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JOSIAH MACY, IR FOUNDATION
CONFERENCE PROGRAM

FRANK FREMONT SMITH
Medical Director

1 waxt 10 welcome you and tell you how happy we are to have
you all here at this ffth and Jast Conference on Factors Regulating
Blaod Pressure For the benefit of the guests who are present for
the first tme I should ke to outlme bnefly the orgamzation of

these conferences and what we hope to accomphish through the
Conference Program

We feel that nature has been somevhat actsfically {ragmented
by otr unsersity departments and by our specialization into dis
aiplmes for 1f we are to understand fully apy_one part of miture
we must see that part 1n relation to the whole Such perspectine
1s extremely difficult 1f not mmpossible when we hmt our view
to what we can see through the lens of a single disapline We
concenved these conferences therefore as an aftempt to provide
a planned opportunsty not ordmanly avaslable for multiprofessional
commuy
the

mication around a grven topie Although the fertility of
Iudiseiphne approach 1s recogmzed n 1 le unnersities
scientific societies and journals have not yet made adequate pro
vision for chammels of interdiseiplinary ¢ on

In additon to this Conference we now have twebe similar
groups covering a wide ramety of topies Two new confurences
hate been orgamzed one on cold injury the first mecting of which

wos held in June 1931 and one on shock and vascular homeostasis
which will hold 1ts first session m October 1951

There 15 usually a nuclens of members who come regularly even
year and in addibion there are guests wlo are wwnted for one or
more meetngs for thetr specinl contrtbutions The setup of the

weeting 13 not for the presentation of formal pape:
s but f
formal and free discussion Th o ng 1

ne mamn purpose of the githenng 15
fl?r the nterchange of wdeas the back and forth discussion hetween
“wose p\::cnt for mutual stmulation and for commumeation be

ween the discrplines T am sure you are all to some extent aware
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of the difficulty of communication between disciplines, even such
disciplines as anatomy and physiology

When you begmn to deal with a problem — and we have m this
area such a problem —~ whch crosses all the way from the physical
and biological scrences to the psychological and social sciences
then you are faced with the very great difficulty of communication
between physical and biological sciences and social sciences

In a sense, we feel that medicine 15 1n the key posttion to promote
better communication Today medicme must be well versed
nuclear physics because of the tracer techmiques and the mjury
that ¢ come from radiation, for example

Inaddition medicine 1s a social scrence and through mental health
must be concerned with public health problems of socal and
economic mportance In the concept of psychosomatic medicine
where we see psychological and soeial factors changing the functions
of organs and organ systems and enzyme activity of cells we begin
to see the 1bsolute necessity for understanding and communication
between the social scientist and the enzyme chemust At the prescnt
time we really have nature pretty much fragmented by our
disciplines which are set up in the un ersities by departments with
walls between them

One of the other things we discovered was that it was very
much easier for a representative of one discipline to commumieate
with a representative of quite a different disciphne if they came
from different universties You mught think that over also but
1t 1s really true And so we found it would be a great advantage
to bring them together from different umversities from different
disciplines Obviously with twenty five 15 a mavmum that we e
bung to a meeting we must leave out a vast majonty of the best
people m every field 1f we have seven or eight dsciplines repre
sented by three or four people — and 1n any mportant field therc
are gomng to be twenty five to seventy five hey people — we must
face the fact that we cannot mclude everybody The smaller the
group, the better the communication We have pliyed back and
forth with this process and have found that a group of twenty five
people for a two day perod 15 the optimum

I always Lke my chance to get m these mtroductory remarks
which must echo and re echo m the ears of the members because
they have heard them sad so often You see a stenotypist here
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fung down every thing you say Well that 1s not as bad as 1t seems,
Eaca\%se you \nl?get 2 transcnpt of the complete Conference :m&é
you will have the opportumity to cross out anything that you wis
you hadn t sad or at least dont want to have w pont Therefore
we want to encourage you to speak with absolute freedom com
plete nformality and not be the least ihibited Dont do what one
man did — he crossed out everything he smd We prefes not to have
that happen We also would like to say dont hestate to ash
seermngly foolish questions because how can we be sure they wont
evoke wisdom m somebody else? 1t s the evocation of wisdom
rather than the statements we make with which we are concerned

This then 1s an experment m communication Each of our con
ferences his an immediate purpose — to advance research mn 2
particular wea We hike you to feel that vou are a part of that
experiment that you contribute to 1t not only by your cfforts at
communication but also by gving us some wisdom Will you send
us your comments afterwards as to what can be done to better
this communicative process? We want to share what we e domg
here as much as possible through the transactions Yon will have m
front of you the volume from the last meeung and you wilt see

that a good deal of the mformahty at that meeting has been pre
served 1m the publicabion

Not only are scientific meehings somewhat stereatyped but, far
worse scientific pubheations are very senously stereotyped they
are i an echtonal strait jacket Thope 1f there are any editors here
they will bear with me and be somewhat tolerant of what I am
saying but I do not think there 15 any question but that there 1
perversion of the truth s the majonty of our suentific publications
1 mean that we have presented to the public and to each other
only the lomeal of our h work R h s
not slwans lomoal Tt has a lomeal end it always has but most
umportant s essence 55 the ereative part The creatwe 15 editona L

censored and we are forced to rearran
ge what we actually do »
the laboratory and put 1€ mto a logical sequence y !

In research what frequently ha
hypothesss wiuch may ?)r mayy mppens e s g with an

t be correct You test 1t perhaps

uently th
?dea y the finalresuits may have hittle connection wath the onginal
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of the difficulty of commumecation between disciphines, even such
disciplines as anatomy and phystology

When you begin to deal with 1 problem — and we have n ths
area such 2 problem — which crosses all the way from the physical
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In a sense, we feel that medicine 1s 1 the key position to promote
better commumcation Today medicme must be well versed m
nuclear physics beciuse of the tracer techmques and the mjury
that cn come from radiation, for example

In addition medicine 1s a social serence and through mental health
must be concerned with public health problems of social and
economic 1mportance In the concept of psychosomatic medicine
where we see psychological and social factors changing the functions
of organs and organ systems and enzyme activity of cells we begin
to see the absolute necessity for understanding and commumeation
between the social screntist ind the enzy me chemist At the present
time we really hwe nature pretty much fragmented by our
disciplines which are set up mn the unnversities by departments with
walls between them

One of the other things we discovered was that 1t was very
much easier for a representative of one discipline to communicate
with a representative of qute a different disciphne if they cime
from different umverstties You mught think that over also but
it 1s really true And so we found it would be 1 great advantage
to brng them together from different unnersities from different
disciplines Obwviously with twenty five as a maximum that we can
bring fo a meeting we must Jeave out a vast myority of the best
people n every field, if we have seven or eight disciphines repre
sented by three or four people — and m any mmportant field there
are gomng to be twenty five to seventy five hey people — we must
face the fact that we cannot include everybody The smaller the

roup the better the communication We have played back and
forth with this process and have found that a group of twenty five

people for a two day penod 1s the optimum
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which must echo and re echo 1n the ears of the members because
they have heard them said so often You see 1 stenotypist here



INTRODUCTORY REMARKS

HARRY GOLDBLATT
Charman

£ you who are famibar with what 1 have wnlten n the
ﬁffg\\ ))ears Lnow that almost s nably Thave concluded with
the statement that m my opinion problem number one stll
remamung, to he solied deals with the etiology and pathogenesis
of the artenal and artenolar sclerosis that usually accompanies
hypertension 1 still believe that

Dr Fremont Smuth has just told us that this 15 the fifth and Jast
Conference on Factors Regulating Blood Pressure under my
charmanship 1t seemed appropriate therefore to end my penod

of conducting these conferences wath a session on the subject 1
have mentioned

1 think that 1f any one area of agrecment has come out of these
conferences about the ongm of hypertension 1t is that 1t dots
appear to be due mamly to ncreased penpheral 1 ascular resistance
But whether the mereased penpheral vascular resistance 15 always
on a purely functional basis at least 1n the bemnming whether 1t
1s both on a functional and an orgamc basis or only the latter 1s
not established Tamally we have not yet elucidated erther the
etiology or the pathogenens of the athero or mtenosclerosis of
the large and small artenes which could be the orgame basis of
hypertension What has given the greatest impetus to the m estiga
tion of this part of the problem 15 the tecent work an the bpids
1 the blood and m the sites where they are deposited Th s
therefore seems to be the opportune time 1n which to thrash out
this subjeet As Dr Dremont Smuth told Y0u our primary purposc
15 to get provocative statements from the varous participants
which we hope will evole much discussion from all those who
ﬁ:{]e“ ‘i:m‘txhar with the subject or who have n 1dea or thought

n
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We use logic to obtam our results, but 1f we present only the
logrcal end, we deprive our audience of shaning mn the interesting
and exciting spects of our reseirch esperience There 15 a further
and potentinlly more serious considerition, namely the tendency
on the part of nonscientific admmstrators to feel that science
being logieal, can be managed that it cn be controlled that 1t
cn be ordered No one m « free country would think of ordering
m artist to pamt 1 landscpe m 2 particular way T think the
artistic aspeets of science e 15 vital as the logienl aspects We
feel that m a smnll way the give wnd take in these nformal diseus
sions preserved m these transictions will gne both sides of the
process of screntific thought Thercfore we hope that you swill talk
1bout your headaches your difficulties, and that you will cven have
liunches and express them n these meetings

The transactions are secondarv to the discussions They are the
tul and they must not wag the dog The dog 1 what actually
happens here among you

We think that Dale Camegie reallv had something n the title
of his book How to Win Friends and Influence People We feel
you will be able to communicate with exch other only when you
have established a relationship of confidence, a friendly relationship
Therefore 1s part of the process of commumeation we want you to
have the chance to assocnite with one another closely for the two
day pertad We huve seen peoples work modified, we hase seen
spontaneous coll thoration take plice between different unn ersities
between members of a conference collaboration not ordered by
anyone from above but corung out of a mutual need to approach a
problem from several different angles simultaneousty



CHEMICAL STUDIES OF
THE BLOOD IN ARTERIOSCLEROSIS

DAVID P BARR

Department of Internal Medicine
Comgll Uneerasty Medteal College

tlabora
T varrows that 1 shall report have been made m ¢o!
h::t:; ?:lngM\ss Ella Russ chermst of the Central Laboratones at

New York Hosprtal and Dr Howard Eder of the Department of
Medicne of Cornell

Tt has long been suspected that deposits of hpds 1 tissues are
dependent ugon the tration of chol 1 and other hpd
substances 1n the ureulating blood In the past howerver too Jittle
account has been taken of the complexties of pid relationships
Evidence 15 now convincing, that cholesterol and phosphohpds do
not exst an a free state n the plasma but under ordimary circum
stances are combmed with each other and with protens i hirge
molecules two groups of which the alphalipoprotems and the

betahipoprotems have been extensnely studied and partially
charactenzed

It 35 concennable that from the standp of h
at ath 1 <!

e 7 B
of the and distnbu
tiou of hipoprotemns may be more rew arding than that of any ove

of their constituents The possibibty has been emphasized by the
demonstration sn Cohns laboratory that all of the cholesterol of
the plasma 1s distributed between two protewn fractions and that
m pooled plasma approximately 25 percent of the total cholesterol
i 1 the alphalipop the forming past of the

Lipop Furth the recently published Method 10
aof Cohn(1) for microfractionaty

on of protens makes possible effec
twe separation of alpha and betal o ks

m samples of blood

suffictently small for withdrawal from an mdividual
The pumary ohject of the present study was to explore the
possibibty of significant fluctustion s the distnbubion of hpo
protems in health and disease Focus upon atherosclorosss diabetes
and nephiotis was not 1y ded but was d when
we encounterrd quite early appwently sigmficant vanations m the

13
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plasmn of patients suflerng from the serious compheations of
atherosclerosis

For purposes of the mvestigation we used Cohns Method 10
with no cssential modificitions As 1s well known this method
employs a system of extreme ingenuty m which pH alcohol con
centration, 10n1c strength protein concentration and temperature
are critically controlled and 1 which the dipolar 1om, glycme 15
used 1 high concentration to separate combinations of protens

TABLE I
Cohn Fractionation—Method 10
FRACTION A(IV V VI)
Albumin

Alpha, lipoprotein
Alpha glycoprotemn
Beta, metal combmmg protein

FRACTION B(II)
Gamm~ globulins
FRACTION C(1Ilo)

Beta, hpff)mlcm
Beta, lipid poor euglobulin
Ceruloplismin

FRACTION D(I III )

Ibrimogen

Prothrombin

Cold 1nsoluble globulm
Plasmmogen
Isoagglutmms

For reference the various steps i the extraction have been placed
in Table I Time does not pernut discussion of detuls Suffice 1t to
say that Step I yields an extract which corresponds to Cohns
fractions IV V ‘and VI and contuns alburmn and alphahpo
protemn This fraction will be referred to 15 Fraction A throughout
and 15 chiefly notable mn this discussion because 1t contuns the
alphalipoprotemns Step 2 which yields an extract corresponding to
Cohns fraction II and 15 known here as Iraction B contuns hittle
except gamma globulins Step 3 results 1 an extract c'nll(]zd Frac
#1on C which corresponds to Cohns 1Ty and 15 chiefly notable here
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becavse 1t contmns the betahpaprotens Step 4 yeldmg Frac
ton D and contmmng fbrmogen prothrombin and other sub
stances fieed not concem us m this discussion which i} be
Iocussed almost entisely upon the alpholipoprotemns  the betalpo-
p otems and thewr relationstnp 1o each other

TABLY 1T

Deteibation of Protemn aad Cholesterol
1n Young Narmal Subjects

“avenal W omen Notmal Men
28Obs reations 23 Obserations
15 Subjects 20 Subjects
Totsl Protean  Average 78 74
(gm percent) 65 81 65 86
Protemn A Average £33 i3
{percent} Range 634 792 637 758
Proten m B Average 121 115
hange 73 152 80 165
Proten n © Average 17 118
Range 78 154 98 145
Frotem n D Average 70 c3
[ange 35 121 49 109
- b
Total Che'estero! Average 200
(mg, percent)  Range 132 238 13(%00272
Cholestersl m # Average 344 282
Range 211 415 139 994
Cholesterol 1 B Average 49 33
Range 00 81 89 64
Cholestergl in C Average 31 636
Range 4488 671 537 845
Cholesterol 1n D Average 30 97
ge 02 7 10 72
The results on

shown tn Tahle Ilalzme)j of youn., norml men and women are
e protem 1 the A\v;} be sten that «Woe for total protem and
same ot normal men and go:nng \D fn(hg]nsl averags ahout the

tero} are, women Values for t
owerer approumately the same for the two sexe: %m choles
are appacent w the & tnt ot oot s Differences

the average
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and range of values i Fraction A being higher n voung women
gxth Sogespondmg]y lower values m the combined Fractions B,
, an

For purposes of this discussion we are assuming that all of the
cholesterol m Yraction A 1s m the form of alphalipoprotemns and
all of the remamder 15 1n the form of betalipoproteins

Table 111 shows m stumplfied form differences between normal
wdividuals and cases of atheroma, diabetes, and nephrasis Several
differences will be noted The protem n Fraction A 15 lower both
1n atheroma and m diabetes, and very much lower m nephrosis
The protemn m Fraction C 1s higher 1 atheroma and drabetes and
15 enormously increased 1n nephrosis

The total cholesterol averages higher in atheroma and in diabetes
than m normal mdividuals but 15 subject to large vanations m all
groups In nephrosis values for cholesterol are enormously increased

More strihing changes are apparent 1n the distnbution of choles
terol In the atheromatous patients a reduction 1s apparent n the
average as well as 1n the range of values of cholesterol in Fraction
A The same change 1s less constant but often quite as marked n
the diabetics and 1s extreme 1n the nephretics

Scrutiny of Table III might suggest that decrease mn the per-
centage of the cholesterol m Fraction A, representing 2 decrease
m the amount of alphalipoprotemn, might be implicated n the
pathogenesis of atheroma With equal vahdity one mught regard
as pathogenetically sigmficant the corresponding ncrease 1n the
cholesterol i other fractions presumably representing the mcrense
m betalipoprotemn or might think that the distribution wnd propor
tions of alpha and betalipoprotems were determunant 1n solubility
or precipitability of hypid substances mn the blood and hence m the
deposit of these substances m tissues

These thoughts are more mtngumng i the hight of information
now available concerning the composition of alpha and betalipo
protems Oncleys analyses(2) of betalipoprotems have indicated
that the compound may contam cholesterol and phospholipids 1n
approxmately equal amounts by weight indicating 2 2 1 molar
ratto of cholesterol to phospholipid Less 1s known of the character
1stics of alphalipoprotems but prclimmary studies have mdicated
bable combmations of cholesterol and phospholpids m a 11
ar ratio In studying the distribution of these two groups of
seems possible that we are estimating directly

prol
mol
substances 1t
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and range of values in Fraction A bemg higher mn young women
with correspondingly lower values in the combmed Fractions B,
C, and D

For purposes of this discussion we are assumung that all of the
cholesterol mn Fraction A 1s m the form of alphalipoprotems and
all of the remainder 1s 1n the form of betalipoproteins

Table III shows 1 simphfied form differences between normal
mdividuals and cases of atheroma drabetes, and nephrosis Several
cifferences will be noted The protemn m Fraction A 1s lower both
i atheroma and mn diabetes and very much lower i nephrosis
The protemn tn Fraction C 1s higher 1n atheroma and diabetes and
15 ¢normously ncreased m nephrosis

The total cholesterol averages higher in atheroma and in diabetes
than m normal mdividuals but 15 subject to large varations m all
groups In nephrosis values for cholesterol are enormously mcreased

More striking changes are apparent 1n the distribution of choles
terol In the atheromatous patients a reduction 1s apparent m the
average as well as in the range of values of cholesterol 1 Fraction
A The same change 1s less constant but often quite as marked n
the diabetics and 1s extreme mn the nephrotics

Scrutiny of Table III might suggest that decrease n the per
centage of the cholesterol m Fraction A representing a decrease
m the amount of alphalipoprotem mght be implicated m the
pathogenesis of atheroma With equal vahdity one might regard
as pathogenetically sigmficant the corresponding mcretse mn the
cholesterol 1n other fractions presumably representing the mcrease
m betalipopratein or might think that the distribution and propor
tions of alpha and betalpoproteins were determnant 1n solubility
or precipttability of hpid substances 1n the blood and hence i the
depostt of these substances in tissues

These thoughts are more mtngung m the hight of mformation
now available concerning the composttion of alpha and betalpo
protemns Oncley s analyses(2) of betalipoproteins have ndicated
that the compound may contun cholesterol and phospholipids 1n
approumately equal amounts by weight mdicatmg a 2 1 molar
ratio of cholesterol to phospholipid Less 1s known of the character-
whes of alphalipoprotems but prelmmnary studies have indicated
probable combiations of cholesterol and phospholyids m a 11
molar ratio In studymng the distnbution of these two groups of
substances, 1t seems possible that we are estimating mdirectly
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cholesterol phospholipid relationships and that when our analy ses
1n atheroma, diabetes and nephrosis indicate a low percentage of
alphilipoprotein, the cholesterol phospholiprd relationship will be
high, and when, as i healthy young women the percentage of
alphalipoprotemns 15 high the’ cholesterol phosphohmd ratio wall
tend to be low

This would appear to be a matter of some sigmficance smce
recent pubhcations of Ahrens(3) Kellner(4) and Gertler and
Gam(5) have emphasized the relationship of cholesterol to phos
pholipid m the solubility of pids 1n serum and 1n the pathogenesis
of atherosclerosis

The hypothesis that the distribution of cholesterol m these various
fractions of the Cohn Method and the relative concentration of
alpha and betahpoproteins affect cholesterol phospholipid ratios
can be vahdated only by stmultaneous analysis of both cholesterol
and phospholipids m the whole serum and 1n each of the fractions
We have carried out such exammations 1n normal individuals and
1 a vanety of pathological states

In Table 1V some of our analyses have been included One sees
that 1 a wide vanety of conditions the values of the cholesterol
phospholiprd ratio range around 050 in Fracton A and around
1851n raction C The only exceptions thus far encountered have
been m bihary obstruction where one finds cholesterol phospho
Iipid ratios 1n Fraction C not grossly Iugher than those n Frac
tion A

Gofman Are these weight ratios?
Barr Yes all of the values 1 the table represent weight ratios

It 1s sigmficant however that the average weight ratio of 050
for Frachon A mdicates a molar ratio of 11 while the average
weight ratio of 135 for Fraction C denotes a molar ratio con
siderably greater than 2 1 Furthermore wide varations 1n the
ratios of both fractions are apparent — from 034 to 069 mn Frac
tion A and from 107 to 161 1n I'raction C

The analyses indicate clearly that a igh percentage of alpha
lipoprotem such as 1s encountered 1n the plasma of normal young
women will tend to produce a low cholesterol phospholipid ratio
and that the low values of alphalipoprotem m_atheroma and
11 tend to raise cholesterol phospholipid rattos On the

hrosis wil
Io‘:lll)e: hz:nd the lighly vanable values for the ratio of each fraction
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& have not done lipapratewn studies on the tissue fluds
\\&R L:i’:": o‘b:’amed Is that regard 1 sbould like to ask Dr Bast
whether this method or a sumlar method for fractionation of lipo-
protexns fas ever been apphed to ammal Auds ammal sera of
ammed fymph, ot bas it been Tunted thus far to human sera?

Barr The Cohn frachonation was dev eloned empineallhy 10
sueet the special conditions of the proteins of pocled husmm plasma
Tome strength pH the other factors m the reaction mixture Toust
be modifed if other protens are ncluded There was no centanty
that the methods which Cohn developed for pooted parmal plasma
wauld he applcable to the separabon of protems of abnormal
plasma In this connection 1t 15 of special interest to us that separa
tan of the lughty abrormal protems of multple myeloma may be
rnperiect with the reagents pubhished in Method 30 1t 35 anderd
4 matter of good fortune that the protans winch ecwwr mn the
plasma of dabetics coronary pauents and xanthomas mav be
effectnely separated It would be surpnsing if the solations used
m the extractions of Method 10 were anplicable to the separation
of the plasma protemns of specses other than man

Smms D¢ Barr you have stressed parbicufarly 1n your study
of the bpoproteins the cholesterol present in these frictions Have
you made anv studes of kpaid materiats other than the cholesterol®

Barr Only the phospholpds We are now starting anahsis of
other ipd sub tances

Simms The deposiron 1 atherosclerosis 1s not rmted to choles
terol ot ablso nvolses the deposttion of neutral fat parhicularly
1w the emly plagues

Skorr Dr Barr when You carrv out repeated studies on the

same mérvidual do yon find appreciable vanations or are the valt es
prone to fall withm a narrow ea

nge around the a P
sou studied any cluueal cond Se srou o average? Also have

tion m which you have attempte
to alter the state of the disease such as m du:{sems? ried

Barr We have studicd sepratedic th
mdiwduals The vixstnbunor?‘;zne; bnf xgx[i‘li::: ‘n(fﬁsqe\:c{xi\::n&\é
;r:m repeated tests agam and 2gam on one diabetie gul whom e
ound ongmally 1o have a very low percentase of cholesterol n
Frachon A In spite of modificatiams 1n dhet and 1w the dasage ‘;
\“s;skm :m* abnormalinies hase pussted wath httle vanation te o
tamler Dhd vou attemgt ta assay the
W cases of bihary obstnl(::uon th\h hi;ﬁm:s:;ﬁsm‘mm
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distort this stmple relatonship It s apparent that cholesterol
phospholipid ratios for the whole plasma can not be predicted
exactly by determinations of the distribution of cholesterol between
the twa types of hpoproteins

To summanze, the results here reported indicate clearly that
the distubution of protems and lipids wn the plasma of athero
scleroties  diabetics, and nephrotics may differ sigmbeantly from
that m young normal mdnduals, furthermore, that the pattem of
distrsbution 1n the three conditions associated with extensie hpd
deposit 1s qualitatively quite similar

Winle the disturbance m the distubation of cholesterol may be
regwded s the most promment abnormalty disclosed by our
observations 1t 1s seldom appuent without n accompanying
decrese mn albumin and wn merease 1 the total protem w Frac-
tion C It 1s not permissible to consider one change as separate or
unrehited to the others It 1s evident that whatever the sigmificance
of the abnormahities may be, they are complex 1nd involve factors
other than hpids and lipoproteins The relatsonship of these changes
to the pathogenesis or dingnosis of atheroma 1s by po means estab
hshed by the present dat1 The number of exammnitions are not
suffictent More normal controls are nceded The number m the
sertes of young men and pirtreularly young women who survived
myocardial mfarctions 15 not sufficient Turthermore 1t 1s possible
that the pattern of distnbution encountered w these conditions,
that 15 coronary disease dabctes and nephrosis, may not be
specific but may represent a gencral pattern of response of the
bady to a vanety of diseases or msults The mfluence of su
factors as mfections malnutrition, dietary excesses, gonadal hor
mones and other endocrinal factors have as yet been msufficently
evaluated

Nevertheless I think it 1s apparent that future cfforts to relate
the hpids of plasma to the deposit of hpids 1n tissue must tihe
wcount of their combmations with protemn and pirtucululy with
the two groups of compaunds thit we naw exll 2lphalipoprotans
and betahpoproteins

Fremont-Smsth Dr Barr I should Lke o 1sh whether there 15
any mdication that this relationship of ipids to protem also cxists
1 the tissues? Do we know whether hpnd deposits in tissues are
tied 1n with protems 7s they are m the plism?

Bare There 15 as yet no mformabon on this importt question
Dr hellner 1s approaching 1t with us studes of tissue fnds and

Iymph
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Gofman  In_other words the absolute values wont show the
difference as clearly as this percentage wlt?

there are nstances
hat 15 night, and T would repeat that

mlif{:\c!;[tge gexgn;age of cholesterol 1 Fraction A 15 Jow even
wath Tow total cholesterol

Gofman In Frachon A there 35 cholesteral alpha globulin and

Tipoproten With 2 gnen cholesterol level assuming \ou knew

the components of alpha which consists of teast three different
molecules you contd ealowlate the alphatipopraten However that

could be mfluenced madhedly by the amouat of alburmm shill
present

Barr 1 mav state that much fficulty has been encountered
separating completely atb )}

D rom alphahipoprotein

Gofman The two can be effectneh separated by the ultra
centnfuge lou would have to use heavy water plus salt because
of the ligh density of the alphalipoprotein

henda?t Tt seems to me that the sigrficance and ymportance of
these observations of Dr Buarrs 15 mereased 1} one considers {bat
blood scrum 1s not an achive hissue 3t s not 2 hung tssue sn the
sense that the other tissues in the bodv are The serum 15 a trans
post mechamsm and the level of any substance m the serum 15
deterrmined by what goes on elsewhere 1 the body the level 1s

detcrmned by the balance hetween the pracesses which butld up
md break down the sub: An

ar m the
amount of the alphabipoprotemn the stablest form i which choles
terol 25 carried m the serum seems to me to 1ndicate very profound
changes m metabolsm elseuhere 1 the bodv

I think we are
placing too rouch mportance upon serum levels as etiologieal

factors 1 think that 1o this problem we should go beyond the
levels and focus our attention upon the factars which determume
these scrum levels

Considered from that

oint of 3t
Rarr indieate that wd “l 1 \i‘\}r:easmtlhe éﬁm p“;‘:s:v“e(ed b)"D‘r
derangements that are reflected m the serum protems as well as
n the serum hprds It scems to me that these results may pont
the way to geting arterosclerosss out of the serum hpid field and
back wnto 2 study of general metsho 4 "

lism
Wakerlin 1 should ke to ash
relatively hmited data on aging

Dr Bar a quesnon You have
n relatian to vour normal ind;
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Barr They it survnved, so that we could not deternme by
autopsy the extent of their lesions, but they had no chnical evidence
of atherosclerosis The serum of e1ch one was crystal clear, although
m one mstance the cholesterol value was 775 and the phospho
ipid value w1s nearly 1375

Wakerlin Hauve you made any studies of free cholesterol versus
cholesterol esters, and if so, are there anv waportant dufferences
m the alpha and betalipoproten complexes?

Barr No we have not, although we are about to start such
analyses

Shorr Has msuln any effect on these findings 1 diabetics?

Barr In the diabetic gl whom we studied so extensively we
varied the msulin dosage without sigmificant change 1n the distribu
tion of cholesterol

Fremont Smuth Huwe you had an opportunity to study such a
patient with a profound hypogly cerma as occurs dunng the acute
phise of an msubn reaction?

Barr  We have only one observation on hypoglycera No
alteration in distnbution of cholesterol was noted

Doch The betaglobulin tends to drop rather than the alpha ~
where there 15 2 change m the ratic Where the alpha 1s low the
absolute drop 15 not very low but the beta tends to rse The alpha
globulin dimimishes

Barr 1 dont know which 1s the cart and which 1s the horse

Doch But the beta globulin dimunshes absolutelv 1 these cases
with Jow cholesterol content

Barr Low percentages of cholesterol i Fraction A are not
hrmted to the hugh values for total cholesterol The averages do
not show the relationship but there are mnstances where the choles
terol m Fraction A 15 absolutely below the values i normal
dmviduals

Gofman If you plat the data how does 1t come out mn terms of
the absolute cholesterols? Would they be m generil lower m
A 1n the diabetics and the normals? The diabetics on the average
do not show 1t, nor the ntheromatics but m the nephrotics 1t 15
striking

Barr When the total cholesterol 1s constint the cholesterol m
Fraction A will be lower 1 atheroscleroties  diabeties and neph

roties than m normals
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the rate
Y akerlin Conversely one could have a large change m

of mput and o large change 1n the ratc of ublization without anv
change 1 the serum content

hellngs T should Wie to come to Dr Rendalls side of the dis
cussuon 1 agree with hum that to a certain extent the level of hipds
w the blood of of particular hipd aggregtes the b!o‘od mn
be overemphasized as far as the pathog of at} sis 15
concerned In our expermental studies of himds . tssee fymph
we have found that 1 many wstances these 15 no relationship
between the s 1n the blood wd the kpuds w the tissue by mph
One may find enormous amounts of a particular hipid 1n the blood

and yet bttle or none of that hipid mav traverse the endothekum
mto the tissue lymph

It should be borne 1 mund that atherosclerosis docs not occur
m the bloadstream The atk plaque 15 morphologicall
outside the bloodstreom and the hpids that are deposited m the
athuromatous plaque are Lipds that have crossed a presumablby
intact epdothelal membrane Before we can say that any lipid
or group of limds 15 pathogenctically related to atherosclerosis at
would be important to know the permeability of the endothelium
1o that hpid under normal and pathologieal condiuions

Summs In my paper this afternoon 1 shafl show that hpfanogens
penctrate the endothehal membrance of arteres i witro

Barr 1 helese Dr heliner that i observations on vour expent
mental antmals you have shown that values for serum cholesterol
and serom phosphohmd mav me without any wcrease 1n the
concentration of these substances m the lymph which yen with
draw og the same tme You demonstrate’ athesosclerosts m your
ammal  The seram 35 abnormal and the lymph 15 normal and yet
you suggest that the atheroscl 15 dependent upon
of the tymph How does this happen?

hellner The Jymph obtamed s onr ex

periments was
}‘ymph whuch 35 quite different from the thoracic duct I mp}:l:;lﬁ
’(‘:\l‘sh\r:sual\yf he;u stadied 11 the past The lvmph obtamed by can
on of sybeutaneous lymphatics of the &

rabbits represents fimd that Yad ongh et of
ok aee oS B ad not gone through even a smgle
pds of this tsswe lvmph

Drinker a rebable measure of the hmds of Fhe ?;zueac{{c‘:x;llng b

Narmal yabbits that we,
re fed cholesterol f

great increase 1n, the o gound to have
mount of hynd 35 the lood serum gnd also
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vaduals, but you did say that you have some data on older mdi
viduals As the normal human ages, do you find a shift mn the
cholesterol linked up with betalipoprotem as compared with
alphalipoprotesn?

Barr Our data are msufficient to answer this question We huve
studicd men of sixty who had the pattern of young men but we
have not attempted to collect a group of so called normal “old
men for companson with those who from 2 chimeal standpomt,
are more obviously artenosclerotic The difficulties of establishing
normality appear to increase with age

Wakerhn That as true, but I think 1t 15 just as 1mpertmt to
have datr on so called normal aging individunls as st 1s 1n so ealled
young mdraduals

Fremont Smuth  Have you studied patients with Addison's
disease?

Barr  Yes, we had one, who showed no abnormabties mn
distribution

Gofman I should hke to raise a philosophicil point 1 reference
to Dr Kendalls statement I thunk it 15 entirely lhihely that there
can be a profound alteration in tissue metabolism On the other
hand, one must accept the possibihty that blood hpids in transport
represent the source of lipids m the development of atherosclerosis
The exact blood level of a2 certamn type of hpid would then be of
the highest importance

If one takes any component, A or X 1n the blood, and wants to
Lnow about its level that level as Dr Kendall sard 1s determined
by all the factors which pour that substance mto the blood and
by 1ll the factors or processes which take that substance out of the
blood As a result of this balance, one achieves 1 relatively steady
state of this substance However, with onfy shght alteration i the
mput rate or m the output rate of any one substance the steadv
state level can be changed considerably even by a factor of 2
This might be a metabolic alteration of not too great consequence
m terms of tissue lipid metabolism but still gnng nse to 1 two
fold alteration n blood Jevel I thimk we could ge back on the
trach that the serum level 1s important becase atherasclerosis
may be, after all, an aceidental inerdent, relitne to the transt(‘)rt
of blood Iipids rather than something fund 1in a
sense There need be no inconsistency m this with the view that
the metabolic derangement leading to high blood levels 1 equally

important
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Wakerhn Comersely one could have 2 large change m the mate
of put and a large change n the rate of utdization without any
change m the serum content

Rellner 1 should e to come to Dr hendalls side of the dis
cussion 1 agree with Tum that to 2 certamn extent the level of lipnds
i the blood or of parhcular hpd nggregates m the blood w
e overemphasized as far as the pathogenests of atheroselerosis 1s
concemed In our expenmenta stucies of fypids m tissue fymph
we have found that m many mstances there s no relationslup
between the ipnds 1n the blood 1nd the ipds an the tissuc Jymph
One may find enormous amounts of a pastionfar i 1n the blood
and yet httle ar none of that hipid mav traverse the ondathehum
mto the tissue lymph

1t should be borne 1n mind that atherosclesoss does not occur
m the bloodstream The atheromatous plique 1s morphologendls
outside the bloodstream and the hipids that are deposited m the
atheromatous plaque are ipids that have crossed 4 presumahly
intact endothelial membrane Before we can say that -y lipwd
or group of bipuds 15 pathogenehieally related 1o atherosclerosts 1t
would be unportant ta know the permeability of the endothchum
to that lynd under normal and pathological conditions

Stmms In my paper this afternoo!
n 1 shall show that bpfanogens
pevetrate the endothehal membrance of artencs in ulrop s

mgr;zt"] I bebeve Dr hellner that m observations on your expen
mer :e antmals you hate shown that values for serum cholesterol
and um phgf‘?;,(mmd may nse without any inerease m the
h ese es m the lymph which you with
a;?;alit ,gi‘z ::rnl:fn bmcb You z{emzzys(m(c a(hcroscicmsu)s m your
15 abnormal t
z?uﬁuggest forum s abnor an ! l}c lym‘ph 1s“n:;mal and vet
the lymph How does ths happen? "
Rel]
)ym; )I,":“rh w’)l;he Iymph obtaned in our experiments was tissue
oyt is quite different from the thoracic duct fymph that
st o S:_:bcnc“studled m the past The lymph obtaned by can
rabbits e taneous Jymphaties of the lower extremities of
Yo e er}}i]s fluxd_that had not gone through even a single
Drnker 3 o be hpids of this tissue lvmph are accordng to
— ehable measure of the hpids of the tissue fud
o
gml':'ﬂn:crnf:bbns that were fed cholesterol were found to have a
¢ 10 the amount of kpid i the blood serum and also

}
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i the tissue lymph It 1s noteworthy that the changes m the
cholesterol phospholipid ratio that occurred 1n the serum were also
present 1n about the same degree m the tissue flud These ammals
developed atherosclerosss In rabbits wath alloxan dinbetes, on the
other hand, there was dispanty between the hipids 1n the blood
serum and those 1n the tissue lymph It 1s well known that when
rabbits are made diabetic with alloxan, about A third of the anmals
have 2 strlang hipemn after three or four duys the blood lpids
reachmg 3000 mg per 100 cc or hugher At the time that the
blood Iipids 1n these alloxan diabetic ammals were at these
extremely lugh levels the lipids 1n the tissue lymph were found to
be essentinlly normal This mdicates that the mcreased hpids m
the blood serum did not cross the endothehum and did not get
wto the tissue Iy mph We have not frictionated these sera nd we
do not know the physical chemucal state of the ipids It 1s of con
siderable nterest in this connection however that Duff has demon
strated that alloxwn dinbetic rabbits were quute resistant to athero
sclerosis, and 1t 1s possible that this altered permcability of the
endothehum to Iipids may pliy 2 role in the fulure of these
ammals to develop atherosclerosis

Goldblatt Isnt the important pomt the question of deposition
of ipids directly from the blood or indirectly from the tissue flnd?
The hikelthood 15 that in the cise of the aorta at least the deposition
i the mntim~ might be directly from the blood stream rather than
mdirectly from vmphatics or vast vasoram

Shorr Is that necessanly true? Do you refer to the direct con
tact between the blood and the surfice of the arteries or to the
contact between the artery nd the flud that has passed through
the capillinies of that arteny? In the latter mstance Dr kellners
observations would sull hold for lirge vessel atheromn Am I
wrong m this mterpretrtion?

Goldblatt I dont think that the answer 15 defimtely known
1 should like to have discusston on whether you thmk deposition
oceurs dircetly from the Iumen of vessels or whether von think 1t
comes by way of Iymphatics or capillimes mn the vessel wall

Gafman We have had statements here on whether or not blood
or lymph 1s mmolved because of the question of permeability X
think no one has brought up am evidence — and to my knowledge
none exists — on whether atherosclerosis involves the process of
any sense such as filtration through 1 membrane or

ermention m
4 Ives active participation of endothelil cells m a

whether 1t mvo
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brane, with

other than strict permeabibty through 1 mem!

ﬁg‘ﬁ:f:s so to speal Unless we have reah pyadence which sugg.-iszs

what the nature of passage of lipids » by o membrane through &
. Y

or mto a 1 thunh we are W no posihon to
answer that question

Fremont Smuth Dt heliner m the hpemme r.\bbll‘s you spoht.
about 15 the cholesteral o a considerable extent i g! ot 1s
» perhaps w the same state 1n the plasma as the ipids 1 a ofear
plasma? Would that make o difference?

Rellner Yes We hae observed that 1 ammals with grosehy
milky blood serum the tissue Ivroph was usually crystal clear The
large hpid aggregates the cinloructans did not appear to traverse
the capilany endothéhium wnder the expenmental conthinons nsed
Iiperma was produced by vanous mean. such as by mecting
susface actne agents and illoxan m each tastance the tissue Jymph
obtuned was water clear even though the blood sernm obtomned
at the same time was ik

Wakerln Shouldnt ot be pomted out that actually whot sou
are collectmg s fud that has passed through two membranes
(a) the blood capillary membrane and (b) the membrane of
tymphatic capiilary You are not i a posstion to 52y, ©t seems to

me that you are gathenag Oud exactly simular to that m the tissue
spates The tled t

or ettracellilar fud may bave
certun difercnces from the lymph winch vou are gathenag 1t s

gronted  from small mphatics since the hmph 1 the <mall
Iymphatics has passed through the 1 mphatic capilarn, membrane

and the permeabilsty of that membrane may Le defferent from the
blood cipillary membrane

Tremont Smuth Lipids may e been left betund mn fhe Lssue
?pace‘sl atter havng left the capillanes and not Lonr baek into the
vy

Wakerlin - Theoretically thes sounds ke a 1ahd objuction but
1 dant %}d{:\e s ¥ any sigmficant amount of protem or hpod
N l::m teft behund 1t would be 3 matter of only a fru hauts when
the tissuc spaces would be loaded with snch substances
Mﬁiatu A Sx'ev; years ago we made 1 study of bpema produced
.{]\‘ TE 7 ;c\‘\) 3th a’\otﬁm Oar ?sulls were similar to those descrrbed
ncr Yollowing the admmstrabion of gl
loxa
(\05‘1(0 ‘.3)‘ e xlease 1 serum hpnds reachmg o manmumnmﬂf‘rc:; ‘;
s then of the amumal supsnes decrease to near normal
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values m about another 10 diss The serum hpd yalscs remam
down permanently unless the ammal 15 placed on insulin and
allowed to butld up stores of body fat If 1t 1s gwen wsuln, and
t good dsct, the ammal will gam weight Then if 1t 15 tihen off
msulin, a secondary Lipemia deselops In the wmmals evammed
after the hpemic flood was over, almost total lack of subcutaneous
and visceral fat was found The lipemut, st scems to me, m these
wmals must be produced by the mabihzation of deposits of fat
mto the blood stream This fat his presumably passed the mem
branes from the tissues into the blood stream that 1s the fats,
cholesterol, and phospholipids can get through m one direction
without pparently cwusmg very much change mn the concentra
tion of these substances mn the lymphaties Looking at them from
this pomnt of view mikes Dr Kellners observations even harder
to mterpret than they are from his pomt of view

Stamler An ymportant expeniment i this feld would be chron
wendly to mantain such an alloxan induced hyperlipemia which 13
endogenous 18 ongin m contrast to that produced by cholesterol
fredmg  Would this chrome hyperlipemia mvolve cholesterol?
Would the plasma cholesterol/phospholiptd ratio be elevated?
Would atherosclerosis eventually superiene as ocemrs m associt
tion with chrome endogenous hypercholesteremic hyperhipemit
mduced mn chicks by prolonged estrogen admmstration?

Concerning the mechamsm of alloxan mduced hyperhpema st
my not be exclusively a metabohe mobihzation of fat stores
Alloxan 15 a potent producer of renal damage the mmbal acute
lipenuia may be at least in part a renal hvperhpemia

Concerning  the mechamsm whereby hpid enters the artennl
mtima Pollak and Bevans et al produced atheroma acutely by
mtravenous wmjecton of arbificial cholestero} emmlsions We 2t
tempted to repeat that modifving the experimental procedure 1n
one respect We mjected hyperlipemic plasma as our cholesterol
rich emulsion That 15 we obtamed hyperlipemic plasma from
cholestero! fed rabbits or clucks and gave 1t mtrnenously to
rabts and chicks No atheroma was observed mn aortas of ammals
sacrficed 8 72 hours Inter Multiple microscopre sections revealed
no evidence of mtimal phagocy tosis of hipid from esther homologous
or heterologous plasma

Dock Oley of Berheley Calfornia(6) noted that i rabbuts fed
diets contmmung 3, 10 15 percent of fat the cholesterol content
of the carcass did not increase The cholesteral content of the



Chemcal Studies of Blood i Artenosclerosis 20

Iver was not mereased unless evcessnely large amounts of fat
were admmstered The cholesterol content of the handess shn
however poes up progressisely When you double the fat the
cholesteral content of the sk doubles and when you treble the
fat content of the duet, the cholesterol content of the shin tnples
The shn lihe the hmng of artenes contamns considerable connec
we tissue It would be of interest to see whether the commeetine
tissue 1n the skin changes m atherosclerosis with vanous expen
mental procedures The connectne tissue may accumulate choles
terol m connecton wath the total metabolie activity that 15 gomg
on 1 the body and not necessanly 10 selation to a blaad level

Stamler 1 rats fed a det contamung 10 to 20 percent cotton
seed ol and 5 percent cholestero} the aorta cholesterol does not
change over months There may be other changes but the aorta
cholesteral remams at normal Ievels The 10 to 20 percent ol +5
percent cholesterol were muxed with a commereral chow {Punna)
contamng approumately 3 to 5 percent total fat

Rellner Did your ammals have elevated blood cholesterol levels
on that dret?

Stamler No

headall Tt 15 mteresting 1n regard to tus that there hmve been
rery few expepments m which the balance between cholesterol
tabe and cholesterol exeretion has been metsured 1n the rat
Cool has abtamed certan data upon it 3t seems that the rat
dilfers from many other expenmental ammals mn that a large part
of the dietary cholesterol 15 excreted as cholesterol 1 the feces 1
thnk this observation explams the falure to produce striking
results evpenmentally m the rat i this Seld -
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® ¥ of experimental artenosclerosis just as chmeal
z‘\:te;losclerosxs we hgve been preoccupred with finding correlations
between changes m the blood ipid pattern and the development
of arter! 1S P pation would be justified perhaps
Af cholesterol 15 considered to be an inert substance whose oul
metabolic fate 15 excretion 1n the feces as cholesteyol or coprosterol
But this preoccupation 1s perhaps not so Togical 1f cholesterol 15
active metabolically that 15 if the tissues of the body possess the
ability to break down cholesterol If so the studv of the form m
which 1t occurs m serum becomes important as a symptom of
changes takng place elsewhere vather than bems smpostant as a
prmary etologieal factor m the production of the disease

This mormng smstead of discussing owr accumulated data on
vanations m the serum Upd pattern n rabbits and m dogs m
which expenmental artenosclerosis 1s bemg studied I should like
to discuss this amma) work and sce if it Jends any support to the
wdea that cholsterol may be a bolically actne subst: m

the bodyv whether there 15 any evidence that catabohsm of choles
tero} may be a factor that we shall have to consider

Ve are m a much better posion today to discuss metabolism
of chalesteral than w¢ were a few yea s ago The fact 1s we are
a much better position to discuss 3 today than we would have

been six months agn Up until newes techmaques whlzing 1sotopes
became avarlable chal i

w Tornd
stance Cholesteral 15 as f: be an mest sub

a 2 b

the body Analytical methods for it determanation are \a\‘;(;::)(\lji
and we not spcarfic m there application Avalsble data seemed to
mdicate that there was a rongh balance between the amount of
cholesterol taken 1nto the hadv and the amount secreted mn the
feces Wath the develop of 1sotapic tech 3t was soon
shown that the body conld synthesize cholesterol that 1t could

3
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build up the cholesterol molecule from simple molecules It was
shown that any ingredient of the diet which could furmish two
carbon atom chams could be utilized by the body for the synthess
of cholesterol and that this synthesis takes place i the lwer m
the spleen, 1 the walls of the small intestine m shin In fact, every
tissue that has been adequatelv studied has been shown to synthe
size cholesterol to « more or less active degree

The other side of the picture has not been studied at all
adequately That 15, practically no mformation at all 1s available
as to whether or not tissue cells have the ability to break down
cholesterol Part of this lack of knowledge 1s due to technieal
difficulties 1n the study of catabolic processes involving cholesterol
Cholesterol 1s difficultly soluble m aqueous solvents There 15 no
easy way of getting cholesterol mnto cells 1n 1solated tissue sections
so that the fate of marked cholesterol cin be studied evpen
mentlly But 1n the last few years considerable data have been
obtamned 1n intact ammals indicating that cholesterol does have
an active catabolic metabolism as well as an anabolic metabolism
Ruttenberg and Bloch showed that the admimstration of cholesterol
marked with heavy hydrogen resulted 1n the secretion of bile acids
contunng the Iabel They 1lso showed that the admimstration of
this labeled cholesterol resulted m the secretion of dihydropreg
nandiol a substance dernved from one of the female sex hormones
The body evidently has the ability to utihze cholesterol for the
synthesis of bile 1aids and the steroid hormones

Recently work has appeared which mdicates that shees of testes
can uttlize cholesterol for the synthess of testosterone But quant:
tatnvely these conversions may not be important that 1s the body
may not be utihzing large amounts of cholesterol metabohzing 1t
through these routes However, recently Gould has reported that
intact ammals can break down cholesterol completely to earbon
dioxide and water Cholesterol labeled biologieally with Ciy was
fed or mjected ntraperitonenlly mto these ammals and as much
as 50 percent of the activity could be recovered n the exprred
carbon dioude He showed n addition, that the admmistration
of labeled cholesterol led to the excretion of orgamc acids con
tamning the label orgamic acids that are presumably other than
the bile ncids previously studied thus confirming the observation
of Cook that the admmnistration of cholesterol to rats leads to 1
marhed mcrease m the excretion of an optically active Cor aerd
which presumably anses by the opening up of one of the choles

terol rings
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dation of
This work of Goulds does not show that this ou

cholesteral actually takes plice i cefls It may posssbly TTS
through degradation of the cholesterol n the alimentary ¢t l“;
bactenal action The appetrance of the Jabeln the expured car \‘\
dioude my be the result of the degradation of the cholestero
Jerding to the formation of bile acids or steroids There are 2
great many unsolied problems n this field But 1 thwd these
hservations 1f they are confirmed are gong to force us to shaft
our attention in the feld of artertosclerans from what 1s present
1n the serum to what 15 happenung w the cells

What mformation along these hnes has been abtnned by our
ammal expenimentation® 1 shall confine my report largeh to the
resut 1 the dogs rather than in rabbits although observations
tmade 1 the rabhits tend to confirm the conclusions that we are
almost forced to draw from the dog Now jou hnow a dog 1
pretty human 1 so far as s seram cholestesol pictuse 1 con
rumed The serum level of cholesterol 1n the normil dog will
sary from around 120 to 500 m,, pereent with an awerage ven
clase to 200 mg percent thus dupheating the picture in human
bemgs Of this cholesterol bout two-thirds 15 present n ester
form and one third s free cholesterol Little work has been done
i studying the distribution of this cholesterol o different frac
tons as has been done for human serum We do not know whether
he actoally has alpht 1nd betihpoprotems and so forth 1F he
docs the quantitatie relationstip between the chalesterol and
the phospholipid 1n these § will probably be found to be
different becanse the dog differs tn s seram from 2 human bein
:\‘ ‘?{);\nﬂ\:z hs;m; \n]gemu W l;h) 1 clholleskcr;:l level of 200 my, percent
e a:ln w"l’lgho épu ;i _msp]orus associated with that
o eral }% 1} hate from 135 to 18 mg of lipid phosphorus

g normally has twice as much phospholipid as « human bemy,

i~ dog 15 placed upon 2 cholesteral contaming diet
the addivon of the cholest ey Mo < ont o

erol has comparatnely httle ¢ffect upon

?;c seru level In this respect a dog resembles 1 human being
I vou add 100 gm of egg yolk powder to the diet of a human
&emg n ths way Adding approumatel, 3 g of cholesterol a
2 only a shght change m the level of total serum cholesterol

1ds x;ro;luced ¥ the same amount of cholesterol 15 added to the
t!’\[e :m:“gfgf cc};)oo\‘esttem\1 1 r;;xs«(l] by about the same amount 1

esterotl in the dogs diet 15 mcreased to 10
of cholesteral a day — and this can be don Dssohvng
e
cholesterol n ether pounng the ether solution }(2: e:l l:):g‘glrlyg ({1:.‘
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and evaporating off the ether, lewving the cholesterol i finally
divided form — the level nses from about 200 mg percent to
tbout 400 mg percent By keeping dogs upon thus diet for long
periods of time, the cholesterol level gradunlly drops so that at
the end of a year or 18 months, the level may be only shghtly
mereased above normal Balance experiments upon these dogs
show that they are absorbing this cholesterol Dogs bemg fed 10
gm of cholesterol 1 its finally divided form will excrete between
1 and 3 gm of additional nonsapomifiable lipids 1 am specifying
nonsapomflable lipids here because there 1s a possibihity that part
of the cholesterol fed an amimal may be comverted by bactenal
action mn the gut to substances which have lost properties which
enable them to be precipitated by digatonn or to give the color
reactions used in the determination of cholesterol By speaking of
mecrease m nonsapomfiable matter we speak of 1 maamum value
Dogs recenving 10 gm of cholesterol will excrete only from 1 to
3 gm more cholesteral than these stme dogs did upon a cholesterol
free diet A dog upon A cholesterol free diet will excrete between
03 and 05 gm of sterols a day These dogs are handhng from 6
to 8 gm of cholesterol with only 2 small mcrease 1 serum level,
and m no case develop arteriosclerosis

If we admimster thiouracil to 1 dog and depress his thyrod
function the serum level of cholesterol 15 also increised The
admimstration of doses of thiouracil large enough to produce a
15 to 20 percent reduction 1n the basal metabolism of the mmmal
will mcrease the level of the serum cholesterol from 200 mg per
cent to approumately 400 mg percent and dogs can be mantuned
in this state for long periods of ttme We hawe had them on
thiouraci for as long as two years and the serum Jevel remuns
pretty constant at this pomt without ever producing any arterio
sclerotic lesions The admnistration of thiouracil does not influence
the amount of steroids being excreted m the feces of these ammals
The change 1 level m these animals 1s not due to 4 change in the
amount of cholesterol being elimmated

If to the diet of an amimAl on thiouracil we add 10 gm of choles
terol 1 day the serum level mises m some cases to astronomucal
heights In some animnls this regimen leads to serum cholesterol
levels as ugh s 5000 mg percent The average ammal mn our
group which now outnumbers 1 bundied will show 2 serum
cholesterol level during thiouracil cholesterol fecding of 1000 mg
nder these condinons the dogs rapdly develop arteno

ercent Ul
e sions but these dogs are not different from dogs bemng

sclerotic le:
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fed cholesterol wathout {hiouracil m ther ability to exerete c\m\c‘t
terol The excretion under the thiouracil cholesterol rcgnmcx 15 jus
the same as 1t was before the thiouract! ws sturted 1 the dogs ';rc
hept upon the regumen for a penod of from four Yo st mm\;. hs
they develop a pretty consistent degree of artenosclernbic lm\;; \c\
ment the degree of moliement bemg dependent upon the level
of serum cholesterol maintained md the length of time on expess
ment 1f the dogs 2re mamtmned upon the rezumen we will s
for four months and then tahen off the regimen 1f euther the choles
tero! or thiouracy 15 semosed from the diet the serum hpads return
to normal within 2 week 1f these ammals are muntuned npon 1
stock diet with normal serum cholesterol levels for 2 penod of
four months there 18 1 rapid regression of lesions Enidenth the

dog possesses the ability to cler deposits of cholcsterol and pd
from Jus artenal walls

The words of that term  has the abality to clear cholesterol
deposts from the rtenal walls  m1y be sigmficant becanse 1t ¢
2 rrflection of the earhier pomt of view that cholesterol 15 an mcrt
substance that 1s not besng mctabohzed but 1s being cleared There
15 a tendency m our minds T beleve to think of this cholesterol
s bemng mabtlized from the eells back mito the ercultian and
perhaps disposed of there but is that the actul stuation? Is

holesterol 15 hipid beng moved out of the cells or 15 1t beng
used up there?

