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g —m)TEI\\ of human serum
are cot \.‘ememl\ defined und quantitated
in the ultracentrifuge accorling to their
flotation ratex under carefully defned condi-
tions.’ Inasmuch as the concentrationof certain
serum lipoprotein molecules =0 defined 3 12—
20: % 20-100* show a positive carrelation
with the incidence of human atherosclerosix.-
thoxe factors which determine the lipoprorein
spectrum of the ~erum in any individual become
of potential importance in understanding the
pathologic phy=iology of atherosclerosis.

A =earch for determining factors important
in lipoprotein metabolism logically  includes
several varied aspects of cholesterol metabo-
lixm. The interrelationships hetween ~erum lipo-
protein spectra and oral cholesterol metabolism
are under investigation in this study. Labeled
cholesterol has been administrated to a scries
of 10 patients. and it has been possible to
demon=trate a quantitative metabwlic efect
i lipid metabolism in patient= who have ah-
normal ultracentrifugal lipoprotein spectra.
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ititative Metabolic Defect in Lipid
Ief ]folmn Associated with Abnormal
=i Serum Lipoproteins in Man
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Tritium-labeled cholesterol* has been fed to
10 selected patients: with  xauthoma
tuberosum. two with xanthoma tendinosum.
three with clinical atherosclerusis, and three
normals. Patients with xanthomata have been
used in four instances because thev afford a
unigque opportunity  to  study  extremes in
lipoprotein spectra.’ Panients with xanthoma
tuberosum  have elevated serum cholesterol
values assoviated with an extremely ahnormal
ultracentrifuge pattern: the lipoprotein spec-
trum approaches that seen in cholesterol-tfed
rabbit=. In xanthoma tendinosum. on the other
hand. there ix also a hypercholesterolemia hut
here the ultracentrifuge lipoprotein spectrum
i= of particular interest in that the hyperlipo-
proteittemia remains almost entirely within the
Ry 0-12 class of lipoprotein molecules. The 10
patients =elected then atford a ~ampling over a
wide range of lipoprotein ~pectra. Besides pro-
viding a wide range of serum lipeprotein spectra
the patients also provide wide variations in
serum cholesterol values ux well, Within the
10 patient~ of the group. however. there ix no
correlation between the level of serum cholex-
terol atd the type of centrifuge pattern found.
A~ a result it has been possible to evaluate in-
dependently the quantitative metaholic differ-
ences in lipid metaholism observed in the
various individuuls with respert to the absolute
serum cholesterol level and also with respect
to the concentrations of varinus lipoprotein
malecules,

Two

EXPERIMENTAL ProcEDURE
A single dose of tritium-lubeled cholesterol. be-
tween 0.35 amnd U.77 me., wu~ administered to euch

fatian . Vel VIl Ma-h, :53;

e



A UMEN | SUCHUE

University of Caiifornia at Berkeley
The Bancroft Library/The University Archives, Berkeley CA

m% n H- Lawrznce (Qorresp

m/%”i ¥7/50c
m”m

corYy

FOLDER NAME L,, :

(mzs? 5%

NOTES

2o

RIS (DokA

i

|

reference use only. Copies may not be deposited in !
olher Iibrane:‘. or insmutions without express per-

Y

° @ x ;8

S = o .

CEF v ¥

58535

]

U= oo - €

£ 5 22X

PLE a8 ABNORMAL SERUM
Q & e =

2333

Botient off (e beginning of the experiment. The
cholestarod a¥erage dose = 0.63 G, was dissolved
B Becof \\_Qrm Wesson oil and emul:xﬁed into 200

& of whote milk together with 60 Gm. of ice cream.
Seer thé: gestion of this labeled fatty meal
wtndic blbod samples were obtained. and the serum
free anl tmﬂ cholesterol =pecific artivities were de-
fermined.THe cholesterol in each serum sample was
Ure(‘xp{hted s the digitonile which in turn was
:hm%hlﬁted Rr tritium activity Jeterminations as
reRiuds s [Bscribed ¢ The experiment was done on
anﬂpxlg}&@i( basis and the patients ate their
2regubrr He@ at home.
E hE Uiog to administering the tritium choles-
terol a blond sample was taken for uitracentrifugal
analysis of the serum lipoprotein spectrum. Three
serum cholesterol determinations were made on
each patient according to the method of Schoen-
heimer-Sperrv¢ as modified by Colman.” These (le-

