_':11!‘:1 f.{*u’mllg’_( whole, wet feces and wssaving the
ke h&il@d‘:‘\s above.
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360 OBSERVATIONS ON FATE OF INGESTED CHOLESTEROL IN MAN

limited activity and has felt fairly: well except for
occasional episodes of chest pain and dypsnea usu-
ally associated with excitement or overexertion.
At the time of this study the patient felt well, her
appetite was good. her weight was stationary, and
bowel function was regarded as normal.

Fluoroscopic examination of the chest showed no
evidence of cardiac enlargement. The pulse was
regular at 76 and the heart sounds were not re-
markable. The blood pressure was 140/95. The
abdomen was negative and there wus no edema.

Laboratory examination of the urine was nega-
tive. The red blood count was 5.0 million, hemo-
globin was 14.0 Gm., white bload count was 6,000.
The electrocardiogram showed =igns of a healed
posterior myocardial infarction.

This patient was given 1.35 Gm. of tritium-
labeled cholesterol (specific activity equal to
0.480 me. of tritium per gram of cholesterol)
by mouth. The cholesterol was dissolved in 10
cc. of warm Wesson oil and emulsified into a
glass of whole milk. Studies on the specific
activity of the total serum cholesterol were
done over a period of three weeks. The results
are tabulated in figure 1.

An ultracentrifugal analysis of this patient’s
serum lipoproteins at the beginning of the ex-
periment according to the method of Gofman’
showed the gollowing concentrations*: S,
12-20 = 114m g. per 100 cc.; S; 20-100 = 428
mg. per 100 cc. The analytic ultracentrifuge
plate is included in figure 3.

A serum sample obtained 24 hours after the
adrainistration of the tritium-cholesterol dose
was submitted to ultracentrifugal partition
according to the method of Lindgren.® In this
way the lipoproteins of the serum were sepa-
rated into four fractions according to their
Svedberg flotation rates, that is, S 3-7, S
10-13. 3¢ 17 and 8, 20+ .t The specific activity
of the total cholesterol of each fraction was
determined. The results follow: S; 3-7 choles-
terol 3. A. = 11.0 uc. per gram; Sy 10-13

* The molecules are identified by their charac-
teristic fiotation rates under specified ultracentrifu-
gal conditions. Units are Svedbergs of flotation (8y).
One $: unit equals a migration rate of 107 cm./sec./
dvne./Gm. at 26 C. in a medium of NaCl solution of
density 1.063.

t The fraction designated §; 20+ includes all the
lipoprotein molecules with Svedberg flotation rates
of 20 units (8; 20} und greater, up to and including
chylomicrons.
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cholesterol 5. A. = 11.0 pe. per gram; S; 17
cholesterol 8. A. = 10.3 uc. per gram; and S,
20+ cholesterol 8. A. = 10.9 uc. per gram. The
specific activity of the total serum cholesterol
determined prior to ultracentrifugal treatment
was 10.9 uc. per gram.

A body water sample obtained on day two
by freeze dryving a serum sample did not show
measutrable activity. The sensitivity of the
counting equipment is such that 1.0 X 10-?
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Patient 2 was a 41 year oldé;m{e \\hg hapl The 7 1?5’

glomerulonephritis. with h\p:rt sibn | ofau"lk W
duration. Two yvears prior i stud‘i, Ee!jrst
noticed backache and was foué‘l [ ]’n\salﬁuﬁupré
and an elevated blood pressdre & 33;
u&les 4

were soon followed by cramipin
the hands and subjective -a_\\ghm of 2th@ &
Within three months frank ¢Bergn & emagdsm%
ankles developed associated W |tY“ nBethri. =

At the time of this study the patient was ambula-
tory and manifested no ohjective edema. There was
marked weakness on moderate exertion. Occipital
headaches were frequent and subjective edema of
the face was present each morning on awakening.
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Vision was failing steadily. The appetite was good
and bowel function was regarded as normal.

Fluoroscopic examination of the heart showed
some left ventricular enlargement. The pulse was
regular at 73 and the blood pressure was 230/135.
There was grade III hypertensive retinopathy.
There was no objective edema or ascites, and exans-
ination of the abdomen was negative.