Sunms May 1intesrupt and raise the same question that 1 did
with Dr Barr as 1o whether you are refernng to cholesterol onhy
or to bipsds m general or to neutral fat®

Aendall T m refernng to the enure hpd m the cells

Stmms Then vou are not limiting thus to cholesterol?
Rendall { am not Wurmting ths bud m the cells to cholesterol
Analysis of the early hsions docs confirm what Dr Symms men
tioned earher that eals leswns ¢onaim Ige amounts of neuteal
fat as \\c{‘l as cholesterol and cholesterol esters But as the Jesions
regress there 15 4 decrease 1 both nentral fat And
wd chalesterol esters » cholesterol

The results obtamed 1n rabbuts do not agree ven w
?bsel:i\\lcns made m dogy In the first phgce if a ra\)\e)‘x‘t \1‘: l:“:‘):‘e
t:):::rc; lupan a cholesterol contaming diet for sy or ewhty days
b ‘s 2 general development of hipid deposits 1 the walls of

© artenes. When the ammal 1s taken off cholesteral the serum
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and evaporating oft the cther leaving the cholesterol m finally
divided form — the level nses from about 200 mg percent to
about 400 mg percent By keeping dogs upon this diet for long
periods of time the cholesterol level gradually drops, so that at
the end of a year or 18 months, the level may be only shghtly
mereased above normal Balance experiments upon these dogs
show that they are absorbing this cholesterol Dogs beng fed 10
gm of cholesterol m 1ts finally divided form will excrete between
1 and 8 gm of additional nonsiponifiable ipds 1 am speaifying
nonsapomfiable ipids here because there 15 a possibthty that part
of the cholesterol fed an ammal may be converted by bactenal
action 1 the gut to substances which have lost properties which
enable them to be precipitated by digitonin or to give the color
reactions used m the determmation of cholesterol By speaking of
mcrease 1n nonsaponifiable matter we speak of a maximum value
Dogs recenving 10 gm of cholesterol will excrete onlv from 1 to
8 gm more cholesterol than these same dogs did upon a cholesterol
free diet A dog upon a cholesterol free diet will excrete between
03 d 05 gm of sterols a day These dogs are handlng from 6
to 8 gm of cholesterol with only 1 small mcrease mn serum level
and 1n no cise develop arteriosclerosts

If we admimster thiouracil to 1 dog and depress his thyrod
function the serum level of cholesterol 15 also increased The
admmstration of doses of thiouracil large enough to produce a
15 to 20 percent reduction n the basal metabolism of the anmal
will mcrease the level of the serum cholesterol from 200 mg per
cent to approumately 400 mg percent and dogs can be mamtamed
m this state for long penods of ime We have had them on
thiouracil for as long as two years and the serum level remains
pretty constant at this pont without ever producing any arterio
sclerotic lestons The admunistration of thiouracil does not miluence
the amount of steroids being excreted 1n the feces of these animals
The change m level in these ammnls 1s not due to 2 change n the
amount of cholesterol bemng elimated

If to the diet of an amrnal on thicuracit we 1dd 10 gm of choles
terol a dn the serum level nses in some cases to astronomical
heights In some ammals this regimen leads to serum cholesterol
levels as lngh as 5000 mg percent The average ammal n our
group which now outnumbers v hundred will show a serum
cholesterol level during thiouracil chalesterot feeding of 1000 mg
percent Under these conditions the dogs rapudhy develop arteno
sclerotic lesions but thesc dogs are not different from dogs bemng
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Rendall Dot at all
Stamler Lssentally the same apphes to chichens

terol deponts e found
Wlens In chol 1 fed rablnts cholesterol dep
not !;xf[y 1 the artenies but are «1dely Aistobuted 1n such tissues
as the Tuny Tver and gall bhddes Does thas accur i the dog a5
well®

Kendall hat happens i the dog too Some of our dogs maun
tamed upon the thiowracil cholesterod Tegimn for two years
developed vanthoma w the sk as well a5 lesions i the vessel
walls They also depasit cholesterol n the hier spleen lngs and

many other organs This cholesterol dicappears m the regression
expeniment

Gofman Th rabbit js unquestionably cap e of destroving
large amounts of cholesterol Ve have checked thus by the usc of
tritron labelled cholesteral Tn balance experiments ane finds that
three-quarters of the chol 1 15 destroved by the rablnt not
excreted There s no doubt about the rabbits 1hilits tn metabohze
chalesterol to compounds other than cholesterol and to compounds
other than those contaming the nng system

Aat. Batittrue then that we should not ¢k about qualitatne
differunces but rather quantitative differences m rates of turnover
and exchange? Of course qualitatne d es bohsm mas
be the basis for these quantitative differences

Gofman 1 should like to comment an the
wsed The rabbut synthesizes and destroys
other anymals

5 Dock liut its ?Iood z‘ex“e) ;tass up That 1 the stribing thing —
he persistence of much gher Blood
the rabbit than n the dog K eeh for longer perods i

question Dr Wilens
holesterol just as do

S gt e dcn o e .

G 1t

TR
o
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levels stay up In one experiment that we have just fimshed, the
ner1age serum level muntuned m a group of rabbits by feedmg
them 250 mg of cholesterol a day was 1000 mg percent They
were taken off cholesterol and pliced upon a cholesterol free stock
diet In many of the amimals the serum levels two months after
they were taken off cholesterol were still higher than they were
2t any time while upon the cholesterol contamnmg diet The average
for four months off diet was 700 mg percent It 1s not surpnismg
to find that the seventy of the lesions in these animals was much
grenter after four months off the diet than 1t was in control ammals
exammed 1mmediately after the cholesterol feeding period The
rbbit seems to difler fiom the dog n its ability to dispose of
cholesterol by any route other than excretion

Ratz T have two points to mike — (1) The chicken 1s more like
the dog 1n that hvpercholestererua disappems (plasma choles
terol levels 1eturn to normal) within 2 few days after cessation of
cholesterol feeding m cockerels fed cholesterol for 10 weeks
Defimte regression of cholesterol induced lesions 15 detectable
within 15 weeks (2) In agreement with D1 kendnlls obsersations
the erly work of Amitschlow 1n the rabbit lso showed that regres
sion of lesions proceeds at a very slow pace m this species Lesions
do regiess and even disappenr 1n the ribbit but it takes - long time
(23 years)

Kendall The pomnt of the evperiment that we have just com
pleted was to test whether o1 not hpotropic substances such as
choline and mositol had any effect upon the rate of regression of
lesions i the ribbit The results of the experment could in no
w1y be mteipreted s mdicating that choline or mositol had any
influence whatsoever upon the regression of the lesions I thnk
that these results mdicate that the rabbit 1s an unsmitable anmal
for the study of factors which may wnfluence the regression of
lesions

Goldblatt Does that statement 1pply to the dog — about the
regression of the lesions 15 4 result of the admiistrttion of choline

o1 mositol?

Rendall That also apphes to the dog We have been able to
demonstrate no effect of cholme or mositol erther on the rite 2t
which dogs form lesions or on the rate at wlnch lesions regress

Kel Dr Kendall did the admimstration of choline or mosttol
to eft]llr::irnbblts or dogs affect the blood phosphohpid Tevels?
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basal metabolism
tng thiouracil you would € xpect no change 1
%? (hegchole\sl\erol leetabnhsm 15 affected by changes m basal metab
ohism then you would expect to fnd no change

Dock The change m basal 1s only 15 percent which d‘oesdnot
strke one as very great especially mn an ammal such as o \s \‘og
o which the environmental temperature affects the metal ;; T‘n
Such a change would seem to be esstntial when the drop n choles-
terol oceurs n 2 week 1 9o not believe the thyrod recorers in 2
weel, after a long course of thiouracil feeding It therefore seems

essental to know whether thiouracil has 1 speerfic effect on lev els
of blood chalesterol

Rendall 1 think you must be nght

Stamler We attempted to rase the BMR with duntrophenol
The effect on hyperchol 10 chob 1 fed cheks 1s entirels
different from that of thvroid Desiccated thyroid markedly

depressed hypercholesteremia and retarded atherogenesis Dimtro
phenol failed to exert either effect

hendall 1 sou treat 1 rabbit with large amounts of thyrod
you can prevent both the hypercholesteremita and the development

of further artenosclerasis No balance expeniments have been done
w the rabbut

Gofman In connection with the queshon raised by Dr Doch
m fus diseussion a5 to whether 1t 15 thyroid or not 1snt 1t also true
that thyroun has the same effect that thyrord has although there
was some doubt as to whether the total effect was due to the
thyroun content of the thyroid extract? But certainly the major
efiect 15 due Yo Yhyroun wnt that correct?

Kendall That » nght

S;ftmnn This was on prevention of hypercholesterema 1 the
rabn

Stamler Some evid

erce 15 avatlable that thyrotropie ho
daes not prevent this yreneme homone

hypercholesteremia
Rendall T think 1t o difficult to exp)
dog el el e:;pl:n; the observations m the

g b which has an

Ecn;e n&etabuhsm i the bod; that 1s a substance that can be

0;05 ;rr\dso\]\;\uu:“ sub;kancas that 1o longer possess the properties
te that Al

s e NS pomt of view does tak

e the emphasis
ipsds 1o some extent but at 1s troe that the l{;smns
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Kendall No 1 consider the rabbit to be an unswtable anmal
1t least for this tvpe of experiment, where we are depending upon
gross observations to get evidence for the destruction, the metah
olism, nd the mobilization of cholesterol from the irterial lesions

Katz When hyperlipemic plasma (cholesterol levels of 1000 mg
percent or greater) 1s obtuned from cholesterol fcd clicks or
rabbits «nd gnven mtravenously m proportional doses on a body
weight basis to rats rabbuts, and chickens, species differences e
demonstrable n the time required for the plsma cholesterol levels
to 1ctuin to control values — 12 hours m rats 24 hours i chickens,
and 72 hours 1 rabbits

Shorr T 1t feasible to ruse the serum cholesterol by thiournail to
1 greater degree than vou have customanly done? Is 1t possible
with this adjmvant to attun the values of 2bout 1000 mg percent
which you e obtun by the feeding of cholesterol?

Kendall We have never been able to do 1t We have merensed
the thiourtcil to the himuts of the ammals tolerance for it without
bemg able erther to depress the basal metabolism below 15 to 20
percent or to ncrease the cholesterol levels

Shorr I have in mind the possibility that cholesteiol sing from
endogenous metibohsm mught be transported 1n the blood stream
1n some gute different fashion from exogenous cholesterol

Kendall One pomnt that Gould made 1 Ius report in Chieago
n November might be suggestive along that lime He admimstered
radionctive acetate to rats He sacnficed the ammals three hours
after the admmistration of the aaid and analyzed the vanous
tissues for lnbeled cholesterol The highest concentration of Inbeled
cholesterol that 1s of nowly synthesized cholesterol was found
the bile The percentage of Iabeled cholesterol mn the bile was
ugher than m the hver m the bloodstrexm or in any other tissue
It seems to me this might be nturpreted as ndicrting that the
newly synthesized cholesterol passes from the Iner nto the
Ahmentary canal through the bile before 1t becomes part of the
systermc cholesterol If that 1s true the entire cifference between
endogenous 1nd evogenous cholesterol disappears

Dock If you feed the dogs thyroid with the thiouricil nothing

happens?
I We huve not actually done the experiment but judging
frolr\lf”ii)orts on the effect of thyrord admmstration to ammals
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two of these
aups of substances and that onc ot

sug\sltg: ggss\?l:sgnce[; my be responsible dwrectly for the f1t &lcpos‘\
%:on but that the other ten or eleven might not be directi
responstble?

Rendall T should thunk that could be freely conceded
Summs ¥ thank then that we are in agreement

Gofuan Gne of our group Max Biggs hns fed labelled choles
terol using tritwum labels and we can 1 defiminely that 80 to
90 percent at lewst of the cholestero) 1 atheromatons lesions n
the rblit comes from evogenous cholesterod We cannot prose
that 1t came to the lesion via the blood We do know that the
cxogenous cholesterot gets mto (very component of the Blood that
we have stadied and that the cholesterol in the lesson 35 primanhy
exog by direct 4 ahon of the ridioactsve, Jabel Tt stall

does not prove that the blood was the sousge although we suspect
this to be the case

Stamfer Couldnt the ad d labclled chok
been brohen down and resynthesized®

Gofman I think that 1s aghly unhkely because if the cholesterol
had been broken down and resynthesized it wonld hase been
diluted so much that we would never have detected 1t 1n the kesion

1 hue

Doch Dr hendall T think 1t would be well to clanfy the state
ment about fast moving molecules Do you mean fast moving m
a ceatnfuge and nat fast moving in the physiasts sunse of raprdy
diffusablc?

hendall Mo they nse rapidly in the uitracentnfuge and perhaps
sou mght go a step farther and sav that these are fast moving
molceudes m the plasma that s 1f they are transport moleculcs

Dock Thev nse m the ultracentnfuge They re therefore Tt
molecules of considerable size

Cofman The malecules that Dr kendll refers 1o s fast moving
hiave the sume selationstup to the normally oeewmng motectles 1n
the dog as they do i the rabbut and the human 1 that they hue
lower densiv than the normal bpoprotemns Dr hendall sent us
some ser1and by studving the rate of flotation versus medwm
32\;35 <:‘n]c L;m determine hipoprotern density In Dr hendalls

MCh W er
e t}c\\g“?;gralmiogs or dogs on thioursend lone or

classes than the §¢ 10 20 gfoup5 ate predominantly of lower S,
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cnnot be pioduced 1n the dog or have not been produced m the
dog, without = corresponding merense m serum cholesterol levels

Dr Gofman has been kind enough to run ultricentnfuge studies
upon sera from our dogs The normnl dog does possess molecules
which move 4t rates corresponding to the betalipoprotemn of human
beings When ammals are plced upon cholesterol or upon th
ouracil the amount of this fraction ncrenses enormousls, but there
1s very httle evidence that in these animals there 1s any mcrease
m the wmount of the S: 10 20 fractions or of the higher faster
moving molecules But when the thiouraeil and cholesterol feeding
are combined, then there 15 1 sluft 1n pattern most of the choles
terol n the serum 1s there m the faster moving particles The sub
stances that Dr Gofman 1s studving contan neutral fat in addition
to cholesterol and phospholimd It scems reasonable to regird
these substances s part of the mechamsm for the transport of fat
If you reduce the ability of the tissue cells to utihize fat, that s,
to metabolize neutral fat as well s cholesterol then you would
expect that these transport substances would pile up n the serum
So this shift in serum lipid picture 15 just s reasonably explamed
from the standpomnt of tissue metabolism as 1t 1s from anv other
hyvpothesis Tlis hypothesis that changes m the tissues are re
sponsible for the development of artenosclerosss certunlv fits the
observed facts i chnieal arteriosclerosis better than does the
assumption that the lesions m artertosclerasis are due to the pres
ence of abnormally Ingh or "bnormail components m the serum

Simms May I comment on this discussion and present 2 chiferent
pomt of view? As I understind 1t the chinges observed m the
plasma constituents m hy percholesteremin may mercly be 4 reflec
tion of 4 metabolic upset or 2 fulure to muntun 1 balwnce
regard to these substinces wnd that they m themsehcs may not
necessanih be the direct cause of the fat deposition Is that nght?

Rendall That s nght

Simms 1 thmk you will Wt though that the actual fatty
matennal which 15 deposited presumably comes from the blood

stream
Rendall T wall admut that 1t 15 Jogicnl to believe that that s the
source of the materal i the cells but no one has ever shown

conclusinvely that it 1s true
s Will you concede then that i conditions of hyvper

Sunm,
1 upset 1n the balance of sy 1 dozen

cholesteremin there may be ar
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two of these
substances or groups of substances and that one or
groups of substances may be responsible dwectly for the fat depos
fon but that the other ten or cleven mught not be directly
responsible?

Rendall 1 should thmk that could be freely conceded
Gmms 1 thmk then that we are in agreement

Cojman One of our group Vax Biges has fed hibelled choles
terol wsing tntwam Tabels and we can sav defimtny ely that 80 to
90 percent at least af the cholesterol atheromatous lesions n
the rabbit comes from exogenous cholesterol We cannot prose
that 1t came to the lesion wia the blood We do know that the
exogenous cholesterol gets mto evert component of the blood that
we have studhed and that the chalesterol in the lesion 1s primanth

by durect d won of the rad we label It shil

docs not prove that the blood was the source although we suspect
thus ta be the case

Stamler Couldnt the admumstered labelled cholesterol have
been broken down and resynthesized?

Gofman T think that 1s highly unlikely because if the cholesterol
had been broken down and sesynthesized 1t would have been
difuted so much that we would never hwe detected it 1n the leston

Doch Dr hendall 1 think 1t would be uell to clanfy the state

ment about fast moving molecules Do you mean fast moving 1
a centnfug;

¢ and not fast
g ast moving n the physicists sense of rapidh

Rendall No they nise rapidiv in the ul

tracentnfuge and perhaps
)ouI mllght €0 a step farther and say that these are L\s(‘:nom?g
molecules w the plasma that 1s of they are transport molecules

Dach They nse m the wltr

eentnf
molecules of considersble size huge They are therelore bight
u(\.:}tr}w:an The molecules that Dr Rendall refers to s fast moving
W daﬂeﬂsm:]ne relationship to the normalhy oceurting, molecules m
ot ; ‘le) 1do 1 the rablyt and the human n that they have

sty than the normal hpoprotemns Dr hendall sent ws

some sera and by st
udving th
ensity one can g g the rate of flotation versus meduin
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Kendall 1 have not had 2 final report from Dr Gofman on this
pomt Apparently the chief difference between the fast moving
molecules 1 this group, that s, the S, 50 70 molecules and the
slower ones, the St 10 20 ones, 15 1n the content of neutral fat The
ratio between cholesterol and phospholipid 1s about the same n
the fast ones as 1t 15 1 the slow ones?

Gofman Yes

Kendall In some fractionntion experiments that we did on
similar plasm here, we found the same thing Although we could
get off fractions that contuned as high as 85 percent neutral fat
and fractions that contuped as low as 30 percent neutril fat,
the ratio between cholesterol and phospholipid 1n these two frac-
tions was about the same That suggests to me that the relatne
stability of the serum content of the S: 1020 fraction may be
related to the fact that 1t has a low neutral fat content as compared
with the others, and 1t would be the fraction that would be least
affected 1f the system wns cilled upon to transport large amounts
of neutral fat ansing from the diet After 4 fatty mea! when much
neutral fat 15 bemg transported mn the plasma’ you would expect
to find 1 greater mcrease in the molecules contaiming large amounts
of neutral fat than you would 1 those contuning 2 small amount

Gofman This his also been observed

Kendall This talk has sort of merged mmperceptibly mto the
discussion and I dont know whether I should try to say anything
to summanze my 1deas on the subject or not But I think perhaps
1 should apologize for t1king advantage of this mecting as 1 sound
g bowd for mmy speeulative 1deas Although they scem to me
to be important factors to be considered in planning further work
I will freely admit that many of my statements rest upon logic
rather than observation, and I will hold no bricf for the vahdity of
my reasomng processes

Goldblatt 1t may be 1 comfort to you to know, Dr hendall
that m the mode of your presentation you have conformed to the
exaet requirements of this conference

Perera st possible returning to the varous molecules in alpha
and other Iipoprotemns that cholestcrol remuns nert and that the
\arsable 1s the moleculr structure and chartetenstics of the pro
tem with wlich 1t 15 bound?

Aendall In other words hpids bound to protems cin be

metabolized whereas the Iiptds n these other molecules are not

broken down?
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Perera Or that the rate of synthesis or breakdown might d‘ep(;nd
to some extent on the character of the protemn with whach 1t 35
bound

ly avalable
ndall 1 dont hnow Dr Gofman has the only
mll\o:mahnn about the relative rates of turnover these chfferent
fractions

Cofman We know that all these molecules have a transitory
eustence 1n the systera and I think the greatest mustake s to
regard any lipoprot lecule that bears ch ol as having
anything but a transitory ewstence What we measure 15 a serum
level which 1s stmply the balance between what s gomng m and
gong out We can say that all the molecules transporting choles
terol m the system have rates of disappearance of the order of
mmutes hours and days There are differeat compounents dis
appeanny, at different rates but those diferent rates are not of
high orders of magmtnde Is would appear that all of these mole
cules transport cholesterol 1n assoctation wath protemn and limds
and have turnover times 1m the order of hours although there are
some that may be longer However a difference of ane hour versus

erghty miutes can mean all the difference m the world m terms
of blood fevel

Wakerin As T recall Dr hendall you and your group when
first reporting found that 1t took some twelve to Sfteen months of
thiouraci) cholesterol feedmg 1 dogs to obtam gross lesions Now
you obtam them 1n as httle as two to four months What are the
ifferences tesponuible for the shortening of this hme mterval?

kendall When we started out on this worl we had very hmited
faciies for mantamng dogs for domng experiments and in the
first expersments we ran the dogs for fourteen or sixteen months
m order to push the expenment It was only after we had demon
strated that we could actually produce lesians wn the dogs by this
means that we began to study the length of tune requred to
produce early lesions We could not afford to start out with a

Umited number of dogs and say
cnfice some at the e
or at four months 1n orde; o tovo months

r 10 see whether or not lestons were
developing because that would mean that we w ould have to start
1‘7‘\,01' agan& and we never would have completed an expenment
¢ started out wath the Yong expertment first and went to the short
experiment afters ards o
Wakerln As 1 shall re,
port tomorrow  our research gyon
vepeated your work and has been able to confirm 3t bugtrw?ﬁ‘::ls
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with a somew hat similar techmque that we get few gross lesions m
four to six months m normotensive dogs I wonder what the differ
ence might be due to We have had cholesterol levels i the
neighborhood of those that you report We have not seen 5000
but we have seen 3200 mg percent and the v erage 15 2bout 1000
mg percent

Kendall Tt has been our evpenence that if you can mamtun
the level 1t 1000 mg percent or above you get 1 reproducible total
mvolvement It has become routme 1 our laboratory for the pa
thologist to evaluate the extent of gross lestons m eight different sites
and to grade them from zero to four plus In some of these wmals
we m1y find  four plus Jesion mn one area and practicails no lesions
elsewhere

Goldbiatt Do you mewn eight different sites m the aorts, or
do you mean eight different sites in the body?

Kendall In the body The sites s I reeall them are the coronary
arteries  the smus of Vilsalva the cerebral artenes the carotd
the thyroid the lower abdomimnal the ihie Tlus difference mn
distnbution seems to me to support the 1dea that the defect 1s
the cell rather than in the secrum All the artenal walls are bemng
exposed to the same serum

Summs Isnt 1t possible that the factors cwsing the fat depost
tion wre m the serum but that certun tissue areas are more
susceptible?

Kendall That seems to me to come back to the same 1den that
if certan cells are more susceptible then the defect hies mn those
cells The difference between those cells and the cells that re not
affected 15 certunly 1 factor to be considered

Simms Yes 1t 1s 1 factor but not the whole cause f the fitty
material comes fiom the serum The difference between the cells
would be present 1n 1 normal mdividual s well 2s m an arteno
sclerotic mdnadual It would appear to be merely 2 predisposing

mfluence

Gofman There 1s nothing mutually exclusne about these 1deas
If one has wn abnormalty m the blood 1t does not nccessarily
indicate that arteriosclerosis will develop Nor dots 1t exclude the
possibility that the blood 15 the source when artenosclerosis does
occur No one has senoush doubted the local factor 1 arterio
sclerosts It 1s nell estabhished that artenosclerosis 1s 1 focal process
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Rendall 1 the Se 10 20 fraction and the other It g«mhmm;%
particles of seyum are part of the norml transpart mec rm:sn; on
the body a normal mdn 1dual who has 7 very low lca)r\ccn ;z ;;)
of S 1020 may ~ctually be moving more cholesterol throuc ;1 ;e
Blood stream 1 that fraction than 1s 1 person whose level 1s hugh
The first mdunsdual may be utihzing these particles as fast s they
are bemg formed The other indwdual cnot utihze them vt 1
normal rate therefore the Jevel mereases This view tends to tale
the onus off the S¢ 1020 molecule The §¢ 1020 molecule 15 not
necessanty abnormal 1t 15 probably a perfeeth normal malceule
that we are contumously utthzing

Walens § wtherosclerosss 1s tonsidered to result from * prman
metabolic disturbance of cholesterol as yon suggest it would be
most remirhable to have this materil deposited almost exclusisels
1n artenies There are a number of so called hipid dy strophies some
of wiich imvolve disturbances n cholesterol metabohsm such as
Hand s Schuetler s Chnstian s disease 1 which artenat deposits do

not occur In such conditons the sebeulo-rndothelial system s
aften the clnef site of deposition

hendall Then you would wterpret those diseases ns beng
metabolie disturbinces and locabized 1n certun tissues

Wilens I am not quite certamn whether these discases e cheardy
metabolic 1 ongin although they we commonly regarded as
diseases of disturbed metabolism In any event m these conditions

abnormal bpnd substances are depossted 1 vanous sites but show
oo predilection for artenes

Artz 1 want defimtely to take evception to the concept that
atheroscleroms 1 an wevtable aging process The nailable facts
amply refute this stubbomn dogma These facts support the phi}
osophy so essenhal for us as imvestigators that this 1§ a disease

we can do something ahout An mmportant concept
ccentl
aated 1 atherosclerosss p )

esearch 15 that we are deahng with
metabolic disease w W probabity Wi b for
th
ultimite prevention and cut:e Y 't goes hopo for

Lansing T must wmaist that we are stie

ntsts first and ph
second that we are seelang to establish ¢ o aophers
whether we

he facts of the case
1;‘; t}t\e;nhm not 1F this pattern 15 one of mevitabslity
1 ave never expounded the sdea that ar
t
i;}:r:z::‘ g“p'r“n‘ C;ne\&::‘h\chsequence of Ufe Tt usually 1ceomp;r:::%
5!
e 5 S WWhether we con modhly that or not 1s another
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with 2 somewht sumilar techmque, that we get fow gross lesions
four to s1x months 1n normotensive dogs I wonder what the differ
ence might be duec to We have had cholesterol levels n the
neighborhood of those that you report We hue not seen 5000,
but we have seen 8200 mg percent and the awerage 1s about 1000
mg percent

Kendall It has been our experience that if you can muntun
the level at 1000 mg percent or above you get 2 reproducible total
miolvement It has become routne m our lbowatory for the pr
thologist to evaluate the extent of gross lesions in exght cifferent sites
and ta grade them from zero to four plus In some of these anmls
we my find 1 four plus lesion 1n one 1rea ind practically no lesions
clsewhere

Goldblatt Do you mewm aght diffcrent sites 1 the Aortq, or
do you mean eight different sites m the body?

Kendall In the body The sites, s I reeall them are the coronan
arterics the smus of Valsaha the cerebral artenes, the carotid,
the thyroid the lower abdommal the e This difference m
distribution seems to me to support the idea that the defect 15 m
the cell rather than i the serum All the arterial walls are bemng
cxposed to the same serum

Simms Isnt at possible that the factors cwsing the fat depost
tion are m the scrum but that certun tissuc nreas are morc
susceptible?

Rendall That seems to me to come back to the sume 1dea that
if certun cells are more susceptible then the defect hes mn those
cells The difference between those cells and the cells that re not
affected 1s certunly 2 factor to be considered

Simms Yes 1t 1s 2 fretor but not the whole cause of the fatty
material comes fiom the serum The difference between the cells
would be present m 1 normil ndnidual as well s m an arteno
sclerotic mdiadual It would ppeir to be merely 1 predisposing
influence

Gofman There 1s nothing mutunlly «xclusne nhout these 1deas
If oue has an bnormahty 1n the blood 1t does not necessinly
indicate that artenosclerosis will develop Nor docs 1t exclude the
hty that the blood 15 the source when arteniosclerosts does
No one has senoush doubted the local fictor n arteno
blished that rteriosclerosts 1s 4 focal process

possibl
peceur
sclerosis 1t 1s well estal
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LECTOR SHAPED ANALYTICAL|
ULTRACENTRFUGE  CELL

aoeg AREA 13 4 MEASURE
RS et
b T bt we
SCHEMATIC OPTKCAL DUAGRAM § H

& se diagraro of ultracentrifuge cell showing migration of molecules
B e e slogon. aganst e cenanifugal force . The schematic optiel
diagram demonstrates the type of optical pattem obtamed Below the schematic
optical dhagrams are actust photographs tolen dunag an gnalvtical runq 'nurﬁ art
two major species Hoating with dufferent migration rates the larger §; 124 and the

smaller S 62 (rotor speed 52 640 rpm) Reprinted from article by Cofman et af
Circulation 2 164 (19>0)

suctose or glucose addibion and floating the hpoprotemms or sinling
the heavier protems One can thus concentrate the lipoprotemns and
study them 1n an 1solated fashion The actual analytical seheme 1s
shown diagrammatically 1n Figure 1 When lipoproteins re present
they will start out gt the base of the cell and migrate agawst the
centnfugal force The optical pattern shows a base line plus inverted
peaks each peak represents a soecies of defimte mgration rate
Actual photographs taken at vamous times at full rotor speed
give evidence of the mugration of the molecule

Figure 2 shows ssolated fanly pure lipoprotemn species from
human blood The upper pattern shows 1 molecule that moves

agunst the centrifugal field with a rate of 18 S units (Svedbergs
of flotation) The rmuddle pattern shows a molecule moving with
the St rate of & untts The Jowest pattern shows a mitture of $; 6
ind St 13 molecules The S v:

alue 1s simply a measure of how fast
the particular molecular speges T If the cond are
kept standard by using the same olution composiion the ~me
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JOHN W GOFMAN
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Wrtaout GoNG mto all the evidence that has been gathered both
by our own group and others I shoul like to state one fict ~ at
least as far as facts can be stated — and that 1s the cholesterol m
the blood cholesterol esters, ind neutral fats do not arculate as
the molecules themselves By ultracentnfugation one can through
raising the density of serum float all the lipoprotemns m a serum
sample to the surface of an ultracentnifugal tube If one takes these
Lpoprotems off the top, less than 5 percent of the lipids are left
n the tube In other words essentially all the lipids m the blood
are in the form of molecules of molecular weight of 80000 or
Igher, and 1l of them are i the form of lipoprotemn molecules of
relatively low density densities running 114 or less

We have been mterested for the last few years n the possibility
that one might see something of consequence with respect to
atherosclerosis 1f one could charactenze the hpoprotemns m 2 per
sons blood adequately that might be mussed if one studied just
one of the bwmldmg blocks say fats or cholesterol cholesterol esters
or phospholipids The ultricentnifuge 1s probably at the present
time the mstrument most capable of 2llowing us to examme the
Iipids and lipoproteins 1n their nitive state without any appreciable
chemea) 1lteraton The hipoprotems m the serum both m the
human and the experimental amimal show a rather complex pic
ture but some of the features follow well defined patterns and
one cin mahe some general statements about them

1 believe almost everyone here 1s familiar with the general ultra
centrifugal method but I should like to indicate the terminology
which we employ Since we are mterested n studying the lipo
protems which are of low densitv the first step conststs mn separat
ing them from the high density protemns simply by preparitive
ultracentnfugation There 1s no chemical procedure mvolved other
than mcreasmg the density of the solution by sodiem chlonde

* Supported 1 part by the U S Publbe Health Scrvice and the Atomuc Fnorgy
Comnussion
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COMPOSITE PICTURE AS OBSERVED

baseline

RESOLUTION INTO UNKNOWN COMPONENTS

basel ne

Fictne 3 a Diagram illustratiny a l)}nca\ flotation_pattern observed 1n the ultra
centnfugal analysis of the low-density hpoprotens of human serum Hesolution
of 2(a) wta the hipoprotein components known to eust n human serum  Reprinted
from article by Gofman et of ] Cerontol 6 103 (1951)

to the 1dentification and 150l of several pendent lipopro
tem components Thus the diagram of Figure 3 15 resolvable nto
severl ipoprotemn species starting from S¢ 6 and going up to S¢ 17
Thus this composite picture with a sloping off of the left hand
bimb of the pattern 1s due to the algebraic 1ddition of S; 6 S¢ 8
Sr 10 S: 13 and S 17 patterns There are at least ten discrete
species of hpoprotem molecules that we have been able ta demon

strate nd there are many more that we have not been able to
resolve mto discrete components as yet

This immediately pomts out that neither so-called alphalipopro
tem nor so called betalipoprotein 1s a discrete entity Those mole
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=SS

I'icvre 2 Upper pattern showing flotation of 1solated S, 13 malecules Middle
pattarn showing flotation of 1solited S, 6 molecules Lower pattern showing flotation
of mixturc of these two hpoprotemns Reprinted from article by Gofmwn et al
J Gerontol 6 107 (1951)

temperature  viscositv  and density then the rate it wlich 7
molecule moves 1s a physical constant for that molecule and 15 1
peifectly 1dequate nime for that molecule So that we can name
molecules as S¢ 13 or §; 6 molecules This 1n essence tells us that
the two hpoprotems with different flotation rates are different
molecules They may both contain cholesterol cholesterol esters
and fitty aads but they are different molecules

In order to determine the concentration of 1y species one drawns
m the base me which would be what one would sce m the
absence of hpopioteins and simply measures the arer over the
petk (sec shaded arer — Iigure 1) From that aren with 4 con
version factor one ean directly caleulate the concentration n mg
percent of the particular species studied

Unfortunatels 1n the study of serum one often his 1 morc com
ple picture than that shown m Iigure 2(c) One mw see 1 compley
dingram as shown m Tigure 3 This type of pattern requires

mnterpret wtion
In the course of the last yew and a half the studies of serum
done largels by my associates Lindgren and Nichols(1) hauve led
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Ultracentnfugal Botation patterns of a total hpd and hpoproten {raction
B from sl dnodaal. Feames from et 19 ighe Land ton to bottom)
were taken 3t 0 2 4 B 3 10 18 24 32 40 43 58 64 80 98 112 e
myutes after rotor attamed full speed (59780 rpm) Repninted from article by
landgren Elbot and Gofman.  Phyt Coll Chem’ 53 84 (1951)

groups We have seen low and igh concentrations of high density
Tipoprotems with any particular concentration of the low density
group

In connection with atherosclerosis we have focused our attention
on the low density group of molecules which would be represented
by the first peak shown i Figure 4 The rabhat developing whero
sclerasis has been stutied mn an effort to determme whether there
is anything pecubar or new about hi;d transport 1n the course of
development of atherosclerosis as the result of cholesterol feeding

Figure 5 shows the sequence of events occurning m the rabbt
fed chol % and developing atheroscl The ribbut imhally
shows a Dittle peah which 15 due to a hipoprote

n of about a imjhon
and a half molecular weight umts The molecule 15 30 percent

cholesterol about 25 percent protem It 15 the major cho'esterol
bearing molecule 1 the rabbt 1n the normal state the rabint
hivng onty about 40 or 50 mg, percent of cholesteral 1n the serum
1 one feeds the rabbit cholesterol some two wecks later all one
Sees 18 n wieresse 1 the concentrabion of the same molecule as
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cules 1 electrophoresis which would migrate s an alpha peak
and those molecules which would migrate 1s 1 bet peah represent
between 8 1ind N molecules 1 each case where N 15 some number
the exact magmitude of which 15 not evactly known It 15 at least
10 for the so called bet1 peak m electrophoresis

Gutman Dr Gofmn do your peaks necessarthy represent homo
geneous substances?

Gofman  What do you mean by that? For the mnture of
molecules?

Gutman No, I mean even for » single penh Does 2 smgle peak
necessanly represent 1 single homogeneous substance?

Gofman There 1s no critenion one cwn ever sty is the absolute
criterton for homogeneity We can take 2 preparation of so called
pure Sr 18 and ultracentnfuge 1t and from the diffusion constant
one can sty this molecule fulfills pretty well the cnterion for beng
1 homogeneous species But 1f one evolves a new technique for look
g 1t something he mny be ~ble to resolve this into more than
one spectes That 15 if one 1dentifies 1 molecule nd s1ys he has
ultracentnfugnlly 1 single molecule that does not mean that he
has proved that by electrophoresis 1t will be 1 single molecule It
may be two or three So ll we can speak for 1s the ultracentnfugal
homogeneity But if we can s1) that we can see ten species then
we know there nre at least ten Whether that my be twenty we
cannot say but we know there re at least ten That s all T ¢
say at the present time

Igure 4 gives the entire lipoprotemn spectrum m 1 mwmner that
1s not easy to analyze but such that all the serum hipoprotems are
shown If we ruse the density of the serum to about 124 with 1
heny water salt solution we get two groups of peaks Each of
them 1s made up of several species [he rapidly moving group
pek 1s due to the low density lipoprotemn mo'ccules 1 the serum
There are approumately ten The slower group peth which hater
shows 1tself to be at least 1 bifid peak represents the high density
group of lipoprotemns The latter peak probablv corresponds to the
so called alphalipoprotewns the former corresponds to the so cilled
betahpoprotemns The concentritions of each group of lipoprotems
ate 1t least semiindependent At the present time we are unable
to see any consistent pattern of relitionship between these two
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of appreciable fesels of mol les of Tates greater than
80 §¢ umts

Thus the whole picture of rabbit h\percholcstcrcn:;a ‘i\ls rn
denelops 1 first an merease 1n the molecule that was already the! ;‘i
wineh may mgrate from 5 to 12§ wnts then the Jppf‘aniu;z *
addbtional moleentes first with rates 1w the neihborhood o A
20 & umts prmanly and then a gh concentration of moh.c;x es
all the way out to 30 Sr umts and gher As the rabbat dese llms
the hvpercholesteretma be chnges the molecules + hiteh carry that
cholesterol to 4 predommant degxee so thot there are Lrossly
different molecules present m rabbut serum at the end of such
feuding as compated with what was there i the beginmng

We have had the opportumty to awtopsy about seventy fine
ammals m the counse of our expenmental studies and find hitle
carrelation between the concentration of the molecule of less than
10 S¢ umts and the imount of atherosclerasis one measures at
autopsy With nereastng ations of these 1 mole
cules thete 1s a good rongh correlation of degree of athcroscletons

with the concentration of molecules of this newer class which we
might delmeste at 10-30 Sc

W s true that the rabbut 1s developing a bvpercholestererma and
we have no arqument 1t all wath the fact that hugh blood choles
terol 15 associated 1 the rabbit with the devclopment of athero
sclerass but the primary form m which the additional cholesterol
15 carned 15 1 these additional molcoules There does not appear
to be too much sigmficance to the mercase m concentration of
the ongmal bpoproten molecule Rabbuts that devclop only an
merease an ths molecule With no new anaillary bpoprotein com
gleves do not show any sigmbeant atheroscieroms

Barr When the ammals are developmg the S¢ 10 20 molecules
are they at the same time wereasing the amount

of molecules of
lower densies?

Cofman The total lipoprotun concentratiop {nd cholesterat
concentettion | 1s mereasing rather than stmply 4 change 1 relative
concentration

Burr  Are the molecules of lo

wer denss s
s tes stll increasing 1n

Cofran Yes Thns 1s af 35 weeks Th
<re 15 1 considerable ncrea
from 6 weeks Some of the ribbits however do level gut a(s:
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Freure 5 The progressive sequence of changes secn m the ribht developing
atherasclerosis s the result of cholesterol feeding

a  The uppcr and lower ultracentufugal patterns of the top filn are those taken
respectinely at the outset of the expenment and two wecks Iater with 1 nse
in the concentration of narmally oceurning lipoprotemn tn the latter

b Shows rmbbit pattern at six weeks after feeding with appearince of high con
centrations of hpoproteins above $,10

¢ Shows pattcn after fifteen wecks feeding The extramcly ligh concentrition of
S 10 30 ¢an he noted Reprninted from article by Gofman Hypertension A
Symposium E T Bell Editor Minneipolls Mmn Umi of \Minnesot1 Press
1951 (p 383)

evidenced by 1 bigger areq over that perth This means then thit
At least for 1 while the increment m cholesterol 1n rabbit serum 1s
due wholly to an mcrease in concentration of 1 molecule that was
already there in the first place But when six weeks pass one sees
1 very different situation 1n that although tlus peak (about 8 S
urts) 1s m the same posiion — nd shows n further merease m
concentration the rabbit has now developed several ancillary peiks
representing molecules that are moving with rates faster than the
8 Se units of the major perk — as 1 matter of fict moving with
rates up to 80 S: at about this point The additional molecules are
lipoprotemns contamning cholesterol phospholipids and fatty aads
though they contun less proten than the myor molecule mtrlly
present In fifteen weeks 1 tremendous mcrease m concentration
of the molecules n the S¢ 1030 chss has developed plus the
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appearance of apprecsable lesels of molecules of yates greater than
20 S unts

Thus the whole picture of rabbit hvpercholesterenun as 1t
deselops 15 first an merease m the molecule that was afre1dy there
which may migrate from 5 to 12 8¢ unts then the appearance of
ditional moleewles first with rates m the neighborhood of 10 to
90 % umts pnmarlly wd then a gh concentration, of molccules
A1 the way oat to 30 S¢ umts and higher As the rablut develops
the hypercholesteremma he changes the wmalecules winch carny that
cholesterol to a predommant degree 5o that there ane rossly
different molecules present m vabbit serum at the end of such
feeding as compared with what was there i the begnmng

We have had the apportunity to autopsy about seventy five
animals m the course of our expenmental studies and find Mntle
corrcdation between the concentration of the molecule of less than
10 Sc umts and the amount of atherosclerosis one measures at
autopsy With mcreasng concentrations of these additionat mole
cules there 15 2 good rough correlation of degree of atherosclerosss

with the contentration of molecules of this newer class which we
mght delineate at 10-30 S,

Tt 15 true that the rabbit 1s developing a hypercholesteremia and
e have 1o argument at all with the fact that Jugh blood choles
tesol » assovated an the rabbit swith the development of athero
sclerosts but the pramary form m which the additional cholesterol
& cdrried 15 m these additional molecules There does not appetr
to be too much nignificance to the ncrease m concentration of
the oniginal hpoproten molecule Rabhuts that develop only an
arease 1 this molecule with no new anallary hipoprotem com
vlexes do not show any sigmficant atherosclerosis
arfrglrg \V:me; the ammals are developing the S, 10 20 malecules
e o ‘;e;s‘ :w:ﬁsame time wcreasing the amount of molecules of

(oggelx?tl:; m’[';\e total hipoprotemn concentration {and cholesters)
T3 } 1S INCTens;
omeontration mg rather than simply o change 1 relative

Barr Are the smolecules of
amount?

Coymy
trons 76 t::\e: Lt;s ;ths 3t I weeks There ss a considerable increase
ome of the rabbits howerver do level out at 4

lower densities sti)} mcreasing m
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certun value and show no further increse thereafter spite of
contmued cholesterol feeding

These experiments were carried out mn parallel with studies of
human serum From Figure 6 1t 1s npparent that the low density
group of lipoprotems n human serum form patterns resembling
those seen 1n various stages of rabbit atherosclerosis Figure 6(a)
shows only one hpoprotemn m human serum at any appreciable
concentrition This 15 1 molecule which mugrates with 1 rate of
tbout 6 S; umts Throughout Figure 6(2) the St rates are marked
on the successive frames, so one can wnmedately pick off any
thing one wants If one 1s interested i knowimng the S rate of a
gven peak one my read st directly off the gnd for that frame

In the humwn we are somewhat hard pressed to establish direct
correlitions with extent of atherosclerosis or its rate of develop
ment because we dont get to see the vessels ind as we are all
aware there are no chmeal mdices for apprusing atherosclerosis
m the living human i the bsence of a chmcal sequel There are
certain correlitions which suggest that one can get some mforma
tion on atherosclerosis from the ultracentnfugal Iiprd pattern

I am 1n full 1greement with the concept that atherosclerosis 15
A focal disease 1n the human that if one has atherosclerosis n one
vascular bed there 1s no guarantee that there will be atherosclerosts
mn other vascular beds The tortr mav be affected and the other
vessels relatively free and vice versa But 1 think there 1s stll
the possibility that whatever the focal fictor 15 there may well be
somethmg 1 the blood associited with the process to cwse 1t to
develop at all n any vascular bed

Gomng on that basis we feel we have evidence with respect to
the development of atherosclerosis Normal rabbits show only
molecules of S¢ 10 or less Rabbuts fed cholesterol develop the 19d:
tional molecules which mugrate 1t rates greter thin 10 Some
human subjects show only the molecules below S¢ 10 umts and
some show n addition s can be seen m Figure 6 varying con
centrations of lipoproten molecules out to about 80 or 100 Sr units
and even higher

All of these molecules e shown by walysis to be hpoprotems
which contan varymg amounts of diffcrent hpids mn 1ssociation
with protem As 1 broad picture we cn sy that the molecules
of S¢ rate less than 10 contam cholesterol cholesterol esters phos

pholipids and protem We do not find by chemical nalysis of
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Flotatio  pattern of low density Lipogroteins from a normal 2 year
old male Shawing evcecdingly Jow | vel of ; 10 20 molecules Each
frame 15 vuled for calculation of the §q rite of any peak appear n. 10
that frame Tn this figure a5 well as m those b low suecessive fram &
areat 0 6 12 22 30 ani 39 m nutes after full rotor speed of 52 6810
pm has heen reached llen-c §; rate mykings may b used 07 ¢6
responding frames in M p tie 25D oy
b Iotabon pattern of Yoo 4 nsitv Vipoprotans of & 65 year old made
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\:‘nh hypothyrod sm subsequent to surgied therapy for Graves
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fetie foation pittem of two dffecint samples Tun sumul
tancoud!  Upper par em 15 B at of 8 oB-veas ofd rrle studie ) th ree
bejore be experenced a myocardial mfarction (Ncte Fy
tremely Tavh 5, 100 level Six weeks heyond the cute infarction hus
Ye et was fomd to be 29 me percent) Lower pattern 1s that of a
S-yeat ofd femile demonstriting very Jow S¢ 30-20 leed Tepnn ed
from amc) by Gofman e ot } Geron ol 6 109 (1951}

A

-



56 Blood Pressurc

isolated species any evidence of neutral fat i those molecules
The 13 S¢ molecule also contuns cholesterol cholesterol esters
phospholipids, and protemn without any evidence of neutral fat
But 1s one gets out above 17 S, umts, neutral fat (or glycery] ester)
becomes 1 promnent part of the molecule In fact put t 50 100 St
units something m the order of 50 to 80 percent of the molecule
15 composed of glyceryl ester, and less of the, molecule 15 composed
of cholesterol and cholesterol ester and less of the molecule 15
composed of protem The strling charge about 17 S umts 15 the
appearance of neutral fit as a4 part of the molecule This goes on
all the w1y out to the chylomicron which on a relatne seale 1s 2
molecule of S 40 000 units The chylomicron contamns m the neigh
borhood of 5 percent cholesteiol about 5 percent protemn about
5 percent phospholyd with the rest beng neutral fat One other
nteresting difference betw een the molecules as one goes out along
this scale of classification 1s that the molecules become less dense
the 40 S¢ molecule 1s less dense than the §: 6 probably beciuse
there 1s moie fat and less protein mn 1t

It has been established further that the percentage of chalesterol
m the molecule m the form of cholesterol ester decreases progres
sively as one goes from Sr 6 to 10 13 and so on, until one reaches
Sc 40000 where essentilly all of the cholesterol 15 m the free
form whereas down m the S; 6 molecule only about 20 percent of
the cholesteral 1s free and the rest 1s estenfied In the high density
molecules which correspond to the alphilipeprotemns there 1S
even less of the cholesterol that 1s free probably about 18 percent
Thus these various species do not represent any agglomeration
or polymerization 1n the ultracentnfuge They are molecules winch
differ m chemienl composition one from another 1n addition to
their diffcrences n physicil properties

With respect to the occurrence of these molecules 1 various
human groups one ¢an sav this 1f one starts at the cradle (um
bilical cord blood) and follows the changes through the group
of normal prepuberil children the picture 1s almost wholly that
of Tigure 6(a) numely the presence of molecules of S¢ 8 or less
s the predommant species There m1v be small amounts of S, 10
molecules and of molecules that migrate fister than 10 units but
1t 15 quite rare to find v young child with 2 level over 30 mg
percent of molecules thit migrate 1t rates greater than 10 or 1t
Tewst m the region from about 10 to about 30

I would like to focus attention on one particular class of these
molecules the region Se 10 to 20 umts not because we hue pre
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sumed that this class would be mvolved n at}:lemgc\croi)‘s‘ b:,}
because the relahonships r :‘he Itc{bbl}tms“uffes\l‘?e f: c‘]S ng)\; ’ ?nnst
molecules mught be mportant wn the

s may be miohed but there are certun
t‘l‘aes“olnso !}:;ry ‘::oe\e;:‘weent yet made extensne efforts to con'e\n;te
them wath discase For example one”could sy What about \;e
10 5¢ molecule or the 50 S¢ molecule?” One of the big reasons wht
this 5 o poot molecule to use or to test for correlation 1s that l§ 15
hughly mfuenced 1 some mdivduals by the hme after meals that
one draws the blood sample and by the character of previous
meals Since there mav be threefold changes 1 the concentration
of molecales for exomple between 80 and 100 S, with relstion
to meals we find 1t difficult to use tus as an mdex unless a ngd
form of tolerance test 15 developed

But on the other hand s Dr kendall mentioned earhier where
the molecule 15 below 30 §¢ between 10 and 30 ~as a matter of
fact mght now I will speak only of 1020 —there 1s veny lttle
wfluence of a mngle meal on these molecules and ot does not

depend on whether the blood 15 taken after fasting or after taking
4 meal

Wakern Are there amy sex differences 1n these evpeniments?
1 am thinkimg of Dr Doch s observations on the coronanes

Gofman No on the basis of a hmited study of about a hundred
children we find na differences 1 terms of male wmfants 1ersus

female mfants or male children versus female children before
puberty

As can be seen m Frure 6 1n the cross hatched areas we have

measuced the so called S5 1090 class The ¢ 10 motecnle stself
which 15 one 5,

pectes iy not mchuded i thyy aren only everything
abore 10 8, The Jower measunng bt 15 S 12 We are calling
Bt $ 1020 with ¢ 10 stself excluded We also hisc mesurements
an the 5 10 wselé which T wall refer to laty
A stody of normal” human subjeets of varions age cate OTIeS 15
\llu:,mnalmg Ia Figure 7 the percentage of md\:gldu:ﬂs g\u[ﬂ\s ‘St
h 20 Tevels below any gven level 1 plotted for males From ths
'guTe one can compare 20 30 year old males with 50 60 vear old
males and determme what percentage of 20-30 year old males
“11" hue levels ngher than « ecertam level as compared to the
?1%[‘;15:\%[’ 1l‘hus pproumatecly 25 percent of the voung males
¢ alevel of 40 mg On the other hand approximately 55
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Freure 7 Diagram Mustrating the trend with age of blood levels of S, 10-20
Lipoproteins m normal males 20 70 years of age

Notes (1) The lipoprotein levels reported here have been revised upwards as a
result of calibration changes as compared with previous data reported
i Circulation 2 161 178 1950 The revision 1 no wav alters the
nterpretations gnen in that reference

(2) Data bised on 977 cases

percent of the 50 60 year old males will have higher levels than
this

The levels for the 20 80 year old male are lugher than for the
mrle culd We feel this merease with age corresponds with the
dence of atherosclerosis with aging and with the com
nty of atherosclerosis n clhildren
how many are m those groups?

lagher mex
partive 1

Dexter Approamately
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Gofman 1 think the smallest group was about 50 Usually they
consist of about 100 or more i exch

The actunl levels of mg percent 1re somewht Ingher than our
data m Crreulation (2) mdicated due to a reusion of some
cahbrations However the distributions are essentilly the sume
among, the 1anous populations

Figure 8 shows a similar curve for normal” females with 1
major dufference between the 20-30 and the 50-60 groups mdicat

180 \ T T l
A 2130 YERS
= 120 ® 3l 40 YEARS
g A 450 YEARS
g o 5160 YEARS
« B 6170 YEARS
z 100 CGUNGES OF S; 1020 LEVELS
WITH AGE FOR NORMAL FEMALES

E \
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2
]
2
g &

40
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H
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Ii;RqCENT OF INDIVIDUALS WITH Sp 1020 MOLECULE
ICENTRATION tESS THAN ANY CHOSEN LEVEL

Ficene 8 Daagram il
strating the t
1 poprot o g the trend with age of blood
Loprojems o nomal females 20-70 years of age Reprated e L
L e T R S 7
n o
NerE Data based on 309 cases finnesota Press 1951 (p 356)
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g that fewer normal females at 2 young age will have a hugh
level 1s compared with the older females In other words if vou
consider = level of 40 mg percent about 5 percent of normal
femnales between 20 and 80 will be higher than that, whereas, 45
percent of females between 50 1nd 69 will show Iigher levels
Theie are thus 1bout nme times as many femnles between 50 and
60 who show lugh S levels We feel this 1s consistent with the
ranty of atherosclerosis i the young female and the fact that
differences 1 the occurrence of atherosclerosis m the two seves
become progressively obliterated with aging

When the 50 60 year old normal female 1s compared with the
50 60 year old normal male, these curves almost superimpose
These curves were obtuned m studies on several hundred cases

Summarnizing these studies ~ children show the lowest levels
the young females lower than young mnles and the voung female
lower than the older female and progressne obliteration with
aging of the difference between sexes

As an mdex of atherosclerosis i the Ining we have resorted
to the use of myocirdial mfarction survivals Myocardml nfarction
should give 1 good documentation of the diserse 2nd although
certun myoctrdial mfuctions occur superimposed on coronmin
dicences other than atherosclerosis and although coronary dise 1se
does not necessanly indicate atheroscleiosis elswhere m the body
we feel that 1 group of men who hive had 2 myocardinl infaretion
on the average should bve more coronary atherosclerosis than
the so called normal population This of course will only be true
on the nerage

Tigure 9 shows some 203 males between the ages of 40 to 70
who survived 1 myocirdinl mfarction compared with 1 composite
curve of our so called normal males between 40 wd 70 The smull
changes with aging between 40 70 years do not mfluence mter
pretations based upon the composite cunve

Symms How long after the st attickh?