Copied from originals in The Bancroft Library for

TasrLE | —Serum Cholesterol Values nn the 10 Patients Studied
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to the concentration of 8¢ 12-20 molecules. The
shaded area in frame 2 is the area read for
20-100 molecules. The concentration of
S¢ 0-12 molecules has heen taken from {rame
5: the concentration of S 100-400 molecules
from frame 1.*

Beneath each ultracentrifuge plate is the
corresponding cholesterul =pecific activity ab-
sorption curve for that patient. Here the free
cholesterol specific activities and the toral
cholesterol specific activities have heen plotted
as a function of time in days. The abscissa is
broken at the right to include specific activity
determinations over a -everal weeks perind.

[dentification of the patient together with
pertinent information such as the

S

certain

sample No.
- —_—— = Averaze Average Ratic
P gene \ s Total Chol
Free Chal.
Free Total Free Totai Free Total Free Totat
- mg. 7 mg LT me. me T m: " me. " me.
1 141 496 151 360 13~ 106 143 319 3.6
2 162 360 140 36 1+ 388 149 563 3.8
3 E1 3 30 232 4 224 A 226 L3
3 4 358 B 367 T4 331 <2 352 1.3
3 v 178 19 208 H 194 12 103 4.6
6 5 2 T8 268 3 238 5 266 3.5
T T2 205 69 3 5% 239 Bt 266 +.0
> 134 300 142 338 43 530 146 520 3.6
9 63 268 38 M43 i1 338 64 290 1.5
10 i 259 T2 238 2 239 3 259 3.5

i
|

terminations were done at approximately weekly
intervals usualiv on the serum of days 1, 7 and 14
following the start of the experiment.
REestLTs

For the =ake of clarity the experimental
result= are presented in graphic form in figures
1 through 10. An ultracentrifugal analysis of
the lipoprotein spectrum of the serum of each
patient at the beginning of the experiment top=
each figure. The coucentration of lipoprotein
molecules. X 0-12, 8¢ 12-20, 5S¢ 20-100 aud
Xy 100-400. read from each plate. ix included
in the legend. It should be noted that the ultra-
centrifuge plates were not made at the same
serum concentration it each ca=e: the fold con-
centration is included for each. The shaded
area in frame 35 of each plate ix proportional

l1b24b9

tritium-cholesterol dosage is included in the
legend.
The serum cholesterol values are included in

table 1.
DiscusstoN

Examination of the 10 cholesterol specitic-
activity absorption curves shows a quantita-
tive difference in the way various individuals
handle oral cholesterol with respert to it= parti-
tion after absorption inta the tree and esterified
pools of serum cholesterol. Patient 1. after 24
hours, shows a free serum cholesterol specific
activity 2,14 times as great ax the total ~erum

* The method of plate reading emploved in this
laboratory has been developed by Do John Gotman
anl wll be reported in detail elsewhere.
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2 &otpsterd dp fg' activity: while patient 10,
;§t§‘ 2¢ Ror GFows a free serum cholesterol

Specifie zxt'ri;!'itg Sy 0.52 times a~ great as the
fotgl Serynt. «gnbetexol specific activity. The
gpmhmmg elgﬁtqpanem- lie distributed be-
[\ E “these %o g\nenle~

& Lln; Funfrifagdl analyses of the lipoprotein
Spen tru g \éml thousauds of “normal™
Joung n}&lt‘lmlﬂ\llnlell ~how thut the normal
31})5;);7)[1'111; ge(';lllm consists of o moderute
»rIhiehg Qu:en(ﬁ“mun of B¢ 0-12 molecules,
aciE] Sng' B\\d i}(entrdtlom of molecules with
|§4th iﬂ(%&ﬁn)lj ratex than this 3y 12-20:
& @0:} 190-400. Inn the tollowing dis-
clission 8¢ 0-12 mole( ule= are treated as normal;
S¢ 12-400 molecules ax abnormal.