Clinical laboratory studies showed a red cell
count of 2.80 million, hemoglobin of 9.3 Gm., and
a white cell count of 9,700. The urine had a specific
gravity of 1.013 and showed 4 4+ albumin, an occa-
sional white blood cell, a rare red blood cell and an
occasional coarse granular and hyaline cast. The
nonprotein nitrogen was 79 mg per cent; blood ereatin
6.7 mg. per 100 ce. The total serum proteins were
7.7 mg. per 100 cc. with an albumin-globulin ratio
of 0.35. The basal metabolic rate was ~3. A fasting
serum calcium was 4.7 mEq. per liter. An electro-
cardiogram was interpreted as a normal tracing.

This patient ingested 0.856 Gm. of tritium-
<holesterol (specific activity equal to 0.853
mc. per gram) emulsified as crystalline choles-
terol into 230 cc. of whole milk in & Waring
blender. Following this single meal of 730 uc.
of tritium-cholesterol in crystalline form the
patient was placed on a 2400 calorie diet which
contained 100 Gm. of protein and 80 to 90
CGm. of fat. Salt intake was Jimited to 2 to 3
Gm. per day.

The results of studies on the blood choles-
terol are tahulated in figure 2. Studies on the
total tritium content of the feces are contained
in table 1.

The feces obtained on day 2 containing 169
uc. of tritium was Ivophylized and:tie dried
residue extracted firsE \\eutgﬂ p?er\géitglco-
hol and then with eg\eg ﬁl‘h@ @.Uao{s
combined and saponifigl \gtl# 2G per cen]sp as-
sium hydroxide in .)O-‘pg' ‘gehi "Sleghad.-
crude nonsaponifiable lgatj'gna] fl ?3 Gng .Eon-
tained 147 wc. of tnt@rma&d ,aa [ %)esﬁc
activity of 110 ue. per gi‘am. G

An ultracentrifugal anal¥sis ofjthxs aﬁe
serum lipoprotein strudturg s’howe& He ()

= 97 mg. per 100 cc.; 8 20—’.1(!3 @ JG%mg
per 100 cc. The analy tx{uﬁment@uge Plagfe

is included in figure 5.€ 57 T 2N 20 &
ch" I3 c @

Patient 3 was a 51 vear ol Qouuq \\5013.:* W
known xanthomata in the do=n= Bt thegnlge%u‘ﬂ
elhows since the age of 20. Pw@,v E.uq‘pnoﬂu.‘iha
study she first began o e_épééeﬁ‘e-jw‘n Rig
distress and tightening .u"rowt}g .@t&mol‘c sEof
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exertion. Eighteen months ago there had been a
frank myocardial infarction requiring one month's
hospitalization. Since this episode she supposedly
had been on a “low fat” diet but continued to ex-
perience angina pectoris with pain radiating into the
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£ % % 5
DaYS 0
g Serum Chotesterol [Percent of
[cholesterot woeme octivities, ingested

= volues, mg. % T
g o= RES [found n
§ Tres It totel blood

i day 73 213 77 (Y] 30 78
o 2 den T4 257 73 75 768 9.3

3 don ¢ 288 80 [ >3 T4 [ %3

A doys T [284 62 .2 80 T8

S days 78 268 80 82 a8 &7

7 dapn 78 258 pL) 38 3 47

reepn | 76 | 268 ] = | po | 27 34

F16. 2—The appearance of tritium-cholesterol in
the blood of patient 2 following the ingestion of 0.856
Gm. of cholesterol containing 0.730 me. of tritium.
The insert is & semilog plot of descending specific
activity values,

® Approximated using a totsl plasma volume of
39 cc. per kilogram body weight. and a total red cell
volume of 28 cc. per kilogram body weight.

