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Tritim-labeled cliolesterol Lius been userd to study severud aspects af exozenons cholester il metad)-
olism in man. The rate wnd magnitude of the appearance of incested cholesterol in the varinus

Ph.D..

Blood compartiments has heen followed. Feeal excretion of the [aheling muaterial was mewsured.
wartu.

Cholesterol of dietary origin was demonstrated in o hunan atheros deratie

HE PAR'T plaved by the lipid content

of the diet in the development of
atheroselerosis is @ controversial ponu
among investigators of atherosclerosis and
associated diseases. Some investigators would
implicate the fat and cholesterol coutent of the
diet ax a major contributing factor while others
deem it of little or no impaortance. The righttul
pusitioiing of dietary factors in the pathologic
sequetice of events leading to the development
of atherosclerosis must await a more complete
knowiedge of some of the fundamental aspects
of lipid metabolism. The present report deals
primarily with the absorption and turnover of
ingested cholesterol it the various compart-
metits of the blood in four patients, all of whom
undoubtedly had some degree of atherusclero-
sis. One patient had previously had a tvpical
myocardial infarction, the second had chronie
glomerulonephritix with hvpertension, the third
had xanthoma tendinosum of many .\'eur‘.i»
duration, and the fourth experienced a reres
brovascular aceident and came to authpsy.
Euach of thexe patients was given u single ord?
dose of tritium-labeled c¢holesterol by mouthe

fed

The appeuarance of this labeled compound iw
the total serum cholesterol, free serum choless
terol, and red bluod cell cholesterol wax fol2
Jlowed for from two to =ix weeks. Ex: 1mnunon¢
of the feces were done in two cases. i
METHODS é

Tritium (H% labeled cholesterol hax heen used l;’
the tracer compound in these ~tudies. This choire

=

From the Division of Medical Phy=ies. Donne
Laboratory of Medieal Physies and the Radiation™
Laboratory, Universite of Cadifornia. Berkelov 43
California. A

lb121b

ol labeling material stems princuaily from the fuct
that tritium in the doses required does not involve
un appreciable rdintion hazard. ence s sufe for
human experiientation. The tritium-tabeled choles-
terol wis prepared by acatulvzed excliange reaction
according to the method of Bloch and Rittenberygt *
and the specific activity of the tritium-cholesterol
so prepared varied frone 04N te 1LUT e of tritium
per uram of cholesteral in different preparations.
Thix compound o prepaaed contains 46 per ceut of
the lubel in the vicinity of the a=3-hviroxyvl svatem
aud 34 per eent in the Jsopropyl gronp of the <ile
chain according to Fukushima and Gallagher.s
It has been shown repeatediy thut this titium label
oceupies stable positions i that there i= no re lue-
tivn of specitic activity on reflusing this tritium-
cholesterol in 30 per cent potus~<ium hydroxide in 50
per cent uleohul for 12 hours. Recent work in this
luboratory employing cholesterol doubly luheled with
carbon-14 and tritium for feeding experiments in
rabbits indicates that tritium-lubeled cholesterol is a
<uitable tracer compound for the investigution of
many aspects of in vivo cholesterol metubolism.?
Ihe patignts reported here each received an oral
e nfmn néhule%em] is<alved in warm Wesson
mffemulslheg to whale niilk, exe e|mn'r patient 2,
who received ﬁ\e trittum-cholestero]l in the cryvs-
tafline fonmedispersed iu milk,
7 The Slood and tissue cholesterol samples
“Were al w»tmea as the digitonide; these samples in
turn werg conbusted and the water obtained al-

2 owed to Jedrt dvith lithinm aluninum hydride to

zeneryte -lnrhngpn The hyilmgen-tritinm mixture
was .\Rw)ed inZan ionization chaher.” The total
tn.bum wment.or the feces wa~ determined by burn-
]n‘-_ -lun]nle ng\\]mle wet feces winl assuving the

water Ul)f-mig( <abwne
o 3
Yo g‘: E‘AI’H([\H\I\L Dara
LR t?ennl R ."al 69 veur old wontn who hve vears