Gofman We never took wny of them unless there had been 1
munmum of s1x weeks after the mfircton We chose not to studs
metabohe upsets of an infarction itself but rather to study steidy
state hpud metabolism There are evidences that there are some
pecuhanhes wsociated with an cute attaick Mamy cises were
two years and some were ten vers beyond mnfarction
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Fioore 9 Diagram Mlustrating the hugher levels of §; 10-20 molecules 1 males
with myocardial infarction than wn normal males of corresponding ages Reprinted
from articles by Cofman et al ] Cerontol 6 112(1951) and Cofman Hyperten
ston A Symposum b T Bell, Fditor Minuneapolis Mian Ut of Minnesota Press
1951 (p 386)

Notes (1) All patients with wnfarction were at Jeast six weebs beyond infarction
date

{2} Data based on 203 myocardial infarcts and 241 normal males

kellner You say thit on the average the group with myocardial
farction wall have more total atherosclerosis than 1 group of

comparable age without myocirdial infarction Is there any quanty
ml:;ea evidence for that other than impressions from the autopss
table

Cofman 1 do not beheve we have any justification based upon
quantitatrne evidence that there will be more total atherosclerosts
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m 2 group of patients with myocudial mfarction However I
believe the evidence 1s good that there will be more coronry
atheiosclerosis, on the avernge, m such patients than m 2 group
of mndmiduals who have not had an infuwet Do vou huwe some
evidence to the contrary?

Kellner No My own impression from autopsies of mdiiduals
with myocardinl infarction 1s that they hwe more coronary athero
sclerosis but I am not sure as far s total therosclerosis 1s
concerned

Wilens Lvery cxperienced pathologist 18 aware that 1 voung
Iy pertensine mile may die of myocardial mfarction as the result
of 1 few small atheromatous pliques that occlude 1 coronary artery
without having any sigmficant atherosclerotic change m any other
vessel Often this 15 due to an unfortunite distribution of the
coronry vessels with the occluded one supplymg an unusually
Inrge aea of the left ventrieular musculature The impheation of
this obser: ation 15 that the occurrence of myocudml infarction may
gnve w entirely false chimeal impression of the extent of the 1thero
sclerotic process m any one person

Gofman Yes I certunly \giec with that That 1s why I sud 1t
the outset one cannot quantitate the total degree of athcrosclerosts
from what 1s present mn the coronary utery wmd one cumot s
further that 1 mvocardal nfirct represents 1y evidence of total
atherosclerosis

Grimson It occurs to me that there must be methods other than
study of the coronany arteries by which extent of 1rtertosclerosis
could be objectively determmed One would be study of amput thion
specimens from people who hae penpheril vascular obstructive
discase You certunly can 1lways confirm the normal circulation
and cn estimate dimmshed arculiion Dnignosis would be ac
curite and study of normal and diseascd groups could be accom
phished with little or no overlp

Gofman Studies on penpheral arteriosclerosis e being carnied
out but we do not have sufficient c1ses to mike defimtn e statements

Wakerlin Wouldn t funduscoprie examunation be 1 better method
for trymng to sepuate your so called normil norm als from b
normal normals?

Gofman T am not sure that s the cise hwe heard of disagree
ment 1mong ophthalmologssts 1s to w hether they see athcrosclerosis

m funduscopic exammnation
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15 1o happy $2y 1o solve the dilemma that we are
mgfif);:\ntevxrih\?:h but 1 t&pgk Dr Gofman 3s seasonabile :\ssurm:;gr
that a population that has had 2 myocardial mfarc!xon‘ has 2 g‘rc:
tendency o coronary atherosclerosis than a population L\nl 1§
awmbing s fest myocardal mhrftwn Ig C:rc:éiai\xg:nx‘:xs td :grszs

adence

z?“:['m(%*) gn‘ens ﬁgmjs on"!‘m“ och M ta In ths
article 8 plus coranary sclerosis mdicat almost complete obstrue
tion of one branch The shape of the curve 1n populanon wath g
15 qmte different s males Yhan 2t 15 m females They both lesel
off with about 85 percent of the populaton having 3 plus coronary
diserse at 60 years w the mile nd 70 m the female Two thirds
of the peaple will have 3 plus atheroscleross m & major branch of
the coronary attery The age curves re quite different males
than they are 1n females 10 those two things and agree with the
shape of the curves Dr Gofman has shown

Gofman As 1 recall the White Ldwards and Dry paper(8} thes
idicrted an icrease un through 50 to 60 and then a tapenng off
Is that recollection correct Dr Dock?

Dock When you exanune the cunves 1t appears that with 8 plus
disease m one coronary arfery the death rate will equal the rate
at which such lesions are developing

Rellner Again they were,

g coronary atherasel and
not total atherosclerasis

Cofman Yigure 10 shows a companson of 97 females who have
had 2 myocardsal sfaschon with normal females m the same age
group 1gam showing a considerable spread Only 85 percent of
norml females fall abose the 40 my level whereas About 80 per
cent of the coronary females e above thus level

Figure 11 shows a campanson of 63 males and females who have
had clinical angina pectons without having had a frank myocardsal
wfarction Blumgart and Schlesinger(5) have shown that the
maarty of swch pabents have eviensie coronar atherescleross
We have found that the patients who have the symptoms of angina
pectons have much higher Jevels of S 10 20 molecnles than dbgt‘ne
normals About 20 percent of the normals m the older age grow
':\cu\\i‘):)\;eg:ieli oI‘BO‘mg per;eut whereas some of the m\\cng
1l imlarction are helow this Jevel Tlus a parent di
crepancy results from the prababibity that . ¥
atherosclerosss although they hay er;’md rms (:t‘i‘:‘:xgilﬂggx?:(;?ﬂlg f};)::;l;
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Ficure 10 Diagram illustrating the higher 5, 10 20 levels 10 femiles with myo-
cardial infarction than 1n normal femnles of corrcsponding ages Reprnted from
artickes by Gofman et ol J Gerontol 6 113 (1951) and Gofman Hypertension A
S, E T Bl M hs Mmn Um of Mmncsota Press 1951 (p 386)

Notes (1) All patients with infarction were at least six wecks beyond mnfirction

(2) Data_based on 27 female myocwrdil mfarcts and 139 normil
females

there my be 2 vaniety of explinitions for the low values obtamed
with occasional patients with anginy or myocardinl infretions
Some patients my get nto trouble 1t lower levels of these mole
cules when locnl factors favor the devclopment of plaques Others
have 1 non wtherosclerotic basis for their disease

12 15 2 companson of 95 patients who hue distohe
d who have had 2 myocardini mnfirction or who

Figure
hypertension m
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Fiovee 11 Diagram illustrating the Wigher §; 10-20 Jevels 1n patients with coronary
msufficiency (as mamfested by angina gmlans) than in_normals Reprinted from
amicles by Gofman et al J Gerontol 113 {1951} and Gofman Hypertension,
A Symposum E T Bell Editor Minneapobs Minn. Uni of Minnesota Press

(p 387)

Notes (1} No significant differences wcre found between the males and females
m these groups so the plots are composite for bath sexes

(2) Data based on 63 pitients with coronary nsufficiency and 380
normals

have angma pectons or both compared with 139 patients who
have hypertension with a dastohie pressure above 100 mm Hg
but who have not had any overt evidence of coronary artery dis
ewse It 15 interesting to note that there 1s 1 considerable difference
m S levels Patients with hypertension comphicated by coronary
artery disease have a much higher frequency of high levels than
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Ficune 12  Diagram lustrating the higher §; 10 20 hpoproten levels i hyper
tensives complicated by coronary artery disease than in hypertensives without such
known complications Repninted from articles by Gofman et al J Gerontol 6 114
{1951) and Gofman Hypertension A Symposim E T Bell Lditor Mmneapohs
Minn' Uni of Mmnesota Press 1951 (p 387)

Note Based on 95 hypertensives with hnown coronary artery discase and 189
hypertensives without known corontry disense ?Agn group 41 70 years)

do those who show no evident coroniry diseise The hypertensives
as a group are somew hat eleyated above the normals The difference
however 15 not as striking 15 that between the hypertensives with
out coronary disease and the hypertensives who do have coronary
disease

Wilens Have you evaluated the role of heart faillure in your cases
of coronary artery disense? Is 1t not possible that the changes in the
charncter of the blood hpd might be assocrited with chiwnges
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the blood resulting from heart farlure rather than from coronwy
o
artery dusease per se
Some of them
mon These are all ambulatory coronanes
rg;)afblv Thave had some degree of heart falure but no pa{;c{:‘ls
?\ete \ncluded when they showed obvious heart falure Probably
90 percent of our coronary cases have no heart failure
Walurlm Ave some taking digitalis regulady and others not?
Cofman Some are 1 wonld sas at least 80 percent are not
Waherlin Might it not be worth while to divide those two groups
and see 1f there 15 any further correlation?
Gofman Tn the mitnl studies we s no ugmficant difference
between such groups
Gutman Dr Gofman 1s the age distnbution about the same®
Gofman These ate both between 40 and 60

Gutman Could you mdeate where the apparenth normal popu
lation would be?

Gofman They would be a lttle below the cune for hperten
snes glone {See Figure 7)

Gutman No more than that?

Cofman  Not much diff We cannat compare hypert es
as a group with normals »f we include those hypertensines with
coronary discase On the other hand one cannot discard hyperten

sives who have a coronary when studying the effect of hvpertension
on atherosclerosis

A stmulr studv on a smaller senes has been done with dibeties
We have compared 56 diabeties who have no overt evidence of
vascular compheations with 15 eases complicated by coronary
artery disease or diastohie hypertension or both There 15 a g

mificant difference 1n St devels m those diabetics who have vascular
disease as compy

red with those dubetics not yet having mamfested
vascular disease

‘With respect to both the diabetics and the hypertensives T think

there s agreement that a far number of diabetics and hvperten

sives go vlong without develaping excessve atherosclerosis This

1; ::;sgtegtt\mh \(}s; grnerally actepted 1dea that as an overall
tabetics and hypestensnes do dey el

than the overall population P moose atheroscleross
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Ticure 13 Upper pattern demonstrates extremely lugh S, 10 20 concentration m
4 patient with myxedema Note the low level of the S, _?" hpnﬂrotem Reprinted from
Be!

article by Gofman Hypertension A Symposium E Editor \Minneapohs

Minn  Um of Minnesotn Press 1951 (p 883%)

We have studicd several diseases that presumably predispose to
atherosclerosis Tigure 13 (upper) ts from 2 patient with myxedema
1 should Iike to pomt out that this first peah which 1s the S: 6 peak
15 ctunlly lower than one sees in most normals In other words
even though this mysedematous patient has an elevated serum
cholesterol there 1s nof an elevation m all the cholesterol frictions
Certamn molecules such as the Se 6 molecule are actually lower
Ewvidence of this sort mahes us feel that one should not mclude all
the cholesterol contuning molecules 1 the study of atherosclerosis
per se smce such molecules as the Sr 6 may be lower m disease
groups where one suspeets more than the usual atherosclerosis than
m normals The hvpercholesteremin m this hypothyroid patient 15
largely m the form of the Se 10 20 group and in the form of mole
cules with greater rates than S¢ 20 In this patient the Se 10 20 level
15 of the order of 300 mg percent which 1s higher than 96 percent
of all patients wath coronwes that we have observed

Barr Is that generic or 1 one mdnidual®

Gofman This 1s one mdividual In exght cases of myxedema erther
primary myxedemn without known cause or surgical myxedema
from operated Graves discase this pattern was almost diagnostic
1 have yet to see 2 pattern m 1 frank myxedema that xs sigmificanthy

Aifferent from this one

In Figure 14 1s the pattern of 1 case of xanthoma tuberosum
There 15 lttle doubt that people wath this diseasc have morc
atherosclerosis than the normal population Agam 1 should hhe to
at the St 6 class m thus patient with xanthoma tubero
th 2 cholesterol 1n the neighborhood of some 700 mg
clevated In fact the Se 61s as fow i many people
020 levels However the S: 1020 1n this patient

pomnt out th:
sum, even Wi
percent, 18 not too
who have Tow St ¥
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Fiovmg 14 Lower pattern demonstrates extremelv tugh §; 10-20 concentration in
3 pabient wnsh xanthoma tuberogum Note the low 1 vel of the §; 6 lipoproten

with xanthoma tuberosum 1s very Tugh This has been uniform m
all the cases of xanthoma tuberosums we hve studied As a groun
they show the ughest levels of molecules m the $: 10 20 class that

we have seen This agmn 15 conmstent with the possible relation
of these molecules to atherosclerosis

Studies on patients with varymg blood levels of cholestero! from
190 mg percent to 300 or 500 mg percent show that one cannot
gredict from the cholesterol level n an indwidual case what the
¢ 1020 Jevel will be At a cholesterol of 250 the Jevel of thece
mofecules can be down at about the lmts of resolution or the
Jevels of these mofecules can be 100 mg percent or igher On the
other hand for groups of patients as the cholesturol Jerel nses
there 15 o general trend toward increase i the level of S¢ 10 20
molecules Despite this there 1s only a Jow correlation (r = 04)

Several approaches are being follow ed from the point of view of

tablishing of these molecules with respect ta athero
stlerosts One myolves expenmental studies an which w4 are tryng
to 1solate these indivadual fractions ultracenttifugally and to deter
mme with labels whether there 15 selective mcorporation mto the
plaques or selective retention m artenes once deposited Another
approach 1s 1o delerr ge shether these molecules are of any
progrostic value We are stadying several classes prmanly nor
mais over a penod of years 1 an effort to determine whether
after having measured the levels of the molecules of these people
e can then relate this fo ther sub course Thus B
€nnct prove that these molecnles are the cause of nrtenos‘clxem“s

i\'\ a8&uon 1 people coming to autopsy after myocardial mfarc

‘;:arx;“\El will 5’]{, {l’ossxhle to aseertan the degree of atherosclernsi
hout

Hro wgu oo e body 1 relation to the levels of these particuler
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Fuune 13 Upper pattern demonstrates extremels Iugh §, 10 20 concentrstion 1
a patient with myxedema Note the low level of the S, 6 hpoprotein Rn{rmlcﬂ from

aticle by Gofmn  Hyperfension A Sympmu):m E T Bell Editor Mmneapohs

Mimn Um of Minnesotr Press 1951 {p 388

We have studied several discases that presumably predispose to
therosclerosis Figure 13 (upper) 1s from a patient with myxedema
1 should ke to pomt out that this first peal, which is the $: 6 peak
15 actually Jower than one sees w most normals In other words
even though this myxedematous patient has wn elevated serum
cholestcral therc 1s not n clevabion m all the cholesterol fractions
Certun molecules such as the S: 6 molecule are actantly lower
Evidence of this smt makes us feel that one should not melude all
the cholesterol contammg molecules 1n the study of atheroscleross
per s¢ smce such mofecules as the S, 6 may be lower m disease
groups where one suspects more than the usunl atheroscleross than
m normals The hypercholusteremna m this hypothyrord pavent s
largely m the form of the Sr 10 20 group and m the form of mole
cules with greater rites than S 20 In this patient the Se 10 20 level
15 of the order of 300 mg percent which 1s bigher than 96 percent
of 1 patents with coronasnts that we have observed

Barr s thit genenc or m one wdividual?

Gofman This 1s one mdividual In caght cases of myxedema ather
primary myxcdem, without known cause or surgical myxedema
from operated Graves diseast this pattern was almost diagnostic
¥ have yet to see 2 pattern an 1 frank my vedema that 1s signaficanth
different from this one

In Figure 14 15 the pattern of 1 case of <anthoma tuberosum
There 15 httle doubt that peaple with this disease have more
atheroselerosis than the normal population Agamn T should lite to
point out that the S 6 elass i this patient wath vanthoma tubera
sum even with a cholesterol 1 the neighborhood of some 700 mg

reent 15 not too elcvated In faet the St 615 25 low i manv people

who huve Jow §r 10 20 levels However the 5¢1020an thus pabient
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imfarct and those who do not However that does not amply that
peaple who go along wath masswe atherpscleross without pre
aptatng a chmeal episode do not hase the disease

therosclerosts
Ratz Tt you study a group of 300 prtients with af

and & group without 1t what would be your predichion nbout thg
Trequency of coronary seclusions and infarchons in the two groups

Gofman My prediction would be that there would be more
snfavctions 1 those wath atheroscleross

Ratz In other words since myocardial mfarchions are more {ie
quent 1n people with therosclerosis any plaston analytical test
that preducts the presence of atherosclerons 15 extremely valvable —
pcticularly 1f ways are found to remose the hpnd elements par
topating m atherogenens

Gofman ¥ beheve so

Docl  Are there observations on changes w these frctions
patients who alter thewr way of hie after a myoerdial anfarction®
Gotman Vs
We know that the large proportion of patients who go on a it
1 tn fats and chol 1 show

s m the lesel of
the S 16 24 class of molecules 1f onc then alfows these people

ta 2dd vegetable arls in farge amount to their diet with no choles
tesol added theyr S 1020 Yevels vwill yise agan In other words

1t seems as though fat ingeshion ss ymvohed m s as nell as
cholesterol

This brings up an mteresting pownt on acute coronanes One man
normal with respect to history and physical exammation was
stade d for some < months becwose s S¢ 10 20 Jeve) was 183 mg
percent About two and a half months ago he had s Hirst coronary
occiusion 1t the age of 35 He w1s 1n a hospital for six weeks and
\;;‘st }?(,u:e;i on a o fatlow eholesterat diet duning that perod
A eden of seven weebs we studied lam agam and hys level at
T‘zf end of seven weeks following s corontry. was 29 mg percent
Iar:stspo';stg}s!may explam some of owr low level myocardial 1n
e edadm:mv who do have this occurrence neccssanty )
e em'et:{} Certunly dunng hospitalzation they are on 1
Tl e e r:x f?'mny g[ them reman on 1t afterwards 3§ we
- ase Jor the B, tyme aster s mfarct we would have

an wath 2 lesel of 24 mg percent However we know
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A relitive companson of Sr ratios wath cholesterol phosphiolipid
ritios mdicates that molecules from Se § to 100 have weight rabios
of cholesterol to phospholiprd 1n the nexghborhood of one Molecules
of St 10 20 classes on the basis of our most recent determmtions
m1y be 1s lugh as 13 However, the Ingh density lipoprotems
probably corresponding to the ~lphalipoproteins that Dr Barr men
tioned have a weight ritio of cholestero! to phospholipid m the
neighborhood of one half The overall serum cholesterol phospho
liptd ratio 1s therefore determmed more by the relatne amount of
high density hpoprotemns compared to Iow density lipoproteins than
it 15 by the distnbution of cholesterol wmong the group from 3
to 100 S

Another interesting group nre the 4 or 5 patients with bilny
obstruction whom we have had the opportumty to examme Several
of these patients have blood cholesterol levels of about 1200 mg
together with 1 fantastic elevation of the S¢ 6 molccules Smee they
have fow levels of the S 10 20 class we predict that they should
be relatively frec of atheroscleiosits On the other hand some o
these patients show appreciable concentrations of Se 10 20 chss
molecules but 1t much lower levels than would correspond with
therr 1200 mg percent of cholesterol In nll of these eases there
15 1 sharp cutoff above Sr 20

Goldblatt Dr Lansing how would you clssify the following
two hypothetical cases® One 15 1 patient with 1§ plus patch of
atherosclerosis 1 one coronary artery with 2 thrombus at the site
of the sclerosis and massne infarction of the heart hhe some of
Dr Gofmans patients and the other patient has plus minus arteno
sclerosis but 1t myohes 2ll the branches of the coronary arteny
and 15 2lso 1n the same degree i the aorta wnd all artenes of the
body How are you gomg to compare those two cises m so far 1s
the degree of artenosclerosis 1s concerned? T am not ccrtam 1t ¢m
be done

Lansing I think there 15 2 genume chance factor molved here
We have all seen rather minor lestons m the coronary that bring
the indinidual to the autopsy table Also rather massie lesions
mvolving large accumultions of fat arc scen m patients dving
from causes other than coronary disease It 1s cifficult to classify
the disease on 2 quantitative basis

Gofman 1 do feel that in taking group mverages one cn deteet
2 difference 1 the coronary arteries among those who have an
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f male hormone and
We have studses on the effccts o

fen(i’:‘:\,c:n &ax:rmone but they are not far enough long to make any
defimtive statesent

vay of altenng the
1 do thuh that the dictary approach 15 one way
St 10-020 molecules Howeser as @ fundamental element 1 dont
‘tush, that this difference between people 1s 3 dietary matter cer
tawly not to the largest extent We can find no correlation with
the usual range of Amencan diets

Secondly one interestmg group are the young females who be
come pregnant We studied about 40 females :lunng pregnancy
During the second and third tnmester over 15 pereent of these
fernales deseloped high levels of the molecules of the Sr 10 20 class
They may duvelop levels of 66 to 100 mg percent whuch puts them
up m the top range of the coronary class Some of these females
were studied 5% weehs sevesal months ot o veax after delnery
and were back to normal levels

Shorr Are any of these pregnant women secenving thyrod?

Gofman Some are and some are not Seme wha are recewing
thyroid still show hugh levels The effect of thyroid extract 1s not
easly predictable With some bypothyrads who are recewing
thysod we have seen drops i the levels of these molecules We
have studied 20 patients who were schizophrenics whose thyrod
status was not determmned divectly and whe for another reason
were recetving from 3 to 10 grams of thyrod per day Some of
them showed profound draps 1n all the molecules Sy up to S 20
on thyroid extract and some did not show these drops In some

pabents on thyroid you find drops 1 Sa without big drops 1 S,
1020 The effect 1s not uniform

We are studymy a group of mdviduals who are euthyrod cim
cally and from basal studies These pattents are beng treated with
small doses of thyroid to see whether we can ifluence the Sr 10 20
wolecules without dietary mampulation The results are not stnk
mgth A i;;:\\ t}:a‘\e sho‘\im sigmficant drops but the mmonty of
euthyroid patents on doses of %

o A of 4 Gr to 1h Gr of thyrod show no

Shorr Doses of thus order of
magnitude should not be expected
::; }am foar[;ytapwecmble effect inasmuch as they would merefyele:d
1441
o S\dp omate readjustinent of the activity of the panerts own
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that this man had previously carried for at least six months 2 level
of about 130 mg percent

Barr Was hus total cholesterol level very high?

Gofman His total cholesterol fevel was i the neighborhood of
320 mg percent

Barr Did it become very much lower?

Gofman 1 have no data on hus total cholesterol level when the
St 1020 level fell In patients on dietary restrichion the total
cholesterol level will drop significantly 1 most cases, but onh
msigmficantly n others The cowrelation between the percentage
drop 1n total cholesterol and the drop mn S 1020 1s poor Some
patients show larger drops in total cholesterol than they will m
S: 1020

Dock You have no collections from the blood of Olinaw 1 citizens
to compare with the 50 to 60 year old Amencans

Gofman  General Sums promised us 200 bloods from Japanese
that are living on 20 gm of fat and practically no cholesterol

Summs Do you hwve controls on 1 normal Ameriean diet m the
same race?

Gofman We do not hwve those It mght be well to study
Japwmese who live on higher dietary fat and cholesterol mthes

Shorr Have you broken down the data as to the changes observed
with mncrewsing 1ge on the basis of the weight of the subjects?

Gofman Yes we have tihen people of 1 grven age category nd
plotted Se 10 20 levels and the function of weight A correlation
between weght and these molecules 15 practically nonewstent The
long lean mndiiduils ¢an hwve much gher levels than those that
are 30 pounds overweight There 1s practieally no correliion with

obestty

Shorr A second question have vou broken down the figurcs for
women 1 relation to the menopause?

Gofman Not dircetly on that basis

Shorr Have you any pabents who hue been recening estro

genic trentment?
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Gofman We have stuches on the effects of male hmmmiz ::‘s‘d
female hormone but they are not far enough along to mal Yy
Jefimtive statement

the dietary approach 15 one way of altenng the
5(11802(;‘“ r:‘oklgunl{es How e\zr gg a fundamental element 1 dont
think that this difference between people 15 2 dietary matter cc\i1
taundy not to the largest extent We can find no correlation Wit
the usual range of Amencan diets

Secondly one nterestmg group are the voung females who be
come pregnant We studsed about 40 females dunng pregmancy
Dunng the second and third trmester over 75 percent of these
females developed Ingh levels of the molecules of the S, 10 20 class
They may develop levels of 60 to 100 mg percent whnth puts them
up 1n the top range of the coronarv class Some of these females
were studied s weeks several months or a year after delwery
and were back, to normal levels

Shorr Are any of these pregnant women recening thyroid?

Gofman Some are and some are not Some who are receving
thyroid still show Iugh levels The effect of thyroid extract 1s not
castly predictable With some hypothyrods who are recemng
thyroid we have seen drops in the levels of these molecules We
have studied 20 pabents wha were schizophremes whose thyroid
status was not determined dwectly and who for another reason
were receming from 3 to 10 grams of thysoid per day Some of
them showed profound drops m all the molecules Se up to S 20
on u&hymnd e;;‘tractd and sgn:le {;hd not show these drops In some
patients on thvroid you find drops 1 Se witho
1020 The effect 15 not umfoxmp ot big drops i S

We are studying 1 group of md Is who are cutl d
cally and from basal s%ltldxes These patients are bewmg i’ -

treated with
smalt doses of thyroud to see whether we can mfluence the S¢ 1020

molecules wathout dietary mantpulation The results are not stnk
m:gm A guv :a\‘es sho(\‘vn sigmbicant drops but the majonty of
uthyroid patents on doses of % Gr &

s, t to 3k Gr of thyrmd show no

1

Shorr Doses of this order of ma;
gritude should not be
:: k;a;; mvtapprtecxab\g effect masmuch as they would mef;lp; ?::(jl
ot
AN portionate seadjustment of the activity of the patients own
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Gofman Yes Ten grains of thyroid mn the schizophrenics showed
several who were not responsie at all

Stamler How about people with Cushing s syndrome or patients
on cortisone or ACTH?

Gofman We studied 1 small series of patients recening cortisone
and 2 series of patients recetving ACTH 1In both groups i spite
of the fact that there 1s climeal evidence that they have responded
to cortisone or to ACTH they showed msigmficant changes in the
levels of these molecules in short term expeniments of several weeks

In the cxpenimental rabbit cortisone and ACTH produced pro
found effects on the level of these molecules the effects nat bemng
uniform from ammal to anmal With cortisone one may see m
rabbits that have had normal patterns never having been fed
cholesterol fantastic nses 1n all the molecules of the Sr 10 20 wnd
higher classes, and then a recession to normal However the effect
of cortisone 1n the human with the doses employed has not been
strilng

In the ribbit one sees these moleculey with cholesterol feeding
but this does not imply that the rabbat can only get these molecules
from cholesterol feeding We have given a series of rabbits carbon
tetrachloride by injection 1 an effort to produce hver mjury — of
course carbon tetrachlonde 1s 1n agent that will also produce damage
to other organs besides the hver — and one can reproduce the entire
picture scen 1n the rbbit with cholesterol feeding alone Evidence
of this kind suggested to us the sort of thing that Dr Rendall
mentioned — that all these molecules may be part of the hipid trans
port mechamism When one sees a nse 1t does not necessarily mean
that new molecules are bemng formed there may be an abnormal
situation which wmnvolves either putting too many m the blood or
tahmg too few out We believe that mn the carbon tetrachlonde
mjected ammals where there has been no cholesterol feeding some
thing has blocked utilization

Wilens Do the rabbits with large hpid molecules foflowing ear
bon tetrachlonide mjection develop atherosclerosis?

Gofman The group on carbon tetrachlonide were not followed
sufficiently long with hugh levels to say definttely that they do

Goldnng Dr Gofman can we nssume from your charts no over
lap of data between so called control and coronarv patients?
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Cofman Let us consider 1 level of 60 mg pereent d“ cmmon
merely say that 50 percent of patients who lxmc sur\:\c nb e‘()m
cardin] nfarction are above that level and 30 pexccr}x‘ n{c o
For so called normals sbout 17 percent are sbove ¥ ‘n‘\ ‘c\e‘ "
83 percent below So that 17 percent of normals bave ugher 1<:\5
than 50 percent of coronanes This we fee) 15 consistent wath the
fact that many of these normals have atherascleross

rakerlin Have you attempted 1o see whether m nommals you
w:\‘\g;:e\ anything fyxom the s\gndpmm of heredity? In other ssords
this 17 percent showing the S 10 20 molecules might possibly be
the offsprng, of porents both of whom have had 2 death due to
cardiovaseular disease particularly cardiac anfarchion

Gofman e Lnow there have been igh levels i offspring of
parents who have lived from 80 to 90 We do not have a stabstically
significant study We are in the process of studving all the members
of about 200 famshes to see whether, with parents whe have high
levels there 1s a lugher than normal inaidence 1 chuldren

We have an mteresting lustration 1n twins $wo women 1dentical
twins in therr Bies both of whom have levels of 140 mg percent
That would place them up in the 1 percent bracket for normal
women We also have two children 1dentical twins at the age of
7 and they both have levels in the neighborhood of 40 mg percent
That 15 a rather low level but Tugh for children

Aatz Have you nat stated that bpotropie factors exert a neghgible
effcet on Sr 10-20 levels?

Gofman  We have seer no effects of the hpotropic agents
mcluding mostel choline and methionme
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THE REGULATION OF FAT DEPOSITION
BY THE LIPFANOGENS AND
ANTILIPFANOGEN™

HENRY S SIMMS

Department of Pathology, College of Physcsans and Surgeons
Colunibst Unnersity

Wiar 1 1mave to say mvolies somewhat different termmnology
from what you hwve been Iistening to today That does not mewmn
that I am gong to talk about = different subject or about different
substances It may eventually be found that we are workmg with
the same substinces and that these are merely bemng studied m 1
different manner m our respective laboratorics

The word Lip fan 0 gen(s) comes from the Grech hpos for
fat, phaneros for visible, and gen to produce The defimtion 15
that the lipfanogens represent a special group of lipud substances
found 1 blood plasma wlich when n a free state are taken up by
hoing cells and converted into wvisible fat

Our work mvolves tissue culture studies of ndult clucken torta
fibroblasts The cultures are used for observing the mechanism of
fat deposition and particularly for studying the agents i blood
plism which cause or prevent the deposition of fat 1s observed
m these tissue cultures

Those of you who are famuliar with tissue cultures hnow that
the cells become filled with granules which consist mamly of
neutral fat and are stanable with Scarlet Red These grinules 1re
produced by lipfanogens that are present m the blood plisma or
the blood serum that 1s used m the culture medium It 1s possible
to obtain culturgs free from fat by 2 special techmque that iy ohves
washing with serum ultrafiltrate (which does not contun the Ip
fanogens but does contun 1 stimulating 1gent)

The lipfanogens are always present in blood plisma and n almost
alltissues They are henat stable unfortunately for our work They rep
resent two maun groups of substances, one group being cther soluble
and the other ether msoluble It1s concen 2ble that the ether msoluble
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Regulation of Fat Deposition

hae
ppfancgens waY correspond \\1:!}1 the hz?op‘\:‘::‘is :“:t\::\\:’l hase
S Wi
heanng about today In other wot
E&f; we xe%no\e about 30 percent of the Tipfwogen activity

FRECURSORS

(=08
LIPFAN
OGENS

] Free
BOUND
7
o=
AOTTILIFAROGEN
NORMAL SERUM

Froure 1o Relstwonshup between fat reguliting agents 1n normal serum

1n thes chart {Figure 15) the free lipfanogens are represented
by the small square and bound lipfanogens by the larger square
below 3t These are bound to antithpfanogen

The antthpfanogen 1s a matenal present 1n blood plasma which
can be destroyed by heating at 80 ¢ or lugher The antihipfanogen
15 present m the serum albumn frachion {Cohns Fraction V) and
further fractionation of that matenal gnes higher actiity The

b mbines with the bpfanogens formung a complex
which 1s wnactine 1 that at does not cause

fat deposiion  Fat
deposition 15 caused by the free uncombined hpfanogens Thus, 1n

normil scrum we have hpfanogens both free and bound with

antilipfonogen  We have sntibpfanogen free and bownd with
lipfanogens

¥ we take a sample of serum and dlute it dade 1t into three
postions and then heat one porton we hill the antthpfanogen
Then the extent of fat granule formation which that porhion pro
duces m & culture corresponds to the total amaunt of lipfanogens
{represented by the small square plus the Targer square)
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WHAT 1 HAVE to sty mvolves somewhat different termmology
from what you have been Iistening to todvy That does not mewn
that I am going to talk about 1 different subject or about different
substances It m1y eventually be found that we are working with
the same substances and that these are merely bemg studied m 1
different manner m our respective laboratores

The word Lip fan o gen(s) comes from the Greek hpos for
fat phaneros for visible and gen to produce The definition 1s
that the lipfanogens represent a specual group of md substances
found 1n blood plasma which when n a free statc are taken up by
homg cells and converted into visible fat

Our work involves tissue culture studies of adult chicken 7orta
fibroblasts The cultures are used for observing the mechamsm of
fat deposition and particularly for studying the agents m blood
plisma which cause or prevent the deposition of fat 1s observed
m these tissue cultures

Those of you who are familtar with tissue cultures know that
the cells become filled with granules which consist mamly of
neutral fat and are stanable with Scirlet Red These granules are
produced by lipfanogens that are present in the blood plasma or
the blood serum that 1s used i the culture medium It 15 possible
to obtain cultures free from fat by a special techmgue that mvolves
washing with serum ultrafiltrate (which does not contun the Iip
fanogens but does contamn a shmulating agent)

The Iipfanogens are always present in blood plasma and n 2Jmost
alltissues They are heat stable unfortunately for our work They rep
resent two main groups of substances one group bewng cther soluble
and the other ether msoluble It1s concen able thnt the ether msoluble
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Fiome 16 Clhucken wnomnate artery segment meubated two days i serum ultra
Riate. then four days i a medom contamng hpfanogens x100 Statned with
ol Rad Rupnnted from article by Sums and Stllman Arch Path 23 836
947y

Stmms No no other obsered changes except the fat deposition

Stamler Are there any coutrol preparations of vessels treated
simlacly but lacking hpfanogens n the nutrient solution which
veman free of mbmal fat sccumulation?

Simms In each case alternate segments were used as controls

sod whenever any fat was found 1 a control we discarded the
whole expeniment

Kellner 1f that section were stamed with 11 & E would those
cells appear to be normal viable cells or would they appear necrotic?

Simms They are normal cells at this stage 1f Lept longer they
become necrotic Incidentally the fat 15 not in the cells In our

tissue cultures fat appears as granules 1 the cells Howeser i
the artery segments 1t 15 outside the cells
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In another culture treated with a portion of unheated serum we
get fat deposition corresponding to the frec hpfanogens only (small
squre) From these values we e compute the amount of lip
fanogens, the amount of antilipfinogen and the amount combined
The combmation of antihpfinogen with the lipfanogens follows an
equilibrium equation, and that equation makes 1t possible to com
pute the concentrations of these materials

Serum also contamns precursor material which, on mcubation 15
converted mto hpfanogens (apparently an enzymatic reaction)
The third portion of the diluted sample 1s therefore mcubated at
37° for 3days then heated 4t 90° C to il the enzyme The mncrease
m the amount of lipfanogens corresponds to the concentration of
precursors ongmally present m that sample of plasma On a 1 ml
sample of serum we can determine the amounts of these constit
uents (expressed m arbitrary units )

What 15 the evidence that these agents the hpfanogens and
antilipfanogen are mvolved mn causing or preventing the fat de
posttion 1n atherosclerosis? In the first plice the amount of free
Lipfanogens 1n those spectes such as the dog and horse that
normally have low itherosclerosis 1s considerably lower than
humans In clickens where atherosclerosis 1s prevalent the free
hpfanogens are ligh Secondly we can take segments of arteries
fiom erther chickens or humans treat the segments with ipfinogens
tn vitro ind obtun deposits of fat suggestive of atherosclerosis

Tigure 16 shows a segment of mnominate artery of the chicken
treated 1n vitro wath hpfanogens and then stained with Scarlet Red
after sectioning The deposition of fat here though not similar to
that in humans 1s very suggestive of that occurring i viwo m
chickens

Ratz How long did this treatment continue?

Ssmms The chicken artery segment was incubated for two days
1n serum ultrafiltrate then for four days i a medium contammg
lipfanogens  With human matenal there 1s a much greater re
sistance to the deposition of fat In ten days (which 1s about as
long as we can heep the tissue alne) we obtuned only a shght
deposttion of fat i the intima suggestve of an early lesion but
not nearly 1s conspicuous as the depositions m the clicken ~rtery

gtamler I would presume that 1 an e vitro culture there 1s no
fibrosis or thickening of the mtima secondary to ipid deposttion?
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Rellner 1 wonder whether this matenal has been made by the
hssue atself from constituents

Summs No our evidence 1s agunst that Soaps of fatty acids of
different molecular weights produce fat dep of different solu
bilities With the Jong chain fatty acids the solubility 13 considerbly
different from that for the short cham fatty acids In other words
the soaps act as hpfanogens and we cn regulate the type of fat
deposted by using different soaps Hence we kmow that materal
brought in from the outside 15 deposited

Figure 17 15 a photograph of a tissue culture to llustrate the tvpe
of fat granules that are normally observed The cells are adult
chicken aorta broblasts with D fat granules throughout
the cytophsm

Figure 18 represents three cultures treated with three portions
of a sample of serum The fiest portion was unheated the second

way heated at 90 C  the last one was wcubated §
s heated ated for 3 days and

Frerne 18 pat
(Coronary. e S 20l production by three portions

ase: f
Weubated before {mau:; portion was unheated one ie:t:d?maltk o! baman gerum

%0 ¢

and one
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Gofman Is there any lipid stan i the cclls that hne the intima?

Summs No The same was tive i the human artery the small
fat deposits were outside the cells

Wilens Is the fat deposited m the vesscls amsotropic?

Simms No The same answer applies to the tissue cultures In
general we can observe nothing under polwnzed hght There was
one cise however of a sample of hypercholesteremic rabbit serum
that was tested years ago in which we found conspicuous amsotropic
droplets in one of the cultures We have not been able to reproduce
it since There 1s nothing to mdicate whether these fat deposits
nclude cholesterol or not I am melined to beheve that cholesterol
does enter the cells i these fat granules but I have no proof of
1t at present

Rellner Dr Simms 1s there an merease 1 the total amount of
hpid 1n the tissue or 1s 1t sumply lipid becoming visible?

Simms We have never analyzed for 1t

! R g
Pogpe AT L
g R
- e "edf Q
{ =T e A W -
Ficune. 17 Example of fat granules m a culture of adult chicken aorta fbroblasts

No stan
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tandard dilution and m 2
standard 1olme of serum at as »
:‘zﬁx‘dgrd size fash at a standard yemperature and 2 stwndard p

§ these matenials m
as made of the concentration o

se:u:“;?nym“normal mdivduals and from patents with dxl{erc(;\st
diseases On the left side of Figure 19 we have the serum Jips
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Ficrre 19 Relationshsp between the total hpfanogens and the hpid snalyses in
normal and hypercholesteremic sers

the phospholipids the total bhpds and others On the nght 1s the
cholesteral free ester and total In each case the squares represent
normal ndividugls When the Iipids nise above normal the total
hipfanogens go down The greatest effect s observed with dishetes
nephrotic syndsome comes next and the least effect s with coronany
disease These vatues are the total hipfanagens In other words 1n
conditions 1 which there 15 hypercholesteremia conditions asso
ctated with atherosclerosis we find that along with the high hpids
there 15 a drop 1n total lpfanogens This 15 1 contrast with the
free lipfanogens which ase fugher i hypercholesterolerma

The total antibpfanogen also drops 1 these diseases 1 4 similar
manner (Figure 20)

The ratio between the twa wdicates that the bpfanon
‘"5; *}‘;‘; ?\; ":\n;ﬂxvfﬂmg;n (Figure 21) 1t cun be seon ez?;cdymog
rata of total lipfanogens divided by toval 2¢

ey theghpxd Y total antdspfanagen s roughl
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You will see that the cells in the first culture (where antilipfmo
gen was present) have much less fat than m the second culture
This represents only the free lipfanogens (the remuning hipfanogens
being bound with antihpfanogen) In the second culture we are
dealing with the total hpfanogens present in the serum In the
third culture we have the ongmal hpfanogens plus additional
hpfanogens produced from the precursor

This 15 a representative test run with every sample of serum We
have an arbitrary scale of rating which has been calibrated agamst
the actual volume of fat i the cells and also calibrated agunst
relative concentration of lipfanogens In estimating the amount of
fat deposition we observe 1 much larger microscopie field than
shown here We are able from our arbitrary scale of riting to com
pute the hpfinogen concentration in each portion and thereby com
pute the concentration of the different constituents In this case
(Human Serum No 245A) the values are as follows free lipfano
gens 64 complex 117 total hipfanogens 180 free antilipfanogen
43 totn] antibpfanogen 16 0 and precurser 324

Wakerlin In the second one you destioyed the antiipfanogen
by heating?

Simms The second portion was heated immediately The third
portion was mcubated 3 days Durnng those 8 duys the precursor
was converted by means of an enzyme mto additional lipfanogens
Then, 1 order to make the two comparable we heated the third
portion at 90 C to Lill the enzyme and the antilipfinogen The
difference therefore 1s due to the additional hpfanogens produced
by the precursor

Dock The control in ultrafiltrate would show no Ihpid at all
the cells?

Symms That 1s correct We first try to free the cultures entirely
of fat granules by washing with serum ultrafiltrate The serum
ultrafiltrate contamns 2 stimuliting agent which we call the A
factor wlich mamtains the cells m the hving state and supports
Ife but does not contun the lipfanogens In general we obtun
cultures practically free from fat granules A control m ultrafiltrate
remans free of fat

Ogden How long does the test run?

rs Althaugh the deposition 1s conspieuous

Simms Forty eight houw
iy s taken 48 hours as 1 standwd 48 hours

after 24 hours we have



(IS61) 81 9 19040113 { up sts &q 2T wayy par 5dAl

sprodh [ 22410
oL
13sq
2311

10121043

oydsoyd

sprode] oL

sprodiy wihisos

. ol= Lyl

OILVY 2241 = /4T
B

- moL = VY
NJOONV.IdL ILLNY 9941 =

qy - = W

sosamaarg = &

oL = 1

punog = 1V

SNIDONVILIT wy= Y1
saojuptay M1

T -

Regulation of Fat Deposition

o
By N
35 puv ON

b 2 —

5
a1 et
asvasid
AvAOUAD

oWt N
A N0 KNS




84 Blood Pressure
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Relationship between the tatal L/A ra;msalr;d the hpid analises Re
19,

punted from article by Simms J Geronto! 6 161

Shorr Does that chart include the precursor?

Simms The precursor 1s not included
A similar plot of free ipfanogens over free ntilipfanogen which

1s probably more sigmificant gives similar curves except that they
are not strght In 2 gnven individunl the ratio of hpfanogens to
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antilipfanogen 1s remarkably constant Plotting one agunst the
other, we get practically a strught-ine cmve which approumates
11 lritio The rato1s 2 hittle lower for women than for men and
1t 15 lower m the dog and horse than in the human It 1s higher
mn chichens

There 15 presumably some 1egulating mechanism which controls
the ratio of lipfanogens to antilipfanogen In a given mdiidual
the r1ti0 remauns constant while the values for the antilipfanogen
and the hpfanogens vary from day to day At one trme we thought
the iver might be mnvolved 1n the control of this ratio Subsequent
observations on patients with hver disease did not support this

Table V 1s 1 summary of the values I have ginen Certam cnitr
cisms can be made The age groups of the normals are not com
prable with those mn diabetes coronary disease and nephrosis
We mtend to rectify this The preparation of the cultures 1s labon
ous and many expenments ful to give us satisfactory cultures So
that 1t tihes time to obtam the data

The first hne under fat regulators gives the free hipfanogens
which, 15 we see 1t are the maternals directly mvolved 1n the fat
deposition The average for our normals 1s 76 dinbeties 93 coro
nary disease 94 and nephrotic syndrome 8 2 The individual values
of course vary considerably, and in themselves wre not sigmficint
The significance comes only when we have enough values to obtan
averages But these differences although they may scem small
represent 2 20 to 25 percent incrense m free hpfanogens above the
normal value Over 1 penod of time this mav be sufficient to cause
1 deposition which would not occur otherwise The table also gnves
values for the bound lipfanogens total hipfanogens precursor and
antihpfanogen (free and total) At the present time we have not
found any significant relationship between the precursor and these
diseases

Ratz Dr Summs do you consider the hpfanogens to be enzymes?

Simms No the hpfanogens are the fatty matenals that are con
verted mto visible fat The frec hpfanogens represent the fat
depositing potential

The left half of this chart (Iigure 22) 1s the same s the first
chart representing the frec lipfanogens the complex the free
antilipfanogen, nd the precursors

The nght half of this chart represents the conditions in the dis
eases we are studymg — coronary disease dinbetes and nephrotic
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PRECURSORS
FAT
c DEPOSITION
LIPEAN
OGENS.
I Fee
EQUND
O
ANTILIPFANGGEN
1 M
NORMAL $ERUM HYPERCHOLESTEROLEMIC SERV!

Froure 22 The left side of this diagram 13 the same as Figure 15 The nght side
shows the changes 1n hypercholestererme serum

syndrome The total hpfanogens are low the total antibpfanogen
wlow the free antihipfanagen 15 also low but the free lipfanogens
are high Consequently there 15 more fat deposition (as indicated
by the fat granules 1 the cell) These comments refer only to the
cells 1 our tissue cultures

Stamler s the free hipfanogen independent of the ncutral fat
which 15 elcvated m this hypercholesteremic serum?

Summs The free hipfanogens (as well as the total Lipfanogens)
represent a special group of Ipads Whether they represent anmy
considerable portion of the neutral fat that 1s present in the plasma
1 cannot say My guess would be that thar concentration 1s mde
pendent of the concentration of neutral fat

Gofman Have the Lpfanogens been wsolated 1n anv way by
themselves?

Simms No We have not attempted to isolate the active hp
fanogens from the mactive fats We h

ave worked on the antilip
fanogen wore than on the hipfanogens
. ‘)Br;;r Do you know what Cohn fraction the hipfanogens come

Stmms  Lipfanogens are
present over the whole range of pre
cipitation Every fraction has some hpfanogens They a:egscme\?hal
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more concentrated m the globuln fractions than mn the albumm
It 15 one of our problems to get nd of them m fractionating the
antihipfanogen

Ogden When you heat the serum for the destruction of ant
lipfanogen, do the lipfanogens come down with the protem or do
they stay 1n solution?

Simms The lipfanogens come down when there 1s protein pre
cpitation However, we try to prevent precipitation by diluting the
serum with distilled water before heating The necessary salts are
mtroduced afterwards

Ogden How do you free them from the protem?