TasLe 1.—Tritium Content of the Feces Following
the Oral Admintstration of 780 uc. of Crystalline
Tritium-Cholesterol in Patient ¢

;S(ool Wet | Tritium | A?ml'éi"
Sample Weight | Content ! Trflrmm
: : ;Cholnuml
i Gm ; ue. ; %
Davl............... 132 2% | 258
Day2................ 48 | 180 | 23.2
Day3................. 207 | 123 | 18.8
Dav4 ............... 8 T 46 ‘ 8.3
Dayb............... 128 | 23 3.2
Day6................. 24 10 [ 1.4
Day7.....cc.......... M. 5 1 07
13
Totals..... .. ....... ' 837 B7.4
Day 15 oo 100 15! ' 021

left arm and neck on moderate exertion. At the time
of this experiment the patient was ambulatory and
able to support hersell doing sedentary work.
Examination showed numerous tendinous xan-
thomata at the ankles, elhows and on the feet and
hands. There were also xanthelasmata. The heart
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362 OBSERVATIONS ON FATE OF INGESTED CHOLESTEROL IN MAN

sounds were normial and the pulse was regular at The patient was given 0.688 Gm. of tritium-
0. The 'I)Imrl\ Pre’;‘”? was ”t“ 0. F”"‘Il":",'!'“‘" labeled cholesterol (specific activity equal to
examination showed some tortuosity aml sitver 1.07 me. per gram) by mouth, Thix 0.736 me
wiring of the retinal vesselx. The re=t of the examina- o X )

tion was negative. of tritium-cholestero! wax dis<olved in 10 ¢o.
of warm Wesson oil and emulsitied into milk.
Following this fatty meal the patient wus

I3

§ 12
& ) ° placed on a hospital diet adequate in calories
3 A and vitamins but limited to 20 Gm. of fat. The
x o patient continued on thix diet thronghout the
2 st study.
2 % = = The results of the studies on the bloud are
2 oars J given in figure 3. The stool data are contained
g o . in table 2.
© pavs 20 30
é Somple | Serum Cholesterol TPercent of §2 T T T
w cholesterol specific octivitles, Ingested IS
- vaolues, mg. % | pc 7/ grom T-cholesterol ~
» RECffound Im §
o] Toto 1otal biood
§ S8 | e2 23 >
=) s€ =
93 9.5 192 >
96 | 94 193 =
el | 80 182 (5]
74 | - -
| [ 34 - - 2
i 5} [X3 100 5
L . . . .
' F16. 3.—~The appearance of tritium-cholesterol in g co 0 DaYs 20 £
the blood of patient 3 following the ingestion of (.638 é 3 s = -
Gm. of cholesterol containing 0.736 me. of tritium. £ omple  |Serum Surom total :"""’,"’
The insert is a semilog plot of descending apecific ac- [ voluss, mg. % |specific Iﬂ:‘:“m"”"
tivity values. ;’ fres  [total  |sc /gram toto! biood * .
t * Approximated using a total plasma volume of 3 'zdvy s‘5| 244 0.57 b
39 ce. per kilogram body weight, and a total red cell 3 ::: 6 '{ﬁ 8‘;? s
. i - wei S doys €S 197 1.08 8
volume of 28 cc. per kilogram body weight. Jen ¢4 44 o3 S
1S doys | 49 180 0.69 10
29 doys | a5 163 0.58 0.8

TaBLe 2.—Tritium Content of the Feces Following
the Oral Adminisiration of 736 uc. of Tritivm.
Cholesterol in Patient 8

Fi16. 4.—The appearance of tritium-cholesterol in
the blood of patient 4 follo“mg.Sngst-lor:o[-O 650
Gm. of cholesterol containing Q69§ mx. .of l!wn.E

Sy Fy—— © * Approximated using n totgl qnd?l @Ium(»«(»q.u &_I
Sumple Stool Wet  Tritium _tered to 67 cc. per kilogram of hod»meé;hv e 3
eight ontent Cho‘r::ltmn;l ] m ; uv (r i :
" m. ue. ~ An ultracentrifugal anuEsﬁ uf thisatient s
Day 1. 111 0.5 0.1 lipoprotein stmmure sho%d-‘_ S 5-10 =% B
Day 2. 99 26 3.5 mg. per 100 cc.; S, 12-26"= IE'(mg’ p?rq‘)a
Day 3... 2 2 30.5 ccs S 20-100 = 112 g Cper Y00 ¢k,
Day 4... o4 67 9.1 i .
Dax 5 105 11 analytie uitracentrifuge 'Pl&t;e
Dn._\' 6 none — — figure 5. E
Day 7 18 4 0.6 Patient 4 was a 62 veur t@'l H.u} \\hn e\|ﬁ| |H‘v7‘7 '
. - - a4 mussive cerehrovascular .xal&nt anil \\.nsing .
Tolals. ... 418.5 3.9 ta the hoxpital unconsciouls Betails uf iy 1v;g
' - Tt o prior to this fatal episile tre‘*ua\nul At hgt(mn
the tritium-chulesteral w: |c wtve th ~p e 1t g»
Luboratory studies showed a red cell count of comatose. The neck was stHY afjl B 4 &re \\,.1*3: o
3.10 million, a hemoglobin of 10.0 Gm., and a white paralysis of the right arm@ng I«-: 3}, \hid@.n of
blood count of §.500. The urine examination was the lungs revealed lmpnﬁms lag @ ﬁntE mu
normal. The electrocardiogram showed evidence of hases. The bloml pressurev: E é) ()f"rbe cvg
past myocardial damage. rhythm was regular at S0, and there Theh Femle
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murmur in the aortic region. The patient was in-
continent of urine and feces.