= prexmn»lchil Axperienced a sudiden collupse asso-

clated-with emsfing chest pain Flertrocardiograms
\Tume'; ofa e Bhanges af a posterior myocardial
Wfaretin ml G‘th episonde the patient hus been on

sEdr2 23

Covaatnon, Valwme VT Sepromis - 1052
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360 OBSERVATIONS ON FATE OF INGESTED CHOLESTEROL IN MAN .
limited :“1‘[”“—'\- {md )u; felt fairlv \Ielll_e\pept fm‘ cholesterol 3. A, = 11.0 ur. per gram; =, 17
ocrasiond .e})x.\m PT ol enest puin and dyp=nea \,Nl‘ «'h()l(‘bl(‘l‘()l <A = 10.3 L. per grum: and .\'(
ally associated with excitement or overexertion. 204 chol ol 2 . P
At the time of this <tudy the patient relt weil, her T B (‘“'_”) ‘\'_'\' = 104 we. per gram. The
appetite was woord, her weight was ~tationary, and specific activity of the total serum cholesterol
heavel funetion was regardel] as normal, determined prior to Wirneentritugal tregtment
.F‘lunn ~eopae P\:m“m”ll““ of the ("T‘T\( showed no wis 10,4 we. per gram.
evidenre o f':”‘h‘“‘ enidrgement e pulre was A body water sample obtained on dav two
recular o+t 78 and the heart ~ounds were not re- by it v .
markable. The bloxd pressure was 140 03, The W freeze ! rving u serum sample did not ~how
ahdotmen was negative anid there wax no edema. measurable activity, The sensitivity of the
Luboratory examination of the urine was neun- counting equipment i~ such that 1.0 X o=
tive. The red hlomd count was 5.0 million. hemo-
globin was 140 G, white bload count was £,000. E's
The electrocardiozrun showed signs of a healed & 3 .
posterior myocsrdial infaretion. ] w|
L]
. . . - . >
This patient was given 1.33 Gm. of tritium- S0 ¢
laheled cholesterol (specific activity equal to § N
0.480 me. of trittum per gram of cholesterol) o .
by mouth. The cholesterol was dissolved in 10 ‘é s °
ce. of warm Wesson oil and emulsified into a &
glass of whole milk. Studies on the specific ]
activity of the total serum cholesterol were E
done over a period of three weeks. The results 3 o 5 = o
are tabulated in figure L. 3 pars
. . . . , Sampie  |Serum Serum total  [Percant of
An ultracentrifugal analysis of this patient’s Crolastercl  |choresteral  |ingested
. . - . voiues, mg % [specitic T-cholesterni
serum lipoproteins at the beginning of the ex- , found n
: ! . N free  |total  |uc /gram lotal ulood"
periment according to the method of (Gofman’ e vom T 64 | 223 37
. e | say s? | 199 09 57
showed the gollowing conceutrations®: N ten | 321 @ W 28
- 9.
290 = SR = 42 0 7 -
12-20 = 114m g. per 100 e S 20-100 _ 428 pen | S0 $ . oz
mg. per 100 cc. The analvtie ultracentrifuge fidom | 34 | 207 30 26
plate is included in figure 3. Fic. 1.—The appeurance of tritium-cholesterol in
A serum sample obtained 24 hours after the the blood of patient 1 following ingestion of 1.35°
L . .. Gm. of cholesterol. containing.0.744 me: of triti
administration of the tritium-cholesterol dose N aining 0.2 me: of trtium.
. . .. The insert is 4 semilog plot of the- Qeseending specitic:
was submitted to ultracentrifugal partition activity values. i
according to the method of Lindgren.® In this * Approximated using a tital hivod volume equal
way the lipoproteins of the serum were sepa- to 67 cc. per kilogram of hody weight,
rated into four fractions ac(ordmg to their -
Svedberg flotation rates, that is. 8¢ 3-7, S pe. of tritium per gram of water can be e~
10~13. 8¢ 17 and 84 204-.1 The specific activity tected.
of the »total cholesterol of ea(hﬁtra(t_lon as Patient 2 was a 41 vear old'male who had chuonie
determined. The results follow: 3, 3"} choles- glomerulonephritis with hypertension of unknown
terol %, A, = 1010 pe. per gram; S¢ 10-13 duration. Two vears prior to this study he firc {
noticed hackache and was foutid to have albuminona
* The molecules ure identified by their charae- and an elevated blood pr .~ereA_‘Tbe.~e initial sirns ,’
teristic flotation rates under specified ultracentrifu- were soon followed by cramping of the muscies of .

gal conditions. Units are Svedbergs of flotation (3. the hands and subjective 3weling of the fu &

One & - unit equals & migration rate of 1072 em. sec./
dyvne. Gm. at 26 C. in a medium of NaCl solution of
density 1.063

t The fraction designated =y 20+ includes all the
lipoprotein molecules with Svedberg flotation rates
of 20 units %, 200 and greater, up to and including
chyiomicrons.