A qualitative compari=on of the cholesterol
specific activity absorption curves with the
ultracentrifuge plates in each case =hows thut
those patients with a “normal or nearly nor-
mal” lipoprotein spectrum. with the bulk of
their lipoprotein molecules in the =, 0-12 ¢lass,
have a cholesterol specific activity absorption
curve wherein the free cholesterol -pecific
activity is greater than the esterified choles-
terol specific activity during active absorption
of the tritium-cholesterol do=uge. Ou the con-
trarv those patients with a “moderately or
grossly abnormal™ lipoprotein spectrum with
high concentrations of 3¢ 12-400 molecules do
not show this relationship, but rather the ab-
normal centrifuge plates accompany choles-
terol specific activity absorption curves wherein
the free cholesterol is lower than or equal to
the esterified cholesterol specific activity.

To correlate the cholesterol specific activity
absorption curves agaiust the total ~erum
cholesterol and against the concentrations of
various lipoprotein molecules it has been
necessary to transpose the cholesterol ~pecific
activity absorption curves into some numeric
evaluation. For thi= purpose the ratio of the
tfree cholesterol specific activity over the total

cholesterol specific activity at 24 hours has
heen used. From the qualitative characteristics
of the centrifuge plates and the cholesterol
sperific activity absorption curves (figs. 1 to
101 it is ween that when normal molecules
(] 0-12) predominate the free cholesterol
specific activity at 24 hours is greater than the

0

n
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total cholesterol specific activity. When ab-
normal moleculex predominate {(3; 12-400)
the exterified cholesterol hu~ the greater <perih:
activity.

In table 2 the ratio of free cholesterol speei-
fie  activity over total cholesterol  specitir
the rutio of nermal 8: 0-12 molecules
and the

Aetivity,
over abnormal 3¢ 12-400 molecules,
tutal serum cholesterol values are listed tor
each putient. Cadeulation of Pearson’s product-
moment coefficient of correlation between the
ratio of free cholesteral =<pecific activity over
total cholesternl specific activity and the ratio
of normal molecules 13 0-121 over abnormal
molectles 13 12-4001 gives a value of —0.13
10,765 ix significant at 1 per cent levelr. Caleu-
lation of the ~ame enrrelution coefficient {or
the ratio of free cholesterol specific activity
over total cholesterol specific activity and the
tatal =erum cholesterol values in milligrams
per 100 . gives a vulue of =039 which cannor
be proveu sighificant from these data.

Thus the cholesterol spevific activity absorp-
tion eurves during the period of artive tracer-
cholesterol absorption show a positive correla-
tion with the lipoprotein spectrum: hnwever,
from the data thev cannot be correlated
significant fashion with the total serum choles-
terol values in the same individuals. This
positive correlation of the cholesterol specific
activity absorption curves with the lipoprotein
spectra and the failure of a significant rorre-
lation with the total serum cholesterol is in-
terpreted ax indicating that an ultracentrifugal
analy=is of the serum lipoprotein spectrum
evaluates a metabolic defect in lipid metab-
olism which may be completely independent
of the total =erum cholesterol values.

Warner reported in his observations on the
metabolism of tracer cholesterol following oral
ingestion that in dogs and terminal patients
the free cholesterol specific activity i= greater
than the esterified cholesterol specific activity
during the period of active absorption. We
have previousiy observed that rabhitx do not
handle oral cholesterol in similar fashion hur
rather show a higher cholesterol ester specific
activity thau free cholesterol specific activity.®
These ohservations are entirely consiztent
inasmuch a~ dogs and many terminal patients
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FiG. 1. Patient 1. a 32 vear nld female with xunthoma rendinosum of something more than 10 vears
duration received (.60 Gm. of tritium cholesterol (2.4 = 1.0V me. Gm.