For eight days prior to the beginning of this
study the patient had received nothing by
mouth; saline and glucose clyses had been

363

transient period beginning at about three weeks
small oral liquid feedings were given. Forty-
three davs after the tritium-cholesterol was

given the patient died and an autopsy was
done.

~ I|1I|E||||!|I

tient 3 which is one-fold.

The $12-20 lipoprotein is elevated in all p:utients. The S;20-100 lipoprotein level is ele\K’ted\muli

patients except patient 3.

administered daily. The patient received 0.4i50
Gm. of tritium-cholesterol (specific activity
equal to 1.07 me. of tritium per gram) by stom-
ach tube. This 0.695 me. of tritium-cholesterol
was dissolved in 15 ce. of Wesson oil and emul-
sified into 230 cc. of whole milk. Following
this cholesterol feeding the patient received
nothing by mouth for three weeks, all nourish-
ment being administered by injection. For a

1160282

Firg. 5.—Ultracentrifugal flotation patterns sho“mg the low density hpOprotem apectruﬁ A
in the four patients studied for response to oral ingestion of H3.lubeled cholesterol. Runsaar@mpd&,
at 52,640 revolutions per minute with photographs taken at 0, 8, 12, 22, 30, 38 minutes nfter‘!uﬂ‘r@,ow ‘
speed is reached.’ The plute of patient 3 is ruled with an S, rate grid, so that the flotati

any lipoprotein appearing in each frume can be immediately determined. This grid also Appi,
correaponding frames in the plates of patients 1,2, 4,

All sera are concentrated five-fold prior to analvtic ultrazentrifugation, e\cept tor tEs'
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no areas of “normal” aorta were visible. Many
of the plagues were ulcerated and calcified.
The coronary vessels showed calcification and
numerous areas of atherosclerotic stenosis.

The total serum cholesterol specific activities
are recorded in figure 4. The total liver choles-
terol was found to have a specific activity of
0.30 pc. per gram. The thickened intima of the
aorta was carefully separated from the adven-
titia and much of the media and consisted of
36.0 Gm. of tissue. From this source, 1.31 Gm.
of cholesterol were separated. This cholesterol
separated as the digitonide had a specific
activity of 0.03 pe. per gram.

An ultracentrifugal analysis of this patient’s
serum lipoprotein structure eight days follow-
ing the cerebrovascular accident showed:
S; 12-20 = 63.4 mg. per 100 cc.; S; 20-100 =
82.3 mg. per 100 cc. The analytic ultracentri-
fuge plate is included in figure 3.

Diacrssion

Following a single tracer cholesterol meal to
man the serum cholesterol specifie activity
increased rapidly during the first day and
reached a maximum specific activity in from
36 to 72 hours as in figures 1 to 3. Thus choles-
terol absorption in man appears to be a slow
process normally continuing over a period of
approximately two to three days. Examination
of the feces of patients 2 and 3 showed con-
tinued excretion of large amounts of tracer
material over a period of several days entirely
consistent with such a period of cholesta'cﬁ
absorption.