Libl211

Within three months frank eQem.; of the hands and
ankles developed associated With ndeturia, -

At the time of this stwly the putient was anidda-
tory and manifested no objective edema. There wus
marked weakness on moderate excrtion. Oceipitul
headaches were frequent and subjective edemu of
the fuce was present each morning oo awakening,
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Vision was fuiling steadily. The appetite was zod
and bowel function was regarded as normal.

' Fluoroscopic examination of the heart showerl
some left ventricular enlargement. The pulse was
resular at 73 und the blood pressure was 230 133,
There was yrade IIT hypertensive retinopathy.
There was no vhjective edema or ascites. anid exan-
ination of the alxlomen wax negative,

Clinical Tuboratory studies showed a red ceil
count of 250 miilion, hemoglobin of 9.3 Gm.. and
a white cell count of 9,700. The urine had a specific
gravity of 1013 and showed 4+ albumin. an ocea-
sivnal white blood cell. a rare red blood cell and an
oceasional coarse granular and hyaline cast. The
nonproteinnitrogen was 79 mg per cent: blood creatin
6.7 mg. per 100 cc. 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-

cholesterol ispecific activity equal to 0.833

me. per gram) emulsified as crystalline choles-

terol into 230 ce. of whole milk in a Waring

blender. Following this single meal of 730 ue.

of tritium-cholesterol in erystalline form the

patient was placed on a 2400 calorie diet which

. contained 100 Gm. of protein and 80 to 90

Gm. of fat. Salt intake was limited to 2 to 3
Gm. per day.

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

The feces obtained on day 2 containing 1G9

ue. of tritium was ly ophvhzed and- the dried
residue extracted first Mth_(f perg'em(@l(o-
hol and then with e%\eﬂ The extracts 3 Srere
combined and sapouifigl mth 20 per cenk tha:-
sium hydroxide in .)()-‘per cem aleahal. ﬂ’he
crude nonsaponifiable njaterml {1.34 Gny) £on-
tained 147 we. of tmmm— :md had a spemﬁc
activity of 110 uc. per gram.

An ultracentrifugal analysis of this paﬂem s
. serum lipoprotein \truomre{ vhoue(}» S l’-*”O

= 97 mg. per 100 cc.: 3 20«100
per 100 ve. The analytid ub !
is included in hgure 3. 2

elhmu since the uze of 20. 'F\ I, veurs pnnr'tu.ths
study she first bewan to e,peﬂe&ejnn‘t;mmdlﬁ
distress and tightening J(Im&t}\g tute.nnr(llé\tnm

t1b1218

ML WL BIGGS ET AL 361

exertion. Eighteen months ago there had been o
frank myocardial infavetion renuiring one wonth's
llmpl[.xlnlltmh Nince thh episorle xhe supposediy
had been on a “low fat” diet hut continue! to ex.
perience angina pectoris with puin radiating into the

|

o

L "

CHOLESTEROL SPECIFIC ACTMITY, uc /grom
o

o ®  pays ¥ »©
o | Serum Cholesterol Percent of
|cholesterot specific activitias, ingested
voiues, mg. % [uc./ gram T -cholesterol
Se ROC |found In
freg Tiotol Ifres totol total biood
| oy 73 27, 134 68 50 78
2 days 74 2387 73 78 76 93
3 doys 76 288 60 63 74 82
4 doys 79 277 62 6.2 60 16
S days 78 268 60 82 8 ar
7 days 5 2 39 L] 39 47
17 doys 76 268 - 28 27 34

F1s. 2.—The appearance of tritium-cholesterol in
the blood of patient 2 following the ingestion of 0.536
Gm. of cholesterol containing 1.730 me. of tritium.
The insert is a semilog plot of descending specific
activity values.