Summs In our serum tests we do not free them Any serum that
gives 1 precipitate 15 discarded The only way we have freed lip
fanogens from protein 1s by extracting with ether and as I men
tioned earhier, about half the lipfanogens are ether soluble We have
not attempted to go beyond that The next chart (Figure 23)

.8
See
A o
gz vs £
Y5 wiEd
PRECURSORS
ceLL Hgh
LIPFAN Nah FAT
OGENS DEPOSITION
Fe
Hypo X,\
thet cal ’ \\
Complex BOUND [ -y (A
\‘ H ghi)
=
TS Low
Fee == f [ Totats
ANTILIPFANOGEN Low
NORMAL SERUM HYPERCHOLESTEROLEMIC SERUM

2 that the s Iipids have been
Ficure 23 This 15 »deptical with Figure 22 except that the g:\:}n u;;um have bec

added and also the hypothetical complex between the (1nac
the antilipfanogen
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n of the serum hipds These ate wdicnted by
&Tﬁ:ﬁgﬁ ?::sz:buppu Yeft comers Whereas i thum 15 thenz
was 1 proportianality between see of the squares and the 1{:;0;m
of the agents wm ths flustration noe proportonafity cxists Un m‘
tunately 1 have no wdea of the weight concentration of our c’&gcn 3
compared with the serura s The rectangks are dmds \rzl\n
areas comesponding to the free and ester cholesterol phospholipds
and other hpids As we hnow 1 bypercholesteremi these sub
stances are alt hugher

To come to the guestion 25 to the upset 1n the balanee of the
Uphmogens and anblipfanogen m hypercholesterema by pothets
cally there Ty be » camplex hetween the free antihpfanogen and
one or more of these analyzable seram hpid, I that s so and the
cnrcle 1 Figure 23 represents the complex then 1 hypercholestere
mia there would be a greater tendency to comtbme with the ann
ptmogen {as represented by the ovY thereby rodueme the
coneentration of antlpfanogen which otherwise wonld be 2 ulable
for combining with the Lipf In other words ¥f thss theon
t cotrect there 15 competition for cambimng with the antilipfne
Zen between the hpfanogens on the one hand and other serum
tignd matenal on the other hand So that when the lipid matenad
tunds more of the antibpfanogen that amount of the antlipfrnogen
1 then not 2 alable to buad the hpfanogens thus resulting 1 2
tugh free lipfanogen T cannot say posttively that this 1s true but
At {east ot fifs i wath our obsenyations

Goldblatt Tn other words you make this deYermuntion first
and find the level of the lipfanogens then von meubate amd 3o
how there 1s an mcrease

Stmms Yes

Goldblatt And you call that the effect of the precarse g

Sunms Yes The mereise 1 activat
5 after inenbanion represent
upfanogens produced from the TItCOOIS " s
However we dant know the
source of the hpfanogens althong]
;\ 0y ﬂrie present m serum and pracheally 2l fhe tus%ms We d(::}é
; :0“ {\e hs‘ou\'cc of antihnfanogen 1t 15 found m blood plasma but
‘r\cc igable amounts  the tissues Obwionsly 1t 15 produced some
where but we dont know where
We dont know wh
hat produces the precutsors or
wheth
frecursors have any relationship with the hypathetical (L\m;!e; the
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more concentrated 1n the globulin fractions than m the albumm

It 15 one of our problems to get nd of them i fractionating the
antihpfanogen

Ogden When you heat the serum for the destruction of ant
hipfanogen, do the lipfanogens come down with the protun or do
they stay 1n solution?

Smmms The hpfanogens come down when there 15 protem pre
cipitation However, we try to prevent precipitation by diluting the

serum with distilled water before heating The necessary salts are
mtroduced ~fterwards

Ogden How do you free them from the protemn?

Simms In our serum tests we do not frce them Any serum that
gwves a precipitate 1s discirded The only way we have freed Ip
fanogens from protein 1s by extracting with ether, and as I men
tioned earlier about half the hipfanogens are ether soluble We have
not attempted to go beyond that The next chart (Figure 23)
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g 5
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Fee SSV4 // Tot 1s
ANTILIPFANGCEN Lomw
NORMAL SERUM HYPERCHOLESTEROLEMIC SERUM

th Fi 82 except that the scrum lipids have been
‘:cli%‘giz fsd'fnlfg :fxeld}f%‘t’clﬂt‘mal ct;r%ll;lrli‘ between the (inactive) serum Ipids and

the antilipfanogen
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Katz Hasat ever been ultrocentrifuged to determine its ﬂotd\hun
numher assumng of course thit st ss proten or protem hound?

Summs No However Dr Gofww Dr Bax and T are about to
statt ou & cooperative project o which we wil make tests on the
same samples of serum  Furthenmore some of thewr punfied frac
tons will be tested m our laboratory and we are hoping that we
il be able to doveta! our mform tion and find the telationsup
bebween the vanous agents wath which we we w orfkng

There 1 one thing that T hase forgotten to mention 5o AT — g
wg thyrod by mouth sase the antripfanogen —appirently 1
Lberation of antilipfanoten rather than A production

Dack 1 should ke to know how many people here bebeve that n
the development of atheroselerosis the howd 15 first wisible o» sells
and haw mmy thank 1t s first viable w mterceliuhir substance Jonr
group hos been foolang mto this Dr Stamder Wit do you think?

Stamier ‘This 15 oue of the most difhewdt problems haumg m
vestigators i the atherosclerosis fleld Both chadesters) Iedd and

stilbe terof treated cockerels exhubst diffuse Wi 1nbliraton of the
whima 1nd medyr of the greatvessels earv such Jipd »s fonndd both
extra and ntraceltufark

Iy The rel of thos Sntwg to the
subsequent development of atheromy and atheroscleross m these

clucks 1 not clear Thes diffuse hipid wfittyation s not necessu by
assaciated wath plague formation ot a fibroblastie prohferation
reaction There may be no thickening of the vessel wall or impinge
ment of the vaseular lsmen Many vessels exhsbit this inding with
ouf assactated plagne formatian When plaques are present they
are focal whereas the himd mfiltration 1s duffuse Ts the latter pre
g\her?‘ma"’ 1E the microscopic mtimal foam cell plague (so ealled
p{:re atherama) he accepted as the mbal morphologic stage of
al iﬂ;s&.\ems}s per st Toen the Upid 1s tavanably mtracellular Witk
Z::] u‘;im {)! the plague foam cell degeneratton apparently cecurs
iy uencc ipd becomes extracellilar Of course thus pathologic
) a(}ndxt ei Ba yresumed one deduced from autopsy motenal Its
iy mt;:c‘s:s ;D i our aguuon been finally estiblished We would
o eth l‘ugmaw whether studtes such a5 Cofman has accom
e 1“ :\hened cha'lesieral reveal radiwactive hpid both
ot fiee of pohiage) plaques 4nd 1n the diffusels infiltrated
o ves
Goldbl
N v‘aq“l"“ 3 was gomg 10 ash D Stamler to define or descrbe
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Gofman Dr Simms did you say that ether extracts retam an
Lipfanogenic activity?

Stmms Yes we can tike 1t up agun m aqueous solution The
ether extract contains about 50 percent of the lipfanogenic actity
Incidentally the equibbrum constant for combinng with the
antilipfanogen 1s essentally the same for the ether soluble portion
as for the ether insoluble

Goldblatt If you keep the culture going m serum ultrafiltrate
for a week or ten days, do you see so called f1t phanerosis that 1s
fat becoming wisible m the tissue and presumably not from the
medum?

Stmms There 1s a shght mtial fat phanerosis of the ongmal
tissue due to lipfanogens in the tssue — but the new cells remam
free from fat granules as long as we heep them m serum ultrafiltrate
(up to 100 days)

Katz Dr Sunms have vou used a culture medium with poly smyl
alcohol added to 1t?

Stmms We tried 1t but 1t apparently did not diffuse through
the medium to the cells

Katz Can the 1mount of fat appearing 1n the cells be accounted
for quantitatively by the hipfanogens m the serum?

Simms Yes We have made quantitative curves m which the fat
deposited has been found to be proportional to the free Iipfanogens
m the medum

Wakerlin  Have you extracted other tissues for antilipfanogen?
I am thinking particularly of the hidney

Simms Yes we have extracted practicalls every tissue trying
to find the source of the antihpfanogen There were traces m the
spleen and 1n the brun Also by taking 2 pancrets cxtract and
fractionating 1t we obtuned shightly more actnity But m ne case
was thete enough activity to ndicate that we were dealing with
the source of the antilipfanogen

Ratz Could you prepare enough hpfanogen so that it could
be ultracentrifuged?

Simms It 1s easy to prepare plenty of erude hipfanogen However
the concentration of actne lipfinogens m this crude matenal 1s

unknown
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fter
manly tahen up by macrophages) ntravenously, 2l
gt);esn}moga g:dybeen estabhshed They observed no uptake of the
dyes by the foam cells of the atheroma Even if these \se;e )m(:lm{,g
phages that had migrated _ther expenment might have falle
cause the macrophages didnt have the opportuntty to become
duectly exposed to the dye )

We hed the problem by labelling the 7 of
hver (}\:&)Su cells) spleen amd marrow, wsing a thonum ox citrate
colloxd The thorwum fud the 1sotope 10num added to increase the
alpha radioactivaty With this technique one could actually demon
strate alpha particles emergng from the macrophages and not from

hymal lner cells Chol 1 was then fed for 90 to 100 days
on the assumption that 1f phages took up cholesterol and
migrated to the aorhie wall we should fnd alpha emitting cells 18
the aortic plaques The expenmental result was a completely nega
tne one No evidence was obtaned favoring the hypothesis that
mactophages migrate from the hupfer cells of the Iner or from
the reticuloendothelum of the spleen or bone marrow to become

the form cells of atheroma The labelled macrophages remamed
f 1 throust

g ther phagocvtic capacity to
2ccumulate Tndi 1k, snjected into the bloodstream Fusther hpd

had also aceumulated 1n these cells This experiment does not sup
port the hypothesis of cellular migration in atheroma formation

Tt increases our belief that the blood tself may be the source of
the lipids 1n atheromt formation

Stamler You say that these liver cells do contan labelled

cholesterol aftes the animals have been given o tracer dose®
Gofman Yes and the foam cells of atheroma show no bursts

of alpha partides indicating any Tugration

Stamler Dr Doff 1 thm) veached a swmlar contlusson bused
on some work with thonum

Dock I cells were merely mugrating from the lner there would
be 1o Teason to pich ont the aorta rather than the vein to settle 1n
After all although the pressure 15 lower 1 the pulmonary artery
tt 1s notonously free from such Yesions Leary would have to explain

why these macrophages wgnored the whole b

ng of the pulmonary
artery capillaries and vems and then why
systerme artenes ) he} maded the

Gofman Learv m 1950 published
that he takes for sugratian namely s}w\?mp g evdenc

£ 2 macroph
wending its way through the endothelium of the actx’hdge actually
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Stamler In chicks the erliest true lesion 1 e, 1 change produc
mg thickening of the vessel wall 1s 2 foeal microscopic foam ccll
mtimal cushion made up of hpophages, swollen with Iipids includ
g amstropic Iipids This cushion trudes imto the lumen narrow
mg 1t even if only microscopically A more developed gross plhque
which presumably evolves from this imtial plique exhibits ntimal
fibrotic thickeming plus atheromatous abscess formation depos:
tion of cholesterol crystals, and compression of the media In the
chick imtimal thichening 1s easy to determme because the normal
chich intima 15 one layer thick It becomes several layers thick due
to connectrve tissue prolferation with hpids interspersed amudst
the fibrous elements This process evolves to the stage of calafica
tion and even cartilage and bone production — everything that you
see 1 the human except ulceration

What we ue unsure nbout 1s the pathogenetic relationship be
tween such focal phques and diffuse lipid nfiltration of the artenal
wall completely unassociated with foam cells fibrotic reaction
calaificntion and thickening

Goldblatt And you see no sign of this process m the medin?

Stamler In some cses of diffuse fatty mfiltration fat gets mto
the media too but without producing any prolferitne changes
or Iipophage accumulition But when plique formation oceurs 1t
seems to occur 1n the mtima Only secondanly 1s the meditimvolved

Does yom work Dr Gofman with Ibelled lipoprotemns enable
you to distingwsh 1n 1 time and pathogenetic sense between
diffuse iprd infiltrrtion and plque formation?

Gofman The data are not good enough to say much on that
score Labelled cholesterol shows what you would count as rough
turnover time Ths 15 i the order of 10 to 20 dws in the aorta
of rabbuts not recersing any cholesterol feeding whereas for plhque
cholesterol as 2 rough estimatc the turnover time was between
20 to 40 days from Dr Biggs data

Dock Do you have 1y radiotutographs to show the imtial pomnt
of deposttion of labelled cholesterol s to whether st 1s extry
cellular or mtracellular when 1t first gets mto the aortr®

Cofman No we do not Simonton and I tnied to test the hypo
thests onginally put forth by Leary that Iipuds enter atheromatous
2 macrophages that hue migrated from such organs s

areas Vi
n also tried to test this by givng certun

the Iner Kuntz and Sulhkt
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Yater fatty
ltant prolferation of Sbroblasts w that site and
%;;oshozf as a consequence of the degeneratne changes ocenTnng
10 the ifiammaton bssue 1 held the view that deposition of bipid
natenal was the se ult of 3 prumary wfiltrtion of the mtima with
Tupuds from the blood

{n connection with 4 statement made by De Dock 1 would Yhe
to ash why 2 vern relatnely seldom becomes the seat of athero
sclerosss 1 should ke to hear Dr Dock and others speah about
whv the vems mav not show amy Wheroselorosss even w hen 1t 1t
pronounced mn the aorta snd farge axtenes

Dok lon have to have a certam level of what we mght ¢l
percol S before ath ferosis wilt develop anvwhere
In people who have vancose vems and msufficent aabyes an the
\ems of the legs atheroscleros.s does devclop below the Tnees
Tt1s my ywpresswon that pressures over 60 mm. Hg result i athero-
sclerosis when the blood hipid pattern 15 2iso sbnorm™

kat. In cholesterol fed rabbuts or chicks with marked chsome
hyper-fialestererma  lusions octur aa the vans and puimonany
artenes despite the low “percolation” presswre Howeves with
smaller pe eeentages of dietary cholesterol {e g 4 percent) which
mduce only mimmal hvpercholesteremia and organ hypido 15 lesions

are tonfined to the systemuc artenes of cuchs The pulmonan
and vepous trees remam free of lemomy

Summs T wught pomt out that different Gbroblasts wn the body
hare diffesent propensities to form fat granules In a single spot
m the sorta far example if we start at the mtima and work out
vward we find an mercasing tendency to form fat grandles n the
fbroblasts Swahirly taking fibroblasts from different arteries as
for examph. the carond fibroblasts compared with the aorta fibro
Blasts we find a difference 1n the tendency to form fat granules
We must fecognize that there are tissue differences which may be
respasible for the locahization of the plaques

Grumson 1t ocevrs 1o me there 15 some additional matenal that
:2‘1\:(: §on§x:dt red Grafts of vem or artery are bemng nsed 3urgxct:;:;v
mm\geg [;x quently m dogs and i man In those specmens from
e mtizeq“grg);‘sh!h‘::; llmhi;e 5;;2:: :i; surgical mel:etmgs there occur
stuches Presumably md)czzt):!h;v a:lpa?s orlp e pstalogiesl

[ part of th

atery or vewn remans viable or m gthesm: o ovgnal
 sphat and that Bbroblastiy tissues dne{a;p Z:/d:r ::31\3‘:1%1;5 :ztli;nls
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Doch You cannot tell in 1 fived sectron whether 1t 15 going 1
or out

Shorr Dr Simms, to what extent has the punfication of the
antilipfanogen gone? Do you think that 1t 15 a large portion of the
albumin fraction or that 1t 15 one small specific component of 1t?

Simms Apparently, it 1s a special component The yield of nctne
material at the present time 15 very small Unfortunately, the loss
of actinity of punfied matenal 1s so raprd we cnnot determine the
activity with accuracy

Ogden Dr Simms, you found that m the cholestererme states
the free Iipfanogens were mcreased Do you know whether that
applies both to the ether soluble and ether insoluble fractions?

Stmms I am not able to s1y because we cnot make extracts
of the free lipfanogens 1n the absence of the bound

Ogden When vou speak of the free 1t 1s both fractions?

Stmms Both ether soluble and ether insoluble Of course if we
started extricting we would break up the complex and would not
be dealing with free lipfanogens The total lipfanogens re low
m hypercholesterolemia but the free are lngh We dont know
whether the increase in free hpfanogens represents an increase
in the ether soluble type or the ether nsoluble type or both

Ogden Your extract only gives you half of the total?

Summs Yes about half the total lipfanogens are present in the
ether extrict

Gofman I should like to ask one question and then make one
suggestion 1f 1 might The question 1s I think those of us who
are suspicous that lipids are imvolved m atherosclerosis have 1
certain number of opponents n that some very good pathologists
have stated that they believe hipids are not part of the primary
development of atherosclerosis T know Rmehart in California fecls
that the pnmary process m alterations of this type 1s fibrosts and
that the lipid deposition 1s wholly secondary I personilly do not
subscnibe to this T wonder whether anyone here feels that he could
state defimtinely the sequence of events n the desclopment of

atheroma

Goldblatt In the Department of Pathology at Western Resene
Unwersity for twents four years Dr Rarsner and I taught opposite
yiews about the pathogenesis of arteniosclerosis Dr RAarsner be
lLieved that the primary process was mflammation in the mtima with
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dogs i order therebv to destrov the vasa vasorum on the assump
tiom that the blaod supply to the artenal w all 15 of sigmficance
the consation or presention of atherosclerosis He then gave some
ammals chol 1 others cholesterol plus 4 1 Wathin a
couple of months atheroma like lestons developed 1n the mtma
subjacnt to the, site of adventibal cautenzation No other part of
the aorta was mvolved

Coldblatt "This lesion was m the media?

katz No 1n the mtma overlyng it 1 am assuring Ds Grimson
1s talking about atherosclerosis and not fibrosis It 15 possible that
the trapsplants having a poor vasa vasorum to the walls mav be
more vulnerable 1f hyperchol 15 wduced m the dog

Grimson Since 1 have not seen sections or done the work Dr
Kafzs question cannot be answered 1 pomnted out that artenal
or vem transplants mto the Area are a means of study thit mght
be worthy of detuled exammnation These yellowish plagues do
appear on the colored lantern shdes that have been presented at
several meetimgs The nature of these plagues and therr location
may have some bearing on the problem of artenosclerosis

Stambr We have seen dogs with such changes but they are not
atheromitous festons microscopically

Dock They mav be blood pigments

Stamlur Is ot generally accepted that svphihitic lesions 1o the

media are sites of predilection 1 human bemgs for secondary
atherosclerons?

Dock Yes Rachologists dagnose syphibis of the aorta by seemg
chalk i the ascending aorta which they almost never see people
with dihrted aortas without syphibs In the same way at autops)
we separate the two by the presence of syplilitic medial aortitss
Dr Snapper(1) tells re that 1 Pelang such lestons do not accom
pany syplibitic medial aortiis and Dr Woo the pathologist at
Pelmg states that syplabtic medad aortitis oceurs n elderly
Chnese_gentlemen 1n whom there were no atheroma anywhere
:E:(& tmc\udmg coronary artenes There was simply syphiliic medial
Lh:c‘k :n e\gﬂkﬂ:};ﬂc\.&ned Intima but without any atheroma 1 this

Wilens 1 can confirm this
observation from my own ex
enence
}‘r(\h(:cnha\ Amenca where syphibis of the porta 15 farrly Eommon
eromatous lesions are seldom supernmposed on the luehic process
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form much of the new channel Some of the ongmal elistic tissue
may remain viable a year or more These grafts afford a situation
m which a type of artertosclerosis can oceur and can be studied
and in which the artery or vern has been separated from its intrmsic
arculation and 1s m direct contact with the blood strexm

Goldblatt What did you transplant to where?

Grimson  Many surgeons are removing veins or artenes from
dogs, storing or refngerating them and then usimg them as grafts
after vanous periods of time Human arteries removed dunng
autopsy are put mto patients Grafting 1s 2 successful procedure
but these pliques do occasionally occur 1 transplants of erther
‘e or artery

Goldblatt That mterests me ver; much because several years
1go Dr Henngman and I put to the test the effect of increased
blood pressure on the development of phlebosclerosis by trans
plainting 1 portion of the yugular vem 2bout 1 inch and 2 half
long 1nto the femoral artery of normal dogs We mtended later
to do the same m some hypertensnve ammals but never did T ean
report the results m only five normal dogs In three of these after
one year and in the other two after about six months we s no
signs of atherosclerosis n the transplanted vewns In one mmmal in
which we did find a plaque of mtimal thickening 1t was due to
1 healed mural thrombus There was no sign of atherosclerosis
this plaque

Doch But there was none anywhere else in the dog

Goldblatt That 1s correct

Wilens 1 should Iike to disagree with Dr Dock about the occur
rence of atherosclerotic lesions i vancose vems I have evammed
a large number of such vessels that huve been removed surgieally
They frequently show mild degrees of mtimal fibrosis but almost
never have deposits of hiprd 1 fact they seldom become calafied

Grimson I will huve to challenge that in that T have once scen
Inlateral calafication of the small saphenous vemns

Wilens In my experience extensne calafication of varcose
vems occurs only when the vessel has been thrombosed which
case the thrombus rather than the vessel wall becomes calcfied

Ratz 1 should hike to comment on some ctpeniments that were
done mn my department by Dr Schhichter which may clnfy what
Dr Grimson mentioned Dr Schlichter cautenzed the adventitia of
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sclerosts mvolung all the major branches of his coronnry artenes
and leading to myocardial mfarction and deth N\anthoma appeared
10 the skin before the chiid was a year old 2nd tus hlood cholesterol
level was 540 Agam here was 1n example of 2 lugh Blood cholesterol
level assocated with deposiion m the connectne tissue and m
the sk and with atherosclerosts

Katz Tn chucks fed V; percent cholesterol mash begmmng with
the first day of e lesions developed by 1215 weels althongh

mean plasma cholesterol level was only 140 mg percent {con
trols 90

Goldblatt Tn other words it 15 4 by percholesterenua for chichens

Ratz Yes to a very mild degrec without associated organ
cholesterosts

Goldblatt Why do vou say “mild degree” when 1t 15 double
the normal?

Ratz Because that 1s the sort of range that one 1s talhing about

when one speaks of a vanthomatous tendency n people with
coronary athcrosclerows

Goldblatt Oh yes but then I do not thiok that it 15 quitc far
to make that companson

N Rm:‘ \‘\'nhmn necess‘d!nlv msisting that the source of the shght
y 1

brperd b e s Y we
1(; the expenments are lighlv germane to the problum mn man
ey demonstrate the role of aitered cholesterol metabolism in

the pathogenesis of atheroseleroms

REFERENCES
1 SN
Im::::mi cl‘gf{:‘m Lessons Jo W estern Medieore New York

2 HUEPER W C Expen,
eeatal studse:
tesarons 1nd “\;: ses 10 cardion ascular

Tomatosis duced 0 do, bP €]
13 produced gs by repeated
ntraves R 3 3 P.
n;mx' m;:cjsm\ of sodwm cellulose glycolla e Am I Path

w

Hurser W € Atheromuatosss i do,
“enous injections.

s following repeated 1ntra
139 (1946} ’

cellulose  Arch Parh 41



98 Blood Pressure

In New York, on the other hand severe atherosclerosis almost
myvanably accompanies the luetic lesion

Doch  Atherosclerosts 1 the coronines 1s relatnely rare
Wilens Yes, 1t 1s rare

Lansing Do you sec intimnl fibrosis?

Wilcns Yes

Lansing Ts 1t not possible that mtimal fibrosis 1s the primary
event, or erher lesion with the cholesterol accumulation 1 second
ary event secondnry but deadly?

Doch The question remuns s to whether the appearance of
cholesterol m the thickened mtima 1s 1 degenerative change or
1 deposition annlogous with the deposition of polyvinyl alcohol m
1 dog where the sume sort of lesions appetr under conditions
obviously not the result of degenerition When Dr Hueper(23)
gives igher aleohol polymers to dogs he finds lesions which re
semble atherosclerosis except that wherens Dr Kendalls dogs hne
cholestcrol the lesions here are filled with synthetic micromele
cules These macromolecules must have entered the plaques from
the blood plwma They could not possibly have come by either
svnthests or degencration However the question remuns whether
atheroma formation 1s analogous to Dr Huepers deposition or
whether degeneration occurs in tissue which undergoes a biotropism
or some other sort of change that lexds to deposition of cholesterol

Ratz Chuckens, with 1 life expectancy of up to 20 years when
fed a 2 percent cholesterol dict from hatching on develop lestons
as carly s the fifth weck of hfe By the tenth week severe athero
sclerosis 15 present i hoth the thoracic norta and the coromary
arteries Tt would appewr therefore that cholesteiol will produce
Jestons of the atherosclerotic variety m vesscls subjectcd mmimalls
sf at Al to so called wer and tear of age or to previous vascular
damage or to ground substince senescence etc Wiile 1t 15 pos
sible therefore that syphilis infection and other mnjuries or aging
of the mhma my create sites for secondary deposition of athero
geme hiptrd one cannot deny the possibility that atherogenesis may
proceed 1n prey 1oush norml vessels given the prerequisite athero
genie alteration 12 Iiprd metabohsm

Doch We wutopsied 1 817 yerr old child 1t kings County Ios
pital about three months ago who had died of coronary athero
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have always felt that in dealing with humoral mechanisms we
sh};uld whenever possible use pure substomees We X\n\$ l!}:em
fore been workng on the wolation of pure remn Table VI ‘s o\(;s
that more than five yeass ago Dr Yale hatz and 1 had already
htamed venn with 2 titre of 130 dog umits per mg nitrogen and
fater Marshall and Wakerln also produced a hog remn wlich had
about 125 dog unuts per mg_of mtrogen Like oursehes they used
relatnely small quantities of hidney and did not use renn of this
punty for the production of antirenin n amm s

In planfung to produce anrema to hog, rema 3 man Dr Hras
Dr Lamfsom and I thought that to avoid untoward reictions 1t
would be necessary ta we hughly punfied hog remn Because of
the difficulty m obtammg dogs for the tests 1n Los Angeles and
because we wanted 1 good yield as well as punfication 1t has
taken about four years to do what might have been accomplished
1n one year Since there 15 no chermeal test for ranin the Inologscal
one 15 sull the only reliable gude As you see from Table VI, we
now have a product with 5000 umts per mg of mtrogen which 1s

about forty times as pure as the purest renn presiously mentioned
m the btesature

We have subjected the matenal to varous tests for absolute
punty mnd although we still do not have 1t 1 erystalline form we

feel that we have almost exhausted the known methods for the
abeolute punfication of thas protewn

In our earliest tests on human betngs we found that remn which
titrated at about 180 dog, umits per mg N (Table VI (step 6) could
be safel Admumistered With this type of remn antirerun was readily
produced 1 the dog We realized a prior that hog vemm sjected
1o man mght not mduce the development of antirerun and even
Wt did that this antwensn might not mactvate human renin
m o and would therefore aot lower the blood pressure of
hypertensne dwiduals To our agreeable surpnse antirenin o
hog renwn id develop as a result of the subcutaneous mjection of
punfied hog remn wnto hypertensise human bemngs Table VIH
shows that the hughest titres of antiremn to hog remin reached 1

t‘mx\hw‘;lere even gher than the highest fitres (20 umts per cc)
:e 3d ever observed i dogs Unfortunately however this ants
enn was not effectne agamst hvman 1emn m patro and produced
no effect on the blood pressure tha

t coul
injection of 1 foraign protem coukd not be attabrted to the
ra
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I nave BEFN 1shed to open this discussion with = progress report
on the work that we have been domng dunng the past few yeus
One of our man problems has becn the mechamism of formation
and release of remin from the kidney mto the circulation We hwe
been trying to determine whether 1t exists i the hidney as pre
formed soluble remin or whether a precursor 1s chinged to remn
at the time of 1ts release mto the blood strexm by the removal of
am mlubitor, or by the achion of some other enzyme or catalyst
1 am able to stite only that we believe thit a remn precursor,
which we hune named cryptoremn 15 transformed wto the
soluble active form in which 1t enters the circulttion but the exact
nature of this transformation his not yet been elucidated

I huwe been accused of emphasizing too much the Immoral
mechanism of experimental renal hypertension and perhaps nghtly
50 but having performed the first (\periment wluch ndicated that
as 1 result of constriction of the mun renal artenes 2 chemictl
substance enters the circulition which brings bout the eleyation
of the blood pressure I am naturally greatly interested m the
humoral mechamsm of experimental renal and possibly of humn
hypertenston

TABLE ‘I
Comparison With Previous Methods
AUTHORS YEAR Rhg RID\EYS _UNITS RENIN
mg Nitrogen
Helmer and Page 1939 1 3
Collings Remmgton et al 1940 3 [}
Schales 1942 1 17
Katz and Goldblatt 1943 4 130
Marshall and Wakerlin 1949 10 195
Hans Lamfrom Goldbhitt 1951 70 340 5000 J

100
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As far 15 1 am concerned 1do not see a w1y out of this dsffientty
unless 1t would be posuble to make human renin antigeme _and
antrenm 1o human remp would develop as a consequence of the
1njection of such altered human renm Except for acadenuc reasons
the production 1 man of to anthropowd age remn would
sot be a practical contnbution ¥t would probabl, be difficult even
to chtam ¢nough human ladney for practial purposes judging,
from the amount of hog renin that 15 necessary for the tecatment
of expenmental renal hypertension 1n the dog

You mav well ash “Dors not this prove that human hypesten
sion 15 1ot of renal ongin and even if 1t 15 of remal ongin that
2 humoral mechamsm simiar to that of the expenmental ammal
does not obtan®” The answer to both guestions 15 “No” beeuse
the hog antiremn developed m man 15 not antirenin for human
vemn even m vifro We are therefore trying to produce ~ uge
quantity of antremn to hwnan remn 10 an ammal and we will
gnve this wtwentn aganst human renin to a hypertensive human
bemg to see whether 1t will have a bref effect on the blood pres
sure This mght help to chnfy the matter of the yenal Jummoral
mechatism i human essential hypertension

Helmer 1T myy mterrupt e thought of domg the same expin
ment However we were womed for fear the pavents mght

develop a Masug type nephritis That might not hiappen with vowr
punified remn

Goldblast T thought of using the malignant tvpe of hypertension

m the hope that at least a brief wnprovement bt ocens bt
such an expenment might he hazardous N

Derter Have you thought of tryng to mike human renm anti

geme {0 human beings® There are defimute leads for making human
protens ntigenie to the human species

Goldblatt Yes 1 beheve I mentoned ¢
14
eeept for wadernie reasons th e, A

1s would nat he fratfal by
E\‘dgllr:g hox{g tgle amaunt of hog rentn we have b:cn ob‘:gc:é“fo
e 1t would be impossible to obty
ths to he of any practicat \Alue’ " enovgh human badoeys for
Detter Dunng, the war X colle
cted all the Lidness m Bo

mr;eest (e;\ ery hospiti} We pot them i a deep freeze land ‘:;l: f]:?::

et the course of time we would get big batches of ladneys
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TABLE VIl

Procedure for Ysolation of Remn

_UNITS REN
mg \itrogen
Extract of hidney tissue (water and benzene at 23° C) 009
Autolysis Benzene pH85 38 C 036
Ethanol fractionation at pH 21 58
Sedimentation of remn tungstate
(NH,)_SOy4 — Frictionation pH 43 23
Acetone “ 48 60
{NH,)_S0,* 55 180
75 300
“ 892° C 700
“ “ 25 1200
Acetone 35 5000
This was the remn used for injection into human beings
TABLE VIII
Antiremin m Hypertensive Patients
units
PATIENT TREAT\!ENT RENIN I]\]ECTED & serum
weeks un ANTIRENIN
Mrs BT 35 ‘ 28 000 08
Mr H W 5 20 000 04
Ms L E S 6 48 000 0
Mrs B C 7 ’ 56 000 11
Mr VM 8 61000 10
Mis § K 20 , 112000 16
Dr1YB 20 132 000 ' 37
Mr H B 38 142000 | 20

I
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took tharty seven dog umits of hog renn added one wit of human
remn and to this mutore sdded one cc of human serum con
taming $7 umts of antienm to hog renin There Wos A response
of one umt which 1t 15 fanr to snterpret meant that the 37 umts
of hog, remn were mactwated and that the response of one umt
was the effect of the one unt of human remn It was a very con
vmomg evpeniment Then we did the reverse just used one umt
of human renm and added 37 wmts of antiremn to hog remn There
was 1o efieck whatsoever on the human remn Despite this negative
resuit 1 stll cling to the possibility that the renal humoral mecha
msm may be mvolved m human essential hypertension We are
also attemptng to detect the presence of remn and hypertensin 1
the systenuc blood of patients with essential hypertension Onc
of my former assoctates Dr Joseph R Rahn at the Cnle Veterans
Hospital 1 Cleveland 1n collaboration with Dr Sheggs using the
dualysss 1n vivo techmque 15 also working on this problem By this
method he and his coll have ded 1n Q

hy m the 1 Blood of ammals that had
had hypertension for not longer than three months Before that
by the direct methad we had obtamed the same result

Helmer When you consider how httle angiotomn n takes to
rane the blood pressure of normotensive indivaduals to hypertensve
lerels the difficulties of detecting st m the blood stream can be
appreciated Frve of our units will do this With the present degree
of purty 25 micrograms 15 equvalent to a untt therefore 125
soscrograms would be present m the arculation st any one tme
Actually much less mught be present since the angiotomin being
used 15 far from pure We are looking for too much in too httle
The dialys:s methods of Dr kahn may be a means of concentrating
Pressor materral from a large quantity of blood

Ouden What do you think about th
e expenments of Gregory <
n which he wjected enaugh angiotonm to produce blood pl‘is:}urc

elevation and showed that
ot show im)eg he could detect 1t by testing the blood?

to she
el by povienoes W angrotonm n hus patients with

Helmer 1 thinh X may by
y be able to explan s results 1 1
E hregnry with the angiotorun he wsed i hus ex;\enmentssulx;p\;cd
¢ same preparation Dr Shorr tested for T

reported a 4 plus VEN actty VEM actaty(1) He
Gregory tested
sy wbv‘eepxtg’e vasuconstnctor effect of angiotonm by per

ed frogs He found that the plasma from norma)
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and then we would process them for human remn, having kept
them packed in CO. 1ce thoroughly frozen

Goldblatt Dr Kahn, at the Veterans Hospital i Cleveland 1s
collecting hidneys m a deep freeze for us I expect both Dr Wakerhn
and Dr Helmer, about whose work we learned after we were all
through with our antirenin work on the human being to tike over
from here

Doch None of your ammals developed nephntis from these
mjections?

Goldblatt No
Dock You have not used the serum from one ammal to another?

Goldblatt No We developed antirenn w ammals before and
after constriction of the renal arteries The effect of njectmg 1
large quantity of antiremn mto 4 hypertensi e dog should be tned
It would require 1 Iarge amount I guess

Helmer  According to some Sendinvian workers Masugt ne
phritis can be prevented by admmmstration of antihistammnes This
mght offer some hope

Dexter Perhaps antirenin production would also be mhibited

Have you gren your punfied hog renm to dogs with hyperten
sion nd reaffirmed your previous results?

Goldblatt Yes remm s punficd s the matenal we used
hypertensine humn beings 1s effective In Table VIIT 1s 1 sum
mary of some of the results obtuned 1n our best patients We had
fourtcen but only eight are hsted because for one reason or
another enough injections were not gnen to the other six The
Iighest titer developed was 37 umts per ce 1 one patient This
1 larger than any amount that we had ever produced m 1 dog vet
even 1 that person there was no sigmficant effect on the blood
pressure after twenty weeks of mjections That apphed to all the
others no matter what the titer of inbhirenin was It had no effect
on the blood pressure

Dexter You are referring I assume to an antiremmn titer to the
mjected hog renin and not to the patients own renin
Coldblatt This antwemn was effective agamst hog wnd other

ammAl renns We tried hog sheep and ox remin It neutralized
these other renins m vanous titers but not human renin We even
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Helmer The ool species wu Sound that produced an\‘\:c‘x‘\;x;
g st wts own fenin when myected with hog Yadney cmac“ s
the dog In addition to the dog we tred cats rabbits l:ix\ “\ o
subjret  The plasma from our human subjects treated with 5
renin would even “nentralize” it venn, although humen mrl\m ¥
practicaldy vasomactne when injected mto Tats The human @ \lsm'\
would neutraliee” the remn from the Jadneys of hogs dogs rabbuts

cats sheep horses and 7ats but not that from humn Jdneys The
i behaves exacth hle 4 human

Wakerln You made a comment on the question of the site of
fomaton of tenmn A student of mme § Marshall{3) did some
ootk several years agy which indicated that renm might be formed
By the cells of the puxta glomerular apparatus There wae an exedd
lent correlation between the number of granules m the § G &

having istochemical propesties similar 1o those of rentn and the
terun content of dog fadnevs

Goldblagt 1 am surpnsed m a way because the dog s one of
the ammals that shows few of these granular cells

Wakerin A more entical expeniment than this 1s one whieh has
recenthy been done by Tagvim Fasciole and Fernandez Luna i
South Amenet and reported to me by Dr Braun Menendez when
he was here In this expenment verv thin segments of cortex from
the dog bidnev were shaved off the surface < that there were no
glomeruh and na ¥ G A and romn was defnstels present in the
renal tubule cells The granules that Marshall worked wath must

have been sometiung other than remn but apparently well comre
Lited with the renm content

We hue not been satisfied with the punty of our hog runn of
120 dog units per mg, N bt Ix Osgood our hiachemsst hs ton
Sem(d herself with rentn production rather than renn purficaition

rme, the past two vears The hest preparation we have had sa
far 15 140 dog wants per mg N

Of mportance 1 redation to the mblypertensive effect of ant
temn 15 the bsence of medullan protein from the preparation
Certamh with crude hog remn prepared fiom whole hidnes  there
s an importit micrfenng offect from medullan protem  This
cnes over o some degree 1n e punhieation thit we hve ey ed
o far whh Lot as yours This might be of

h 33 pot wewh so
felmers exprtments on the tit vince

stmficance m res e to Dr T
Funderstund e weed whole hog Widney 15 a sourer of tenm
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and hypertensive patents had the sume wmount of constrictor
activity However, the plismn of patients whose blood pressure had
been 1-used to hypertensive levels by wmjection of angiotonin had a
much greater tmount of vasoconstrictor substance These evpen
ments hive been mnterpreted as indicating that angiotonmn 15 not
an etiological gent 1n essential hy pertension in min It 1s possible
that Gregory was testing for the vasoconstrictor effect of the VEM
mmpunty m angiotomn rather than for angiotomn Therefore s
work does not necessanly disprove the renmn angiotonm system
s 1 factor n the production of essentinl hypertension

I hope that the angiotonin that has been punfied by mews of
chromtography(2) may be free of VEM If Gregory had had the
opportumty to use 2 renin free of VEM lus results might hwe been
different

Zweifach There 15 no evidence that VEM produces 1 vasocon
stnctor effect n perfused preparations On the contrary the only
vasculir effects of VEM thus far obtuned have been on the
responsiveness of the termmal arterioles and precapillues to topreil
cpmephrine 1n the mesentery of the mtact wmmal

Goldblatt 1 did not persomilly accept Gregorys results as 1
telling blow agunst the ren1l humoral mechanism of hypertension

Wahkerhn Hwe you had a chance to reexplore the pharmacology
of the purified renmn as Dr Marmorston his been usmg 1t for
repetition of studies with Dr Addss?

Goldblatt Yes I can tell you that 4 umts of remn which titrated
at 800 umits per mg of N imjected mtrapentoneally nto rits had
1 protemnurin effect s effective 1s 4 umts of the crudest remn that
has been used for this purpose

Helmer Didnt angiotonin do that too?

Goldblatt  The effect 1s more fleeting

Helmer TJust to add one more species to those on your shde
Dr Goldblatt we give the snme hog remn to hypertensne rats
that we gue to Iy pertenstve patients The titer of antiremn m the
rat plasma after several months was 800 Goldblatt umts per 100 cc
There was 1 lugh titer agunst hog cat, rabbit and dog renin but
practically none agamst rit remn There was no fall blood
pressure

Goldblatt It did not neutralize rat renin?
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tiens during
ont Sruth Do you hae to heep up the mject

ﬁ\g rY.'\Jx’x,\]eywljou apply the 1\amp and durmg the time when you w ould
antiaipate the hypertension?

Woherhn Usnally but not necessanly In other words when the
antirenin titer drops off ~ and 1t does, several & eeks after you stop
the 1ngections — then the blood pressure goes up You can not only
Leep the, blood pressure from gomg up duning the penod of con
strction of the renat artenies and for a short penod afters ards but
by continwng the injections and mamtatmng the antwemn titer
the blood pressure can be kept from gong up ndefimtely — I mean
for months or years by continned penodie apphication of the antigen

Fremont Smith s there enough reaction to the myection m the

terms of protem reaction or febnle reaction to cause the antihy per
tensne effect?

Wakerltn Such a reaction eannot possibly account for our results
We haye many negative expenments wsmg crude hog remn from
whole fadney and other tissue extracts With crude renn from
whole kidney we had good antirenim taters but no antihypertensn ¢
effect A nonspenfic furexgn protem effect 15 Tuled out by hundreds
of expenments actuxlly We have also checled the body tempera
tures of the dogs Except for a tarc local mferhion these amimals
show o reaction local or general to the wjections Ths s especiafly

tov of the more punfied remn preparations where the quantity
of myection 15 small

Stamlcr Does the pressure go up when \ou stop mjechions 1
these dogs with clampsr

Wekeslin  As the antirenin titer drops down That takes six
eight or ten weeks

Fromont Smith For six or eight weeks the blood pressure remains
down and then gradually goes up agun?

Wokeshn That 3 nght For reasons shich are not clewr some
years ago we had dogs that emarned normotensne for about three
years after we stopped njections That material was crude ho,
renin contammated with medullary protem Tar the last four }eargs
our techmque has been 1o well standardized that every control do
(‘;\n: \)\e co(x;s';‘nct becomes by pertensive Ten years age when \v;e;

;s showed that one could protect agamnst hypertension our degree
of constriction of the senal artenes was not as well standardized s
Wisnow Our constction was somewhat less sev ere than now M\ld
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Helmer But I was gomng by the antirenm titer

Wakerlin I have seen antiremin titers of 40 A U per cc of serum
without any hypertensne effect when the erude hog remn (1 dog
umit per mg N) used m trertment was prepred from whole hidney
On the basis that antiremin to hog remin does not neutrilize rat
remin, which our group showed years 1go, one would not expect
1 decrease n blood pressure in hypertensne rats but I think that
the experiment would be more vald if renin prepared from cortex
rather than whole hidney was used

Helmer The same renin reduced the pressure of three dogs to
normal and produced 2 good titer when njected mnto rats but did
not lower the rts pressure

Wakerlin Your punfication obviously removed sufficient of the
mterfening medullary protemns At any rate, I think before drawing
negatnve conclusions 1t would be better to use cortex rather thwn
the whole hidney s the source of remn

In regard to vascular lesions and experimental malignant hyper
tension our research group (particularly Mr R O Burns) has
reported that one can piotect 1gunst the hypertension of mahgnant
hypertension with antirenin We are furly certun however that
the protection agunst the vascular lesions 15 not due to ntiremn
but 15 due to something 1n the nonrenmn friction of hog renal cortex
We are lso quite certam that when we are 1ble to protect the dogs
2gamst death this protection 1s on the basis of something m the
nonrenmn fraction of hog renal cortex Our group showed eight
years ago that antiremin to human renin neutralizes human renm
but not the renmns of a number of other species We also found
that antirenimn to hog remin does not neutralize rat renin and does
not neutriize human remn

Tremont Smith When vou prevent hypertension with antirenm
do you give a sertes of mjections before you clamp the renl artery?

Wakerlin Yes You can use any routine you want to produce
smmumzation We have been giving duly mtramuscular myections
and our dose has vaned anvwhere from one half umit to s much
2s ten umts of remn per kg of body weight duly We have usunlly
given the mjections for three months prior to renal artery constnc
tion If the titer of antirenin 1s above three or four umts per cc

of serum protection 15 usunlly obtuned
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Staml.r Can you prevent the malignant \asculqr lestons m
ammmals with complete hgation of both renal artenes

Wakerhn \We have not tned that We have produced malignnt
hypertension by the techmque that Dr Coldblatt first reported

Stamler Huwe you done any studies on the changes the renal
areulation as measured by clerances?

Wakerin Yes two students of mme Drs J M haely and J P
haely found no significant change m the renal clearances of remi
hypestensne dogs that were successfully treated with a good ant
renm titer and amamals that were not protected due to Jow antiremn
tuter Lahewnse 1n ammals that were protected 1ersus ammnls that
were not protected the changes 1w the renil clewrmees After con
stnction were the same 1 both groups

Last falt aur research group(3) reported on what T think 15 2
very crucl experment that 15 passive immunization with nt
remn So far we have treated exght chrome rennl hypertensne dogs
with antrerun obtasned from other dogs nd w general the tesults
are that f the passnely produced titer 1s above the enticnl leve)
of five wtirenin units per e¢ of serum the hvpertension 1s reduced
without amy towie effects and remamns down s long as the nter
remains up The length of time that the titer remains up s (similar
to other bodics passively parhiculasly  homo
logousdy prepared antibodies) about two to three weeks The blood
pressurt, remams down for that penod and as the antiwemn dis
appears from the crculaton the blood pressure goes up to the
previows hypertensne Yesel We hope to evtend this senes par
tcalath, with relaton to determining what the mummum effective

tier 15 lang stwnding hypertension as compated with early chrome
espensmental renal hypertension

hecent expenments may throw some hght on the problem that
Dr Ogden has raised 1n regard to 2 possible change 1n pathogenesss
as expenmental renal hyperteusion contmues One of my stndents

M E A Ohler found with a new s

ympathalytic agent wh
S‘n‘nl\x Klme and French have sunthesized known s Gg% A‘ZNmé‘
of \moeﬂxn)l N phenoxyisopropy ! benzylamine HCI) that there was
no red m blood

P m 7 dogs with early
cl‘q)onmentn‘ renal hypertension using early” to mean Yess ﬂmﬁ
three months whereas there was a significan

with late expenment

hese v t reduction sn 11 dogs
11,
nonthe o penment | al hypertension or hypertension for sn

G Moss using Tess potent svmpathoh ties
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1t could have been that the antmal remuned normotensne parthy
for that reason namely, the mmpetus to hypertension was not so
great 15 1 our 1ccent experiments

Fremont Smuth Do you know whether you protect rgunst VEV,
also?

Wakerlin - Along with witnenm, anti VEM 1s also produced
Dr Shorr and lus associntes tested some of our ammals To a
limted extent we have tested for ant: SPS or ant: sustuned pressor
substance, and hae found 1t present mn the hmited number of
ammals tested In other words the remns that we have used obvi
ously contun some VEM and some SPS

The correlation with antirenin now that we remove 2l the medul
lary protemn particululy from crude hog renin 1s excellent With
crude hog 1emn the antihypertensive results are s good as with
semm purtfied hog remn and I am not ltogether convinced that
2 puntfied preparation 1s the best thing on the basws of our findings
with mahignant hy pertension where there 1s obviously some renal
protectine factor in the non renin fraction of the cortex

Goldblatt On what basis do you say that?