There can be no doubt that dietary ch&ﬁ-‘;
terol plays a role in serum cholesterol metgy
lism for appreciable amounts of dietary trace?
cholesterol were readily demonstrable in 3}19

serum of patients 1, 2, and 3 throughout! 1h2 :
study periods. T\\o days after the mtfdm? B
cholesterol meal approximately 12.5 per ﬂent v

of the 1.55 Gm. of cholesterol fed to patient ﬂs
existed in the circulating blood; about, u,98
per cent of the administered dose was derpof? g
strable in patient 2; and about 19.2 per gr{i
of the dose was found in the blood of patleﬂt

It has been observed repeatedly in h)@eg
cholesterolemic rebbits that during the Jfir$f 5
72 hours following a single tritium- choles&ra

Copi
refer
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meal the specific activity of esterified serum
cholesterol is greater than the free cholesterol
specific activity.* In man this was not the case;
indeed the reverse was demonstrated, the free
cholesterol initially having a higher specific
activity than the esterified fraction. The ex-
planation of this difference remains to be
clarified. Whether this represents a funda-
mental species difference in metabolic path-
ways or-whether the observed difference is a
quantitative one of “‘defective processing”
in the case of the rabbit remains to be seen.
Correct analysis of the blood cholesterol
specific activity curves presented in figures 1
to 3 is extremely difficult, for the curves most
assuredly reflect the integration of a large num-
ber of metabolic processes continuing at vari-
ous rates. For the first 48 to 72 hours, during
the initial rising portion of the curves, intes-
tinal absorption and transport of the absorbed
cholesterol to the svstemic circulation via the
lymph of the thoracic duct would appear to be
paramount in determining the shape of the
curve. It has been demonstrated previously
that liver cholesterol and serum cholesterol
are in rapid equilibrium?:!® and the initial
steep descending portion of the curves occur-
ring at two to five days probably represents
& period during which serum cholesterol is
exchanging with various tissue cholesterol
pools, particularly liver. The terminal fiat-
tened portion of the curves would appear to
approach the turnover rate of body cholesterol

5 -_-'p-s@ whgle
[=% =
mg an initial lag period, reaches an
state with the free cholesterol of
ﬁhe s},’;—um gx vivo confirms in man the previous
|_-oBQerQ/v§oﬁs of Hazerman and Gould.'o.
’I‘Im firddergre of tritium-cholesterol in all of the
! f&housj:ﬁprot,em species after a period of 24
,hgmrx {8ll@wing the cholesterol meal in patient
..lis & Thtdrest. It has been shown in rats that
,.ab_ﬁoﬂ)éﬂ gholesterol is transported via the
-1@,@\ ®f ghe thoracic duct to the systemic
X @-daﬁ)lﬁ“ 3 TUltracentrifugal studies on
hE Iy would indicate that newly ab-
osorb&i gcifdlesterol is in both the esterified

Ul
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5 ”_ xér@ gfates and exists in or is associated
= o“ aglp_oprotem structure with an 8¢ rate
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greater than 100. The equilibrium state found
after 24 hours in patient 1, with cholesterol
from all of the lipoprotein species having the
same specific activity, requires that the in vivo
metabolism of serum lipoproteins involves
a fairly rapid interchange of cholesterol moie-
ties whether esterified or free. The mechanism

for this remains to be elucidated. Preliminary in

vitro studies of the interchange of cholesterol
between various isolated lipoprotein species of
different S, rates indicate that free cholesterol
exchanges rapidly but that esterified choles-
terol does not.

At this stage in our knowledge of fecal
steroid metabolism certain limitations on the
interpretation of the total tritium content of
the feces in patients 2 and 3 must be realized.
On good and varied evidence'!% it has been
held that the conversion of cholesterol to co-
prosterol goes via cholestenone and occurs
within the intestinal lumen of the large bowel.
Gallagher! has demonstrated that the in vitro
conversion of deuterium cholesterol to choles-
tenone may result in the loss of 46 per cent of
the deuterium label. Thus the possibility exists
that during the formation of coprosterol from
cholesterol some tritium label might exchange;
however, at present the evidence would indi-
cate that this does not occur. The in vivo
formation of cholic acid” and pregnanedlol"
from cholesterol presumably .via chole&:.gom
does not result in loss of the label at G‘
course if tritium exchange did occur 5\1@11 &
substance that was absorbed, estimaGor of
the amount of cholesterol absorbed by & 13 meal-
ure of the amount of label dxsappeamg ﬁ‘om
the feces would be in error. Experi m
which tritium-cholesterol and CH-labe g,d \Eho-
lesterol have been fed to rats do not Show ‘a
grester disappearance of the tritium-latg! Eom
the gut above that of the C" label.* & Z'Z