+. The rise in serum cholesterol
specific uetivity

Ciree and toral. has been plotted against time in duvs. The ultracentrifuge phute
shows the following concentrations of lipoprotein malecules in the serum: 3 (=12 = 074 mg. per (00

3,12-20 = 102 mg. per {0 ec.: §;20-100 = 3% mug per 10 cc.: and 3: U400 = 14 mg. per 10
ce. The ultracentrifuge plate was made at a two-fold concentration.
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o " PATIENT 2, Xahomo Tendinosum, FEMALE
-5; 2 Tritksm cholesterol dosage O 74 me .
] ! N
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] 2 . 6 5 z 28
DAYS
Fra.o2:

2. Patient 2. a 31 vear old female with xunthomz tendinosum of aporovimately 30 vears dura-
tion. received 0.76 Gm. of tritium cholesterol S A, = 1.07 me. Gm.-. The rise in serum cholesterol
specific activity. free and total. is plotted against time in days. The ultracentrifuge plate shows the
following voncentrations of lipoprotein molecules in the serum: 2 0-12 = 466 mg. per 100 ce.; S, 12:20
= 232 mg. per 100 cc.; 8, 2100 = 166 mg. per 100 ce: and 3, 10(-400 = 2 mg. per 100 cc. The ultra-
centrifuge plate was muade at a vne-fuld concentration.
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Fi:. 3. Patient 3. a normal male. uge 31

. received U.34 Gm. of tritium-cholesterol (3. A. = 107
me. Gm.:

. The rise in serum cholesterol specific nctivity. free and total. is plotted ugainst time in
davs. The ulteacentrifuge plate shows the following concentrations of lipuprotein molecules in the
serum: 3¢ 0-12 = 274 mg. per 100 cc.: 3 12-20 = 33 mg. per 100 cc.. 3: 20-100 = 77 mg. per 100 cc.

and 8: 100-400 = 10 mg. per 100 cc. The ultrueentrifuge plute was ma uie at u five-fold concentration

W
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22

Fi1G. 4. Patient 4. 2 normal male. age 31. received (.53 Gm. of tritium-cholesterol tS.A. = 1.07
mec. Gm... The rise in serum cholesterol specific uctivity. free and totul. is plotted ugainst time in
dayvs. The ultracentrifuge plute shows the following mncemrniom of lipoprotein molecules in the
serum: S, 0-12 = 346 mg. per 100 cc.; 8¢ 12-20 = SO mg. per 100 cc.; J; 20-100 = 130 mg. per 100 cc.
and S¢ 100-400 = 27 mg. per 100 ce. The ultrucentrifuge plate was I‘I]de' at 4 five-fold concentration.
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F1G. 5. Patient 5. a normal female. age 26. received 0.63 Gm. of tritium-cholesterol \8 A = 107
me. Gm.). The rise in serum cholesterol specific auctivity. free and total. is plotted ugainst time in
days. The ultracentrifuge plate shows the following concentrations of lipopratein molecules in the
serum: 8, (12 = 239 mg. per 100 cc.; 8. 12-20 = 13 mg per 100 cc.: ¥ 20-100 = 30 mg. per 10 ce.;
and S$; 100400 = 10 mg. per 100 cc. The ultracentrifuge plate was made at a five-fold concentra-
tion.
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S — PATIENT 6 , Chronic Glomerulonephritis, MALE

% Tritium cholestercl dosage 0.73 me. R
% [ 2 3 4 oavs ) 0 7 " 14

Fi:. 6. Patient 6, a 41 veur old male with a clinical diagnosis of atherosclerosis. hypertension and
nephritis.received 0.86Gm. of cholesterol S.A. = 0.xj mc. Gm. .. Therise in serum cholesterol specific
aetivity, free and total. is plotted against time in days. The ultracentrifuge plate shows the fullowing
concentrations of lipoprotein molecules in the serum: §,0-12 = 441 mg. per 100 cc.: S¢12-20 = 7O mg.
per 100 cc.; S;20-100 = 191 mg. per 100 cc.: and S 100-100 = 95 mg. per 100 cc. The ultracentrifuge
plate was made at a five-fold concentration.
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DAYS
Fie. 7. Patient 7.2 #2 vear old male who had experieuced o previoas my neardial infarction received
0.51 G of tritium-cholesterol S A= 1.07 me. Gm.o. The rise in serum cholesterol specitic activity,
free and total. is plotted against time in davs The ultracenrrifuge plate shows the following con-
centrations of lipoprotein molecales in the serum: 3, (H12 = 132 mg. per 10 ee  $¢12-20 = 81 mg. per
100 co.; Sy 20-100 = 146 my. per 100 e, and S, 10400 = 222 mg. per 100 ce. The ultracentrifuge
plate wus made at x fve-fold concentration
S
f-
~
o
E Y
.3
% FREE CHOLESTEROL
~ . 5
a2
g , { PATIENT 8 , Xonthoma Tuberosum, MALE ! i
Tritium cholesterol dosage O 62 mc . ;

i 11

5
DAYS

' Fre. & Patient 8. a 42 vear old male with xunthama ruberosam of threr vears duration. roceived

