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cholesterol S. .I. = 11.0 pr. per gram; Sf 1 i  
cholesterol P. h. = 10.3 pc. per gram; and Sf 
10+ cholesterol S. h. = 10.9 pr. per gram. The 
spr i f i r  avtivity of the total serum rholesterol 
determiiid prior to  ultracentrifugal treatment 
\vas 10.9 p c .  per gram. 
.\ hotly water sample ohtniiied on day two 

by freeze drying a w x n i  sample did not show 
measuiahlr activity. The sensitivity of the 
rounting eqriipmeiit ir surh that I .O X lo-: 

I 

limited artivity and has felt fairly well exrept for 
occasional epiwlw of rhest pain and rlypsne:i usu- 
all\. nssociated with exritenient or overexertion. 
At the tinie of thip study the patient felt well. her 
appetite t 1 - 3 ~  pod. her weiEht war; *tatioii:try. : ~ n d  
bowel function !\-as regardetl as nnr.ni:il. 

Fluorovopic euamiintion of the died h n - e t l  no 
evidence of cnvlinr en1:irpenient. The pulse \ v c  
regtular :it iti nnd the heart wunrl.; were not le- 
marknble. The h l ( ~ x I  pre?i.uw UP 140.'95. The 
ahdonten K:IS negative and there was no nlenia. 

lat~oratory e.uniinntion of the urine tvns neqa- 
tive. The 14 b l w l  rount \vas 5.0 million. henio- 
glohin was 14.0 Cni., white hlwl rount wns 6,000. 
The electrorardiogiani showed signs of u healed 
posterior myorsnli:il infnrrtion. 

This patient was given 1.53 Gm. of tritium- 
labeled rholesterol (specific activity equal to 
0.480 mc. of tritium per gram of cholesterol) 
by mouth. The cholesterol was dissolved in 10 
cr. of \Yam Weson 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. 

;in ~Itrarentrifugal analysis of this patient's 
serum lipoproteins at the beginning of the ex- 
periment acrordiiig to the method of Cofman' 
shoived the folloiving conceiitrations': SI 
12-20 = 114m.g. per loo cc.; SI 20-100 = 4s 
mg. per 100 rc. The arialytir ultracentrifuge 
plate is included in figure 5. 
h serum sample obtained 24 hours after the 

administration of the tritium-cholesterol dose 
\vas 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 
Svedherg flotation rates, that is, Sr 3-7, Sr 
le-13.  S, 1; and S I  20f.t The sperific artivity 
of the total cholesterol of each fraction was 
determined. The results follow: Sf 3-7 choles- 
terol 5. -1. = 11.0 pc. per gram; Sf 10-13 

* The molecules ure identified liy their churac- 
teristic Rotation rates under specified ultrarentrifu- 
gal conditions. rn i t s  ure Svedhergs of flotation (SI). 
One P: unit equals n migration rate of IO-" cm./sec./ 
dyne.:Gm. &t 26 C. i n  D medium of SnCI solution o[ 
density 1.061. 

f The frnctiondesignnted El 20f includes all the 
lipoprotrin molecules wi th  SvedkrK Rotation rates 
of 20 units  (SI 201 and greater, up to nnd including 
chylomicrons. 

pc. of tritium perfgram 
tected. 

noticed bnrkarhe and was 

A t  the time of this rtudy the patient \vas anthula- 
tory and nianifeted no olijertlve edemn. There 1v3s 

marked tvenkness on niderote exertion. Orripit31 
hendnrhes were frequeiit nnd subjective edema of 
the face ~ v o s  p m n t  eacli niorninq on nwnkeninr. 
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%ion was foiling steadily. The appetite was good 
and boael funrtion was regarded as normal. 

Fluoroscopic emniination of the heart rl1on.ed 
some left ventrirular enlargement. The pulse was 
regular at 75 and the blood pressure nas 230/13.j. 
There WLC grade 111 hypertensive retinopathy. 
There was no objective edema or ascites. and eznni- 
ination of the abdomen was negntive. 