Wakerhin A graduate student Mr R O Burns and 1(4) hne de
reloped 1 techmque for producing malignant hy pertension n nerly
100 percent of dogs with resulting hy pertension arterio and arterio
lonccrosis ind deth 100 percent of the dogs treated prophvlxct
cally with semu purified hog remn from renal corten died although
they were protected agamst the hypertension durmg the pertod of
survival 1f the antirenin titer w s sufficienth ligh nd frequently
but not regulily agunst the vasculir lesions On the other hand
with crude hog 1enm prepired from renal cortex there w1s protec
tron agamst hypertension when the antiremn titer was sufficient
protection agaumst the visculir lesions 1 all of the ammals nd
protection agunst death m more than hilf With crude hog renm
prepucd fiom whole hidney  there was no protectron agunst hyper
tension g unst the vasculir lesions o1 1gamst death The evidence
suggests that the nonremmn friction of renal cortex n the 1bsence
of medullt protects from dcath wd vasculu Jestons Accordmgh
I un not sme whether one 15 doing the best thing m highly punfy
myg renm fiom the studpomnt of ibs therwpentic whon m cypen
mentl renil hypertensions T oam e mmded of what happened
regwd to the punfication of liver extrict for pormcions wnemn
when something w 1s lost thiough too Tugh @ degice of parification
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anttbodses to the strictural protems of the froman Ladney 1w addy
ton to the anhrentn ¥ caution aganst use of pahients at the present
e We plan to worh fhs out m the monbkey as thoroughly as
possible before we go over to the buman

Even though Dr Coldblatt and b group (and our group as
« ¢} found that 37 units of ntrenin to hog remn hd noy newtralize
ane umit of haman renin s 1ifso these 1s stll a posebiity that the
stuaton s 4o way be different Thus we have tretted two
chronic venal fiypertensne monkeys with sermpunfied hog venwn
and have produced good titers of antenin 1o hog remm (20 and
8G umits per oo of serum) without any anbhypertensie efiect
which would fit i with the fact that anbremn Yo hog remn Soes
not neutralize monkey remn But m prophylaes expenments an
two movheys one monhev showed what could be mterpreted =
partsal grotechion with a titer of 15 umts per ce of serum and the
other monkey with a titer of 25 umts was completely protected
agamst by pertension We helieve the latter to be a bonn fide expen
ment because we have never faled to produce hypestension w
monkeys by constriction of the renal artenes vath the rechmgue we
wse Firthermore the pressure i the treated monkey remained
nommntensive for three months sfter constriction and then as the

uremn titer disappeared after s of hog remn were dis
couttntied the pre ssure became hivpertensive 1 inverse ratio to the
antirerun titer It may bhe 1mportant m such expunments to have
alt renal medullary pratemn absent from the hog renm (prepared
from renol cortex) Moreover ¥ would not be satished with the
titer of 40 antwern umits per e serum 1 wan obtamed by Dr
Goldblatts group I thual higher titer. are possible and that we
should keep out renal medullary protene until we have proved by
expenments 1 the dog and i the monkey that 1t 15 not mportant
when hughly punfied hog renin 15 used

Ttk ot 1s possible that there may be 2 s

of patients with essentya) hype 'e'asmnywho b \vin:gce?:‘ ;\%&:&x:;%:
onaena) renin bass One reasow for this 18 gur findings n relation
to ;\mh(m( ous {essential®) hiypertensian m the dog As Dr hatz
:nwhudgraup and others have found so our research group every
0:: " e:]t:] d n(‘11\en en}:oun\ers 2 dog that we classify a5 having, “¢ ssential”
sem{: o t:;l\l& ypertension Ve hase treated two such dogs wath

punfied hog semn One dog with a titer of antirenn of 190

unds per te of seram showed an exceflent reductian m blood pres

sure ta g low e
ow normotensive Jered The ather spontaneous hyperten
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m the dog failed to confirm Ogdens findings in the rat I think
the early appearance and disappearance of remn 1n blood might
be used to differentiate between early and late experimental renal
hypertension We plan to determine what difference, if any there
15 between the early renal hypertensive and the late hypertensive
dog from the standpomt of passive immunization, and also from
the standpomt of actne mmmumzation with hog renn So far we
have treated by active immumzation several dogs which have had
hypertension for as long as six and seven years with reductions to
normotension when a good antirenin titer was obtamned, but T can
not say whether the mmmum effective titer 15 the same or greater
for late as compired with early renal hypertension

We are now interested m producing antiremn to human remm
m the horse dog and goat, and are collecting human lidneys The
experiment of passtvely producing an antirenin titer to human renm
m man should give us mformation on the percentage of patients
with essential hypertension who have their hypertension pnmanly
on 1 rend remmn basts Our results with passive rmmumzation
when sufficient titer was obtamned pomt strongly to the fact that
renal hypertensive dogs have therr hypertension on a renal remn
(or closely related possitbly SPS) basis We think the same method
should be tried w the human even though the problem 1s more
difficult smce the antirenm must be prepared m another species
We then should be 1ble to tell whether Dr Goldring and hus group
are right namely that 0 percent of essential hypertenstves hnve
thewr hypertension on 2 renal basis or whether Dr Goldblatt and
his group are night that the percentage 1s 100 or nearly 100 Pos
sibly 1t 1s 50 percent or 80 percent If 1t should be 10 percent or
more from a practical standpoint this type of therapy would be n
extremely worthwhile possibility T am not refernng to passive
ymmunization with its limited possibilities for theripy but to efforts
at iltering the ntigemeity of hog or other animal renms to make
their antirenms effective when human hypertension 15 on 1 rent
renm basis

As suggested by Dr Helmer we must consider the possibtlity
of producing an experimental (antiserum) glomerulonephnitis if we
nclude structural khidney protemns i our human renin preparation
Accordingly T caution agunst using frozen kidneys for renm extrac
tion because we hnow that frozen and thawed tissues are mor(;
likely to contamn broken cells than re chilled kidnevs Such maten
would be more hikely to produce an antiscrum that would hve
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titoxm and for
t the serum farm at Otisville for ciphthena anf
:nhpneumococcus serum He later got lgh levels of antibody fﬁr
rd plasmodia It would seem to be a technque that ought to be
tned out 1 relation to the antirenin problem

Smee your matenal 15 not pure remn you get antibodies to olhexi
renal factors 1 still think 1t 15 quite possible that the agent for ren1
hypertension —and I have no doubt that there are m man gs
m expenmental animals renal forms of hypertension —may be
humoral but actine not on the arteres but solely on the \asomotor
center You may be bulding antibodies for that

Waherlin We have tested several techmes for increasing it
remn production and we are still trying to devise a regimen & ich
will grve us manimum antirenin production with mimmum amounts
of renin Aquaphor as a menstraum has not helped parhicularly
Renin appears more related to the hormone group with which you
do not get much mcrease i antthormone production by the tech

mques that gie ncreased antbody production with bacternl
antigens

Dock You did not try mxing the aquaphor with tubercle baeiily?
Wakerlin We were not acquainted with the Freund techmque

Rellner 1f you use the complete Freund menstruum you gen
erlly get a more marked antibody response than by using anv one
of the agents separately

Grollman Tmust pomt out that there 15 a large body of evidence
to mdicate that remn or other pressor agents assumed to anse from
the Jadney play no part m the pathog of chronic hyp 7y
disease exther of the clinical or expenimental vanety Such evidence
of accepted would myahdate many of the assumphons which have
been accepted imphaitly m this ev emngs discussion If remn plys
no put m the pathogenesis of hypertension 1t 1s hardly to be
cxpected that expeniments such as those described by Dr Goldblatt
would result m a reduction of the blood pressure of lus pitient
Several possibilities may be suggested to explan the apparently
beneficl effects obtwned by Dr Wakerhn using essentialh the
s me proceduore m hvpertensie dags In the first place 1t 1s diffenlt
to predict with certanty that a grven mimal will develop hvoer
Lvnsmn Hence the use of extrcts to prevent the development of
c;g‘acvir:\chs‘mn 1cmnot be accepted 15 defimte evidence of then

n the second place lowcrmng of bleod pressure by the
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stve had an antirenin titer of only 2 and there was no decrese
m pressure We are gomg to repeat the treatment mn this Itter dog
with lngher dosage of hog renm m order to obtun 1 more fvorable
antirenin titer In other words 1t 1s suggested that spontaneous
hwvpertension m the dog may be on 1 renal renin basis

Also interesting 1 this connection 1s the result that we hwe had
m two dogs with neurogenic (buffer nerve) hypertension We
treated one with semipunfied hog remn and got 1 hter of two
antirenm umts per ce of serum with no reduction mn blood pressure
The other dog showed = titer of 40 antiremn umits and 1 sigmficnt
reduction of blood pressure (half way to normotension) Tius sug
gests to us that even m neurogenic hy pertension m the dog a put
of the hypertensive mechanism 1s on 1 renal remmn basis

In closing if the plnned passie immumization experiment with
anticenn to human remn should show that « sigmifict percentage
of patients with essentinl hypertension have their hypertension on
1 renal 1enin basis then the best that we could hope for from
passive immumzation therapy would be tiding 4 patient over m
acute hypertensne episode perhaps bringing Tum out temporanly
at least of 1 mnhgnant episode

Devter T had hoped to employ human renin therapy on st
eight or ten well chosen cases That would be enouch to convince
me 1f the blood pressure fell completely to normal that the humm
hypertension was on 1 rentl basis

Wakerlin We should try to get the swer by the passive 1m
munization technte that T hive mentioned with care to see that
the pitients are not subjected to wy unusual msh Perhaps 1t would
be easter to work with dog renin 1n the dog to see if we can modify
the antigenicity of dog renin so that 1t will give nise to antremn
m the dog If this could be done with dog renm I would feel
encouraged that 1t could be done with human remmn T understand
fiom mmmunologists that this 15 4 difficult tash

Dock Have you considered the techme that immunologists use
now of putting ntigen i Freunds menstruum/(6) winch ruses
the titers? This 15 what Clan kabat(7) at Columbit and Isabel
Morgan(8) 1t Johns Hophms do with encephalitis They tike 1
h of monkey brun and add 1t to 2 mivture of 1quaphbr deter
c1d fast baall One mrcction of that intramuscularhy
Ily high titers Freund ongmally used this method

pinc
gent and dead 2

produces unusu



INCIDENCE OF ATHEROSCLERQTIC DISEASE
DURING WAR YEARS

JENS DEDICHEN AM\EL STROM
R ADELSTEN JENSEN and A CLOSS
Rikshasprtal Otlo Noruay

[1e morvaurry from creuhtory diseases i Norway showed a
marked decrease dunmg the last wordd war{l) Fagwre 24 shoss
the sanations from 1027 up to 1948 These changes have been
attesbuted to the food ritiomng which 1n Norway was rather severe
and expenences from other countries may add support to this view

Q"

AR o) poe CORRRCYED ’!\_“

< T A

Bl SV

&L/ -

Enza

Y

oy

249 -

QQ\ iatand
T ST A SO ST A SN I,
N
¥ 8 8§ ¢ ¢
L 2 2 RN

~ ~
Ficune 20 Mortaldy from circulatory di eases i Narw,
192748 Standard
populition < ponebiven of N 191 o'
fopuls mm“znu o ms“rway m 1910 Reprinted from article by Strom and

TABLE IX
Mortality from Cireplotory Disease 4 Apoplex: ng €
N-gll\n\\s m Y91347 Redated 1o Mn‘:ln‘hlyyl: ;93!\:;%"\0
);zg)\n” lsng]:n-s‘ﬁrd as 100 (Standardized Denth

P Civilan P
w Pagland and Wales (1938)

1918/40 1111 1982 19513 194¢ gt 1048 1847
Englan} oD 945 895 #12 g9 85" gt 071
Dennark W00 996 814 04 W3 1004 uos 1102
oraay W00 838 M g 71

708 855 87y

117



116

parenteral admumstration of relatinely crude heterologous protein
solutions may always be attnbuted to the non speaific novious

Blood Pressure

mfluence of such material

With evidence now 1 ulable to indicate that renn may not ply
1 m1jor role 1 the pathogenesis of hypertension, T ¢ not share
the enthusiism of the speihers for the view that the solution of

the problem of hypertension lies 1n  ant1 renin

[N}
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tm from crculttory dieases m Norwav showed
:::k:éogtxe’\se dunng the last world war(1) Figure 24 shows
the vamatons from 1827 up to 1848 These changes have been
attributed to the food rationing which 1n Norway was rather severe
and expeniences from other countnes may add support to ths vies
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Ficure 25 Mortalty from latory_ diseases d for age « of
fat n form of butter rml(k ?eese and eggs Reprnted from article by Strom and
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Figure 25 shows the varrition m consumption of different hinds
of food There w1s 1 definite decrease m the caloric intrhe from
3470 to 2849 per dyy the most dristic reduction took plice m
consumption of fats from 159 to 71 grams per day protems were
reduced from 115 to 89 grims per dny

During the hunger blockade of Lemingrid in 1941 42 x marked
reduction was found m the madence of hvpertension ngma
pectons and coroniry occlusion We hne no similw stitistical
reports from Norw1y neither em we of course speak of hunger
w connection with the food ratiomng although 1t wis 1 most
istressing and _troublesome experience We hue lowcver some
statistienl data from the health work 1n some of our hrger fictories
The emplovees are cheched once 1 var and vimitions m blood

pressute wnd percentige of overweight noted The vumtions arc
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sather small although statisticilhy sigmficant but 1t s difficult to
explan how such changes can have a marked and smmediate
snflnence on the mortality from cardioy senlr diseases

In the discussion of the pathogenesis of artenoscJerotic disease
the theonies of Winternitz hase been put m the background for
the last vears We had some I must sav rather vague mdications
for assuming that the corgulability of the blood was influenced by
the content of fat 1n the diet and we tred to ¢luerdate whether
food rahiomng could has e any influence on the madence of thrombo
embohe phenomena dunng the war This could have some bearing
upon the vahdity of the Wintermitz theory These i estigations(2)
are not completed as yet but Figure 26 shous the data from ane
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Fiere 26 O ~curvence of thrombo-embolic vhenomena per 1000 aperation:
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TABLE \

Occurrence of Thrombo Embohe Phenomena Following Operations
mn Which Such Complications Commonly Occur
(Aker Syhehus, Oslo)*

1940 1941 1942 1943 1944 1945 1946 1947 1948

573% 238 99 156 154 179 186 285 sS40

The vanations show the same pattern In fact desplte our more
modern treatment of surgical cises mn recent years (patients are
tiken out of bed the diy after operation and so forth) the mct
dence of thrombo embolic disease has actually mncrensed

We have also tried to curtul expenimental arteriosclerosis m
ammals by givmg them anticorgulants(3) The first seres of
experniments on 18 cocherels which were implanted with stilbestrol
according to the common techmque were rather encouraging
with very little arteriosclerosis @s compared to the controls

The corgulabihity of the blood 1n the untreated chickens showed
a good correlition with the degree of iperm (based on cholesterol
esttmations) We found more ramd coagulation with ligher cho
lesterol levels The same changes could be found after injection
of stilbestrol and were confirmed when we used the two stage
prothrombin estimntion test of Owren as shown m Figure 27

We repeated our experiment 1n ribbits Although some ammals
showed a good correlation between prothrombin concentration and
cholesterol and hpid content of the blood we could not find the
same consistent correlations s m chickens Whether this 1s due
to the difference 1n the compositton of the Iipds 1 the bloed 1n
the two ammals with high phospholipids in the chickens n con
trast to the low levels in rabbits we do not know We also were
unable to demonstrate v effect of dicoumarol on the arteno
sclerotic process m these ammals

Shorr Did you obtain serum calcum values at the same time?

Dediclien No we have not I do not think the ealetim would

influence those results
Shorr But serum caleiem will go up with the admmstration

of stilbestrol

+ R Adelsten Jensen Unpubhshed
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Ficere 27 Vananon in prothrombin time and cholesterol after stilbestrol iny etion
m cockerels

Dedichen Probably it will but T thank m the two stage method
using, diluted plasma thus will not wfluence the result at all
Doch The dicoumarol protection 15 Tess striking, i the rabbnts?

Dedichen Very much 1 think it 1s difficult to get dicoumarol
protection 1n rabbits but 1t 15 quite obvious m chucks

Goldblatt 1lave you tried hepann®

Dedichen We have tried PID  not hepann due to techmenl
difficultses

Rat. Have you compared your results with those of Malmros
of Denmark?

Dedichen Dr Malmros results are comparable but they are not
1 thurd a5 conclusive being based upon selceted statystics from
hosm:la\ records Our statistics re from death rates m the health
Tecords
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Cofman Graham 1n our lnboratory has been domng some expen
ments on the cffect of certun anticoagulnts The obsersation had
been reported some time ago that visibly hpemic serum can be
cleared by the use of hepanin given parenterally Graham hs shown
mn the human that heparin 1s one of the most active 1gents we hue
yet seen for the production of acute changes mn the blood lipopro
temn picture Molecules of the 80 to 100 S; classes, and all the way
up to chylomicrons can be essentially wiped out i 2 large per
centage of human subjects with a1 single mjection of 50 mg of
heparm, withm 1 penod of 15 minutes to an hour During the next
period of about an hour there 15 2 progressnve disappearnce
tlthough there m1y be a transitory increase in the molecules of
the 20 to 30 S¢ class 1nd even the 10 to 20 S¢ class The lower S
clsses increase at the apparent expense of decrease i the igher
clsses

This perhaps supplements Dr Dedichen s remarks on the effects
of high fat diet on mecreased coagulibihity It 15 interesting that
heparin rapidly depletes that portion of hpemin winch might best
be desciibed s the 80 to 100 S¢ molecules This class 15 greath
altered by fatty meals in many but not all people

Ogden How long does that last?

Cofman The effect on the lipoprotein molecules apparenths Ists
longer than the usually aseribed ant: corgulant effect of heparm
and 15 still noticeable 1t 24 hours although by this time after ~
single mjection of regulu nqueous hepirm the picture 1s returning
toward normal We have some patients who are now recening
hepann expenmentally once 2 week m n effort to find the dur
tion of effect

Rellner Did you study hipemic rabbits or human subjects? We
were intcrested i the obseryation by Hahn(4) in dogs that hepann
n a matter of mnutes abohshed visible ipemin We tned 1t n
rabbits using turbidimetric methods for measuring the hpemn
and found that heparm grven ntrnenouslhy had no effect on the

Iipemia

Gofman In rabbits the effect myy be different from that m
buman subjects lthough some rabbits show the swme genera)
effect

he has any
Jlner 1 should like to ash Dr Dedichen whether
su:;;eshons as to the mechanism whereby the prothrombm time
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s devreased and the blood becomes more coagulable durmg hperma
The work of Tocanhns and Overman indicates that there 1s 1
physologenl antithromboplastn . humans which appears to be
ahipoprotem 1f all the ipsds 1m the serum were wcresed n a non
specthe fashion one would etpect that the antithromboplastins
would also be mereased and the prothrombin time therefore pro
Tonged

Dedichern We thought at frst that 1t could be 2 mere phasical
phenomenon that 3t was much easier to see the starting of the
coagulrhion process 1o plasma contammg much hpd  Aftes having

cheched our results with the two stage method we thought we
could rule that out
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CARDIOVASCULAR DISEASE IN CEYLON

HARRY CULLUMBINE

Depattments of Physiology and Pharmacology
Unitersity of Ceylon

I HAVE WONDERED W hat would have happened if modern physiologv
had started i the East and not m the West, because we should
then be wondering why the people who Ine m the West had not
gotten 1n eosmophl count of at least 15 percent and why they did
not all harbor worms and parasites i ther mtestme why they
had vital crpacities geater than 25 lters We hardly ever see
anybody m Ceylon with 1 vital capraty greater than 25 liters or
so These things were noticenble to me when I went to Ceylon four
and a half yers 1go where the students are taught fiom Western
textbooks

I also discovered that one of the common conditions that had
been diagnosed m western Ceylon was hypotension The well to do
Cevlonese who did not feel too well went to a physizn and had
his blood pessure tihen He was told Well you hue 1 low
blood pressure nd he was perfectly satisfied with that

We set up s one of our resewrch projects —it has been gong
on now for four years — 1 sertes of surveys of the whole nition of
Cevlon We got samples grven to us by the Department of Statistics
We went around the whole 1sland and rehigiously measured all
kinds of tlungs on the people Iving n different environments m
Ceylon We have measured the blood pressure 1 about 20000
people The blood pressure of healthy male Cevlonese aged 20 to
95 15 105 systohe and 66 dirstolic When exptessed 1s modal blood
pressures the figures we lower 103 wd 62 This blood pressurc
does not rise with age much above 110 systolic or much bove 70
diastohe There 1s no mfluence of race on the blood pressureTecord
ings There are several rices which e indigenous There are the
Sinhalese Tamuls Moors Malawvs and descendants from the old
Dutch colomsts The Dutch ruled Ceylon for one hundred and
fifty years and wherever they colomzed they alwuys mtermarried
with the local people Therefore we have Dutch burghers with 1
lot of European blood m them All these dhfferent ethmie groups
4s the sociologists now prefer to call them hwe indistmguishable

124
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systohe blood pressures There 15 50 snfluence apparenthy, of soenal
or economic status

+huch apparently does affect blood pressure in Cevion
8 (\)l:iutg;ng'f;\e lcnghg) you h)\,e m Ceylon the lower your sy s]ko‘hc
blood pressurc People fving about 6000 fect above sea lesel \ln\e
a systolic blood pressure which averages about 10 mm less t\’l;\
those hving at Colombo at sea level low cw reproduce thes fall
1 blood pressure by taling subjeets as we huwe done, up to v irous
alttudes and letting them acchmatize

There are other alterations at moderite alttudes such as a lower
g m the blood volume and plasma volume and a lowenng the
imterstitial volume An inerease m the lymphocvte count oceurs
Thete ate many alterations wath moderate Aftitude which apparently
have not been recogmzed up to the present moment because we

have heen chicfly concerned anth much mgher alttudes than six
or seven thowsand feet

Dock Does the aserage tempcrature go up or down as you get
wway from the sea?

Cullumbine The average temperiture throughout the year will
be lower at altude than down at sea level There 1s & fall of
ahout 3 F for each S0 feet nse m alttude We were careful to
do ows 5o called expenments with subjects of hke climate yo that
we had them at altwudes at sundar temperatures and we have

been able 1o reproduce these findings m ammals exposed to low
barometric pressure

The apparént ncidence of deaths {rom cardiovaseulas disease
n» dremely small Whercas m Amenca out of every thousand
deaths perhaps 340 die from cardiovaseular disease 1 Ceylon
nlut of every thousand deaths only 20 or 30 dre from cardioy1senlar
aisease

There 15 a racnt difference n wedence of casdiovasenar dis
exse The Dutch burghers are Largely responsible for the merdence
of deaths from cardiovasenlar disease The more wdigenous races
the Sinhalcse md the Malays and Tamds dont e as readily from
eardiovascular thromboss as do the burghers yhom

Economie statug 15 ve

ry mmpotant We find the lugher t
economic status of the people the greater the death ;i.;cl‘i -
cardiovasenlar disease © fom
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As for city Lfe, we have only one aity that 1s compirible to
nything you have m the West, and that 1s Colombo, which has
1 populrtion of 800000 The ncidence of deaths from cardio
vaseulr diseases 15 far higher in Colombo than m any other part
of Ceylon

One rewon why eardioyvascular disetse 1s not very common
Ceslon 15 possibly that the hfe expectation in Ceylon has been very
smll In 1946 the hfe expectation for males was 44 years for
females 1t was 42 Since 1946 they have hiad an ambitious progrm
of DDT residual spraying and they have eradicated malaria more
or less m Ceylon So that by 1949 the hfe expectation for males
had gone up from 44 to 54 Thus m three years the hfe expectation
2’15 bcgg mncreased by ten years Tor females 1t had gone up from

2 to

Along with this mcrease i lfe expeetation the maidence of
cardiovaseulu disease had also increwsed There had been about 1
50 percent increase in mncidence of deaths fiom cardiovascular
disease nd 1 hospital moibidity from cardios ascular disease

If we compare the vita] stahisties for Ceylon wath those of 1
small agricultural nation 1n the West and for that I have tthen
Cne southern Irelind we find in comparible age groups that
cudiovascular disease has only 1 tenth of the mncidence as judged
by vitl statisties ind hospitnl morbidity 1 Ceylon compared to
Lue Acgun that may not be 1 fur companson The people who
Ine long enough in Ceylon to acquire cardiovasculir diseise are
1 selected population It has been survival of the fittest n the past

We have done 1 dietary survey which has covered the whole
island of Ceylon The fat intake 15 very small We have to judge
this ngun of course according to the economrc status of the
people We recogmze three economuc Ievels 1 Ceylon for the
purpose of our survey People hving at the lowest economic level
take nbout 30 gm of fat a day on the werage the intermediate
level the clerks and people Iike that have a fat mtihe of about
50 gm per day and the higher cconomic gioup the professional
and buswessmen take about 90 gm of fat a dvy That £t mtahe
varation corresponds to the vanation m death rite agun from
cardiovascular disese 1f you Iike to look 1t 1t that way

We cannot give you much mformation about bload cholesterol
only charactenzed the children n Ceylon from the

ar we hve
Sof f cholestero] content i thewr blood Ouvr 1verage

pomnt of view o
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between
140 me percent total cholesterel with a range

?g;rinﬁ 203 T’};\atp s for several hundred children aged between
4 years and 7 vears Ther blood hpds averaged 158 nd anged
botween 128 to 193 1 dont know how they compre

Dock For the age group 1 thimk they are quite comparable
Rellner 1 thirk too thev are guste comparable

Cullumbine  For prothrombm time my method s been the
Quick one stage method which shounld gnve us @ reading same
where around 1112 seconds We have never vet gotten such o
\alue 15 Ceylon when fathfully ymiating this method but we
wvamably get a prothrombin tune of 18 or 19 seconds unless the
patent has some disease condhtion wiuch wall alter st

The total caloric consumption of course n Ceylon is ow Ve
Ive yery fow basal metabolic Tites which are not due T think
to persistent undernounshiment because 1f you ke well nounshed

peaple fram tugh economie gronps they stdl have extremely lon
metabolie rates

Shorr How much fower wre the metabolic rates tha m ths
pact af the wostd?

Cullumbine A man weighmg about 70 los m the West yon
would say would need about 70 ealories per hour Our men would
need somewhere around 48 calones per hour

Shorr As you may hnow revaluation of the Aub Dubois stand
ards derncd from a large sentes of cases suggests Bt they should
be costected by about 8 percent 16 they are § percent too Tngh

Codtumbtne This 15 more than the 8 percent correction

Wakerhn May 1 ask what are the prinet
pal causes of Jdeath
those who che between the 1ges of 53 and 65 or 70 e

Cullumbine A few people die from cardsovascular disease 2

few peaple dse from eancer a few people die from results of peptic

ulceration there are a few prople who die from p;emtounmt{( X:Ias

eases There 13 no major pathology distngushable as far as w

can see w the older age group 1t the present moment ¢
Goldblat

. cxml:‘ (,f Oﬁccn(;;]mg 1o your statistics you would have to call

Cullumbine Yes that 15 true
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A3
Dock Is cirrhosis of the hver common there?

Cullumbine It1s relatively common We do have also i chuldren
malnourtshment with a fatty liver, which 15 called kwashtorkor m
Afniea and which seems to exist throughout the tropieal belt

Kellner How common 1s diabetes i Ceylon?

Cullumbine It 1s an extremely rare condition It occurs prac
tically without exception 1n the Dutch burghers The next problem
to tackle m Ceylon, now that we have gotten nd of malam 1s
that of gastromtestinal infections and infestations, which 1s 1 far
more costly busmess than just spriying with DDT

Wilens Is the medence of tuberculosis very Ingh i Ceylon?

Cullumbine The madence ofianlly 15 only about 2 tenth of
that in the West On the other hand 1 survey was done mn 1
suburban area of Colombo which showed the meidence was prob
ably just 2s high m Ceyvlon 1if not lugher than m the West

Goldblatt Ts there a low protein mntake?

Cullumbine Yes we have 2 low ammnl protem mtake The vege
table protemn mtake 1s furh Ingh

Perera What about rheumntic heart disease?

Cullumbine Someone said that never occurred m the tropics
but 1t certainly occurs 1n Ceylon

Goldblatt Thank you Dr Cullumbine We are certunly griteful
to you and to Dr Dedichen for participating mn the progrim



BLOOD FLOW, BLOOD PRESSURE AND
INTIMAL THICKNESS AS FACTORS IN
LOCALIZING ATHEROMA FORMATION

WILLIAM DOCh
Department of Medrne College of Medume
State Unuserssty of Neu York Medical Center at Neu York Ciy

Tie crassicar, German pathology textbooks on atheroscleross be
fore 1930 do not mention cholesterol metrbolism of fat The dus
ease was beheved 10 ot the whole wall of the blood vessel
which undersent changes of o degeneratve sort and sceandarily

25 m many other degeneratue diseases Lipid became deposited
m ths altered hissue

There are at present vanous theones Dr Rmeharts group(1)
at the Unwersity of Colforma believes that artenosclesoss s
secondary to water soluble witamin deficienctes wjunng the wall
of the, artery and leadig to degeneratne changes Dr Lansing wall
discuss the effect of medil changes on atherosclerosis Another
poimt of view was that suggested by Dr Summs yesterday Normal
fhroblasts m the mtima of arteries mav take up Uprd from altered
plasma and fhis bptd may be secondanly released by the eells wnd
get wto the mterstitial bssue Finally there 1z what 1 regard as
he delta theary of atheroscl which the deposiion
of kpid in the walls of vessels as somethmg hke the deposition
of sediment at 2 place where a stream comes out mto a shallow
lake or arm of the sea and 1t 15 with this vanant that 1 propose
to deal today

If for woshing purposes we turn our attention 1o tins theory the
factors that would be wmpartant are these m the fisst plee the
percolation pressure which forces plasma flteate wmta the mtima
Our data from human pathology would suggest that the threshold
level 15 about 60 mm Hg Dr Wilens has suggested that an
atheroma 18 probabl dary to thrombotic imjury to the vem
Wl At aoy rate m the vems where pressute 15 much Jower than
60 mm Uy, atheroscleross 15 exther rare or unknown In the pu}
monary artery where the pressure 15 normally fower than 60 mm
Hg atherosclerosis 1s also nnknown Qn the other hand n pulmome
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hypertension pulmonary atherosclerosis occurs and may exceed the
atherosclerosis m the systemic vessels even in young people

The ratio of cholesterol to phospholipids may be an important
factor Dr Kendall has shown that the threshold for atherosclerosis
m terms of the ratio of cholesterol to phospholipids was the same
m three species, namely the rabbit the dog and man although
the blood cholesterol levels are very different m the three species
at the time when they begin to develop atherosclerosis

One other mmportant question would be the thichness of the
mtimal cushion which might be the mnate cushion of the vessel
if 1t were an anatomically normal feiture or the thickemmgs that
occur secondanly erther to medinl or adventitial thichness

The velocity of blood flow should be mcluded The more rapid
the blood flow 1s the more hikely 1t 1s for atherosclerosis to develop

The pressure factor 15 very strihing in atherosclerosis of the
upper and lower extrermties and of the upper and lower part of
the 1ortr In part of the aorta atherosclerosis 1s uncommen m any
advanced form except m the presence of svphilitc medal otitis
On the other hand near the bifurcation of the aorta atherosclerosis
1s quite common and m older people often very far advanced with
ulceration

Hamultons curves(2) for dogs show that as the pulse wave
goes down the brachial systolic pressure and the femoral systohc
pressure get higher In man the femorl systolic pressure 15 higher
than the brachial systolic pressure when we are lymng down The
beat of the blood against the vessel wall below the diphragm 1s
greater than above 1t When we are erect there 15 additional
hydrostatic pressure so that the pressure m the lower aorta and
legs 1s usually higher than that in the brachial artertes and the
vessels 1hove the diaphragm The exact levels of these would
depend upon the structure and elastictty of the tortr There are
differences 1n this respect between dogs wnd mn

The femoral presswe m man hing down s igher than mn the
brachinl When we are standing up the pressure is much greater
That suggests that some of the matomic differences 1n the seventy
of atherosclerosis may be related to differences m pressure

Dr Wilens(3) has published  very mngentous study of cerebral
artertal hydrodynamies 1n relation to the suction of the cerebro
spnal flwd when we are sitting up and showing some correlations



Atheroma Formahon 131

between body structure and the relatne frequency of cercbral
and of coronary atherosclerosis He suggested that excessne pres
sure m the cerebral agtenses w relation to the pressure exishing M
the cerebrospmal flud 1s A factor predisposing to Atherosclerosis
there The level of prossure 1 the artenes perhaps contnbutes to
the rate at whch atheroscleross will dey elop when the blood plasma
fas a cholesterol/phospholipid Ttio which 15 above the threshold
that we have alseady mentioned The factor of pressure hewever
cannot explam 1 of the locahizations that we see sn atherosclerosis
and puticalarly it want explam wiy atherosclerosis 1s s0 common

1n the coronary artenes certamly there 15 no hydrostahe factor
there

An mmportant consideration 1 bypertensne men who develop
atherosclerosts 1 that the disease occurs out n the artenioles and
1n the small artenies where we practically nevey sce 1t n normo
tenswe people deseloping athernsclerasis Tevels above the theesh
old of about 60 mm Hg contmue much futher out mto the

vascular bed 1n a hypertensne person than they will m 4 normo
tensive person

In addinon the pressure probably goes much farther out mto
the vascular bed 1 those regons where the basal rates of flow are
normathy qute agh This mohes the bram the retna  nd the
siscera where the varations m blood flow are much less than they
are n the skin m the heart musele or 1 the voluntary muscles
The shin the heart muscle and the voluntary muscles usnally hwe
considerable v 1s0constnction to protect them n contrast to the
vsters where s 15 obsent Ths Ty account Yor the evtension
of atheroselerass so far out mto the smll vessels of the retina
the kidnev the adrenal the pancreas and tts Almast complete

hsence 1 the small artenes and artertoles of the heart muscle or
the voluntary muscles or the stan

Tthink we can account then for the nvolvement of small yvessels
on 2 pressure bast and I want to emphasize agam that the changes

seen 1 these small vessels are atherosclerot
1c changes We h
hodachromes of kidnevs stamed for fat sh b the

owing atheroma 1n the

arterioles nght up to the glomerulus m an ordinary case of hyper

t\;ns\\‘v:\ car:lmvamu\ar disese with retinal and visceral lesions of
e charactenstic sort These

the char re atheromn and they have Tipid
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The pressure Iy pothesis cannot explun erther the spotty distrabu
tion of atherom1 m - segment of a vessel or the high meidence of
atherosclerosis in the coronary irtery These can be largely ev
plained on the basis of intimal thickening Apparently the depost
tion of cholesterol and neutral fat occurs along vers fine fibers
which are present in the mtim, even where this lnyer 1s very thin
The tlucker the mntima and the more fibers there are the greater
chance there 1s for this type of deposition to occur

The mtimn of the coronary arteries 1s different from that of any
of the mesenteric vessels the radials or the tibral arteries Rela
tiely few artenies show wtimal thickening normally from buth
to ndvanced old age comparable to that seen 1n the epicardinl parts
of the coronary system Spalteholtzs paper(4) which was pub
Iished some 19 yeurs ago shows the intima and the adventitin of
a 6 year old boy Elastic tissue stains show the dark fibers and
thickening of the mtima the medin having 4 pale stun In plces
the ntima s thicker than the medin Simlfar slfustrations had been
published m the von Moellendorf(5) encyclopedin of histology

Spalteholtz has shown m tlus study that there are longitudinal
muscle fibers as well as elastic fibers 1n the coronary ntima of
human bemgs There are few capillaries if any n the mtima It
seems to get most of 1ts nutrition from the lumen of the vessel
rather than from mtimal vasculinizaton There are however
species that have much thicker intimas than this in the aorta and
1 the coronary arteries Herbiyorous mammals have thick itimas
which have quite a heavy vasculature These animals never show
atheroma

1 once sent Dr Wintermtz the aortr and the pulmonary and
mam coronary arterics of an ancient bull elephant which had been
autopsted by Dr K F Meyer n San Frinasco Neither athero
sclerosis nor traces of old mtimal hemorthages were evident m
the norta 1n spite of 1 tremendously thickened mtima Thus thicken
g of the mtimt with 2 tremendous Inyer of fibrous and chstic
tissue does not necessanly produce atherosclerosis even m old age

We made sectsons from the epicardial branches of 1 20 vear
old man who commutted smeide and found mtimal cushions which
were 1s thick as the medin Dr Lansing tells me there 1s no sex
difference 1n the mtimal thickening of the coronary 1n men and
women and/or nfnts although we hid some statistics showing
that there was Dr Holman of the Unnersity of Southern fC:nlx
forma, was not able to confirm sev diffcrence mn newborn anfants
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1w could see was

er w one newborn female wnfant &

u\?\)x:n?r elastic mermbrane hned wath memd\c!ila! cells There ;» ;;

that \ « use that term no ph

no wtmal cushion n the seuse )

On the other hand we hne
of elashe or argentophit fibers

:gommmphs of the Teft coronary srtery from 2 male mfant show m?

that the muma at bith was fucker thn the medin m servera

places n the artery

1 am comanced that G predoposition of the cosonary artenes
to athero dleroms 15 relaved to the thick wtm which 15 present
Hom birth on mn ths anstomcal situahon There may not be any
anatomical sex duff The sex diff w atheroscleross
st then be attnbuted to factors such as thase suggested by Dr
Gofman [ maght say that our views on the sex difference were
confemed by Dr Hellwig(6) a patholomst 1 hansas and by
Anhowshit7) m New Yok

Walens T have measured the thickness of the mbima s a Tage
senes of aortas and can confirm Dr Dock s findings m the coronary

artery Even n childhood the male aortic sotima s thicker than
that of the female

Dock A typreal section from a coronary artery of a soldier wha
ded of general coronary atherosclerass shows 3 luge <anthoma
m the sntina althench the media under that mbima 15 sl quite
good m places In other parts the media has undergone the atsophy
that regularly ocenrs with atheroma of the coronary artenes Ap
parently the disea ¢ m these young men had progressed so ramaly
35 10 canse death without changes m the elastic membrane under
the thch coronasy intimal masses of cholesteral and fat wnd newly
formed granulaon bssue Howe e 38 the Aswy Inshtwte of
Pathalogy there are Specimens of coronary artemes where fhe
mtima 15 twice as thich as the media with no atherosclirosts We
could find no foamn cells and no accurmulation of hpd m thes
thickened 1mtiuna The thickening of the coranary artery anhima gs
confind to the branches that hie m the emthehial fat and does not
msoive the branches that penetrate mto the muscle Atheroscleros:s
occues eth and severely 1 the epieardial branches and peenrs
rarely mnd late m the branches that pevetrate, nto the muscle
“The correlation berw een the mtimat thackening and a predssposrian
tu atherosclerasts 15 especially stshang 1n the ToTonary artehes
Elsewhere 1 the vasenlar
normally In the places \\herle]egm’e};:;é:n;"g of the mtma. oocurs

ceurs around the tnter
P
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costal branches, normally there 1s thickening of the mhma Such
anatormenl varations 1n the thickness of the mtima may be m
portant m expluning the spotty distribution of atheroma n the
blood vessels

In the artenes around the basc of the brun I thmk there 1s
another factor of some mportance, which brings us not to mnate
mtim} thichemng but to sccondary mtimal thichenng Wheneser
the medin 15 diseased, s m syphilitic mestortibs, the mtma
thnckens In the cerchril arteries, adventitinl we thness 1s n mnate
disorder which 1n advanced stages 1s seen m aneurysms of the
crcle of Willis In mny plices these wteries have 1 thin adven
titin When one myjcets solidified leid carbonate jelly 1t 100 mm
Hg pressute m the coronary arteries bulges do not appear at the
pomnt where there 15 atheroma while m the corcbral arculation
they do appen The atheromn occurs at pliccs where the adsentitin
15 weah and where there has been 1 bulmng out of the wall of the
vessel Intima} thickening cn occur without atheroma or there
may be atheroma where the mbtima mav appear to be weah

Guiman Is there wmy sex difference m the cerebral artery
adventitin?

Dock 1 have never done such studies but they should be done
by mnjection under artenal pressure fisng the wall at 2 pressure
of about 100 mm Hg Secondary mtimal thichening due to syphihhic
aorhittis to artenitis to degenerative changes in the media or to
mhented weakness of the adyventitta scems to us then to be very
mportint

In 2ddition to these changes mn the ntima mnate or secondry

1 want to emphasize agun velocity of flow One of the most striking
pathological observations 1s seen m a patient who has had long
standing auteriovenous fistult m the leg The atherosclerosis m the
iliac artery going to the fistula 1s far more severe than m the 1hac
artery gomng to the good feg The preswure must he lower m that
artery because the blood 1s leahing out of that side so 1t 15 not due
to increased pressure It cin only be related to i mcreased veloaty
of flow Increxsed velocity of flow should ciuse an increased vibra

tion 1n the wall of ny vessel

There 1s one other plice where an atheromn forms wlich seems
to me to be a site of mtense vibiation In many of the young
soldiers who die with coronary disease the only other atheroma
we see 15 mn the anterior mitral leaflet The posterior leaflet shows
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The
but 0 the antesior leaflet atheroma 1s quite common
22:?:%: Jeaflet 15 not damped the way the posleno:his, :emg“u};
agamst wustle 3t hangs free 1 the center of the cham Pr‘ '
snserted at 1ts base mto the root of the aorta, and 1t shakes violently
We thamh, that vibration 1 vessel walls with veloity of flow las a
canse of that 1 related ta the speed with w tuch atheroma develops
that the thuckness of ntuna and the level of pressure in the '\rtene;
are also wmporttant Accordingly atherosclerosts would be regarde
as 2 result of many factors some nhented and some acquired

katz Would you accept the sltematne that seloaty of flow
maght act as a fnchonal ymtant cansng focal thackening?

Dock That 15 quite possible

Goldblatt In alt those cases m which you demonstrated con
sderable thickness of the mtima of the coronry or ather vessel
had you ebmnated thewmatic heart disease?

Dock We thought we had very thoroughly

Magor French Colonel Lucke and I considered that powt care
fatly at the tume Other pathologusts have reemmed these cases
and believe that all these soldiers had artersis Similar lestons were

rare m Bntish soldier who had rheumatic disease but were on
a different duet

1 think 1t 15 unbikely that Dr von Moellendorf 1n Switzerland
and Dy Spalteholtz im Germany could not tell whether an artenal
wall had been mflamed It was pomted aut by von Moeltendorf
that this 18 not peculiar to the coromary artemes sinte 1t also
oceurs 1 other arteries that have a change 1n thew length One
germane lustration 15 the ocoipital artery which stretches and
shortens as you turn sour head from sde to nide These vessels
have mtimal cushions just the way the coronary does The arteries

m the corpus cavernpsum shaw this even more strkingly  This
anat 1 feature. ly s

T y to artenes that ch

thew length greatly 1 the course of their phy sialagical \‘ana::)‘fse
Of course the epicardnl branch of the coronary changes length
with each heart beat This 1s 2 pormal mmte anatomical feature
of certasn artenes Atheroma can be seen 1n small artenes of the
Aidney when the vessels have been wiected with lead carbonate
before ficstion Without such preparation none of these vessel
show any fumen After wyection atheroma are visible 1n the small .
artenes with extremely thin walls The wal may be a few mmf:\
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thick where 1t 15 not diseased, but about 30 micra thick where
the atheroma has formed

Barr How big are the vessels?
Doch The arterioles are about 40 rmcrons 1n diameter

Wilens Do you think that the lipid 1s entirely 1 the mtima of
the arterioles?

Doch Yes, 1t s all in the mtima which appears to have thickened
and become full of hyiline material When you stun the sections
with H & L, the presence of eosinophilic matenial 1s indicated The
thickening there consists of protem which stans m an eosinophilic
manner with H & E, and 1 1 Sudan stun it looks as though 1t
were all fat Probably 1t 1s 2 fine emulsion of Iipid 1n protemn or
1 hpoprotem complex

Kellner Did you study the arteroles m the spleen that undergo
hyaline change with age and did they contamn hpd?

Dock In this type of patient they do In 1 patient with mimmal
atherosclerosis and who 1s not hypertensie there 1s very httle
hiprd 1n the splenic vessels

Barr Did you study 1ny voung dibetic with that techme?

Wilens 1 have done fat stams on hidneys of dinbetics at varous
ages and have found Iipid in the arterioles of 67 5 percent of those
with assocrated hypertension md n 412 percent of those without
associated hypertension(8)

Doch Did you inject the hidneys?

Wilens No I did not I hwe no doubt however that T was
qble to demonstrate the same Iestons that you have just shown
There are several features about this lesion that are different from
artenal athcrosclerosis The lipnd 1s not amsotropic and 15 never
found witlun foam phagocvtes Morcover the ipid seems to be dif
fused throughout the entire wall of the artenole and not just
lumited to the mtima as i artenal atherosclerosis Furthermore
there 15 no real proof that the arteriolar Iipid contuns cholesterol
Recently however Baher and Kent(9) concluded from differen
tial staming techmques that the arteriolr hipid deposits did contun
cholesterol

Dock 1 beheve it mnv be cholesterol i a4 ven fine form
Cholesterol 1s not anisotropic until 1t occurs as large granules
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di
Barr 1 wonder whether Dr Wilens noticed amy partieutor dis
inbubion of lesions m voung diabeties

They con

The diabeties that I studied were not young

sxx‘t‘;:ilet;? a gr‘:up of 20 diabetics \\mni)ut Ty qp(;!r:en;x(;m\ :::15 9;(: \;lg\}:
tepsion A few of these wese from 20 to

\11:;1\31 \?:5 found n the afferent arterioles and even 1 the iwntra

glomerular capillary Joops(8)

Barr Was the Jesion that you found i proumal artenoles or

arteries sumilar to that wiuch vou found m the wtrglomerulac
{oops?

the group
Wilens It was essentially the same except that
with both diabetes and hypertension the hpid w15 often 1n sphencal

masses smilar m shape and position to the Tty a‘}mc musses that
ste dered to be char e of

pllary  glomerulo
sclerosis

Goldblatt In those cases Dr Wilens did the preture with the
ordmary stun look hie thi so called ntercapliny glomerulo

sclerass that frequently occurs 1 diabetes or did you think 3t was
different?

Wilens Totially we had noted 1 several eses of wtcrcapilin
glomerulosclerons that the glameruli contamed excessive amounts
of hpd often in the form of spheres From our further studies we
concloded that the Wyaline spheres may ougmate as spherical
glohules of lipd that are later converted \nto hyabine matenal{ 10}

Coldblatt You believe then that the process in the glomerulus
s Yike that i the artenes a manifestation of the same process®
Vilens Yes 1do

Lonsing When questioned earbier regarding the sex difference
m the human cotanary artery ¥ was referning only to newbom
and stillhorn cases T agree with you Dr Dock as regards the sex
difference m six  seven and eight year old ¢hildren and 5o as
tegards the capauty of the coronary to become hvperplastic at
such an early

age The coronary differs From other vessels wn that
the changes 1n the mtim at least as regard:

s hyperphisia or fibrosis
gccur ot least 2 decade and probably two decades eand e thm n
artenes such as the renal hepatic fize and the qorta | wonder
whether you agree with me then that th

ere must be a thickened
Inms n ordes to et cholesterol accumulation?
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Dock 1 think the rate of cholesterol nccumulation atheroma
formation will be most rpid where the mtima 15 thickest How
ever the vessels m the hidneys have practically no mtima, yet they
become therosclerotic i certun diseased states With silver stams
one can demonstrate a few mtimal fibrillae for there are argentophil
fibers between the mesothelial cells and the muscle cells Thus
there 15 1 structural frameworh on which cholesterol could be
deposited In the coronary this framework 1s abundant I regard
the mtimal thickenmg m the coronary as normal and not hyper
plistic

Lansing 1 have never seen 1n several hundred cases that we have
examined at any age, a thickened intima without underlying mediil
tissue changes mvolving fraying of the clistic tissue

Dock This will 1l depend on 1 matter of defimtion with 1espect
to what vou regard as fraving of the elastic tissue

Goldblatt Dr Lansing do you assert that thickening of the
imtimA 15 a necessary condition for the deposttion of lipid matersal
n the mntima?

Lansing 1 think T have to answer yes All myv statements e
based on observations in the human rterial system

Goldblatt There 15 another way of nterpreting that that the
thickening 15 merely a reaction to the presence of hpid deposits

Lansing  Possibly
Simms Dr Lansing hmve you gone down to the tiny begmmng

nodules where there 15 just 1 beginming deposition of fat and
made observations s to the thickening there?

Lansing Not analvtically no

Stamler Dr Leary s shdes of human bemngs with intimal foam
cell cushions show no evidence of prelimmary thichenmg that I
can see

1 want to offer one other comment We h1ve a number of shdes
simalar to those which Dr Dock showed of renal artenoles from
chicks on high cholesterol diets Moreover the small coronary
artertes and mtramyocardinl artenoles show a very sumilwr pattern
in such chicks

Wilens Artenolar Iipid deposits in rabbits fed cholesterol were
first noted many years 1go Anttschhow desenbed them an the
follicular arterioles of the spleen n 1914(11)
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CHANGES IN THE MEDIA IN HUMAN
ARTERIOSCLEROSIS AND HYPERTENSION®

ALBERT I LANSING
Department of Ar stomy
W ashington Unuersity School of Medime

THE REManrks I want to make are entircly those of a chemical
morphalogist who actually 15 offerng httle that 1s new to the
htertture We have used several new techmques 1 desenbing
the events of arteriosclerosis but on the whole comparable observa
tions are nlready mn the literature They are brought together quite
effectively m Cowdrys Arterosclerosis (1) wlich was pubhshed
by the Macy Foundation m 1933 The consensus at that time when
cholesterol experiments were very new was that changes were
occurring mn the media of the artery which could be correlted
with the changes in the intim:

I do not mtend to mimmize the role of cholesterol metibolism
i arteriosclerosts One has only to examine 1 plaque contatning
large aggregates of cholesterol to visualize the importance of this
matertal On the other hand if one attributes the genesis of artenio
sclerotic lesions entirely to faulty cholesterol metabolism 1 number
of paradoxical situations immediately arise The cholesterol concept
does not explain the fact that some pliques are entirely fibrous
and do not contamn cholesterol 1t does not explun the focal nature
of arteriosclerotic lesions the greater scventy of lesions m the
abdominal than n the thoracic norta and the relatne resistance
of some arteries such as the pulmonary to plaque formation Nor
does 1t explam the relation between cholesterol metabolism and
luetic aortitis or mutral stenosts both of which charactenstically
are associated with severe artenosclerosis

If however one tihes mto account sigmficant age changes mn
the architecture of the arteral wall it becomes possible to rationalize
these foregoing anomalies Our obseryations on artenosclerosis nd1
cate two things first that there are changes mn the media which

* These studies have been supported by grants from the Amencin IHeurt Assocntion

he U S Public Health Service 4
;?gst( cef the onginal work reported herein has been previously published jomtly
with T B Rosenthal Research Associate in Anatomy and M Alex Research
Assistant in Angtomy Vashmgton University School of Medieme
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can be cosselated with changes 10 the sotima wnd secondly  that
1t seems most Ihely that these media} changes precede wntimal
plague formation Peshaps 1t wonld be more cewrate ta s that
the bl tuckerung forms ot easts as an exeelient mdus for
ol 3 hton Thiss e welatian bt there mav
he m whach chalestern) hates directh m the nop
tinekened wnbina

To further retrace our steps scveral charactcnstie Yesions are
generally associated with artenosclerasis but not too well related
to the discase Rarsner takes one pomt of view Moore 15 canhions
and does not attempt to Telate mumal Bhrosis to thy ftyy mtmal
phique the uleerating nectotie fatty Flique to the calefied plaque
or Marnchebergs sclerosts of the musculas asters to the clubic
tissue changes of the elastic artenes There 15 st} ancther wbim
lesion the ealewreous or pssified plate the one frequently seen
older aortas 1 wh no apparent cholestesal accumilation

Firvwe

MW W,
*%borm sfamt aoma VethouS elustie puysge st x 50
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d prepwation of new

Ficune 28b  Darkfield pl
born mfnt aorta x 90

We have then essentially six atherosclerotic lesions four of them
being intimal the fibrosis the fatty plaque the necrotic and calct
fied plaque the calcareous plate or ossified plate two are medial
lestons the vague pattern of elastic tissue changes in ehstic artenes
and the Moenchebergs sclerosis the calcareous mass in muscular
artertes I think these are all part of a closely related sertes of age
conditioned changes I doubt that Moenchebergs sclerosis ts an
wsolited event 1t i1s directly connected with the elastic tissue
changes 1 the medn of the muscular artery and 1s malogous to

the changes m elistic artertes

With that preamble I should like to describe some of the age
changes that we have found in the medit of elastic artenes

Figure 281 compares human aortn staned with Verhoeff
elastic tssue stam with an adjrcent section prepared by micro

incineration Micromcineration deposits the minerals that are pres
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Fiomer 28 Aotta of Ba-year old whae male Verho ff dJastie tissve stan \ote
thickened whima snd fraved, elashie tissue x 50

ent n the cells and tissues 1n essentually the posttion they normally
ocoupy One gets surpusgly good replicas of the cellular and tissue
organization of the seeton This specsmen s fsom 2 new born
mfant showing some shght measure of mbual thichenng The
elastic tissue Tuns as ntact plates throughout the aorta Most of
the adventihia has been stnpped With micromeneration {Figure
28b) we find W \ \¢

y no of ertber the

or the elastic fibers that make up that young vessel A dark Held
prepatation shows no mmerahization of elastic fibers muscle or
the wtma w the youag specimen

Figure 28c 15 a phatanucrograph of the aotta of a 67 vear old
old mndvidual w which elastic tissue has been stamned by the
Verhoeff method An sdjicent section (Fygure 28d) prepared by
the mikromncmeration techmque reveals dense deposits of calerum
ash which conform to the distnbution of the elashic fibers Ths
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Ficure 28d  Same specimen as i No 28c Darkfield prepwation of microm
cmerated section x 90

mineralization of the medit 1s different from that we see 1n Moenche
bergs sclerosts While the latter represents a bnttle concretion
the former 1s 1 soft amorphous diffuse caleification which 1s 1t
Jeast to some extent orgamcally bound It 1s revealed only by
special procedures such as micromcineration

Figures 291 and 29b show 1t 2 higher magmfication the relr
tion between the calcwm ash and the elastic fibers This 1s 1
stnpped medn with the mmtima and adventitin both removed
The section was stamed with Verhoeff elwstic tissue stun and we
see agam the plates of elstic tissue coursing throughout the medint
The micromcineration shows the direct association of the mmeral
ash with the elastic tissue This of course lends itself only to

semlqmntlt'\hon In our next experiments we turned to direct

qumtlhtmn
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Froome 290 M
T tedia of human acrta with mtuma and adventitin removed N erhoe

Ficurr ™ ,
F %9b  Same as No 29y bt incinerated x 2

80
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Ficure 30a  Aorta of 72 year old male Syphilitic aortitis H E x 100

Figure 80a 1s an aorta from an indwvidual 72 years old with
syphilitic aortitis with a loss of elastic tissue No mineral deposits
are visible (Figure 30b)

To obtamn quanhtitative data (Figure 31) on the 1ge changes m
elastic issue we used a shght modification of the Lowry procedure
for the preparation of elastm This uses 01 N sodium hydroxide
extraction of the tissue at 98 C for 45 minutes Collagen muscle
and various protemns are digested and hydrolyzed by the alkal
and one gets after 40 minutes a very stable umiform preparation
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of clistin which 15 quite constant m sts ammo 1cxd composition
The data are concerned with the aort1 from which both the mtima
and adventitin are stripped The wnahvsis 1s of the elastin content
of the medin only The content of medial elastin s 1 function of
age 1s represented 1 Figure 32 This graph 1s based on more thin
100 analyses Relatively few cases less than 20 years of age e
mcluded I am not certun that the first two mean values on the
left re stabistieally sigmficant They mny be shahth elevated
becuse of the lack of adequate statistical data There 1s after 20
vews of nge 1 surpnising constancy as a function of age m the
content of elistin 1n the human aorta There 1s no loss of elstic
tissue s such with age

Gutman Dr Lansmg how did you determme the amount of
clastin in your extract?

Lansing Direct weight nnalysis We ¢an collect enough elastin
from the norta to get an accurate dry weight which 1s referred
back to dry weight of the media There 1s no sigmficant change m
the amount of elastin m the aorta with age at least after the 1ge
of 20 If we take this same elastm which has been extracted from
the media of the aort1 and analyze 1t now for 1ts crlaum content
we find agun an exceedingly low caleim content prior to the age
of 15 (Figure 33) After the age of 20 there 1s 2 gradual upsweep
which 15 aceelernted between 80 and 40 At 50 it 1s essentially
mramal and tends to plateru at 6 percent caleum 1n elastic tissue
through later years There 1s some measure of vanation which
probably depends to a lrge extent upon the region of the 1ort
from which elstin 1s driwn

Gofman What kind of people are these?

Lansing Most of the data here are derned from atv hospital
autopsies We have at least doubled this number with coroners
cases which are smerdes automobile acaidents murders and so on

Gofman These 1re not segregated on that basis?

Lansing No There are 1 number of variibles which may account
for the low calcium values as well s the high figures n Figure 33
It might be interesting to comment on these very high values
actually some contan 1s”much as 15 percent caleim 2 f-mhstx]c
degree of caleification These are aortas from mdinviduals with

airthosis of the Tiver
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Rendall Does this represent total calcum m the arteny? Do you
get any fractionation 1 your 1solation procedure?

Lansing We can recover essentially Il of the calem since
almost 95 96 percent of the artennl calcrum 1s m the elastin

Sunms Do you know whether 1t occurs as 1 ealeium protem salt?