* Approximated using a total plasma volume of
39 cc. per kilogram body weight. and a total red cell
volume of 28 cc. per kilogram hody weight,

TasLe 1—Tritium Content of the Feces Fnllowing
the Oral Adwministration of 730 pe. of Crystaliine
Tritium-Cholesterol in Patient 2

sto0l W Tt Adminis.
St
Sample Weignt | Contemt  Trirm.
Cholesterol
G, ue. e

Dax 1 132 261 25.8
Day- 2 HS 169 23.2
Day 3. 207 123 16.%
Day 4 .. 154 16 6.3
Day 5. .. 129 23 3.2
Dav 6. 34 10 1.4
Day 7 47 3 0.7
Totals .. . 637 §7.4
Day 17 100 1.3 021

left armi and neck on moderate exertion. At the time
of this experiment the patient was ambulatory and
able to support herself doing sedentary work.
Examination showed numerous tendinous xan-
thomata at the ankles, elbows and on the feet und
hands, There were alzo xanthelusmata. The heurt
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302 OHSERVATIONS ON FATL oF INGUSTED CHOLESTEROL IN MAN

sotneds were normind and the padse was ekt
00 The Blood pressture weas 110 700 Funihaseonire
examination soiee bortuosity el
wiring of the retingd visseis. The rest o the exian i

~hoven | NRTE

tion was necative

The putient was given 0SS G ol tritinm
Libeted cholesterol ~[)t'<'iﬁ| aetiviny t’l{!l;ll Ty
month. This 0736 e,
O e

of wartmt Wesson ol and emuisined o misih,

LOT mes per gram by
of tritium-cholesteral was dissolved g

Enor " Follbwvme this datry mead the panent was
:' o 's gli;u'w-l ol ,:' Im\pilzll diet wle 4!1‘:“‘\ it f':t‘utl‘jw
g o aned vitamins hut Bmited to 20 G o e The
r Y patient continued on this dier thronehonn the
53 sty
5 ».. . R N
< F e R— I'he results of the <tudies on the blood e
2 oars J given in ficure 3. The tool dura wre contained
g o in table 2.
10 0aYs 20 30

6 Sompis | Serum Chaolesterol Percent of 2
5 cholasterol specifc activites, ingested
= volues, mg. % | uc / grom T-cnoimsterol
a Serum RBC |found in
§ tr total_|frea Jtotol total blood

| day 144 | sa8 | 78 | 58 | 42 123
S 17 | 86 18

2 doys 158 362 0.4 93 95 32

Sdays | 145 ) 584 [ 97 | 96 | 94 193

A doys 143 S04 | -X] 8t 80 8.2

6 days 154 580 68 74 - -

pdop | 40 | S48 | 57 | 67 - -

14 goys | |44 553 42 5.t 4.5 109

Fra. 3.—The appearance of tritium-cholesterol in
the blood of patient 3 following the ingestion of (1633
Gm. of cholesterol contuining 0.736 me. of tritiun.
The insert is a semilog plot of descemnling specitic ae-
tivity values.

* Approximated using a total plisma volume of
39 ce. per kilogram body weight. and a total red cell
volume of 28 cc. per kilogram body weight.

Tasie 2—Tritium Content of the Feces Following
the Oral Administration of 736 uc. of Tritinm.
Cholesteral in Patient 3

. Triti \dmlr{;x»
Stool 1 tium te:
sample ‘\"':i:h‘e Content Trtum-
cholesterol
T T Gm ue. -
Day 1 111 0.3 0.1
Day 2 ] 26 3.3
Day 3 122 201 345
Day 4 94 n 9.1
Day 5 105 30 4.1
Day 6 none — —
Dav 7 116 4 0.6
Totals 4183 36 0

Laboratory studies showed a red cell count of
310 milhon, 1 hemoglobin of 10.0 G, and a white
blood count of ~.300. The urine examination was
normal. The electrocardiogram showed evidence of
pust myocardial damage.

| q

CHOLESTEROL SPECIFIC ACTIVITY, c /grom

o L
[} 0 0aYS 20 30
Sample |{Serum Serum total | Percent of
cholesterol chalesterot ingested
volues, mg. % |specific T-cholesterol
octivities, found in -
frae total Be /gram tota! biood
t day 53 244 0.57 LI
2 doys [ 229 0.7¢ 4
3 doys 63 223 Q.91 15
3 dars €9 197 1.03 16
7 doys 53 184 Q.92 13
15 days 49 180 0.69 1.0
29 days 45 185 0.58 08