At present it is permissible to say tﬁa tKe :

87.4 per cent of the ingested tritium m%a’ﬁem
2 and 56.9 per cent in patient 3 fmmimat@
feces represents minimum values for @ePeg-
centage of unabsorbed cholesterol. The 32?8
per cent and 42.1 per cent respectiv el \‘dméb
disappesred from the gut probably uq&h-
sorbed as tritium-cholesterol. It is importait
here to point out that patient 2 received the

I1b0281Y
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tracer cholesterol in the crystalline form while
patient 3 received hers dissalved in warm Wes-
son oil. An experiment to evaluate some of the
factors important in man in determining the
efficiency of cholesterol absorption, such as
the physical state of the ingested cholesterol,
is at present under way. The possibility, of
course, exists that patients with hypercholes-
terolemia and xanthoma tuberosum absorb
cholesterol “more completely than patients
with “normal” serum cholesterol values. This
point of course requires more study.

Patient 4 requires a brief comment. The
lipid metabolism of & dying, fasting man as
might be expected appears to be grossly al-
tered from that found in a normal, feeding
person. Two other comatose patients with
cerebrovascular accidents were studied simul-
taneously with patient 4. Each of these pa-
tients showed only trace smounts of the
ingested cholesterol in the blood. Fecal collec-
tions were not possible here because of irregu-
larity of stools and fecal incontinence. Pre-
sumably the very low serum cholesterol specific
activities indicate very poor cholesterol ab-
sorption.

It was possible, however, in patient 4 to make
a qualitative demonstration of exogenous cho-
lesterol entering into the metabolism of the
human atherosclerotic aorta. The amount of

Scholsterol isolated from the aorta (1.31 Gm.)
‘nmd:t}ﬁ specific activity found (0.03 uc. per
gg_am:) 3reclude the possibility that the activ-
iy faug,d in the sorta could have been in blood
= oBlg_mﬁl cholesterol contained in the processed
‘,sam q.—To label 131 Gm. of cholesterol to a
5 s@ ctivity of 0.03 ac. per gram would re-
: qen‘é g inclusion of all the cholesterol from
P agppxﬁnately 29 cc. of blood with a specific
equal to 0.58 uc. per gram of choles-
rt;g‘og e value present in serum cholesterol
- of dﬁyﬁg The aortic sample processed weighed
b u.dnlﬁéo Gm.

N8 E.a.u approximated average serum choles-
ps t&ogspbmﬁc activity value of 0.6 uc. per gram
alka&umed for the period of the experiment,
1gca.n @ estimated that an appreciable amount
S (5@ g) of the 1.31 Gm. of cholesterol
& D @1ded from the aortic sample arose from the
serum as the result of the intermetabolism of
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aortic cholesterol and serum cholesterol during
the 43 day period.
SCMMARY

Tritium-labeled cholesterol was used to in-
vestigate certain aspects of the metabolism of
ingested cholesterol in four human subjects,
all of whom presumably had atherosclerosis.

1. Cholesterol absorption is not efficient in
man; however, approximately 12.6 per cent,
9.3 per cent and 19.2 per cent of the adminis-
tered tritium-cholesterol could be demonstrated
in the circulating blood two davs after the tri-
tium-cholesterol feeding in patients 1, 2 and 3
respectively.

2. Cholesterol absorption in man is slow
and a peak serum cholesterol specific activity
following a single laheled cholesterol feeding
occurs in from 36 to 72 hours.

3. Serum free cholesterol has a higher specific
activity than- esterified cholesterol for 24 to
48 hours after a single tracer cholesterol meal.
This is the reverse of that previously found in
cholesterol-fed rabbits where the specific activ-
ity of the esterified cholesterol was the greater.

4. The specific activities of cholesterol iso-
lated from the various lipoprotein fractions of
the serum separated ultracentrifugally were
identical 24 hours after the tritium-cholesterol

feeding.

5. Free serum cholesterol and red blood (‘el]
cholest.erol are in equilibrium in vivo.

5. Quantitative determinations of the tri-

tium content of the feces for geven ¢ days fol-
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