Lansing  Unfortunately the answer 1s not simple If we take
elastin extracted m alkah and suspend 1t m acid solution we cw
wsh out all of the cilaum In 2lkalme solution one can recombme
approumately 15 to 20 percent of that calcium, which leads me to
believe that only part of that calaum 1s organteally bound to the
clastin The balince may be m the form of something like the
wprtte erystal

Sunms What about the phosphate?

Lansing The phosphate i elistin 1s practically zero m euls hfe
wd 1t chimbs with adyancing years It approximates the ratio that
one would expect i cileum phosphite

Kellner Is this apparent mcrease of caleium with age Timted
to the aorta or does 1t occur 1n other tissues such as the skin which
has 1 good deal of elastic tissueP

Lansing We have done no quantitatine analyses n sessels other
than the aorth With micromcimeiation and elwstic tissue stuns
we find that the dermal elwstic tissue with advancing age shows
morphologie changes similar to those descibed 1n the artenes
together wath 1 profound ncrease i mmerahization This 15 not
unique As a matter of fact the clistic tissue network of the lung
was described some years 1go as undergomng fragmentation of the
type that we associite with eliem and also minerahization

Gofman About eight or nme vews ago S Hirsch did some
studies of sections of vanous vessels ncluding the torta He stated
that calctum deposited 1n association with elastin and that it was
betng mussed 1 most pathologic specimens because of the use of
Aadifying meditm

Lansing There 1s nothing novel about our own obsery itons
This 1s the first ime that 1t has been quantitated

Grollman There are data to show for example _ that a5 an amocb1
1t, too mamifests an tncrease n ats calcium content The

1der,
gets o e apparently of protoplhsm generally

same 15 {ru
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Lansing M eaclier studtes on calewm changes «sth advanaing
age 1 vamous vettebrates and 1n wvertebrates fed we to a study
of asterasclerasis 1 we plot the age madence of medical calarfica
tion we find the cune {Figore 31) nses sharply after the age of
tweaty with 2 platean ipproached at 40 to 50 In this population of
essenfially six hundeed specimens we find that the medence of
il thichening ot distngishimg, the type of thuckenmng, fol
lows an wregular upward trend comsutenth trubng behind the
madence of medial caleficanion At feast w this analviie senes
caloficaton m the media 35 progreysing 2 decade before theve 3s
secogmizable change n the whima on 4 purely morphologe biss
Also mbmal thickeming of the sorta(20 28) becomes apparent 1t
the age at which calumm levels of shightly over § percent are found
m medsal efastin This 15 the pomt that T want to wake In alf of
the work we have done on the hwman orta 1t seems that mtima)
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thickening, with ar without fat, 15 associated with a mimmal con
centration of at least 1 percent elastic tissue caletfication of the
media It represents a1 threshold level There 1s, howerer no direct
correlation between the degree of mtmal change and the degree
of medil ehstic bissue caleficaion One can obserse the same
grade of plique with 6 percent or 12 percent cileram Medial
clastic tissue clerfication oceurs with age m all mdnidunls We
have a few caleium values 1 old individuals that are low but
agun they hover wround the 1 percent level There are no nortas
that do not undergo some caleification with advancing age

Gutman D1 Lansing even if that 1s true for man, 1t would pre
sumnbly not 1pply to other species in which the intimal thickening
occurs at birth or develops Inter on

Lansing  Patterson has indicated that medial age changes are
important i chichens

Wilens What critenn do you use to determine whether or not
the mtima of the norta 1s abnormally thichened?

Lansing Any elevation of the endothehum from the ehstica
with mtervening fibroblasts connective tissue or muscle

Wilens At what age does this first occur®

Lansing It depends upon the vessel

Wilens When does 1t first occur mn the rorta?

Lansing In the norta 1t occurs I would s1y  at about 10 veus
of nge The first mdications of elevation are n the 10 to 15 veu
age group

Katz In older people you do find 1ortas that are free of plques?
What are the caleium concentrations n such specimens? Do they
have the greater percentages of caileum seen i older people? If
so—and if you are nght m relting this erlafieation to athero
genesis — how do you account for ahsence of atherosclerosis m
these nortas?

Lansing 1 thnk the next chart (Tigure 35) wall help

Medinl calarfication 1s not 2 consequence of the timal chinge

since plaque free areas show medial caleification as a progressine

function of age which may reach 2 level of 7 percent in the bsence

of gross mtimal plaques
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Ficure 8> Calowm content of medial elastin as a famchon of age Sampks were
taken from plaque free regions of the human aorta

Katz My interpretation of that would be that therefore this
medsal ealerfication has nothing to do with the mtimal lesions

Lansing The data indicates that medial elastic tissue calaifica
ton mereases with age We have found repeatedly that this under
tymg medial calmfication ot some other medial damage 1s requisite
to mtrmal change Since the medial calaification can occur without
gross plaques 1t would seem that this 15 a necessary but not suffi
clent agent m the production of the mtimal lesion

Gofman | am also mterested n the queston Dr hatz raised
Suppose that you could get 1n the age group over 50 or 60 years

a number of people whose aortas are relatnelv free of plaques
would this curve be the same or different?

Lansing The aortas heremn contained are referred to as normal
nortas They show no gross plagues but 1 have as yet to see m
essentrally 1000 aortas which I have examined one which micro
scopically does not show imtimal elevation 1 think we saw that 1n
the photomicrograph of the young aorta that 1 projected a little
while agv The mhma 15 elevated It 15 necessary to qualfy what

we refer to as normal, There may be no gross plaque but micro
scopieal exammation shows that

the muma 1s markedly elevat
when compared to the juvemle Y o
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Katz Then essentially you say that all aortas develop this increas
ing caleification with age Then why consider that as a cntenon
as a necessary feature, for atherosclerosis 1f all aortas of this age
will show 1t?

Lansing  They show 1t in varying degrees

Katz They show 1t independently of whether they have athero
sclerosis or not

Lansing You cannot have the mtimal pattern wathout at least
1 percent cnleification

Katz In the individual case?
Lansing In the indiidual case

Stamler When you speak of the mtimal pattern do vou mein
merely this pattern of thickening? Intimal fibrosis and athero
sclerosis are not the same entities

Lansing T am deliberately not describing 1t exther ns the fibrosed
or the fatty or necrotic lesion With any elevation of the mtima
there must be at least 1 percent calerfication of the underlying
elastic tissue 1n the aorta

Gutman Have you had opportumty to examme the aorta of 1
young person with let us say nephrosis who had marhed mtimal
plque formation — atherosclerosts® Is caleification of the media
found at that age?

Lansing Yes n the younger age group between 30 and 39
there 1s four to five times as much ealcium as m 4 corresponding

normal group

Barr Does that include any xanthoma?
Lansing I am sorry 1 cannot sav

1 have described the pattern of elastic tissue aging for the aorta
on both 1 quantitative and qualititive basis There 1s 1 cnitical Jevel
nt calaficition required to get the intimal cley ation Tius
1t 15 not the Moencheberg type Comparable
the musculir arteries such as the coronary

of 1 perce
15 diffuse calarfication
age changes occur 1n
hepatic and ren1l
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Fuoune 35 Rengh artery of 19-year oM male Resoreun Fuchsin stain Note beguning
penctration of elastic. clements into. media % 90 gure microincmerated
section of same specimen X

Figure 36 typifies what we have found The muscular vessels
show essentially the same general elastic tissue change s the aorta
This 15 the renal artery of a young mdnidual stuned by the
Verhoeff method The elastica 1s mtact with no extensions from
the internal elastica mto the media The endothelum rests directly
upon the elasica There are seversl bands of elastic tissue in the
external lamella winch 15 qmte charactenstic of the renal artery
Eten at this age (19 years) there e extensions of elastic tissue
from the edternal elastic plates up mto the medin This 15 the
earkest type of change In shil vounger specimens there are only
two or three elastie plates m the external lamella and there are na
such extensions mn the media T am well aware that the classteal
textbooks of Tustology do desenbe this as 4 normal situation for
the coronary artery the aberrant elastic matenal 1s shown comung
down from the other direction Each vessel has 1ts own detatled
pattern of change and the age at which these changes begin vanes
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Katz Then essentially you sty that all aortas develop this mereas
mg caleification with age Then why consider that as a entenon
as a necessary feature for atherosclerosis, if all aortas of this age
will show 1t?

Lansing They show 1t in varying degrees

Katz They show it mdependently of whether they have athero
sclerosis or not

Lansing You cannot have the intimi] pattern without -t least
1 percent calaification

Katz In the individual case?
Lansing In the mdividual case

Stamler When you speak of the mtimal pattern do vou mean
merely this pattern of thickening? Intimal fibross and athero
sclerosis are not the same entities

Lansing I am deliberately not describing 1t esther as the fibrosed
or the fatty or necrotic lesion With any elevation of the mtimt
there must be at Jeast 1 percent calaification of the underlymg
elastic tissue 1 the aortr

Gutman Have you had opportumty to examine the aorta of %
young person with let us say nephrosis who had marked mtimal
plaque formation ~ atherosclerosis? Is caleification of the medn
found at that age?

Lansing Yes 1 the younger age group between 30 nd 39
there 1s four to five times as much etleium 75 1 a corresponding
normal gtoup

Barr Does that include any xanthoma?
Lanstng 1 am sorry I cnnot sav

T have descnibed the pattern of clastic hissue aging for the 'mrt'll
on both 1 quantitatis e and quabitative basis There 15 2 cntict] Jeve
of 1 percent calaifieation required to get the intimal elevation Tll;‘xs
1s diffuse calerfication at 15 not the Moencheberg type Comparable
age changes occur in the muscular artenies such as the coronary

hepatic and renl
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Froune 37 Repal artery of 62 t&ear—cld male Above Resoremn fuchsm stain showmg
elastic fiber extensions ot media x 90 Below micrameinerated section There
pronounced calcfication of the elistic hisswe » 9

a

Barr Yiave you encountered any cases in whch there was hvper
calcemia due either to vitamin D or ta hyperparathyroidism?
Lansing Not 1 this group at all We tried parathormone witamin
D clevated cxlaum adrenalin cte m the mouse 1n an attempt to
p oduce hes. age thanges with no appirent effcot

Katz Several workers have shown 1n both man and ammsls that
excesswe ptahe of vitarmn D results 1 caloficaion and ngdity
of blaod vessels

Barr One may see i vitamm D wntovcation and n rare cases
of hyperparathyrawdism calmfication of the media of vessels which
reallv can be chisnified as Macnckebergs sclerosts
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agun with the vessel In the coronary, thickening of the mtima
occurs 1t an early age with extensions of elstic tissue reaching
down from the mternnl elasticy but practically no change m the
external The hepatic vessels develop elastic tissue fraymg from
both the external and internal clasticas farly slowly somewhere
betsveen 20 and 80 years of age The renal differs from both the
coronary and hepatic in that the fraying extends from the external
Imella only Here in Figure 36 are shown the early stages of 1qing
of the renal artery In the micromamneration the mternal clastic
lamella shows 4 shght degree of ealeification There 15 httle calenm
mn the media and only small amounts 1n the external lamelle

In the next photograph (Figure 37) we have 2 typical old renl
artery There are thin shreds of elastic tissue great mounts
throughout the media The mner elasticn 15 still intact There 15
no appreciable thickenmg of the mtima In 1 few spots we could
demonstrate some connective tissue The externtl lamellae hue
duplicated and reduplicated In the micromcinerated preparation
there 1s a dense sohd band of calemm associated wath the external
lamelln These are not elastic fibers nor solated fibnls They are
plates of elastic tissue that literally make a collar about the vessel
In youth the collar 1s very elastic but with age 1t becomes heavily
caleified This 1s n effect 1 cuff around the renal vessel — a calarfied
plate — which may bear upon some of the physiologic changes m
the renal artery

In Moenchebergs sclerosis some of the vessels studied show
the preceding but 1 more pronounced pattern eusts There are
dense nests of calcium which mvanably correspond to massive
accumulations of aberrant elastic tissue (elicn) Each specimen
with Moenckbergs sclerosis studied shows dense nests of elastic
tissue and of course the mmeral I suspect that Moencheberss
sclerosis 15 smply a version of the elstc tissue aging that occurs
1 2 coronary renal or hepatic artery It 1s agun the elastic tissue
thnt changes with age nd clefies In Moenchebergs sclerosis
the semle type of elistic tissue happens to aggregate mto 1 hard
mass while i thece other vessels it remams diffuse T see no f
ference in principle between the elistic tissue agmg of elstic or
muscular vessels mncluding Moenchebergs sclerosis

Wilens Have you ever seen Moencheberg s sclerosis of the aort1?

Lansing There e a few m the colored population that Blache
A Handler have been w orking with In our white series —w hich
;I:‘mbers close to 2 thousand now — I have seen none
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are not the same at all ages The grossly normal imtnna
rez7 i:%u::naﬂ but sigmficant mcreases n hoth colewm and choles
tero] the fatty plagues show 1o age changes but necrotic plaques
wm the older age group contam much mote calcwm than comparable
plagues of the younget group

The Bbrous phque n the age group 30 to 59 has 06 percent
calemr at 60 to 80 16 pescent The sigmficant thing here s that
the cholesterol content sn the old gronp 15 much hugher than
the young, gronp and app tes closcly the cholestero} content
of the fatty plaque 2t ewher 258 There s the passibtlity or the
smphcation that the &brous plague 15 progreseiely becoming more

Ihe the fatty plaque both m regard to its mineral content and
cholesterol content

Simms By fibrous you mean there was no stamahle f2t?

Lansmg No stawmable fat The necrotic plaque also changes with
age Its calowm doubles essentially which agun suggests that the
fat 1s becomng the necrotic type The mneral comtent goes up
markedly and because the mineral 15 gomg up the cholesterol has
to go down on 1 purely nthmetic hasis

Ratz Isnt tt posuble ~ just agamn takung the apposite pomnt of
wien — that sf atherogeneus ts an emsodic process each deposit of
(h?h-'steml leads to some caloum deposit® May not fibrosss and

be dary ph accnmng Intterly m the

uese of transformation of an atheromatous plaque mto an athero
sclerotic plague?

N Lonsing 1 find 1t difficult to reconcile your view with the data
ﬁfblf \: t;gmsslnn hmw should find o progressive inerease of the
rous plaques with age not necessanly but it
s Dagues I sanly but it would be a reason
hatz Calaum does nat disa
pprar Once 1t 1 deposited 1t
hiard to get nd of Cholesteral ean he deposited and rempyved *

Gofman Each time chole terol
1s deposited there 25 an meren
\an ﬁl’:-hﬁixr?;’x;)gzg\(ss so'that g‘:c older fibrous plague would )faii
7ol content than the earlier fiby \f
would m no way affprd & ey s and
e chitesto ord vidence th it the fibrons deposit precedes
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Dock These changes occur later or not at all m the normal
pulmonary artery

Lansing  Artenosclerotic chmges are not very promment mn the
pulmonary circulation and the data show that the ealufic changes
m the media are also retarded

We duplicated to some extent the experiments done by Wenhouse
and Hirsch(2) and several other worhers 1solting plaques
differing essentinlly i only one mportant and 1 think  cntical
step We separated the ntima from the medin and analyzed those
separately The adventitins weie always discarded m our analyses
We have now 1solated the intima from the medin and classified
the mtimas on the basis of grossly normal (no perceptible lesion)
the glstening white flat fibrous plque the gross futty plique
and finally the ulcernting and calafied plique These are arranged
to bear the impliction of seration that may or my not be justified
The data support the view that the fibrous plaque 1s the youngest
of the intimal lestons (Table \I)

TABLE \I
Percent Calcium Pereent Cholesterol

Age 30 59 Age 60 80 Age 30 59 Age 60 80
Normal 017 154 ’ 19 32
Fibrous 061 162 85 248
Fatty 662 617 299 293
Necrotic 556 1090 478 245

Analytical data for calcium and cholesterol contents of 1solated intimal plaques 1
two different age groups Grossly comparable plaques may differ markedly depending
upon age of the mdnidual

In these groups of plaques we analyzed the calem and the
cholesterol contents of the pliques One senes of plaques was
collected from individuals 30 59 years of age and the second group
from mdividuals 60 to 80 years of age The age f1ctor has not been
considered m earlier chemical analyses This 1s an mmportant point
smce 1t 1s apparent that grossly comparable plaques may vary strih
ngly m therr chemical composition
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16 to 24 years
The grade 1 the fibrous type n the nge group of

of age %\xas n madence of 68 percent 1t 25 to 29 years 60 percent
3 to 34 years 27 percent and so st gots ~40 to 49 years 07
pereent

The grade 2, the fatty type begmsin the 18 to 21 year age group
at 20 percent madence 1 low level and progresses w h wge to
18 percent It shows = transent peak at 30 to 34 nd lesels oft
at 24 percent The calarfied type the fattv necrotic type btgms at
12 percent the Towest frequency 15 i the youngest group 24 and
moves up steadily to 73 percent at 40 to 49 yeus

Wilens Calofied mtima plagues are penerally considered to be
by shimszed plagues that bave second il become ciledied As this
acewrs the number of hyahnized non calesfied pliques may hecome
reduced in number 1 believe 1t 1s possible 1 this fashion o aceount
for the dimmshing number of hyahnized phques shown m Yaters
data on types of coronary artery plaques

Lansing  Ths Yeston myvolves nests of cholestcrol crystals wath
granules of evlowmm theren He 15 desenbing, the {itty phque wath
calewm We are vot talking of the flat calcareous plate that con
tams fibrous connectne tissue and etlowm which of conrse we
hase alt seen T think that 1s a diffcrent situation cnbirely

Cofmgn Tipid miltration 15 the basis of plhque formaton If
many of the scattered statements 1nd observations sn the itera
tore such as Learys we correct that there 1s increasing difficulty
of yemoy at of hipeds with mereasing, age the whole preture would be
st as consistent on the basis of lipid snfiltrabon In a youthful
plague there 15 a greater ease of removal so you see a lngher per
centage of fibrous plaques with nereasing age there 1s 2 greater
dificalty of kimd removal and you will sec a lower and lower

proportion of hbrous plaques which would account for Yaters data
on Just the appostte hvpothesys

liammg ALam we are getting, back to whether 1t 1s cssential

10 hane the Throus precedmy the fatty pt sque T do not helive

\tmncs visxim‘m\ bu‘t probably 1s the usual sequence 10 plaque develop
Wt As Sar a3 ) am concerned th

e s manner of senation of plaques

Tt gans meat m the hght of the next ex
penment (T 9
We hwe agun ‘:sO\a\ed phques but m 1 single age yt,m’ugx‘: r?ﬁg-&)‘)
vears) rather than different 2ges We have 1solated plagues by
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Lansing Then you should find an increase in fibrous plaques
with age That in the human 1s entirely unwarranted on the basis
of direct obserytion

Stamler Dr Lwnsmg that would not be so if fibrous plagues
are focal sites of prediliction for secondary re deposition of hpid
with superimposition of fresh atheromas on old fibrous plaques

Lansing 1 think we can argue away from the descriptive evi
dence I am sure there 1s lways an alternative possibility, but at
least this 1s a reasonable mterpretation of the data

Our mterpretation appears to be 4 reasonable one partreularly
when we take Yaters(8) figures (Figure 38) into consideration
In the coronary —I have been talking about the nortr—m the
corontry he uses 1 grading of pliques that 1s very comparable
to ours
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resen
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Arterosclerosis and Hypertenston 163

Ratz Your assumption 15 that the medial calcification precedes
ntymal plaque formation

Lansing 1f this senation 15 nght

Rat. Assummg this seriation 15 nght 1sntat possible that intimal
flague formation may be the cause of calewrn deposition 1 under
ying medial elastin so that calem n medual elastin may be a
secondary result of an intimal leston Tather than the reverse?

Lansing Except that we have already seen that the medial
elastic hssue change cn oeewr wthout wtimal change

Retz That does not rule out this other possibility 1 agree to
the fact that it has occurred but st 1s not an mswer to my question
The question 15 may not the Teverse sequence oceur?

Lansing 1f we did not have these anabvses T would say yes, 1t
can be reversed 1 beheve that metdial elastic matenal calmbication
either m muscufar artenies or the aorta 1s requisite to intimal change
but not a sufficiency Other factors operate with the alteration of
the artenal walf to produce plagues What these facters are T am

not prepared to say Diffusion mechamsms vasa vasorum or com
punsatory reactions may be mvolhed

Stamler May I ask why you chose to arrange the sequence 1n
an ding order of chol )

aton sather than an
ascending order of ecalarfication? If you arringe 3t 1n an ascending

order of calafication you could just as redily mfer the other
sequence  that the cholesterol 13 1mually lugher 1t 15 removed n
the chrome process 1n the chronic process fibrosts proceeds pro
@essnely and then ealarfication proceeds progressnely I do not
want to deny that both e possible I want to make the pomnt that

this 15 not o controlled expenment These are observations on
pathologien) matenal

Lansing These are descrptive datn only 1 started out by sy
g, the whole evpeniment depends upon the sldity of the senation
The arrangement here 1s a funchon of this seration and not o

function of the ¢dewm Yeve or the cholesterol I do not beliese it
would be proper to ad

st the rationale of thus ¢
0 b praper i wperiment After the

We will go now to the
pulmonary artery which I think 1s
portant w these disowssions Lake the aorta it has 1ts ongm nllty)'s]e
to the hewt and 15 also an elastic artery I the calefication of
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Fieure 89  Histogram of caloum and cholesterol analyses 1 2 senes of plaques
graded by severity Calaum 1s expressed as percentage i dry fat frec medial elastin
cholesterol 1s percentage n dry mtima

punching separated intima from medin discarded the adventitia,
and analyzed the calcium content of the medin and the cholesterol
content of the overlying mtima

In this restricted age group we collected normal intimas fibrous
fatty nd necrotic pliques The caleum content of medial elastic
tissue 15 maximal m the transition from noimal to fibrous and of
anythung drops off thereafter The cliolesterol content of the plaques
1s low 1 the normal intima and fibrous pliques wlhich of course
we would expect from general observations It ncreases n the
transttion from fibrous to fatty to necrotic

Rafz Mny I get some interpretations? The cholesterol 1s 1n the
plaque mtim1 o erlying the elastic media that you are analyzing?

Lansing Yes
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Figure 42 gnes quantitative data to go along wath the histo
chemical and histologic data on a semes of pulmonary artenes
compred with the sorta The elastin content does not change with

{
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medial elstic tissue s demonstrited m the norta 15 requisite to
mtimal plque formation then the semle pulmonary artery should
be rclatively fiee of this elastie tissue age chnge

Figme 40 illustrates several pulmonary artenes 1t various ages
staned for clstie tissue and also micromeinerated The mfantile
pattemn ts shown m 2 & b with the elistic tissue immediately under
the endothelum There 1s actually no muneral m the chstic ele
ments Next (¢ & d) 15 2 semile pulmonary artery with httle or
no change m the ehstic lnmellie no hyperplasia or thichenng of
the mbima nd no caleification of the elastic elements of the media
This obtuns m 99 out of 100 older pulmonary artenies

In cases of mereased arterinl pressure, such as m mitral stenosis
atheromn do occur and 1n such cases as shown n e & f, there 15
significant bieakdown and ealerfication of the medil elastic tissue
Here the phque has some fine threads of elastic tissue runming
throngh 1t The elwstic hssue 15 brohen up The clashic Jimellae
that mike up the wall of the vessel are ngun fractured ind aggre
gited and this vessel now resembles the aorta Upon analysts 1t
shows more than 1 peicent calaificition

Tigarc $11 15 representative of the 12 to 15 mutral stenoses we
have studied Plaques are evident therc 1s utter destruction of the
ehsticn nd of the elastic plates with the presence of this peculiar
abeirnt elwstic tissue which s an ffimty for caloum It 15
granulir 1t stams deeply atas irregulye in shape Next to it (Tigure
41b) 15 the micromeineration which agun demonstrates the accumu
Iation of calcium Elastic tissue ealeification ordinantly not seen mn
the pulmonary s apparently present i mutral stenosis This cise
mmvolved 3 percent caleification

Ficurc 40 a  Pulmonary artery of 1 21 yaar old colored female Verhoeff ehistic
stun X

b Micromemerited section of specimen shown i Nigure 402 Drrkficld
x 50

Pulmonary artery of 1 67 year old wlyte famale Besoran fuchsm « 50

d  Micromemerited scction of speamen shown i Digure 40c Darkficld
x 5

Pulmonary artery of 1 69 ycar old male with mtml phgues Verhocll
elstic stamn x

¢ Micromcinerited section of specimcn shown an Figure 40c Dukfield

« 5
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Chaages with age m elastic tissue of humen pulmonary arteries com
pared with tho ¢ of the aoma

age There 1s less elastic tissue 1n the pulmonary than in the aorta
and 1t stays remarkably constant as a function of age

Ficwre 41 o Px\‘n\m mﬁ al;‘tn"z of 3 4:'1 ﬂear old white ma‘l: with hastory of e!é\ma\
enosy! 1ck 1ntymal jue 15 present elastic hissue is fi
sgmented. Verhord 1 500 T s frayed and

-

Same specumen as o
e e a5 o D:éoa ieromeinerated Note mtense caloyfica
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atters are very mnch rtarded nd when they are present there
are also atheroma present The Intter are apparently entirely @
function of the pressure wathm the pulmonary arten

Table Xi1 illusteates the factor of disease s the nadence of
elastic tissue calaification 1t 1s a summation of roughly si¢ hundred
cases graded accordimg to seventy of calaficabon age sex and
diense. The nephroscleroties and the hypertensies ate sigmficant
ooty 1 the young age groups The seventy index 1n hypertension
1598 10 the decade 30 to 39 The normals m that decade are 06
and 08 for males 1nd females respectnely Sypluhitic aorhitis shaws
o caleification of clashic tissue There 18 no clastic tissue o cssen
tally none 1 the luetic vessel However plaques are prominent

the coronary thromboses do not desiate sigmficantly from the
total averages of both sexes Data for individuals younger than 40

are facking so no conclusion ¢an be reached as to the situation
m early hfe

Stamler Would you care to comment on the supenmposition
of atherasclerotic plagues on the fibrotie Yesions of syphihie aortits
m the sbsence of ealesfication of the media®

Lonsing AW 1 cap say 18 first calafiention does not occur
secandly 1f my premuse 16 sound that medical damage 1s requisite
to plaque formation medial scanficition of luetiea aortibs would
i‘o\nsm\stc another type of medinl damage The usual medial change

" we find with the passage of hme i the human 1s the elastic
tissue change but i 15 not the only one the luetic pattern 1w
another means of disruption for the vasa vasorum But the most
common medhal damage 1s the elastic tissue change of agmg

Ratz s your argument that medial pathology 1 pnman based

on the assumption that mterference with the vasa vasorum 1s a
h hat e
rence wath th 5

Lansing No Y am offermg the « 1sa vasoram
as a posstble su;
%t;s)l:;n; nl:és(: é(ewmbef Waerner at Lowsville dcmon‘;ua&ed sor;gm
s )Thl‘ ‘[;r;;pa‘ti:;tlom of the dog norta and the vasa vasorum
PR o otum of the dog aorta 1s restricted to the
of the mediz the wmner two thirds contam none of the

ed vith some of
region in | ¢ of my shdes th
Eon s prepwations corresponded to that \\hxihmsi;fs:\“;c‘i



168

Figure 13
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Increwse of ciloium content of publmonary elwstin with age compared

with stmular analyses of rortas

Figure 43 15 1 comparison of the calcium content of the elastic

tissue of the pulmoniry wrtery wrth that of the qortr The pulmonary
1s not entirely free of the cilafic age chwnge which although
retarded m this vessel shows 4 tendency to risc with the pissage
of time All the calaum values e lower than 1 percent except
four and each of these four 1s @ imtral stenosts This value of 3
percent 1s from the same artery which was sectioned and illustrated
n Figure 411 The mednl elastie tissue changes m the pulmonan
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elastic hissue changes easly So ks possible that vasa vasorum
are concerned 1n artenoselerosis

t hologysts that athero
Gojman Ys there agl among patl ]
sc\ergsis 15 less severe 1o the young female as compared with the
young male below the age of 40°

Wilens 1t depends on whether you nwe refernng to atherosclerosis
with plaque formtion or sumple atherosts meaning by that the
formation of hpd streaks or patches m the mtima Simple Lipd
streaks such as Aschoff(4) used to sefer to as atherosis as distnct

from atherosclcrosss of older age groups are ¢qually common n
young persons of both seses

Kellner Clmcally significant atherosclerosis i terms of coronary
sclerosis 15 probably more common m the voung male than n the

young female certamly sf the female does not have dubetes ot
hypertension

Gofman  Leaving out dibetes and hypestension do you feel

that the amount of overall aortic atheramatosis 15 about the same
m the two sexes?

Wilens The simple lipid streaks or diffuse ipid depasits whuch

may or may not lead to plaque formation are found with equal
frequency m both seves 1n the mtima of the aorte.

Gofman \Vhat about plaque formation®

W zlcns_ Plague formation 15 mfrequent n both sexes before the
age of 35 bt tends to be shghtly more common n males

Kendafl 1 find that ¥ am very much confused by the method m
which vou present some of these data That 15 where you showed
the correlation between calofication of the media and degree of
percentage of cholestcrol in the overlying plagues the calmfication
wis epressed as percent that 15 calaum as percent of elstin
1o have two vanables there You are comparing 2 ratio between
%0 mdependent vanables with a direet guantity That s yon are
Y;?\r,?:\ 1{x:g 2 ratio with 2 quintity i that case What 1s the coereln
'

tween totl ealaum m the underd
cholesterol? By the chemical met] It e e e gane totl

hods that you are
my, chstn the total calenam m the -.\Ol'\ay \\ou{d i‘znegv;?ctlzgatto
Temain W your preparation whether or mot the Yota) amount 1
ssoented with the elwstin However your microincineration i s
wdicate that the elaum is assocated with the clasun o g
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Lansing And also — perhaps I did not make 1t clear before —if
we analyze ahquots of fresh medin and of elastin for total caleum
we find that 1t least 95 peicent of the calcium 1s n the ehistm
We mlvzed the elastin content of the medin underlymng the plque
and the eilerum content of that elwstin There 1s no signtficunt
change m the elstin content, with mmor variitions except m the
most severe pligues wheie we have very gross chinges There 1s
with the compression of the medin some loss of the elistic tissue
But even 1 such cases the ealelum 1s still ngh

Kendall 1 thought it w s interesting that mn vour older age groups
the fibrous plagues contuned s much cholesterol s did those that
appered to be essentially deposits of ipids Of course, Schoen
heimer reported years ago that 1ortas i which the lesion seems
to be entnely fibrotic 1 which no liptd at All can be demonstrated
by lustologic stams frequently contan much more cholesterol than
lestons which grossly appear to be essentially fatty

Lansing You can see from the datn I showed that if one does
not consider the age of the mndividual from which a plique 1s taken
one can get remarkably different values Tlus may be 2 source of
confusion 1n Wenhouses paper(2)

1 will briefly summarize Artenosclerosis appears to be a dunl
process myolung aging of the artental wall and cholesterol rccumu
Iation m the intima Caloifiction of senescent elastic tissue m the
media occurs with or without atheromatosis When the two co exist
analyses mdicate that cholesterol rccumulites in the mtimal plque
after the underlying medin has undergone elastic tissue calerfication
What factors condition the age change in chemcil composttion of
elastic tissue 1emam to be determmed Nothing m these data should
be mterpreted to mean that altered cholesterol metabolism 1s not
« factor m arteriosclerosis We wish only to stress that aging of the
artertal wAll establishes 1 substiate for penetration and accumult
tion of cholesterol It 1s possible that without such chinges m the
arterial wall cholesterol will not accumulate mn the hning of rteries

These views are based entirely upon descriptine analyses of
Jwman artenies Experiments are needed to confirm our mterprett
tion of the deseriptive evidence We are merely mmsisting and will
contmue to msist that there we changes morphologicil and cherm
cal m the media which as far 1s we are concerned must be con
sidered 1n discussion of the genesis of artenosclerosis
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STUDIES ON ELXPERIMLNTAL
ATHEROSCLEROSIS AND HYPERTENSION

LOUIS N KATZ

Cardrgrascular Department Medical Research Instinte
Michacl Reese Hosptd

HYPERTENSION WILL be 1 mmor part of this presentation I am here
as spokesman for our departments atherosclerosis research group
which over the years has mcluded the late Doctor Deborah V
Dauber, Doctors Lows Horhch Jeremiah Stamler and Simon
Rodburd plus the techmeal staff We will talk «bout atherosclerosis
and not wrtertoscletosis about the mtimal lesion which 1s mitnlly
a hpid laden foam cell cushion (so called pure atheroma) and
which m the course of its evolution undergoes sclerotic changes
We have concluded that this 1s 2 pathologic process distinct
from (although often 1ccompanying) aging that 1t 1s not mevitable
that these two ngng mevittbility dogmas (and they are dogmns
which die hard) hwve done much to prevent productine work m
the field of athcrosclerosis

We adhere to the cholesterol concept of atherogenesis 1€ that
atherosclerosis 1s 1 disease of altered hipid metabolism and that the
offending ngent 1s cholesterol whether 1t be cholesterol per se or
1ts state of plasma and tissue hipoprotein collordal aggregation and
the related alterations 1n cholesterol transport mgestion excretion
and metabolism which this state reflects This general cholesterol
concept of ntherogenesis we regard s the essentinl frame of refer
ence within which it becomes possible to carry through an mtensive
ultimately successful research assault upon the specific aspects of
the overnll problem

I began a study of coronary disetse at the Michael Reese Hos
pital about 21 yers ago After 1 decade 1t was "bundantly apprent
that the basic problem 1n coronary disease was atherosclerosis At
that time, the ammal used by most people was the rabbit Also at
that tme a considerable weight of opmion prevuled that since
cholesterol was a foreign dietary substance to the herbivorous
rabbit observations m the rabbit were not germane to mwn Dr
Deborah Dauber and I undertook to find an_experimental ammal
that would be less subject to such ertticism The work of Fox on

174
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hieds 20d some Japrnese work on chichins gue us the 1des that
we showdd study the fost The chicten 1s omtw oTous ke mw
Dr Dauber found that 1t has spontaneans ¢xass fostons of the torta
Aot wn (e fully deseloped form ave morpbotoge diy Wierosuduro-
s We were readly able to dewonsteite thit cholesteral lecding
nduced atherosclerotie Jesions s were distnet from the spornt
vioeou and that smulated even more closely the lesians of mm

Chucks prosed to be readly nhilizable for Lxtensne chrome expert
mental studies

Over the years throwgh tnal and cmor we dev (\opc:\ A well
whegrated vesearch team with conmderable “hnow how” in s
0 We wish to stress the nred for proper controt of ol studies
Control yronps of rdequate size are essential with every evpenment
Data on feed minke and Tote of v aght gun we impoatne Ade
quate methods of Mochemicdl wnd pithologie quntitation {gross
and microscopic) with adequate tosurance agawnst pusomt pre
wncened notiens ate alse essenbal Wath respect to this hatter
melfemn ve de dloped atedhme of satnfiee » herdlsy twe obsoness
grade vossels for fesions with nerthier of them dnowing amy tung
about the animal other than ats code number In ¥hs mamner

preimens from several gronps wmdienminately mxed e senally
exvinined and praded We rontnely cxarune grossly the thorame
and abdommnat ansty and the brachiocepbibic md thac vessels md
grade them from 0 to 4 on 2 purely arbrrany seale

As treany indicated our early work made 1t des fhat the clnek
was smitable tor e study of twa types of lesions the spontancous
wd the chofesterol indured The spontanenus e sions are prmanly
 the abdomnaf aorta In anmals angnally studsed obtamed from
the shwghterhouse  considerable quintitics of hpmd were present
m the fully deseloped spoytineous plaques However m lwds
teured from hatching on the carefall controlled deets of our Jabor
fors ¢ do not see a5 much lipd lustologically 13 we saw m the
ananal lu‘tds This finding hss led s to re affirm the swggestion of

tde thut the spontaneons Jesion may be milly 1 filrotie
process with hipid deposthion ocenrnng i ot ) ondy secondant
Fusther vorb on thus probless s, procceding 7
ul‘)‘;,;l\‘t)‘lm;e(;z}.f::d d]ucks the mual lesion o dehmtedy mymal
nchude bp ‘Inoelf} chages appenthy occus sccondanly fhey
dpotuny c{‘i fi;okl:tm“)gmmm fibrobl wtic wecumultion of hpd
roms compresmon f}:‘:] l;?sfﬂb formation of hpild  Abscesses

e of the wedin Olohcation cartd
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age d bone formation Thus we see the entie spectrum of chinge:
obseried m human lesions evcepting ulceration and thrombosis
Thesc cholesterol induced lesions occur first m the thoracic orta
m contradistinction to the spontaneous type With either higl
percentages or prolongation of cholesterol feeding the cntire nort:
tiee 15 mvolved nd considernble hpid deposition and atherogenes::
proceed m apparentls pre castent spontaneous fibrotic pliques o
the adommnl norta A few years ago 1 third type of evpertmenta
lesion was produced m the chich and became asulible for study
Lindsay Chuhoff et al showed that chronic admimstration of
stilbesterol results 1 prolonged hypercholestermic I perlipen
m cocherels Atherosclerosts eventunlly supervenes particularly
the thorncic 1orta The lesions are atheromatetic and theroscleroti
m type The possibility of studying 3 different types of lesions i
chicks spontineous cholesterol induced and stilbesterol induced
makes this ammal particularly useful for research in thus field We
have curied out considerible work on all 8 lesions

Following our prelimiary studies one of the first things under
taken was the quantitation of the mterrclibonship 1mong per
centage of dietary cholesterol duration of cholesterol feeding
degree of hypercholestererit and mtensity of atherogenesis In
the ouginal study of this type by Horlich and myself nd m suc
ceeding experiments quantitative nterreltions were demonstrable
as llustrated 1n Tables NIII NIV and Figure 44(1) Withm humts
both degree of hypercholestererma and severity of atherosclerosis
mcrense as the percent of cholesterol in the diet 15 rused and/or
the duration of cholestero! feeding 1s mmcreased The himits are
with diets contaiming greater than 2 percent cholesteiol no further
mcrements 1n hypercholesteremit and atherosclerosis occur s
larly 1if cholesterol feeding be prolonged maximal seventy of gross
atherosclerosts {grade 4) eventually supervenes wath the lugher
percentiges of dietary cholesterol I'tmc does not permit 1 detuled
exposiion of the awahary problem of the mfluence of dietan
neutral fat on cholesterol mduced hypercholesteremiy ind athero
genesrs Suffice 1t to state that when cholesteral 1s added to com
mercil chick starter mash (normal fat content 8 5 pereent) hyper
cholesteremia nnd atherosclerosis develop without the wddition of
ny cottonseed ol to the mash

1n a1l buds recen ing the lugher pereentiges of dietary cholesterol

holesteremia
lasma 1S grossI\ hyperlipemte increments of ¢
ﬂle ‘f Y ald £ Table NIII) o clanfy the problem as it pertains
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Tiote 4% Lapema in chicks fed .~ cholestorol dicts with and withows 207
cottonseed i Repwsnted from hate and Stamler  Erperimeatal Atherosclerosiy
Chales C Thomas Springficld 1L n press

to man 1t appeared desirable to work with Jovels of plasma choles
texod of *he arder that oceur 1n man Stamler ind our group accord
mgly stad ed the effects of % percent cholcsterol diets since these
produce & run mal by percholesteremia and organ Cholesterosss
comparable to the degrecs of hypercholesteremia frequently seen
moman with coronary atherosclerosis Some data on plasma choles
terol fevels and atheresclerasts with thus 14 percent cholesterol diet
are presented w Table Al and Tigure 44 Two different expen
Tents of this hvpe are meluded In the first when the cholestero
St masbegim n 5 week old cockerels and contmucd for 35 wecks
the mean plasma total cholesterat level was 166 mg percent {ron

tel 99) No hyperphospholpernua pres uled thus the C/P yano*
%as elovated Tn seres @

- placed on dict on the day after hatchmg
lnﬂ cottumed for 15 wieks e tn plasma total cholesterol was 140
&a‘?ﬂccm (control 9) Ya both sexies gross atheroscleros:s of the
el E{Lm\ mduced type was fonnd m the thorace aorta (the can
N total ¢l e esterol

ohisma d}m“’“\‘g“%s ratty

~
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TABLE \II#

Lifects of Various Concentrations of Dictary Cholesterol on Choles
teremua, Using Diets Containiny, 0 to 5 percent Cottonseed Oilf

Serses 1 Series 2

Plasma Total Plasen Total

Dict Cholesterol Dict Cholesterol
mg © mg 7
Plun Mash 78 Plun Mash 92
%C O 150 %C o 109
.C O 270 »C O 242
2C 467 a2C 365
2C O 638 2C O 505

t All groups had similar rates of feed ntake and weight gan Senies 1—chcks
pliced on diet at 5 wecks of age Series 2 —at 1 day of rge Bleedings tn both
series 1t 10 weeks of age 4 C O = %% cholesterol - 5% ol added to mash
% C O = 14 chalesterol 4 59 o1l added to mash 2 C = 2¢% cholesterol added
tomish 2C 0 =2 cholesteral + 5 ¢ ol wdded to mash

TABLE \IV*

Fffects of Various Concentrations of Dietary Cholusterol on
Inadence and Severity of Lesions, Using Diets
Contarning 0 te 5 percent Cottonseed Quli

<% Birds with | Mein Grading | Mean Crading
Dt % Burds with | Lesions Grade | of Birds with for il Birds
Lesions lor » Lesions m Group
i
Plun Mash 0 ) 0 o ) 0
%C O 0 | o Lo | o
i
%C O 50 50 15 | o7
2C 80 ' 8o 20 I 16
aCc O 91 o 17 | 15

20 wecks of e 15 wechs on cxpenmentil diet Tor plysan choleste rol Jusels see

H
+ Repnted from Katz and Stamler Fxpertmental \theroselerosts Charles C Tho
Spungficdd Il in press

Tl XIIT For symbals see Table \III

ms
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Qe experiments mrlysis
trol had no such lesion) In theve pashen

oiohptad data on mdwrdunl buds revenled po correfation bca\ een
degree of elevation of C/P wtios and seaenty of aorta athero

sclerosis Tn contrast degrecs of hypereholesterema and athero-
scleronis Qi comrelate

Thus tn birds wih phasma chotesterol lovels of 1773 mg y\uc;:s_\‘
or greater 100 percent hiad lesions wheress w those below 175
mg percent none of them dd From this evpeniment we came to
the conclusion that with tespect ta pattern of cholotesemia we
bave imstoted n the cichen the sitnabion frequenth occurming
nmm namely atheroge nesis procecding with hut shchit clevations
of plasma cholesterol We are 1o+ sending samples of serum from
chucks fed thus & pereent cholesterol mash to Dr Irane Pag for

witracentnfuge analysss of S¢ patierms compared with bids on
3 regalar duet

Gofman  With chalesterol Jevels of 125 to 150 mg percent w
the chrcken you alrendy, brne abnormal hpoprotem molecules?

Kellner Your figuse of s percent cholestero} 1 the et 1s dufficwlt
for me to mterpret What does 1t mean m terms of mg of choles

teral per Lg, of chuclen so that we my compare 1t with the choles
texo! tntake of a dog, or rabbst?

Stamler Q23 yxamws of cholesterol mixed with 500 grams cotton
seed ol + 9475 grams of mash The feed mtake of all Lut by
chicks 15 rou lly 200 groms o dav The mature weiht of these
cocherels 15 2000 to 2300 grwms such burds tale i thont 10D grams
of feed 2 day

Kellner  That would be 950 m1 of cholesterol per kg which s
considerably larecr fhan B dose regwred to produce athere

selesons wovabbats 1 do ot tnos bow, thit compires waith Dy
Aendalls dose 1w dogs on a wer bt hasis

Rat. Such commariony are difficalt to mahe As T rec il most
:;him cxprments mvole mrestion of 0510 gm of cholestero)
U

greater amount than « e used in this expenment Metwbohe
didfirences betwren avian wnd m g

maban species must be taken
mto rccount The elitek bas 2 much ugher hody temperature and
mutal olie rate than man or rabfut An intwhe of 100 gm of tus
diet viclds welt over 400 ¢1ones to the chick Ona per Lg
proporhiond bins mwm wauld hme to wmeest 14000 calones per
dw wd 100 gm - of haleszer? Dy Stamier has done considerable
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caleulting of this sort with respect to species compansons Ther
vahdity 15 difficult to substanttite We mahke only one assertion
that atherogenesis procceds i cholesterol fed chicks with levels
of cholesteremin similar to those usually scen mn atherosclerotic
man This 1s not n msigmficant finding since one of the old objec
tions to expenmental cholesterol atheiosclerosis was that it was
associited with 1 degree of hypercholesteremia and orgn choles
terosts such s to render it not at Il comparable to the situation
m man (excepting santhomatosis }

Kellner Tt 1s certunly possible to produce atherosclerosis
rabbats whose sera e not rulky and whose cholesterol levels are
on the order of 200 mg percent

Katz That I know — Amitschhow proved it many years ago I
would Iike to know 7bout the dog

Gofman Milkmess of serum 1s only n mndication of hight scatter
g Light scattering can be due to molecules that are down
around the size of a1 serum albumm molecule or it ean be due to
molecules that me a million or fifty million times as large The
effect depends on how many there are The S 10 to 20 group for
exammple cwn be present at apprecinble concentration but the
serum will not be milky On the other hand milkiness alone 1s not
1 criterion that atherosclerosis will appear becwwse some of Dr
Kellner s ammals recersing detergents had very mulky sera without
atherosclerosis In an alloxamzed wimal with 2060 mg percent of
cholesterel ind a milky serum no atherosclerosis develops because
the nght molecules are not present They are up in the 40 to 100 St
class instead of down m the 10 to 30 St clss

Katz T would not 1rgue about that We are not 1t all mn agree
ment with the Moreton concept of the role of macrochs lomicronenua
i atherogenesis However let me ciation that the cise for the
Se 10 30 molecules 15 still only 1 eircumstantial one

The ovulating female chick exhibuts essentnlly the same cvelie
plasma pattern of hyperliperin and hypercaleerma s the pigeon
This 1s a hyperphospholpemic hypercholesterenuic hyperhipemit
with the hyperphospholipernia predominting Hence the C/P ratio
1s depressed Zondeh Riddle Lindsty Marx wnd others showed
years 1go that estrogens are responsible for these phismn
Tus finding led Lindsty Chmhkoff ¢t al 15 well as our
Lerels estrogens chromeally  As alreads mdicated
erosclerosts result 1 these male ehicks To our

quite 1 fen
changes T
selves to give cocl
hyperlipermt and ath
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Ynowledge careful studies of atherosclerosts are not vet walable
on mature hens undergomg such perodic phy siologe vperhipeme
episodes Almost certamnly the diffuse ipid infiltration of the thoroie
a0mta 1 such hens (deseribed bn Davber) 1 seeondary to ths
hyperhpuma  since estrogen treated cocherels extubnt the same
ghenomenon Curther work on this problem 1s currently in progress
1 our laboratory under Dr Rodbards dircction

We also mestigated the question of malnounshment Qur mnterest
was of course aroused by the considerable data from mn mdicating
2 possible correlation between malnounshment and absence of
atherosclerosts nd between obesity and ncreased atherogenesis
In the early cxpenments with D1 Dawber one of the things that
wotned us was that the birds on cholesterol plus 20 percent cotton
seed ol looked sichly their feathers were o and duty  therr
growth and devclopment were retarded and their combs dragged
Since these burds were malnounshed Dr Dauber and 1 shuhed 1
set of pawr fed burds having, the same fow feed 1atihe but dovod
of cholesteral No atherosclerosis supeniened Cholesterol induced
atheroscleross conld not be attributed to undemounshment {Sub
sequently Stamler et af showed that this nutntional disturbance
was due to the touc cfects of 20 pereent cottonseed ol With
cholesterol diets contamng § percent ol birds are quite varmal
We have therefore abandoned use of 20 percent o11) More recenth
Rodbard ¢f al tn our laboratory hive quantitated the effcets of

\ ok % induced ath y Yie attached the
problem  1Is undernutation protectne agmnst athcrosclerosss be
canse of averall low calone mtake or rather because of low ntake

ofa spec:ﬁc atherogenic stmulus e g chalesterol In one study he

hol and ath ! m clucks on ad bl

g mg 60 percent as much of the stme

tets The underfed chicks consuming only 80 percent 1s much
chalesterol as the controls noneth

hal

7 Yy per
cholesteral diets vs buds et

estere eless had as marked or even more
x‘mx ed hyvp and ath 3] Thus undernutn
100 15 not protectn e aganst by percholestererma 1nd ath it

@ the presence of the specific 1th tus chol '

A second experiment on this proble
problem 15 Mustrated m Tab 4
G]ro’uptl h‘ade percent cholesteral ad {tb Group i
cholesterol ltemating every 15 days with pl.
plam mash G
t:;‘l‘ %N‘:i?e\{‘\: tchb‘\‘estefr’o\ alternating every 15 davs with ’;‘;g&:
wher 2 pescent cholesterol mash was Al
with plam mash (Group 2} the cholesteral level i the ﬁleor(rlla\t\ez\ds

2 had 2 percent
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Towever when 1t
smficantly reduced compred with Group 1

\\%? altemated with no food {Group 3) the hypcm\m‘cskrc:ﬁm
was more severe Yan in chucks tecenving cholesterol continuthy

8 n those
Cofman May I ash what the range was m group
alte:nfaked \u\hysmn abon? What was the lowest nd ughesi?

Starler The ranges were Group 1 — 164-379 mg pereent Croup
P ;69(“215 (‘}mupg':l _ 506 M48 The differences between the me ns
for Group 2 1s Groups 1 and § are statistienlly sigmficant

hellner Are these cholesterol ignres the means of the lihest

levels obtamed o the averages of Al the levels for the birds for
the duration of the expeniment?

Stamler These ase the data at 20 weeks The findings were con
sistent thronghout the experiment The chicks were bled at 1 8 5
10 15 and 20 weeks these 20 week data are m agreemant with
what was recorded throughout the expenment

hat. lothe plan mash group (Group 4) there were no thoracie
lessans In the 2 percent cholesterol group 73 percent had thoreie
lesions With cholesterol plun mash alternatmg (Group 2) —and
this 15 the sigmficant thing — 33 percent had fesions much Jess than
Group 3 {cholesterol starvation alternwtion) where 100 percent
of burds hag fesions (Table WV) In other words 1f the chicken ets
plan mash alternately the cholesterol tends to disappenr to be de
walidized from the blood vessel as wefl as from the blood and
when starvation mtervenes 1t 15 not so demobihzed ~as 4 matter
of Bact at 15 mobihized more and the lesions wre greater One mwy
suggest that excessive chol s or 1s not mobilhized 1nd disposed
of depending on diet nfuenced metabohe factors

Shorr Do you care to say anything more 15 to the mechanism

mahed® Do the burds undergo any change in over A metholism
or mobwlize thew fats 2nd so on?

katz That o stll o the speenlative stage Tt mav well be related

to the overll mettholic wd endotnme pattern 1n the staned 1s
the plun mash altemating

g chichs These chucken experimtnts would
seem ta prealld Malmeos obseration thit v Denmarh, durmg the
war when the normal diet w s restrieted but igh 1n cholestern!
there w1s 1o 1all m death rate from artcniosclerosss In contrast 1
Norww when the restncted dsct was low 1 animaf tats and choles
terol fower wtenoscleroue devths ocurred Tn starnvation and
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restricted dict, the presence or absence of speeific 1therogeme sub
stances 15 the determming factor Starvations are not all of the
svme kind There prob1bly re also different types of oveinutrition

Short 1 take 1t that Group 8 was not fed thyroid
Katz We did not feed thyroid to Group 3

Stamler These semstarved birds are obviously hypoendocrme
We recognize the possibility that the different results mn the two
alternating groups {starsation vs plun mash) my be related to
depression of thyroid function occurring with undernutnition

Shorr  Also the gonads should be looked at
Goldblatt Have you had 1 look at other o1gans?

Stamler The testes are small The comb indices are low There
15 obviously diffuse hypoendoermsm  But depression of which
endocrimsm 1s responsible for this?

Kellner Do they not eatch up on the days when they are fed?