Fi16. 4.—The appearance of tritium-cholesteral in
the hlood of patient 4 following Ingestion of 0.630
Gm. of cholesterol containing 0.69 me. of tritiun,

* Approximated using w total blaod volume equat,

to 67 ce. per kilogram af hodv weight, -

An ultracentrifugal analysis of thix patient's
lipoprotein structure showed: 3¢ 5-10 = 870
mg. per 100 re.o Sy 12-20 = 187 mg. per 108
cen Sp 20-100 = 112 mg. per 100 ce. The
analytic ultracentrifuge plate is included in
hgure 5. T . .

Putient 4 was a 62 vear bl htan who experiencer
4 massive rerehrovasenlar aisident wnd was braught
to the liospital unconscionf Petails of his histof
prior to this fatal episode are Jicking. At the time
the tritinni-cholesterol wag gices the puticnt whs
comatose, The neck was ~ti¥ and there was g spuafic
paralyv=iz of the right ;n'mz—am[ ez, lvaminuéon of
the lune~ revealed inspirgdor® rales @b Lotk hmg
hases. The blood pressuresis 190 90, The Sirdiae
rhivthi was regular at SO. and thers Wh t~thlin
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murmur in the aortic region. The patient was in-

" the transient period beginning at about three weeks
continent of urine und feces.

=mall oral liquid feedings were given. Forty-

For eight days prior to the beginning of this three davs after the tritium-rholesterol was
study the patient had received nothing by @iven the patient died and an autopsy was
mouth: saline and giucose clvses had been lone.

Ill!lﬂ!lii!lil'

Firi. 5.—Ultracentrifugal Hotation patterns showing the low density lipoprotein ~pe<trum mosenr’
in the four patients studied for response to orul ingestion of Hi-luheled cholesterol. Runs arelmade
at 32,640 revolutions per minute with photographs taken at 0. 6. 12. 22, 30, 3N minutes after Fulrrutur
speed is reached.’ The plate of patient 3 is ruled with an %, rate grid. so that the fotation rate of
any lipoprotein uppearing in each frume can be immediately determined. This grid ulso g u.pho: ta-
corresponding frames in the plates of putients 1, 2, 4. : -
All seru are concentrated five-fold prior to analytic ultrarentrifugation, except for rhm of |u- =
tient 3 which is one-fold. ) )
The ¢ 12-20 lipoprotein is elevated in all patients. The 8¢ 20-100 {ipoprotein level is elevated in ull
patients except patient 3. :

i )

ot

[ r : T
! administered daily. The patient received 0.630 The immediate cause of deathlh wus“an ex- . . -
Gm. of trittum-cholesterol (specitic activity tensive bilateral hvpostatie brofielbpneamo- Rt
equal to 1.07 me. of tritium per gram) by stom- nia. Examination of the cerebral véysels showed .
ach tube. This 0.5945 me. of tritium-cholesterol marked atherosclerotic changes zund jn the =

was dissolved in 15 ce. of Wesson oil and emul- left purictal region there was a kzrgp arex of .
sified into 250 ce. of whole mitk. Following encephalomalacia secondary to thmmhlmc of -
this cholesterol feetling the patient received the left middle cerebral artery. lhcmut vhich
nothing by mouth for three weeks, all nourish- was =aved for chemical (\\muu.mun Was so

ment being administered by injection. For a extensively involved with ‘llht‘l(lwl(.ﬂ)‘{b thai

1161220
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no areas of “normal” aorta were visible. Manv
of the plaques were ulcerated and caleified.
The coronary vessels showed calcification and
numerous areas of H[I]Ql'()."('l(‘l'l)[i(’ ~TENO~IS,

The total serum cholesterol specific activities
are recorded in Agure 4. The total liver choles-
terol was found to have a =pecific activity of
0.30 we. per gram. The thickeued intima of the
aorta was carefully separated from the adven-
titia and much of the media and conxisted of
36.0 Gm. of tissue. From this xource. 1.31 Gim.
of cholesterol were separated. Thix cholesterol
separated as the digitonide had a specific
activity of 0.03 ue. per gram.

An ultracentrifugal analysis of this patient’s
serum lipoprotein structure eight days follow-
ing the cerebrovascular accident showed:
S 12-20 = 65.4 mg. per 100 ce.: 8¢ 20-100 =
§2.3 mg. per 100 ce. The analvtic ultracentri-
fuge plate is included in figure 5.