Clinirnl laboratory studies short-4 a red cell 
count of 2.SO million, hemoglobin of 9.3 Gm., and 
a white cell count of 9.700. The urine had a specific 
gravity of 1.015 and showed 4 +  albumin, nn orca- 
sional white blood cell. a rare red blood cell and nn 
occnsional coarse granular and hyaline cast. The 
nonproteinnitrogen nas 79 mg per cent; blood creatin 
6.7 nig. per 100 ec. The total serum proteins new 
/ . I  mg. per 100 CC. with an albumin-globulin ratio 
of 0.33. The basal metabolic rate was -3. A fasting 
serum calcium WBS 4.7 mEq. per liter. h electro- 
cardiogram was interpreted as a normal tracing, 

This patient ingested 0.836 Gm. of tritiurn- 
cholesterol (specific activity equal t o  0.833 
mc. per gram) emulsified 85 crystalline choles- 
terol into 250 cc. of whole milk in a \raring 
blender. Following this single meal of 730 pc.  
of tritium-cholesterol in crystalline form the 
patient was plared on a 2100 calorie diet whirh 
contained 100 Gm. of protein and 80 to 90 
G m .  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 rontained 
in  table 1 .  

The feces obtained on day 2 containing 169 

e -  

activity of 110 pc. per 
.4n ultracentrifugal 

serum lipoprotein st 

exertion. Eighteen months ago there had been a 
frank m~ocardial infarction requiring one month's 
hospitalization. Since this episode she supyo~edly 
had been on a "low fat" diet but continued to es- 
perienre angina pectoris with pain radiating into tile 
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FIG. 2.-The appenrnnre of tritium-cholesterol in 
the blood of patient 2 following the ingestion of 0.m 
Gm. of cholesterol rontnining 0.iN me. of tritium. 
The insert ia a semilog plot of descending specific 
activity val uea, 

.4pprosimated using a iotnl  plasma volume of 
39 cc. per kilogram body weight. and a total red cell 
volume of 28 cc. per kilogram body weight. 

TABLE 1.-Tritium Conlenl o,f the Fecer Following 
the Oral Adniiniafration of is0 sc. of Crystalline 

Tritirm-Choleaferol in Pafienf 3 

: star1 Waeht n e t  I , Content Tritivm ! ~ A?:?- Tcitium. S.rnplc 
I Cholutrrol 

'-:-I- 

I Cm. j "<. ~ T~ 

Day 1 . . . . . . . . .  132 261 1 25.8 

Day3 . . . . . . . . . .  ~ 207 j 123 1 1 6 . 8  

10 [ 1.4 

Day 2 . .  . . . . .  ~ 4 6  j 189 i 23.2 

Day 4 . . . . . . . . . . . .  184 I 46 I 6.3 
Day 5 . . . . . . . . .  129 ' 23 3.2 
Dny 0 236 ' 
Day 7 . .  . . . . . . .  147 I 5 ~ 0.7 

. . . . . . . . . .  

- -  
Totals 637 ' 87.4 . . . . . . . .  

. . . . . . . . . . .  1.5 ! 0 21 'O0 1 
Dny 17 

left nrni and neck on nitnlerate esertion. At  the tinie 
of this exprimetit the Ivutient \\os nnibulatory and 
&le to support hesell doing &entar?. work. 

Esnminntion showed nunierous tendinous snn- 
thomnh at the nnkles, elhow and on the feet and 
hands. Then were alsa unthelsm?ta. The heart 
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FIG. 3.-The nppearance of tritium-cholesterol i n  
the blood of pntient 3 following thr ingestion of (1.W 
Gm. of cholesterol contnining 0.736 mc. of triliuni 
The insert is a semilog plot of desrending rp~rifir :ir- 
tivity values. 

* .\pprosiniared using B total plunin rolunir nf 
39 cc per kilogram hod!- tr-eight. and a tot31 red rell 
volume of 26 cc. per kilogram Iwd! wight. 
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Lulnrdton studies shonol :I rwl cell count of 
3.10 million, :I henio&hin of 10.0 Gni., :ind a uhite 
him1 count of S.330. V i e  urine exmiinntion WRP 

normal. The elertmcnrtlinprani shoived cvidenre nf 
p:ut niyornirlial dnninpe. 
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murmur in the nortir region. The patient n ' ~  in- 
continent of urine nnd feces. 

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

transient period hgilll1ing at a h u t  three 
small oral liquid feedings were given. Forty- 
three days after the tritium-cholesterol ME 

given the patient died and an autopsy was 
done. 

r. 
b 

4 

FIG. 5.--Ultraceiitrifugal flotation patterns showing the low density lipoprotein 8 

in the four patients atudied for responsc to oral ingestion of Ha-labeled cholesterol. 
nt 52.640 revolutions per minute with photographs taken ut 0.6,12.22,30.36 minutes 
sjwrd is reached.' The plate of patient 3 is ruled with on SI rate grid, so that the A 
uiiy lipoprotein uppiiring in e:wh frurne ciiii I* imniedintely determined. This grid 
corresponding frames in the platen of patients 1, 2, 4, 

tient 3 which is onr-fold. 

pitirnts escept patient 3. 