Stamler Not usually A chick eats almost continually all d1y
long It 1s very difficult for 1t to catch up on the alternate day

Gofman Do they lose weight?
Stamler Yes they are smaller

Kellner What happens to the cholesterol level of « cluck that
1s starved on 1 plun mash diet?

Katz We have not studied that It has been suggested that 4
low fat dict my be proplhy lactically or therapeutically valmble for
human atherosclerosis Horlick and I therefore undertook to study
spontaneous 1therogenests n cocherels after 83 wechs on 1 def tted
mash diet contuning about 03 to 04 percent total fit and no
cholesterol We compired them to birds fed ordinary mish which
contans 3 5 percent total fat and about 300 mg percent cholesterol
The birds fed 1 fat frce mash for 63 wechs still had spont incous
lestons of the 1(bdominal ortn However thesc lesions were delyy ed
n onset ocenrred less fiequenth and were less scvere These dif
ferences were suggestne but not conclusiie n view of the smll
size of the experimental group Interpretation of these findings mn
relation to mn 1s difficult particularly 1 view of our Jack of clear

derst inding of the pathogenesis of the spontancous lesion which
ur:ly well be prmarly 1 filotic rather than an atheromatotic lesion
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In ehicks implanted with stilbestrol the fat free diet had hlﬂ‘c cﬁc‘u
on esther the endogenous endocrne induced chronie iy perlipemin
or on the resuftant atherosclerotic lesions in the thoracie norta

Shorr Would you refresh me a5 to whether or not the sermm
calem nses?

Stamler 1t does go up

Sherr You therefore hn e another factor to bear n mmd namely
ypercileemit T was thinking of this in connection with your state
ment that you could uet as cffectively alter the pattern resulting
from stibestrol a3 you could the pittern due to cholcsterol feeding

Rat. Our findings 1re resersihiity of cholestero induced athero
sclerosss i cock erels are summanized m Table \VI On the cessation
of cholesterol feeding after 10 weeks on 2.2 pereent cholcsterol diet
hypercholestererma disappears within 1 few dws Over the ensung
Weeks lesions regress ind may even be completcly resorbed In
contrast continurition of cholesterol feeding vesults m progressn el
mare severe lesions Hence i chucks s well as an rablnts (s
Anitschhow showed many yews 1go) and presnmibly 1n mn(2)
lesions can be reversed Some of the chickens he no lesions 14
;‘ eeks after cholesterol withdrawal In others where apparenthy the

esIons are more severe the choleste rol and hipid tend ta disappenr
TABLE \V1

Retrogression of Atherosclerotic Lesions on Cesaation of
Cholesterol Feeding in the Chick

Average Gross

Number of Grading of
Chicks
Contrals Cholesterol Fed '
or 10 wecks ! 18 23
Cantrols Cholesterol Fed ;
for 15 24 weeks 18 i 46
Expenmental Cholc stero} !
Fed for 10 wecks then
plarm mash for S 14 wecks , 11 20
Fxpenmental Cholestergy |
Fed for 10 wecks then Jo | !
fat mash for 5-14 weeks | 16 12
) 2
R printd trom batz o
Spriogfi 18 11w presy

4 Stamlpr Experimental Atf erosclerosts Charles C Thomas
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but fibrosis and calerfication proceed and one finds regression rather
than disappearance

Ogden When you state that this can be reversed sunularly n
the rabbit and presumably in man these datr would be referible
to clildren or youths rather thin to the middle aged mdnidunls
who ordmanly have the disease In other words you e usng 1
different 1ge group mn the chichen

Ratz That 1s fur They would be nbout fifty weeks old at the
most, and that 15 1bout onc twenticth of therr life expectancy

Ogden 1lave you done this sort of thing m elderly chichens?

Ratz We hwe no dath on reversibity of cholesterol mduced
lesions e elderly birds

Stamler T think we should defer to Dr Wilens on the subject
of reversibility 1 mature human beings

Wilens Our studies(2) on necropsy matenal have indicated that
if 2 person loses considerable weight during 2 period of 2 to 8
months before death the vortic plaques are hikelv to contun less
hprd than of such a period of terminal wasting had not occurred
It 15 suggested therefore that m some mstances resorption of rtenal
hpid deposits may be associnted with general wasting of tissues

Suns Dad that mclude the cholesterol crystals?

Wilens The most stuking chinge was a dimmution m the num
ber of form cells but the total amount of fit often appeared to
be reduced

Katz We have completed some expertments with the lipotropie
factors choline and mositol 1 which we found them to have no
prophylactic effect on blood cholesterol levels or on seventy of
Jessons 1n either spontincous or cholesterol induced or strlbestrol
snduced therosclerosis These completely negatuve findings are 1n
agreement with those of Firstbrook on rabbits and Davidson ¢t al
on dogs Gofman also reported on the Iick of effect of the lipotropic
factors on plisma hpoprotemn levels 1n man We therefore stress
that there 15 no basis of resewrch dat for clums that these factors
are useful 1 human atherosclerosis The few clums of positine
are uncontrolled clinical obseryitions Dr Rodbard
dertaken another study on chichens of the effects
2 and atherogenesis of wn alummum hydroude gel

results in man
has recently un
on cholesteremt
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which adsorbs cholesterol tn vitro It was suggested ;hatt fc]c(}]l;%
this matenal rmght alleviite the effects of ngested chol cghm{o -
results which are still not s final form suggest that i c‘o lr:s e !
fed chicks the alurnmnum hy droade gel depresses hypercho esl bcrctn:) :

and atherogenesis Howeser no effect was observed on silbes ;\'

mduced lesions and the associated endogenous hyperhpemin We
are currently testing this preparation on man

Shorr One thing 1o bear m mund Dr hatz s that aluminum
hydroude gels have an even grenter binding capaaty for phos

phates The result m wmmals that wre consuming alumunum phos
phates all the time will be to reduce the lev el of phosphate 10n m

the blood This reduction introduces another yamible which may
have to be evaluated

Ratz Tt may not act on cholesteral but on some other substance
imolved in atherogenesis

Goldblatt Would you care to mention the nature of the lipo
tropie substance that you used?

kats In our studies with lipotropic factors we used 1 percent
choline + mositol muxed m with the diet No lipotropic factors
were used 1n the alummum hydrouide expeniments

Dock ‘What percentage of aluminum hydroxide 1s 1n the mash?
Stamler Four to 18 percent i different expenments

Ratz Dr Dauber Dr Horlick and Dr Stamler have carned out
vanous studies with thyroid hormone First we showed that
iholesteml fed cocherels thvroid powder mixed in mash depressed

ot 1

3 d the sevenity of lesins No such
definitive effects were obtamne

d with potassium 1w0dide 1n ntret

chicks Next 1t was demonstrated that thyrad also shubited
1b ! induced  atherog althaugh d of hyper

hpemia was observed only dunng the bl weeks of the expen
ment One of the things that concerned us was Does thyrosd act
by virtue of 1ts overall general effect on metabolism or by some
more spectfic mech ? Stamler pared the effects of dimtro
phenol and thvrard both of which 1nerease metabolisin In contrast
to thyroid dimtrophenol failed to depress exther hypercholesterem:,
or atherogenesis 1 cholesterol fed cockerels The thyrod powd ;
apparently exerts its effect by some other mechanism tha . t: eli
metabolic shmulating action At present 15 basa

“e ate companng the
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effects of thyioid simulating hormone of the anterior pituitary
(TSH) and desiceated thyroid

Shorr ¥t 15 hazardous to regard the stimulttion with dimitro
phenol s bemng comparable to that obtuned with thyroid extrict
Actually 1t 15 quite defimte that the effects on metabolism are
achieved through different mechamisms

Ratz That 1s true The problem of atherosclerosis m ditbetic
man led us to study depancreatized cluchens Dr Stamler found
that m depancreatized birds fed 2 percent cholesterol — 5 percent
cottonseed o1l mash the resultant hypercholesterenua nd athero
genests are mordinntely severe The depincreatized cluck on
regular mash extubits nesther hy pergly cemia nor hy perlipenua No
dibetes develops Stamler and Pick therefore undertook to produce
dibetic birds for the study of atherogenesis They found that
adrenal cortical extract {(ACE) produces 1 marked hyperglycenm
i depanereatized cocherels In cooperation with R Levine mn the
Department of Endocrmology they are studymng this problem fur
ther They htve found that neither ACTH nor growth hormone
nor cortisone nor DCA pioduce this hyperglycemii m pancre
atectormzed chichs Adrenal steroid compound F does but the
hyperglycemi is less severe than with ACE

It 1s of mterest that the mordinate hypercholesterenin exlubrited
by depancretized chichs requires 1 suppl t of both chalesterol
and cottonseed o1l 1n the mash wath cholesterol alone for unknown
rewons 1t does not occur This finding served suddenh to remtro
duce the o1l or neutral fat factor mnto our thinking

Perera Ts this total or subtota]l pancreatectomy?

Stamler If ones surgical procedure 1s efficient m about 80
percent of the birds total pancreatectomy 15 achieved 1 so far as
one cn tell histologically by section of the loop of gut m wlich
the panereas ly In about 5 10 or 20 percent of burds not quite

All of 1t 1s removed

Dexter Is there any reason to beheve that this total or subtotal
pancreatectomy 1s i any WAy enhanemg bsorption of cholesterol
m the gut or do you thmk 1t 1s working through 1ts endocrine
function m producing this Iy percholesterolemii?

Ratz Stamler his an experiment presently n progress which
attempts to get at the mechiumsm mvolied
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fte hise been able to produce moderate hy pertension in cluckens
by salt feedng Dr Lenel spent over a yeur trying, to produce it
by bigstson of the ureter by a clamp on the rept atteny, by c’\s‘t;
or cellophane wound the lidpey ete The ciuchen does not lew
itself to those procedures Later Stamier ¢t al showed that with
constderably smller amounts of salt plus desoxy corhicosterone ace
tate moderate hypertension also supenvenes The cfects of these
b

P on d i
In clncks fed plan

1ch atherog: may be bnefly summanzed

m msh {(without 1 cholestesol supplemcent)
hypertunsion does not ciwse the Appexrance ot thoracic aorta
fessans of the wduced type nor does it wtensify spontincous
atteniosclerosts. When cholesteral 15 added to the mash hyper
tension (caused by DCA + salt) does hue a demonstrable
irtensifyng, effect upon the cholesterol mduced atherosclerosts

Cofman What were the cholesterol Jevels of the two groups?

hat., The cholesterol levels in the two cholesterol fed groups
with and without DCA + salt were lmost 1dentical

To summanze our conclusions from these expeniments  Hyvper
tension {due to DCA + st} mtensifies atherogenesis only m the
presence of the p t i

! 1 an altered
Iipsd cholesterol metabohe pattern Anather problem that we have

attacked expenmentally s the relatianship of eluck age to athoro
genesss Rodbard of ol imeshigated this problem by pheing
tocherels on a 2 percent cholesterol mash beginning with the first
day of We Several Frots emerged from this study First cholesterol
wduced gross Yessans of the thoricic orta were seen n birds 1s
loung as 5 weeks of age We have no reason to behieve that these
baby chcks had been subjected to amy mfechion to any trwmn
fo anything more than the chelesterol m thue diet Certamly no
senescent changes hid as vet occarred m these jnemle arterss)
tissues We nterpret these findmgs to mean that with the pre
requisite alterations m kpid eliolesterol metabolic patterns athero-
genesis proceeds — even 1 the absence of artenal mpun, or
WneseenLe

Stcond we found that with  gen feed chok
degree of hpercholesterema v1nged with age At“:ltg‘\)\‘t “S‘L\l\e?;\:
of e the cholesterol Yevel rose sharply Prior to thas tune lutt)
uherogﬁm 1 oceurred thereafter 1t procecded rapully Thg 1s nnct
: L\\“\:{ atne effecy resulting from contimuous cholesterol feedn
wee the same phenomenon v s observed m birds put on (lus%’.
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percent cholesterol diet at 4, 6 and 8 weeks of nge Appuwently
endogenous factors varyng at different ages control the choles
teremic and therogenic responses to evogenous cholesterol
Numerous data mdicite 1 sumlar phenomenon m man

The mechanism of this phenomenon n chicks remans to be
elucidated It may be related to their sexual deyelopment — at 10
weeks the mascultmity of these birds deselops rpidly, s indrented
by comb and testes growth Hence Rodbard 1s currently mvestigat
ing the possible mfluence of gonadal hormones on the cholestererme
and atherogenic responses to a cholesterol diet Other endocrines
m1y be immohed eg the thyrod

To summanze the current status of our work the foregomg
studies — plus our mvestigations on the effects of pancreatectomy
steroids thyroid sex and species differences etc — all have led
us 1n the direction of studying the endogenous factors which con
trol ipid cholesterol metabolism Along these lines of research we
feel will be found sigmficant answers which wll fill m necessry
detuls of our hnowledge of atherosclerosis — detuls which will
eventunlly mdicate the path to be pursued if the 1therosclerotic
Iesion 1s to be ehiminated s 1 pathologic, morbndity and mortility
producing entity

Dexter Granted that cholesterol feeding produces atherosclerosis
n ammals and has proved to be very effective expenmentally and
that conditions associted with hypercholesteremia in man are
associated with a higher moidence of atherosclerosis 1s 1t war
ranted to mmply that cholesterol 15 the only or the mnor factor
mvolved m human atherosclerosis?

Ratz ‘That 1s 2 good question I would divide 1t m two parts
If the question 1s  Is that the only factor? I would 513 No I
thwk 1t 1s hazardous to pin all ones hope on one factor If the
question 15 Is cholesterol the major factor? I would sw In the
present state of our knowledge subject to chinge without notice

yes
Gofman Are you referrmg to cholesterol 1s mgested chemical
or to 1ts blood level?

Katz 1 was not refernng to cholesterol 1 the food T was
refernng to both evogenous and endogenous cho'esterol As T hnve
already indicated we put forward 1 general approach to the
atherosclerosis problem which we eall the cholesterol concept of
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atherogenesss ™ Its essence 1s smply The lev f;ium l"‘l ';ﬂ:i:;gg
genesis 1 altered cholesterol metabohsm Present knowled g e
ot permut 2 more speaific thesis i our opiion The term 1:1 cd
cholesterol holism” p both exog and endo-
1ol " .

holesterol the hormonal processe: g
haeserol metahl h 1 per se and the hipids nd pro
tems molved i ats biologic absorption tumover synthesis dq‘zmd
aton transport and excretion Our general concept strves only s
an overall frame of reference swding speaific research cfforts

Shorr T wonder whether any consideration has been guen to
the possibility that spontaneous atherosclerosis followed by spo‘n
taneous regeneration might occur m birds ke the pigeon and the
dove ‘The studhes of Ruddlle(3) wnd others on these two bnrds have
disclosed a charactenstic cycle involving both blood bpids and
calorum with s peak just prior to ovulation The nses which oceur
in both caferum and plasma Tipuds are very great at this time The
serum ealeiim may nise to 53 mg percent from approumately 9 mg
peccent and the serum hipds attan levels of over § 000 mg percent
1 the pigean These hagh values which extend over a penod of
about 100 or more hours are then followed by a return to normal
+alues which persst for a number of months before the next ovula
tion This 15 an Interesting phenomenon to study 1 relation to the
Possthility that alterations 1 the blood vesscls of a reversible sort
rught occur during these hyperliperic and hyperenleemic episodes

Stamler The effort to produce itherosclerosts with stilbestrol
resulted Drecisely from those observations A decade or two ago
several groups demonstrated that the hypercholesteremia by per

Pemia and hy percaleerma 1n egg laying birds were due to estro
8enie hormones Based on these facts Lindsay Chakoff 1nd
as0ciates admimstered estrogens chromcally to cockerc's Hyper
hperma de

veloped and atherosclerosis eventually supervened Hens
Tantamed on normal diets exhiby

s what present data mdicite However these data nre by no
means extensive Information on wild fowl collected by Tox mdi
cates 1 sigmificant sex Ofference with the mle bemg more Prone
to spontaneous lesiony than the fernale
YPe of “lision” oceurs 1n hens At ay
they exhibit a diffuse Er055 yellowing of the thoracre aorta ?m:;’)lx;s:z
elevation or thckemn, Microseopically no foam cell cushiomne
or fibroblastic rolferation gre observed there 15 only a diffyse

-
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bhpid mnfiltration This was descrtbed by both Fox and Dauber
before the stilbestrol work had been done, at that ime this finding
was called the second spontncous lesion of the female chick
occurring 1n the thoracic verta Its pathogenests was unevpluned
by these onginal workers I think that tod1y biscd on the evpen
mentl work with stilbestrol in males, wherem the same lesion 15
reproduced, one m1y conclude that st 15 secondary to stilbestrol
hyperlipermn This 15 a diffuse hpid mfiltration of the arch of the
aortr It 1s certunly not a thickening and narrowing of the vessel,
and in that sense 1t 1s not 1therosclerosis That 15 the current status
of knowledge At present Dr Rodbard 1s studymg spontaneous and
cholesterol induced atherosclerosis m male s femule chicks

Shorr My reason for suggesting the pigeon mstead of the hen
was that the hyperlipemin and hypercalcema are estreme and do
last for almost 100 hours and then there follows = long period over
which the values for both are entirely normnl

Stamler 1 rmght just 1dd one thing We hue studied 1 few
mmature ducks male and female They exhibited no essentinl sex
difference 1n response to cholesterol feeding

Helmer Do you have any evidence that in these chicks you cm
produce coronary msufficiency either functionally or anatomcally,
or msufficiency m any other orgwn functionally or antormcrlly,
with these lesions?

Katz Cholesterol fed chicks develop lesions of the coronary
artertes We are also studying the small vessels of other organs
We have not observed organ changes which could be attributed to
1schemua or infarction secondary to atherosclerosis We hnve seen
no gross or mrcroscopic evidence of myocardial infarction ECGs
were not unusual in 2 few birds we studied with gross coronary
ath¢ roscleross
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Tee roLt. of hypertension 1n the pathogeness of atherosclerosis
man 15 controversial ‘There 15 some chimeal evidence that hvper
tension both accelerates the onset and Accentuates the progress of
atherosclerosis On the other hand pathologists are fumbar with
Instances where a patient comes to necropsy with (xtensisc lesions
of atherosclerosis and a Tustory of normotension There e ¢xpen
ments in ammals however idicating that mereased blood pressure
accelerates the onset and accentuates the progress of spontaneous
atherosclerosts mncluding those of Dill and Tsenhour(1) and of
Wilens(2) on the rablut Dunng the progress of our work Trianta

o Lwa and Mardones(3) reported that ribints with expenimentl
renal hypertension dey eloped more severe and extensive Yesions of
€xpcrimental chol 1 ath | than did nor ecan
trol amimals We also hne the recent evidence which Dr hatz and
© warkers reported for the chuchen Howey er expensmental choles
terol atheroselerasts m the rabbit differs wmportantly from human
]ﬂlhemsc)e»ms(s particularly 1n anatomical distribution of the £ross
es

msiderable phylogenetic dif
man Accordingly 3t seemed
1p of hypertension and athero
k of hendall and nssociates(4)

erol therosclerosss simmlar 10
and other ct

Sowing that expenimental cholesty
anatomscal o

This 1y bigat on was
Tfewt T tiate of Khe“";)romd by Crants 11 423 wnd 11 42
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MFPTHODS

Hypertension was produced 1n 11 dogs by bilateral renal arter;
constiction with an tervemng three wechs mterval One weel
to onc month after the second renal artery constriction, the dog
were given orilly 01 gm kg of thouracl and 10 gm g o
cholesterol daily Eleven control normotensive dogs were sumilarly
trented except that they were subjected to sham renal operations
Direct mean femoral arterinl blood pressure readings were obtamec
sermw eckly, serum cholesterol and lipid phosphorus were deter
mined brweekly chmeal exammations and weighings were made
monthly or oftener when mdicated, unnalyses were carmned oul
bimonthly o1 more often, blood urea mtrogen determimations were
made when mdicated and a imited number of funduscopic exam
nations and 1 few electrocardiograms were recorded

At monthly mtenvals from 8 to 7 months and fter 10 months
of thiouracil cholesterol feeding one or more purs of matched
renal hypertensive and normotensive dogs were sacrficed and a
thorough necropsy performed Gross athcrosclerotic lesions were
graded from 0 (no lesions) to 5 (numerous severe and ulcerative
lesions) and tissues were taken for microscopic study

RLSULTS AND DISCUSSION

T ble XVII summanzes our results to date The gross lesions
11 rennl hypertensnve dogs averaged 30 as compared with 05 1n
the normotensive controls Some 450 renal hypertensne dogs
necropsted after 3 to 81 months of hypertension without thtouracil
cholesterol feeding showed no gross atherosclerotic lesions and
were grided 0 We and many others of course have observed no
gross atherosclerotic lesions 1n many normotensive dogs of varyng
ages necropsied over 1 period of years

Table AVIII further indicates that renal hypertension accelerates
the onset of cholesterol atherosclerosis and accentuntes 1ts progress
The normotensn e amimal graded 4 had the highest pressure of this
group (average mean femoral pressure 140 mm Hg)

From Table AVIII 1t 15 apprent that our results with normo
tenave dogs are comparable with the carlier findings reported by
hendall and his group w that we did not observe gross athero
sclerotic lesions after 3 and 4 months of thiouracil cholcsterol feed
mg More recently hendall and associntes have reported gross
fesions fter such 2 short nterval(5) Perhaps the difference 1s
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TABLE \\ It

Experimental Cholesterol Atherosclerosts i Chromic Rennl
Hspertensive and Normotenane Dogs

Duration of t Gross
Mo of Thiouracil cholesterol | Atherosclerotic
Dogy Deschption |
1 Chronic renal
hypertensiyes 3-10 months 30
1 Sham operated
narmotensives 3 10 months 05
40 Chronic renal }
hypertensives | — t 00

TABLE \VIIL
Durauon of 1} 1 Chol

ol Feeding and
Expermmental Cholesterol Atherosclerosis

CROSS LFSIONS
T
N

1
Months 1 Doys \
_— Do

due to the fact that therr most Tecent ob:

servations were
buppies whereas our dogs and presumably therr Em]:ﬂrz:];;;;l
vere 1 to 3 years of age Ala we mied the cholestero] d, 1
with the diet of prepared dog food {Pard) a-2 il “}::gays

te < ‘gs are soughly
ave reported In any event yhe wit:
al n

control group for our Ty Pertensne z«mma;;cxe;SI
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METHODS

Hypertension w s produced n 11 dogs by bilateral renal artery
constuction with n intervening three wecks interval One week
to one month after the second renal irtery constriction the dogs
were given orally 01 gm kg of thiouraal and 10 gm Lg of
cholesterol duly Eleven control normotensive dogs were sumlarly
treated except that thev were subjected to sham renal operations
Direct mean femoral arteninl blood pressure readings were obtuned
sermweehly, serum cholesterol and hpid phosphorus were deter
mined biweckly, climcal examinations and weighings were mnde
monthly or oftener when mndicated, urnalyses were carmed out
bimonthly or more often blood urer mtrogen determmations were
made when indicated and a limited number of funduscopic exam
nations and a few electrocardiograms were recorded

At monthly mtervals from 3 to 7 months and after 10 months
of thiouracil cholesterol feeding one or more paws of matched
renal hypertensive and normotcnsive dogs were sacrificed and a
thorough necropsy performed Gross atherosclerotic lesions were
graded from 0 (no lesions) to 5 (numerous, severe and ulcerative
lesions) and tissues were taken for microscopie study

RESULTS ANpD DISCUSSION

Table \VII summanzes our results to date The gross lesions
11 renal hypertensive dogs averaged 30 as compired with 05 m
the normotensive controls Some 450 renal hypertensne dogs
necropsted fter 3 to 84 months of hypertension without thiouracil
cholesterol feeding showed no gross atherosclerotic lesions and
were, grided 0 We and many others of course, have observed no
gross atherosclerotic lestons m many normotensie dogs of varying
ages necropsied over 1 penod of years

Table \VIII further mndicates that renal hypertension accelertes
the onset of cholesterol atherosclerosis and accentuates 1ts progress
The normotenstve animnl graded 4 had the hughest pressure of this
group (average men femoral pressure 140 mm lg)

From Table WWIIT 1t 15 apparent that our results with normo
tensive dogs are comparable with the earher findings reported by
kendall and his group m that we did not observe gross athero
sclerotic Jesions after 3 and 4 months of thiouracil cholesterol fecd
g More recently hendall and associates hwe reported gross
lestons after such 1 short ntenal(5) Perhaps the difference 1s
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TABLE\N
Hypercholesteremma x Time and Expersmental
Cholesterol Atheroaclerosis

\ORMOTENSIVE DOGS l INPERTF\SI\E DOGS

s Serum Chol Gross.

WEE Sm | ASree g
1980 0 1108 0
2366 0 1150 0
2560 0 2408 1
219 0 2610 2
325 0 4300 5
050 0 4630 4
14620 0 5570 2
1740 1 10 5
51% 1 6190 3
5680 0 6770 4
2850 1 9600 5

TABLE Xx1

Cholesterol Phosphiolipid Rauo < Ty
Cholesterol Atheroae

MORMOTENSIVE DOGS

me and Experimental
lerosia

IPERTENSTVF DOGS
e

Ratio Gross
Mo Lesians.

.—o.n-oocoa

00 i W2 CT UT A e 10 © O

Table WAII suggests possible eorrelbyto
pressure levels and the £ gms]; Fe:‘o\ncse?ndl‘)e blood
hypertensie and normotensyy e dogs Qb oth the
tion exists there are 1ndy,

Viously of sycly
wdual exceptions a correla
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Table XIX, with mdividual exceptions pomts to a correlation
between the degree of the hypercholestererma and the seventy of
the gross lesions m the hypertensive group Obviously the dogs
showing lesions i the normotensive group are too few to permit
comment from this standpont The recorded erage cholesterol
level 1s that obtained after a fauly steady state has been reached
by the end of the second month of thiouracil cholesterol feeding

TABLE XI\

Hypercholesteremia and Experimental Cholestcrol Atherosclerosis

NORMOTENSIVE DOGS HYPERTENSIVE DOGS
Average Average
Serum Serum
Cholesterol Gross Cholesterol Gross
mg percent Lesions mg pereent Lesions
710 0 554 0
817 0 575 0
922 0 964 1
1142 0 1032 4
1184 4 1114 2
1178 1 1202 5
1183 0 1240 5
1295 0 1278 3
1320 0 1305 2
1430 0 1935 4
1482 1 2150 5

Table XX 1s stmilar to Table XIX except that the duration of the
hypercholesteremia (time of thiouracil cholesterol feedng) 1s m
cluded Agamn with mdnidual exceptions there 15 evidence of
correlation between the degree and duration of the hspercholes
teremun and the seventy of the gross lesions m the hypertensive

group
The same may be said for the cholesterol phospholiprd ratio
(Table XAI) (Lipd phosphorus determinations were not made
on 2 normotensinée dogs nd one lypertensive amma) )
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mn Hg) for a few ammals Obviously 4 dog with a pressure of
13 mm. Hg following renal artery constnction 15 hvpertensive
sben hus normotension was 100

Crollman Sl they are lower than some of your normotensive
g

Wakerln ‘That 15 true There 1s an ov erlap bctween the blood
presture levels of the hypertensive and normotensive mxoups

Tables \AHI and AXIV suggest a correlation between the
magmtude and duration of the hypertension and the scventy of
the cholesterol atherosclerasis  OF coursC the correltion may
actually mvolve pathogenetic biochemical or pathophy siological
factors mare fundamental than the hy patension It 1s to be noted
from Table VI that 3 of the 11 hypertensive dogs had hyper
fens ons of only 10 mm Hg whereas the mmmad hypertension 1n
other dogs constnieted by the same techmque but not subjected to
Buourast cholesterol feeding 15 25 mm Hy and 1s observed 1n Tess
than one fourth of such dogs The decreased hypertensions appear
to be due to thiouracil-cholesterol feeding although further work
'S mecessary to substantiate this and to determine whether the

ccrease 1s due to thiouracil to chalesterol or to their combination
Thiouracr! cholesterol feeding had no sigmficant effect on the blood
Pressure of the normatensive control dogs (The dog with 163 mm
HE of hypertension was a combination neurogenie (buffer nene)
and rena} hypertensive amimal — the only onc m the group )

TABLE \x1m1
Hypertenmon and Lxperimental Cholesterol Alheroselerosss

Hypertension
inmm Hg

Grass
Lesions
o2

3
1s

10




198 Blood Pressure

TABLE XXII
Blood Pressure and Experimental Cholesterol Atherosclerosis
NORMOTENSIVE DOGS HYPERTENSI\ E DOGS

M

Femoral Femanl
BP Gross BP Gross

mm Hg Lesions mm Hg Lesions
110 0 130 0
110 0 130 3
115 0 140 0
115 0 140 1
120 0 140 2
120 1 150 4
130 0 150 5
130 0 160 4
130 1 160 5
185 0 210 2
140 4 i 280 5

It 1s interesting to note in Table AMII that the only normo
tensive dog showing grade 4 lesions had n average mean femoral
pressure of 140 mm Hg which 15 just below what our research
group classifies as spontaneous hypertenston

Gofman Except for the last ammal (with a blood pressure of
280, gross lesions of five 1nd about twice the cholesterol level of
any of the others) there 1s almost no correlation with pressure
per se

Wakerbn  The possible correlition shows up better with the
hypertension than with the blood pressure levels as will be evident
from Table XXIII This 1s merely a progress report and we should
be able to speak with more certamnty when we have doubled the
number of ammals 1 the normotensive control and hypertensive
groups

Grollman How about those tmmals with pressures of 130 and
140 1n the hypertensne column?

Wakerlin These pressures were higher than the control normo
tensnve levels for the same ammals Normotension 1n our laboratorv
will vary from an wverige of 90 mm Hg (range of 80100 mm

Hg) for some dogs to m average of 140 mm Hyg (ringe of 130 150
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TABLE \\IV
Iypertension x Time and Experimental Cholesterol Atherosclerosis

Hypertension inmm Hg Gross
¥ Times 1n Mo Lestons

30
35
65
120
120
150
160
210
290
1560

=)
m.klc.:-mm)-moo

Ligme 45 shows the heart opened aortr and mun branches
and attached hidneys of one of the normotensive control dogs
gaded 0 Tus 15 the typical picture of the normal dog with no
gross therosclerotic lesions A normotensive control dog grided 1
showed n few atherosclerotic plaques m the abdomnal aorty and
i the external and mternal iliacs

Igure 46 shows the gross atherosclerotic lesions mn the only
normotensiye control ammal graded 4 Extensive ulcerated plhgues
¢ be seen mn the abdommal aort1 cxtending down mto the
externil and mternal thacs There are numerous plques m the
renal arteries the supertor mesenterie artery the coeliae axis and
the urcteric artertes Unfortuntely the heart 1s turned wrong side
out for viewmng the coronaries but there are extensne plques m
these arterics and therr branches You will recll that this ammal
had the lughest pressure of the noimotensive group

Ratz What 1s the loeation of pliques in the renal arterics in
1cltion to the Goldblatt clamps?

Waherhn  We find atherosclerotic pliques along the course of
the rennl artery and ats branches distal to the clamp as well as
prouml to it Two of my students Mr R W Sevy and Dr L W
Tlawthorne, measwied the mean pressure m the ren1l rtery
pro'(nml and distal to the clamp i 1T dogs with ren Wl hypertension
of threc months to seven years durition They found the pressure
qweriged 40 mm Hg (20 70) lower dista] to the ehmp
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Shorr Was this determined by means of a mercury manometer?

Wakerln They used un anerod manometer cheched agunst a
wercury manometer standard

The gross lestons of the cardiosascular renal system of a hvper
tensne dog graded 2 are particularly evident an the Abdominsl
a0ta the supenor mesentenc rteny and the uretenc artenes The
more severe lesions 1 1 hypertensne dog graded 3 nvolve the
abdomunal a0rta and 1ts main branches A hvpertensive dog graded
£ 5haws stll more extenswe phque formation and ulceration m the
apdommal aorta whaes renals supenor mesentenc coelne sub
chvians and carotid artenes There are extensne and numerous
plaques also along the uretene and coronny wtencs

Stamfer Y5 there thrombus formation?

Wakerlin Yes there 15 thrombus formation m the external thae
arteny an ths dog

Figore 47 shows the gross atherosclerotic lesions of a renal
Bypertensie dog graded 5 Note the heavy plagque formatian nd
ulceration 1 the abdominal sorta down into the external and
¢ tenal sliacs and out into the superior mesentenc and coehac
artenies Figure 18 shows the heart of this ammal with plagues
along the cour e of the ¢ s and thew b

Stamler 1s there apy gross ewidence of fibrosis?

Wakerhn We saw no evidence of mvocardinl fbrosis grosshy
We have not d the Ty i roscopically 15 yet We
have done a few F 5. G s mcludmg one on this ammal which were
uithin normal hmts AN of the dogs which wure graded 4 or 5
shoned atheromtous plaques m thesr coronary artertal system
simlar to Figure 48 Our research group suggests that this obserya

1on may possibly be channeled into a method for the production
of ta} chrome 1 wsufficiency I such an msuf
feieney can be produced 1t should resemble that seen chmcally as
a result of hypertensive atherosclerotic heart diserse e plan to
follaw dogs with extensine atherosclerosis and hypertension for
fong penods to see 3f they will develop chrome myocardial 1o uf
fiueney We have not thus far placed wny of onr dogs with ath )

stlerosis and bypettension on & treadmil} to see qf a deer oo

the functional capacity of the cardiovaseylar ses Tat e
can be demonstrated as a consequen puratary systems

ce of the d,
coronary atherosclerosis pow bemg reported egree of progressive
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cd aorta and branches and hidaeys of a normotensne (men
gl;mligsmr:k;;; ;’pr:‘ntml dog graded 4 after thiouriil cholesterol feeding for

5 mo
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Ficvre 48 Heart surface showing atherosclerotic lesions i coronary vessels (same
dog as shown m Figure A7)

Figure 49 shows another hypertensive dog graded 5 Note that
the extensne ulcerative lesions have 4 distnbution similar to that
of severe human atherosclerosts and msolve the abdominal aorta
iliacs renals supenor mesenteric coeliac ureterics coronanes and
subclavian artenes There are also a few plagues in the thoracic

ot This dog was the combination neurogenie renal hypertensive
previously mentioned

Ve have noted extensive plaque formation n a main division of
the renal artery beyond the clamp the atheromatous process extend
ng into the renal medullary branches 1n 2 hypertensne dog
graded 4 There was also n this dog a large atheromatous ylaqu:

!gg a branch of the mesentenc artery supplying a loop of small
wel

Plague formation 1s extensive in the carotid artery and the

artery of a hypertensive dog, graded 5 Dr kcn?all and hg“:::gl
ciates previously reported that plague formation 1s frequentlv seen
cathiest m the thyroud artenes and we have found this to be IILI
case Four of the six dogs graded 4 or 5 showed extenstve pla xc
formation 1 the renal artenes hath dista) and pro'umnllt, q;lc
clamps In thesc four dogs the steads hyvpertensie ley el mcrz:\stcg
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1
cd aorta and branches wnd hidneys of an expenmental rena
}I:mf 4Z\e S’ZQ’;ZEES 5 after 4 mo of thiouracl cholcsterol feodimg
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acutely one to two months prior to saenfice 1 4 way that rrchy
o ever occurs 1 expenmental renal by pertension

Stamler Was there ever am nisc 1 Blood pressure m these dags
1t mht be interpreted as due to further mmterference with the
te ol arculatian by an stherosclerotic phque?

Waokerlin We are mchned to beheve without defimtwe proot
fionever that the accentuation of the hypertension was due to the

plague formation m the renal artenes with a resulting further
constnction

Shorr Haneyou exer reroored any of the clamps n these anumals?

Wakerlin We have not tned 1t m any of the dogs of this expen
ment We have attempted ta remove the Goldblatt clamp i a few
tenal hypertensne dogs After several months there 15 usually a
ood deal of fbrous tissue about the clamp and the artenal wall
within the clamp 15 frequently thin and atrophic Perhaps remonal

of the clamp at the end of the first month of constriction would
be more mstrucive

We have noted extensive plaque Sormabion 1 the wall of the
adrenal artery branch on the surfice of the adrenal gland of a
venal Bypertensne dog graded 8 This dog also had edtensie
Plaque forreation 1n one of the mtercostal artencs severe wleeratne
ts10ns of the termmal abdominal aorta and the shacs shght plague
formaton 1a the thoracic aorta and extense phque formanon m
cortical colfateral artenes supplying the kidney

The foregoing results and d t onlv a
Teport \ficroseopic exarunation of the various tissyes “)bmomcd
must be camed out Additonal pawed senal hypertenyise and
normotensive dogs are under study with thiouracit chalestero) feed
ing Renal hypertensne dog are also bemg treated with thionr 1o}
alone nd with cholesterol alone Paied neurggemic hypertensne
and normote ns e dogs are hang studied with fhonrged (hﬂ?vatclrol

feeding and a swmlv study 13 projecied foe

spontancons ¢y
hypertension Studies on monkeys with expenmental reqal :\ Rine
tension are d possibibty of 3 . YpLy
chrome mvocaril msufhaeney dogslun an :th:f;r;;::x,“
ossitbihts of prpd it defie ©




206

Blood Pressure

1e
t opencd aorta and branches ind kidneys of neurogenic renal
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hyperter
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hendall As Dr Wakerhin said our ammnls are young They are
put on expenment at the age of Sour months and are exght maonths
oid when sacrificed The fesions that we arc obtaming resemble
more the milk streaks secn in young cluldren and infants than
they do artenosclerosis seen m adults The dogs that we have had

on expenment for longer periods of time show lesions that look
lde those 1 mature human bengs

Wakerthn  Before we break up I should hike to express the
thanks and appreciation of the members of the Conferunce for the
sponsorshup of the Conference by the Josuh Macy Jr Toundation
1should bke to voice our appreciation to Dr Fromont Smith for
his gudance to our Churman Dr Harry Goldblatt for fus com
petence and at fimes forbearance and to Mass Janct Treed for her

belp and to wish a long penod of continued (fectiveness for the
Foundation
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CONCLUSIONS

1 Expenmental 1enal hypertension appeus to accelerate the
onset and accentuite the progress of expenmentil cholesterol
atherosclerosis m dogs

2 The gross lesions of experimentl cholesterol atherosclerosis
m dogs e simular to those of human atherosclerosis m distribution
and appearance mcludmg ulceration and thrombus formation with
the more severe lesions

3 The possibility of producig experimentl chronic myocardinl
msufficiency 1n dogs on n atherosclerotic (coronary ) hypertensive
basis 15 suggested The possibility of producing other orgn defi
ciencies or altered function on an atherosclerotic basis 15 suggested,
p'lrtlcul'\rly since 1 aceentuition of expernmental remal hyper
tension ppearing to result from fuither narrowmg of the con
stricted rennl arteries by athetomata was observed

Gofman Dr hendall 1s there a good correlation between the
seventty of lesions 1n the dog and cholesterol leveds of 1000 or
1500 mg ?

Kendall 1f you consider individual amimnls no but if you com
pare groups of three or four 1mmals the correlation 1s good

Goldblatt Did you find you had to reach such ligh cholesterol
lIevels s Dr Wakerln did 1n order to produce the lesions?

kendall The cholesterols were nround 1000 mg

Gofman In 1mmals with 1000 mg  wns the sclerosis appreciible
or mammal 1 general?

Kendall Only in the 1amimals that were muntaned on expenment
for two years did we sec ny lesions s severe s m many of the
hypertensives Levels averaging betw een 2700 and 3600 mg percent
were rcqunred m the normotensine amimnals to produce lesions s
severe 15 those shown by Dr Wikerln

Gofman In Dr Wakerlins normotensive wmmals there 15 ap
parently no correlition between cholesterol level and  athero
sclerosts

Waherhn That 1s true becruse we huve not reachad 1 pomnt
where we are producing lesions to 1y great extent
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5¢ 10 20 molecules in 1951 61 64

71

and obesity 1951 181

and percolation pressure 1951 129

protein distnbution 1r 1951 1617

secondtry and syphilitic lesions 1951
97

sex distrbution of 1951 171

spontineous and hypertension
37

stilbesterol induced 1951 176

and thyroid hormone 1951 18798

and tissue lymph 1951 25

and veins 1951 9597

See also Atherogenesis Atheromt

1950

Auccle
nght pressure vanitions in 1949 °10
volume pressure relationships in 1949
205
Autonomic nervous syStem
tachyphylixis 1947 134
Axil streuming 1949 30 7778

and renan

B

Busal metibolic rate
in Ceylonese 1951 127
and cliolesterol metibolism 1951 39
Basophilism  and e¢ssentiaf hypertension
1950 25
Benadryl 1949 45
Benzodioxane 1949 252
Beta globulin 1951 32
Betalipoprotein 1951 16 18
complex nature of 1951 49
Bile aad (9501 32
<holesterol in 1951 38
Block balateral stellate and cerebrovascu
lar resistance in essential hypertension
1949 26>
Blocking drug
ganghonic 1949 218 52
tetracthylammonum chlorde 15 1950
19
Blood
cholesterol tn
in Ceylonese chitdrea, 1951 176-27



Cumulatiee Index

asdinc output—Con/d
40d central venous pressure 1949 183
it

10 congestive heart fadure 1949 1 8
81 182 199200

10d fill ng pressuce 1949 209-11

@ hypectennion, 1949 9% 102

and mean blood pressuce 1950 5738

and perspheral vascular adjustment,
1949 20335

and pulmonary arculation 1949 23

and qu mdioe 1949 229

and shock 1949 21923

and sympathectomy 1949 241 260 61

and vasod latation, 1949 223

Gardiovasculae disease 1a Ceylon 1951
124

Curotid sious  denervation of for pro

huthon of espenmental hypertension
1947 88 91 9%

Carotd sinus reflex 1940 246
Catabolic impulse 1948 85 83

Catecholamine  adrenosympathogeme
vremia 1950 40 41
Celt
afbe llae 1948 1819 2122 39
granulation of «n juxtaglomerular ap-
Paratus 1948 102
Precapillary mechanics! stimulation

9 29
Rouget 1949 2223
tubular 1948 3031 37

Central nervous systerm and response to
fenwn 1950 18-

Ceylon card ovascular disease n 151
124

Chl nde  nnary  nd  desoxyeorticos-
t one avelate 195 127
Chalesterol
and ad en tr pc h rmone 1948 21
aorc 1951 9
 gogents s induced by and hyperten
so 1950 3
d ther clerosiy 1951 1749
n bload

wn Ceyl nese chideen 1951 1262
$¢ 16 20 molec,les 10, 1951 69
det vy 1951 333
and athe omat us les ons 1951 41

&
=
<1

Cholesteroh—Consd
dictary—Conrd
and atherosclerons 1951 9899
excretion of 1n tat, 1951 79
and thiouracil 1951 3433 37
and dictary fat 1951 2% 9
distnbution of
m atherosclerosts 1951 1617
m disbetes 1951 1617 1 2
10 nephrosis 1951 1617
n normal subjects 1951 15 17
endogenous vs cxogenous 1951 38

ester n Lipoprotein molecule 1951
5136

and genesis of arterioscleronis 1951
140

and hypertension, n production of
arteniosclerosis 1950 37

tevel of and seventy of lesions 1951
08

n ! poprotain molecule 1951 34 36

metabolism of 1951 3t
anabohic 1955 32
and basal metabolic rate 1951 39
catabolic, 1951 32 39

and phospholipid ratio 1951 1619
m atherosclerosis 1951 130
in expenimental atherbsclerosis 1951

vs §, rauo 1951
in plaques 1951 172
mtimal 1951 13859
10 plasma
and atherogenesis 1951 179
disteibution of 1951 13
and predifecuon for arteries 1951 4%
n tenal aster ofar Lpid 1951 136
noserum 1951 33 36
of cholesterol mdu(ed athetosclera
w1951 51

and hpvprolem moletnles 1951 4
a4y

and thiouracil 1951 38 4o

and thioucacl ol olestess feed ng
1951 3135

uissue turnover ume 1951 37
Chol ne
™ atherosclerosis 1951 196
msufficenry of
2nd hypertens on 1950 43 51
and vascular disease 1950 17

o
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Blood pressute—Cont d

and renal function in hypertension
1950 105

after renal 1schemia 1947 64 65

resting 1950 122

night atreal an Wolff Parkinson White
syndrome during and after nodal
tachycardia 1949 215

and sodium 1948 90 1950 123

after sympithectomy 1949 240 41
27879

after sympathectomy splanchnicectomy
and ganglhonectomy 1949 244 45

systoltc measurement of 1949 154 55

and tetracthylammonium chloride
dosage 1949 260

and vasomotion of perspheral blood
vessels 1949 40

venous 1949 65 70
and cardiac output 1949 185 196
1 congestive heirt fallure 1949

6870 181

and constriction of veins 1949 184
and digrtalis 1949 181 83 196
pulmonary 1949 199

ventricular  and  arteriovenous fstufa
1949 21215

See alig Hypertenston

Blood vessel

hyalinization of 1950 28

Blood Pressure

Calaification—Cons d
media)—Conrd
vs antimil plague formation 1951
163
1 mutral stenosts 1951 164
m pulmonary artery 1951 164
Calcium
1n intimal plaque 1951 158 59
m medial elastin 1951 148 53 16768
Cancer and calafication of elashic bissue
1951 170
Capacitance  diaphragm manometer for
measuting 1ntra artenial blood pressure
1949 133 50
Capillary
arculation 1949 13 52
dilatation 1949 25
endothelium of 1949 24 26 28
glomerultr filtration cocffscrent of
1949 12629
mechanical stmulation 1949 2829
muscular 1949 24
pressure tn and venous fresistance
1949 65
tone 1949 2324 2526 2728
true 1949 17
relative number of 1949 .0

Capillary bed
arculation 1949 13 52
and sympathetic nervous system

homeostasis 1949 49 51
of 1949 1520 29

pressor depressor  responses of 1950
184 1949 31
Brain
oxygen diff 1949
27073

blood flow 1n 1949 61
hypertensive 1950 2526
vasoconstriction i and sprnal flurd
pressure 1949 273
Breaker phenomenon 1956 69 70

[

C 5968 1949 250
C 7337 1949 24832
CGS unt of resistance 1919 3556
Calasfication
of elastic tssue effect of disease on

1951 169 170
medval 1951 14853 16768

preferential channels 1n 1949 1620
pulsatile flow 1n 1949 21 22
responsiveness to humoral ageats 1949
3031
and sympathectomy 1949 38 39
variations 1 blood fow through 1949
20
vasomotion 1949 32 36
venous outflow in 1949 25
Ventun effect 1n 1949 {7 48
Carbon dioxide as vasodilator 1919 277
Carbon tetrachlenide and S, levels 1951
74
Cardiac putput
and atrial pressure 1919 186
and digitalization 1949 22627



Cumtdatie Inder 219

Cush nes syndrome—Contd

wasotnpic rontent of blood m 198
1w

Cydopropane 3nd renal plasma flos
1950 89

Crtochrome €, 1947 146

D
Debydration of tssue snd VEM 1950
756

Debydrasoandrosterone 1948 101
Denetvation
1950 214

renal and hypertension
Depres ot nerve section of for prc duc
ton of expenimental hypertension
1947 88 914>

Depressor substance 1948 136 1950
204

See ol o YDM
Desoxycorticosterone  cetate 1948 23
in adsenal gland 1948 11213
augmentats n of by sodum 1948 90
a {blo 4 pressure 1950 121
of rats 1907 0

and hyperplis a of adrenal cortex
195 3

and hyperten ion
1131950 134
salt nd €d an chick 1951 189

and ) xtag omerular appuratus 1948
{3

1948 89 10711

and prcrits 1948 110

pressor resp nse of m hyp reen on
1948 10t

nd renal bl od § w1950 81

and en 1 lest ns 1948 10106

and nal enn 1948 26 1950 145
du n ychlondes 1950 127

and VEM fimats n 1948 84
t low n, dren lect my 1947 79

od as p st cfficts of pocphrne
1950 10-42
wd v tp s e f norepne
thrn 1950 11042
Deamcote ste o puc sde and
b 4pesur 1950 142
Dy b tes

figxan nduced  nd tpids yo bload
ser m and tissue lymph 1951 2¢

Disbetes—C ufd
antilipfanogen m, 1951 B} &
atherosclerc tic leswons 1o, 1951 13637
cholesterol distribution in 1951 1617
cholesterol phospholiptd ratio 1n 1958
1% 19
and esseatial hypertension

1950 119
glomeruloscletosts 1n and  hypetten
swon 1950 36
ipfanogens 10, 1951 83 &7
protein distribution 1 1951 1617
Sy fevels 1 1931 67
Diabetes wnupidus hike syndtome 1918
108
Dibenamine 1947 13 1949 213 51
i thetapy frr )
s 1951 120
Dact nice for hypertension 1947 128

25

D etary factor and stanlard renal in
suffiaency 1050 38

Dafferentiai impedance recordes for meas
unng blood pressure 1949 164 €9

Diffus (n through tisse spaces 1949
4244

D g tabs
and bicod volume 1919 18183
and venous pressure 1949 18183 19¢

D gualization and hemodynamic changes
1949 22633

Digoin

23032
Dihydsosegotamine 1947 15
Dibydeopregnandiol 1351 32
Dibiydroxyphenylatanine 1948 136
D hydroxyphenylatdehyde 1948 136
Dinstrophenol

and athesogenras 1951 1 83

and bypercholestereme 1951 39
Dudrast

cleatance of 1950 113 14

a0 wahin clearance 1950 115 16

10 Measurement of renal blaod
1947 11819 o0 fow

Diphthera toxin for
falure 1949 101

and vasoconstriction 1949

Production of hesrs

D1 eases of adaptation 1943 8593
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Choline~Cons d
and regression of cholesterol mduced
lesions 195t 36
Cl h

p prepared by
1956 199 200
Chylomicron 1951 56
Circulation
abnormalities of 1 congestive heart
failure 1949 178 81
capillary 1949 13 52
and hypotension 1949 31
and sympathetic nervous system
1949 31
vasomotion 1949 32
venous outflow 1n 1949 25 27
cercbral 1949 200
duting cardiovascular stress
26279
and emphysema 1949 278
coronary 1949 86
1n congestive heart farlure 1949 188
hepatoportal in hypertension 1949
96 97
1 hypertension 1949 82 107
homeostasis 1949 48 51
mesentenic 1949 32
peripheral
of buffer nerves

1949

1949 9192
factors

Blood Pressure

Crreculation—Conr'd
venous system—Cons d
during exercise 1949 59 63 67
reaction to cold 1949 67
reststance to flow 1949 5558 6566
valves 1n 1949 71
Circulatory disease mortality from dunng
war years 1951 11719
Clearance technique 1n measurement of
renal blood flow 1947 11823
Coarctation of aorta and hypestension
1950 76
Cohas Method 10 1951 1415 21
Cold pressor test in hypertensive s
normotensive dog 1947 11213
Cold stress hypertension due to 1948
106-07
Compound E 1948 101
Conductance hemodynamics 1949 7476
Congestive heart failure See Heart faiture
Conpunctiva  arbutal n essential hyper
tension 1950 171
Cor pulmonale 1949 233
Coronary disease
antilipfanogen in 1951 83 87
and blood pressure 1947 12627
hpf: n 1951 8387

and hepato renal
1947 31
parallel arcuits 1n 1949 85
after shock 32
and Posseutlles law 1949 77
pulmonary
and caediac output 1949 232
1n congestive heart failure 1949 193
1 sat after adrenalectomy 1947 75 77
regronal 1949 60 64
renal 1949 97 106 109 31
and desoxycorticosterone acetate
1950 81
and hypertension 1949 97 106 1950
9293 101
2nd medullary shunt 1999 11015
and Posseutlle s law 1949 110
and renal artenal constrction 1950
5354
after renal ischemia 1947 6465
turbulence 1 1949 78
venous system 1949 33 74
and capillary pressure 1949 63

Coronary sclerosis

and adrenotcopic hormone 1948 19
1n hypertension 1949 92
Corticards
in production of hypertcnsion 1948
8990 115

sodiumn factor 1948 104
dunnyg, stress 1948 88 89
Corucotrophin
and catabolic impulse 1948 87
precussors 1948 91
See also Adrenocorticotropic hormone
Cottisone and S, levels 1951 74
Creatimine clearance of 1949 12327
and urne volume 1950 11012
Crypto remn 1951 100
Cushing s syndrome 1950 81 120
and  hepatorenal vasoacuve factors
1950 169
and hypertension 1947
130