Discussiox

Following a single tracer cholesterol meal to
man the serum cholesterol specific 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 normalily 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 cholestarof
absorption. .

There can be no doubt that dietarv chd}es;»‘
terol plays a role in serum cholesterol metabos 5
lism for appreciable amounts of dietary (rgce?
cholesterol were readily demonstrable in 'Vthé ’
serum of patients 1, 2, and 3 throughout thé -
studyv periods. Two days after the tritfum-
cholesterol meal approximately 12.5 per cent
of the 1.55 Gm. of cholesterol fed to patiept T -
existedd in the circulating blood; ubout;gé}
per cent of the administered dose was (ler_gm‘ri =
strable in patient 2; and about 19.2 per !::enl
of the dose was found in the blood of patieft 3.

It has heen ohserved repeatedly in h_\ﬁ)el_:-
vholeilerolemi(' rabbits that during the -}irﬂ

2 hours following a single tritium- <hole~te!él

1b1221
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meal the specific activity of esterified =erum
cholesterol is greater than the free cholesterul
specific activity.? In man thi= was not the cuse:
indeed the reverse wus demonstruted. the tree

cholesterol initially having o higher specific
activity than the esterified fraction. The ex-

planation of this difference remuins to he
clarified. Whether this fandu-
mental speries ditference in metabolic path-
ways or whether the observed difference is a
quantitative one of “defective processing”
i the case of the rabbit remains to he seen.

Correct analvsis of the blood cholesternl
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 pracessesx rontinuing 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 thoracie duet would appear to be
paramount in determining the shape of the
curve. It has been demonstrated previously
that liver cholesterol and serum cholesternl
are in rapid equilibrium® ' and the initial
steep descending portion of the curves occur-
ring at two to five days probably represents
a period during which serum cholexterol is
exchanging with various tissue cholesterol
pools, particularly liver. The terminal flat-
tened portion of the curves would appear to
approach the turnover rate of body cholesterol
@s-a Whole.