A (1.3% Gm. of tritium-cholesterol (¥.A. = 1.07 me. G, . The rise in serum cholesterol specific acnivity,
free and total. is plotted against time it davs. The ultracentrifuge plate shows the following eon-
centrutions of lipoprotein molecules in the serum: X; (-12 = 211 my. per 10 ee.; ¥ 12-20 = Mimyg
per 100 ec.; §; 20-100 = 193 mz. per 100 e and S 100-HHb = 233 g, per 100 ce. The ultracentrifuge
plate was made at four-fold concentrution
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PATIENT 9, Atheroscierosis, MALE
Tritum cholesterol dosage O .55 mc.
T T T ‘
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2 3 . 5 0 7 v 27
DAYS
F1c. 0. Patient 9. a 42 vear old male. showed 4 grossly ubnormal ultracentrifugal lipoprotein spec-
trum but no demonstrable disease at this time. He received .31 Gm. of tritium-chonlesteral (3. A =
1.07 me. Gm.». The rise in serum cholesterol specific activity, free and total. is plotred aguinst time in
Jdays. The ultracentrifuge plate shows the following cone en(r.uium of lipoprotein molecules in the
serum: S: 0-12 = 17> mg. per 100 ce.: $712-20 = 104 mg. per 100 cc.: 8¢ 20-100 = 270 mg. per 100 cc
and 3: 100400 = 1 mg. per 100 cc. The ultracentrifuge plate was made at a five-fold concentration.
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& L [ PATIENT 10, Xonthoma Tube: 3
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10. Patient 10, a 33 vear old male with xunthoma tuberosum of approximately three veurs
duration. received 0.72 Gm of rritium-cholesterol (3.A. = 1.07 me. Gm.). The rise in serum choles-
terol specific activity. free and toral. is plotted against time in duys. The ultracentrifuge plate shows
the following concentrations of lippprotein molecules in the serum: 8 0-12 = 124 mg. per 100 cc.; §;
12-20 = Yo mg per 100 ce.; 3, 20-100 = N2 mg. per 100 cc.: und 8; 100-3400 = 156 mg. per 100 cc. The
ultracentrifuge plate was made at a five-fold concentrution.
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i- & f wirler rklmre @)\\(\H ws Hme pusses,
e S 1 nore o 'hger-‘mtmn« it dipid metab-

u 1gnzm therabbit a.:e})m\ ing to have a [ul al-
9Rv‘~nf~‘nr1ﬁ’e “admtngm( " man. It has heen
deﬁug rmml:unahgx}uml»luh and man that
e\%@n a lr;ﬂoate:ru@ is oniy partiadly ab-
wihed: ChEud @, 3o8e sheorbed. that it

TaBLE 2.—{ nreelation Studu of Chalesteend Specific
Actiity Absosption Curves. Lipoprotein Yolceular
Speetrum, and the Total Serune Chulesterol

Cholesteroi spe-
cifne actvary LlpOD\'O e

wrmon el
Pavent Ne- p e Chol 3a-12 maie-
A we Gm cules mg. 7
Total Chol S12-400 mole-
> A uc Gm. cules mg. 7
1 2.19 3.5¢ 310
2 1.34 217 355
3 1.32 1.97 226
4 1.30 1.58 352
3 1.20 3.50 193
6 1.00 1.21 266
7 1.00 1.01 266
) 0.77 0.26 529
9 0.56 0.39 200
10 0.52 0.23 239

mixes with the metabolic cholesterol pools of
the serum and tissues including aorta.* ' It
has been demonstrated that the cholesterol
fed makes up the bulk of the atheromatous
cholesterol deposits in the aorta in exper-
imental atherosclerosis.!® Ultracentrifugal lipo-
proteint spectra of varving degrees of ab-
normality are to be found in humans= and many
patterns closely simulate those seen in the
atheroselerotic rabbit (patients 8 9 and 10,
It has now been demonstrated that those pa-
tients with abnormal lipoprotein spectra handle
oral cholesterol with respect to its partition
after ab=orption o the serum free and esteri-
fiedd cholesterol pools. in an abnormal fashion;
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in a fashion identicul with that seen m the
rabhirt.