6 1 1  sera are concent rated five-fold prior to unalytic ultr~.untrifu7otiori, eicepl for 1 

The SI 12-20 lipoprotein is elevutecl in all pxtients. The SI 20-100 lipoprotein level is rle 

ndmiiiisterd tluilv. The patient rcc:eivctl 0.CiX 'The immecliirte ('LLIIW of ilea 
Gm. of tritium-rholesterol (specific- activity teiisive bilateral hypostatic. I)  
equal l o  I .07 mc.. of trititim per gram) hy atom- ilia. Esaminatioli of the ccBrdiruI 
itch tube. This O.(iY!i mc.. of tritium-c*holcsterol . marked athcrihwlrrotic- chaiig 
was diuuolved in  1.5 cr. of H'rwm oil and emtil- left parietal regioii there \vas 
sitied into 250 ce. of whole milk. Followinp eliwphnlomnlacia nec.oiitlary t 
this rholestcrol feeding the patietit vweivd the left middle c-rrclwal a r t m .  
iiothitip I)y mouth for three tverks, all ~tcnirixli- !vas saved for diemitd csu 
mrnt t)eillK ndministerrtl by i~~jectioii. For a estcnuivelv itivolwd with st 
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no areas of “normal” aorta se re  visible. 3fany 
of the plaques 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 \vas carefully separated from the adven- 
titia and much of the media and consisted of 
36.0 Gm. of tissue. From this source, 1.31 Cm. 
of cholesterol were separated. This cholesterol 
separated as the digitonide had a specific 
activity of 0.03 pc. per gram. 
In 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 cc.; Sr 20-100 = 
82.3 mg. per 100 cc. The analytic ultracentri- 

- 
meal the specific activity of esterified serum 
cholesterol is greater than the free cholesterol 
specific activity.’ In man this was not the rase: 
indeed the reveme \vas demonstrated, the free 
cholesterol initially having a higher specific 
activity than the esterified fraction. The es- 
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 estremely 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 i 2  hours, during 
the initial rising portion of the curves, intes- 

/ 

fuge plate is included in figure 5. tinal absorption and transport of the absorbed 
cholesterol to the qstemic circulation via the 
lymph of the thoracic duct would appear to be nscrss1ox 

Following a single tracer cholesterol meal to paramount in  determining the shape of the 
man the serum cholesterol specific activity curve. I t  has been demonstrated previously 
increased rapidly during the first day and that liver cholesterol and serum cholesterol 
reached a maximum specific activity in from are in rapid equilibriumg,.’0 and the initial 
36 to T2 hours as in figures 1 to 3. Thus choles- steep descending portion of the cuwes occur- 
terol absorption in man appears to be a slow ring at two to five days probably represell& 
process normally continuing over a period of a period during which serum cholesterol is 
approximately two to three days. Examination exchanging with various tissue cholesterol 
of the feces of patients 2 and 3 showed con- pools, particularly liver. The terminal flat- 
tinued excretion of large amounts of tracer tened portion of the curves would appear to 
material over a period of several days entirely approach the turnover rate of body cholesterol 
consistent with such a period of ch 

that red blood cell choles- absorp t ion. 
initial lag period, reaches an There can be no doubt. that diet 
with the free cholesterol of terol plays a role in serum cho 

lism for appreciable amounts 
cholesterol were readily 

cholesterol meal approsimately 1 
of the 1.55 Gm. of cholesterol fed 

cholesterol meal in patient 
been shown in rats that 
is transported via the 
c duct to the systemic 
centrifugal studies on 
dicate that newly ab- 

It has been observed repeatedly in in b0t.h the esterified 
ists in or is associated 
cture with an Sr rate 

strable in patient 2; and about 19.2 pe 
of the dose was found in the b l d  of pat 

cholesterolemie &bits that during th 
72 hours following a single tritium-rho1 

I 1  b o 2 8 3  
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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 invol\-es 
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 SI  rates indicate that free cholesterol 
eschanges rapidly but that esterified choles- 
terol does not. 