represents

= The ehier\atxou that red blood cell choles-

“terol; 'foﬂ’o\nng an initial lag period, reaches an
equxbbrmm’ state with the free cholesterol of
“tHe sérum-f vivo confirms in man the previous
ohser( aﬁona of Hazerman and Gould.!® "
The | presenre of tritium-cholesterol in all of the
\arlouahpt)plotem species after a period of 24
houre foilcmmg the cholesterol meal in patient
- lis oT mtarest It ha< heen shown in rats that
.abaoﬂ)ed chole~terol s transported via the
“lymgh of the thoracic duct to the svstemic
cnrmﬂaﬁbn?'"' B Ultracentrifugal  studies  on
. miih would indicate that newlv ab-
xh'olesterol is 1n both the esterified
and “i\re'e gtates and exists in or is associated
Sal hgsprotem structure with an ¢ rate
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greater than 100. The equilibrium state found tracer cholesterol in the crystalline form while
after 24 hours in patient 1, with cholesterol patient 3 received hers dixsulved in warm Wes.
from all of the lipoprotein species having the son oil. An experiment to evaluate some of the
~ume specific activity, requires that the in vivo factors important in man in determining rhe
metabolism of serum lipoproteins involves efficiency of cholesterol absorption, such ux
a fairly rapid interchange of cholesterol moie- the physical state of the ingested cholesterol.
tiex whether esterified or free. The mechanism is at present under way. The possibility, of
for this remains to be elucidated. Preliminary in course, exists that patients with hypercholes-
vitro studies of the interchange of cholesterol terolemia and xanthoma tuberosum absorb
between varivus isolated lipoprotein species of cholesterol more completely than patients
different Sy rates iudicate that free cholesterol with “normal” serum cholesterol values. This
exchanges rapidly but that esterified choles- point of course requires more study.
terol does not. Patient 4 requires a brief comment. The
At this stage in our knowledge of fecal lipid metabolism of a dying, fasting man as
' steroid metabolism certain limitations on the might he expected appears to be grossly al-
interpretation of the total tritium content of tered from that found in a normal, feeding
the feces in patients 2 and 3 must be realized. person. Two other comatose patients with
On good and varied evidence*~'¢ it has been cerebrovascular accidents were studied simul-
held that the conversion of cholesterol to co- taneously with patient 4. Each of these pa-
prosterol goes via cholestenone and occurs tients showed only trace amounts of the
within the intestinal lumen of the large howel. ingested cholesterol in the blood. Fecal collec-
Giallagher* has demonstrated that the in vitro tions were not possible here hecause of irregu-
conversion of deuterium cholesterol to choles- larity of stools and fecal incontinence. Pre-
tenone may result in the loss of 46 per cent of sumably the very low serum cholesterol specific
‘ the deuterium label. Thus the possibility exists activities indicate very poor cholesterol ab-
that during the formation of coprosterol from sorption.
cholesterol some tritium label might exchange; It was possible, however, in patient 4 to make
however, at present the evidence would indi- a qualitative demonstration of exogenous cho-
cate that this does not occur. The in vivo lesterol entering into the metabolism of the
formation of cholic acid” and pregnanediol®® human atherosclerotic aorta. The amount of
from cholesterol presumably via choleéleﬁplig " zcholésterol isolated from the aorta (1.31 Gm.)
does not result in loss of the label at C:*3 Of = “and tlﬁ: specifie activity found (0.03 ge. per
course if tritium exchange did occur avith a = grﬁm) ,greclude the possibility that the activ-
substance that was absorbed, estimations of ity fouu.d in the aorta could have heen in hlood
the amount of cholesterol absorbed by # meas- : or Ime'_'h cholesterol contained in the processed
ure of the amount of label disappearing from -~ aample-To label 1.31 Gm. of cholesterol to a
the feces would bhe in error. E\penmems in spe('iﬁc activity of 0.03 uc. per gram would re-
which tritium-cholesterol and Ct-labeled ¢ho- quxfe' inclusion of all the cholesterol from
lesterol have been fed to rats do not ;show a appm\imatelv 29 cc. of blood with a specific
greater disappearance of the tritium-lat@! from actmtt equal to 0.38 ue. per gram of choles-
1 the gut above that of the CY label.® » I . 'tcrol' e value present in serum cholesterol
At present it is permissible to say tHat the - = om dgv£9. The aortic sample provessed weighed
. 87 4 per cent of the ingested tritium in patient - on]\"?;(iO Gm.

2 aud 36.9 per cent in patient 3 found inthe o ZIE. an approximated average serum choles-
feces represents minimum values for d)e:pe;: z teroﬁcpt‘f'lﬁ(' activity value of 0.6 uc. per gram
centage of unahsorbed cholesterol. 'I‘he 325 - l; asbumed for the period of the experiment,
per cent and 42.1 per cent respectivel€ \\hu;h s xc—can be estimated that an apprectable amount
disappeared from the gut probably \msa-ah-;f < (~ﬁa ;ng} of the 1.31 Gm. of cholesterol
sorbed as tritium-cholesterol. It is importaiit ~ = isblated from the aortic sample arose from the
. here to point out that patient 2 received the serum as the result of the intermetabolism of
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aortic cholesterol and serum cholesterol during
the 43 dayv period.
NUMMARY

Tritium-labeled cholesterol was used to -
vestigate cortain aspects of the metaholi=m of
ingested cholesterol in four human subjects,
all of whom presumably had atherosclerosis.

1. Cholesterol absorption is not efficient in
mau: however, approximately 12.6 per cent,
0.3 per cent and 19.2 per cent of the adminix-
tered tritium-cholesterol coukd be demonsteated
in the circulating bivod 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 labeled cholesterol teeding
oecurs in from 36 1o 72 hours.

3. Nerum free cholesterol has a higher specific
activity than esterified cholesterol for 24 to
18 hours after a stugle tracer cholesterol meal.
This is the reverse uf that previously found in
cholesterol-fed rabbitx where the specitic activ-
itv of the esterified chulesterol wax the greater.

4. The specific activities of cholesterol ixo-
lated from the various lipoprotein fractions of
the serum =eparated ultracentrifugally were
identical 24 hours after the tritium-cholesterol
feeding.

5. Free serum cholesterol and red bloud cell
cholesterol are in equilibrium in vivo.

6. Quantitative determinations of the tri-
tium content of the feces for seven days fol-

lowing a tritium-cholesterol meal \WIE nﬂu@ i
B
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