At thi= point it mus<t be emphasized that the
fundamental abnormality producing the varia-
tion~ in the rholesterol specific activity ub~orp-
tion curves observed 1 the patients o this
stwly remains obseure. The problem assuredly
concerns  cholesterol  ester metabolism,  hut
whether the defect 1x in the metabolism of
e~terified cholesterol as a unit - that is, altered
cholesternl exterase activity ). or in the metah-
oli=m of one of it= component parts. cholexterol
and or fatty acid. is not known. That the defect
in metabolism involves cholesterol plus farty
acid in an esterified form iz of additional
interest in view of the fact that dietary altera-
tion of the serum lipoprotein spectrum is most
effective upon co-reduction of fat and choles-
terol in the diet.

Until the various fundamental aspects of
lipid metaholism are clarified and a more direct
attack on the problem can be made. the bulk
of evidence at hand supports the belief that
judicious control of dietary fat and cholesterol
as a prophylactic measure in patients with
abnormal lipoprotein spectra is worth while
such treatment would appear particularly indi-
cated in patients such as 8. 9 and 10.

Finally it may be added that the data adds
further evidence to that of MecGinley and
Gofman® that the diseases classified as xan-
thoma tuberosum and xanthoma tendinosum,
although they have a hyperlipoproteinemia in
common. probably are caused by entirely dif-
ferent fundamental metabolic defects.

SUMMARY

Tritium-labeled cholesterol has been used
in a selected series of patients to demonstrate
a quantitative metabolic defect in lipid me-
tabolism in the presence of abnormal serum
lipoprotein spectra. This metabolic defect
involves the partition of oral cholesterol into
the free and esterified cholesterol pools of the
serum. Patients with abnormal serum lipo-
protein =pectra carry a greater proportion of
their newly absorbed cholesterul in the esteri-
fied form than do normals.

The diflerent cholesterol specific activity
ahsorption curves found correlate with the



CUULMENT 3OUHCE

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

Tithe P pergmee (e

%ﬁg?ﬁﬁSUﬁm

COPY

£ " T
Blorres [9T¢

oo

CRRERYS (5K

: .~ € €2
3£543 28§
*38z332¢g
220 e a2 & >~
Safceiad
C = = =
S s §5 28,
- @ xmd o539
£2%g s 0=¢
2 -8‘\"'15;) protain Aistribution as demonstrated
- O : J = .
§\\0th Be il a‘éelﬁrnuge: but the absarption
c =z AR .

@ g eknbt m.nr):_elate with the total serum
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:u@’,%i;:’nf;rh‘e’:.\emm lipoproteins measures i
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%4 B El(lépéltg?lyg()" the rotal ~erum choles-
'%t*ﬂﬂ%ﬂ'éael)}r =

%u;x O}Aervut»igné mude 1 rabbits and Jdogs
v nsi-ent witd the present oheervutions
! m"jn.i'ﬁgléite-i’u‘&fed rabbits have abnormal
h%eﬁeavi ip&-iﬁb.}{('ti\'ity absorption curves
1 @n‘érrﬁulgliéy}gmein ~pectra. Cholesterol
DG G- Bh@eh Fotnal ub=orption curve wsso-
ciated with a normal lipoprotein -pectrum.
labbitx hecome atherosclerotic on cholesterol
feeding= alone: dogs do not.

Thix study appears to implicate dietary fat
and cholesterol as a secondary factor in athero-
renesi~ mare strongly than before.
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StMario Espason

Calesterol rotulado con tritium se le ha ad-
ministrado por via oral a una =erie de pacientes °
seleccionados para demoxtrar un defecto vuan-
titativo metaholico en la presencia de espectros
anormales de las lipoproteinas del suero. Pa-
clentex con espectros anormalex de las lipopro-
tefuas del suero cargan una fraccion mavor del
rolexterol absorbido recientemente en la forma
esterificada que los sujetos normales.
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