110 1950 83



Cumulatiee Index

Fernun See VDA
Fibroblast and fat forming tendency
1951 95
Fbrosis, intumal 1951 98
Bling pressure and cardiac output
1949 209 11
Fltration coeflicient of glomerular capal
laties 1949 126-29
Filiuztion equ hbrmm 1949 123 30
Fistula
antenovenous
pulmonary 1949 211
and venous return 1949 21
and ventncular pressure 1949 21
15
Freund menstrupm 1951 114 115
Fundus n hypertension 1947 116

G

Gangl onectomy w th sympathectomy and
splanchnicectomy  for hypertenston
1949 24445

Genesal Adaptanion Syndsome 1948
Bs a3

Globulm 1951 22

Glomerul t Rltration rate changes in
1950 106

and dietary proten 10 dog 1950
10309

and

nne olume 1950 110-13
Glomeruloscleros s
0 dab tes and hyp ttens on 1950 36
wt rapdlary 1951 13
Glem rulus 1948 19 1949 123
ortcal ndj xtamedultary d ve si1on of
bl od b tween 1949 112013
fitaton equlb um 10 1949
Juxtamedulary 1949 121
Gl coe n hyp rtens on 1950 99
G 1dblat clamp 10 prod ction of expert
menta) hyp rten n 1947 9293
Se | Hyperteas on experme tal
G nd trophin 1948 116
Cranula ¢ il
afbrfla and hypetien on 1948 35
nd hype ten s n 1948 3637
of yuxtaglom rular appa atus 194g 103
and renn s creton 1948 1146

1330

221

Graaolie ceN—Conr'd
ongin of 1948 40
secretery activity of 1948 38
See alio Afbrillar cell
Growth hormone  and
1950 143

renal fuaction,

H

Hamlton manc meter 1949 140
Heart
blood flow 1 1942 61
hypertrophy 1950 1112 24
1n hypertension 1949 9296
30d hypoxia 1919 9394
teft side of and Blood pressure 1947
128
we kht of and adreqc trophic hormone
1948 19
Heart diseas
and blood pressure 1947 126-27
congestive
arternl system 10 1949 180
cardiac output 1n, 1949 17881 188
¢ rewlatory fattors an 1949 178 202
coronary circulation in 1949 188
expenmental production of

1949
19091 194
from non cardiac conditsons 1949
197

penpheral resistance 1n 1949 180
plasma volume in 1949 189
pulmonary circulation 1o 1949 195
reazl vasoctastesction i (949 180
tssue pressure 1n 1943 190
VDM n 1949 2m
VEM ;1949 201
venous system in 1949 6870 180

hypertersi ¢ and renal arteriolar con
striction 1950 97

Heat tolerance 1o and sympathectomy
1949 254

Hemorthage shack from 1947 43
Hepann and blaod 1 poproteins 1951
122

Hepatectomy

and hemorthag ¢ hypotens on 1948
130 51
and vascular tesponsiveness 1947

1
and VDM 1947 5758 »

Hered ty and S, levels 1951 15
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Dystemper
hepatorenal vasorcuve factors yn 1950
180
renal concentration of renm 1o 1948
69 7778
sustained pressor substance 1 1948

7879
Dhuresis
glomerulir filteation rate 1950 110 13
mercurial and postersor pituitary ex
tract 1950 127
Dog
adrenalectomized  VEM fotmation by
kidneys from 1947 77
atheroselerosts 1n 1950 42 33
hypertension 1n 1950 30 32
Dopa 1948 136

E
Eclampsia and angiotonin 1950 143
Edema 1949 35
pulmonary 1919 195
and VDM 1950 175
Efastin medial and age of patient 1951
147 54 167 6%
Emphysema and cerebral blood flow
1049 o8
Encephalopathy hypertensive 1950 25 26
EIndocnine glands 10 hypertension 1950
119 49
Enlocrine hidney 1948 15 10t
ceffufar hyperplasia vs regeneration in
$948 31
vs Galiblatt hidney 1948 29
hustologic sections 1948 95 96 9~ 98
hyperiension dae ta 1948 106 07
ywtiglomerulac appatatus 1o 1948
26 28 333
macula densa 1 1948 32
nephron 10 1948 3334
proximal consalated tubule in
3%
termianlogy 1948 78
whular el w1948 3031
Endocnine syndrome hypertenine
7677 8081
Fodothelium
capillary 1949 23 0B 23 .
pesmeability of to hprds 195
76 27

1948

1950

25

Blood Pressure

Energy  Kinetic vs pressure 1949 7
Epmephrine
aad alarm reaction 1948 103
and arterenofl 1 pheochromocytoma
1949 253
blood vessel response to in adremalec
tomzed rat 1948 8%
and essentit]l hypertension 1947 113
10 sat mesoappendix test 1947 48 49
reactivaty to
wn rats 1947 7576
after renal rschenua 1947 4243
vasculas tesponse to 1947 83 S6
Erythrocyte and axal streammz 1949
7778
Estrogen
and ttherosclerosis 1n chick 1951 180
and hyperlipemia m chuck 195 80
191 92
Etamon 1949 218 31
See also Tetracthy lammonwum chlondt
Eothyrordism and §; levels 1951 33
Exchange ressns 1948 133
Exerctse and hypertension 1950 9%
Fye ascular changes 1n and essennal
hyperteasion 1949 90
Cyecround 1n hypertenston 1947 16

F
B3 1947 16
Far
deponition of
and antibpfanocen 1951
90 o4
and Iipfanogen 1951 1690 94
lietary 1950 38
and cardioviscular discase 1953 116
nd chelesterol content of body
1951 2829
and nectotizing artentis 1950 150 63
and mortality from circulatory &
Lasc 1951 118
and thrombo embolic phenomena
1951 119
neutral
m artentasclerc uc lesien 1951 33
ani dietary chclesterol i athere
sclerosis 1951 176
i hpoprotun molecule 1951 36

7778 82



Cumulative Index

lsperens o~ Conr'd

snenole sn 1949 909)

nd artenosclerouis 1950 20 33
sftes biateral nephrectomy 1948 43
a0d blood cholesterol 1 production of

antenosclerosis 1950 3

bisod vessel changes 10 1947 85

aftee bulbar poliomyelitis, 1950 76
C5%8 for 1949 251 52

C1537 for 1949 231352

and calarficat on of elastic tissue 1951

1

p llary tone in 1949 26

wraie hypettrophy 1 1949 9796
cardiac output 1n 1949 95 10
aardiac cesebrovascular 1schemuiz 1950

7%
nd choline msufficriency 1950 45 51
chromic

deficency  theory of 1947 2031
and gephrectomy 1947 16
enal lesions 1n 1948 42
onan 1947 21
arcalanon s, 1949 82 107
and cisrhosis of 1 er 1950 3157
classific non of 1950 9 66
ttologic 1950 60 64
hepatorenal vasotropic factors as
dices for 1950 8283
pithogenetic 1950 65
frogaostic 1950 63
and coarctation of aorta 1949 8%
1950 76
e cul low satt feed n 1950 82
totonary sclerosrs n 1949 92 1950
21
€ ticods 1n producy o of 1948 89
f Cuslungs syndrome 1947 130
1950 130

and 4 toxvrortico teron € tate 1248
0110 31 13 1950 37 134 42
and desoxycort costerone  glucaside
1950 142
and d et ry protewn 1948 9091
tadsez of adapt non 1948 6992
nd ¢ n oogns 150 11949
enloc 1o synd ome 1950 7677 8081
essenta) 1947 113 1950 66 76
and adrenal fiyperplas 2 1950 2425
and adreno ort cotrop ¢ hormone
1987 113

223
Hypertension—Cors &
essential-~C wrd
and artenosclerysis 1949 8¢
and bas phlism 19% %
and bilateral steffate biock 1949

248

beign v mahgaant phases of 1950
1617

and cerebral anenolar
1950 719

cersbsal blocd fom in 1949 26464

cerebrovascular pesstance i 1919

scerons

and Cushing s ssndrome 1950 83
and d abetes 1950 119
and hepatorenal vascactive factaes
1950 10386
and hypesten ive encephalopathy
150 2526
nturopenic mechanism of 1950 78
and not epinephnine 1930 1 0
and the prtwitary body 1950 23
vs renal 1947 213 4
tenal baus for 1951 113
repal circulation s 1956 101
renal extraction of PAH i 1947
1227
renat vascular sdjustments an 1950
93 96
and renal vaseular
100 150 1314
renal vasoronsttiction sn 1950 100
sympathectomy for 1947 12628 129
and vascular changes in eye 194y 90
vascalar resistance in, 1949 96
VO 1948 140 43
VEM n 1948 14045
wit min K for 1947 151
and exerase 1950 07
espenmental

disease 1947

and adsenal cortex 3948 83 84
drenat gland and renal vasoexatar
mechamsm i 1947 7279

anlestyr piatary factor 3 f9sp
M 46

change 1n pathogenesss of 1381 113
204 tholesterol rmduced artetiosclero
3151951 193 209

due a0 desoxycorticostero
ne 1
1406 >
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Histaminase tenal 1947 151

Histamune diffusion of 1n tissue spaces
1949 44

Histidine and and sodrum 1scorbate for

peripherat vascular disease 1947 151

Homeostasis
cerebral with respect to oxygen 1949
27476
vascular 1949 4351
perspheral 1949 90 91
renal reactivity in 1950 89
Hormone
adrenal cortical
and hypettension 1948 101
and VEM formation 1948 84
adrenocorticotropsc
and catabolic smpulse 1948 87
and hypertension 1947 113
148
precursors of 1948 91
and S, levels 1951 74
adrenotropic
and blood cholesterol 1948 21
and coronaty sclerosis 1948 19
and juxtaglomerular apparatus 1948
1874
and proteinuna 1948 21
and weight of heart 1948 19
antidiuretsc 10 congestive heart falure
1949 200 20>
estrogemc  and avian hyperlipemia
1951 180 191 92
growth and renal function 1930 143
hypothetical from adrenal cortex 1948
103 04
placental 1950 120 174
thyroid 1951 187 88
thyrotroptc 1951 39
Hyalimization of blood vessel 1950 28
Hydronephrosts 1947 96
Hydroxytyramine 1948 136
Hypercalcemea and hyperlipemia in ovu
lating chich 1951 180
Hypercholestcremia 1951 36 39 180
and age of chick 1951 189
and antilipfanogen 1951 83 89
and expertmental cholesterol athero
sclerosts 1951 196 197
and ntermittent starvation
181 84

1950

1951

Blood Pressurc

Hyperchalesteremia~—Cons 4
and lipfanogens 1951 83 89
and pancrettectomy 1951 188
Hypercholestesolemia See Hyper
cholesteremia
Hypetglycemia  and pancreatectomy
1951 188
Hyperlipemia
alfoxan induced 1951 78
and estrogenic harmones mn birds 1951
191 92
and hypercalcemia sn ovulatng chick
1951 180
and pancreatectomy 1951 188
plasma from and atheroma 1951 °8
stilbesterol induced 1951 192
Hyperphospholipemia 1951 180
Hyperplasi1 adrenal and essential hyper
tension 1950 24 25
Hypertensin 1947 99 114 147
difficulty of detecng 1948 157
in hypertension 1947 102 101
following tnjectron of remn 1947 174
vs renn 1948 148
vs VEM 1948 148
See also Angiotonin
Hypertensinase 1947 23 114
in plasma 1947 103 0%
i renal extracts 1947 171

Hypertensinogen 1947 114 146 1948
17
1 plasma 1947 103
Hypertension
acute vs chromc 1947 16 18
and Addisons disease 1950 12223

and adrenal coctex 1948 23 1950 37

and adtenal cortical hormones 1948
101

due to adrenocorticotrophic hormone
1950 148

and anbnllar granular cells 1948 33

amine oxidase for 1947 147 49
with anemia 1956 96 97
angietonin in 1951 105 06

anter1 s piuttary extract for 1948 26
antiremin an 1951 107 104

aortic volume 1n 1949 83

and arterrolar consteictton 1950 36
arteriolar disease 1n 1949 238



Cumulative Index 22!

Hypertension—Con/d
passive immumzation with antitenst,
1950 11
nd perurtentis nodosa 1950 18 19
peaiphera) resistance 10 1949 B3 92
perspheral vaseular bed 1 1949 9091
and pheochromocytomas 1947 100
1950 170
and ptutary body 1950 11920
pottal pressure in 1949 96-97
and pregnancy 1947 113
pressot substances 1o blood 1943
1836
Prscoline for 1949 251 52
and pulmonary sesistance 1949 9€
pulse pressure of 1949 91
pyrogen for 1947 129 30
nrat and salt chowces 1947 6371
reducton of s0d coronary disease
1947 1267y
renal
and adrenalectomy 1947 8O
and anesthesia 1947 15
and bilateral spl

e

Hypettenson~Cans'd

and renal blood flaw
1950 9293

tenal clearance n 1950 103 0§

and renal denervanon §9%0 2W

and rena) snsufficiency 1M8 4849

and renal ischemia 1949 10105

and renal vascular disease 1950 289

and repin 1947 12 1618 23 29 102
10406 114 1950 $* 50910 212
216 1951 11516

senn zagiatonia mechanusm w1950
183 84

roe dier for 1947 14 125

SC 1930 for 1949 25152

Sy 10 20 molecules in 1951 63 66

salt induced
in chickens 1951 189
and spontaneous athetosclerosis

1950 37

salt restnichion in 1947 T

and sodiam 194§ 9091

anj sodwum restniction 1950 130

1942 97106

1947

ey vs late 1947 13 171
efect ical arcunt analogy 1949
719

o essential 1947 11213 114

and imulbin tolerance 1930 146

kidney extract for 1947 13 €9

075

nephrectomy for 1947 24 627

nephrecthmy s partial ccclusion
1947 29 3031

and neur gemc bype tension 1947
9% 1949 234 256

igm of 1950 13 14

paredie € r 1947 23

and rensl ctens [ constniction 1950
33 34
ad re al putsation 1947 89 90

and renal pulse pressore 1947 89

K0 0 antikenin 0 echanism o 1947
13269 17079

and spaal ¢ d ection 1949 25§

sympathectomy 11 1947 14

fter unitate al consts et n of renal
ey 1997 0

vtamin K for 1947 151

and renal ner sclercss 1950 17

Hybophveertame tnen

for 1919 24244 243
spontaneous

in dogs 1950 1032
and renal extract therapy 1948 33
due to stress 1948 106 11316
and sympathectomy 1949 24445
1930 1
sympathet1ic nervous system 1n 1949
23761
systolic 1950 €3
tachycardia in 1949 92
and toxemsa of pregnancy 1950 147 48
two phases of 1948 49
o phicctomy duning 1948 33
tyros nase for 1947 130
and vascular lesions 1950 3334 39
VDM s 1948 15455 1950 131
VEM n 1948 15453 1980 13 173
See also Nephrectomy

Hypetthytordism  and growth hormone

1950 143

Hypertrophy carluc 1950 1112 2
Hypetvent lat on

and  cerebrovascnyar Tesistance
it
267 21677 0

test 1957 79



9

24

Hypertenston—Conr 4

expentmental—Cont 4

hepatorenal factors in
1950 165 86

histamnase for 1947 151

vs human essential and hepatorenal
rvasoactve factors 1950 165 86

tuxtaglomerular apparatus 1n 1948
7175

nervous system in 1947 1219

paredrine for 1949 254 55

polar bear hver for 1947 25

production of 1947 88 96

remn concentration of Lidaey in
1948 6171

tentn treatment for 1950 189 93

resistance to 1950 180 82

sensitivity to vasopressor
49 50

1nd vascular disewse 1950 15 2223

1947 3252

1947

VDM in 1947 4147 1948 138 40
144 45

VEM v 1947 41 16 1948 138 40
14445

vitamin A for 1947 25 26 2930
witarmins for 1947 2425

eycground changes in 1947 116

&wghonectomy for 1949 244 45

and glomerulosclerosis in diabetes
1950 36

glucose 1 1950 99

and granular cell 1948 3637

hepatoportal crreulation 1n 1949 96 97

vs high blood pressure 1950 58 59
68

human
humoral factors 1947 100 06

qutnones for 1947 146-47
renal extracts for 1947 142 44
tysosinase for 1947 14446

humoral factors in 1947 13141

hypertenston 10 1947 107 104

hypertensinase 1n plasma 1947 103 0f

hypertensinogen 10 plasma 1947 103

hypotension following adrenalectomy
1947 81

incidence of and age of patient 1950
]

and quuglomeruhr apparatus
34 1950 52

kaolin 1950 146

1948

Blood Pressure

Hypertension——Cons d
kaolin—Conr'd
Lidney extract for 1947 129 30
left ventricle 1n 1949 9>
Iiprd content 1n 1950 39 40
maliznant
antirenin for 1951 108 10
and artesiosclerotic lestons
25657
hog renn for 1950 29
leukocytic response in 1950 39
pherentastn 1n 1950 207
and renal renin concentration 1948

1949

69 7273

supradiaphragmatic splanchnicectomy
for 1947 115

and sympathectomy 1947 1151
1949 223

and mesentertc captllary hyperplasia
1950 132
and myocardial lesions 1950 33
and myocardial muscle 1949 94
and necrotizing arteriolar lesions 1950
29 30
n nephrectomized parabiont 1948 44
59 60
nephrogenic
desalting in 1950 82
pressor matenal in 1950 84
nephrons eliminated 1n 1950 99 100
and nephrosclerosts 1950 13 14
neurogenic 1950 147 1951 114
and arteriosclerosts 1949 237
charactenistics of 1950 77
experimental production of
238 39
generalized vasoconstrction 1n 1949
260

1949

due to increase of intracranul pres
sure 1949 212

persistency of 1949 257 39

and pherentasin 1950 706

pressor material i 1950 84

and renal hypestension 1947
1949 254 756

tenal mechanism in 1949 253 34

and splanchnwectomy 1949 241 47

and vascular lestons 1950 23

VEM 1 1948 58

ol extracts for 1947 2

935

-423 ?930



Cumulatie Index

Yodney—Lonsd
arter olar consteiction 1 and hyper
ten 1 e heart disease 1950 97
artfical used after bulateral nephrec
tomy 1948 4495 %Y
blood fyw 1n 1949 61 10931 1950
9 93
and  desoxycortiCosterone  acetate
1950 &t
m essential hypertension 1950 101
meatored by clearance techoique
1947 11823
and Po sewilles law 1249 11
and renal arterial constriction 1950
5334
and spinal anesthessa 1949 198
coostr cted vs unconstraCted remin con
tent of 1948 77
n deficiency theory of chronsc hypet
tenson 1947 2031
denery ted and ren 1 renn 1950 714
15 2ig
extracellular Bud pH 1950 3153
extract of
hypentensin se 1o, 1947 170
for hypertension 1947 129 30
14244
nonren 0 ant hypertensive  prindiple
o, 1947 157 5B
For senal hypertension 1947 152 69
17075
for spontaneou hype tens on 1348
38

froz 0 co t aindicat d for ren o exteac
uon 1951 112
function
2l At or prutry growth ho
mone 1950 143
and antirep a0 pter 1951 111
8 ben go n ph oscler 53 1950 9%
ad ditary p ten a dog 1950
108 09
It hyperten ton 1949 97 106

h m u#n 0t pephrosslerss: 1950
101

as homeo tat ¢ de ce 1950 88 89

boman s anne vascul  system
1950 106-G9

nobyp ten n oat  nd hrenc
1947 17

Yadney—Conrd
hypertensive
eleetncal areut anslopy
1719
and formatim of VEM 1948 138
vananons 1 requn contem of 1943

1949

6 8
bypoxic and VEM production 1950
174
tsuffactency
and hypertension 1948 43-19
and pecrotizing acteritis, 1950 130 83
sschem ¢
blood pressure following
€465
and formaton of VEM 1948 13356
and hvperplasia of adrenal cortex
1950
renn content of 1950 21112
les ans of
in chronic hypertens on 1948 4
due to desoxycorticosterone acetite
948 104 06
Wipsd content of and hypertension
1950 40
1n neusogensc hypecteasion
25354
necrotizing substance from 1950 ¢
normotens ve

1947

16

1947

elestrical crcuit analogy 1949
renin content of 1950 211
oxygen tension 1950 3436
perfus on of 1947 9091
precessing of  for
1948 75
veracti 1ty of sympathet ¢ nerves
1249 23738
VEM from 1947 3336 33 414
5051 57 8687
after adreaalectomy 1947 7779
and anaerobiosss 1947 38 4>
volume pulse 1942 118
See ulio Ja taglomerular apparatus
Kx;:ut ENSIRY VS preSsure energy 194

117

femn  extraction

KNwashictkor 1951 12

L

Le kacyte 1n bypertengion 1950 39
Lilly manometes 194) 14343
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Hypophysis
and corticotrophin elaboration
87
See also Pituttary body
Hypotension 1948 116
following adrenalectomy 1n hyperten
sive amimals 1947 81
and capillary arculation 1949 31
hemorrhagic 1948 150 52
and a nes pressor principle 1948 159
vascular changes :n 1947 33
1948 103

1948

Hj pothalamus
Hypoxia
and cardiac hypertrophy 1949 93 94
renal and VEM production 1950 174

1

Impedance recorder differential for meas
uning blood pressure 1949 164 69
Infarction myocardral
and atherosclerosts 1951 6064 ~0 71
flotation pattern of lLipoproteins in
Infection and peniartentic panvasculits
1950 3435
Innervation
of arterioles 1949 18 39
of capillary bed 1949 37
Inositol
and atherosclerosts 1951 186
and regression of cholesterol induced
fesions 1951 36
Insufficiency myocardial possible expen
mental production of 1951 °03

Inttma
of artery and plaque formation 1951
158
of cotonary astery and atheroscicrons
1951 13233 137
plague formation vs medial calufica
tion 1951 163
thickening of vs medal calafication
1951 15154
thickness of and atheroma fotmation
1951 138
L tolerance to n remal bypetten

e 1AL

Insu!

Blood Pressure

Inulin
clearance of 1949 12329
2ad diodrast clearance 1950 115 16
and urne volume 1950 112 113
Ischemra
cerebral  for production of expen
mental hypertension 1947 88 9»
cerebeal vascular in hypertension 1950
77
renal
blood pressute following
6165
and formation of VEM 1948 15556
and hyperplisia of adrenal cottex
1950 25
and hypertension 1949 10405
pressor effects of 1947 86-87
and rena) content of renim
2111> 216

1947

1950

¥

Juataglomerular apparatus
and adrenal cortex 1950 175
and adcenal insufficrency 1948 26
and adrenotropic hormone 1948 18 24
cellular granulation 1in 1948 107
and desoxycorticosterone acetate 1948

18

1 endocrine kidney 1948 26 2% 3233
i expernimental renal hypertension

1948 7473
hyperplastic cells of and hypertension
1948
and hypertension 1948 34 1950 52
and remn 1948 1116 2576 37
1951 107

Juxtame fullary glomerulus 1949 121

and renal shunt 1949 11015
1.8

Kalin hypertenston 1950 146
Kadney

abnormal and hypertensicn 1948 44

and adrenotrophic hormone 1948

18 19
amyloid and hypertension with pul

monary tuberculosis 1950 33 36
an>xic and nephron damage 1950 18
anuhypertensive extracts from 1947 23



Cumulatie Index

Manometer
apaatance for measuring ntra atenal
blood pressure 1943 133 30
Faezell Anderson osaillometnic method
1949 15054
Hamilton 1949 140
Litly 1949 140
reluctance 1949 143-46
Sanborn 1949 150
Wuburgs 1949 147
Med s
of actery and arteniosclerosis
14058 16272
of aorta elastin content of 1951
1834
Mercunic chlonde 1950 18
Mesentery

1951

tetmnal vascolac bed of arculation i
1947 34
vascula hyperplasia sn, and hyperten
son 1950 137
Meurtetiole
a5 prefesential channel 1n capllary bed
1949 1620
sasomation, 1949 3233
Method 10 of Cohn 1951
Mateal ) affet
1951 13435
Moenckeberg s sclerosis 1951

1415 28
anteriar  atheroma 0
142 156
Mortal ty from circulatory disease d ning
war years 1951 11 19
Muscle
blood flow . 1949 61
my cacdial and hyperten on 1949 94
skeletal VDM from 1947 35 39
smooth behav or of 1948 8183
My ¢ rdium and hypertension, 1949 94
Myxedema
thol stesol phosphol p d ratio n 1951
19
Sgle s m 1951 68

N
Necro ss
rter olar
s steriolar clecosis 1950 16
and p rat nts aodosa 1950 20
¢ al and urema 1950 27
Nembutal 1947 16

Necrosis—Cant d

Nephrectomy 1947 131
and blood pressute 1950 130
bilateral
1n dog muntained by aruficial kadney
1918 4443 31
i vascular discase 1950
preceding hepatectemy and response
to vasoact ¢ substances 1947 139
2nd hypertension 1947 105 111 123
126 1948 41-43 43 33
chrome 1947 16
hemorrhag ¢ 1948 1303
renal 1947 24 2677
new pressor prnciple 1948
16268
1 parabiotic rat 1998 1341
s partial occlusion 10 senal hyperten
sion 1947 29 3031
umlateral
and hypertension 1947 21
43 4650 34 55
n nosmotensive apymal 1948 41 13
and renin concentration of remaiung
Kidney 1948 6566 68
 unilateral nepheitss 1947 13
Nephriis 1950 83
plomerular 1950 147
and hypertension due to desoxycortl
costerone 1948 109 10
undateral nephrectomy 1n 1947 13
Nephron
damage

324

159 61

1948

 anoxie kidney 1950 182

elimin ton of in hypertension 1950
99 100

1 endocnne kidney 1948 3334 92

Nephrosclerosis
bentgn, renal function in 1950 95
and calafication of elastic tissue 1951
170

and dietary prote n, 1948 90 91
expenimental product on of

w th desoxyco ticosterone acetate
1948 10406

and hypertension 1950 13 14

mal goant renal function 1n 1950 101
Nephros s

cholesteral diste bution 1n 1951 1617

| e—r—
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Lipemia
alloxan induced 195t 27 28
effect of heparin on 1951 122
Lipfanogen

and ant:lipfanogen ratio 1951 83 86
precursor material 1951 78
0 regulation of fat deposition 1951

7690 94
Lepe |
m atherosclerosis 1951 91 93
in blood n experimental arteriosclero
$15 1951 3145
i blood serum 20d tssue lymph in
alloxan induced diabetes 1951 26
1nd endothelial permeability 1951 25
7627
1n hypertension 1950 39 40
mfi'ttiion of n plaque formation
1951 161
renal arteriolar 1951 136
See ualso Lipoprotein  Phospholipid
Iipoprotein 1951 16-18 20
and age of pauent 1951 24

in blood 2nd hepann 1951 122
molecule of
1nd age of patent 1951 56 5760

cholesterol content of 1951 54356

composition of 1951 54 56

Se 1020 units 1951 40 4147 45
5660 61 67

and serum cholesterol 1951 40
1143 45

in serum from cholesterol mduced

atherosclerosis 1951 51 54
ultracentrifugal study 1951 40 41
12 45 4675
Liver
curculation in and VDM 1948 150 51
crrrhotic

and hypertension 1950 3152
and VDM 1950 51
and VEM 1950 30
damage to from oils 1947 26 30
and destruction of VDM 1947 3940
44
histological changes in 1950 45
nor adrenalin 1 1950 41
nor epinephtine in 1950 41

Blood Pressure

Liver—Consd
and VDM 1947 3540 44 5758
1948 150 51 1950 51
Lonalac 1950 82
Lung blood volume of 1949 184
Lymph tissue
and alloxan induced diabetes 1951 26
and atherosclerosis 1951 25

M
Macrochylomicronemia 1n atheragenests
1951 180
Macrophage migration of and atheroma
formation 1951 9293
Macula densa 1n endocrine krdney 1948
32

1 production of hypertension 1947
10001 110 11
pulsation 1949 11722 1950 27

and renal hypertension 1947 8990
pulse pressure in 1950 27

and renal hypertension 1947 89
reactivity of tn vascular homecostasis

1950 89

in removal of VDM 1947 40 {3
57 58

renin content of
and aznoxemia 1950 212

and desoxycorticasterone acetate
1948 27 1950 145
form of 1951 100
duning shock 1950 21213
shunt 1n 1949 11012
size of and resistance 1949 107
tubules of in production of remn
1948 102
vasculature
autonomous
9293
disease of and hypectension 1950
13 14
1n essential hypertension 1950 93 96

adjustment  of 1950

vasoconstriction
m anemz 1950 92
In essential hypertension 1950
10 traumatic shock 1950 90 91
vasodilatation 1950 93
Mal and aths 1

100

polar bear for exp tal renal
hypertension 1947 23

1951 181



Cumulatie Index

Pheochromocytoma 1949 252 1950 22
anterenol 1n 1940 253
epinephuine 1 1949 233
a0d hgpertensson, 1947 100 1950 17D
non tenal 1950 83
Phereatss 0 1950 201 203 07
Phos bolepid
and cholesterol ratio 1951 16-19
10 atherosclerosis 1941 130
experimental 1951 197
v §; ratio 1951 70
1 ligopeotein molecule 1951
Puesa 1948 13

5436

Pitu tary
antersor
and corticotropin elaboration 1948
87

extract of fot hypertension 1998 26
growth hoymone from 1950 143
4od hypertension, 1950 120 1446

and essentraf hypentension 1950 25
Fypcphysectomy 1950 120
Ppostening
extract from and mercunal diasests
1950 12
and bypertension 1950 119
Plz enta ACTH 1 ke mater al from 1950
120 121
Plague
atheroscl rote 1951 9192
elist o cont ot of 1951 1 2
cholester 1 1a 1951 172
m experment } 5eaa) bype tension
1951 200
m cotona y artery 1951
uma)

160 61

calcium content £ 1951 135839

cholester 1 ¢ ntent of

151 158 9
s med | {ificaton 1951 163
nthyiod ttery 1951 208
Plasma

action of ennoon 1947 99
holesterol 1
and ath g nesis 1951
distnbution of 1951 13
bypeshpenut and atheroms 1951 g
byperteasin s¢ 10 1947 103 04
hypertensinogen 10 1947 103

19

231

Plasma—Cows 4
hypestensive. VEM an 1948 147
Frotein 1
and prture 1949 191 9%
storage of 1949 19%
zenal and anesthesia, 1950 B2 90
slammung 1949 8 45
volume of 1n congestive heart failure
1949 189
Plethysmography
photosiectne 1947 13657
tal 1949 13 63 16974
Prcumomia tenal concentration of reqin
n 1948 69
Poiscuilie s law
and carculabon 1949 77
and renal blord flow 1949 110
pnmary and b
lar zemsance 1919 267
Paliomyel s butbar and hypertension
190 76
Postcapitlaty resistance 1949 38
Posture
and blood volume 1,49 1919y
and plasma protein 1949 19t 93
Precapillary cell
mechanical stimulation of 1949 29
Precapillacy ressstance 1949 38

P

Precaplary vasomouon 1949 39
Pre cclampuz 1950 83
Pregnancy
and hypectension 1947 113
Sele els i 951 73
wxemia of
and hypertension 1950 147 45
and hepatorensl vasoactive factor
1950 168 69
4 Pregnenclone 1948 1p)
Pressor substance 1950 204 o7
ant hypertensive effect of 1947 23
nsustan d 104 163 64 15
it :Ype((cnsmn 1950 84
in hypertens ve blgo
sustained o4y *; 159’96‘18 1;;86;6
Pressure
xm;:!l “ﬂ-;-;m a\;fl“ vasoconstrichion ge
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Nephrosts——Conrd

cholesterol phospholipid ratio 1n 1951
18 19

protein distributton tn 1951 1617
Nephrotic syndrome
antihpfinogen in 1951 8387

Lipfanogens i 1951 83 87
Nervous system
autonomic and renun tachyphylaxis
1947 134
central and response to rerun
184
in experimental renal hypertension
1947 1219
and myotropic effect of angiotonia
1947 133
sympathetic
and cipillary arculation 1949 31
and cercbrovascular resistance 1 es
sentia) bypertension 1949 269
and (nnervition of arterioles 1949
38 39
Neurofibromatosts hepatorenal vasoactive
factors i 1950 177
Nicotine 1948 131
Nitrous oxtde method for determning
cerebral airculation 1949 262 63
Nor adrenalin
hepatic 1950 41
snhubition of and response to tetre
ethylammonium chloride 1949 260
redistaibution of blood following 1949
87
™Nor epinephnine
and essential hypertension
hepatic 1950 41
vasopressor cffects of and desoxycorts
costerone acetate 1950 140 42
See also Arterenn)
Normotension 2nd retnal vascular dis
ewe 1950 36

1950

1950 120

[o]
Obesity and atherosclerosis 1951 181

Obstruction bilary
cholesterol phospholipid ratio i 1951
1819
S¢ fevels 1n 1951 70

Blood Pressure

Ol extract for hypertension 1947 ™
2125 2930

Omentum  circulation m termimal vascu
lar bed of 1947 34

Ovulation 10 chick and hyperlipem:a and
hypercalcemia 1951 180

Oxygen

1 cerebral homeostasis 1949 27476
storage of 10 bran 1949 271
Oxygen difference arteriovenous 1949

27073
Oxygen tenston renal 1950 54 36

P

PAH See Parx aminohippunic aaid
Pancreatectomy and atherogenesis 1951
188
Panvisculitts periartenitic and infection
1950 3435
Para aminohtppuric acd
1n essential hypertension 1950 9391
in malignant nephrosclerosts 1950 101
m measurement of renal blool flow
1947 11823
Parabiosis rat 1947 21 28
nephrectomy 1n (948 43 44
Paredrine 1947 113 14
antihypertensive effect of 1947 25
for expenmeatal hyperteasion 1949
254 55
Percolation pressure and atheroscleross
1951 129
Perfusion renal 1950 27
Periarteritis 1948 108 110
and infection 1950 34 35
nodosa 1918 113 1950 73
and arteriolar pecrosis 1950 21
and arteriosclerosis 1950 1870
and hypertension 1950 18 19
Pencarditis
and desoxycorticosterone acetate 1918
110
sodium excretion 1n 1950 104
Permnephnius  for production of expert
mental hyperteasion 1967 8889 9
Permeabtlity vascular gradient of 1919
46 47



Cumulative Index

Remn—~Cont &

from juxtagfomerufar apparatus 1948
2526
m notmal kidney 1956 211
procedure for ssalation of 1951 102
produttion of 1948 102
by renal tubules, 1948 102
punity of 1951 101
and medullary prote:n 1951 10708
10 113
renal
ani anoxemsa 1950 213
concentrat on of 1n experimental
bypertension 1948 6174
and desoxytorticosterone acetate
1950 143
and renal dener ation 1950 21413
ng
and renal ssthemia 1950 21112 216
var ations in content of 1948 76 78
response to after hepatectomy 1947

separation of from sustained pressor
prnaipl 1950 20001
sste of formation of 1951 100 107
tachyplyhams 194 13 1950 183
abohshed by tt acthylammonium
chloe de 1947 133
and tbulas cells 1948 37
vasoceastr cucn following ingecnion of
1947 97
vs VEM 1947 31 6567 1948 14§
Resist nee
anteriolar 1949 199
to bload flow
dus ng cxerc se 1949 3963 67
A enous system 1949 35 58
cerebro asc lar
o ccb al arte osclerosis 1949 267
 ess ntal hype tensan 1949 265

219

and hype vent1 ton 1949 27677

increas 4 by mt actamal pressure
1949 266

nature of 1949 268

m pumary polycythemia 1949 267

and sympath ctomy 1949 29
cond ctance n hemo fynamics
1949 4 6

and kidney 51 ¢ 1949 107

vs

Resistance—Conr'd
penipheral
and cardiac output 1949 218
1n congestive heart failure 1949 180
10 hypertention 1949 83 92
and mean blood pressure 1950 3738
and shock syndrome 1949 219 23
pulmenaey and hypestension 19 96
vascular
10 hypertension, 1949 96
I organs 1949 8386
vapanon 1n 1949 88
Rhizotomy anteuior 1947 134
Rice diet, fcr hypertension 1947 124 123
Rouget cell 1949 22123

s

Saft
choice of by hypentensive rats 1947
6 1

and desoxycoeticosterone acetate hyper
tension duc to 1948 10709 111 113
dictary and human hypertension 1947

and hypertensive endotune syndrome
1950 81
restriction of in hypertension 1947 71
retention of in pregnant hypertensives
1950 14748
See alto Sodium
Sanborn manometer 1949 130
SC1703 1949 248
SC1930 1949 24850
Scald shack vasoconstnictor maten3) 1n
1947
Schuzophrenia §, levels in 1951 73
Scletasis
arterial v antenclar differentiated by
pulse pressure 1950 63 64
arteriolar
¥s arteniolar necrosis 1950 16
and essertial hypertension 1950 79
cotonary
and adrenotrophic harmone 1948 19
1 hypertension 1949 97
Maenckebergs 1951 147 136
See als Antenosclecosss Aq

therogenes
Atheroma gencsts

Atherosclesosys
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Pressure—Conr'd
tissue in congestive heart fajlure 1949
20

See also Blood pressure  Hypertension
Pressure energy vs kinetic energy 1949

Pressure flow ratio 1949 56 57
Puscoline 1949 248 52
Progesterone 1948 101
Prolactin 1948 116
Proremin 1948 77
Protein
antthypertenstve 1947 23 28
dietary
and hypertension 1947 125
90
and renal function 1z dog
108 09
renal lesions due to 1948 107 115
and VDM formation 1950 50 51

1948

1950

and VEM formation 1950 50 51
179
distubution of
n atherosclerosts 1951 1617
in diabetes 1951 16 17
1n nephrosis 1951 1617
in normal subjects 1951 15 17

n Lipoprotein molecule 1951 54 56
medullary 10 remn purtfication 1951
10708 110 113
m plasma
and posture 1949 191 93
storage of 1949 195
Proteinuriz  and adrenotropic hormone
1948 21
PRU of resistance 1949 5556
Pseudoplasticity of blood at low pres
sure level 1949 221
Pulsation renal 1949 117 22
Pulse pressure
of hypertension 1949 91
and mean blood pressure 1950 6768
renal 1947 89 1949 119 1950 27
Pulse rate normil in dogs 1948 47
Pyrogen for hypertension 1947 12930

1950 27

Pyrogenic reactton
yand Blood pressure 1950 143-44

hemadynami¢ changes duting 1950 91

Blood Pressure

Q

Quinidine vasodilator effect of 1949
229

Quinones for human hypertension 194
146 47

R

Rabbit  adrenalectomized  VEM forma
tion by kidneys from 1947 77
Rat
adrenalectomized and VEM 1947 76
77 19
adrenalectomy tn 1947 73
and excretion of dietary chalesterol

1951 29
hypertensive  salt chowes by 1947
6871
Rat mesoappendix test 1947 48 49
specificaty of 1950 705 06
technique of 1948 135
Red cell and wx1al streaming 1949
7778
Reluctance manameter 1949 14546

Renal artery ligatuce of 1948 101
Renin
action of on plasma 1947 98
from activation of prorentn 1948 77
and adrenalectomy 1947 80
and angioterun 1w hypertension 1950
183
1nd antirenin
ta expectmental renal hypertenston
1947 15269 17075
specres difference 1951
108 112 113
and central nervous system 1950 184
for chronic experimental renal hyper
tension

101 03 10

prophylaxis 1950 193 96
treatment 1950 189 93
contamunation of waith VEM 1947

626t 6

extraction of from kidney 1948 7577

and granular cells of juxtaglomerulac
apparstus 1948 1116

heterologous 1917 103

sad hypertension 1947 12 1618 20
23 20 102 10106 111 142 1950
9 52 20010 212 216 1951 1151€



Cumulatie Inde

Srophanthin 1949 185 196
Sust red pressor and substance
7879 15961 162 1950 201
Sweat
sbaum i 1950 13939
1nd hypertensive endacnne syndrome
1559
messarement of 1950 81
Sympathectomy
blood pressure after 1949 240-41
and blood pressure determinat ons
19% 128
and sapiliary bed 1949 38 %9
and tardiar output, 194 241 76061
and rerebrovascul ¢ resistance 1949
9

1918

and heat tolerance UMY 31

and bvpertensin, 3947 112 1930 )
csental 1947 114 12628 129
malignant, 1947 11517 1949
renal 1947 14 114

®ith splanchmtectomy and panghontc
tomy tor hydentenasion 1949 2444y

tetracthylammonyum bromide 1948 52
and uremt 1950 41

and vasomotor tope 1950 72

23

Sympath e nervous system
and capffary aarcalation 1949 31
ang cereb ovascular fesistance i essen
tal hypertens on 1949 31
@ hyo ctens B 1949 23761

#nd mner aton of attencles 1949
w19

Sympath n 1947 83

Sympathalyuc drug 1949 244 48

Synkayvite 1947 146

Sypb hs fe on § and secondaty atheyo
sclerosss 1958 77

T
Tachyca 4 2

o hyp tiension 1249 03
o dat and ghestr dRressure o Wolf
Patk ns n Whte syndr me 1949
nsae
foll wing Prisc tne 1949 2%y
T chyphylams

ange tomin 1§7 132

Tachyphylasis—Cont d

rema 1947 137 1950 183
sheli hed by tetracthylamme sum
ctlonde 1947 133
Tagum expeniment, VEM in 1047 63
Testosterone 1948 101
cholesterol o synthesis of 195 37
Tesraehylammonum chlonde 1347 13
1949 74353
m blacking, 19,0 19
aod bland pressute duting pyropenic
reschan 1950 143 44
floor 1950 80
fot typatenmon 1947 48
mattiple effect of 1949 260
for remia tachyphylaxis 1047 133
tesponse to after hepatectomy 1947
139
sympathettomy 1948 52
Thwuracl 1951 37
detary and thyrtid feeding 1951
4839
and serum cholesterpl 1951

3435
38 ta

Thrombo embolic phenamena and doet
951 e
Thro rbasts
ussue 1953
Thyrowd
dietary and thiouracl feed ng 1954
3839
extract and Sp levels 1951 73
and hypercholesicrera 1951 39
Thyroud hormone
1951 18 88

and aloficaon of elastic
q

ad atherosclesoss

THytoropic hormone sald hypercholes

weemts 1951 39

Thy;nxm 20d Mperchrlestecemer 195¢
3

Tissue

el st 1950 15356 164
calafication of 1951 39 179
fymph from

3 d allogan induced by
o abetes 1951

and atheroscleros § 1951 2%
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Serum
chofestecol n 1951 33 36
from cholesterol 1nduced atherosclero
sts 1951 51 54
and ltpoprotein molecules 1951 40
4143 45
and thiouracl 1951 38 40
and throuracit cholesterol feediny,
1951 3435
hypeicholesterolemrc
antilipfanogen 1n 1951 83 89
Lipfanogens sn 1951 83 99
importance of lipid level
2425
lipoprotein in  ultracentrifugal study
of 1951 40 4142 4875

1951 23

mulky and atherosclerosts 1951 180
vasoconstrictor 1947 140
Shock

and cardiac output 1949 21)23

hemorrhagic 1948 150 56
hepato renal vasotropic factors tn
1947 3238 1950 178
and pentpheral vascular resistance 1949
219 23
with pre exsstent  hypertension
function 1n 1950 96
and renal content of renn 1950 217 13
teaumatic reaal vasocoastrictioa n
1950 90 9t
vasoconstrictor matenal 1947 48
Shunt
arterial venous 1950 105 06
renal 1949 110 12
Stnus arthythmia in hypertenstse doss
1950 32
688 A 1951 111
Skimming plasma 1949 45
Skin
blood flow n 1949 61
cholesterol content of and dietary fat
1951 29
temperature gradient abolitron of
1949 251
Smoking 1948 131
Sodium
acceptance of by hypertensive rats
1947 6871
and blood pressure
173

renal

1948 90 1950

Blood Pressure

Sodwm—Consd
excretion of 1n perrcarditis 1950 104
and renal Jesions due to desoxycort
costerone acetate 1948 10406
restrrction of and hypertenston 1947
71 1950 130
n sweat 1950 135 39
and hypertenstve endocrine syndrome
1950 76
measurement of 1950 81
See alro Salt
Sodiwm ascorbate zad hsudine for pent
pheral vascular disease 1947 151
Somatotrophtn 1948 116
Sphuncter precapillary 1949 17
vasomotion 1949 3233
Spmal cord
blood flow in 1949 61
section of and hypertension 1949 254
Splanchnicectomy
for hypertension 1949 242 44
and peurogen:c hypertension 1949
241 42
supradiaphragmatic for malignant
hypertension 1947 115
with sympathectomy and ganglionec
tomy for hypertension 1949 24145
Splanchnicotomy
bilateral and blood pressure level
1947 15
in hypertenston 1947 112
Spleen VDM from 1947 35 39
Starvation intermuttent and hypercholes
teremia 1951 181 84
Stenosis mutral medial elastic tissue in

Stalbestrol
atherosclerosis induced by 1951 176
hyperlipemua nduced by 1951 192

i therapy for artemosclerosss 1951
120
Streamuing axial 1949 30 7778
Stress

cardiovascular cerebral blood flow dur
g 1949 26279

and corticotropin secretron 1948 88

hypertension due to 1948 11316

in production of hypertenston 1948
106 07



Cumulative Index 37

Vasod lation 1999 4143
20d carduc output, 1949 273
intra rena) 1950 93
Vasodiator
casbon d oxde 1949 277
qund oe s 1949 29
Vasoexator material See VEM
Visomoton 1949 3236
precapillary 1949 39
of peripheral blood vessel 3nd blood
pressure 1949 40
Vasopressin 1947 49
Vasopressor
rensl, determ naton of 1947 96
senstv ty to 10 expenmental hyper
tenson 1947 4930
VDM 1947 33
absorption spectrum of 1947 56 39
anatyus of 1947 5435 59
in classification of hypertension 1950
8283
In congests ¢ heart failure 1949 201
and Cush ng s syndrome 1950 169
destruction. of 1947 3940 53 3536
and dietary prote n 1950 3051
and edema formation 1950 173
¢ cctrophoresis 1947 59
format on of 1947 3839
and anaer biosss 1947 3819
and temperature 1947 39
a0d b patc ¢ roulation 1248 13051
i hypurten on 1948 15435 1950
131

expec mental
138 45
experimental renal vs hum o essen
tal 1950 16672
¢ o content of 1947 53 5657
phys of g cal beha or of 1947 5738
prep rato 1947 3354
ou ce of 1947 3538
n toxeria of pregnancy 1950 168
Vel
ath terot ¢ § sions of 1951 9597
in conpest e he rtfalur 1949 66 68
react nto ¢ 14 1949 67
Veloc ty pul ¢ 1949 121
VEM 147 33
ace ty of 1947 8 B4 150 848

1947 4447 1948

VEM—Coutrd
and adrenal glind 1950 13734
vs angiotonin, 1947 6167 66
charactenistics of (947 61
1n classification of hypertension 1950
8
in congestive heart falute 1949 701
and Cushing s syndrome 1950 169
destruction of 1947 40 43
and dietary protem 1950 50 179
Jifferentuation of from other pressor
maternals 1948 14 49
1n distemper 1950 180
formanon of 1947 38 39 41-42 46 52
and adrenal cutnical function 1948
8
and anaerobi sis 1947 3839
chaages in 1950 179
renal after adrenatectomy 1947
7719
and remal 1schemia 1948 135 36
by unclamped hypestrophied kidney
1947 5091
and hypertension 1948 15453 1950
131

due to descxycorticosterone acetate
19%0 134
essential 1947 47 1948 14043
expenimental 1947 4146 1948
13840 14445
expenmental renal vs human essen
tal 1950 16677 1 677
neutogen ¢ 1948 38
(rection of
1947 16
preparation of 1947 60 61
and senal hypoxia 1950 174
vs renin 1947 6567
response to of adrenalectomized 3n
m1 1948 84
n shock 1950 178
soutce of 1947 3336
n Taquim cxpersment 1947 64
and tssue dehylration 1950 175
10 toxemia of pregnancy 1950 168
Vena ca a i respuration, 194) 72
Venous system 1949 18
arculation 1949 53 74
and capillary pressure 1949 65
during exercise 1949 39 63 67
1eaction to cold 1749 67

i adrenalectormzed rats
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Tone
vasomotor and sympathectomy 1950
72
venous 1n congestive heart failure
1949 181

Torant:l 1947 149 151
Tourmquet shock vasoconstrictor matertal
mn 1947 48
Toxemta of pregnancy
and hypertension 1950 147 48
and hepatorenal vasoactive factors
1950 168 69
Traube Hentng phenoment 1950 70
Tuberculosis
and calafication of elastic tissue 2951
170
pulmonary
3536
Tubular cell
1 endocnine kidney 1948 30 31
and remn 1948 37
Tubule p 1 concoluted 1n end
kidney 1948 3234
Tumor adrenal cortical and enlargement
of juxtaglomerular cells 1948 39
Tung 01l antihypertensive effect of 1947
30
Tunica mterna See Intima

and hypertension 1950

Tunica media See Media
Turbulence 1n circulation 1949 78
Tyrosinase for hypertenston 1947 130
144 46
U
Ulteacentesfugation and hipoprotein mole
cule 1951 40 4142 45 4675
Uranyl mitrate 1950 18
Urea clearance of and umnnc volume
1950 110 111 114
Uremsa
adrenosympathogentc catecholamines 10
1950 4041
and artenial necrosis 1950 27
after sympathectomy 1950 40
Uscter tyng of 31 endocine  hidney
1948 101
Unine volume of and glome:
ton rate 1950 11013

rulac filtra

Blood Pressure

Urchypertensin 1948 130
v

Valve venous 1949 71

Vasa vasorum, 1951 169

Vascular bed
functional alterations 1 1949 89
penipheral
homeostasis 1949 49 51
in hypertension 1949 90 9t
terminal 1949 41
innervation of 1949 37
Vascular disease
bilateral nephrectomy in 1950 2324
due to cholme deficrency 1950 17
and hypertenston 1950 33 34
experimental 1950 15

peripheral  histidine sodum ascorbate
for 1947 151
renal and hypertension 1950 7829

36
retnal and normotension 1950 36
Vascular lesion and hypertension 1950
2223
Vascular system

pertpheral 1949 13 14
renal
autonomous adjustments of 1950
9293

1n essential hypertension 1950 93 96
human vs doz 1950 10609
Vasoconstriction
and digoxin 1949 23037
generalized 10 neurogeniC hyperten
ston 1949 260
after injection of remn 1947 97
1 myocardual failure 1949 198
renal 1950 89
in anemia 1950 97
1n congesuve heart falure 1949 180
1n essential hypertcnsion, 1950 100
and hypertensive heart disease 1950
97
1n traumatic shock 1950 90 99
Vasconstrictor
n serum 1947 140
in shock syndrome 1917 48
Vasodepressor material See VDM
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Vencus system—Cont 4
resistance to flow 1999 5558 6566
w coagestive heirt fulure 1949 180
pressure volume relatonship i 1942
7071
valves in 1949 71
Ventracle
left
and cardiac output 1 malignant
hypertension 1949 223
w hypertenscon 1949 g2

pressure and rtersovenous fistuls
1949 (1. 15
eight fithng pressure 1949 209
Ventur: effect 1 capillary bed 1949
4748
Venule
1 capllary airculation 1949 25 27
vasomotion 1949 3233

Viscosity of blood 1949 7879
Vitimin A 1947 96
for eperimental renal hypertension
1947 25 26 2930

Blood Pressure

Vitamun E and experimental necrotizn
artenits 1950 160
Vitamun kh for hypertension 1947 1

w

Watburg s manometer 1949 147

Water retention of n pregnant byp
tensives 1950 147 48

Werght (of patient) and S; 10 70 Jeve
1951 72

Wolff Parkinson White syndrome  ng
atrral pressure in durng and aft
nodal tachycardia 1949 21518

X

Xanthoma 1951 37
cholesterol phospholipid ratio in 19%
19
tuberosum $; fevels in 1951 6869

Y
Yohimbine 1947 16