.it this stage in our kno\vledge 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 choleatenone 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 low of 46 per cent of 
the deuterium label. Thus the possibility exists 
that during the formation of coprosterol from 
cholesterol some tritium label might eschange; 
however, a t  present the evidence would indi- 
cate that this does not occur. The in vivo 
formation of cholic acid” and pregnanedjol” 

tracer cholesterol in the crystalline form while 
patient 3 received hers dissolved 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 a t  present under way. The possibility, of 
course, exists that patients with hypercholes- 
terolemia and xanthoma tuberosum absorb 
cholesterol -more completely than patients 
with “normal” Berum cholesterol \-alum. This 
point of course requires more study. 

Patient I requires a brief comment. The 
lipid metabolism of a 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 acridents were studied simul- 
taneously ni th  patient 4. Each of these pa- 
tients showed only trace amounta 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 waspossible, hon-ever, in patient 4 to make 
a qualitative demonstration of exogenous cho- 
lesterol entering into the metabolism of the 
human atherosclerotic aorta. The amount of 

from cholesterol presumably via chole&e&k 2 &l&+ml isolated from the aorta (1.31 Gml) 
does not result in loss of the label at (2 +. 4 p a%2@ specific activity found (0.03 pc. per 
course if tritium exchange did occur$& $ ;; g f h 3  greclude the possibility that the activ- 
substance that \vas absorbed, estima&& @ .’ io 9.yl in the aorta could have in blood 
the amount of cholesterol absorbed by @a& 2 .Go~lym* cholesterol contained in the processed 
ure of the amount of label disappeari9 $o$ :TO label 1.31 Gem. of cholesterol to  a 
the feces would be in error. E x p e r i F d  3 , , :SF& ctivity of 0.03 PC. per gram would re- 

inclusion of all the cholesterol from which tritium-cholesterol and C”-labe Ad ;$$- ’ .; *i% 
lesterol have been fed to rats do not :? ; g.a&px@ately 29 CC. of blood ni th  a specific 
greater disappearance of the tritium-lab1 .k* 0.58 pc. per gram of tholes- 
the gut above that of the CY4 label.” ? 0 :: resent in serum cholesterol 

At present it is permissible to say &at);tlsk rtic sample p r o c m d  weighed 
87.4 per cent of the ingested tritium in.s$eht 
2 and 56.9 per cent in patient 3 foun i%t@ 
feces represents minimum values for g e m -  
centage of unabsorbed cholesterol. Tge F.8 
per cent and 42.1 per rent reapectivel%\$i$$ ; i & a  
disappeared from the gut probably ~ , r $ -  2 !?@ sorbed as tritium-cholesterol. I t  is impohaiit 

- 
here to  point out that patient 2 received the 

:jsyn 

tivity value of 0.6 pc. per gram 
the period of the esperiment, 

estimated that an appreciable amount 
p g . )  of the 1.31 Gm. of cholesterol 

isol&d from the aortic sample arose from the 
serum as the result of the intermetabolism of 

I I b O 2 8 h  
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oids. Isotopes in 1)irirIieiiiistry. Ciba Founds- 
tion Conferenre. I'liil:i~lelpliia. Bhkiston. I%I .  

aortic cholesterol and senim cholesterol during 
the 13 day period. 

s CJt\l.\ ItU 

Tritium-labeled cholesterol \vas used to i n -  
vestigate certain aspects of the metabolism of 
ingested cholesterol i t t  four human subjects. 
all of whom presumahly had ntherorclerosis. 

I .  Cholesterol absorption is not efficieiit iu 
man; however, npprosimatrly I?.(; pcr cent, 
9.3 per cent and 19.2 per cent of the admiiiis- 
tered tritium-cholesterol could be demonstrated 
in the circulating blood two days after the tri- 
tium-cholesterol feeding in patients 1, 2 a i d  3 
respectively. 

:2. Cholesterol ahsorption i n  man is slow 
an'd a pcak yenim (*holesterol specific activity 
following a single lalieled cholesterol fcedinp 
occurs in from 30 to 72 hours. 

3. Serum free cholesterol has a higher spwific 
activity than esterified rholextrrol for 21 to 
48 houm after a siiigle tracer c-holesterol meal. 
This is the ni-erse of that previously found il l  

cholesterol-fed rabbits where the specific :irtiv- 
itj. of the esterified cholesterol \VIIS the greater. 

-1. The specific artivities of cholesterol iso- 
lated from the various lipoprotein frartioiis of 
the serum separated ultracentrifugally were 
ideiitical 24 hours after the tritium-rholesterol 
feeding. 

5. Free serum cholesterol and red blood rell 
rholesterol are in  equilibrium i i i  vivo: 

6. QuaAtative determinations of the tri- 
tium content of the feces for qeven days fol- 
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